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Welcome to ICADET 2019 

3rd International Conference on Advanced Engineering Technologies (ICADET) was organized 

by Bayburt University on 19-21 September 2019. The main aim of ICADET 2019 was to bring 

together a wide range of engineering technologies and present the recent research 

outputs related to specific sub-disciplines of engineering. ICADET 2019 aimed to be a 

forum for scientists to discuss new developments and future services, applications and 

technologies. It is hoped that this conference contributed a significant knowledge to the 

engineering domain. All accepted and presented submissions are published in the conference 

proceedings. The extended version of selected papers will be published in the various 

journals, subject to review process of the associated journals. 

Best Regards, 

 ICADET 2019 Organizing Committe 
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KEYNOTE SPEAKERS 

 Javier Campo (University of Zaragoza) 

Javier Campo (Spanish, 1968) made his doctoral thesis at the Aragón Materials 

Science Institute (ICMA), join research institute between the Spanish National 

Research Council (CSIC) and the University of Zaragoza, in 1995. 

Later he moved to the University of Montpellier where he made a post-doctoral stay 

of 2 years. 

From 1998 to 2002 Dr J Campo was appointed by the CSIC as scientist responsible 

for the CRG-D1B at the Institute Laue Langevin (ILL) in Grenoble (France) and in 

2003 he joined the ICMA as a researcher under the Spanish program “Ramón y Cajal” 

where he continued heading the Spanish CRG at the ILL, including the CRG-D15. 

He is currently Director of the ICMA (since 2012) and his scientific interest is focused on the study of "Magnetic 

Chirality" and “Purely organic magnets” by using neutron scattering techniques. 

Javier Campo is the author of more than 160 scientific papers and main researcher in 45 research projects. He has 

supervised 7 doctoral theses and has held several international membership, among others; vice-presidency of the 

ENSA from 2009 to 2014, Spanish delegate at the ILL Steering Committee since 2008 or Chair of the VI European 

Conference on Neutron Scattering held in Zaragoza in 2015. 

Luis Alberto Aguerol Lamban (University of Zaragoza)

Prof. Dr. Luis A. Angurel is Professor at the University of Zaragoza and researcher at 

the research group “Materials and Laser Processes to improve energy efficiency” at 

the Aragón Materials Science Institute (ICMA), a joint research institute of the Spanish 

National Research Council and the University of Zaragoza. His main subjects of 

research is the fabrication and characterisation of superconducting materials for large-

scale electrical applications and the development of laser processes for material 

processing. From the point of view of material fabrication, he has been working in the 

development of 1) laser melting techniques to texture bulk High Temperature 

Superconductors and other ceramics with different cylindrical and planar geometries, and 2) laser ablation 

methods, with experience in developing surface micro and nano-structures in several materials in order to modify 

their properties: color, wetting capability or antibacterial properties, for instance. In the field of characterisation, 

in the last years, his main area of research has been the development of thermal stability characterisation 

techniques, using electrical measurements or optical ones based on the Digital Speckle Interferometry. In addition, 

he has been working in the development of applications; he coordinated a research project to design and built 

600A HTS current leads for the LHC at CERN, and he has been collaborating with different companies in the 

analysis of thermal instability problems in superconducting coils or in the development of laser processes for 

different applications. He has published over 100 papers in international journals, coordinated 15 research projects 

and he has been the supervisor or co-supervisor in 7 PhD theses related with superconductivity and laser material 

processing. 
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Mehmet Ertuğrul (Atatürk University) 

Mehmet Ertugrul (A’11–M’11) received the B.Sc. degree from the Department of 

Physics, Atatürk University, Erzurum, Turkey, in 1986, and the M.Sc. and Ph. D. 

degrees in atomic physics from Atatürk University in 1990 and 1994, respectively. He 

was an Assistant Professor, an Associated Professor, and a Full Professor with the 

Department of Physics, Atatürk University, from 1994 to 1996, from 1996 to 2001, 

and from 2001 to 2002, respectively, where he has been a Full Professor with the 

Department of Electrical and Electronics Engineering since 2003. He has authored or 

co-authored over 120 papers in international journals. His current research interests 

include superconducting and semiconducting devices with applications, nanofabrication, and nanoelectronics. 

Prof. Ertugrul was a recipient of the Science Encouragement Awards by The Scientific and Technological 

Research Council of Turkey and the Turkish Academy of Sciences.  

  

 

Mohd Nizar Hamidon (University of Putra Malaysia) 

Mohd Nizar Hamidon is an Associate Professor at Electrical and Electronic 

Engineering Department and Deputy Director of Institute of Advanced Technology at 

Universiti Putra Malaysia (UPM). He received the B.Sc in Physics and M.Sc in 

Microlelectronics from Univesiti Malaya (Malaysia) and Universiti Kebangsaan 

(Malaysia) in 1995 and 2001 respectively. Finally, his Ph.D degrees in Electronic and 

Electrical Engineering from the University of Southampton (U.K.) in 2005. He joined 

UPM after BSc at Matriculation Center for 5 years before become UPM engineering 

faculty member in 2000 until now, where he in charge of research program at the 

department and faculty. Due to his outstanding research activities, UPM have appointed him as a Head of 

Functional Devices Laboratory at Institute of Advanced Technology in early 2012 but later as Deputy Director in 

the same year at the same institute. Now he is the Director of the institute staring from July 2017.  

His research is primarily concerned with the study of electronic and microelectronic devices including the 

materials (such as oxide and carbon based) and the systems. Specifically, he has contributed significantly to the 

development of sensor system such as gas and pressure sensor, and wireless applications. His research has been 

primarily funded by the international body, government and university internal funding. He has published over 

200 technical papers and few book chapters related to his research area. He also had graduated in total of 8 PhD 

and 13 M.Sc students under his supervision. At the same time he had register one start-up company known as 

Serdang Paste Technology Sdn Bhd. 

Mohd Nizar had a good international networking especially with the researchers from Turkey, Japan, Indonesia 

and Thailand in which they were working together in several different research projects. 

His also involved in consultancy work for Ministry of Information, Communication and Culture Malaysia to the 

Implementation of WSN – Based Structure and Infrastructure Monitoring System and also e-halal monitoring 

system.  

He has given many lectures, seminars and invited talks at universities, research institutions and international 

conferences, and has served as a reviewer for several international conferences and journal. He has been the 

organizing chair and technical member for several IEEE conferences and The Past Chapter Chair for IEEE Electron 

Device Malaysia Chapter. 
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Mükerrem Kaya (Ataturk University) 

Successfully completed his doctoral studies on the subject area of “Meat science and 

technology” at Federal Meat Research Institute in Kulmbach, German between 1988 

and 1990.  Appointed as “professor” in 1998. Worked as researcher or project manager 

in many national and international projects. Held various administrative and academic 

posts in Atatürk University, including the Dean’s Office of Faculty of Agriculture. Has 

been a member of SETBİR Science Committee since 2012 and was the president of 

Research and Advisory Committee of National Red Meat Council between 2014-2016. 

Has over 100 articles published in journals indexed by SCI and SCI-Expanded and 

over 150 communiqués presented in national and international scientific gatherings. Has advised over many 

doctoral and masters theses in the area of meat science and technology. Prof. Kaya is currently continuing his 

studies as member of Department of Food Engineering, Faculty of Agriculture, Atatürk University. Has also been 

the president of Advisory Commission on Meat Products- Republic of Turkey, Ministry of Agriculture and 

Forestry since 2017.   
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1H Session Oktay SİNANOĞLU Hall 
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 18:00 – 19:30 Aydıntepe Yeraltı Şehri Gezisi/Aydıntepe Underground City Tour 

 19:30 – 21:00 Akşam Yemeği/Dinner  

* Registration will start from 08:30 on 19.09.2019 and will continue until 17:30 on 20.09.2019.
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4F Session Mustafa İNAN Hall 

4G Session Feza GÜRSEY Hall 

4H Session Oktay SİNANOĞLU Hall 

10:15 – 10:30 Kahve Arası /Coffee Break 
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5A Session Engin ARIK Hall 

5B Session Banu ONARAL Hall 

5C Session Behram KURŞUNOĞLU Hall 

5D Session Aziz SANCAR Hall 

5E Session Fuat SEZGİN Hall 

5F Session Mustafa İNAN Hall 

5G Session Feza GÜRSEY Hall 

12:00 – 13:30 Öğle Yemeği/Lunch 
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6A Session Engin ARIK Hall 

6B Session Banu ONARAL Hall 

6C Session Behram KURŞUNOĞLU Hall 

6D Session Aziz SANCAR Hall 

6E Session Fuat SEZGİN Hall 

6F Session Mustafa İNAN Hall 

6G Session Feza GÜRSEY Hall 

14:45 – 15:00 Kahve Arası /Coffee Break 
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7A Session Engin ARIK Hall 

7B Session Banu ONARAL Hall 

7C Session Behram KURŞUNOĞLU Hall 

7D Session Aziz SANCAR Hall 

7E Session Fuat SEZGİN Hall 

7F Session Mustafa İNAN Hall 

7G Session Feza GÜRSEY Hall 

7H Session Oktay SİNANOĞLU Hall 

16:15 – 16:30 Kahve Arası /Coffee Break 
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8A Session Engin ARIK Hall 

8B Session Banu ONARAL Hall 

8C Session Behram KURŞUNOĞLU Hall 

8D Session Aziz SANCAR Hall 

8E Session Fuat SEZGİN Hall 

8F Session Mustafa İNAN Hall 

8G Session Feza GÜRSEY Hall 

8H Session Oktay SİNANOĞLU Hall 

17:30 – 20:00 Bayburt Şehir Gezisi/Bayburt City Sightseeing Tour 

20:00 – 21:30 Akşam Yemeği/Dinner 

 



 

   
 

 xiv  

21.09.2019 Cumartesi/Saturday (Sosyal Gezi/Social Event) 
 

10:00 – 15:00 Baksı Müzesi Gezisi/Baksı Museum Tour 

 

 

 
 



 

xv 

Sözlü Sunumlar/Oral Presentations 
 

Oturum/Session – 1 ⇒ 19.09.2019 / 13:30-14:45 

1A Oturumu/Session, “Engin ARIK Hall”, Chair: Prof. Dr. Mükerrem KAYA 

KS Davetli Konuşmacı- Keynote Speaker: Prof. Dr. Mükerrem KAYA 

110 
The Effect of Dietary Fibers on Human Health 
Arzu KAVAZ YÜKSEL*, Mehmet YÜKSEL 

278 
Potential Health Promoting Functions of Exopolysaccharides (EPS) from Lactic Acid Bacteria (LAB) 
Melike VURMAZ, Engin ŞAHİN, Enes DERTLİ* 

263 
Emerging Laser-Based Techniques for the Food Quality and Safety Control 
Erman Kadir ÖZTEKİN*, Sebahat ÖZTEKİN 

1B Oturumu/Session, “Banu ONARAL Hall” , Chair: Prof. Dr. Kadir BİLEN 

97 
Examination of the Effect of Module Change on Microstructure of Spherical Graphite Cast Iron 
Production 
Murat ÇOLAK*, Oğuzhan ÇOLAK 

218 
The Effect of Grain Refined and Modifier on Wear Properties in Casting of Eutectic Al-Si Alloys into 
Sand and Permanent Mold 
Murat ÇOLAK, İbrahim ARSLAN*, Salih Hakan YETGİN 

61 
Analysıs of Compressor of Double Stage Turbocharger 
Kadir BİLEN*, Muhammed Taha TOPCU, Haktan İbrahim YILMAZ 

252 
Evaluations on Energy Identity Certificate and Energy Performance Calculation Method in Buildings 
(BEP-TR2) 
Esra URMAMEN*, Kadir BİLEN, Muhammed Taha TOPCU 

516 
Drying Performance of Green Apple in a Tray Dryer 
Alperen TOZLU* 

1C Oturumu/Session, “Behram KURŞUNOĞLU Hall”, Chair: Assoc. Prof. Dr. Hüseyin SERENCAM 

52 
Future of Renewable Energy Production: OECD Study  
Abdulkadir ATALAN*, Yasemin AYAZ ATALAN 

80 
Another View of Factorial Experiments for Process Optimization  
Akın ÖZDEMİR, Metin UÇURUM*, Hüseyin SERENCAM 

94 
Evaluating and Selecting E-Learning Products Based on SWARA-WASPAS Methodology 
Pelin ÇELİK* 

217 
Efficiency Assessment of Geothermal Power Plants in Turkey  
Şeyma EMEÇ*, Özlem ÇOMAKLI SÖKMEN, Gökay AKKAYA, Mustafa YILMAZ 

219 
Efficiency Assessment of Wind Power Plants in Turkey  
Şeyma EMEÇ*, Tuba ADAR, Gökay AKKAYA, Elif KILIÇ DELİCE 

1D Oturumu/Session, “Aziz SANCAR Hall”, Chair: Prof. Dr. Mustafa TAN 

268 
Nitric Oxide Regulated Amino Acid and Organic Acid Content of Chickpea Seedling Under Salt Stress 
Esin DADAŞOĞLU, Melek EKİNCİ, Ertan YILDIRIM*, Metin TURAN 

269 
Effect of Nitric Oxide on Amino Acid and Organic Acid Content of Pea Seedling Under Salt Stress 
Esin DADAŞOĞLU, Melek EKİNCİ*, Ertan YILDIRIM, Metin TURAN 

293 
A Research on the Development of Rootworm-Resistant Sainfoin (Onobrychis sativa L.) Varieties 
Zeynep DUMLU GÜL*, Mustafa TAN 

247 
Importance and Cold Resistance of Perennial Ryegrass (Lolium perenne L.) and Bermudagrass 
(Cynodon dactylon L. (Pers.))  
Zeynep DUMLU GÜL* 

78 
Stochastic Investigation of a Crop Pest Management Model with Awareness 
Zafer BEKİRYAZICI* 

  

  

 

 

 

 

  



 

xvi 

1E Oturumu/Session, “Fuat SEZGİN Hall”, Chair: Prof. Dr. Ahmet SARI 

29 
Phase Change Materials (PCMs) used for Latent Heat Thermal Energy Storage (LHTES)  
Ahmet SARI* 

251 
Determination of the Structural Properties of NiCr2O4 and Ti Dopped NiCr2O4 Thin Films Grown by 
Radio Frequency Sputtering Technique (RF) and Gas Sensor Application 
Erdal TURGUT, Sevda SARITAŞ*, Emre GÜR, Muhammet YILDIRIM 

30 
Eutectic Paraffin Mixture/Polymer Composite PCM for Thermal Energy Storage: Synthesis and 
Characterization  
Ahmet SARI* 

245 
Production of Natural Rubber from Tragopogon Aureus Boiss  
Ezgi GEREZ, Özlem KORKUT*, Yasemin KUŞLU 

273 
A Facile Synthesis of Graphene Hydrogel Encapsulated Cobalt Nanoparticles as Catalysts for 
Hydrogen Generation from Ammonia Borane Hydrolysis  
Ibtihel ZAIER*, Hasan CAN, Önder METİN 

1F Oturumu/Session, “Mustafa İNAN Hall”, Chair: Asst. Prof. Dr. Uğur SERENCAM 

11 
Statistical Modeling of Annual Maximum of Precipitation Data: A Case Study of Bayburt Province 
Gökçen ERYILMAZ TÜRKKAN, Tuğçe HIRCA* 

15 
Trend Analysis of Precipitation in Some Selected Stations in Turkey 
Tuğçe HIRCA*, Gökçen ERYILMAZ TÜRKKAN 

22 
Trend Assessment of Precipitation and Temperature Records in Yesilirmak Basin 
Uğur SERENCAM*, İsmail DABANLI 

63 
Evaluation of Hydrologic Droughts by Using Standardized Runoff Index (SRI) 
Okan Mert KATİPOĞLU*, Reşat ACAR 

99 
Analysis of Meteorological Droughts by using Standardized Precipitation Evapotranspiration Index 
(SPEI) 
Okan Mert KATİPOĞLU*, Reşat ACAR 

1G Oturumu/Session, “Feza GÜRSEY Hall”, Chair: Asst. Prof. Dr. Ahmet TEBER 

230 
Temperature Dependent Electrical Characteristics of Au/In2S3/n-InP/In Diode 
Tuba ÇAKICI*, Mustafa SAĞLAM 

16 
A Practical Eyewear Solution for Visually Impaired People 
Erhan SESLİ* 

90 
The Classification of Alternative Energy Sources Technology Programs in Vocational Schools of Turkey 
Ahmet KARAKAŞ, Ahmet TEBER* 

145 
Magnetron Sputtered MoO3 Films for Electrochromic Devices 
Günay MERHAN MUĞLU*, Aylar FEİZOLLAHİ VAHİD, Emre GÜR 

157 
RF Power Effects on the Magnetron Sputtered WO3 Thin Films 
Günay MERHAN MUĞLU*, Emre GÜR 

1H Oturumu/Session, “Oktay SİNANOĞLU Hall”, Chair: Asst. Prof. Dr. Erdal ÖNER 

294 
Stress Analysis in Contact Problem of a Functionally Graded Layer and Homogeneous Substrate 
Erdal ÖNER*, Ahmet BİRİNCİ 

305 
Cost Efficiency Related to Lead Rubber Bearing for Reinforcement 
Muhammet YURDAKUL*, Mehmet Burak YILDIZ 

310 
Effect of Variable-Repetitive Load Ratio on Fatigue Behaviour of Notched Beam 
Mustafa ERGÜN*, Şevket ATEŞ 

246 
Ilyasbey Mosque Minaret’s Vibration Test and Model Calibration 
Temel TÜRKER*, Yusuf YANIK 

264 
Analysis on Prestressed Precast Girder Bridge with Different Span and Widths 
Bilal KUNT, Temel TÜRKER*, Yusuf YANIK 

 

 

 

 

 



 

xvii 

Oturum/Session – 2 ⇒ 19.09.2019 / 15:00-16:15 

2A Oturumu/Session, “Engin ARIK Hall” Chair: Asst. Prof. Dr. Selahattin KOŞUNALP 

KS 

Davetli Konuşmacı 
Keynote Speaker 

(Özel Oturum) 
(Special Session) 

Prof. Dr. Mehmet ERTUĞRUL 

Prof. Dr. Javier CAMPO 

Prof. Dr. Mohd Nizar HAMİDON 

Prof. Dr. Luis Alberto ANGUREL 

2B Oturumu/Session, “Banu ONARAL Hall”, Chair: Assoc. Prof. Dr. Mehmet ÇINAR 

51 
Logistic Performance Index of OECD Members by Estimation Series 
Abdulkadir ATALAN*, Yasemin AYAZ ATALAN 

95 
Evaluating the Financial Performance with Fuzzy TOPSIS: Case of Paper Products, Printing and 
Publishing Companies Traded at BIST 
Pelin ÇELİK* 

195 
Estimation of Health Expenditure Per Capita: OECD Countries 
Zeliha ÇINAR, Mehmet ÇINAR*, Abdulkadir ATALAN 

255 
A Fuzzy Expert System for the Risk Level of Asthma 
Çağatay TEKE, Didem GÜLERYÜZ*, Dilşad GENÇ, Semanur ÖZEN 

220 

Investigation of the Effect of the Number of Criteria on the Threshold Value in Autocratic MAGDM 
Methodology Based on Interval Valued Intuitionistic Fuzzy Set (IVIF): An Application via MATLAB 
Software 
Ferhat YUNA*, Tuba ADAR, Şeyma EMEÇ, Burak ERKAYMAN, Elif KILIÇ DELİCE, Gökay AKKAYA 

2C Oturumu/Session, “Behram KURŞUNOĞLU Hall”, Chair: Prof. Dr. Mustafa TAN 

532 
Determination of Some Properties of Straw Added Silages Made from Different Apple Varieties 
M. Kerim GÜLLAP, Mustafa TAN, Sedat SEVEROĞLU* 

533 
Determination of Cool Season Grass Species and Varieties to be to Create Green Area in Erzurum 
Conditions 
Mustafa TAN*, Abdullah YAZICI, Zeynep GÜL 

534 
The Effects of Vermicompost and Nitrogen Applications in Different Doses on Yield and Some Traits of 
Silage Corn 
Yakup TOBAY, Mustafa TAN* 

151 
Nano Agriculture: Opportunities 
Semra ÇİÇEK* 

236 
Nano Agriculture: RISKS 
Semra ÇİÇEK* 

2D Oturumu/Session, “Aziz SANCAR Hall”, Chair: Asst. Prof. Dr. Kader DAĞCI KIRANŞAN 

113 
Synthesis and Characterization of Zno Nanostructures via a CTAB-Assisted Hydrothermal Process  
Elif ERÇARIKCI*, Murat ALANYALIOĞLU  

47 
NiCu/Graphene Oxide Paper for Removal of Safranin Dye from Aqueous Solutions by Adsorption: A 
Facile Green Approach 
Ezgi TOPÇU* 

250 
Comparison of the as Deposited NiCr2O4:Al and NiO:Al Thin Films Together with Devices Grown by 
Radio Frequency Sputtering Technique 
Sevda SARITAŞ*, Erdal TURGUT, Muhammet YILDIRIM, Emre GÜR 

213 
Inhibition Effects of 6-Aminopyridine-3-Sulfonamide and Naphthalene-2-Sulfonamide on Human 
Carbonic Anhydrase I and II Isoenzymes 
Zuhal ALIM* 

  

  

 

 

 

 

 

 

 



 

xviii 

2E Oturumu/Session, “Fuat SEZGİN Hall”, Chair: Prof. Dr. Ömer YÜKSEK 

184 
The Effect of Construction Errors on the Hydrodynamic Behaviour of the Oxidation Ditches 
Rahim ŞİBİL*, Egemen ARAS 

187 
Evaluation of Eastern Black Sea Floods in the Context of Artvin and Trabzon Floods 
Ömer YÜKSEK* 

188 
Strategic Environmental Assessment (SEA) Process in Hydroelectric Power Plants 
Ömer YÜKSEK*, Büşra VELİOĞLU 

510 
Stabilization of High Plasticity Clayey Soil with Silica Fume 
Fatih YILMAZ, Ersin DEMİR* 

511 
Stabilization of Clayey Soil under Freeze-Thaw Effect with Lime and Marble Powder  
Fatih YILMAZ, Ersin DEMİR* 

2F Oturumu/Session, “Mustafa İNAN Hall”, Chair: Asst. Prof. Dr. Murat ÇOLAK 

256 
Weibull Distribution of Electrical Conductivity of A356 Aluminium Alloys via Vibrational Casting  
Çağlar YÜKSEL* 

249 
The Effect of Mechanical Vibration on Casting Properties of Grain Refined A356 Alloy 
Abdulhadi KOŞATEPE*, Ahmet KABİL, Çağlar YÜKSEL 

125 
Effect of Friction-Stir Processing on the Microstructure, Mechanical and Corrosion Behavior of a Low 
Carbon Steel Used in Ship Panel Construction 
Dursun Murat SEKBAN*, Gençağa PÜRÇEK 

102 
Investigation of Mechanical and Tribological Properties of Glass Fiber Filled Polyoxymethylene 
Polymer 
Salih Hakan YETGİN*, Murat ÇOLAK 

127 
Impact Toughness of Single Pass Equal Channel Angular Pressed Low Carbon Shipbuilding Steel 
Dursun Murat SEKBAN* 

2G Oturumu/Session, “Feza GÜRSEY Hall”, Chair: Prof. Dr. Songül ÇAKMAKÇI 

136 
Microbiological Properties of Erzincan Tulum Cheeses Produced from Raw and Pasteurized 
Akkaraman Sheep’s Milk During the Ripening  
Yusuf ÇAKIR*, Songül ÇAKMAKÇI 

123 
Production of Oligosaccharides by Glucansucrase Enzymes from Sucrose and Their Functional Role 
Humeyra ISPIRLI*, Osman SAGDIC, Enes DERTLI 

286 
Use of Nanoencapsulated Lactic Acid Bacteria (LAB) in Food Products 
Zafer CEYLAN, Emin USLU, Enes DERTLİ* 

141 
Shelf Life of Probiotic Ice Cream Produced with Cinnamon 
Hatice ERTEM*, Songül ÇAKMAKÇI 

2H Oturumu/Session, “Oktay SİNANOĞLU Hall”, Chair: Asst. Prof. Dr. Aybike KAMİLOĞLU 

287 
Detection of Microbial Diversity in Kefir Grains by HRM Analysis 
Burcu BAZU ÇIRPICI*, Hacer MERAL, Haktan AKTAŞ, Bülent ÇETİN 

508 
Furosine in Foods 
Pınar ANLAR*, Mükerrem KAYA, Güzin KABAN 

529 
Occurrence of Nitrosamines in Sucuk and Heat-Treated Sucuk 
Zerrin POLAT*, Güzin KABAN, Mükerrem KAYA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xix 

Oturum/Session – 3 ⇒ 19.09.2019 / 16:30-17:30 

3A Oturumu/Session, “Engin ARIK Hall”, Chair: Asst. Prof. Dr. Murat ÇOLAK 

98 
Investigation of the Effect of Module Change on Mechanical Properties of Spherical Graphite Cast Iron 
Production 
Oğuzhan ÇOLAK*, Murat ÇOLAK 

35 
Determination of Mechanical Properties of Single Lap Adhesive Joints Subjected to Uniaxial Tensile 
Load 
Elanur ÇELEBİ KAVDIR*, Murat Demir AYDIN 

71 
A Literature Review on Supersonic Shear Stress Imaging and its in-vivo Applications 
Abdullah Tahir ŞENSOY*, Can ÖZCAN 

36 
Determination of Mechanical Properties of Single Lap Adhesive Joints Subjected to Four Point Bending 
Load 
Elanur ÇELEBİ KAVDIR*, Murat Demir AYDIN 

3B Oturumu/Session, “Banu ONARAL Hall”, Chair: Asst. Prof. Dr. Çağatay TEKE 

240 
An Overwiew of Chinese Postman Problem 
Özlem ÇOMAKLI SÖKMEN, Şeyma EMEÇ*, Mustafa YILMAZ, Gökay AKKAYA 

285 
Demand Forecasting with Artificial Neural Networks Model in Food Industry 
Çağatay TEKE, Didem GÜLERYÜZ*, Cansu ÇALIŞ, Elif GÜNEŞ, Kevser DOĞAN 

216 
An Intuitionistic Multiplicative TOPSIS Method for a Supplier Selection Problem 
Ali KÖSEOĞLU*, Rıdvan ŞAHİN 

302 
Determination of Weibull Distribution Parameters and an Application 
Çağatay TEKE*, Mümtaz İPEK, Emin GÜNDOĞAR, İmdat TAYMAZ 

3C Oturumu/Session, “Behram KURŞUNOĞLU Hall”, Chair: Asst. Prof. Dr. Gamze PEKBEY 

229 
A review: Biosensor Applications In Agriculture 
Yahya Yasin YILMAZ* 

259 
The Distribution of the World's Most Grown Geophytesin Bayburt Region 
Abdurrahman SEFALI*, Betül GIDIK 

258 
Determination of Field Weed Species of Brassicaceae Family in Bayburt Province 
Abdurrahman SEFALI*, Betül GIDIK 

174 
Ultrastructure of the Male Terminalia of Sarcophaga (Liosarcophaga) emdeni (Rohdendorf, 1969) 
(Diptera: Sarcophagidae) 
Gamze PEKBEY* 

3D Oturumu/Session, “Aziz SANCAR Hall”, Chair: Asst. Prof. Dr. İbrahim Hakkı KARAKAŞ 

37 
Efficient Biocatalytic Synthesis of (S)-1-(4-Methoxyphenyl) Ethanol by Saccharomyces Uvarum as a 
Whole-cell Biocatalyst 
Engin ŞAHİN*, Enes DERTLİ 

292 
Investigation of the Usability of Cobalt Ferrite Nanoparticles As Photo-Catalyst in Dyestuff Removal by 
Photocatalytic Oxidation from Wastewaters 
 Zeynep KARCIOĞLU KARAKAŞ* , İbrahim Hakkı KARAKAŞ  

38 
Synthesis of Enantiopure (S)-1-(2-Chlorophenyl) Ethanol Using Whole‐cell Lactobacillus Curvatus 
Biotransformation 
Engin ŞAHİN*, Enes DERTLİ 

48 
Fabrication of FeCo-Magnetic Composite/Graphene Oxide Paper as Adsorbent for Removel of 
Acriflavine Dye from Aqueous Solutions  
Kader DAĞCI KIRANŞAN* 

3E Oturumu/Session, “Fuat SEZGİN Hall”, Chair: Assoc. Prof. Dr. Murat YAYLACI 

54 
Contact Problem for Functionally Graded Layer Pressed by a Rigid Punch 
Merve ABANOZ, Murat YAYLACI*, Ahmet BİRİNCİ 

129 
Determination of Mechanical Properties for Welded Steel Joints 
Umut Yaşar UZUNALİ, Hamdullah CUVALCI, Barbaros ATMACA*, Serhat DEMİR 

160 
Analytical Solution of Continuous Contact Problem in Functionally Graded Layer Resting on Rigid 
Plane 
Yusuf KAYA*, Alper POLAT, Talat Şükrü ÖZŞAHİN 

284 
A Finite Element Modelling for Interface Separation in Contact Problem of Functionally Graded Layer 
and Homogeneous Half Space 
Murat YAYLACI*, Erdal ÖNER, Gökhan ADIYAMAN, Ahmet BİRİNCİ 

 



 

xx 

3F Oturumu/Session, “Mustafa İNAN Hall”, Chair: Asst. Prof. Dr. Selahattin KOŞUNALP 

53 
Mathematical Modelling of the Random Spread of Malware Under Mutation using Random 
Differential Equations 
Zafer BEKİRYAZICI* 

186 
Controlling of Absorption Threshold of Transparent SrF2-Ge Ceramic Glass Film 
Mojtaba FARHANGMEHR*, Mehmet ERTUGRUL 

536 
Development of an Octagonal Microstrip Patch Antenna Array for WIMAX and WLAN Applications 
Abdullahi Auwal GABARI, Zainab YUNUSA, Mohd Nizar HAMIDON 

535 
Design and Simulation of a Ground Slotted Microstrip Antenna for X-Band Applications 
Aminu Atiku SHEHU, Zainab YUNUSA, Mohd Nizar HAMIDON 

3G Oturumu/Session, “Feza GÜRSEY Hall”, Chair: Prof. Dr. Atilla AKKOYUNLU 

275 
The Investigation of Flow Rate Effect on Leachate Treatment by Electrooxidation Process 
Alper Erdem YILMAZ, Yeşim Dede SAĞSÖZ*, Merve SAKARYA, İbrahim CENGİZ 

312 
The Investigation of pH Value and Current Density Effects on Domestic Wastewater Treatment by 
Electrocoagulation Process in the Batch System 
Yeşim DEDE SAĞSÖZ*, Alper Erdem YILMAZ, İbrahim CENGİZ 

307 
COD Removal from Slaughterhouse Wastewater using Laboratory Scale Membrane Bioreactor 
Süleyman UZUNER, Burhanettin FARİZOĞLU, Baybars Ali FİL, Esma Sultan ORTAASYALI, Serpil MERT 
HEKİM, Sinan KUL* 

3H Oturumu/Session, “Oktay SİNANOĞLU Hall”, Chair: Asst. Prof. Dr. Ömer CAN 

291 
The Synthesis of Cobalt Ferrite Nanoparticles with Microwave-Assisted Combustion Method by Using 
Glycine as Fuel 
İbrahim Hakkı KARAKAŞ*, Zeynep KARCIOĞLU KARAKAŞ 

513 
Fineness Effect of Lime in Soil Stabilization on Strength Behaviour of Clayey Soil 
Fatih YILMAZ*, Sefa KOCABEY 

514 
Seismic Performance Comparison of a Building Made with Old Masonry Bayburt Stone According to 
Old and New TDY. 
Ömer CAN*, Selçuk ÇİMEN, Elif YILMAZ, Baraka CIZA 

515 
Utilization of Unconfined Compressive Strength Tests and Computed Tomography Method in Soil 
Stabilization 
Fatih YILMAZ*, Hakan Alper KAMİLOĞLU, Erol ŞADOĞLU 

528 
Relation Between Discharge and River Basin Morphometry: A Case Study of Sorgun River Basin 
(Mersin-Turkey) 
Ümit YILDIRIM*, Seifeddine JOMAA, Cüneyt GÜLER, Michael RODE 
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Oturum/Session – 4 ⇒ 20.09.2019 / 09:00-10:15 

4A Oturumu/Session, “Engin ARIK Hall”, Chair: Prof.Dr. Gürel ÇAM 

115 
Determination of Vibration Behaviour of Adhesively Bonded Joint 
Mustafa YAMAN*, Mehmet Fatih ŞANSVEREN, Sinan MARAŞ 

42 
Investigation of the Influence of Weld Defects on the Mechanical Behaviour of Cold Metal Transfer 
(CMT) and Cold Metal Transfer Pulsed (CMT-Pulsed) Arc Welded AA7075-T6 Al-Alloy Butt Joints 
Hüseyin Tarık SERİNDAĞ, Gürel ÇAM* 

124 
Mechanical Properties of Resistance Spot Welded Three-Sheet Stack Joints of Dissimilar Steels in 
Different Welding Time 
Levent SELOVA, Hakan AYDIN, Oguz TUNCEL*, Oktay CAVUSOGLU 

72 
Oxidation Resistance of Silver Coated Copper Powders with Different Morphologies 
Onur GÜLER*, Temel VAROL, Ümit ALVER, Aykut ÇANAKÇI, M.Ali ÇABUK 

185 
Effect of Electrode Force on Mechanical Properties of Triple Joined Dissimilar Steel Sheets by 
Resistance Spot Welding 
Oguz TUNCEL*, Hakan AYDIN, Oktay CAVUSOGLU, Levent SELOVA 

4B Oturumu/Session, “Banu ONARAL Hall”, Chair: Asst. Prof. Dr. Çağatay TEKE 

196 
Critique of Quality Tools in Healthcare: A Literature Survey 
Zeliha ÇINAR, Mehmet ÇINAR*, Abdulkadir ATALAN 

282 
Visual Software for Assembly Line Balancing Techniques 
Hamid YILMAZ*, Yunus DEMİR 

295 
Material Requirements Planning and an Application of Cable Duct Product 
Çağatay TEKE*, Didem GÜLERYÜZ, Aylin UÇAR 

298 
Demonstrating the use of Artificial Neural Networks for Demand Forecasting with a Case Study 
Çağatay TEKE*, Ozan SAĞLAM, Özgür ÖZTÜRK 

4C Oturumu/Session, “Behram KURŞUNOĞLU Hall”, Chair: Asst. Prof. Dr. Özlem ÇAKIR 

76 
The Effects of Priming Treatments on Seed Germination of Kiwifruit (Actinidia deliciosa) cv. Hayward 
Özlem ÇAKIR*, Sezai ERCİŞLİ 

261 
Uses and Benefits of Quinoa (Chenopodium quinoa Willd.)  
Tuğçe KUTAY*, Betül GIDIK 

262 
Factors Affecting Seed Yield in Quinoa (Chenopodium quinoa Willd.) 
Tuğçe KUTAY*, Betül GIDIK 

74 
Fatty Acid Composition of Kalecik Karası Grape Seed that Belongs to Vitis Vinifera 
Betül GIDIK* 

75 
Fatty Acid Composition of Variety of Ürgüp Sivrisi Pumpkin Seeds 
Betül GIDIK* 

4D Oturumu/Session, “Aziz SANCAR Hall”, Chair: Lecturer Seçgin KARAGÖZ 

33 
Thermal Energy Storage Properties of Palygorskite/Capric Acid-Myristic Acid Composite PCM 
Ahmet SARI, Gökhan HEKİMOĞLU* 

32 
Fly Ash Based-Composite Phase Change Material for Thermal Energy Storage in Buildings 
Ahmet SARI, Gökhan HEKİMOĞLU*  

56 
CuxO (x=1 or 2)/ERGO Nanocomposite Electrodes for Amperometric Detection of Dopamine 
Emir ÇEPNİ, Hülya ÖZTÜRK DOĞAN, Bingül KURT URHAN, Mesut ERYİĞİT 

65 
Modular Carbon Capture 
Seçgin KARAGÖZ* 

57 

Amperometric Detection of H2O2 on Prussian Blue Nanocubes Decorated Electrochemical Reduced 
Graphene Oxide Electrode 
Mesut ERYİĞİT, Emir ÇEPNİ*, Eftade Pınar GÜR, Elif TEMUR, Bingül KURT URHAN, Hülya ÖZTÜRK 
DOĞAN, Tuba ÖZNÜLÜER ÖZER 

  

  

  

  

  

 

 



 

xxii 

4E Oturumu/Session, “Fuat SEZGİN Hall”, Chair: Asst. Prof. Dr. Osman KARA 

253 
Glass Fiber Reinforced Concrete Foundations 
Osman KARA* 

231 
An Evaluation on the Seismic Performance of the Wing Wall of Box Culvert Considering the Soil-
Structure Interaction 
Kasif Furkan OZTURK*, Tufan CAKIR 

232 
An Overview to the Dynamic Behaviour of the T Type Cantilever Retaining Wall Taking Into Account 
the Soil-Structure Interaction Phenomenon 
Tufan CAKIR, Kasif Furkan OZTURK* 

254 
Effect of Natural Water Content on Shear Wave Velocity in Some Sakarya Soils 
Osman KARA*, Tufan ÇAKIR 

137 
Statistical Downscaling of Monthly Mean Air Temperature Using NCEP/NCAR Re-analysis Data: A 
Case Study for the Eastern Black Sea Basin 
Sinan NACAR*, Murat KANKAL, Umut OKKAN 

4F Oturumu/Session, “Mustafa İNAN Hall”, Chair: Lecturer Muhammed Reşit ÇORAPSIZ 

101 
Design and Implementation of Single Phase AC Voltage Controller with Phase Triggering Control 
Muhammed Reşit ÇORAPSIZ*, Hakan KAHVECİ, Muhammed Fatih ÇORAPSIZ 

146 
Comparison Operation of SPWM and SVPWM Control for Three-Phase Two-Level Voltage Source 
Rectifier 
Halil İbrahim YÜKSEK*, Okan GÜNGÖR 

148 
Modeling DC-DC Converters and Comparison of Their Performance in Finding Mpp in Solar Panels 
Okan GÜNGÖR, Halil İbrahim YÜKSEK* 

77 
Minimization of Torque Ripples in Brushless DC Motors 
Muhammed Reşit ÇORAPSIZ*, Hakan KAHVECİ 

4G Oturumu/Session, “Feza GÜRSEY Hall”, Chair: Prof. Dr. Seval Sevgi KIRDAR 

62 
“White Gold” of the Desert: Camel Milk  
Seval Sevgi KIRDAR* 

210 
Natural Bioactive Components in Milk Composition and the Effects of These Components on Human 
Health 
Murat Emre TERZİOĞLU*, İhsan BAKIRCI 

152 
Some Physicochemical Properties of Honey Samples from Black Sea Region  
Nesrin ECEM BAYRAM*, Mustafa Onur YÜZER 

83 
Effect of Marinating with Vegetables on Sensorial and Thermal Properties of Beef  
Aybike KAMİLOĞLU*, Tuğba ELBİR, Kübra ÇİNAR TOPÇU 

527 
Investigation of the Effects of Robotic Systems on Herd Health and Protection in Livestock 
Vecihi AKSAKAL*, Bülent BAYRAKTAR, Emre TEKCE 

4H Oturumu/Session, “Oktay SİNANOĞLU Hall”, Chair: Prof. Dr. Bülent ÇETİN 

503 
Functional Ice Cream Technology and Nutraceutical Components Used in Production 
Ayla ARSLANER*, Mehmet Ali SALIK 

504 
Resveratrol 
Ayla ARSLANER*, Zehra TÜRKOĞLU 

530  
Antioxidant Properties of Lactic Acid Bacteria Isolated/Identified from Pastırma 
Kübra CİNAR TOPCU*, Güzin KABAN 

537 
Effect of Coating Thickness on the Behavior of Tungsten Carbide Coated Grader Blades 
Ümmet SAĞIR*, Murat ÇOLAK, Salih Hakan YETGİN 

 

 

 

 

 

 

 



 

xxiii 

Oturum/Session – 5⇒ 20.09.2019 / 10:30-12:00 

5A Oturumu/Session, “Engin ARIK Hall”, Chair: Prof. Dr. Teoman AYHAN 

109 
Investigation of Maximum Work Potentials in a Vessel Diesel Engine Waste Heat According to Carnot 
Theory 
Betül SARAÇ, Erhan AKSU*, Cihan NACAK 

271 
A Solar Driven System for Trigeneration of Power, Cooling and Seawater Desalination 
Hamoda GNAİFAİD*, Hasan ÖZCAN 

276 
Thermodynamic Analyses of an Actual Power Plant 
Alperen TOZLU*, Yekta Tolga BÜYÜKMURAT, Emrah ÖZAHİ 

168 
Experimental Investigation of the Effects of n-Butanol/Gasoline Blends on Engine Performance and 
Exhaust Emissions in a Spark Ignition Engine 
Zehra ŞAHİN, Orhan Nazım AKSU*, Coşkun BAYRAM 

204 
Measurement and Prediction of Dynamic Viscosities of Vegetable Oil-Diesel Fuel Blends 
Mert GÜLÜM*, Atilla BİLGİN 

205 
The Effects of Transesterification Reaction Parameters on Viscosity of Waste Cooking Oil Biodiesels 
Produced by Using Potassium Methoxide and Ethanol 
Mert GÜLÜM*, Atilla BİLGİN 

5B Oturumu/Session, “Banu ONARAL Hall”, Chair: Asst. Prof. Dr. Muhammed Emin ERDİN 

277 
Investigation of Temperature Changes in High Speed Milling of Carbide Tools Coated with Different 
Ceramic Films 
Y. Murat DURMAZ, Gürkan KAYA*, İlyas HACISALİHOĞLU, Fatih YILDIZ 

267 
Effect of Punch Radii on Deep Drawing Performance of 7449 Aluminum Sheets 
Muhammed Emin ERDİN*, Ali ÖZGEDİK 

126 
Fabrication and Investigation of Properties of Hydroxyapatite-CNT Bioceramics 
Serdar ÖZKAYA*, Aykut ÇANAKCI, A.Hasan KARABACAK, Müslim ÇELEBİ 

150 
Dynamic Analysis of Laminated Syntactic Foam Beams 
Sinan MARAŞ*, Mustafa YAMAN, Mehmet Fatih ŞANSVEREN 

153 
Dynamic Analysis of Hybrid Laminated Composite Curved Beam  
Sinan MARAŞ*, Mustafa YAMAN 

193 
Compression Properties of CNF/CNT Reinforced Syntactic Foam 
Mustafa YAMAN, Mehmet Fatih ŞANSVEREN*, Habib UYSAL 

5C Oturumu/Session, “Behram KURŞUNOĞLU Hall”, Chair: Assoc. Prof. Dr. Tayfun DEDE 

23 
Damage Effects on a Reduced-Scale Historical Masonry Arch Bridge Model by Using Operational 
Modal Analysis 
Emre ALPASLAN*, Zeki KARACA 

26 
Response Surface-Based Finite Element Model Calibration of a One-Span Historical Masonry Bridge 
Emre ALPASLAN*, Zeki KARACA 

79 
Discrete Optimization of Large-Scale Dome Structure 
Tayfun DEDE*, Maksym GRZYWIŃSKI 

88 
Cables Size Optimization of Cable-Stayed Bridge 
Barbaros ATMACA*, Tayfun DEDE, Maksym GRZYWIŃSKI, Jacek SELEJDAK 

198 
Barrel Vault Structure Optimization Using Rao-1 Algorithm 
Tayfun DEDE*, Maksym GRZYWIŃSKI, Ravipudi Venkata RAO 

  

  

  

  

  

 
 
 
 

  

  

 

 



 

xxiv 

5D Oturumu/Session, “Aziz SANCAR Hall”, Chair: Dr. Melike SINIRKAYA 

64 
Chemical Process Intensification by Modular Design 
Seçgin KARAGÖZ* 

86 
Production of Activated Carbon from Miswak by Using Chemical Activation Method 
Cemal MERCAN, Meltem KIZILCA ÇORUH, Serdar ARAL, Ayşe Vildan BEŞE* 

8 
Effect of Ultrasound on The Dissolution of Ulexite in H2SO4 Solution 
Melike SINIRKAYA* 

87 
Optimization of Drying Rosmarinus Officinalis Plant With Response Surface Method 
Meltem KIZILCA ÇORUH, Serdar ARAL, A. Vildan BEŞE* 

9 
Effect of Ultrasound on the Dissolution of Phosphate Ore in Dilute H3PO4 Solutions (Mardin-Mazıdağı-
Turkey)  Melike SINIRKAYA* 

31 
A Clay/Polymer Composite Phase Change Material for Thermoregulation of Buildings 
Ahmet SARI, Alper BİÇER, Gökhan HEKİMOĞLU*, Mohammed OUIKHALFAN 

5E Oturumu/Session, “Fuat SEZGİN Hall”, Chair: Asst. Prof. Dr. Burak Kaan ÇIRPICI 

140 
Thermal Performance of Protected Composite Slab-Beam Systems Exposed to Fire 
Burak Kaan ÇIRPICI*, Suleyman Nazif ORHAN, Türkay KOTAN 

164 
Sensitivity Analysis of Vibration Response of Euler Beam to Moving Load and Various Depth of Elastic 
Foundation 
Amin GHANNADIASL*, Hasan REZAEI DOLAGH 

116 
The Effect of Fly Ash on Short Term and Long Term ASR Mortar Bar Test Methods 
Burak SİVRİKAYA, İlhami DEMİR*, Özer SEVİM 

156 
The Effect Of Afşin Elbistan Fly Ash Additive On Short and Long Term Compression Strength In 
Concrete 
Demet DEMİR ŞAHİN*, Mustafa ÇULLU 

158 
The Effect of Different Fineness Values of Afşin Elbistan Fly Ash on Permeability in Concrete 
Demet DEMİR ŞAHİN*, Mustafa ÇULLU 

512 
Effect of Waste Cooking Oil Use in the Modification of Sbs Modified Asphalt Binder 
Erman ÇAVDAR*, Aytuğ KUMANDAŞ, Şeref ORUÇ 

5F Oturumu/Session, “Mustafa İNAN Hall”, Chair: Asst. Prof. Dr. Selahattin KOŞUNALP 

17 
An IoT-based Restaurant Calling System with QR Code 
Özkan TAŞTAN, Nesimi AKPINAR, Selahattin KOŞUNALP* 

89 
Coverage of Energy Antenna Radiating in Different Frequencies for Randomly Distributed Sensor 
Nodes 
Ahmet ZORLU, Selahattin KOŞUNALP, Mehmet Barış TABAKÇIOĞLU* 

183 
Design of Smart Elevator using Internet of Things Architecture 
Ramazan KILIÇ, Engin ERBAYRAK, Selahattin KOŞUNALP* 

128 
Techno-Economic Analysis of Software-Defined Networking (SDN) and Various Control Plane Models 
Murat KARAKUŞ*, Arjan DURRESI 

182 
A First Look on QoS-enabled Inter-AS Routing in Software Defined Networks (SDN) using Smart 
Contracts of Blockchain Technology 
Murat KARAKUŞ*, Doruk AYBERKİN 

521 
Radiation Protection Features of Some Important Ternary Carbide Ceramics 
Bünyamin ALIM* 

5G Oturumu/Session, “Feza GÜRSEY Hall”, Chair: Assoc. Prof. Dr. ENES DERTLİ 

200 
Functional Foods as Milk and Dairy Products  
Songül ÇAKMAKÇI, Hatice ERTEM* 

235 
Bakteriophage Solutions Against Clostridium Tyrobutyricum in Dairy Industry 
Fatma Nur DEMİRBAŞ*, Muhammet ARICI, Enes DERTLİ 

288 
Detection of Microbial Diversity in Industrial Yoghurt Samples by HRM Analysis 
Haktan AKTAŞ*, Hacer MERAL, Burcu BAZU ÇIRPICI, Bülent ÇETİN 

266 
Physical, Chemical and Sensory Properties of Hazelnut Milk Enriched with Vitamin C 
Sakine Kübra ÇELİK, Emre TURAN, Atilla ŞİMŞEK* 

142 
Technological and Functional Properties of Yeast Isolated from Kashar Cheese 
Zühal ALKAY*, M. Zeki DURAK, Enes DERTLİ 

531 
Relationship between Colour and Some Quality Parameters of Butter 
Halil İbrahim AKGÜL, Mustafa ŞENGÜL                                            



 

xxv 

Oturum/Session – 6 ⇒ 20.09.2019 / 13:30-14:45 

6A Oturumu/Session, “Engin ARIK Hall”, Chair: Assoc. Prof. Dr. Musa ARTAR 

265 
Determination of Damages of Historical Bayburt Grand Mosque Subjected to Different Earthquake 
Ground Motions 
Muhammet YURDAKUL*, Fatih YILMAZ, Musa ARTAR 

270 
Investigation of the Waste Zinc Slag on the Workability and Mechanical Properties of Cement Based 
Mortars 
İlhan ASLAN, Meral OLTULU*, Cenk KARAKURT 

280 
Effect of Loading Type and Distance between Load Impact Points on Fatigue Behaviour of Notched 
Beam 
Mustafa ERGÜN*, Şevket ATEŞ 

192 
The Effects of Reinforcing Guide Bars in RC Slabs 
Zeliha TONYALI*, Ali GÜRBÜZ, Muhammet ZEYTİN 

207 
The Use of Mobile Technology in the Construction Industry 
Gonca KAMBER YILMAZ*, Hasan Basri BAŞAĞA, Bayram Ali TEMEL 

6B Oturumu/Session, “Banu ONARAL Hall”, Chair: Asst. Prof. Dr. H. Alper KAMİLOĞLU 

279 
Experimental and Numerical Investigation of Single Pile Subjected to Vertical Load in Sand 
Bayram ATEŞ*, Erol ŞADOĞLU 

289 
Numerical Analysis of Active Earth Pressures on Inverted T Type and Semi-Gravity Walls 
Hakan Alper KAMİLOĞLU*, Erol ŞADOĞLU, Fatih YILMAZ 

296 
Determination of Forest Fire Area by Using Satellite Images: Muğla Case 
Bahadır KURNAZ*, Çağlar BAYIK, Saygın ABDİKAN 

34 
Investigation of Geotechnical Properties of Bigadic Boron Plant Waste Clay 
Emrah TURAN*, Zeynep Neşe KURT ALBAYRAK 

311 
Effect of the Length and Content of Fibers on the Shear Strength of Randomly Distributed Fiber-
Reinforced Soil 
Saeid ZARDARI*, Ahad OURIA 

6C Oturumu/Session, “Behram KURŞUNOĞLU Hall”, Chair: Res. Assist. PhD. Kerem ASMAZ 

316 
Experimental and Numerical Analysis of Step Length in Adhesively Bonded Three-Step Lap Joints 
Melek DURMUŞ*, Salih AKPINAR 

297 
Static Analysis of Rim Using Finite Element Method 
Kerem ASMAZ*, Billur KANER, Engin ERBAYRAK 

222 
The Effect of Mechanical Milling on the Microstructure and Particle Morphology of 
ZnAl40Cu2/B4C/Graphene Hybrid Nanocomposites 
Müslim ÇELEBİ*, Serdar ÖZKAYA, Aykut ÇANAKÇI, Abdullah Hasan KARABACAK 

221 
The Effect of Hex-Boron Nitride Content on the Mechanical and Tribological Properties of  Al-Based 
Alloy Nanocomposites  
Müslim ÇELEBİ*, Aykut ÇANAKÇI, Serdar ÖZKAYA, Abdullah KARABACAK 

165 
Fatigue Analysis of Modern Composite Materials in Ansys Software 
Filiz KARABUDAK* 

6D Oturumu/Session, “Aziz SANCAR Hall”, Chair: Asst. Prof. Dr. Alperen TOZLU 

301 
A General Overview on Current Status of ELT Management 
Osman GÜNGÖR*, Alperen TOZLU, Cihat ARSLANTÜRK 

73 
Fabrication of Cu-Ag-Ni Layered Bulk Samples by Electroless Plating and Powder Metallurgy Method 
Onur GÜLER*, Temel VAROL, Ümit ALVER, Aykut ÇANAKÇI, M.Ali ÇABUK 

517 
Exergoeconomic Assessment of a 1 MW Solar PTC Driven ORC Power Plant 
Betul GENCASLAN*, Hasan Ozcan 

518 
Exergoeconomic Analysis of Solar Based Cogeneration System with Energy Storage 
Betul GENCASLAN*, Hasan OZCAN 

  

  

  

 

 

 

 



 

xxvi 

6E Oturumu/Session, “Fuat SEZGİN Hall”, Chair: Prof. Dr. Salih ÖZDEMİR 

147 
Bioactive Peptides: Formation and Impact Mechanisms 
Büşra TÜYSÜZ*, Enes DERTLİ, Özlem ÇAKIR, Engin ŞAHİN 

10 
The Egg Sector and Trends Affecting the Sector 
Merve YAŞKIR, Durmuş SERT, Emin MERCAN* 

92 
Characterization Potential γ-aminobutyric acid (GABA) Producing LAB (Lactic Acid Bacteria) Isolates 
from Baby Faeces 
Zühal ALKAY, Enes DERTLİ, M. Zeki DURAK* 

149 
Volatile Compounds of Honey Samples from Different Sources 
Nesrin ECEM BAYRAM*, Mustafa Onur YÜZER, Sinan BAYRAM 

500 
The Methods of Cholestrol Remove From Dairy Product 
Cihat OZDEMİR* 

6F Oturumu/Session, “Mustafa İNAN Hall”, Chair: Asst. Prof. Dr. Bünyamin ALIM 

522 
Investigation of the Dependence on Photon Energy of the Effective Conductivity of YTZP Ceramic for 
Biomedical Applications 
Bünyamin ALIM*, Erdem ŞAKAR, İbrahim HAN 

27 
S-UTD Model in Determination of Optimum Base Station Location 
Mehmet Barış TABAKCIOĞLU* 

18 
Effect of Dipole and Bowtie Nanoantennas on the Performance of Photodetectors 
Çağlar DUMAN*, Fatih KABURCUK 

55 
The Model of the Effect of Soil Temperature and Humidity on Soil Resistivity 
Mehmet YILMAZ*, F. Mehmet NUROĞLU 

6G Oturumu/Session, “Feza GÜRSEY Hall”, Chair: Prof. Dr. Fatih ÖZ 

120 
Glucanotransferases as Novel Enyzmes of LAB for Cereal Technology and Food Applications 
Hümeyra İSPİRLİ*, Osman SAĞDIÇ, Enes DERTLİ 

501 
Bisphenol – A as Food Migration Agent 
Adem SAVAŞ, Elif EKİZ*, Fatih ÖZ 

502 
Effect of Sucrose and Sorbitol on Glass Transition Temperature of Turkey Meat 
Ahmet AKKÖSE* 

505 
Deep-Fat Frying Process 
Elif EKİZ*, Adem SAVAŞ, Fatih ÖZ 

506 
The Contamination of Smoked Meat Products by Polycyclic Aromatic Hydrocarbons 
Emel ÖZ 

507 
Lipid Production by Yarrowia lipolytica Strains 
Özlem YILMAZ*, Güzin KABAN, Mükerrem KAYA 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xxvii 

Oturum/Session – 7⇒ 20.09.2019 / 15:00-16:15 

7A Oturumu/Session, “Engin ARIK Hall”, Chair: Prof. Dr. Umut TOPAL 

189 
Use of Trigonometric Series Functions in Free Vibration Analysis of Laminated Composite Beams 
Muhittin TURAN*, Volkan KAHYA 

190 
Buckling Analysis of Laminated Composite Beams by Navier Method 
Muhittin TURAN*, Volkan KAHYA 

237 
Non-Traditional Tuned Mass Dampers for Harmonically Excided Damped System 
Onur ARAZ*, Volkan KAHYA 

238 
Optimum Non-Traditional Tuned Mass Dampersfor Harmonically Excited Undamped System 
Onur ARAZ*, Volkan KAHYA 

28 
Buckling Behavior of Laminated Composite Plates Subjected to Body Force and In-plane Loading 
Umut TOPAL* 

7B Oturumu/Session, “Banu ONARAL Hall”, Chair: Prof. Dr. Metin UÇURUM 

69 
The Effect of Polypropylene Fibers, Used in Different Proportions, on Paste Filling 
Gökhan KÜLEKÇİ*, Mustafa ÇULLU 

81 
Monitoring Pumice Blocks in Dimensions of 100x390x190 mm with Fuzzy X-bar and R Control Charts 
Kader KAPLAN GÖZTOK, Metin UÇURUM*, Akın ÖZDEMİR 

84 
Experimental and Theoretical (XCOM) Calculation Techniques for Gamma-Ray Attenuation 
Characteristics of Concrete Shields 
H. Süleyman GÖKÇE* 

103 
Energy Absorption Measurement in Shotcrete by EFNARC Plaque Deflection Experiment 
Gökhan KÜLEKÇİ* 

117 
High Temperature Effect on Polypropylene Fiber Heavy Concrete Produced with Barite Aggregate 
İlhami DEMİR*, Merve GÜMÜŞ, Özer SEVİM 

7C Oturumu/Session, “Behram KURŞUNOĞLU Hall”, Chair: Assoc. Prof. Dr. Rabi KARAALİ 

59 
Study on the Self Healing Efficiency of Araldite Av138M Adhesive 
Engin ERBAYRAK*, Halil ÖZER 

208 
Adhesive Bonding of 3D Printed Polymer Adherends 
Özkan ÖZ*, Fatih Huzeyfe ÖZTÜRK, Engin ERBAYRAK 

519 
Investigation of Cogeneration Systems By Using Some Evaluation Criteria 
Rabi KARAALİ*, Necmi ÖZDEMİR 

166 
Three Stage Gear Box Design 
Filiz KARABUDAK*, Hamid ZAMANLOU, Ruhi YEŞİLDAL 

520 
Local Optimization of a Cogeneration System 
Rabi KARAALİ* 

7D Oturumu/Session, “Aziz SANCAR Hall”, Chair: Asst. Prof. Dr. Erman Kadir ÖZTEKİN 

134 
Mechanical and Physical Properties of Al2024-B4C/SiC Hybrid Nanocomposite by Fabrication Powder 
Metallurgy 
A.Hasan KARABACAK *, Aykut ÇANAKÇI, Serdar ÖZKAYA, Müslim ÇELEBİ 

135 
Production and Comparison of Properties of B4C and SiC Reinforced Nanocomposites 
A.Hasan KARABACAK *, Aykut ÇANAKÇI, Serdar ÖZKAYA, Müslim ÇELEBİ 

154 
In-Vitro Properties of MAO Coated NiTi Implant Material 
Süleyman ŞÜKÜROĞLU*, Ebru Emine ŞÜKÜROĞLU, Yaşar TOTİK, Rıdvan KÜÇÜKOSMAN 

70 
A Literature Review on Magnetic Resonance Elastography and its in-vivo Applications 
Can ÖZCAN, Abdullah Tahir ŞENSOY* 

85 
The Effect of Graphite Particle Addition to Plasma Electrolytic Oxidation (PEO) Coatings on AZ91 
Magnesium Alloy 
Ridvan KUCUKOSMAN*, Ebru Emine SUKUROGLU, Yasar TOTIK, Suleyman SUKUROGLU  

  

  

  

 
 
 

 

 

 



 

xxviii 

7E Oturumu/Session, “Fuat SEZGİN Hall”, Chair: Assoc. Prof. Dr. Ümmügülsüm ERDOĞAN 

21 
A Functional Food: Black Garlic 
Elif Feyza TOPDAŞ, Arzu ODUNKIRAN*, Memnune ŞENGÜL 

41 
Determination of Antioxidant Activities of Edible Mushroom Pleurotus eryngii (Eringi) Alder and 
Walnut using Different Solvents 
Seher KILINÇ*, Hüseyin SERENCAM 

107 
The Ash Content of Elaeagnus Angustifolia Powder Supplied in Markets 
Fatemeh GHANNADIASL*, Hamed NOURANI 

106 
The Effect of Hydrocolloids on Texture of Fruit Leathers 
Rabia TALAY*, Ümmügülsüm ERDOĞAN 

144 
Implementation of Supercritical Fluid Extraction in Food Technology 
Büşra TÜYSÜZ*, Enes DERTLİ, Özlem ÇAKIR, Engin ŞAHİN  

7F Oturumu/Session, “Mustafa İNAN Hall”, Chair: Asst. Prof. Dr. Bilge Han TOZLU 

272 
Evaluation of Chopped Melon Freshness by Using Electronic Nose 
Bilge Han TOZLU* 

58 
Modeling and Querying Moving Vehicles in SECONDO: A Sample of Erzurum Technical University 
Emre ÇİNTAŞ* 

82 
Impact of Meta-Heuristic Methods on Feature Selection in Problem of Gender Estimation from Face 
Images 
Eman ABDULKARIM, Uğur TURHAL* 

93 
Particle Swarm Optimization Based Feature Selection on Diagnostic of Lung Cancer Disease 
Gökhan DİLEK, Uğur TURHAL 

7G Oturumu/Session, “Feza GÜRSEY Hall”, Chair: Prof. Dr. Songül ÇAKMAKCI 

209 
Physicochemical Properties and Nutritional Quality of Nigella Sativa Oil 
Mehmet YÜKSEL*, Arzu KAVAZ YÜKSEL 

138 
The Characterization and Rheological Properties of Pectin Extracted from Turkish Quince 
Ayşe KARADAĞ* 

108 

Deep Eutectic Solvent-Based Extraction of Phenolic Compounds from Pomegranate (Punica granatum 
L.) Peel 
Naciye KUTLU*, Melda OCAK, Mebrure Özge İSTEKLİ, Medine DOS, Muhammed DEMİRKOL, Aslı İSÇİ, 
Özge ŞAKIYAN 

49 
Effect of Ozone Treatment on the Colour, Antioxidant Capacity, Phenolic Content and Microbial 
Population of Pomegranate Juice 
Gamze ÜÇOK, Durmuş SERT, Emin MERCAN* 

67 
Catechin Contents of Probiotic Yogurts Produced with Green Tea Powder 
Songül ÇAKMAKÇI*, Atilla POLAT, Şaziye ILGAZ  

7H Oturumu/Session, “Oktay SİNANOĞLU Hall”, Chair: Prof. Dr. Serdar BİLEN 

122 
A Study on Determination of Weed Species, Density and Frequency on Peanut (Arachis Hypogaea L.) 
Fields in Osmaniye Province of Turkey  
Tamer ÜSTÜNER, Ümit GİRGEL* 

260 
The Relationship Between Lactic Acid Bacteria and Phenolic Compounds 
Neva KARATAŞ, Hilal YILDIZ, Özlem ÇAKIR* 

524 
Evaluation of Lycopene Content in the Elaeagnus umbellata Thunb. 
Özlem ÇAKIR*, Hilal YILDIZ, Büşra TÜYSÜZ, Neva KARATAŞ 

525 
Relations Between Boron Fertilization and Soil Microbial Properties 
Serdar BİLEN*, Murat BİLEN 

526 
Usage Areas of Wild fruits Grown in Manisa Province 
Nihan ERDOĞ, Ümmügülsüm ERDOĞAN* 

 

 

 

 

 

 

 

 



 

xxix 

Oturum/Session – 8⇒ 20.09.2019 / 16:30-17:30 

8A Oturumu/Session, “Engin ARIK Hall”, Chair: Assoc. Prof. Dr. Serkan ÖZTÜRK 

170 
Heavy Metal Pollution in Developed Soils on Mineralization Zone 
Alaaddin VURAL*, Bilal ÇİÇEK 

181 
Investigation of Major and Trace Element Contents of Aspen Trees (Populus Tremula) 
Alaaddin VURAL* 

13 
A Statistical Study on the Seismicity of the Central Anatolian Region of Turkey: Description of the 
Earthquake Behaviours 
Serkan ÖZTÜRK* 

14 
Precursory Changes and Return Periods of the Earthquakes in the Central Anatolian Region of Turkey 
at the beginning of 2019 
Serkan ÖZTÜRK* 

8B Oturumu/Session, “Banu ONARAL Hall”, Chair: Assoc. Prof. Dr. Ümmügülsüm ERDOĞAN 

119 
Nanotechnology Applications in Agriculture 
Evren SAÇAK, Seval Sevgi KIRDAR* 

121 
The Effect of Fıeld Dodder (Cuscuta campestris Yunck.) on the Agromorphologıcal Features of Lentıl 
(Lens culinaris L.) 
Tamer ÜSTÜNER, Ümit GİRGEL*, Samet ÇAKIR 

163 
Medical and Aromatic Plants which are the Source of Honey Produced in Çoruh Valley 
Yaşar ERDOĞAN, Ramazan ÇAKMAKÇI, Ümmügülsüm ERDOĞAN* 

178 
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Abstract 

N-nitrosamines, a subgroup of the N- nitroso compounds, are generally formed by 

the reaction between a nitrosating agent and a secondary amine.  Nitrite plays an 

important role in the formation of N-nitrosamines. In meat products, the levels of 

N-nitrosamines may vary depending on the cooking method, cooking temperature 

and time, residual nitrite, ingoing nitrite level, processing steps, microbiota, water 

activity, pH, nitrosation catalysts/inhibitors and storage conditions. The most 

common nitrosamines in meat products are N-nitrosodimethylamine (NDMA), N-

nitrosodiethylamine (NDEA), N-nitrosodibutylamine (NDBA), N-nitrosopiperidine 

(NPIP) and N-nitrosopyrrolidine (NPYR). In this study, the formation and 

occurrence of nitrosamines as well as factors affecting the formation of 

nitrosamines are reviewed. 

 

1 INTRODUCTION  
 

Nitrate and nitrite are important additives used as curing agents in meat products. They are used for their 

antimicrobial and antioxidant properties as well as for their contributions to color and flavor [1]. On the other 

hand, nitrate and nitrite play an important role in the formation of N-nitrosamines [2,3]. Nitrosamines are 

generally formed by the reaction between a nitrosating agent and a secondary amine [4,5]. N-nitrosamines are 

found in cured meat products and in meat products exposed to other nitrogen sources, e.g. by direct smoking 

processes or barbecuing. The highest nitrosamine levels are determined in products such as sausage, smoked 

meats, bacon and luncheon meats [6].  

 

N- nitrosamines are defined as volatile and non-volatile nitrosamines. Many nitrosamines formed in meat 

products have carcinogenic properties. According to the International Agency for Research on Cancer, N-

nitrosodimethylamine (NDMA) and N-nitrosodiethylamine (NDEA) are probable carcinogens and N-

nitrosodibutylamine (NDBA), N-nitrosopiperidine (NPIP) and N-nitrosopyrrolidine (NPYR) are possible 

carcinogens [7]. Among them, NDMA is the most common volatile N-nitrosamine [8].  

 

Nitrite plays an important role in the formation of nitrosamine, as sodium nitrite is the main source of nitrosyl 

donors in meat products. On the other hand, the gaseous nitrogen oxides (originated from smoke) are also other 

sources of nitrosyl donors [5].  Amines are naturally present and cannot be avoided in meats [9]. Secondary 

amines such as dimethylamine are direct precursors of nitrosamines [5]. Therefore, degree of proteolysis during 

production is an important factor for the formation of nitrosamine in ripened meat products [4].  

 

It has been reported that about 20 different nitrosamines have been identified in processed meat products [10]. 

The content of nitrosamines in cured meat products vary greatly, from below the detectable level to thousand 

µg/kg, depending on the type of both nitrosamines and meat products [3,10]. 

 

The factors affecting nitrosamine formation are cooking method, cooking temperature and time, residual nitrite, 

ingoing nitrite level, processing steps such as fermentation, drying and heat treatment, microbiota, water activity, 

pH, nitrosation catalysts/inhibitors and storage conditions [2,4,6,8,9]. However, in meat products, the intensity of 

heat treatment is a critical factor in the formation of N-nitrosamines. It is known that an intensive heat treatment 

has a large contribution in the formation of N-nitrosamines in meat products [4,5]. In this study, the formation 

and occurrence of nitrosamines as well as factors affecting the formation of nitrosamines are reviewed. 
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2 FORMATION OF NITROSAMINES  
 

N-nitrosamines (R1NNOR2) are classified as a subgroup of the N- nitroso compounds. They are formed by the 

electrophilic substitution of the amine nitrogen with a nitrosonium cation (NO+), derived from a nitrosating agent 

(Y-NO) (Fig. 1) [11]. Only secondary amines form stable N-nitrosamines. Primary amines are immediately 

degraded to alcohol and nitrogen. Tertiary amines cannot react [12].  

 

 
Figure 1. N-Nitrosamine formation from secondary amines [11] 

 

Many nitrosating agents can be effective nitrosyl donors. These agents will be transformed to Y-NO form and 

can be considered to be NO+ carriers in the nitrosation reaction. In foods, especially in meat products, the main 

sources of nitrosyl donors are sodium nitrite (by curing) and gaseous nitrogen oxides (by smoking). However, a 

transformation is necessary to obtain the active nitrosating agent. Some nitrosating agents originated from nitrite 

and nitrogen oxides are given in Table 1. [11].  

 

In meat products, the most common nitrosamines are NDMA, NPIP and NPYR. The formation of nitrosamines 

is a complex process and appearance of these compounds in meat products depends on various different 

parameters such as production conditions, storage and/or thermal processing of meat [2]. However, pH, 

alkalinity of the amine and temperature are important factors influencing the rate of nitrosamine formation [13]. 

The formation of these nitrosamines in meat products is only possible in following cases: 

-The pH must be low enough (<5.5) to form nitrosating agents,  

-Secondary amines must be present,  

-Producing conditions at high temperatures (> 130°C, formation of NPYR) or long storage at room temperature 

(NDMA and NPYR) [14]. 

 

Table 1. Some nitrosating agents originated from nitrite and nitrogen oxides [11] 

Nitrosating 

agents 
Y-NO Reaction Conditions of formation 

N2O3 O2N-NO 
2HNO2 ↔ N2O3 + H20 

NO + NO2↔ N2O3 

 

Aqueous, mildly acidic 

Gas phase, aqueous, neutral/alkaline, 

lipid medium 

NO+ NO+ HNO2+ H+↔NO+ + H20 Aqueous, strongly acidic 

(H2O)NO+ (H2O)NO+ HNO2+ H+↔ (H2O)NO+ 

H++ HNO2+ X ↔ NOX + H20 

2NO2 ↔ N2O4 

2NO +O2↔ N2O4 

Aqueous, mildly acidic 

Gas phase 

Lipid medium, aqueous neutral/alkaline 

NOXa X-NO 

N2O4 O2NO-NO 

a with X: Cl-, Br-, I-, SCN- 

 

3 OCCURRENCE OF VOLATILE NITROSAMINES  
 

The concern about the presence of N-nitrosamines in meat products occurred in the late 1960s-early 1970s, when 

high concentrations of NDMA and NPYR were detected in fried bacon [15]. Most of the studies on nitrosamines 

were conducted in the 1970s and early 1980s [10]. To control this contamination, ingoing nitrite level has been 

limited. In addition, the nitrite-scavenging antioxidants like ascorbate have been used in the meat production 

[15]. 

 

The contents of nitrosamines may show a great variation. Sen et al. [16] reported that the majority of the 

nitrosamine-positive cured meat samples had extremely low levels (<1 ppb) of nitrosamines. It was also stated 

that the highest level detected in a sample of spiced smoked beef was 8.6 ppb for NPIP. In a study conducted on 

salami samples taken from Italian markets, it was determined that the contents of NDMA, NDEA, NDBA and 

NPIP varied from 0.59 to 7.76µg/kg, nd to 4.04 µg/kg, 0.73 to 50.12 µg/kg and nd to 0.38 µg/kg, respectively 

[17].  

 

Özdemir et al. [18] determined NDMA, NDEA, NPYR and NPIP in sucuk (a Turkish dry fermented sausage).  

Pirinçci et al. [19] reported that all sucuk samples contained NPYR (6.5 - 200 ppb). In the same study, NDMA 
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(5.1-370 ppb), NDEA (2.5- 60 ppb) and NPIP (1.4 – 125 ppb) were detected in 95% of the samples. Yurchenko 

and Mölder [20] investigated the occurrence of volatile N-nitrosamines in Estonian meat products and reported 

that  NDMA was observed in more than 88% of samples, NDEA in 27%, NPYR in 90%, NPIP in 65%, and 

NBDA in 33% of the samples at the mean levels of 0.85, 0.36, 4.14, 0.98, and 0.37 µg/kg, respectively.In 

another study conducted by Özel et al. [21], total nitrosamine content of sucuk, beef/turkey frankfurter, bologna 

type sausage and döner kebab samples were determined as 0.63-4.69 µg/kg, 0.45-2.93 µg/kg, 0.80-2.23 µg /kg 

ve 0.51-16.63 µg/kg, respectively. On the other hand, Ata [22] reported that raw sucuk samples contained 

NDMA(2.21±0.82 ng/g), NMEA(1.16±0.39 ng/g), NDEA(2.25±0.70 ng/g), NPYR(3.84±0.88 ng/g), 

NMOR(0.21±0.07 ng/g), NPIP(3.07±0.89 ng/g), NDBA(1.25±0.40 ng/g) and NEBA(0.53±0.41 ng/g), 

respectively. Herrmann et al. [23] determined that the most frequently found volatile nitrosamines are NDMA 

and NPYR in meat products from Danish market and also the levels of NDMA and NPYR ranged from not 

detectable to 4 µg/kg and from not detectable to 13µg/kg, respectively. In the same study, it was reported that 

slightly higher levels are indicated for the Belgian meat products.  In another study conducted on heat-treated 

sucuk samples, the means of NDMA, NPYR and NPIP contents varied between 1.71±0.64-3.57±0.57 µg/kg, 

1.65±0.85-7.29±0.80 µg/kg, and 5.19±3.13-16.40±3.44 µg/kg, respectively [24]. 
 

4 FACTORS AFFECTING NITROSAMINE LEVELS 
 

In meat products, nitrosamine formation is affected by many factors such as meat type, biogenic amines, amino 

acid decarboxylase activity of microorganisms, moisture, method of cooking, cooking temperature and time, pH, 

redox potential, residual and ingoing nitrite level, concentration of NA precursor, presence of nitrosation 

catalysts and inhibitors, spices (especially black pepper) and storage conditions [4,8,9,20,25]. Grey and Randall 

[9] has reported that the major factors in bacon are the cooking method, nitrite concentration, NaCl concentration 

and presence of ascorbic acid. On the other hand, Li et al. [26] determined that frying increased the levels of 

NDMA, NDEA and NPYR in dry-cured raw sausage. Moreover, it was emphasized that boiling and microwave 

treatments has no effect on the content of N-nitrosamines.  

 

Secondary amines are important precursors for nitrosamine formation. These amines can be obtained from 

biogenic amines. Biogenic amines are basic nitrogenous compounds, formed by decarboxylation of free amino 

acids. They can occur in fermented sausages and the most commonly found biogenic amines are tyramine, 

putrecine and cadaverine [27]. These amines successively undergo deamination and cyclication to secondary 

amines before reacting with the nitrosating agent (NO+). Cadaverine may be converted to N-nitrosopiperidine 

(NPIP), while putrescine, spermine and spermidine may form N-nitrosopyrrolidine (NPYR) [15]. 

 

Another factor which influence formation of nitrosamine is ingoing nitrite level. Hermann et al. [3] found 

positive correlation between the amount of nitrite added to cooked pork sausage and the levels of nitorsamine 

formed. Sallan et al. [4] showed that ingoing nitrite level had an important effect on NDMA, NPYR and NDBA. 

In addition, they indicated that the interaction of ingoing nitrite level and cooking level had also a very important 

effect on NPIP content and NPIP content increased as cooking level increased at 0 and 50 mg/kg nitrite levels. In 

another study, Drabik-Markiewicz et al. [28] reported that application of higher processing temperatures and 

higher ingoing nitrite levels have a significant effect on the increase of NPIP and NDMA contents.  

 
Meat products were the second largest source of dietary NPYR and NPIP only surpassed by spices [29]. Many 

spices may contain alkaloids which may function as N-nitrosamine precursors, the piperidine and pyrrolidine 

derivates act as the major sources for the formation of N-nitrosamines NPIP and NPYR, respectively [5]. Black 

pepper is used in the preparation of many types of sausages including cooked sausage, salami, sucuk and heat-

treated sucuk [3,25]. It was reported that black pepper has an important role for the formation of NPIP [3,11,20]. 

Herrmann et al. [3] determined that the NPIP content increased from 0.1 μg/kg to 0.4 μg/kg when the ratio of 

black pepper increased from 1.25 g/kg to 5.0 g/kg. Yurchenko and Mölder [20] also reported that black pepper 

may be a good source of NPIP formation. In the contrast, Sallan et al. [25] stated that antioxidant compounds of 

black pepper inhibited the NPIP formation due to the high levels of black pepper used.  

 

In a study conducted on heat-treated sucuk, cooking level resulted in an increase in NPYR content and no 

increases in parallel to increases in cooking level were observed [4]. Similarly, Sallan et al. [25] reported that 

cooking is an important factor of NPYR formation in sucuk, however, increasing the cooking levels do not cause 

a statistically significant change in NPYR content. Yurchenko and Mölder [20] also reported that there is no 

NPYR increase observed in mutton samples in parallel to increase in temperature. 

 

It has been reported that the formation of nitrosamines may be inhibited by the addition of ascorbate. However, 

the chemistry of ascorbate, which is an important ingredient in fermented meat products, is quite complex [30]. 
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It was reported that the addition of ascorbic acid might slow down the formation of some nitrosamines, but it 

might accelerate the formation of others by transnitrosation [31].  

 

5 CONCLUSION 
 

Nitrosamines are important for food safety. It is not possible to totally prevent nitrosamine contamination in 

cured meat products since nitrite and nitrate are important curing agents in these products. Moreover, in products 

produced without using nitrate and /or nitrite, nitrate originating from the spices used in the production is 

indirectly effective in nitrosamine formation by transforming into nitrite. Although it has been stated for many 

years that ascorbate, which is used in meat products with various aims, prevents the formation of nitrosamines, 

this effect changes with the type of nitrosamine. Secondary amines necessary for the formation of nitrosamines 

can also be formed during fermentation, drying and storage. Cooking process is another important factor that 

affects the formation of nitrosamines. Amount of some nitrosamines increases as the intensity of the heat 

treatment increase. Because of this fermented dry and semi-dry sausages should be consumed without 

application of heat treatment. Moreover, proper curing agents and doses of curing agents suitable to the 

production process must be used to keep residual nitrite at low levels. However, further research on decreasing 

the formation of nitrosamines are still needed.   
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Laser technologies are evolving very fast and they open new possibilities to develop new materials processing 

methods. In this communication we present new advances that have been reached at the Aragón Materials Science 

Institute (CSIC-University of Zaragoza) based in developing melting or ablation processes to modify the surface 

of materials and to improve their properties. 

 

When continuous or long pulse lasers are used, main effects are associated with the control of the melting and 

solidification process, obtaining textured surfaces or surface layers with a very low porosity. The group has 

patented a system called Laser Furnace that allows applying laser technologies inside a furnace, reducing thermal 

stresses induced during the laser treatment and opening the possibility of using this technology in low thermal 

conductivity materials, as ceramics, for instance. Using this technology it has been possible to fabricate textured 

superconducting ceramic materials with higher critical current values, as well as structural ceramics with better 

mechanical properties. 

 

In contrast, when short pulse lasers are used, it is possible to control the micro and nanostructure of the surface of 

the sample. We have used sub-nanosecond UV and n-IR lasers to modify the surface of different materials in an 

effort to search for new applications: induce colour, iridescence behaviour, improve hydrophilic or hydrophobic 

properties or resistance to microorganisms. In these studies, a laser line configuration has been introduced to 

perform the laser treatments in a way that more homogeneous results are obtained in large areas. The treatments 

can be performed in air, but also in controlled atmospheres, such as vacuum, argon or nitrogen. 
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The number of magnetoelectric multiferroic materials reported to date is scarce, as magnetic structures that break 

inversion symmetry and induce an improper ferroelectric polarization typically arise through subtle competition 

between different magnetic interactions. The (NH4)2FeCl5·(H2O) compound is a rare case where such improper 

ferroelectricity has been observed in a molecular material. We have used single crystal and powder neutron 

diffraction to obtain detailed solutions for the crystal and magnetic structures of (NH4)2[FeCl5·(H2O)], from which 

we determined the mechanism of multiferroicity [1]. From the crystal structure analysis, we observed an order-

disorder phase transition related to the ordering of the ammonium counterion. We have determined the magnetic 

structure below TN, at 2 K and zero magnetic field, which corresponds to a cycloidal spin arrangement with 

magnetic moments contained in the ac-plane, propagating parallel to the c-axis. Also Neutron Spherical 

Polarimetry, which is uniquely sensitive to the absolute magnetic configuration and domain population, used in 

this work unambiguously prove the multiferroicity [2]. The observed ferroelectricity can be explained, from the 

obtained magnetic structure, via the inverse Dzyaloshinskii-Moriya mechanism.   

 

Here, also we present a neutron diffraction study under external magnetic field, aimed at elucidating the evolution 

of the magnetic structure under applied magnetic field (see figure 1), and determine the mechanism of magneto-

electric coupling, which allows us to describe an unprecedented change from spin current to spin-dependent p-d 

hybridization mechanism [3] 

 

 
Figure 1. Magnetic structures at 2 K and at different magnetic fields applied along the crystallographic a axis: at 

zero field (left), at 3.5 (middle), and at 6 T (right). 
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Abstract 

Energy-saving and increasing the efficiency of power transmission lines, electrical 

machines and transformers are important as much as diversity and renewability of 

energy resources. Considering the increasing power need it would be impossible to 

transmit dozens of GW power using the existing transmission lines due to the 

current carrying limitation of the metals used in transmission lines. Hence, it is a 

must to develop new materials for power transmission lines. The studies on energy-

efficient materials, which can be alternative to superconductors and normal 

conductors, especially for applications of daily life are continued due to these 

disadvantages. It is known that new generation electrical materials on which the 

studies have been heavily performed in recent years have demonstrated close or 

better performances than superconductors in certain aspects even though they are 

not superconductors. One potential approach for decreasing metals electrical 

resistivity is the incorporation of carbon nanotubes into metal. In present work, we 

developed a unique method to obtain metal-CNT composite to get ultraconductive 

wire. 

 

1 INTRODUCTION  
 

Nowadays, the dependence on electricity gradually increases, and the production and use of vehicles such as 

electrically operated automobiles and other electronic devices are increasing rapidly. For this reason, decreasing 

the amount of energy lost while carrying the electricity or producing new generation conductors due to the fact 

that cheaper conductive materials and the copper resources are limited gradually gain importance. Nowadays, 

studies are being carried out to produce new generation electrical cables from the nanotube-polymer composite 

structures [1]. As a matter of fact, it has also been reported that the conductivity of the composite structures 

containing carbon nanotube is higher than that of metals [2]. The studies to be carried out on decreasing the 

energy loss have always taken an important place in the science world. For example, various studies have been 

carried out on superconductors. Since the conductivity and current-carrying capacity of copper wires have the 

potential to be enhanced more by placing carbon nanotubes (CNT) into copper wires, these new composite 

structures produced are called ultra-conductors. Despite the fact that there has been a deep interest in this topic in 

a recent couple of years, there is a limited number of studies in the literature [3-5]. However, various studies 

conducted in cooperation of many developed universities and laboratories have been encountered. Although 

there are some studies indicating that the electrical conductivity of composite copper wires decorated with CNT 

remains almost the same [3], there are also studies indicating that their electrical conductivity improves [3,4]. 

However, in all of the studies carried out on this topic, it is indicated that the maximum current-carrying capacity 

of the composite copper wires decorated with CNT will increase at least ten times more. It is observed that the 

electrical conductivity and the maximum current-carrying capacity of the copper wires covered with CNT 

increase to a considerable extent with the CNT modification [5]. 

 

2 MATERIAL AND METHODS 
 

After the carbon nanotubes were coated on the metal surface, CNT’s welted to get electrical contact. Then, 

metal-CNT structure was obtained by metal coating processes (Figure 1). 
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Figure 1. Schematic representation of aligned and welded CNTs and Metal thin films covered on them 

 

Surface morphology (Figure 2), structural, mechanical and electrical measurements are made after each of the 

above-mentioned steps to determine composite ultra-conductive structures. 

 

 
Figure 2. Layered Metal-CNT structures 

 

3 RESULTS 
 

SEM images shown that CNT-metal (Al and Cu) layered structures formed to get composite CNT-metal wires. 

Electrical measurements shown that current carrying capacity of the composite wires were obtained a few times 

higher than pure metal wires. 

 

4 CONCLUSION 
 

In the coming years, it is a necessity to replace the wires in the transmission lines with the high current carrying 

capacity and low resistance wires. In this study, current carrying capacity and electrical conductivity improved 

metal wires are developed. These wires are thought to be an alternative to superconducting wires. 
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Abstract 

Two-dimensional materials are one of the most studied materials for many 

applications in recent years. Among the MXene family, Ti3C2Tx, the lightest 

material, is one of the electrode materials due to its unique electrochemical 

performance. In this study, Ti3C2Tx MXene structure was obtained by removing Al 

layer from Ti3AlC2 MAX structure by selective etching. Surface and morphological 

analyzes were performed for the Ti3C2Tx MXene structures using FESEM, EDS, 

XRD. 

 

1 INTRODUCTION  
 

The MXene, known as transition metal carbides, carbonitrides and nitrides are the most recently added structures 

in the 2D family of materials and are promising due to their versatile surface chemistry [1]. MXenes are obtained 

by selective etching the “A” atomic layers from the layered structures of the MAX phases, and are named as 

MXene due to their “MX” layered structures emphasizing the similarity to the graphene so as the “ene” suffix. 

Although the compatibility of MXenes to electromagnetic radiation absorption [2], composites strengthening [3], 

water treatment [4], gas sensors [5], biosensors [6], cancer treatment [7], lubricants [3], field effect transistors 

[8], transparent conductors [9], photochemical and electrochemical catalysis [10] applications via theoretical and 

experimental studies due to their adjustable electronic, optical, plasmonic [11] and thermoelectric [12] 

properties, the most studied field of application is energy storage [13]. MXenes have high electrical conductivity, 

superior electron-transfer capability, charge-carrying mobility, large surface area, good mechanical properties 

and transparency. MXene-based supercapacitors are of great interest among electrochemical energy storage 

devices due to their high-power density, high charge-discharge efficiency and long cycle life. In the literature, 

more than 70 structures related to MAX phases have been studied [14]. So far, 21 MXene structures are obtained 

experimentally from those MAX phases [15]. While the M-X bond of MAX layered structure has 

covalent/metallic/ionic character, the M-A bond has metallic character. However, since the M-A bond between 

the layers and the A-A bond between the atoms are rather weak compared to the M-X bond, the higher chemical 

reactivity of the “A” atomic layer, i.e., its corrosivity with aqueous acid solutions (HF or LiF+HCl) is facilitated. 

In other words, the main reason for obtained MXene from MAX phases by chemical etching is that the M-A 

bond is much weaker than the M-X bond [14]. Selective etching is the most important condition for obtaining 

MXene from MAX phases. Today, the most common method for synthesizing MXene is wet etching [13]. The 

most important parameters in this method are acid concentration, reaction time and temperature. Especially in 

the studies related to MXene synthesis, easy controllability and efficiency of reaction parameters are the reason 

of choice of this method. Thus, acidic solutions containing predominantly aqueous fluoride are used to 

selectively etching the “A” element layers from the MAX layered structures. So, to obtain MXene, H+ and F- 

ions must be present in the solution. MXene layers which are in good contact with the coplanar planes after 

etching are subjected to intercalation process. The intercalation process results in delamination, which occurs by 

ultrasonication of MXene layers in water with different polar organic molecules or large organic-based 

molecules. Thus, the intercalating species / molecules allow delamination to increase the distance between the 

layers. Few mechanical vibrations also accelerate delamination. MXenes that are synthesized using solutions 

with acidic-fluoride have structure terminations with OH, O, and F as seen in the chemical formula 

Mn+1Xn(OH)xOyFz. Briefly, this chemical formula has the general expression Mn+1XnTx (n=1-3), where M 

represents a transition metal (Sc, Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, Mn), X is carbon (C) and nitrogen (N), Tx 

represents hydroxyl (OH), oxygen (O) and fluorine (F) [1]. For example, Ti3C2Tx is the most studied MXene in 

supercapacitor applications. While the volumetric capacitance of Ti3C2Tx electrode in neutral and aqueous 

electrolytes is 300–400 F cm-3, the volumetric capacitance value in 1 M H2SO4 exceeds 900 F cm-3. These 
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capacitance values are due to the fact that the protons, the smallest cations, reach a greater number of 

electrochemically active sites and prevent their ions from aggregating into the MXene layers during 

intercalation. In addition, these values are greater than the value of graphene (350 F cm-3), a carbon-based 

electrical double-layer capacitor (EDLC).  

 

Also, the Ti3C2Tx MXene shows excellent pseudocapacitive behavior even at very high charge and discharge 

rates. Thin Ti3C2Tx MXene electrodes imprinted on flexible substrates perform better at higher charge-discharge 

rates. Furthermore, these Ti3C2Tx MXene have excellent cycle stability without any decrease in capacitance even 

after 10000 charge-discharge cycles. 

 

2 MATERIAL AND METHODS 
 

In this study, the Ti3C2Tx MXene structure was obtained by etching the Al layers from the synthesized Ti3AlC2 

MAX phase as expressed in Figure 1. 2 g of Ti3AlC2 layered powder was mixed in 20 ml 40% HF: H2O solution 

at 25oC for 48 h. The resulting Ti3C2Tx MXene layers were repeated centrifuged by adding de-ionized water at 

3500 rpm until the pH value was ~6-7. This MXene was then rinsed with CTAB in a magnetic stirrer for 24 h 

and centrifuged with de-ionized water to increase the distances between the layers. Water was removed from the 

structure by an additional drying process (80-100oC in the oven).  

 

3 RESULTS 
 

The structure, morphology and elemental analysis of the Ti3C2Tx MXene was carried out using the X-ray 

diffractometer technique (PANalytical Empyrean, Cu-K, λ=1.54060 Å), a field-emission scanning electron 

microscope (FESEM: FEI Quanta 450 FEG) and an EDS analyzer in the FESEM system (EDAX, AMETEK 

Materials Analysis Division) respectively. Cyclic voltammetry (CV), galvanostatic charge discharge (GCD) and 

electrochemical impedance spectroscopy (EIS) analysis of the Ti3C2Tx MXene was performed via Gamry 

Interface 1010E potentiostat. The FESEM images and EDS analyzes of the synthesized Ti3C2Tx MXene structure 

is given in Figure 1. 

 

4 DISCUSSION 
 

In summary, Ti3C2Tx MXene was synthesized by the successful etching of Al from Ti3AlC2.  The effect of the 

mass ratios of Ti3AlC2 to HF on the electrochemical performance of electrodes for supercapacitors was 

investigated.  Excellent electrochemical performance has shown that layered Ti3C2Tx is a promising electrode 

material for high power and high energy devices.  

 

 
Figure 1.a) Low and 
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Figure 1.b) high magnification FESEM images of the Ti3C2Tx MXene 
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Today’s technology advancement had succeeded in producing a product of printing electronics especially for 

internet of thing (IoT) applications and it is known that screen print was one of the technologies been used. The 

screen print technology was involving the printing and firing processes of the paste been used. The paste was the 

most important key element of the technology. At moment the components been used to developed the paste were 

inorganic or partial organic which had made the processes of making and to dispose the paste was un-

environmentally friendly. Here an alternative paste by using organic binder been proposed that can have the same 

performance as available paste in the market. Few of the process and applications of the paste will also be discussed 

in detail. 
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Abstract 

Ulexite is one of the most important minerals used in the production of boric acid. 

Boric acid is obtained from the reaction of sulfuric acid with ulexide, which causes 

crystallization of the by-product gypsum in heterogeneous solid-liquid reactions. In 

this study, the influence of ultrasound on the dissolution of ulexite in H2SO4 

solutions was investigated. The reaction time and temperature were chosen as 

parameters. In the presence of ultrasound, as the reaction temperature increased, the 

dissolved fraction of B2O3 was decreased. Also, in the presence of ultrasound, the 

conversion fraction of CaO increased at 30˚C and 50˚C as the reaction proceed, but 

this ratio decreased at 70˚C. However, in the absence of ultrasound, the dissolved 

fractions of B2O3 and CaO increased with increasing reaction temperature. 

 

1 INTRODUCTION  
 

Boron compounds, of which Turkey has the largest reserves in the world with over 60% share, are very 

commonly used almost in all branches of industry in different ways. Huge portions of the Turkey’s 

commercially recoverable boron reserves are colemanite, ulexite and tincal. Among them, ulexite, 

Na2O·2CaO·5B2O3·16H2O, are one of the most commercially used minerals to produce boric acid. In Turkey, 

ulexite is available around the regions of Balıkesir—Bigadic and Kutahya—Emet [1]. Many studies related to 

ulexite can be seen in the literature. Industrially, boric acid is obtained from ulexite using sulfuric acid. 

Industrially, boric acid is produced from ulexite using sulfuric acid. In addition, in the literature, many studies 

using ulexite can be seen. For example, in a study  the dissolution of ulexite in H2SO4,  H3PO4 , HNO3 and HCl 

solutions was investigated. The dissolution process in these solutions was found to be diffusion-controlled, and 

HNO3 solutions gave the highest dissolution rate while H2SO4  solutions gave the lowest. In the case of H2SO4 

solutions, it was claimed that the diffusional process was affected negatively by the formation of CaSO4 and 

CaSO42H2O  in addition to H3BO3 , but no proof was given for this claim [2]. 

 
Boric acid is produced in Turkey from the reaction of colemanite with sulfuric acid in a heterogeneous solid–

liquid reaction leading to crystallization of gypsum (CaSO4 2H2O). Gypsum is formed as a byproduct and 

precipitates in the reactor while boric acid which has a high solubility in water remains in the liquid phase (18 

wt.% H3BO3) throughout the reaction.Solid–liquid reactions leading to crystallization of the product are of great 

importance in the production of many industrial chemicals. Various examples of heterogeneous solid–liquid 

reactions leading to crystallization of products were discussed in the literature For example, Hagenson et al. 

examined the relative effects of phase transfer catalyst and ultrasound on a model  reaction in a study. Okur et al. 

studied the kinetics of dissolution of colemanite in H2SO4 solutions in the absence and presence of ultrasound. In 

another study, Betchtloff et al. examined the reaction of calcium citrate with sulfuric acid from heterogeneous 

solid-liquid reactions leading to crystallization of products [3–5]. 

 

Applying ultrasound has been shown to have significant effects on crystallization process and crystal properties. 

Ultrasound can enhance the rates of mass transfer and reaction in heterogeneous systems, since ultrasound 

causes a decrease in the diffusion layer thickness on the solid– liquid interfaces in the suspension [3,4,6-8]. 

Many of the effects produced by ultrasonic in solid/liquid and liquid systems are associated with the production 

of cavitation. In heterogeneous solid–liquid systems, the interface produces a perturbation in the sonic field 

which induces an asymmetric collapse of the cavitational bubbles. At extended interfaces several times larger 

than the resonance cavitation size, the result is a micro-jet of liquid passing through the cavitation which 

impinges with the solid surface at velocities estimated around 100 m·s−1. This phenomenon is the origin of the 

erosion effect used for ultrasonic pitting and surface cleaning [9]. 
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The effects of ultrasound on crystal growth do not appear to be as dramatic as those on nucleation and arise 

largely from enhanced bulk-phase mass transfer. The mechanical disturbances created by both cavitation and 

ultrasonic streaming alter the fluid dynamics and increase bulk-phase mass transfer of solute to the surface of the 

growing crystal. The surface nucleation and integration effects at the crystal surface determine, however, the 

growth rate of each individual face and, hence, the habit of the crystal  [10]. Certainly the theoretical studies  

Hickling [11], Hunt and Jackson [12] have focussed on the behavior of a single collapsing spherical bubble as a 

potential source of the necessary thermodynamic conditions. In particular the high pressure created as a bubble 

collapses has been hypothesized as the stimulus for ice nucleation [11,13], but this is not universally accepted 

[12,14].The purpose of this work is to investigate the effect of ultrasonic energy on the dissolution of ulexite  in 

H2SO4 solution. 

 

H2SO4(aq)
 + H2O(ı) →HSO4

- 
(aq) +H3O+

(aq)                                                                (1)    

 

HSO4
-
(aq)+ H2O(ı)⇄ SO4

2- 
(aq)

 +H30+
(aq)                                                                        (2)    

 

Na2O · 2CaO · 5B2O3 · 16H2O(s) + 6H3O+(aq)→2Na+ (aq) + 2Ca2+ (aq)  + 10H3BO3(aq) + 10H2O(l)                  (3)    

 

Ca+2
 (aq)+SO4

-2
 (aq)→CaSO4 (s)                                                                                  (4)    

 

Ca+2
 (aq)+ SO4

-2
 (aq) +H2O→CaSO4.2H2O(s)                                                                              (5)    

 

2 EXPERIMENTAL 
 

The ulexite ore used in the study was provided from a region of Bigadiç, Balıkesir, Turkey.  It was crushed, 

ground and sieved to  500 – 710 μm size fractions using ASTM Standard sieves. All the sieved samples were 

dried in an electric oven at about 105º C, cooled to room temperature and stored in closed desiccators.  

 

 
Figure 1. Scheme experimental set-up for dissolution 

 

A schematic illustration of the experimental set-up is shown in Fig. 1. It consists of an ultrasonic generator (Type 

Cole Parmer, Ultrasonic homogenizer, 400 W, 20 kHz) together with a probe with tip radius of 1 cm and 

dissolution vessel equipped with a thermocouple.In order to investigate temperature on the dissolution rate, some 

experiments were performed at 30˚C, 50˚C and 70˚C.with 0.10 M H2SO4 concentration, a stirring speed of 800 

rpm and a particle size of 500 - 710 μm. For each run, 500 ml of sulfuric acid at a definite concentration was 

transferred into the reactor at the required temperature. The reaction was initiated by the addition of a known 

amount of ulexite ore, at time t=0, while stirring the content of the reactor at a known speed. A 3-ml sample was 

withdrawn from the reactor at predetermined time intervals and filtered immediately, and B2O3, CaO, analyses 

were made in the filtrate by a volumetric method [15].  

 

3 RESULT AND DISCUSSION 
 

Experiments have been conducted in both the presence of ultrasound power (16.4 W) and absence of ultrasound 

to investigate the effect of ultrasound more clearly. In all the experiments, a stirring rate of 800 min-1 was used 

with a magnetic stirrer to avoid settling of particles. As the temperature was increased, the dissolved fraction of 

B2O3 decreased regard in spite of ultrasound application (Figure 2). The solubility of CaSO4 decreased and its 

crystallization rate increased with increasing temperature. But in absence ultrasound, the extent of dissolution 

B2O3 increased with increasing temperature in the range of values studied. (Figure 3). The results in Figure 4 
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show that although the conversion fractions at first temperatures are irregular, they decrease at 70˚C. Whereas 

the conversion rate of CaO has frequently increased with increasing temperature in absence ultrasound as seen 

Figure 5. For example, this rate  is 74 % after a reaction time of 30 min at 30 ˚C, while dissolution rate of CaO  

is 84.5%  at 70˚C for the same time. 
 

 
Figure 2. Effect of reaction temperature on the dissolution fraction of B2O3 in 0.1 M H2SO4 in presence 

ultrasound 

 

 
Figure 3. Effect of reaction temperature on the dissolution fraction of B2O3 in 0.1 M H2SO4 in absence 

ultrasound 

 
Figure 4. Effect of reaction temperature on the dissolution fraction of CaO in 0.1 M H2SO4 in presence 

ultrasound 
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  Figure 5.  Effect of reaction temperature on the dissolution fraction of CaO in 0.1 M H2SO4 in absence 

ultrasound 

 

4 CONCLUSION 
 

The dissolution and crystallization of ulexide in acidic medium (H2SO4) have been investigated in both the 

presence and absence of ultrasound. The reaction temperature and reaction time were chosen as parameters. 

According to the results of the study, it was observed that, increase of reaction temperature decreased the 

conversion fraction of B2O3 in presence ultrasound. Although the conversion fraction of CaO in the ultrasound 

environment  increased at the initial temperatures, this ratio decreased significantly at 70 degrees. This situation 

is thought to be due to the formation of CaSO4 around the particles as the temperature increases. With time 

increasing, CaSO4 formed around the particles has reduced the dissolution fraction in ultrasound application. 

Ultrasound also has mechanical effects on crystallization systems. When ultrasound propagates through a liquid 

medium, its power not only is a driving force for mass transfer, but also initiates an important phenomenon 

known as cavitation. Cavitational bubbles forms during the negative-pressure period of the sound wave. When a 

cavitational bubble implodes, a localized hot spot is formed with a high temperature and high pressure with the 

release of a powerful shock wave. The reason for the above phenomena is that the collapse process is very rapid. 

The collapse time of a cavitational bubble is normally very short compared to its birth time. The power of 

ultrasound and cavitation phenomena influence primary nucleation during crystallization processes [9]. In our 

study, in addition to obtaining boric acid, crystals of CaSO4 in solution were also obtained during the dissolution 

process. The formation of crystals were seen more clearly  in the ultrasound environment. Crystallization is a 

process used in many industrial domains including chemical, pharmaceutical and petrochemical industries, and 

usually considered in terms of nucleation and crystal growth. Utilization of various industrial wastes produced, 

such as fly ash, phosphogypsum, fluorogypsum, lime sludge, red mud and borogypsum is important to save the 

environment from degradation [16,17].  

It is suggested that borogypsum can be used as set retarders up to 10% by weight of cement. Hence, 

borogypsum, like other industrial gypsums such as phosphogypsum, desulphogypsum, citrogypsum, 

fluorogypsum, etc. [18] can be added to the clinker in the production of cement, and a cement having better 

properties than those of other waste gypsums can be obtained. 
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Abstract 

Ultrasound is known to enhance solid/liquid reactions. The investigation of the 

dissolution of phosphate ore in dilute phosphoric acid solutions was investigated in  

both the absence and presence of ultrasound. Acid concentration, reaction 

temperature and reaction time were chosen as parameters. While the conversion 

fractions decreased with increasing temperature in dilute phosphoric acid in 

absence ultrasound, these rates increased with increasing temperature in the 

presence ultrasound. In experiments,  the expected effects of ultrasound were 

observed, such as a decrease in the diffusion layer thickness on the solid–liquid 

interfaces in the suspension , leading to increased surface area. 

 

1 INTRODUCTION  
 

Phosphate rock is an important economic resource for the chemical industry, particularly in fertilizer production. 

About 85% of world phosphate production is consumed in the fertilizer industries. Most of the phosphorus in the 

phosphate rock is found as fluorapatite CaF2(PO4)6, which is a stable compound that can not easily be supplied 

as a plant nutrient. In order for phosphorus to be present, it is necessary to destroy the fluorapatite structure of 

the phosphate rock and to form soluble compounds in the soil solutions [1]. 

 

The production of phosphoric acid is almost directly related to the world phosphate fertilizer consumption, 

which is increasing. Almost all phosphoric acid needed for the fertilizer industry is produced by wet processes. 

 

The phosphate ores used in wet processes today are mainly sedimentary phosphates or francolites  [2].The 

phosphate rock composition changes from one deposit to another. Therefore, phosphate rock from different 

sources is expected to behave differently in acidulation processes, which are the basis of the phosphate fertilizer 

industry. It was investigated the phosphatic formations in Mazıdağı. It was found that these phosphorite deposits 

occurred as a result of the following steps; erosion of calcitized deposits, redeposition in a phosphatizing 

environment, phosphatization of this detritus material and weathering causing an enrichment of the ores [3]. The 

Mazıdağı phosphate rock consists mainly of calcite, fluorapatite and carbonate-fluorapatite [4]. 

 

Acidic dissolution of natural phosphate rocks is a basic process in the production of inorganic phosphorus 

fertilizers, such as superphosphate (mono and double), wet-process phosphoric acid (the main semiproduct for 

subsequent fabrication of various kinds of inorganic fertilizers, e.g., ammonium phosphate or amorphous), 

nitroamorphous, and other complex and mixed fertilizers  [5,6]. The phosphate ores used in wet processes today 

are mainly sedimentary phosphates or francolites. It is mainly produced by digestion of phosphate ore 

(fluorapatite) with sulfuric acid. This yields phosphoric acid as a product and hydrated calcium sulfate as a 

byproduct. The ore also contains traces of heavy metal ions,of which cadmium and radium are the most 

worrisome. They can cause serious environmental problems. When a mixture of phosphoric acid and sulfuric 

acid is used for the digestion of the ore, two processes occur more or less simultaneously: digestion of the ore 

and precipitation of calcium sulfate hemihydrate. At high sulfate concentrations, the calcium sulfate tends to 

precipitate not only upon the hemihydrate crystals but also upon the ore particles. Such a coating is often called 

blinding  [7]. The phosphate rock cannot be used in production of orthophosphoric acid and super phosphate due 

to a variety of problems such as consuming a high amount of sulfuric acid and creating foaming and blockage. 

However, this phosphate rock was determined to have high porosity and appropriate pore distribution during 

research into gas-solid reactions [8].   
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Ultrasound has been successfully to enhance the rates  of mass transfer and reaction in several homogeneous [9, 

10] and heterogeneous [11,12]. The true chemical effects of ultrasound ara attributed to the implosive  collapse 

of microbubbles which are formed during the rarefaction, or negative pressure period, of sound vaves. The 

implosive collapse of microbubbles, typically referred to as cavitation, results in a variety of mechanical effects 

as well. When solid particles are in the vicinity of the cavitation bubble, the implosion may ocur symmetrically, 

depending on the proximity of the solids. Symmetric cavitations create shock waves which propagate to the 

surrounding solid causing microscopic turbulence and thinning of the solid–liquid film. This phenomenon is 

called microstreaming and is believed to be responsible for increasing the mass transfer rate of the reactants and 

products through the film [13]. 

 

Zhang et al. observed that the leaching rates of Sb and Pb in lead-rich and antimony –rich oxidizing slag were 

significantly improved by using ultrasound radiation and the reaction time was sharply shortened [14]. Avvaru et 

al.  found that the ultrasound clearly improved the uranium leching rate in nitric acid and sulfuric acid solutions. 

[15]. Shen et al. employed high temperature ultrasonic acid leaching to improve the extraction of iridium from 

blast furnace sludge compared with that without ultrasonic assistance [16]. They found that ultrasound had a 

positive effect on the rate of leaching. The purpose of this work is to investigate the effect of ultrasonic energy 

on the dissolution of  phosphate ore  in dilute H3PO4 solutions . 

 

Ca10(PO4)6F2 + 4 H3PO4 → 10CaHPO4 + 2HF                                         (1)  

 

Ca10(PO4)6F2 + 14 H3PO4 →10Ca(H2PO4)2 + 2HF                             (2) 

 

2 EXPERİMENTAL 
 

Phosphate ore used in this investigation was obtained from the phosphate deposits in the Mazıdağı. Phosphate 

ore used in this investigation was obtained from the phosphate deposits in the Mazıdağı. It was crushed, ground 

and sieved to 710 - 1,000-, 500 - 710-, 355 - 500-, and 250 - 355-μm size fractions using ASTM Standard sieves. 

All the sieved samples were dried in an electric oven at about 105º C, cooled to room temperature and stored in 

closed desiccators. The chemical analysis of the phosphate rock as particle sizes was carried out by standard 

gravimetric, volumetric, and spectrometric methods, and the results of chemical analysis are given in Table 1 

[17].  The dissolution experiments were carried out with phosphate samples having particle sizes of 500-710 μm. 

The set-up for dissolution experiments is shown in Fig. 1. It consists of an ultrasonic generator (Cole Parmer, 

Ultrasonic homogenizer, 400 W, 20 kHz), a probe with tip radius of 1 cm and a thermocouple. The probe was 

covered with a Teflon band for hindering the probable corrosion of the probe in the H3PO4. Five hundred ml of 

phosphoric acid solution prepared from different concentrations of chemically pure phosphoric acid (85 mass% 

H3PO4) and distilled water was placed in a batch reactor and heated to the desired temperature. For each run, 5 g 

of phosphate sample was quickly transferred into the reactor. A 3-ml sample was withdrawn from the reactor at 

predetermined time intervals and was filtered immediately. In order to calculate the dissolution extent, the CaO 

content in the filtrate was determined by a titrimetrical method  [18]. 

 

 
Figure 1. Scheme experimental set-up for dissolution 

 

3 RESULTS 
 

In this study, in order to investigate the effect of phosphoric acid concentration and temperature on the  

dissolution rate, some experiments were performed with three different phosphoric acid concentrations:  0.10 M, 

0.25 M and  0.50 M  (i.e., 0.71, 1.76, 3.97wt %P2O5), at a reaction temperature of 25 - 75° C, a stirring speed of 
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800 rpm and a particle size of 500 - 710 μm. The results of the experiments in the absence of ultrasound were 

shown  in Figs. 2, 4 and 6. It was seen that the dissolution fraction decreased with increasing temperature as 

shown in Figs. 2 and 4. The phosphoric acid used for the digestion is recycled product acid and CaHPO4 forms at 

a low acid concentration. This layer is stronger at high temperatures [19,20]. That's why the lowest CaO 

conversion in absence of ultrasound was obtained at 75˚C and this ratio was found to be 40.75 % at 0.1 M 

phosphoric acid solution for 30 min reaction time, as shown in Fig 2. The solubility increased with increasing 

acid concentration. As the concentration of H3PO4 increased, the dissolution fraction of CaO increased in both 

the absence and presence of ultrasound. As the concentration of H3PO4 increased, migration of Ca+2 ions from 

ash film(CaHPO4) to liquid medium increased. 

 

 
Figure 2.  Effect of reaction temperature on the dissolution of CaO in 0.1 M (0.71 wt %P2O5) phosphoric acid in 

the absence of ultrasound 

 

 
Figure 3. Effect of reaction temperature on the dissolution of CaO  in 0.1 M(0.71 wt %P2O5) phosphoric acid in 

the presence of ultrasound 
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Figure 4.  Effect of reaction temperature on the dissolution of CaO in 0.25 M (1.76 wt %P2O5) phosphoric acid 

in the absence of ultrasound 

 

 
Figure 5. Effect of reaction temperature on the dissolution of CaO in 0.25 M (1.76 wt %P2O5) phosphoric acid 

in the presence of ultrasound 

 

 
Figure 6. Effect of reaction temperature on the dissolution of CaO in 0.5 M (3.97 wt %P2O5) phosphoric acid in 

the absence of ultrasound 
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Figure 7.  Effect of reaction temperature on the dissolution of CaO  in 0.5 M (3.97 wt %P2O5) phosphoric acid  

in the presence of ultrasound 

 

The experimental results with ultrasound were shown in Figs 3, 5 and 7.In these experiments the solubility 

increased with increasing reaction temperature. 

 

The dissolving fraction of CaO in presence of ultrasound  increased because the ash layer thickness(CaHPO4), 

which reduces the dissolution rate decreased with increasing time. Hagenson and Doraiswamy observed that 

ultrasound could enhance the rates of mass transfer and reaction in heterogeneous systems, since ultrasound 

caused a decrease in the diffusion layer thickness on the solid–liquid interfaces in the suspension [12]. As shown 

in Figure 2, the dissolution rate of CaO was obtained as 45.04 wt% for 30 min at 50˚C in the absence of 

ultrasound. Whereas, this rate was 72.54 wt % at the same conditions in  the presence of  ultrasound (Fig. 3). 

 

4 CONCLUSION 
 

In this study, the dissolution kinetics of phosphate ore from Mardin-Mazıdaği, Turkey, in dilute phosphoric acid 

solutions were investigated in both the presence and absence of ultrasound. The precipitations of CaHPO4 on the 

mineral surface created difficulty for H3O+ to diffuse to the unreacted mineral surface in absence of ultrasound. 

According to the results of the study, it was observed that, the using of ultrasound increased the conversion 

fraction. This result can be attributed to the reduction of the liquid film thickness around the solid particle, due to 

the increase of the velocity of the solid relative to the liquid velocity. The application of ultrasound has affected 

the controlling step of the dissolution. Our opinion is that ultrasound  has enhanced the attack of H3O + on 

cationic sites on the rock this facilitates the migration of Ca+2 ions to the liquid medium. 

 

Phosphoric acid is used for fertilizer applications. To minimize environmental pollution by heavy metals, a new 

process was being designed. One of the important steps in this process is the complete digestion of phosphate ore 

in phosphoric acid. 

 

Phosphatic fertilizers form more than 30% of all fertilizers. Since the digestion process is dominated by the 

diffusion of calcium ions from the surface of the ore into the bulk of the solution, no influence of impurities 

present in the process acid is expected. This was confirmed by using real product acid where the impurities did 

not hamper the digestion. Only if the impurities present in the acid (like excess sulfate ions) give rise to blinding 

of the ore particles can a reduction of the digestion process be expected  [21]. In this study, the complete 

digestion of phosphate ore was achieved with dilute phosphoric acid solutions in presence of ultrasoud at lower 

concentrations and earlier.  

 

As a result, in the light of these observations, because the dissolution experiments performed at the prence of 

ultrasound needs much less phosphoric acid, ultrasound would be a helpful material for phosphoric acid 

production. Thus, the utization of ultrasound in phosphoric acid production as a product and calcium hydrogen 

phosphate as a byproduct not only decreases the acid consumption but is also a useful product, which helps to 

eliminate environmental damages.  
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Abstract 

Eggs are rich in nutrient content and are known as the highest protein in terms of 

protein among foods. This plays a major role in human food consumption. In this 

study, export, import and most importantly, the factors affecting the sector, which 

will achieve an average growth rate of 2.2%, will be discussed. These factors are as 

follows; rising obesity, the rise of conscious consumers, food consumption for health 

benefits, increased desire to live well, changing family structure and cooking for 

men, demand for decreasing natural resources and renewable energy sources, 

accelerated R & D and innovation, and the rise of social media.   

1 INTRODUCTION  
 

Eggs are considered to be a highly biologically valuable nutrient because they contain most of the foodstuffs that 

the human body needs [1, 2]. The overall biological value is 93.7%. This value is 84.5% for milk, 76% for fish 

and 74.3% for beef [2, 3]. As noted, egg is a rich food in terms of protein, fat, vitamins and minerals. Eggs contain 

basic vitamins such as A, B, D and E, and a total of 13 vitamins and minerals. It is especially rich in zinc and iron 

minerals [2, 4]. 

 

In recent years, production, diversity, exports and imports have increased in the egg sector due to the increase in 

these factors in the social agenda such as healthy nutrition, orientation to quality food and prevention of various 

diseases [5]. Egg production has become a favourite sector in terms of both production and consumption due to its 

presence in the main ingredients of a healthy diet [4, 6]. Production is a global sector which is always under 

monitoring in all process processes such as quality. 

 

The world's egg production leader is China than the United States. Turkey is an important exporter of shelled eggs 

and accounts for 8.6% of world egg exports [5]. In the world egg trade, along with the shell eggs, egg and egg 

products such as liquid eggs, egg powder exports and imports have improved [2, 4]. With the emergence of 

technology and informatics in recent years, we evaluate the trends that accelerate the sector under 8 headings. 

Especially with the increase in the power of social media has brought a different perspective to the marketing 

sector [5]. 

 

1.1 Egg Trade in the World 

 

The egg sector has improved due to its involvement in various media publications as part of a healthy diet. The 

use of egg as an important nutrient in current dietary trends and its use as an important nutrient in the fight against 

obesity due to its long period of toughness since the 2000s has brought this sector to a different level. 

 

A chicken produces an average of 286 eggs per year. The nutrient contents are determined by the feed ration they 

feed. Egg shell colour has no effect on nutrient content depending on the type or type of chicken [1, 2, 6]. The 

most cost-effective protein source in the world is egg. The egg contains 70 calorie energy and 9 essential amino 

acids. The reason that the content of the egg is so rich is due to the fact that the chick embryos contain all the 

nutrients they need for healthy growth and development [4, 5]. 

 

The albumin, which is also found in the egg content, is known as the protein with the highest biological value 

among the proteins [2, 4]. In 2014, an average of 179 eggs were consumed per capita in the world and the majority 

of the consumed amount originates from Asian countries. In general, the growth rate of these data is estimated to 

increase to 30% in 2020 [5]. 
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Egg production leader in the World is China. Egg production in China in 2015 is 29,990 tons, while in the US 

which ranks second is 5.786 tons. As for general data, Asia and Pacific countries realizes 60% of the world's egg 

production and 15% Europe. North and South America's production is around 16%. Total egg production was 

realized as 70.8 million tons in 2015, and total egg production in comparison to 2015 changed 38.7% [5]. 

 

Figure 1. Leading Countries of Egg Production in the World in 2015 [5] 

 

Table 1. World Egg Production Leading Countries, Production Quantities in 2015 [5] 

No Country Produce 

Amount (Ton) 

No Country Produce 

Amount 

(Ton) 

No Country Produce 

Amount 

(Ton) 

1 China 29.990 10 Ukraine 1.007 19 England 653 

2 USA 5.786 11 Iranian 930 20 Nigeria 650 

3 India 4.356 12 France 908    

4 Mexico 2.638 13 Germany 790    

5 Japan 2.521 14 İtaly 790    

6 Russia 2.500 15 Thailand 790    

7 Brazil 2.371 16 Colombia 729    

8 Indonesia 1387 17 Spain 690    

9 Turkey 1.045 18 Malaysia 678    

 

1.2 Export and Import 

 

In the world exports, as well as shelled eggs, liquid egg and powdered egg products are exported. Turkey is ranked 

2nd in shelled eggs export in 2016. According to 2016 liquid egg exports, the Netherlands is the first with 93,976 

tons. It was followed by Poland and Belgium [7]. 

 

In world imports, in the case of tonnage, Germany comes first with 440,776 tonnes followed by Iraq. Germany is 

also the first in terms of liquid egg production with 67,001 tons followed by the United Kingdom [7]. 
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Table 2. Shell Egg Exports in the World in 2016 [7]

 
 

Table 3. Liquid Egg Exports in the World in 2016 [7]

 
 

Changes in the egg sector occur every year in the world due to trends in nutrition, health and so on. World egg 

production tonnages increase by 2.2% on average each year [5].  

 

Table 4. Liquid Egg Imports in the World in 2016 [7]
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Table 5. World Shell Egg Imports in 2016 [7] 

 
 

The trends affecting the sector can be listed as follows; 

 Rising obesity. 

 The increase of the conscious consumers. 

 Food consumption for health benefits. 

 Increased desire to live well. 

 Changing family structure and the fact of men's cooking. 

 Demand for reduced natural resources and renewable energy sources. 

 The need to accelerate R & D and innovation. 

 The rise of social media. 

 

Many world health organization state that the egg is healthy, nutritious and low-fat. The recent economic crisis in 

the world has led consumers to more conscious consumption. With the return of this, the egg sector has brought 

the use of different packaging sizes and marketing has come to the fore. In recent years, consumers have started 

to consider natural foods as medicinal products as a way to live healthy and happy, increase their spiritual and 

physical strength. Eggs are used in many different diets for treatment in alternative medicine for adults and 

children. It is among cheap, healthy, satisfying foods that can be easily found in the meals of elderly individuals 

with many chronic diseases such as diabetes. Demographic changes in the family structure in the world, increase 

in the number of single-person households and more cooking than men in the past shows that the last group of 

consumers has changed. In the egg sector, different situations arise in many processes such as packaging and 

marketing [5]. With the decrease of energy resources in our world, the renewable energy resources of the 

consumers and the demands of ecology-friendly approach have started to affect the sector. Animal rights and 

welfare are especially important and continues to grow. In recent years, increasing competition, technological and 

scientific developments in the world, along with the egg sector, has put other sectors into a race of sustainability. 

Social media is used as an effective marketing tool in order to convey the messages to the customer in a clear and 

simple manner. 

 

2 CONCLUSION 
 

In this article, the developments in the world egg trade and the trends affecting export, import and sector are 

emphasized. Especially in recent years, with the use of social media, it has emerged as a new tool in marketing to 

reach thousands of people in seconds in favour of or against companies. In addition, consumers have become 

conscious consumers on many issues such as ecology sensitivity, sustainability, animal health and welfare. 

Alternative egg processing activities such as liquid egg and egg powder have been accelerated in the egg sector 

with R & D and innovation. 
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Abstract 

Many sizes of hydrological system are random characteristics. The main reason for 

this situation is that the precipitation is irregular. Probability distribution functions 

are used to determine these random characteristics of precipitations. Precipitation 

value estimations are made to control of floods which cause loss of life and property. 

In this study, 59 annual maximum of precipitation data (in the years 1960-2018) of 

station 17089 were used. Normal, Log Normal, Log Pearson Type III and Gumbel 

probability distribution functions were applied to these precipitation data and 

probable precipitation was calculated in the 2, 5, 10, 25, 50, 100, 200 and 500 

repetition years. Kolmogorov-Smirnov, Anderson-Darling and Chi-Square 

distribution goodness of fit tests were applied to the station's precipitation data to 

determine the distribution of the measured maximum precipitation values. In this 

way, precipitation frequency analyzes were made by using different probability 

distribution functions and appropriate distribution was determined for precipitation 

data. As a result of the study, it was determined that Log Pearson Type III distribution 

is suitable for 17089/Bayburt station. All calculations were made using Microsoft 

Excel and Easyfit programs. 

 

1 INTRODUCTION  
 

Floods form 40% of the economic loss caused by all kinds of natural disasters on the earth [1]. Floods are natural 

disasters which occurred the most economic losses after the earthquake in Turkey [2]. According to International 

disaster database (EM-DAT); floods were occured 44% of natural disasters in 2017 first semester. In addition; floods 

are responsible for 44% of economic losses and 52% of deaths in 2017 first semester [3]. Therefore, it is necessary 

to take precautions against such harmful disaster. Optimum utilization of existing water resources is considered in 

planning and conducting flood control structures. For this reason, it is important to estimate the precipitation that 

may occur in the future by considering the current precipitation data. The total precipitation taken in a certain period 

in a region varies from one year to another year. The variability depends on the type of climate and precipitation 

record length [4]. As a result precipitation frequency analysis, not only used for flood control but also for the design 

and manage of hydraulic structures and infrastructure systems [5]. In order to realize the specified activities; based 

on current observations, reliable and realistic estimates should be made. In Turkey, the data of the pluivographed 

precipitation stations with reliable observation for at least 10 years are used for the repeated analysis of precipitation 

using maximum precipitation [6]. For the planning and design of various hydraulic structures, extreme precipitation 

must be accurately estimated [7]. Statistical methods are used when calculating flood currents or precipitation 

intensity-recurrence analysis in case of long-term data. Many sizes of hydrological system are random 

characteristics. The random variability of a hydrological data can be ignored and the event can be considered with a 

deterministic approach considering the average value. However, in some sizes this approach would not be correct. 

In such situations, probability theory and statistical methods are used. The precipitation parameters is very important 

because it has a big effect on life such as agriculture, the management of water resources, hydraulic structures, urban. 

 

Many researchers have researched which probability distribution function fits the existing precipitation data.  

Basheer [8] 16 different probability distribution functions were applied to the four stations of Iraq (Baghdad, Mousel, 

Rutba, and Basra) using monthly precipitation data. Kolmogorov-Smirnov, Anderson Darling and Chi-Square 

goodness tests applied to understand the behavior of precipitation. According to the test results, Baghdad and Rutba 

have complied with the lognormal probability distribution function. Weibull for Mosul station and logistic 

distribution for Basra station have been determined to be appropriate. 
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Agbonaye and Izinyon, precipitation frequency analysis for three cities in South Eastern Nigeria were carried out 

using annual maximum series of daily precipitation data. The aim of the study was to determine what was appropriate 

for the observation stations from the six probability distribution models which name is: Generalized Extreme value 

distribution (GEV), Extreme Value Type I distribution (EVI), Generalized Pareto distribution (GPA), Pearson Type 

III (P III), Log Normal (LN) and Log Pearson Type III (LP III) distributions. 9 different goodness of fit tests were 

conducted to determine the appropriate distribution for the observations stations. As a result of the study, it was 

determined that the most appropriate probability distribution model in all centers was GEV [9]. 

 

Olofintoye et al [10] aimed that to analyze the distribution characteristics of maximum daily precipitation in Nigeria 

using Gumbel, Log-Gumbel, Normal, Log-Normal, Pearson and Log-Pearson probability distributions. These 

probability distribution functions were applied to 20 stations with a observation period of 54 years. Goodness of fit 

tests were conducted to determine which distribution was appropriate. The results showed that the distribution of 

log-Pearson type III fits 50% of the total number of stations, Pearson type III fits 40% of the total stations and log-

Gumbel fits 10% of the total stations. 

 

Azez and Ayoola [11] several types of statistical distributions (The exponential, gamma, normal and poison) 

distributions were applied to the 30-year precipitation data obtained from the Nigeria Forest Research Institute. 

Models were evaluated according to chi-square and Kolmogorov-Smirnov tests. The results showed that the 

exponential distribution is the best model. 

 

There are some studies on this subject in Turkey. The most comprehensive of these studies; Prepared by DSI "Turkey 

Maximum Precipitation Frequency Analysis" study. This study, the standard period maximum precipitation values 

obtained from 202 precipitation stations in Turkey were used. Normal, Log-Normal II, Log-Normal III, Gamma III 

and Log-Pearson Type III were applied to the data series by the computer program developed by DSI. Chi-Square 

and Kolmogorov-Smirnov tests were performed to determine the probability distribution function. As a result of the 

study, it was determined that maximum precipitation in Turkey corresponds mostly to Log-Pearson Type III, Log-

Normal II and Log-Normal III distiributions [5, 12]. 

 

1.1 Study Area and Geographical Characteristics 

 

Bayburt province is located between 40° 37 north latitude and 40° 45 east longitude, 39° 52 south latitude and 39 

° 37 west longitude. The province, located in the north-east of Anatolia, has a surface area of 3652 km2 near the 

Coruh River. 1550 m height from the sea and the surrounding area in general consists of three parts. These are 

Bayburt plain, formed valleys originating from streams and mountainous areas surrounding the region and located 

in the eastern half [13]. The study area is shown in Figure 1. The last five-year monthly average temperature and 

monthly total precipitation data of the region are given as graphs in Figure 2 and Figure 3. [14]. 

 

 
Figure 1. Study area 
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Figure 2. Monthly average temperature in 2014-2018 (°C) 

 

 
Figure 3. Monthly total precipitation (mm) in 2014-2018 

 

2 MATERIAL AND METHOD 
 

Possible precipitations are determined according to Normal, Log-Normal, Log-Pearson Type III and Gumbel method 

commonly used in hydrology [15-19].          

        

2.1 Normal Distribution 

 

Normal distribution used in many hydrological studies give accurate results in applied areas. Distribution is between 
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Where, 
X

 and 
T

K are standard deviation and frequency factor, respectively. 
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The probability of exceeding the connected year of repetition (T ) calculated by;  
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2.2 Log Normal Distribution 

 

Log-Normal distribution is the logarithm of a normal distribution that fits the distribution of a random variable. 

Distribution for 0x  . The X probability density function is calculated as indicated in equation (7). 
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Where, 

y
 = Logarithmic average of the observed precipitation records 

T
X = Amount of deviation from the average 
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Where, 

 
y

 = Satandart deviation 

 
T

K = Frequency factor, w  and P =The probability of exceeding are calculated as indicated in equation (4-6). 

 

2.3 Gumbel Distribution 

 

Gumbel Distribution, which is one of the frequently used methods in analysis, depends on annual extreme 

precipitation /flow values. 
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Where, 

T
K = Frequency factor           
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,  a u =Parameters depending on the average and coefficient of skewness 

µ =Average of precipitation 

 = Standart deviation 

T
X =Amount of precipitation likely to come in year of repetition  

 

2.4 Log Pearson Type III Distributation 

 

Log Pearson Type III distribution is given as follows. 
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Where, 

logx
 = Standard deviation of logarithms 

S
C = Coefficient of skewness of logarithms 

K = Frequency factor 

logx =Amount of precipitation likely to come in year of repetition of logarithms 

 

2.5 Implementation of Goodness of Fit Tests For Precipitation Data 

 

Stations with reliable observation for at least 10 years are used in the repetition analysis of maximum precipitation 

[6]. Longer precipitation recordings can provide more reliable results. In this study, 59-year maximum of 

precipitation data of Bayburt/17089 central observation station were used for Bayburt province precipitation 

frequency analysis. Easyfit package program is used to determine the probability distribution of the observation 

station. The program explores the appropriateness of 61 theoretical distribution models. Normal, Log-Normal, 

Gumbel and Log-Pearson Type III probability distributions, which are frequently seen in hydrological events, have 

been selected in order to shorten the processing time. Within the scope of the study; three different methods were 

used: Kolmogorov-Smirnov, Anderson Darling and Chi-Square in the goodness of fit tests. 

             

Kolmogorov-Smirnov test; evaluates the difference between the experimental probability function and the 

theoretical probability function. The maximum difference between the probability function Sn (x) and the theoretical 

probability function Fo (x) based on sequential observations is the maximum difference between the theoretical 

model and the observed data. This difference was indicated in equation (19).  

 

   0MAX n
D MAX F X S X                                                                                                                           (19) 

 

The Anderson-Darling test is unlike the K-S test uses the critical value of the distribution. Anderson-Darling, one 

of the very strong normality tests, is more sensitive at the type of the distribution.  A2 test statistics are corrected for 

small volume samples. The adjusted A2 test statistic is given in equation (20) [5, 20]. 
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A2 critical values; 2

0.05
0.752A  , 2

0.025
0.873A  , 2

0.01
1.035A      

In order to make a reliable estimate with this test, the expected frequencies should not be less than 5. Some 

frequencies from 5 should be combined with the following class frequencies. The calculated chi-square test statistic 

is greater than the critical value of zero hypothesis is rejected. Chi-square test is indicated by equation (21).  
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Where, 

i
G  and 

i
T  are Observed frequencies and theoretical frequencies, respectively. 

 

The EasyFit package program lists the probability distribution functions by giving the number 1 to the most 

appropriate distribution. All three fit goodness tests were used to determine which distribution station matched. For 

this purpose, the number sequences of the probability distribution functions in Kolmogorov-Smirnov, Anderson 

Darling and Chi-Square tests were collected. It is assumed that the distribution is at least the probability distribution 

function. 

 

3 RESULTS 
 
Using precipitation data from station Bayburt/17089 in 1960-2018, probable precipitation was calculated for 4 

different distributions, including Normal, Log-Normal, Gumbel and Log-Pearson Type III probability distributions. 

The values used in the probability distribution functions calculated from the precipitation data are shown in the 

Table 1. The probability distribution function parameters are given in Table 2. 

 

Table 1. Parameters used in statistical models 

Number of Years 59 

Coefficient of Linear Skew 1,762231562 

Coefficient of Logarithmic Skew 0,565139 

Linear Average 27,68135593 

Linear Standard Deviation 8,784399859 

Logarithmic Average 1,424024 

Logarithmic Standard Deviation 0,123174 

 

Table 2. The probability distribution function parameters 

    Distribution             Parameters 

1 Gumbel Max =6,8492    =23,728 

2 Log-Pearson Type 3 =12,524    =0,08014  =2,2752 

3 Lognormal =0,28121  =3,2789 

4 Normal =8,7844    =27,681 

 

The results obtained with the application of the statistical models indicated in the 59-year precipitation records are 

given in Table 3. 

 

Table 3. Probable precipitations according to different probability distribution functions 

Probability 

Distribution  

Function 

Year of repetition 

2 5 10 25 50 100 200 500 

Normal  27,68 35,05 38,94 43,11 45,81 48,21 50,38 52,93 

Log-Normal 26,55 33,68 38,18 43,69 47,67 51,51 55,24 59,98 

Log-Pearson Type III 25,85 33,29 38,65 45,98 51,81 57,92 64,29 73,09 

Gumbel 26,24 34,00 39,14 45,64 50,45 55,24 60,00 66,29 
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4 CONCLUSION  
 

Precipitation frequency analysis is performed in projects to serve various purposes such as agriculture, drainage and 

flood control. In this study, annual maximum rainfall data were obtained by selecting maximum rainfall from the 

monthly maximum rainfall records obtained from meteorology observation directorate. Within the scope of this 

study, a maximum of 59 annual precipitation records were used for Bayburt/17089 central precipitation station 

between 1960-2018. The Normal, Log-Normal, Log-Pearson Type III and Gumbel distribution functions used 

frequently in the literature were performed in these precipitation records.  

 

The results of log-Pearson Type III and Gumbel were found to be very close compared to the results of the calculated 

precipitation according to the different probability distribution functions. 

 

2-year repetition highest precipitation in the normal distribution, 5-year repetition highest precipitation in the normal 

distribution, 10-year repetition of the highest precipitation precipitation Gumbel distribution, 25-year repetition 

highest precipitation in the Log-Pearson Type III distribution, 50 The highest precipitation in the annual repetition 

of Log-Pearson Type IIII distribution, the highest precipitation in the 100-year repetition in the Log-Pearson Type 

IIII distribution, the highest precipitation in the 200-year repetition in the Log-Pearson Type IIII distribution, the 

highest precipitation in a 500-year repetition Log-Pearson Type IIII distribution was determined to come in 

distributions. 

 

According to the analysis of maximum precipitation, only the Log-Pearson Type III method calculated the highest 

precipitation likely to occur in 5 of the 8 replications. 

 

Easyfit package program is used to determine which distribution center is better for Bayburt central observation 

station. According to 3 different suitability tests, the distribution with the least sum of their rankings was considered 

to be the most suitable for the observation station. Accordingly, the suitability of the methods respectively; Log-

Pearson Type III, Log-Normal, Gumbel and Normal distribution. 

 

In addition, FEMA's 17 / B bulletin has stated that Log Pearson Medical III distribution should be used in flood flow 

calculation and this study higher values compared to other probability distributions. It is foreseen that it is more 

suitable for Log-Pearson Type III probability distribution function for monitoring station 17089. 
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Abstract 
A statistical study of earthquake activity in the Central Anatolian region of Turkey 
was performed to describe the seismicity characteristics. For this performance, 
magnitude-frequency distribution, fractal dimension, magnitude completeness of 
the catalog, recurrence times and annual probabilities of the earthquakes were used. 
Earthquake catalog was provided from the KOERI. For the assessments, 10146 
events with magnitudes greater than and equal to 1.0 between July 30, 1975 and 
December 29, 2018 were used. Average earthquake magnitudes change between 
1.9 and 3.0, and therefore, completeness magnitude was taken as Mcomp=2.6. b-
value of Gutenberg-Richter relation was estimated as 1.260.07 with the maximum 
likelihood method using Mcomp=2.6. This relatively large b-value can be 
interpreted that stress is more easily reduced with high frequency of low-magnitude 
earthquakes. Fractal dimension, Dc-value, was calculated as 1.31003 with the 
linear curve fitting technique and 95% confidence limit. For this distribution, the 
scale invariance in the cumulative statistics are selected between 5.03 and 81.09 
km. This relatively small Dc-value can be interpreted that distance between the 
earthquakes comes close to the diameter of cluster, and earthquake activity is more 
clustered at smaller scales or in larger regions. Recurrence times of the events for 
magnitude bands of 5.0-5.5 have the values from 5 to 17 years, and the values from 
17 to 60 years for magnitude levels of 5.5-6.0. Annual probabilities of the events 
from 3.0 to 4.4 magnitude bands show the values between 1 and 30, and the values 
smaller than 1.0 for magnitude bands between 4.4-6.0. From this point of view, it 
can be concluded that there is not an earthquake hazard in the short term. However, 
assessment of seismic hazard with different seismotectonic parameters shows that 
the Central Anatolian region may have an important potential for the strong/large 
earthquake occurrences in the intermediate and long terms. 

1 INTRODUCTION 

There exist many statistical methods describing the earthquake behaviors, and analysis of power law 
distributions of earthquakes is very significant in the understanding of earthquake hazard processes. In this 
context, a great number of statistical evaluation methods have been proposed for different seismically and 
tectonically active regions of the world. Hence, several useful seismotectonic tools have been suggested by 
different authors for comprehensive assessments. A few of them can be given as completeness magnitude of the 
catalog, Mcomp, b-value of frequency-magnitude distribution, fractal dimension Dc-value, recurrence time, 
annual probability of the specific magnitude levels [1-6]. In this study, two basic seismotectonic parameters were 
analyzed as well as the completeness magnitude of the catalog, recurrence times and annual probabilities of 
different magnitude values. One of the most important parameters in earthquake statistic is known as b-value and 
it is defined as the power law distribution of seismicity. Another important parameter can be given as Dc-value 
and it means that the number of events larger than a certain level can be defined with as power law dependence 
on the size. b-value of Gutenberg-Richter relation [7] defines the frequency-magnitude distribution of 
earthquakes and is one of the most significant parameters in seismology. b-value is related to the relative 
numbers of both small and large earthquakes. It shows the seismotectonic characteristics of the region and is 
related to spatio-temporal stress variations. Seismically and tectonically active fault zones are complex natural 
systems and show a scale invariant or fractal correlation. Heterogeneity degree of seismicity in active fault zones 
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and mechanical, structural or geological variations in heterogeneity are very effective on the fractal dimension, 
Dc-value. Thus, the larger order fractal dimension is very sensitive in magnitude distributions [8].  

Several strong and large earthquakes such as April 21, 1983 Bala-Ankara (M5.0), December 20, 2007 Bala-
Ankara (M5.7), December 27, 2007 Bala-Ankara (M5.5) and January 10, 2016 Hacıduraklı-Kırşehir (M5.1) 
occurred in the Central Anatolian region of Turkey in the past and recent years. Therefore, the main objective of 
this work is to achieve a comprehensive statistical study to describe the characteristics of the earthquake activity 
in the Central Anatolian region by evaluating the different seismic and tectonic parameters. 

2 MATERIAL AND METHOD 

Earthquake data used in this work was taken from Boğaziçi University, Kandilli Observatory and Earthquake 
Research Institute (KOERI). Earthquake catalog is homogeneous for duration magnitude, Md, and contains 
10146 events from July 30, 1975 until December 29, 2018. Simplified tectonic structures were modified from 
several authors [9, 10] and plotted in Figure 1a. Epicenter distributions of the shallow (depth<70km) earthquakes 
with Md≥1.0 and strong earthquakes with Md≥5.0 were also shown in Figure 1b.  

Figure 1. (a) Main tectonics in the Central Anatolian region. Names of the faults; NAFZ: North Anatolian Fault Zone, 
TÇFZ: Taşova-Çorum Fault Zone, YEFZ: Yağmurlu-Ezinepazarı Fault Zone, OF: Ovacık Fault, MLF: Malatya Fault, SRF: 
Sürgü Fault, AF: Akpınar Fault, SF: Salanda Fault, AAG: Akşehir-Afyon Graben, AFZ: Akşehir Fault Zone, BG: Beyşehir 
Graben, NF: Niğde Fault, YGFZ: Yakapınar-Göksun Fault Zone, DSFZ: Dead Sea Fault Zone, EAFZ: East Anatolian Fault 
Zone, BZF: Bozova Fault. (b) Epicenter distributions of 10146 shallow (depth<70 km) earthquakes with Md≥1.0 between 

1975 and 2019. Strong and great events with Md5.0 were also marked with stars 

Gutenberg-Richter [7] size scaling law describes the frequency-magnitude distribution of earthquakes and this 
power law distribution of earthquakes was given in the following formula:  

bMaMN )(log10  (1) 

Here, N(M) is expected number of earthquakes with magnitudes larger than or equal to M. b-value is calculated 
from the slope of the frequency-magnitude distribution and a-value is related to earthquake activity rate. b-value 
changes between 0.3 and 2.0 for different earthquake catalog. b-value is a scale invariant parameter and related 
to fault segments and distribution of earthquake epicenters. Scholz [11] suggested that an increase in shear stress 
and a decrease in the pressure may be resulted from a reduction in b-value. It is reported that there are many 
factors leading to differences in b-value such as stress and strain conditions, fracture density, fault length, an 
increase in thermal gradient, material heterogeneity, the number of small and great earthquakes. 

The use of the maximum number of earthquakes is significant and necessary for high quality and reliable results. 
Therefore, estimation of magnitude completeness, Mcomp, is a quite important step in earthquake statistic. 
Mcomp can be explained as the minimum magnitude of complete reporting. Mcomp level includes 90% of the 
earthquakes which can be sampled with a power law fit [12]. Moving time window technique can be used to 
observe the temporal changes in Mcomp. If Mcomp has systematically important temporal changes, 
seismotectonic parameters, especially b-value, can be estimated wrong. As a remarkable result, temporal 
fluctuations of Mcomp should be carefully monitored on the catalog. 

39



A Statistical Study on the Seismicity of the Central Anatolian Region of Turkey: Description of the 
Earthquake Behaviours  

ICADET ‘19 

Earthquake distributions are assumed as fractal and fractal analysis is generally used to describe the clustering 
features and size scaling characteristics of earthquake distribution. More generally, it leads to the correlation 
dimension Dc-value, not based on a covering of the regarded set but based on the distances between pairs of 
points of the set [13]. Estimation of fractal dimension has been most widely used in order to quantify the self-
similarity of a geometrical object. Fractal dimension, Dc and the correlation sum, C(r) was recommended as in 
the following formulas [14]: 

 rrCDc
r

log/)(loglim
0

    (2) 

)1(/2)(   NNNrC rR        (3) 

Here, r is the distance between two epicenters, N is the number of earthquakes pairs separated by a distance R<r 
and C(r) is the correlation function. C(r)rDc can be written if the epicenter structure of the events has a fractal 
distribution. In this formula, Dc is a fractal dimension, more definitely, correlation dimension. If r is close to 
diameter of the cluster, the rate at which C(r) increases with r decreases, Dc-value will be small. If r is small, 
C(r) increases rapidly with r and Dc-value will be large. Fractal dimension can be calculated in order to avoid 
the possible unbroken fields and these unbroken segments of the faults can be thought as potential seismic gaps 
to be broken in the future. The variations in fractal characteristics generally depend on the complexity or 
quantitative measure of heterogeneity degree of earthquake activity. Also, it can be resulted from clusters and 
may be a sign of stress transfer on fault planes of smaller surface area [15]. 

3 RESULTS 

This detailed analyses give some important results on the frequency-magnitude distribution and fractal 
dimension of earthquakes in the Central Anatolian region of Turkey. Also, magnitude completeness of the 
catalog, recurrence times and annual probabilities of the different magnitude sizes were analyzed to evaluate the 
preliminary results for the current and next earthquake potential in the intermediate and long terms. ZMAP 
software introduced by Wiemer [16] was used to carry out the statistical analyses. Magnitude-numbers 
distribution of earthquakes was shown in Figure 2a. Magnitude levels of earthquakes in the Central Anatolian 
region changes between 1.0 and 5.7, and the number of earthquakes has an exponential decay rate from the 
smaller to the larger magnitudes. A great number of events varies between 1.5 and 3.5 magnitude levels. The 
number of earthquakes shows two maximums at Md=1.9 and 2.6, respectively. Analysis of temporal changes in 
Mcomp was performed by using a moving time window approach with the maximum curvature technique 
supplied by ZMAP. Temporal fluctuations in Mcomp were plotted in Figure 2b. Mcomp was sampled for every 
125 earthquakes per window by analyzing all 10146 events with Md≥1.0 in the earthquake catalog. Mcomp is 
relatively high and changes between 3.0 and 3.4 from 1970 to 2004, while it varies from 2.0 to 2.8 between 2004 
to 2014. Then, it changes between 2.0 and 1.8 from 2014 to 2019. As a result, average Mcomp was considered as 
2.6 which represents data well, and this Mcomp value was considered for all the statistical evaluations in the 
Central Anatolian region. 

Figure 2. (a) Magnitude-number distribution of earthquakes. (b) Temporal Mcomp changes. Standard deviation of Mcomp 
was shown with Mcomp 

Figure 3 shows the frequency-magnitude distribution and correlation integral curve of earthquakes. The 
maximum likelihood method is used to estimate the b-value of Gutenberg-Richter relation because it gives a 
more robust estimation than the last square method. b-value was estimated as 1.26±0.07 with Mcomp=2.6 level 
using the whole 10146 events. b-value, its standard deviation, a-value and Mcomp were also given on Figure 3a. 
Average b-value is given as generally equal to 1.0 and tectonic earthquakes have a b-value generally changing 
between 0.5 to 1.5 [17]. As a result, frequency-magnitude distribution of earthquake catalog for the Central 
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Anatolian region matches with the Gutenberg-Richter scaling law and this relatively large b-value means that 
study region has a high frequency of small/moderate earthquakes. Therefore, this situation can be interpreted as 
high heterogeneity and low stress distribution. Fractal property of the earthquakes in the Central Anatolian 
region was given in Figure 3b. Fractal distributions of earthquake epicenters were analyzed by fitting a straight 
line to curve of correlation integral, C(R), versus distance, R (km). Dc-value was estimated with 95% confidence 
limits by linear regression fit and calculated as 1.31±0.03 for the distribution of 10146 events. This log-log 
correlation function indicates a clear linear range and scale invariance in the cumulative statistics from 5.03 to 
81.09 km. As mentioned above, earthquake distributions can be described by fractal dimension since they match 
the fractal statistics. Larger Dc-values are well known to be related with active faults and these fault systems 
have an increasing complexity. On the contrary, smaller order fractal dimension is related to the rate at which the 
correlation integral increases and low Dc-values are obtained if distance between two epicenters close to the 
diameter of the cluster [15]. This means that seismic activity is relatively more clustered at smaller scales (or in 
larger areas) in the Central Anatolian region. As a result, it can be interpreted that this relatively smaller Dc-
value is a dominant structural characteristic in this area and may depend on the range of chosen distance.  

Figure 3. (a) Frequency-magnitude distribution and Gutenberg-Richter relation of earthquakes for the Central Anatolian 
region. (b) Correlation integral curve versus distance. The points in scaling range were shown with red dots. Dc-value 

corresponds to slope of blue line and standard error was drawn with cyan lines 

Annual probabilities and recurrence times of different magnitude levels were plotted in Figure 4. Annual 
probabilities of earthquake distributions have the values from 1 to 30 between magnitude levels 3.0 and 4.4, and 
the values of lower than 1 for magnitude levels from 4.4 to 6.0 (Figure 4a). Figure 4b shows recurrence times of 
earthquake distributions for different magnitude levels. Relatively smaller time intervals (<1.0) were observed 
for magnitudes between 3.0 and 4.4, and 1-5 years for magnitudes between 4.4 and 5.0. However, the values 
between 5 and 20 years were computed for magnitude levels between 5.0 and 5.6, while the values between 20 
and 60 years were calculated for magnitude levels larger than 6.0. There are three strong earthquakes in the 
Central Anatolian region: Md=5.7, Bala-Ankara, December 20, 2007, Md=5.5 Bala-Ankara, December 27, 2007 
and Md=5.1, Hacıduraklı-Kırşehir, January 10, 2016 earthquakes. Research findings for annual probabilities and 
return period analyses provide the existing earthquake potential in the Central Anatolian region. As an important 
result, the Central Anatolian region has an intermediate and long term earthquake potential after 2021 for the 
possibility of strong earthquake occurrence (Md5.0) according to the analyses on the probabilities and 
recurrence times of earthquake occurrences for selected magnitude levels. 

Figure 4. (a) Annual probabilities and (b) Recurrence times for different magnitude levels of earthquake 
occurrences in the Central Anatolian region 

4 CONCLUSIONS 

In the scope of this work, a statistical study on the earthquake activity of the Central Anatolian region of Turkey 
was achieved and earthquake behaviors were tried to describe by using several seismotectonic parameters such 
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as b-value, Dc-value, Mcomp, annual probabilities and recurrence times of the earthquakes. Homogeneous 
earthquake catalog consists of 10146 events with 1.0≤Md≤ 5.7 for shallow earthquakes (depth<70 km) between 
July 30, 1975 and December 29, 2018. Mcomp was considered as 2.6 and b-value was estimated as 1.260.07 for 
study region. This relatively large b-value means that the Central Anatolian region has a large number of 
small/moderate events and this situation can be interpreted as high heterogeneity and low stress distribution. Dc-
value was computed as 1.310.03, relatively small, and therefore, earthquake activity is more clustered at 
smaller scales (or in larger areas). This small Dc-value means that this dominant structural feature may be 
resulted from the clusters depending on the range of chosen distance. Evaluations of probability and recurrence 
times of different magnitude levels indicate that the Central Anatolian region has an earthquake hazard potential 
for the possibility of strong or large earthquake occurrences in the intermediate and long terms. As a remarkable 
fact, the combination of these seismic and tectonic parameters may supply some important evidence in the 
describing the earthquake characteristics, risk and hazard in the Central Anatolian region. Thus, the monitoring 
the seismic activity by locally dense arrays and analyzing the other geophysical parameters was suggested.  
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Abstract 
The main purpose of this study is to accomplish a statistical assessment in the Central 
Anatolian region of Turkey by observing regional and temporal variations of the 
return periods of earthquakes and precursory seismicity for the strong/large 
earthquakes occurrences at the beginning of 2019. Earthquake data was taken from 
the KOERI. Earthquake catalog includes 10146 earthquakes with magnitudes equal 
to or larger than 1.0 from 1975 until 2019. Reasenberg’s algorithm was preferred in 
order to separate the dependent earthquakes from independent ones, and catalog was 
declustered to obtain graphic displays of the regional and temporal variations of 
current seismicity rate changes. Completeness magnitude was estimated as 
Mcomp=2.6. After declustering process and removing the events smaller than 
magnitude completeness, about 63.27% of total earthquakes was excluded from 
catalog and only 3727 earthquakes were utilized for the estimation of Z-value. Z-
value distribution shows that several noticeable anomaly areas displaying precursory 
seismic quiescence were detected at the beginning of 2019. The centers of these 
regions are located at: (a) 39.48ºN-32.63ºE (northwest end of Tuzgölü fault), (b) 
39.13ºN-35.18ºE (northeast of Salanda fault), (c) 38.76ºN-36.01ºE (northeast end of 
the Central Anatolian Fault Zone), (d) 38.14ºN-32.72ºE (southwest of Tuzgölü), (e) 
37.85ºN-34.59ºE (southeast end of Tuzgölü fault) and (f) 37.24ºN-35.34ºE (between 
the Central Anatolian Fault Zone and Yakapınar-Göksun Fault Zone). 
Spatiotemporal changes of return periods for strong earthquakes show an 
intermediate and long terms earthquake hazard in comparison to occurrences in the 
short term. Regions with great Z-value and intermediate return periods may be 
significant in terms of the future possible earthquake occurrences, and anomaly 
regions can be thought as the most likely areas for strong/large earthquake 
occurrences. As a remarkable fact, these anomaly regions must be paid attention. 

1 INTRODUCTION 

Studies on the regional and temporal changes of earthquake activity are very significant to make a quantitative 
analysis of earthquake occurrences, and many important findings have been introduced to the literature by different 
researchers. In recent years, many authors prefer to use different seismic and tectonic parameters in order to 
perform a detailed statistical seismicity analysis for different earthquake regions of the world as well as Turkey 
[1-7]. In statistical seismology, space-time properties of seismicity rate changes give some important advantages 
and they can be used as earthquake precursors. Although the precursory seismic quiescence anomalies are 
controversial, regional and temporal properties of seismic quiescence phenomenon are related to seismic and 
tectonic structure. For this reason, some useful techniques such as Pattern Informatics (PI), Relative Intensity (RI), 
Region-Time-Length (RTL) or ZMAP (Z-value) have been proposed to evaluate the possible episodes of seismicity 
rate changes. Quiescence hypothesis can be described as follow: “The quiescence term means that some main 
shocks are preceded by precursory quiescence and this quiescence display an important decrease in the mean 
earthquake activity in comparison with the preceding declustered background rate in the same crustal depth. 
Decreasing in seismicity rate may continue to main shock time or may be separated from main shock by a relatively 
short period of increasing earthquake activity” [8, 9]. In addition, the assessment of return periods of the 
earthquakes for different magnitudes in certain time intervals can lead to a general conclusion for the next 
earthquake occurrences [10, 11]. Seismic quiescence analysis and return periods can be imaged with a 
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methodology suggested by Wiemer and Wyss [12] and performed in ZMAP software [13]. Thus, these anomalies 
are related to the crustal main shocks and these types of analyses have been used in many statistical seismicity 
studies to provide useful information regarding to future earthquake potential. 

There exist some strong/large events in the Central Anatolian region of Turkey in the past and recent years: for 
example, April 21, 1983 Bala-Ankara (M5.0), December 20, 2007 Bala-Ankara (M5.7), December 27, 2007 Bala-
Ankara (M5.5) and January 10, 2016 Hacıduraklı-Kırşehir (M5.1) earthquakes. Therefore, in this work, a detailed 
regional and temporal assessment in the Central Anatolian region of Turkey was performed in order to reveal the 
current and next earthquake potential in the intermediate and long terms by observing seismicity rate changes at 
the beginning of 2019 and by mapping return periods of strong/large events. 

2 MATERIAL AND METHOD 

Earthquake catalog used in the analyses was compiled from Boğaziçi University, Kandilli Observatory and 
Earthquake Research Institute (KOERI). Catalog includes a total of 10146 earthquakes between July 30, 1975 and 
December 29, 2018, and is homogeneous for duration magnitude, Md. Main tectonics were replaced from different 
authors [14, 15] and shown in Figure 1a.  

Original catalogs generally include foreshocks, aftershocks, earthquake swarms and different other occurrences, 
and these types of events often mask the temporal distributions of earthquake numbers. For this reason, removing 
the dependent events from catalog is a significant stage in the seismicity rate assessment. Reasenberg’s [16] 
algorithm can be used to decompose the dependent events from independent ones and it is necessary to realize a 
quantitative analysis of seismicity rate changes. This algorithm decomposes or “declusters” an earthquake catalog 
into main and secondary events [17]. This process eliminates all the dependent earthquakes from each cluster, and 
attributes them as a unique event. Earthquake epicenters for original catalog with Md≥1.0 and for declustered 
catalog with Md≥2.6 0 were plotted in Figure 1b, as well as strong/large main shocks with Md5.0. 

Figure 1. (a) Simplified tectonics in the Central Anatolian region. Names of the faults; NAFZ: North Anatolian Fault Zone, 
EAFZ: East Anatolian Fault Zone, DSFZ: Dead Sea Fault Zone, YEFZ: Yağmurlu-Ezinepazarı Fault Zone, TÇFZ: Taşova-
Çorum Fault Zone, YGFZ: Yakapınar-Göksun Fault Zone, OF: Ovacık Fault, MLF: Malatya Fault, SRF: Sürgü Fault, AF: 

Akpınar Fault, SF: Salanda Fault, AAG: Akşehir-Afyon Graben, AFZ: Akşehir Fault Zone, BG: Beyşehir Graben, NF: Niğde 
Fault, BZF: Bozova Fault. (b) Epicenter distributions of 10146 shallow (depth<70 km) earthquakes with Md≥1.0 and Md≥5.0 

between 1975 and 2019 as well as declustered catalog with Md2.6 earthquakes  

Earthquake catalog was declustered with the Reasenberg’s [16] methods to make a quantitative evaluation of 
seismicity rate changes. This process removed 1165 events and 8981 earthquakes remained. Magnitude 
completeness was considered as Mcomp=2.6, and the number of events exceeding this magnitude level is 5254. 
After declustering and eliminating Md<2.6 earthquakes, about 63.27% of the earthquakes was subtracted and the 
number of events for seismicity rate analysis was reduced to 3727. Cumulative number of earthquakes versus time 
for original catalog, for declustered events and for declustered catalog with Md2.6 was shown in Figure 2. There 
are not any important variations in seismicity between 1970 and 2000, and seismic activity shows little variation 
between 2000 and 2005 as shown in Figure 2. However, there exist significant increases in earthquake number, 
especially starting after 2006. In addition, temporal cumulative number of declustered events with Md≥2.6 has a 
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smooth slope when compared to original catalog. As an important result, declustering process removed the 
dependent earthquakes from original catalog, and after these two processes, more homogeneous, reliable and 
robust earthquake catalog was created for the imaging of earthquake activity rate changes. 

Figure 2. Temporal cumulative number curves of earthquakes for original catalog with Md≥1.0, for declustered catalog with 
Md≥1.0 and for declustered catalog with Md2.6 

Seismic quiescence hypothesis was firstly suggested by Wyss and Habermann [8]. Then, different methodologies 
have been presented to the literature in order to measure and evaluate the seismicity rate changes, and the most of 
these processes use the precursory quiescence phenomenon. The standard normal deviate Z-test is one of the most 
frequently used technique in the literature. This detailed spatio-temporal evaluation of earthquake activity in the 
Central Anatolian region was based on ZMAP seismic tool [13]. This software package is a guide for precursory 
quiescence analysis and artificial seismic rate variations. In order to rank the significance of quiescence, the 
standard normal deviate Z-test was used, generating the LTA(t) (Log Term Average) function for the 
spatiotemporal investigation of the confidence level in units of standard deviations:  

    2122 /

wlwlallallwlall N/SN/S/RRZ     (1) 

where Rall is the average earthquake activity rate in whole period of catalog, Rwl is the mean activity rate in the 
accepted time window, S2

all and S2
wl are the standard deviations in these time intervals, and Nall and Nwl the number 

of samples. Z-value, which is obtained as function of the time and let the foreground window slide along the time 
space of the catalog, is named as LTA (t). 

3 RESULTS 

This comprehensive study supplies some preliminary results for the earthquake productivity in the Central 
Anatolian region of Turkey by imaging the regional and temporal evaluations on the precursory seismic quiescence 
and return periods of the earthquakes. ZMAP technique allows the user to image the region-time distribution of 
seismic activity rate changes with Z-value and to forecast the earthquake occurrences by imaging the return periods 
in selected magnitude levels. Regional distribution of the standard normal deviate Z-value at the beginning of 2019 
was plotted at every grid of points with a size of 0.08º×0.08º in latitude and longitude. The nearest earthquakes, 
N, at each node were taken as 50 events. Time window length was used as TW=4.5 years since the quiescence 
variations are better visible for TW=4.5 years. In order to provide a continuous and dense coverage in time, 
earthquake distribution was binned into many binning spans of 28 days for each grid point. There are six regions 
showing precursory quiescence anomalies (Figure 3). These regions are centered at: (i) 39.48ºN-32.63ºE (region 
1, northwest end of Tuzgölü fault), (ii) 39.13ºN-35.18ºE (region 2, northeast of Salanda fault), (iii) 38.76ºN-
36.01ºE (region 3, northeast end of Central Anatolian Fault Zone, CAFZ), (iv) 38.14ºN-32.72ºE (region 4, 
southwest of Tuzgölü), (v) 37.85ºN-34.59ºE (region 5, southeast end of Tuzgölü fault) and (vi) 37.24ºN-35.34ºE 
(region 6, between CAFZ and Yakapınar-Göksun Fault Zone). Regional variations of return periods for selected 
different magnitude levels were plotted at every node of 0.08º grid as in the Z-value map and shown in Figure 4. 
Original earthquake catalog with Md≥1.0 was used to image the maps of return period. As shown in Figure 4a, 
return periods were found to be smaller for magnitude size Md=5.0, changing between 3 and 13 years. The return 
periods smaller than 5 years were found in the northwest parts of Tuzgölü fault and northeast end of the CAFZ. 
The other regions have the return periods larger than 10 years. Figures 4b and 4c show also the return periods for 
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magnitude level Md=5.5 and Md=6.0, respectively. Return periods for these magnitude levels are generally larger 
than 10 years for the northwest parts of Tuzgölü fault and northeast end of the CAFZ. The rest parts of the Central 
Anatolian region have a return period between 20 and 40 years. These results especially for strong and large 
earthquake occurrences show that there exists an earthquake hazard in the Central Anatolian region in the 
intermediate and long terms. As a remarkable fact, these types of evaluations including precursory changes and 
return periods of the earthquakes can finally contribute to earthquake hazard for the next future. 

Figure 3. Regional distribution of Z-value at the beginning of 2019. Seismic quiescence regions were shown in circles 

Figure 4. Regional variations of returm periods for selected magnitudes: (a) Md=5.0, (b) Md=5.5 and (c) Md=6.0 
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4 CONCLUSIONS 

In this study, regional and temporal evaluation of precursory seismic quiescence and return periods of different 
magnitude levels for the Central Anatolian region of Turkey were carried out at the beginning of 2019. A 
homogeneous earthquake catalog including 10146 events with 1.0≤Md≤ 5.7 for shallow earthquakes (depth<70 
km) between July 30, 1975 and December 29, 2018 was used. Magnitude completeness was considered as 2.6 and 
Reasenberg’s algorithm was used to remove the dependent earthquakes from catalog. Completeness magnitude 
was estimated as Mcomp=2.6. After declustering process and removing the earthquakes smaller than Mcomp, about 
63.27% of total events was eliminated from catalog and only 3727 events were used to image the Z-value. Some 
seismic quiescence anomaly regions at the beginning of 2019 were observed centered at 39.48ºN-32.63ºE 
(northwest end of Tuzgölü fault), 39.13ºN-35.18ºE (northeast of Salanda fault), 38.76ºN-36.01ºE (northeast end 
of the Central Anatolian Fault Zone), 38.14ºN-32.72ºE (southwest of Tuzgölü), 37.85ºN-34.59ºE (southeast end 
of Tuzgölü fault) and 37.24ºN-35.34ºE (between the Central Anatolian Fault Zone and Yakapınar-Göksun Fault 
Zone). Return periods smaller than 10 years for strong/large earthquakes were observed in the northwest parts of 
Tuzgölü fault, in the northeast end of the Central Anatolian Fault Zone, and between the Central Anatolian Fault 
Zone and Yakapınar-Göksun Fault Zone. As an important result, the correlations between these seismotectonic 
parameters may provide preliminary information of earthquake hazard for strong/large earthquake occurrences in 
the Central Anatolian region of Turkey in the intermediate and long terms. If these characteristics can be identified 
as reliable results of the seismicity, they can contribute to forecast the next earthquake occurrences in this region.   
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Abstract 

The Mediterranean basin, which includes Turkey, is one of the most vulnerable 

regions in the world against global climate change, which causes unexpected weather 

events in the short and long term. Therefore, important changes (trends) of 

hydrometeorological events, such as precipitation, need to be determined in the 

management of limited natural resources, against natural disasters (floods, drought, 

etc.) and planning water structures. In this study, the effect of climate change on 

precipitation was investigated. In this context, the available and current data which 

is 1989-2018 of the selected 5 rainfall stations in the Çoruh and Aras basins in Turkey 

were used.  Two methods, Mann-Kendall and innovative Sen method, were applied 

to rainfall data obtained from precipitation stations and investigated whether there 

was a trend. The confidence interval for Mann-Kendall test was 90% and 95%. At 

the end of the study, there was no trend in four stations according to Mann-Kendall 

test results (95% confidence interval) and an increasing trend was observed in one 

station. Also in the Mann Kendall test (90% confidence interval); while the trend was 

not observed in three stations, it was determined that there was an increasing trend 

in two stations. According to Innovative Sen method; It can be mentioned that there 

are some decreasing trends in 2 precipitation stations and there is an increasing trend 

in 3 stations.  

 

1 INTRODUCTION  
 

The increase in industrialization since the mid-19th century caused the human factor to be effective for the first 

time in addition to the natural effects in climate change [1,2].  Climate change, which has been increasing in recent 

years due to global warming as a result of negative human activities, can affect the climate system both locally 

and regionally. The International Panel on climate change (IPCC) stated that the Earth's temperature increased by 

0.7 °C on average since the 1970s. This increase, which can directly affect the climate, often results in more 

droughts of the dry areas and more rainfall of the rainy areas [3]. Turkey is one of the most vulnerable regions to 

climate change because it is located in the Mediterranean basin [4]. Changes in climate affect flora, fauna and 

ultimately the entire ecosystem, especially human beings and all its activities on Earth. As a result of climate 

change, biodiversity, water resources and agricultural production decrease in drought areas. On the other hand, in 

regions where rainfall is abundant, it causes more rainfall than normal and creates natural disasters such as floods. 

There has been a trend to decrease in precipitation, while temperature has been determined to increase in the past 

30 years in Turkey's [5,6]. Turkey for many years, while average rainfall 631 mm, the amount of rainfall decreased 

by 15% in 1999 and 7% in 2000 [7]. Therefore, it is important to investigate the precipitation changes that may 

occur in the short or long term. Many researchers have been interested in this issue and some studies have been 

carried out in recent years. 

 

Standard precipitation index variables of eight stations in Aegean Region were examined by Bacanli [8]. Mann-

Kendall, linear regression and Spearman's Rho test were applied to standard precipitation index results. According 

to the linear regression method, monthly precipitation trend in all regions decreased in December, January, 

February and March. Annual precipitation was found to decrease at 5 stations. In this study, precipitation and 

temperature trend analysis were compared and the result of precipitation trend analysiss and temperature trend 

analysis were determined in parallel with each other. 

 

In the study conducted by Abdulkareem and Sulaiman [9], 17 precipitation stations with at least 25 year records 

were used to investigate the precipitation of the flood areas in the Kelantan basin. Mann-Kendall and Sen Slope 
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Estimator tests were applied to determine possible precipitation trends. A non-significant trend was found in the 

maximum 24-hour rainfall series at 12 rainfall stations. A significant trend was determined in 5 stations. 

 

In the study conducted by Wang et al. [10], the average seasonal and annual precipitation data were obtained from 

30 meteorological stations in the Jinsha river. Mann-Kendall test was applied to determine precipitation trends. 

Seasonal and annual precipitation has been determined to be mild and unimportant.  

 

In the study conducted by Topuz et al. [11], province of Hatay 4 meteorological station (Antakya, Dörtyol, 

Samandağ and İskenderun), 42-year monthly, seasonal and annual rainfall data were used in study. The variability 

coefficient was analyzed by Mann-Kendall and Linear Regression methods to determine the trend in precipitation. 

According to the Mann-Kendall trend test, it was determined that there is an increase in the annual precipitation 

values in all precipitation stations. According to the coefficient of variation, the annual precipitation is mostly 

changed in Antakya. According to the results of linear trend analysis, it is determined that the highest increase in 

Samandağ. 

 

Yılmaz [12], used annual instantaneous maximum current records from 153 rainfall observation stations in 26 

hydrological basins in Turkey. Mann-Kendall (MK), Spearman Rho test (SR) and Innovative Şen method were 

applied to precipitation records. As a result of the study, it was determined that the trend decreasing at 57 

observation stations in Mann-Kendall test, and the trend decreasing at 59 stations according to Spearman Rho test 

results, and the trend increasing at 6 stations according to both Tests. Mann-Kendall and Spearman test results 

showed similar results. Increasing trends in both tests; Çatalca, Dereköy, Sazköy Sarayköy, Kocaırmak, Sarayköy 

occurred in the stations. In conclusion, the middle in Turkey, northeast, southeast and decreasing trends in annual 

instantaneous maximum current records of hydrological basin located in the eastern region has been identified. 

 

Ceribasi et al. [13], applied trend analysis to the flow, sediment amount and precipitation amounts of Sakarya 

River. Spearman Rho test which is used frequently in trend analysis, Mann - Kendall test and Mann - Kendall 

correlation test were applied to determine trend start year. 32 years of flow and sediment data were obtained from 

State Hydraulic Works (SHW). 32-year rainfall data were obtained from the State Meteorological Service (SMS). 

As a result of the study, trends of decreasing in the flow, sediment and precipitation of Sakarya River were 

observed.  

 

Aamir ve Hassan [14], Baluchistan, Pakistan's largest province in the region, is designated as the study area. The 

trend analysis of the Balochistan precipitation was investigated using the data of 40 years (1977-2016) of 13 

stations in Balochistan. Data obtained from Pakistan Meteorology Department (PMD). Two non-parametric test 

Mann-Kendall (MK) and Spearman's rho (SR) were used to determine trends in annual and seasonal precipitation.  

Nonparametric methods are chosen because they are less sensitive to gaps in the data series. The Mann-Kendall 

test was also applied to test seasonal and regional trends. 

 

2 STUDY AREA AND GEOGRAPHICAL CHARACTERISTICS 
 

2.1 Çoruh Basin 

 

Çoruh basin, Turkey's most magnificent nature is one of the treasures. Çoruh basin, with great biodiversity, is the 

western end of the Caucasus Ecosystem. Çoruh Valley, the international protection organization's choice is one of 

the 34 spots in the world. Most of the Çoruh basin is located to the east of the Black Sea Region. Çoruh Basin is 

located between the Black Sea in the North and the Eastern Anatolia region in the South. Therefore, Basin has 

acquired some of the characteristics of both regions or has acquired a completely different geographical feature by 

mixing the characteristics of the two regions [15]. Çoruh Basin, located in northeastern Turkey with 19 748 km2 

and covers an area of Turkey's land area 2.53% [16].  

 

The average annual rainfall per m2 in the basin is 480 mm. The water potential is approximately 6.50 billion m3 

[17]. According to the sea level, the height of the basin varies between 30 and 2200 m [18,19]. In the basin, the 

transition from temperate climate to continental climate is taking place from the Black Sea coast to the inland 

regions. Drought increases as it moves towards the inner parts [15]. In this study, the central observation stations 

of Artvin and Bayburt provinces in the Çoruh basin were used. Çoruh basin is shown in Figure 1. 

 

Artvin  is a province of the Black Sea region in the area of 7367 km2, located between 40°35' and 41°32' northern  

latitudes and 47°07' and 42°26' Eastern longitudes. Artvin's climate; It varies according to the region due to the 

landforms. Temperate and rainy climate is dominant in coastal areas. The winters are constantly and abundantly 

snowy, towards the inner areas and in the high parts of the province. The summers are cold [20]. The last 30 years  
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of precipitation in Artvin is shown in Figure 2. 

 

 
Figure 1. Çoruh basin 

 

 
Figure 2. Total rainfall in the period of 1989-2018 for Artvin 

 

Bayburt, due to its location a transitional climate which dominating terrestrial features, prevails among the Eastern 

Black Sea climate and the Eastern Anatolian climate. Therefore; Summers are hot and dry, winters are cold and 

snowy. The average rainfall in Bayburt is 433.4 mm per year. The last 30 years of precipitation in Bayburt is 

shown in Figure 3. 

 

 
Figure 3. Total rainfall in the period of 1989-2018 for Bayburt 

 

2.2 Aras Basin 

 

Aras basin is located in northeastern Turkey, it has 2.761.765 hectares. It is generally shared by 5 provinces (Agri, 

Ardahan, Erzurum, Igdir and Kars). Turkey's general topography is seen in Aras River Basin. Aras basin is at the 

end of the elevation which is formed from west to east. The Mount Ararat, the highest mountain in Turkey and 

Europe with a height of 5165 M, is located within the basin. Aras Basin has a continental climate. Depending on 

the climate of the basin, all kinds of high-yielding crops are grown [21]. In this study, the central observation 

stations of Ağrı, Kars and Iğdır provinces in the Aras basin were used. Aras basin is shown in Figure 4. 
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Figure 4. Aras Basin 

 

Ağrı Province is located at an altitude of 1640 m above sea level. The mountains and plains are naked due to the 

fact that there is a volcanic land, the rainfall is low and the temperature is very low. The natural vegetation of the 

province, which does not have a forest, is usually steppes in the appearance of high plateau steppes [22]. The last 

30 years of precipitation in Ağrı is shown in Figure 5. 

 

 
Figure 5. Total rainfall of 1989-2018 for Ağrı 

 

Iğdır province is located within the Aras River basin. In the vicinity of the Iğdır Plain, there is a continental climate 

close to the Mediterranean climate. The province of Iğdır can be deal with two parts. The first one is the area of 

922 km2 lowland area which constitutes 26% of the area and the second is the 26178 km2  mountainous area which 

constitutes 74% of the region [23]. The last 30 years of precipitation in Iğdır is shown in Figure 6. 

 

 
Figure 6. Total rainfall of 1989-2018 for Iğdır 

 

The ratio of Kars province to the surface area of Turkey with 10.127 km2 is approximately 1.2%. 40% of the 

province having 1.768 altitude is meadows and pastures, 34% is suitable for arable land, 22% for non-agricultural 

land and 4% for woodland and heathland area [24]. The region remains within the natural forest area. Forests reach 

up to 2800 meters. The last 30 years of precipitation in Kars is shown in Figure 7. The information of the 

precipitation stations used in the study is shown in Table 1. 
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Figure 7. Total rainfall of 1989-2018 for Kars 

 

Table 1. Information on the stations used in the study 

Station Name Station No Latitude Longitude Altitude Years of Observation 

Artvin 17045 41.1752 41.8187 613 1989-2018 

Bayburt 17089 40.25 40.2333 1584 1989-2018 

Ağrı 17099 36.45 43.03 1632 1989-2018 

Iğdır 17100 39,9227       44,0523 863 1989-2018 

Kars 17097 40,6042  43,1073 1775 1989-2018 

 

3 MATERIAL AND METHOD 
 

Rainfall records for Artvin, Bayburt, Ağrı, Iğdır and Kars stations, which were obtained from the The Turkish 

State Meteorological Service (TSMS), were used. In this study, two statistical methods are used to analyze trends 

of precipitation series.  

 

3.1 Mann-Kendall Trend Test 

 

Mann-Kendall trend test was applied to many studies in determining the tendency to precipitation[25-28]. The 

non-parametric Mann-Kendall trend test is less sensitive to gaps in the data series [14]. According to Ho 

hypothesis, series data are similar and independent scattered variables.  According to the H1 hypothesis, the 

distribution of the sequential data ordered by time is not similar and there is a trend in the time series. The 

application of the test to the time series is as defined below. The test statistics (S) is calculated as; 
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n n
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                (1) 

 

The application of trend test is done to a time series Xi that is ranked from i = 1, 2 … n-1 and Xj, which is ranked 

from j = i + 1, 2 …. n. Each of the data point Xi is taken as a reference point which is compared with the rest of 

the data point's Xj so that: 
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where 
i

X  and 
j

X  are the annual values in years i and j (j > i) respectively.  

 

If the data length in the time series is n> 10, it is assumed that the data is distributed normally and the variance is 

calculated as in equation (3). 
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Where, n  is the data length of the series, k is the number of connected groups of the series, and the 
i
t  value is 

the number of elements that are equal to the numerical value in the subsets examined, respectively. 

 

In equation (2), z value is calculated according to the value of Mann-Kendall trend test statistic. The z value found 

is compared with the z value read from the normal distribution table at a certain level of meaning. 
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 The Ho hypothesis is rejected if the absolute value of the calculated z value calculated as the result of equation 

(4) is greater than the z value determined at the α sense level, namely there is a significant trend in the time series.  

If it is low, Ho hypothesis is accepted, meaning there is no significant trend in time series.  However, there are no 

limitations such as data length, distribution of data and serial independence. 

 

3.2 Innovative Sen Trend Test  

 

In the methods used to determine the trends of the variables of the hydrometeorological parameters, there are some 

limitations such as the fact that the data are serially independent, normally distributed, and the data must be of a 

certain length. In this method, the time series is first divided into two equal parts and the separated series are sorted 

from low to large. Then, as shown in Figure 8, the first half of the time series (xi) is placed on the X axis of the 

Cartesian coordinate system and the second half (xj) of the time series on the Y axis. These series placed in the 

coordinate system are mutually punctuated. If the dots such as in Figure 8 remain above the 1: 1 (45o) line, it means 

that there is an increasing trend in the time series and if there is a decreasing trend if it falls below the line, there 

is no trend if it stays above the 1: 1 line [12]. The graph showing the innovative method of Şen is shown in Figure 

8. 

 
Figure 8. Graph showing the innovative Sen method 

 

4 RESULTS  
 

4.1 Mann-Kendall Trend Test Results 

 

Mann-Kendall trend test was applied to the data of the selected rainfall stations provided for the Çoruh and Aras 

basins from the Turkish State Meteorological Service (TSMS). Test parameters in confidence interval of 95% and  

% 90 are shown in Table 2 and Table 3. The test results obtained based on the test parameters and confidence 

intervals (% 95 and % 90) are given below in Figure 9 and Figure 10. 

 

 

 

 

 

z = 
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Table 2. Test parameters in confidence interval of 95% (α = 0.05) 

Station Name Station No Years of Observation Test S Var (S) Z0.975 Test Z 

Artvin 17045 1989-2018 -51 3141,67 1.96 0,89 

Bayburt 17089 1989-2018 57 3141,67 1.96 0,99 

Ağrı 17099 1989-2018 5 3141,67 1.96 0,071 

Kars 17097 1989-2018 111 3141,67 1.96 1,963 

Iğdır 17100 1989-2018 109 3141,67 1.96 1,923 

 

 
Figure 9. Mann-Kendall trend test results at 95% confidence interval 

 

Table 3. Test parameters in confidence interval of 90% (α = 0.1) 

Station Name Station No Years of Observation Test S Var (S) Z0.95 Test Z 

Artvin 17045 1989-2018 -51 3141,67 1.645 0,89 

Bayburt 17089 1989-2018 57 3141,67 1.645 0,99 

Ağrı 17099 1989-2018 5 3141,67 1.645 0,071 

Kars 17097 1989-2018 111 3141,67 1.645 1,963 

Iğdır 17100 1989-2018 109 3141,67 1.645 1,923 

 

 
Figure 10. Mann-Kendall trend test results at 90% confidence interval 

 

4.2 Innovative Sen Method Trend Results 

 

From the State Meteorological Directorate, the data of the rainfall stations of the selected provinces was applied 

to the innovative method of analysis and the results were analyzed by Artvin Figure 11 (a), Bayburt Figure 11 (b), 

Kars Figure 11 (c), Iğdır Figure 11 (d) and Ağrı Figure 11 (e). 
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(a)                                                            (b) 

                    
(c)                (d) 

 
                                    (e) 

Figure 11. Innovative Sen method graphics 

 

5 CONCLUSION 
 

Global climate changes, which are observed together with global warming, can directly affect rainfall which is one 

of the hydrometeorological parameters. In this study, the effects of climate change on precipitation are 

investigated. Therefore, the current precipitation data of the selected precipitation stations obtained from the the 

Turkish State Meteorological Service (TSMS) have been used. The results of the study are listed below. 

 

• According to Mann-Kendall trend test results; Artvin, Bayburt and Ağrı central rainfall stations were not 

found to be trend. For Kars station; according to z test results, there is an increasing trend and for Iğdır 

station; there is no trend for 95% significance level, but there is an increasing trend at 90% significance 

level. 

 

• The smallest and largest values of the precipitation data series were taken into account when creating 

graphs according to the Innovative Sen method. Therefore, the labels in the x and y coordinates of the 

graphs are determined to cover the data series. 

 

• According to the Innovative Sen test results; There is some decreasing trend in Artvin central rainfall 

station, there is an increasing trend in Bayburt central rainfall station, there is an increasing trend in Kars 

55



Trend Analysis of Precipitation in Some Selected Stations in Turkey ICADET ‘19 

 

 

central rainfall station, there is an increasing trend in Iğdır central rainfall station and finally there is some 

decreasing trend in Ağrı central rainfall station.  
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Abstract 

Visually impairment requires to be coping with many difficulties in daily life in a 

sense. Especially, travelling from one location to another as a pedestrian is full of 

troubles for visually impaired people. One of the important factor which increases 

living difficulties is occupying the road and roadside signs which are used for 

visually impaired people. Many solutions are available for existent difficulties what 

visually impaired people live. In this study, an ultrasonic assistant eyewear which 

can vibrate according to the obstacle distance was carried out on behalf of being an 

alternative solution. It was given particular importance to make visually impaired 

people to reach in same life standards as others. For this purpose, it was focused on 

usage of assistant eyewear unlike the walking cane usage. In this way, user has not 

got to use walking cane etc. Besides that it was given extra importance to 

comfortable and lightweight design. Efficiency of the implementation was 

examined by performance analyses. Results were evaluated among three different 

test groups as non-equipped users, walking cane users and designed system users. 

 

1 INTRODUCTION  
 

Eyes are one of the most important organs of human body. Because they provide us to observe environment 

where we live visually. Today, over 36 million of blind and 250 million of visually impaired or blind people live 

in the world. [1]. If we put 250 million people into account, it means that number of visually impaired and blind 

people are approximately three times bigger than Turkey population. Congenital visually impairments or 

postnatal visually impairments cause unutterable big troubles and difficulties in living daily life. Some daily 

difficulties for visually impaired people can be listed as below [2]; 

 Trees and traffic signs on the pavements are not placed in a certain standard and order in a way to 

consider the visually impaired people.  

 Barriers which are used to prevent cars to park on the pavements are very low level. This situation 

endangers the visually impaired people.  

 Putting goods on the pavement in a way to block the visually impaired people by the roadside shop 

owners. 

 Parking on the pavements. 

 Rough pavement surfaces. 

 Blocking the yellow road signs used for visually impaired people in many reasons.   

Some of the difficulties that visually impaired people live are shown in photographs in Figure 1. 

 

 
Figure 1. Photographs show the difficulties what visually impaired people live in their daily life 
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Solutions and new approaches, which reduce or eliminate the difficulties in visually impaired people's daily life, 

increase depending on technological developments. Some of the solutions like talking color sensing device, 

talking weighing device, talking money recognizer, talking tag, talking thermometer are available. But vital 

scenarios for visually impaired people are occurred when they want to visit from a location to another as shown 

in Figure 1. Hence, new approaches that are developed against living difficulties at outside become very 

important. 

 

2 LITERATURE OVERVIEW  
 

Drishti is one of the solution which has been developed for this purpose [3]. Basically it can be considered as a 

navigation system for visually impaired pedestrians. Navigation is provided through GPS and Wireless Networks 

(IEEE 802.11b). Route is optimized according to user's preference. BrailleNote which was developed for 

visually impaired people, can be considered as a GPS positioning based digital map solution [4]. Mentioned 

solutions have qualified features. But hardware complexity and cost are the disadvantages of these solutions. On 

the other hand, there are many available approaches can be thought as cost effective. Radio Virgilio/Sesamonet 

(Secure and Safety Mobility Network) is one of them [5]. Sesamonet which is presented a RFID based solution 

consists of a tag grid that is floored on the road, a visually impaired cane with RFID reader, a Bluetooth 

communication module, a Navigation Data Server (NDS) and a Personal Digital Assistant (PDA). Thanks to the 

tag grid on the road, visually impaired cane reads the territory ID and sends information to PDA through 

bluetooth module. Next PDA communicates with NDS and NDS sends required information to PDA. Then PDA 

sends audio information to headset which is connected to another bluetooth channel. Even if it is considered as a 

cost effective solution, hardware complexity is the disadvantage. SeSaMoNet 2.0 version which had additional 

features on tag grid was developed in 2010 [6]. In other studies, especially visually impaired cane based 

approaches are deliberated. While in [7-8] they carried out GSM/GPS assisted visually impaired cane, in [9-10] 

carried out an ultrasonic visually impaired cane based on obstacle recognition and warning. Hardware simplicity 

and low cost can be considered as advantages of these studies. But usage of the visually impaired cane means 

additional burden. From an emotional point of view, it means not living on the same standard as others. 

 

In this study, a microcontroller based ultrasonic assistant eyewear carried out for visually impaired people. 

Design which is cost effective and has hardware simplicity, warns visually impaired person by a gradually 

vibrated mechanical signal as he/she comes closer to obstacle. Frequency of the vibrated signal increases as 

coming closer to obstacle. In this way, it is provided to inform user about distance of the obstacle according to 

vibration frequency. Usage of the eyewear unlike the walking cane, means an important step in behalf of living 

at same standard as others. 

 

In next sections of the study, materials and method are explained, next designed device is presented and then 

results are examined. Finally, conclusion and future works are evaluated. 

 

3 MATERIAL AND METHOD  
 

Carried out design basically consists of; an ultrasonic range sensor module (HC-SR04), a microcontroller 

platform (Arduino Uno ®), a driver circuit, a vibration motor, a micro-power supply, a frame of eyewear and a 

carrier equipment. Block diagram of the design is shown in Figure 2. 

 

 
Figure 2. Diagram of the design 
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Power of the Arduino UNO® and HC-SR04 range sensor are supplied by micro-power supply. Basic system 

loop can be explained as; primarily distance information is obtained by HC-SR04, next a decision information is 

produced thanks to the software which was embedded to Arduino UNO®, then control signal is sent to the 

actuator (vibration motor) through motor driver circuit. Finally frame of eyewear starts to vibrate according to 

distance. Detailed explanations of the system components are given below. 

 

3.1 HC-SR04 Range Sensor 

 

HC-SR04 is a module that is produced for range sensing. Technically, HC-SR04 can sense objects from 2cm to 

400cm by resolution of 3mm. The most successful measurements can be obtained in 300 of aperture. 

Measurement pattern of HC-SR04 is shown in Figure 3. 

 

 
Figure 3. Performance Pattern of HC-SR04 [11] 

 

Basic working mechanism of HC-SR04 is shown in Figure 4. 

 

 
Figure 4. Basic Working Mechanism of HC-SR04 

 

HC-SR04 module has 4 pins as power, ground, trigger and echo as seen in Figure 4. When logical high level 

signal (over 10µs) is sent to the trigger pin of the HC-SR04, sender speaker transmits ultrasound signal (chirp) at 

40 kHz. Then ultrasound signal reflects from object. Echo signal is sensed by ultrasonic microphone of the HC-

SR04, next it is sent to Arduino UNO® as a pulse width signal by echo pin of HC-SR04. Eventually, echo signal 

duration is measured by Arduino UNO®. Voice speed is 340m/s in atmospheric medium. Obtained echo 

duration is at the level of microseconds. In that case, traveling distance of the voice in 1µs is acquired as below; 

 

scmsm /034.0/340                  (1) 

 

If the distance information is in cm, it is obtained by the following equation. 

 

2

vt
D                    (2) 

 

Where D is the distance in cm, v is the speed of voice in 𝑐𝑚/𝜇𝑠 and t is measured echo duration in 𝜇𝑠. Distance 

value should be divided by 2 because distance is half of round-trip. 
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3.2 Arduino Uno® 

 

It is a platform which includes ATmega328 microcontroller and produced by Arduino. It has 14 digital I/O pins 

and 6 analogue input pins. 6 of the digital I/O pins can be used as PWM output. Apart from these, it has 16MHz 

crystal oscillator, USB connection, 2.1 mm power input, head of In-Circuit Serial Programming (ICSP) and a 

reset button. Synchronously programmability and applicability are the most important features which makes it 

popular. In Figure 5. hardware of Arduino UNO® is seen. 

 

 
Figure 5. Hardware of Arduino UNO® 

 

In implementation, I/O pins of 8, 9 and 11 were used for trigger (output pin), echo (input pin) and vibration 

motor (output pin) respectively. 8th and 9th were connected to trigger and echo pins of HC-SR04, 11th pin was 

connected input of motor driver circuit. 

 

3.3 Driver circuit and Vibration Motor 

 

11th I/O pin of Arduino UNO® is used to control vibration motor according to distance information of obstacle. 

Thus, motor vibrates at certain time periods according to distance information of obstacle. But vibration motor 

current consumption is approximately 40mA. Arduino I/O pins provide 40mA source current. Driving the 

vibration motor with this limited current value, in other words driving the vibration motor directly from 11th pin 

can cause troubles for   Arduino UNO®. As solution, 3.3V output which provides 50mA output current was used 

and motor was driven by using driver circuit shown in Figure 6. Control signal which comes from 11th pin turns 

transistor on and runs vibration motor. Vibration motor used in implementation has 3V operating voltage, 40mA 

operating current and 5300 rpm rotational speed. 

 

 
Figure 6. Driver Circuit and Vibration Motor 

 

3.4 Micro Power Supply 

 

Power supply (Tunçmatik TSK3801 Powernote Mobile Micro USB Adaptor) used in implementation has 

specifications as 90W power, USB connection, dimensions of 63.5 x 48.9 x 16.9mm and 72g weight. Thanks to 

the small and light-weight design of power supply, user gets less tired. 
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3.5 Designed Algorithm 

 

 
Figure 7. Flowchart of Designed Algorithm 

 

Process starts with distance measurement. Measured distance value is evaluated for 5 different conditions. In 1st 

condition if measured value is less than 30cm, vibration motor runs for 100ms and stops for 10ms. As long as 

distance doesn't change, loop continues. Distance is measured in every loop. If distance is not in specified value 

interval then loop is returned to beginning. Designed routine in 1st condition is valid for other distance 

conditions as well. Changing parameters in other conditions are; running duration of the vibration motor and 

distance intervals. As a result, when distance between user and obstacle is between 120 to 180cm, vibration 

motor runs for 1 second and stops for 100ms. Vibration frequencies increase while approaching the obstacle and 

motor starts to vibrate almost continuously if the distance is less than 30cm.   

 

4 RESULTS AND DISCUSSION 
 

Front view (left side) and top view (right side) of the implemented ultrasonic assistant eyewear and system 

components are shown in Figure 8. 

 

 
Figure 8. Front View (Left Side) and Top View (Right Side) of the Implemented Ultrasonic Assistant Eyewear 

and System 
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In implementation, a special attention was paid to lightness. For this purpose, frame of eyewear was selected as 

plastic and weight of power supply was preferred as lightweight (72g). The weights of other hardware elements 

of the system are as below; Arduino Uno(28g), HCSR04(9g), vibration motor(2g),  power supply box(15g), 

eyewear frame(15g), motor driver circuit(2g), connection wires(20g). In other words user has to be wear 

approximately 163g. Weight is distributed around the head in a balanced way. Thus, it is aimed that the user 

feels less weight. Moreover, if the system is turned to be a product, it can be easily designed as very lightweight, 

small size, comfortable and aesthetics way.  

 

Performance analyses of the implementation were carried out in Karadeniz Technical University. Abdullah 

Kanca Vocational School of Higher Education. In experimental studies, 3 different experimental groups which 

consist of 5 human subjects were used. Group 1 consists of visually impaired human subjects who do not use 

additional device or apparatus. As for Group 2 consists of human subjects who use visually impaired cane. 

Lastly, Group 3 consists of visually impaired human subjects who use designed system. 

 

In performance analyses, it was desired that the human subjects would reach a sound source from a starting 

location where was in the building. Each human subject was used just for one analysis. Floor plan which 

contains starting point and the sound source is shown in Figure 9. 

 

 
Figure 9. Floor Plan Which Contains Starting Point and Sound Source 

 

Performance criterions of the human subjects who belong to each groups were defined as time of arrival to sound 

source and number of collisions until reaching there. Results in experimental studies which belong to human 

subjects in groups are shown in Table 1. 

 

Table 1. Results which were acquired in experimental studies 
Number of 

human 

subjects 

Group 1 Group 2 Group 3 

 Num. of col. Time of Arv. 

[s] 
Num. of col. Time of Arv. 

[s] 
Num. of col. Time of Arv. 

[s] 
1 9 112 12 171 5 62 

2 21 100 5 72 3 59 

3 22 95 9 96 2 40 

4 19 71 6 65 3 105 

5 5 42 3 70 5 84 

Average 15.2 84 7 94.8 3.6 70 

 

In experimental studies, Group 1 that consists of visually impaired human subjects who don't use additional 

device or apparatus reached to sound source in average of 84 seconds and average of 15.2 collisions. As for 

Group 2 that consists of human subjects who use visually impaired cane reached to sound source in average of 

94.8 seconds and average of 7 collisions. Lastly, Group 3 that consists of visually impaired human subjects who 

use designed system reached to sound source in average of 70 seconds and average of 3.6 collisions. 
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5 CONCLUSION 
 

In this study which was purposed to improve visually impaired people's life standards, a microcontroller based 

ultrasonic assistant eyewear design was carried out. In experimental studies, analyses were performed on three 

experimental groups. It was desired that each human subjects who belong to one of the experimental group 

would reach to a sound source from a starting location. Acquired data such as time of arrival and number of the 

collisions until reaching to sound source were examined. According to the acquired results, group 3 members 

who used designed system reached to sound source average of 14 seconds shorter than group 1 and average of 

24.8 seconds shorter than group 2. As for number of collisions until reaching to sound source was considered, 

minimum average number of collisions was obtained in group 3 as 3.6 collisions. Also, minimum time of arrival 

and number of collision results were acquired from group 3 members. 

 

In light of these results, it can be said that designed system has qualifications that will make easy visually 

impaired people's life. Also, designed system does not require an additional apparatus like cane etc. This is an 

important step for visually impaired people on behalf of living in the same standards as others. In future works it 

is planned to integrate a vocal warning mechanism in designed system. Thus, user will be able to hear vocal 

warning messages through a headphone. Besides that, optimum route determination will be able to carry out via 

additional ultrasonic range sensors which will be mounted around the head. 
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Abstract 

Internet of things (IoT) is obtaining an increasing popularity due to its inherent 

advantages, enabling each object around us to interconnect with each other through 

Internet. A number of wireless communication technologies allows these objects to 

have an ability of internet connection. Therefore, IoT infrastructure has a great 

impact on the design of daily applications. This paper studies the design of a smart 

restaurant calling system. It includes a readable unique quick response (QR) code on 

each table for customer. The proposed system requires customers to read the QR 

code with their smart phones. Upon successful utilization of the QR code, a calling 

request with desk number is sent to a central point for a waiter. This system has an 

advantage of low-cost when compared to traditional calling systems typically call-

buttons architectures. With the use of QR code, each customer with a smart phone 

can easily adapt to the system.  

1 INTRODUCTION  
 

Recent technological developments and innovations have given a new direction to the design of resource-efficient 

and cost-friendly systems [1]. Current systems are developed by the exploitation of new technological interactions 

which renames these systems as a smart system. This especially adds a high level of efficient research strategies 

on smart city applications which is heavily-studied in literature [2-6]. A typical smart city application requires a 

sustainable and intelligent working progress in association with a collaboration of each component of the 

application. For instance, a patient health parameters in a hospital or house will be directly sent to the doctor 

through such a wireless communication technology. This reduces the unnecessarily visit times of nurses and allows 

a rapid intervention with a sudden health parameter change such as heart attack, as illustrated in fig. 1.  

  

 
Figure 1. A view of patient parameters observation through Internet [7]. 

 

Smart city applications target at collection of real-world information to be analysed by specific computer interfaces 

in order to provide a more comfortable, quality and sustainable human life [8]. Internet of things (IoT) is one of 

the emerging technologies that enables the development of a communication platform for each physical object in 

life [9]. The idea behind IoT technology is to create a flexible application environment, whereby an intelligent 

coordination of each object is performed via Internet. This can be achieved using a number of communication 
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technologies, such as RFID, GSM, GPRS, 5G, Lora, wireless sensor network and so on. Such a communication 

technology is required to offer a satisfaction level of user requirements. To meet the requirements, a great number 

of services are available to mitigate the needs of a user request [10]. These services are provided by heterogeneous 

objects, bringing the necessity to select the best services. Therefore, quality of service (QoS) for a user request 

must be perpetually kept at an acceptable level through utilization of efficient service selection [11]. For example, 

cloud-based requests should accommodate a fast data transmission making the latency a secondary criterion.  

Traditional calling systems use a wireless system where customers press the call button to request a waiter. On the 

waiter side, there is a receiver with a screen to pick a calling request with the associated desk number. This system 

actually works fine and are widely employed by many restaurants. However, a significant problem with this system 

is the total cost which depends on the size of the restaurants. A call button mechanism is located on each desk 

which increases the total cost for large restaurants, which is shown in fig. 2. This makes the design of new low-

cost solutions an important research direction.  

 
Figure 2. An example wireless calling system. 

 

This study proposes a restaurant calling system with the use of IoT architecture, in order to reduce the cost of 

previously defined wireless calling system. Rather than mounting an expensive call button on each desk, the 

proposed scheme places a single low-cost QR code. The system allows customers to scan the QR code by their 

smart mobile phones to call a waiter. Similar to wireless calling system, a screen shows the customer request along 

with the desk number. The system was successfully implemented in a commercial restaurant in Bayburt province. 

The detailed description of the system is presented in the following section. The paper is then concluded in section 

3.  

 

2 THE RESTAURANT CALLING SYSTEM 
 

Calling a waiter in a restaurant or such a place is sometimes becoming a difficult task. It is well-known that almost 

everybody has a smart mobile phone with internet connection. Wireless technologies give us an opportunity to 

remove the traditional calling behaviours such as shouting or hand-signs. The motivation of the proposed system 

is to enable us not to buy a costly classical calling system which often requires replacement or recharge of the 

energy unit. The system provides a flexibility for customers with no mechanism to register to system by entering 

personal information such as username, password and phone number. As an efficient software system, it basically 

employs a QR code on each table, as illustrated in fig. 3, for customer usage. When a customer scans the QR code, 

a message is automatically created and sent to its registered server. The message contains the table number in order 

to route the waiter. Upon reception of the message, the server unit displays the desk number on a screen which can 

be easily seen by all waiters. Also, a sound is created along with message display, in order to give a notice for 

waiters.  

 

 
Figure 3. A basic QR code. 

 

We used an Arduino platform for data process which is a popular platform and widely-used in many current 

applications. The reason behind the choice of Arduino is its simple design and easy programming features. Also, 
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the cost of an Arduino platform is relatively cheap which makes it a selection reason. In order to receive the 

message created by QR-codes through Internet, ESP8266 is integrated because of its advantages in terms of cost 

and structure. Fig. 4 depicts the server unit associated with Arduino and ESP8266. The system was successfully 

implemented in a restaurant in Bayburt city. Primarily results observed in the restaurant have demonstrated us the 

effectiveness of the proposed system.   

 
Figure 4. A picture of server unit. 

 

3 CONCLUSION 
 

This paper presented a cost-effective restaurant calling system with the theme of internet of things. It basically 

replaces the classical push buttons with QR codes in order to reduce the cost of a whole calling system. The system 

was successfully tested in a restaurant to observe its performance. Current implementation scenario is a small 

scale, so that future work will expand the scope of the scenario. Another future work will focus on enabling 

customers to order their food via Internet. Security will also be one of the major future works.  
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Abstract 

Ge photodetectors are suitable for optical communication systems operating at 

1300 nm because of its band gap value and low lattice mismatching with Si. In this 

study, the FDTD method is used to analyze a photodetector which consist of a Ge 

quantum dot and a nanoantenna on a SOI substrate. The dipole and bowtie 

nanoantennas are used to enhance the electrical fields around the quantum dot. 

Numerical results show that the nanoantennas concentrate the electric fields around 

the Ge quantum dot and thus absorption by the quantum dot can be increased.  

 

1 INTRODUCTION  
 

Photodetectors convert light to electricity by photoelectric effect. The incident light coming on the photodetector 

causes voltage and current on the photodetectors. They are used in many different applications such as radiation 

detection, gas detection, and optical communications, etc. [1-3]. The light to electricity conversion efficiency 

greatly affects the overall performance of the communication systems. Currently, the 1300-1550 nm wavelength 

range is preferred because of minimum optical loss and dispersion of silica optical fibers at these wavelengths 

[4]. Band gap of a semiconductor used in a photodetector active region determines the operating wavelength of 

the photodetector. In 1300-1550 nm wavelength range, Si, Ge, InGaAS, and HgCdTe have photodetection 

capacity [5]. By using photodetectors operating at these wavelengths, optical communication systems without 

requiring wavelength conversion can be designed. High responsivity, high detection speed, large bandwidth, 

high quantum efficiency (QE), and low dark current are the desirable properties of the photodetectors. Besides, 

photodetectors should be compatible with the complementary-metal-oxide-semiconductor (CMOS) technology 

to achieve direct integration with other circuit components without changing foundry process. Also, they should 

be produced with high packing density and scalability [6]. CMOS-integrated Ge photodetectors are 

commercially available and Ge is more suitable for photo detection at 1300 nm than its rivals. Small band gap of 

Ge (direct band gap at 0.8 eV) grands detection capability for telecommunication wavelengths without band gap 

engineering, although Ge has indirect band gap. Furthermore, lattice mismatch between Ge and Si is just 4.2% 

[5]. 

 

In chip-scale optical interconnectors, transition time of generated carriers by incident lights and the depletion-

layer capacitance of the semiconductor limit the photodetector speed. By using small size active regions, the 

capacitance and power consumption of the photodetector can be reduced and signal to noise ratio can be 

increased. However, small active regions cause decreasing in responsivity of the photodetector [7].  

 

Optical nanoantennas [8-14] such as dipole and bowtie structures enhance the responsivity of photodetectors. 

The dipole and bowtie geometries are the most common nanoantenna structures. The bowtie nanoantennas are 

preferred because of high field concentration between the arms over a wide bandwidth while the dipole 

nanoantennas are preferable because of their higher decay length of the electrical fields than the bowtie 

nanoantenna. The higher field concentration is important for the photodetector applications, but also the higher 

decay length is desirable. 

 

In this paper, Ge optical sensor on a silicon on insulator (SOI) substrate with dipole and bowtie nanoantennas is 

simulated at 1300 nm using the finite-difference time-domain (FDTD) method.  The performances of the Ge 

quantum dot photodetector with and without dipole and bowtie nanoantennas are compared. The numerical 

results show that the electric fields are more concentrated in the vicinity of the Ge quantum dot with bowtie 

nanoantenna than those with the dipole nanoantenna. The Ge quantum dot without the nanoantenna structure 

cannot concentrate the electric fields.  
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2 MODELS AND SIMULATION METHOD 
 

2.1 Models 

 

In the first structure, a dipole nanoantenna with a Ge quantum dot located between the arms of the dipole 

nanoantenna is considered on the SOI substrate. The dimensions of the quantum dot are 60 nmx40 nmx30 nm. 

The length, width, and thickness of the dipole nanoantenna are 900 nm, 40 nm, and 40 nm, respectively. The 

thickness of the SOI substrate is 500 nm and the oxide layer thickness is 250 nm. The side and top views of the 

proposed structure is shown in Fig. 1. 

 

 
                                                   (a)                                                                                     (b) 

Figure 1. a) Side view and b) top view of the Ge photodetector with dipole nanoantenna 

 

In the second structure, a bowtie nanoantenna with the same Ge quantum dot is considered on the SOI substrate. 

The length, and thickness of the bowtie nanoantenna are the same as the dipole antenna with the tip angle of 60o. 

The bowtie nanoantenna with the SOI substrate is shown in Fig. 2. 

 

 
                                                 (a)                                                                                     (b) 

Figure 2. a) Side view and b) top view of the Ge photodetector with bowtie nanoantenna 

 

2.2 Simulation Method 

 

The FDTD method is used to analyse the photodetectors with and without the dipole and bowtie nanoantennas. 

In the FDTD method, the following Maxwell’s curl equations are solved in time domain [15].  

 

∇ × 𝐻 = 𝜀
𝜕𝐸

𝜕𝑡
                     (1) 

 

∇ × 𝐸 = −𝜇
𝜕𝐻

𝜕𝑡
                  (2) 

 

where 𝜀 and μ are the permittivity and permeability of the medium, respectively, and E and H denote the electric 

and magnetic fields, respectively.  

 

The problem space composed of cells with 10 nm in all directions are illuminated by a Gaussian incident light 

which is travelling in the negative z direction. The boundaries of the problem space are convolution perfect 

matched layer (CPML) [15] with 10 cells thickness and a 10 cells air gap in all directions. To obtain electric field 

components at 1300 nm, the calculated electric fields in time domain during each time marching loop are 

transformed to frequency domain by using discrete Fourier transform (DFT).  The steady state electric fields in 

frequency domain are used to determine the distribution of electric fields.  

 

 

 

z 

x 

z 

x 
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3 NUMERICAL RESULTS 
 

In order to show effect of the nanoantennas, the only Ge quantum dot is simulated using the FDTD method and 

the obtained electric field distribution of the structure is shown in Fig. 3. As can be seen from Fig. 3, the electric 

field is not concentrated on the quantum dot. Then, the Ge quantum dot with dipole nanoantenna is simulated 

and the electric field enhancement on the quantum dot is observed as seen in Fig. 4. The electric field 

distribution for the structure with bowtie nanoantenna is as shown in Fig. 5.   

 

 
Figure 3. Electric field intensity distribution at 1300 nm for the structure without nanoantenna 

 

 
Figure 4. Electric field intensity distribution at 1300 nm for the structure with dipole nanoantenna 

 

 
Figure 5. Electric field intensity distribution at 1300 nm for the structure with bowtie nanoantenna 

 

0

0.3

0.6

0.9

0
0.2

0.4
0.6

0.8
1

1.2
1.4

0

2000

4000

6000

 

z (m)x (m)
 

|E
|2

 (
a
.u

.)
1000

2000

3000

4000

5000

0

0.3

0.6

0.9

0
0.2

0.4
0.6

0.8
1

1.2
1.4

0

4000

8000

12000

16000

 

z (m)x (m)
 

|E
|2

 (
a
.u

.)

2000

4000

6000

8000

10000

12000

14000

16000

0

0.3

0.6

0.9

0
0.2

0.4
0.6

0.8
1

1.2
1.4

0

5000

10000

15000

 

z (m)x (m)
 

|E
|2

 (
a
.u

.)

2000

4000

6000

8000

10000

12000

14000

Quantum Dot 

z 
(µ

m
) 

  

x (µm) 

x (µm) 

z 
(µ

m
) 

x (µm) 

z 
(µ

m
) 

70



Effect of Dipole and Bowtie Nanoantennas on the Performance of Photodetectors ICADET ‘19 

 

 

The results show that the electric field concentration on the Ge quantum dot is critically increased by adding the 

nanoantennas. Especially, the distribution of electric fields on the quantum dot with the bowtie nanoantenna is 

more concentrated than the structure with the dipole nanoantenna. 

 

4 CONCLUSION 
 

In this study, a numerical analysis of a phtodetector with Ge quantum dot is performed with and without 

nanoantennas using the FDTD method. It is realized from the numerical results that the electric field intensity 

around the Ge quantum dot are significantly increased by the existence of the nanoantennas. Furthermore, the 

effect of dipole and bowtie nanoantennas on the electric field distribution is investigated. The numerical results 

show that the bowtie nanoantenna provides more concentrated electric fields around the Ge quantum dot 

compared to the dipole nanoantenna.  
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Abstract 

Garlic (Allium sativum L.) is a kind of bulbous plant. Although the aerial parts can 

be consumed, plant's bulb is the most commonly used part. As a functional food, 

health benefits have been known for centuries, but people are avoiding its frequent 

consumption because of sharp and persistent odor. Black garlic, developed to 

eliminate this negative situation, is a product obtained by fermentation of fresh 

garlic. The fermantation process is carried out by controlled high humidity (80-

90%) and high temperature (60-90°C) until garlic cloves are turns completely dark 

color. By means of the fermantation process, decreasing of alliin and allicin which 

are responsible for the characteristic unpleasant taste and odor of garlic. By means 

of bioactive compounds which are formed and /or increased during fermantation 

the antioxidant activity, antiobesity activity, antiallergic activity and anticancer 

activity are also increased. In this paper, production of black garlic, its bioactive 

components and information about the effects of black garlic on health are 

reviewed. 

 

1 INTRODUCTION  
 

Garlic (Allium sativum) is one of the onion species and it is belongs to the Liliaceae family. In 1753, it was first 

introduced to the scientific world by Swiss botanist Carl Von Linné [1]. Previously, the Allium genus was 

studied within the Amaryllidaceae family, but it was decided that it should be placed under the Alliaceae family 

in recent taxonomy studies [2]. 

 

In addition to being a food, garlic has been used for treatment among the people since very old years. Its unique 

flavor, odor and biological activitiesare due to the organosulfur compounds it contains [3]. It is thought to high 

garlic consumption had a protective effect against various types of cancer in humans. Garlic, which is a 

herbaceous culture plant, has been used in the treatment of many diseases due to its antibacterial, antithrombotic, 

antimutagenic and anticancerogenic properties by Egyptian, Greek, Indian and Chinese civilizations for about 

5,000 years [4, 5]. The homeland is thought to be Central Asia. It is known that 300-400 varieties of garlic are 

still growing on the world. Garlic includes carbohydrates (26-30%), large amounts of water (65%), sulfur 

compounds (1.1 to 3.5%), fiber (1.5%), protein (1.5-2.1%) as well as free amino acids such as arginine. There 

are also saponin, phosphorus, zinc, potassium, calcium, sodium, magnesium, iron, vitamin A, vitamin C and B 

complex vitamins [6]. It also contains elements such as germanium, selenium at medium levels. The bioactive 

portions of the organosulfide compounds are considered to be the number of allyl groups and sulfur atoms [7]. It 

has also been determined that A. sativum contains more than 100 biologically benefical secondary metabolites 

such as alliin, alliinase, allicin, S-allyl cysteine, diallyl disulfide and diallyl trisulphide [8]. The chemical 

components of garlic are generally expressed in Table 1. 
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Table 1. Chemical components of garlic (Allium sativum) [9]. 

Components Amount (ppm) 

 Leaf Tiller Flower 

Water 864,000 777,000 884,000 

Ash 10,000-74,000 7,000-31,000 6,000-52,000 

Fat  5,000-37,000 3,000-13,000 2,000-17,000 

Carbohydrates 95,000-699,000 201,000-901,000 94,000-810,000 

Fiber 18,000-132,000 17,000-76,000 8,000-69,000 

Protein 26,000-191,000 12,000-54,000 14,000-121,000 

Calcium 580-4,265 120-538 250-2,155 

Phosphorus 460-3,382 520-2,332 460-3,966 

Potassium 3,260-23,971 2,730-12,242 - 

Iron 6-44 17-76 9-78 

Sodium 40-294 - - 

Niacin 6-44 5-22 4-34 

Riboflavin 1,4-10,3 0,6-2,7 0,6-5,2 

Thiamin 1,1-8,1 1,4-6,3 1,1-9,5 

Ascorbic acid 390-2,868 420-1,883 440-3,793 

 

Anticarcinogenic, antiatherosclerotic, antifungal, antimicrobial and antithrombotic effects of A.sativum are 

known in addition to its positive effects on cardiovascular diseases, blood lipids, sugar modulation and 

stimulation of the immune system [10]. Sulfur compounds are the main constituents of garlic which show 

medicinal effects. Allyl sulfide compounds have been identified as anti-tumor agents and diallil disulfide, one of 

these components, has been found to reduce the carcinogenic effect of aflatoxin B1 which is called cancer agent 

and caused tumor formation in mouse liver [11]. In a randomized study of 51 patients with chroner heart disease, 

the volunteers were given garlic powder continuously for one year and results showed that garlic powder using 

decreased the risk of cardiovascular disease by lowering LDL cholesterol to 27.3 mg/dl in men (P< 0.05) and 

32.9 mg/dl in women. Thus, Allium species have been found to have a significant effect on LDL cholesterol level 

which is one of the important problems of today's humanity  [12]. It was determined that sulfur components have 

a very important effect especially in the prevention and inhibition of the development of carcinogenic cells in 

brain tumors, stomach cancer, lung cancer, breast cancer and colon cancers. Also there are informations on 

protective roles of garlic organosulfides in skin cancer [13].  

 

In epidemiological studies; It has been observed that there is an inverse ratio in the development of 

cardiovascular and cancer diseases with garlic consumption [14, 15]. However, the protective mechanism of 

garlic against these diseases is not fully understood yet. Garlic consists of several chemical components, both 

antioxidant and oxidant. For this reason, isolation and identification of non-toxic or non-oxidizing chemicals 

with antioxidant properties from garlic is important. 

 

What is black garlic?  
 

Black garlic is a processed food which is produced under controlled conditions in high temperature (60-90 °C) 

and humidty atmosphere (80-90%) [16]. When compared to fresh garlic, it is seen that spicy and irritating 

properties have decreased because of oxidation of γ-glutamyl cysteine [17, 18]. γ-glutamyl cysteine is a primary 

sulfur compound found in fresh garlic. Hydrolysis and oxidation reactions are transformed to the γ-glutamyl 

cysteine to alliin [19]. When fresh garlic is chopped or crushed, the enzyme alliinase converts alliin into allicin, 

which is responsible for the aroma of fresh garlic. One of the effects of high temperature on garlic is on the 

alliinase enzyme. Alliinase is inactivated by the effect of heat and the transformation of alliin into the form of 

allicin is blocked [20, 21]. In addition to these effects, volatilization of lipid-sulfur containing compounds due to 

high temperature causes improvement of garlic flavor [22, 23]. 

 

The flavor and nutritional properties of black garlic are changed as a result of the maillard reaction which occurs 

during thermal processing [24, 25].  After transformation from garlic to black garlic, increasing of 

polysaccharides, reducing sugars, proteins, phenolic compounds and melanoidins are reported [26]. Table 2 

shows the change of some components with reference to fresh garlic after the aging period. 
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Table 2. Changes in some components of fresh and black garlic [16] 

Components Increasing/decreasing 

Water-soluble sugar ↑ 1.88-7.91 fold 

Polyphenol ↑ 4.19 fold 

Flavonoid ↑ 4.77 fold 

Amadori &Heyns ↑ 40-100-fold 

Fructan ↓ 0.15-0.01-fold 

Leucine ↑ 1.06 fold 

Isoleucine ↑ 1.67 fold 

Cysteine ↓ 0.58 fold 

Phenylalanine ↑ 2.43 fold 

Tyrosine ↓ 0.18 fold 

 

Black garlic is reported to exhibit higher antioxidant activity than fresh garlic [27, 28].  According to Choi et al. 

[29], during the heating process of black garlic sugar concentration increases in addition to compounds with 

antioxidant activity. There is very little information about antioxidant activities and anti-inflammatory effects of 

sugars in black garlic. In recent studies, it is also pointed that sugars induce inflammation due to increased levels 

of proinflammatory cytokines and nuclear factor-ĸB activation [30, 31, 32, 33]. Chen et al. [34] reported that 

black garlic polysaccharides play a major role in increasing gastrointestinal health. In a study to observe the 

potential effect of black garlic extract against gastric cancer, it was determined that the extracts increased serum 

superoxide dismutase and glutathione peroxidase levels while the tumor volume decreased and so the anticancer 

ability and antioxidant properties of black garlic extract was expressed could be different [13]. In a different 

study, Dong et al. [35] reported that different concentrations of black garlic ethanol extracts (20, 50 and 100 

mg/ml) exhibited anticancer activity in HT29 colon cancer cells at varying levels. In studies on the antiobesity 

activity of black garlic; body weight, abdominal fat weight, triacylglyceride and low density lipoprotein levels 

have been reported to decrease at obese mice fed with high fat diet [36] .Yoo et al. [37] reported the antiallergic 

activity of black garlic with a decreasing of β-hexosaminidase, tumor necrosis factor-α, prostaglandin E2, 

cyclooxygenase-2, and 5-lipoxygenase levels in RBL-2H3 cells. 

 

The antioxidant activity of black garlic is related to the polyphenolic compounds [38]. Polyphenols are very 

sensitive to processes such as frying, baking and boiling at high temperature [39]. Medina et al. [40] reported 

that polyphenol amounts of garlic bulbs and peeled garlic cloves increased during the aging period threefold and 

sixfold, respectively. Also, Choi et al. [29] have stated that the amount of total phenolic and total flavanoids 

increases in aging period of black garlic. Some researchers indicated that certain compounds in both fresh garlic 

and black garlic such as (1S, 3S)-1-methyl-1,2,3,4-tetrahydro-b-carboline-3-carboxylic acid and (1R, 3S) -1 and  

methyl-1,2,3,4-tetrahydro-b-carboline-3-carboxylic acid had a high H2O2 scavenging capacity Ichikawa et al. 

[41]. Studies have shown that black garlic extracts reduce the amount of free radicals in vitro, increase in vitro 

superoxide dismutase activity, reduce the levels of thiobarbituric acid reactive substances in mice, and also 

increase glutathione peroxidase and catalase activities [27, 38, 42]. 

 

2 CONCLUSION AND SUGGESTIONS 
 

Black garlic exhibits several advantages in terms of bioactive ingredients compared to fresh garlic. Since garlic 

has been used as a safe food by humans for centuries, it is thought that there will be no restriction on the 

production of food supplements or medicinal products to be derived from the black garlic which produced by 

fermentation of fresh garlic. Moisture and temperature control of the fermantation system is very important in 

terms of metabolite levels. In the international studies, especially the protective effects of sulfur compounds on 

cancer and the rich nutrient content of black garlic were determined. In addition, antioxidant, antiallergic and 

antiobesity activities of black garlic and extracts have also been reported. However, due to the studies on black 

garlic are limited further studies especially on its bioactive components are required. 
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Abstract 

It is well known that under the climate meteorological variables are under the effect 

of systematic trends in increasing or decreasing manner. Various methodologies are 

developed for possible trend identification such as well-known Mann-Kendall test 

and recently Şen innovative trend analysis (ITA) approaches. The former has a set 

of assumptions, whereas the latter is almost without any restrictive assumption. The 

main purpose of this paper is to present the application of the ITA. The application 

is presented for Yesilirmak drainage basin for a set of annual precipitation and 

temperature records. Mainly, the locations are at the Black Sea confluence region 

of Yeşilırmak in addition to few others at the middle and upper drainage 

catchments. ITA provides visual inspection with quantitative trend slopes 

distinctively for low, medium and high record values with physical interpretations. 

 

1 INTRODUCTION  
 

Recently, extreme weather and climate conditions are under the impact of the global warming leading to climate 

change tendencies, which are attracted researchers’ and people’s attention due to the unexpected and adverse 

results on sectoral damages [1]. According to the observed trends and previous records, the global average 

temperature has increased by about 0.6°C since the beginning of the 20th century. In the same period, although 

the precipitation on the land surface has decreased in the tropics, increases are observed especially in the middle 

and high latitudes [2]. These changes are frequently and intensively started to occur as extreme ends of 

temperature and precipitation. Recent climate modelling studies are conducted with identification of these 

change effects and gained an improved ability to simulate many aspects of climate change, variability and 

extreme events. There are systematic errors and limitations in accurately simulating regional climate conditions. 

The absence of appropriate long-term climate data for the analysis of extreme daily temperatures and 

precipitation is the major obstacle in questioning whether extreme events have changed worldwide [3]. 

 

Trend analysis for water resources have significant importance over drought, water stress and extreme 

precipitations, which may result in flooding. In northern Mediterranean region, there are frequent water-stressed 

basins due to the climate change impacts. The population living in these basins is estimated from 1.4 billion to 

2.1 billion [4,5,6]. 

 

In other regions, extensive areas are expected to be affected by significant rainfall trend decreases, in some 

regions clear trend occurrences could not be estimated [7]. In particular, countries such as Turkey, having risk of 

natural disasters like flood, have been making watershed planning in risky areas such as stream beds to minimize 

the damages from natural disasters. The most important factor in watershed planning is to determine the stress 

factors by specifying the extreme ends of change alterations by means of precipitation and temperature trend 

analysis, which are main drivers of the climate change and variability. In most cases, the observed data is 

evaluated by calculating the average values that do not represent the extreme incidents. The classification of time 

series into several sub-groups helps to decide on qualitative scientific definitions and predictions in factual 

practices [8]. 

 

In this context, the risk of vital water resources reduction due to climate change has led the countries to give 

significant support for the studies to combat this risk. For example, it has been estimated from the studies that 

southern Turkey is among the Mediterranean climate zone, where precipitation is expected to decrease until 

2050 [8]. In similar reports, particularly the simulations on the climate model of the 21st century reveal that the 
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decreasing precipitation due to global warming and climate changes may also reduce the flow rates by around 

15% to 20% [9]. On the other hand, temperature records are expected to increase, while precipitation records 

decrease [10]. The limitations in the spatial and temporal scope of the monitoring networks causes uncertainty of 

hydrologic variables trends [11]. 

 

Trends of monthly and annual record values of climatic variables (temperature, precipitation, flow etc.) have 

been examined by many researchers and organizations by means of using various parameters and different 

methods [12-28, 2]. 

 

In this study, meteorological variables are analysed by Şen’s 1:1 (45°) innovative trend assessment (ITA) 

method by consideration of data from the Yesilirmak basin in the north part of Turkey. Subsequently, climate 

change impacts on meteorological variables are also interpreted under the light of the same approach. 

 

2 STUDY AREA AND DATA  
 

Yesilirmak river basin is in the northern part of Turkey with approximately 39,595 km2 area. The basin is 

covered by Eastern Black Sea, Coruh, Firat and Kizilirmak basins as in Figure 1. The Yesilirmak river (519 km 

length) originates from Köse mountains to the southwest of Sivas province. From the upstream to the 

downstream it passes through the plains of Tokat, Turhal and reaches to Amasya and Carsamba plain as the 

confluence with the Black Sea. Yesilirmak basin covers a part of Tokat, Samsun, Amasya, Çorum, Sivas, 

Yozgat, Gümüşhane, Giresun, Erzincan, Ordu and Bayburt provinces with the main branches of the river as 

Kelkit, Cekerek and Tersakan Streams. The Yesilirmak basin is divided into 32 sub-basins by the General 

Directorate of State Hydraulic Works (DSI). Temperature and precipitation data obtained from General 

Directorate of Meteorology (MGM) are given in Table 1. In the basin, average annual precipitation is 646 mm 

and average annual flow is 5.80 km³/year for Yesilirmak river. 

 

 
Figure 1. Study area and observation stations in Yesilirmak basin. 

 

3 METHODOLOGY 
 

Yeşilırmak Basin is selected for the trend application studies due to its utmost importance for water resources 

sustainability and management studies. For this purpose, five regularly measured temperature and precipitation 

data at different sites are adapted to show the present situation. 

  

78



Trend Assessment of Precipitation and Temperature Records in Yesilirmak Basin ICADET ‘19 

 

 

A recorded hydro-climatic time series data is divided into two equal length groups from the beginning date to the 

end and both sub-series are separately sorted into ascending order. The first sub-series (Xi) are located on the X-

axis, and the other sub-series (Xj) on the Y-axis as seen in Figure 2. If data plots appear on the 1:1 (45°) straight-

line or near to it, it can be said that there is no trend [30]. It is obvious that in the case of increasing (decreasing) 

monotonic trend, the scatter points fall above (below) the 1∶1 straight-line.  

 

In this study, trend envelope lines are applied for significance assessments of possible trends. These envelope 

lines are generated as parallels to 1:1 (45°) straight-line. Thus, numerical trend assessments can be achieved 

easily by consideration of ±%5 or ±%10 trend envelopes. 

 

 
Figure 2. Illustration of decreasing, increasing and trendless regions [31]. 

 

4 APPLICATION 
 

Figure 3 shows the results for the precipitation and temperature data for Susehri station. It is possible to see that 

the precipitation data have significant decreasing trend. This figure also illustrates that temperature trend has 

increasing character, especially at the medium range, where average precipitation values have 54% decrease.  In 

the same figure, temperature records have ascending trends (+5% - +10%). In particular, one can see that 

medium temperatures between 0-10 °C, which are expected to increase more rapidly in future.  

 

 
Figure 3. Precipitation and temperature trends in Susehri station. 
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Tokat is located in the southeastern cost of the Yeşilırmak sub-basin. Figure 4 shows that precipitation 

innovative template scatters have descending trend for all range data values. Temperature observations at this 

station have significant increase in all ranges. Similar features are observable in Figure 5 for another nearby 

station precipitation and temperature records. 

 

 
Figure 4. Precipitation and temperature trends in Tokat station. 

 

 
Figure 5. Precipitation and temperature trends in Dokmetepe station. 

 

For more detailed analysis, precipitation and temperature records are divided into three sub-groups. In 

precipitation, low, medium and high ranges are considered at low levels than 40 mm; at medium level between 

40 and 80 mm and high range more than 80 mm, respectively. In similar manner, temperature sub-group limits 

are determined as <0 °C, 0-10 °C and <10 °C for low, medium and high ranges, respectively. Detected trend 

values are presented in Table 1 based on trend envelope lines. In this table, significant decreasing trends are 

valid for precipitation for all ranges. In contrast, clear increasing trends are calculated for temperature records. 

These outputs strengthen climate change expectation in the Yesilirmak Basin by decreasing precipitation and 

increasing temperatures.  
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Table 1. Trend Analysis Results Summary 

Parameters 
Precipitation 

(mm) 

Temperature 

(°C) 

Sub-Group Low    Medium High Low Medium High 

Reference Interval <60 60-80 >80 <0 0-10 >10 

Stations Average Trend Average Trend 

Susehri -4% -4% -2% 5% 8% 6% 

Tokat -4% -5% -3% 5% 5% 6% 

Dokmetepe -4% -4% -3% 4% 5% 6% 

 

5 CONCLUSION 

 

In this study, innovative trend analysis (ITA) method is employed for meteorological time series trend 

detections. The ITA approach provides categorical trends within the low, medium and high data ranges, whereas 

others do not provide categorical trends, but single monotonic trend component within the time series. For the 

implementation, monthly precipitation and temperature records for 44-year duration are considered from 

Yesilirmak Basin for water resources assessment and management studies. It is observed that ITA trend test 

provides significantly decreasing are increasing trend tendencies for precipitation and temperature records, 

respectively. Moreover, the trends can be detected at different categories as low, medium and high data ranges 

with consideration of the trend envelope lines. Combination of these envelope lines with the existing ITA 

method provides supportive analysis way for trend identification categorically. It also provides reliable 

interpretations for drought (low) and flood (high) values to manage climate change effects on water resources in 

future studies. 
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Abstract 

This paper aims to investigate the changes in the dynamic behavior of a historical 

masonry arch bridge caused by structural damage.  For this purpose, a reduced-scale 

model of a one span historical masonry arch bridge was built in a laboratory 

environment for experimental investigation. Then, regional damages created on the 

bridge model and the effects of created damage on the dynamic properties of the 

bridge model were evaluated. To determine the modal parameters of the reduced-

scaled bridge model for both undamaged and damaged case, operational modal 

analysis (OMA) was performed under ambient vibrations. Sensitive accelerometers 

were located on the span of the model bridge and signals originated by 

accelerometers were collected to quantify the vibratory response of the reduced-

scaled model bridge. The experimental natural frequencies, mode shapes and 

damping ratios resulting from these measurements were figured out by using 

Enhanced Frequency Domain Decomposition (EFDD) technique by using the 

ARTeMIS Modal 1.5 software. The identified modal parameters of the undamaged 

and damaged case were compared with each other. It can be noticed significant 

differences when comparing the modal results of the undamaged and damaged case 

masonry bridge model. 

 

1 INTRODUCTION  
 

Historical buildings reflect the historical and cultural properties of countries where they are located. These kinds 

of structures also contribute to the countries economically in terms of cultural tourism. Historical structures have 

been damaged or failed partially or completely since they have exposed to loads such as earthquakes, wind and 

explosion effects for many years. Besides, deterioration of the building materials, time-dependent deformations, 

excessive and irregular loading caused by misuse, ground settlements, flood disasters, fires, etc. are other factors 

that play a role to cause serious damages to the structures. To protect the historical structures which are of our 

cultural, social and moral responsibilities and to transfer them safely to future generations, the structural behaviors 

of these structures should be investigated. 

 

Due to the aforementioned characteristics of the historical structures, the researchers have done many studies to 

determine the dynamic characteristics of such structures using experimental and theoretical methods. Experimental 

modal analysis (EMA) and OMA methods are used to determine the dynamic characteristics of structures such as 

mode shapes, natural frequencies, and modal damping ratios. In the EMA method, the specific input force (impulse 

hammer, drop weight and electrodynamics shaker) is applied to the structure to obtain its modal parameters. In the 

OMA method, the dynamic characteristics of the structure can be obtained by using vibrations in the structure 

under the environmental effects (wind, traffic, etc.) without applying any external force to the structure. The use 

of this method is more appropriate and common, especially in historical buildings since it is both fast and practical 

and does not have any risk of damaging the structure. In the literature, historical structures such as historic bridges, 

historic minarets, and historical towers are studied by using the OMA method [1-7].  

 

By using parameters identified from modal analysis techniques detection, localization and magnitude of existing 

damage can be evaluated. This approach is based on the fact that damages on a structure impact on dynamic 

characteristics of structures (natural frequency, damping ratio, and mode) and therefore changes in the overall 

behavior of structure (mass, stiffness or damping). Rytter [8] has indicated the following four steps in determining 

the damage that may be present in an existing structure: i) detection of damage in the structure, ii) localization of 
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damage in structure geometry, iii) investigation of the magnitude and importance of the damage, iv) estimating 

how long the building will have to serve. Although the first three steps are significant, the more important step 

fourth is the most crucial part and is also the most difficult step in terms of implementation. There are some studies 

includes the first three steps in the last decades [9-11]. 

 

Historic masonry arch bridges with different shapes, sizes, and spans are among the most important historical 

structures. Because of the social, economic and strategic importance of such structures, more studies to identify 

modal parameters of such historical structures should perform to understand their potential needs for protection, 

restoration, and strengthening. This study is based on a part of the doctoral dissertation [12] and aims to investigate 

the effects of damages structure (such as the reduction of material resistance, regional breakage or deterioration, 

formation of cracks in the structural element or material) on the changes in the modal parameters (natural 

frequency, mode shape and damping ratio) which demonstrates the dynamic behavior of structures. For this reason, 

a reduced scale masonry arch bridge was constructed in the laboratory conditions and some locale damages was 

created on the parts of the structure. The modal parameters were obtained by the OMA method under 

environmental vibrational effects for both undamaged and damage case of the bridge model. The results identified 

experimentally of undamaged and damage cases were compared to each other.   

 

2 MATERIAL AND METHOD 
 

2.1 Construction of Reduced-Scale Masonry Bridge 

 

In the construction of the bridge model, andesite stones were used for the arches, sidewalls and slab elements. 

Arch stones were cut to be 5x10cm, 10x10cm, 15x10cm and 20x10cm. Crushed andesite stones were used for the 

sidewalls. The slab stones were supplied as 30x80x4 cm and 30x100x4 cm plates. Straw soil was used as a filling 

material (Figure 1). The right and left abutment of the masonry bridge model was designed as concrete. Horasan 

mortar was used as the binding material for the arch, sidewall and slab elements on the bridge model. Horasan 

mortar consisted of 40% building tile powder, 40% stone powder and 20% hydrated lime powder. The workability 

of the mixture was obtained by adding water. 

 

 
                      (a)                                       (b)                                        (c)                                         (d) 

Figure 1. Materials used in construction (a) arch stones (b) sidewall stones (c) slab stones (d) straw soil 

 

The construction steps of the masonry bridge model are represented in Figure 2. After the bridge abutments were 

completed, the necessary framework process was performed and the arrangement of arch stones was started from 

both sides simultaneously. The sidewalls are then arranged on both sides. After the filling process, the slabs were 

placed and the masonry bridge model was completed. The arches, sidewalls and slab stones are arranged in a 

staggered manner. The sidewalls consisted of two rows of crushed stones with a total thickness of 15 cm. 

 

2.2 Enhanced Frequency Domain Decomposition  

 

In general, the EFDD technique is used for OMA in the civil engineering industries. In the EFFD technique, the 

spectral density matrix is approximately separated into a set of single degree of freedom (SDOF) systems utilizing 

the Singular Value Decomposition. It is possible to get exact results in the case where loading is white noise, the 

structure is lightly damped, and if the mode shapes of close modes are geometrically orthogonal. Even if these 

assumptions are not satisfied, the results are significantly reasonable. The relationship between unknown input x(t) 

and the measured responses y(t) is expressed as [13, 14]; 
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                      (a)                                        (b)                                       (c)                                          (d) 

Figure 2. Construction steps of masonry bridge model (a) arch (b) sidewalls (c) filling (d) slab  
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in which 𝐺𝑥𝑥is the Power Spectral Density (PSD) matrix of the input signal, 𝐺𝑦𝑦 is the PSD matrix of the output 

signal, 𝐻(𝑗𝜔) is the Frequency Response Function (FRF) matrix, and ∗ and 𝑇 describe complex conjugate and 

transpose, respectively. The FRF matrix 𝐻(𝑗𝜔) is defined as;  
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in which 𝑛 is mode number, 𝜆𝑘is the pole and 𝑅𝑘is the residue matrix. Using Eq. (2) into Eq. (1), it is obtained 

[15];   
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in which 𝑠 is singular values and �̄�is complex conjugate and transpose. After some mathematical handling, the 

output PSD can be reduced to a pole/residue form as follows;  
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in which 𝐴𝑘 and 𝐵𝑘are the k-th residue matrices of the output PSD.  Performing the singular value decomposition 

of the output PSD matrix known at discrete frequencies 𝜔 = 𝜔𝑖 one obtains; 
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in which the matrix 𝑈𝑖 represents a unitary matrix holding the singular vector 𝑢𝑖𝑗, 𝑆𝑖is the diagonal matrix holding 

the scalar singular values 𝑠𝑖𝑗 . PSD matrix in Eq. (5), peak values and singular vectors,𝑢𝑖𝑗, are corresponds natural 

frequencies and natural mode shapes, respectively. 

 

2.3 Modal Assurance Criterion 

 

The Modal Assurance Criterion (MAC) can be used in application of modal analysis due to its capability to 

compare different mode shapes in one number. The MAC values is between 0 and 1. If there is enough agreement 

between mode shapes, the MAC value is around 1. For two different mode shapes   YX  , , the MAC value 

can be calculated as follow [16]; 
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where  
sY  is the test modal vector of mode s ,  

rX  is the compatible modal vector of mode r  and T  is the 

transpose.   

 

3 RESULTS 
 

3.1 Modal Identification of Undamaged Reduced-Scale Masonry Arch Bridge Model 

 

The vibrational response of the reduced-scale masonry bridge model was taken under the environmental effects 

by using the OMA method. A total of six uniaxial accelerometers with a range of 0-400 Hz were used in the 

experimental study for the undamaged case. The measurement time and frequency range were selected as 30 min 

and 0-500 Hz, respectively. Figure 3 represents the experimental study applied for the undamaged condition in the 

reduced-scale masonry bridge model. Vibration recordings were taken as two measurements using reference 

accelerometers. The accelerometers were located to the projection of the center of the bridge and the arch span.  

The configuration of the accelerometers is shown in Figure 4. Arrows in blue color represent reference 

accelerometers. Vibration signals from accelerometers are recorded using Testlab_V2 software via the data 

acquisition system. The experimental modal parameters of the historical bridge were analyzed using ARTeMIS 

Modal 1.5 software [17].   

 

    
Figure 3. Experimental application of reduced-scale masonry bridge (undamaged case) 

 

   
                                                      (a)                                                              (b) 

Figure 4. Configuration of accelerations (undamaged case) 

 

Natural frequencies, mode shapes and damping ratios of reduced-scale bridge model were obtained by using the 

EFDD method. The singular values identified by the EFDD method are represented in Figure 5. Mode shapes were 

identified as the translational, bending and torsional mode. The natural frequency and damping ratio values 

corresponding to these three modes of the structure are demonstrated in Table 1. In addition, the mode shapes of 

the experimentally obtained reduced scale bridge are shown in Figure 6.  

 

 
Figure 5. Average of normalized singular values of spectral density matrices of all test setups (undamaged case) 
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Table 1. Undamaged case identified natural frequencies and damping ratios 

Modes Natural frequencies, f (Hz) Damping ratios, ξ (%) 

Translational  65.46 0.526 

Bending  95.09 0.561 

Torsional  130.55 0.368 

 

   
                            (a)                                                         (b)                                                      (c) 

Figure 6. Experimentally identified mode shapes of the masonry bridge model (undamaged case) 

(a) translational mode (b) bending mode (c) torsional mode 

 

3.2 Modal Identification of Damaged Reduced-Scale Masonry Arch Bridge Model 

 

For the damaged case study, a distance of 1/3 projection of the bridge arch span was selected as the damage zone. 

The purpose of selecting this region is because this point corresponds to the collapse point of the arch bridges. For 

the damaged case, two arrays of the slab, filling material at the bottom of the slab and sidewalls were removed. 

Also, several arch stones were removed and some of them were broken as shown in Figure 7. The vibrational 

response of the bridge model was recorded under the environmental effects by using the OMA method for these 

damage cases (Figure 8). Five triaxial accelerometers and one uniaxial accelerometer were used in the damage 

case experimental study. The measurement time was 30 min and the frequency range was 0-500 Hz. The 

configuration of the accelerometers is demonstrated in Figure 9.  

 

       
                                (a)                                                     (b)                                                   (c)   

Figure 7. Damages on reduced-scaled masonry bridge model (a) slab and filling material (b) sidewalls (c) arch  

 

 
Figure 8. Experimental application of reduced-scale masonry bridge (damaged case) 

 

 
Figure 9. Configuration of acceleration for experimental study (damaged case)  
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The singular values obtained by the EFDD method are presented in Figure 10. As similar to the undamaged case, 

mode shapes were identified as the translational, bending and torsional mode for the damaged case. The natural 

frequency and damping ratio values corresponding to these three modes of the structure are shown in Table 2. 

Also, experimentally obtained mode shapes of the damaged case bridge model are shown in Figure 11. 

 

      
Figure 10. Average of normalized singular values of spectral density matrices of all test setups (damaged case) 

                         

Table 2. Damaged case identified natural frequencies and damping ratios 

Modes Natural frequencies, f (Hz) Damping ratios, ξ (%) 

Translational  62.56 0.456 

Bending  87.76 0.312 

Torsional  125.23 0.140 

 

   
                 (a)                                                     (b)                                                      (c)    

Figure 11. Experimentally obtained mode shapes of the bridge model (damaged case) 

(a) translational mode (b) bending mode (c) torsional mode 

 

3.3 Comparisons of Modal Characteristics between Undamaged and Damaged Cases 

 

The effects of damage on the dynamic behavior of the structure were investigated by comparing natural frequency 

values and damping ratios of corresponding mode shapes exposed by undamaged case with those identified by the 

damaged case of reduced-scale masonry bridge model. The frequencies and damping ratios corresponding to the 

translational mode, bending mode and torsional mode of the structure are represented in Table 3.   

 

Table 3. Undamaged and damaged case identified natural frequencies and damping ratios 

Modes 

Undamaged case Damaged case  

Natural 

frequencies 

f (Hz) 

Damping 

ratios ξ 

(%) 

Natural 

frequencies 

f (Hz) 

Damping 

ratios ξ 

(%) 

Error 

(%) 

Translational  65.46 0.526 62.56 0.456 -4.44 

Bending  95.09 0.561 87.76 0.312 -7.71 

Torsional  130.56 0.418 125.23 0.140 -4.1 

 

It is noticed that the created damage reduces the natural frequency values corresponding to the translational, 

bending and torsional modes of the undamaged structure. In undamaged and damaged cases, the natural frequency 

values decreased by 4.44% in translational mode, 7.71% in bending mode and 4.1% in the torsional mode. 

Moreover, when the values of the damping ratio are examined for the undamaged and damaged cases, a significant 

reduction in the corresponding modes is observed. 
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In addition to the change in frequencies and damping ratios, another effect of the damage was examined on the 

mode shapes. The comparisons of corresponding mode shapes for the undamaged and damaged case are 

demonstrated in Figure 12. MAC values were computed by comparing the translational, bending and torsional 

modes of the reduced-scale masonry bridge model for undamaged and damaged cases (Table 4). It is noticed that 

the created damage caused approximately %3, %4 and % 15 differences in translational, bending and torsional 

modes, respectively. 

 

 
Figure 12. Undamaged and damaged case mode shapes comparison 

 

Table 4. Undamaged and damage cases MAC values 

 MAC values 

Translational mode 0.9727 

Bending mode 0.7654 

Torsional mode 0.8509 

 

4 CONCLUSION 
 

In this study, a reduced-scale masonry arch bridge model was constructed in laboratory conditions to investigate 

the effects on damage on dynamic behavior a historical masonry bridge. For this purpose, the modal parameters 

were identified for undamaged and damaged cases under ambient vibrations by using OMA. In the experimental 

study, it is observed that the created damage on the arch, sidewall, slab and filling materials appeared to result in 

a significant decrease in the frequency values of translational, bending and torsional modes when comparing to 

the undamaged case of the bridge model. Furthermore, the same decreases are seen for the damping values between 

undamaged and damaged cases. In addition, it has been understood that the generated damage also caused an 

important difference in the corresponding mode shapes. Generally, the change caused by the damage on the mode 

shapes is most observed in bending mode. Then, torsion mode and the least change occurred in the translational 

mode. It is concluded that the damage can cause substantial changes in the modal behavior of the masonry bridge 

model. 
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Abstract 

Description of induction generator and double fed induction generator for wind 

power generation systems is given in this paper. A wind farm model is simulated 

using an induction generator (IG) and a doubly fed induction generator (DFIG) in 

MATLAB/Simulink. The simulation results under normal operation condition are 

presented and discussed firstly. Secondly, wind farm models are simulated under 

fault conditions.  The results of the IG DFIG system under various fault 

conditions as a function of static compensator (STATCOM) are presented and 

discussed. The results are evaluated. Superiority and disadvantages of this system 

are given.  

 

1 INTRODUCTION 

 
The increasing unfulfilled energy demand and environmental problems caused by fossil fuels have increased 

wind energy demand. Although considerable research has been employed to develop wind turbine technology, a 

lot of problems are not yet solved about wind energy and cannot become the main energy sources in this area.  

One of these problems is connecting the wind turbine generators to the grid and it causes power quality problems 

on the grid. The wind turbine generating voltage and power fluctuations are more than those produced by 

conventional generators [1, 2]  

 

Rotating electrical machines are commonly used in wind energy systems and most of these electrical machines 

can function as either a motor or a generator. Mainly two types of generators are used in wind turbines. One of 

them is IG, the other one is DFIG. The generator structures will be given more detailed in the next section. Some 

different type of controllers is also used to control this generator. These controllers are called pulsed controllers 

converters. The converter controllers are used for DFIG and energized the double windings [3, 4].  

 

The wind power generation systems are investigated for different ways in the literature. IG and DFIG are 

investigated in different ways for some novel studies, control, and STATCOM applications. In addition, some of 

them are a focus on reactive power measurement, tests, and energy storage applications [5, 8]. This study mainly 

focuses on the comparison of MATLAB/Simulink models of different generators types [6]. It is possible to find 

some novel studies modeling and performance analyses of IG for wind turbines; however, they are not more 

advantageous than DFIG [7, 10, 16]. On the other side, describing DFIG details, and some novel studies are 

possible to find in the literature [9, 11]. Some of these studies are related to the power of electronic parts and 

converter control part. Also, some of them are related to modeling and dynamic stability analysis for variable 

speed wind energy generation [11-15]. These studies do not include any comparison of IG and DFIG works 

under normal operation conditions and fault conditions. One of these studies has made a comparative study with 

STATCOM, but it is very restricted and not includes more detailed results [4].  

 
In this paper, firstly the main information about induction generators and double fed induction generators for 

wind power generation systems is given in the material and method section. A 9 MW wind farm model is 

simulated using an induction generator (IG) and doubly fed induction generator (DFIG) in MATLAB/Simulink.  

Secondly, wind farm models are simulated under fault conditions.  The results of the IG DFIG system under 

various fault conditions as a function of static compensator (STATCOM) are presented and discussed. The 

results are evaluated by the way superiority and disadvantages of this system.  
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2 MATERIAL AND METHOD 
 

2.1. Induction Generator (IG) and Wind Turbines  
 

Rotating electrical machines is commonly used in wind energy systems and most of these electrical machines 

can function as either a motor or a generator, depending upon its particular application. But as well as 

the synchronous generator, there is also another more popular type of 3-phase rotating machine that we can use 

as a wind turbine generator called an Induction Generator. Both the synchronous generator and the induction 

generator have similar fixed stator winding arrangement which, when energized by a rotating magnetic field, 

produces a three-phase (or single phase) voltage output as shown in Figure 1 [3]. 

 

 
Figure 1. The structure of the induction generator [3] 

 

The difference in rotational speed between the stators rotating magnetic field and the rotor speed is referred in 

induction machines as “slip”. The slip must exist for there to be torque at the rotor shaft. In other words, “slip”, 

which is a descriptive way of explanation of how the rotor is continual “slipping-back” from synchronization, is 

the difference in speed between the stators synchronous speed, given as: ns = ƒ/P in rpm, and the rotors actual 

speed nR also in rpm, and which is expressed as a percentage, ( %-slip ). The slip (s) is given in Equation 1.  

 

𝑠 =
𝑛𝑠−𝑛𝑟

𝑛𝑠
                                                                                                (1) 

 

To operate an induction machine as a motor, its operating speed will always be less than the rotational speed of 

the stator field, namely, the synchronous speed. Also, for an induction machine to work as a generator, its 

operating speed must be above the rated synchronous speed as shown in Figure 2. At standstill, the stators 

rotating magnetic field have the same rotational speed with respect to both the stator and the rotor as the 

frequency of the rotor and stator currents is the same. Therefore, standstill slip is positive and equal to one ( s = 

+1 ). At synchronous speed, the difference between the speed and frequency of the rotor and stator is zero. 

Therefore, at synchronous speed, no electricity is consumed or produced and slip is equal to zero ( s = 0 ). As a 

result, the slip becomes negative (s = -1), and the induction machine generates current at a leading power factor 

back into the mains utility grid. 

 

 
Figure 2. Torque/Speed characteristics of an induction machine 

 

The speed of the induction generator will vary with the rotational force applied to it by the energy of the wind, 

but it will continue to generate electricity until its rotational speed falls below idle. This is a very useful 

mechanical property that the generator will increase or decrease its speed slightly if the torque varies. This 
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means that there will be less wear and tear on the gearbox resulting in low maintenance and long service life, and 

this is one of the most important reasons for using an induction generator rather than a synchronous generator on 

a wind turbine which is directly connected to the electrical utility grid. 

 

The stator of an induction generator requires to be magnetized from the grid before it can generate electricity. 

However, it can also run an induction generator in a standalone off-grid system by supplying the necessary 

magnetizing current from excitation capacitors connected across the stator terminals of the machine. This also 

requires that there is some residual magnetism in the rotors iron laminations when the turbine starts. A typical 

circuit for a three-phase squirrel-cage induction machine for use off-grid system is shown in Figure 3.  The 

excitation capacitors are shown in a star connection but can also be connected to a delta arrangement. 

 

 
Figure 3.  A circuit for a three-phase squirrel-cage induction machine for use off-grid 

 

The excitation capacitors are standard motor-starting capacitors that are used to provide the required reactive 

power for excitation which would otherwise be supplied by the utility grid. The induction generator is self-excite 

using these external capacitors only if the rotor has sufficient residual magnetism. In the self-excited mode, the 

generator output frequency and voltage are affected by the rotational speed, the turbine load, and the capacitance 

value. 

 

The self-excited induction generator (SEIG) is a good candidate for wind-powered electric generation 

applications especially in variable wind speed and remote areas because they do not need an external power 

supply to produce the magnetic field. A three-phase induction generator can be converted into a variable speed 

single-phase induction generator by connecting two excitation capacitors across the three-phase windings. One 

of value C amount of capacitance on one phase and the other of value 2C across the other phase are as shown in 

Figure 4. 

 

 
Figure 4. A three-phase induction generator converted into a variable speed single-phase induction generator  

 

2.2. Double Fed Induction Generator (DFIG) and Wind Turbines  

 

Doubly fed electrical generators are similar to AC electrical generators but have additional features which allow 

them to run at speeds slightly above or below their natural synchronous speed. This is useful for large variable 

speed wind turbines because wind speed can change suddenly. When a gust of wind hits a wind turbine, the 

blades try to speed up, but a synchronous generator is locked to the speed of the power grid and cannot speed up. 
So large forces are developed in the hub, gearbox, and generator as the power grid pushes back. This causes 

wear and damage to the mechanism.  

 

Doubly fed generators are one solution to this problem. Instead of the usual field winding fed with DC, and an 

armature winding where the generated electricity comes out, there are two three-phase windings, one stationary 

and one rotating, both separately connected to equipment outside the generator. Thus, the term doubly fed is as 

shown in Figure 5. One winding is directly connected to the output and produces 3-phase AC power at the 

93



Comparison of IG and DFIG for Wind Power Generation Systems ICADET ‘19 

 

desired grid frequency. The other winding is connected to 3-phase AC power at a variable frequency. This input 

power is adjusted in frequency and phase to compensate for changes in the speed of the turbine. Adjusting the 

frequency and phase requires an AC to DC to AC converter. The converter is bidirectional and can pass power in 

either direction.  

 

 
Figure 5. Doubly-fed generator for a wind turbine 

 

Double-fed induction generator (DFIG) is a generating principle widely used in wind turbines. It is based on an 

induction generator with a multiphase wound rotor and a multiphase slip ring assembly with brushes for access 

to the rotor windings. It is possible to avoid the multiphase slip ring assembly, but there are some problems with 

efficiency, cost, and size. A better alternative is a brushless wound-rotor doubly-fed electric machine. The 

principle of the DFIG is that rotor windings are connected to the grid via slip rings and back-to-back voltage 

source converter that controls both the rotor and the grid currents as shown in Figure 6. Thus, rotor frequency 

can freely differ from the grid frequency (50 or 60 Hz). By using the converter to control the rotor currents, it is 

possible to adjust the active and reactive power fed to the grid from the stator independently of the generator's 

turning speed. The control principle used is either the two-axis current vector control or direct torque control 

(DTC). DTC has turned out to have better stability than current vector control when high reactive currents are 

required from the generator [1]. 

 
Figure 6. The principle of a double-fed induction-generator connected to a wind turbine [1] 

  

As a summary, a doubly-fed induction machine is a wound-rotor doubly-fed electric machine and has several 

advantages over a conventional induction machine in wind power applications. First, as the rotor circuit is 

controlled by a power electronics converter, the induction generator is able to both import and export reactive 

power. This has important consequences for power system stability. Second, the control of the rotor voltages and 

currents enables the induction machine to remain synchronized with the grid while the wind turbine speed varies. 

Third, the cost of the converter is low when compared with other variable speed solutions. 

 

The power is controlled in order to follow a pre-defined power-speed characteristic, named tracking 

characteristic. An example of such a characteristic is illustrated in Figure 7 by the ABCD curve superimposed to 

the mechanical power characteristics of the turbine obtained at different wind speeds. The actual speed of the 

turbine ωr is measured and the corresponding mechanical power of the tracking characteristic is used as the 

reference power for the power control loop. The tracking characteristic is defined by four points: A, B, C, and D. 

From zero speed to speed of point A, the reference power is zero. Between point A and point B, the tracking 

characteristic is a straight line, the speed of point B must be greater than the speed of point A. Between point B 

and point C, the tracking characteristic is the locus of the maximum power of the turbine (maxima of the turbine 

power versus turbine speed curves). The tracking characteristic is a straight line from point C and point D. The 

power at point D is one per unit (1 pu) and the speed of point D must be greater than the speed of point C [6]. 
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Figure 7. Turbine characteristics and tracking characteristic [6] 

 

3. SIMULATION RESULTS 
 

The simulation models and simulation results of induction generators and doubly fed induction generators in 

MATLAB/Simulink are given in this section. Also, the simulation results are obtained for various fault 

conditions and compared with normal operating conditions.  

   

3.1 IG Used Wind Farm Simulation and Results for Normal Operation 

  

Investigated example simulation model of a 9 MW wind farm using IG driven by variable-pitch wind turbines in 

MATLAB/Simulink is shown in Figure 8. A wind farm consisting of six 1.5 MW wind turbines is connected to a 

25 kV distribution system which exports power to a 120 kV grid through a 25 km 25 kV feeder. The 9 MW wind 

farm is simulated by three pairs of 1.5 MW wind turbines. Squirrel-cage induction generators (IG) are used in 

wind turbines. The stator winding is connected directly to the 60 Hz grid and the rotor is driven by a variable-

pitch wind turbine. The pitch angle is controlled in order to limit the generator output power at its nominal value 

for winds exceeding the 9 m/s nominal speed. In order to generate power, the IG speed must be slightly above 

the synchronous speed. The speed varies approximately between 1 pu at no load and 1.005 pu at full load. Each 

wind turbine has a protection system monitoring voltage, current, and machine speed. 

 

 
Figure 8. 9 MW wind farm MATLAB/Simulink model using IG [6] 
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The simulation results for IG used 9 MW wind farm for normal operation are given in Figure 9.  Generated 

voltage and reactive power as a pu for 6 m/s wind speed are given in Figure 9 (a) for pitch angle 0o, and Figure 9 

(b) for pitch angle 45o. Generated voltage and reactive power as a pu for 9 m/s wind speed are given in Figure 9 

(c) for pitch angle 0o, and Figure 9 (d) for pitch angle 45o. Generated voltage and reactive power as a pu for 9 

m/s wind speed are given in Figure 9 (e) for pitch angle 0o, and Figure 9 (f) for pitch angle 45o.  

 

The simulation results show that for low wind speeds application depends on the pitch angle, some deformations 

are acquired on the generated voltage generated reactive power. Above the critical speed values, the generated 

voltage and reactive power do not change depending on the pitch angle.  It can be said that the pitch angle in the 

variable speeds tries to stabilize the wind speed but it does not completely work truly in ever conditions. So the 

IG is not a good solution for variable speeds under the nominal speed.  

 

 
(a)                                                                          (b) 

 
(c)                                                                          (d)    

 
(e)                                                                         (f) 

Figure 9. Generated voltage and reactive power as a pu; for 6 m/s wind speed a) Pitch angle 0o, b) Pitch angle 

45o; for 9 m/s wind speed, c) Pitch angle 0o, d) Pitch angle 45o; for 12 m/s wind speed, e) Pitch angle 0o, f) Pitch 

angle 45o. 
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3.2. DFIG Used Wind Farm Simulation and Results for Normal Operation  
 

Investigating this example, the simulation model of a 9 MW wind farm using DFIG driven by wind turbines in 

MATLAB/Simulink is shown in Figure 10. A 9 MW wind farm consisting of six 1.5 MW wind turbines 

connected to a 25 kV distribution system exports power to a 120 kV grid through a 30 meter, 25 kV feeder. 

Wind turbines using a doubly-fed induction generator (DFIG) consist of a wound rotor induction generator and 

an AC/DC/AC IGBT-based PWM converter. The stator winding is connected directly to the 60 Hz grid while the 

rotor is fed at variable frequency through the AC/DC/AC converter. The DFIG technology allows extracting 

maximum energy from the wind for low wind speeds by optimizing the turbine speed while minimizing 

mechanical stresses on the turbine during gusts of wind. In this example, the wind speed is maintained constantly 

at 15 m/s. The control system uses a torque controller in order to maintain the speed at 1.2 pu. The reactive 

power produced by the wind turbine is regulated at 0 Mvar. 

 

 
Figure 10. 9 MW wind farm MATLAB/Simulink model of DFIG [6] 

 

The simulation results for DFIG used 9 MW wind farm for normal operation are given in Figure 11.  Generated 

voltage and reactive power as a pu for 6 m/s wind speed are given in Figure 11 (a) for pitch angle 0o, and Figure 

11 (b) for pitch angle 45o. Generated voltage and reactive power as a pu for 9 m/s wind speed are given in Figure 

11 (c) for pitch angle 0o, and Figure 11 (d) for pitch angle 45o. Generated voltage and reactive power as a pu for 

15 m/s wind speed are given in Figure 11 (e) for pitch angle 0o, and Figure 11 (f) for pitch angle 45o. 
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(a)                                                                                   (b) 

   
(c)                                                                                    (d) 

   
(e)                                                                                (f)     

Figure 11. Simulation results for 6 m/s wind speed; a) Pitch angle 0o, b) Pitch angle 45o, for 9 m/s wind speed c) 

Pitch angle 0o, d) Pitch angle 45o, for 12 m/s wind speed e) Pitch angle 0o, f) Pitch angle 45o 

 

The simulation results show that for low wind speeds application depends on the pitch angle, not a lot of 

deformations are acquired on the generated voltage generated reactive power. Also above the critical speed 

values, the generated voltage and reactive power do not change depending on the pitch angle.  It can be said that 

the pitch angle in the variable speeds try to stabilize the wind speed and works more truly than IG in ever 

conditions. So the DFIG is a good solution for variable speeds under the nominal speeds.  
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3.3. IG Used Wind Farm Simulation Results under Various Fault Conditions 

 

Simulation results under short-circuit fault condition between any phase and the ground for induction generator 

wind turbine system as a function of STATCOM are given in Figure 12. Different faults for different phases are 

tried and the results are shown. The results are obtained for 9m/s wind speed ad 0o pitch angle.  

 

     
(a)                                                  (b) 

    
(c)                                                                                          (d) 

Figure 12. Measured voltage (up), generated reactive power (down) under short circuit fault results between any 

phase and the ground, a)fault in Phase A and B, b)fault in phase B, c) Fault in phase C, d) Fault in phase A, B, C. 

 

The simulation results show that if the short circuit fault occurred in two-phase voltage drops, reactive power 

catches up the previous results before the fault. If the fault occurs in one phase to ground, the voltage drops a 

little and the reactive power increases little previous results before the fault, but the short circuit fault is not 

directly shown on STATCOM. If the fault occurs in three phases, the short circuit fault is shown on STATCOM 

temporarily and the voltage value catches the previous voltage. Also, the reactive power drops the negative 

values.  

 

3.4. DFIG Used Wind Farm Simulation Results under Various Fault Conditions 

 

Simulation results under short-circuit fault conditions between any phase and the ground for doubly-fed 

induction generator wind turbine system are given in Figure 13. Different faults for different phases are tried and 

the results are shown for the wind turbine.  
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(a)                                              (b) 

      
(c)                                                                                   (d) 

Figure 13. Short circuit fault results between any phase and the ground, a) fault in Phase A, B, C  wind turbine 

b) fault in phase A, B wind turbine c) Fault in phase A wind turbine, d) Fault in phase C wind turbine. 

 

The simulation results show that if the short circuit fault occurs in one, two or three phases the simulation results 

are well because after the fault the results catch up the previous voltages, power, and speed in ever conditions. 

This shows that the DFIG supply better controls the IG in fault conditions. Also, it is better to protect the wind 

turbines against the faults and bad conditions.  

 

4. CONCLUSION 
 

In this paper, a description of IG and DFIG for wind power generation systems are given. Advantages and 

disadvantages of this type of generators are investigated in a comparable form. The simulation set up is 

described for IG and DFIG. The simulation results under normal operation situation for IG and DFIG are 

presented and discussed. Also, the simulation results under various fault conditions for the IG system are 

presented and discussed.  The results of the DFIG system under fault conditions are presented and discussed. The 

DFIG simulation results are seen well than the IG system, especially in fault conditions. It can be said that using 

DFIG can be preferred in a wind energy conversion system due to advantages. This simulation model can be 

implemented experimentally to test realization and reliability.  
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Abstract 

This study aims to investigate the dynamic behavior of a one-span historical masonry 

arch bridge. For this reason, the masonry bridge with 15.5m in length and 4.75m in 

width was chosen and the modal parameters were obtained by performing numerical 

and experimental analyses. Operational Modal Analysis (OMA) Technique is 

utilized for experimental study to determine modal parameters of the historical 

masonry bridge. Sensitive three-axial accelerometers were located on critical points 

on the bridge span and signals originated by accelerometers were collected to 

quantify the vibratory response of the historical bridge. The Enhanced Frequency 

Domain Decomposition (EFDD) and Stochastic Subspace Identification (SSI) 

method are employed to identify the natural frequencies, mode shapes, and damping 

ratios experimentally.  ANSYS software is used to carry out 3D finite element (FE) 

modeling of the historical masonry bridge and determine the natural frequencies and 

mode shapes of the bridge numerically. Experimental results were compared with 

those of the finite element analysis of the bridge. It can be noticed significant 

differences when comparing the results of the experimental and numerical with the 

initial conditions. Therefore, the finite element model is calibrated by using the 

response surface (RS) method according to the experimental results to minimize the 

uncertain finite element modeling parameters of the historical masonry arc bridge 

such as material properties and boundary conditions. 

1 INTRODUCTION  
 

In civil engineering, FE models are one of the most common methods used to obtain the responses of structures 

under dynamic loads such as earthquakes, wind, traffic, and explosion. These FE analyses can also be utilized for 

the design of part or all of the structure. There is a need to examine the validity of the established numerical 

modeling for all purposes mentioned herein. Because while creating numerical modeling, assumptions about many 

unknown and uncertain system parameters such as geometrical and material properties, loading and boundary 

conditions must be made. In addition to these, due to lack of information or some limitations, it is necessary to 

simplify the assumptions used in the construction of structures. For these reasons, the accuracy and validity of the 

numerical models can be reduced. 

 

For the reasons mentioned above, model update techniques have been developed and named as a model calibration 

or, more clearly, parameter estimation or determination. In general terms, the model calibration technique aims to 

update or re-evaluate the unknown structural system properties used as a parameter in numerical modeling. The 

data (acceleration-time values, frequency response functions, natural frequencies, and natural mode shapes, modal 

stresses and curvature grades, modal elasticity) obtained from the vibration experiments give detailed information 

about the general and local behaviors of the structure. Therefore, this vibration data has an important role in the 

FE model calibration process. 

 

Response surface methodology (RSM) is a combination of statistical, and mathematical techniques to represent 

the relationship between the inputs and outputs of a physical system by explicit functions. This methodology has 

been widely employed in many applications such as design optimization, response prediction, and model 

validation. The modal updating techniques have been applied in many civil engineering structures such as bridges, 

dams, masonry structures, steel frame structures and reinforced concrete structures [1-6].  
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Historic masonry arch bridges with different shapes, sizes and openings are among the most important historical 

structures. Because of the social, economic and strategic importance of such structures, more studies are needed 

to understand their needs for conservation, restoration, and strengthening. Therefore, it is important to understand 

the dynamic characteristics of such historical structures more realistically. This study is based on a part of the 

doctoral dissertation [7] and aims to reveal that the RS method is a suitable and correct method for model updating 

in masonry arch bridge structures. For this purpose, the OMA technique for the field study is used to obtain modal 

parameters of the Sarpdere Historic Masonry Arch Bridge in Ordu, Turkey and the values of the structural 

parameters obtained from the field measurements are compared with the values identified by the FE model. By 

using the RS method, the natural frequency values corresponding to the first three mode shapes of the structure is 

tried to be converged with the frequency values identified by the experimental analysis. 

 

2 MATERIAL AND METHOD 
 

2.1 Historical Sarpdere Masonry Bridge 

 

The Historical Sarpdere Bridge is located on the Ordu-Ulubey road, 33 km from Ordu and 9 km from Ulubey, in 

the Şıhlar village, on the Sarpderesi. The bridge was built as a single-span bridge in the 1870s during the Ottoman 

Empire and became one of the most important bridges between Ordu and Sivas. In time, it was aimed to preserve 

this historical culture due to the deterioration of the material properties and boundary conditions of the historical 

arch bridge. In 2012, the restoration work was completed by the 7th Regional Directorate of Samsun Highways 

(Figure 1). The historic Sarpdere Bridge is an arch bridge built of natural stone. The bridge is 15.50 m long and 

4.75 m wide. The bridge is composed of the arch part which has four different radii, sidewalls, filling material, 

walkway, and railing. The geometric features of the historical bridge are shown in Figure 2. Horasan mortar is 

used as the binding material. Limestone was used in bridge construction. The mechanical properties of the 

materials are shown in Table 1. 

 

        
                                    (a)                                               (b)                                                    (c)  

Figure 1. Historical Sarpdere Bridge (a) location (b) before restoration (c) after Restoration 

 

  
  (a)  

 
  (b) 

Figure 2. Geometrical properties of Historical Sarpdere Bridge (a) front view (b) side view  
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Table 1. Material Properties of Sarpdere Bridge 

 Unit Weight 

 (kg/m3) 

Modulus of Elasticity 

(MPa) 

Poisson Ratio 

Arch 1900 3000 0.2 

Side walls 1800 2500 0.2 

Slab 1800 2500 0.2 

Filling material 1365 1500 0.05 

 

The flowchart of the study is summarized in Figure 4.3. The first step is that the initial finite element model of the 

bridge is constructed by using the material and geometrical properties and modal analysis i performed to 

investigate the dynamic behavior of the historic Sarpdere Bridge. Then, experimental studies are conducted on the 

bridge considering the natural frequency values obtained from the numerical analysis. In the experimental study, 

the vibrational response of the bridge is recorded under environmental conditions by using the operational modal 

analysis method. Natural frequencies, mode shapes and damping ratios of the bridge are identified by using the 

vibration records. Finally, the initial FE model was calibrated according to the obtained natural frequency values 

experimentally. In this process, it was tried to represent the dynamic behavior of the historical bridge more 

realistically.  

 

 
Figure 3. Flowchart of the study 

 

Experimental Modal Analysis Finite Element Analysis 

Location of 

accelerometers 

Vibration records under operational 

conditions 

Identification of experimental modal 

characteristics (natural frequencies, mode 
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Error ≤ %5 
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Ideal FE Model 

No 
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-Design of experiment 
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2.2 Enhanced Frequency Domain Decomposition  

 

In general, EFDD technique is used for OMA in the civil engineering industries. In the EFFD technique, the 

spectral density matrix is approximately separated into a set of single degree of freedom (SDOF) systems utilizing 

the Singular Value Decomposition. It is possible to get exact results in the case where loading is white noise, the 

structure is lightly damped, and if the mode shapes of close modes are geometrically orthogonal. Even if these 

assumptions are not satisfied, the results are significantly reasonable. The relationship between unknown input x(t) 

and the measured responses y(t) is expressed as [8,9]; 

 

𝐺𝑦𝑦(𝑗𝜔) = 𝐻(𝑗𝜔)∗𝐺𝑥𝑥(𝑗𝜔)𝐻(𝑗𝜔)𝑇                                                                                                                       (1) 

 

in which 𝐺𝑥𝑥is the Power Spectral Density (PSD) matrix of the input signal, 𝐺𝑦𝑦 is the PSD matrix of the output 

signal, 𝐻(𝑗𝜔) is the Frequency Response Function (FRF) matrix, and ∗ and 𝑇 describe complex conjugate and 

transpose, respectively. 

 

2.3 Stochastic Subspace Identification  

 

The Stochastic Subspace Identification (SSI) technique, in contrast to the EFDD technique, uses time-domain 

techniques, without the need to convert them to correlations and spectra. The dealing directly with raw response 

time series, data order, and deterministic input signal, noise reduced by orthogonal projection and synthesis from 

decomposition are some main characteristics of the SSI technique. The technique SSI has firstly introduced by 

Van Overschee and De Moor [10] and then developed by several authors [11,12] 

 

The SSI method has some major benefits as follows. First, the SSI techniques work in the time domain and are 

data-driven methods. Since the model estimation is not relying on any Fourier transformations to frequency domain 

no leakage is introduced. Second, the SSI algorithms are born linear least-squares fitting techniques fitting state 

space systems with correct noise modeling. This leads to the use of much smaller model orders than other 

commercially available high order model estimators. Third, all SSI techniques include automatic mode estimation 

that searches the stable modes in the SSI Stabilization Diagram. All stable modes of all estimated models of all 

test setups are included in the search, and the result is modal estimates of natural frequencies, damping ratios and 

modes shapes of high accuracy [13]. The SSI technique is defined and solved using state-space formulations as 

follow form; 

 

ttt

ttt

vCxy

wAxx



1
                                                                                                                                                      (2) 

 

in which 𝑥𝑡 is the Kalman sequences that are placed in SSI by a so-called orthogonal-projection technique, 𝑦𝑡  is 
the outputs. A and C are obtained from regression Eq. (2).  𝑤𝑡  represents the process noise due to disturbances and 

modeling inaccuracies and 𝑣𝑡 is the measurement noise due to sensor inaccuracy [10]. 

 

2.4 Response surface method 

 

RS method is an approximate optimization method that looks at various design variables and their responses, 

which seeks the best experimental design using the minimum number of design samples, to determine the 

combination of design variables. RSM can achieve a satisfactory accuracy between the measured data and the FE 

model-generated data [14,15]. As a consequence of this, RSM can carry out to replace the implicit functions of the 

original design optimization problem with an approximation model, which is usually simple and not 

computationally intensive as opposed to a full FE model. RSM method, therefore, is a very useful model to 

optimize the FE model for matching measured data to the FE model-generated data. The ANSYS DesignXplorer 

[16] used in this study employs the second-order approximation method in RS creation. Figure 3 demonstrates the 

steps of the FE model updating procedure. Firstly the updating parameters are selected and lower and upper limits 

are assigned to initial parameter values. Then, the response feature can be calculated by the FE analysis according 

to the design of experiments generated by the central composite design in this study. The next step is the 

construction and verification of the RS models. Finally, optimization can be conducted within the RS models, 

identified updating parameters can be transferred to the FE model.  
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Figure 3. Flowchart of response surface model updating process 

 

3 RESULTS 
 

3.1 Initial Finite Element Model 

 

To obtain the natural frequency and mode shapes of the historical Sarpdere Bridge, the 3D finite element model 

was created by using the ANSYS Workbench [16] software program. The bridge model was consist of 5 parts, 

two side walls, one filling, one arch, and one floor. Body element was used for connection of the parts and solid186 

three-dimensional solid element model was chosen as an element type. The boundary conditions of the bridge 

model were assigned as fix support to the right and left sides (Figure 4). The translational, bending and torsional 

mode shapes obtained from the bridge model and their corresponding natural frequency values are shown in Figure 

5. 

 

     
                                            (a)                               (b)                                  (c) 

Figure 4. Finite element model of the bridge (a) geometry, (b) finite element model, (c) solid186 element  

 

     
(a)                             (b)                                (c) 

Figure 5. Numerical identified mode shapes (a) translational mode, 26.216 Hz, (b) bending mode, 30.656 Hz,  

(c) torsional mode, 42.857 Hz 
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Design of experiment 

Creating RS  
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3.2 Experimental Modal Identification of Sarpdere Bridge 

 

Modal parameters of the historical bridge (natural frequency, mode shape, and damping ratio) were identified by 

using the OMA method. Ambient vibration signals under vehicle and wind loads were obtained by using a data 

acquisition system and two uniaxial and five triaxial accelerometers with a range of 0.1-120 Hz placed on 6 

different locations at 4m intervals on the bridge. Figure 6 shows the experimental study. The measurement time 

and frequency range were selected as 30 min and 0-100 Hz. Vibration signals from accelerometers are recorded 

using Testlab_V2 software via the data acquisition system. The experimental modal parameters of the historical 

bridge were analyzed using ARTeMIS Modal 1.5 software [13].   

 

    
                                          (a)                                                                            (b) 

Figure 6. Experimental study (a) test setup (b) accelerometer configurations 

 

Natural frequencies, mode shapes and damping ratios of the masonry bridge were obtained by using EFDD and 

SSI method as represented in Figure 7. Mode shapes were identified as the translational, bending and torsional 

mode. Also, experimentally obtained mode shapes of the masonry bridge are shown in Figure 8.  

 

   
(a) (b) 

Figure 7. Experimentally obtained natural frequencies (a) EFDD, (b) SSI 

  

 
                       (a)                                                            (b)                                                       (c)  

Figure 8. Experimentally obtained mode shapes (a) translational mode, (b) bending mode, (c) torsional mode 

 

The compatibility of the mode shapes obtained in both EFDD and SSI methods is examined with Modal Assurance 

Criteria (MAC) and the results are shown in Figure 9. As can be understood from the experimental results, the 

harmony between both natural frequencies and mode shapes of the historical masonry bridge obtained by EFDD 

and SSI methods demonstrate that applied experimental study is appropriate to identify the dynamic behavior of 

the historical masonry bridge.  

17.556 
28.926 41.231 

17.548 28.897 41.687 

107



Response Surface-Based Finite Element Model Calibration of a One-Span Historical 

Masonry Bridge 

ICADET ‘19 

 

 

   
Figure 9. MAC values  

 

Table 2 represents the comparison between experimental and numerical natural frequencies. It appears that 

significant differences have occurred between natural frequencies obtained by numerically and experimentally, 

especially in translational mode. Therefore, the initial FE model needs to be calibrated to minimize the differences 

and to create a more realistic FE mode that could represent the dynamic behavior of the historical bridge more 

accurately. 

 

Table 2. Comparison of natural frequencies 

Mod 
Experimental Natural frequencies,  

f (Hz) 

Numerical natural frequencies 

with initial conditions, f (Hz) 
Error (%) 

 GFTAA SAB  GFTAA SAB 

1 17.56 17.55 26.22 49.32 49.40 

2 28.93 28.90 30.66 5.98 6.09 

3 41.23 41.69 42.86 3.95 2.81 

 

3.3 Finite Element Model Calibration 

 

For the FE model calibration process, natural frequencies evaluated from the modal analysis of the FE model are 

compared with the experimental analysis and the optimal results are found by using the optimization method. This 

method aims to close the numerical results to the experimental ones. For this reason, a total of 8 solid components 

was assigned to the right and left sides in the FE model of the masonry bridge to reflect the nature of the real bridge 

conditions as seen in Figure 10. The frictional connection was used between solid components and structural 

components. The coefficient of friction was chosen as 0.01. The boundary conditions of component 1 and 5 are 

assigned as fix support for both backside and bottom surfaces. The material properties (modulus of elasticity, unit 

weight, and Poisson ratio) used for the solid components for the FE analysis are presented in Table 3. The modulus 

of elasticity of component 1 and 5 was chosen as the high value to satisfy the infinite rigidity of the axial plane of 

the bridge model. By performing a few trials and error FE analysis, it was decided that solid components should 

be formed according to low ground class rocks [17].  

 

 
Figure 10. Solid elements assigned as abutments 
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Table 3. Material properties of the solid components 

Component  
Modulus of elasticity 

(MPa) 

Unit weight 

(kg/m3) 
Poisson ratio 

1 1x109 2000 0,2 

2 4000 2000 0,2 

3 2000 2000 0,2 

4 2000 2000 0,2 

5 1x109 2000 0,2 

6 4000 2000 0,2 

7 4000 2000 0,2 

8 2000 2000 0,2 

 

Design of experiments 

 

The modulus of elasticity values of the solid components was used as updating parameters. The lower and upper 

values of the modulus of elasticity of the solid components are demonstrated in Table 4. A total of 45 design points 

was constructed and computed. Natural frequencies of the translational, bending and torsional modes are selected 

as the output parameters and the parameters’ name is P7, P8, P9, respectively.  

 

Table 4.  Upper and lower limits of the modulus of elasticity of components 

Component No 2 3 4 6 7 8 

Parameter No P1 P2 P3 P4 P5 P6 

Lower limit (MPa) 2000 1000 1000 2000 2000 1000 

Upper limit (MPa) 6000 4000 4000 6000 6000 4000 

 

Responses surfaces 

 

The accuracy of the generated RS models is checked by using R2 and root mean squared error (RMSE) criteria. R2 

and RMSE values obtained for each corresponding mode are shown in Table 4. It is demonstrated that all R2 and 

RMSE values are close to 1 and 0, respectively, which represents that the obtained RS models have a high 

regression accuracy.  

 

Table 5. Accuracy check for response surfaces 

 Translational mode Bending mode Torsional mode 

R2 0.999 0.996 0.995 

RMSE 0.01843 0.07969 0.13453 

 

Optimization 

 

After the RS models are obtained, the natural frequency values corresponding to the three mode shapes is tried to 

be converged with the frequency values identified by the experimental analysis. For this purpose, experimentally 

obtained natural frequencies are used as objective values as demonstrated in Figure 11. The candidate point is 

determined in the optimization process.  

 

 
Figure 11. Optimization objective values 

 

As a result of optimization, the changes in modulus of elasticity of the components before and after the calibration 

process are represented in Table 6. It can be realized that the modulus of elasticity of the components used in the 

FE model changed by 3%- %42. Also, the comparison between the natural frequency values identified by 

experimentally and numerically is indicated in Table 7. Differences between numerical and experimental natural 

frequencies corresponding to the translational, bending and torsional modes vary between 0.46% and 2.33%. 

Therefore, it is seen that the FE model obtained as a result of the calibration process reflects the dynamic behavior 

of the historical masonry bridge in a more realistic way. 
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Table 6. Differences in modulus of elasticity between before and after calibration 

Component 

No 

Modulus of elasticity  

before calibration (MPa) 

Modulus of elasticity  

after calibration (MPa) 
Error (%) 

1 1x109 1x109 0 

2 4000 5170 29.25 

3 2000 1292 -35.4 

4 2000 1188 -40.6 

5 1x109 1x109 0 

6 4000 4122 3.05 

7 4000 2682 -32.95 

8 2000 1164 -41.8 

 

Table 7.  Differences in natural frequencies between before and after calibration 

Mode 
Experimental 

(Hz) 

FE model  

before calibration 

(Hz) 

Error 

(%) 

FE mode after 

calibration 

(Hz) 

Error  

(%) 

Translational  17.56 26.22 49.3 17.97 2.33 

Bending  28.93 30.66 6.0 28.35 -2.00 

Torsional  41.23 42.86 3.9 41.42 -0.46 

 

4 CONCLUSION 
 

This study deals with the determination of modal parameters of the historical masonry bridge by using OMA. For 

this purpose, Sarpdere Historical Bridge located in Ordu was chosen for the experimental study, FE modeling and 

FE model updating. The ambient vibration test was carried out under environmental conditions such as traffic 

movements, human walking and wind loads, etc. The EFDD and SSI methods were implemented to identify the 

natural frequencies, mode shapes, and damping ratios experimentally. ANSYS software was used to construct the 

historical masonry bridge model and determine the modal parameters of the FE model numerically.  

 

In light of all results obtained in the study, the initial FE model of the structures is not sufficient to represent their 

dynamic behavior. Therefore, the initial FE model should be updated by considering the changes in parameters 

such as material properties and boundary conditions. Thus, a more realistic FE model can be created which can 

exhibit the dynamic behavior of engineering structures. Furthermore, it can be seen that the RS method allows to 

further improve the correlation between experimental and analytical modal parameters, therefore, it is an effective 

approach in the FE model updating process. 
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Abstract 

Deploying of base station to correct place is vital to install high QoS and reliable 

terrestrial broadcasting systems. In order to make this process, firstly coverage 

maps are extracted for possible base station places and then these maps are 

compared among. Due to obstacles like buildings and hills block the rays from base 

station to reach to user. In these situations, electric field can be calculated by slope 

diffraction model (S-UTD). In this study, optimum base station location has 

determined by using randomly distributed 100 obstacles in a region.  

 

1 INTRODUCTION  
 

In order to install higher service quality, reliable terrestrial broadcasting systems it is vital to predict the power of 

incoming electromagnetic wave correctly. It is required to exceed the specific threshold level in order to work 

properly. Before base station installation, coverage mapping is very important. Installing of base station to 

correct place reduces the dissipated power and electromagnetic pollution. Ray tracing based model like 

Geometric optics and Uniform Theory of Diffraction (UTD) model can be used to extract the coverage map of 

specific region [1, 2]. UTD model is proposed by Kouyoumjian and Pathak [3]. UTD model is a high frequency 

asymptotic model and calculate the electric field behind the obstacle in a short time. UTD model loses the 

accuracy in multiple diffractions, particularly the same or close obstacle height [4]. In slope diffraction (S-UTD) 

model, discontinuity is removed highly [5, 6]. Coverage map of specific region can be extracted by some 

software like FEKO [7], ACCURA [8] and ATOLL [9]. In this study, there will be given brief information 

about, geometric optic, UTD and S-UTD models and some simulation results to extract coverage map are shared. 

 

2 GEOMETRICAL OPTIC 
 

Geometric optics model is used to calculate the field strength of the direct or reflected field. In LOS case, electric 

field is calculated by the formula is given by 

 

                                                                                           (1) 

 

where,  is incoming electric field and s is propagation distance. Electric field strength of the reflected rays can 

be found by the formula is expressed in  

 

                                                                                        (2) 

 

where,  is incoming field, s is propagation distance and  stands for reflection coefficient for soft and hard 

polarization.  

 

3 UNIFORM THEORY OF DIFFRACTION 
 

Electric field behind an obstacle in UTD model can be found by the formula [10] given by, 

 

                                                                                    (3)  

                                   

where, Ei and D are incident field and amplitude diffraction coefficient, k stands for wave number, A(s) 

symbolize spreading factor and finally s is travelling distance of electromagnetic wave. The amplitude 
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diffraction coefficient [11] is expressed by, 

 

                                                                           (4) 

 

where, α is diffraction angle as illustrated in Fig. 1. F[x] is transition function in [12] and changes between 0 and 

1.  

 

 
Figure 1. Diffraction 

 

A(s) is spreading factor and can be calculated by, 

 

                                                                                      (5) 

 

where, s0 and s1 the propagation distance before and after the diffraction, respectively.  

 

4 SLOPE DIFFRACTION MODEL 
 

Electric field behind an obstacle in S-UTD model can be found by the formula [10] calculated by,  

 

                                                                       (6)                                    

 

where, normal derivative of the incoming field and  is slope diffraction coefficient. The slope diffraction 

coefficient is expressed as in [10],  

 

                                                                     (7) 

 

where,  is diffraction angle as seen in Fig. 1,  is transition function. Ls symbolize slope diffraction 

coefficient. As the diffraction number greater than 3, derivative of the slope diffraction have to be used is given 

by,  
 

                     (8) 

 

where,  is diffraction angle as seen in Fig. 1,  is transition function. Ls symbolize slope diffraction 

coefficient, k is wave number. 

 

5 COVERAGE MAPPING AND DETERMINATION OF OPTIMUM BASE STATION 
 

In order to predict the coverage in a region, electric field has to be calculated in all point in this region. Electric 
field can be generated by direct or diffracted rays. This electric field can be calculated by electromagnetic wave 
propagation models like geometric optic, UTD and S-UTD models. In order to determine optimum base station 
location following steps are made. 

 Any point is selected as a base station. 

 The other points in scenario are selected as receiver. 

 By means of propagation models coverage map is generated. 

 The other point is selected as new base station and the other point are selected as receiver and another 
coverage map is generated. 

 Finally optimum base station is selected automatically by comparing among the coverage maps generated. 

   s0 
S1 
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In order to determine the best base station position for FM radio broadcasting at 110 MHz, the scenario is depicted 
in Fig. 2.  
 

 
Figure 2. Scenario 

 
It can be seen in Fig. 2, the scenario including 100 hills and valley in an area of 9x9 km2. Heights of hills are 
distributed randomly between 2m and 12m as shown in Table 1. 
     

Table 1. Heights of hills 

4 10 11 6 9 5 7 10 8 5 

5 7 6 6 8 9 6 6 3 2 

5 5 9 12 11 7 4 10 10 9 

9 3 9 7 4 3 10 4 4 9 

11 7 9 4 12 7 9 2 10 9 

3 7 5 7 6 6 4 5 2 11 

9 11 4 11 10 8 6 5 10 4 

3 10 9 9 8 6 6 10 5 10 

10 11 7 8 12 6 3 11 8 6 

12 4 9 8 6 3 2 6 4 9 

 

In this study, electric fields are calculated by S-UTD model. Firstly, (x, y) = (0, 0) point is selected as a possible 

radio station place and then coverage map is generated as demonstrated in Fig. 3. 

 

 
Figure 3.  Coverage map for (x, y) = (0, 0)  

 
It can be seen in Fig. 3, as far away from radio station path loss increases.  Just behind the hill, direct rays cannot 

reach to other hill; hence electric field strength reduces to -70 dB.   

 

Secondly, (x, y) = (1000, 7000) point is selected as radio station position. Coverage map of this point is illustrated 

in Fig. 4. 
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Figure 4.  Coverage map for (x, y) = (1000, 7000)  

 

It can be seen in Fig. 4, as the distance between radio station and observation point is increased, electric field 

strength is decreased. After multiple diffractions path loss is reduced to 60 dB. 

 

Thirdly, (x, y) = (4000, 4000) point is selected as radio station position. Coverage map of this point is illustrated in 

Fig. 5. 

 
Figure 5.  Coverage map for (x, y) = (4000, 4000)  

 

It can be seen in Fig. 5, as the distance between radio station and observation point is increased, electric field 

strength is decreased. After multiple diffractions path loss is reduced to -55 dB. 

 

Finally, (x, y) = (9000, 9000) point is selected as radio station position. Coverage map of this point is illustrated in 

Fig. 6. 
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Figure 6.  Coverage map for (x, y) = (9000, 9000)  

 

It can be seen in Fig. 6, as the distance between radio station and observation point is increased, electric field 

strength is decreased. After multiple diffractions path loss is reduced to -60 dB. 

 

In this way, all the receiving points are used and 100 coverage maps are generated. At the end of this step, the best 

place to deploy radio station is selected automatically as illustrated in Fig. 7.  

 

 
Figure 7. The best coverage map    

 

I can be seen in Fig. 7, optimum radio station location is (x, y) = (7000, 7000). 

 

6 RESULTS AND CONCLUSIONS 
 

In order to install reliable, efficient, high service quality and healthier broadcasting network, determination of 

base station location is so important. Geometrical optics, UTD and S-UTD models can be used in coverage 

mapping. As far away from base station, electric field strength is reduced. The best place to deploy the base 

station is selected automatically by finding total electric field strength of all possible receiving points.  
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Abstract 

This paper investigates the stability analysis of the standing laminated plates 

subjected to the selfweight (or acceleration) and the top load. The first-order shear 

deformation plate theory is used for the analysis. In this study, it is considered that 

the vertical sides of the laminated plate are simply supported. Furthermore, the 

effects of the selfweight, the plate aspect ratio and the boundary conditions on the 

critical buckling loads are investigated and the results are compared. 

1 INTRODUCTION  
 

In the recent years, many studies have focused on the buckling analysis of laminated composite plates. For 

example, Shufrin et al. [1] presented a semi-analytical extended Kantorovich approach for the buckling analysis 

of symmetrically laminated rectangular plates with general boundary conditions. Guo et al. [2] developed a 

layerwise (zigzag) finite element formulation for the buckling analysis of stiffened laminated plates. Ni et al. [3] 

studied a buckling analysis for a rectangular laminated composite plate with arbitrary edge supports subjected to 

biaxial compression loading. Xie et al. [4] proposed buckling analysis of symmetrically laminated composite plates 

with internal supports. Onkar et al. [5] developed a generalized layer-wise stochastic finite element formulation 

for the buckling analysis of both homogeneous and laminated plates with random material properties. Tang and 

Wang [6] performed buckling analysis of symmetrically laminated rectangular plates with parabolic distributed 

in-plane compressive loadings along two opposite edges using the Rayleigh–Ritz method. Kuo and Shiau [7] 

studied buckling of composite laminated plates with variable fiber spacing by use of finite element method. 

Ungbhakom and Singhatanadgid [8] employed an extended Kantorovich method to investigate the buckling 

problem of rectangular laminated composite plates with various edge supports. Lee and Park [9]  investigated 

buckling behaviors of laminated composite structures with a delamination using the enhanced assumed strain solid 

element. Fazzolari and Carrera [10] addressed accurate linearized buckling analysis of anisotropic laminated plates 

with different lamination schemes and simply supported boundary condition. 

 

On the other hand, in the literature there is no any research on the buckling analysis of laminated composite plates 

subjected to body force and in-plane loading. This paper investigates the stability analysis of the standing laminated 

plates subjected to selfweight (or acceleration) and top load. The first-order shear deformation plate theory is used 

for the analysis. It is considered that the vertical sides of the laminated plate are simply supported. Furthermore, 

the effects of the selfweight, the plate aspect ratio and the boundary conditions on the critical buckling load are 

investigated and the results are compared. 

 

2 BASIC EQUATIONS 
 

Consider a vertical laminated rectangular plate with length a, width b, and total thickness h, as depicted in Figure 

1. The plate is subjected to both gravity body force and top load (P). It is assumed that two opposite edges of the 

plate at x=0 and x=a are simply supported, while the bottom edge is either clamped or simply supported and also 

the top edge may be clamped, simply supported or free. 
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Figure 1. Vertical laminated rectangular plate under both the gravity body force and the top load 

 

The displacement field based on the first order shear deformation theroy is assumed in the following form: 

 

𝑢(𝑥, 𝑦, 𝑧, 𝑡) = 𝑢𝑜(𝑥, 𝑦, 𝑡) + 𝑧𝛹𝑥(𝑥, 𝑦, 𝑡) 
𝑣(𝑥, 𝑦, 𝑧, 𝑡) = 𝑣𝑜(𝑥, 𝑦, 𝑡) + 𝑧𝛹𝑦(𝑥, 𝑦, 𝑡)                                                                                                                   (1) 

𝑤(𝑥, 𝑦, 𝑧, 𝑡) = 𝑤𝑜(𝑥, 𝑦, 𝑡) 
 

In this equation, u, v, and w are the displacement components of a generic point in plate space in the x, y, and z 

directions, respectively. The parameters uo, vo are the in-plane displacements of a point laying in the middle plane, 

Ψx, Ψy are the normal rotations of the about y and x axes, respectively. 

 

The in-plane strain components (εx, εy, γxy ) and the transverse shear strains (𝛾𝑥𝑧 , 𝛾𝑦𝑧 ) can be written as follows: 

 

{
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, {
𝛾𝑦𝑧
𝛾𝑥𝑧
} = {

𝜕𝑤

𝜕𝑦
− 𝛹𝑦

𝜕𝑤

𝜕𝑥
− 𝛹𝑥

}                                                                                (2)

  

In the laminate coordinates (x, y, z), the equations for in-plane stresses (σx, σy, σxy ) and the transverse shear 

stresses (τyz, τxz ) of the kth layer can be written as 

 

{

𝜎𝑥
𝜎𝑦
𝜎𝑥𝑦

}

(𝑘)

= {

�̅�11
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�̅�22
�̅�26

�̅�16
�̅�26
�̅�66

}

(𝑘)

{
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} = [�̅�](𝑘){𝜀} (3) 
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} = {

�̅�
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�̅�
45

�̅�
45

�̅�
55

} {
𝛾
𝑦𝑧

𝛾
𝑥𝑧
}                                                                                                                                        (4) 

 

where Q̅ij are the transformed reduced stiffnesses. The stress resultants {N}, stress couples {M} and transverse 

shear stress resultants {Q} are 

 

{
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 {
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} = 𝐾∫ {

𝜏𝑥𝑧
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}

ℎ/2

−ℎ/2
                                                    (5)  

 

In Eq. (5), K is the shear correction factor. In this study, the shear correction factor is taken 5/6. 
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3 FINITE ELEMENT FORMULATION 
 

In this study, nine-node Lagrangian rectangular plate element with five degrees of freedom (u, v, w,Ψx, Ψy) is 

used for the finite element solution. The interpolation function of the displacement field is defined as 

 

{
 

 
𝑢

𝑣
𝑤
 𝛹𝑥
 𝛹𝑦}
 

 
= ∑ 𝑁𝑖𝑑𝑖

𝑛
𝑖=1                                                                                                                                   (6) 

 

where di and Ni are the nodal variables and the interpolation function, respectively.  

 

The stiffness matrix of the plate is obtained by using the minimum potential energy principle. Bending stiffness 

[Kb], shear stiffness [Ks] and geometric stiffness [Kg] can be calculated as below 

 

[𝐾𝑏] = ∫ [𝐵𝑏]
𝑇[𝐷𝑏][𝐵𝑏]𝑑𝐴

𝐴

 

[𝐾𝑠] = ∫ [𝐵𝑠]
𝑇[𝐷𝑠][𝐵𝑠]𝑑𝐴𝐴

                                                                                                                       (7) 

[𝐾𝑔] = ∫ [𝐵𝑔]
𝑇
[𝐷𝑔][𝐵𝑔]𝑑𝐴

𝐴

 

 

where  

 

[𝐷𝑏] = [
𝐴𝑖𝑗
0

0

𝐷𝑖𝑗
], [𝐷𝑠] = [

𝐾𝐴44
𝐴45

𝐴45
𝐾𝐴55

], [𝐷𝑔] = [
�̅�1
�̅�12

�̅�12
�̅�2
]                                                                 (8) 

 

Aij and Dij can be calculated as follows 

 

(𝐴𝑖𝑗, 𝐷𝑖𝑗 ) = ∫ �̅�
𝑖𝑗
(1, 𝑧2)𝑑𝑧

ℎ/2

−ℎ/2
   (i, j=1, 2, 6)       

(𝐴𝑖𝑗) = ∫ �̅�
𝑖𝑗
𝑑𝑧

ℎ/2

−ℎ/2
   (i, j=4, 5)                                                       (9) 

 

The generalized form of the buckling eigenvalue problem using the finite element discretization can be written as 

 

([𝐾] − 𝜆[𝐾𝑔]){𝑢} = 0                                                                                                                                           (10) 

 

where K is the stiffness matrix. For a non-trivial solution, the eigenvalues (λ) which make the determinant to be 

equal to zero, correspond to the critical buckling loads. The subspace iteration technique is used for the buckling 

solution of the laminated plates. 

 

4 NUMERICAL RESULTS AND DISCUSSION 
 

In order to show the performance of the present study, the examples of the laminated plates subjected to the 

uniaxial compressive load are analyzed and the results are compared with the results in the literature. In this study, 

a simply supported square cross-ply laminated plate (0/90/0) is considered. It is subjected to uniaxial compressive 

load. The individual ply possesses same thickness and material properties (E1/E2=open, G12= G13=0.6E2, G23=0.5 

E2, ν12=0.25). The nondimensional critical buckling load is introduced as 

 

𝜆̅ = 𝜆𝑏2/𝐸2ℎ
3                                                                                                                                            (11) 

 

Table 1 clearly shows that the present results are in well agreement with the literature results. 
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Table 1. Comparison of the nondimensional critical buckling load for simply supported square cross-ply 

laminated plate (b/h=10) 

 Source                                E1/E2 

     20     30     40 

[11] 14.985 19.027 22.315 

[12] 14.987 19.029 22.317 

Present study 15.597 20.069 23.792 

 

In this study, the effect of the plate selfweight (or acceleration) on the critical buckling load is investigated for 

simply supported cross ply (0/90/0) square laminated plate (b/h=25). The material properties are given as 

E1/E2=40, G12= G13=0.6E2, G23=0.5E2, ν12=0.25. As seen from Figure 2, as the plate selfweight increases, the 

critical buckling load decreases. But, this decrease in the critical buckling load diminishes for larger plate 

selfweight. 

 

 

Figure 2. The effect of the plate selfweight (or acceleration) on the critical buckling load 

  

In this study, the effect of plate aspect ratio (a/b) on the critical buckling load is investigated for simply supported 

cross ply (0/90/0) laminated plate (g=10m/sn2, b/h=25). As seen from Figure 3, the critical buckling load decreases 

as the wide of plate increases because of the decrease of the rigidity of the plate. On the other hand, the critical 

buckling load reaches at a constant value for the wider plate. 

 

 
 Figure 3. The effect of the plate aspect ratio on the critical buckling load 
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In this study, the effect of boundary conditions on the critical buckling load is investigated for cross ply (0/90/0) 

square laminated plate (g=10m/sn2, b/h=25). As mentioned before, the vertical laminated plate is simply supported 

along two opposite edges in the y direction. The bottom edge may take either clamped (C) or simply supported (S) 

and also the top edge may be clamped (C), simply supported (S) or free (F). For example, if the boundary 

conditions at the top and bottom edges are clamped and simply supported, respectively the boundary condition is 

named as (C-S) for plate. As seen from Table 2, the maximum and minimum critical buckling loads occur (C-C) 

and (S-F) boundary conditions, respectively. 

 

Table 2. Effect of the boundary conditions on the critical buckling load 

Boundary conditions λ̅ 

(S-S) 0.004176542 

(C-C) 0.004914892 

(C-S) 0.004903334 

(S-C) 0.004178891 

(S-F) 0.004169853 

(C-F) 0.004889066 

 

5 CONCLUSIONS 
 

This paper investigates stability analysis of the standing laminated plates subjected to the selfweight (or 

acceleration) and the top load. The numerical results show that as the plate selfweight increases, the critical 

buckling load decreases. But, this decrease in the critical buckling load diminishes for larger plate selfweight. The 

critical buckling load decreases as the wide of plate increases because of the decrease of the rigidity of the plate. 

The maximum and minimum critical buckling loads occur (C-C) and (S-F) boundary conditions, respectively. As 

seen, these parameters have a key role on the behavior of the standing laminated plates. This paper can be improved 

and extended to different parameters. 

 

References  
 

[1] I. Shufrin, O. Rabinovitch and M. Eisenberger, "Buckling of symmetrically laminated rectangular plates with 

general boundary conditions a semi analytical approach", Comp. Struct., vol. 82, pp. 521-531, 2008. 

[2] M.W. Guo, I.E. Harik and W.X. Ren, " Buckling behavior of stiffened laminated plates", Int. J. Solids and 

Struct., vol. 39, pp. 3039-3055, 2002. 

[3] Q.Q. Ni, J. Xie and M. Iwamoto, " Buckling analysis of laminated composite plates with arbitrary edge 

supports", Comp. Struct., vol. 69, pp. 209-217, 2005. 

[4] J. Xie, Q.Q. Ni and M. Iwamoto, " Buckling analysis of laminated composite plates with internal supports", 

COMP. STRUCT., VOL. 69, PP. 201-208, 2005. 

[5] A.K. Onkar, C.S. Upadhyay and D. Yadav, “Generalized buckling response of laminated composite plates 

with random material properties using stochastic finite elements”, Int. J. Mech. Sci., vol. 48, pp. 780-798, 

2006. 

[6] Y. Tang and X. Wang, “Buckling of symmetrically laminated rectangular plates under parabolic edge 

compressions”, Int. J. Mech. Sci., vol. 53, pp. 91-97, 2011. 

[7] S.Y. Kuo and L.C. Shiau, “Buckling and vibration of composite laminated plates with variable fiber spacing”, 

Comp. Struct., vol. 90, pp. 196-200, 2009. 

[8] V. Ungbhakorn and P. Singhatanadgid, “Buckling analysis of symmetrically laminated composite plates by 

the extended Kantorovich method”, Comp. Struct., vol. 73, pp. 120-128, 2006. 

[9] S.Y. Lee and D.Y. Park, “Buckling analysis of laminated composite plates containing delaminations using 

the enhanced assumed strain solid element”, Int. J. Solids and Struct., vol. 44, pp. 8006-8027, 2007. 

[10] F. A. Fazzolari and E. Carrera, “Advanced variable kinematics Ritz and Galerkin formulations for accurate 

buckling and vibration analysis of anisotropic laminated composite plates”, Comp. Struct., vol. 94, pp. 50-

67, 2011. 

[11] A.A. Khdeir, “Free vibration and buckling of symmetric cross-ply laminated plates by an exact method”, J. 

Sound and Vib., vol. 126, pp. 447-461, 1988. 

[12] H. Zhong and C. Gu, “Buckling of symmetrical cross-ply composite rectangular plates under a linearly 

varying in-plane load”, Comp. Struct., vol. 80, pp. 42-48, 2007. 

122

https://www.researchgate.net/publication/248205468_Buckling_and_vibration_of_composite_laminated_plates_with_variable_fiber_spacing?_sg%5B0%5D=-Pkk3I2bzt_416rQHnW0KOKgMMbl6mSQ4n7edloW1e30JoHgg5Ye7QqFcPqVEdKeTHHPNrUqUDqqWp8.BkE3EkZdfdDx27ZwDVUypRJTE-ZR5Vq1k1zL4737pvbpJCxjFADlXEBO_-n8YyRB6Hib0rIlzxy0Jzf7x8FdVQ&_sg%5B1%5D=oRl1moDOF4b41Lstdi7LJXuIJBl7q7otfnnoCpYzzWdytnt5d6Mcm0IVMHuJpriFX5-O7gGilIxpRBGy_4dK_ux3kVs.BkE3EkZdfdDx27ZwDVUypRJTE-ZR5Vq1k1zL4737pvbpJCxjFADlXEBO_-n8YyRB6Hib0rIlzxy0Jzf7x8FdVQ&_sg%5B2%5D=Yig1llCVIfiYlbUDdFKG4QmMbUyhngN_S8phyRIlfX52tMkmBwKynYFA-nq_qw0h01tD0asPQMUu0A.BkE3EkZdfdDx27ZwDVUypRJTE-ZR5Vq1k1zL4737pvbpJCxjFADlXEBO_-n8YyRB6Hib0rIlzxy0Jzf7x8FdVQ
https://www.sciencedirect.com/science/article/pii/0022460X88902234


 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*ahmet.sari@ktu.edu.tr 

Phase Change Materials (PCMs) used for Latent Heat Thermal Energy 

Storage (LHTES)   
 

Ahmet SARI* 

 
Karadeniz Technical University, Metallurgical and Material Engineering, Trabzon 

Centers of Research Excellence, Renewable Energy Res. Inst., KFUPM, KSA 

 

Keywords:  
Latent heat, 

Thermal energy 

storage,  

PCM 

 

 
Abstract 

Energy demand is increased day by day with the developments to be occurred in 

industry and technology. In the world, about 80% of the total energy is based on the 

fossil fuels which causes of CO2 emissions and climate change in atmosphere. 

Therefore, researchers/engineers have been directed to use effectively renewable 

energy sources which provide a sustainable environment for all living beings. In 

this sense, solar energy is well known as a one of the renewable energy sources 

with great potential for active or passive heating/cooling purposes. However, the 

key issue regarding its utility is discrete/variable during the day and unpredictable. 

These problems can be solved by storing/releasing solar energy in a thermal form 

by using a proper technique. A large amount of solar energy can be stored and 

released in thermal energy storage (TES) via PCM. This method is known as latent 

heat thermal energy storage (LHTES) in literature. The LHTES working conditions 

of a TES system mainly depends on thermo-physical properties of the PCM. In this 

study, overall description of LHTES technique, frequently used PCM types, their 

selection norms of PCMs and their applications for LHTES were reviewed. 

 

1 INTRODUCTION  
 

The rapid growth in the world economy causes some restrictions on fossil fuels. Researching alternative energy 

sources and increasing energy efficiency has become a global need. Thermal energy is abundant in abundant 

nature and can occur as a by-product in many energy conversion applications [1]. A potential way of recycling 

this abundant thermal energy is its efficient storage. The TES method may allow storage of waste heat and use in 

times of energy demand. Thus, it can help to overcome the imbalance between energy intermediate and demand. 

With this method, thermal energy can be stored in in three different forms like thermochemical, sensible and 

latent [2]. In these, the LHTES is carried out by means of a PCM which can storage/release high amount of 

latent energy at an almost constant phase change temperature. PCMs are attractive for many TES applications in 

recent years thanks to these attractive features.  

 

The amount of energy a PCM can store when it is heated until the phase change temperature of PCM and over 

can be calculated using the following equation [3]. 

 

 
(1) 
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Figure 1. The number of published article per year obtained by searching kywords; “PCM”, “PCMs”, “latent 

heat storage” ve “TES” from Web of Science [4]. 

 

In this equation; Q shows the total amount of TES stored by PCM, the specific heat of solid and liquid solids of 

Csp and Clp PCM, respectively Ti, Te, Tm respectively, the temperature of the melting phase change and the last 

temperature at which the heating operation takes place. Fig. 1 shows the number of articles. Science “PCM”, “ 

PCMs”, “latent heat storage” and “ TES ” from Web of Science. 

 

2 CLASSIFICATION of PCMs 
 

LHTES exhibits a transition from one phase to another such as solid-gas, liquid-gas, solid-liquid and solid-solid 

during heating of a PCM up to phase change temperature. The TES operation during the gas phase transition is 

not practical due to the large volume change. In the solid-solid transition, PCM can store or release thermal 

energy during the transition from a solid crystal phase to another solid crystalline phase. However, during this 

transition type, the rate and density of energy storage are low. Solid-liquid phase change-PCMs are mainly used 

for TES targets because they have various advantages such as a relatively small volume change, 

physicochemical compatibility, easily handling and high TES capacity [5]. The working principle of a typical 

solid-liquid PCM is shown in Fig. 2.  

 

 
Figure 2. Working prenciple of a typical PCM 

 

3 SELECTION of SOLID-LIQUID PCMs for TES PURPOSE 
 

During the deciding the best solid-liquid PCM for TES applications, the following criteria are taken into account 

[5-8]: 

 

Thermal-physical criteria 

 Suitable phase change temperature for heating or cooling purpose 

  High latent heat of fusion per unit volume so that smaller size of container can be used  

 High thermal conductivity to obtain high rate-heat charging and discharging  

 High specific heat so that additional energy in the form of sensible heat is available to the thermal 

energy storage system  
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Chemical criteria 

 Chemically compatible with construction/encapsulated materials  

 No thermal degradation after large number of thermal cycles so as to assure long operation life  

 Non-toxic,  

 non-flammable 

 Non-explosive  

 Non-corrosivness 

 

Economic properties  

 Cost effective  

 Commercially available  

 

Environmental properties  

 Low environmental impact 

 Non-polluting during service life  

 Having recycling potential 

 

4 SOLİD–LİQUİD PCMs 

 
By taking into account of the chemical composition of PCMs, they can be collected in main three groups: 

organic PCMs, inorganic PCMs, and eutectic mixture PCMs. The detailed of this classification can be seen in 

Fig. 3.  

 
Figure 3. The classification of solid-liquid PCMs according to their chemical structures [5] 

 

Organic solid–liquid PCMs made of hydrocarbons are frequently used in LHTES systems. They includes mainly 

paraffins, fatty acids, and polyethyleneglycol(PEG) as inorganic solid–liquid PCMs can be known as salt 

hydrates, molten salts, metals, and alloys. Both PCM groups have been used for low-temperature TES 

applications below 100 °C [6]. Moreover, salts, metals, and alloys are always utilized for middle-temperature 

and high-temperature TES. On the other hand, eutectic type-PCMs are consisted with two or more components 

with congruently melt and solidify ability.  

 

A eutectic mixture PCM melts an almost specific temperature and has the same thermo-physical properties with 

their components. Organic solid-liquid PCMs are generally nontoxic and generally thermally stable below 500 
°C and shows small volume change during phase transition, little or no super cooling during freezing. They are 

available in large temperature range (from approximately 20-70 °C), chemically inert and do not undergo phase 

segregation. They are thermally reliable in long run (freeze melt cycle), have low vapor pressure in the melt 

form, high latent heat of fusion (120-210 J/g).  
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Table 1. Some paraffins commonly used in literature [9]. 

 
                                 

Table 2. Some PEGs commonly used in literature [11-14]. 
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Table 3. Eutectic mixtures of some fatty acid commonly used in literature [9]. 

 
 

Especially, paraffins are non-corrosive and have high specific heat compared to salt hydrates while fatty acids 

are mildly corrosive. Technical grade paraffins are 2-2.5 times less expensive than fatty acids. All of these type 

PCMs are compatible with construction materials. However, they have some drawbacks such as low thermal 

conductivity (around 0.1-0.4 W/m.K) and inflammability, undesired odor and an appreciable volume change. 

Some paraffins, PEGs and fatty acid as solid-liquid PCMs commonly used in literature in Table 1, Table 2 and 

Table 3, respectively [4]. 

 

5 USAGE FIELDS of SOLID-LIQUID PCMs 
 

The combination of construction materials and solid-liquid PCM is an efficient way to increase the thermal 

energy storage capacity of construction elements. Moreover, the different usage areas regarded with 

cooling/thermal management of textile materials and electronic equipment/devices using solid-liquid PCM are 

shown in Fig. 4-6. 
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Figure 4. Construction materials incorporated with solid-liquid PCM for building applications 

 

 
Figure 5. Cooling of electronic materials/equipment using solid-liquid PCM 
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                Figure 6. Textile materials incorporated with solid-liquid PCM for thermoregulation purpose 
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Abstract 

Phase change materials (PCMs) have storing/releasing ability of a considerable 

amount thermal energy via phase change.  However, the chief difficulty regarding 

with them is leakage throughout solid-liquid phase change. To elucidate this 

problem, they are encapsulated using fitting polymeric shell materials in micro-

nano sizes. Such type encapsulation not only avoids this issue but also dissolves the 

odor problem and provides high heat transfer ratio. Another important advantage of 

them is capability of directly utilization for thermal energy storage (TES) systems. 

With this context, the present work is focused on preparation and characterization 

of eicosane(C20)-octacosane(C28) eutectic mixture (PEM)/poly(methyl 

methacrylate)(PMMA) as composite PCM with shape-stability. The prepared 

PMMA/EPM composite PCM was chemically characterized using Fourier-

transform infrared spectroscopy (FT-IR) as its morphology was examined by SEM 

analysis. The latent heat thermal energy storage (LHTES) characteristics, thermal 

reliability and thermal stability of the produced PMMA/PEM composite were 

determined using Differential scanning calorimetry (DSC) and thermal gravimetric 

(TG) analyses. The results indicated that the composite PCM has noble TES 

prospective and can for different type of passive solar thermal management 

purposes. 

 

1 INTRODUCTION  
 

Paraffins are members of organic PCMs and have great LHTES potential for widespread thermal energy storage 

applications. These PCMs have many LHTES advantages and are environmentally friendly [1-3]. However, the 

key drawback regarding paraffins is leakage problem encountered during their usage period (during phase 

change period). Therefore, the encapsulation of them in micro size using polymer capsule materials renders 

possible a large surface area per volume, as well as preventing the sublimation rate of the paraffins [4-7]. All the 

advantages make the encapsulated paraffins promising PCMs to be elevated interest in the future and enlarge 

their service fields. The working principle of a microencapsulated PCM was shown in Fig. 1. 

 

The most of the studies have been carried out to encapsulate PCMs using different polymeric shell materials [8-

12]. Researchers have used mostly melamine-formaldehyde and urea-formaldehyde as shell materials for 

encapsulation of the PCMs. However, especially these shells may include formaldehyde residue, which leads to 

health and environmental problems. Moreover, some polymer shells used as core materials around PCMs can be 

have undesirable mechanical strength and thermal stability. In this regard, PMMA is a commercially available 

acrylic resin. Additionally, the non-toxicity, thermoplastic transparent, easy process ability and comparatively 

chemical inertness properties of PMMA make it significant shell material in the encapsulation of the PCMs.  
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                                  Figure 1. The working principle of a microencapsulated PCM  

 

In this work, the PMMA/PEM composite PCM was fabricated by encapsulation of PEM with PMMA shell in 

micro size. The formation of PMMA shell around PEM was confirmed by using FT-IR spectroscopy method. 

The surface morphologies the capsules were investigated using SEM analysis. The latent heat thermal energy 

storage (LHTES) properties of the encapsulated PEM were determined using DSC and thermal gravimetric (TG) 

analyses. 

 

2 MATERIAL AND METHOD 
 

The encapsulation of PCMs with PMMA was carried out at different monomer/PCM ratios using emulsion 

polymerization method. The fabrication of micro/nano capsules was started from 1:1 (w/w%) ratio 

(monomer/PCM). Ethylene glycol dimethacrylate was used as cross linking agent and Triton X-100 was selected 

as surfactant material. The first step is homogenization of the reaction mixture while the next step is the 

polymerization reaction carried out in oil-in-water emulsion system using a mechanical stirrer. The reaction was 

maintained until the completion of polymerization of monomer around the PCM. The produced capsules were 

filtered, washed several times and then dried using a vacuum oven. This experimental procedure was repeated to 

synthesize the other capsules for 2:1 and 1:2 monomer/PCM ratios.  

 

The formation of PMMA shell around PEM was confirmed by using FT-IR spectroscopy method. The surface 

morphologies the capsules were investigated using SEM analysis. The latent heat thermal energy storage 

(LHTES) properties of the encapsulated PEM were determined using DSC and thermal gravimetric (TG) 

analyses. 

 

3 RESULTS AND DISCUSSION  
 

3.1 Confirmation of Polymerization Reaction Around PEM Using FTIR Results 

 

The polymerization reaction around PEM was confirmed using FTIR results. The spectral resulst of MMA 

monomer and C20-C28/PMMA capsules were shown in Fig. 2. 
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     Figure 2. The FTIR spectrum of MMA onomer and the produced capsules 

 

In FTIR spectrum of MMA monomer, the small peak at 1690 cm-1, 1590 cm-1 and 1124 cm-1 are due to the 

streching vibration bands of C=O, -C=C and -C-O groups of the MMA monomer, repectively. In the spectrum of 

C20-C28/PMMA capsules, the peaks at 2922 cm-1 and 2861 cm-1 are assigned with the streching vibration of 

C20-C28 eutectic mixture while the peaks at 1476 cm-1 and 1367 cm-1 are regarded with C-H bending vibration 

bands of the eutectic mixture. The peak at 1698 cm-1 and 1133 cm-1 are the the streching vibration bands of C=O 

and -C-O groups of PMMA. Moreover, the C=C peak at 1632 cm-1 was lost after the polymerization reaction. 

All these findings confirmed successfully formation of polymerization reaction around the paraffin eutectic 

mixture. 

 

3.2 Morphological Results  

 

The SEM analyzes were performed to determine the surface morphologies, dimensions and the geometric profle 

of the produced capsules. As shown in Fig. 3, the majority of capsules are in spherical geometry and the spheres 

have generally smooth surfaces. However, it can be observed different morphology and agglomeration cases 

which are resulted from non-encapsulated PEM or completely removed PEM by washing. 

  

 
Figure 3. The SEM photograph of the produced capsules 
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Despite the agglomeration of the produced capsules still revealed that the micro size distribution. As a result, it 

can be said that this agglomeration state in the capsules will not create any obstacle for their use in various heat 

storage applications. Even if these capsules are preferred as heat transfer fluid, they will be used in a liquid fluid 

and will not be used to clump. 

 

3.3 LHTES Properties of the Produced Capsules 

 

The phase change temperature and phase change enthalpy are two important parameters that must be taken into 

consideration in the choice of micro/nano FDMs for thermal energy storage. So, these LHTES properties of the 

obtained capsules were measured by using DSC analysis. The DSC curves of the capsules was shown in Figure 

4. The solid-solid phase transition and the solid-liquid phase change peaks can be easily observed during the 

heating and cooling periods of the capsules. These results confirms that the synthesized products show a in stable 

and reversible phase change like paraffinic PEM. 

 

 
Figure 4. The DSC thermogram of the produced capsules 

 

From DSC thermogram, the melting temperature and latent heat capacity of capsules including highest PEM 

measured as 33.2 °C, 108.6 J/g, respectively. Moreover, considering both melting phase change temperatures 

and melt phase change enthalpy, the produced capsules have significant usage potential in different LHTES 

areas such as building, agriculture, high technology products, health, food and textile heating, cooling, heat 

preservation and keeping the ambient temperature at the desired level.  

 

3.4 Thermal Stability Properties of the Produced Capsules 

 

Since the produced capsules are completely organic materials, they will naturally decompose above a certain 

temperature. In this context, the thermal decomposition temperatures of the obtained capsules were determined 

by TGA method. Considering the TGA findings shown in Fig. 5, the following results are reached: (i) The 

capsules are composed of two main components. First; it is a mixture of paraffin which can be separated from 

the capsule wall due to the pressure around the evaporation temperature. The other is PMMA used as wall 

material. The first step of the curves corresponds to PEM component and the second step to the thermal 

decomposition of the PMMA (ii) The the first step for the product is corresponding to temperature range of 140-

260 °C while the second step was placed between 260 and 480 °C. (iii) As seen from the results, the limit values 

in the thermal degaradtion temperature range are seen to be considerably higher than the working (phase change) 

temperatures. This result shows that these products can be used for thermal energy storage without thermal 

decomposition up to approximately 140 °C. 
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Figure 5. The TGA curves of paraffinic PEM (C20-C28) and  the produced capsules 

 

4 CONCLUSION 
 

By emulsion polymerization method, the paraffinic PEM as energy storing core material was encapsulated 

successfully with PMMA shell material. The following conclusions can be drawn from all experimenatl results:  

 The polymerization reaction was confirmed via the FT-IR spectroscopy technique.  

 The prepared capsules had virtually smooth, compact surface and spherical shape.  

 The synthesized capsules melt at about 33ºC and have corresponding enthalpy of about 108 J/g.  

 TGA results revealed that the synthesized capsules had good thermal reliability and high thermal 

durability.  

 Additionally, by considering all results it can be concluded that the synthesized capsules have good 

LHTES potential and can be used as energy harvesting materials for thermal regulating, domestic hot 

water, solar heat pumps, and solar space heating-cooling applications. 
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Abstract 

Latent heat thermal energy storage (LHTES) is attractive technique because it 

allows thermal energy storage (TES) by mean of phase change material (PCM) in a 

nearly constant temperature. Therefore, LHTES has become a comparatively fresh 

research area in recent years. Good LHTES characteristics of polyethylene glycoles 

(PEGs) make them suitable PCMs for building technology. However, the seepage 

issue of PEGs is major challenges that limit their utility prospective. To solve this 

problem, they have been incorporated with suitable construction materials. In this 

study, the selected PEG as PCM was impregnated with attapulgite(ATP) composite 

PCM by vacuum impregnation until observing any molten PEG seepage. The 

morphological/chemical and TES properties of the fabricated composite ATP/PEG 

PCM were studied by SEM, FT-IR and DSC analysis techniques. The DSC results 

showed that the melting temperature of ATP/PEG composite PCM was measured at 

13.8 °C and 40.5 J/g TES capacity. By considering the results, the prepared 

composite PCM has proper LHTES characteristics for thermoregulation of 

buildings. 

 

1 INTRODUCTION  
 

Phase change materials (PCMs) are known as latent heat storage (LHES) materials. PCMs are capable of storing 

and discharging high density energy at an almost constant temperature [1-2]. For this reason, they can be used to 

reduce the load of heating, ventilation and air conditioning (HVAC) systems, and to maintain energy in buildings 

[3,4]. In particular, in recent years, many organic and inorganic PCMs have been impregnated into traditional 

construction materials for production of new composite materials with purpose of energy saving in buildings. In 

this context, a new composite material with energy storage was created by absorbing a fatty acid eutectic mixture 

as a PCM with fly ash (FA) by impregnation method [6]. They measured the phase change temperature of the 

composite as 44.31-46.01 °C and also reported that weak interactions between the selected PCM and FA caused 

a slight drop in the melting temperature. In another study [7] and determined the phase change temperature and 

latent heat capacity of the composite produced as 25.7 °C and 70.51 J/g, respectively. On the other hand, 

polyethylene glycols (PEGs) as member of organic PCMs have sufficiently high latent heat capacity, appropriate 

phase transition temperature, very small volume change, non-toxicity and so on. Because of these advantageous 

properties, they are preferred in the development of new phase change building materials for energy effective-

building technology. However, the leakage difficulty of PEGs is major challenges that limit their utility. To 

solve this problem, they have been incorporated with suitable construction materials. 

 

In this study, a new type of energy-efficient composite material was produced by impregnating PEG selected as 

PCM into ATP. Morphological and chemical structures of the composite were lightened by Scanning Electron 

Microscope (SEM) and Fourier Transformation Infrared (FT-IR) analyzes. The latent heat storage capacity and 

phase change temperatures of the composite were measured by differential scanning Calorimetry (DSC) 

analysis. 
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2. MATERIAL AND METHOD 
 

PEG600 were obtained from Sigma-Aldrich Company. Attapulgite was obtained from a Turkish Company 

(Turkey). According to the manufacturer, it has mainly consisted with SiO2 (83.4%). Its density and BET surface 

area is 0.32-0.37 kg/dm³ and 2.5 m2/g, respectively. The liquid PEG was impregnated into the ATP under the 

vacuum pressure of 0.42 MPa for 2 hour. This procedure was carried out for different weight combinations 

ranging from 20% to 40% to determine optimal impregnation ratio. The maximum ratio of PEG without showing 

any leakage was determined as 35wt%. The morphology of the prepared ATP/PEG composite was studied by 

LEO 440 SEM instrument. The chemical stability between the components was investigated using the JASCO 

430 model FT-IR spectrometer. TES properties of the prepared composite PCMs were measured using a Perkin 

Elmer-JADE DSC at a heating/cooling rate of 3 °C/min.  

 

3 RESULTS AND DISCUSSION  
 

3.1 Characterization results  

 

As seen from the SEM photographs in Fig. 1, the surface of ATP is consisted of the arbitrary-shaped particles 

and most of them have needle structure. As also seen from the SEM images of the composite PCM, the PEG was 

homogenously dispersed throughout the surface.  

 

 
Figure 1. The microstructures of ATP and the produced ATP/PEG composite PCM 

 

No leaking of PEG was observed, although the sample was heated due to the electron beams during the SEM 

analysis. This was due to high-strength structure of ATP. The FT-IR analysis was performed to identify possible 

specific interactions between the eutectic mixtures ATP and PEG eutectic mixture. The regarded spectral results 

were shown in Fig. 2. 

 

As evidently seen from the spectrum in Fig. 2, the characteristic peaks for the asymmetric stretching vibration of 

Si-OH is appearing in the range of 3000-3700 cm-1, 1098 cm-1, 796 cm-1 and 465 cm-1 are assigned to stretching 

Si-OH vibrations and O-Si-O bending vibration bands, respectively. In spectrum of PEG, the stretching vibration 

OH band was appeared at 3442 cm-1, while the asymmetric stretching and bending vibration bands of -C-H 

group were observed at 2850-2960 cm-1 and 1469 cm-1. Furthermore, in case of composite PCM, the existence of 

somewhat variations in the wavenumbers of the main characteristic peaks indicated that there was no chemical 

reaction between PEG and ATP.  
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Figure 2.  FT-IR spectra of ATP, PEG and the produced composite PCM 

 

3.2 TES properties and reliability of the prepared ATP/PEG composite PCM  

 

Fig. 3 shows the DSC curves of ATP/PEG(35wt%) composite PCM. The results showed that the prepared 

composite PCM melts at 13.8 °C and solidifies at 11.9 °C. Moreover, its TES capacity was measured as 40.5 J/g 

and -36.7 J/g during melting and freezing processes, respectively. Compared to that of pure PEG, small 

decreases was observed in the phase change temperatures of the composite PCM. This could be because of weak 

interactions between the components. However, the phase change temperature and latent heat capacity of the 

composite PCM very proper for HVAC applications in building envelopes depending on the climatic conditions.  

 

 
Figure 3. DSC thermogram of form-stable ATP/PEG composite PCM 

 

4 CONCLUSION 
 

PEG was impregnated with ATP via vacuum technique. The chemical and morphological characteristics of 

developed ATP/PEG composite were investigated by SEM and FTIR techniques. The TES properties composite 

PCM were also analyzed by DSC. The SEM and FTIR findings showed that the high mechanical strength-

structure of ATP provided good capillaries for PEG for uniform adsorption in mass fraction of 35 wt% without 

detecting any melt seepage. The DSC results showed that the melting temperature of composite PCM is 13.8 °C 

and the latent heat capacity is 40.5 J/g. These TES features make it conceivable to perform TES purposes in the 

buildings. 
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Abstract 

Phase change materials (PCM) are significant components of latent heat thermal 

energy storage (LHTES) technology. PCMs can store and release a certain amount 

of LHTES during their phase change period at an almost constant temperature. 

Fatty acids are proper PCMs for production energy effective-green building 

material because of their good LHTES properties. However, their leakage case of a 

solid-liquid type PCM over its melting temperature is still significant difficulty 

which significantly limits its potential utility. However, this problem can be solved 

by its combining with a porous and lightweight construction material. With this 

sense, in the present study, a bio-based fatty acid eutectic mixture (B-bFAEM) was 

integrated with flay ash (FA) by vacuum impregnation to obtain shape-stabilized 

composite PCM for solar passive TES purposes in buildings. The FA/B-bFAEM 

composite with shape stable was then characterized chemically, morphologically 

and thermally by SEM, FT-IR and DSC analysis techniques. The optimum B- 

absorption ratio of B-bFAEM was determined as 40 wt% without observing any 

leakage. The DSC measurements showed that the melting temperature of FA/(B-

bFAEM) composite PCM was measured at 33.83 °C and 61.34 J/g LHTES 

capacity. The results exposed that the prepared FA/(B-bFAEM) composite PCM 

has good heating, ventilating and air conditioning (HVAC) potential. 

 

1 INTRODUCTION  
 

Solar energy resource can be used through a thermal storage medium and decrease active energy consumption 

through heating, ventilation and air conditioning (HVAC) systems in buildings. This could be possible by 

applying the best suitable thermal energy storage (TES) technique (TES) to building envelopes Latent heat 

thermal energy storage (LHTES) is based on the heat absorption or release when a storage material undergoes 

phase change from solid-liquid, solid-solid, solid-gas or vice-versa [1,2]. Phase change materials (PCMs) can be 

considered as a LHTES materials. PCMs provide much higher energy storage density and the heat is stored and 

released at an almost constant temperature [3]. One of the important applications of PCMs is surely utilization in 

building energy conservation, by reducing the load of heating, ventilating, and air conditioning (HVAC) systems 

[4,5]. So far, many organic and inorganic PCMs have been impregnated into common building materials. 

 

For advanced building materials, fatty acids are good PCMs due to their characteristic properties such as enough 

high latent heat of transition, very small volume change and non-toxicity. Additionally, they have good surface 

tension to retain within the host structures. All these useful characteristic properties make them suitable PCMs 

for building technology. However, the leakage difficulty of fatty acids is still major challenges that limit their 

utility prospective. To solve this problem they have been incorporated with suitable construction materials. The 

strong interactions between PCM and FA lead to enlargement of melting temperature, whereas the weakly 

interactions lead to decrease of melting temperature [6]. Yang et al. (2014) prepared cetyl alcohol-decylic 

acid/FA composite PCM [7]. The phase change temperature and latent heat capacity of the composite are 25.7 

°C and 70.51 J/g, respectively. Mass fraction of binary PCM is 48 wt%. Hua et al. (2013) investigated the 

feasibility of high temperature clay mineral-based PCM composite [8]. As different from the literature 

mentioned above, FA/B-bFAEM composite was prepared as a shape-stabilized composite material for solar 

passive TES purposes to solve the disadvantage of leakage of eutectic B-bFAEM mixture as a PCM. The 
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morphological, chemical and thermal characterizations of shape-stabilized composite PCM were performed by 

SEM, FT-IR, and DSC analysis techniques. 

 

2 MATERIAL AND METHOD 
 

2.1 Materials 

 

B-bFAEM was prepared by using two different saturated fatty acids (melting point of 41-43°C and 51-53°C, 

respectively) obtained from Sigma-Aldrich Company (Germany). FA was obtained by Karaman mines Company 

(Turkey). According to the manufacturer, it has mainly consisted with SiO2 (83.5%). It was sieved through 150-

mesh and dried at 105 oC for 24 h. 

 

2.2 Preparation of FA/B-bFAEM Composite PCM 

 

In the first step of the test procedure, the FA/(B-bFAEM) composites were prepared by vacuum infiltration. The 

FA was placed in a bottle connected to a vacuum pump. Vacuum treatment was maintained at 0.36 MPa for 1 

hour while the liquid B-bFAEM was slowly drained into the bottle using a funnel. The vacuum was then broken 

and allowed to air for 30 minutes to provide easy infiltration. The prepared FA/(B-bFAEM) composite PCM was 

cooled to 15° C to provide a porous FA full crystallization of B-bFAEM. This procedure was repeated for 

different weight combinations ranging from 30% to 50%. In the second stage, infiltration test was performed and 

the optimal infiltration rate was determined. The prepared composite was placed on a filter paper and heated 

above the melting temperature of the considered B-bFAEM. The liquid permeation of the composite was 

checked by heating the filter paper. 

 

2.3 Characterization of FA/B-bFAEM Composite PCM 

 

The morphology of the prepared FA/B-bFAEM composite PCM was examined by LEO 440 SEM instrument. 

The chemical stability between B-bFAEM and FA was investigated using the JASCO 430 model FT-IR 

spectrometer. TES properties of B-bFAEM and composite PCM were measured using a Perkin Elmer-JADE 

DSC at a heating/cooling rate of 3 °C/min. Thermal reliability was established using a thermal cycling test 

(BIOER TC-25/H). The sequential melting-freezing process was repeated 500 times. 

 

3. RESULTS AND DISCUSSION  
 

3.1. Characterization Results  

 

Fig. 2 shows the microstructures of the FA and the shape-stabilized composite PCM. As can be seen from the 

SEM photographs shown in Fig. 1, the surface of the FA is composed of randomly shaped particles which seem 

as needle. As seen from the SEM images of the shape stabilized composite PCM, B-bFAEM is homogeneously 

distributed over the surface of FA. The structural resistance of the composite was due to capillary/surface tensile 

forces within the matrix. 

 

 
Figure 1. The microstructures of the FA and the form-stable composite PCM 
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The FT-IR analysis was performed to identify possible specific interactions between the eutectic mixtures FA 

and B-bFAEM eutectic mixture. Fig. 2 demonstrated the FT-IR spectra of the FA and the prepared form-stable 

composite PCM.  

 

 
Figure 2.  FT-IR spectra of the FA and the prepared form-stable composite PCM 

 

As can be seen from Fig. 2, the band between 3270-3750 cm-1 is assigned by asymmetric stretching of hydrogen-

bonded O-H groups due to the H-O-H component and the Si-OH group. The flexural vibration of these groups 

was determined in the range of 1608 cm-1. The bands at 1097 cm-1 and 478-942 cm-1 are characterized as Si-O-Si 

stretching and bending vibrations of Si-O, Mg-O and Si-O-Al groups. In the case of FA/B-bFAEM composite, 

the tensile vibration and bending vibrations of Si-O, Mg-O and Si-OH were observed at about 3250-3750 cm-1, 

1044 cm-1 and 456-525 cm-1. These bands are the presence of the FA component of composite PCM. 

Furthermore, in the FT-IR spectrum of eutectic mixture, bands at 3100-3500 cm-1, bands at 932 cm-1 and 743 

cm-1 were evaluated as the stretching vibration of its OH group due to bending vibration. The asymmetric and 

symmetrical stretching bands at 2974-2865 cm-1 and 1476 cm-1 are responsible for the alkyl groups (-CH2 and -

CH3). The band in the range of 1712 cm-1 is defined as C=O stretching band. The stretching band of the C-O 

groups was layered with the bending vibrations of the Si-O, Mg-O and Si-O-Al groups. These results are 

attributed to the characteristic groups of the B-bFAEM component of the composite PCM. Additionally; No new 

peak is observed in the spectrum. This confirms that there is no chemical reaction between the components of the 

composite PCM. However, small changes observed in some characteristic bands of the composite can be 

attributed to possible molecular physical locations between B-bFAEM and FA.  

 

3.2. TES Properties and Reliability of the Prepared FA/(B-bFAEM) Composite PCM  

 

Fig. 3 shows the DSC curves of the shape-stabilized FA/(B-bFAEM) composite PCM. As clearly seen from the 

DSC thermogram, the prepared FA/B-bFAEM composite melts at 33.83 °C and solidifies at 31.65 °C. Moreover, 

its TES capacity was measured as 61.34 J/g and -60.73 J/g during melting and freezing processes, respectively. 

 

 
                              Figure 3. DSC thermogram of form-stable FA/(B-bFAEM) composite PCM 
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These TES properties make it potential PCM for regulating/controlling indoor temperature of building envelopes 

depending on the climate conditions. On the other hand, after 1000 thermal (melting-freezing) cycles, the 

melting and freezing temperatures were decreased 0.32 and 0.28 ℃, respectively as the latent heats were reduced 

by 6.3% and 5.9% J/g, respectively. Based on these results, it was observed that the changes occurring in the 

TES properties of the composite PCM were not significant in terms of TES applications. Also, the results 

indicated that after thermal cycling the TES properties of the shape-stabilized FA/(B-bFAEM) composite PCM 

changed slightly in a reasonable level and it has a great TES reliability. 

 

4 CONCLUSION 
 

This work demonstrates that the B-bFAEM eutectic mixture is impregnated with FA using a vacuum technique. 

The chemical and morphological properties of newly developed FA/(B-bFAEM) composites were investigated 

by SEM and FTIR techniques. The TES properties and thermal reliability of the produced composite PCM were 

analyzed by DSC. The chemical and morphological results show that the interconnected porous structure of FA 

provides good capillaries for fatty acid exudates for adsorption uniformly in a proportion of 40wt% without 

observing any melt leakage. DSC analysis results show that the melting temperature of FA/(B-bFAEM)(40wt%) 

composite PCM is 33.83 °C and the latent heat capacity is 61.34 J/g. The resulting composite PCM showed good 

thermal and chemical reliability after 1000 cycles of thermal cycling test. These TES features make it possible to 

carry out TES purposes in the construction envelopes. 

 

Acknowledgement 

 
The authors would also like to thank KTÜ (Project No: FBA-2017-6863) and KFUPM because of their 

laboratory facilities. Mohammed Ouikhalfan would like to also thank Scientific and technological research 

council of turkey (TÜBİTAK) due its fellowship support under the 2216 program. 

 

References 
 

[1]  Memon SA, Lo TY, Cui H, Barbhuiya S. Preparation, characterization and thermal properties of 

dodecanol/cement as novel form-stable composite phase change material. Energy Build, 2013;66:697-705. 

[2]  Fang X, Zhang Z. A novel montmorillonite-based composite phase change material and its applications in 

thermal storage building materials. Energy Build 38;2006:377-380. 

[3]  Parameshwaran R, Kalaiselvam S. Sustainable thermal energy storage technologies for buildings: review, 

Renew. Sustain. Energy Rev. 2012;16:2394-2433. 

[4]  Wang, Y. Dong Xia, T. Zheng, H. Feng, H.X. Stearic acid/silica fume composite as form-stable phase 

change material for thermal energy storage, Energy Build 43 (2011) 2365-2370. 

[5]  Li C, Fu L, Ouyang J, Yang H. Enhanced performance and interfacial investigation of mineral-based 

composite phase change materials for thermal energy storage, Sci. Rep 2013;3:1-7. 

[6]  Zhang, D., Tian, S., and Xiao, D. (2007) Experimental study on the phase change behavior of phase change 

material confined in pores. Solar Energy, 81 (5), 653–660. 

[7]  Yang, Y., Zhao, D., Mingwei, T., Wei, Z., and Han, W. (2014) Preparation and thermal performance 

characteristics of cetyl alcohol-decylic acid/fly ash sharpe-stabilized phase change materials. New 

Chemical Materials, 95–98. 

[8]  Hua, J., Wang, J., Cheng, H., Li, F., and Xue, C. (2013) Availability of preparation process of high 

temperature fly ash based phase change composite. Hot Working Technology, 101, 96-98. 

 

143



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*ghekimoglu@ktu.edu.tr 

 

Thermal Energy Storage Properties of Palygorskite/Capric Acid-Myristic 

Acid Composite PCM 

 
Ahmet SARI1,2, Gökhan HEKİMOĞLU1* 

 
1Karadeniz Technical University, Metallurgical and Material Engineering, Trabzon 

2Centers of Research Excellence, Renewable Energy Res. Inst., KFUPM, KSA 

 

Keywords:  

Palygorskite,  

capric acid, 

myristic acid, 

Composite PCM, 

Thermal energy 

storage  

 
Abstract 

By thermally storing renewable energy sources, it can maintain the balance 

between energy demand and supply and meet the energy demand at the desired 

time interval. Significant economic and environmental benefits can be achieved 

with thermal energy storage (TES) technique based on the use of phase change 

material (PCM). Fatty acids are known as PCMs in many TES applications because 

of their many good thermal-physical properties. However, the leakage problem is 

the biggest problem encountered during the use of heating processes. In this 

context, this study characterizes the thermal energy storage (TES) properties of 

Palygorskite(PAL)/Capric acid(CA)-Myristic acid(MA) as a shape stabilized 

composite material for solar passive TES in buildings. The prepared CA-MA 

eutectic mixture was impregnated with vacuum and impregnated with different 

ratios of PAL. Morphological, chemical and thermal characterization of the 

produced shape stabilized composite PCM was performed by SEM, FT-IR, DSC 

and TG analysis techniques. The optimum PCM absorption rate was determined to 

be 45.0% by weight without any molten leakage being observed. DSC 

measurements showed that the melting temperature and latent heat capacity were 

very suitable for TES applications in buildings. TG analysis results showed that the 

composite PCM had good thermal stability. A thermal cycling test with 500 cycles 

also showed good TES reliability and chemical stability.  

 

1 INTRODUCTION  
 

Thermal energy storage (TES) is a technology that offers flexible solutions for heating and cooling that increase 

energy efficiency and efficiency. With the TES method, the need for electricity for heating and cooling in 

buildings is reduced, and overloading of the electric power can be avoided at the times when electricity is most 

needed. It also provides solutions for greenhouse gases that are less polluting and climate change by reducing the 

need for power plants and fossil fuel use. In latent heat storage systems, materials are utilized from the heat they 

receive and heat during the phase change. The energy-receiving material melts and returns this energy it gets 

when it is freezing. Thus, the ambient temperature is kept at a temperature range very close to the phase change 

temperature. In concealed heat storage applications, organic and inorganic chemicals are used as phase change 

materials (PCMs). The ability of PCMs to change phase at constant temperature is convenient for heat storage 

and recovery [1]. Thanks to PCMs heat storage, high capacity storage applications can save energy in heating 

and cooling [2]. PCM selection is very important for the preparation of composite PCMs with the desired TES 

properties to achieve chemical compatibility with porous structure and high PCM capture. However, there are 

some difficulties in the development of building materials containing PCM. From these difficulties, PCMs 

integrated with building materials. PCMs are usually encapsulated in metallic or polymeric capsules in building 

materials. In this case, the heat storage and release of the solid phase and the capsule material due to thermal 

resistance take a long time. Dodecyl alcohol selected as PCM was impregnated by furnace slag up to 11% [3]. 

The optimum PCM ratio in mixtures of capric acid and capric acid-stearic acid into expanded perlite were 

determined as 50% [4]. The paraffin/vermiculite and paraffin/perlite composite PCMs were prepared by vacuum 

impregnation method [5]. PEG (polyethylene glycol)/porous calcium silicate composite was fabricated as form-

stable PCM and investigated the structural thermal energy stance values of these PCMs [6]. Three different 

paraffin/diatomite composites were produced with different adsorption techniques [7]. In the composite materials 

prepared during the study, it was observed that PCM infiltration behaviors were up to 67%. XPL and XPS as 

novel organic PCMs were integrated with plaster, cement, diatomite, perlite and vermiculite [8]. Erythritol was 
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absorbed by perlite, diatomite and aluminum oxide using vacuum impregnation method [9]. Paraffin/silicon 

dioxide (SiO2) composites and plaster based paraffin/expanded perlite composites were produced [10]. On the 

other hand, 35% of capric acid-palmitic acid binary mixture was absorbed with PAL using vacuum impregnation 

[11].  

 

As different from the literature in this work, PAL/Capric acid (CA)-Myristic acid (MA) composite was prepared 

as a shape-stabilized composite material for solar passive TES purposes to solve the disadvantage of leakage of 

eutectic CA-MA mixture as a PCM. The morphological, chemical and thermal characterizations of shape-

stabilized composite PCM were performed by SEM, FT-IR, DSC and TG analysis techniques. 

 

2. MATERIAL AND METHOD 
 

2.1 Materials 

 

Myristic acid (MA) and Capric acid (CA) were obtained from Sigma-Aldrich Company (Germany). PAL was 

obtained by Karaman mines Company (Turkey). According to the manufacturer, it has mainly consisted with 

SiO2 (83.5%). It was sieved through 150-mesh and dried at 105 oC for 24 h. 

 

2.2 Preparation of PAL/CA-MA Composite PCM 

 

In the first step of the test procedure, PAL/(CA-MA) composites were prepared by vacuum infiltration. The PAL 

was placed in a bottle connected to a vacuum pump. Vacuum treatment was maintained at 0.21 MPa for 1 hour 

while the liquid CA-MA was slowly drained into the bottle using a funnel. The vacuum was then broken and 

allowed to air for 30 minutes to provide easy infiltration. The prepared PAL/(CA-MA) composite PCM was 

cooled to 15° C to provide a porous PAL full crystallization of CA-MA. This procedure was repeated for 

different weight combinations ranging from 30% to 50%. In the second stage, infiltration test was performed and 

the optimal infiltration rate was determined. The prepared composite was placed on a filter paper and heated 

above the melting temperature of the considered CA-MA. The liquid permeation of the composite was checked 

by heating the filter paper. 

 

2.3 Characterization of PAL/CA-MA Composite PCM 

 

The morphology of the prepared PAL/CA-MA composite PCM was examined by LEO 440 SEM instrument. 

The chemical stability between CA-MA and PAL was investigated using the JASCO 430 model FT-IR 

spectrometer. TES properties of CA-MA and composite PCM were measured using a Perkin Elmer-JADE DSC 

at a heating/cooling rate of 3 °C/min. Thermal reliability was established using a thermal cycling test (BIOER 

TC-25/H). The sequential melting-freezing process was repeated 500 times. 

 

3 RESULTS AND DISCUSSION  
 

3.1 Characterization Results  

 

The photographs of the prepared PAL / CA-MA composite PCM are shown in Fig. 1. As shown in the 

photographs, the maximum absorption of the CA-MA eutectic mixture by PAL was determined to be 45% 

without observing dissolved leaks. Thus, composites with these combinations were named as shape-stabilized 

composite PCM. 

 

 
Figure 1. The leakage test results at below and above shape-stabilized combination ratios 
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Figure 2. The microstructures of the PAL and the shape-stabilized composite PCM 

 

As can be seen from the SEM photographs shown in Fig. 2, the surface of the PAL is composed of randomly 

shaped particles which seem as needle. As seen from the SEM images of the shape stabilized composite PCM, 

CA-MA is homogeneously distributed over the surface of PAL. The structural resistance of the composite was 

due to capillary/surface tensile forces within the matrix. The FTIR analysis was performed to identify possible 

specific interactions between the eutectic mixtures PAL and CA-MA eutectic mixture.  

 

As can be seen from the FT-IR spectrum of PAL in Fig. 3, the band between 3270-3750 cm-1 is assigned by 

asymmetric stretching of hydrogen-bonded O-H groups due to the H-O-H component and the Si-OH group. The 

flexural vibration of these groups was determined in the range of 1608 cm-1. The bands at 1097cm-1 and 478-942 

cm-1 are characterized as Si-O-Si stretching and bending vibrations of Si-O, Mg-O and Si-O-Al groups. In the 

case of PAL/CA-MA composite, the tensile vibration and bending vibrations of Si-O, Mg-O and Si-OH were 

observed at about 3250-3750 cm-1, 1044 cm-1 and 456-525 cm-1. These bands are the presence of the PAL 

component of composite PCM. Furthermore, in the FT-IR spectrum of eutectic mixture, bands at 3100-3500 cm-

1, bands at 932 cm-1 and 743 cm-1 were evaluated as the stretching vibration of its OH group due to bending 

vibration. The asymmetric and symmetrical stretching bands at 2974-2865 cm-1 and 1476 cm-1 are responsible 

for the alkyl groups (-CH2 and -CH3). The band in the range of 1712 cm-1 is defined as C = O stretching band. 

The stretching band of the C-O groups was layered with the bending vibrations of the Si-O, Mg-O and Si-O-Al 

groups. These results are attributed to the characteristic groups of the CA-MA component of the composite 

PCM. Additionally; No new peak is observed in the spectrum. This confirms that there is no chemical reaction 

between the components of the composite PCM. However, small changes observed in some characteristic bands 

of the composite can be attributed to possible molecular physical locations between CA-MA and PAL 

 

                      
                    Figure 3.  FT-IR spectra of the PAL and the prepared form-stable composite PCM. 
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3.2 TES Properties and Reliability of the Prepared PAL/(CA-MA) Composite PCM  
 

Fig. 4 shows the DSC curves of the shape-stabilized PAL/(CA-MA) composite PCM. As clearly seen from the 

DSC thermogram, the prepared PAL/CA-MA composite melts at 21.78 °C and solidifies at 21.61 °C. Moreover, 

its TES capacity was measured as 46.73 J/g and -44.18 J/g during melting and freezing processes, respectively. 

 

 
Figure 4. DSC thermogram of form-stable PAL/(CA-MA) composite PCM 

 

These TES properties make it potential PCM for regulating/controlling indoor temperature of building envelopes 

depending on the climate conditions. On the other hand, the melting and freezing temperatures were measured as 

21.35 and 21.24℃, respectively as the latent heats were found to be 41.27 J/g and 39.89 J/g, respectively. Based 

on these results, it was observed that the changes occurring in the TES properties of the composite PCM were 

not significant in terms of TES applications. Also, the results indicated that after thermal cycling the TES 

properties of the shape-stabilized PAL/(CA-MA) composite PCM changed slightly in a reasonable level and it 

has a great TES reliability. 

 

4 CONCLUSION 
 

This work demonstrates that the CA-MA eutectic mixture is impregnated with PAL using a vacuum technique. 

The chemical and morphological properties of newly developed PAL/(CA-MA) composites were investigated by 

SEM and FTIR techniques. The TES properties and thermal reliability of the produced composite PCM were 

analyzed by DSC. The chemical and morphological results show that the interconnected porous structure of PAL 

provides good capillaries for fatty acid exudates for adsorption uniformly in a proportion of 45wt% without 

observing any melt leakage. DSC analysis results show that the melting temperature of PAL/(CA-MA)(45wt%) 

composite PCM is 21.78 °C and the latent heat capacity is 46.73 J/g. The resulting composite PCM showed good 

thermal and chemical reliability after 500 cycles of thermal cycling test. These TES features make it possible to 

carry out TES purposes in the construction envelopes. 
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Abstract 

In this study, the geotechnical properties of waste clay pest, which is widely used in 

the industrial sector in the world which is mostly produced during the production of 

boron were investigated. For this purpose, consistency limits, compaction, 

unconfined compressive strength, hydraulic conductivity and swelling pressure tests 

were carried on waste clay pests. As a result of the tests, the unconfined compressive 

strength of the waste clay was 335 kPa on day 0; on day 7, 427 kPa and on day 28, 

638 kPa, the coefficient of hydraulic conductivity was 1.65x10-10 m/s and the 

swelling pressure was 443 kPa. It is concluded that the boron waste clay produced in 

the Bigadiç Boron plant can be considered as impermeable mattresses in solid waste 

storage facilities for reducing the waste storage and environmental problems caused 

by them. 

1 INTRODUCTION  

 
Boron minerals are widely used in the industry. Approximately 73% of the world's boron reserves are known to 

be in Turkey. Solid wastes that occur during enrichment process of the production of boron minerals, including 

clay minerals in addition to boron oxide, are called clay pesticides [1]. The increase of wastes produced during 

boron production causes environmental problems, lower economic efficiency and storage area problems. Many 

studies have been conducted to recover boron from these wastes or to evaluate them in other areas [2-4].  

 

In the studies conducted in the field of civil engineering, due to the light pozzolanic character of borax wastes, it 

was mainly focused on brick and cement production [1]. In their study, Sönmez and Yorulmaz [5] have 

experimentally demonstrated that boron derivatives can be used in brick making by mixing waste clays with brick 

soil in relation to brick production [6]. In another study, by adding boron waste clays obtained from Kırka plant to 

Seydişehir red mud, high quality bricks with high strength and low water absorption were produced [5]. With 

regard to cement, studies have been conducted to investigate the usability of clay pest in cement and the methods 

of using boron minerals and wastes in cement [1, 7]. In a separate study, the waste sludge from Bigadiç borate 

plants was added to the cement and it was found that the compressive strength of the prepared samples increased 

over time [8].  

 

There are limited studies on the evaluation of boron waste clays in the field of geotechnical engineering. Ulutas, 

et al. [9] examined the geotechnical, chemical and structural properties of boron waste clay obtained from Kırka 

Boron and emphasized that Kırka boron waste clay can be used in solid waste storage areas. Banar, et al. [10] 

produced bentonite, waste rubber and bitumen and geosynthetic barrier using boron waste clays from Kırka Boron 

Plant and investigated the usability of these as impermeable mattresses [10, 11]. Kurt Albayrak and Turan [12] 

investigated the use of Kestelek boron waste clay pests in the stabilization of high plasticity clay. In the literature, 

there is no study on geotechnical Bigadiç boron waste clays.  

 

In this study, some geotechnical properties of waste clay pest obtained from Eti Maden Kırka Boron Plant were 

investigated. In this context, grain volume weight, consistency limits, compaction, free pressure, swelling pressure 

and falling level permeability tests were carried out on waste clay. 
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2 MATERIAL AND METHOD 
 

2.1 Material 

 

Waste clay pest was brought from Bigadiç (B), Eti Maden Boron Plant quarries. The waste clay pests were dried 

in the oven (105oC) and ground in the Los Angeles Abrasion Machine and subjected to experiments. The grain 

volume weight of the waste clay pest was found to be 25.80 kN / m3. Figure 1 shows the waste clay pest which 

has been ground and sieved through the No. 40 sieve. 

 

 
Figure 1. Bigadic boron waste clay sieved from sieve 40 

 

2.2 Method 

 

Experiments on waste clay pests were carried out based on the standards given in Table1. 

 

Table 1. Standards used in experiments 

Tests Standards 

Liquid Limit Test BS 1377-2 [13] 

Plastic Limit Test ASTM D 4318-10 [14] 

Standard Proctor Test ASTM D 698-12 [15] 

Unconfined Compressive Strength Test ASTM D 2166-13 [16] 

Swelling Pressure Test ASTM D 4546 [17] 

Permeability Test ASTM D 5856 [18] 

 

3 RESULTS AND DISCUSSION 
 

3.1 Atterberg Limits 

 

The soil class of the waste clay pest is determined as high plasticity clay (CH) according to the Unified Soil 

Classification System (USCS). Table 1 shows the consistency limits of waste clay pest test results. 

 

Table 2. Bigadic boron waste clay atterberg limits 

Liquid Limit, % 134 

Plastic Limit, % 48 

Plasticity Index,% 86 

Soil Group* CH 

*Unified Soil Classification System (USCS) 

 

3.2 Standart Proctor Test 

 

Compaction parameters of Bigadiç waste clay pest were determined by standard proctor experiments. The 

compaction curve is shown in Figure 4. Optimum water content of waste clay pest 28%; The maximum dry unit 

volume weight was 13.2 kN / m3. 
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Figure 2. Compaction curve of Bigadic boron waste clay 

 

3.3 Unconfined Compressive Test  

 

Free pressure tests of Bigadiç waste clay pest samples were carried out on samples compressed at standard proctor 

energy. Since it was known that the waste clay pests had a slight pozzolanic character, the free compressive 

strength of the samples was determined by free pressure tests performed at the end of day 0 (immediately), day 7 

and day 28 at different curing times. Experimental results are given in Table. Uncofined compressive stress-axial 

strain curves plotted by free pressure test are given in Figure 2.  

 

Table 3. Unconfined compressive strength of Kırka boron waste clay 

Curing Time 

(day) 

Uncofined Compressive Strength 

(kPa) 

0 335 

7 427 

28 638 

 

 
Figure 3. Stress-axial strain curves of Bigadic boron waste clay 

 

3.4 Swelling Pressure Test 

 

The swelling pressure tests of the waste clay pest samples were performed on samples compressed at standard 

proctor energy. The swelling pressure of the waste clay pest was 443 kPa and the swelling water content was 49%.  

 

3.5 Hydraulic Conductivity Test 

 

The hydraulic conductivity coefficient of the waste clay pest was determined by a low-level permeability test 

performed on samples compressed at standard proctor energy. The hydraulic conductivity coefficient of the waste 

clay pest was found to be 1.65 X 10-10 m / s. 
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4 CONCLUSION 
 

Within the scope of the study, geotechnical properties of waste boron pest clay obtained from Bigadiç Eti Mine 

was determined. The results obtained from the experiments are listed below;  

 

The soil class of the waste clay pest is determined as high plasticity clay (CH) according to the Unified Soil 

Classification System (USCS).  

 

Compaction parameters of waste clay pest determined by standard proctor test; optimum water content 28%; The 

maximum dry unit volume weight was 13.2 kN / m3.  

 

The free compressive strength of the waste clay pest was 335 kPa, 427 kPa and 638 kPa for day 0, day 7 and day 

28, respectively.  

 

The swelling pressure of the waste clay pest is 443 kPa and the swelling water content is 49%.  

 

The permeability coefficient of the waste clay pest was found to be 1.65 X 10-10 m / s.  

 

Due to storage problems and environmental problems caused by Bigadiç waste clay pests, it is considered that 

they can be used as impermeable mattresses in solid waste storage areas considering their low permeability 

coefficients. In further studies, it is recommended to investigate the mineralogical structure and electrokinetic 

properties of waste clay pests by using special methods. 
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Abstract 

In this study, experimental and numerical analyzes of the single lap joints subjected 

to tensile load formed by combining AA2024-T3 aluminum alloys with two-

component liquid structural adhesive DP410 were performed. In the experimental 

analysis section of this study, tensile experiments of single lap joints were performed 

and 2D Digital Image Correlation (DIC) analyzes were performed by processing the 

images obtained during these experiments. In the numerical analysis section, three 

dimensional nonlinear finite element analysis of single lap joints subjected to tensile 

load was carried out considering the load and boundary conditions applied during the 

experimental analyzes. The normal and shear strain distributions of the single lap 

joints obtained by the DIC and finite element method were compared considering the 

midline of the adhesive layer. As a result of this comparison, it has been determined 

that there is a sufficient consistency between the strain distributions obtained by 

finite element analysis and DIC technique. 

1 INTRODUCTION  
 

Although there are different experimental methods in which the strength of the adhesive in a adhesively bonding 

joint has been determined, the use of single lap joints in experimental methods is common due to their simple 

geometry and ease of production [1-2-3]. Therefore, many studies have been carried out on single lap joints. 

Kinloch developed the a simple shear model which assumes that the only shear deformations occur in the adhesive 

layer [4].  An analysis was performed by Volkersen, which assumes that the adherend materials are rigid and the 

adhesive is only deformed in the direction of shear [5].  

 

In a study conducted by Jairaja and Narayana, the mechanical properties of dual adhesive bonded single lap joint 

made of different adherends were determined via Digital Image Correlation (DIC) and finite elements methods. 

Comparison of experimental and numerical studies have been carried out and it has been determined that there 

was a sufficient consistency. Additionally, it was found that, the use of dual adhesive helps in increasing the bond 

strength [6]. In the study conducted by Banea and da Silva [10], the performance of two flexible adhesives with 

different properties was investigated experimentally. In this study, TAST samples were tested to determine the 

shear mechanical properties of adhesives, and single lap joints (SLJ) were produced to evaluate the performance 

of adhesives in joints. A study was carried out on Saraç et al. [7] in order to examine the effect of the nano particles 

added to the adhesive on the bonding strength. Nano-Al2O3, Nano-TiO2 and Nano-SiO2 powders were used. As a 

result of the experiments, it has been determined that the most effective nanoparticle in increasing the failure 

strength of the adhesive joints is nano-Al2O3 particles and nanoparticle strain was an important parameter in the 

tensile strength of the adhesive joints.  

 

A study was conducted by Kosmann et al. in order to perform local strain analyzes on adhesively bonding joints 

[8]. In this study, the results of the full field strain data measured with DIC are compared with numerical 

simulations. As a result of this study, it has been stated that the DIC technique allows local measurements 

compared to the extensometers. 

 

2 MATERIAL AND METHOD 
 

In this study, experimental and numerical analysis of single lap joints (SLJ) produced by using AA2024-T3 

aluminum alloys and DP410 liquid structural adhesive were performed. 
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2.1 Material Properties 

 

In this study, AA2024-T3 aluminum alloys have been used as adherend materials because they are widely used in 

many critical areas such as aerospace and automotive industry due to their lightness, high strength, corrosion 

resistance and machinability. DP410 two component liquid structural adhesive was used as adhesive. 

 

Table 1. Mechanical properties of aluminum alloy of AA2024-T3 [9]. 

 AA2024-T3 

 

E 72,4 GPa 

 0,33 

a 345 MPa 

ç 485 MPa 

E: Modulus of Elasticity; : Poisson ratio; a: Yield stress; k: Fracture stress. 

 

2.2 Preparation of SLJs 

 

In this study, three SLJs were produced by bonding AA2024-T3 aluminium alloys with DP410 liquid adhesive. 

The geometric parameters of SLJs are given in Fig.1. Additionally, the AA2024-T3 adherend plate cut in the 

dimensions given in Fig.1 were subjected to surface preparation processes before bonding process and bonded 

with DP410 adhesive by using the mold is given Fig.2 to produce SLJs. 

 

 
Figure 1 The geometry of Single Lap Joints 

 

 
Figure 2. (a) Mold used in the preparation of Single Lap Joints; (b) Specimens prepared for experiments by 

subtracting from the mold. 

 

2.3 Surface Preparation for DIC Analysis 

 

The deformation analysis in the DIC method is based on the fact that the images recorded during the experiment 

are divided into sub-regions and therefore there must be a random pattern containing the regions with different 

gray level density on the specimen surface in order to make the matching. In this study, a random pattern was 

created on surface of samples by spraying white paint on the ground with black spots (Figure 3). 
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Figure 3. Pattern structure created on SLJ specimen surfaces. 

 

2.4 Experimental Study 

 

In this study, tensile tests of the SLJ specimens given in Figure 1 were carried out using a computer controlled 100 

kN capacity 5982 Model Instron universal tester at a deformation rate of 1 mm / min. and at 22 ℃ and 30% 

humidity.   

 

The load and boundary conditions of the tensile tests are shown in Figure 4. Additionally,in this study, in order to 

investigate the deformations of adhesive layer and adherends by DIC technique, images obtained by using Instron 

AV 2 model video extensometer during the experiment were processed via Gom Correlate 2017  and the necessary 

results obtained. In this software, bicubic interpolation was used as the sub pixel interpolation and the solution was 

performed by separating the selected area from the image surface into 19 × 19 pixel subset with 16 pixel distance 

between subset centers.  

 

 
Figure 4. Load and boundary conditions in the tensile tests 
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2.5 Finite Element Method Analysis 

 

In the finite element analysis of this study, the SLJ sample given in Figure 1 was modeled as 3D nonlinear elasto-

plastic according to Multilinear Isotropic Hardening-von Mises plasticity material model using ANSYS 16 

package software [10]. In the modeling, considering the load and boundary conditions used in the experiments, 

the regions which are important in terms of tensile density were divided into smaller elements and modeling was 

made with SOLID185 elements having three degrees of freedom and 8 nodes. In Fig.5 the mesh structure of the 

SLJ model and in Fig.6 the load-boundary conditions were given.  

 

 
Figure 5. The mesh structures of the SLJ model 

 

 
Figure 6. Load and boundary conditions in the SLJ model  

 

3     RESULTS 
 

 In this study, the SLJs, whose dimensions are given in Fig.1 and subjected to uniaxial tension were tested at a 

deformation speed of 1 mm / min. The results obtained from experimental anlaysis were compared with those 

obtained from finite element method.  

 

3.1. The results obtained from the tensile test of SLJs 

 

Three SLJ specimens were tested in tensile tests. In these experiments, the displacements occurred in the specimens 

were determined by two different methods. In the first method, the displacements were obtained from the stroke 

of the tensile device relative to each other, and in the second method by the DIC technique from the point shown 

in Fig.7. 
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Figure 7. Representation of the point used to determine the displacement of SLJ tensile specimens via DIC 

method. 

 

The force-displacement curves were shown in Figure 8a and the damage surfaces were shown in Figure 8b. When 

these damage surfaces were examined, it has been seen that adhesive damage occurs in the samples formed using 

DP410 adhesive.  

 

 
Figure 8. In SLJs created with DP410 adhesive; (a) force-displacement curves, (b) damage surfaces. 

 

When the force-displacement curves given in Figure 9a were examined, it has been seen that there is agreement 

between the two methods.  

 

In this study, it was aimed to investigate the time-dependent deformations of specimens under tensile load by DIC 

technique. Therefore, the SLJ-3 specimen was chosen because the image resolution (70,04pix / 10mm) on the 

surface was relatively higher than the others, and the images recorded during the experiment of this sample were 

processed and DIC analysis was performed. The strain distributions of the A, B, C and D points at different time 

intervals on the force-displacement plot (Figure 9) obtained by the tensile test of the SLJ-3 sample are given below 

(Figures 10, 11 and 12). 
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Figure 9. Points A, B, C and D used in the DIC analysis at different time periods on the force-displacement 

curve of the SLJ-3 specimen. 

 

 
Figure 10. Strain distributions (ԑx) occurring in the x-axis direction in the SLJ-3 specimen; a) 0 ms (point A),         

b) 20361.2 ms (point B), c) 54547.9 ms (point C), d) 71493.9 ms (point D), e) Strain distribution occuring along 

the 1-2 line in the adhesive layer in the x-axis direction. 
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When the strain maps given in the Fig.10 were examined in the x-direction, it was observed that the maximum 

strain value was at the ends of the overlap region and this value decreased towards the middle of the overlap and 

the strain values increased due to increasing time. When curves in the Figure 11e  were examined, it was observed 

that the strain values were maximum at the ends of the 1-2 line and minimum at the middle of the 1-2 line. In 

addition, it was seen that the compression strain occurred at the load values close to the damage load in the middle 

of the 1-2 line. 

 

 
Figure 11. Normal strain distributions (ԑy) occurring in the y-axis direction in the SLJ-3 specimen; a) 0 ms         

(point A), b) 20361.2 ms (point B), c) 54547.9 ms (point C), d) 71493.9 ms (point D), e) Strain distribution 

occuring along the 1-2 line in the adhesive layer in the y-axis direction. 

 

When the strain maps given in the Fig.11 were examined in the x-direction, it was observed that the maximum 

strain value was at the end of the overlap region and this value decreased towards the middle of the overlap and 

the strain values increased due to increasing time.  
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Figure 12. Shear strain distributions (γxy) in the SLJ-3 specimen; a) 0 ms (point A), b) 20361.2 ms (point B),           

c) 54547.9 ms (point C), d) 71493.9 ms (point D). 

 

3.2 The comparison of DIC and Finite Element Method (FEM) results 

 

Figure 13 shows a comparison of the strain distributions obtained by the DIC technique and the three-dimensional 

finite element method at a load of 5000 N along the line 1-2 representing the midplane of the adhesive layer. When 

the curves given in the figure 13 were examined, it can be said that there are differences in the deformation values 

obtained by DIC and finite elements (especially the normal strain values in x direction). There are two important 

reasons for this. The first reason is that the DIC analysis is 2-dimensional, and the off-plane effects are neglected, 

and the second reason is that the image resolution recorded during the experiments is insufficient.  
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Figure 13. Comparison of the strain distributions obtained via the DIC and FEM along the overlap length in the 

middle line of the adhesive layer (line 1-2); (a) normal strain distributions in the x direction (ԑx), (b) normal 

strain distributions in the y direction (ԑy) (c) shear strain distributions (ԑxy). 

 

4   CONCLUSION 
 

In this study, experimental and numerical analyzes of the SLJs formed by bonding AA2024-T3 aluminum alloy 

adherends with DP410 liquid structural adhesive were performed and the following results were reached. 

 

 Adhesion damage on material surfaces in the tensile tests of the SLJs were observed. 

 Normal strain distributions and strain maps of the single lap joints subjected to the tension load, were 

obtained  by taking into account the middle line (1-2 line) of the adhesive layer, at different time interval 

(A, B, C and D points). It can be said that the normal strain values increase due to increasing time and 

load and the results obtained from DIC are consistent.  

 In the case of tensile loading of the SLJs, the normal and shear strain distributions obtained by the DIC 

and the FEM at the same load value were compared by taking into account the midline (1-2 line) of the 

adhesive layer. It can be said that there are two reasons for the differences in the deformation values 

obtained with DIC and FEM (especially the normal strain values in the x direction). The first reason is 

that the DIC analyzes are 2-dimensional because the extraneous effects are neglected, and the second 

reason is the lack of image resolution recorded during the experiments. 
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Abstract 

In this study, experimental and numerical analyzes of the single lap joints subjected 

to four point bending formed by combining AA2024-T3 aluminum alloys with two-

component liquid structural adhesive DP410 were performed. In the experimental 

analysis section of this study, four point bending experiments of single lap joints 

were performed and 2D Digital Image Correlation (DIC) analyzes were performed 

In the numerical analysis section, three dimensional nonlinear finite element analysis 

of single lap joints subjected to four point bending was carried out considering the 

load and boundary conditions applied during the experimental analyzes. As a result 

of the studies, DIC and finite element method were compared and the agreement 

between the two methods was determined. It has been determined that although the 

strain distributions obtained by Digital Image Correlation (DIC) technique are not 

very close to the values obtained by numerical studies, there was a sufficient degree 

of agreement and DIC method can be used to determine the mechanical behavior of 

adhesively bonding joints. 

1 INTRODUCTION 

 
Bonding joints have a complex stress analysis and numerical, analytical and experimental studies have been carried 

out for over 60 years. In a study by Kinloch [1], the mechanical behavior of bonding joints, fracture mechanics, 

preparation of bonding surfaces, hardening mechanisms of adhesives and the theories used to explain the adhesion 

event were given. In a study conducted by Krenk et al [2], the static and fatigue strength values of the joints formed 

by joining aluminum alloy plates with epoxy adhesive were investigated by finite element method and 

experimental studies. 

 

DIC, which is one of the methods used to determine the material surface deformations, is very important to use 

the appropriate algorithm for the solution of the deformations. Different algorithms have been developed by many 

researchers in order to obtain accurate displacement measurements. One of the studies conducted in this direction 

was made by Hung and Voloshin [3]. Accuracy of DIC optical measurement technique used to determine the 

displacements on the surface of the material is affected by many factors such as sub-zone size, sub-zone shape 

function. Pan et al.  investigated the effect of sub-region size selection, which has an important place among these 

factors, on displacement measurements [4]. 

 

The most important factor in the reliable use of bonding joints is the bond strength. The ability to obtain high 

strength connections depends on a good understanding of the stress state in the bonding connection. An 

experimental study was conducted by Silva and Nunes. In this study, it was aimed to determine the bending 

moment factor (which results from the load eccentricity in single acting overlap connections) using the DIC 

technique [5]. A study was conducted by Kupski et al. composite layup effect on the failure mechanism of single 

lap bonded joints was invetigated. As aresult of this study, it has been stated that to increase tensile strength up to 

damage initiation, the layup should be optimized for bending stiffness [6]. 

 

2 MATERIAL AND METHOD 
 

In this study, experimental and numerical analysis of single lap joints (SLJ) produced by using AA2024-T3 

aluminum alloys and DP410 liquid structural adhesive were performed. 
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2.1 Material Properties 

 

In this study, AA2024-T3 aluminum alloys adherend materials and DP410 two component liquid structural 

adhesive were used. Mechanical properties of aluminum alloy of AA2024-T3 are given in Table 1. 

 

 

Table 1. Mechanical properties of aluminum alloy of AA2024-T3 [7]. 

 AA2024-T3 

 

E 72,4 GPa 

 0,33 

a 345 MPa 

ç 485 MPa 

E: Modulus of Elasticity; : Poisson ratio; a: Yield stress; k: Fracture stress. 

 

2.2 Preparation of SLJs 

 

In this study, three SLJs were produced by bonding AA2024-T3 aluminium alloys with DP410 liquid adhesive. 

The geometric parameters of SLJs are given in Fig.1. The mold is given Fig.2 to produce SLJs. 

 

 
Figure 1 The geometry of Single Lap Joints 

 

 
Figure 2. (a) Mold used in the preparation of Single Lap Joints; (b) Specimens prepared for experiments by 

subtracting from the mold. 

 

2.3 Surface Preparation for DIC Analysis 

 

In this study, a random pattern for the deformation analysis in the DIC method was created on surface of  specimens 

by spraying white paint on the ground with black spots (Figure 3). 
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Figure 3. Pattern structure created on SLJ specimen surfaces. 

 

2.4 Experimental Study 

 

In this study, tensile tests of the SLJ specimens given in Figure 1 were carried out using a computer controlled 100 

kN capacity 5982 Model Instron universal tester at a deformation rate of 1 mm / min. and at 22 ℃ and 30% 

humidity.  The load and boundary conditions of the tensile tests are shown in Figure 4.  

 

 
Figure 4. Load and boundary conditions in the tensile tests 

 

2.5 Finite Element Method Analysis 

 

In the finite element analysis of this study, the SLJ sample given in Figure 1 was modeled as 3D nonlinear elasto-

plastic according to Multilinear Isotropic Hardening-von Mises plasticity material model using ANSYS 16 

package software [8]. The mesh structures and  load and boundary conditions of the SLJ model are given Fig. 5 

and 6 respectively. 

 

 
Figure 5. The mesh structures of the SLJ model 
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Figure 6. Load and boundary conditions in the SLJ model  

 

3     RESULTS 
 

In this study, the SLJs, whose dimensions are given in Fig.1 and subjected to four-point bending load were tested 

at a deformation speed of 1 mm / min. The results obtained from experimental anlaysis were compared with 

numerical analysis. 

 

3.1. The results obtained from the four-point bending test of SLJs 

 

Figure 7 shows the load displacement curves including displacements obtained by displacement of the force 

applied point to these specimens and damage surfaces. 

 

 
Figure 7. In the SLJs; (a) Force-displacement curves; (b) Damage surfaces. 

 

In this study, time dependent deformations of the adhesive layer in the SLJ joints in the case of four-point bending 

were analyzed by DIC technique. DIC analysis was performed by processing the images obtained from the 

experiments of the SLJ-4 sample with the best image resolution and strength among the images obtained during 

the experiments. Strain distributions in the midline (line 1-2) of the adhesive layer of the SLJ-4 sample at different 

time intervals (A = 0, B = 50264 ms, C = 159683 ms and D = 238562 ms) were investigated. 
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Figures 8a and 8b showed normal strain distributions in the axial and thickness direction and Fig. 8c showed shear 

strain distributions along the midline of the adhesive layer of SLJ bending samples. When these distributions are 

examined, it has been seen that the normal and shear strain distributions were the maximum value at the point 

indicated by the number 2 on the middle line of the adhesive layer and the minimum values in the middle region. 

 

 
Figure 8. The strain distributions along the midline (1-2 lines) of the adhesive layer in the bending SLJs;                 

(a) normal strain distribution in the x direction (εx), (b) normal strain distribution in the y direction (εy)  (c) shear 

strain distributions (γxy) 
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3.2 The comparison of DIC and Finite Element Method (FEM) results 

 

Since the resolution of the images obtained from the SLJ-4 sample was better than the other specimens, the starin 

distributions obtained from the DIC technique at a load value of 3500 N along the overlap length in the middle 

line of the adhesive layer of this sample were compared with results of FEM at the same load value and same line 

(Fig.9). When these curves were compared, it has been seen that the strain distributions obtained from DIC and 

FEM were similar but there were the differences between the values. 

 

 
Figure 9. Comparison of the strain distributions obtained via the DIC and FEM along the overlap length in the 

middle line of the adhesive layer (line 1-2); (a) normal strain distributions in the x direction (ԑx), (b) normal 

strain distributions in the y direction (ԑy) (c) shear strain distributions (γxy). 

 

4   CONCLUSION 
 

In this study, for four-point bending loading, experimental and numerical analyzes of the SLJs were performed 

and the following results were reached. 

 

 Cohesive damage on material surfaces in the tensile tests of the SLJs were observed. 

 With the four point bending experiments of the single lap joints, the normal and shear deformation 

distributions occurring at approximately the same time in 3 bending samples were determined by 

considering the midline of the adhesive layer (AB line) and the deformation distributions obtained by 

DIC analysis were found to be compatible with each other. 

 It has been onserved that the strain distributions obtained by DIC and finite elements are similar but there 

are differences between the values because of the image resolutions used in DIC analysis were not 

sufficient and DIC analysis was 2 dimensional. 
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Abstract 

Chiral secondary alcohols are important building blocks for the synthesis of 

bioactive compounds such as pharmaceuticals, pesticides, pheromones, flavors, 

fragrances, and natural products. Chiral secondary alcohols are good examples of 

chiral compounds that can be used in the production of different drugs. Enantiopure 

(S)-1-(4-methoxyphenyl) ethanol can be employed as an important precursor for the 

synthesis of cycloalkyl [b] indoles with the treatment function for general allergic 

response. These enantioselective products can be obtained with different 

methodologies although biotransformation is one of the most preferred 

methodologies among them that have many advantages compared to chemical 

catalysts. For instance, biocatalysts are providing clean and ecofriendly way to 

perform chemical reactions under mild conditions and high selectivity for the 

substrate whereas chemical catalysts produce toxic waste and a large amount of 

waste product. Biotransformation usually relies on the use of isolated enzymes or 

whole cell microorganism as both methods have some advantages and drawbacks. 

Isolated enzymes are extremely selective and recyclable catalysts, but are usually 

very expensive and not readily accessible due to the limited availability of co-

substrates and cofactors of the biocatalyst. On the other hand, whole cells are small 

factories, especially advantageous since they are equipped with all the metabolic 

ways for the regenerations of necessary cofactors, well protected within their 

natural cellular environment and several different microorganisms were 

successfully shown to be used for these biotransformation reactions. In this study, 

Saccharomyces uvarum was tested for the asymmetric bioreduction of 4-methoxy 

acetophenone in order to investigate the percent conversion and enantiomeric 

excess. S. uvarum S3 showed good biocatalysts among the tested strains and 

reaction conditions including pH, incubation temperature, time, agitation level was 

optimized to achieve higher conversion and enantiomeric excess. We have showed 

a yeast strain to obtain gram scale enantiopure chiral (S)-1‑(4‑methoxyphenyl).  

 

1 INTRODUCTION  
 

Biocatalysis has gained major importance in the asymmetric synthesis of enantiomerically pure compounds, 

because of its high environmental compatibility, high enantioselectivity, and environment-friendly conditions. 

The growing interest within the pharmaceutical industry is fueled by regulatory agencies, which may have 

different pharmacological activities and different pharmacokinetic and pharmacodynamic effects [1-2]. The 

discovery of new biocatalysts, able to produce optically pure compounds in an economic way and under mild 

conditions is an issue of great interest. The most widely used biocatalytic processes are enantioselective 

reduction reactions, because of the continuous need for new chiral precursors for the synthesis of chemicals, 

pharmaceuticals, and agricultural chemicals at low production costs in industry. However, most of these organic 

compounds are not natural substrates of the microorganisms, and screening for new enzymes is necessary to 

search for a catalytic system with high selectivity and efficiency. Biocatalysts have many advantages compared 

to chemical catalysts. Chemical catalysts produce toxic waste and a large range of by-products, whereas 

biocatalysts are biodegradable, and provide a clean and environment-friendly way to carry out chemical 

reactions under mild reaction conditions and great selectivity for the substrate [3-4]. For this purpose, among 

biocatalysts, isolated enzymes, catalytic antibodies, or microorganism whole cells can be used. Pure enzymes are 

highly selective and recyclable catalysts, but are often very expensive and not readily accessible because of the 
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limited availability of co-substrates and cofactors of the biocatalyst [5]. Asymmetric reduction of ketones is a 

very important transformation in organic synthesis because chiral carbinols are useful bioactive compounds and 

their precursors. Alcohol dehydrogenases can be used for the synthesis of these compounds [6, 7]. Enantiopure 

alcohols are valuable and versatile building blocks for the manufacturing of chiral pharmaceuticals. For example, 

Duloxetine can be produced by this methodology used for depressive disorder [8]. Another example is ezetimibe 

that can be used to control the cholesterol levels in plasma [9]. Similarly, isoprenaline used for the treatment of 

bradycardia (slow heart rate) can be produced from the chiral secondary alcohols (Figure 1) [10]. 

 

 
Figure 1. Examples of drugs derivetived from chiral secondary alcohol 

 

A large number of optically active alcohols have been produced by means of biocatalytic processes. Optically 

active phenyl ethanol and its derivatives have become key building blocks for the preparation of large complex 

molecules. This is attributable to the alcohol functional group, which can be easily transformed to other desired 

functional groups [11-13]. Enantiopure (S)-1-(4-methoxyphenyl) ethanol can be employed as an important 

synthon for the synthesis of cycloalkyl [b] indoles with the treatment function for general allergic response [14]. 

And (R)-1-(4-methoxyphenyl) ethanol can be used for the preparation of chiral 3-aryl-3-substituted propanoic 

acids with anti-inflammatatory activity [15]. In this study, three different yeast species S. uvarum were tested for 

the asymmetric bioreduction of 4-methoxy acetophenone in order to investigate the percent conversion and 

enantiomeric excess.  

 

2 MATERIAL AND METHOD 
 

General 

 

The chemicals and solvents used in this study were purchased from Sigma-Aldrich (Sigma-Aldrich Corporate, 

St. Louis, MO USA) (purity of >99%). Thin-layer chromatography (TLC) was used for the monitoring of the 

reactions and performed by using TLC plates (aluminum, silica gel 60 F254 Merck, 0.25 mm) and eluent was 

hexane: ethyl acetate (90:10, v/v). Purification of chiral secondary alcohols were performed by column 

chromatography filled with silica gel (0.063-0.2 mm) and the product was eluted with a mixture of hexane: ethyl 

acetate (90:10, v/v). HPLC analysis was performed on an Agilent 1260 systems equipped with chiral column 

(Daicel Chemical Industries, Ltd, France), UV and chiral detector (Ibz Messtechnik Gmbh). Optical rotation was 

measured with a Bellingham + Stanley, ADP220, 589 nm spectropolarimeter. 1H and 13C NMR spectra were 

recorded on Bruker 400 MHz spectrometer in CDCl3.  

 

Yeast strain and culture conditions 

 

S. uvarum strain used in this study was isolated previously from pastirma a fermented Turkish meat product [16-

17]. Yeast strain was stored their glycerol stock in -80oC. YPD medium is contain 1% yeast extract, 1% peptone 

from casein and 2% glucose. 

 

General procedure for bioreduction of substrate 

 

Yeast strain was propagated from their glycerol stocks by inoculation to 10 mL YPD medium followed by 2 

days’ growth at 30°C. From this cultures, exponentially grown yeast cell was inoculated to 50 ml sterilized fresh 

YPD culture medium as working volume in 250 mL Erlenmeyer flask at 10% concentration and adjusted with 

1M HCI to 6.5 and shaken 2 h, then 100 mg substrate was directly added to the medium and incubated on a 

shaker (200 rpm) at 30°C for 48 h. At the end of the incubation period, the cells were separated by centrifugation 

at 6000 × g for 5 min at 4°C and the supernatant saturated with NaCl, then extracted with CH2CI2. 

Dichloromethane extracts were combined and dried over anhydrous Na2SO4. After removal of the solvent under 

172



Efficient Biocatalytic Synthesis of (S)-1‑(4‑methoxyphenyl) ethanol by Saccharomyces 

uvarum as a Whole-cell Biocatalyst 

ICADET ‘19 

 

 

reduced pressure, NMR analysis was used for the identification of the crude product followed by purification by 

column chromatography on silica gel using hexane: ethyl acetate as eluents (90:10). The absolute configuration 

was determined by the sign of specific rotation. The conversion was determined by chromatography on a chiral 

HPLC after filtering the crude products with a column containing small silica gel and comparing the alcohol 

peaks with the ketone peak. Enantiomeric excess of the products was determined by HPLC analysis using chiral 

column and the yields were determined after purification of the crude product by column chromatography. 

  

Spectroscopic data of chiral alcohol 

 

(S)-1-(4-methoxyphenyl) ethanol [18]: Colourless oil, yield 90%, 1H NMR (400 MHz, CDCl3) δ= 7.30-7.27 

(m, 2H, Ar), 6.89-6.85 (m, 2H, Ar), 4.83 (q, J = 6.4 Hz, 1H, CH), 3.79 (s, 3H, OMe), 2.11 (bs, 1H, OH), 1.46 (d, 

J =6.5 Hz, 3H, Me); 13C NMR (100 MHz, CDCl3) δ= 158.9 (ArC), 138.0 (ArC), 126.7 (ArC), 113.8 (ArC), 69.9 

(COMe), 55.3 (CCH), 25.0 (CMe); [α]D
25 = -59.8 (c 1.0, CHCI3), >99% ee; HPLC (Chiralcel OD-H column, n-

hexane/i-PrOH, 95:5, flow rate of 0.8 mL/min, 220 nm) tR (S) 12.0 min. 

 

3 RESULTS 
 

S. uvarum were tested for the bioreduction of 4-methoxy acetophenone to 4-methoxy phenylethanol (Table 1).  

 

Table 1. Screening of yeast strains for the bioreduction of 4-methoxy acetophenone 

 
Microbial straina Conversionb 

(%) 

Yieldc 

% 

eed % 

(S) 

S. uvarum S1 40 25 55 

S. uvarum S2 54 48 42 

S. uvarum S3 77 71 82 

S. uvarum S4 43 40 57 

S. uvarum S5 41 38 59 
a Comparison of the best micobial strain. b The conversions were determined HPLC analysis, cisalated yield. d Determined by HPLC using 

Chiralcel OD-H column. 

 

The bioreduction ability of these strains were determined by addition of 5 ml wet yeast cells to the 50 ml culture 

environment in which 1 mmol substrate was added and cells with substrate were incubated at 30°C for 24 h 

under 100 rpm agitation conditions. As can be seen in Table 1, the strains produced (S)-1‑(4‑methoxyphenyl) ( 

42–82% enantiomeric excess). The good results for the bioreduction of 4-methoxy acetophenone were obtained 

when S. uvarum P3 was used as a whole cell biocatalyst. S. uvarum P3 was thus selected for further studies, 

which includes reduction of acetophenone derivatives. Firstly, we investigate the effects of reaction conditions 

on the product’s enantioselectivity and conversion. Reaction conditions are important in the successful 

production of a secondary chiral alcohols. Thus, reaction conditions such as pH, temperature, incubation period 

and agitation speed were optimized using S. uvarum P3 as a biocatalyst. The results of these optimizations can 

be seen in Table 2. Different pH ranges (4.5 – 7.5) were chosen to monitor the progress of the bioreduction 

reaction in the reaction conditions of 30°C, 100 rpm and 24 h. The highest conversion (84%) and enantiomeric 

excess (85%) were obtained when the medium pH was controlled at 6.0. This effect of pH on conversion and 

enantioselectivity can be due to the fact that the three-dimensional structures of the enzymes can vary depending 

on the pH which affects both enantioselectivity and conversion. The effects of several temperatures were 

investigated by carrying out the fermentation process within different temperature ranges (25–34 °C) in the 

reaction condition of 100 rpm, 24 h and pH 6.5. The highest conversion (88%) and ee (90%) were obtained at 

30°C. When the temperature rises above 30°C, both the conversion and the ee decreased significantly. Therefore, 

the temperature of the reduction reaction was chosen to be 30°C. Several incubation times were selected to 

follow the progress of the bioreduction reaction in the reaction conditions of pH 6.0 and 30°C. 
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Table 2. Optimization of parameters for the bioreduction of 4-methoxy acetophenone with S. uvarum P3 

pH Temperature Incubation period Agitation speed 

 Conv. 

(%)b 

ee 

(%)c,d 

oC Conv. 

(%)b 

ee 

(%)c,d 

h Conv. 

(%)b 

ee 

(%)c,d 

rpm Conv. 

(%)b 

ee 

(%)c,d 

4.5 64 65 (S) 25 84 82 (S) 24 88 90 (S) 100 88 90 (S) 

5 57 74 (S) 28 71 70 (S) 48 95 94 (S) 150 99 92 (S) 

5.5 70 79 (S) 30 88 90 (S) 72 96 81 (S) 200 99 >99 (S) 

6 84 85 (S) 32 78 80 (S) 96 98 71 (S) 250 99 41 (S) 

6.5 75 80 (S) 34 50 65 (S)       

7 64 82 (S)          

7.5 57 79 (S)          
a Substrate 1mmol, b The conversion was determined by HPLC analysis, c Determined by HPLC using Chiralcel OD-H 

column. d Absolute configuration were assigned by comparison of the sign of optical rotations relative to the values in   

literature. 

 

The increase in the incubation period positively affected the conversion, but negatively affected the 

enantioselectivity. This decrease in the enantioselectivity might be due to the degradation of the yeast cells as a 

result of the long incubation period. The period of incubation was chosen to be 48 h because the best 

enantioselectivity (94%) was obtained during this time. Different agitation speeds (100–250 rpm) were selected 

to monitor the progress of the bioreduction reaction in the reaction conditions of pH 6.0, 30°C and 48 h. The 

highest values for both ee (> 99%) and conversion (>99%) were achieved at 200 rpm and thus this agitation 

speed was chosen as optimum for fermentation. Bioreduction of 4-methoxy acetophenone (40 mmol, 6.0 g) after 

60 h resulted in complete conversion, but the ee of the product was fairly low (76%). This could be due to the 

reduction in the enzyme activity, suggesting substrate toxicity and inhibition as reported previously [19]. Based 

on this knowledge, the substrate concentration was investigated with slight changes. The best result was obtained 

with a substrate concentration of 35 mmol (5.25 g). Complete conversion and ee of >99% was achieved after 54 

h of incubation time. 

 

4 CONCLUSION 
 

In this study, 4-methoxy acetophenone was reduced to (S)-1‑(4‑methoxyphenyl) ethanol with high 

enantiosectivity using S. uvarum P3 as yeast species. We have showed a new yeast strain to obtain enantiopure 

chiral secondary alcohols. This system shows perfect enantioselectivity and can be carried out for the synthesis 

of valued enantiopure secondary alcohols. By using S. uvarum P3 yeast whole cell as an alternative to other 

classic enantioselective catalysts that frequently required the use of costly ligands or metal complexes, an easy 

and productive process has been developed for the synthesis of chiral secondary alcohols in excellent 

enantiomeric excess. This new biocatalyst has high selectivity for the asymmetric reduction reaction in a 

biocatalytic process that offers higher yields and optically pure products. S. uvarum P3 can be considered to be 

an outstanding catalyst for asymmetric synthesis of various important chiral alcohols industrially.  
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Abstract 

Green chemistry includes a novel process in the production of drugs precursors and 

biological active molecules using biocatalysts, so reducing the threats for human 

sanitary and ecological pollutions. Asymmetric bioreduction of prochiral ketones 

by biocatalysts is one of the best prevalent used methods in synthetic organic 

chemistry due to the production of enantiopure chiral carbinols. This study 

emphasizes the application biocatalyst Lactobacillus curvatus for enantioselective 

bioreduction of 1-(2-chlorophenyl) ethanone, which is a key intermediate of L-

cloprenaline used for relieving asthma symptoms, to (S)-1-(2-chlorophenyl) ethanol 

in high yields and excellent enantiomeric excess (>99%). Parameters such as pH, 

temperature, agitation, and incubation time considerably influenced the substrate 

conversion and the optical purity of the product. The green new method was 

developed for bioreduction of 1-(2-chlorophenyl) ethanone and it approves the 

synthesis of novel chiral carbinols in an easy, cheap, and environmentally friendly 

condition using Lactobacillus curvatus.  

 

1 INTRODUCTION  
 

Chiral alcohols are valuable intermediates in the synthesis of various biologically active compounds and drugs. 

In recent years, the demand for optically active compounds has increased in the fields of pharmaceutical, 

chemical and chemical agriculture, and therefore the demand for chiral secondary alcohols, an important starting 

material in the synthesis of these compounds, is increasing day by day [1]. Most drugs are chiral, and most of 

them have more than one chiral center [2]. The methods used in the synthesis of chiral alcohols are reduction of 

prochiral ketones with biocatalysts or metal catalysts and kinetic resolution of racemic alcohols or hydrolysis of 

suitable esters [3, 4]. Disadvantages of chemical catalysts are the use of toxic metals, poor selectivity, low 

conversion rate, harsh reaction conditions, excessive by-products and expensive [5]. One of the most important 

ways of producing enantiomerically pure aromatic alcohols is asymmetric reduction of the corresponding 

prochiral aromatic ketones catalyzed by active cells. Isolated enzymes or biocatalysts containing whole cells 

have become more attractive because of their moderate reaction conditions, high stereoselectivity and 

particularly environmental friendly process. Biocatalytic asymmetric reduction of aromatic ketones to 

corresponding chiral alcohols has attracted more and more attention due to the high enantioselectivity, 100% 

theoretical yield, and mild reaction conditions. Transformations using isolated reductase as biocatalysts for these 

bioreductions can produce the desired yield and high enantiomeric excess values. Isolated enzymes used in 

asymmetric reduction require expensive cofactors such as NADPH to perform the reduction function [6]. 

Furthermore, the cost of purification of these enzymes is another disadvantage of using pure enzyme for 

reduction. The use of a microbial whole cell as a biocatalyst is important in achieving the desired reduction 

because they contain all the necessary cofactors and metabolic pathways necessary for their regeneration [7]. 

Optically active phenylethanol and its derivatives are useful building blocks for the synthesis of complex 

molecules because the alcohol functionality can be easily transformed, without racemization, into other useful 

functional groups [8-12]. (S)-1-(2-chlorophenyl) ethanol is particularly important in the drug industry. It is a key 

intermediate of L-cloprenaline for reducing asthma symptoms. In this study, we evaluated the potential of five 

Lactobacillus curvatus strains to be used as biocatalysts for the reduction of 1-(2-chlorophenyl) ethanone 

derivatives. The reaction conditions effecting the conversion and enantiomeric excess were also optimized. 
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2 MATERIAL AND METHOD 
 

General 

 

The solvents and chemicals used in this study were received from Fluka and Aldrich (purity of >99%). Bacterial 

growth medium (MRS) was purchased from Merck. Progress of reaction was checked by TLC, using hexane: 

ethyl acetate (90:10, v/v) as the mobile phase.  Obtained crude product was purificated by column 

chromatography on silica gel using hexane: ethyl acetate (90:10, v/v) as eluents. HPLC analysis was carried out 

on an Agilent 1260 systems which have UV and chiral detector. Reference sample of racemic alcohol 2 was 

prepared by reducing the ketone 1-(2-chlorophenyl) ethanone with NaBH4 in methanol. Optical rotation was 

determined with a Bellingham + Stanley, ADP220, 589 nm spectropolarimeter. 1H and 13C NMR spectra were 

recorded on Bruker 400 MHz spectrometer in CDCl3.  

 

Bacterial strains and culture conditions 

 

Lactobacillus curvatus was formerly obtained from boza, a cereal-based fermented beverage, and preserved in 

our laboratory [13]. Lactobacillus curvatus was propagated from their glycerol stocks by inoculation to 10 ml 

MRS broth medium (2% glucose, yeast extract [Difco] 5 g l-1, lab lemco [Oxoid] 8 g l-1, pepton [Oxoid] 10 g l-1, 

C2H3NaO2.3H2O 5 g l-1, K2HPO4 2 g l-1, triamonium citrate 2 g l-1, salt solution [MgSO4.7H2O 11.5 % (w/v), 

MnSO4.4H2O 2.8 % (w/v)], Tween 80 1 m l l-1) followed by 1 d growth at 30°C. From these cultures, 

exponentially grown bacterial cells were inoculated to 1000 ml MRS medium at 10% concentration and 

incubated 2 days at 30°C under aerobic conditions and following the successful growth, whole cell was dried by 

freeze-drying (Labconco, TR) and stored at RT without losing activity for three months. 

 

General procedure for bioreduction of substrate 

 

50 mg of lyophilized Lactobacillus curvatus was added in a 250 mL Erlenmeyer flask containing 100 ml MRS 

broth. The mixture was incubated at 200 rpm and 30oC for 2 h. Then, pH was adjusted to 6.5 with 1 N HCl and 

after 2 h 1 mmol of 1 was added this mixture and incubated 30oC for 48 h under agitation speed at 200 rpm. 

After 48 h, the cell was removed by centrifugation at 6000 × g for 5 min at 4°C and the liquid phase saturated 

with NaCl, then extracted with CH2CI2. Organic extracts were combined, washed with saturated NaCI solution 

and dried over anhydrous Na2SO4. The solvent was removed under reduced pressure, crude product was 

characterized using NMR analysis after purification by column chromatography. The absolute configuration was 

detected by the sign of specific rotation. The bioconversion was determined by chromatography on a chiral 

HPLC after filtering the crude products with a column containing small silica gel and comparing the alcohol 

peaks with the ketone peak. At the end of 48 hours, it was determined that conversion was quantitative in all 

cases. Enantiomeric excess of the product was defined by chiral HPLC analysis in comparison with racemate 

product and the yield was determined after purification of the crude product by column chromatography 

  

Spectroscopic data of chiral alcohol 

 

(S)-1-(2-chlorophenyl) ethanol [14]: Colourless oil, Yield 91%, 1H NMR (400 MHz, CDCI3) δ= 7.58-7.56 (m, 

1H), 7.32-7.17 (m, 3H), 5.27 (q, J = 6.4 Hz, 1H), 2.25 (bs, 1H), 1.47 (d, J = 6.4 Hz, 3H); 13C NMR (100 MHz, 

CDCI3) δ= 143.0, 131.6, 129.4, 128.4, 127.2, 126.4, 66.9, 23.5; [α]D
25 = -67.5 (c 1.0, CHCI3) >99% ee; retention 

time: tR (S) 16.9 min., Chiralcel OD-H, n-hexane/i-PrOH, 98:2, flow rate of 1.0 mL/min, 220 nm.  

 

3 RESULTS 
 

Different 5 Lactobacillus curvatus were tested for the bioreduction of 1-(2-chlorophenyl)ethanone  to 1-(2-

chlorophenyl)ethanol (Table 1). The bioreduction ability of these strains were determined by addition of 50 mg 

dry cells to the 50 ml culture environment in which 1 mmol substrate was added and cells with substrate were 

incubated at 30°C for 24 h under 100 rpm agitation conditions. The good result for the bioreduction of 1-(2-

chlorophenyl)ethanone was obtained when Lactobacillus curvatus N3 was used as a whole cell biocatalyst. 

Lactobacillus curvatus N3 was thus selected for further studies. 
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Table 1. Screening of Lactobacillus curvatus strain for the bioreduction of 1-(2-chlorophenyl)ethanone 

 
Bacteria a Conv. b (%) %Yieldc %eed (S) 

Lactobacillus curvatus N1 85 80 55 

Lactobacillus curvatus N2 88 83 77 

Lactobacillus curvatus N3 95 90 88 

Lactobacillus curvatus N4 92 89 69 

Lactobacillus curvatus N5 81 77 71 

Reaction conditions: biocatalyst 50 mg, substrate: 1mmol, temperature: 30oC, time: 24 h, 100 rpm 
a Comparison of biocatalyst strains, b Conversions were determined by HPLC, c Purified yield, d Enantiomeric 

excess was determined by Chiral OD-H column. 
 

Firstly, we investigate the effects of reaction conditions on the product’s enantioselectivity and conversion. 

Reaction conditions are important in the successful production of a secondary chiral alcohols. Thus, reaction 

conditions such as pH, temperature, incubation period and agitation speed were optimized using Lactobacillus 

curvatus N3 as a biocatalyst. The results of these optimizations can be seen in Table 2.  

 

Table 2. Optimization of asymmetric reduction conditions using Lactobacillus curvatus N3 bacteria strain. 

pH Temperature Incubation period Agitation speed 

 Conv. 

(%)a 

ee 

(%)b,c 

oC Conv. 

(%)a 

ee 

(%)b,c 

h Conv. 

(%)a 

ee 

(%)b,c 

rpm Conv. 

(%)a 

ee 

(%)b,c 

5.5 87 66 (S) 26 91 78 (S) 24 96 91 (S) 100 99 95 (S) 

6 89 71 (S) 28 94 88 (S) 48 99 95 (S) 150 99 >99 (S) 

6.5 91 84 (S) 30 96 91 (S) 72 99 87 (S) 200 68 57 (S) 

7 93 79 (S) 32 83 83 (S)       

7.5 97 71 (S)          
a Conversions were determined by HPLC, b Enantiomeric excess was determined by Chiral OD-H column, c 

Absolute configuration was assigned by comparison of the sign of optical rotations relative to the literature 

value. 

 

It is well known that pH has an important role in the process of biocatalytic reduction using whole cells. The 

optimization of pH for the bioreduction of keto compound to alcohol was investigated at pH range from 5.5 to 

7.5. The bioreduction reactions were conducted using 1 mmol of 1 in RT, 24 h and 100 rpm (Table 1). The pH 

has an important impact in the biocatalytic reactions because it effects the catalytic activity and selectivity of the 

enzymes [15, 16]. Enantioselectivity of the biocatalyst was markedly influenced by pH changes. The results 

indicate that at pH of 6.5, maximum ee (84%) and conversion (91%) were obtained. Therefore, pH 6.5 was used 

for all further reactions as an optimal pH. Presumably, as the pH changes, the structure of the enzyme and, 

accordingly, the structure of the active site of the enzyme change. Temperature has an important effect over the 

activity, selectivity and stability of the most biocatalyst and the situation of dynamic balance of a bioreduction 

reaction as well. Hence, the biocatalytic reaction of substrate 1-(2-chlorophenyl) ethanone was carried out at 

varied temperatures (Table 2). The bioreductions were accomplished with 1 mmol of 1-(2-chlorophenyl) 

ethanone using pH 6.5, RT, 100 rpm and varied temperature (26-32oC) as reaction conditions. The temperature 

increase in over 30oC was lead to a decrease in rate of bioreduction and ee. Probably, there is reduce in the 

biocatalytic activity owing to the partial inactivation of the enzyme at over 30oC, existing in Lactobacillus 

curvatus N3. The conversion and ee were optimized at tempereture 30oC and hence was recommended for all 

further reactions. The catalytic activity of Lactobacillus curvatus N3 for bioreduction of substrate 1-(2-

chlorophenyl) ethanone was studied in the pH 6.5, RT, 100 rpm and using different incubation period as the 

reaction conditions (Table 2). As shown in Table 1, it was observed that as the incubation period increased, 

conversion rate of reaction increased, however the ee was markedly decreased. When incubation period of 

bioreduction in the 48 h, maximum conversion and ee were obtained. Hence, incubation period of 48 h was used 

for further optimization reaction. The agitation speed can impact generally the particle transfer rate of substrates 

in the biocatalytic process. So, it is important to investigate the effects of agitation speed on the bioreduction 

reaction. The catalytic activity of Lactobacillus curvatus N3 for bioreduction of substrate was studied in the pH 

6.5, 30oC, 48 h and using different agitation speeds (from 100 to 250 rpm) as the reaction conditions (Table 2). 

Increasing agitation speed caused a rise in conversion and ee, but a sharp decrease is observed in ee after 150 
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rpm. The maximum bioconversion (>99%) and ee (>99%) was observed at 150 rpm and therefore, 150 rpm was 

determined as optimum agitation speed.  

  

4 CONCLUSION 
 

In our work, thorough screening of five Lactobacillus curvatus for their asymmetric reduction activity revealed a 

new bacterial strain Lactobacillus curvatus N3 that can catalyze asymmetric reduction of (S)-2-

chloroacetophenone with high conversion and enantiomeric excess. Asymmetric bioreduction of 1-(2-

chlorophenyl) ethanone was performed with Lactobacillus curvatus N3 bacterial strain as whole-cell biocatalyst. 

Biocatalytic effect of Lactobacillus curvatus N3 was optimized systematically for production of enantiopure (S)-

1-(2-chlorophenyl) ethanol. By using Lactobacillus curvatus N3 whole cell as an alternative to other classic 

enantioselective catalysts that frequently required the use of costly ligands or metal complexes, an easy and 

productive process has been developed for the synthesis of chiral secondary alcohols in excellent enantiomeric 

excess. This new biocatalyst has high selectivity for the asymmetric reduction reaction in a biocatalytic process 

that offers higher yields and optically pure products. Lactobacillus curvatus N3 can be considered to be an 

outstanding catalyst for asymmetric synthesis of various important chiral alcohols industrially. It is well known 

that the production of a pharmaceutical intermediate is important in organic synthesis. Therefore, a detailed 

study on the production of another intermediate has already been carried out in our laboratory. 
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Abstract 

In this study was determined the antioxidant potential from aqueous and methanolic 

extracts of 2 Pleurotus eryngii (Eringi) alder and walnut of mushrooms. The 

antioxidant effect was studied using the in vitro test capacity of total phenolic, total 

flavonoid, condense tannin content, scavenge the 2,2-diphenyl-1-picryhydrazyl 

(DPPH) free radical and of reducing power of iron (III)/ferricyanide complex. 

According to the results, total phenolic content of aqueous Eringi alder mushroom 

was found to be higher than methanol extract. The total phenolic content of the 

aqueous solution in walnut mushrooms was found to be higher than the methanolic 

extract. According to these results, aqueous solutions of both mushroom have been 

found high antioxidant activity. 

 

1 INTRODUCTION 
 

Mushrooms have been consumed as edible food from the past to the present. Since mushroom consumption 

increased day by day, information about nutritional value is needed. In recent studies, it is concluded that 

mushrooms can be consumed not only as nutrients but also as a natural source of antioxidants. Recently, it was 

reported that culture mushrooms and natural mushrooms were found to be medically active in several therapies, 

such as antitumor, antiviral, antioxidant, antimicrobial activity and also immunomodulating treatments [1]. 

Because of these properties, fungi are not only used as food but also for medical purposes. 

 

The mushrooms are contain secondary metabolites, including phenolic compounds, flavonoids, polyketides, 

terpenes and steroids. The quality of a nutraceutical is dependent on the chemical composition of the fruiting 

body, particularly in relation to the phenols and flavonoids content. These compounds, one of the most widely 

occurring groups of phytochemicals, are of considerable physiological and morphological importance in plants 

[2]. Phenolic compounds have been associated with the health benefits derived from consuming high levels of 

fruits and vegetables [2]. Compounds rich in phenolic compounds have been found to their strong antioxidant 

activity. Natural antioxidants are known to slow down the effect of free radicals formed within the cell. In the 

planned study, we compared antioxidant capacities of two different fungal species by using different solvent. 

Total polyphenol flavonoid and condensed content tannin was performed in samples and also, the antioxidant 

activities were determined that FRAP and reducing power DPPH (2,2-diphenyl-1-picrylhydrazyl) radical 

scavenging activity. 

 

2 MATERIAL AND METHOD 
 

2.1 Chemicals  

 

All the reagents used were of analytical grade. All chemical were obtained from Sigma-Aldrich Chemie GmbH 

(Germany) and Merck (Darmstadt, Germany). Trolox was supplied by AppliChem (Darmstadt, Germany). 

Folin–Ciocalteu’s phenol reagent and TPTZ were purchased from Fluka Chemie GmbH (Switzerland). Iron(III) 

chloride hexahydrate (FeCl3.6H2O),  2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ), iron(II) sulfate heptahydrate 

(FeSO4.7H2O), and DPPH (2,2-Diphenyl-1-(2,4,6-trinitrophenyl) hydrazyl) were purchased from Sigma-Aldrich 

(St. Louis, MO, USA). Sodium acetate, ferric chloride, and glacial acetic acid were obtained from Merck. LC 

syringe filters (RC-membrane, 0.45 µm) were obtained from Sartorius Minisart RC 15, Sartorius (Darmstadt, 

Germany). 
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2.2 Mushroom extraction for antioxidant activity  

 

Mushrooms were produced from Faculty of Forestry from Karadeniz Technical University. Approximately 3 g 

of each samples was added to an equal volume ultrapure water and methanol 30 mL and the mixture was 

continuously stirred with a shaker at room temperature for 24 h. After, particles were removed with filter paper. 

The final volume of the solution was adjusted with 100% methanol and ultrapure water. Each solvents extracts 

was used for antioxidant tests.  

 

 
                                       Figure 1. Mushroom                                     Figure 2. Mushroom 

 

2.3 Determination of Antioxidant activity assays 

 

The polyphenolic contents of the mushroom samples were determined three different ways; total phenolic 

contents (TPC), total flavonoids (TF) and condense tannin. The antioxidant activity was determined using ferric 

reducing antioxidant power and free radical scavenging activity of DPPH. assays. 

 

2.4 Total phenolic content (TPC) 

 

The total phenolic content of samples were determined by Folin-Ciocalteu reagent and some modifications were 

made according to the Slinkard and Singleton methods [3]. Firstly, 680 µL distilled water, 400µL of 0.2 N Folin-

Ciocalteu reagent and 20 µL both each sample solution and standard solution was added then vortexed then 

incubated for 3 min. Finally, after 400 µl of 10% of Na2CO3 was added and then vortexed then incubated for 2 

hours at room temperature, absorbance measured at 760 nm using gallic acid as a standard. The results were 

given as mg gallic acid equivalents per g sample (GAE mg/g). 

 

2.5 Total flavonoid content (TF) 

 

Total flavonoid content was determined by a colorimetric method as described previously [4]. Firstly, 0.5 mL 

each sample solution, 0.1 mL of 10% Al(NO3)3 and 0.1 mL of 1 M NH4.CH3COO were added to a test tube then 

was mixed well incubated at room temperature for 40 minutes. After the absorbance was measured aganist the 

blank 415 nm. The results were expressed as mg quercetin equivalents (QE) per g sample (mg QE/ g). 

 

2.6 Condense Tannin Content  

 

Condensed tannins were evaluated according to the method used by Julkunen-Tıtto [5]. Both all sample and 

standard of 25 μL, then 750 μl of 4% vanillin (prepared with MeOH) was added. Lastly, 375 μL HCl acid of 37 

% was added then vortex and was incubated at room temperature for 20 mins. The absorbance against the blank 

was read at 500 nm. The results were expressed as mg catechin equivalent to (CE)/g sample. 

 

2.7 Ferric reducing/antioxidant power (FRAP) assay 

 

The total antioxidant potential of a each sample solution was determined using the ferric reducing ability of 

FRAP assay by Benzie and Strain [6] as a measure of antioxidant power. Brefly, the FRAP reagent was prepared 

by mixing acetate buffer (300 µM, pH3.6) a solutiom of 10 µM TPTZ in 40 µM HCl and 20 µM FeCl3. The each 

sample 100 µL and reagent 3 mL were added to each well mixed. The absorbance was taken at 593 nm after 4 

min. The FeSO4.7H2O standard is used as standard and the results was expressed as µmol FeSO4.7H2O/g). 

 

2.8 DPPH assay of total antioxidant capacity 

 

750 µL various of honey samples were added to 750 µL 40 mM methanolic solution of DPPH. Absorbance 

measurement were read at 517 nm, after 50 min of incubation time at room temparature. a freshly prepared 0.1 

mM DPPH solution dissolved in methanol [7]. The values were shown as SC50 mg/mL sample representing the 
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concentration of each sample that resulted in 50% scavenging of DPPH radicals. The trolox standard is used as 

standard. 

 

3 RESULTS 
 

The Folin–Ciocalteu method is used to measure the total phenolic contents in plants and fruits and the main 

mechanism is an oxidation/reduction reaction [8]. Total phenolic content of the mushroom extracts can be 

related to their antioxidant capacities. The gallic acid standard is used to determine the total phenolic content. 

Total phenolic content results was given Table 1. This study was found that aqueous extract 4.319-

6.911mgGAE/g sample methanolic extract 1.413-1.735mg GAE/g sample. In previous study, [9] studied 14 

culture mushrooms and found the total phenolic content mushroom varied between 6.19- 63.51 mg GAE /g. The 

total phenolic content of our species was found to be lower than this study. Flavonoids, which constitute the 

important part of the polyphenolic group, are found everywhere in the plants. However, no flavonoid was 

detected in any of our samples. Although it was poor in flavonoid content, it was found to be quite rich in 

condensed tannin. Especially, Methanolic walnut mushroom was found to be high in condense tannin content. It 

is thought that radical scavenging activity is strong due to the high amount of condensed tannins. 

 

In other studies was reported that, the antioxidant activities of methanolic extracts of several commercial and 

medicinal mushrooms [10,11]. Those studies claimed that the aqueous extracts of mushrooms species showed 

high antioxidant activity than methanolic extract. It is similar to our current study. Oxidation is a complex 

process that varies according to mechanisms. Therefore, the only method to determine antioxidant activity is 

insufficient. In this study, were determined for antioxdant activities of mushroom samples.  

 

FRAP and DPPH assays. There are many methods generally used to determine the antioxidant capacity of 

natural products, among the this is well known DPPH. The DPPH results are given Table 1. DPPH values of the 

samples were evaluated according to trolox standard. The DPPH results vary from aqueous extract mushroom 

2.46- 3.40 and methanolic extract mushroom 3.85-6.35 mg/mL. It was founded radical cleaning activity of 

methanolic walnut mushroom was higher than methanolic alder mushroom. But FRAP values was found 

methanolic alder higher than walnut. DPPH activity of aqueous alder mushroom was found to be more effective 

than methanolic alder mushroom. In previous study, [9] studied 14 culture mushrooms and found the DPPH 

activity mushroom varied between 5.280- 35.659 mg GAE /g. DPPH activity of the species in our study was 

found to be more effective than this study. These differences are due to different species. 

 

Another antioxidant method FRAP is a very simple and fast method. It is based on Fe+2 reduction of Fe+3 in 

FRAP method.FRAP which is used to be another determinant of the antioxidant activities, were measured and 

the results are displayed in Table 1. The FRAP results expressed as (μmolFeSO4.7H2O /g), were found to 

aqueous extract mushroom 6.970 to 7.980 μmolFeSO4.7H2O /g, methanolic extract mushroom 7.340 to 8.800 

μmolFeSO4.7H2O /g. Methanolic alder mushroom was found FRAP values higher than methanolic walnut 

mushroom. This shows us that the capacity of reducing the methanolic alder mushroom Fe+3 is higher than the 

methanolic walnut mushroom. 

 

Table 1. Antioxidant capacity of mushroom samples 

Samples TPC mgGAE/ 

g sample 

TFC mg 

QE/ g 

sample 

CTC mg 

CE/ 100 g 

sample 

FRAP 

(μmolFeSO47H2O 

/g) 

DPPH 

SC50 mg/mL 

Aqueous Alder  6.911±0.001 n.d. 1.018±0.089 7.980±0.220 2.46±0.04 

Aqueous 

Walnut 

4.319±0.190 n.d. 3.086±0.072 6.970±0.060 3.40±0.17 

Methanolic 

Alder 

1.413±0.168 n.d. 3.089±0.338 8.800±2.610 6.35±0.67 

Methanolic 

Walnut 

1.735±0.139 n.d. 6.435±0.028 7.340±0.590 3.85±0.09 

Trolox     0.004±0.000 

*n.d: not detected 

 

4 CONCLUSION 
 

It has been reported that the antioxidant activity of plants results from their phenolic compounds [12]. 

Especially, bioactivity of plants with phenolic compounds may be related to their ability to inhibit scavenge free 

radicals and lipoxygenase. The composition of phenolic contents of mushrooms usually depends on many 
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factors. These are genetic, environmental and other factors etc. Mushrooms grown in culture medium were found 

to be more potent than antioxidant, especially alder species. In our results, it was determined that alder 

mushroom species had higher total phenolic content than walnut mushroom species. Our results may be of use to 

the not only food industries but also pharmaceutical industries that are using these mushrooms in medicine. In 

order to eliminate the negative effects of radicals, it is thought to be beneficial in consuming natural products. 
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Abstract 

Al-alloys possess a very good combination of mechanical properties such as 

lightweight, good corrosion performance, good formability and high strength. Thus, 

they are widely employed in several industries, particularly in transport industry, 

where lightweight is required. However, fusion joining of these alloys, particularly 

age hardened grades such as AA7075-T6, involve several difficulties such as 

porosity formation, cracking and loss of strength in the weld area. Thus, successful 

joining of these alloys will further increase their use in industrial applications. In this 

respect, solid state joining or fusion welding techniques with low heat input such as 

cold metal transfer (CMT) gas metal arc welding (GMAW) technique or laser beam 

welding are promising joining methods.  

This study aims at investigating the formation of weld defects (i.e., pores) and 

determining the effect of pores on mechanical performance of the AA7075-T6 plate 

joints produced using CMT arc welding technique. For this purpose, AA7075-T6 Al-

alloy plates with a thickness of 2 mm were joined using both conventional CMT and 

CMT pulse arc welding techniques. The microstructural and mechanical properties 

of the welded plates were investigated by detailed optical microscopy investigations, 

micro-hardness measurements and tensile tests. Moreover, a correlation between the 

joint performance and the formation of porosity in the fusion zone (FZ) was also 

attempted to show the effect of the presence of large pores on the mechanical 

behaviour of the joint.  

 

1 INTRODUCTION  
 

Al-alloys are currently widely used in the transport industry, particularly in applications requiring light weight, 

due to their excellent specific strength and fracture properties, easy formability and good corrosion resistance [1]. 

Among Al-alloys age-hardened AA7075 Al-alloy is an alloy with a high strength value close to steels [2]. The 

widespread use of a material commercially depends on the weldability of that material. However, in the 

conventional fusion welds of Al-alloys - especially high-strength age-hardened alloys - there are some problems 

such as porosity formation which is a problem in all fusion welding other than electron beam welding, as well as 

solidification cracks and excessive strength loss in the welding zone [2-7]. In particular, the fusion welding of the 

AA7075-T6 alloy is difficult, and this alloy is even described as unweldable. The main cause of these problems is 

the high heat input experienced by the material during the fusion welding. Therefore, an approach to avoid these 

problems is to use solid state joining methods such as friction stir welding (FSW), which inherently have low heat 

inputs. Thus, numerous studies have been conducted since beginning of 1990s on FSW of Al-alloys [2,3,8-19] as 

well as other structural materials, such as pure Pb [20], Cu-alloys [21], Mg-alloys [22], and higher melting 

temperature materials (i.e., steels) [23-26]. Another method of preventing weld defects is to use fusion welding 

during which lower heat inputs are applied to the material. For instance, cold metal transfer (CMT) arc welding, a 

version of the gas metal arc welding (GMAW) developed by Fronius in Austria in 2004, offers an advantage in 

the welding of materials such as Al-alloys where cracking occurs during or after welding [27,28]. Cold metal 

transfer (CMT) arc welding method is available in several variations: conventional CMT, CMT pulse (CMT-P), 

CMT advanced and forward pulsed CMT [29]. 
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There have been many studies on CMT arc welding of Al-alloys in recent years [27-31], but few studies on CMT 

arc welding of AA7075 Al-alloy are available [32]. Therefore, further investigation is needed in order to fully 

understand the weldability of this alloy by CMT arc welding. This is the motivation of this study. The aim of this 

study is to determine the potential of obtaining welded joints without weld defects in AA7075 Al-alloy by both 

CMT and pulsed CMT arc welding methods. In this study, AA7075-T6 Al-alloy plates with a thickness of 2 mm 

have been welded using CMT and CMT-P welding technique. Detailed optical microscope studies, microhardness 

measurements and tensile tests were performed to examine the microstructures and mechanical properties of the 

welded butt joints. In addition, detailed optical microscope investigations were performed on fractured tensile 

samples in order to explain the relationship between welding performance and porosity formation, 

 

2 MATERIAL AND METHOD 
 

In this study, 2 mm thick AA7075-T6 plates were used. 15 x 25 x 2 mm test samples were extracted from the base 

material in order to perform the welding trials by using robotic conventional CMT and pulsed CMT arc welding 

techniques. The surfaces of the samples to be welded were cleaned with a metal brush before welding. No further 

cleaning was applied to the surfaces. In the welding process, 1.2 mm diameter ER5356 filler wire was used. The 

parameters used for the welding trials are given in Table 1. Argon shielding gas was switched on 0.1 s before the 

arc ignition and was switched off 0.5 s after the arc extinction. 

 

Table 1. The weld parameters used in the welding trials. 

Welding 

Process 

Current 

(A) 

Voltage 

(V) 

Weld speed 

(mm/min) 

Wire feed rate 

(m/min) 

Shielding gas rate 

(l/min) 

Robotic CMT 120 15.2 900 11 15 

Pulsed CMT* 103 18.3 900 8.3 15 

*pulsed arc was formed by changing the current between 90 and 120 ampers. 

 

One metallography specimen and four tensile test specimens were extracted from each welded plate in order to 

evaluate the microstructural evolution and hardness changes in the weld regions and to determine the tensile 

strengths and similar mechanical properties of the joints as well as the weld performance values. Metallography 

samples were ground and polished, and then etched for 120 seconds using Keller’s reagent to perform 

microstructural evolutions and microhardness measurements. A detailed optical microscopy study was performed 

of the metallography samples in order to evaluate the microstructural changes taking place along the cross-

sectional area of the joint (including fusion zone and heat affected zone) and the porosity formation in the fusion 

zones of the joints. To determine the hardness distributions of the welded joints, Vickers microhardness 

measurements (HV0.2) were performed along a line corresponding to the mid-thickness of the joint across the 

weld region of each welded joint using a weight of 200 g at several points. Standard transverse tensile test samples 

were extracted from both base material and welded plates and tensile tests were performed using a loading rate of 

0.1 mm / min. In addition, a detailed optical microscope study was performed on metallography samples prepared 

from fractured samples after tensile testing to establish a relationship between the mechanical properties of the 

weld zone and changes in the microstructure and to determine the fracture modes of welded samples. 

 

3 RESULTS AND DISCUSSION 
 

3.1 Microstructural Aspects 

 

Macrographs obtained from the welded joints produced in this study using conventional and pulsed CMT welding 

methods are given in Figure 1. As seen in this figure, no cracks were observed in both welded joints. On the other 

hand, there is a relatively dense porosity in the fusion zones of both joints. This is in contrary to the results reported 

by Elrefaey [32] who observed a very low amount of relatively small pores within the FZ of the CMT welded 

7075-T6 joints produced using very similar welding parameters. The authors of the above-mentioned study 

reported that the surfaces to be welded were cleaned with acetone prior to joining, while a mechanical cleaning 

using a metal brush was only used in this study in order to clean the surfaces to be welded. The reason of the 

porosity formation in the fusion zones of the welded joints obtained using CMT and pulsed CMT arc welding 

methods in this study is that the surface cleaning procedure applied prior to joining is insufficient to remove the 

oxide layer and other surface contamination. Moreover, another reason for the formation of dense porosity in the 

fusion zones of the joints may be the high cooling rate after welding. 
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Figure 1. Macrographs showing the cross-sections of the welded joints produced by a) the Robotic CMT and b) 

Pulsed-CMT arc welding method. 

 

The microstructure of the AA7075-T6 base plate used in this study is given in Figure 2a. As can be seen from this 

micrograph, the base material's microstructure consists of alpha particles containing large particles of iron and 

silicon which are inhomogeneously distributed. As reported in previous publications [13,16,17], the Al7Cu2Fe, 

Al12Fe3Si, and Mg2Si particles were randomly oriented in alpha matrix. The microstructure of AA7075 base alloy 

also includes very fine-grained strengthening MgZn2 precipitates homogeneously distributed within the alpha 

grains, which result in strengthening in T6 temper condition of this alloy. However, since these strengthening 

particles (MgZn2) are extremely fine-grained (sub-micron), they cannot be seen under optical microscopy or even 

under scanning electron microscopy. Thus, they are not visible in the optical micrograph given in Fig. 2a. 

 

As can be clearly seen from Figures 2b and e, the fusion zone of both welded joints also exhibited a dendritic 

structure containing some particles which was formed as a result of solidification after welding. In addition, as it 

was mentioned before, a significant amount of large pores was clearly observed in the fusion zone. On the other 

hand, a refinement of alpha-grains took place in the heat-affected region (HAZ) of both welded joints as well as 

coarsening and/or dissolution of the strengthening particles (MgZn2) as can be seen from Figures 2c and f.  

 

3.2 Mechanical Properties 

 

Figure 3 shows the hardness profiles obtained from the joints. As can be clearly seen from the figure, a hardness 

decrease occurs in the weld region of the both joints. The lowest hardness value was observed in the fusion zone, 

i.e., about 65 HV. This is not surprising, since a hardness loss usually occurs in the fusion zones of the joints 

produced in age-hardened Al-alloys using fusion welding techniques [4-7]. The reason of the hardness loss in the 

fusion zone and in the heat affected zone is the formation of dendritic structure and the coarsening of the 

strengthening particles, respectively. The base plate used in this study is in the artificially aged temper condition 

(T6) and the hardness in this temper condition is mainly originates from the homogeneously distributed 

strengthening particles in the alpha grains. When this alloy is subjected to high temperatures during a process such 

as welding, the strengthening particles dissolve in the fusion zone and a dendritic structure is formed and the 

coarsening of the strengthening particles takes place in the HAZ regions. As a result, this results in a decrease in 

hardness value in both regions. Similar results have been reported by Elrefaey [32] for CMT arc welded AA7075-

T6 joints. The hardness value observed in the fusion zone in this study is slightly lower than the values reported 

by Elrefaey [32]. 

 

As seen from Figure 3, the hardness profiles of the welded joints produced in this study are slightly different from 

those observed generally in the conventional fusion welded (i.e., high heat input arc welding) or FSWed AA7075-

T6 joints. The lowest hardness value is usually observed in the overaged HAZ regions of the joints produced by 

conventional fusion welding or FSW. The reason for this is the excessive overaging in the HAZ regions of the 

conventional fusion welds due to high heat inputs involved or the hardness decrease in the weld region is partially 

eliminated by grain refinement taking place after the FSW. This leads to a W-shaped hardness profile in FSWed 

joints [16]. Although the joints produced in this study also exhibited a hardness loss in the overaged HAZ regions 

on both sides of the fusion zone, the hardness loss here is lower compared to that observed in the HAZ regions of 

conventional fusion welded or friction stir welded AA7075-T6 joints [16]. This can be contributed to the fact that 

the hardness loss in the HAZ regions was partially eliminated by grain refinement occurring there. On the other 

hand, the hardness profiles obtained are similar to those reported for lower heat input the fusion welded (i.e., 

electron beam or laser beam welded) age-hardened Al-alloys [4-7]. 

 

 

(a)  (b)  
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Figure 2. Micrographs showing the microstructure of base plate and the microstructures observed in different 

regions of the welded plates: (a) the base material, (b) and (c) the weld zone and the HAZ of the conventional 

CMT welded joint, respectively, (d) and (e) the weld zone and the HAZ of the pulsed CMT welded joint, 

respectively. 

 

 

 

 

 

 

 

(d)  (e)  
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Figure 3. Hardness profiles of the welded joints: (a) Conventional CMT and b) pulsed CMT arc welded sample.  

 

The tensile test results obtained in this study are summarized in Table 2. Three tensile test specimens extracted 

from each joint and the base material were tested and an average tensile strength value for each case was 

determined and given in bold characters in the table. These calculated average tensile strength values were used to 

determine the strength performance values of the welded joints. The strength performances of the joints were 

calculated using the following equation. 

  

Tensile strength performance (%) = (Tensile strength of the joint / tensile strength of the base plate) x 100. 

 

As seen from Table 2, tensile strength performance values obtained from conventional CMT and pulsed CMT arc 

welded joints were %52 and %42, respectively. These results are lower than the joint performance values reported 

by Elrefaey [32], i.e. %60. The reason for this is that the obtained joints in this study contain much higher amount 

of large pores in the fusion zone. As clearly seen from Fig. 1, the fusion zone of the joints obtained in this study 

displayed a high amount of pores which are also large in size. The reason of this is apparently the inadequate 

surface cleaning conducted prior to welding as discussed earlier in microstructural aspects section. This result is 

in good agreement with the hardness profiles shown in Figure 3. As seen from Figure 3, the hardness minimum 

was observed in the fusion zones of the joints, i.e., approximately 65 HV, and thus, a decrease of about 110 HV 

took place in this region compared to the hardness of the base material (i.e, 175 HV). In addition, the samples 

extracted from the welded plates exhibited an extremely low elongation, i.e., 0.003%. This is partly due to the 

strength loss occurring in the fusion zone. Since the strength of the fusion zone is lower than the strength of the 

base material, the elongation occurs only in the weld zone region of the transverse tensile test specimens, and no 

yielding occurs in the base material portions of the sample (these portions are in the elastic zone during the test), 

and thus, these zones have no effect on the total elongation. Moreover, stress concentration takes place in the 

fusion zone as a result of the strength loss, and the fracture occurs in the lower strength weld region (due to the 

confined plasticity in the fusion zone), this resulting in a very significant decrease in the ductility level. This 
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confined plasticity, which is limited to fusion zone only, is usually observed in various fusion welded and diffusion 

welded joints where a decrease in strength occurs in the weld region [2-7, 10, 33-35]. Furthermore, another reason 

for this extremely low elongation is the presence of coarse voids (porosities) existing in the fusion zone, Figure 

2b. As He et al. [36] also reported, the local plastic deformation (which is confined to the fusion zone) concentrates 

more around the porosities if they are present in the fusion zone. Therefore, this (i.e, concentration of plastic 

deformation around the porosities) accelerates the fracture of the tensile sample, thus leading to brittle fracture, 

and significantly reduces ductility. 

 

Table 2. Tensile test results. 

Sample 
0.2% Proof Stress  

(MPa) 

Tensile Strength 

(MPa) 
Elongation (%) 

Tensile Strength 

Performance 

(%) 

Base Metal 
526; 550; 541  

(539) 

589; 605; 597 

 (597) 

14.2; 14.7; 14.9 

(14,6) 
--- 

Conventional 

CMT welded 

sample                                            

--- 
304; 307; 315; 323 

(312) 

0.002; 0.004; 0.005; 

0.002 (0.003) 
52 

Pulse CMT 

welded sample    
----                              

267; 263; 215; 258 

(251) 

0.004; 0.004; 0.003; 

0.004 (0.004) 
42 

 

A detailed optical microscopy was also conducted on the specimens extracted from the tested and fractured tensile 

test specimens of the joints in order to determine the fracture location and fracture mode. As a result of this study, 

it was clearly observed that the failure occurred within the fusion zone adjacent to the transition zone between the 

fusion zone and the HAZ in the samples extracted from both welded plates, Figure 4. This is not surprising due to 

the strength loss in the fusion zone of both welded plates. Furthermore, the detailed fractography study conducted 

clearly indicated that the crack propagation and the fracture mode are determined by the coarse porosities present 

in the fusion zone and this in turn leads to brittle fracture. As can be clearly seen from Fig. 4, the fracture 

propagated as a result of the crack jumping from one porosity to the other, i.e., coalescence of the porosities, along 

the weld cross-section at a region neighbouring the fusion zone-HAZ interface. Thus, this led to a brittle failure, 

resulting in an extremely low elongation value, although the fusion zone is rather ductile (very low strength).  

                                                

4 CONCLUSION 
 

In this study, 2 mm thick AA7075-T6 Al-alloy plates were welded by conventional CMT and pulsed CMT arc 

welding methods. The results obtained from this experimental study are: 

 

 A dendritic microstructure with a high amount of porosities was observed in the FZ of both welded joints 

produced. The reason for the formation of these relatively large porosities in the FZ is the insufficient 

cleaning of the surfaces to be welded before welding.  

 The minimum hardness was measured within the FZ of both welded plates where dendritic microstructure 

was observed. In addition, a hardness decrease was also observed at the HAZ of both welded plates, but 

this hardness decrease is significantly lower than that occurred in the FZ. This is due to the low heat input 

involved resulting in the evolution of a fine-grained microstructure and less significant over-aging 

occurring within the HAZ. 

 In both welded plates, failure occurred within the FZ adjacent to the HAZ, and this is in good agreement 

with the hardness profiles of the joints at which the lowest hardness value lies in the FZ. 

 Both conventional CMT and pulsed CMT arc welded plates displayed low tensile strength performances 

(about 52% and 42%, respectively), and the reason for the low tensile strength performances is the fact 

that the FZ had the lowest hardness as well as the presence of a significant amount of large pores. 
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Figure 4. Macrographs of the transverse tensile test samples showing failure locations and micrographs with 

higher magnification showing the details of failure locations enclosed in rectangles: a) Conventional CMT and b) 

Pulsed CMT arc welded joint. (Note the crack propagation within the FZ adjacent to the HAZ and the crack 

growth occurring by coalescence of the pores existing in the FZ). 

 

 Both welded plates exhibited very low ductility values. There are two reasons for these very low ductility. 

The first is the fact that plastic deformation takes place only in the FZ part of the sample during the tensile 

test due to the lowest hardness of this region. The second reason is the presence of a significant amount 

of large porosities in the FZ, accelerating failure due to the concentration of the plastic deformation locally 

around the pores.  

 In addition, it was observed that the pores in the FZ dictated the crack propagation, determined the fracture 

mode and led to brittle fracture since the crack propagated by the coalescence of the pores. 

 

 

 

(a)  

(b)  
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Abstract 

A flexible NiCu/graphene oxide (GO) composite paper (NiCu/GO) was prepared 

by using a simple vacuum filtration method. As-prepared NiCu/GO composite 

paper was characterized by using X-ray photoelectron spectroscopy (XPS), X-ray 

diffraction spectroscopy (XRD) and Raman spectroscopy techniques. Adsorption of 

a basic dye, safranin, from aqueous solutions onto NiCu/GO paper has been 

investigated with adsorption time. The maximum adsorption capacity of safranin on 

flexible NiCu/GO paper was found to be 107 mg/cm-2. It was shown that free-

standing NiCu/GO paper is a promising candidate material for adsorbing safranin 

in aqueous media. Free-standing GO-based papers have potential utility as an 

efficient and environmentally friendly adsorbent for the removal of pollutants from 

aqueous solutions. 

 

1 INTRODUCTION  
 

Pigments and dyes are widely used in the textile and leather dyeing, paper, printing, pharmaceutical, and 

cosmetic industries. About 10 000 different dyes weighing approximately 0.7 million tons are produced annually 

for various industrial processes [1], [2]. A considerable percentage of these dyes go into the effluent during the 

dyeing process. Many of these have been identified as toxic or even carcinogenic [3]. Discharge of these toxic 

substances into water bodies could pollute water and make it unfit for aquatic life. Further, the dyes could 

contaminate water and make penetration of sunlight to reach the lower layers impossible, thus affecting the 

possibility for aquatic plants to perform photosynthesis [4]. Polluted water not only damages plants and animals 

but also is harmful to the environment. A majority of these dyes are stable to light and oxidation. They are 

immune to aerobic digestion. Biological treatment would be cost effective, but most dyes are resistant to 

bacterial degradation [5]. This treatment may remove Biochemical Oxygen Demand (BOD), Chemical Oxygen 

Demand (COD), and suspended solids but is ineffective in removing the color of dyes. Many physicochemical 

methods such as adsorption, coagulation, precipitation, filtration, and oxidation have been attempted for 

treatment of effluent containing dyes[6]–[8]. The potential of various methods for the removal of chemical dyes 

from effluents have been explored, however, these processes vary in their effectiveness, cost and environmental 

impact [9]. Adsorption is a more competitive treatment process for dye removal because of its simplicity, high 

efficiency, and wide-ranging availability [10]. Hence, there is a need to search for adsorbents that are more 

effective, since the water treatment industry requires ecofriendly and low cost adsorbents that are available in 

tonnage quantities. 

 

Graphene oxide (GO) has received increasing attention due to its two-dimensional nature along with ease of 

preparation and chemical modification. It is a single layer of mixed sp2 and sp3 hybridized carbon atoms with 

oxygen containing functional groups including hydroxyl, epoxy, and carboxyl groups on its basal plane and 

edges [11], [12]. GO is generally prepared by the Hummers method (or a modified version thereof) [13], in 

which graphite flakes are oxidized and exfoliated by treatment with KMnO4 in concentrated H2SO4. Recent 

researches have indicated that GO proved to be a promising material to adsorb dyes due to possessing relatively 

large specific area and functional groups of GO layers. 

 

Recently, transition metals structures have received much attention for a wide variety of applications in catalysis, 

surface enhanced Raman scattering, biomedical fields, removal of contaminants from wastewater, etc. [14]–[16]. 

Among the exploited transition metals, nickel has drawn the maximum attention due to its distinct activity and 

copper has shown good performance in many applications. Integration of transition metals and 
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graphene/graphene oxide (GO) into nanocomposites has recently become a hot topic of research due to their new 

and/or enhanced functionalities that cannot be achieved by either component alone, and therefore holds a great 

promise for a wide variety of applications[17]. It is believed that composite of transition metals and GO would 

have better functionalities and performances in these applications. 

 

In this study, NiCu composite was prepared by using a simple and environmentally friendly method. GO was 

synthesized by the modified Hummers method and prepared an aqueous dispersion. GO dispersion were mixed 

with NiCu composite solution and this mixture was then vacuum filtered through membrane. A free-standing 

NiCu/GO paper was obtained and investigated through various spectroscopic techniques. The as-prepared 

composite paper was further used for removal of safranin basic dye from aqueous solutions by adsorption. The 

results showed that NiCu/GO composite paper exhibits excellent adsorption toward safranin, which should be a 

promising candidate for efficient adsorbents in water purification. 

 

2 MATERIAL AND METHOD 
 

1.1.  Chemicals 

 

All the chemicals were of analytical reagent grade, purchased from Sigma-Aldrich and used without any further 

purification. Double distilled water was used through the experiments. 

 

1.2.  Apparatus 

 

Raman spectra were tested by a micro-Raman spectrometer (WITech alpha 300R) at room temperature. Powder 

X-Ray diffraction (XRD) was carried out using a Rigaku TTR III X-ray diffractometer equipped with 

monochromatized Cu Kα radiation (λ=1.5406 Å). X-ray photoelectron spectroscopy (XPS) measurements were 

performed on a Spect-Flex spectrometer with standard Al X-ray source. For the adsorption studies, UV-vis 

spectroscopy (Shimadzu 3101PC UV−vis−NIR) was used. 

 

1.3.  Synthesis of NiCu nanoparticles 

 

Firstly, 1:1 mol ratio of Ni(acac)2 and Cu(acac)2 were dissolved in the solvent of oleylamine with magnetic 

stirring and mixed in a reaction flask with the temperature raised to 220ºC. After cooling down to room 

temperature, the NiCu nanoparticles were washed by a mixture of hexane and ethanol and finally dried under 

vacuum at 60ºC.  

 

1.4.  Preparation of NiCu/GO paper 

 

GO was synthesized from natural graphite powder by the modified Hummers method [13] and dispersed in the 

ultrasonic bath for about 5 h to prepare the GO suspension. To prepare NiCu/GO paper, the 80 mL of GO 

suspension (1.0 mgmL-1) and 20 mL of NiCu nanoparticles were mixed and filtered through a nucleopore 

polycarbonate membrane filter paper (Whatman; Ø=47 mm; pore size, 0.2 µm) by ultrafiltration vacuum cell 

(EZ-Stream). After dried under atmospheric conditions, NiCu/GO paper was obtained by peeling through the 

membrane. NiCu/GO paper was then washed with water for several times and dried in air. Thus, flexible, free-

standing and durable NiCu/GO paper was prepared. 

 

1.5.  Dye Adsorption Experiments 

 

Safranin was used to explore the adsorption performance of the obtained NiCu/GO composite paper. Safranin 

was dissolved in deionized water to prepare solutions with the initial concentration of 0.5 mg mL−1. NiCu/GO 

composite paper was then added into the aqueous dye solution (10 mL), followed by stirring at room temperature 

until achieving the adsorption equilibrium. The adsorption of safranin solution was evaluated by UV−vis 

spectrometry at the maximum absorbance of dye. The removed quantity of dye (Qep, mg cm−2) was calculated 

with the following equation: 

 

𝑄𝑒𝑝 =
(𝐶0 − 𝐶𝑒𝑞) × 𝑉

𝐴
 

 

where C0 (mg L−1) and Ceq (mg L−1) is the initial and final (at adsorption equilibrium) concentration of dye 

solution, respectively. V (L) is the volume of dye solution. A (cm2) is the cross-sectional area of NiCu/GO 

composite paper after drying. 
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3 RESULTS 
 

The main aim of this work is to fabricate a flexible adsorbent for the removal of safranin from aqueous solutions 

by adsorption. After successfully prepared the free-standing and flexible NiCu/GO paper, it was firstly 

characterized by XRD to confirm the composite nature of the paper. In Figure 1, the XRD pattern of GO paper 

exhibits only one peak centered at 11.3 due to the (002) diffraction (JCPDS No: 411487) of graphene sheets. In 

XRD data of composite paper, the peaks at about 24.7°, 38.9°, 46.3°, and 54.2° correspond to the (100), (110), 

(111), and (200) structure of Ni (JCPDS No: 73-1519) and 29.3°, 33.5°, and 34.0° correspond to the (021), 

(002), and (111) structure of Cu (JCPDS No: 88-1318), respectively In the XRD pattern of NiCu/GO paper, the 

diffraction peaks of both GO and NiCu structure were observed which indicates the successful preparation of 

NiCu/GO composite paper. 

 

 
 

Figure 1. XRD patterns of the GO paper and NiCu/GO composite paper. 

 

XPS is employed to analyze the chemical structure of the NiCu/GO paper. XPS spectra composite paper (Figure 

2.a) shows the presence of C, O, Ni, and Cu elements. In the Cu 2p and Ni 2p high-resolution XPS spectrum of 

NiCu/GO (Figure 2.b and 2.c), the binding energy peaks at 932 and 950 eV are corresponding to Cu 2p3/2 and Cu 

2p1/2, and the binding energy peaks at 860, 873 and 879 eV are corresponding to Ni 2p1/2, Ni2O3 2p1/2, NiO 2p1/2, 

and Ni2O3 2p3/2, respectively [18]. The O 1s peak of NiCu/GO (Figure 2.d) exhibits the presence of three types 

of O bonds, C-O, C-O-C, C-OH and H-OH, while C 1s peak of NiCu/GO shows four types of C bonds (Figure 

2.d), C=C, C-OH, C-O, and C=O. XPS results demonstrate that the NiCu/GO composite paper was successfully 

synthesized as the desired composition. 
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Figure 2. XPS spectra of NiCu/GO composite paper: (a) survey, (b), Cu 2p, (c) Ni 2p (d) O 1s, and (e) C 1s. 

 

Raman spectra of GO and NiCu/GO papers are shown in Figure 3. In the Raman spectrum of the GO paper, the 

G-band corresponding to the E2g geometry of the two-dimensional hexagonal C=C sp2 structure was observed at 

1610 cm-1. In addition, the D band at 1365 cm-1 was formed due to the defects of graphene layers [19]. It is clear 

that NiCu/GO paper has same peaks at about same positions with GO paper. The intensity ratios of the D and G 

bands are calculated to determine the surface defects of graphene-based papers [20]. ID/IG ratios of GO and 

NiCu/GO were determined as 1.5 and 1.3, respectively. The low ID/IG ratio of NiCu/GO compared to GO paper 

indicates that the surface defects of GO paper are reduced as a result of the presence of NiCu structures, hence, 

the GO surface is doped with NiCu structures. 
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Figure 3. Raman spectra of the GO paper and NiCu/GO composite paper. 

 

In this study, a typical cationic dye, safranin, was selected to investigate the adsorption capability of NiCu/GO 

composite paper. The NiCu/GO composite paper was added to dye aqueous solutions (10 mL, 0.5 mg mL-1), and 

the mixture was allowed to stand with agitation for 24 h (Figure 4). Figure 4.b and c shows the digital camera 

photographs of dye aqueous solution before and after adsorption of safranin by NiCu/GO for 24 h. It can be seen 

that the color of safranin solution almost faded, indicating the good adsorption of NiCu/GO for safranin. The 

possible mechanism is that there exist π−π interactions between the NiCu/GO and the aromatic organic dye [21]. 

The UV-vis absorption spectra of adsorption of safranin by NiCu/GO composite paper were shown in the Figure 

5.a. In Figure 5.a, the adsorption of safranin by NiCu/GO basically achieved equilibrium after 1500 min. Figure 

5.b reveals the change of adsorption capacity over time which is generated by arranging Figure 5.a. The total 

adsorption capacity of NiCu/GO toward safranin was calculated to be 107 mg cm−2. 

 

 
 

Figure 4. (a) Digital camera photograph of NiCu/GO composite paper. Digital camera photograph of safranin 

solutions (0.5 mg mL-1) (b) before and (c) after adsorption by NiCu/GO composite paper for 24 h. 
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Figure 5. (a) UV-vis absorption spectra of adsorption of safranin by NiCu/rGO composite paper. (b) The change 

of adsorption capacity over time. 

 

4 CONCLUSION 
 

The free-standing and flexible NiCu/GO composite paper was synthesized using a simple vacuum filtration 

method. NiCu/GO composite paper was characterized by using XRD, XPS and Raman spectroscopy techniques. 

This flexible composite paper showed a good capacity for the removal of safranin from the aqueous solutions. 

This study provides the first experimental evidence for the dye adsorption with a free-standing flexible NiCu/GO 

composite paper and is expected to open new avenues for use of large-area free-standing flexible paper materials 

for green applications. 
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Abstract 

To create interspace-enlarged and sites-exposed graphene-based adsorbents for 

pollutant management, two-dimensional macrostructures were facilely constructed 

via self-assembly of two dimensional graphene oxide nanosheets (2D GO) and 

zero-dimensional FeCo magnetic composite (FeCo-MC). FeCo-MC was prepared 

by using a simple and environmentally friendly a method and flexible free-standing 

FeCo-MC/graphene oxide (GO) composite paper was fabricated through vacuum 

filtration.  FeCo-MC/GO composite paper was characterized by using X-ray 

photoelectron spectroscopy (XPS), X-ray diffraction (XRD) and Raman 

spectroscopy. A unique two-dimensional nanoporous network was achieved with 

FeCo-MC homogeneously embedded within the GO layers. FeCo-MC/GO 

composite paper was used as adsorbents for acriflavine.   This composite paper 

exhibited superior adsorption capabilities for acriflavine (105 mg cm-2). The 

adsorption capacity of FeCo-MC/GO composite paper is higher than the reported 

graphene based two-dimensional adsorbents, which can be attributed to the 

synergistic effects of GO and FeCo-MC in micro-environment, nano-substrate, and 

active sites. I propose a super graphene-based adsorbent which is competitive and 

scalable for water purification. 

 

1. INTRODUCTION  
 

The effluents from textile plants contain portions of dyes, which are deeply colored, multicomponent, and low 

biodegradable, and have become one of the most serious pollutants in water [1]. For example, most dyes have 

high tinctorial value, and less than 1 ppm of the dye produces an obvious coloration in water. Many methods 

have been developed for the removal of dyes, including adsorption, chemical coagulation, photodegradation, 

biodegradation, active sludge, etc [2]. Among them, adsorption on carbon based materials is one of the most 

efficient processes for dye removal and decoloration, because of large specific surface areas, chemical inertness, 

and good mechanical stability of carbon [3]. There has been an increasingly large amount of the literature 

devoted to the study of adsorption for the removal of aqueous-organic species using graphene oxide (GO) layers 

[4].  

 

Paper-like GO-based materials usually emerged as adsorbent, are widely used in the preparation of composite 

materials with different structural and functional properties [5]. Compared to other paper-like materials, the most 

common features of GO papers are their superior flexibility, high mechanical performance and high adsorption 

capacity due to hydrophilic GO layers. These flexible materials provide the convenience of utilization in many 

applications due to possessing shapeable, cuttable and rollable features [6]. 

 

Fe-Co magnetic composite (MC) have been a subject of research for their unique physical, chemical, and 

magnetic properties that differ from those of the bulk materials.  So far, magnetic nanocomposite based GO  

composites paper have been focus on two kinds of components containing iron oxide/carbon [7] and single metal 

(Fe, Co or Ni)/carbon [8].At present, magnetic separation technology has been paid more and more attention due 

to the fact that it can be easily separated under an applied magnetic field. A series of magnetic composite 

materials have been successfully synthesized and used in many applications [9]. 

 

Recently, materials with different physical and chemical properties have been prepared and used for dye 

removal. For example, Xiao et al. reported TiO2@carbon flexible fiber was prepared by combining electrostatic 

201



Fabrication of FeCo-Magnetic Composite/Graphene Oxide Paper as Adsorbent for 

Removel of Acriflavine Dye from Aqueous Solutions 

ICADET ‘19 

 

 

spinning technology and hydrothermal synthesis method. The negative charge on the surface of carbon fiber 

increased, which was benefited to the removal of MB. The dye adsorption capacity of TiO2@carbon fiber was 

resulted from the synergistic effect of physical adsorption (carbon fiber) and photocatalysis (TiO2) process.   

 

In addition Gamoudi et al. fabricated the effect of the molecular structure of three dyes such as methyl orange 

(MO), indigo carmine (IC) and phenol red (PR) on the surface of Tunisian HDPys-modified clay has been 

studied. 

 

In this study, FeCo-MC was prepared by using a simple and environmentally friendly method. GO was 

synthesized by the modified Hummers method and prepared an aqueous dispersion. GO dispersion were mixed 

with FeCo-MC and this mixture was then vacuum filtered through membrane. A free-standing FeCo-MC/GO 

paper was obtained and investigated through various spectroscopic techniques. The as-prepared composite paper 

was further used for removal of acriflavine basic dye from aqueous solutions by adsorption. The results showed 

that FeCo-MC/GO composite paper exhibits excellent adsorption toward acriflavine, which should be a 

promising candidate for efficient adsorbents in water purification. 

 

2. MATERIAL AND METHOD 
 

2.1. Synthesis of GO 

 

GO was synthesized from natural graphite powder by the modified Hummers method [10]. 12.5 mL of 

concentrated H2SO4 was first heated to 90°C. 2.5 g of K2S2O8 and 2.5 g of P2O5 were added with stirring over 

hot concentrated acid and allowed to dissolve at 80°C. 3 g of graphite powder (325 mesh) was slowly added to 

this mixture. After the resulting bubble product precipitated, the mixture was left at 80°C for 5 hours. The 

mixture was cooled to room temperature and diluted to 500 mL with water and left for overnight. Then, the 

mixture was filtered and washed several times with water to remove the residual chemicals. The product was 

dried at room temperature for overnight.  

 

The product obtained after the pre-oxidation treatment was added to 115 mL of concentrated H2SO4 solution at 

0°C. Then, 15 g KMnO4 was gradually added to the mixture under stirring and cooling in an ice bath. The 

mixture was stirred at 35°C for 2 h, and then it was diluted with 250 mL of water. Addition of water was carried 

out in an ice bath to keep the temperature below 50°C. Then 250 mL of water was added to the final mixture. 

The color of the mixture changed from dark brown to yellow by addition of 20 mL H2O2 and it was left for 

overnight at room temperature. The mixture was filtered and washed with 1:10 aqueous HCl solution. The 

resulting product was dried under atmospheric conditions and dialyzed for 3 weeks to remove any metal ions. 

The dispersion was filtrated after dialysis and 500 mg of solid graphite oxide was dispersed in 500 mL of ultra-

pure water with ultrasonication  treatment for 5 h. This homogeneous GO aqueous dispersion (1.0 mgmL-1) was 

stable for several months. 

 

2.2. Synthesis of FeCo-MC 

 

0.5 mmol Fe(NO3)3·9H2O and 0.5 mmol Co(NO3)2·6H2O) was dissolved in 15ml ethanol, followed by mixing 

with 1 g furfuryl alcohol. After stirring for 15 min, 2 g teraethylorthosilicate (TEOS) was added into the mixture. 

The mixture was then transferred into a Teflon-lined autoclave, sealed and heated at 120°C for 8 h. The systems 

were then allowed to naturally cool to room temperature. The final products collected by centrifugation, washed 

with ethanol and water for several times to remove any possible remnants, and then dried under vacuum at 60 °C 

for 8 h to obtain powder FeCo-MC [11]. 

 

2.3. Preparation of FeCo-MC/GO composite paper 

 

FeCo-MC/GO suspension was prepared by mixing 80 mL GO (1 mg mL−1) with 40 mg FeCo-MC powder. The 

suspension was stirred for 1 h in ultrasonic bath, so that the adhesion of FeCo-MC on GO sheets was provided. 

Flexible FeCo-MC/GO paper was fabricated by vacuum filtration of this suspension through a nuclepore 

polycarbonate membrane (Whatman; Ø = 47 mm; pore size, 0.2 μm) using an ultrafiltration vacuum cell (EZ-

Stream). After washing with distilled water several times, air-drying, and peeling it from the membrane, I 

obtained free-standing and flexible FeCo-MC/GO composite paper. 

 

 

 

 

202



Fabrication of FeCo-Magnetic Composite/Graphene Oxide Paper as Adsorbent for 

Removel of Acriflavine Dye from Aqueous Solutions 

ICADET ‘19 

 

 

2.4.Chemicals 

 

All the chemicals were of analytical reagent grade, purchased from Sigma-Aldrich and used without any further 

purification. Double distilled water was used through the experiments.  

 

2.5. Apparatus 

 

Raman spectra were tested by a micro-Raman spectrometer (WITech alpha 300R) at room temperature. Powder 

X-Ray diffraction (XRD) was carried out using a Rigaku TTR III X-ray diffractometer equipped with 

monochromatized Cu Kα radiation (λ=1.5406 Å). X-ray photoelectron spectroscopy (XPS) measurements were 

performed on a Spect-Flex spectrometer with standard Al X-ray source.  UV−vis absorption spectra were 

recorded using a Shimadzu 3101PC UV−vis−NIR spectrophotometer. 

 

2.6. Dye Adsorption Experiments 

 

A acriflavine was used to explore the adsorption performance of the obtained FeCo-MC/GO composite paper. 

Acriflavine was dissolved in deionized water to prepare solutions with the initial concentration of 0.5 mg mL−1. 

FeCo-MC/GO composite paper was then added into the aqueous dye solution (10 mL), followed by stirring at 

room temperature until achieving the adsorption equilibrium. The concentration of the dye solution was 

measured by UV−vis spectrometry at the maximum absorbance of dye. The removed quantity of dye (Qep, mg 

cm−2) was calculated with the following equation [12]: 

 

𝑄𝑒𝑝 =
(𝐶0 − 𝐶𝑒𝑞) × 𝑉

𝐴
 

 

where C0 (mg L−1) and Ceq (mg L−1) is the initial and final (at adsorption equilibrium) concentration of dye 

solution, respectively. V(L) is the volume of dye solution. A (cm2) is the cross-sectional area of FeCo-MC/GO 

composite paper after drying.         

       

3. RESULTS 
 

The FeCo-MC composite structure was prepared by using a simple and environmentally friendly hydrothermal 

method. The digital camera photograph of the dark brown colored    FeCo-MC composite is shown in Figure 1.a. 

FeCo-MC composite has a good magnetic property as shown in Figure 1.b.  

 

 
Figure 1. (a) Fhotograph of  FeCo-MC composite. (b) After magnetic separation of FeCo-MC composite using 

an external magnetic field. 

 

XRD technique is one of the most widely used spectroscopic methods for the crystal structure analysis. Figure 2 

shows the XRD spectra of GO paper, and FeCo-MC/GO composite paper. The peak at 10.4°, corresponding to 

the characteristic crystal diffraction of the graphene structure (002) was observed in the XRD spectrum of GO 

paper (JCPDS card no 4-0783) [13]. In XRD data of composite, the peaks at about 38.1°, 39.4° and 58.2°   

correspond to the (111), (200) and (220), structure of Fe, respectively (JCPDS card no 88-0866) [14]. In 

addition, the peaks at about 46.8° and 7.6° correspond to the (400) and (440) structure of Co, respectively 

(JCPDS card no 43-1003) [15].  In the XRD pattern of FeCo-MC/GO composite paper, the diffraction peaks of 

both GO and FeCo-MC structure were observed which indicates the successful preparation of FeCo-MC/GO 

composite paper.  
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Figure 2. XRD patterns of the GO paper and FeCo-MC/GO composite paper. 

 

Raman measurements (Figure 3) were also performed to determine the microstructure of as-prepared GO paper 

and FeCo-MC/GO composite paper. The G band is assigned to the in-plane vibration of sp2 carbon atoms in a 

2D hexagonal lattice, and the D band is related to the vibrations of sp3 carbon atoms of disordered graphite [16]. 

GO paper displays two peaks at 1345 and 1650 cm-1, corresponding to the well-documented D and G bands, 

respectively. For FeCo-MC/GO composite paper, these two peaks remain at the same position. The intensity 

ratios of the D and G bands (ID/IG) are calculated to determine the surface defects of graphene-based paper [39]. 

ID/IG for the composite paper (1.8) decreases in comparison with that of the GO paper (2.4), confirming the 

disordered structure is partially restored in FeCo-MC/GO composite paper. These results showed that FeCo-

MC/GO composite paper was successfully prepared.   

 

 
Figure 3. Raman spectra of the GO paper, FeCo-MC/GO composite paper 

 

XPS is employed to analyze the chemical structure of the samples. XPS spectra of FeCo MNC-GO composite 

paper (Figure 4.a) shows the presence of O (32%), C (54%), Co (6.6%), and Fe (7.4%). The C 1s spectrum of 

FeCo-MC/GO composite paper (Figure 4.b) can be deconvoluted into three main peaks with binding energies of 

283.7, 285.5, and 287.6 eV, which are assigned to C=C, C-H, and C-O, respectively. In Figure 4.c, O 1s 

spectrum can be fitted into three peaks at 530.4, 531.4, and 532.2 eV, which can be attributed to HO-C=O, C-

OH, and C=O, respectively [17].  In the Fe 2p high-resolution XPS spectrum of FeCo MNC-GO (Figure 4.d), the 

binding energy peak at at 713 and 723 eV are corresponding to Fe 2p3/2 and Fe 2p1/2, respectively [14]. The 

peaks correspond to different oxidation structures of Co, as Co2+ 2p 3/2 (780 eV), Co2+ 2p ½ (784 eV) ve Co3+   

2p 3/2 satellite (796 eV) are shown in Figure 4e [18].XPS results demonstrate that the FeCo-MC/GO composite 

paper was successfully synthesized as the desired composition. 

 

Owing to their toxicity to microorganisms, the presence of dyes puts a great limit in the subsequent usage of the 

water and reduces the efficacy of microbial treatment. Acriflavine was employed to test the capability of FeCo-

MC/GO composite paper to absorb dyes from water. A FeCo-MC/GO composite paper (Figure 5.c) was added to 

dye aqueous solutions (10 mL, 0.5 mg mL-1), and the mixture was allowed to stand with agitation for 24 h. 

Figure 5.a,b shows the photo images of dye aqueous solution before and after absorption by FeCo-MC/GO for 

24 h. It can be seen that the color of acriflavine solution almost faded, indicating the good adsorption of FeCo-
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MC/GO for this dye. The possible mechanism is that there exit π−π interactions between the FeCo-MC/GO and 

the aromatic organic dye. Typical dynamic adsorption experiments were conducted to gain further insigh into the 

adsorption performance of FeCo-MC/GO toward this dye.  

 

 
Figure 4. XPS spectra of FeCo-MC/GO composite paper: (a) survey, (b) O 1s, (c) C 1s, (d) Co 2p and (e) Fe 2p. 

 

 
Figure 5. (a)  Photograph of acriflavine solutions (0.5 mg mL-1) before and (b) after absorption by FeCo-

MC/GO composite paper for 24 h. (c) Photograph of FeCo-MC/GO composite paper. 
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Figure 6. (a) UV-vis absorption spectra of adsorption of acriflavine by FeCo-MC/GO composite paper 

composite. (b) Curve of change of adsorption capacity over time. 

 

The UV-vis absorption spectra of adsorption of acriflavine by FeCo-MC/GO composite paper composite are 

shown in the Figure 6.a. As shown in Figure 6.a, the adsorption of acriflavine by FeCo-MC/GO basically 

achieved equilibrium after 1400 min. Figure 6.b reveals the adsorption capacity- time curve which is generated 

by arranging Figure 6.a. The total adsorption capacities of FeCo-MC/GO toward acriflavinee was calculated to 

be 105 mg cm−2. 

 

4. CONCLUSION 
 

In this paper, FeCo-MC was prepared by using a simple and environmentally friendly a method and flexible 

free-standing FeCo-MC/ GO composite paper was fabricated through vacuum filtration.  The chemical and 

morphological characterization of the FeCo-MC/GO paper was investigated by using various spectroscopic 

tecniques. FeCo-MC/GO composite paper was used as adsorbents for acriflavine.   This composite paper 

exhibited superior adsorption capabilities to emerging pollutants such as acriflavinee (105 mg cm−2). The 

adsorption capacity of FeCo-MC/GO composite paper is higher than the reported graphene based two-

dimensional adsorbents, which can be attributed to the synergistic effects of GO and FeCo-MC in micro-

environment, nano-substrate, and active sites. 
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[6]  K. Dağcı Kıranşan and E. Topçu, “Free-standing and Flexible MoS2/GO Paper Electrode for 

Amperometric Detection of Folic Acid,” Electroanalysis, 30, pp. 810–818, 2018. 

[7]  J.Wang, P. Zhang, B. Liang, Y. Liu, T. Xu, L.Wang, B. Cao and K.Pan, “Graphene Oxide as an Effective 

Barrier on a Porous Nanofibrous Membrane for Water Treatment,” ACS Appl. Mater. Interfaces, 8, 

pp.6211−6218, 2016. 

[8]  H.Yoon,  S.Na, J.Choi, S. S. Latthe, M. T. Swihart, S. S. Al-Deyab, and S. S. Yoon, “Gravity-Driven 

Hybrid Membrane for Oleophobic−Superhydrophilic Oil−Water Separation and Water Purification by 

Graphene,” Langmuir, 30, pp. 11761−11769, 2014. 

[9]  J.Wang, D. Jin, R.Zhou, X. Li, X.Liu, C. Shen, K. Xie, B. Li, F.Kang, and B.Wei,  “Highly Flexible 

Graphene/Mn3O4 Nanocomposite Membrane as Advanced Anodes for Li-Ion Batteries,”ACS Nano, 10, 

pp. 6227−6234, 2016.  

[10]  T. S. Sreeprasad, A. K. Samal and T. Pradeep, “Tellurium Nanowire-Induced Room Temperature 

Conversion of Graphite Oxide to Leaf-like Graphenic Structures,” J. Phys. Chem. C, 113, pp.1727–1737, 

2009. 

[11] Z. Wanga, X. Liua, M. Lva, K.Yanga, J. Menga, “A facile co-gelation route to synthesize FeCo/carbon 

nanocomposites and their application as magnetically separable adsorber,” Journal of Alloys and 

Compounds, 509, pp. 585–589, 2011. 

[12]  J. Luo, J. Lai, N. Zhang, Y. Liu, R. Liu and Xiaoya Liu, “Tannic Acid Induced Self-Assembly of Three-

Dimensional Graphene with Good Adsorption and Antibacterial Properties,” ACS Sustainable Chem. Eng., 

4, pp. 1404−1413. 2016. 
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[14]  K.Dağcı Kıranşan, M. Aksoy and E. Topçu, “Flexible and freestanding catalase-Fe3O4/reduced graphene 

oxide paper: Enzymatic hydrogen peroxide sensor applications,” Materials Research Bulletin, 106,  pp. 57–

65, 2018. 

[15]  K. Zhang, A. Xie,  M. Sun, W. Jian, F. Wu  and W. Dong, “Electromagnetic dissipation on the surface of 

metal organic framework (MOF)/reduced graphene oxide (GO) hybrids,” Materials Chemistry and Physics, 

199, pp. 340-347, 2017.   

[16]  M. Velmurugan, N. Karikalan, S. Chen amd Y. Cheng, “Chelladurai KaruppiaElectrochemical preparation 

of activated graphene oxide for the simultaneous determination of hydroquinone and catecholh,” Journal of 

Colloid and Interface Science, 500, pp. 54–62. 2017. 
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Abstract 

Ozone does not leave toxic residues and harmless for the environment, therefore it 

is used as a disinfectant in the food industry. Ozone is a powerful oxidant that can 

lead to physiological, chemical and microbial changes in fresh products. In this 

study, freshly squeezed pomegranate juices were ozone treated (3.5 g/h) for 5, 15, 

and 30 minutes and samples stored at +4oC for 24 hours. The colour, antioxidant 

capacity, phenolic contents and microbiological population of the pomegranate 

juices were determined. Ozonation treatment at different period caused an increase 

in lightness values and decreased in redness of pomegranate juice. Total phenolic 

contents and DPPH radical scavenging activity of the pomegranate juices samples 

decreased significantly with increasing ozone treatment time. A great effect of 

ozone treatment was reducing TMAB and yeast in pomegranate juice. 

 

1 INTRODUCTION  
 

Pomegranate (Punica granatum), is one of the unique fruits because of its many bioactive compounds, which has 

very positive effects on health. It is known that pomegranate fruit has antioxidant, anticancer, anti-

atherosclerotic, anti-inflammatory, antiviral, antibacterial, antifungal effects [1-3]. The primary reason for the 

positive effect of pomegranate fruit on health is that it has a very high antioxidant activity. Through the 

numerous scientific publications investigating the benefits of pomegranate to health, it has become popular and it 

has been used as a medical food increasingly [4]. Edible parts of pomegranate are rich in sugars, organic acids, 

vitamins, minerals and polyphenols. The main antioxidant in pomegranate juice is polyphenols; ellagitannin 

(punicalagin), gallic acid, ellagic acid, anthocyanins, catechins, caffeic acid and consists of quercetin [5-7].  

 

Microbial contamination of unprocessed fruit juices with acid-tolerant bacteria, fungi (yeasts and moulds) and 

pathogenic bacteria can lead to deterioration of nutritional and sensory properties such as colour, flavor and 

odor, also cause foodborne diseases due to pathogenic bacteria or toxigenic fungi [8]. Heat treatment is the most 

effective way in the food industry to extend shelf life as a result of the inactivation of microorganisms and 

enzymes. However, heat treatment techniques such as pasteurization and sterilization reduce the sensory quality 

and the freshness of foods. Non-thermal new technologies have less negative effects on nutritious and sensory 

properties of foods. Today, demand for non-thermal preservation methods has increased with the increase in 

consumer awareness. Some of these alternative technologies are ultrasound, membrane filtration, osmotic 

dehydration, pulse electric field, irradiation, high pressure, active packaging and ozone treatment [9, 10]. 

 

Ozone is a triatomic oxygen allotrope, with antimicrobial properties due to its high oxidation potential. The use 

of ozone as an antimicrobial agent in the food industry due to disintegration rapidly into non-toxic oxygen and 

no residues in food [11-14]. Powerful antimicrobial properties of ozone have arisen to their high oxidation 

potential and their ability to spread through biological membranes [15]. Ozone was approved by the US FDA as 

an antimicrobial agent for food processing and storage in 2001, and it was described as a GRAS substance for 

commercial application for disinfectant purposes [16-18]. Many researchers have investigated the ozone 

treatment on fruit juices such as apple juice, melon juice, strawberry juice, blackberry juice, orange juice [11, 14, 

19-22].   

 

The objective of this study was to investigate the effect of ozone treatment time on the colour, antioxidant 

capacity, total phenolic contents and microbial population of pomegranate juice.  
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2 MATERIAL AND METHOD 
 

2.1 Preparation of Pomegranate Juice Samples 

 

Fresh pomegranate was purchased from a local fruit market in Konya and squeezed using a domestic juice 

extractor (Pomegranate Type Manual Juicer, CC.MP03, Cancan Industrial Kitchen Equipments Inc., Turkey). 

Juices were stored at 4°C until ozone treatment.  

 

2.2. Ozone Treatment 

 

Experiments were carried out using an ozone generator (Ozone Generator YL S-3500, OL80, Ozoneservices, 

Canada). Freshly squeezed pomegranate juices in 25 ml volumes were ozone gas (3.5 g/h) treated for 5, 15, and 

30 minutes. Following ozone treatment, analyses were immediately performed, and then samples were stored for 

24 hours at +4°C  in order to determine ozone efficiency. 

 

2.3 Colour Determination 

 

After ozonation of the pomegranate juice samples, L*, a* and b* values were measured according to CIELAB 

colour scale, using a colorimeter (Konica Minolta, CR-400, Osaka, Japan). Colour values were expressed as L* 

(whiteness or brightness/darkness), a* (redness/greenness) and b* (yellowness/blueness).  

 

2.4 Determination of Total Phenolic Content 

 

Total phenolic content was determined by the Folin Ciocalteu colorimeter method as gallic acid equivalent using 

a UV–vis instrument [23]. 0.5 ml of 10% Folin-Ciocalteu was added to 0.1 ml pomegranate juice samples at a 

1:10 dilution rate as a reactive agent. After 8 min, 0.4 ml sodium carbonate (7.5%) was added and solutions were 

kept for 2 hours at room temperature before measuring at 765 nm wavelength by spectrophotometer (Biochrom 

Libra S22, Cambridge, England). Two replicates were performed for the analysis. The total phenolic content was 

determined against a calibration curve obtained with gallic acid and expressed as mg/g extract in gallic acid 

equivalent. 

 

2.5 DPPH free radical scavenging activity 

 

The antioxidant activity of pomegranate juice was studied by evaluating the free radical-scavenging effect on the 

DPPH radical. Diluted juice (10%) was mixed with 3.9 ml of 0.0250 g/L DPPH methanolic solution. The 

mixture was thoroughly vortex-mixed before kept in the dark for 30 min. After incubation, the absorbance was 

measured at 515 nm using a UV–visible spectrophotometer (Biochrom Libra S22, Cambridge, England) against 

a blank of methanol without DPPH. Results were expressed according to the following equation:  

 

 
 

2.5 Microbiological analysis 

 

For enumeration of mesophilic aerobic bacteria and yeast and mould, samples were 10-fold serially diluted with 

9 ml of Maximum Recovery Diluent (MRD) and homogenized using a vortex mixer (WiseMix VM-10, Daihan 

Scientific Co., Ltd, Korea). 0.1 ml of the samples were surface plated onto PCA (Plate Count Agar) for 

mesophilic aerobic bacteria and PDA (Potato Dextrose Agar) for yeast and mould. Before counting, mesophilic 

aerobic bacteria were incubated at 30 °C for 72 h, yeast and mould were incubated at 25 °C for 3-5 day. Results 

were reported as log10CFU/ml. 

 

2.6 Statistical Analysis 

 

All statistical analyses were performed using SPSS 17.0.1 (SPSS Inc., Chicago, IL, USA). Statistical significant 

differences between the mean values were determined by Duncan’s multiple range test at P<0.05. 
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3 RESULTS 
 

The experimental results of colour obtained as a function of ozone treatment time (min) and juice storage are 

shown in Table 1. It was seen that the colour values (L*, a*, b*) were statistically affected by ozone treatment 

time (min). No statistically significant difference was observed in L*, a* and b* values of the samples treated 

with ozone for 15 and 30 minutes. However, there was a significant difference between the colour values of the 

0, 5 and 15 min ozone-treated samples. L* and a* values of all samples decreased and b* values increased with 

increasing ozone treatment time. Accordingly, it could be said that the ozone application increased the brightness 

of pomegranate juices but it decreased redness value. The L* value of the control sample significantly decreased 

(9.46%) after storage of 24 h. By the storage, L* value of ozonated samples for 5 min increased (7.54%) and a* 

values decreased (11.07%). There was no statistically significant effect of storage on the b* values of all 

samples. Tiwari, et al. [20] reported that L* value increased, whereas a* and b* values decreased in ozonated 

strawberry juice samples. Tiwari, et al. [19] reported in another study that lightness values increased and 

conversely decreased in redness and yellowness in ozonated blackberry juice. Unlike strawberry and blackberry 

juice, b * values decreased in pomegranate juice in this study. Colour changes in pomegranate juice are 

associated with degradation of anthocyanin responsible for bright red colour. The ozonation process of fruit 

juices causes a significant reduction colour pigments such anthocyanins which abundant in strawberry and 

blackberry juice [19, 20]. The oxidizing character of ozone is derived from the resulting oxygen atom; therefore, 

ozone has a high oxidation the potential resulting in degradation of most organic compounds. However, 

ozonation of organic dyes caused discoloration due to the oxidative splitting of chromophores [24] through 

breaking the conjugated double bonds. As a result of opening aromatic rings by ozone and hydroxyl radicals in 

the aqueous solution is formed the partial oxidation products such as organic acids, aldehydes and ketones [25]. 

 

Table 1. Colour values, total phenolic content (TPC) and DPPH radical scavenging activity of ozonated 

pomegranate juice 

Pomegranate 

Juice 

Ozone Application Time 

(min) 

L* a* b* TPC 

(mg GAE/L) 

DPPH* 

(%) 

Fresh 

0 46,42cB 43,65aE 19,74cA 1703,3dE 55,56dF 

5 53,07bC 15,90bD 30,32bB 1563,3cD 53,88cE 

15 63,12aEF 4,31cB 39,48aC 1406,7bC 45,68bC 

30 65,82aF 2,56cA 39,33aC 1083,3aA 32,88aA 

24 h 

after ozonation 

0 42,03cA 42,32aE 21,90cA 1666,7cE 54,05dE 

5 57,07bD 14,14bC 31,62bB 1590,0cD 52,13cD 

15 61,10aE 5,06cB 37,39aC 1416,7bC 45,54bC 

30 61,90aE 2,67dA 38,64aC 1133,3aB 36,76aB 

Mean values followed by different lower-case superscript within the same column are significantly (P < 0.05) different in the 

same storage time. Upper-case superscripts within the same column are significantly (P < 0.05) different in all samples. 

* 10-fold diluted samples 

 

In this study, fresh pomegranate juice had the highest phenolic content with averaged 1703,3 mg GAE/L. Total 

phenolic contents of the samples significantly decreased with increasing ozone treatment time. There were no 

significant differences in TPC of the samples with the storage, but only an increase at the sample ozonated for 30 

minutes. Similarly, the highest DPPH radical scavenging activity was detected in fresh juice. It is obvious that 

this activity decreased with increasing ozonation time. DPPH activity decreased with the effect of storage, while 

the only sample ozonated for 30 minutes increased.  

 

Total phenolic content of six pomegranate arils from Mediterranean region of Turkey are reported between 1245 

and 2076 mg GAE/L [26], and juice of eight pomegranates widely grown in Turkey are between 2083–3436 mg 

GAE/L [27]. Li, et al. [5] reported that the total phenolic content of pomegranate juices from different ten 

cultivars in China was 3151-7429 mg GAE/L. Total phenolic contents of the pomegranate juices samples 

decreased significantly with increasing ozone treatment time. It has been reported that TPC of apple juice 

ozonated for 10 min reduced from 6380 to 3210 mg GAE/100 ml [28]. Ozonation process and increasing 

treatment time reduced phenolic compounds and antioxidant activity of açai (Euterpe oleracea) juice [29].  

 

DPPH radical scavenging activity of pomegranate juice decreased with increasing ozonation time. Tiwari, et al. 

[19] notified that blackberries juices are rich in anthocyanins and ozone treatment to blackberry juice create 

anthocyanin degradation and colour changes. It was reported that the total antioxidant capacity of peanut skin 

extracts was significantly affected by ozone treatment (P<0.05) and antioxidant activities were significantly 
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decreased with increasing ozonation time [30]. While the ozone applied to fresh papaya fruit showed a 

significant increase in DPPH antioxidant activity up to 20 minutes, decreased again in 30 minutes of ozone 

treatment [16]. In this study, it has been revealed that the phenolic and antioxidant components in the 

pomegranate juice are affected by the ozone process and that these compounds are more degradable as the 

ozonation time increases. 

 

        
Figure1. Microbial survival curve of TMAB, yeast and mould for the ozonated pomegranate juice 

 

Fig. 1 shows the antimicrobial effect of ozone treatment against TMAB, yeast and mould in pomegranate juice. 

Initial populations of TMAB, yeast and mould were approximately 103-104 CFU/ml. Ozone treatment exhibited 

a great effect in reducing TMAB and yeast in pomegranate juice. However, it was found that it was not very 

effective on moulds. It was observed that antimicrobial activity was increased in the samples stored for 24 hours 

after ozone treatment and the yeasts and mesophilic aerobes became completely ineffective within 5 and 15 min., 

respectively. However, it was found that ozone treatment was not very effective on moulds and caused less than 

1 log decrease. There have been a great number of studies to investigate the efficacy of ozone on various 

microorganisms [31]. Ozone has high diffusion ability giving antibacterial activity and spreads easily from 

biological cell membranes. Microorganism is inactivated with ozone, which disrupts the integrity of the cell 

membrane or leads to cell lysis. This phenomenon is a complex process that is effective on various cell 

membrane and wall components along with intracellular components [25]. The use of ozone gas had shown to 

significantly reduce açai juice contamination with mesophilic bacteria and moulds and yeasts [29]. In a study 

with fresh cut papaya, initial counts of mesophilic bacteria which were 2.67 log10 CFU/g, significantly reduced 

to 0.22 log10 CFU/g after ozone for 10 min [16]. Ozone gas for three and five hours at 5 and 10 ppm was 

applied on dried figs in order to inactivation microbial flora. A significant reduction were reported in the total 

bacterial, coliform and yeast/mould counts by Öztekin, et al. [32]. 

 

4 CONCLUSION 
 

Colour, phenolic content and antioxidant activity of pomegranate juices were observed to be negatively affected 

by ozone treatment. Microbiological analyses showed that the treatment with ozone reduced the total mesophilic 

aerobic microorganisms and yeast/mould counts. It is clear that ozone application improves microbial quality, 

but it should be treated on different foods and/or with the adoption of various new technology, due to inability to 

the protection of important nutritional compounds and a prime quality parameter like colour of fruit juices. 
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Abstract 

This study aims to make predictions for the future by considering the performance 

indices of the logistics sector of OECD members. Since 2007, logistic performance 

indexes have been recorded by the World Bank. Logistic performance indexes of 

OECD countries for the next years have been calculated by considering the data of 

the last 11 years. Some factors have been determined by the World Bank for the 

formation of logistic performance index has been created by these factors. The 

values of the logistic performance indexes of the countries vary between 1.00 and 

5.00. Estimation calculations with linear and nonlinear equations have been 

developed through the method developed for this study. The estimation data differ 

according to the degree of reliability of the equations. Among the findings, the 

most important result was the maximum data obtained from the 3rd and 4th degree 

equations. As a result, we found that the logistic performance indices of OECD 

members fluctuate according to all estimation equations. 

 

1 INTRODUCTION  
 

Logistics is an important humanitarian necessity today [1], [2]. The logistic industry definition is considered as a 

whole for the functional, transport, communication, delivery, circulation, transport and storage operations [3]. 

Reaching a product with technological advances is now a click away for customers. The most important role of a 

product from the manufacturer to the supplier and from the supplier to the customer belongs to the logistics 

companies. The importance of the logistics sector for countries in terms of economic importance has been widely 

discussed by the researchers [4]–[8]. In this study, an estimation index for the future is tried to be formed by 

considering the logistic indexes of OECD countries. 

 

The main elements of the OECD formation to calculate the index of the logistic performance, which has 35 

members, are the countries' transport, education, procurement, and health issues [9]. For this study, logistic 

performance of OECD members is taken into consideration. The index has been created by the World Bank 

since 2007 by calculating the logistic performance of the countries. The World Bank has developed such a 

method to calculate how efficient the supply chain firms contribute to the national economies. Logistic 

performance index values are 1 for lower limit and 5 for upper limit [9]. It is thought that the logistic 

performance strengths of the countries are strengthened as they approach 5 and have a weak performance as they 

approach 1. In this study, an estimation process was performed by taking these data ranges into consideration. 

 

Logistic performance changes countries both economically and structurally due to the multiple indications that 

logistic performance indices are affected [10], [11]. Logistics performance indexes should not only be connected 

to the infrastructure of countries, but should be considered as sustainability in the economy, flexibility in 

transportation and growth in trade volume for the most important contributions it provides to countries. The 

main reasons why logistics industry plays an important role in terms of sustainability are the active use of 

manpower, products, transportation vehicles and warehouses [12]. The most important issue in the studies is the 

relationship between the transportation infrastructure and the economic growth of the countries. However, the 

studies emphasized that the importance of logistics infrastructure in determining economic growth is low. 

Conversely, researchers warned that the impact of the logistics sector on the growth of the country's economy 

should be considered as long-term. Another study highlighted that the globalization of the economy and the 

logistics sector contributed greatly to national and regional economic growth [3]. The fact that the logistics 

industry is related to economic growth stems from the coordination of both terms [12]. The logistics industry 
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plays an important role in the international trade relations as well as the impact on the economic dimension of 

the countries [13]. 

 

This study consists of four main sections. Information about the literature of the study was given in the 

introduction part of the study. The estimation equations developed for the study and the data derived from the 

equations were occupied the methodology part of the study. The interpretation of the data was included in the 

result section. In the last part of the study, the conclusion was shared with the readers. The scientific value of this 

research is that attention should be paid to the calculation of logistic performance indices and the determination 

of logistic competitiveness levels of OECD members for the future. 

 

2 METHODOLOGY 
 

For this study, logistic performance index data of OECD countries covering the years 2007-2018 were used by 

the World Bank [9]. Nevertheless, there is no continuity in the data between these years. World Bank data has 

been shared online for six years covering the years 2007, 2010, 2012, 2014, 2016, and 2018.The indexes range 

from 1 to 5. The World Bank has considered multiple factors for the calculation of the logistic performance 

index. However, in this study, no addition or subtraction was performed for these factors. Again, considering 

these factors, estimation equations for the future have been formed in this study. The World Bank has considered 

the land, sea and air transportation in the calculation of the logistic performance index. 

 

The average of the 6-year logistic performance indices of OECD members is explained in Table 1. While 

Germany has the highest index value (4.133), while the lowest was observed index data for Mexico (3.045). The 

average logistic performance index value of the countries was calculated as 3.623. Only 14 out of 36 members 

have a performance below average. 

 

 
Figure 1. Average Logistics performance Indices of OECD members 

 

Eight different types of equations have been formulated to calculate the logistic performance index for the future. 

The reliability levels of these equations are indicated in Table 1. Two parameters were used in the equations. 

The variable of 𝑦 represents the logistic performance index for the future and the variable of 𝑥 symbolizes the 

average logistic performance index of the members. 
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Table 1. Formation of equations according to reliability degree 

Types of 

Series 
The formation of Equations 

Degrees of 

Reliability 

Linear 𝑦 = −0.0012𝑥 + 3.6458 0.0015 

Logarithmic 𝑦 = −0.0525ln (𝑥) + 3.7615 0.0184 

2nd order 𝑦 = 0.001𝑥2 − 0.0382𝑥 + 3.8737 0.0822 

3rd order 𝑦 = 0.01689𝑥3 + 0.0001𝑥2 − 0.0249𝑥 + 3.831 0.0839 

4th order 𝑦 = 0.0007863𝑥4 − 0.0005𝑥3 + 0.0133𝑥2 − 0.1343𝑥 + 4.0527 0.1123 

5th order 𝑦 = 0.00001704𝑥5 − 0.0007472𝑥4 − 0.005484𝑥3 + 0.0065𝑥2 − 0.0971𝑥 + 3.9993 0.1133 

Power 𝑦 = 3.75225𝑥−0.0149 0.0149 

Exponential 𝑦 = 3.6313𝑒−0.0004𝑥  0.0015 

 

3 RESULTS  
 

The methodology developed for this study has been used to calculate the logistic performance indexes that 

OECD members are expected to have for the future. Logistic performance indexes obtained according to eight 

different equation types are shown in Figure 2. 

 

 
Figure 2. The future logistic performance index 

 

By comparing the equations, the type of equation where the logistic performance index values of the countries 

are at the lowest level is expressed as the 5th order equation. On the contrary, the highest values in index values 

belong to the equation in 4th degree. The values of the remaining equations are similar to each other. The 

behavior of exponential distribution and linear degree equations is in the same direction. Likewise, the 

similarities are observed in the tendencies of power and logarithmic equations. 

 

 
Figure 3. Future Logistics Performance Indices of OECD Countries 
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As a result of the logistic performance index calculation, it is observed that there is a decrease for the future 

especially in European countries (see Figure 3. Future Logistics Performance Indices of OECD Countries). The 

Netherlands, Germany, Belgium, Sweden and Switzerland are examples of this situation. We can emphasize that 

the index values of only 14 countries out of 36 countries are higher than the average values. It is observed that 

countries with high index values have low index values in previous years. The reason for this situation should be 

examined in two parts as developed and developing countries. It can be interpreted that the index values have 

decreased due to economic saturation or fluctuations in population rates in developed countries. Assuming that 

factors contribute positively in developing countries, the fact that they have interconnection routes (for example, 

Turkey; Asia to Europe, Mexico; South America to North America, vice versa) especially in product 

transportation leads to high logistic performance values. In general, we can conclude that there is a 15 percent 

decrease in the logistic performance index values of OECD members. The main reason for this situation is that 

economists and analysts have expressed a contraction in the world economy for the future. 

 

4 CONCLUSION 
 

In 2007, the logistic performance values of world countries are determined by the World Bank. However, to 

date, this data has been shared online with the community at regular intervals. No data for 2008, 2009, 2011, 

2013, 2015 and 2017 could be obtained by the World Bank. In this study, logistic performance values that 

OECD members will have in the future have been determined with the available data. As the first study in this 

field, we aimed to contribute to the literature. According to the results, the indexes of developing countries are 

higher than those of developed countries. The main reason for this is the contraction of the world economy and 

the fluctuations in the population rates of countries. In order to emphasize the accuracy of this assumption, we 

think that this study is inevitable to discuss in more detail and to apply statistical approaches as a basis for future 

studies. 
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Abstract 

The aim of this study was to show the future changes of the production of 

electricity (% of total electricity output) from renewable energy sources that has 

been examined for OECD members on an annual basis. Renewable energy 

generation is considered to be accepted as clean energy production systems 

worldwide. Countries that take environmental factors into account, allocate large 

amounts of budget for renewable energy. It is aimed by these countries to increase 

the amount of energy for each passing time. In this study, a preliminary estimation 

process has been realized for future changes of the amount of energy produced by 

the estimation series methods used. Comparisons were made by creating multiple 

equations for estimation series methods. The obtained data were evaluated 

according to the reliability degrees of the equations. The most important finding 

among the findings is that OECD members will have less production in the future 

for renewable energy. The average amount of energy to be produced is calculated 

as 18.5180 % for electricity, which we can argue as a decrease in the budget 

allocated for renewable energy investments. Although there are fluctuations in the 

amount of energy for the coming years, we believe that there will be positive 

developments in terms of renewable energy. 

 

1 INTRODUCTION  
 

Energy has been an important place throughout human history [1]. If we count the energy parameter at the 

beginning of basic needs for humanity, we are not wrong at all. As human needs increase day by day, its 

importance in energy dependence has increased. Especially at the end of the 20th century and at the beginning of 

the 21st century, humanity did not need the energy need (throughout human history) as much as it did in the past. 

Especially in the 20th century, the need for energy emerges as a cause of war [2]. The importance of energy is as 

important as how energy production takes place [3], [4]. 

 

The advantages of renewable energy generation from both environmental and economic point of view are 

indisputable according to the literatures [5]–[7]. Nowadays, the development of new modern systems other than 

classical energy production is becoming widespread in energy production [8]. However, the development of 

modern energy production systems for renewable energy is considered to be important both in terms of social 

health and environmental factors. The types of renewable energy vary. The main idea of all types of renewable 

energy is the producing-consumer (or non-consuming-producer) using natural resources and without harming 

nature. These energy types, which are still controversial in terms of cost, are in demand in many countries due to 

their environmental friendliness  [9]. In this study, the amount of energy obtained by OECD countries for 

renewable energy is examined. 

 

Renewable energy is defined by OECD Data providers as the contribution of renewable energies to the total 

primary energy supply (TPES). Renewable energies are diversified into hydro, geothermal, solar, wind, tidal and 

wave sources. In addition to these energy types, solid biofuels, bio-gasoline, biodiesel, other liquid biofuels, 

biogas and municipal wastes are mentioned. While the energy produced by wind, solar, etc., directly produces 

energy, energy production by biofuels (material from living or newly living organisms) occurs indirectly [10]. 

 

A number of forecasting analyzes have been conducted for renewable energy. However, the most detailed 

statistical analysis was performed by International Energy Agency. Most recently, this organization issued a 

report that provides a detailed market analysis and overview for renewable electricity capacity and generation, 
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biofuel production and heat consumption as well as the period between 2017 and 2022 [11]. Identifying the key 

drivers and barriers to the deployment and projecting of renewable energy electricity capacity and generation for 

the next five years, the current state of the play of renewable energy was realized in this report.  

Another study examined the relationship between renewable energy consumption and economic growth in a 

multivariate fashion for a panel of twenty OECD countries in the period 1985–2005. In this study, cointegration 

and error correction model has been developed instead of time series method. Under this method, researchers 

have argued that there is a strong relationship between energy production and economic growth [12]. In this 

study, the most important point that we want to emphasize is the increase in renewable energy production, which 

means that high budgets are spent by the members. In the long term, we can argue that there is a positive 

function both in terms of budget contribution and environmental protection in the recycling of renewable energy. 

In another study, the effect of renewable energy consumption on economic prosperity was estimated by using 

panel data techniques. A significant result was obtained between economic growth and renewable energy in this 

study [5]. 

 

This study consists of four main sections. In the first part, renewable energy and the importance of OECD 

members for this type of energy were emphasized. In the second part of the study, both the data and the method 

for calculating the amount of energy produced in the previous years of the amounts of energy produced in the 

previous years were supplied for this study. The third part of the study was the calculation of the energy 

production amounts for the next 5 years through the estimation series. A general interpretation of the study was 

given in the last part of the study. 

 

2 METHOD 
 

Estimation series method was used. This method is often used for the time series to make any predictions for the 

coming years for the methodology part of this study. For this study, estimation series method has been developed 

by using the renewable energy quantity data produced for electricity in previous years in order to estimate the 

amount of energy that OECD members will produce for the coming years. The average amount of renewable 

energy produced by OECD countries between the years of 1990 and 2015 is shown in Figure 1. In recent years, 

a rapid increase in the amount of renewable energy has been observed. As a result, we can emphasize that OECD 

countries allocate extra budgets for clean energy production. 

 

 
Figure 1. Average amount of renewable energy produced by OECD countries by years 

 

Six different types of equations have been formulated to calculate the amount of renewable energy produced for 

the future. Two parameters were used in the equations. The variable of 𝑦 represents the amount of renewable 

energy produced for the future and the variable of 𝑥 symbolizes the amount of renewable energy generated in the 

coming years of the OECD members. 

 

The linear equation developed to generate an estimate of the amount of renewable energy generated for the 

coming years is formulated as follows: 

 
𝑦 = 0.1556𝑥 + 15.007 (1) 
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The following equations represent nonlinear equations for the estimation of the amount of renewable energy to 

be produced for future years. The second-order equation was developed as follows: 
 

𝑦 = 0.0338𝑥2 − 0.755𝑥 + 19.262 (2) 

 

The third-order equation was developed as follows: 

 
𝑦 = 0.002𝑥3 − 0.0459𝑥2 + 0.1213𝑥 + 17.106 (3) 

 

The fourth-order equation was developed as follows: 

 
𝑦 = −0.0001𝑥4 + 0.0082𝑥3 − 0.1562𝑥2 + 0.8134𝑥 + 16.015 (4) 

 

The fifth-order equation was developed as follows: 

 
𝑦 = −0.00143𝑥5 + 0.0008𝑥4 − 0.0149𝑥3 + 0.0851𝑥2 − 0,1915𝑥 + 17.158 (5) 

 

The nonlinear equation with exponential distribution has been formed as follows: 

 
𝑦 = 15.224𝑒0.0081𝑥  (6) 

 

Some equations have been developed for the amount of energy that is likely to be produced by OECD members 

for the coming years. We can assume that the accuracy of the data to be obtained from these equations depends 

on the degree of reliability of the equations. However, it should be emphasized that these assumptions will only 

be inadequate by indexing this criterion. Because, the high degree of reliability and the amount of edible energy 

to be produced in the next years to show the correct proportion of the error should be avoided. While the lowest 

degree of reliability shows exponential distribution, the highest value gives the equation derived from the 5th 

degree (see Figure 2).  

 

 
Figure 2. The degree of reliability of the generalized equations 

 

There is a prerequisite for the years to be added to the formulas. The total sample size to be used for the next 5 

years should be considered 5 and expressed as 𝑁. The term to be used for the following year is expressed as 𝑡𝑐. 

The term indicating the last year used in the study is represented as 𝑡𝑙. The difference between sample size and 

next year interval is 𝑥 that symbolizes the amount of renewable energy generated in the coming years of the 

OECD members. The value of 𝑥 was calculated by the following formula: 

 
𝑥 = 𝑁 − (𝑡𝑐 − 𝑡𝑙) (7) 
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The formula that will be used to calculate the amount of renewable energy to be produced for the following years 

is explained step by step as follows: 

 

𝑦′ = 𝑦 ∗ 𝑥 + (
1

𝑅
) , 𝑖 = {𝑡𝑦𝑝𝑒𝑠 𝑜𝑓 𝑒𝑞𝑢𝑎𝑖𝑜𝑛𝑠) 𝑎𝑛𝑑 𝑅 = 𝑡ℎ𝑒 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 𝑜𝑓 𝑟𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (8) 

 

In the next part of the study, the data related to the amount of renewable energy to be produced for the next years 

is shared with the equations. 

 

3 RESULTS  
 

Estimation data for renewable energy production of OECD members for the coming years have been created 

with the formulations developed in this study. Forecasting calculations cover the years 2019-2023. The data 

regarding the future amounts of renewable energy production are explained in Table 1 in detail. The minimum 

value of the amount of energy to be produced for electricity was 14.7161 % with the 4th order equation in 2023 

and the highest amount was calculated for electricity as 21.9202 % in 2023 with the equation of 2nd order. The 

average amount of energy to be produced is calculated for electricity as 18.5180 %, which we can argue as a 

decrease in the budget allocated for renewable energy investments. 

 

Table 1. Results of forecasting data according to equations 

Year N 
𝒙 

Value 

Linear 

Equation 

2nd  

Order 

3rd  

Order 

4th  

Order 

5th  

Order 

Exponential 

Distribution 

2019 5.00 2.00 18.8157% 18.9002% 18.2143% 18.1009% 18.0165% 19.3351% 

2020 5.00 1.00 18.6590% 19.6451% 18.2167% 17.7002% 18.0494% 19.2103% 

2021 5.00 0.00 18.5023% 20.3967% 18.1393% 17.0349% 18.1700% 19.0865% 

2022 5.00 (-)1.00 18.3456% 21.1551% 17.9701% 16.0570% 18,4625% 18.9637% 

2023 5.00 (-)2.00 18.1889% 21.9202% 17.6971% 14.7161% 19.0300% 18.8419% 

 

The comparison of the results obtained with the equations developed for renewable energy is shown in detail in 

Figure 3. The most significant results were observed between the data derived from the 4th degree and the data 

generated from the 2nd degree in the opposite direction. While the amount of renewable energy has increased in 

recent years, this trend has been observed only in 2 different equation types which are 2nd and 5th order 

equations. According to linear, exponential and 3rd order equations, there will be little change in the amount of 

energy produced for the next five years and horizontal trends was observed in Figure 3. 

 

 
Figure 3. Trends of estimation series equations by years 

 

As a result, the estimation series equations performed for this study calculated the amount of renewable energy 

to be produced for OECD members for the coming years. These data should be considered the error margins 

according to the degree of reliability of the equations. Generally, a decrease in the amount of renewable energy 

can be observed for many reasons. One of the first reasons that comes to mind can be assumed to be a decrease 

in the economic growth rates of the world. In many studies, it is observed that there is a significant connection 
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between the economic growth levels of countries and the consumption of renewable energy. Especially in OECD 

countries, the decrease in renewable energy production can be interpreted as the decrease in the economic 

growth of the members. 

 

4 CONCLUSIONS  
 

Renewable energy generation is considered to be accepted as clean energy production systems worldwide. 

Countries that take environmental factors into account, allocate large amounts of budget for renewable energy. 

The aim of this study was to reveal the future situation of renewable energy production. A series of forecasts for 

the next 5 years has been formed by using the amount of renewable energy data of OECD members covering the 

years 1990-2016. Six different equations were obtained. The data was generated from the reliability degrees of 

these equations in order to compare the data for future the amount of renewable energy. The minimum value of 

the amount of energy to be produced was 14.7161% for electricity with the 4th order equation in 2023 and the 

highest amount was calculated for electricity as 21.9202 % in 2023 with the equation of 2nd order. The average 

amount of energy to be produced was calculated for electricity as 18.5180 %, which we could argue as a 

decrease in the budget allocated for renewable energy investments. Although there are fluctuations in the amount 

of energy for the coming years, we believe that there will be positive developments. The fluctuations in the 

amount produced in renewable energy depend on many factors. These factors can be supported by a more 

detailed research to identify and calculate their impact on energy production. 
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Abstract 

In this study, a compartmental model of global spread dynamics of malware under 

mutation is investigated by using random differential equations. The parameters of 

the equation system are transformed to random variables to model the random 

mutation, spread and connections in the network. The resulting system of random 

differential equations enables the monitoring of the random spread of mutating 

malware in the whole network. Simulation of the system is used to forecast the 

numerical characteristics of the spread which is beneficial for battling the malware. 

 

1 INTRODUCTION  
 

Compartmental models enable the analysis of an event through the monitoring of transitions between 

subsections, i.e. compartments, of the total population. The classical compartmental model, known as the SIR 

model for its compartment naming, susceptible (S) – infected (I) – recovered (R), and its versions are the most 

popular models in medicine, biology and related fields. Its versions, obtained by adding new compartments such 

as exposed (E) or maternally immune (M) or new parameters provide a wide application area for compartmental 

models to be used in modelling disease transmission and battling new infections. In the recent years, 

compartmental models have become a popular research area in network analysis as well. Computer and software 

engineers have started using this invaluable tool from life sciences to model the spread of malicious software in 

networks. 

 

Malwares are basically any software that are designed to damage a computer or a network and can be 

categorized as computer viruses, Trojan horses, worms and etc. Malwares are generally used to steal personal or 

government data and some types of malwares can be infectious. For instance viruses and worms can spread to 

other files or computers in the network. This means the spread of malware in a network is of similar manner to 

the transmission of a virus or bacteria in a population. Hence, compartmental models have been a popular tool 

for modelling malware spread in the last years [1, 2]. Such a modelling approach can also be seen for the spread 

of rumour in social media & populations, based on the similar transmission dynamics of all these cases [3, 4]. 

 

In this study, the random dynamics of malware spread under mutation within the existence of antimalware 

programs is analysed. The recent study of Ren et al. [2] presents a novel deterministic model for analysing the 

global spread of malware. Using this model, we introduce random variables for the rates of new connections, 

infections and mutations. This enables the monitoring of the random behaviour of mutations and spread of 

malware in a network with random connections. Random effect terms are added to the deterministic values of 

the corresponding parameters to obtain random variables. The motivation of such a study is the previous similar 

studies for the random behaviour of bacterial resistance and Hepatitis C transmission [5,6]. There are also 

several recent random studies that contain random connection and random rumour spread in network through the 

use of random variables or stochastic differential equations [7, 8]. In our study, we introduce a set of random 

differential equations obtained from a deterministic system of ordinary differential equations to model the 

randomness in the dynamics of the network. We use normal distribution to model the random behaviour of new 

connections, infections and mutations. Normal (Gaussian) distribution is the most reasonable choice for the 

random effects since the reasons affecting the randomness in the network is not exactly known and hence the 

exact distribution of the random parameters cannot be known. 
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The study is structured as follows. In section 2 we present the deterministic model and its components along 

with its randomization. Section 3 contains the simulation results for the random system. The last parts contain 

the comparative results and the concluding remarks of the study and their interpretation for the network.  

 

2 THE DETERMINISTIC MODEL AND ITS RANDOMIZATION 
 

The deterministic model of Ren et al. is given as follows 

 
𝑑

𝑑𝑡
𝑆(𝑡) = 𝑏 − 𝛽𝑆(𝑡)𝑀(𝑡) − 𝜆𝑆(𝑡)𝐼(𝑡) − 𝜇𝑆(𝑡), 

𝑑

𝑑𝑡
𝐸(𝑡) = 𝛽𝑆(𝑡)𝑀(𝑡) + 𝜆𝑆(𝑡)𝐼(𝑡) + 𝛿𝑀(𝑡) − (휀 + 𝜇)𝐸(𝑡), 

𝑑

𝑑𝑡
𝐼(𝑡) = 휀𝐸(𝑡) + 𝜒𝑀(𝑡) − (𝛼 + 𝜃 + 𝜇)𝐼(𝑡), 

𝑑

𝑑𝑡
𝑀(𝑡) = 𝛼𝐼(𝑡) − (𝛾 + 𝛿 + 𝜒 + 𝜇)𝑀(𝑡). 

(1) 

 
where (𝑡), 𝐸(𝑡), 𝐼(𝑡) and 𝑀(𝑡) denote the number of  susceptible, latent (exposed), infected and mutated 
nodes, respectively. This model, consisting of four ordinary differential equations, is obtained by adding 
two new compartments to the ODE version of the classical compartmental SIR: 𝐸, which contains the 
exposed or non-infectious nodes and 𝑀, which contains the mutated nodes. The compartment 𝑅 is not 
shown in the model since it does not affect the other four compartments (Figure 1).  
 

 
Figure 1. Flowchart of the model (Deterministic parameters are given with blue background and random 

parameters are given with red background) 

 

Table 1. Parameters of (1) with their descriptions and deterministic values 

Parameter Description Value 

𝑏 Susceptible node connection rate 0.5 
𝛽 Transmission rate from 𝑆 to 𝐸 through infection by mutated nodes 0.55 
𝜆 Transmission rate from  𝑆 to 𝐸 through infection by infected nodes 0.3 
𝜇 Rate of disconnection from network 0.42 
𝛿 Transmission rate from 𝑀 to 𝐸 through recovery by antimalware 0.02 
𝜒 Transmission rate from 𝑀 to 𝐼 through recovery by antimalware 0.5 
휀 Transmission rate from 𝐸 to 𝐼 through triggering of latent malware 0.06 
𝜃 Recovery rate of infected nodes through antimalware 0.3 
𝛾 Recovery rate of mutated nodes 0.01 
𝛼 Mutation rate of infected nodes 0.25 

 

The parameter values (Table 1) are obtained from the referred study along with the initial values: 𝑆(0) = 𝑆0 =
𝑏

𝜇
=

0.5

0.42
, 𝐸(0) = 7, 𝐼(0) = 6 and 𝑀(0) = 4 [2]. Using the reproduction number formula given in [2] and the 

parameter/initial values above, a reproduction number of 𝑅0 = 0.079 is obtained which means the spread of 

malware should be expected to end in the network after a period of time. In this regard, the use of random 

parameters for the model will be additionally useful for monitoring the effects of random connections, mutations 

and infections on the stability of the system. The positivity of the solutions and the meaningfulness of the 

solutions of system (1) can be found in the deterministic study [2]. 
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2.1 Random Model 

 

A literature review has been made to obtain statistical data for the random characteristics of the parameters 

𝑏, 𝛼, 𝜆 and 𝛽. A 2011 study by T. Sperl [9] estimates a value of 4.59 for the standard deviation of mutations with 

a mean of 192.02 which produces a 2.39% coefficient of variation. ITU, which is a UN agency specialized for 

ICTs, presents 2017 data for connections of 100 households with computer in Africa, Arab States, Asia & 

Pacific, CIS, Europe and the Americas [10]. The data presents a mean of 56.6 connections and its standard 

deviation can be computed as 22.43 which gives a 39.63% coefficient of variation. A 2016 study by Levesque 

et al. presents the mean and standard deviation of malware infections as 0.22 and 0.13 respectively, which gives 

a 59.09% coefficient of variation [11]. Assuming the infections caused by the mutated and infected nodes have 

the same standard deviations, new random parameters can be defined as below [12]: 

 

𝛼∗ = 𝛼 + 𝜎𝛼𝜉1, 𝑏∗ = 𝑏 + 𝜎𝑏𝜉2, 𝜆∗ = 𝜆 + 𝜎𝜆𝜉3, 𝛽∗ = 𝛽 + 𝜎𝛽𝜉4 for 

𝜉𝑖~𝑁(0,1), 𝑖 = 1,4̅̅ ̅̅  and 𝜎𝛼 = 2.39, 𝜎𝑏 = 39.63, 𝜎𝜆 = 𝜎𝛽 = 59.09. 

 

(2) 

Note that 𝜉𝑖 are independent standard normally distributed random variables and 𝑏, 𝛼, 𝜆, 𝛽 are the deterministic 

values of the parameters. Replacing 𝑏, 𝛼, 𝜆 and 𝛽 in (1) with the random variables (2) gives the system of 

random differential equations [13]: 

 
𝑑

𝑑𝑡
𝑆(𝑡) = 𝑏∗ − 𝛽∗𝑆(𝑡)𝑀(𝑡) − 𝜆∗𝑆(𝑡)𝐼(𝑡) − 𝜇𝑆(𝑡), 

𝑑

𝑑𝑡
𝐸(𝑡) = 𝛽∗𝑆(𝑡)𝑀(𝑡) + 𝜆∗𝑆(𝑡)𝐼(𝑡) + 𝛿𝑀(𝑡) − (휀 + 𝜇)𝐸(𝑡), 

𝑑

𝑑𝑡
𝐼(𝑡) = 휀𝐸(𝑡) + 𝜒𝑀(𝑡) − (𝛼∗ + 𝜃 + 𝜇)𝐼(𝑡), 

𝑑

𝑑𝑡
𝑀(𝑡) = 𝛼∗𝐼(𝑡) − (𝛾 + 𝛿 + 𝜒 + 𝜇)𝑀(𝑡). 

(3) 

 

The random differential equation system (3) models the random spread of malware within antimalware 

protection. The same initial values 𝑆(0) = 𝑆0 =
50

42
, 𝐸(0) = 7, 𝐼(0) = 6 and 𝑀(0) = 4 and the same 

deterministic values of the remaining parameters are used for the numerical simulation of the random model (3). 

The initial values could be altered for integer valued initial number of nodes, however we use the same initial 

values as the referred study for an exact comparison of results.  

 

3 RESULTS FOR NUMERICAL CHARACTERISTICS OF MALWARE SPREAD 
 

In this section, we present the deterministic results for (1) which were obtained with MATLAB’s lower order 

schemes and some of the random numerical characteristics. The random simulation results were obtained in 

14116 seconds with an Intel® CoreTM i7-4610M @ 3GHz 3GHz processor and a 8 GB RAM in a 64-bit OS 

using fourth order Runge-Kutta scheme with ℎ = 0.1 and 105 repetitions of the deterministic system with 

random coefficients in MATLAB. 

 

3.1 Deterministic Solutions and Random Expectations 

 

The solutions of (1) and the expectations of (3) can be seen in Figure 2. 

 

 
Figure 2. Deterministic Solutions and Random Expected Values of Malware Spread 
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Numerical characteristics of the random system (3) is obtained through Monte-Carlo simulations by simulating 

105 deterministic systems with Gaussian distributed random coefficients for 𝑏, 𝛼, 𝜆 and 𝛽. The extremum values 

for the solutions of (1) and the expected values of (3) have been given in Table 2. 

 

Table 2. Extremum values of deterministic and random results 

Deterministic Solutions Expected Values 

 Minimum Maximum  Minimum Maximum 

𝑆(𝑡) 0.1927 (𝑡 = 1.09) 1.19 (𝑡 = 0) 𝐸(𝑆(𝑡)) 0.2235 (𝑡 = 1.1) 1.19 (𝑡 = 0) 

𝐸(𝑡) 0.005041 (𝑡 = 20) 7.057 (𝑡 = 0.08) 𝐸(𝐸(𝑡)) 0.005719 (𝑡 = 20) 7.048 (𝑡 = 0.1) 

𝐼(𝑡) 0.0008149 (𝑡 = 20) 6 (𝑡 = 0) 𝐸(𝐼(𝑡)) 0.0008832 (𝑡 = 20) 6 (𝑡 = 0) 

𝑀(𝑡) 0.0003586 (𝑡 = 20) 4 (𝑡 = 0) 𝐸(𝑀(𝑡)) 0.0003813 (𝑡 = 20) 4 (𝑡 = 0) 

 

The expected values of the random compartments can be seen below (Figure 3). 

 

 
Figure 3. Random Expected Values of Malware Spread Compartments 

 

It is seen that the number of susceptible nodes begins with a sharp decrease and after reaching its minimum at 

𝑡 = 1.1, the number of nodes start increasing again reaching 1.183 at 𝑡 = 20 meaning it almost returns to its 

starting position. The number of latent nodes takes a steady decrease after a momentary increase in the first 

moments of the process. The number of mutant nodes and infected nodes keep decreasing throughout the 

process. The results are in accordance with the deterministic results as well as the foresight that can be achieved 

from 𝑅0 = 0.079 which means the malware spread should end in a certain period of time. 

 

3.2 Variances 

 

The variances of (3) and their maximum values can be seen in Table 3 and Figure 4 below. 

 

Table 3. Maximum values of the variances of (3) 

 Maximum Time 

𝑉𝑎𝑟(𝑆(𝑡)) 0.2177 𝑡 = 20 

𝑉𝑎𝑟(𝐸(𝑡)) 0.04296 𝑡 = 3.4 

𝑉𝑎𝑟(𝐼(𝑡)) 0.0002021 𝑡 = 1.1 

𝑉𝑎𝑟(𝑀(𝑡)) 0.0002444 𝑡 = 1.2 

 

The minimum variances of the variables are approximately zero and hence have not been listed in the table 

above. The variance of 𝑆(𝑡) at 𝑡 = 1 is obtained as 0.01824, which is the moment where it reaches its maximal 

coefficient of variation. 

 

226



Modelling the random spread of malware using random differential equations ICADET ‘19 

 

 

 
Figure 4. Variances of Random Malware Spread 

 

Variances are one of the properties of random malware spread which cannot be monitored using the 

deterministic model. It is seen that there are increases and decreases in the graphs of the variances with 𝑆(𝑡) 

reaching its maximum in the end whereas the others reach their minimal points. 

 

3.3 Confidence Intervals 

 

Confidence intervals for the expected values of the random model (3) can be seen in Figure 5 below. The blue 

dashed line and the green dashed line are the upper and lower limits respectively. 

 

 
Figure 5. Confidence Intervals for the Expectations of Random Malware Spread 

 

The confidence intervals for the expected values of the random variables are obtained for 𝐾 = 3 standard 

deviations as [𝐸(𝑋) − 𝐾. 𝑠𝑡𝑑(𝑋), 𝐸(𝑋) + 𝐾. 𝑠𝑡𝑑(𝑋)] and for a normally distributed random variable 𝑋, this 

interval contains approximately 99.7% of all the values. The maximum values of the expectations are given in 

Table 4 below. 
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Table 4. Maximum values of the expectations of (3) within the confidence intervals 

 Maximum Time 

𝐸(𝑆(𝑡)) 2.583 𝑡 = 20 

𝐸(𝐸(𝑡)) 7.378 𝑡 = 0.2 

𝐸(𝐼(𝑡)) 6 𝑡 = 0 

𝐸(𝑀(𝑡)) 4 𝑡 = 0 

 

Similar to the variances, the minimum expectations in the confidence intervals of the variables are zero (values 

below zero are meaningless and are ignored) and hence have not been listed in the table above. Confidence 

intervals for the expected values are another statistical property that cannot be achieved through the deterministic 

model. They show the intervals which the solutions of the deterministic model are contained in if the 

randomness of the parameters are considered. It is seen that the confidence intervals for 𝑆(𝑡) and 𝐸(𝑡) have 

considerably large intervals meaning the deterministic models may produce a non-ignorable misleading results 

since it does not consider the random nature of the event. Note that the number of nodes should be integers in 

real life and these initial values have been used for correspondence with the original study. A factor can be used 

to generalize the results and obtain integers without decreasing the accuracy of the random analysis. 

 

4 CONCLUSION 
 

In this study, a recent deterministic system presented by Ren et al. that models the spread of malware under 

mutation within the presence of antimalware is investigated. This model has been used with random effects to 

show that the random model is an effective tool for describing the true dynamics of malware spread. Real life 

data has been used to randomize the parameters for the infection, mutation and new connections in the model. 

Using the random model, consisting of random differential equations, numerical characteristics of the spread 

have been obtained. The results show that the expected values of the random model (3) and the numerical 

solutions of the deterministic model (1) are similar, meaning that the random model is just as capable of 

accurately describing the real dynamics of the spread. However, the advantage of using the random model are 

clearly seen when the variances and confidence intervals are analysed. 

 

The deterministic model accepts the parameters for the infection, mutation and new connections as constant 

values for the numerical analysis. However, the literature shows that these parameters can sometimes have 

random behaviour. The dynamics of randomly mutating or infecting malware cannot be accurately modelled 

deterministically. The coefficient of variation statistic for the results of the random simulations is a clear sign of 

this inaccuracy. The maximum coefficients of variations for (3) have been obtained as below (Table 5). 

 

Table 5. Maximum coefficients of variation (CV) 

 Maximum Time 

𝐶𝑉(𝑆(𝑡)) 59.88 𝑡 = 1 

𝐶𝑉(𝐸(𝑡)) 68.31 𝑡 = 20 

𝐶𝑉(𝐼(𝑡)) 54.06 𝑡 = 20 

𝐶𝑉(𝑀(𝑡)) 47.35 𝑡 = 20 

 

This means that the random model provides results for the expected value of the number of susceptible nodes 

(𝑆(𝑡)) that are at most 59.88% different from the deterministic results. Hence, ignoring the random nature of 

spread can cause at most (approximately) 60% deviation which means a considerable amount of inaccurate 

results for the deterministic model. The same situation occurs for the number of latent, infected and mutated 

nodes. Random expectations are at most (approximately) 68%, 54% and 47% different from the deterministic 

results for the corresponding compartments, respectively. 

 

Another advantageous characteristic of the random model is the confidence intervals. The deterministic results 

denote that at 𝑡 = 20, the number of susceptible nodes will become 1.183, which is almost the same value as the 

initial condition. Although the random expected value gives 𝐸(𝑆(20)) = 1.183 as well, the confidence interval 

shows that 𝐸(𝑆(20)) ∈ [0,2.583] meaning that the number of susceptible nodes can be anywhere in this interval 

according to the random occurrence of the event. There is almost a 39% coefficient of variation at 𝑡 = 20 for 

𝑆(𝑡). These numbers show that a random modelling approach can be more beneficial for modelling the random 

behaviour of the event in comparison to the deterministic study. This example can be generalized to any 

compartmental equation system used for modelling engineering applications as well as other research areas. 

Further data can also be used to model the random nature of other parameters and compartments as well, 

meaning that random modelling approach is a versatile tool for the analyses of these systems. 
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Abstract 

This paper studies the contact problem between functionally graded layer and a 

rigid stamp. The functionally graded layer is subjected to load with a rigid stamp 

and the  functionally graded layer is bonded on a rigid foundation. We assume the 

functionally graded layer is isotropic, and the shear modulus of this layer is 

assumed to vary exponentially along the thickness direction. The problem is solved 

under the assumptions that surface is frictionless, body force of functionally graded 

layer is not taken into account. By using the Fourier integral transform and the 

boundary conditions, the problem is reduced to a system of singular integral 

equations in which the receding contact half- length and the contact pressures are 

unknown. Obtained singular integral equation is solved numerically using Gauss-

Jacobi integration formulation and obtain the contact pressure and contact length. 

Numerical results for the contact pressures and the contact areas are given for 

various dimensionless quantities. Numerical results for contact area and contact 

stress distribution of the functionally graded layer due to frictionless contact of a 

rigid cylindrical punch are shown in figures. The basic aim of this paper is to search 

the effect of the non-homogeneity parameter of the graded layer on the contact 

pressures and lengths. 

 

1 INTRODUCTION  
 

Advances in the material technology has a very important place in present days. Functionally graded materials 

(FGM),  are used in space-aviation, chemistry, nuclear energy, automotive, bio-mechanical and electronic due to 

its properties high wear resistance, high heat resistance due. FDM do not exhibit homogeneous properties in 

which the material properties generally change throughout the thickness. Developing technology need for 

material with special characters. Known alloys, coatings and laminated composites have failed to meet this need, 

and new materials have been required according to the place of use. The fact that there is no homogeneous 

material that is resistant to high strength and thermal shocks, especially in the spacecraft, has led to the 

combination of material combinations, namely Functional Graded Material (FDM) technology. 

 

The first development and use of FDM dates back to Koizumi [1]. Since then, the interest of researchers on 

FDMs has increased and parallel to this, many studies have been carried out especially on static and dynamic 

analysis. There are many studies which are modeled by simple bearing boundary conditions and analytically 

solved by using elasticity theory. In the solutions, it is assumed that the functional graded material properties 

change exponentially throughout the thickness [2-8]. 

 

The problem we studied have differences form literature in terms of number of layers, loading, and foundation. 

Though similar in every problem solution method, the analytical solution must be made separately for each 

problem. In this study, a frictionless contact problem between a rigid punch and functionally graded (FG) layer, 

which is bonded to a rigid foundation on its bottom surface, is considered according to the theory of elasticity. 

 

2 FORMULATION OF THE PROBLEM  
 

The solution of the contact problem of a layered resting on rigid foundation is considered. The loading and the 

geometry of the problem is given in Fig. 1 as representatively. The problem consists of an infinitely long 

functionally graded (FG) layer which bonded to a rigid support on its lower surface. The thickness  of FG layer 
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is h and a concentrated force P is to the layer via a rigid cylindrical punch with radius R. Poisson’s ratio   is 

taken as constant, the shear modulus   depend on the y-coordinate only as follows: 

 

0( ) , 0yy e y h      (1) 

 

where 
0  are the shear modules of the graded layer at 0y  ,   are the non-homogeneity  parameter 

controlling the variation of the shear modules in the graded layer. It is assumed that the contact surfaces are 

frictionless and 0x   is to be the plane of symmetry with respect to external loads as well as geometry, for 

simplicity. Clearly, it is sufficient to consider one half (i.e., 0x  ) of the medium only. 

 

 
Figure 1. Geometry and loading of the contact problem 

 

Assuming that the FG layer is isotropic at every point, equilibrium equations, the strain-displacement 

relationships and the linear elastic stress-strain law, respectively, are given by: 

 

0, 0
xy yx yx

x y x y

    
   

   
  (2a,b) 

1
, ,

2
xx yy xy

u v u v
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1
x xx yy

y
    


     

  (4a) 

( )
(3 ) (1 )

1
y xx yy

y
    


     

 (4b) 

2 ( )xy xyy    (4c) 

 

where u  and v  are the x and y components of the displacement field, respectively; x , y  and  xy  are the 

components of the stress field in the same coordinate system; x , y  and xy  are the corresponding 

components of the strain field;   is a material property defined as 3 4   for  plane strain problems. 

Combining Eqs. (1)-(4), the following two-dimensional Navier’s equations are obtained: 
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2 2
( 1) ( 1) 2 (3 ) ( 1) 0
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In case of graded layer solution, using symmetry considerations and Fourier transforms, the displacement 

components for FG layer may be written: 

 

   
0 0

2 2
( , ) ( , )sin , ( , ) ( , )cosh hu x y y x d v x y y x d       

 

 

     (6a,b) 

 

where ( , )y  and ( , )y  are the inverse Fourier sine and Fourier cosine transforms of u  and v  with respect 

to the x-coordinate and the y-coordinate, respectively. Substituting Eqs. (6a,b) into Navier equations (5), the 

following ordinary differential equations are obtained: 

 
2

2

2
( 1) ( 1) 2 ( 1) 0,

d d d

dy dy dy

  
       

 
         

 
  (7a) 

2
2

2
( 1) ( 1) 2 (3 ) ( 1) 0.

d d d

dy dy dy

  
        

 
          

 
  (7b) 

 

where; 

 
4 4

1 1

,j jn y n y

j j j

j j

A e A m e 
 

     (8a,b) 

 

The unknown functions 
jA  ( 1,2,3,4j  ) are determined from the boundary conditions and 1 4,...,n n  are the 

four complex roots of the characteristic equation associated with Eqs. (7a,b), which may be written: 

 

4 3 2 2 2 2 2 2 2 3
2 ( 2 ) 2 ( ) 0.

1
j j j jn n n n


       




      


  (9) 

 

The roots of the Eq. (9) are obtained: 
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The known function 
jm  in Eq. (8b) may be expressed as follows: 

 

      

  

2

2 2

3 2 1 3
, ( 1,...,4).

4 3 1
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j

n n n
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  (11) 

 

Substituting Eqs. (6,8) into Eqs. (4) , stress and displacement fields of interest for graded layer are obtained: 
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in which the known functions 
jC  and 

jD  ( 1,2,3,4)j   are given by: 

 

   3 1 , .j j j j j jC m n D n m           (13a,b) 

 

3  SOLUTION OF THE PROBLEMS 
 

The boundary conditions of the contact problem for the FG layer can be written as 

 

( ,0) 0u x                                       (0 )x                                                                                              (14a)                                                                

( ,0) 0v x                                       (0 )x                                                                                              (14b)                                                             

( , ) 0xy x h                                     (0 )x                                                                                             (14c)                                                          

( ) ; (0 )

( , ) 0 ; (0 )y

p x x a

x h x

   
 

    
 
 

                                                                  (14d)                                                

 ( , ) ( )v x h f x
x





                    (0 )x a                                                                                              (15)  

                                                   

where p(x) is the unknown contact stress between the rigid punch and the layer on the contact area (−a, a) and 

f(x) is the derivative of the profile of the rigid stamp; one may write 

 

( )
x

f x
R


                                                         (16)         

  

Applying boundary conditions (14) to Egs. (12) following linear algebraic system of equations  is obtained: 
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Where P is known function defined as:  

 

1

0 0

( 1)
( )cos( )

h
P p x x dx
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                                                                                                                        (18) 

 

The unknown functions 𝐴𝑗 = (𝑗 = 1,2,3,4) are obtained: 

 

1j

j

A
A P

A



                                                                                        (19) 

 

where 
1jA  ( 1,...,4j  ) and A  are shown in Appendix A1.   

Substituting them into the rested boundary condition (12) and using the symmetry consideration, p(x) = p(−x), 

and some routine manipulations; 

 

0

2 1 1
( , ) ( )
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a
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N x t p t dt

e x t R






   
     

       (20) 

 

Where N(x,t) is given by A2 in Appendix. 

In the singular integral equation (20), the contact area a is also unknown, as well as the contact stress p(x). For a 

complete solution of the problem, the contact stress p(x) must satisfy the following equilibrium condition: 

 

( )

a

a

p t dt P


         (21) 

 

4 THE SOLUTION OF THE SYSTEM OF THE INTEGRAL EQUATIONS 
 

To simplify the numerical analysis of the integral equation, the following dimensionless quantities can be 

introduced. 

 

,t ar dt adr                                                                                                                                       (22a) 

x as                                                                                                                                                                
(22b) 

,z h dz hd                 
                                                                                          (22c)
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                                                                                                                                                 (22d)    

 

Using these dimensionless quantities, the integral Eqs. (20) and (21) can be written as; 
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r dr
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Where k(s,r) is given by A3 in Appendix. The solution of the integral equations can be expressed as, 
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( ) ( ) ( )r w r g r      (24a) 

 

Since there are smooth contacts at the end points, the index of the integral equation (23a) is −1 Erdogan, (1978).  

 

   ( ) 1 1 , ( 0.5, 0.5)w r r r
 

           (24b) 

The solution of the integral equation can be expressed as Using the Gauss-Jacobi integration formulas, the 

integral Eq. (23a) and equilibrium conditions (23b) become, 
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𝑟𝑖and 𝑠𝑘  are the roots of the related Jacobi polynomials and 𝑊𝑖
𝑁is the weighting constant 
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Note that there are N +1 equations to determine the N unknowns 𝑔(𝑟𝑖) in Eq. (25a). Since the extra equation is 

used to normalise the interval of integration, it is sufficient to choose only N of the N +1 possible collocation 

points Krenk (1975). Thus, Eqs. (25a) and (25b) give N + 1 equations to determine the N + 1 unknowns, which 

are 𝑔(𝑟𝑖) and a. The system of equations is linear in terms of the 𝑔(𝑟𝑖) but highly nonlinear in variable a. 

Therefore, an iterative method is used to obtain the unknowns. 

 

5 NUMERICAL RESULTS 
 

This section presents numerical results for contact area and contact stress distribution of the FG layer due to 

frictionless contact of a rigid cylindrical punch. The values 𝜇 and h should be considered fixed, they are related 

to more than one dimensionless quantities.  

 

Table 1. Comparison of the contact widths (𝑎 ℎ⁄ ) under punch depending on load factor with 𝛽(−1, 0.001, 1) 
(𝜅 = 2) 

P h



 

10R h   

 -1 0.001 1 

100 0.3148 0.2152 0.1402 

200 0.2304 0.1533 0.0977 

400 0.1673 0.1088 0.0683 

500 0.1507 0.0974 0.0609 

800 0.1207 0.0771 0.0478 

1000 0.1085 0.0690 0.0427 
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Figure 2. Variation the contact area by depending on load factor (𝜅 = 2) 

 

Table 1 and Fig. 2 show the variation of the contact width with inhomogeneity parameter  𝛽. 𝛽ℎ > 0 indicates 

that the rigidity of the top surface is higher than bottom surface of the layer. On the contrary when  𝛽ℎ < 0, 

rigidity is the opposite of the first case. When is 𝛽 is higher, the contact width 𝑎 ℎ⁄  decrease. Table 1 and Fig 2 

also show variation contact width by depending on load factor 𝜇

𝑃 ℎ⁄
 and radius of punch 𝑅 ℎ⁄ . Contact widths 

(𝑎 ℎ⁄ ) increases with increasing of radius of punch 𝑅 ℎ⁄ . Since increasing load factor 𝜇

𝑃 ℎ⁄
 corresponds to 

decreasing of applied concentrated load P,  contact widths (𝑎 ℎ⁄ ) decreases. 

 

 
Figure 3. The Contact pressure distribution with variation of load factor (𝑹 𝒉⁄ = 𝟏𝟎, 𝜅 = 2) 

 

Figure 3 illustrates the effect of the effect of the relative in inhomogeneity parameter  on the contact pressure 

distribution on the top of the FG layer. Figure 3 shows 𝑃(𝑥) 𝑃
ℎ

⁄  the dimensionless contact pressure distributions. 

The contact pressure is maximum at x=0. In figure 3, for 𝑅 ℎ = 10⁄ , 𝑅 ℎ = 100⁄ , 𝑅 ℎ = 1000⁄  relation among 

𝛽 and 𝜇

𝑃 ℎ⁄
 is shown respectively. With increasing contact stresses also increases when inhomogeneity parameter  

𝛽 increases. 
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Figure 4. The Contact pressure distribution with variation of load factor (𝜷 = 𝟏, 𝜅 = 2) 

 

 
Figure 5. The Contact pressure distribution with variation of radius (𝜷 = 𝟏, 𝜅 = 2) 

    

Figures 4-5, show 𝑃(𝑥) 𝑃
ℎ

⁄  the dimensionless contact pressure distribution. In figures , 𝛽 = 1 and 𝜅 = 2 are fixed 

and dimensionless contact pressure distribution for, 𝑅 ℎ⁄   and 𝜇 𝑃
ℎ

⁄  are given. Figure 4 shows load factor 

increases, dimensionless contact pressure increases. As shown figure 5 𝑅 ℎ⁄  increases, size of the contact area 

increases, so the applied load distributes a much larger area. Therefore, contact pressure decreases.  
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Table 2. Comparison of the contact widths (𝑎 ℎ⁄ ) under punch depending on load factor with 𝛽(−1, 0.001, 1) 
(𝜅 = 2) 

0

P h


 

10R h 
 

Present 

Study 

Kahya 

(1997) 

100 0.2152 0.215190 

200 0.1533 0.153296 

300 0.1255 0.125488 

400 0.1088 0.108818 

500 0.0974 0.097407 

600 0.0890 0.088967 

700 0.0824 0.082399 

800 0.0771 0.077099 

900 0.0727 0.072706 

1000 0.0690 0.068987 

 

Table 2 show a comparison of contact lengths with Kahya (1997) for various loading, radius and material 

constant values. When the table is examined, it can be seen that when the inhomogeneity parameter is given a 

value very close to zero, FD layer becomes a homogenous layer and the results are consistent with Kahya [9]. 

 

6    CONCLUSION 
 

In this paper, the contact problem of a functionally graded (FG) layer resting on a rigid foundation is considered. 

The top of the FG layer is subjected to rigid cylindrical punch. The elasticity modulus is assumed to be 

exponential function. The problem is solved analytically using plane elasticity and integral transform techniques. 

The material inhomogeneity parameter has an important effect on the contact width and the stress distribution. 

The contact width (𝑎 ℎ⁄ ) and the stress distribution (𝑃(𝑥) 𝑃
ℎ

⁄ ) are investigated for various material properties and 

loading, such as 𝜇

𝑃 ℎ⁄
, 𝑅 ℎ⁄  and 𝜅. The contact width (a/h) decreases with increasing material inhomogeneity 

parameter (  ).The contact stress (𝑃(𝑥) 𝑃
ℎ

⁄ ) increases with increasing material inhomogeneity parameter (  ). In 

addition, the biggest contact pressures occurs at symmetry axis and increases with increasing  . With 

increasing load factor 𝜇

𝑃 ℎ⁄
 and radius of punch 𝑅 ℎ⁄  and material constant 𝜅, the contact width (𝑎 ℎ⁄ ) increases. 

With increasing load factor 𝜇

𝑃 ℎ⁄
, radius of punch 𝑅 ℎ⁄  and material constant 𝜅, the contact width (𝑎 ℎ⁄ ) increases. 

As it can be seen in the figures that increasing load factor 𝜇

𝑃 ℎ⁄
, contact pressure increases, but on the contrary 

contact pressure decreases with increasing radius of punch 𝑅 ℎ⁄ . 
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Abstract 

Grounding; It is defined as the conductive connection of the inactive parts in the 

electrical facilities with the help of an electrode to the ground. One of the most 

important elements to protect living things against dangerous step and touch 

voltages is grounding systems. The most important parameter that changes the 

grounding resistance is the value of the soil resistivity. In this study, the effect of 

soil temperature and humidity on soil resistivity was observed with the help of 

multiple regression method. Wenner method was used to measure soil resistivity. 

A model based on multiple regression method is designed. This model is designed 

as an interface in MATLAB GUI program. With the interface, the user can easily 

calculate the soil resistivity at the desired heat and humidity value by adapting the 

10 measurements to be taken from any location. 

1 INTRODUCTION  
 

Today, electricity is produced in different ways in order to meet the increasing energy needs. Some of these are 

hydroelectric power plants, solar power plants and wind power plants. In the production of electricity, grounding 

is done in order to protect both the devices and the operating personnel against dangerous touch and step voltages 

[1]. In both low voltage installations and high voltage installations, effective and useful grounding depends on 

good grounding system [2]. The most important parameter affecting the grounding resistance is the soil resistivity. 

The two most important parameters affecting soil resistivity are the temperature and humidity of the soil [3]. 

 

The main purpose of this study; 

 To observe the effect of soil humidity value on soil resistivity, 

 To observe the effect of soil temperature value on soil resistivity, 

 To observe the effect of soil temperature and humidity change on soil resistivity. 

 The interface is to design with Matlab Gui program. 

 

Many studies have been carried out in the literature about grounding. Some of those; 

The grounding impedance has been measured in complex grounding systems by Onur KATİPOĞULLARI. In this 

study, it was present the current literature on conventional grounding resistance measurement methods. The current 

measurement methods are compared theoretically and practically. As a result of all these studies, a new grounding 

impedance measurement system has been developed and compared with traditional methods in real earthing systems 

[4].  

 

The factors affecting the ground impedance and ground impedance in electrical installations were studied by Hasan 

Vural SIĞIRCI. In this study, firstly grounding is defined and various grounders are examined. The useges places 

of these grounders has been investigated. The value of the grounding resistance is specified for the contact and step 

voltages to remain below the dangerous limit according to various error conditions [5]. 

 

V. L. Coelho et al. investigated the effect of seasonal soil moisture on soil resistivity and power distribution 

grounding systems. As a result of the measurements, between soil moisture content and soil resistivity was found 

to be a strong relationship. They observed that the amount of soil moisture affects not only the highest level of soil 

but also the soil types in the lower stages [6]. 

 

Min Li et al. studied the analysis of soil resistivity of Haikou City under different meteorological conditions. For 

this analysis, the soil humidity content and other data were collected automatically from the meteorological station 
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for approximately one year. As a result of the study, soil resistivity decreased with while increasing soil 

temperature of volcanic ash and red soil, soil resistivity increased with while increasing soil temperature of sand 

soil [7].  

 

The difference of this study is that the data were trained and a mathematical model was developed. As a further 

study, this system which is trained by linear regression, will be trained and compared with different algorithms. 

 

2 MATERIAL AND METHOD 
 

Wenner method was used for data collection. Multiple regression method was used for data training. Simulations 

were made in Matlab/Simulink program. 

 

2.1 Regression Analysis 

 

Regression analysis determines the relationship between two or more variables that have a cause-effect 

relationship. It is a method used to make predictions or predictions on the subject by using this relationship [8]. In 

regression analysis, a mathematical model is used to explain the relationship between two or more variables. This 

model is called a regression model. The general purposes of regression analysis are as follows; 

 To introduce a model describing the relationships between the dependent variable and independent 

variable with an effect on a dependent variable, 

 To determine priorities in explaining the degrees of the effects of a set of variables that have an effect on 

a variable and the change in the dependent variable, 

 To find the equation of relations with the most appropriate values of independent variables that have an 

effect on the dependent variable. 

 

2.2 Simple Regression Model 

 

The model consisting of a dependent and an independent variable is called a simple regression model. The equation 

of the simple regression model is shown in equation (1). 

 

y=α + β x + ε                                                      (1) 

 

In Equation (1); 

y  It is the default dependent variable that has an error. 

x It is independent variable that the default measured without error. 

α It is the value of the dependent variable at the time that the error of the argument is zero. 

β   Regression coefficient. Although the independent variable has 1 unit change in its own unit, it is the 

change in the dependent variable's own unit. 

ε  It is a coincidental error term. This value is not required for assumptions parameter estimates but for the 

importance controls of the coefficients. 

 

2.3 Multiple Regression Model 

 

Multivariate regression analysis is an analysis to reveal the relationship between a dependent variable and a number 

of independent variables in relation to it [8]. For example, the effect of soil humidity and temperature values on 

soil resistivity can be given. Here the dependent variable is the soil resistivity while the independent variables are 

the temperature and humidity values. The positive result from multiple regression analysis depends on the 

measurement of the variable parameters numerically and with the same measurement unit. In multiple regression, 

correlations are considered to know which independent variable affects the dependent parameter more. High 

correlation shows strong linear relationship, whereas low correlation shows weak linear relationship. Multiple 

regression methods; 

 Enter Method 

 Advanced Selection Method 

 Backward Screening Method 

 Step-by-Step Selection Method. 

 

The correlation equation for a dependent two independent regression model is shown in (2). 

 

y = a1x1 + a2x2+b                                                      (2) 
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In Equation (2); 

x1 Measured soil temperature value, 

x2 Measured soil humidity value, 

y Soil resistivity. 

The values at any given moment (i = 1,2) are shown in equation (3). 

 

ydi = a1x1 + a2x2+b                      (3)  

 

The error statement is shown in equality (4) and (5). 

 

∆si = yi - ydi                  (4) 

 

∆si = [yi –  (a1x1i + a2 x2i+b)]                (5) 

 

The sum of the squares of deviations is shown in equality (6). 

 

𝑠 = ∑ [𝑦𝑖 − (𝑎1𝑥1𝑖 + 𝑎2𝑥2𝑖 + 𝑏)]2𝑛
𝑖=1                   (6) 

 

In order to minimize the sum of the squares of errors, the partial derivatives to be taken according to the unknown 

a and b values must be equalized to zero. These expressions are shown in equality (7), (8) and (9). 

 

∂𝑠

∂𝑎1

=
 ∂∑  [𝑦𝑖  –  ( 𝑎1𝑥1𝑖  +  𝑎2𝑥2𝑖 + b )]2𝑛

𝑖=1

∂𝑎1

                                                                                                                    (7) 

 

∂𝑠

∂𝑎2

=
 ∂∑  [𝑦𝑖  – ( 𝑎1𝑥1𝑖  +  𝑎2𝑥2𝑖 + b )]2 𝑛

𝑖=1

∂𝑎2

0                                                                                                                 (8) 

 

∂𝑠

∂𝑏

=
 ∂∑  [𝑦𝑖  – ( 𝑎1𝑥1𝑖  +  𝑎2𝑥2𝑖 + b )]2 𝑛

𝑖=1

∂𝑏

0                                                                                                                  (9) 

 

Equations (10), (11) and (12) are obtained if the derivatives are taken and the expression equals zero. 

 

−∑  2[𝑛
𝑖=1 yi –  (a1x1i + a2x2i +b) ] x1i = 0                                                                                                                 (10) 

 

−∑  2[ 𝑛
𝑖=1 yi –  (a1x1i + a2x2i +b)] x2i = 0                                                                                                                   (11) 

 

−∑   2𝑛
𝑖=1 [yi –  (a1x1i + a2x2i +b)] = 0                                                                                                                       (12) 

 

Equations (13), (14) and (15) are obtained when the brackets are opened after the simplification and the total sign 

for each term is taken into consideration. 

 

a1 ∑  n
i=1 (x1i)2 + a2 ∑  n

i=1 x1ix2i  + b ∑    n
i=1 x1i = ∑  n

i=1 x1iyi                                                                                         (13) 

  

a1 ∑  n
i=1 x1ix2i + a2 ∑  n

i=1  (x2i)2 + 𝑏 ∑  𝑛
𝑖=1   x2i  = ∑  n

i=1 x2iyi                                                                                           (14) 

 

a1 ∑  n
i=1 x1i     + 𝑎2 ∑  𝑛

𝑖=1  x2i
      + 𝑛𝑏 =  ∑  𝑛

𝑖=1 yi                                                                                                    (15) 

 

If these equations are written in AX = B form, the following matrix is obtained. 

 

[
 
 
 
 
 
 
 
   ∑  

n

i=1

(x1𝑖)
2 ∑ 

n

i=1

𝑥1𝑖𝑥2𝑖 ∑    

n

i=1

𝑥1𝑖  

  ∑  

n

i=1

𝑥1𝑖𝑥2𝑖   ∑  

n

i=1

 (𝑥2𝑖)
2 ∑ 

n

i=1

  𝑥2𝑖

∑  

n

i=1

𝑥1𝑖    ∑  

n

i=1

 𝑥2𝑖 𝑛
]
 
 
 
 
 
 
 
 

[
𝑎1
𝑎2
𝑏

] = [

𝑥1𝑖𝑦𝑖

𝑥2𝑖𝑦𝑖

yi
] 
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2.4 Matlab Gui 

 

Matlab Gui, Graphical User Interface is the name given to MATLAB's interface design program [9]. In the 

program, there is a figure window (.fig) where users can create their interface and a file (.m) section where the 

functions of the keys used in this figure window are determined. 

In addition to modeling, Matlab Gui program, user grounding resistance calculation, the effect of soil resistivity 

on grounding resistance, the effect of grounding length on grounding resistance, the effect of ground diameter on 

the grounding resistance of the circle area equal to the grounding area, the effect of temperature and humidity on 

soil resistivity in 2 dimensional and 3 dimensional observes, the effect of the conductor diameter on the grounding 

resistance. IEEE 80-2000 Standard has been applied in these transactions. 

The area where the measurements are made for soil resistivity is shown in Figure 1. 

 

 
Figure 1. Soil Resistivity Measurement Area 

 

3 RESULTS 
 

The measurement instrument for measuring soil resistivity is HT-2016 GEOTEST 2016. The device mainly uses 

the method of measuring the potential drop. AMTAST 300 is used for measuring the soil temperature and 

humidity. These data were taken from Atatürk University Electrical and Electronics Engineering garden. While 

taking the data, 3 items were taken daily in general. After the data were collected, the elements of the matrix were 

first found in order to perform the modeling. The values after the operations are given below; 

 𝑎1 = −0.6636 

 𝑎2 = −0.4153 

 𝑏 = 85.1368 

The coefficient of determination of this linear regression model (R2) is 0.8868 and the standard error is 1.48. 

According to data, daily soil resistvity, temperature and humidity changes are given in Figure 2, Figure 3 and Figure 

4. 

 
Figure 2. Temperature, soil resistivity and moisture change on different days at 09: 000 
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Figure 2 shows the changes in the data received at 9:00 am on different months and days. The black line shows 

the change in soil moisture content, the red line changes the soil resistivity and the blue line shows the change in 

the soil temperature value. The primary axis (0-100) shows the values of moisture and soil resistivity, the second 

axis (0-14) shows the soil temperature values. Figure 2 shows an inverse relationship between the moisture content 

and the soil resistivity while the temperature value is constant. It is observed that the soil resistivity value decreases 

as the amount of soil moisture increases and the soil resisitivity value increases as the amount of soil moisture 

decreases while the temperature value is constant. In addition, it is observed that the soil resisitivity decreases as 

the moisture content and the temperature value approach each other, and the soil resistivity increases as the amount 

of moisture and temperature decrease. 

 

 
Figure 3. Temperature, soil resistivity and moisture change on different days at 15: 000 

 

Figure 3 shows the changes in the data received at 15:00 hours on different months and days. Figure 2 shows as 

the moisture content and temperature value are closer to each other, the soil resistivity decreases and the moisture 

content and temperature value of the resistivity. 

 

 
Figure 4. Temperature, soil resistivity and moisture change on different days at 19: 000 

 

Figure 4 shows the changes in the data received at 19:00 hours on different months and days. As the moisture 

content and temperature value are closer to each other, the soil resistivity decreases. 

 

This section provides a grounding interface for users. Designed with this interface user; calculation of grounding 

resistance, effect of soil resistivity on grounding resistance, effect of grounding length on grounding resistance, 

effect of ground diameter on the grounding resistance of the circle area equal to the grounding area, calculation of 

the value of the soil resistivity, the ability to observe the temperature and humidity effect on the soil resistivity in 

2D and 3D, the conductor diameter observe the effect of grounding resistance. The soil resisitivity calculation is 

shown in figure 5. The relationship between moisture-temperature-specific soil resistance is shown in figüre 7. 
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Figure 5. Calculation of resistivity 

 

In this section, the user can easily observe the soil resistivity value by entering the measured soil temperature and 

humidity amount through the network we have trained. The relationship between temperature-soil resistivity and 

moisture-soil resistivity of the data received is shown in Figure 6. The variation of the temperature-humidity-soil 

resistivity in 3 dimensions is shown in Figure 7. 

 

 
Figure 6. Relationship between temperature-soil resistivity and moisture-soil resistivity 

 

 
Figure 7. Relationship between temperature-humidity-soil resistivity 

 

 

245



The Model of the Effect of Soil Temperature and Humidity on Soil Resistivity ICADET ‘19 

 

 

4 CONCLUSION 
 

In this study, a model has been developed to see the effect of soil temperature and humidity on soil resistivity. 

Multiple regression method was used to develop this model. A Matlab Gui interface was designed based on the 

mathematical model obtained by means of multiple regression. The software work required for this design was 

done in MATLAB program. However, the following recommendations may be taken into consideration for the 

improvement of the study. 

 In the designed model, only the temperature and humidity effect is taken into consideration. The model 

must be re-trained and tested taking into account other factors affecting soil resistivity. 

 Necessary arrangements can be made according to the change in the accuracy of the work by increasing 

the number of data. 

 Instead of multiple regression method, more accurate results can be obtained by comparing the results 

obtained by Neural Fuzzy Systems, Neural Networks and Genetic Algorithms. 
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Abstract 

In this study, copper oxide/electrochemically reduced graphene oxide (CuxO/ERGO) 

nanocomposite film was deposited on Au electrode by the electrochemical method 

based on simultaneous deposition for the first time. XRD and XPS spectra of 

CuxO/ERGO-Au electrode show that composite material contents CuO, Cu2O and 

graphene structures. The different shapes of copper oxide (such as nanoflowers and 

nanocubes) was seen in morphological analysis of CuxO/ERGO. The as-prepared 

CuxO/ERGO nanocomposite modified-Au electrode exhibited good electrocatalytic 

activity towards amperometric detection of dopamine [with high sensitivity (122.4 

μA cm−2 mM−1) and low detection limit (12 × 10−9 mol.L−1)]. 

1 INTRODUCTION  
 

Dopamine (DA), which has been within the concentration range of 10-6 to 10-8 M in brain fluids, plays a very 

crucial role in the regulating of central nervous, hormone and cardiovascular systems. [1-3]. The deficiency or 

incompatibility of DA may usually increase the risk of various serious diseases such as Parkinson's diseases, 

Schizophrenia, cancer, and HIV infection, etc. Graphene or reduced graphene oxide are an ideal conductive 

additive in hybrid electrode material for new biosensor application. [4]. Cuprous oxide (Cu2O) and cupric oxide 

(CuO), which are oxide forms of copper, are generally indicated as CuxO. CuxO nanostructures have been used in 

energy conversion and storage, photocatalysis, solar cell, biosensors and gas sensors [5-7]. CuxO, graphene, 

reduced graphene oxide and/or their composite-modified electrodes exhibited good electrocatalytic performance 

for the electrochemical detection of biomaterial such as H2O2 [8], ascorbic acid [9], uric acid [10] and cholesterol 

[11].  

 

The one-step electrochemical deposition of CuxO/ERGO nanocomposite on Au electrode reports in this study. The 

structural and morphological characterizations of CuxO/ERGO were occurred via XRD, XPS, EDS, and SEM 

techniques.  The electrocatalytic effects of modified and unmodified electrodes for DA sensing were investigated 

by amperometry technique. 

 

2 MATERIAL AND METHOD 
 

2.1 Electrochemical Preparation of CuxO/ERGO Nanocomposite on Au electrode 

 

Electrochemical preparation of CuxO/ERGO nanocomposite was performed with a BAS 100B/W electrochemical 

workstation connected to a three-electrode cell in solution containing 0.005 M CuSO4, 0.1 M Na2SO4, 1 mg/mL 

GO and 0.1 M KNO3. The polycrystalline Au, platinum wire and Ag/AgCl (3 M KCl) were used as the working, 

counter and reference electrodes, respectively in all electrochemical experiments. Fig. 1 show that the 

electrochemical preparation of nanocomposites and experimental procedure for electro-oxidation of DA. 
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Figure 1. Experimental procedure for electro-oxidation of DA 

 

2.2 Characterization 

 

The crystalline structure of nanocomposites were analysed using X-ray diffractometer (XRD, Rigaku Miniflex), 

X-ray photoelectron spectroscopy (XPS, PHI 5000 VersaProbe), and energy-dispersive spectroscopy (EDS). 

Morphological images of the nanocomposite structures were characterized by scanning electron microscope 

(SEM) technique. 

 

3 RESULTS 
 

3.1 Characterization of CuxO/ERGO Nanocomposite 

 

Fig. 2.a and b shows the XRD pattern and full XPS spectra of CuxO/ERGO nanocomposite films synthesized via 

one-pot electrochemical deposition on Au electrode. XRD pattern contained that the CuxO crystalline (both Cu2O 

and CuO structures) and ERGO. 

 

 
Figure 2. a. XRD patterns and b. survey XPS spectra (b inset: Cu 2p region spectrum of CuxO/ERGO) 

 

The survey XPS spectra in Fig. 2.b was recorded to investigate the analytical structure of the nanocomposite. The 

XPS survey spectrum revealed the presence of carbon (C), oxygen (O) and copper (Cu) in the nanocomposite film. 

As can be seen in Fig. 2.b inset, Cu 2p region spectrum of CuxO/ERGO included that various Cu-O bonds of Cu2O 

and CuO. 
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Figure 3. SEM images, EDS spectra and elemental composition of the CuxO/ERGO nanocomposite on Au 

electrode 

 

Fig. 3.a and b show the SEM images of CuxO/ERGO nanocomposite films deposited on the Au electrode. The 

Cu2O and CuO have cubical and flower-like shapes, respectively. In the EDS spectrum of the CuxO/ERGO 

nanocomposite, the peaks of the structures of Cu, O and C were investigated. The stoichiometric deviation 

indicates the presence of CuO traces in the nanocomposite film (as confirmed via XRD analysis). 

 

3.2 Amperometric Detection of DA 

 

The recorded chronoamperomogram for amperometric detection of DA on CuxO/ERGO modified Au electrode 

was given in Fig. 4. CuxO/ERGO-modified electrode showed excellent the amperometric response of DA with the 

sensitivity of 122.4 mA cm−2 µM−1. The limit of detection (LOD) was calculated as 12.10-9 M at S/N=3. 

 

 
Figure 4. Amperometric current density-time curve of DA on CuxO/ERGO electrode 

 

4 CONCLUSION 
 

In summary, CuxO/ERGO-modified Au electrodes were successfully prepared via one-pot electrochemical co-

deposition method. CuxO/ERGO used to as an amperometric sensor for the determination of DA with wide linear 

range (0.1–400 µM), fast response (3 s), high sensitivity (122.4 mA cm−2 µM−1), and low detection limit (12.10-9 

M). These results indicate that CuxO/ERGO nanocomposite-modified electrodes may be use to as a superior 

electrocatalyst for DA biosensor applications. 
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Abstract 

In this study, we modified the Au surface with hybrid nanocomposite film 

containing Prussian blue (PB) and electrochemical reduced graphene oxide 

(ERGO). The ERGO/PB hybrid was fabricated by electropolymerization of PB 

onto the ERGO-modified Au electrode to increase the electrocatalytic performance 

of Au electrode for non-enzymatic amperometric detection of H2O2. The 

characterization of ERGO/PB was performed by XPS, EDS, and SEM techniques. 

ERGO/PB hybrid nanocomposites were exhibited to the higher catalytic effect 

compared to naked Au, ERGO-modified Au, and PB-modified Au electrodes. The 

nanocomposite electrodes displayed good performance for the electrochemical 

detection of hydrogen peroxide, such as low working potential, high sensitivity and 

low detection limit.  

 

1 INTRODUCTION  
 

Graphene has potential application in electrochemical catalysis material due to extremely superior properties 

such as high specific surface area, band gap of 0 eV, mechanical, electrical and thermal stability, and high charge 

carrier mobility at ambient conditions [1-5]. Graphene and graphene-based materials are widely used for the 

development of highly sensitive and interference-free H2O2 amperometric sensors. In recent years, various 

graphene-based catalyst materials have been proposed and studied for amperometric detection of H2O2 [6-7]. 

 

Prussian blue (PB), which is known a mixed valence transition metal hexacyanometalate, has chemical formula 

of Fe4
III[FeII(CN)6]3 [8]. The determination of H2O2 is of great importance due to an essential mediator with wide 

use such as biology, clinical control, and environmental protection [9]. PB is able to catalyze the electrochemical 

reduction of hydrogen peroxide at low potentials presence in interference substances such as glucose, ascorbic 

acid, uric acid, etc. [10, 11]. The purpose of this work is the synthesis of ERGO/PB hybrid on Au electrode by a 

facile and green electrochemical method. The electrocatalytic properties of the as-prepared ERGO/PB 

nanocomposite were investigated for H2O2 biosensor application.  

 

2 MATERIAL AND METHOD 
 

2.1 Electrochemical synthesis of ERGO/PB electrode 

 

In this study, we used two-step electrochemical method to fabricate the ERGO/PB hybrid nanocomposites: i- 

firstly surface of Au electrode was modified by electrochemical reduction of graphene oxide at -1 

V(Ag/AgCl/3.5 M KCl) and ii- electropolymerization of PB was occurred on ERGO-modified Au surface in. 

The electrochemical deposition of PB on ERGO modified-Au electrode was carried out in the mixture solution 

of K3Fe(CN)6, FeCl3, and KCl at +0.7 V constant potential for 120 s deposition time. 

 

2.2 Instrument 

 

Electrochemical experiments were carried out via a three-electrode cell potentiostat (BAS100i model). The 

ERGO/PB thin films were characterized by X-ray photoelectron spectroscopy (XPS, PHI 5000 Versa Probe 
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model), scanning electron microscopy (SEM, JSM-840 model), and energy dispersive spectroscopy (EDS, 

coupled to SEM) techniques. 

 

3 RESULTS 
 

The analytical characterization of ERGO/PB hybrid was carried out by XPS and EDS technique. The full-range 

XPS spectra shows that the only elements are C, O, N, and Fe in the composite film (Fig.1a). In Fig. 1b, EDS 

spectra of hybrid material was detected no peak of impurities. The morphological characterization of ERGO/PB 

showed that nanocubes of PB were electrodeposited on ERGO surface.  

 

 

 
Figure 1. XPS (a), EDS (b) spectras and SEM image (c) of ERGO/PB nanocomposite 

 

Figure 2 showed that the cyclic voltammograms (CVs) of Au, ERGO-Au, PB-Au and ERGO/PB electrodes in 

0.1 M phosphate buffer solution (PBS, pH 7.4) containing 10 mM H2O2. The electrochemical reduction peak of 

H2O2 on ERGO/PB electrode is observed at around -0.01 V. ERGO/PB electrode displayed very high current 

density compared to other electrodes for the voltammetric detection of H2O2 in PBS under the same 

experimental condition. 
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Figure 2. CVs of Au, ERGO-Au, PB-Au and ERGO/PB electrodes in 0.1 M PBS containing 10 mM H2O2 (pH: 

7.4) 

 

The amperometric detection of H2O2 on ERGO/PB electrode was investigated and amperometric response of 

hybrid material for successive addition of H2O2 concentration to the PBS under stirring condition (500 rpm) was 

given in Fig.3. The amperometric current density linearly exchanged with the H2O2 concentration in the 

calibration curve of the amperometric H2O2 sensor (Fig. 3 inset). The sensitivity and limit of detection for H2O2 

sensing on ERGO/PB were calculated to 250.4 μA cm-2 mM-1 and 2.10-9 mol.L−1 at S/N=3, respectively. 

 

 
Figure 3. Amperometric response of ERGO/PB/Au electrode for amperometric detection of H2O2 

 

4 CONCLUSION 
 

In this study, the ERGO/PB hybrid nanocomposite was prepared using electrochemical deposition method. 

ERGO/PB electrodes were characterized via XPS, EDS, and SEM techniques. The voltammetric and 

amperometric response of unmodified Au electrode for detection of H2O2 was increased by modification of 

ERGO/PB hybrid. The ERGO/PB nanocomposite-modified Au electrode can be used as a sensitive electrode 

material for H2O2 quantification and biosensor applications. 
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Abstract 

Secondo is an example of a new generation of moving object databases created for 

time and space dependent point and area-based queries for non-standard complex 

data. In this study, for the purpose of secure campus management and shift entry-

exit monitoring, investigations were conducted on the database created with 

realistic data for the presence of vehicles passing through the campus area of 

Erzurum Technical University during the specified dynamic time. The information 

in the database includes the spatial and temporally retrieved object information. 

Spatial objects are indexed with the R-Tree data structure, as spatial information is 

refreshed on the campus area and there is no need to add/delete them frequently, 

while temporal objects are indexed with the MON-Tree structure and the on-

campus paths are designed with an edge oriented model. Dynamic query response 

set and higher performance were obtained in the database indexed with these 

structures. 

 

1 INTRODUCTION  
 

Moving object databases have been developed in order to keep the spatial and temporal changes of the moving 

objects in natural life. Secondo is one of the new generations of open source database systems that are used more 

recently for academic purposes and holds the information of moving objects [1]. Rich queries from Secondo, 

which are often used to retrieve storm data from different sources, are used by weather agencies to investigate 

weather events in nature [2].  

 

Secondo is also used to track nearby objects for the purpose of criminal tracking, traffic data modeling and the 

safety of unmanned aerial vehicles (UAVs). Studies using various indexing structures to dynamically perform 

these operations are available in the literature [3]. 

 

Motivation in this study is to be able to perform the performance of the vehicles accompanying the Rector during 

his journey, campus service vehicles and shift entry-exit tracking automatically by using R-Tree and MON-Tree 

indexing methods, especially for the security tracking of the vehicles moving in the campus of Erzurum 

Technical University. Since the on-campus spatial features are remodeled, it will enable automatic detection of 

the moving object, control shift entrances and exits, and allow early intervention without a forbidden vehicle 

security threat. With this motivation, in study, primarily examined the campus positional characteristics with the 

R-Tree structure. Later on, constructed moving objects with MON-Tree structure. 

 

1.1 Related Works 

 

Moving object databases have emerged with the question "Can the data of constantly changing location be stored 

in the databases?” Therefore, it is possible to save more information from moving objects [3]. Some of the 

current research topics in the field of computerized forecasting in recent years are the criminal follow-up of these 

data and the discovery of trains that are late after the storm [4]. However, it is very difficult to analyze positional 

characteristics and perform track analysis of moving data in a performance way in the follow-up operations 

performed with classical databases. The main reason for this situation is the structural decomposition.   

  

Trace analysis of the position of the moving object from the Secondo data is a problem of keeping the spatial and 

temporal information of an object within the moving objects in the computerized prediction field.   
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Spatial information is used to store and query geometric shapes in space. Temporal information is used in the 

information storage areas where the concept of time is concerned. For example, many different queries can be 

made on objects that are moving on a particular network. In these types of queries, which are often examined as 

continuous time queries, the query answer set is dynamic. For example, "Finding vehicles that have passed 

through the university campus area in the last 15 minutes", "Tracking vehicles accompanying a university rector 

during his journey" type can be given as examples of continuous time queries on moving objects. The answer set 

of this query consists of valid answer sets at specific time intervals [5].  In this study [4], a model was developed 

to control sexual abuse offenders. Laws of some countries allow the use of the Global Positioning System (GPS) 

for sexual offenders to monitor the offender's movements for 24 hours. Accordingly, with the model developed 

as a moving object database system; The Secondo system was chosen because of its ability to perform spatial-

temporal inquiries, employ operators for it and its superiority in the management of moving data. Some studies 

[4, 6] have shown that Secondo differs from other standard spatial database platforms (IBM DB2-SE, Oracle / 

Spatial, PostgreSQL / PostGIS, etc.) for application flexibility, spatial-temporal analysis availability, 

performance analysis, and presentation convenience. In this developed model, 20 sensitive areas consisting of 

schools, parks, social areas and 30 trajectory data related to these areas were created and applied to Secondo in a 

district of Italy through a program for data usage. In another study [7], a study was made with simulated data of 

the Berlin subway in Germany, and more spatial-temporal inquiries were realized by using the temporal 

prioritization logic on the data created compared to traditional spatial-temporal inquiries and this concept was 

given another dimension [7, 8]. In this context, a spatial-temporal form query created for trains running on the 

Berlin subway is as follows: "List trains that have been delayed for more than half an hour after being caught in 

a blizzard." In the Berlintest database, answers to such queries can be obtained. It is almost impossible to 

perform a query of the above dimension with traditional queries. In contrast to the literature, have created a new 

database for on-campus security management. It was indexed the spatial features of Erzurum Technical 

University on campus with the R-Tree structure. Have provided solutions to problems related to the production 

of dynamic and rich queries ("Are there any banned vehicles moving in the campus?”, "Which ETU service 

vehicles are moving in the specified area?”, "How long have the service vehicles been stationary?", "Which 

vehicles have passed through the campus area in the last 15 minutes?", "Which vehicles accompany the Rector 

during his journey?" etc.). 

 

The rest of the paper is summarized as follows. In Chapter 2, the database and the methodology are mentioned. 

The results are summarized in Chapter 3. In the last section, experimental results are discussed and explained in 

detail. 

 

2 MATERIAL AND METHOD 
 

Within the scope of the modeling of the university campus area, spatial data types consist of line, point and area 

(line, point, region) in the simplest sense in the sense of mobile databases and form objects. Objects are created 

in "ETUdb" mobile database created on Secondo for data generation and sampling. The data types and 

relationships of these objects are described below: 

 

 AllRoute (No: int, Route: mpoint) 

 AllRouteSp (No:int, Speed: int, Route: mpoint) 

 RAllRoute (No: int, BRoute: upoint) 

 RAllRouteSp (No: int, Speed: int, BRoute: upoint) 

 Car (No:int, PlateNo: string, Route: mpoint) 

 ETUEntranceGate (Name: string, Typ: string, GeoData: point) 

 ETUCampusArea (Name: string, GeoData: region) 

 

A collection of moving points such as vehicle routes, lines, fixed points and areas such as the university campus 

was created via the gpsvisualizer website [9]. Figure 1 shows the object creation fields via the "Gpsvisualizer 

drawing tool". Point and track data can be generated anywhere in the world by means of the drawing tool in the 

upper right corner. 
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Figure 1. Gpsvisualizer drawing tool 

The objects created on Secondo are generated from realistic data produced as synthetically produced as 

"Gpsvisualizer drawing tool" output. The ETUCampusArea, ETUEntranceGate constant field, and point 

created in the first stage are shown below, respectively. Other realistic vehicle routes are taken out in text format. 

The route definitions of the sample Car1 object from the data in the first format are given in Table 1: 

 

 ( OBJECT ETUCampusArea () region ( 

(41.2414186 39.9148098)  

(41.2420784 39.9163538) 

(41.2423869 39.9171175) 

(41.2426524 39.9179142) 

(41.2431781 39.9213147) 

(41.2429582 39.9230930) 

(41.2425881 39.9248713) 

(41.2416976 39.9284607) 

(41.2334021 39.9282940) 

(41.2271301 39.9284164) 

(41.2263115 39.9294977) 

(41.2250209 39.9294273) 

(41.2139970 39.9269775) 

(41.2064493 39.9228986) 

(41.2103528 39.9216284) 

(41.2146640 39.9205556) 

(41.2237586 39.9186403)  

(41.2414112 39.9148097))) 

 

 let ETUEntranceGate = [const rel(tuple([Name: string, Typ: string,GeoData: point])) 

value (("Gate1" "ETUEntranceGate" (41.2425356 39.9190614)) ("Gate2" "ETUEntranceGate" (41.2373095 

39.9159413)))] 
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Table 1. Car1’s first data 

Type Latitude Longitude Name 

T 39.9190094 41.2425517 

Car1  

Length: 0.676 

km (0.42 mi) 

T 39.9190269 41.2420152  

T 39.9190824 41.2420058  

T 39.9190487 41.2417436  

T 39.9190459 41.2414734  

T 39.9189898 41.2409383  

T 39.9188597 41.2404173  

T 39.9187018 41.2399016  

T 39.9186057 41.2396540  

T 39.9180153 41.2386361  

T 39.9168752 41.2376783  

T 39.9164749 41.2374767  

T 39.9164604 41.2369368  

T 39.9166761 41.2365445  

 

Then, in the text format, the exported hamv; latitude, longitude, license plate, speed, number, date and time 

information was transferred to the csv file via Secondo. The data type created for importing the csv file from 

Secondo into the ETUdb database is as follows: 

 

 let dataType = [const rel(tuple([Latitude: real, Longitude: real, Hour: string, Speed: int, Date: string, 

No: int,  PlateNo: string ])) value ()] 

 

The data type created was transferred to the database with "csvimport" operator: 

 

 let data = dataType csvimport['../bin/carRoutes.csv', 0, "#", ","] consume 

 

After the transfer process is completed, the indexing method was used to increase query performance. It is the 

basic logic of the index to create the index structure on the relevant place, which searches occur intensively on 

which column. If we ask "Which moving points have passed through the Recruitment field", it would be 

convenient to use a spatial index, and if we use this query with time constraint ("Moving point passing through 

the Recurrence field in T time frame"), it would be convenient to use a three-dimensional index. R-Tree is used 

for spatial property indexing and MON-Tree is used for moving object indexing since information refresh and 

frequent add/delete are not required. In Secondo, it is possible to create the R-Tree index with the "creatertree" 

or "bulkloadrtree" operators. Figure 2 and Figure 3 illustrate the R-Tree sample structure. 

 

 
Figure 2. Data organized in R-Tree (Sample of Erzurum Technical University) 

 

Figure 2 shows the ETU data rectangles arranged in an R-Tree. Each root in the tree contains entries between the 

minimum number of entries per node and the maximum number of entries per node, excluding root. In Figure 3, 

this structure is given in detail. 
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Figure 3. The resulting R-Tree on disk 

 

During the creation of MON-Tree, there are two types of add-ons;  edge/route and object movement and the tree 

will be created accordingly. While the first level is being created with the help of edge/route adding the current 

network infrastructure will be incurred and this will enable to create the  R-Tree.  In the second level, where the 

actual process takes place,  object movements are added according to the MON-Tree movement representations 

shown in  Fig.  4 [10]. 

 

 
Figure 4. MON-Tree Movement Representation [10] 

 

After the indexing process has been completed, the tools can be identified quickly and accurately by means of a 

two-dimensional spatial index, for example, through the ETUEntranceGate1 gate with performance querying. 

 

3 RESULTS 
 

In this study, for the purpose of secure campus management and shift entry-exit monitoring, investigations were 

conducted on the database created with realistic data for the presence of vehicles passing through the campus 

area of Erzurum Technical University during the specified dynamic time. In order to increase query success, R-

Tree was used for positional properties and MON-Tree structure was used for moving objects and performance 

query process was performed. It provides solutions to the problems related to the production of dynamic and rich 

queries. 
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Figure 5. ETUCampusArea object 

 

As shown in Figure 5, the ETUCampusArea object created on Secondo is displayed with the query "query 

ETUCampusArea". Gate1, Gate2, and Rectorship objects are represented by "query ETUEntranceGate" and 

"query ETURectorship" queries. 

 

 
Figure 6. Car objects 

 

With an example query, the answer to the question "Which vehicles are passing through the campus area in the 

last 15 minutes" is shown in Figure 6 and the related query result is given in Table 2. 
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Table 2. Vehicles passing through the campus area in the last 15 minutes 

Type Plate No Object Date 

Car 61XX958 Gate1 2019,05,31,10,30 

Car 34X86155 Gate1 2019,05,31,10,31 

Car 25XXX66 Gate2 2019,05,31,10,34 

Car 25XX277 Rectorship 2019,05,31,10,37 

Car 34XX797 Rectorship 2019,05,31,10,37 

Car 25XX373 Rectorship 2019,05,31,10,41 

Car 25XXX42 Rectorship 2019,05,31,10,44 

 

4 CONCLUSION 
 

In this study, the solution of related problems on Secondo, one of the moving object databases, is presented. 

Traditional image processing technologies are used to record and query traditional databases, which results in 

loss of performance and time. Unlike other studies, the related problems were tried on the moving object 

database and the problems were solved quickly with the application of indexing methods. Moving object 

databases have a large area, so it will make a great contribution to the database area in the future. 
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Abstract 

In this study, self-healing efficiency of the Araldite Av138M adhesive was 

determined experimentally.  In experimental approach, the self-healing process of 

the adhesive was commenced by incorporating thermoplastic co-polyester (TPC) 

micro particles into the epoxy adhesive. Then, thermoplastic particles are expected 

to polymerize under the temperature and repaired the adhesive. The self-healing 

process of the adhesive incorporating thermoplastic micro particle is called Close 

Then Heal (CTH) scheme. In CTH scheme, healing efficiency was determined 

using fracture energy of the adhesive. In addition, Double Cantilever Beam (DCB) 

test was carried out in order to calculate mode I fracture energy of adhesive. The 

healing process was carried on until acceptable healing efficiencies were obtained. 

Additionally, microstructural analyses were also applied for observing whether the 

co-polyester particles were melted during the healing process. It is concluded that 

the crack occurred in bonded joints can be repaired in high efficiency by CTH 

scheme. 

 

1 INTRODUCTION  
 

Nowadays, structural adhesives are used in many areas such as aviation, railways and automotive. However, the 

most important disadvantage of the use of adhesive is that it cannot be reused when the adhesive is damaged. To 

overcome this difficulty, the number of studies related to self-healing of adhesive has increased in literature. 

Self-healing of the adhesive can be performed using different methods. These are the microcapsule method, the 

microvascular system and incorporation thermoplastic particles into the adhesive (CTH scheme) etc. When the 

methods are examined, it is seen that the CTH scheme has a crucial advantage rather than the other methods.  In 

CTH scheme, the self-healing process of the adhesive can be actualized more than once. This situation provides 

advantages in terms of cost and applicability. Li et al. [1] executed the self-healing of the adhesive with 

thermoplastic additivities. In their study, adhesive joints including crack were healed by using Close-Then-Heal 

(CTH) scheme. It is concluded that CTH scheme can heal the joint more than one with a high healing efficiency. 

Liu and Chen [2] examined the ability of thermally reversible cross-linked polyamides (PA-MI/PA-F) to self-

healing under different temperature. They also take into account variation of glass transition temperature (Tg). 

Eventually, it was declared that better mechanical and thermal properties (high toughness, high Tg, and high 

mechanical strength) were obtained using the cross-linked polyamide. Varley and Zwaag [3] studied that the 

repeatability of self-healing of an ionomer system was demonstrated in ballistic penetration. Zako and Takano 

[4] proposed an intelligent material system that can perform a self-healing process when the micro-cracks and 

delamination damage occurred in GFRP laminates. Self-healing process was applied using epoxy thermoplastic 

particles. They concluded that reduction in the stiffness of GFRP laminates resulting from micro-cracks was 

recovered using self-healing mechanism. Some studies on the self-healing of the adhesive with thermoplastic 

additive have also reported in literature [5-8]. 

 

In this study, self-healing efficiency of the Araldite Av138M adhesive was determined using CTH scheme. 

Double Cantilever Beam (DCB) test was carried out in order to calculate Mode I  fracture energy of adhesive. 

The healing efficiencies were determined according to mode I fracture energy. In addition, microstructural 

analyses were applied for observing whether the co-polyester particles were melted during the healing process. 
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2 MATERIAL AND METHOD 
 

In this section, firstly, the thermoplastic particle and adhesive material were introduced, then the process of self-

healing mechanism was discussed. In the experiments, Araldite Av138M epoxy adhesive and co-polyester 

thermoplastic (Schaetti Fix 376, Switzerland) materials were used. Araldite Av138M is a thixotropic and bi-

component adhesive with brittle properties, and co-polyester is defined as chemically long chain polymers 

consisting of predominantly ester, dihydric alcohol and terephthalic acid [9]. It should be stated here that co-

polyester thermoplastic particle at a size of 80 microns was preferred for homogeneous mixing with the 

adhesive.  

 

Material properties of Araldite Av138M epoxy adhesive and co-polyester thermoplastic material were given in 

Table 1and 2, respectively. 

 

Table 1. Mechanical properties of Araldite Av138M adhesive [10] 

Properties Araldite Av138M  

Elasticity Modulus  (GPa)  4.89±0.81  

Poisson’s ratio  0.35  

Tensile Strength (MPa)   39.45±3.18  

Shear Modulus (GPa)  1.56±0.01  

 

Table 2. Material properties of thermoplastic co-polyester [11] 

Properties Thermoplastic co-polyester 

Particle size (μm)   80  

Density (g/cm3)   1.29  

Melting point (°C)  109-119  

 

Self-healing process was performed in three stages.  In the first stage, adhesive joints were formed with and 

without thermoplastic reinforcement, i.e reinforced and unreinforced joint. The thermoplastic reinforcement was 

made by mixing with the adhesive in a vacuum environment at a rate not to exceeding %10 of the adhesive 

weight. The geometric properties of the adhesive joints are as follows: the steel adherend length L=300 mm, 

adherend thickness h=12 mm, adherend width b=25 mm and adhesive thickness t=0.2 mm. The adhesive joints 

are obtained using a special mold, in accordance with ASTM standards [11].  Adhesive joints in mold is shown 

in Figure 1. 

 

, 

Figure 1. Adhesive joints in mold 

In the second stage, reinforced and unreinforced adhesive joints were placed in the Mecmesin universal test 

device and DCB tests were carried out under the room temperature (23 °C). Tests were continued until the Mode 

I failure attained.  

 

In the third stage, the thermoplastic reinforced adhesive joints were tested in the tensile device. However, at this 

stage, the axial loading was not applied until Mode I failure attained. During the test, the experiment was stopped 

when the crack length attained the length of 30 mm [1]. For determining the crack length accurately, the bonding 

area of the adhesive joint is painted with a correction fluid. Adhesive joints with 30 mm crack length were closed 

and then joints were heated at 120 °C for half an hour in an oven. The main reason for the heating of the 

reinforced adhesive joints is that melt the thermoplastic particles under the temperature and ensure their 
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polymerization. It should be noted that the polymerization of thermoplastic particles is the main step for 

initiating the self- healing process. The adhesive joints removed from the oven was cooled to room temperature 

then placed in tensile test device, and tests were done until the Mode I failure occurred. This stage was called as 

the first healing cycle. In second healing cycle, the last procedure of the first healing cycle is repeated one more 

time in the next step.  

 

As mentioned above, the healing efficiency was determined using Mode I fracture energies of adhesive. There 

are several equations for describing the fracture energies in literature however, in beam theory, the fracture 

energy can be stated by the relation below [12]; 

 

 
-1/3

4 4/3 2/3

IC

3
G = b E P Δ

h
                                                                                                                                            (1) 

 

where,  
ICG  is the mode I fracture energy of adhesive, h the thickness of the beam, b the width of the beam, E 

the elasticity modulus, P the applied load and Δ  the corresponding displacement values.  

 

The healing efficiency was calculated using fracture energies of the adhesive by the equation below [1].  

 

 
inf

=
healed

IC

re orced

IC

G

G
                                                                                                                                                        (2) 

 

where, healed

ICG  and  infre orced

ICG  are the fracture energies of the healed and non-healed reinforced specimens, 

respectively. 

 

3 RESULTS 
 

In this study, the adhesive joints were healed two times using approach of the CTH scheme. Load-displacement 

curves for each healing stage were shown in Figure 2. 

 

 
Figure 2. Load –displacement curve for healing stage. 

 

As seen in Figure 2, the reinforced adhesive has the highest peak load among all the other. In addition, 

displacement values were higher in the thermoplastic reinforced adhesive rather than the non-reinforced 

adhesive. This situation can be interpreted that the brittle adhesive by incorporating thermoplastic particles 

exhibits ductile behaviour. 

 

Fracture energies for each healing case were determined using the data obtained from the load-displacement 

curves (see Figure 3). 
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Figure 3 Fracture energies for the healing stages. 

 

As seen in Figure 3, the highest fracture energy was obtained from the reinforced adhesive specimen. Moreover, 

it was seen that the fracture energy is decreasing with increasing the number of healing. However, it was 

observed that the fracture energies are close to each other for reinforced and healing state of adhesive. 

 

After the fracture energies were obtained, the healing efficiency was calculated using the equation (2). The 

healing efficiencies for Araldite Av138M epoxy adhesive were calculated as 93% for the first healing and 90% 

for the second healing. The results of the healing efficiencies show that the crack in adhesive joint can be 

repaired effectively using the thermoplastic additive method (CTH scheme). 

 

Additionally, microstructural analyses were carried out using the Zeiss Evo Ls10 scanning electron microscope, 

to verify whether the co-polyester particles were melted during the healing cycle. In microstructural study, 

samples were covered with gold-palladium (Au-Pd) in order to prevent high concentration on electron. 

Furthermore, samples are examined under the 10.000 magnification scale. Microstructural view of the adhesive 

is given in Figure 4. 

 

 

Figure 4. Microstructural view at reinforced adhesive (A) cured at RT, (B) cured at 120 °C. 

 

As seen in Figure 4, thermoplastic particles have been randomly distributed in the adhesive and easily detected 

in microstructural analyses. (Figure 4 A). Moreover, when the adhesive cured at 1200C, it was seen that the 

thermoplastic particles melted in adhesive properly (Figure 4 B). 

 

4 CONCLUSION 
 

In this study, the self-healing efficiency of the Araldite Av138M adhesive was determined using CTH scheme. 

The healing efficiencies were determined according to mode I fracture energy. Double Cantilever Beam (DCB) 

test was carried out in order to calculate mode I fracture energy of adhesive. The healing process was carried on 

until acceptable healing efficiencies were obtained. In addition, microstructural analyses were applied for 

265



Study on the Self-Healing Efficiency of Araldite Av138M Adhesive ICADET ‘19 

 

 

observing whether the co-polyester particles were melted during the healing process. The main conclusions are 

as follows; 

1. The highest fracture energy was obtained from the reinforced adhesive specimen. However, it was 

observed that the fracture energies are close to each other for reinforced and healing state of adhesive. 

2. It was seen that adding the co-polyester to Araldite Av138M adhesive causes the reinforced adhesive to 

be more ductile than that of the unreinforced adhesive. 

3. In microstructural analysis, it was seen that the thermoplastic particles melted in adhesive properly 

when the adhesive cured at 1200C.  

4. It was concluded that the reinforced adhesive is a reversible adhesive and can repeatedly heal itself with 

a considerable healing efficiency. 
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Abstract 

New systems have developed with the technological developments to achieve high 

efficiency using less fuel in automotive sector. One of these systems is turbochargers 

systems that increase power of engine. Single or two stage turbocharging systems 

are decided based on the power density of engine. Single stage turbochargers is used 

in engine which has lower than 65-70 kw/L, two sage turbochargers with various size 

must be utilized in engine that more 65-70 kw/L density of power. In this study, two 

stage turbochargers have been analyzed by Turbomatch, Compal and Rital packages 

of Concept Nrec for two stage turbocharger design and analysis. The highest 

efficiency of LP compressor is 63.2% while the efficiency of HP compressor is of 

the highest value of 61.9%. The efficiency range of the dual-stage turbocharger 

ranges from 39-45%. Two different types were examined and as a result, the 

efficiency of the dual stage turbocharger was 3-5% higher one stage system. 

1 INTRODUCTION  
 

Today, turbocharging technology is based on environmental safety and the reduction of the amount of CO2 emitted 

into the atmosphere at a global level, so reducing the consumption of more engines in downsizing is the adjustment 

of CO2 [1]. In diesel fueled vehicles, the air taken into the intake manifold enters the turbocharger from the 

compressor side and increases the temperature and pressure of the air. The air leaving the compressor is sent to 

the engine after passing through the intercooler. After the combustion processes and mechanical events occur in 

the engine, the exhaust gases in the exhaust manifold are sent to the turbine part of the turbocharger. The exhaust 

gases sent through the turbine blades transfer most of the flow energy to mechanical energy and rotate the 

compressor at the other end of the turbine shaft. And the cycle continues by repeating this state. However, as the 

power per liter increases, the turbocharger starts to run out of operating range, so a two-stage turbocharger is used 

after a certain kw / L.[2] 

 

The two-stage turbochargers used are divided into two according to the type of connection. One of them is 

connected in parallel and the other is connected in series with turbochargers. In the automotive industry, 

turbochargers are used in parallel. Because it is easy to reach the required air at low speeds. After 2400-2500 rpm 

after a certain engine speed, the large turbocharger is activated and the desired amount of air is reached. 

 

2 MATERIAL AND METHOD 

 

2.1 Material 

 

2.1.1 Diesel Engine - Turbocharger Compatibility 

 

In this study, the turbocharger used at different engine speeds of the two-stage turbocharger was compared with 

the single-stage turbocharger with a single-stage stationary geometry Waste gate and other turbocharger stationary 

engine speeds with different Waste gate ratios (Figure 1).  
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Figure 1. A schematic diagram of Concept Nrec 

 

2.1.2 Compressor operating characteristic 
 

The compressor compresses the air it receives to the intake manifold and sends it to the engine. The ideal and 

actual efficiencies of compressor as shown in Figure 2.  

 

 
Figure 2. h-s diagram of the compression process in the compressor [2]. 

 

Compressor efficiency; 

 

ηc,tt = 
𝑖𝑑𝑒𝑎𝑙 𝑤𝑜𝑟𝑘

𝑎𝑐𝑡𝑢𝑎𝑙 𝑤𝑜𝑟𝑘
 = 

ℎ02𝑠−ℎ01

ℎ02−ℎ01
                  (2.1) 

 

It is expressed in the form. 

 

By using the compression ratio of the compressor, the temperature and pressure of the incoming air and the ideal 

temperature at the outlet can be found. 

T02s = 𝑇01 (
𝑃02

𝑃01
)

((𝑘−1)/𝑘)

            (2.2) 

 

If equation 2.2 is substituted 

 

𝜼𝑪,𝒕𝒕 =
𝑪𝒑𝒂(𝑻𝟎𝟐𝐬−𝑻𝟎𝟏)

𝑪𝒑𝒂(𝑻𝟎𝟐−𝑻𝟎𝟏)
=

𝑻𝟎𝟏(
𝑻𝟎𝟐𝐒
𝑇01

−1)

𝑻𝟎𝟏(
𝑻𝟎𝟐
𝑇01

−1)
             (2.3) 

 

If the expression is rewritten as; 

 

𝜼𝑪,𝒕𝒕 =
(𝑷𝟎𝟐/𝑷𝟎𝟏)(𝑘−1)/𝑘−1

(𝑻𝟎𝟐/𝑻𝟎𝟏)−1
          (2.4) 
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2.1.3 Compressor Maps 

 

Compressor maps consist of four zones. These are heart, unstable work, shock and overspeed zone. 

 

The compressor must operate in the heart area. The area on the left side of the graphs is the surge-line region of 

the compressor, which cannot take sufficient air and cause the vehicle to delay starting. It is undesirable. the motor 

runs unstable in this area. The right zone of the study area is the choke zone, which means suffocation. In this 

region, gases reach sonic velocity and a significant reduction in compressor efficiency occurs.  From the Figure 3, 

it is necessary to work in the region called the heart which is the part between these two regions.[4] 

 

 
Figure 3. Compressor performance map [2] 

 

2.2 Method 

 

Within the scope of the study, the studies on the two-stage turbocharger were carried out based on the standards 

given in the Table. 

 

Table1.Inputs based on the study 

Turbochanger Pressure Ratio 2,8 

Turbochanger rpm LP = 100000 rpm, HP = 170000 rpm 

Compressor Pressure Ratio LP = 1.25-2.92, HP = 1.95-4.43 

First Estimated prm of compressor 100000 rpm 

Intercooler flow temperature 400 K 

Intercooler efficiency 70% 

EGR refrigerant flow temperature 400 K 

EGR efficiency 60% 

Volumetric flow reference at compressor inlet 0.1 m^3/s 

Volumetric flow reference at turbine outlet 0.1 m^3/s 

Waste Gate ratio 2,8 

Reference rpm for loss of bearings 100000 rpm 

Power loss reference in bearings 1 kw 

Atmospheric pressure 100,13 kpa 

Atmosphere temperature 293,15 K 

Compressor filter inlet pressure loss 0,2 ΔP 

Turbine exhaust outlet pressure loss 0,2 ΔP 

Intercooler pressure loss 0,1 ΔP 

Thermal value of fuel 42600 kj/kg 
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3 RESULTS AND DISCUSSION 
 

Turbocharger design for engine holds an important place for the improvement of performance. Design according 

to the characteristics of the engine should be created and also careful production during the design stages according 

to the needs of the engine. It should be carried out [5]. 

 

Figure 4 shows that the variation of pressure ratio of LP compressor is increase with engine speed. It is seen that 

pressure ratio always increases with increasing engine speed, since LP compressor provide much more pressure 

ratio between compressor inlet and outlet at higher engine speed. The efficiency of double-stage turbocharger 

began to decrease with increasing engine speed. Because of the increase in the flow rate of the air taken into the 

system, boundary layers, and mechanical losses increase, the turbocharger efficiency decreases.  

 

 
Figure 4. Variation of low-pressure compression ratio with engine speed. 

 

 
Figure 5. Variation of high-pressure compression ratio with engine speed. 

 

Values obtained from the engine of the low-pressure compressor of the dual-stage turbocharger at different speeds 

are given in Figure 4.  

 

The data from the engine of the high-pressure compressor of the dual-stage turbocharger at different speeds are 

given in Figure 5. It is seen that the variation of pressure ratio of HP compressor is decrease with engine speed. It 

can be explained that the air through HP compressor is not compressed as much as that of LP compressor with 

engine speed because of high inlet temperature, thus air at atmospheres pressure can be compressed much, but at 
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high pressure of air, compressor pressure ratio decreases pressure ratio with engine speed.  LP compressor provide 

much more pressure ratio between compressor inlet and outlet at high engine speed. 

 

As a conclusion, with increasing engine speed, LP compressor provide much more increasing pressure ratio 

between compressor inlet and outlet, while decreasing pressure ratio of HP compressor with increasing engine 

speed, because of high temperature.  

 

 
Figure 6. LP compressor map 

 

 
Figure 7.  HP compressor map 
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Figure 6 and 7 shows the variation of compression ratio with increasing corrected mass flow rate at different 

turbocharger shaft speed. It can be clearly seen that the limit values at low and high corrected mass flow rates. 

This map is used to see what the compressor efficiency is on the map with matching mass flow rate corresponding 

to pressure ratio at different efficiency     

 

In Figure 6, the speed of the turbocharger increases with increasing pressure and regulated mass flow. In the study, 

it is seen that the highest efficiency of compressor efficiency in the 40000-45000 rpm range is 63.2% efficiency. 

 

Figure 7 shows that as the speed of the turbocharger increases, the pressure and regulated mass flow rate increase. 

In the study, it is seen that the efficiency of compressor is the highest value of 61.9% in the range of 50000-60000 

revolutions. 

  

 
Figure 8. Comparison of turbocharger efficiencies in different systems. 

 

Figure 8 shows the efficiencies of three different turbochargers. The efficiency range of the dual-stage turbocharger 

ranges from 39-45%. Consequently, the efficiency of the one stage turbocharger could not reach the desired 

efficiency range at low engine speed. Two different types were examined and as a result, the efficiency of the dual 

stage turbocharger was 3-5% higher one stage system. In addition, analysis of the two-stage turbocharger was used 

to evaluate the ideal equations and steady-state conditions and performances in the compressor maps at the basic 

level. 

 

4 CONCLUSION 
 

At the present study, the efficiencies of double-stage turbocharger and the one stage turbocharger were found and 

compared to each other.  

 

 The results from the present study take place in the heart region in the compressor map 

 The efficiency of double stage turbochargers was higher than other turbochargers.  

 Based on the results, the most suitable system for the engine could be said that it is a dual-stage 

turbocharger because of high efficiency. 

 The highest efficiency of LP compressor is 63.2% in the range of 40 000-45 000 rpm 

 The efficiency of HP compressor is of the highest value of 61.9% in the range of 50 000-60 000 

revolutions. 

 The efficiency range of the dual-stage turbocharger ranges from 39-45%. 

 the efficiency of the one stage turbocharger could not reach the desired efficiency range at low engine 

speed.  
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 Two different types were examined and as a result, the efficiency of the dual stage turbocharger was 3-

5% higher one stage system 

 After the studies, it is suggested that applications and tests such as mechanical test is, life test, production 

stage can be done more for turbocharger in the future. 

 

Nomenclature 
 

𝜂𝑇𝐶  Turbocharging efficiency 

𝜂
𝑚

  Mechanical efficiency 

𝜂
𝑠,𝑇𝐶,𝐶

  Isantropic compressor efficiency 

𝜂
𝑠,𝑇𝐶,𝑇

  Isentropic turbine efficiency 

CP  Specific heat constant pressure 

CV  Specific heat constant volume 

h  Enthalpy 

N  Number of revolutions 

Q  Heat 

T  Temperature 

LP                                      Low Pressure 

HP                                      Hight Pressure 
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Abstract 

According to the data from the Food and Agriculture Organization of the United 

Nations(FAO), there are approximately 35 million camels within 47 countries, 

although the majority of camels are in Somalia, Sudan, Nigeria, Kenya, Chad, 

Ethiopia, Mali, Mauritania, and Pakistan. Camel milk constitutes a basic food of 

nomadic tribes. Camels produce 5.4 MT of milk, the composition of which varies 

among water (90%), fat (1.9–2.2%), lactose (2.8–4.2%), protein (2.8–3.6%), and ash 

(0.60–1.0%). Camel milk also has lactoferrin, peptidoglycan recognition protein, 

lysozymes, immunoglobulin, insulin, essential fatty acids (ω-3, ω-6), minerals (iron, 

magnesium, and copper), and vitamins C and niacin, each of which is important in 

human nutrition. Camel milk has a pH of 6.4–6.7, specific gravity of 1.029 g/cm3, 

viscosity of 1.72 mPas at 20°C, and freezing point of -0.57 to -0.61°C. Because it is 

a good source of insulin, camel milk is also useful in relieving the symptoms of 

diabetes, and its various antibodies protect against immune system diseases, such as 

Crohn’s disease. The milk is also used to treat heart and blood vessel, digestive 

system, skin, and chronic respiratory diseases. 

1 INTRODUCTION  
 

The camel (Camelus sp.) is of significant socioeconomic importance in many arid and semi-arid parts of the world, 

and its milk constitutes an important component of human diets within these regions, especially as an essential 

food for nomadic tribes [1]. Camels belong to class Artiodactyla, suborder Tylopoda, within the Camelidae family. 

This family includes the Lama and Camelus lineage. Within the genus Camelus, there are two species—Camelus 

dromedarius, the single-humped or Arabian camel, and Camelus bactrianus, the double-humped or Bactrian 

camel. Camelus dromedarius are bred in South Asian countries, such as India, Pakistan, Afghanistan, Egypt, Iran, 

Syria, Arabia, and Africa, and C. bactrianus are bred in Central Asia [2,3]. The lactation period of camels averages 

12 months but can be as many as 510 d. Camels are generally milked twice a day, yielding between 2000 and 3000 

L of milk. In the desert, camel milk is referred to as “white gold” [3].  

 

According to data from the FAO, camels number approximately 35 million within 47 countries. Most of these are 

located in Somalia, Sudan, Nigeria, Kenya, Chad, Ethiopia, Mali, Mauritania, and Pakistan, with 85.9% in Africa, 

6.6% in the Middle East, 0.9% in Asia, and 6.5% in other regions  [4,5]. Cow (Bos taurus) milk accounts for 83% 

of the world’s total milk production. The remaining milk is from buffalo (13%), goats (Capra sp.) (2%), sheep 

(Ovis aries) (1%), camels (0.4%), and a small amount from horses (Equus sp.) and Tibetan cattle (Bos sp.) 

(Anonymous, 2019a, b). As of 2018, the camel milk market reached $5.64 billion. It is expected that it will reach 

>$8 billion by 2024. Raw, pasteurized, and flavored camel milk, cheese, yogurt, ice cream, milk powder, and baby 

food products are available [6]. 

 

2. PHYSICOCHEMICAL PROPERTIES OF CAMEL MILK 

 
Camel milk, which is usually opaque and white and has a mild sweetish and sharp taste, can sometimes have a 

salty taste based on the desert plant species eaten by the camels. The taste depends on the type of fodder and the 

availability of drinking water [7]. The milk’s specific gravity is 1.029 [8] and its viscosity is 1.72 mPas at 20°C. 

The dry matter of camel milk is smaller than that of cow’s milk and viscosity under the same conditions as      2.04 

mPas [9]. The pH of camel milk is 6.4–6.7, which is close to that of sheep milk. The freezing point of camel milk 

is between -0.57 and -0.61°C [3]. Its calorific value is 665 kcal, lower than that of cow milk (701 kcal) because it 
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has less dry matter content than cow milk. The water content of camel milk varies between 87 and 90%, and there 

is an inverse relationship between its dry matter content and the camel’s water consumption [10].  

 

2.1. Shelf life 

 

The shelf life of raw camel milk is 8–9 h at 37°C, although it has been stated that the shelf life at 4–6°C can be >1 

week [3]  

 

2.2. Chemical composition 

 

The composition of camel milk varies widely in different regions of the world, including India (Table 1). In 

general, the average percentages of the components in camel milk is 2.8–3.6% protein, 1.9–2.2% fat, 2.8–4% 

lactose, 0.79% ash, and 90% water [11](Konuspayeva et al., 2009). 

 

Table 1. Composition of camel milk and cow milk. 

Parameters Camel Cow 

Water (%) 90 87 

Dry matter (%) 10 13 

Fat (%) 2 4 

Insulin (μU/mL) 40.50 16.30 

Iron (mg/100g) 0.05 0.27 

Calcium (mg/100g) 132 120 

Potassium (mg/100g) 152 140 

Zinc (mg/100g) 0.50 0.40 

Vitamin C (mg/mL) 35 10 

Niacin (mg/mL) 4.60 0.60 

Pantothenic acid (mg/mL) 0.90 3.80 

β-lactoglobulin (mg/mL) - 3500 

Peptidoglycan recognition protein (mg/mL) 107 - 

α-lactoalbumin (mg/mL) 3500 1200 

κ-Casein (%) 5.00 14.00 

Casein micelles (μm) 320 160 

Whey protein (%) 1.00 0.80 

Omega-6 (%) 3.50 5.20 

Omega-7 (%) 11.60 2.30 

   Source: [12] (Singh et al., 2006). 

 

The most compelling content of camel milk is its water content, which is normally between 84 and 90%. The main 

protein in camel milk is casein (1.63–2.76%) and constitutes 52–87% of the total protein. The β-casein content is 

higher than the α-casein content, with 65% of total casein being β-casein, 52.1% being α-casein, and 3.47% being 

k-casein [13]. Serum proteins make up 15–20%. α-Lactalbumin is an essential serum protein. β-Lactoglobulin 

content is lower than that in cow milk [8]. Other serum proteins in camel milk are albumin, lactoferrin, 

immunoglobulins (Igs), and peptidoglycan recognition protein (PDGP). PDGP could not be detected in cow milk 

[3]. This enzyme has been shown to have a significant effect on breast cancer by controlling metastasis [14]. 

 

The lactose content of camel milk ranges from 2.40 to 5.80% [15], with an average of 4.4 ± 0.7% [16]. Although 

the fat content of camel milk varies depending on factors such as type of feed, lactation period, and seasons, it has 

been reported that it varies between 1.2 and 5.4% [11]. 

 

Carotene content is low [17]. Cholesterol content was lower than that in cow milk and was determined to be 5.64 

mg/100 g [18]. Compared to cow milk, camel milk has more long-chain fatty acids (C14–C18) and short-chain fatty 

acids (C4–C12) [10]. Camel also milk contains various other fatty acids, such as butyric, caproic, caprylic, capric, 

lauric, myristic, myristoleic, palmitic, palmitoleic, stearic, oleic, and linoleic [19]. Palmitoleic acid (C16:1) is higher 

in camel milk than in milk from other species. Camel milk fat contains a higher proportion of unsaturated fatty 

acids than milk from other species, which gives the camel milk fat a waxy texture. Linoleic acid C18:2, an essential 

fatty acid, was detected in camel milk in considerable amounts. The Reichert-Meissl-Wollny value of camel milk 

is 16.4, with 62.6% being saturated fatty acids [12]. 

 

The mineral content is between 0.6 and 0.9%, and because camels are fed plants with a high salt content, camel 

milk is rich in chlorite. It is also rich in zinc (Zn), iron (Fe), and copper (Cu). In general, Zn and Mg concentrations 
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in camel milk are higher than those in cow and human milk. Camel milk is a good source of Fe and can support 

rapid growth in infancy and help prevent anemia. It also plays an essential role in many biological systems [16, 

19]. 

 

Camel milk contains several vitamins, such as C, A, E, D groups, and B groups. Its vitamin C (34.16 mg/L) content 

is three times higher than that in cow milk; therefore, it has strong antioxidant effects on people living within the 

desert regions [20]. The levels of vitamins B1, B2, folic acid, and pantothenic acid are low, and vitamin B6 and B12 

are similar to those in cow milk; niacin and vitamin C content is significantly higher than those in cow milk [21]. 

Camel milk contains mainly protective proteins that have various antimicrobial properties, such as IGs, lysozyme, 

lactoferrin, lactoperoxidase, peptidoglycan recognition protein, and N-acetyl-β-d-glucosaminidase [3]. 

 

The average amount of insulin in camel milk is 40.5 μU/mL, compared with 16.3 μU/mL in cow milk [22], which 

has prompted various studies in recent years on the positive effects of camel milk on diabetic patients. These 

studies have shown that the amount of insulin needed decreases and long-term glycemic control improves in 

patients with type I diabetes [23,24]. The effects of camel milk on type II diabetes were investigated in a study 

using mice. The results of the study showed that camel milk–fed mice had a reduced risk of hypoglycemia and 

hypolipidemia-associated diabetes mellitus [25]. 

 

3 BENEFITS OF CAMEL MILK TO HUMAN HEALTH 
 

The use of camel milk in the treatment of diseases is not new; it has been known since ancient times and is used 

in some parts of the world as an alternative to traditional treatment for specific diseases [26]. These benefits are 

outlined below. 

 

1. Lactose in camel milk is low compared to that in cow milk and is more easily digested by people with 

lactose intolerance [3]. 

2. Camel milk IgGs boost the immune system [26]. 

3. Camel milk has antibacterial, antiviral, and antitumor properties from its lactoferrin content [27]. 

4. Camel milk helps reduce coronary heart disease, infections, tuberculosis, cancer, and gastrointestinal 

inflammation.  It play a  healing role in disease [28]. 

5. Adding camel milk as an additional nutrient for tuberculosis patients might help boost the disease-healing 

process, and the clinical symptoms, such as cough, sputum, dyspnea, and chest pain, tend to disappear [27]. 

6. Camel milk is used in dermocosmetics because of its high hypoallergenic properties, high vitamin C 

content, and antimicrobial properties [29]. 

7. Camel milk supports the body’s immune system with an average Zn content of 0.5 mg/100 g [22]. 

8. Liver function in chronic hepatitis patients has been reported to improve by drinking camel milk [30].  

9. Various studies have been conducted on the positive effects of camel milk for diabetic patients because of 

its high insulin content. These studies have shown that insulin doses decrease and long-term glycemic 

control improves in patients with type 1 diabetes [23,24]. 

10. Camel milk is traditionally used to treat patients infected with the hepatitis C virus and cancer patients, 

especially in Egypt [31]. 

11. Camel milk has been found to increase the antioxidant capacity in humans and animals and to be 

therapeutically useful in the treatment of oxidative stress–related diseases [32,33]. 

12. It has been reported that when camel milk is given to patients with autism, an autoimmune disease, who 

also suffer from diarrhea, the cerebral symptoms decrease and regular bowel movements return [34]  

13. Camel milk is a natural source of α-hydroxy acid, which helps prevent wrinkles and keeps skin smooth 

[13]. 

14. Camel milk contains low amounts of β-casein and β-lactoglobulin causes its hypoallergenic effect [35]. 

 

4 CONCLUSION 
 

Camel milk is a valuable food becuase of its protein, amino acid, fatty acid, minerals, and vitamin contents. It is 

an essential source of protein, especially for the nutrition of people living in arid and semi-arid regions, and its 

unsaturated fatty acids have positive effects on brain development and health. In addition, camel milk has 

anticarcinogenic, antidiabetic, antioxidant, antimicrobial, and hepatoprotective effects. It also has biological and 

therapeutic effects because of its lactoferrin, lysozyme, Igs, and vitamin C content. Because of the increasing 

interest in camel milk and its healthful properties, this food source will continue to be the subject of many scientific 

studies. 
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Abstract 

Drought is one of the dangerous natural disasters that have great socio-economic 

effects and are difficult to prevent. Therefore, the analysis of droughts is of vital 

importance. In this study, 1-month, 3-month and 12-month, Standardized Runoff 

index (SRI) values between 1970 and 2008 were calculated at 2156 flow 

observation station in the Euphrates Basin. In order to analyze hydrological 

droughts, drought classes and drought characteristics (drought duration and 

intensity) of SRI values were determined. As a result of the analyzes, long term (4-

5 years) and severe droughts were observed in the selected station. For this reason, 

it is necessary to monitor the droughts continuously and take precautions and water 

resources should be planned effectively. 

 

1 INTRODUCTION  
 

Hydrological drought is associated with a decrease in groundwater and surface waters (rivers, lakes, and 

reservoirs) due to lack of rainfall. In other words, reductions in precipitation do not immediately reflect the 

hydrological drought. Hydrological drought occurs when the water level in water structures such as lakes and 

dams falls below the statistical average. Decreases in natural river flows, as well as decreases in groundwater 

levels, make water shortage noticeable. Because when there are sufficient groundwater resources, it can serve as 

a reservoir during surface water drought periods [1]. 

 

Various indices have been developed for monitoring, evaluating and managing drought. For example, in 

determining hydrological droughts, Standardized Runoff index (SRI) is an effective method. Determining SRI 

values, monitoring water resources potential, making short, medium, and long-term management plans and 

preventing negative effects on water resources can be provided. 

 

Recently, many studies have been carried out on the SRI method. Some of those; Barker, et al. [2] used to 

investigate the influence of climate and catchment properties on the hydrological drought characteristics,  Sattar, 

et al. [3] used to evaluate meteorological drought to respond to hydrological drought, Xu, et al. [4] used to 

determine wet trend and  dry trend.  Gao and Zhang [5] used to determine Spatio-temporal variation of 

hydrological drought under climate change, Chen, et al. [6]  used to find multivariate drought risk. 

 

This scope of work, drought characteristics and classes were identified and temporal (monthly, seasonal and 

annual) assessment of droughts were made by means of the SRI and runs method. Thus, the effect of drought and 

its importance for the region were investigated. As a result, severe and extreme hydrological droughts are 

encountered in the region. This situation indicates the necessity to take early measures against drought, to utilize 

water resources effectively and to construct water structures. 

 

2 MATERIAL AND METHOD 
 

2.1 Standardized Runoff Index (SRI) 

 

This index is based on the concept of SPI, described earlier. Shukla and Wood [1] developed this hydrological 

drought index which incorporates hydrological processes that determine the seasonal loss in streamflow due to 

the influence of climate. The calculation procedure for the SRI value is the same as for the SPI. The procedure 
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for calculating the SRI includes the following steps: (1) A retrospective time series of runoff is obtained by 

simulation, and a probability distribution is fit to the sample represented by the time series values. (2) The 

distribution is used to estimate the cumulative probability of the runoff value (3) The cumulative probability is 

converted to a standard normal deviate (with zero mean and unit variance), which can either be calculated from a 

numerical approximation to the normal cumulative distribution function (CDF). Furthermore, The SRI values 

obtained in this way are used to categorize drought in a similar way as SPI (Table 1). 

 

Table 1. Classification of SRI [7]. 

SRI value Drought category 

> 2,0 Extremely wet 

1,5 to 1,99 Very wet 

1,0 to 1,49 Moderately wet 

−0,99 to 0,99 Near normal 

−1,0 to −1,49 Moderately dry 

−1,5 to −1,99 Severely dry 

−2 and less Extremely dry 

 

2.2   Run analysis 

  

When X remains below a given value of x0, it is defined as a negative run length (or short run length), which 

determines the duration of the drought at the given level of x0. X>x0 means the wet period and X<x0 means the 

dry period. The difference between the amount of precipitation and the value of x0 during the dry period is called 

the run sum [8] (Figure 1). The run sum represents the severity of the drought and is calculated as follows: 

 

𝐷 = ∑ (𝑥0 − 𝑋)                                                                                                                                                                     (1)

 

𝑋<𝑥0

 

 

Where, D is the run sum and x0 is the threshold level selected according to the purpose of the study. For this 

study, the critical drought threshold levels are -2, -1,5, -1 and 0. 

 

 
Figure 1. Definition of run characteristics 

 

3 RESULTS 
 

3.1   Calculation of SRI 

 

The calculation procedure of this index, which is used to determine the hydrological droughts, is the same as the 

SPI. The difference of SRI from SPI is that flows are used instead of precipitation when calculating index values. 

Different probability distributions have been used to model the flow time series at various time scales for each 

month in a year. Because of the variety of parameters (rainfall, evaporation, infiltration, transpiration, etc.) that 

occur the measured flow in a basin, it is not sufficient to express it with a single probability density function. For 

this, when calculating SRI values, it should be tried in alternative distributions to monthly average flow data. 

Three different statistical tests were applied to determine the distribution that best fits the flow values. These 

tests are Chi-squared (χ2), Kolmogorov-Smirnov (K-S) and Anderson-Darling (A-D). In Easyfit software, these 

tests were performed at a 95% confidence interval to determine the probability density functions that best 

represent the data. In determining the most appropriate distribution, 7 distributions (Gamma, Log-normal, 

Generalized extreme value (GEV), Weibull, Normal, Logistic, Log-logistic) which are frequently used in 
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hydrology were used. As a result of the tests, GEV distribution was chosen as the most appropriate distribution 

in the calculation of 1-month, 3-month and 12-month SRI values (Table 2). After determining the most 

appropriate distributions, SRI values were obtained following the SRI calculation procedure. 

 

Table 2. The most appropriate distribution of 1-month, 3-month, and 12-month SRI values 

Station Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

2
1

5
6

  

S
R

I-
1

 

GEV Weib Logl GEV GEV Norm Lojis GEV Logn Logl GEV GEV 

S
R

I-
3

 

Gam Logn Logn GEV GEV GEV Norm Norm Logis GEV Logl GEV 

S
R

I-
1

2
 

GEV Gam GEV Norm GEV Norm GEV Norm Norm GEV GEV GEV 

Abbreviations: Weib: Weibull, Gam: Gamma, Logl: Log-Logistic, Logis: Logistic, Logn: Log-normal, Norm: Normal, 

Generalized extreme value: (GEV) 

 

Table 3 indicates the number of distributions best fitted to the 1-month, 3-month and 12-month flow series at 

station 2156. The most appropriate distribution in all time scales was found to be GEV. 

 

Table 3. Distribution numbers that the best-fitted flow data at stations 2156. 

Distribution type SRI-1 SRI -3 SRI -12 

GEV 6 5 7 

Weibull 1 - 1 

Gamma - 1 - 

Log-logistic 2 1 - 

Logistic 1 1 - 

Log-normal 1 2 - 

Normal 1 2 4 

 

The variations of 1-month, 3-month, and 12-month SRI values are presented in Figure 2-4. In addition, critical 

drought classes (Near normal, Moderately, Severely and Extremely) in the selected time periods are shown. In 

Figure 2-4, a great number of near normal (0 < SRI < -1), moderately (-1 ≤ SRI < -1,5) and severely (-1,5  ≤ SRI 

< -2) droughts are observed, while a few Extremely (SRI ≤ -2) droughts are observed. In addition, the SRI values 

greater than ‘0’ means the wetland period. 

 

 
Figure 2. Variation of the 1-month SRI values of 2156 number flow observation station in time 
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Figure 3. Variation of the 3-month SRI values of 2156 number flow observation station in time 

 

 
Figure 4. Variation of the 12-month SRI values of 2156 number flow observation station in time 

 

3.2 Frequency of SRI values 

 

In this section, the frequency of occurrence of SRI values by categorization is analyzed. Thus, drought situation 

can be interpreted and planning, operation, and water management can be provided. 
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Figure 5. Percentages of dry and wet period 

 

When the distribution of 1-month, 3-month, and 12-month SRI values is examined in Figure 5, it is seen that the 

dry and wet periods are very close to each other. In addition, the percentage of dry period decreases as the SRI 

time period increases. 

 

 
Figure 6. Drought frequency histogram of SRI values  

 

Figure 6 shows the frequency graph of the calculated values of the SRI in monthly, 3 month and 12 month time 

periods in order to examine the frequency of occurrence of various drought categories. When the graph is 

examined, the frequency incidence of drought categories can be listed as Near normal, Moderately, Severely and 

Extremely, respectively. According to the categorization of the SRI values, the status of water resources in the 

relevant station, soil moisture, rivers, groundwater, existing water capacities can be planned in terms of 

meteorology and hydrology. 

 

Table 4. Frequency of drought classes of SRI values of 2156 station (%) 

 

Drought Classes (%) Dry period 

(%) 

Wet period 

(%) Extremely Severely Moderately Near normal 

SRI-1 0,64 6,41 11,32 31,63 50 50 

SRI -3 1,073 5,79 10,94 31,34 49,14 50,86 

SRI-12 0,22 7,00 14,22 27,58 49,02 50,98 

 

When Table 4 is analyzed, the percentage frequency values of the drought categories of the SRI values 

calculated for 468 (12*39) months between 1970 and 2008 are shown. When these values are examined, the 

most common drought category is near normal and moderately, while extremely and severely drought categories 

are observed less. However, in order to understand how dangerous the drought is, it is necessary to know the 

beginning and the end, the duration and severity values of drought periods by applying the run analysis of the 

SRI values.  
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3.3 Run analysis of SRI values 

 

In this section, the values of drought characteristics (drought duration, severity, etc.) and the beginning and end 

dates of the dry periods are examined by the run analyzing the values of the SRI. When Table 5 is analyzed, 

while maximum monthly droughts occurred between 1971 and 1974, seasonal maximum droughts are seen to 

have occurred between 1971 and 1976. In addition, annual maximum droughts are observed between 1970 and 

1976. The duration and severity of the average and maximum droughts increased as the drought period 

prolonged. However, the number of dry periods decreased.  

 

Table 5. Maximum and average drought characteristics calculated by the run analysis 

S
ta

ti
o

n
 

Drought 

Period 

Drought 

Number 

Maximum Drought Average Drought 

Beginning End 
Duration 

(Month) 

Severity 

(m3/s) 

Duration 

(Month) 

Severity 

(m3/s) 

2
1

5
6
 Monthly 58 1971 October 1974 February 29 -32,76 4,03 -3,21 

Seasonal 32 1971 November 1976 March 53 -56,93 7,16 -5,8 

Yearly 12 1970 December 1976 May 66 -66,03 18,67 -15,67 

 

 
Figure 7. Distribution and extreme values of drought duration and severity of station 2156 

 

Drought distribution and extreme values are visualized by using box diagrams of drought duration and severity 

of SRI values (Figure 7). Red plus signs represent extreme values. In this respect, a large number of extreme 

drought time and severity are encountered. 

  

4 CONCLUSION 
 

The analysis of drought characteristics is important in terms of the measures to be taken and the steps to be taken 

against similar droughts in the future. In order to determine the hydrological droughts in the study area, 1-month, 

3-month, and 12-month SRI values were categorized and drought duration and severity were determined by the 

run analysis. As a result of the analyzes, long-term (4-5 years) and severe droughts were found. This situation 

shows us the necessity of more efficient use of water resources and a drought management plan. For this 

purpose, the water in the reservoirs needs to be distributed and used more efficiently and stored. Water control 

should be provided by transporting water from wetlands to dry areas. 
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Abstract 

The objective of this work is a demonstration the applicability and advantage of the 

modular processes for intensification purposes. In this study, we target to 

demonstrate the process intensification potential by applying the modular design, 

allows units to be connected through variety of configurations, to existing base-case 

technology. The design and computational fluid dynamic (CFD) simulation of an 

alternative modular process configuration was performed. Comparative 

performance assessment was carried out between conventional and alternative 

processes. Design of the systems were determined based on the detailed modelling 

and intensification concepts. 

 

1 INTRODUCTION  
 

Process intensification (PI) is prominent topic, receiving significant attention recently. Stankiewicz and Moulijn 

[1] defines PI as “Any chemical engineering development that leads to a substantially smaller, cleaner, and more 

energy efficient technology.” As part of the intensification procedure, integration of multiple operations (e.g., 

reaction and separation) in a single unit is a robust tool to improve the existing process’ efficiency, reduce 

energy consumption, and unwanted outputs/by-products. Such intensification has the potential to enhance 

process efficiency/economics by offering drastic process technologies improvements, regarding a variety of 

metrics [2-4].  

 

To accomplish such intensification, PI encompasses several techniques such as adsorption, absorption and 

membranes [2-4]. Especially, adsorptive reactor (AR) and membrane reactor (MR) receive considerable 

attention to removal, and recovery of the produced gases from fuel gas. The reaction products (e.g. H2, CO2) is 

selectively removed by the adsorbent and membrane, so the equilibrium is shifted to the product side, enabling 

higher conversions and the produced gas capture processes to be combined in one single step. Operating at lower 

reaction temperatures, reducing material costs, increasing operation safety, eliminating the need for excess steam 

in the reaction, minimizing the need for downstream purification and reducing the amount of catalyst for the 

desired conversion level are the other remarkable features of these technologies [5-6]. However, the MR-or-AR-

based technologies might be expensive and must be replaced with the conventional systems’ reactors and 

separation units. Moreover, a sustainability of these systems can be challenge for the industrial applications. For 

example, for intensification purposes, the conventional low temperature and high temperature water gas shift 

reactors need to be replaced with adsorptive and-or membrane reactors. For this reason, a modular design of the 

existing process with minimum modification or replacement is proposed in this work as a more efficient 

alternative process for intensification purposes. The objective of this work is to demonstrate the process 

intensification potential of a technology, contains one or more water gas shift (WGS) reactor modular 

components integrated with other plant components. The concept of process intensification potential can be 

attained by any conceivable design employing the same technology. Process design is determined based on the 

modelling and design of the selected plant’s section. Computational fluid dynamics (CFD) models are developed 

for general, reaction/separation, steady-state processes, a process intensification mainstay. Developed models 

quantifying the many complex physicochemical phenomena occurring within the process, and thus providing the 

basis to better understand, and intensify the overall system. 

 

2 MATERIAL AND METHOD 
 

Case study: The Water Gas Shift Reaction (WGSR) is an industrially important commercial chemical process, 

and it has a broad range of industrial applications such as hydrogen and power generation plants. Water gas shift 
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reaction (WGSR) is one of the most crucial steps in the process of hydrogen production for many industrial 

applications, enabling further hydrogen enrichment and carbon monoxide reduction. The WGSR has also gained 

a renewed interest recently, in both industrial and academic sets, due to its potential use as a primary route for 

hydrogen production, its applications on environmentally friendly gasified coal power plants and fuel cells, and 

perspective applications of hydrogen as a clean energy carrier in the future [7-9]. Conventionally, hydrogen is 

being manufactured from natural gas, liquid hydrocarbons, coal and biomass [10]. However, natural gas is the 

leading resource for hydrogen [11]. Production cost is the key element to determine the common use of 

hydrogen regarding hydrogen economy. Therefore, prominent cost reduction of the hydrogen is necessary for the 

transition to a hydrogen economy [12]. 

 

In industry, conventionally, water gas shift reactors consist of two different temperature stages, the high-

temperature shift reactor (HTSR) and the low-temperature shift reactor (LTSR) with a cooling process between 

them is a recommended for the operation of hydrogen generation. The process gas stream passes from the 

reformer system through the adiabatic two-stage water gas shift reactors’ system, such as Fig. 1-1. The high-

temperature water gas shift reactor (HTSR) is carried out between the ranges of 300 °C – 450 °C. On the other 

hand, the low-temperature water gas shift reactor (LTSR) is performed between the ranges of 200 °C – 300 °C. 

In the HTSR, a fast CO consumption is favored and then, the gas stream passes through an inter-stage cooling 

system.  LTSR stage follows the cooling system, where is favored the approach to equilibrium conversions. This 

system (HTSR + Cooling +LTSR) enables to reach higher CO conversions and desired level of hydrogen 

production. Thus, the majority of the CO is consumed in the HTSR, and rest of the CO content is converted 

LTSR. Subsequently, the produced CO2 is removed from the stream usually through Dual-stage Selexol unit by 

an absorber with amine-based solvents prior to undergoing compression for future transport and sequestration. 

The resultant stream is hydrogen rich and mixed with nitrogen diluent before entering an F-class gas-turbine to 

produce power.  

 

 
Fig. 1. (A) Conventional Process, HTSR+LTSR+Dual-stage Selexol Unit (2) Modular-Intensified Process,  

(HTSR+MS)-1+(HTSR+MS)-2…(LTSR+MS)-(N-1)+(LTSR+MS)-N. 

 

In this study, the process the design and intensification studies are carried to propose alternative process, which 

providing significant intensification level and demonstrating the applicability and advantage of the modular 

processes. We propose that modular design of the HTSR/membrane separation-MS/LTSR/MS (depicted in Fig. 

1-2) units in series are potential alternatives to conventional hydrogen production system (depicted in Fig. 1-1). 

The sequential design allows these units to be connected through variety of configurations. Having flexible, 

multi-component syngas clean-up and multi-product production systems, minimizing capital and operating costs, 

maximizing the profitability of power plant by increasing their power generation capacity are the possible 

outcomes of the novel designs.  

 

In this study, we consider HTSR-LTSR/MS sequence in a modular form (Fig. 1-2) as an alternative process 

compared to baseline process of HTSR+LTSR+Dual-stage Selexol Unit. In our proposed process, each module 

is consisted of HTSR-LTSR followed by MS unit. During process, reaction takes place in HTSR-LTSR while 

separation is carried out in MS (selective to H2), and this is repeated along each module.  The design and 

computational fluid dynamic (CFD) simulation of an alternative modular process configuration was performed. 
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Comparative performance assessment was carried out between conventional and alternative processes. Design of 

the systems were determined based on the detailed modelling and intensification concepts. 

 

3 RESULTS 
 

All reported simulations were carried out with a syngas composition of (H2/CO/H2O/CO2/CH4/H2S) = 

(2.7637/1.00/a/2.1528/0.8/0.05), where 2<a<5, which is a typical composition of a coal/oxygen-blown gasifier 

off-gas. Process Intensification (PI) is the concept that intends improvements on existing process to achieve 

more economical, cleaner and efficient operation. In this study, we aim to compare H2 production processes of 

conventional (HTSR/LTSR/ Dual-stage Selexol Unit), proposed (HTSR/MS/LTSR/MS). Simultaneous process 

reactive volume reduction and H2 production rate increment is chosen as a comparison criterion between two 

aforementioned systems. 

 

Then, numerical studies are applied on the WGSR’s systems for the production of hydrogen and the Finite 

Element Method (FEM) is applied to the solution of the model’s equations. 

 

 
Fig. 2. Process reactive volume reduction for conventional (HTSR+LTSR), 2 module (HTSR+MS+LTSR+MS), 3 module 

(HTSR+MS+HTSR+MS+LTSR+MS), 4 module (HTSR+MS+HTSR+MS+HTSR+MS+LTSR+MS) and 5 module 

(HTSR+MS+HTSR+MS+HTSR+MS+HTSR+MS+LTSR+MS) processes. 

 

The effect of the increasing number of modules is significant on the process (Fig. 2 and 3), with the process 

showing around 55 % reactive volume reduction and 34.5 % H2 production rate increment through the 5th 

module. Indeed, the increasing number of modules provides higher reactive volume reduction but 64 % of the 55 

% improvement is observed at the transition from conventional process to two modules. Through the 5th 

module, the reactive volume reduction rate shows steady state behaviour. On the other hand, the simultaneous H2 

production rate starts by the 3-module process as 20.4782 % and H2 production rate increment reaches the steady 

state through 5th module. 

 

 
Fig. 3. Process H2 production rate increment for conventional (HTSR+LTSR), 2 module (HTSR+MS+LTSR+MS), 3 module 

(HTSR+MS+HTSR+MS+LTSR+MS), 4 module (HTSR+MS+HTSR+MS+HTSR+MS+LTSR+MS) and 5 module 

(HTSR+MS+HTSR+MS+HTSR+MS+HTSR+MS+LTSR+MS) processes. 
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4 CONCLUSION 
 

Reaction/separation mathematical models are applied to predict the performance of hydrogen production systems 

for intensification purposes. Computational fluid dynamics (CFD) simulation is performed for the solution of the 

developed model equations. Process intensification-aimed comparative study is performed for various hydrogen 

production processes. The simulation results show that the proposed alternative modular process is superior than 

the conventional process, and promising substitute. 
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Abstract 

Exploitation of carbon containing energy resources, such as coal, natural gas, and 

biomass, typically generates carbon-monoxide rich streams which are subsequently 

transformed to hydrogen/carbon-dioxide rich mixtures, using the Water Gas Shift 

Reaction (WGSR). The transformation of these mixtures to pure products involves 

additional energy intensive steps, such as separation and compression. In this work, 

a modular process is considered that can energetically intensify the WGSR. The 

objective of this work is to demonstrate the modular carbon capture and 

intensification potential of an Integrated Gasification Combined Cycle (IGCC) 

Power Plant. Process design is determined based on the modelling and design of the 

selected plant’s section. Computational fluid dynamics (CFD) models are 

developed for general, reaction/separation, steady-state/dynamic processes, a 

process intensification mainstay. Finally, the energetic intensification benefits of 

the proposed AR process over conventional WGSR packed bed reactors are 

quantified. 

 

1 INTRODUCTION  
 

Fossil fuels continue to become the major energy sources around the world [1]. About 6,870 million metric tons 

(MMT) of greenhouse gas are emitted into the atmosphere each year because of the fossil fuels-based energy 

production actions, over 80% of which is in the form of CO2 [2]. As a result of this process, the world is facing 

the serious environmental problems, and, thus, reducing the carbon emissions has become an urgent issue. 

Simultaneously with this issue, hydrogen is increasingly gaining global attention especially due to the worldwide 

focus on green processes, its potential to become the leading energy carrier, and mobile/stationary power 

generation applications [3-5]. Production cost is likely to be a key factor that determines the widespread use of 

hydrogen in the future, with significant reduction in production cost being beneficial to the further development 

and growth of the hydrogen economy [6]. 

 

Integrated gasification combined cycle (IGCC) is considered a promising technology for producing clean, 

affordable and secure power, and this technology has potential for further technological developments and 

improvements for carbon capture within efficiency [7-8]. The power production processes are currently being 

coupled with carbon capture technologies (CCS) since CO2 emissions continue to be a problem. For this reason, 

a significant effort in both academia and industry are shown on CCS technology as the primary process for the 

reduction of global CO2 emission from coal power plants. The IGCC (see Fig. 1) generates electricity from a 

solid or liquid fuel. For the conventional IGCC with CCS, (1) converting the fuel to syngas mixture (mixture of 

CO, CO2, H2, H2O, CH4 and impurities such as COS, H2S, HCl) at high pressures, (2) cleaning up the produced 

syngas from the problematic impurities, (3) converting the remaining CO to H2 by utilizing water gas shift 

reactors’ unit, (4) separation of H2 and CO2 (5) generating electricity in a combined cycle power block consisting 

of a gas turbine process and a steam turbine process are the main steps. The produced CO2 is removed from the 

stream usually through Dual-stage Selexol unit (depicted in Fig. 1) by an absorber with amine-based solvents 

prior to undergoing compression for future transport and sequestration. The resultant stream is hydrogen rich and 

mixed with nitrogen diluent before entering an F-class gas-turbine to produce power. However, the current CCS 

systems require additional energy compared to systems without CCS. The efficiency of power plants with CO2 

capture decreases significantly compared to power plants without CO2 capture [9]. Thus, further improvement 

and development are required for CCS technology to achieve acceptable market levels. Thus, process design and 

intensification studies are carried in study to propose alternative process, which eliminating penalties and 

providing significant intensification level. 
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CO, CO2, H2, 
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Fig. 1. Conventional IGCC Power Plant with CCS, HTSR+LTSR+Dual-stage Selexol Unit. 

 

2 MATERIAL AND METHOD 
 

To produce clean, affordable and secure power by eliminating the economic and energy penalties, we propose 

that modular design of the HTSR/adsorptive separation-AS/LTSR/AS (depicted in Fig. 2) units in series are 

potential alternatives to conventional IGCC (depicted in Fig. 1). The sequential design allows these units to be 

connected through variety of configurations. Having flexible, multi-component syngas clean-up and multi-

product production systems, minimizing capital and operating costs, maximizing the profitability of power plant 

by increasing their power generation capacity are the possible outcomes of the novel designs. 

 

Syngas
HTSR 

AS unit 

relatively pure 
CO2   15 bar

H2-rich 
syngas

CO, CO2, H2, 
H2O, CH4...

LTSR 
AS unit 

relatively pure 
CO2   15 bar

MODULE-1 MODULE-N

 
Fig. 2. Proposed Alternative Design of IGCC Power Plant with CCS, Modular-Intensified Process,  

(HTSR+AS)-1+(HTSR+AS)-2…(LTSR+AS)-(N-1)+(LTSR+AS)-N. 

 

In this study, we consider HTSR-LTSR/AS sequence in a modular form (Fig. 2) as an alternative process 

compared to baseline process of HTSR+LTSR+Dual-stage Selexol Unit. In our proposed process, each module 

is consisted of HTSR-LTSR followed by two AS, operate simultaneously due to the cyclical nature of an 

adsorptive separation’s operation. During process, reaction takes place in HTSR-LTSR while separation is 

carried out in AS (selective to CO2), and this is repeated along each module. In each module of our proposed 

system, there are two AS operating simultaneously; this is due to the cyclical nature of the AS operation. At any 

given time, one of the AS unit is fed with gas mixture, which is generated in HTSR-or-LTSR, while the other AS 

is fed with steam, which induces CO2 desorption from the CO2-rich adsorbent pellets, and generates a stream 

consisting of CO2 and H2O. This operation mode is referred to as one step, and in the subsequent step the reactor 

roles are reversed. The duration of each step of the AS operation can then be quantified in terms of the operating 

times. 

 

The integration of AS units in process has potential to eliminate the energy penalties by achieving a more 

efficient CCS than the conventional plant design. Moreover, the integration of AS units by proper configuration 

can deliver carbon capture as high as 100 %, thus reducing the environmental impact of power plants. The 

proposed process configuration reduces energy consumption by eliminating a Dual-stage Selexol unit which 

separates the carbon dioxide at approximately 1 bar, which must then be compressed to approximately 150 bar 

for sequestration/utilization purposes. This compression step consumes a significant portion of the power 

produced by the power plant.  In contrast, the obtained CO2/H2O gas mixture (during the AS desorption step) is 

separated at the same pressure (>15 bar) as the reactor exit, and the separated high-pressure H2O is recycled in 

the desorption step, without the need for repeated compression. Thus, the proposed configuration saves 

significant energy by delivering a pure CO2 stream at higher pressures. The resulting time-dependent equations 

are implemented in the COMSOL software package, and solved for HTSR/LTSR/AS units, using the finite 

element method (FEM). 

 

3 RESULTS 
 

We carried out the simulations using an inlet feed composition of (H2/CO/H2O/CO2/N2/CH4) = 

(0.51/1.00/3/0.36/2.28/0.1), which corresponds to a coal-derived syngas (from an air-blown gasifier) intermixed 

with steam. Fig. 2 indicates the effect of the number of modules on the process catalyst reduction. In this study, 
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total conversion of the base-case and modular design is fixed as %98 CO conversion, so all comparison between 

base-case and alternative process performed based on that conversion level. To reach the conversion of %98 

(base case), the proposed modular process saves around 48% of catalyst through the 7th module (Fig. 2). The 

modular process accomplishes simultaneously a significant level of intensification and %100 CO2 capture. The 

0,0 pint in Fig. 2 indicates the base-case (conventional process). Starting from 2-Module design, the amount of 

the catalyst is saved significantly. That implies that the proposed modular configuration creates intensification 

effect on the process by separating CO2.  

 

 
Fig. 2: Catalyst Reduction (Right) vs number of modules in process. 

 

Fig. 3 shows the total conversion (red lines) and CO2 capture (blue lines) evaluation along the modular design. 

AS operation time, which is defined as the time that CO2 is first detected at the reactor exit, is defined around 35 

min. In each module, %100 CO2 capture is achieved. Eventually, the adsorbent gets completely saturated, and 

the adsorption step stopes at that point and a desorption step starts. This cyclic behavior continues during the 

process.   

 

Module-1 Module-2 Module-7
 

Fig. 3. CO Conversion and CO2 Capture along the 7- Module Process Design. 

 

4 CONCLUSION 
 

In this study, a modular design of IGCC is proposed for carbon capture and intensification purposes. 

Reaction/separation, steady-state/dynamic mathematical models are applied to predic the performance of 

conventional and alternative modular process. Computational fluid dynamics (CFD) simulation is performed for 

the solution of the developed model equations. The simulation results prove that the proposed modular design 

achieves %100 CO2 capture, and reaches significant intensification level by reducing the total amount of catalyst 

in process. 
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Abstract 

The aim of this study was to determine the effects catechin contents of the 

supplementation of green tea powder (GTP) in the production of probiotic yogurt 

with Lactobacillus acidophilus. For this aim, four different yogurt groups (Yogurt 

without P and GTP, Control; Yogurt with P and without GTP, P; P+1% GTP; 

P+2% GTP) were produced. Yogurt samples were stored at 4°C for 21 days. 

Catechin composition was done once a week. Fermentation after adding GTP to 

the milk did not influence the growth and survival of streptococci and lactobacilli 

during the storage of yogurt samples. The amounts of gallic acid and catechin at 

GTP yogurts increased depending on the storage period, while other catechins 

and total catechin value decreased. Gallic acid and catechin contents of the 1% 

GTP supplemented yogurt showed an increase of 106% and 233% whilst the 

increase ratios for 2% GTP supplemented yogurt were determined as 63% and 

308% at the end of the storage period respectively. In conclusion, GTP could be 

successfully used as a functional additive for probiotic yogurts enhancing their 

nutritional and health benefits. 

 

1 INTRODUCTION  
 

Nowadays, consumers are concerned not only food security and nutritional values, but also its benefits to health. 

Therefore, there is an increasing demand by consumers of new functional foods, produced with the incorporation 

of functional ingredients to already known foodstuff [1]. Fermented dairy products are commonly used as the 

most efficient delivery vehicle for probiotics [2]. Yogurt is one of the best-known of the foods that contain 

probiotics is a popular food [3-5]. Probiotics such as Lactobacillus acidophilus and Bifidobacterium bifidum are 

most commonly incorporated into yogurts worldwide. Probiotics can play an important role in immunological, 

digestive and respiratory functions and could have a significant effect in alleviating infectious disease [6]. Also, 

antioxidative property of probiotics and stimulation of the immune system, for which it is clear that the effect is 

strain dependent, has been the subject of many studies in recent times [2, 7]. To capitalize the potential health 

benefits of probiotic, they must be delivered at a high dose through food vehicles such as yogurts [8]. The 

number of probiotic bacteria having the function of health benefits is not so clear but, to exert the beneficial 

health effects, the count of probiotic bacteria in the food product should be adequately high, 106–108 CFU/mL/g 

during shelf life [9-11]. Recently, there has been an increasing interest in the use of natural food additives and 

incorporation of health promoting substances into the diet. Various ingredients are used in the manufacture of 

milk products because of their beneficial contribution to the therapeutic, sensory or other properties. Probiotic 

foods are supplemented with other active components with the aim to provide additional functional properties 

[12, 13].  

 

Green tea is consumed throughout the world in various forms. Green tea and its constituents are known for a 

wide range of health promoting properties on human health [5, 14]. Many studies have evaluated tea, tea 

polyphenols and tea extracts as factors for the potential lowering of risk of cardiovascular diseases and different 

types of cancer [15-18], including the effects of reduction of Parkinson’s diseases [16], diabetes [16, 19, 20], 

heart disease [16], cholesterol [15], liver disease [16, 21, osteoporosis [22], neural and obesity problems [23], 

inflammatory bowel disease, skin disorders, hair loss, weight loss and iron overload [16] and others. All 

beneficial effects of green tea have been attributed to the strong antioxidative and other health benefits of the 

rich green tea phenolic compounds, known as tea catechins [11, 15-18, 24-27]. Tea polyphenolics such as 

catechins are known to have the potential to inhibit many bacterial pathogens [28, 29]. Among many health 

benefits, tea is known to possess antimicrobial effect against many microorganisms including pathogens but does 
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not inhibit lactic acid bacteria (LAB) [17, 28]. Preliminary studies were conducted to see the effect as an 

ingredient of tea extract [18] and tea infusion [17, 28, 30, 31] addition to milk in the production of yogurt on 

various properties during fermentation. GTP was selected in this study because there is a need to increase types 

and nutritional value of functional dairy products. 

 

The aims of the present study were to research possibility of manufacturing a new functional probiotic yogurt, to 

increase the nutritive value and functionality of yogurt using GTP as a health ingredient. Possibility of GTP 

utilization in probiotic yogurt technology can contribute to improvement of functionality of probiotic yogurt.  

 

2 MATERIAL AND METHOD 
 

2.1 Materials 

Fresh tea leaves were harvested and processed at the Atatürk Tea and Horticultural Research Institute (Rize 

Turkey). Harvested green tea leaves were steamed, rolled, dried, grinded and sieved, respectively. Particle size of 

green tea powder used as supplement is smaller than 355 µm. 

 

Raw cow’s milk was purchased from Atatürk University Food Engineering Department pilot dairy plant 

(Erzurum, Turkey). Lactobacillus acidophilus DSMZ 20079 was imported from the German Collection of 

Microorganisms and Cell Cultures (DSMZ, Braunschweig, Germany). The direct-to-vat system yogurt culture 

(YC-350) (Streptococcus thermophilus and Lactobacillus delbrueckii spp. bulgaricus) (Peyma-Hansen, Istanbul, 

Turkey) was used as yogurt starter. The gross chemical and physical properties of milk and GTP are shown in 

Table 1.  

 

2.2 Manufacture of the yogurt samples  
 

Yogurt samples were manufactured from cow's milk. The milk was heated at 85 oC for 20 min and then rapidly 

cooled to 44 oC and inoculated with the YC-350 culture in a dose of 1.3%, followed by mixing, finally L. 

acidophilus (3.2×108 CFU/g) was added (except Control sample). First, 1% and 2% (w/v) pasteurized (10 min 

for 68 oC) GTP were weighed into 100 mL sterile jars. Then, 100 ml were added into the jars from inoculated 

milk samples with probiotic bacteria and yoghurt cultures. Then, incubated at 43 oC until reaching ~pH 4.6 (4-5 

h, the same time for all treatments). Yogurt samples were cooled and stored at 4°C for 21 days for catechin 

analysis. Yogurt samples produced with the inoculation of milk were divided into four groups: I. Negative 

control group: yogurt without probiotic culture and GTP (C); II. Positive control group: yogurt with probiotic 

culture (L. acidophilus) and without GTP (P); III. Group: probiotic yogurt with 1% GTP (w/v) (P+1% GTP); IV. 

Group: probiotic yogurt with 2% GTP (w/v) (P+2% GTP).  

 
Table 1. The gross chemical properties of raw milk and GTP [11]. 

Parameters Milk GTP 

Total solids (%) 12.37 92.70 

Fat (%) 3.45 - 

Protein (%) 3.40 19.44 

Ash (%) 0.64                    4.13 

Acidity (%) 0.17 - 

pH 6.65 - 

 

2.3 Catechin analysis 

 

Catechins were extracted according to ISO method [32]. The HPLC system consist of assembly of Thermo 

SCM1000 degasser, Thermo P4000 automated gradient pump, Thermo AS3000 autosampler, Thermo 

UV6000LP photodiode array detector and system equipped with C18 reversed-phase packaging column Luna 5µ 

Phenyl-Hexyl 4,6*250 mm, Phenomenex (Redoks, İstanbul, Turkey).  

 

Reagents and standard solutions 

 

Pure standards of catechin (C), EGCG, ECG, epigallocatechin (EGC), (-)-epicatechin (EC), gallic acid, and 

EDTA were purchased from Sigma Chemical Co. (Öztürk Medikal, Trabzon, Turkey). Methanol, acetonitrile 

and acetic acid were purchased from Merck Ltd. (Şahinler Kimya, İstanbul, Turkey). All solvents were HPLC 

grade. Ultra-pure water obtained by Barnstead Nanopure Diamond (Dolunay, İstanbul, Turkey) and treated water 

with a resistivity higher than 18 MΩ cm. 
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Chromatographic conditions 

 

A two-solvent gradient elution was performed, with a flow rate of 1 mL min-1. Solvent compositions used were 

(A) 20µg/ml EDTA + water–acetonitrile–acetic acid (89+9+2 v/v) and (B) 20µg/ml EDTA + water–acetonitrile–

acetic acid (18+80+2 v/v). The mobile phase composition started at 100% solvent A and 0% solvent B, being 

increased linearly to 32% solvent B in 10 min, then returned to 100% solvent A and 0% solvent B. 5 min. 

Dedection wavelength was 278 nm and all samples were microfiltered before injection. 

 

2.4 Statistical analysis 

 

The experiments were conducted in a completely randomised design in a factorial arrangement: four treatments 

of yogurt (C, P, P+1% GTP and P+2% GTP), four storage periods (1th, 7th, 14th and 21th days) and two 

replicates. All data were analyzed statistically using SPSS 17.0 programme (SPSS Inc., Chicago, IL, USA). 

Analysis of variance (ANOVA) and Duncan’s Multiple Range Test were used to determine significant 

differences among results.  

 

3 RESULTS 
 

The catechin contents of yogurt samples were given in Table 2. Both storage period and green tea 

supplementation showed statistically significant effect (P<0.05) on the change of catechin contents of yogurt. 

When the catechin contents of yogurt were evaluated in terms of storage period, the amounts of gallic acid and 

catechin (C) increased depending on the storage period, while other catechins and total catechin value decreased. 

EGC and EC content of tea-fortified yogurts fell below the detection of limit (LOD) after the first week. 

Catechin content can be reduced during processing and storage period depending on the epimerization and 

degradation. The rate of degradation can also vary depending on the composition of the catechin content.  

 

Epimerization is defined as the conversion of tea catechins to their corresponding isomers. For example, the cis 

structure epicatechins, which are described in green tea; EGCG, EGC, ECG and EC epimerize into 

nonepicatechins GCG, GC, CG and C, respectively. Epimerisation between catechin pairs are two-sided [33, 34].  

 

Table 2. Catechin composition of yogurt samples 

Variables 
Storage  

period (day) 
   Supplement Types of yogurt 

    GTP C P P+1% GTP P+2% GTP 

Gallic acid, 

% 

1 

0.0610±0.000 

nd nd 0.0800±0.000A 0.0160±0.000A 

7 nda nda 0.1550±0.001b,B 0.0310±0.001c,B 

14 nda nda 0.1550±0.008b,B 0.0265±0.002b,B 

21 nda nda 0.1650±0.001b,B 0.0260±0.001c,B 

EGC, % 

1 

5.1735±0.071 

nda nda 0.3850±0.001b,B 0.2985±0.001c,B 

7 nd nd ndA ndA 

14 nd nd ndA ndA 

21 nd nd ndA ndA 

 C, % 

1 

0.0650±0.001 

nd nd 0.0060±0.000A 0.0060±0.000AB 

7 nda nda 0.0095±0.001b,B   0.0090±0.000b,B 

14 nda nda 0.0040±0.001b,A 0.0055±0.001b,A 

21 nda nda 0.0200±0.000b,C 0.0245±0.002c,C 

 EGCG, % 

1 

9.8485±0.214 

nda nda 0.4655±0.015b,C 0.6600±0.001c,D 

7 nda nda 0.2430±0.001b,B 0.3575±0.029c,C 

14 nda nda 0.0405±0.028a,A 0.1855±0.011b,B 

21 nda nda 0.0260±0.003b,A 0.0560±0.003c,A 

EC, % 

1 

1.7785±0.129 

nda nda 0.0045±0.007b,B 0.0465±0.001c,B 

7 nd nd ndA ndA 

14 nd nd ndA ndA 

21 nd nd ndA ndA 

ECG, % 

1 

1.3770±0.028 

nda nda 0.0780±0.028b,C 0.1040±0.000c,D 

7 nda nda 0.0440±0.000b,B 0.0610±0.003c,C 

14 nda nda 0.0110±0.004b,A 0.0330±0.001c,B 

21 nda nda 0.0085±0.001b,A 0.0135±0.001c,A 

Total 

catechin, % 

1 

18.3035±0.445 

nda nda 0.6725±0.016b,C 1.1310±0.003c,D 

7 nda nda 0.3120±0.001b,B 0.4585±0.033c,C 

14 nda nda 0.0710±0.041b,A 0.2505±0.015c,B 

21 nda nda 0.0710±0.003b,A 0.1200±0.000c,A 

Horizontal column, lower cases (a-c) express differences between yoghurt samples (P<0.05) 

Vertical column, capital letter (A-D) express differences between storage periods (P<0.05); nd: not detected 
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Previous studies also showed that many factors could affect the stability of catechins, particularly EGCG. These 

factors are: pH, temperature, oxygen level, antioxidant activity, concentration of metal ions and other active 

ingredients [33, 34]. Gallic acid, one of the simple polyphenols found in tea, increases with the oxidative 

degallation of phenolic esters [35]. Gallic acid and catechin contents of the 1% GTP supplemented yogurt 

showed an increase of 106% and 233% between initial and 21st days respectively.  On the other hand, yogurt 

sample with 2% GTP supplementation, gallic acid and catechin content increased 63% and 308% at the end of 

21st day. This increase may be attributed to the epimerization and degradation of epicatechins. Stabilization of 

EGC and EC were more affected by the present environment of yogurt compared to other catechins. On the 7th 

day, the amounts of EGC and EC in both yogurts with 1% and 2% GTP added decreased below the detection of 

limit. EGCG, ECG and total catechin contents decreased 94%, 89%, 89% in the 1% GTP supplemented yogurt 

between the beginning and 21st day; and in the 2% GTP supplemented yogurt, EGCG, ECG and total catechin 

contents decreased by 92%, 87% and 89%, respectively. 

 

pH and process temperature show major effect on catechin composition and stability. While tea catechins are 

more stable in aqueous solutions, especially at pH <4, on the other side while at pH> 6 they lose stability. While 

the pH value of the brewed green tea varies from 5.3 to 6.0, pH value of the yogurt is lower [33-37]. During the 

21 days storage period, the pH value of the control yogurt ranged from 4.7 to 4.2, while pH value of 2% GTP 

supplemented yogurt varied from 5.0 to 4.8. It can be said that the acidity of the tea-added yogurt is higher than 

that of the infused tea, which is more effective on the stability of the tea catechins and increases the degradation 

of the catechins. It is identified that the change in pH may affect the kinetic migration of catechins and the 

presence of OH groups in catechins due to pH change may cause the molecular structure modification [38].  

 

The temperature has a significant effect on the stability, degradation and epimerization of the catechin content. 

In a study conducted, the antioxidant activity of green tea beverages was compared at storage temperatures of 4 
oC and 22 oC. After 7 days, the loss of antioxidant activity at 4 oC was 9.9% and the loss at 22 oC was 19.6% 

[39]. Despite the fact that the yogurt samples were stored at 4 °C in the present study, the effect of high 

temperature during incubation causing degradation can be mentioned. In a study of the change in probiotic 

bacterial activity in green tea, it was stated that EGCG content decreased in the probiotic-containing sample 

compared to the absence of probiotic. On the other hand, in the same study, it was stated that 37 °C incubation 

temperature plays a more important role in the degradation of catechins than probiotic bacteria [40]. In our study, 

the amount of EGCG increased in yogurt mixed with GTP depending on the concentration. The amount of 

EGCG decreased during storage (Table 2). 

 

The stability of catechins is influenced by the oxygen concentration in the presence of free radicals such as metal 

ions. In a study conducted, it was found that catechin oxidation increased with high oxygen concentration. At 

low oxygen concentration with nitrogen addition, EGCG remained stable at 37 °C and pH 7.4 and only 5% 

degraded within 6 hours. On the other hand, at normal medium that contains oxygen and without nitrogen 

supplementation, 90% of EGCG was degraded in 2 hours in aqueous EGCG solution at 37 °C and pH 7.4. At the 

end of 6 hours EGCG was depleted. In another study conducted in apple juice, it was stated that the oxidation of 

catechins in high oxygen concentration increased, the catalysis of metal ions and the autooxidation of EGCG 

were performed [33, 41].  

Although tea varieties have components such as carbohydrates, amino acids and minerals, it can be said that 

metal ions affect the epimerization rate in catechins. Metal ions bind to catechins and affect antioxidant activity. 

Catechins react with metal ions and constitute metal complex form. It was stated that the presence of Cu2+ and 

Mn2+ increases the antioxidant activity of EGCG and on the other hand the presence of Fe2+ reduces the 

antioxidant activity [33, 40]. Considering this fact, the current study may refer to the negative effect of Fe2+ that 

present in yogurt on the catechin. 

 

The scores for the sensory characteristics of the experimental yogurts are presented in Çakmakçı et al. [11].  

Panelists noted, probiotic yogurt with 2% GTP samples had a markedly bitter and astringent taste during the 

storage. Compared to control sample, generally yogurt with probiotic culture and probiotic yogurt with 1% GTP 

samples were more preferred by panelists in the sensory evaluation during the storage period.  
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4 CONCLUSION 
 

In this study, using a combination of GTP and probiotic bacteria, on their catechins composition; it is aimed to 

produce a new type of functional yogurt. The effect of GTP on characteristic of probiotic bacteria yogurt during 

refrigerated storage was studied. Consequently, GTP stimulates probiotic activity and in order to benefit from 

this effect, probiotic yogurts, which contain 1% and 2% GTP supplement should be consumed at the end of the 

storage period of 21 and 28 days, respectively [11]. The amounts of gallic acid and catechin at GGTL yogurts 

increased depending on the storage period, while other catechins and total catechin value decreased. Gallic acid 

and catechin contents of the 1% GTP supplemented yogurt showed an increase of 106% and 233% whilst the 

increase ratios for 2% GTP supplemented yogurt were detected as 63% and 308% at the end of the storage 

period respectively. In conclusion, GTP could be successfully used as a functional additive for selected probiotic 

yogurts enhancing their health benefits. Addition of GTP in the process of yogurt is recommended because GTP 

is a natural herbal product with a wide range of beneficial and nutritional properties; this makes this yogurt a 

new functional food.  
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Abstract 

This template is designed to guide authors in preparing their papers by direct editing. 

Earthquake safety of masonry structures, their behaviour at the moment of a possible 

earthquake, determination of damages that may be incurred during the earthquake 

and repair of such damages are of paramount importance. Objective of this study is 

mounting shear walls which will be produced as pre-cast panels and will be added to 

one another to outer surface of structure and withstand possible earthquake force 

which may come into being and development of a method which will keep masonry 

structure stable. Hence, two different joints, shear wall-flooring joint and shearwall-

shearwall joints were modelled under detailed laboratory conditions and relative 

experiments were conducted. According to experimental results, it was observed that 

curtain-flooring joint can reach a carrying capacity of 297 kN, while curtain-curtain 

joint can reach carrying capacity of 255 kN. According to results, earthquake 

calculation of model masonry structure was conducted and it was seen that masonry 

structure can be reinforced by adding outer shear walls in the direction calculated in 

both directions. 

1 INTRODUCTION  
 

It is known that 95% of Turkey is exposed to an earthquake risk. Compared to the other countries, it was found 

out that earthquakes which take place in Turkey give rise to extensive damages in proportion to their magnitude. 

For example, during the earthquake which hit Başyurt town, of Karakoçan county of Elazığ on March 8th, 2010 

with a magnitude of 6.0, it was revealed that 390 houses were heavily damaged most of them were masonry 

structures. Deaths and property losses occurring due to earthquakes affect not only urban areas, but also rural areas 

of Turkey. Majority of the houses is composed of masonry structures in the rural areas. When masonry structures 

are built by combining materials such as brick, mud, briquette and stone with mortar, they do not create a 

continuous environment in terms of carrying system. So, these masonry structures need to be reinforced to provide 

them more resistance against the earthquakes. It is difficult to determine behaviours of masonry structures under 

load by digital methods. Therefore, it seems more appropriate to determine behaviours of these structures under 

load with experimental methods. Method to be chosen for reinforcement is of paramount importance.  

 

According to TDY-2007 [1], seismic performance analysis has been done which is the taking a masonry building 

plan. By the way analysis result, has been product as precast shear wall. After that has been done externally 

reinforcement of building along height of the building. Reinforcement of shear walls from outside, compared to 

the other reinforcement methods, have some advantages such as ease of application, absence of a requirement to 

discharge the structure during reinforcement, continuation of building and low cost.  

 

In this method was developed for the masonry structures. Shear walls in the form of pre-cast panel were added 

each other and they were mounted to masonry structure from outside. Shear walls which were produced as pre-

cast are connected to peripheral ties below flooring with connection rods and footing which is in line with 

foundation by using anchorage rods. They are applied by adding them to one another in line with flooring along 

building height. Given the fact that there are places where weak points of system are connected to flooring 

peripheral ties and three are shear wall joints, performance of the said joints and connection places were determined 

in experimental terms. Hence, two different joints, namely curtain-flooring joint and curtain-curtain joints were 

modelled based on laboratory conditions and they were subjected to repeated load. This study is composed of two 

sections. In the first section, performances of joints were determined experimentally. In the second section, a model 
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masonry structure was evaluated and, according to result of experimental study, it was shown that model building 

of which earthquake load calculation was made could be reinforced with a shear wall from outside. 

 

Benedetti et al., is based on energies evaluated from the responses of 12 stone and brick masonry systems subjected 

to 58 shaking table tests. After applying a moderate degree of earthquake on samples, they reinforced the same 

samples and re-tested [2]. In the study Corradi has determined experimentally the behaviour of masonry structures. 

He used stone and brick samples in the experiment and he applied pressure test, diagonal pressure test and shear 

test to samples of different size and determined shear force and elastic modulus of the samples [3]. Arun 

Investigated the behaviour of the walls of different thickness, in the case of full or hollow on the masonry walls 

used in buildings in his study. Arun suggested that before constructing masonry structures or without taking the 

precautions in the damaged masonry structures the determination of the properties of the material used in the 

structure and behaviour of masonry structures under the external influences were necessary to be known [4]. 

Tomazevic et al., performed experimental studies to determine the behaviour of wall of masonry structures loaded 

with seismic forces in their studies. They stated that after occurring regional breaking cracks, ductility of wall and 

the capacity of consuming energy, and stability of wall decreased. They stated that bearing walls made of brittle 

materials were under the risk of seismic load and walls manufactured with hollow components may provide 

adequate strength and ductility against seismic load [5]. Kanıt et al., conducted experiments earthquake collapse 

mechanism of masonry structures which are the typical house structure in rural areas. They considered that 

masonry structure walls comprising the massive structure would be subjected to both in-plane and out of plane 

seismic forces and out of plane momentum could be more critical compared to in-plane momentum. They observed 

that masonry structure walls loaded in out-of plane mode did not have adequate ductility that would provide Ra 

(T1) = 2.5 , earthquake decreasing coefficient as specified in Disaster Regulation (1998) [6]. Batur calculated 

tensions taking place in the masonry structure elements by taking the reactions which masonry structures show 

against the earthquake as the starting point. He modelled the structure according to earthquake zone selected. 

According to flooring, peripheral tie and wall thickness, he found the weight of building and calculated the 

earthquake loads coming to building according to coefficient earthquake method. He found the tensions occurring 

in the walls against the incoming loads and compared the same with safety tensions [7]–[9]. Carney and Myers 

discovered that, in case of out of plane loading of masonry structure walls that have not been reinforced are unable 

to carry much load since they are brittle and have a low ductility capacity and TMS (The Masonry Society) and 

FEMA (Federal Emergency Management Agency) explained that masonry structures which have not been 

reinforced give rise to a huge property loss and deaths at the moment of earthquake. They have pointed out that 

one of the alternative methods for reinforcing the masonry structure walls is application of FRP (polymer 

reinforced with fiber ) on outer surface, thereby, providing a high capacity of ductility [10]. Zarnic et al. tested 

two model masonry structure reinforced with reinforced concrete framework with vibratory table during their 

studies. They produced the samples in the form of one storey and two-storey box with a scale of 1/4 in an identical 

form to original by using strong bricks and weak mortar and examined formation of cracks. By reinforcing the 

masonry structure with reinforced concrete framework, they determined the behaviours of masonry structure walls 

at in-plane and out of plane loading. They conducted analyses with non-linear test methods and stated that it is 

necessary to improve the results [11]. 

 

In this study, strengthening of the precast shear walls by external mounting was investigated. This method is 

possible to apply with local craftsmanship and traditional materials. A significant difference of this method from 

other masonry building reinforcement methods is that it can be applied without evacuating the building. In terms 

of comparison, there is no direct experimental study on the strengthening of masonry buildings from outside with 

curtain walls. 

 

2 ANALYTICAL STUDY (MODEL ANALYSIS) 
 

2.1 Earthquake Analysis of Model Masonry structure (Model Application) 

 

This section shows earthquake calculation of the masonry structure of which floor plan is given in the Figure 1. A 

three-storey masonry structure located in the 1st degree earthquake zone with a floor height of 3.00 m, flooring 

thickness of 12 cm reinforced concrete, with ground floor walls made of blend brick (γ =1.6 t/m3), the first and 

the second floor’s walls made of block brick (γ =1.3 t/m3), reinforced concrete peripheral tie below flooring ( h = 

20 cm ), standing on bearing walls ( t = 20 or 30 cm ), with a mortar type A (150 kg/cm2) was analyzed . Stability 

of entire model masonry structure was checked under horizontal and in a way that will meet the conditions of 2007 

Disaster Regulation (equivalent earthquake load).  

 

The following calculations were carried out in order. Rigidity and center of mass calculation was calculated by 

using equations shown in Equality 1 and 2 Results were given in Table 1.  

302



A New Method for Reinforcement of Masonry Structure: Outer Shear Wall ICADET ‘19 

 

 

Relative displacement of one end of a wall which was fixed at both ends; 

 

 ∆=
1

𝑡
∗ [(

ℎ𝑏

𝐿
)

3

+ 3 ∗ (
ℎ𝑏

𝐿
)]                  (1) 

 

Relative Rigidity;     

 

𝑅 = 1/∆                             (2) 

 

Rigidity center of carrier walls in both directions was calculated as X0=3.402 m and Y0=5.524 m, center of mass 

of carrier walls in both directions was calculated as Xmd=3.984 m and Ymd=6.414 m. Center of mass of flooring in 

both directions was calculated as Xmt=4.200 m and Ymt=5.550 m. 

 

 
Figure 1. Floor plan of model masonry structure 

 

Table 1. Rigidity and center of mass 

Wall 

No 

Direct

ion  

Δ R x 

( m ) 

y 

( m ) 

R*y Wall 

No 

Direc

tion  

Δ R x 

( m ) 

y 

( m ) 

R*x 

1a x 13.33 0.08 0.70 0.00 0,00 A1 y 20.32 0.05 0.00 0.50 0.00 

1b x 6.60 0.15 4.55 0.00 0.00 A2 y 13.33 0.08 0.00 3.20 0.00 

1c x 16.11 0.06 7.83 0.00 0.00 A3 y 7.06 0.14 0.00 5.95 0.00 

2a x 14.86 0.07 1.73 3.55 0.24 A4 y 7.66 0.13 0.00 7.23 0.00 

3a x 14.29 0.07 6.63 5.05 0.35 A5 y 4.04 0.25 0.00 9.05 0.00 

4a x 14.86 0.07 1.73 5.75 0.39 A6 y 18.71 0.05 0.00 11.78 0.00 

6a x 19.35 0.05 5.98 8.35 0.43 C1 y 70.00 0.01 3.45 4.10 0.05 

7a x 20.00 0.05 1.10 9.05 0.45 C2 y 505.49 0.00 3.45 5.78 0.01 

8a x 9.91 0.10 1.73 12.30 1.24 C3 y 235.13 0.00 3.45 7.00 0.01 

8b x 9.17 0.11 5.28 12.30 1.34 C4 y 8.95 0.11 3.45 10.28 0.39 

       D1 y 9.82 0.10 4.85 1.88 0.50 

       D2 y 914.38 0.00 4.85 4.85 0.01 

       D3 y 42.95 0.02 4.85 5.75 0.11 

       D4 y 86.24 0.01 4.85 7.85 0.06 

       E1 y 20.32 0.05 7.10 8.85 0.35 

       E2 y 12.61 0.08 7.10 11.63 0.56 

       F1 y 8.48 0.12 8.40 0.90 0.99 

       F2 y 5.81 0.17 8.40 4.63 1.45 

       F3 y 20.32 0.05 8.40 7.95 0.41 
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Ground floor and the 1st floor ceiling floorings 5 kN/m2, the 2nd floor’s ceiling (roof) flooring 4.9 kN/m2, For the 

walls, blend brick was not used in the ground floor ( g = 16 kN/m3 ), and, on the 1st and the 2nd floors, block brick 

was used ( g = 13 t/m3  ). Height of wall was taken as 2.80 m. half of ground floor carrier wall’s weight was directly 

carried to the floor, and the other half was carried to ground floor ceiling flooring. Likewise, half of the carrier 

wall of the 1st floor was carried to ground floor flooring while the other half was carried to the 2nd floor’s flooring. 

Coordinates of weighted center of mass in the ground floor were calculated as xmz=4.099 m and ymz=5.594 m, 

difference between center of rigidity and weighted for center of mass was calculated as xbz=0.697 m and ybz=0.430 

m, coordinates of weighted center of mass for the 1st floor were calculated as xm1=4.105 m

 

and

 

 ym1=5.930 m, 

difference between Rigidity Center and Floor’s Weighted Center of Mass was calculated as xm1=0.703 m

 

and

 

 

ym1=0.406 m, coordinates of the 2nd floor’s weighted center of mass were calculated as xm2=4.138 m and 

ym2=5.797 m, difference between center of rigidity and floor’s weighted center of mass was calculated as 

xm2=0.736 m and ym2=0.273 m. For earthquake load calculation, Equation 3 was used. 

 

𝐹 =
𝑊𝑡∗𝐴0∗𝑆

𝑅
                    (3) 

 

Ao = 0,40 ( the 1st degree earthquake zone), S=2.5 and R=2 values were taken according to 2007 disaster regulation 

[1]. When calculating the wall weights for the ground floor, the first floor and the second floor, weights of wall 

parts below and above cavities were not taken into consideration. Ground’s floor range Wz1249.15 kN, the 1st 

floor’s weight W11182.49 kN, the 2nd floor’s weight W2888.89 kN and total building weights Wt3320.63 kN, 

total equivalent earthquake load  was calculated as Ft= 1660.32 kN. Equivalent earthquake loads affecting the floor 

floorings (Fi) and shear force (Ti)   values were calculated in Table 2. 

 

Table 2. Equivalent earthquake loads affecting the floor floorings (Fi) and cutting force (Ti) values 

Floors 
Wi 

(kN) 

Hi 

(m) 

Wi  x 

Hi 

Fi 

(kN) 

Ti 

(kN) 

2 888.99 9 8000.91 704.98 704.98 

1 1182.49 6 7094.94 625.15 1330.12 

Z 1249.15 3 3747.45 330.20 1660.32 

Total 3320.63  18843.3 1660.32  

 

The most unfavorable cross-section zones would be at the ground floor. Difference between rigidity center and 

weighted floor center of mass was calculated as Xbz=0.697 m > 0.690 m and Ybz=0.430 m < 0.690 m. Outer center 

was taken as 5% of building’s big size. Shear force and twisting moment were distributed over the carrier walls 

pro rata to their relative rigidity. In the event earthquake force creates effects in parallel to axis x, twisting moment 

on the ground floor was calculated as Mbz=1145.62 kNm. Shear stress affecting the walls was given in Table 3.  

 
Table 3.  Shear stress affecting the walls which are parallel to the axis x (τ) 

Wall No Direction 
τ 

(kN/m2) 

1a x 425.44 

1b x 548.69 

1c x 428.16 

2a x 211.38 

3a x 206.05 

4a x 201.54 

6a x 257.25 

7a x 257.59 

8a x 239.57 

8b x 244.38 

 
Pressure tension occurring on the ground floor wall due to vertical load was calculated as 𝜎𝑏 = 498 kN/m2.

 

 Since 

mortar type is a safety share stress was calculated according to TS2510 𝜏𝑒𝑚 = 60 kN/m2

 
or 𝜏𝑒𝑚 ≤ 295 kN/m2 

was compared to the results found [12]. Shear stress on the walls facing equivalent earthquake force is larger than 

safety shear stress (Table 3). 
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3 EXPERIMENTAL STUDY 

Earthquake load which may occur according to criteria of existing earthquake regulations on the plan of a model 

masonry structure was designed, and, based on such load, entire system was reinforced with (from foundation to 

the highest flooring) with shear walls which are produced in the form of pre-cast walls. With this method, it was 

planned to fix outer shear walls to masonry structure to flooring peripheral ties corresponding to carrier wall 

between floors of structure by using bolts, and to peripheral tie of basement and foundation footing with anchorage 

bars. Since it is thought that joints of shear walls which are planned to be produced as pre-cast could be the weak 

points of system, performance of shear wall’s joint with shear wall was identified. Testing apparatus of probable 

weak points (joints) of reinforcement of masonry structure with shear walls was designed and performance of the 

same was determined after conducting tests. Performances of 2 joints were researched in the experimental study 

which was planned. These are;  

 Joint of shear wall and flowing peripheral tie concrete between floors. Shear wall was connected to peripheral 

tie by using 6 connection rods of Ø22 and its resistance against the shear force was measured. 

 At flooring height of shear wall, T profiles made of ST37 steel were welded to one another for connection 

with shear wall that would go upwards at shear wall ending points by means of a sheet bar and its performance 

against the shear resistance was found. 

 

3.1 Material   

In the model, C16 concrete was used for flooring. Peripheral tie height was determined as 200 mm and flooring 

thickness was determined as 100 mm. A reinforcement of 8 was used in the flooring while a reinforcement of 

14 was used in the peripheral ties. Ties of 8 used in the reinforcement ties were placed with an interval of 150 

mm. For shear wall –flooring peripheral tie connection, 6 steel bars of Ø22 with screws on both sides were used 

(Table 4). In the model, C25 concrete and steel plates with the size of 10x100x600 mm were used (Table 5). In 

production of shear walls and flooring, reinforcement mesh complying with TS–4559 which was made of S420 

ribbed bar with characteristics specified in TS-708 was used [13]–[15]. Type of mesh steel is Q188/188, and it 

stands for 6d.6.150d.150.  

 
Table 4. Characteristics of reinforcement used in shear walls and flooring 

REINFORCEMENT TENSILE TEST VALUES 
Nominal 

Diameter 

(mm) 

Diameter 

(mm) 

Mass 

(Kg/m) 

Flowing 

(N/mm2) 

Tensile 

(N/mm2) 

Tensile / 

Flowing 

Rm/Re 

Breaking 

Strain 

% 

Ø8 8.1 0.401 533 766 1.44 20 

Ø14 14 1.203 492 623 1.27 19 

Resistance values of connection bar 

Ø22 22  456.91 702.95 1.54 19.65 

 

Table 5. Characteristics of plate used in the experiment 

Quality 

of Steel 

Tensile 

Strength  

(N/mm2) 

Flowing Resistance 

(MPa) 

Extension 

Thickness (10 mm) εu (%) 

St37 

393 242 28 

425 238 26 

412 249 30 

 

3.2 Shearwall – Flooring Connection Test  

In this experiment, shear wall was fixed to the peripheral tie below flooring with 6 steel bolts of 22, and bolts 

were placed in the cavities opened in the peripheral tie and wall with epoxy mortar, thereby, increasing adherence 

between concrete and bars and bolts which were placed were tightened with air guns. Resistance of shear wall and 

flooring peripheral tie between floors against shear force was determined. Shearwall–flooring peripheral tie 

connection was shown in Figure 2. Experiment element sizes and loading apparatus are detailed out in Figure 3 

while details of shear wall reinforcement are shown in Figure 4. 
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Figure 2. Floor plan of model masonry structure 

 
Figure 3. Testing apparatus of flooring – shearwall joint 

 

 
Figure 4. Shear wall reinforcement details of shear wall-flooring joint 

 

Shear force (Vr) was calculated by means of resistance of shear wall against shear Equation 4. 

 

In the foregoing equations; Vr shows shear wall’s resistance, fctd shows tensile strength of concrete, sh shows 

volume ratio of horizontal body reinforcements at the shear wall, fywd shows horizontal reinforcement’s design 

flowing resistance, and Ach shows width cross-section area of hollowness shear wall. Tensile strength of 

connection bars (F(622)) was calculated by means of carriage power capacity of connection bars Equation 5. 

𝑉𝑟 = 𝐴𝑐ℎ ∗ (0.65 ∗ 𝑓𝑐𝑡𝑑 + 𝜌𝑠ℎ ∗ 𝑓𝑦𝑤𝑑) = 1411.5 𝑘𝑁                   (4) 

 

𝐹(6∅22) = 𝐴𝑠 ∗ 𝑓𝑦𝑑 = 832.068 𝑘𝑁                (5) 

𝐹(6∅22) = 832.068 𝑘𝑁 ≤ 𝑉𝑟 = 1411.5 𝑘𝑁  
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In the foregoing equation, F indicates tensile strength of reinforcement, as shows reinforcement cross-section area, 

and fyd indicates reinforcement flowing resistance. Number of connection bars was determined in case it is less 

than shear force determined by means of Equation 4. As seen in Figure 5, four displacement meters placed in 

horizontal direction and four dial gages, two at front and two at the back, for measuring horizontal translations 

were placed in order to check whether there would be any horizontal translations during repeated loads to be 

applied to shear wall. Also, two-way repeatable load was applied with a lifting jack with a 60 ton capacity which 

was attached to the sound wall. 

 

3.3 Shearwall – Shearwall Connection Test  

 

According to this type of reinforcement method in order for a shear wall which will be added from outside to be 

easily mounted, it was planned to produce shear walls at floor height in the form of pre-cast plate and connect the 

same on site (Figure 6). The second weak point that may come into being in the system was thought to be detail 

of curtain-curtain joint. Model shown in Figure 7 was developed for solution of combination by taking into 

consideration the laboratory conditions. Reinforcement detail of shear wall and details of steel plate used in the 

joints are shown in Figure 7.  

 

 
Figure 5. Shearwall reinforcement details of shear wall-flooring joint 

 

 
Figure 6. Demonstration of shearwall–shearwall joint at structure 
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Figure 7. Detail of shearwall–shearwall joint and steel plates used in shearwall–shearwall joint 

 

Shear force Vr=539.12 kN was calculated by means of resistance of shear wall by shear Equation 4. Carriage 

power capacity of steel plate was calculated as F(plate)=235 kN. Outer shear walls to be applied in this experiment 

are planned to be produced in the form of panels from floor alignment and mounted on structure on site. In the 

experiment model, two shear walls were added to one another with steel plates with a dimension of 10x100x300 

mm; by welding the same to T shaped plates which were placed on the ends of shear walls during production and 

welded to longitudinal reinforcements At this stage, model shown in Figure 8 was developed in order to solve 

curtain-curtain joint.  

 

As seen in Figure 9, one dial gage for center of flooring connecting the shear walls to one another two dial gages 

for upper part of shear walls, two dial gages for upper and lower parts of shear wall joints, 2 dial gages at the 

lowest section of shear wall and two dial gages for center of the upper shear wall were used. Also, two-way 

repeatable load was applied with a lifting jack with a 60 ton capacity which is attached to the sound wall. 

 

 
Figure 8. Demonstration of plates used in combination 

 

Steel Plate 

Steel Plate with T Cross-Section 

 

Çelik Plaka
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Figure 9. Testing apparatus 

 

4 FINDINGS AND DISCUSSION 

4.1 Testing Results of Curtain – Flooring Joint  

Load and displacement measurements taken during testing were given in Figure 10. When loading reached 150 

kN, a displacement of 0.5 mm was read, and loading reached 170 kN, a displacement of 0.84 mm was read; when 

loading has reached 300 kN, displacement reached around 4 mm, a crack came into being along the joint of 

peripheral tie flooring Figure 11, load decreased in testing element and experiment was terminated. View from 

cracks taking place at 300 kN and joint of post-experiment peripheral tie concrete is given in Figure 11. 

 

 
Figure 10. Load-displacement plot shear wall-storey joint 

 

 
Figure 11. Cracks occurring at 300 kN and joint view of post-experiment peripheral tie concrete 

 

4.2 Testing Results Of Shearwall–Shearwall Combination  
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Load and displacement measurements taken during testing were given in Figure 12. During Curtain-Curtain Joint 

Testing; loading up to 80 kN was applied with an increase by 20 kN and no damage was seen in the shear wall, 

when an impulse of 100 kN was applied, together with a translation of around 2.85 mm, two thin cracks were 

observed below left side shear wall and upper section of the right side shear wall. When a tension of 100 kN was 

applied, together with a translation of 2.80 mm, hair cracks were observed in the inner sides of shear walls, when 

a tension of 250 kN was applied, translation has increased to 8.20 mm and length of bending cracks was increased. 

Loading was continued in the direction of tension, when load has reached 255 kN, translation has become 12.99 

mm and longitudinal reinforcements used in the shear wall have reached flowing status. System has not taken load 

above 255 kN, on the contrary, translation has further increased, when displacement has reached 14.70 mm, load 

has decreased to 245 kN (Figure 13).  

 

 
Figure 12. Load-displacement graphics of curtain – flooring joint 

 

 
Figure 13. Cracks occurring under a load of 255 kN and Reinforcement plan of shear wall 

 

4.3 Reinforcement of Model Masonry Structure  

 

According to the results gained from the experiments conducted, it was assumed that earthquake load on building 

would be entirely carried to shear walls owing to addition of shear walls to model masonry structure from outside. 

Total equivalent earthquake load was calculated as Ft=1106.88 kN. Total weight of building had been calculated 

as Wt=3320.63 kN before. It was taken as Ao= 0.40 (the 1st degree earthquake zone), S=2.5, R=3 according to 

DBYBHY-2007. Earthquake force calculated according to equivalent earthquake load method in the direction of 

x-x was found as F=1106.8 kN. Reinforcement plan of shear wall which was designed was given in Figure 13, 3D 

view of the building to which shear wall was applied is available in Figure 14 and layout plan of shear wall was 

given in the Figure 15. Shear resistance of the shear wall which was designed was calculated as Vr=1329.2 kN. 

 

 

6/15cm Mesh Reinforcement

610Opennig Reinforcement
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Figure 14. 3D view of the building on which shear wall was applied 

 

 
Figure 15. Floor plan of masonry structure on which shear wall was applied from outside 

 

5 CONCLUSIONS   
 

In this study, element behaviors of experiment samples, results gained from experiments and damages taking place 

as a result of loading were presented in a detailed. A masonry structure building of which earthquake analysis was 

conducted was reinforced according to results gained from experiments. At the shear wall joint which was 

modeled; when load reaches 297 kN, sample no longer took load and hair cracks that previously occurred 

expanded. Maximum displacement which took place even at the load of 297 kN so applied was 3.94 mm. 

Combination method was successful in the experiments conducted, and no peel, flowing took place on the bolts 

and no crushing took place on the shear wall concrete. At the curtain-curtain combination experiment which was 

modeled, during the combination experiment conducted for shear wall which was produced as pre-cast and is 

planned to be mounted on-site; when loading was 255 kN in the direction of impulse, translation became 12.99 

mm, and vertical reinforcements used in the shear wall reaches flowing status. System has not taken load above 

255 kN, on the contrary, translation has further increased, when it has reached 14.70 mm, load has decreased to 

245 kN. Since load was applied to 2 curtains at joint test, both curtains carried a load of 127.5 Kn. As a result of 

curtain-flooring experiment, a maximum force of 297 kN was reached, and, as a result of curtain-curtain 

combination test, a maximum force of 255 kN was reached.  Earthquake calculation of a model masonry structure 

was conducted, accordingly, earthquake load incoming to model masonry structure structure that was examined 

was found as 1106.88 kN in one direction. Carrying power of shear wall that was designed was calculated as 

1329.2 kN. As a result of experimental study, the highest resistance of shear wall’s flooring joint and the highest 

resistance of curtain-curtain joint was found as F=297 kN and F= 255 kN, respectively. According to result, placing 

of two shear walls with a cross-section of 20x200 cm in both directions over the plan was deemed appropriate.  
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Abstract 

The mixture created by mixing with cement, water, and aggregate is called 

concrete. The use of different aggregate and the effect of fiber, used in concrete, 

have been investigated for many years. The most obvious method used to remove 

cracks that are caused by the hydration of concrete is using fibers. The disposal of 

micron-sized solid wastes, resulting from mining processes, is becoming more and 

more difficult. With developing mining methods, many mining enterprises around 

the globe mostly prefer cement paste backfill (CPB) method in waste storage. CPB 

is a paste-filling mixture of mining operation created fromwaste with a certain solid 

proportion of binder and water (plantation, lake or network water). 

In this study, solid wastes resulted by mining operations were used instead of 

aggregate that is used in concrete. Beam samples were poured in 40x40x160 mm 

sizes by adding polypropylene fiber to the mixture formed by the use of these solid 

wastes and the effects of ultrasonic speed, flexural and compressive strength were 

investigated.   

 

1 INTRODUCTION  
 

Many fiber-like structures have been used from very old periods to this day to increase the resistance of the 

concrete to press and bending. The efforts of the first people to strengthen bricks and mortar by using straws, 

goat hair and human hair show that attempts to improve the nature of building materials go back in time. In fact, 

straw-reinforced bristle mortar (mud-brick), the inspiration source for fiber-reinforced concrete, has been used as 

a building material since 4500 years ago. The use of building materials with continuously reinforces is as only 

old as reinforced concrete [1,2]. We know the fact that during the construction of the Roman Colloquium, tail 

and mane hair of various animals were added to the clay mixtures which can be named as the plaster of the age. 

In Turkish Architecture, Horasan mortar used by Mimar Sinan in his structures contained natural fibers such as 

straw [3]. 

 

The main reason for the use of fibers and similar structures in cemented buildings is an attempt to remove the 

cracks formed in the tone. These cracks mean that the resistance to withstand the internal tension during the 

setting of concrete is inadequate. Concrete, a mixture of simple cement, aggregate and water have not changed 

until World War II. For a long period, cracks seen in concrete were not taken seriously considering that they are 

a result of the nature of the product. [4,5,6]. 

 

In the early 1960s, the Union of American Armed Forces engineers launched a research program aimed at 

deflection and contraction cracks. The conventional methods used to reduce non-structural deflection and 

contraction cracks in concrete involve the coating of the surface using a liquid curing material or a covering, 

however, these measures induce the cracks to be capillary and did not prevent the expansion of cracks when the 

concrete is put under stress. At the end of the research program, it was concluded that “plastic contraction cracks 

are caused by dynamic internal tension that the concrete is exposed to until reaching the designed resistance 

value". Another result obtained was that "fibers included in the concrete increase the resistance of ballistic, 

energy muffle and impact" (Erbas M. 1999). 

 

As a result of the studies, it was proven that the main role of fibers placed in cement systems is to decrease the 

speed of progression of cracks formed in the concrete in the matrix. Therefore, the maximum crack deformation 

of the material presents a significant increase when compared to any fiber-free concrete. After reaching the 

maximum load, the rate of decrease speed as a result of increased deformation in fiber reinforced concrete is 
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much slower than normal concrete. Thus, due to the separation and elongation of fibers from the matrix, the 

absorbed energy is rather high in fiber reinforced concrete (Hoff, 1984). 

A certain increase in uniaxial compressive strength is also seen. It is known that a significant increase in ductility 

and toughness is provided in fiber reinforced concrete when compared to fiber-free concrete. In fiber reinforced 

concrete, among the parameters that are included in the concrete compound, the factors that significantly affect 

the concrete properties are the slenderness ratio and fiber amount. 

 

2 MATERIALS AND METHOD 
 

2.1 Material 

 

In the study, copper mineral waste, fiber, cement, and Gumushane city network water were used in the 

production of paste filling. 

 

2.1.1 Cement 

 

Cem I 42.5 R Type cement was used in the concrete produced. Cement is obtained from the Askale Cement 

Factory located in Gumushane. Table 1 shows the chemical analysis results of cement. 

 

Table 1. Chemical, physical and mechanical properties of cement 

Chemical Properties Physical Properties 

SiO₂ 18,59 Fineness modulus (oversize of 45 μ, %) 8,58 

Al₂O₃ 4,69 Specific gravity ( g/cm³) 3,08 

Fe₂O₃ 3,04 Specific surface area (cm²/gr) 4145 

CaO 60,34 İnitial setting (hour-sc) 2saa-33dk 

MgO 1,92 Final set (hour-sc) 3saa-18dk 

SO₃ 2,89 Volume expansion (mm) 0,7 

Loss of ignition 7,19 Water requirement % 29,9 

Na₂O 0,11 

  K₂O 0,64 

  CI 0,0189 Mechanical properties ( N/mm²) 

   2.Day 23,9 

  28.Day 51,1 

 

2.1.2 Fibers 

 

Polypropylene fiber (PP) was used in this study. Fiber properties are shown in Table 2. In this study, two ratios 

were determined as 4 and 6 kg/m3. Although fiber volumes are kept the same in concrete types, they differ in 

quantity due to their size, diameter or thickness factors.  

 

Table 2. Fiber properties 

Fiber properties PP 

Fiber rate (kg/m3) 4-6 

Fiber length (mm) 50 

Fiber width (mm) 0.5 

Fiber thickness (mm) 0.25 

Specific gravity (g/cm3) 0.91 

Flexural strength (MPa) 600-750 

Elastic module (MPa) 3800 

Burning point (oC) 537 

Melting temperature (oC) 180 

Water absorption for ASTM D 570 (%) 0.01 

 

The fibers used in the study are given in Figure 1. 
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Figure 1. Fibers used in the study 

 

2.1.3 Copper Mine Waste  

 

Waste material is taken from a distance of 75m from the waste dump point in Gumustas operation. In order to 

avoid contamination by any contaminant and to avoid oxidation by contacting air, the waste material was filled 

inside100 kg barrels and brought to the Paste Filling Laboratory (Figure 2). 

 

 
Figure 2. Taking the waste material used in the experiments from the waste dam and filling it into barrels 

 

2.2 Method  

 

Beam samples were prepared in 4x4x16 cm sizes in order to determine the flexural strength and toughness 

values. Samples remaining after the flexural strength test were cut in 4x4x8 cm sizes and subjected to 

compressive strength test. 

 

2.2.1 Pouring concrete samples 

 

2.2.1.1 Preparation of the concrete mixture 

 

Plant waste, mixture water, and binding materials used in this study were homogenized by using a 20,8-liter 

capacity mixer (Univex SRMF20 Stand Model). The mixing process was carried out for 7 minutes at a speed of 

105 rpm (Figure 3).  
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Figure 3. a) Preparation of the concrete mixture, b) materials used in the mixture 

 

The mixing ratios and casting codes used in preparing the samples are given in Table 3. 

 

Table 3. Mixture calculation for 1m3 fiber concrete 

Sample code 4LA 6LA 

Fibre content (kg/m3)  4 6 

Waste (g) 1350 1350 

Cement (g) 500 500 

Water (g) 250 250 

W/C 0,5 0,5 

 

2.2.1.2 Preparation of sample moulds and the indication of slump 

 

The prepared filling material has been poured into 4x4x16 CM sample moulds in 3 levels to be applied to the 

clamping/placement process at each level. 2 samples were prepared for each curing period. In addition to the 

water contained in the waste, tap water was used in the preparation of the paste filling samples in 15 cm 

slumping. After the samples were prepared, they were kept at the drainage table for 24 hours on average, in order 

to have more water in their bodies to be drained. At the end of this period, the samples were subjected to curing 

in the curing pool for 3-7-28 days in a way to avoid contact with air (Figure 4). 

 

 
Figure 4. a) Preparation of molds, b) slump measurement 
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2.2.2 Conducted Experiments 

 

2.2.2.1 Flexural strength  

 

The bending pressure test was carried out according to TS-en 12390-5 on 4x4x16 CM beam sample (Figure 5). 

 

Bending compressive strength tests were applied to 3,7, 28-day samples. Bending pressure Press is adjusted 

according to TS-314 and is automatically broken by breaking loads and pressure tension (bending compressive 

strength) were determined. 

 

Calculation of flexural strength: 

 

                (1) 

 

fcf = Flexural strength, MPa, (N/mm2) 

F = Peak Load, (N), 

d1, d2 = Cross-sectional dimensions of the sample, (mm), 

l = Clearance between support rollers, ( mm),  

 

 
Figure 5. Test specimens and flexural strength test 

 

2.2.2.2 Compressive Strength 

 

Compressive strength, wet-drying cycles at the end of the concrete samples remain intact according to TS EN 

12390-3'e specified principles. 

 

Calculation of concrete compressive strength: 

 

                  (2) 

 

fc = Compressive strength, MPa (N/mm2), 

F= Maximum load at break, N, 

Ac = Cross-sectional area of sample where pressure is applied, (mm2)  

 

2.2.2.3 Determination of ultrasonic sound velocity 

 

4x4x16 cm long samples were tested for ultrasound transmission speed (fig. 6). During the experiment, the 

transition time was determined, and this time was divided into the length of the transition path and the ultrasound 

transition rate was calculated. 
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Figure 6. UPV 

 

3 RESULTS AND DISCUSSION 

 

3.1 Flexural strength  

 

Bending pressure test was carried out according to TS-EN 12390-5 standards in 4x4x16 cm beam samples. The 

results of the experiments showed that the amount of fiber directly affects the bending strength, the amount of 

fiber and the curing time and the bending strength were directly proportional (Figure 7).  

 

 
Figure 7. Flexural strength graph 

 

4LA coded beam samples used as 4 kg fiber and aggregate in 1m3 concrete gave 7.24 MPa strength at the end of 

3 days. 7.30 MPA strength at the end of 7 days 7.30 MPA strength at the end of 28 days increased 0.13% and 

gave 7.31 MPA strength. In addition, the beams poured using 6 kg of fiber used in 1m3 concrete have a high 

flexural strength of 4kg according to the fiber content during all curing periods. At the end of 7 days, the 

tendency to decline by 1.8% increased to 4.7% at the end of 28 days. 

 

3.2 Compressive strength 

 

As a result of the compressive strength test conducted in accordance with TS EN 12390-3 standards, the amount 

of fiber has been determined to have a negative effect on the compressive strength (Figure 8). 
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Figure 8. Compressive strength graph 

 

4LA coded beam samples used as 4 kg fiber and aggregate in 1m3 concrete gave 7.24 MPa strength at the end of 

3 days. 7.30 MPA strength at the end of 7 days 7.30 MPA strength at the end of 28 days increased 0.13% and 

gave 7.31 MPA strength.  

 

3.3 Determination of ultrasonic sound velocity 

 

In the ultrasound pass rate test performed on 4x4x16 cm beam samples, it was determined that the amount of 

fiber increases the gap ratio (Figure 9). It was determined that polypropylene fibers affect the sound transmission 

and the sound transmission speed decreases as the number of fiber increases.  

 

 
Figure 9. Fiber distribution and porosity structure in beam samples 

 

 
Figure 10. UPV 

 

As shown in Figure 10, the 3-day UPV value was 2963 M/s, the 7-day UPV value was 3292.5 m/S, and the 28-

day UPV value was 3365 m/s.in the 4-day UPV samples, the 3-day UPV value was 2963 M / s, the 7-day UPV 

value was 3292.5 m / S, and the 28-day UPV value was 3365 When fiber content increased, the ultrasonic 

velocity was measured as 3-day UPV value 2917.5 m/sec, 7-day UPV value 3084 m/sec, 28-day UPV value 

316.9 m/sec. 
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4 CONCLUSIONS 

 

This study was carried out in order to eliminate cracks caused by hydration of concrete and to determine an 

alternative use area of solid waste material after production in mines. In this study, 40x40x160 mm beam 

samples were poured using cement, water, 4-6 kg/m3 and aggregate instead of mineral solid wastes and water 

absorption, bending and compression resistance tests were performed on these samples. As a result of the study, 

the following findings were obtained: 

 

 Mineral waste can be used in concrete and in interaction with fiber structure, 

 The number of polypropylene fibers used increases the rate of water absorption, 

 The amount of fiber is proportional to tensile strength., 

 Compressive strength increases as the amount of fibers increase, 

Has been identified. 
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Abstract 

To date, biomechanical experimental methods have been faced with some major 

challenges such as defining anisotropic or orthotropic behavior and or representing 

the heterogenity of the tissues. It is not possible to define these mechanical properties 

by using conventional methods like tensile loading test. We can obtain the 

mechanical properties of the specimen in one direction using this test. However, the 

experiment can not be used for other directions to get more material constants, 

because the specimen will have been fractured after the previous experiment. 

Magnetic Resonance Elastography (MRE) is a commonly used elasticity imaging 

technique that gives opportunity to overcome these challenges. On the other hand, 

this technique allows radiologist to better understand the structure of the tissue. This 

paper discusses the recent studies on MRE and its in-vivo applications. 

1 INTRODUCTION  
 

Over the years, researchers have developed alternative ways to image the mechanical properties of tissue. Almost 

all of the elasticity imaging methods consists of three main steps of first exciting the tissue by mechanical means, 

second measuring the tissue response as the results of this excitation and third calculating mechanical properties 

of the tissue from its measured response. Below Figure 1 outlines the different approaches based on the above 

mentioned three main steps of elasticity imaging. In this study, this stepwise separation was used as a template for 

this review article. 

 

 
Figure 1. Various Approaches to Elasticity Imaging[1] 

 

One can refer to detailed discussions of each different method in the literature such as [2-4]. This article is going 

to cover the three main steps of the process and will leave the certain details of method to readers for further study. 

 

1.1 Excitation Application 

 

Application of mechanical excitation can be classified with two different ways. Mechanical stress applied to tissue 

of interest can be produced via internal sources such as pulmonary system or heart beats [5-7] or via external 
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sources such as manual palpation and mechanical vibrations [8-10]. An alternative classification of the mechanical 

excitation can be based on time dependent characteristics as being static or dynamic nature. Static compressions 

and manual palpations are widely used for elasticity assessment as a first step diagnostics. Elastography [11] also 

depends on imaging of tissue elasticity under static compression conditions. Strain-encoding imaging [12] and 

stimulated-echo elasticity imaging [13, 14] are two other static excitation applications for elasticity imaging. 

Dynamic excitation techniques involve forced vibrations often in the range for 50 to 500 Hz, where the vibration 

wave propagation in the tissue is imaged. Vibration sonoelastography [15, 16] and magnetic resonance 

elastography [17, 18] are some dynamic excitation elasticity imaging applications. 

 

1.2 Tissue Response Measurement 

 

Measuring the response of the tissue under mechanical excitation is the most important step among 3 steps of 

elasticity imaging. Currently there are 4 different takes on such response measurement: (1) mechanical, (2) optical, 

(3) ultrasonography and (4) magnetic resonance imaging.  

 

Mechanical measurements are performed through use of mechanical sensors like pressure sensors and 

accelerometers [19, 20]. Optical measurements techniques include use of visible light for mechanical wave 

propagation measurement in order to determine tissue elasticity and viscosity [21]. Improved optical imaging 

techniques include optical coherence tomography (OCT) elastography and tissue Doppler optical coherence 

elastography (tDOCE) [22-24]. 

 

 “Elastography” technique was first introduced by Ophir [11] where tissue strain as a results of static external 

compression is measured with ultrasound (ie ultrasonography). Ultrasonography has been heavily used for 

elasticity imaging, where cross-correlation methods and Doppler imaging methods is used for measurements                  

[15, 25, 26]. An alternative method is called Transient Elastography (TE) [27]. In this technique, a single shear 

wave pulse is sent into tissue by means of a special transducer. Propagation of the single wave is then measured 

by ultrasound and collected information is used to calculate the elasticity modulus of the tissue. Ultrasound 

measurement is considered a fast, inexpensive and popular technique however it has some limitations. Ultrasound 

waves in tissue can only penetrate to a limited depth and a proper acoustic window is required for accurate 

measurements. 

 

Magnetic resonance elastography (MRE) was developed by Muthupillai et. al. [17], where the method involves 

harmonic vibrations induced externally on tissue in acoustic range frequencies and propagation of these vibrations 

are measured via magnetic resonance imaging; finalized with calculation of tissue mechanical properties from 

these measurements. 

 

1.3 Estimating the Mechanical Parameters  

 

Last step in elasticity imaging is the calculation of tissue mechanical properties by processing measured data. The 

calculations usually depends on simplified material model assumption of the imaged tissue, where it is considered 

linear elastic and isotropic. Elastic properties of the tissue is expressed as either Young’s modulus (E) or shear 

modulus (μ). For most soft tissues, Poisson’s ratio is given as 0.5 and through linear elastic, isotropic assumptions 

it can be shown that E = 3μ ie calculation of either one provides the same elasticity information. 

 

𝐺 =
𝐸

(1 + 𝜗)
 

 

Elasticity imaging techniques can also be classified in terms of the nature of the tissue elastic properties obtained 

being qualitative or quantitative. In many applications, collection of qualitative variation between normal and 

pathologic tissues can be practical. Most of the techniques that apply quasi-static excitations depend on calculation 

of tissue displacement or strain as a qualitative indicator of underlying mechanical properties [7, 12, 28]. For 

quantitative calculations of shear modulus or Young’s modulus, accurate measurement of tissue stress and strains 

are required. This is a challenging task for static/quasistatic excitations as geometry and boundary conditions are 

complicated and forces applied are unknown. In this aspect, dynamic wave propagation techniques offer favorable 

results through solution of appropriate wave equations [17, 29]. 

 

The clinical applications of MRE method are common for diagnosing the pathologies such as tumors, lesions etc. 

This method is also used to understand the mechanical behavior of the tissues, muscles in particular. This article 

is going to cover these three main steps of the process and will leave the certain details of each method to readers 

for further study. 
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2 MATERIAL AND METHOD 
 

MRE is an elasticity imaging method which employs mechanical waves for excitation and magnetic resonance 

imaging to quantitatively calculate shear modulus of tissues [17]. Technique can be used by developing the 

conventional MRI devices and used for non-invasive assessment of hepatic fibrosis where stiffness of liver tissue 

increases [30, 31]. 

 

As in general elasticity imaging, MRE can be described in three basic steps: 

I. Excitation: Shear waves are applied externally (range 50 Hz to 500 Hz) 

II. Measurement: Waves are imaged within soft tissue using special MRI technique 

III. Calculation: Collected data is processed to create digital images visualizing stiffness of tissue 

 

2.1 Excitation of Tissue 

 

MRE typically uses dynamic excitation of external forced vibrations. However a quasi-static approach was also 

proposed by Fowlkes et. al. [3], where internal tissue strain is measured using the saturation tagging method. The 

spatial resolution of the images produced by the technique is questionable. The quasi-static MRE technique is 

improved by utilizing phase-contrast imaging sequence to estimate the three-dimensional strain experienced when 

the tissue under examination is deformed [32].  

 

Both dynamic MRE proposed by Muthupillai et. al. [17] and steady-state harmonic MRE proposed by [33, 34] 

uses vibrations of a single frequency in audible range. The generated excitation signal is synchronized to MR pulse 

sequence and amplified before transferred into mechanical driver.  

 

Different mechanical drive systems using Lorentz, piezo and ultrasound radiation based forces are proposed over 

the years with several advantages. Further details on such systems can be further studied in literature [8, 17, 35-

40] 

 

An important aspect of the technique is the choice of materials used for the excitation system where MR 

compatibility is required. The passive component of the drive system in contact with the tissue can be adapted to 

suit any organ of interest. And the amplitude of the vibrations induced within the tissue can be maintained within 

the vibration safety limits [41]. 

 

2.2 Measurement of Tissue Response 

 

Due to comparably higher usage of dynamic MRE with respect to static versions, measurement of the results of 

the mechanical excitations in tissue can be limited practically imaging of the propagating waves in tissue. Tissue 

motion under mechanical driver in MRE is performed via an MR imaging technique which is called phase-contrast 

MRI [42]. The method of dynamic phase-contrast MRE depends on encoding propagating shear waves in tissue 

into the phase of the MR images by means of motion-encoding gradient (MEG) pairs. A MEG oscillating at the 

same frequency as the motion is applied after harmonic vibration is induced on the tissue and a conventional MR 

imaging is performed. Mariappan et. al.’s review article shows the directly proportional relationship between the 

phase of harmonically vibrating tissue to its displacement [1]. Motion-encoding can be performed with high 

sensitivity and motion on the order of 0.1 microns can be detected [43]. 

 

MR Images collected with data about the propagating wave in its phase is called wave images. In practice, two 

such images are taken with opposite polarity of the MEG and the phase-difference image is calculated to filter out 

non-motion related phase information from the image. Filtering only the resultant motion due to induced vibration 

is critical in terms of obtaining accurate elasticity imaging. Phase offset images are collected to remove phase 

information that are in other frequencies. Wave reflections and interference is another problem in MRE which is 

tried to be solved by McCracken et al. [44] via use of transient wave application. 

 

2.3 Estimating the Mechanical Parameters  

 

Tissue mechanical properties can be calculated using mathematical inversion algorithms which are based on 

equations of motion. Simplified assumptions of linear elasticity, isotropy, homogeneity and incompressibility is 

employed to allow such calculations. The constitutive equation of motion is expressed with 21 independent 

complex quantities for a homogeneous, anisotropic, viscoelastic material [45]. Making isotropy assumption 

decreases the number of independent variables to two which are called the Lame constants. These Lame constants 

λ and μ that predominantly control the longitudinal and shear strains, respectively. And the effect of λ can be 
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neglected in cases if the excitation is primarily shear or can be eliminated by filtering out longitudinal waves via 

bandpass or curl filtering [46]. The shear modulus at a particular frequency can be computed directly from local 

estimations of the wavelength using relation: 

 

μ=ρV_s^2 

 

where ρ is density of the material and Vs is the wave speed of the shear wave. Initial MRE analysis concentrated 

on manual measurement of wavelength of the shear wave. Even though this method is preferred for its simplicity, 

accurate measurement of wavelength in complex organs can be difficult. In order to overcome such limitation, 

Muthupillai et. al. calculated the shear modulus by applying the local frequency estimation (LFE) and phase 

gradient (PG) techniques [47] to MRE data. 

 

With advancement of the MRE field, two separate research groups [33] and [34] proposed a new methodology 

what is called the steady-state harmonic MRE. This alternative approach to MRE employed the phase-contrast 

imaging method as Muthupillai et. al. [17]; where the main difference between the two approaches is in 

reconstruction of the shear modulus. Sinkus et. al.’s [33] technique is based on the direct inversion scheme in 

which elastic properties (Young’s modulus and Poisson’s ratio) were calculated using partial differential equations. 

This technique is tempting due to it being linear, efficient and can be localized under homogenic assumptions. 

However, the method is very sensitive to measurement noise, ie noise amplification during differentiation of data. 

Weaver et. al. [48] offered computation of shear modulus from time harmonic tissue displacements using an 

iterative inversion technique which does not require data differentiation, thus no amplification of measurement 

noise. The disadvantage of this method is the computational time required to solve three-dimensional finite element 

problem with high resolution mesh. Studies by Van Houten et. al. [49] and Doyley et. al. [50] tackled the 

computational overhead problem via the overlapping subzone inversion technique using parallel computing. 

 

MRE calculated images showing the mechanical properties of tissue is referred to as elastograms and often 

presented at a single frequency of operation. Depending on the technique of data processing, elastograms can 

theoretically have half the resolution of the native MR images which can range from 50 µm to 10 mm. In practice, 

this resolution is more like 20% to 35% of the MRI resolution. 

 

3 RESULTS 
 

This section includes MRE applications to in-vivo tissues. The investigated tissues are brain, breast, liver and 

muscle, respectively. 

 

3.1 Brain Applications  

 

Diagnostic potential of brain tissue stiffness is a promising application of elastography as it may reveal important 

information about brain diseases like Alzheimer’s disease, hydrocephalus, brain cancer and multiple sclerosis. 

Green et al.,[51]; Kruse et al.,[9]; Xu et al., [10] performed studies of MR Elastography to assess mechanical 

properties of brain tissue in literature. MRE provides advantage in estimation of brain’s mechanical properties 

over ultrasound based approaches because of its non-invasive nature. Below Figure 2 shows an example of brain 

MRE from a healthy individual.  

 

 
Figure 2. Brain MRE (a) MR magnitude image (b) Single wave image from MRE at 60Hz (c) Corresponding elastogram [1] 

3.2 Breast Applications 

 

Breast cancer is a current concern mostly amongst women population, where application of MRE has generated 

great interest. It is known that breast tumors are typically stiffer than benign lesions and healthy breast tissue [52]. 

Manual palpation is practiced routinely for screening breast cancer and helps in detecting hard tissue within the 
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breast [53]. One advantage of MRE over manual palpation is the resolution it provides for early detection. Contrast-

enhanced MR imaging (CE-MRI) has been used in number relatively recently with proven high sensitivity for the 

detection of tumor nodules. The technique has disadvantage of giving false positives and unnecessary biopsies 

[54]. MRE is studied as an integral method to CE-MRI to supply extra information about the questionable regions. 

Combined methodology has shown promise to elevate diagnostic success [55]. 

 

 
Figure 3. (a) Axial MR image of breast (b) Single wave image from MRE at 100 Hz (c) Corresponding 

elastogram (d) Overlay of MR magnitude image and elastogram[1] 

 

Above Figure 3 shows an MRE exam of a patient with 5-cm lesion. MR magnitude image shows the lesion (a). 

Wave image of the breast in (b) clearly shows the longer wavelength around the lesion region which is an indication 

of increased stiffness. Elastogram of the image shown in (c) clearly shows relatively high stiffness tumor tissue in 

the breast which correlates well with the location of the MR magnitude image. 

 

Below Figure 4 provides another example MRE exam combined with magnetic resonance mammography (MRM) 

with patient in prone position. This technique provides information not only on the stiffness of the lesion but also 

about its viscosity through complex shear modulus.  

 

 
Figure 4. (a) Experimental setup combining MRM and MRE (b)  T1-weighted gradient echo image of the breast 

(c) Snap-shot of propagating shear waves in steady state within the breast. Real-part (d) and imaginary-part (e) 

of the complex shear modulus after post-proc [61] 

 

3.3 Liver Applications 

 

MRE has been studied for hepatic disease diagnostics by many researchers [63] [64] and currently employed in 

clinical practice for fibrosis and cirrhosis assessment [56-61]. It has been shown by Venkatesh et al., [30] that 

stiffness of the diseased liver is considerably higher than the healthy liver tissue stiffness. This makes MRE a 

perfect tool for liver disease diagnostics. Clinical hepatic MRE applications are performed at 60 Hz frequency 

using pneumatic based pressure transducers. Wave data is collected at 4 phase offsets and collected data is 

processed using direct-inversion to estimate liver stiffness values. 

 

Below Figure 5 provided by Yin et. al., [31] shows the liver stiffness of patients with normal liver and patients 

with different stages of fibrosis. The stiffness of the liver is shown to be directly related to the fibrosis stage and it 

increases exponentially with the progression of the disease. A cutoff stiffness value of 2.93 kPa was proposed to 

differentiate healthy liver from fibrotic ones. Such quantitative assessment capability is not present with alternative 

imaging techniques such as CT, ultrasound and MRI until the disease advances to irreversible cirrhosis [62, 63]. 
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Figure 5. Liver stiffness due to Fibrosis [31] 

 

Two MR Elastography images of the liver from a normal patient and a patient with cirrhosis is shown in below 

Figure 6. The MR magnitudes are provided in the first column of the figure. From these images no meaningful 

data about the presence of disease can be attained. A single wave image from MRE at 60 Hz is provided in the 

second column of the image. In this image a clear distinction in the wave length between healthy and diseased 

liver tissue is observed. The last column shows the elastogram for normal and pathological liver tissue, where 

stiffness values for the diseased tissue is considerably higher at around 12 kPa with respect to normal liver tissue 

at around 2 kPa. 

 

 
Figure 6. MRE of the liver in a normal volunteer and a patient with cirrhosis. (a) MR magnitude (b) Single shear 

wave image at 60 Hz MRE (c) Elastogram of the fibrotic liver showing higher shear stiffness than that of healthy 

liver (12.1 +/- 1.2 kPa vs 1.8 +/- 0. 3 kPa respectively) 

 

Use of MRE to diagnose hepatic tumors is another area where malignant liver tumors can be differentiated by their 

high stiffness value compared to benign tumors. A cutoff value of 5 kPa was proposed to differentiate benign 

malignant tumors from benign tumors and normal liver tissue [30]. 

 

3.4 Muscle Applications 

 

MRE has been used in various studies in literature to better understand how the stiffness changes while contracting 

[64-67]. The physiological response of diseased and damaged muscles can be found out by using skeletal muscle 

MRE [68]. For instance, studies shown that the stiffness of muscles with neuromuscular disease is different than 

normal ones [69].  
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Figure 7. Skeletal muscle MRE (a) A sagittal MR image of the calf soleus muscle with the location of the driver 

indicated by the arrow is shown. 100-Hz MRE wave images of the muscle are shown while exerting 0 (b), 5 (c) 

and 10 N/m (d) of force. The increase in the wavelength (and thus stiffness) with the increase in muscle force is 

easily visible and is indicated by the double sided arrows. [1] 
 

A case of MRE of the calf soleus muscle is shown in Figure7. Green arrow shown in Figure 7a represents where 

the shear waves excited. The images in Figure 7 b-d show wave images obtained using 100-Hz vibrations while 

the muscle was applying forces of 0, 5 and 10 N/m, respectively, in a customized leg press mechanism. It can be 

clearly seen that when the force applied by the muscle increased, the wavelength of the waves increased as shown 

by the double sided arrows. 

 

The direction of primary wave propagation along the muscle fibers is the most important 1D profile that the 

stiffness is usually measured along, because of the anisotropy of the muscle. Using the data shown in Figure 7, 

stiffness values were found for three different states in Figure 7 b, c, d as 16, 36, and 96 kPa., respectively. [1] 

 

Since skeletal muscle is very dynamic, skeletal muscle stiffness should be accurately quantified considering its 

functional range in order to improve the physical functioning of the tissue after pathology. Conventional materials 

testing (MTS) techniques combined with SWE measurements as shown in Figure 8. As seen in the experimental 

set-up, ultrasound transducer aligned to the brachialis longitudinally, in other words parallel to the muscle fibers. 

The orientations of ultrasound transducer with 45 angle and perpendicularly to the muscle fibers compared with 

the first orientation. The orientations except the parallel one, did not let the shear waves to propagate well. On the 

other hand, shear elastic modulus measured using first orientation provides accurate results of muscle tissue 

stiffness changes based on joint angle. That means the orientation of the ultrasound transducer is a key factor in 

order to get reasonable results [70].  

 

 
Figure 8. Experimental Set-up. 
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Ultrasound transducer positioned to the long axis of the brachialis. Bone segments for distal and proximal 

attachment sites are inserted in bone cement and fully restrained to the MTS base and load cell, respectively. The 

distance is measured between arrowheads indicating origin and insertion, with the elbow at 90° and 180°, 

respectively. Axial tensile testing begins as the MTS base is moved away from the load cell, stretching the 

brachialis. [70] 

 

4 CONCLUSION 
 

The resolution of the MRE technique is related to the frequency of the applied waves, ie the resolution increases 

as frequency of the applied waves is increased. However high-frequency shear waves are dissipated faster than 

low-frequency ones. Imaging of relatively stiff structures like bone require higher vibration frequencies with 

respect to soft tissue in MRE and such high frequencies currently cannot be encoded due to current hardware 

limitations. This and the requirement of full three dimensional processing is a current challenge which can be 

another line of research in the development of elastography. 

 

Ultrasound elastography is a promising field and find recent applications in assessment of muscle tissue in the 

literature [71, 72]. Especially ultrasound real-time tissue elastography (RTE) is a promising technique that can be 

used to study in-vivo elasticity changes of muscles [73]. It is observed that there is opportunity to study different 

muscular activity using real-time ultrasound elastography with simpler, lower cost and mobile equipment. 
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Abstract 

Supersonic Shear Imaging (SSI) technique has been a very promising elasticity 

imaging method to assess biomechanical properties of the soft tissues because of its 

mobile size and non-invasive nature. The mechanical properties of different muscles 

or regions of interest can be investigated in different contraction levels in a very short 

period. This provides to know the limits of toe region and physiological range. By 

SSI, measuring the material properties in different regions of same tissue can be done 

easily and non-destructively, thus the heterogeneity of the tissue can be represented. 

On the other hand, it is possible to characterize the anisotropy of the tissue measuring 

the mechanical properties in different directions. This paper discusses the recent 

developments on SSI and its in-vivo applications.  

1 INTRODUCTION  
 

In recent years, elastography has gained a wide popularity in the field of biomedical applications. Among the 

elastography methods, Supersonic Shear Imaging (SSI) has attracted attention from researchers and  radiologists 

due to its superior advantages such as its non-invasive nature, mobile size and accuracy [1]. SSI allow radiologist 

to better understand the structure of the tissue which can be pathologic or non-pathologic. In pathologic cases the 

main aim is first to diagnose the disease and the second try to heal the patient. On the other hand non-pathologic 

tissues also can be investigated in order to understand the normal functioning of the biological tissues. The clinical 

applications of SSI is common for accurately diagnosing the pathologies such as liver fibrosis [2-6], tumors [7-9], 

lesions [10-12] etc. This method is also used to understand the mechanical behavior of the tissues, muscles in 

particular [13-16].  Muscle is a viscoelastic, heterogeneous and anisotropic tissue. Recent studies using this 

technique have argued that shear elastic modulus of muscle can be estimated as a function of the shear wave 

velocity [14, 17]. In order to accurately define the aforementioned mechanical properties of the muscle, SSI has 

been recommended as a valuable and reliable tool in numerous studies [13, 14, 18-20]. The nonlinear elastic 

properties of the soft tissues also can be estimated using this method [21]. 

 

In this study, it is aimed to explain the basic principles of SSI technique and its clinical applications. This technique 

will cover 3 main steps which are “Wave Generation” ,”Tissue Response Measurement” and “Data Precessing”, 

respectively.  

 

2 MATERIAL AND METHOD 
 

Supersonic Shear Imaging (SSI) basicly depends on the acoustic radiation force that remotely generates low-

frequency shear waves in tissues [10]. The aim of SSI is to create quasiplane stronger-amplituded shear waves due 

to move the shear source at a supersonic speed. Quantitative shear modulus mapping of a tissue can be obtained 

in less than 30 ms by using this technique. That means soft tissue viscoelastic properties can be visualized for real-

time even in case of motion [22]. Figure 1 represents the basic principles of supersonic shear imaging [23].  
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Figure 1. Basic principles of Supersonic Shear Imaging [23] 

 

2.1 Wave generation 

 

The main idea of SSI is to create a shear source moving through the region of interest (ROI) at a supersonic speed. 

Figure 2. represents how the shear plane waves propagate into a Mach cone. 

 

 
Figure 2. Generation of the supersonic moving shear source. It results in the propagation of two plane shear 

waves propagating into a Mach cone [10]. 

 

2.2 Tissue Response Measurement 

 

The shearwave propagation speed is directly related to local elasticity of the tissue which can be estimated with 

milimetric resolution. Figure  shows both SWE (left side) and static elastography (SE) based elasticity 

visualizations. In SWE mode, a hard lesion can be seen as red region including the liquid area inside with no 

elasticity value, while on the SE image (right side) the whole lesion is stained in blue even in the fluid region in 

the center [24].  

 

 
Figure 3. Phantom containing a cystic lesion within a harder shell using SWE (left) and static approaches (right) 

[24] 

 

SWE can help the radiologist to better understand tissue or pathologic morphology as shown in the Figure 3 and 

Figure 4. The lesion shown in Figure  has a hypoechoic center and heterogeneous borders on the ultrasound image 

[24].  
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Figure 4. Elasticity image of a millimetric lesion (left) and of a complex lesion (right) [24]. 

 

2.3 Data processing 

 

This process involves analyzing correlation of elasticity distribution among sites. Distribution of elasticity has 

been plotted as a function of pathology. Results show that the technique is operator independent [24]. This 

technique has been used to study the viscoelastic properties of different ROI such as breast lesions [12, 25], 

muscles [13, 14] and liver [7-9]. Data analysis step includes image processing [14] and establishing linear 

regression model, respectively[13]. This step starts with exporting images in DICOM (Digital Imaging and 

Communications in Medicine) format.In the next step, quantitative analysis is done in order to develop shear 

modulus matrix [14]. Figure 5. Shows elastographic color map obtained using the aforementioned approach.     

 
Figure 5. Region of interest (ROI) positioned in the center of the elastographic color map of the polymer fibers 

image [14]. 

 

3 RESULTS 
 

This section includes SSI applications to in-vivo tissues. The investigated tissues are brain, breast, liver and 

muscle, respectively. 

 

3.1 Brain Applications  

 

Supersonic shear imaging of brain seems to be a relatively slow growing field and currently there are published 

animal studies in the literature. Mace et. al. studied SSI technique to map brain elasticity in vivo on animals [26]. 

They have reported a good correlation between the anatomy and elasticity map and gathered dynamic modulus 

values between 1 and 16 kPa (Figure 6) 
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Figure 6. Two selected slices of the 3D reconstruction of the brain elasticity map [26] 

 

Supersonic shear imaging is an alternative to MRE as being more mobile and not needing heavy/expensive MR 

equipment. Technique as explained earlier is based on blend of a radiation force induced on tissue by ultrasonic 

beam and an ultrafast imaging sequence  with real time capture capability of the propagation of the resulting shear 

wave. Tanter et. al. [24] performed clinical investigations on 15 patients, which corresponds to 3 different lesion 

classifications of BI-RADS 3, 4 and 5. Through studied cases, pathological tissues were found to be considerably 

different from benign solid lesions in terms of their elasticity values. Cystic lesions showed no shear wave 

propagation since shear waves cannot propagate in liquids. They have proved clinical feasibility of SSI for breast 

tissues complementing B-mode morphological imaging. 

 

Athanasiou et. al. [11] executed a more extensive study in 46 women with 48 breast lesions. Lesions were measured 

to have mean size of 14.7 mm where 28 of them were benign and 20 being malignant. Using ultrasound and 

quantitatively SSI, Young’s modulus (in kilopascals) lesion elasticity was studied. They were not only able to 

detect all breast lesions using SSI but also showed the relative difference of elasticity values between malignant 

and benign lesions (146.6 kPa vs 45.3 kPa). Also as reported by Tanter et. al. [24], complicated cysts were changed 

from solid lesions since they had elasticity value of 0 kPa.  

 

 
Figure 7. Images from 61 year old patient (a) B-mode US depicting 15-mm lesion (b) SSI depiction of hard 

lesion (E > 200 kPa) [11] 

 

Above Figure 7 shows images from a 61 year old woman who had treated for breast cancer and referred due to 

suspicion of recurrence. Ultrasound images in (a) shows a 15-mm lesion with irregular margins. SSI displays a 

hard lesion of stiffness over 200 kPa which highly suggests recurrence. The 90 kPa region on the left corresponds 

to the scar from previous incidence. Biopsy results confirmed recurrence [11]. 

 

3.2 Liver Applications 

 

Muller et. al. [27] studied supersonic shear imaging for quantitative mapping of liver viscoelasticity. They have 

utilized blend of radiation force induced on the tissue and high frame rate ultrasound imaging sequence with real 

time capture capability of the transient propagation of resulting shear waves like applications in breast. A final 

image is constructed by merging images from three different regions. Procedure is applied on 15 healthy volunteers 

with millimetric resolution. Young’s modulus values ranging from 4 to 7.5 kPa is reported for healthy tissue which 
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is inline with the reported cutoff value of 2.93 kPa shear modulus by Faria et al., [28] and Talwalkar et al.,[29]. 

(Assuming for Poisson’s ratio equal to 0.5, Young’s modulus is 3 times the shear modulus [30]).  

 

 
Figure 8. Typical example of shear elastic modulus measurement with increased ankle dorsiflexion at 30° of 

plantarflexion, neutral position and 25° of dorsiflexion (top to bottom) [31]. 

 

The relationship between the joint angle and the passive resistive torque lets operator to estimate the passive elastic 

properties of a muscle-tendon complex. However, if a structure crosses over the joint, it is not easy to assess these 

mechanical properties. In this study, localized shear modulus of the gastrocnemius medialis muscle (GM) 

measured by using SSI. Figure 8 shows how this method applied in vivo. The normalized shear elastic modulus-

length relationship obtained in this study was compared with the experimentally obtained the normalized force-

length relationship that is available in the literature [31]. The stained region represents the shear elasticity map. 

 

 
Figure 9.  (A) Typical torque–ankle angle curves during passive ankle dorsiflexion at a range of knee angles (0 

fully extended); (B) force–length relationship obtained using the Hoang’s model; (C) shear elastic modulus–

ankle angle curves and (D) shear elastic modulus–muscle length at a range of knee angles. 

 

Results shown in Figure 9 that the muscle stretching level can be accurately estimated by using the muscle shear 

elastic modulus measured using SSI. Moreover, force-length relationship during ankle passive dorsiflexion was 

highly correlated to the shear elastic modulus-length relationship of GM. Muscle passive stiffness and slack length 

can be measured not only conveniently but also reliably by using a single passive stretch [32].  

 

In another study, nine muscles with different biomechanical properties were measured: gastrocnemius medialis 

(GM), tibialis, anterior (TA), vastus lateralis (VL), rectus femoris (RF), triceps brachii (TB), biceps brachii (BB), 

brachioradialis (BR), adductor pollicis obliquus (APO) and abductor digiti minimi (ADM) Figure 10 shows the 
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experimental setup for each muscle. This study was conducted with thirty patients in order to justify the results. 

Muscle shear elasticity modulus measured are changes between 2.99 kPa and 4.50 kPa. Except APO, all results 

have shown very good reliability [33]. 

 

 
Figure 10. Subject and probe positions during measurements for (A) gastrocnemius medialis, (B) tibialis 

anterior, (C) vastus lateralis, (D) rectus femoris, (E) triceps brachii, (F) biceps brachii, (G) brachioradialis, (H) 

adductor pollicis obliquus and (I) abductor digiti minimi. Images and shear elasticity maps are also shown on the 

upper right corner [33]. 

 

Advantages of SSI such as ease of use and the reliability make it a potentially novel technique. In comparison to 

other techniques, two main advantages are to be used rapidly in several individual muscles (nine muscles measured 

in 20 min) and to be reliably used to measure muscles at rest. In addition ROI can easily chosen using SSI no 

matter if it is a deep or a superficial muscle. Some neuromuscular diseases effect muscle structure disturbing the 

muscle mechanical properties. For instance, It is reported in the literature that a significant increase in resting 

muscle stiffness after hyperthyroidy treatment [33].  

 

Increased muscle tension and hyper-activation of the upper trapezius can cause some disorders. In this study, shear 

elastic modulus of the Upper trapezius quantitatively estimated with SSI during arm positioning.28 healty adults 

(15 males, 13 females; mean age=29.6 years) participated in the study. Results show that shear elastic modulus 

increased 55.23% in the position of 30 abduction compared to the resting position [20].  

 

4 CONCLUSION 
 

Elastography imaging has been applied with different techniques on two major platforms: as integrated into 

scanners (ie MR devices) and as stand-alone devices. Although integration of elastography techniques to readily 

available devices sounds plausible, advantage of specialized stand-alone devices is expected to deliver more 

flexible customized solutions at lower cost. Understanding of progressive aspects and mechanisms of transformed 

biomechanics in specific disease states and developing stand-alone solutions can be a promising field of research. 

One of the important research directions is observed as the estimation of more advanced mechanical parameters 

than relative elasticity and Young’s modulus. Viscosity, anisotropy, nonlinearity of stress-strain relationship have 

been recently studied and there is still huge opportunity to study these parameters and their relation to different 

diseases and disease states. Development of accurate estimation methods in this field will be fruitful. The challenge 

here is the requirement of multi-disciplinary approach which should include knowledge of biomechanics, classical 

mechanics, imaging, signal processing, pathology, physiology, acoustics. In this recpect, it is no wonder that 

further interdisciplinary studies on elastography imaging may provide a rapid growing for SSI.  
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Abstract 

The effect of powder morphology changing with mechanical milling time on the 

quality of the silver coating layer onto the copper particles was investigated in this 

study. Firstly, the copper powders have spherical morphology coated with silver by 

electroless plating process. On the other hand, the spherical copper powders were 

milled for 0,5, 2 and 4 hours. With the milling process, the morphology of copper 

powders transformed from spherical to flaky. It was determined that the 

morphology plays a critical role on the coating quality and bonding of silver layers 

on the copper powder surface. In this context, silver coated copper powders have 

flaky morphology had the silver layers with best quality and bonding. Silver 

coating thickness was found as about 5 µm for silver coated copper particles 

unmilled while it was about 2 µm for silver coated copper particles milled for 120 

min. Although the thickness of the coating was determined as 5 µm, the silver layer 

on the milled copper powders was not homogeneous and uncoated silver particles 

were detected among the copper powders. The oxidation resistance of the silver 

coated copper powders milled for 120 min was almost 5 times higher than that of 

coated with silver without milling. 

 

1 INTRODUCTION  
 

For several centuries, copper continues to be the focus of interest in the production of conductive adhesives and 

electronic applications where high electrical conductivity is desired. Gold, which has the highest electrical 

conductivity, and silver, which has the highest conductivity after metal and gold, restricts its use in applications 

where low electrical resistance is required due to its high cost [1-3]. Accordingly, copper metal, which has the 

highest electrical conductivity after silver metal, has been a very good alternative for researchers because of its 

relatively low price. Since the oxide phase of the copper is thermodynamically more stable, the formation of an 

oxide layer on the copper surface even in the ambient atmosphere continues rapidly [4,5].  

 

It has been the subject of research that copper powder can be minimized by oxidation problem even if copper 

powders are coated with very low amounts of silver. With the electroless silver coating method, copper powders 

can be coated with silver easily and with a homogeneous coating layer, the oxidation problem can be solved 

easily [6-8]. 

 

In the literature, there are many studies on the silver coating of copper powders and the investigation of the 

thermal stability of silver coated copper powders [9-11]. In some studies, the silver coated copper powders, low 

temperatures (150 oC) oxidation resistance or thermal properties under the protective atmosphere were 

investigated. In addition, copper powder before silver plating has spherical morphology in these studies [11,12]. 

 

It has been reported in the literature that the different morphologies of the powders before the electroless coating 

process affect the coating quality and homogeneity [13,14]. When it is desired to change the morphology of 

ductile metal powders, such as copper powders, mechanical grinding is a commonly used method [15-17]. 

 

In this context, when the literature is examined, no study has been found on how copper powders with different 

morphologies affect silver coating and powder quality in terms of coating quality and oxidation resistance. 

Therefore, in this study, firstly, copper powders having spherical morphology were subjected to mechanical 

grinding process at different times and then they were silver coated by electroless coating method. The coating 
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layer on silver-coated copper powders with different morphologies and their oxidation resistance were 

investigated in this work. 

 

2 MATERIAL AND METHOD 
 

The main material used in this study, spherical copper powders with the purity of>99.9%, density of 8.96 g/cm3 

and the average particle size of 61 µm was obtained from Alfa Aesar Company, Germany. All chemicals used 

during the coating of copper powders by the electroless silver coating method were of analytical purity and were 

supplied from Merck, Germany.  

 

Silver nitrate was used as silver source for electroless silver coating process while sodium-potassium tartrate was 

used as reducing agent of silver. Ammonia solution was used as pH fixer in the solution for electroless coating. 

Hydrochloric acid was used for cleaning of oxide layer onto the copper powders before electroless coating 

process.  

 

Mechanical milling was performed for 0.5, 2 and 4 hours to change the morphology of the starting copper 

powders with spherical morphology Retsch PM100 planetary ball mill was used for mechanical milling process. 

Ball/powder ratio of and rotation speed of 300 rpm were selected as milling parameters. 

 

Starting copper powders and copper powders with changed morphology by milling were mixed in a 1:2 weighted 

hydrochloric acid: ethanol solution for 5 minutes for deoxidation followed by washing 3 times to remove 

chemical residues. 0.025 M silver nitrate solution was prepared for the electroless silver plating process. 0.5 M 

ammonia solution in distilled water used as pH regulator was added dropwise to the prepared silver nitrate 

solution until pH 11. A 0.05 M sodium-potassium tartrate aqueous solution was prepared in a separate beaker 

followed by deoxidized copper powders. The temperature of the solution in both beakers was increased to 40 oC. 

Then, the solution containing the silver ion was added dropwise to the solution containing the copper powders 

and the coating was continued for 30 minutes. Electroless silver coated starting spherical and milled copper 

powders with different morphologies were washed with ethanol for 3 times followed by dried in a stove at the 

temperature of 70 oC.  

 

Copper powder morphology before and after grinding process and their morphology after silver coating were 

examined under scanning electron microscope (SEM) with Zeiss Evo LS10. Crystal structure analysis of all 

powders used in the study was performed using x-ray diffraction (XRD) with PANalytical- X'Pert3 Pro with Cu 

Ka radiation (1.541874 Å). The XRD patterns of the powders were examined in the 2θ range of 35-85 oC. 

Finally, the oxidation resistance of the powders was investigated using thermogravimetric analysis (TGA) at the 

temperatures up to 800 ° C in air with the heating rate of 10 oC/min-1. 

 

3 RESULTS 
 

Figure 1 shows the morphology of the copper powders as initial and milled for 0.5 h, 1h and 4h. As seen Figure 

1a, initial copper powders have spherical morphology. When the milling was applied for 0.5 h, the morphology 

of the copper powders transformed to irregular morphology with spherical powders remaining without plastic 

deformation and flake-like powders (Figure 1b). With the milling continued up to 2h, powder morphology 

changed into the flake as shown in Fig. 1c, clearly. Since copper has a ductile structure in nature, it became 

pulsed with the milling process applied for 2 h and the copper powders which are hardened as a result of plastic 

deformation by further milling are broken and sub-micron powders were seen in the powder mass as seen in 

Figure 1d. A similar situation for copper powders has been described in the literature [18]. 
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Figure 1. The morphology of the copper powders (a) unmilled, (b) milled for 0.5 h, (c) 2h and (d) 4h 

 

SEM images of the morphology of the silver coated copper particles with different shapes were given in Figure 

5. The initial copper powders were spherical morphology and had very smooth surface before the electroless 

silver coating process. After the coating process, as seen in Figure 2a, the morphology is still almost spherical, 

but the powder surfaces were very rough and had nonuniform silver coating because of very high surface area of 

the spherical copper powders. Besides, due to inability of reducing of silver ions onto the copper particles, silver 

ions remained without combined with copper surface among the copper powders freely. Figure 2b shows the 

morphology of the silver coated copper powders milled for 0.5h. A lot of free silver particles without bonding 

can be seen clearly in this figure. Although any cracked or uncoated region were not seen on the silver layer onto 

the copper powders, coating homogeneity was still improper because at the end of milling for 0.5h, the copper 

powders had semi-spherical morphology and this affect to coating quality unfavorably as shown in Figure 2b. 

The morphology of the silver coated copper powders milled for 2h were exhibited in Figure 2c. Here, silver 

coated copper powders can be seen without any free silver particles or gaps on the silver layers onto the copper 

particles. The silver coating layer was quite smooth and homogenous onto the copper particles. It should be 

noted that flake copper particles were very proper to be reduced silver onto them with electroless silver coating 

method because of the lower surface area of flake powders to be reduced silver ions easily. Figure2 d shows the 

morphology of the silver coated copper powders milled for 4h. At the end of milling process for 4h, the copper 

powders started to be cracked after having flake morphology at the end of milling for 2h. These cracked copper 

powders created an inhomogeneous particle distribution causing nonuniform silver coating onto the copper 

particles. a great variety of copper powder morphology after the milling process for 4h affected the homogeneity 

of the silver layer onto the copper powders because each of copper particle had different shape had different 

surface area that is very important parameter for silver reducing onto the copper powders. 

 

 

 

 

 

 

342



Oxidation resistance of silver coated copper powders with different morphologies ICADET ‘19 

 

 

 

 
Figure 2. The morphology of the silver coated copper powders (a) unmilled, (b) milled for 0.5 h, (c) 2h and (d) 

4h 

 

The weight change in the powders as a result of oxidation and temperature increase is given in Figure 3. It is 

clearly seen that silver coated copper powders that are unmilled and have spherical morphology started to be 

oxidized at the temperature of 250 oC approximately because the weight of them run up because of oxidation. 

When the silver layers onto the copper powders were inhomogeneous like in silver coated copper powders 

unmilled or/and milled for 4h as mentioned before, a massive increase of the weight with the increase of 

temperature were seen clearly in Figure 3. No matter how thick the silver layer is, it is important that silver layer 

can hinder the oxidation only if the silver layer is homogenous onto the copper powders. When examined the 

oxidation behavior of the silver coated copper powders milled for 0.5h, mass change showed a slight increase 

with the rise of the temperature. Because these silver coated copper powders had not much gaps or cracks onto 

the silver layers like in the silver coated copper powders unmilled and milled for 4h. Fully flake morphology of 

copper powders were seen at the end of milling for 2h and these powders with silver layer showed very smooth 

surface and homogenous silver distrubiton onto the copper powders. This situation played very critical role on 

the oxidation behavior of the silver coated copper particles as seen in Figure 3. Silver coated copper particles 

milled for 2h started to be oxidized at the temperature of 550 oC, approximately and percentage mass change was 

only about 1.5% while under same situations, that of unmilled and silver coated copper particles was about 19%. 

 

 
Figure 3. The relative mass change of silver-coated copper powders unmilled and milled for different times with 

temperature increase 
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4 CONCLUSION 
 

Depending on the purpose of this study, copper powders with different morphologies obtained by mechanical 

grinding were coated with electroless silver coating method. The oxidation resistance of the coated powders was 

determined by examining the real mass change of the powder with the temperature increase in the air 

atmosphere.  

 

According to the data obtained, the results are summarized as follows: 

1. The copper powders whose initial morphology was spherical were ground for 0.5, 2 and 4 hours to obtain 

copper powders with semi-flake, flake and irregular morphologies, respectively. 

2. The copper powders with different morphologies were successfully plated under the same conditions by the 

electroless silver coating method. 

3. The copper powder morphology was found to play a critical role on the silver layer obtained by electroless 

silver plating. In particular, a very homogeneous and smooth silver layer was obtained on copper powders 

having flake morphology. 

4. Silver-coated copper powders with spherical morphology started to oxidize at 250 oC, while copper powders 

with flake morphology began to oxidize at about 550 oC. 

5. Similarly, it was determined that the percent real mass increase in silver-coated copper powders with flake 

morphology was found to be approximately one-third of those with spherical morphology after temperature 

increased to 800 oC. 
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Abstract 

The aim of this study is to produce layered metallic powders of silver and nickel 

metals on the flaky copper particles and to produce bulk layered materials by powder 

metallurgy. In this scope, firstly, it was ensured that mechanical powders for 2 hours 

were applied to the copper powders to be used as base material for the coating. Then, 

electroless silver plating was applied on copper powders having a pulse morphology 

followed by the applying the electroless nickel coating on the silver coated copper 

particles. The layered Cu-Ag-Ni layered powders obtained by the electroless coating 

method were bulked by hot pressing and powder metallurgy. physical properties such 

as apparent density and coating quality of bulk powders and electrical conductivity, 

hardness and density properties of bulk samples obtained from these powders were 

investigated. Powder coating properties and microstructure properties of bulk 

samples were investigated using scanning electron microscope (SEM). In addition, 

crystalline structures of materials were investigated using x-ray diffraction. The 

results showed that a homogeneous coating layer can be obtained on the base copper 

powders which are subjected to the process without coating by grinding for 2 hours. 

The hardness values of bulk samples obtained from layered powders increased up to 

approximately 120 HBN and their electrical conductivity values were found around 

73 IACS. 

1 INTRODUCTION  
 

The best electrical conductivity of copper metal after silver has led to the concentration of research on copper in 

applications where conductivity is important. Also, copper; It is easy to process and is relatively cheap compared 

to silver. Bulk samples are produced by powder metallurgy, especially from copper powders preferred in 

conductive adhesives and electrical contact materials. In order to develop the desired properties, copper matrix 

and particulate reinforced composites can also be included in this field of application [1-3].  

 

Low oxidation resistance, one of the major disadvantages of copper metal, has encouraged researchers to work on 

the prevention of this problem. oxidation resistance and electrical conductivity properties of silver metal are known 

to be spectacular. However, it is much more expensive than copper, restricts the use of silver materials. Therefore, 

in order to increase the electrical conductivity values of the materials and improve the oxidation properties of the 

materials with the use of low amounts of silver, the coating of copper powders by the current-free silver coating 

method has been investigated [4-6]. 

 

Considering the electrical contact material, it is known that the materials must have high wear resistance as well 

as their electrical conductivity. In this regard, coatings on contact materials are widely used. On the other hand, 

the use of hard particle-reinforced silver and copper matrix composites is also very popular. Over time, when the 

contact materials are coated with hard metals such as nickel, wear of the coating layer will cause the copper to 

contact with air and cause oxidation. It is known that the use of hard particle reinforced copper matrix composites 

may cause porosity in the internal structure of the hard particles with the same problem. In addition, the addition 

of hard particles significantly reduces the electrical conductivity of the contact materials even if it increases the 

hardness of those materials [7-10]. 

 

In this study, firstly, copper powders will be subjected to mechanical grinding and copper powders will have 

morphology. Because, in our previous study, it was determined that the coating of copper powders with pulse 
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morphology was the most suitable powder morphology [11]. In this study, firstly, copper powders will be subjected 

to mechanical grinding and copper powders will have morphology. Then, copper-silver core-shell powders were 

obtained by the current-free silver coating method. Finally, copper-silver-nickel-layered powders were obtained 

by applying an electroless nickel-plating process on copper-silver powders. By using these powder, bulk materials 

were obtained by powder metallurgy method and their properties were examined. 

 

2 MATERIAL AND METHOD 
 

In this study, copper powders with spherical morphology produced by gas atomization method were used and 

procured from Alfa Aesar company, USA. While the average powder size is 61 microns, the degree of purity is 

above 99.9%. All chemical materials used for the process of electroless coating were supplied from Merck Group, 

all of which are of analytical purity. The used chemicals in this study were silver nitrate as silver source for 

electroless silver coating on the copper powders, sodium-potassium tartrate as reducing agent of silver in the 

coating solution, ammonia for fixing of pH and cleaning of copper powders before coating process. For electroless 

nickel coating process, nickel sulphate as nickel source and sodium hypophosphite as reducing agent were used. 

Before electroless coating process, the copper powders were exposed to plastic deformation resulted with the 

transformation of their morphology to flake with milling process. A planetary milling machine with tungsten 

carbide balls in diameter of 10 mm and chamber in volume of 60 ml was used to change the copper powders’ 

morphology from as received spherical to flake with the milling of 2 hours. As parameters used during the milling, 

300 rpm and 5:1 were selected as rotation speed and ball to powder weight ratio, respectively. The obtained flake 

copper powders at the end of milling for 2 hours were cleaned to remove oxide layer onto the copper powders in 

the solution containing ammonia and pure water with the ratio of 1:2 M. The prepared flake copper powders were 

dried in the stove at the temperature of 70 0C for 2 hours. On the other hand, in a beaker, silver nitrate solution 

was prepared with the molar ratio of 0.1. Until the solution produce silver oxide with Brown color and then again 

transparent meaning of silver ions are ready to be reduced, the ammonia solution with the molar ratio of 0.5 M 

were added dropwise into the silver nitrate solution. In another beaker 0.1 M sodium-potassium tartrate solution 

with pure water were prepared and the prepared flake copper powder were added in this solution containing 

reducing agent of tartrate. Silver nitrate solution including silver ions to be ready to be reduced were dropwise 

added into the solution containing copper powders and reducing agent. When the adding of silver solution was 

completed, the electroless copper coating process were carried out for 30 mins at the temperature of 40 0C and at 

the aging speed of 600 rpm to hinder the agglomeration of the copper powders during the coating process. The 

electroless silver coated flake copper powders were separated, cleaned with ethanol 3 times to remove chemical 

residuals. The cleaned copper powder was dried at 70 0C for 2 hours in the stove. Electroless nickel coating process 

were applied for 20 min at the temperature of 90 0C with aging speed of 600 rpm in the solution containing flake 

silver coated copper particles and coating solution of 0.3 M nickel sulphate and 0.3 M sodium hypophosphite. 

After the nickel coating process, the layered of Cu-Ag-Ni powders were separated, washed and dried followed by 

pressing under the pressure of 600 MPa at the temperature of 500 0C to manufacture the bulk layered samples. 

The apparent density of the powders was measured with Hall flowmeter while the density of the bulk samples was 

obtained with Archimedes’ method. Scanning electron microscopy (SEM) were used for the examining the powder 

morphology and coating layers in addition to the microstructure of the bulk samples produced from layered 

powders. The Brinell hardness method was carried out to determine the hardness of the bulk samples. 

 

3 RESULTS 
 

3.1. Powder Morphology and Phase analysis 

 

Figure 1 shows the morphologies of the copper powders are as received and milled for 2 h with ball milling method. 

As seen in the figure, initial copper powders had spherical morphology while the copper powders milled for 2 h 

were in flake morphology. 

 

  
Figure 1. The morphology of copper powders; (a) initial (b) milled 
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Figure 2 shows the morphology of the silver coated and unmilled copper powders has still spherical shape. As 

seen, the rough surface formed because of the inhomogeneous silver coating onto the copper powders. There were 

many uncoated regions and free silver particles remaining without coating. 

 

  
Figure 2. Electroless silver coated copper powders; (a) low magnification, (b) high magnification 

 

When the copper particles milled for 2h before coating process, they had flake morphology and they have still 

flake shape after the silver coating as seen in Figure 3. Unlike the unmilled and silver coated copper powders, 

silver coated copper powders milled for 2h exhibit the fine and very smooth surface. No free silver particles were 

seen onto the copper particles and good binding was achieved. 

 

  
Figure 3. Electroless silver coated and 2 h milled copper powders; (a) low magnification, (b) high magnification 

 

Due to its super bonding properties, silver powder coated copper powders were milled for 2 h were used in the 

production of nickel-containing powders in layer three. Figure 4 demonstrates three layered metallic powders 

containing copper in the innermost layer, silver layer between the nickel and copper and the topper layer is nickel. 

As can be understood from Figure 4b, sub-micron nickel particles were bonded onto the silver coated copper 

particles. 

 

  
Figure 4. Electroless nickel coated onto the silver coated copper powders milled for 2h; (a) low magnification, 

(b) high magnification 

 

XRD pattern of the layered Cu-Ag-Ni powders were given in Figure 5. As seen in red line below in the figure, for 

the Cu-Ni two layered powders shows the characteristic peaks of the Cu and Ag. On the other hand, the blue line 

exhibits the pattern of the three-layered powders meant Cu-Ag-Ni. The phase of Ni-P existed as a result of 

electroless nickel coating reaction with nickel sulphate and sodium hypophosphite. As seen from the XRD patterns, 

the characteristic peaks of each element were seen separately, and no alloy, intermetallic or compound peak was 

observed. This demonstrates that only a physical bonding occurs, rather than any chemical bonding, in the resulting 

layered powders. Only the Ni-P phase is seen as a compound, which is desirable because it provides increased 

hardness. In addition, no oxide peak was found in the phase analysis. 
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Figure 5. XRD pattern of the multi-layered powders containing in order of Cu-Ag-Ni from inside out 

 

3.2. Microstructure 

 

Figure 6 shows the microstructure of the samples produced in this study. The microstructure of the bulk samples 

of copper produced from as-received spherical copper powders was exhibited in Figure 6a. As seen in this figure, 

some porosities in the grain boundaries were detected because of the low compact ability of spherical metal 

powders. When the microstructure of bulk samples produced from layered powders obtained by silver coating of 

spherical copper powders were examined, due to the free silver particles left without coating and inhomogeneous 

coating onto the copper powders before producing of bulk samples, silver areas were formed due to 

inhomogeneous coating (Figure 6b). Flake copper powders obtained after mechanical milling of spherical copper 

powders provided denser structure than that of spherical copper powders with less porosity in the grain boundaries 

as seen in Figure 6c. The microstructure image of SEM obtained as a result of the production of flake copper 

powders by powder metallurgy method after silver plating is given in Figure 6d. Here, the silver layer, which is 

located between the copper grains, is clearly visible on the grain boundaries. Figure 6e shows the microstructure 

of bulk samples produced from 3-layer powders in the inner copper as based material, silver in the middle layer 

and nickel in the outermost layer. Dark-grey areas clearly show copper grains, white areas silver shell and light-

grey membrane clearly show the nickel plated on silver. 

 

      

   
Figure 6. The SEM images of the bulk samples produced from (a) as-received copper, (b) as-received and silver 

coated, (c) 2 h milled copper, (d) 2h milled and silver coated and (e) 2h milled and silver coated with nickel 

coating onto the silver layer 
 

Figure 7. shows the change of apparent density of the samples according to layered coatings and milling of copper 

particles. As can be understood in that figure, the highest apparent density value belongs to copper bulk samples 

produced from unmilled spherical copper powders with a value of 6.25 g/cm3 approximately. When unmilled 

spherical powders were coated with silver, because the silver coated copper particles had still spherical 

morphology, the apparent density value raised to about 6.75 g/cm3 due to higher density of silver than that of 
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copper. After uncoated copper particles with spherical morphology were milled for 2 h, the powders morphology 

changed to flake and the apparent density value decreased to 5.10 g/cm3. Similarly, after the flake copper particles 

were coated with silver, copper particles had still flake morphology with homogenous silver layer onto the copper 

particles. And these powders had a density value of 5.25 g/cm3, approximately as seen in Figure 7. The higher 

apparent density shows the high flow rate with spherical powders like in this study because of their high surface 

area to flow. When the spherical morphology transformed to flake, the powders has finer size, this makes them 

hard to flow and this situation results in lower apparent density when compared with the powders with spherical 

powders. Three layered Cu-Ag-Ni powders had still flake morphology in this study. Therefore, three layered 

powders showed lower density (about 5.2 g/cm3) as seen in green bar in Figure 7. 

 

 
Figure 7. Apparent density values of the samples in this study 

 

The comparison of theoretical and experimental density was shown in Figure 8. As seen, the bulk samples 

produced from flake copper particles showed higher density than that of spherical copper particles. Because of 

higher surface area of the spherical copper particles, sintering process were affected negatively among the grain 

boundaries and this resulted with porosity in the grain boundaries. As a result of the silver and nickel coating onto 

the copper particles, due to the higher density of the silver and nickel than that of copper, the density values of the 

bulk samples manufactured from coated powders showed higher density as given in Figure 8. 

 

 
Figure 8. Theoretical and experimental density of the samples in this study 

 

Figure 9 shows the hardness and electrical conductivity of the samples produced from unmilled spherical (Cu0h), 

milled for 2h flake copper (Cu2h), milled for 2h and silver coated flake copper (CuAg2h) and milled for 2h flake 

copper powders have silver coating with nickel coating in outmost layer (CuAgNi2h). As shown in figure, the 

lowest hardness value was about 81 HBN belonging to the samples with unmilled spherical copper because of 

porosity existed as a result of spherical shape of the copper powders. When the copper powders milled for 2h and 

produced bulk samples from these flake powders, the hardness value increased to 95 HBN because of plastic 

deformation of the powders during the milling process before sintering and pressing. As seen in Figure 9, when 

the silver coated copper powders were coated with nickel in outmost layer, the electrical conductivity value 

decreased to 80 IACS, approximately because of the lower electrical conductivity of nickel relatively. Yet, the 

hardness value raised to 121 HBN. Therefore, the hardness of bulk samples produced from three layered powders 
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with copper in inner layer, silver in the middle layer and nickel in outmost layer can increase the wear resistance 

of the samples with an enough electrical conductivity value for electrical contact materials. 

 

 
Figure 9. Electrical conductivity and hardness values of the samples in this study 

 

4 CONCLUSION 
 

In this study, it is aimed to keep the electrical conductivity values at a sufficient level while increasing the hardness 

values of copper-based materials which are frequently used as electrical contact material. Accordingly, the copper 

powders were first coated with silver and then with nickel in the outermost layer. Contact materials were produced 

from 3-layer powders by powder metallurgy and their properties were investigated. 

 

The results obtained from the study are given below as the items. 

1. The spherical copper powders at the beginning were milled for 2h to convert their morphology into the flake 

morphology. 

2. When the microstructure of bulk samples produced from spherical copper powders was examined, regions 

having many porosities were observed at grain boundaries, while the porosities in the microstructure of the samples 

produced from flake powders disappeared to a large extent. SEM images of silver coated spherical copper powders 

showed the presence of free silver particles and an inhomogeneous coating. This caused the grain boundaries to 

be filled with a large area of silver in the microstructure of bulk samples produced from silver-coated copper 

powders. On the other hand, the microstructure of the bulk samples produced after silver and silver/nickel plating 

of copper powders with flake morphology showed that the homogeneous coating and therefore the silver and nickel 

layer were evenly spread at the grain boundaries. 

3. Bulk samples were obtained by powder metallurgy method from flake copper powders and silver- and nickel-

plated flake copper powders whose apparent densities (5.10 g/cm3, 5.20 g/cm3), respectively) were lower than 

spherical shaped powders (6.25 g/cm3). It was determined that bulk samples produced from copper powders 

having flake morphology had higher density value (8.73 g/cm3) than that (8.62 g/cm3) of copper powders having 

spherical morphology.  

4. The hardness values of bulk samples produced from flake copper powders obtained with milling of 2h was 

almost 12 percent more (96 HBN) than that (81 HBN) of spherical copper powders. Besides, when the flake copper 

powder coated with silver and then nickel onto the silver layer, the hardness of bulk samples produced from these 

powders increased to 121 HBN with the electrical conductivity value of about 80 IACS. 
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Abstract 

In this study seed of Kalecik Karası of grape variety of Vitis vinifera was used as 

material for determination fatty acid composition. The plant material was supplied 

from Çorum province. Grape seed oil is of great importance for human health. 

Acording to the resuls of this study oleic acid, linolenic acid and linoleic acid 

respectively were found 5.98%, 0.28%, 0.95% degrees. It shows that the oil that 

obtained from seed of Kalecik Karası of grape variety of Vitis vinifera can be used 

in nutrition. 

 

1 INTRODUCTION  
 

Lipids are considered one of the most elemental nutrients for the people. Lipids consist of fatty acids classified 

mostly according to the presence or absence of double bonds as saturated, monounsaturated and polyunsaturated 

fatty acids; further, as cis or trans based on the configuration of the double bonds and as n-3 or n-6 PUFAs 

depending on the position of the first double bond from the fatty acid methyl-end  [1,2,3,4,5].  

 

Some studies have shown that grape seeds have an oil content of approximately 10-20%.It is known that grape 

seed oil is rich in unsaturated fatty acids such as linoleic and oleic acid  [6]. It is generally known to have a high 

degree of unsaturation because it contains 15% saturated fatty acid. In some studies, the essential oil content of 

grape seed oil was found to be quite high [7,3]. Grape seed oil is of great importance for human health. Grape 

seed oil is an important parameter in terms of oil quality smoke formation temperature is 251.6 ºC, this feature 

makes it more important among other vegetable oils. 

 

1.1 Important Fatty Acids for Human Health 

 

It is stated that the number of fatty acids found in nature and whose structures have been illuminated to date is 

more than 200 [8]. Alpha-linolenic acid is omega-3 (Figure 1.), linoleic acid and arachidonic acid are omega-6 

and oleic acid is omega-9 fatty acids. Stearic and oleic acids form fatty acids of 18 carbons.  

 

The difference is that the stearic acid is saturated, the oleic acid is unsaturated and two hydrogen is missing from 

the stearic acid. Linoleic and alpha-linolenic acid are abundant in plant and fish oils. Since they haven't be 

synthesized in the body, they have to be taken by nutrients and they are called as necessary fatty acids [9,10]. 

 

 
Figure 1. Formula of alpha-linolenic acid 
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2 MATERIAL AND METHOD 
 

In this study seed of Kalecik Karası of grape variety of Vitis vinifera was used as material for determination fatty 

acid composition. The plant material was supplied from Çorum province. The fruit and the seed photos of the 

grape are given figure 2. and figure 3. 

 

 
Figure 3. The fruit photo of the grape 

 

 
Figure 3. The seed photo of the grape 

 

2.1. Determination of Fatty Acid Content of Seed Samples 

 

Two g of fully ground seed sample is placed in the extractor section of the soxhlet apparatus (Buchi B-811) and 

extracted with hexane for about 4 hours. After extraction, the hexane solution tare is evaporated from the initially 

recorded soxhlet solvent containers on a rotary evaporator. At the end of the process, the solvent containers are 

re-weighed and the fatty acid methyl esters of the seed fractions are prepared over the total amount of oil 

obtained and the fatty acid contents are calculated. 

 

2.2. Preparation of Fatty Acid Methyl Esters 

 

A 100 mg oil sample is weighed into a 20 mL flask and allowed to dissolve in 10 mL of hexane. 100 µL of 2N 

potassium hydroxide is added and vortexed for 30 s and centrifuged. 

 

At the end of the centrifugation, 1 ml of supernatant is removed and transferred to the vial to perform fatty acid 

analysis in GC-MS. DB-23 60 m x 0.25 mm ID, 0.15 µm (J&W 122-2361) column and helium will be used as 

carrier gas. Oven temperature 50 ° C 1 min, 175 ° C in 25 ° C increments, 5 min at 230 ° C in 4 ° C increments; 

injection temperature will be 230 ° C. 1 µL injection will be performed and the split ratio will be set to 1/50 

[11,12]. 
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2.3. GC-MS Analysis 

 

Methylated fatty acid samples will be analyzed using Agilent 6890 GC gas chromatography and 5973 MSD 

mass spectrometry. The properties and test conditions of the GC-MS device to be used are summarized below. 

 

Chromatographic System:  Agilent 6890 GC 

Inlet     Split 

Detector    5973 MSD 

Autosampler    Agilent 7683 

Liner     Split liner (p / n 5183-4647) 

Column     60 m x 0.25 mm ID, 0.15 µm DB-23 (J&W 122-2361) 

 

Test Conditions GC MS 

Inlet temperature   250 ° C 

Injection volume    1 µL 

Split ratio    1/50 

Carrier gas    Helium 

Pressure    Continuous pressure of 230 kPa (33 cm / s at 50 ° C) 

Oven temperature   50 ° C, 1 min, 25 ° C / min to 175 ° C, 4 ° C / min to 230 ° C, 5 min. 

Detector temperature   280 ° C 

Detector gases    Helium supplementary gas 30 mL / min. 

 

3 RESULTS 
 

In this study, fatty acid composition of seeds of Kalecik karası grape cultivar grown in Çorum region were 

determined. The data obtained are shown in table 1. 

 

Table 1. The data of fatty acid composition 

The name of fatty 

acids 
The rate of fatty acids % 

The name of fatty 

acids 
The rate of fatty acids % 

Eicosatrienoic acid 6.59 Butyric acid 51.98 

Arachidonic acid 0.34 Caprylic acid 2.42 

Tricosanoic acid 6.64 Capric acid 5.84 

Eicosapentaenoic acid 2.09 Tridecanoic acid 2.80 

Nervonic acid 0.32 Myristoic acid 4.54 

Dokosahexaenoic acid 0.49 Palmiteloic acid 0.41 

Arachidic acid 1.85 Heptadecanoic acid 0.50 

Linolenic acid 0.28 Stearic acid 1.14 

Eicosonoic acid 0.37 Elaidic acid 0.20 

Erucic acid 2.46 Oleic acid 5.98 

Linoleic acid 0.95 Linolelaidic acid 0.61 

 

Acording to the resuls of this study oleic acid, linolenic acid and linoleic acid respectively were found 5.98%, 

0.28%, 0.95% degrees. It shows that the oil that obtained from seed of Kalecik Karası of grape variety of 

Vitis vinifera can be used in nutrition. Butyric acid was found 51.98% degree. It is important for inhibition of 

intestinal diseases. Reason of the many intestinal diseases are low butyric acid concentrations, in the colon 

[13,14,15,16].  

 

4 CONCLUSION 
 

Seed of Kalecik Karası of grape variety of Vitis vinifera was used as material for determination fatty acid 

composition by using the GS-MS analysis. The seed material was supplied from Çorum province. Firstly the 

seeds were prepared for fatty acid methyl esters by using hexane. After this process the GC-MS analysis were 

conducted. 

 

Important fatty acids were determined form the seeds.  Especially oleic acid, linolenic acid and linoleic acid were 

found in the oil which obtained from the Kalecik Karası of grape variety of Vitis vinifera. This work is a 

preliminary work and can be expanded as far as possible. It is also thought that it may be the source of further 

studies on this subject. 
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Abstract 

In this study seed variety of Ürgüp Sivrisi pumpkin seeds collected from Çorum 

was used as material for determination fatty acid composition. It is known that; The 

seed of the pumpkin has active ingredients that protect and cure diseases. From past 

the present, it has been traditionally used for some diseases such as prostate and 

parasites. The pumpkin seeds contain average of 42-54% fat, and fatty acid 

composition depends on factors such as location, climate and maturity. According 

to the results of this study stearic, pamitic acid and linoleic acid respectively were 

found 0,46%, 0.52%, 0.05% degrees. In addition caprylic acid and palmitic acid 

were determinated at 0.37% and 0.52%. Butyric acid is important for inhibition of 

intestinal diseases. Reason of the many intestinal diseases are low butyric acid 

concentrations, in the colon. It shows the importance of using the pumpkin seeds in 

daily food habit. 

 

1 INTRODUCTION  
 

Seeds of some plants are using in human and animal feeding [1].  Seeds of Confectionery pumpkin are used as a 

snack or in human nutrition due to high-quality oil content [2]. Biodiversity and varieties vary widely in genetic 

variation and most of the species of pumpkin (Cucurbita pepo L.) belonging to the Cucurbitaceae family can be 

grown easily in Turkey. The production average value of 41.610 tons with 61.500 hectares of pumpkin in Turkey 

[3,4,5,6]. 

 

The oil obtained from the pumpkin can'nt be use in the food product beceuse of its color, foaming properties and 

sharp flavor. In addition in Romania, Austria and Slovenia it is a commonly used in salad. According to the 

some studies, pumpkin seeds contain average of 42-54% fat, and fatty acid composition depends on factors such 

as location, climate and maturity [7,8,9,10]. 

 

1.1. Some Important Ingridient of the Pumpkin Seed 
 

The environmental conditions are important for the variety of amino acids, fatty acids, minerals and vitamins of 

pumpkin seeds. Essential amino acids which are found in the pumpkin seed protein are isoleucine, tryptophan, 

lysine, methionine, leucine, phenylalanine, threonine and valine. 

 

It is stated that the number of fatty acids found in nature and whose structures have been illuminated to date is 

more than 200 [11,12]. Alpha-linolenic acid is omega-3 linoleic acid and arachidonic acid are omega-6 and oleic 

acid is omega-9 fatty acids. Stearic and oleic acids form fatty acids of 18 carbons.  

 

2 MATERIAL AND METHOD 
 

In this study seed variety of Ürgüp Sivrisi pumpkin seeds collected from Çorum was used as material for 

determination fatty acid composition. The plant material was supplied from Çorum province. The fruit and the 

seed photos of the pumpkin (Cucurbita pepo L.) are given figure 2. and figure 3. 
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Figure 2. The pumpkin (Cucurbita pepo L.) of belonging to Cucurbitaceae family 

 

It is known that; The seed of the pumpkin has active ingredients that protect and cure diseases. From past the 

present, it has been traditionally used for some diseases such as prostate and parasites. 

 

 
Figure 3. The seed photo of the pumpkin 

 

2.1. Determination of Fatty Acid Content of Seed Samples 

 

Two g of fully ground seed sample is placed in the extractor section of the soxhlet apparatus (Buchi B-811) and 

extracted with hexane for about 4 hours. After extraction, the hexane solution tare is evaporated from the initially 

recorded soxhlet solvent containers on a rotary evaporator. At the end of the process, the solvent containers are 

re-weighed and the fatty acid methyl esters of the seed fractions are prepared over the total amount of oil 

obtained and the fatty acid contents are calculated. 

 

2.2. Preparation of Fatty Acid Methyl Esters 

 

A 100 mg oil sample is weighed into a 20 mL flask and allowed to dissolve in 10 mL of hexane. 100 µL of 2N 

potassium hydroxide is added and vortexed for 30 s and centrifuged. 

 

At the end of the centrifugation, 1 ml of supernatant is removed and transferred to the vial to perform fatty acid 

analysis in GC-MS. DB-23 60 m x 0.25 mm ID, 0.15 µm (J&W 122-2361) column and helium will be used as 

carrier gas. Oven temperature 50 ° C 1 min, 175 ° C in 25 ° C increments, 5 min at 230 ° C in 4 ° C increments; 

injection temperature will be 230 ° C. 1 µL injection will be performed and the split ratio will be set to 1/50 

[13,14]. 
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2.3. GC-MS Analysis 

 

Methylated fatty acid samples will be analyzed using Agilent 6890 GC gas chromatography and 5973 MSD 

mass spectrometry. The properties and test conditions of the GC-MS device to be used are summarized below. 

 

Chromatographic System:  Agilent 6890 GC 

Inlet     Split 

Detector    5973 MSD 

Autosampler    Agilent 7683 

Liner     Split liner (p / n 5183-4647) 

Column     60 m x 0.25 mm ID, 0.15 µm DB-23 (J&W 122-2361) 

 

Test Conditions GC MS 

Inlet temperature   250 ° C 

Injection volume    1 µL 

Split ratio    1/50 

Carrier gas    Helium 

Pressure    Continuous pressure of 230 kPa (33 cm / s at 50 ° C) 

Oven temperature   50 ° C, 1 min, 25 ° C / min to 175 ° C, 4 ° C / min to 230 ° C, 5 min. 

Detector temperature   280 ° C 

Detector gases    Helium supplementary gas 30 mL / min. 

 

3 RESULTS 
 

In this study, fatty acid composition of seeds variety of Ürgüp Sivrisi pumpkin seeds collected from Çorum was 

used as material for determination fatty acid composition. The data obtained are shown in table 1. 

 

Table 1. The data of fatty acid composition 

The name of fatty acids 
The rate of fatty 

acids % 
The name of fatty acids 

The rate of fatty 

acids % 

Butyric acid 5.79 Linoleic acid 0.05 

Caprylic acid 0.37 Arachidic acid 0.09 

Lauric acid 0.04 Behenic acid 0.19 

Tridecanoic acid 1.45 Eicosatrienoic acid 0.18 

Myristoic acid 4.18 Tricosanoic acid 84.84 

Palmitic acid 0.52 Eicosapentaenoic acid 0.61 

Palmiteloic acid 0.24 Lignoceric acid 0.08 

Heptadecanoic acid 0.18 Nervonic acid 0.07 

Heptadecanoic acid 0.11 Dokosahexaenoic acid 0.05 

Stearic acid 0.46 Elaidic acid 0.05 

 

According to the results of this study stearic, palmitic acid and linoleic acid respectively were found 0,46%, 

0.52%, 0.05% degrees. In addition caprylic acid and palmitic acid were determinated at 0.37% and 0.52%. 

Butyric acid was found 5.79% degree. It is important for inhibition of intestinal diseases. Reason of the many 

intestinal diseases are low butyric acid concentrations, in the colon [15,16,17]. It shows the importance of using 

the pumpkin seeds in daily food habit. 

 

4 CONCLUSION 
 

Variety of Ürgüp Sivrisi pumpkin seeds were used as material for determination fatty acid composition by using 

the GS-MS analysis. The seed material was supplied from Çorum province. Firstly the seeds were prepared for 

fatty acid methyl esters by using hexane. After this process the GC-MS analysis were conducted. 

 

İmportant fatty acids were determined form the seeds.  Especially stearic acid, palmitic acid and linoleic acid 

were found in the oil which obtained from Ürgüp Sivrisi pumpkin seeds variety of Cucurbita pepo L. 

 

In addition, palmitic acid and linoleic acid content, which are used especially as skin care supplements, make 

pumpkin seed oil more valuable. This work is a preliminary work and can be expanded as far as possible. It is 

also thought that it may be the source of further studies on this subject. As a result, the fatty acids composition of 

pumpkin seeds, which has an important role in nutrition, is enlightened in this study. 
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Abstract 

In this study, the effects of different doses of Polyethylene glycole (PEG) such as-

0.5, -1.0 and -1.5 MPa, KNO3 (0.30 and 0.35 mol/1), KH2PO4 (0.30 and 0.40 

mol/1), Mannitol (0.50 and 0.60 mol/1) and NaCl (0.1 and 0.5 mol/1) and 

hydropriming technique on germination of kiwifruit seeds were investigated. 

Mature kiwifruit seeds were soaked in these solutions and pure water and waited 

for 3, 6 and 9 days at 17 and 25 °C in incubators. Primed seeds were dried for 24 

hours and germinated in petri dishes. According to results, among treatments 

germination percentage of kiwifruit seeds varied between 1.28 to 82.37 and the 

highest germination percentage were obtained from the seeds treated -1 MPa PEG 

and waited 9 days at 17 °C. KH2PO4 treatments decreased seed germination 

percentages. PEG and hydropriming treatments were found better for seed 

germination and seed emergency in kiwifruit compared the other treatments. 

 

1 INTRODUCTION  
 

Kiwifruit belongs to the Actinidiaceae family and includes over 50 species. Of these species, some are grown for 

their ornamental value with only a few including Actinidia deliciosa, Actinidia chinensis, Actinidia arguta, 

Actinidia kolomikta, Actinidia poligama and Actinidia erianta are producing edible fruits [1]. 

 

The aesthetic vines are long-lived and grow vigorously during the summer and are deciduous during the winter. 

Individual plants bear either male pollen producing flowers or female pollen producing flowers. The fruit size 

like a hen’s egg and has decorative emerald green juicy flesh. Small black and edible seeds dispersed throughout 

pulp [2, 3]. 

 

The specie is native to the Yangtze River valley of northern China and Zhejiang Province on the coast of eastern 

China. The fırst seeds were brought out of China by missionaries to New Zealand at the tum of this century [4]. 

 

The development of this fruit from its primitive wild state to a product with acceptable commercial qualities 

occurred within a 60 year time span. In fact it was not the Chinese but New Zealanders realized the fruit’s 

commercial potential and developed it. In addition to New Zealand, kiwifruit is also mainly grown commercially 

in such countries as Chile, USA, Italy, France, Greece, Turkey, Spain, South Africa, Iran and Japan [5]. 

 

Kiwifruit was fırst introduced to Turkey in the 1980s. In the last few years signifıcant progress has been 

achieved. Several experiments have been conducted in different agro- ecological areas; mainly in the Black Sea, 

Marmara, Aegean and Mediterranean regions, and considerable information has been collected on plant climate 

and plant-soil relations and the area for kiwifruit cultivation in Turkey is expanding [6,7,8]. 

 

Kiwifruit may be propagated by various methods, such as grafting cultivars onto seedlings, stem cuttings, root 

cuttings and tissue culture [9]. Currently, most nurseries uses grafting method. This method needs rootstocks and 

kiwifruit rootstocks are obtained by using seeds. Seeds may be planted in the spring and seed germinates occurs 

in 4 to 5 weeks. Plants raised this way will need to be grafted with well-known cultivars. Kiwifruit seeds are 

very small and have germination diffıculties. The seedlings produced seeds have extensive and strong root 

system and resistance to drought conditions [10]. 
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Over the past two decades seed enhancement through seed priming has led to great improvements in a grower’s 

ability to routinely achieve this goal in both the fıeld and greenhouse [11]. Numerous ornamental, vegetable and 

crop species have been primed successfully [12, 13, 14, 15 and 16] and seed priming had significant effect on 

increment of germination percentage [17,18]. 

 

Various seed priming techniques have been developed and under developing like hydropriming (soaking in 

water), halopriming (soaking in inorganic salt solutions), osmopriming (soaking in solutions of different organic 

osmotica), thermopriming (treatment of seed with low or high temperatures), solid matrix priming (treatment of 

seed with solid matrices), and biopriming (hydration using biological compounds) [19, 20]. 

 

The objective of this study was to evaluate the effect of different seed priming techniques by using different 

Chemicals, concentration and duration on kiwifruit germination behavior of cv. Hayward. 

 

2 MATERIAL AND METHOD 
 

The study was carried out between 2005 and 2006 years at the Horticultural Department of Atatürk University. 

Kiwifruit cv. Hayward were harvested commercial ripe stage and obtained seeds from fruits were treated with 

PEG 6000 (-0.5 MPa, -1.0 MPa and - 1.5 MPa), KNO3 (0.30 mol/L and 0.35 mol/L), mannitol (0.50 mol/L and 

0.60 mol/L). KH2PO4 (0.30 mol/L and 0.35 mol/L) and NaCl (0.10 mol/L and 0.50 mol/L) and hydropriming 

(pure water) and soaked in those solutions for 3, 6 and 9 days. After 3, 6 and 9 days seeds were dried for 24 

hours in laboratory and placed in petri dishes. Petri dishes put cabinet for two temperatures (17, 25 °C) with four 

replicates of 25 seeds. Non treated seeds were accepted as control. The number of germinated seeds was 

recorded and removed daily. The experiment was made based on a completely randomized design. All data were 

subjected to a one-way analysis of variance (ANOVA) and separated by LSD0.05. 

 

3 RESULTS AND DISCUSSION 
 

The effects of common priming techniques include osmopriming (soaking seeds in osmotic solutions such as 

polyethylene glycol), halopriming (soaking seeds in salt solutions) and hydropriming (soaking seeds in water), 

priming duration (3, 6 and 9 h) and temperature (17 and 25 °C) on kiwifruit seeds are shown in Table 1. 

 

Among the laboratory treatments, most of them signifıcantly stimulated seed germination (Table 1). The 

presence of PEG (-0.5 MPa, -1.0 MPa and -1.5MPa), KNO3 (0.30 and 0.35 mol/L) and hydropriming were 

signifıcantly increased (P<0.01) in kiwifruit seed germination percentages. However, the germination 

percentages of kiwifruit seeds in general were lower than control in the other treatments including KH2PO4 and 

NaCl. The mannitol treatments revealed almost same germination percentage with control (Table 1). 

 

For PEG treatments, -1.0 MPa with 9 day priming duration gave the highest germination percentage (82.37%) 

and followed by -0.5 MPa PEG treatments (81.03%). Considering priming duration and PEG concentration, the 

average seed germination percentage was the highest in -0.5 MPa treatment (45.31%), followed by -1.0 MPa 

PEG (45.27%) and -1.5 MPa treatment (44.57%), respectively. All three treatments statistically gave higher 

germination percentage than control. However there were no statistical differences among three treatments 

(Table 1). Previous studies indicated PEG has stimulatory effects on seed germination in a number of plant 

species including maize [21, 22], fennel [23] and vegetables [24, 25]. These studies suggested that the 

stimulating effects of PEG may be related to the type of seed (plant species) and/or concentration/time depended. 

These stimulatory treatments may help germinating seedlings early, providing them higher competitive ability 

and hence reducing chances of their mortality. 

 

Priming kiwifruit seeds with KH2PO4 decreased seed germination: This decreasing effect of KH2PO4 reported by 

other studies. Analysis of variance for laboratory data showed that hydropriming signifıcantly improved 

germination rate compared to control and the other seed treatments including NaCl, KH2PO4 and Mannitol. 

However germination percentage for seeds primed with water and Mannitol were statistically similar. It is 

demonstrated that on-farm seed priming (soaking seeds ovemight in water) markedly improved establishment 

and early vigor of upland rice, maize and chickpea, resulting in faster development, earlier flowering and 

maturity and higher yields [26]. This simple, low-cost, low-risk intervention also had positive impacts on the 

wider farming system. 

 

Various prehydration or priming treatments have been employed to increase the speed and synchrony of seed 

germination [15]. Osmopriming contributes to signifıcant improvement in seed germination and seedling growth 

in different plant species. Seeds of tomato and asparagus (Asparagus officinalis) osmoconditioned in -0.8 MPa 
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PEG- 8000 showed increased germination under şaline media [27, 28]. Osmotic priming to improve seed 

germination performance may also enhance general crop performance. osmo- conditioning of Italian ryegrass 

(Lolium multiflorum) and sorghum (Sorghum bicolor) seeds with 20% PEG-8000 for 2 d at 10°C increased 

germination percentage [29, 30]. 

 

Table 1. Effect of pre-sowing Chemical (PEG, KNO3, NaCl, Mannitol, KH2PO4), hydropriming, priming 

duration and temperature on seed germination in kiwifruit 

 Duration (day) 
Temperature  

17 °C                        25 °C 
Mean 

Control  40.80 24.04 32.42b 

 3 81.03NS 6.03NS  

PEG -0.5 MPa 6 70.34 24.33 45.31a 

 9 71.25 18.88  

 3 71.30NS 11.88 NS  

PEG-l.0 MPa 6 69.72 11.03 45.27a 

 9 82.37 25.30  

 3 77.62 NS 12.46ab  

PEG-1.5 MPA 6 67.34 5.07b 44.57a 

 9 76.02 29.91a  

Control - 40.80 24.04 32.42b 

 3 72.90a 18.60NS  

KNO3 (0.30 mol/L) 6 81.15a 9.32 39.18a 

 9 57.60b 5.06  

 3 77.60a 19.10a  

KNO3 (0.35 mol/L) 6 72.90ab 20.60a 43.92a 

 9 58.90b 3.84b  

Control - 40.80 24.04 32.42a 

 3 1.28b 1.28NS  

KH2PO4 (0.40 mol/L) 6 31.20a 1.28 10.57b 

 9 27.10a 1.28  

 3 1.28b 1.28NS  

KH2PO4 (0.50 mol/L) 6 32.40a 1.28 11.07b 

 9 28.96a 1.28  

Control - 40.80 24.04 32.42NS 

 3 49.60b 6.03ab  

Mannitol (0.50 

mol/L) 
6 59.70a 12.30a 30.75 

 9 55.60ab 1.28b  

 3 69.03a 1.28b  

Mannitol (0.60 

mol/L) 
6 56.95ab 15.10a 32.04 

 9 48.60b 1.28b  

Control - 40.80 24.04 32.42NS 

 3 35.43b 9.32NS  

NaCl (0.10 mol/L) 6 62.64ab 1.28 28.99 

 9 64.01a 1.28  

 3 58.13b 1 ,28NS  

NaCl (0.50 mol/L) 6 58.20b 1.28 32.12 

 9 69.99a 3.85  

Control - 40.80 24.04 32.42a 

 3 63.66NS 27.51a  

Hydropriming 6 70.30 1.28b 40.85b 

 9 81.10 1.28b  

Different latter in same column within treatment indicate statistically signifıcant differences at 0.01; NS: Non signifıcant. 
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4 CONCLUSIONS 
 

The present study suggests that PEG, KNO3 and hydropriming treatments may improve seed 

germination of kiwifruit seeds in greenhouses. They are economic and easily applicable by nursery 

workers and poor farmers in developing mass planting stock. In Turkey, kiwifruit in general cultivated 

in rained areas and seed germination and subsequent seedling growth can be inhibited by adverse 

conditions in the field. Priming is helpful in reducing the risk of poor stand establishment under a wide 

range of environmental conditions. Our findings revealed that priming is a simple and useful technique 

for enhancing seed germination percentage of kiwifruit. These effects can improve seedling 

establishment and nursery material production by grafting on them. 
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Abstract 

In this paper, the torque ripples which is one of the biggest disadvantages of 

brushless DC motors (BLDCM) have been investigated. Since the slopes of the 

incoming and outgoing phase currents are different from each other in the 

commutation intervals, ripples occur in the generated torque. This paper, presents a 

control method and a DC link voltage control technique to keep incoming and 

outgoing phase currents changing at the same rate in commutation intervals. In 

order to equalize these currents, the inverter input voltage must be changed during 

commutation intervals. For this purpose, a DC-DC Buck-Boost converter is placed 

in front of the inverter to achieve the desired voltage level. With the proposed 

control method, the effect of commutation torque on BLDCM was greatly reduced. 

The simulation results proved the applicability of the proposed method. 

 

1 INTRODUCTION  
 

Brushless Direct Current Motor (BLDCM) are becoming more popular due to its high power efficiency, high 

torque to weight and inertia ratios, high power density, high dynamic response, high reliability, compact size and 

easy control [1]. In addition, since BLDC motors do not have brushes and collectors that require extra equipment 

and increase friction factor, they need less maintenance, no arc is generated during operation, and have a longer 

life compared to DC motors [2]. However, the torque ripple, especially the commutation torque ripple caused by 

the current commutation, limits the application of BLDCMs in the high-precision speed and high-sensitivity 

torque field [3]. There are two reason of torque ripples in BLDCM. The first one is the cogging torque effect and 

the second is the commutation torque effect. The cogging torque effect is caused by stator hole in the motor. 

Reducing this effect is only possible by improving the design of the machine [4]. The commutation torque effect 

is due to the change of state of the semiconductor switches in the inverter and the current changes in the phase 

winding inductances. The reduction of this effect is possible with the DC link control technique. In order to 

effectively reduce the commutation torque ripple in the high speed range, the DC–DC converter is required to 

step up the input voltage of the three phase bridge inverter and meet the voltage demand of commutation period; 

meanwhile, the utilization of the DC–DC converter should be enhanced as far as possible [5]. The works of 

brushless dc motors (BLDCMs) is similar to dc motors during the noncommutation interval while three phases 

involved in electromechanical energy conversion during the commutation interval, making the works of the 

BLDCM similar to a three-phase ac motor during the commutation interval [6]. There are many studies in the 

literature to reduce torque ripples in BLDCM. Researchers have been proposed modified PWM control, DC bus 

voltage control, current control, torque control, and phase conduction control based torque ripple minimization 

strategies for BLDC motor drives [1,2, 4 -10]. In many of these studies, the main goal is to equalize the slopes of 

the incoming and outgoing phase currents. For this process, it is necessary to change the inverter input voltage 

during commutation intervals by using various type of DC-DC converters. A front end integrated dual output 

(IDO) dc-dc converter was used to achieve the desired voltage level in the commutation intervals and with the 

proposed method, torque ripples were greatly reduced [7]. A detailed PWM control technique for reducing 

commutation torque ripples has been proposed using the Z-Source inverter. Furthermore, a detailed study has 

been carried out to determine the commutation end point and torque ripple has been significantly reduced [8]. In 

another study, a novel inverter topology has been proposed to shorten the commutation time based on the idea of 

supplying higher dc-link voltage for the freewheeling phase [9]. In another study, a PWM technique was 

proposed based on the equalization of incoming and outgoing phase currents and with the proposed method, it 

has been aimed to reduce the commutation torque ripples, by adjusting the duty period of the semiconductor 

switches in the inverter [10]. In this study, it was aimed to decrease the torque ripples occurring during the 

operation at the commutation intervals of the BLDC motor. Two different DC link voltages were used to 
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perform this operation. The first one is for conduction region and the second for commutation region. While the 

inverter provided the required voltage for the conduction region, the voltage required for the commutation region 

was provided by the Buck-Boost converter.  

 

2 MATHEMATICAL MODEL AND COMMUTATION ANALYSIS OF BLDCM 
 

As is known, commutation in BLDCMs is carried out using an electronic switching element, the inverter. The 

state of the switches in the inverter must be change at every 60° of the rotor position. During the change of 

position of these switches, slopes similar to the saw tooth occur in the phase currents. These slopes cause ripples 

in the produced torque. This limits the use of BLDCMs. The equivalent circuit for the BLDCM drive system 

with three-phase symmetrical stator winding is shown in Figure 1. 

 

 
Figure 1. Equivalent circuit for BLDC motor drive 

 

A three-phase, two-level inverter was used for BLDCM in this study. All of the switches in the inverter was 

designed with power MOSFETs. Since MOSFETs do not have the ability to block the voltage in the opposite 

direction, the anti-parallel free-wheeling diodes were connected to the switches. The voltage drops on the diodes 

and phase winding resistance has been neglected. These diodes were used to reset the current which induced in 

the windings of the phase outgoing from the conduction. This current changes the neutral current, causing 

imbalance on the three phases. In this case, are occurs ripples on the current and torque magnitude of the BLDC 

motor [2]. When the Kirchhoff Voltage Law is applied to each phase separately in the BLDCM equivalent 

circuit in Figure 1, the three phase terminal voltages can be expressed as follows; 
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a a a a a N

b

b b b b b N
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  (1) 

 

Where, ua, ub, uc terminal phase voltages ia, ib, ic phase currents, ea, eb, ec phase back EMFs, R phase resistance, L 

= Ls - M phase inductance, Ls, phase self-inductance and M mutual inductance and uN, the neutral point voltage 

of the star-connected motor, respectively. Expression of total electromagnetic torque produced by BLDC motor 

is; 

 

a a b b c c

e

m

e i e i e i
T



 
   (2) 

 

Where, represents, Te, the electromagnetic torque and ωm the mechanical speed of the rotor, respectively. 

Analysis of torque ripples in BLDCMs is usually examined in two parts. The first is the conduction region. In 

this region, any two phases are energized and the third phase is inactive. In the commutation region, all three 

phases are conducting due to the energy accumulated on the outgoing phase. In this case, the current of the 

outgoing phase flows through the free-wheeling diodes towards the neutral point and disrupts the current of the 

other two phases, causing ripples in the generated torque. The above mentioned situations are shown in Figure 2. 
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Figure 2. a.) The conduction region before commutation (a+ c-), b.) The commutation region (Three phase are 

conducting), c.) The conduction region after commutation (b+ c-) 

 

As seen from the Figure 2, the currents of the phase windings can be expressed as ia = - ic = Im and ib = 0 in the 

conduction period and as seen from the Figure 2b, ia = 0 and ib = - ic = Im in the commutation period. Im, is 

represent the maximum value of phase currents. The conduction region after commutation and the conduction 

region before commutation are same. There is only phase change (from ac, to bc) like Figures 2a and 2c. Since 

the commutation time is very short, within this period the back EMFs induced in the phases can be considered 

constant. ea = eb = Em and ec = - Em. Em, is represent the maximum value of phase back EMF. If these 

magnitudes are substituted in Eq. (2), then expression of generated torque as follows; 

 

2 2a a b b c c m m m c

e

m m m

e i e i e i E I E i
T

  

 
      (3) 

 

As seen from the of Eq. (3), the ripples in the current of the non-commutation phase directly affect the generated 

torque. By reducing the ripples in this current, the commutation torque ripples can be eliminated. If the 

expression of the three-phase terminal voltages substituted in Eq. (1) for the commutation time, ua = uc = 0 and 

ub = Udc, and assuming Ra = Rb = Rc = R, La = Lb = Lc = L, 
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Since the neutral point current will be non-zero in the commutation intervals, the neutral point voltage and the 

change of the phase currents can be expressed Eq. (5) and Eq. (6), respectively. 
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According to Eq. (3), the current of the non-commutated phase must be zero in order to eliminate the torque 

ripples in the commutation times. In the third statement of Eq. (6), it is clear that the inverter input voltage must 

be four times greater than the back EMF to ensure that the non-commutated phase current is zero. This voltage 

value can be obtained with a DC-DC converter placed in front of the inverter.     

 

3 PROPOSED CONTROL METHOD  
 

In the proposed control method, the Buck-Boost converter is used to obtain the desired voltage at commutation 

intervals. The circuit topology of the proposed control method is shown in Figure 3. The Buck-Boost converter 

was isolated from the inverter circuit using T8 and T9 MOSFETs. In conduction regions, T8 is switch-on and T9 is 

switch-off. In commutation regions, T9 is switch-on and T8 is switch-off. 

 

 
Figure 3. The circuit topology of proposed control method 

 

In the commutation intervals, the duty ratio of the converter must be well adjusted to obtain the desired output 

voltage. In Buck-Boost converters, taking into account the voltage reversal at the output, the duty period of the 

T7 can be written as follows; 

 

1
out in

k
V V
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where k is the duty ratio of T7. When iron losses are neglected, the relationship between rotor speed and the back 

EMF can be written as follows; 

 

m e mE k    (8) 

 

where ke is the back EMF coefficient. Then, the duty ratio of T7 for Vout=4Em can be calculated as in Eq. (9). 
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In converters, the desired voltage level may not be fully achieved because the output voltage is fluctuating. In 

this study, to minimize torque ripples, the converter output voltage must be as close as possible to four times the 

back EMF. The Matlab/SIMULINK simulation model of both the classical control and the proposed control 

method is shown in Figure 4. 

 

 
Figure 4. a.) Conventional control method, b.) Proposed control method 
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4 RESULTS 
 

In order to design the simulation model of the conventional control method, a brushless DC motor, an inverter 

consisting of MOSFETs, and an adjustable power supply were used. In addition, the traditional PI controller was 

used for speed control of the BLDCM. In addition to the equipment mentioned above, in the proposed control 

method, a voltage selector circuit with two MOSFETs and a buck-boost converter were used. The simulation 

model was operated with 3000 rpm reference speed and 0.5 Nm load at t = 0. At t = 0.2s, the load was increased 

to 1 Nm. The current and torque magnitudes were observed for both methods. The three phase currents and the 

generated torque are shown in Figures 5, 6, respectively.  

 

 
Figure 5. Three phase stator currents 

 

 
Figure 6. Electromagnetic torque  

 

In Figure 5, the three-phase stator currents for both the conventional control method and the proposed control 

method are shown closely. In Figure 5, the small visuals in the upper part, show the three-phase stator currents of 

the conventional control method and the small visuals in the lower part, show the three-phase stator currents of 
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the proposed control method. In the classical control method, sharp slopes were observed in three-phase stator 

currents. These slopes in phase currents, adversely affect the winding life. In the proposed control method, the 

ripples in phase currents are significantly reduced. Furthermore, with the proposed control method, torque 

ripples can be significantly reduced not only in constant speed and torque, but also in variable speed and torque 

applications. In Figure 6, produced electromagnetic torques for both the conventional control method and the 

proposed control method are shown closely. In Figure 6, the small visuals in the upper part, show the 

electromagnetic torque of the conventional control method and the small visuals in the lower part, show the 

electromagnetic torque of the proposed control method. In the conventional control method, the torque ripples 

are pretty large. In addition, the ripples become larger when the load increases. These ripples restrict the use of 

BLDCM in precise torque applications. In the proposed control method, it is seen that torque ripples are 

significantly reduced. In addition, the converter output voltage or inverter input voltage (Udc), the voltage 

between phases a and b (Vab) and four times the back EMF (4Em) of the BLDCM are shown in Figure 7.  

 

 
Figure 7. Four times back EMF (4Em), inverter input voltage (Udc) and Vab 

 

As can be seen from Figure 7, in the proposed control method, the output voltage of the Buck-Boost converter 

was closely followed four times of the generated back EMF. In addition, in case the load increases, the converter 

was transfers the required voltage to the inverter input. Although it may theoretically be possible to reset the 

torque ripples, it is very difficult to obtain exactly four times the back EMF because the commutation intervals 

are very short. But, the inverter input voltage must be kept as close as possible to four times the back EMF in the 

commutation intervals. 

 

5 CONCLUSION 
 

The ripples in both current and torque magnitudes during operation are among the major disadvantages of 

BLDCM. These ripples can lead to undesirable situations in applications where the requires precise torque and 

speed. In this study, the torque ripples in BLDCMs are briefly explained, but no detailed information is given 

about the cogging torque effect. Because the effect of cogging torque is a consideration that should be taken into 

account when making the physical design of the machine. In this study, the mathematical analysis of the 

BLDCM was performed, the current behaviour of the BLDCM at the commutation times was examined and the 

causes of the commutation torque ripples were revealed. The fact that, is the main reason of commutation torque 

ripples, the slopes of the incoming and outgoing phase currents in the commutation intervals are different from 

each other. The slopes of these currents were tried to be equalized with a Buck-Boost converter placed in front of 

the inverter. According to the simulation results, commutation torque ripples were significantly reduced with the 

proposed method. Furthermore, as can be seen from the simulation results, with the proposed control method, it 

is possible to minimize commutation torque ripples not only in constant torque and speed, but also in variable 

torque and speed applications. 
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Abstract 

Farmer awareness and pest control are important factors for efficiency and healthy 

production in agriculture. In this study, a recent mathematical model of Basir et al. 

is analysed with stochastic noise to interpret real life variations of the event such as 

varying, awareness, mortality rates and growth rates of crops. The stochastic 

differential equation system is investigated with Euler-Maruyama and Milstein 

stochastic schemes to obtain the stochastic approximations and the results are 

compared with the deterministic results to comment on the randomness of the event 

and the effects of the stochastic noise. 

 

1 INTRODUCTION  
 

The use of compartmental models has a wide range of areas from engineering applications to sociological 

investigations. Many health organizations as well as health ministries of some countries use compartmental 

models for battling infections and organizing public protection strategies. These models are used in applications 

for transmission of diseases such as Dengue [1] or Hepatitis C [2], modelling smoking habits [3] and spread of 

rumour in networks [4]. Compartmental models rely on monitoring the changes in the compartments of the total 

population and this basic idea is applicable for pest management as well.  

 

Pest management is an important research area for agricultural engineering since pests have been a problem for 

crops since the beginning of crop cultivation [5]. Increasing crop yields and thus maximizing revenue are just 

some of the important motivations behind pest control practices such as chemical or biological agents [6]. Over 

usage of chemical pesticide for obtaining healthy crops may have negative effects on the human body and hence 

efforts are made to combine chemical agents and bio control agents for healthy and sustainable production and 

an ecological balance [5,7]. The use of mathematical models for optimal production strategies against pest 

attacks has been increasingly popular in the last years [6,8].  

 

In this study, a deterministic mathematical model of Basir et al [5] which investigates the role of farming 

awareness in crop pest management with differential equations containing delay terms will be used. The original 

study uses time delay to investigate negative effects that may be experienced in awareness campaigns. This study 

aims to use stochastic noise terms in the deterministic equation system to model the random nature of crop pest 

management with farmer awareness. There are other environmental or human-related issues that affect pest 

management efforts other than time delays in organizations and a stochastic modelling approach provides a total 

consideration of all these external factors within the event. The motivation of this study is the previous stochastic 

modelling study for antibacterial resistance [9] and in a similar manner, Wiener processes will be implemented 

in the deterministic equation system to obtain a stochastic model. The study outline can be given as follows. In 

section 2, the deterministic and stochastic models are given along with the stochastic methods used for the 

analysis of the model. Section 3 contains the deterministic solutions and stochastic simulation results. Finally, 

the conclusions are given along with the comparison of results and interpretation of the stochastic structure of the 

event. 

 

2 DETERMINISTIC AND STOCHASTIC MODELS 
 

The deterministic model of Basir et al. is originally given with delay terms for the change of awareness. Since 

this change will be analysed with the stochastic noise, the deterministic model is given without the delay terms 

[5] as follows. 
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𝑑

𝑑𝑡
𝐽 = 𝑟𝐽 (1 −

𝐽

𝐾
) − 𝜆𝐽𝑆𝑝 − 𝜙𝜆𝐽𝐼𝑝, 

𝑑

𝑑𝑡
𝑆𝑝 = 𝜈𝜆𝐽𝑆𝑝 − ℎ𝐴𝑆𝑝 − 𝑑𝑆𝑝, 

𝑑

𝑑𝑡
𝐼𝑝 = 𝜈1𝜙𝜆𝐽𝐼𝑝 + ℎ𝐴𝑆𝑝 − (𝑑 + 𝛼)𝐼𝑝 , 

𝑑

𝑑𝑡
𝐴 = 𝐴0 + 𝑎[𝑆𝑝 + 𝐼𝑝] − 𝜂𝐴. 

(1) 

 

Here, 𝐽(𝑡) denotes the density of crop biomass at time 𝑡, 𝑆𝑝(𝑡) and 𝐼𝑝(𝑡) denote the density of susceptible and 

infected pest, respectively and the level of awareness at time 𝑡 is denoted by 𝐴(𝑡) [5]. The parameters of the 

system are given with their descriptions and baseline values below (Table 1). 

 

Table 1. Parameters of (1) with their descriptions and deterministic values 

Parameter Description Value (Unit) 

𝑟 Crop biomass growth rate 0.2 𝑘𝑔/(𝑑𝑎𝑦 × ℎ𝑒𝑐𝑡𝑎𝑟𝑒)  
𝛫 Crop biomass max. density 50 𝑘𝑔/ℎ𝑒𝑐𝑡𝑎𝑟𝑒 
𝜆 Pest attack rate 0.025 𝑔/(𝑝𝑒𝑠𝑡 × 𝑑𝑎𝑦) 
𝑑 Pest natural mortality 0.1/𝑑𝑎𝑦 
𝛼 Disease related mortality rate of pest 0.05/𝑑𝑎𝑦 
ℎ Aware people activity rate 0.025/𝑑𝑎𝑦 
𝑎 Awareness growth rate 0.015/𝑑𝑎𝑦 
𝜂 Fading of memory of aware people 0.05/𝑑𝑎𝑦 

𝐴0 Rate of awareness from global source 0.2/𝑑𝑎𝑦 
 

The biological meaningfulness of the solutions for the initial values 𝐽0, 𝑆𝑝0
, 𝐼𝑝0

, 𝐴0 can be shown as in [5]. In this 

study, we assume the same initial values (𝐽0, 𝑆𝑝0
, 𝐼𝑝0

, 𝐴0) = (5,10,0,5) for a comparison of the stochastic and 

deterministic results. Note that here, the time variable 𝑡 denotes the number of days. The addition of the 

stochastic noise terms in the deterministic equation system (1) gives the following stochastic differential 

equation system 

 

𝑑𝐽 = [𝑟𝐽(𝑡) (1 −
𝐽

𝐾
) − 𝜆𝐽𝑆𝑝 − 𝜙𝜆𝐽𝐼𝑝] 𝑑𝑡 + 𝜎1𝐽𝑑𝑊𝑡1

, 

𝑑𝑆𝑝 = [𝜈𝜆𝐽𝑆𝑝 − ℎ𝐴𝑆𝑝 − 𝑑𝑆𝑝]𝑑𝑡 + 𝜎2𝑆𝑝𝑑𝑊𝑡2
, 

𝑑𝐼𝑝 = [𝜈1𝜙𝜆𝐽𝐼𝑝 + ℎ𝐴𝑆𝑝 − (𝑑 + 𝛼)𝐼𝑝]𝑑𝑡 + 𝜎3𝐼𝑝𝑑𝑊𝑡3
, 

𝑑𝐴 = [𝐴0 + 𝑎[𝑆𝑝 + 𝐼𝑝] − 𝜂𝐴]𝑑𝑡 + 𝜎4𝐴𝑑𝑊𝑡4
, 

(2) 

 

where 𝜎𝑖 , 𝑖 = 1,4̅̅ ̅̅  are the diffusion terms of the stochastic differential equations and 𝑊𝑡𝑖
, 𝑖 = 1,4̅̅ ̅̅  are independent 

Wiener processes [11]. The stochastic system (2) enables the modelling of the overall variations in the 

realization of pest management with awareness.  

 

2.1 Stochastic Methods 

 

The stochastic differential equation (SDE) system (2) will be analysed by using two stochastic approximation 

schemes: Euler-Maruyama and Milstein methods. A typical Ito stochastic differential equation can be shown as 

 

𝑑𝑋𝑡 = 𝑎(𝑡, 𝑋𝑡)𝑑𝑡 + 𝑏(𝑡, 𝑋𝑡)𝑑𝑊𝑡 (3) 

 

where 𝑎(𝑡, 𝑋𝑡) is the drift coefficient and 𝑏(𝑡, 𝑋𝑡) is the diffusion coefficient and 𝑋𝑡 is the solution process of the 

SDE. Both Euler-Maruyama and Milstein methods give an approximate solution 𝑋𝑡
̅̅ ̅ for (3) on the discretized 

interval 0 = 𝑡0 < 𝑡1 < 𝑡2 < ⋯ < 𝑡𝑘−1 < 𝑡𝑘 = 𝑇 with the initial approximation as the initial value 𝑋0
̅̅ ̅ = 𝑋0 =

𝑥0. Thus Milstein approximate solution of the Ito SDE (3) is given as  

 

�̅�𝑡𝑛+1
= �̅�𝑡𝑛

+ 𝑎Δn + 𝑏Δ𝑊𝑛 +
1

2
𝑏𝑏′{(Δ𝑊𝑛)2 − Δn} (4) 

and the Euler-Maruyama approximation is given as 

 

�̅�𝑡𝑛+1
= �̅�𝑡𝑛

+ 𝑎Δn + 𝑏Δ𝑊𝑛 , (5) 
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where Δn = 𝜏𝑛+1 − 𝜏𝑛 and Δ𝑊𝑛 = 𝑊𝜏𝑛+1
− 𝑊𝜏𝑛

 [11, 12]. The stochastic model (2) will be analyzed by using 

Milstein and Euler-Maruyama methods and the results of the approximation schemes will be compared to the 

results of the deterministic model (1) in the next section. 

 

3 SIMULATION RESULTS 
 

The deterministic results for (1) using the initial values (𝐽0, 𝑆𝑝0
, 𝐼𝑝0

, 𝐴0) = (5,10,0,5) and the parameters given 

in Table 1 are shown below (Figure 1).  

 

 
Figure 1. Deterministic solutions of the model for 𝜙 = 0.5, 𝜈 = 0.6, 𝜈1 = 0.12 (𝐽(𝑡) in top-left, 𝑆𝑝(𝑡) in the 

top-right, 𝐼𝑝(𝑡) in the bottom-left and 𝐴(𝑡) in the bottom-right corners) 

 

The extremum points of the deterministic solutions are as follows (Table 2): 

 

Table 2. Maximum and minimum values of the deterministic solutions 

 Minimum Maximum 

𝐽(𝑡) 4.484 (𝑡 = 3.2) 26.82 (𝑡 = 29.2) 

𝑆𝑝(𝑡) 0.9663 (𝑡 = 19.1) 10 (𝑡 = 0) 

𝐼𝑝(𝑡) 0 (𝑡 = 0) 5.855 (𝑡 = 43.3) 

𝐴(𝑡) 5 (𝑡 = 0) 6.349 (𝑡 = 89) 

 

Note that 𝑡 represents the number of days. The deterministic solutions coincide with a special case of the 

solutions given in [5] for 𝜙 = 0.5, 𝜈 = 0.6, 𝜈1 = 0.12 and are used as a reference point to our stochastic 

solutions. Deterministic solutions show that there are oscillations in all four of the variables and all of the 

oscillations decrease with the increasing number of days. Stochastic expected values are obtained through the 

averaging of 𝑁 = 104 realizations for the approximate solutions of the stochastic model (2) obtained with the 

corresponding method. 

 

𝐸(𝑋𝑡) ≃
1

𝑁
∑ 𝑋𝑡

𝑁

𝑁

𝑖=1

 (6) 

 

The stochastic expected values obtained with Euler-Maruyama method are given below (Figure 2). 
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Figure 2. Stochastic expectations of the model for 𝜙 = 0.5, 𝜈 = 0.6, 𝜈1 = 0.12 (𝐽(𝑡) in top-left, 𝑆𝑝(𝑡) in the top-

right, 𝐼𝑝(𝑡) in the bottom-left and 𝐴(𝑡) in the bottom-right corners) with Euler-Maruyama method 

 

The extremum points of the stochastic expected values obtained with Euler-Maruyama are given as follows 

(Table 3): 

 

Table 3. Maximum and minimum values of the expected stochastic expectations 

 Minimum Maximum 

𝐸(𝐽(𝑡)) 4.476 (𝑡 = 3.1) 23.44 (𝑡 = 31.5) 

𝐸(𝑆𝑝(𝑡)) 1.111 (𝑡 = 18.1) 10 (𝑡 = 0) 

𝐸(𝐼𝑝(𝑡)) 0 (𝑡 = 0) 4.289 (𝑡 = 48.5) 

𝐸(𝐴(𝑡)) 5 (𝑡 = 0) 6.061 (𝑡 = 55.9) 

 

The stochastic expected values obtained with Milstein method are given below (Figure 3). 

 

 
Figure 3. Stochastic expectations of the model for 𝜙 = 0.5, 𝜈 = 0.6, 𝜈1 = 0.12 (𝐽(𝑡) in top-left, 𝑆𝑝(𝑡) in the top-

right, 𝐼𝑝(𝑡) in the bottom-left and 𝐴(𝑡) in the bottom-right corners) with Milstein method 
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The extremum points of the stochastic expected values for Milstein method are given as follows (Table 4): 

 

Table 4. Maximum and minimum values of the expected stochastic expectations 

 Minimum Maximum 

𝐸(𝐽(𝑡)) 4.47 (𝑡 = 3.3) 23.58 (𝑡 = 31.7) 

𝐸(𝑆𝑝(𝑡)) 1.085 (𝑡 = 18.3) 10 (𝑡 = 0) 

𝐸(𝐼𝑝(𝑡)) 0 (𝑡 = 0) 4.291 (𝑡 = 48.7) 

𝐸(𝐴(𝑡)) 5 (𝑡 = 0) 6.069 (𝑡 = 57.4) 

 

The stochastic solutions are similar to each other for both of the methods. However, although a small diffusion 

coefficient of 𝜎𝑖 = 0.15, 𝑖 = 1,4̅̅ ̅̅  was used, it was seen that the stochastic structure of 𝐴(𝑡) was far stronger than 

the other variables. This confirms that the hypothesis of the original study that the awareness of farmers can be 

affected by many factors like fade of memory, distraction, etc. Stochastic results also show that there are smaller 

oscillations for model (2) compared to the deterministic case. This is expected to be a result of the stochastic 

noise added to the model. 

 

4 CONCLUSION 
 

In this study, a deterministic pest management model has been investigated with stochastic noise terms. The 

deterministic approach ignores the real life variations of the event whereas the stochastic system can model the 

variability of nature. Hence, stochastic effects were added to the deterministic model and a stochastic differential 

equation system was obtained. Simulations of the stochastic system show that the expected solutions of the 

stochastic model are expected to have smaller oscillations compared to the deterministic case. This could be a 

result of the stochastic noise added to the system. However, both Euler-Maruyama and Milstein stochastic 

schemes produced similar results for the expected values of the system. Results show that 𝐽(𝑡), 𝐼𝑝(𝑡) and 𝐴(𝑡) 

increase through the process whereas 𝑆𝑝(𝑡) decreases meaning the uninfected pest decrease in the process. In 

addition it was seen that the volatility in 𝐴(𝑡) could be seen even for a small diffusion coefficient of 𝜎4 = 0.15. 

A random modelling approach could also be used for this model by using random effects in the parameters rather 

than stochastic noise terms, obtaining random differential equations. Also, this stochastic modelling approach 

can be generalized to any other deterministic model to visualize the volatility in the system. 
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Abstract 

In this study, discrete size optimization of the large-scale dome structure with 

frequency analysis is presented. The discrete design variables are the cross-

sectional areas of the bar elements. The objective function is the total weight of the 

large-scale structure. The first five natural frequencies are taken as constrained 

when optimizing the dome structure. Finite element analysis and the eigen value 

analysis are carried out in the developed program which is coded in MATLAB 

programing. As a metaheuristic algorithm the Jaya is used in the optimization 

process.  

 

1 INTRODUCTION 
 

Design of the civil engineering structures can be done by using continuous or discrete design variables. When 

designing a special construction, the design variables may be continuous. In this case, the dimensions of the 

structural elements must be specially prepared. In the other words, using of the ready-section is difficult and 

sometimes not possible. Usually the structural elements are ready cross-section such as the list of the steel 

profiles. The similar case is valid for the structural elements of the reinforced concrete building. When the 

designers preparing the pre-project they prefer to use discrete cross-sectional area for the reinforced concrete 

beam or column.  

 

There are many studies related to the optimal discrete design of structures. Salajegheh and Salajegheh [1] 

presented a study on the optimal design of structures by taking into higher order approximation.  They used a 

new penalty function to achieve the optimal discrete variables. Dede [2] used the Teaching-Learning-Based-

Optimization Algorithm for the discrete optimization of truss structures. Dede et al. [3] presented s study on the 

minimal weight of space trusses. They used value encoding which is suitable for the discrete design variables. A 

critical review study related to the truss optimization by using discrete design variables prepared by the Stolpe 

[4]. The author presented theory, developed models and numerical methods for structural optimization in the 

period from 1968 to 2014. Lee et al. [5] made a study for the optimal design of truss structures using harmony 

search algorithm. They prefer to use discrete size and discrete-continuous configuration optimization methods.  

 

Optimization of dome structure is made by several researches. Grzywinski et al. [6] studied on the optimization 

of middle-size of dome structures by using continuous design variables. They preferred to use Jaya algorithm in 

the optimization process. Gholizadeh and Barati [7] used the firefly algorithm (FA) for the topology optimization 

of the single layer domes. Kaveh and Ghazaan [8] by using Enhanced colliding bodies optimization (ECBO). 

Talaslioğlu [9] studied on non-dominated Sorting Genetic Algorithm II (NSGA II) approach for multi-objective 

optimization of the dome structures.  Talaslioğlu [10] presented another study for the weight minimization of 

tubular dome structures using PSO algorithm. Kooshkbaghi et al. [11] used the charged system search algorithm 

for the optimal geometry design of single layer lamella domes. They took into account the LRFD-AISC 

regulations in the design of dome structures. When look at the open literature there is not any study for the 

discrete size optimization of the large-scale dome structures. 

 

In this study, the optimization of a large-scale dome structures with discrete design variables using Jaya 

algorithm is presented. The design variables are the cross-sectional areas of the bar elements in dome structures. 

The natural frequencies of the dome structures are taken into account the constraints for the optimization 

process. As an optimization type, only the size optimization is used in this paper. The results obtained for the 

discrete solution are compared the continuous solution given in literature. 
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2 DISCRETE SIZE OPTIMIZATION OF STRUCTURES 
 

The design variables for the optimization problem can be continuous or discrete.  In the case of the continuous 

optimization, the number of potential solutions is unlimited. Thus, to find the global optimal solution will take so 

much computational times, many transaction volume and computer memory. Also, the design results must be 

made with special production or the designer should be used the nearest solution among the discrete solution. In 

the real life, the structural elements are the ready-section such as the steel profile list. In the case of the discrete 

optimization the design result is a vector which including the members from the available list. So, the volume of 

the solution space is smaller when it compared the continuous case. 

 

There are three main type of optimization for the structures. These are size, shape and the topology optimization. 

For the size optimization, the design variables are generally the cross-sectional areas of the structural members. 

As an example, the designer finds the optimal cross-sectional areas for the reinforced concrete beam or column. 

In the case of the shape optimization, the nodal connections of the structural members are changeable. For the 

topology optimization the configuration of the structure are not constant. In the other word, the number of 

structural element to construct the structure can be different in each steps of the optimization process. 

 

In this study, only the size optimization of structure is taken into account by using discrete design variables. To 

minimize the total weight of the structure, the steel profiles with small cross-sectional area are preferred. For this 

aim, the general objective function is written as given in the Eq.1. 

 

 min

1

.
n

i
i

W L A


                            (1) 

 

Where,  is the density of the structural material, L is the length of the bar element, A is the cross-sectional area 

of the bar element and the W is the total weight of the structure. Structural constraints should not be violated 

while reducing the total weight of the structure. In this study, natural frequencies of the structure are taken into 

account as dynamics constraints. 

 

Some of the frequencies should be smaller than the upper bound of the specified frequency, while others should 

be larger than the lower bounds of the specified frequency. 

 

  1 0       1,...,i
i

upper

g x i k



                       if     0     m m mg x c g x                                       (2) 

 

  1 0     1,...,lower
j

j

g x j k n



                if     0     0m mg x c                                                  

(3) 

 

Where, n is the number constraints and i is the natural frequency of the structure. The specified frequency is 

determined according to the problem. To calculate the summation of constraints (“C”) in the optimization 

problem, the following equations is written.  

 

1

n

m

m

C c


                                                                                                                                                             (4) 

 

The objective function is written in terms of the constraint to take into the constraints. Thus, the penalized 

objective function  is given in Eq. (5).  

 

   . 1 .W x P C                   (5) 

  

Where, the P is a constant value which is determined according to the problem. At the end of the optimization 

process, the penalized objective function must be equal to the objective function. 
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3 JAYA ALGORITHM 
 

The original paper is presented by Rao [12] for the Jaya algorithm. This metaheuristic algorithm is used by many 

researchers in the optimization of the civil engineering structures. As an optimization algorithm, Jaya can be 

used in constrained or unconstrained problems. Like the other population based algorithm this algorithm uses a 

randomly created initial population. The general steps used for this algorithm are given in the Fig. 1. 

 

The main principle of the Jaya is to keep the best individual which is a potential solution including best design 

variables for the optimization problem. For this aim, the selection of the best individual is based on the avoiding 

the worst solution and becoming closer the best individual in the current population. To learn more detailed 

knowledge about the Jaya algorithm the paper presented by Rao [12] can be investigated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flow chart for Jaya algorithm 

 

In this figure, “X” represent any potential solution which is called an individual in the current population. “Xbest” 

and “Xworst” are the best and the worst individual in the population. To measure the quality of the individuals the 

objective function is used. The objective function of this study is the total weight of the dome structure.  

 

The Jaya algorithm used in this study takes into account the constraint of the handled problem. Thus, the optimal 

results obtained at the end the optimization process should not violate the restrictors. The restrictors used in this 

study are the first five natural frequencies of the dome structures.  
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4 NUMERICAL EXAMPLE 
 

In this study, 1180 bar large-scale dome structure is optimized with the frequency constraints. The top view and 

the 3D view of this structure are given in Fig. 2. To create the mode a sub-structure given in Fig.3 can be used. 

In this sub-structure there are 59 bar elements and 20 nodes. The nodal nodal coordinates are given in Fig. 3. The 

1180 bar dome structure has 20 sub-structures and totally the structure has 1180 bar and 400 nodes. The nodal 

coordinates of sub-structure can be replicated with the 18 degrees to create the other nodal coordinates to model 

full geometry of the dome structure. The nodal connection of the sub-structure is given in Table 1. 

 

 
a) Top view       b) 3D view 

Figure 2. 1180 bar large-scale dome structure 

 

  
 
Nodal coordinates for substructure 
 

Node         x                y               z 

  1       3.1181      0.0000    14.6723  
  2       6.1013      0.0000    13.7031  
  3       8.8166      0.0000    12.1354  
  4     11.1476      0.0000    10.0365  
  5     12.9904      0.0000      7.5000  
  6     14.2657      0.0000      4.6358  
  7     14.9179      0.0000      1.5676  
  8     14.9179      0.0000     -1.5677  
  9     14.2656      0.0000     -4.6359  
 10    12.9903      0.0000     -7.5001  
 11      4.5788      0.7252    14.2657 
 12      7.4077      1.1733    12.9904 
 13      9.9130      1.5701    11.1476 
 14    11.9860      1.8984      8.8165 
 15    13.5344      2.1436      6.1013 
 16    14.4917      2.2953      3.1180 
 17    14.8153      2.3465      0.0000 
 18    14.4917      2.2953     -3.1181 
 19    13.5343      2.1436     -6.1014 
 20      3.1181      0.0000     13.7031 
 

Figure 3. Sub-structure of 1180 bar large-scale dome structure 
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Table 1. Connection for the sub-structure of the 1180 bar dome 

Element 
nodes  

Element 
nodes  

Element 
nodes 

i j  i j  i j 

1 1 2 
 

21 5 15  41 11 21 
2 1 11 

 
22 5 25  42 11 22 

3 1 20 
 

23 6 7  43 12 22 
4 1 21 

 
24 6 15  44 12 23 

5 1 40 
 

25 6 16  45 13 23 
6 2 3 

 
26 6 26  46 13 24 

7 2 11 
 

27 7 8  47 14 24 
8 2 12 

 
28 7 16  48 14 25 

9 2 20 
 

29 7 17  49 15 25 
10 2 22 

 
30 7 27  50 15 26 

11 3 4 
 

31 8 9  51 16 26 
12 3 12 

 
32 8 17  52 16 27 

13 3 13 
 

33 8 18  53 17 27 
14 3 23 

 
34 8 28  54 17 28 

15 4 5 
 

35 9 10  55 18 28 
16 4 13 

 
36 9 18  56 18 29 

17 4 14 
 

37 9 19  57 19 29 
18 4 24 

 
38 9 29  58 19 30 

19 5 6 
 

39 10 19  59 20 40 
20 5 14 

 
40 10 30     

 

This example was previously examined by Kaveh and Ghazaan [8] by using Enhanced colliding bodies 

optimization (ECBO). This structure is designed for three stages. There are 8, 18 and 59 elements for the stage 1, 

2, and 3, respectively. The members of these stages are given in Table 2. 

 

Table 2. Three type of grouping for 1180 bar dome 

Stage  
Group 

size 
Elements 

1 8 

[1 6 11 15 19]; [23 27 31 35]; [4 10 14 18 22]; [26 30 34 38 40];  

[2 7 41 42 8 12 43 44 13 16 45 46]; [17 20 47 48 21 24 49 50 25 28 51 52]; 

[29 32 53 54 33 36 55 56 37 39 57 58]; [3 5 9 59] 

   

2 18 

[1 6 11]; [15 19]; [23 27]; [31 35]; [4 10]; [14 18 22]; [26 30]; [34 38 40];  

[2 7 41 42]; [8 12 43 44]; [13 16 45 46]; [17 20 47 48]; [21 24 49 50]; 

[25 28 51 52]; [29 32 53 54]; [33 36 55 56]; [37 39 57 58]; [3 5 9 59] 

   
3 59 [1:59] 

 

The materials properties lower and the upper bounds of the cross-sectional areas of the design variables and the 

frequency constraint are given in the Table 3.  

 

Table 3. Structural constraints and material properties for 1180 bar dome 

Symbols Definitions value unit 

E Modulus of elasticity 200 GPa 

 Material density 7850 kg/m3 

m Non-structural mass 100 for all free nodes kg 

A Cross-sectional area 1x10-4 ≤ A ≤ 100x10-4 m2 

 Increment for the area 0.25x10-4 m2 

 Frequency constraints 1,2 ≥ 7, 3,4,5 ≥ 9 Hz 

 

In the optimization process, the population size is 30 and the number of iteration is 1000. To carry out the 

optimization process the visually developed program coded in MATLAB. The optimal results for each stage are 

obtained at the end of the ten independent runs with the personal computer which has the properties as Intel(R) 

Core(TM) i3-3220 CPU @ 3.30 GHz 3.30 GHz and 8 GB RAM. 

 

The optimal results obtained from this study and the calculated first five natural frequencies related to the best 

results are given in Table 4 and Table 5, respectively. 
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Table 4. Discrete optimal results for the 1180 bar dome structure 

Stage   Areas (cm2)  
Total 
weight (kg) 

1  9.00; 37.00; 10.00; 22.00; 8.00; 12.00; 29.00; 4.00  43652.7138 

     

2 
 6.75; 10.50; 21.75; 44.00; 12.25; 8.00; 13.50; 22.75; 8.75; 6.25; 6.25; 8.25; 

10.75; 14.75; 18.75; 26.75; 36.25; 3.50 

 
39634.1223 

     

3 

 
7.75; 8.25; 2.00; 16.25; 4.50; 7.25; 6.50; 6.75; 2.50; 12.50; 7.00; 6.00; 5.25; 

6.00; 8.75; 5.75; 7.00; 7.75; 12.50; 8.00; 13.25; 8.25; 15.00; 9.50; 16.75; 

11.75; 28.75; 14.25; 16.75; 15.25; 31.00; 19.75; 28.50; 22.00; 53.50; 26.50; 

32.25; 27.75; 39.50; 1.00; 10.50; 7.50; 7.25; 7.00; 7.25; 7.00; 9.75; 8.00; 9.50; 

13.50; 11.75; 14.50; 20.75; 18.00; 26.00; 29.50; 26.50; 38.75; 4.25 

 

38283.4569 

 

Table 5. Frequency results for the optimal results (Hz) 

Frequency  
number 

 First five frequencies  

 Stage 1  Stage 2  Stage 3 

1  7.0007  7.0001  7.0059 

2  7.0007  7.0001  7.0059 

3  9.0103  9.0032  9.0552 

4  9.0103  9.0032  9.0847 

5  9.2143  9.0207  9.0847 

 

As seen from the Table 4, the best result is obtained for the stage 3. If the number of member in groups 

increases, the probability of decrease in building weight increases. Because the cross-sectional areas are divided 

into many groups. Thus, the probability of different cross-sectional areas having small cross-section is increased. 

 

As seen from the Table 4, the first five natural frequencies of the dome structure are not violets the frequency 

constraints. To compare the results with the literature, the discrete optimal results obtained in this study and the 

continuous results given by the Kaveh and Ghazaan [8] are shown in Table 6. 

 

Table 6. Comparison of optimal results for the 1180 bar dome structure with continuous optimal 

Grouping  
Outputs  

(kg) 
  

Discrete 
[this study] 

 
Continuous 

[8] 

Stage 1 

W   43,652.7138  43,685.00 

Wmean   43,652.7138  - 

Wstd            0.0000  - 

Stage 2 

W   39,634.1223  39,881.00 

Wmean   39,704.8019  - 

Wstd          26.9954  - 

Stage 3 

W   38,283.4569  37,770.71 

Wmean   38,493.8334  37,885.15 

Wstd          77.6228       133.84 
 W: Best weight ; Wmean: Average optimized weight; Wstd: Standard  
deviation on average weight 

 

The best results both in this study and the by Kaveh and Ghazaan [8] are obtained in the stage 3. But, the 

continuous design result is better than the discrete design result. 

 

In the case of the stage 3, the convergence histories for the best weight, mean weight and the standard deviation 

of the mean weight are given in the Fig. 4. To compare the optimal results for the all stages, the convergence 

histories for the best weights are given in Fig. 5. 
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Figure 4. Convergence history of the best, mean and the standard deviation of the total weight for stage 3 

 

 
Figure 5. Comparison of the  convergence history of the best results for all stages 

 

As seen from the Fig. 4, after about the 500 iterations the graph began to converge. At the end of the 1000 

iteration the Jaya algorithm found the best results. After about the 80 iteration, the graph for mean solution is so 

close the best solution and the standard deviation of the mean solution is so close to zero. This case shows the 

robustness end the efficiency of the Jaya algorithm.  

 

The optimal results for each group obtained for 10 independents run are given in the Fig. 6. As seen from this 

graph, for all grouping the optimal results are so close to each other. This case is shows the performance of the 

proposed algorithm used in this study.  

 

 
Figure 6. Optimal results for the 10 independents runs for all stages 
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The optimization process took 105020.2320 second, 136351.1764 second and 102542.1873 second for the stage 
8, 18 and 59 groups, respectively. 
 

5 CONCLUSION 
 

The main purpose of this study is to make the optimal design of the large-scale dome structure using a 

metaheuristic algorithm named Jaya. For this aim a large-scale domes structure is examined with different 

grouping. To carry out the optimization process a visual computer codes are developed. This program can take 

into account the different metaheuristic algorithm and different type of structure such as 2D and 3D truss.  It can 

be concluded that the proposed algorithm can be used effectively in the design the design of the large-scale 

structures.  
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Abstract 

Designed experiments are a powerful tool to enchaining a process. Particularly, 

factorial designs are useful in process development and improvement studies. The 

aim of this paper is three-fold. One, fitted functions of mean and standard deviation 

responses are obtained using the results of a factorial design. Two, a nonlinear 

programming model is proposed in order to obtain optimum operating conditions of 

design factors. Finally, comparison studies with the different desired target values 

are conducted along with the numerical example from the literature. 

1 INTRODUCTION 
 

Designed experiments are widely applied to many industrial processes [1]. The analysis of factorial experimental 

designs and the use of graphical methods are important issues. Particularly, this paper focuses on a factorial design 

with k factors, each at two levels. This particular design is called a 2k factorial design in the literature. Montgomery 

[1] provided a comprehensive review of factorial designs. 

 

In the literature, there are several optimization models for obtaining optimum operating conditions of design 

factors. Particularly, Vining and Myers [2] proposed a dual response model (DRM). The idea of this model is that 

the mean response is at the desired target value while minimizing the standard deviation response as small as 

possible. Del Castillo and Montgomery [3] improved this model using the generalized gradient method. 

Furthermore, Lin and Tu [4] considered the mean squared error (MSE) concept incorporating the optimization 

model. The main advantage of the MSE model is to allow the process bias. Copeland and Nelson [5] reconsidered 

the MSE model using an upper bound of the process bias. For recent studies, Myers et al. [6] provided a 

comprehensive review of the process and product optimization. 

 

This paper is three-fold. One, estimated fitted functions of mean and standard deviation responses are found. Two, 

a nonlinear programming model is proposed while minimizing the standard deviation response subject to the 

constraints. Three, a numerical example from the literature is illustrated to show the effectiveness of the proposed 

model. Comparison studies are also conducted. 

 

2 PROPOSED METHODOLOGY DEVELOPMENT 
 

The proposed methodology consists of five phases: (1) the pre-experimental planning phase, (2) the experimental 

phase, (3) the data analysis phase, (4) the optimization phase, and (5) the conclusions and recommendations phase. 

 

2.1 The Pre-Experimental Planning Phase 

 

The objectives of the problem give contributions to a better understanding of the process and the solution to the 

problem. The experimenter should select the design factors to be varied in the experiment, and two levels at which 

runs will be made. Process knowledge is necessary to choose the design factors. In addition, the experimenter 

should decide the response variable that really provides useful information about the process.  

 

2.2 The Experimental Phase 

 

Sample size, selection of a run order, and whether or not blocking are important for the choice of experimental 

design. In this paper, a factorial design is selected for process development and improvement. This design is 

represented geometrically as a square or a cube. 
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2.3 The Data Analysis Phase 

 

Statistical methods are used to analyse the data. Particularly, the regression model and residual analysis are 

conducted for the experiment. The estimated fitted function of the mean response is denoted as follows: 

 
' 1 '

11 21 1 11 21 11 1

12 22 2 12 22 12 2

1 2 1 2 1

1 2

ˆ ˆ ˆ( )  where ( ) ,

1

1

1

and [ ,  ,  ...,  ]

i i i

i i i

l l il l l i l il

n

a a

x x x x x x x

x x x x x x x

x x x x x x x

y y y

 







 

 
 
 
 
 
 



x X X X X y

X

y

 (1) 

 

where ˆ ( ) x  is the estimated mean response and y  is a vector of mean values. Similarly, the estimated fitted 

function of the standard deviatıon response is found as follows: 

 

ˆˆ ( ) b x X  where 
' 1 '

1 2
ˆ ( ) ,  [ ,  ,  ...,  ]nb s s s  X X Xs s  (2) 

 

where ˆ ( ) x  is the estimated standard deviation response and s is a vector of the estimated standard deviation.  

 

2.4 The Optimization Phase 

 

The objective of the proposed optimization model is to minimize the estimated fitted function of the standard 

deviation response while meeting the process target.  

 

ˆMinimize ( ) x  (3) 

 

Three constraints of the proposed model are expressed as follows: 

1. Meeting the process target: The process mean is achieved at the target value for specific engineering processes. 

It could be an important step in order to provide the customer’s satisfaction. The constraint is denoted as 

follows: 

 

ˆ ( )  x  (4) 

 

where   is the desired target value which is specified by the customer. 

  

2. Non-negative standard deviation: The standard deviation should be greater than or equal zero. Therefore, the 

following constraint is added to the proposed optimization model: 

 

ˆ ( ) 0 x  (5) 

 

3. Boundary requirements for the experimental design space of the factorial design: The factorial design involves 

the coded levels of design points at -1 and +1. Therefore, the design space is either square or n-cube based on 

the number of design factors. The boundary constraints are denoted as follows: 

 

1 1 ( 1,  2,  ...,  )ix i l     x  (6) 

 

Table 1 summarizes the proposed optimization model. 

 

Table 1. Proposed optimization model 

Minimize 
' 1 '( )X X X Xs  

Subject to  

I 
' 1 '( ) 

 X X X X y  

II 
' 1 '( ) 0 X X X Xs  

III 1 1 ( 1,  2,  ...,  )ix i l     x  
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2.5 The conclusions and recommendations phase 

 

Once phases 1 to 4 have been done, the experimenter should draw conclusions about the results of the experiment 

and give recommendations on a course of action. Graphical methods could be useful in this phase. In addition, 

confirmation testing is recommended to validate the conclusions from the experimental study. 

 

3 NUMERICAL EXAMPLE 
 

A numerical example from the literature ([1] and [7]) is illustrated in order to show the effectiveness of the 

proposed methodology. The experiment describes the application of factorial designs in developing a nitride etch 

process. This example concentrates on the etch rate for silicon nitride. For this study, two replicates of a 24 design 

are used to examine the process. The coded levels of design factors are shown in Table 2. 

 

Table 2. Coded levels of design factors 

Design factor level 

Gap  

x1  

(cm) 

Pressure  

x2  

(m Torr) 

C2F6  

x3  

(SCCM) 

Power  

x4  

(W) 

Low (-) 0.80 450 125 275 

High (+) 1.20 550 200 325 

 

Table 3 shows the modified data from the 16 runs with two replicates. The experimental design space is a cube 

due to the 24 design. 

 

Table 3. The 24 design for the plasma etch experiment (modified from [1] and [7]) 

Run x1 (Gap) x2 (Pressure) x3 (C2F6) x4 (Power) y1 y2 y  s 

1  -1  -1  -1  -1 550 540 545.00 7.07 

2 +1  -1  -1  -1 669 649 659.00 14.14 

3  -1 +1  -1  -1 604 614 609.00 7.07 

4 +1 +1  -1  -1 650 640 645.00 7.07 

5  -1  -1 +1  -1 633 638 635.50 3.54 

6 +1  -1 +1  -1 642 632 637.00 7.07 

7  -1 +1 +1  -1 601 616 608.50 10.61 

8 +1 +1 +1  -1 635 625 630.00 7.07 

9  -1  -1  -1 +1 1037 1027 1032.00 7.07 

10 +1  -1  -1 +1 749 754 751.50 3.54 

11  -1 +1  -1 +1 1052 1062 1057.00 7.07 

12 +1 +1  -1 +1 868 878 873.00 7.07 

13  -1  -1 +1 +1 1075 1065 1070.00 7.07 

14 +1  -1 +1 +1 860 890 875.00 21.21 

15  -1 +1 +1 +1 1063 1058 1060.50 3.54 

16 +1 +1 +1 +1 729 739 734.00 7.07 

 

The estimated mean response is denoted as follows: 

 

1 2 3 4 1 2 1 3 1 4

2 3 2 4 3 4

ˆ ( ) 776.38 50.81 0.75 4.94 155.25 5.81 11.50 72.44

         23.81 1.25 1.69

x x x x x x x x x x

x x x x x x

        

  

x
 (7) 

 

Similarly, the estimated standard deviation response is expressed as follows: 

 

1 2 3 4 1 2 1 3 1 4

2 3 2 4 3 4

ˆ ( ) 7.96 1.33 0.88 0.44 0.00 1.33 0.88 0.44

         0.44 0.88 1.33

x x x x x x x x x x

x x x x x x

        

  

x
 (8) 

 

For this experiment, the desired target value is 750. Table 4 shows the proposed optimization model using 

Equations (7) and (8). 
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Table 4. Proposed optimization model for the plasma etch experiment 

Minimize 
1 2 3 4 1 2 1 3 1 4

2 3 2 4 3 4

7.96 1.33 0.88 0.44 0.00 1.33 0.88 0.44

0.44 0.88 1.33

x x x x x x x x x x

x x x x x x

      

  
 

Subject to  

I 
1 2 3 4 1 2 1 3 1 4

2 3 2 4 3 4

776.38 50.81 0.75 4.94 155.25 5.81 11.50 72.44

23.81 1.25 1.69 750

x x x x x x x x x x

x x x x x x

      

   
 

II 
1 2 3 4 1 2 1 3 1 4

2 3 2 4 3 4

7.96 1.33 0.88 0.44 0.00 1.33 0.88 0.44

0.44 0.88 1.33 0

x x x x x x x x x x

x x x x x x

      

   
 

III 1 1 ( 1,  2,  3, 4)ix i      

 

Table 5 shows the results of the proposed model. A global optimal operating condition is also found for the four 

design factors. In addition, the uncoded solutions of each design factor are shown in Table 5. 

 

Table 5. Results of the proposed model where 750   

Design factor Optimum coded solution Optimum uncoded solution 

x1 (Gap) 1.000 1.20 cm 

x2 (Pressure) 1.000 550 m Torr 

x3 (C2F6) -1.000 125 SCCM 

x4 (Power) -0.011 299.725 W 

 

Notice that the estimated standard deviation, which is an objective function of the proposed model in Table 4, is 

found at 6.219 for the experiment. If the desired target value is specified below 750, the estimated standard 

deviation value will increase for the experiment (please see Table 6). On the contrary, if the desired target value 

is specified above 750, the estimated standard deviation value will decrease for the experiment (please see Table 

7). Therefore, it is concluded that the selecting of the desired target value plays a key role in the variance reduction 

of the process.  

 

Table 6. Results of the proposed model where 750   

Design factor 

Optimum 

coded 

 for 700   

Optimum 

coded 

for 710   

Optimum 

coded 

for 720   

Optimum 

coded  

for 730   

Optimum 

coded  

for 740   

x1 (Gap) 1.000 1.000 1.000 1.000 1.000 

x2 (Pressure) 1.000 1.000 1.000 1.000 1.000 

x3 (C2F6) -0.401 -0.569 -0.736 -0.903 -1.000 

x4 (Power) -0.397 -0.337 -0.276 -0.216 -0.131 

Estimated standard  

deviation value 

(Objective function 

value) 

7.114 6.982 6.824 6.640 6.431 

 

Table 7. Results of the proposed model where 750   

Design factor 

Optimum 

coded  

for 760   

Optimum 

coded  

for 770   

Optimum 

coded 

for 780   

Optimum 

coded 

for 790   

Optimum 

coded  

for 800   

x1 (Gap) 1.000 1.000 1.000 1.000 1.000 

x2 (Pressure) 1.000 1.000 1.000 1.000 1.000 

x3 (C2F6) -1.000 -1.000 -1.000 -1.000 -1.000 

x4 (Power) 0.110 0.230 0.350 0.470 0.590 

Estimated standard 

deviation value 

(Objective function 

value) 

6.006 5.793 5.581 5.368 5.156 

 

It is also noted that no feasible solution could be found for the optimization model in Table 4 where the desired 

target value is specified, for example, 1200. 
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4 CONCLUSION 
 

This paper presents another view of factorial designs for process optimization. For this particular purpose, a five-

phased proposed methodology is suggested in order to optimize the process. The estimated fitted functions of mean 

and standard deviation responses are also found using the data of the factorial design in this paper. In addition, a 

nonlinear optimization model is proposed in order to obtain an optimum operating condition of design factors. The 

numerical example from the literature ([1] and [7]) shows that the proposed model is able to achieve the variance 

reduction for the plasma etch experiment. It is also noted that the effectiveness of the proposed model is based on 

the desired target value. Researchers and practitioners would need to select an appropriate desired target value of 

an experiment for achieving a smaller standard deviation value and an accurate solution. A natural extension of 

this paper would be to consider multiple responses for process optimization. 
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Abstract 

The traditional statistical process control charts are known as effective techniques 

for controlling the production process under certain circumstances. On the contrary, 

these charts are inefficient while dealing with uncertainty. For these particular 

situations, fuzzy-based statistical process control charts are considered to monitor the 

production process under uncertain conditions. The fuzzy process capability indices 

are also used to measure the process capability. In this study, the fuzzy X-bar and R 

control charts were applied to control the product of pumice blocks. Next, the 

analyses of the fuzzy Cp and Cpk indices were carried out to evaluate the performance 

of the product of pumice blocks when specification limits and measurements are at 

triangular fuzzy numbers. Finally, the results showed that the fuzzy X-bar and R 

control charts were effective methods to control and improve the product of pumice 

blocks. 

1 INTRODUCTION  
 

Bricks are widely used as construction materials to build enclosures and physical and mechanical properties of 

bricks that are suitable properties with a thermal insulation behavior [1]. Nowadays, cement materials with an 

environmentally friendly property are important concerns and cement replacement materials are significant in the 

construction-based industry while evaluating the economic, ecological, and technological situations [2] and [3]. 

Thus, a lot of papers have been published in order to look for suitable binders or cement replacement materials. 

Concrete-based materials do not only have well workability, perfect properties, such as mechanical and durability 

but also suggest economic and environmental advantages [4]. Pozzolans may enhance the concrete durability, for 

example, alkali-aggregate expansion, resistance to thermal cracking, and sulfate attack [5]. In addition, the natural 

pozzolans in concrete using technological advantages may improve the impermeability factor, chemical durability, 

resistance to thermal cracking, and strength [4]. It is also known that natural pozzolans are pyroclastic rocks and 

they are wealthy in silicate minerals and volcanic glass shards applied in the powdered form of concrete. In 

addition, they also give reactions using calcium hydroxide in water to form compounds having the properties of 

cementitious [5]. 

 

The traditional statistical process control (SPC) techniques are highly effective in order to control processes for 

finding causes of variation and corrective actions. These techniques have been applied to a wide range of industries 

and service systems in order to reduce the variability of the process and achieve the process stability. In addition, 

these charts are able to observe process shifts and to point out the unusual condition arising in the online 

manufacturing process. These charts generally are formed the control limit, the estimated nominal level and the 

upper control limit, and the lower control limit. The specification limits are used in order to check whether or not 

the observations are within specification limits. If all data are lying within the limits, the process is in control. On 

the other hand, if any of the observations is outside of the specification limits, the process is out of control [6]. 

Monitoring a process using the traditional control charts are not applicable for uncertain and linguistic variables. 

Therefore, the traditional control charts should be extended to perform the process monitoring in uncertain 

conditions. The fuzzy sample data may be used in order to observe special causes variation or make corrections 

while dealing with uncertainty. 

 

The process capability indices are useful to measure whether a process is capable of manufacturing items within 

the specification limits defined by the customer. The first capability index is Cp in the literature [7]. The Cp index 
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is defined by the ratio of the difference between the upper and the lower specification limits over the process 

standard deviation. The value of the Cp index denotes the process performance, such as satisfactory and 

unsatisfactory. On the other hand, the Cp index does not work where the process mean is located to the specification 

limits. To overcome this particular problem, the Cpk index is used [6]. 

 

The Cpk index is calculated based on the tolerance ( 3 ) to the control limits. However, the Cp and Cpk indices are 

not applicable while dealing with uncertainty. So, Kaya and Kahraman [8] calculated the fuzzy Cp and Cpk indices 

with the triangular fuzzy numbers (TFNs). In addition, the results of the fuzzy Cp and Cpk indices are more accurate, 

sensitive and flexible for uncertain situations. 

 

In this paper, the fuzzy X-bar and R charts are constructed dealing with uncertainty for pumice blocks in 

dimensions of 100x390x190 mm. Then, the fuzzy Cp and Cpk indices with the TFNs are also calculated in order to 

measure the process performance of the pumice block. Next, the results and discussion are presented for the pumice 

block. Finally, concluding remarks are drawn. 

 

2 MATERIAL AND METHOD 
 

2.1 Material 

 

Pumice block products are building elements, which are produced in accordance with TS-EN 771/3 and CE 

standards in the ISO 9001-2008 system and used in the inner and outer walls of all types of construction systems. 

Pumice blocks, which are highly insulated, energy-saving and lightweight, offer exceptional security in 

construction, saving for time, materials and labor, and providing functional solutions. In this study, five samples 

were collected for each day and totaled twenty-four days. In addition, the fuzzy X-bar and R statistical process 

control studies were carried out for a plant in Turkey producing pumice blocks in dimensions of 100x390x190 mm 

(see Figure 1). In the production process, the fuzzy X-bar and R control charts were established in order to 

determine whether the results from unit volume weight (ton/m3) in a pumice block plant were under control or not.  

 

 
Figure 1. A product of pumice block in dimension of 100x390x190 mm 

 

2.2 Method 

 

In this study, the fuzzy X-bar and R control charts and process capability analyses were used. First of all, traditional 

control charts and process capability analyses were summarized. In the traditional statistical control chart, X-bar 

control charts represent the deviation from the mean. On the contrary, R control charts are used to determine the 

separation values from homogeneity. Three control limits were calculated in order to draw control charts. These 

are lower control limit (LCL), upper control limit (UCL) and control limit (CL). The values of three control limits 

for X-bar and R charts are found as follows: 

 

2X
UCL X A R   (1) 

 

X
CL X  (2) 

393



Monitoring Pumice Blocks in Dimensions of 100x390x190 mm with Fuzzy X-bar and R 

Control Charts 

ICADET ‘19 

 

 

2X
LCL X A R   (3) 

 

4RUCL D R  (4) 

 

RCL R  (5) 

 

3RUCL D R  (6) 

 

where X  and R  denote the mean of subgroups and the range of subgroups, respectively. 2A , 4D  and 3D  are the 

constants for control charts. Note that constant values can be found in Montgomery (2012). 

 

The aim of the process capability analysis is to investigate the development of a new product related to the mean, 

the standard deviation, and specifications for the customer’s satisfaction. In process capability analysis, the process 

capability indexes are used. Cp and Cpk indexes are widely used in the literature [6]. The Cp index explains the 

relationship between the desired limits and process control limits. On the other hand, the Cpk index considers the 

shift in the process data, unlike the Cp index. The Cp index is found as follows: 

 

6
p

UCL LCL
C




  (7) 

 

where   denotes the standard deviation. The Cpk index is obtained as follows: 

 

min ,
3 3

pk

UCL LCL
C

 

 

  
  

 
 (8) 

 

where   is the mean. If the Cp and Cpk indexes are found 1.33 or higher, the process is stable and it meets the 

specification limits [6]. 

 

The traditional Shewart control charts are not appropriate techniques in order to improve new or existing products 

for fuzzy processes. Therefore, fuzzy control charts and the fuzzy process capability analysis are useful techniques 

for fuzzy processes. In order to draw a fuzzy control chart, the concept of the fuzzy sets can be considered and the 

value can be transformed the triangular fuzzy number (TFN), such as  1 2 3, , X X X X . Notice that TFNs are 

more suitable choices while considering the quality characteristics defined by variables, such as approximately or 

around. The mean of the sample can be found the following after computing the sample size (n) from the triangular 

fuzzy numbers: 

 

  
1 2 3

1 1 1

1 2 3, , ,  ,  

n n n

j j j

j j j

X X X

X X X X
n n n

  

 
 
  
 
 
 

  
 (9) 

 

The range of the studied sample can be computed as follows while considering the extension principle of the fuzzy 

sets: 

 

   

 
1 2 3 1 2 3

1 1 2 2 3 3

max  ,  max ,  max min  ,  min ,  min 

   = max  min  ,  max  min  ,  max  min  

j j j j j j

j j j j j j

R X X X X X X

X X X X X X

 

  
 (10) 

 

where  1 2 3,  ,  R R R R . In addition,  max  1,  2,  3ijX i   and  min  1,  2,  3ijX i   denote the maximum and 

minimum values of the fuzzy sets, respectively.  

 

The fuzzy grand mean and the mean range of samples are found for m subgroups with the sample size (n) as 

follows: 
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1 2 3

1 1 1

1 2 3, ,  ,  ,  

m m m

i i i
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R R R

R R R R
m m m

  

 
 
  
 
 
 

  
 (12) 

 

The control limits for fuzzy barX   control charts are computed by 

 

 2 1 2 1 2 2 2 3 2 3,  ,  
X

UCL X A R X A R X A R X A R       (13) 

 

 1 2 3,  ,  
X

CL X X X X   (14) 

 

 2 1 2 1 2 2 2 3 2 3,  ,  
X

LCL X A R X A R X A R X A R       (15) 

 

In a similar way, the control limits for fuzzy R  control charts are found as follows: 

 

 4 1 4 2 4 3 4,  ,  
R

UCL RD R D R D R D   (16) 

 

 1 2 3,  ,  
R

CL R R R R   (17) 

 

 3 1 3 2 3 3 3,  ,  
R

LCL RD R D R D R D   (18) 

 

In addition, the fuzzy process mean,  , and standard deviation,  , can be computed by 

 

 1 2 3,  ,  X TFN      (19)  

 

 1 2 1

1 2 3

2 2 2 2

,  ,  ,  ,  
R R RR

TFN s s s
d d d d


 

   
 

 (20) 

 

The fuzzy process capability indices can be found by 

 

3 31 1 2 2

1 2 3

,  , 
6 6 6 6

p

u lu l u lUCL LCL
C TFN

s s s

  
   

 
 (21) 

 

3 31 1 2 2

1

1 2 3

,  , 
3 3 3 3

pu pk

uu uUCL
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 (22) 

 

3 31 1 2 2

2

1 2 3

,  , 
3 3 3 3

pl pk

ll lLCL
C C TFN

s s s

 



  
    

 
 (23) 

 

where  1 2 3,  ,  UCL TFN u u u  and  1 2 3,  ,  LCL TFN l l l . 
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3 RESULTS AND DISCUSSIONS 
 

The fuzzy X-bar and R control charts were used in order to control the fuzzy process of pumice blocks in 

dimensions of 100x390x190 mm. In this study, the fuzzy control charts were used because the more accurate data 

was collected for pumice blocks. It is also known that the traditional control charts are not appropriate and flexible 

under uncertain conditions. The case study was conducted using collected data from twenty-four samples with five 

groups. The results of the collected data are shown in Table 1 for pumice blocks in dimensions of 100x390x190 

mm. 

 

First of all, the normality test was performed for the data in Table 1. Minitab software version 17 was used and the 

Anderson-Darling normality test was performed in order to provide higher accuracy. It was concluded that the 

process satisfied the normality assumption because the p-value is higher than the alpha value where the p-value 

and the alpha value are 0.422 and 0.05, respectively. Figure 2 also shows the normality plot. Note that Figure 2 

also verifies the normality assumption. 

 

The values of Table 2 were collected approximately and these values were converted the triangle fuzzy numbers 

according to 0.005 mm fuzzy values. For example, the value 0.628 in Table 1 was converted to the triangle fuzzy 

number as (0.623, 0.628, 0.633). Notice that the fuzzy value is the value of the difference that happens based on 

reasons, such as the differences of the workers and the error rate in the measurement. 

 

Table 1. Data for calculating gross volume weights of pumice blocks in dimensions of 100x390x190 mm 

Sample X1 X2 X3 X4 X5 X  

1  0.628 0.639 0.630 0.635 0.610 0.628 

2  0.656 0.660 0.645 0.660 0.644 0.653 

3  0.656 0.660 0.679 0.674 0.683 0.671 

4  0.647 0.634 0.665 0.647 0.646 0.648 

5  0.667 0.636 0.638 0.634 0.640 0.643 

6  0.652 0.664 0.641 0.646 0.638 0.648 

7  0.601 0.601 0.601 0.638 0.647 0.617 

8  0.659 0.643 0.655 0.638 0.691 0.657 

9  0.655 0.648 0.624 0.649 0.639 0.643 

10  0.638 0.623 0.664 0.606 0.613 0.629 

11  0.643 0.677 0.675 0.653 0.626 0.655 

12  0.689 0.651 0.657 0.640 0.633 0.654 

13  0.659 0.619 0.627 0.609 0.610 0.625 

14  0.641 0.666 0.673 0.630 0.631 0.648 

15  0.678 0.708 0.650 0.686 0.706 0.685 

16  0.613 0.607 0.602 0.610 0.606 0.608 

17  0.713 0.718 0.725 0.672 0.709 0.707 

18  0.669 0.669 0.670 0.646 0.691 0.669 

19  0.675 0.623 0.616 0.630 0.612 0.631 

20  0.722 0.703 0.722 0.699 0.677 0.705 

21  0.620 0.652 0.638 0.630 0.635 0.635 

22  0.663 0.675 0.684 0.620 0.658 0.660 

23  0.681 0.648 0.641 0.650 0.652 0.655 

24  0.712 0.652 0.650 0.666 0.702 0.676 
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Figure 2. Normality plot 

 

The results for the fuzzy X-bar and R statistical control charts using Equations (11-12) are shown in Table 2. 

Notice that the process is checked in Table 6 using the fuzzy X-bar and R statistical control charts. 

 

Table 2. Results of the process mean and range values with the process situation for each sample 

Sample X  Situation R  Situation 

1 0.6234 0.6284 0.6334 In control 0.0290 0.0290 0.0290 In control 

2 0.6480 0.6530 0.6580 In control 0.0160 0.0160 0.0160 In control 

3 0.6654 0.6704 0.6754 In control 0.0270 0.0270 0.0270 In control 

4 0.6428 0.6478 0.6528 In control 0.0190 0.0310 0.0190 In control 

5 0.6380 0.6430 0.6480 In control 0.0330 0.0330 0.0330 In control 

6 0.6432 0.6482 0.6532 In control 0.0260 0.0260 0.0260 In control 

7 0.6126 0.6176 0.6226 In control 0.0460 0.0460 0.0460 In control 

8 0.6522 0.6572 0.6622 In control 0.0530 0.0530 0.0530 In control 

9 0.6380 0.6430 0.6480 In control 0.0100 0.0310 0.0310 In control 

10 0.6238 0.6288 0.6338 In control 0.0510 0.0510 0.0510 In control 

11 0.6498 0.6548 0.6598 In control 0.0510 0.0510 0.0510 In control 

12 0.6490 0.6540 0.6590 In control 0.0560 0.0560 0.0560 In control 

13 0.6198 0.6248 0.6298 In control 0.0500 0.0500 0.0500 In control 

14 0.6432 0.6482 0.6532 In control 0.0430 0.0430 0.0430 In control 

15 0.6806 0.6856 0.6906 In control 0.0580 0.0580 0.0580 In control 

16 0.6026 0.6076 0.6126 In control 0.0110 0.0050 0.0110 In control 

17 0.7024 0.7074 0.7124 In control 0.0460 0.0530 0.0530 In control 

18 0.6640 0.6690 0.6740 In control 0.0450 0.0450 0.0450 In control 

19 0.6262 0.6312 0.6362 In control 0.0630 0.0630 0.0630 In control 

20 0.6996 0.7046 0.7096 In control 0.0450 0.0450 0.0450 In control 

21 0.6300 0.6350 0.6400 In control 0.0320 0.0320 0.0320 In control 

22 0.6550 0.6600 0.6650 In control 0.0640 0.0640 0.0640 In control 

23 0.6494 0.6544 0.6594 In control 0.0330 0.0400 0.0400 In control 

24 0.6714 0.6764 0.6814 In control 0.0600 0.0600 0.0600 In control 

Mean 0.6471 0.6521 0.6571  0.0403 0.0403 0.0403  
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In addition, Table 3 shows the results of 
X

UCL , 
X

CL , 
X

LCL , 
R

UCL , 
R

CL , and 
R

LCL  using Equations (13-18).  

 

Table 3. Control limits for the X  and R  control charts 

Control chart Control limit Values of the control limit 

X  

X

UCL  0.6703, 0.6758, 0.6812 

X

CL  0.6471, 0.6521, 0.6571 

X

LCL  0.6223, 0.6282, 0.6330 

R  

R
UCL  0.0880, 0.0880, 0.0880 

R
CL  0.0403, 0.0403, 0.0403 

R
LCL  0.0000, 0.0000, 0.0000 

 

The values of  ,  , 
pC , 

puC  and 
plC  are shown in Table 4 in order check whether or not the process is adequate 

for manufacturing of pumice blocks. For calculating 
pC , 

puC  and 
plC  in Equations 21-23,  UCL is specified as 

1.6000 and LCL is specified 0.3000.  In addition, it is also concluded that the process is adequate because all 
pC , 

puC  and 
plC  are greater than 1.33. 

 

Table 4. Values of  ,  , 
pC , 

puC  and 
plC  

Parameter Values of the parameter 

  0.6471, 0.6521, 0.6571 

  0.0173, 0.0178, 0.0179 

pC  12.52, 12.72, 12.10 

puC  18.36, 17.75, 17.55 

plC  6.69, 6.59, 6.65 

 

4 CONCLUSION 
 

In monitoring a process, the traditional statistical control charts are appropriate for continuous-valued data while 

considering completely required and certain conditions. On the other hand, fuzzy data may exist in a number of 

processes under vague and uncertain conditions. In this study, the fuzzy X-bar and R statistical control charts were 

developed in order to monitor pumice blocks in dimensions of 100x390x190 mm. The fuzzy process capability 

indices were also used in order to measure the performance of the process. For this particular purpose, the collected 

data were converted to the triangular fuzzy numbers. The fuzzy process capability indices were calculated to check 

the process stability when the process of pumice block was in control. The 
pC  values are 12.52, 12.72, and 12.10. 

In addition, the 
puC  values are 18.36, 17.75, and 17.55, and the 

plC  values are 6.69, 6.59, and 6.65. Therefore, 

the process is capable because all process capability indices are greater than 1.33. It is also concluded that 

conforming products of pumice blocks have been produced in acceptable specification limits.  
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Abstract 

In the field of image processing, a face is an important biometric feature and it is 

started to be used for the security purpose nowadays. The gender estimation 

problem is popular in the research community due to a diverse range of 

applications like monitoring, commercial profiling, and human-computer 

interaction. Also, the selection of an optimized feature is a significant task in 

gender classification. Selecting the optimum features reduces the dataset 

dimensions and increase the accuracy of classification. This paper compares 

differing kinds of feature selection methods such as Ant Colony Optimization 

algorithm (ACO) and Particle Swarm Optimization (PSO). In addition, traditional 

dimension reducing algorithm, Principal Component Analysis (PCA), is used to 

compare with optimization algorithms. All sets are classified with k-Nearest 

Neighbor algorithm and the results shown and compared in the tables. Our 

experimental studies reveal that best results are obtained when distance function 

Euclidean and neighborhood value k=1 are chosen as classifier parameters. 

 

1 INTRODUCTION  
 

Gender classification has much application in different areas of computer science like security system, biometric 

authentication, etc. Also, it is used for marketing purposes. It has an important role in our social interactions and 

in the face recognition system. Gender classification involves feature extraction and pattern recognition. Another 

important task in gender classification is feature selection which is used for reducing a large data set and it is 

much faster than other methods based on pixels. To form a feature vector which represents the face geometry, 

the geometric feature-based method is used to extract the facial feature points [1]. In general, gender 

classification is conducted through the following steps: (i) Preprocessing – Normalization of the lighting and 

face detection, (ii) Feature extraction – Extracting the facial features by using local binary pattern (LBP) [2], 

(iii) Feature Selection – An important feature sets are only selected using Ant Colony Optimization Algorithm 

(ACO), Principal Component Analysis (PCA), and Particle Swarm Optimization (PSO) [3], (iv) Classification –

The k-NN classifier were used for the purpose of the face classification in this step. 

 

The main objective here is to achieve minimum classification cost and maximum accuracy by using optimization 

algorithms. The facial features are evaluated by ACO, PCA, and PSO. These algorithms reduce the 

computational complexity because they try to extract some of the significant facial features that provide 

optimized features and improve accuracy. Derrac et al., proposed an algorithm for dimension reducing based on 

a genetic algorithm with three variations: feature, instance, feature, and instance selection [4]. At this work, 

aimed to achieve the maximum accuracy of the classification and minimum cost of an Artificial Neural Network 

(ANN) into a single fitness function [5]. There are many types of research on PSO for a single objective. For 

wrapper approaches, many kinds of classification algorithms such as k-NN, SVM, ANN have been used with 

PSO for feature selection [6]–[8]. 

 

In a face recognition problem, the features were extracted with PCA. Then, the new feature set was selected by 

combined algorithms such as ACO and SVM [9]. 
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2 MATERIAL AND METHOD 
 

The Specs on Faces (SoF) dataset contains 2662 patterns. All patterns have face coordinates and they cropped 

with these points. Histograms were obtained by using the Local Binary Pattern (LBP) algorithm. The new data 

set dimension was reduced by feature selection algorithms and classified using k-Nearest Neighbor classifier. 

 

2.1 Dataset 

 

The data set includes 1030 female, 1632 male face images and it was published by Afifi and his friends in 2017 

[10]. All input images in the data set are 128x128 pixels and they have normalized also, the coordinates of the 

face regions contained in the input images are given by the publisher. 

 

2.2 Feature Extraction 

 

Two-step feature extraction was performed for input patterns in the SoF dataset. In the first stage, 59 features 

were obtained by using Local Binary Pattern (LBP) algorithm for each input pattern. In the second step, input 

patterns were divided into 64x64 pixels sub-areas and 236 features were obtained for each sample. 

 

2.2.1 Local Binary Pattern (LBP) 

 

LBP is the special status of the Texture Spectrum model suggested by DC. He and L. Wang in 1990 and was 

described by T. Ojala et al., in 1994 [11], [12]. The pixels of an image are labeled by thresholding the 

neighborhood of each pixel with the central value and the result considered as a binary number It is powerful 

when changing lighting and also has easy computational. There are many kinds of LBP algorithms such as 

LBP(8,1), LBP(16,2), LBP(24,3). In this study, LBP(8,1) algorithm was used for feature extraction. 

 

2.3 Feature Selection 

 

In this subsection, we describe meta-heuristic and traditional feature selection methods we used in this study. 

 

2.3.1 Ant Colony Optimization (ACO) 

 

ACO is a metaheuristic algorithm based on a population. It is inspired by real ants which are leaving a 

pheromone down while searching for food. This pheromone can be retracted by other ants. By overtime, the 

longer pheromone path will be weaker and the short path will still stronger pheromones path. Thus, the ants 

choose shorter paths to the food source (the optimum path). ACO proposed by Marco Dorigo in 1992 [13]. 

 

2.3.2 Principal Component Analysis (PCA) 

 

PCA is a statistical procedure that uses an orthogonal transformation to convert a set of observations of possibly 

correlated variables into a set of values of linearly uncorrelated variables called principal components. PCA 

proposed first by Hotelling in 1933, and it is mostly used to reduce the dimensions of large data sets [14]. 

 

2.3.3 Particle Swarm Optimization (PSO) 

 

PSO is a population-based algorithm it is inspired by the behavioral of bird which the particles (birds), move in 

the search space searching for the better positions. It continuously changes its velocity to improve the 

convergence properties. It was introduced by Kennedy and Eberhart in 1995 [15]. 

 

2.4 Classification 

 

This subsection describes the classification and cross-validation methods we used in this study. 

 

2.4.1 k-Nearest Neighbor Algorithm (k-NN) 

 

k-NN is a sort of lazy learning or instance-based learning, where the function is locally approximated and all 

computation is postponed until classification. In pattern recognition, the (k-NN) algorithm is considered as a 

non-parametric method which is used for regression and classification. Also, the k-NN algorithm is the simplest 

one among all machine learning algorithms [16]. By considering the defined distance function and the 
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neighboring parameter, this algorithm estimates each sample from its distance from the existing classes. As a 

result of the experimental studies, the distance function of the k-NN classifier for this problem was determined 

as Euclidean and the neighborhood parameter as k = 1. In order to increase the validity of the results obtained, 10 

sets of cross-validation one-exclusion method were used. This method is based on the theory of separating the 

samples in the data set into 10 different sets, the 9 sets of training, the repetition of the classification results 

obtained by using the 1 set as a test set and the determination of the mean result. Thus, all data is used at least 

once as a test sample. 

 

3 RESULTS 
 

In Table 1, we show the performance values obtained by the classification of 59 features obtained from 128x128 

pixel input patterns and 34 features obtained after dimension reduction (9 features are classified for PCA). 

 

Table 1. 128x128 pixels Classification Results, (F: Number of Features) 

10-Fold CV, k = 1 

Methods Accuracy % Precision MCC ROC 

None 

F: 59 
90.1578 0.901 0.792 0.891 

PCA 

F: 9 
84.8234 0.847 0.678 0.829 

ACO 

F: 34 
88.0165 0.88 0.746 0.865 

PSO 

F: 34 
88.843 0.888 0.763 0.876 

 

When the data in Table 1 are analyzed, the results obtained from the original datasets classified without the 

dimension reduction process seem to be better than the other methods. In order to make comparison with meta-

heuristic optimization methods, the number of features of all methods is kept equal. Considering this situation, 

the highest results of the heuristic optimization methods were PSO and these results were very close to the 

results obtained from the original datasets. However, when the results obtained with PCA, compared with the 

results obtained with the help of heuristic optimization methods, heuristic methods produced better results than 

PCA. Also, in experimental studies, it was observed that heuristic optimization methods with the same number 

of features as PCA yielded higher results than PCA. 

 

In Table 2, we show the performance values obtained by the classification of 236 features obtained by dividing 

128x128 pixel input patterns by 64x64 pixel sub-areas and 136 features obtained after dimension reduction (29 

features are classified for PCA). 

 

Table 2. 64x64 pixels Classification Results, (F: Number of Features) 

10-Fold CV, k = 1 

Methods Accuracy % Precision MCC ROC 

None 

F: 236 
94.3276 0.943 0.88 0.936 

PCA 

F: 29 
93.3884 0.935 0.86 0.921 

ACO 

F: 136 
94.1773 0.942 0.877 0.935 

PSO 

F: 136 
94.3651 0.944 0.881 0.934 

 

When the data in Table 2 are analyzed, it is seen that the results obtained from the original dataset without the 

dimension reduction process are better than the other methods such as PCA and ACO. But PSO was provided 

the best classification results. Also, ACO's results are a little lower than the original datasets and higher than 

PCA's results. This is due to the increase in details in the input patterns and the more efficient operation of 

heuristic optimization algorithms in high-dimensional data sets. As in the previous step, the PCA algorithm 

remained below all heuristic optimization algorithms. 
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Afifi et al., [10] in a study of 5 sets of cross-validation method, they obtained 98.48% accuracy with 

Conventional Neural Networks (CNN) for gender estimation. In our study, 94.3651% accuracy was reached by 

using k-NN classifier and 10 sets cross-validation method. 

 

4 CONCLUSION 
 

The results show that dimension reduction methods for high dimensional data sets have a positive effect on the 

performance. The reduction of classification, storage, and calculation costs are very important in terms of 

efficient use of system resources. Particle Swarm Optimization has given the best results in all classification 

processes among heuristic optimization algorithms. PSO produced the closest results to the original set in low-

dimensional data sets, has made it possible to reach higher results than the original set with increasing 

dimensions. This situation directly corresponds to the principle of size reduction algorithms which is “Increase in 

classification results as the number of feature decreases”. This study shows that performance is increased while 

using sub-areas. In later studies, it is aimed to improve the classification performance obtained by hybrid 

classifier models and other meta-heuristic methods on deeper details in the input samples. 
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Abstract 

The marination of meat is a method used to improve the sensory properties like the 

tenderness of meat concern with the collagen connective tissue. In the present study, 

some quality characteristics of marinated meat samples (pH, moisture content, water 

activity, measurement of uptake marinade, cooking loss, NaCl content and sensory 

properties) were conducted. The effect of some vegetable marinades (capia pepper, 

leek and onion) on the thermal properties of meat proteins was examined using the 

differential scanning calorimetry (DSC). While the marinades with some vegetables 

did not affect the cooking loss and salt content (p>0.01), influenced the water activity 

(p<0.01), marinade uptake and cooking loss (p<0.05) of the meat samples. Sensory 

evaluation showed that only the color of samples was affected by marination 

(p<0.05). As a result of thermal analysis at DSC, it was found that protein (collagen) 

denaturation temperature of all marinated samples was lower than the control sample. 

1 INTRODUCTION  
 

Tenderness is the important parameter that reflects the meat quality for the consumers. It is affected by 

characteristics of meat, post mortem conditions, nutrition, genetic properties and age of animal [1]. Studies shows 

that tenderness is related with the degradation of meat proteins. With the aging of the animal, the solubility of the 

collagen in muscle tissue decreases and size of the muscle fibril increases [2,3]. Another factor affecting the meat 

tenderness is changes in post mortem stage. Cooling in the post-mortem stage before the onset of rigor mortis 

adversely affects meat softness. Slow glycolysis improves the meat tenderness [4]. One of the methods used for 

improve the tenderness of the meat is marination. In marination, it is aimed to enhance the some features of the 

meat with addition of different additives. In literature, using citric acid, dicalcium hydrogene phosphate, sodium 

tripolyphosphate [5], hydrochloric acid and NaCl [6], citric acid and lactic acid [7] and natural tenderizers such as 

soy sauce [8], citrus juice marinade [9], balsamic vinegar and pepsin [10], calpain [11] in beef meat increase 

tenderness. Natural tenderizers can improve the quality of meat and meat products. Vegetables, spices and fruits 

are the source of many proteoliytic enzymes and organic acids [12-19]. Studies in beef meat with vegetables as 

tenderizer are in adequate. Therefore, in this study, it is aimed to determine the effect of vegetables with proteolytic 

activity such as capia pepper, leek and onion on the thermal properties and some quality characteristics of beef 

meat. 

 

2 MATERIAL AND METHOD 
 

2.1 Materials 

 

Beef meat samples were obtained from the local butcher (Bayburt, Turkey). After slaughtering, carcasses were 

stored at 4°C for 24 hours. Longissmus dorsi muscles without connective tissues and fats was used as meat samples. 

Vegetables for marination (capia pepper, onion and leek) were purchased from the local market.  

 

2.2 Methods 

 

2.2.1 Marination of beef samples 

 

Capia pepper, onion and leek were homogenized separately with Waring blender. The NaCl was added at a 

concentration of 5% w/w of the marinade-meat mixture. For marination, Longissmus dorsi muscles were cut into 
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equal pieces (4.0 cm thickness). 200 g meat and 200 g marinade were placed in polyethylene plastic bags. Tightly 

closed bags were stored at 4°C for 24 hours. 2.5% NaCl added meat sample was used as control group. 

 

2.2.2 Water activity 

 

The samples cut into thin slices were placed in water activity cups and measured with Novasina (Novasina Model 

TH 500, Switzerland) water activity meter. 

 

2.2.3 pH 

 

100 ml of distilled water was added to 10 g meat sample and then homogenized with Ultra-turrax (IKA Werkt 25, 

Germany). pH of the mixture was measured with digital pH-meter (ATI ORION 420, MA 02129, USA). 

 

2.2.4 Determination of NaCl content 

 

Salt content of the meat sample was determined by titration using the Mohr Method [20]. 

  

2.2.5 Measurement of uptake of marinade  

 

After marination, the meat samples were dried with paper towel and weighed. The weight gain was calculated by 

using the formula in equation (1) [21]. 

 

% marinade uptake = ((marinated weight- initial weight))/ (initial weight) *100                   (1) 

 

2.2.6 Cooking loss determination 

 

After marination or 24 hours, samples placed in roasting bags and cooked at 100°C for 30 minutes in water baths. 

After the cooking, the samples were dried with paper towel and cooking loss was calculated by using the formula 

in equation (2). 

 

% cooking loss = ((initial weight- cooked weight))/ (initial weight) *100                          (2) 

 

2.2.7 Cooking Process 

 

The meat samples placed in roasting bags were cooked in oven at 200°C for 30 minutes. After cooking, the samples 

were blotted with a paper towel to remove excess surface moisture and put into sample cups for further analysis. 

 

2.2.8 Sensory Analysis 

 

Sensory properties (color, texture, odor, taste and general acceptability) of marinated and cooked meat samples 

were evaluated with a hedonic type scale. The meat samples were scored on a descriptive scale between 1 and 9.  

 

2.2.9 Thermal Analysis 

 

Thermal analysis was conducted using a differential scanning calorimeter (DSC-60, Shimadzu Corp., Japan). The 

meat samples were weighed (approximately 10 mg) into aluminium sample pans. An empty capsule was used as 

the reference sample. The heating rate was 3°C /min, within the range from 20°C to 90°C. 

 

2.2.10 Statistical Analysis 

 

Statistical calculations were performed using computer program software SPSS 16.0. The experimental data were 

analysed by the one-way analysis of variance (ANOVA). 

 

3 RESULTS 
 

The physicochemical analysis results of the marinated meat samples were given in Table 1. pH values of the 24 

hours marinated meats ranged from 5.6-5.8. The lowest ph value (5.6±0.1) was observed in group C, while the 

highest ph value (5.8±0) was determined in control group. There was a slight decrease in pH values in the 

marinated meats compares to the control group. Marinade uptake is a function of pH effect and induced an increase 
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in the final weight of all treated samples like similar study results [22]. However, significant differences were not 

found between the marinated meat samples in terms of marinade uptake.  

 

There was no significant difference between the groups in term of cooking loss due to the fact that the pH value 

was above the isoelectric point in all groups. Rimini et al. [23] reported a similar result with cooking yield of the 

marinated chicken meat. Significant differences were not found for the salt content at the end of the 24 h 

marination. However, the highest salt concentration (2.77±0.86) was found in the control group and the lowest 

value (1.90±0.05) was observed in group B. 

 

There were important significant differences among the marinade treatments for water activity (p<0.01). aw values 

ranged from 0.934-0.948. Although the water activity was highest (0.948±0.002) in group C, the NaCl content of 

the groups were not affected by treatments.  

No differences were found in cooking loss of various marinade treatments (p>0.05). The lowest cooking loss 

(38.22±3.22) was observed for control group. The highest value for cooking loss was determined for group A.  

 

Table 1. Physicochemical properties of meat samples( ±standart deviation) 

Sample Marinade 

uptake (%) 

Cooking loss 

(%) 

aw pH NaCl (%) 

Control(Meat+NaCl) 1.3096±0.31b 38.22±3.22 0.934±0.002d 5.8±0a 2.77±0.86 

A(Capia 

pepper+Meat+NaCl) 

7.9066±1.23a 42.76±3.09 0.938±0.002c 5.7±0.2ab 2.72±0.93 

B(Leek+Meat+NaCl) 10.5717±1.95a 40.4±1.22 0.943±0.002b 5.7±0ab 1.90±0.05 

C(Onion+Meat+NaCl) 12.7637±3.20a 42.71±1.99 0.948±0.002a 5.6±0.1b 1.95±0.03 

Significance Level * - ** * - 

*(p<0.05) **(p<0.01) a-d: any two means in the same column having different letters in the same section are significantly 

different 

 

The sensory analysis results of the marinated meat samples were given in Table 2. Sensory analysis of the sample 

showed that the only color parameter was significantly different among the meat samples (p<0,05). The highest 

value (8.1±1.4) was observed in group A and the lowest value (5.4±0.9) was determined in control group for color. 

No significant difference was found between odor, taste, texture and overall acceptability (p>0.05). Group A (capia 

pepper marination) has the highest values in sensory parameters according to consumer preferences. 

 

Table 2. Sensory properties of meat samples( ±standart deviation) 

Sample Odor Taste Color Texture Overall 

acceptableness 

Control(Meat+NaCl) 7.13±1.25 7.38±1.11 5.4±0.9b 5.8±1.3 6.9±0.5 

A(Capia 

pepper+Meat+NaCl) 

7.25±1.94 7.63±1.11 8.1±1.4a 6.4±2.3 6.9±0.8 

B(Leek+Meat+NaCl) 5.75±2.6 6.75±1.5 6.5±0.6b 6.0±2.0 6.0±1.7 

C(Onion+Meat+NaCl) 6.13±1.03 6.5±0.71 6.9±0.8ab 5.6±2.1 6.1±1.4 

Significance Level - - * - - 

*(p<0.05) **(p<0.01) a-b: any two means in the same column having different letters in the same section are significantly 

different 

 

The effects of the marination on meat samples were investigated by determining the thermal properties. 

Denaturation temperatures of muscle proteins and enthalpy values were determined by differential scanning 

calorimeter (DSC). The thermal transition enthalpy of proteins (ΔH), refers to the amount of energy absorbed 

during thermal denaturation of proteins [24]. Onset temperature, peak temperature and latent heat values of the 

marinated meats and control group were given in Table 3. It was observed that all of the marinated samples, onset 

and peak temperatures were lower than the control group. While there was no differences (p>0.05) between the 

samples marinated with onion and leek for peak temperatures, it was found that the differences between this group 

and other samples was statistically significant (p<0.05). ΔH values of the all samples varied from 0.41±0.57 to 

1.05±0.01 and no difference was observed among the samples for the denaturation enthaply (p>0.05).  

 

406



Effect of Marinating with Vegetables on Sensorial and Thermal Properties of Beef ICADET ‘19 

 

 

Table 3. Denaturation characteristics of meat samples obtained from differential scannig calorimetry (To, onset 

temperature, Tp, peak temperature)( ±standart deviation) 

Samples To (°C) Tp (°C) ΔH (J/g) 

Control (Meat+NaCl) 63.36±0.29a 63.64±0.07a 0.41±0.57 

A(Capia pepper+Meat+NaCl) 62.12±0.01ab 62.23±0.00b 1.05±0.01 

B(Leek+Meat+NaCl) 60.19±0.21b 60.49±0.78c 0.65±0.01 

C(Onion+Meat+NaCl) 60.48±1.04b 60.77±0.77c 0.66±0.80 

Significance Level * * - 
  *(p<0.05) a-c: any two means in the same column having different letters in the same section are significantly different 

 

Thermal curves of the control and marinated samples are given in Figure 1. The peak formed at 63°C in the control 

sample is thought to be related to sarcoplasmic protein and collagen denaturation. In DSC thermograms of some 

studies, endothermic peaks were obtained corresponding to denaturation of myosin (54-58°C), sarcoplasmic 

protein and collagen (60-68°C) and actin (71-83°C) [25, 26]. In all marinated samples, the peak formation 

temperature which denotes the denaturation of the sarcoplasmic and connective proteins is lower than 63°C. It is 

thought that, as a result of the proteolytic enzymes of vegetables as marinade, connective proteins breaks down 

and then the denaturation temperature decreases.  

 

 
Figure 1. Thermal curves of marinated beef samples 

 

4 CONCLUSION 
 

No significant differences were found among the marinated samples for cooking loss and NaCl content. It was 

observed that water activity had very significant differences and pH value had significant differences statistically. 

It is possible to say that marinated meat sample with onion come to prominence considering the physicochemical 

properties. In addition, it was observed that the sensory properties marinated meat sample with of the capia pepper 

were more preferred. Denaturation of protein (collagen) occurred at lower temperature in the all marinated meat 

samples. 
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Abstract 

Concrete shields, important biological shielding materials, are mainly designed with 

different mixing details when compared to their conventional counterparts used for 

normal structural members. Attenuation of the gamma rays having high penetration 

ability is accomplished by interaction of elements with high atomic number within 

sufficient-thickness shield. Especially, heavier natural sources such as barite, 

magnetite, hematite and limonite are mainly used for production of the shielding 

concretes. Researchers have recently focused on concrete products having higher 

density values for satisfactorily shielding gamma rays in addition to their superior 

mechanical performances. Some contradictory results in calculations of their 

attenuation characteristics have been reported in recent studies. For this reason, 

experimental (narrow beam method) and theoretical (XCOM) calculation details of 

gamma rays for concrete shields have been presented and discussed to some extent 

in the current study.  

1 INTRODUCTION  
 

Gamma radiation having high energy levels is known as uncharged electromagnetic waves (λ˃10-12 m) emitted to 

be stable of unstable nuclides occurring with an alpha or beta decay. Hereby, they have high penetration ability 

according to types of ionizing particle radiation. Gamma rays are attenuated or scattered when they are passing 

from within a matter. Photo-electric effect, Compton scattering and pair-production interactions are taken place 

according to atomic number of medium and energy level of gamma rays as given in Figure 1a [1, 2]. Gamma-ray 

linear attenuation coefficient of a specimen (NaI) is the total of all interactions as presented in Figure 1b.  

 

 
Figure 1. Interaction mechanism of gamma rays in matter (a) [1, 2] and gamma-ray linear attenuation coefficient 

of NaI specimen (b) [3]  
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The aforementioned interaction mechanism affects mixing details of concrete shields. Shirmardi et al. [4] reported 

that designing of various concrete types can have an importance on special constructions built against gamma 

radiation. Heavyweight concrete with its 25-50% higher unit weight normal weight counterparts [5] can 

sufficiently response shielding requirements with its almost 30% higher linear attenuation coefficient [6]. Thus, a 

number of studies have been performed for researching gamma-ray attenuation characteristics of heavyweight 

concrete designed with various aggregate types and contents [7], use of mineral admixtures [8] etc. Recent 

developments in material science have allowed equivalent shielding capability with reduced shield thickness. 

 

Unlike to knowledge of literature, increment of gamma-ray attenuation coefficients was reported with increasing 

of concrete shield thickness by Ouda [9]. In addition, it was documented that there is no effect of energy level and 

shield density in his study. Some researchers [10, 11] have reported that boron wastes and compounds significantly 

improved the gamma-ray shielding capability, while those have effect on attenuation of neutrons. Unit of linear 

attenuation coefficients was given incorrect in a study performed by Sakr and El-Hakim [12]. Moreover, Sakr [13] 

reported suspicious variations in exaggerated linear attenuation coefficients according to energy levels. It was 

interestingly claimed by Elsharkawy and Sadawy [14] that small amount introduction (≤2.5% by weight of cement) 

of nano-SiO2 can cause a significant variation (over 50%) in mass and linear attenuation coefficient. Due to the 

aforementioned contradictory results published in several popular journals of related field, experimental data for 

sufficient reliability and precision are needed to confirm. In design of shielding structures, linear and mass 

attenuation coefficients, and transmission of gamma rays are the most important characteristics for concrete 

shields. Moreover, experimentally determination of these characteristics needs a lot of efforts. This study presents 

a guide for experimental and theoretical analyses of shielding materials; normal concrete, heavyweight concrete 

and lead. 

 

2 LINEAR AND MASS ATTENUATION COEFFICIENTS 
 

2.1 Experimental Testing Procedure   

 

Figure 2 presents an experimental setup to calculate shielding characteristics of specimens. A radionuclide 

determining gamma-ray energy level is placed in given collimator to eliminate the scattering photons in various 

angles. And detector can be also covered with a collimator member. Thus, the procedure allowing measurement 

of lateral photons is called as narrow beam method. In experimental setup, several thicknesses of specimens should 

be tested for reliable attenuation results. 

 

 
Figure 2. Measurement of photons in collimated setup [15] 

   

The detector is used with a PC-based multichannel pulse height analyser. Gamma spectroscopic measurements 

given in Figure 3a are converted to photon counts for each specimen thickness at each energy level of 137Cs and 
60Co radionuclides. A linear regression line is constituted between natural logarithm of the count ratio (without 

specimen-to-each specimen thickness) and specimen thickness as seen Figure 3b. The slope (0.2367) of the 

regression line is considered as linear attenuation coefficient. If there are natural radioactivity interventions derived 

from shielding specimen, channel number intervals can be limited according to full length of half-maximum of 
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peaks to make counting more precise. The radioactive intervention (40K and escapes of 214Bi) given specimen by 

Gökçe et al. [15] is seen in peak of 1132 keV.  

 

 
Figure 3. Gamma spectroscopic measurement (a) and linear attenuation slope (b) [15] 

 

Linear and mass attenuation coefficients are calculated according to Eq. 1 and Eq. 2, respectively [16]. 

 

µ =
ln(𝑁0/𝑁𝑥)

𝑥
                 (1) 

µ𝑚 =
µ

𝛾
                  (2) 

 

where µ: linear attenuation coefficient (cm-1), N0: the count of photons (no specimen), Nx: the count of photons (at 

each thickness), x: specimen thickness (cm), µm: mass attenuation coefficient (cm2/g), γ: density (g/cm3). 

 

2.2 Theoretical Calculation by XCOM  

 

Some required properties of normal weight and heavyweight concrete were supplied a study performed by Akkurt 

et al. [17]. In addition, a lead material was evaluated as a shielding material in the theoretical calculations. The 

chemical and physical characteristics are presented in Table 1.  

 

Table 1. Some properties of concrete materials [17] and lead 

Property Unit 
Normal weight 

concrete 

Heavyweight 

concrete 
Lead 

CaO 

% 

10.86 8.31 - 

MgO 10.65 0.71 - 

NaO 0.04 0.02 - 

K2O 0.06 0.02 - 

Fe2O3 0.73 0.44 - 

P2O5 0.00 0.02 - 

CO2 0.81 0.57 - 

SiO2 6.89 4.46 - 

H2O 7.80 5.47 - 

Al2O3 1.14 0.72 - 

SO3 0.58 0.34 - 

BaSO4 0.00 74.86 - 

MgCO3 0.00 0.08 - 

NaCl 0.00 0.08 - 

CaCO3 60.99 1.64 - 

MnO2 0.00 0.16 - 

NiO 0.00 0.16 - 

SrO 0.00 2.23 - 

Pb - - 100 

Density g/cm3 2.482 3.452 11.34 
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By using chemical composition (oxide or elemental) of materials, mass attenuation coefficient can be theoretically 

constituted by XCOM program. The software was developed by Berger et al. [18] to simulate online the attenuation 

characteristics of elements, compounds and mixtures. Some user interfaces are presented in Figure 4. The program 

allows simulating mass attenuation coefficients of materials from 1 keV to 100 GeV or for selected energies.  

 

 
Figure 4. User interfaces for data input and analysis of XCOM 

 

According to input data, mass attenuation coefficients of the shielding materials can be summarized at 662 keV 

energy of 137Cs as seen in Table 2. Linear attenuation coefficients can be also calculated by using density values 

of the materials according to Eq. 2. 

 

Table 2. Theoretical attenuation coefficients by XCOM 

Property Unit 
Normal weight 

concrete 

Heavyweight 

concrete 
Lead 

Mass attenuation coefficient cm2/g 0.07802 0.07780 0.11010 

Density g/cm3 2.482 3.452 11.34 

Linear attenuation coefficient cm-1 0.19365 0.26857 1.24853 
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3 TRANSMISSION 
 

Mean-free path (MFP), and some transmission thicknesses such as half-value layer (HVL) and tenth-value layer 

(TVL) are most important characteristics of materials in structural shielding design. Required thicknesses of the 

materials that reduce the intensity of incoming photons to half or tenth are called as HVL and TVL, respectively 

[19]. The values given in Table 3 are calculated by using the linear attenuation coefficient according to Eq. 3, Eq. 

4 and Eq.5, respectively [16]. 

 

MFP (cm) =
1

µ
                 (3) 

HVL (cm) =
ln2

µ
                 (4) 

TVL (cm) =
ln10

µ
                 (5) 

 

Table 3. Transmission thickness of materials 

Property Unit Normal weight concrete Heavyweight concrete Lead 

MFP 

cm 

5.2 3.7 0.8 

HVL 3.6 2.6 0.6 

TVL 11.9 8.6 1.8 

 

The gamma-ray transmission values can be plotted with specimen thickness of materials as seen Figure 5. The 

given graph presents to users all thickness values of shielding materials according to relevant transmission rate of 

gamma rays.  

 

 
Figure 5. Transmission versus specimen thickness  

 

4 CONCLUSION 
 

Knoll [1] stated that there is no effect of physical state of given material on mass attenuation coefficient. Moreover, 

the theoretical attenuation characteristics can indicate more accurate results thanks to elimination of natural 

radioactivity interventions as mentioned in the text of Figure 3. Hereby, theoretical attenuation characteristics may 

be satisfactorily simulated if chemical composition of materials are correctly characterised. In this respect, Gökçe 

et al. [15] have recently documented that experimental attenuation characteristics of heavyweight concrete can be 

obtained almost similar to the results of XCOM software. Moreover, the theoretical techniques allow confirmation 

of experimental results, and correction of the contradictory results as summarized in first section of the text.    
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Abstract 

Coatings was deposited on AZ91 Mg alloy by plasma electrolytic oxidation (PEO) 

in electrolyte with graphite particles of 5-10 µm and 75 µm sizes. Effect of graphite 

particles on surface morphology and phase structure of coatings was analyzed by 

scanning electron microscopy (SEM) and X-ray diffraction (XRD).  The results 

showed that coating formation was more efficient when graphite particles were added 

to the electrolyte. The thickness of the coatings increased, the porosity decreased and 

more dense coatings were obtained. The most efficient surface properties were 

achieved with coatings using graphite particles of 5-10 µm in size. 

1 INTRODUCTION  
 

Magnesium and its alloys are increasingly used in engineering applications due to their specific low density and 

high strength ratio. [1]. However, the biggest obstacle to their use is their low wear and corrosion resistance. 

 

Nowadays, the wear and corrosion behavior of magnesium and its alloys can be regulated by many surface 

modification techniques. The plasma electrolytic oxidation (PEO) technique, which is widely used in recent years, 

is a technique used to grow coatings with high wear and corrosion resistance on magnesium and its alloys. [2]. 

Coatings grown with PEO are harder than the substrate material and have the property of regulating the wear and 

corrosion resistance of the substrate material. In addition, it can form a strong adhesive bond with the surface on 

which it is deposited. [3].  

 

Recently, by adding additives to PEO electrolyte, composite coatings with specific properties can be deposited on 

light metals and alloys. [4]. In studies conducted using solid lubricant additives, it is stated that the additives not 

only make the coating formation process efficient but also participate in the coating structure and improve the 

solid lubricant properties of the coatings. [5, 6].  

 

In this study, 5-10 µm and 75 µm size of graphite particles were added to PEO electrolyte and composite coatings 

were deposited on AZ91 Mg alloy and the effects of graphite particles on the surface morphology, microstructure 

and phase structure of the coatings were investigated. The graphite additives used in PEO process made the 

obtained coatings thicker and more dense. In addition, the smaller graphite particles used were more readily 

absorbed into the coating structure. 

 

2 MATERIAL AND METHOD 
 

2.1 Experimental 

 

AZ91-Mg alloy was used as substrate material. Square alloy samples of 2x25 mm dimensions were sanded with 

SiC abrasives having different grain sizes and polished to roughness values of 0,19 - 0,22 and then washed with 

acetone and purified water and dried. 

 

The PEO treatment were carried out by using AC power supply in bipolar mode by adding graphite powders of 5-

10 µm and 75 µm to the aqueous electrolyte solution consisting of potassium hydroxide (KOH), sodium meta 

silicate (Na2SiO3), sodium hydrogen phosphate (Na2HPO4). The particles were stirred in a magnetic stirrer until 

415



The Effect of Graphite Particle Addition to Plasma Electrolytic Oxidation (PEO) 

Coatings on AZ91 Magnesium Alloy 

ICADET ‘19 

 

 

homogeneously dispersed in aqueous electrolyte solution. During PEO process, AZ91-Mg samples were provided 

as anode and stainless steel bath as cathode. System parameters were determined as frequency 300 Hz, voltage 

550 / -100V, coating time 5 min, duty cycle 10%. The system was cooled with mains water to prevent the 

electrolyte solution from deteriorating during the PEO process. The coated samples were then washed with ethanol 

and distilled water and dried. 

 

The compositions of coatings were determined by X-Ray diffractometer and surface and cross-sectional 

morphologies were investigated by Zeiss EVO LS10 scanning electron microscope (SEM). X-ray diffraction 

measurements were performed using Panalytical X'pert Powder diffractometer Cu-Kα welded at wavelength λ = 

1.5418 Aº.  

 

3 RESULTS 
 

3.1 Microstructural characterization 

 

The surface morphology of additive-free PEO (PEO) and 75 µm (G-PEO) and 5-10 µm (G1-PEO) graphite doped 

PEO coatings deposited on AZ91-Mg alloy are given in Figure 1, Figure 2, Figure 3, respectively. When the 

images are examined, it is seen that PEO composite coatings with graphite doped have a more dense surface 

morphology than additive-free PEO coating. This is due to increased conductivity and efficient use of current in 

graphite-containing electrolytes [7]. Anode dissolution and passivation processes that occur in the early stages of 

coating formation in the electrolyte with increased conductivity are facilitated [2]. The breakdown voltage is 

reduced and the formation of the coating takes place in the presence of smaller micro-discharges compared to 

additive-free PEO coating. Therefore, the pore diameter and pore number of the graphite doped PEO composite 

coatings were significantly reduced [2, 8]. 

 

 
Figure 1. SEM images of additive-free PEO coating 

 

Figure 2. SEM images of 75 µm size graphite doped PEO coating 

 

When the images are examined, in PEO composite coatings using graphite additive are seen graphite particles 

embedded in the surface. During the PEO process, the graphite grains in the electrolyte are reach the coating / 

PEO PEO 
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electrolyte interface under the effect of strong electric field [8]. Thus, graphite at the coating / electrolyte interface 

adheres to the molten oxide as a result of plasma chemical reactions and is absorbed into the coating surface [9]. 

Due to the limited size of the discharge channels, in both graphite doped PEO composite coatings, the transfer of 

graphite into the coating was not intensively performed and G1-PEO coating in Figure 3 where 5-10 micron size 

graphite grains were used were relatively easier to absorb [8]. In the G-PEO composite coating in Figure 2 where 

large size graphite particles were used, the absorption of 75 µm graphite to the surface was much less. The presence 

of graphite on both coating surfaces did not lead to a significant change in the surface morphology of the coating.  

 

 
Figure 3 SEM images of 5-10 µm size graphite doped PEO coating 

 

Figures 4 show cross-sectional views of coatings deposited on Mg-AZ91 alloy. PEO coatings consist of porous 

outer zone, functional inner zone and transition zone [10]. When the images are examined, the porous outer region 

is clearly seen. However, the inner region and the transition layer are thin and close to the substrate material, so 

they cannot be clearly seen. The cross-sectional views show that PEO composite coatings with graphite additive 

are thicker than additive-free PEO coatings [7, 11]. This is because the increased conductivity of the electrolyte 

promotes the transfer of more amounts of ionized species to the coating / electrolyte interface and the formation 

of magnesium-rich micro archs. [11, 12]. Thus, coating formation process became more efficient and coating 

thickness increased. Table 1 lists coating thicknesses. 

 

- 

Figure 4. SEM images of cross section of PEO, G-PEO and G1-PEO coatings that were deposited on AZ91 

samples 

 

In Figure 5, XRD graphs of Mg-AZ91 alloy, additive-free PEO coating and graphite doped composite PEO 

coatings are given. XRD analysis for all samples was performed at a scanning angle of 20-80 degrees. When the 

graphs were examined, MgO phase was observed in all coated samples. The graphite addition did not form a 

carbon-containing compound in the structure and did not lead to a change in the phase structure of the coatings 

[11]. In addition, graphite peak was not found due to the fact that graphite was amorphous in the coatings [8, 11].  

 

G1-PEO G1-PEO 

PEO G-PEO G1-PEO 
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Table1 Coating thicknesses 

Coatings PEO G-PEO G1-PEO 

Thikness (µm)  10-15 15-20 15-20 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 XRD graphics of coatings 

 

4 CONCLUSION 
 

PEO process was applied in phosphate and silicate based electrolyte containing graphite particles of different sizes 

on AZ91 magnesium alloy and the effect of graphite addition on surface morphology, microstructure and phase 

structure of the coating was investigated. The results are summarized below: 

 

 As a result of the PEO process, pores and micro cracks were found on all the coating surfaces due to the 

nature of the coating process. 

 In PEO composite coatings formed by adding graphite to electrolyte, it was observed that the additives had a 

direct effect on the formation process of the coatings. 

 The addition of graphite caused an increase in the thickness of the coatings. In coatings containing 5-10 µm 

graphite particles, the molten oxide showed a uniform distribution on the coating surface and the coating 

obtained had the highest surface density. 

 5-10 micron graphite additive is used in PEO coating process, it was easier to incorporate graphite into the 

coating structure. 
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Abstract 

In this study, Taguchi method was employed to determine optimum conditions of 

activated carbon production from Miswak. ZnCl2 was used as chemical activator. 

The impregnation time (1-3 h), impregnation ratio (1-3), carbonization temperature 

(300-500°C) and activation time (1-2 hours) were selected as parameters. The 

adsorption capacity of the activated carbons was determined by removing methylene 

blue in aqueous solution. Optimum conditions with maximum adsorption capacity 

were as follows: impregnation time: 3 h, impregnation ratio: 3:1, carbonization 

temperature 500 ° C and activation time: 1 h. The BET surface area and the average 

pore diameter of the activated carbon produced under optimum conditions were 1702 

m2/g and 3.15 nm, respectively. Characterization of activated carbon was 

investigated by scanning electron microscopy (SEM) and Fourier-transform infrared 

spectroscopy (FT-IR). 

1 INTRODUCTION  
 

Miswak tree (Salvadora persica) belongs to the family Salvadoraceae. It grows in the region extending from East 

Africa to India. Since Miswak has a number of medically beneficial properties such as antiseptics, astringent, 

detergents, enzyme inhibitors, and fluoride, the World Health Organization recommends for its use for oral hygiene 

[1]. 

 

Activated carbon has a complex structure composed primarily of carbon atoms. The activated carbon porous 

structure has crannies, cracks and crevices between the carbon layers. The networks of pores in activated carbons 

are channels created within a rigid skeleton of disordered layers of carbon atoms, linked together by chemical 

bonds. It extremely porous and thus to have a very large surface area available for adsorption and chemical 

reactions [2]. Due to this unique structure, activated carbon plays an important role in many areas of the industry 

such as water treatment, chemical and petroleum industries, catalysis, batteries, fuel cells, pharmaceutical medicine 

and hydrometallurgy. Activated carbon is produced from carbonaceous source materials such as wood, lignite coal 

petroleum pitch. In recent years, agricultural wastes such as nut-shells, fruit stones and tropical woods have been 

widely used to produce activated carbon. 

 

Taguchi Method is an experimental design technique and it uses orthogonal arrays to minimize effects of 

uncontrolled factors. This method provides better results with much less experimentation in quality improvement 

[3]. Many studies have been reported in the literature that the Taguchi method has been successfully applied to 

produce activated carbon from various biomasses [4-7]. 

 

The objectives of this study were to determine the optimum conditions of production activated carbon from 

Miswak by using Taguchi method, and to identify the characterization of activated carbon produced under 

optimum conditions.  
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2 MATERIALS AND METHOD 

 

2.1 Materials 

 

Miswak sticks were supplied from a local market in Erzurum. ZnCl2 and methylene blue, used as activating agent 

and adsorbate, respectively, were supplied from Merck. NaOH and HCl used to adjust the pH value of methylene 

blue solution were analytical grade. 

 

2.2 Method 

 

Taguchi method was used to determine the optimum conditions of activated carbon production. Chosen parameters 

for experiments and their levels are shown in Table 1.  

 

Table 1. Parameters and levels used in the experiment 

Parameters Levels 

A Impregnation time (h) 1 2 3 

B Impregnation ratio (g/g) 1:1 2:1 3:1 

C Carbonization temperature (oC) 300 400 500 

D Carbonization time(h) 1 1.5 2 

 

A L9(34) orthogonal array, four parameters, each with three values, was chosen to determine optimum conditions. 

It is shown in Table 2.  

 

Table 2. Orthogonal Array L9(34) 

Experiment Number A B C D 

1 1 1 1 1 

2 1 2 2 2 

3 1 3 3 3 

4 2 1 2 3 

5 2 2 3 1 

6 2 3 1 2 

7 3 1 3 2 

8 3 2 1 3 

9 3 3 2 1 

 

2.3 Preparation of activated carbon 

 

The Miswak sticks were washed several times with distilled water and dried in an oven at 105 oC until reached a 

constant weight. The dried sticks were shredded with a kitchen blender and then sieved below 2 mm. Experimental 

were carried out according to Table 2. ZnCl2 solutions (150 mL) and Miswak samples (15 g) were mixed at the 

determined impregnation ratio. The samples were kept in a shaking water bath at 80 oC during determined 

impregnation time, and then sample was dried at 105°C. The sample was placed in an ash furnace, and activated 

during determined carbonization time, in nitrogen atmosphere (100 mL / min), at heating rate10 oC. Activated 

samples were washed with distilled water until the pH value of the wash water was 6-6.5, and then the samples 

were dried at 105oC. 

 

2.4 Adsorption Capacity 

 

To determine the adsorption capacity of the produced activated carbons, 0.1 g of activated carbon was added to 50 

mL of 2000 ppm methylene blue solution (pH = 6) and allowed to reach equilibrium in a shaking water bath at 25 

° C for 24 hours. The remaining methylene blue concentration in the solutions was determined by UV spectrometer 

and the loading capacity (mg / g) was calculated by Eq. 1. 

 

0 eC C
q V

W

 
  
 

                 (1) 

 

where Co, Ce, W,V represent initial concentration, equilibrium concentration, amount of activated carbon and 

solution volume, respectively.  
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2.5 Optimization 

 

The aim of Taguchi philosophy is to reduce the variability around the target value. The optimization criterion 

should be able to control that the variability around the performance value is kept to a minimum. According to 

Taguchi, such an optimization criterion is the signal to noise ratio [3]. The following equation is used to find the 

performance statistics: 

 

Larger-the- better SNL= 












 



n

i iYn 1
210

11
log10               (2) 

 

2.6 Characterization 

 

Surface area characterization was determined at 77 K by using a surface area analyzer (Micromeritics). Fourier 

transform infrared spectroscopy (FT-IR) was used to determine the surface functional groups of the raw sample 

and the prepared activated carbon under optimum conditions (Bruker). The surface morphologies of the raw 

material and prepared activated carbon was illuminated by scanning electron microscopy (Nova Nanosem450).  

 

3 RESULTS AND DISCUSSION 
 

3.1 Statistical analysis 

 

The statistical analysis was carried out based on the adsorption capacity the methylene blue of the produced 

activated carbons. The bigger-the- better performance criteria was used for calculations. The data obtained from 

the experiments were analyzed by using Minitab 18. In order to observe the effect of noise sources in the 

experiments, the experiments were repeated twice at different times and in order. Average values were used in the 

calculations. The effect of each parameter on the performance statistics is given in Figure 1. 

 

 
Fig.1. The effect of each parameter on the performance statistics  

 

The numerical value of the maximum point in each graph represents the best value of that parameter. According 

to Fig 1, the optimum values of activated carbon production; impregnation time: 3 h, impregnation ratio: 3, 

carbonization temperature: 500 oC, carbonization time: 1 h. The adsorption capacity of activated carbon produced 

under these conditions was found to be 552.6 (mg/g). The fact that the validation test is close to the predicted 

values and falls within the confidence interval shows that the internal interactions are insignificant and the accuracy 

of the established model [8]. 

 

3.2 Analysis of variance 

 

Analysis of variance shows the effect of parameters on the activated carbon produced. 

 

Table 3. Variance Analysis (ANOVA) 

Source DF SS MS F P 

A POOLED 

B 2 321.57 160.78 5.29 4.43 

C 2 6727.82 3363.91 110.61 92.78 

D 2 140.88 70.44 2.32 1.94 

Residual Error 2 60.81 30.41   

Total 8 7251.08    
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As shown in Table 3, the most effective parameter is the carbonization temperature. The order of activity of the 

parameters is C>B >D>A. 

 

3.3 BET analysis and pore characterization 

 

The BET surface area and average pore diameter of the activated carbon produced under optimum conditions were 

determined as 1702.11 and 3.14 nm, respectively. Based on the average pore diameter, it can be said that the 

generated pores of activated carbon are substantially mesoporous [9]. 

 

3.4 SEM images 

 

The SEM images of the raw Miswak and the activated carbon produced under optimum conditions are shown 

in Fig. 2. Although the raw material was not has a porous surface, the produced activated carbon has reached a 

porous structure.  According to Fig 2, it can be said that a porous activated carbon production from Miswak has 

been achieved.  

 

 
                               (a)                                                    (b) 

Fig 2. SEM images of raw Miswak (a) and activated carbon (b) 

 

3.5 FT-IR analysis 

 

The FT-IR spectra of the raw material and the activated carbon produced under optimum conditions are given in 

Figure 3. 

 

 
Fig 3. FT-IR analysis of raw Miswak and produced activated carbon 

 

Characteristic bands were observed at bands 3100, 1580, 1160, 995, 880 and 750 cm-1 in the spectrum of raw 

material and activated carbon. Functional groups estimated at these points are summarized in Table 3 [10, 11].   

 

Table 3. Functional groups of raw material and activated carbon 

Band(cm-1) Raw Material  Activated carbon 

3100 C-H stretching C-H stretching 

1580 C=C stretching C=C stretching 

1160 C-O stretching or P-O C-O stretching or P-O 

995 Out –of –plane O-H bending Out –of –plane O-H bending 

880 - Out –of –plane C-H bending 

750 - Out –of –plane O-H bending   
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4 CONCLUSION 
 

The optimization of production of activated carbon from Miswak was achieved by using Taguchi method. The 

chemical activation process was carried out with zinc chloride. 

 Optimum conditions were found as impregnation time: 3 h, impregnation ratio: 3:1, carbonization 

temperature 500 ° C and activation time: 1 h. 

 The most effective parameter is the carbonization temperature. 

 The activated carbon produced under optimum conditions reached a highly porous structure and the BET 

surface area was determined as 1700.2 m2/g. 
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Abstract 

In this study, optimization of drying of Rosmarinus officinalis plant in a convective 

dryer was investigated by using a statistical method called Response Surface Method 

(RSM). It is aimed to model the maximum drying time, minimum color, maximum 

rehydration and maximum energy efficiency selected as the quality criterion with 

RSM. For this purpose, 9 experiments were carried out with L9 (34) Taguchi 

experimental design using temperature, air speed, pretreatment and quantity of 

material as working parameters. This research found that the most suitable response 

value; the maximum drying time values (27620 s), minimum color values (23.16), 

maximum rehydration values (1.21) and maximum energy efficiency value (0.0147).  

1 INTRODUCTION  
 

Rosmarinus officinalis widely produced in Turkey are located in medical aromatic plants. One of the characteristic 

plants of the Mediterranean. Rosmarinus officinalis is used for the headache and migraine, fatigue and fatigue, 

dizziness and memory loss, wounds, muscle pain [1]. Drying is one of the processing methods that the oldest and 

most widely used in the preservation of foods. The main purpose of the drying process is to minimize 

microbiological, enzymatic and chemical reactions by removing water from the structure of the product. At the 

same time, significant advantages are achieved with the drying application due to the reduction in the weight and 

volume of the product in packaging, storage and transport costs. However, it is also known that drying can 

significantly affect the quality of the products. In particular, rehydration properties of air-dried products are 

reduced, undesirable changes in color, texture and flavor occur due to thermal degradation, and some of the 

nutrients are lost. Besides, it is a high cost method because it occurs at high temperatures. Therefore, in recent 

years, new methods have been emphasized on drying process in order to decrease the production cost by increasing 

the drying efficiency and to improve the dry product quality. In such cases it is important to determine the optimum 

process conditions. Optimizing the effects of drying parameters on the quality of the product obtained by drying 

food products is one of these areas of investigation. Drying processes of various fruit and vegetable samples by 

using various drying methods with hot air by many researchers were modeled by Response surface methodology 

and the effects on product quality of process variables were optimized [2]. Response surface methodology (RSM) 

is a statistical procedure frequently used for optimization studies to determine the experimental strategies for 

investigating the experimental space of process variables, the modeling techniques used to determine the 

relationship between the system response and the independent variables acting on it, and the levels at which show 

the desired effect in the response of the system of the process variables. This approach enables an experimenter to 

make efficient exploration of a process or system [3, 4]. The aim of this study was to determine the effect of drying 

conditions on the drying characteristics and quality characteristics of Rosemary officinalis plant and to use 

Response Surface Method to determine the optimization of drying. 

 

2 MATERIAL AND METHOD 
 

2.1 Materials 

 

Rosmarinus officinalis provided from the Mediterranean region in July 2018. Rosmarinus officinalis, yellowed 

leaves are extracted, the root knuckles cut and leaves separated from each other after washed thoroughly. The 

length and thickness of 10 randomly selected ones were determined by means of calipers. In this way, after the 

pretreatment was completed, drying was carried out. 
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2.2 Method  

 

Experimental system was given in the previous study [5]. The experimental system consist from fan, control 

systems of air velocity and air hot, ventilation duct, drying tunnel, wet thermometer and scales. The fan has used 

a power of 40 W for air flow. The heating system taken place an electric resistance (ARMFİELD TRAY DRIER 

FX-30000, England) of 4000 W placed after the fan. The drying tunnel was consist of sheet iron in 28x28x220 cm 

dimensions of shelf tunnel dryer. Drying conditions were made according to parameters and levels used in Table 

1. The following analysis are used to calculate the drying time, color, rehydration values and energy efficiency 

values.  

 

Color analysis 

 

The color values of Rosmarinus officinalis under drying conditions were determined using a colorimeter (Minolta 

Chroma, CR-400, and Japan) based on the CIELAB color space method. Three parameters for samples were 

investigated. L* (lightness), a* (redness) and b* (yellowness) respectively [6].  

 

     
2 2 2

* * * * * *

0 0 0E L L a a b b          (1) 

 

Rehydration analysis 

 

Rehydration experiments were carried out in a water bath at 20, 50 and 80oC.  About 5 g of dried fruits were added 

to 200 ml distilled water in a 250 ml flask beaker. Samples were weighted at one hour intervals during 9 h which 

was the time to reach equilibrium. A high value of rehydration ratio means the dried product. The rehydration ratio 

was calculated by the following equation [7]: 

 

R=
Wr (weight of moisture)

Wd(weight of dry matter)
                                                                                                                                  (2) 

 

Energy analysis 

 

The drying chamber entry conditions were determined according to the dry and wet thermometer temperature at 

the inlet of the drying chamber. The energy utilization ratios of drying chamber at the throughout process were 

calculated; 
.
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Where, T is temperature, h is the enthalpy of air and am is the mass flow rate of drying air. 

 

2.3 Response Surface Method (RSM) 

 

RSM is to determine a suitable approximation for the actual functional relationship between the response variable 

Z and a set of independent variables as follows [8]: 

 

Z=β0+ ∑ βiXi+

2

i=1

∑ βiiXi+
2

2

i=1

∑ ∑ βiXi

2

j=i+1

1

i=1

XJ                                                                                                                          (4) 

 

Where Z is the dependent variable, X is the independent variable, 𝛽0 is the constant number, 𝛽𝑖  is the first equation 

coefficient, 𝛽𝑖𝑖   is the second equation coefficient and 𝛽𝑖𝑗 is the two-factor interaction coefficient. In general, RSM 

method is performed in three stages. 

i. design of experiments,  

ii. determine the effect of factors (independent variables) on responses (dependent variables) using the data 

obtained 

iii. expressing with mathematical models of these effects and optimization of factors 
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2.3.1 Design of experiments 
 

Taguchi Experimental design was chosen as the experimental design [9]. The independent variables are 

temperature, air speed, pretreatment and quantity of material. Dependent variables are drying time, color, 

rehydration capacity and energy efficiency. The aim is to provide maximum drying time values, minimum color 

values, maximum rehydration values and maximum energy efficiency values. For this purpose, full factorial design 

was used in this study. Parameters used in this study and selected values are shown in Table 1 while the 

experimental plan based on the L9 (34) full factorial design. Experiments data were evaluated by using the Minitab 

17 package program. 

 

Table 1: Parameters Studied in Experiments and Their Levels 

Parameters  Levels  

 1 2 3 

A Temperature (oC) 40 50 60 

B Air velocity (m/s) 0.5 1.0 1.5 

C Pretreatment (%salt solution) 0 2.5 5 

D Mass quantity (g) 10 20 30 

 

3 RESULTS 
 

3.1 Model creation 

 

RSM was used to form response surfaces of drying time, color, rehydration capacity and energy efficiency values. 

A second order polynomial response function equation was created by using L9 (34) full factorial experimental 

design. These estimation equations for each response are given in Table 2. 

 

Table 2: Regression models and R2 values 

                                            Regression models                                                                                                                                                        R2 

Dryingtime=7098+ 1291,55 A- 20851,0 B+ 2353,24 C- 713,91 D- 16,3672 A*A 

+ 5382,4 B*B- 526,702 C*C+ 25,4628 D*D 

Color(ΔE)=83,58- 1,425 A- 38,94 B+ 1,387 C+ 0,2350 D+ 0,01270 A*A 

+ 16,82 B*B- 0,2056 C*C - 0,002100 D*D 

Rehydration=1,264+ 0,0742 A+ 1,0411 B- 0,03911 C- 0,03144 D- 0,000650 A*A 

- 0,4333 B*B+ 0,00640 C*C + 0,000533 D*D 

Energyefficiency=1,23523+ 0,058411 A+ 0,073411 B- 0,012647 C- 0,006646 D- 0,000602 A*A 

+ 0,064022 B*B+ 0,001041 C*C+ 0,000071 D*D 

 100% 

 

99,9% 

 

97,5% 

 

100% 

 

 

It is clear that the regression equations of the drying time color, rehydration capacity and energy efficiency values 

are more than 90% of the R2 expression is highly sufficient to estimate the true response of all response values 

within the 95% confidence interval. Response values are influenced by major influences and other interactions at 

95% confidence level. But A*B, A*C, A*D, B*C, B*D and C*D does not affect. 

 

3.2 Analysis of variance 

 

Analysis of variance (ANOVA) was used to determine both simple and interactive effects of the parameters used 

in the experiments on the responses. In ANOVA analysis, it is decided whether a parameter or interaction has an 

effect on the response by looking at the P values. Considering the 95% confidence interval, it is concluded that the 

parameters are effective on the response when P <0.05. The change of main factor and binary interactions has a 

important effect of drying time, color, rehydration capacity and energy efficiency. High R2 and R2 
(adj) values 

indicate good model fit. 

 

3.3 Contour and Surface Graphics 

  
Depending on the obtained regression equations, the effects on the responses of the experimental parameters with 

contour and surface graphics and optimum parameter combinations can be clearly understood.  
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Figure 1. Surface Graphics 
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Figure 1. (continue) 

 

3.4 Optimization 

 

After the experimental study, it needs to be optimized. In this study, the optimization table which is formed 

according to the criteria determined for optimization is given in Table 3. The desirability column given in Table 3 

represents the success in achieving the optimization goal. 

 

Table 3. Optimization of responses for experimental parameters 

Response Lower Upper Target Estimated value Desirability 

Drying time  4495 25800 25800 27620 1 

Color 25.85 33.76 25.85 23.16 1 

Rehydration 0.69 1.16 1.16 1.21 1 

Energy efficiency 0.0145 0.3311 0.0145 0.0147 1 
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4 CONCLUSION 
 

Thanks to the response surface method (RSM), the system can be modeled by using simple empirical models, and 

a large number of variables affecting the response of the system can be examined together and simultaneously. 

These high values indicate good model fit. Analysis of variance (ANOVA) was used to determine both simple and 

interactive effects of the parameters used in the experiments on the responses. The response of the process to the 

change in process parameters can be best defined by the minimum number of trials. R2 values of regression 

equations found with RSM for drying time (100%), color (99.9%), rehydration (97.5%), and energy efficiency 

(100%) were extremely high. Response values are influenced by major influences and other interactions at 95% 

confidence level. The effect of parameters effective on response is verified with contour and surface graphics. 

Accepted parameter combination in the optimal process for obtaining the maximum drying time values (27620 s), 

minimum color values (23.16), maximum rehydration values (1.21) and maximum energy efficiency value 

(0.0147). 
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Abstract 

Over the past decades, cable-stayed bridges have often constructed in medium and 

long span because of its many advantages such as aesthetically pleasing 

appearance, economic and easy construction. The main structural elements of 

cable-stayed bridges are listed as deck, tower, cables and foundation. In cable-

stayed bridges, the cables are directly connected to the tower and deck. Using a 

wide variety of tower types in these bridges allow different cable layouts for the 

designer. This has led to the cable configuration of these bridges in many different 

ways. According to arrangement of stay cable there are generally three different 

types of cable-stayed bridge; harp, fan and modified fan. In this study, it is aimed to 

make cable size optimization of an existing fan type of cable-stayed bridge. For this 

purpose, single tower and fan type cable configuration Manavgat Cable-Stayed 

Bridge was selected as an example. The three dimensional (3D) finite element 

model (FEM) of the bridge was created with SAP2000. To optimize this existing 

bridge a metaheuristic algorithm named Jaya was used in the optimization process. 

3D FEM of selected bridge was repeatedly analyzed by using OAPI properties of 

SAP2000. To carry out the optimization process the developed program which 

integrates the Jaya algorithm and the required codes for calling SAP2000 is coded 

in MATLAB. At the end of the study the total weight of the stay cables was 

reduced more than 30% according to existing stay cables. 

 

1 INTRODUCTION  
 

Mankind has built different structures for different needs apart from the construction of the structures used as a 

shelter for centuries. One of the most important needs of human beings is transportation. Because many of the 

needs of communities are depends on transportation. To overcome obstacles such as rivers and deep valleys, 

human beings have discovered the bridge. Many bridges have been built since the first bridge. Each bridge 

created knowledge for the next bridge. This situation has resulted in the generation of new bridge types. In these 

bridge types, cable-stayed bridges (CSBs) are the most preferred types for passing of medium and long spans in 

recent years [1,2]. Sutong Bridge is the world’s longest main cable-stayed bridge with 1088m main span. The 

main structural components of the cable-stayed bridges are deck, towers, and cables similar to suspension bridge. 

Unlike the suspended bridge, main cable does not exist and deck is directly connected to the tower with cable. 

To connect deck and tower with cable there are various arrangements. CSBs are divided mainly three types 

according to arrangement of stay cable as a harp, fan and modified fan. In harp arrangement, all stay cables 

located parallel to each other. In fan type, stay cables are connected to different points in the deck starting from 

the same point at the top point of the bridge pylon. However anchoring all cables at same zone at the pylon 

causes some difficulties at construction site. To overcome these difficulties stay cables anchor at the top of the 

bridge pylon separately at certain height. The name of this arrangement is modified fan. The arrangement and 

size of stay cables affects the performance and behavior of bridge. [3] stated that different type of stay cable 

arrangement leads to considerable decreasing the total weight of cables while meeting design constraints. To use 

a trial-and-error procedure for designing of CSBs to obtain initial forces and displacement is time-consuming, 

expensive and unable to find optimum solution generally. Optimization can be describe as decrease the structural 

cost as well as minimum level and meet strength and serviceability criteria simultaneously. There are some 

studies concerning to determine optimal design of CSBs. [4] conducted shape and size optimization of main 

girder, pylon and cable of two dimensional steel cable-stayed bridge with 290m length modeled by bar and beam 

element. The linear analysis of the bridge model was done with finite element procedure. [5] selected cable-

stayed bridge forming composite material such as Fiber Reinforced Polymer (FRP). They proposed optimization 
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procedure for prestress force of stay cable for any kind of cable-stayed bridges. They used two-dimensional FEM 

and solved this FEM under linear elastic assumption condition. It should be noted that the previous two studies 

were used two dimensional model of CSB. [6] proposed an optimization algorithm modified section and size of 

structural element, prestress force of cable and damper properties for 3D cable-stayed foot bridge to obtain 

minimum cost. [7] taken cable stress and deck displacement into account as a constraints to optimize the cable 

cross-sectional area of CSB. They selected CSB located in La Coruna in Spain. 3D FEM of selected bridge 

modeled in Abaqus/CAE with using three node bar elements. In order to prevent the transmission of moment 

between cables and tower-deck, the rotations at beam element were released. [8] intended to advance 

optimization procedure to find minimum cross-section are of stay-cables of CSBs under self-weight of the 

structural element of the bridge initial, post-tensioning cable forces and live load cases. In the study FEM, Real 

Coded Genetic Algorithm and B-spline curves combined for optimization technique. One of the results of the 

study was obtained cross-sectional area of stay cables according to nonlinear analysis and linear analysis were 

close to each other.  

 

In this study an optimization algorithm called Jaya is proposed to optimize stay-cable. The main objective 

function of the selected bridge optimization is to minimize the total weight of stay cables. The design variables 

for the size optimization problem were the cross-sectional area of stay cables. The lower and upper bounds of the 

design variables was adjusted by taking into account the existing bridge. When minimizing the objective 

function some constraints were considered. These were displacement of deck and stress of stay cables. To realize 

the optimization of the bridge’s stay cables the Jaya algorithm and FEM analysis were combined with the help of 

MATLAB [9] programing. To overcome difficulties of subsequent 3D FEM analysis of CSB the OAPI SAP2000 

[10] was preferred in this study.  

 

2 DESCRIPTION OF THE BRIDGE  
 

Manavgat Cable-stayed Bridge, the first cable-stayed bridge of Turkey, is selected as an application in this study 

(Figure 1). The total length is 202 m and serves 2 lane vehicles and 2 lane pedestrian traffic. The bridge has a λ-

shaped steel tower and composite deck. The tower is located in the middle of the longitudinal direction and 

bridge has symmetrically two lateral spans. The composite deck was formed by placing 25 cm thick concrete and 

10 cm thick asphalt on I steel profiles used in longitudinal and transverse directions. The bridge has a total of 28 

steel stay cables arranging modified fan type. 14 of them are supported to the deck at right side of the tower and 

the others are supported deck at left side of the tower [11]. The distance between the cables is 12m. The 

diameters of the cables used on the bridge and the diameters of the cables and material properties of the bridge 

are shown in Table 1 and Table 2, respectively. 

 

 
Figure 1. Selected bridge elevation 

 

Table 1. Properties of stay cable 

Stay cable 

number 

Number of 

strand 

Diameter 

of strand 

Cross-sectional area 

of stay cable (mm2) 

A1-B1 15 15,2 2100 

A2-B2 16 15,2 2240 

A3-B3 19 15,2 2660 

A4-B4 19 15,2 2660 

A5-B5 22 15,2 3080 

A6-B6 19 15,2 2660 

A7-B7 24 15,2 3360 
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Table 2. Material properties of the bridge 

Material Properties Unit 

S
tr

a
n

d
 

Type 270K - 

Ultimate strength 1862 MPa 

Weight per unit volume 78.5 kN/m3 

Modulus of Elasticity 197000 MPa 

Poisson’s Ratio 0.3 - 

S
tr

u
ct

u
ra

l 

st
ee

l 

Type S355 - 

Weight per unit volume 78.5 kN/m3 

Modulus of Elasticity 200000 MPa 

Poisson’s Ratio 0.3 - 

D
ec

k 

co
n

cr
et

e 

Type C40/50 - 

Modulus of Elasticity 34000 MPa 

Weight per unit volume 25 kN/m3 

Poisson’s Ratio 0.2 - 

 

3 FINITE ELEMENT MODEL OF THE BRIDGE 
 

3D FEM was created with SAP2000 (2008) in order to obtain the structural behavior of selected bridge (Figure 

3). The bridge model consist, 28 truss elements (cables), 1102 beam elements (The steel I profile of deck and 

tower) and 1980 area elements (concrete part of deck). As a boundary condition, all translations and rotations are 

fixed at the tower base, the left and right hand supports are selected as pinned and roller, respectively. In this 

study static analysis performed under dead loads of structural element calculated with program automatically. 

 

 
Figure 2. FEM of selected bridge. 

 

4 DISCRETE SIZE OPTIMIZATION OF BRIDGE WITH JAYA 
 

The design variables for the optimization problem can be continuous or discrete. In the case of the continuous 

optimization, the number of potential solutions is unlimited. Thus, to find the global optimal solution will take so 

much computational times, many transaction volume and computer memory. Also, the design results must be 

made with special production or the designer should be used the nearest solution among the discrete solution. In 

the real life, the structural elements are the ready-section such as the steel profile list. In the case of the discrete 

optimization the design result is a vector which including the members from the available list. So, the volume of 

the solution space is smaller when it compared the continuous case. 

 

There are three main type of optimization for the structures. These are size, shape and the topology optimization. 

For the size optimization, the design variables are generally the cross-sectional areas of the structural members. 

As an example, the designer finds the optimal cross-sectional areas for the reinforced concrete beam or column. 

In the case of the shape optimization, the nodal connections of the structural members are changeable. For the 
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topology optimization the configuration of the structure are not constant. In the other word, the number of 

structural element to construct the structure can be different in each steps of the optimization process. 

 

In this study, only the size optimization of structure was taken into account by using discrete design variables. 

To minimize the total weight of stay cables of the bridge, the strand with constant area was preferred. Stay cables 

consist of different number of strands. For this aim, the general objective function is written as given in the Eq.1. 

 

 min

1

.
n

i
i

W L A


                 (1) 

 

Where,  is the density of the strand, L is the length of the stay cable, A is the cross-sectional area of the stay 

cable and the W is the total weight of the cables. Structural constraints should not be violated while reducing the 

total weight of the structure. In this study, displacement of deck and stress of stay cables were taken into account 

as constraints. 

 

  1 0       1,...,i
i

u

g x i n



     (2) 

  1 0     1,...,i
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g x j m



     (3) 

   

 

if     0         

if     0     0m

g x c g x

g x c

 

 
 (4) 

 

Where, n is the number of displacement constraints on the deck, i  is calculated displacement, and u is 

allowable displacement. m is the number of stress constraints for the cable, i  is calculated stress, and u is 

allowable stress. The specified displacement and stress constraints are determined according to the initial FEM 

analysis of the selected bridge. To calculate the summation of constraints (“C”) in the optimization problem, the 

following equations is written.  

 

1

n

m

m

C c


                                                                                                                                                             (5) 

 

Where nm is the total number of constraints. The objective function is written in terms of the constraint to take 

into the constraints. Thus, the penalized objective function  is given in Eq. (5).  

 

   . 1 .W x P C                   (5) 

 

Where, the P is a constant value which is determined according to the problem. At the end of the optimization 

process, the penalized objective function must be equal to the objective function. 

 

The Jaya optimization algorithm used in this study was originally presented by Rao [12]. This metaheuristic 

algorithm is used by many researchers in the optimization of the civil engineering structures. As an optimization 

algorithm, Jaya can be used in constrained or unconstrained problems. Like the other population based algorithm 

this algorithm uses a randomly created initial population. The general steps used for this algorithm are given in 

the Fig. 3. 

The main principle of the Jaya is to keep the best individual which is a potential solution including best design 

variables for the optimization problem. For this aim, the selection of the best individual is based on the avoiding 

the worst solution and becoming closer the best individual in the current population. To learn more detailed 

knowledge about the Jaya algorithm the paper presented by Rao [12] can be investigated. 
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Figure 3. Flow chart for Jaya algorithm 

 

In this figure, “X” represent any potential solution which is called an individual in the current population. “Xbest” 

and “Xworst” are the best and the worst individual in the population. To measure the quality of the individuals the 

objective function is used. The objective function of this study is the total weight of the stay cables.  

 

The Jaya algorithm used in this study takes into account the constraint of the handled problem. Thus, the optimal 

results obtained at the end the optimization process should not violate the restrictors. The restrictors used in this 

study are the displacement of deck and stress of stay cables. 

 

5 RESULTS 
 

Single tower and two span cable-stayed bridge was selected in this study. 3D FEM was created with using 

SAP2000 and linear static analysis performed under dead load of structural elements to obtain displacement and 

initial forces. The real bridge has 28 stay cables which total weight is 409.48 kN. The purpose of this study is to 

find out optimal total weight of stay-cable to meet the same deck deflection and cable stress of initial FEM 

model of the real bridge. Obtained result of deck displacement and cable stress of initial FEM model of the 

bridge is given Fig. 4 and Fig. 5, respectively. The maximum deck displacement (0.255m) and stay-cable stress 

(420 MPa) were considered constraints of optimization. 

 

To optimize the size of stay cable of the bridge with Jaya algorithm the population size and max. generation 

number were taken as 40 and 50, respectively. The increment was taken 140 mm2 because of one of the 0.6 inch 
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tendon cross-section area is 140 mm2. The lower and upper bounds for discrete design variables were 5*140 

mm2 and 25*140 mm2. Totally 2040 FE analysis was carried out by calling SAP2000 via OAPI codes integrated 

with MATLAB. 

 

 
Figure 4. Initial result for deck displacement 

 

 
Figure 5. Initial result for cable stress 

 

Convergence history of the best solution is given in Fig. 6. As seen from this figure, the initial total weight of the 

cables is 409.48 kN and at the end the optimization process the total weight of the cables found as 277.84 kN. 

That is, the weight of the cables reduced 32%. The comparison of the initial and optimized cross-section area of 

stay-cable is given in Fig. 7 and Table 3. 
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Figure 6. Convergence history of the best solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Comparison of the initial and the optimal result for the design variables 

 

Table 3. Comparison of total weight of cables 

Cable no 
Design variables (mm2) 

Initial sizes Optimized sizes 

1 2101   840 

2 2241 1680 

3 2661 3500 

4 2661 3500 

5 3082 2940 

6 2661   700 

7 3361   700 

Total weight (kN) 409,47 277,84 

 

The comparison of the deck displacement initial and optimized cases is given in Fig. 8. As seen in this figure the 

deck displacement of optimized case is not violates the displacement constraints.  

 

437



Cables size optimization of cable-stayed bridge ICADET ‘19 

 

 

 
Figure 8. Comparison of the initial and the optimal result for deck displacement 

 

 
Figure 9. Comparison of the initial and the optimal result for cable stress 

 

6 CONCLUSION 
 

Over the past decades, cable-stayed bridges have often constructed in medium and long span because of its many 

advantages such as aesthetically pleasing appearance, economic and easy construction. The main structural 

elements of cable-stayed bridges are listed as deck, tower, cables and foundation. The unit cost of stay cables is 

relatively high compared to other construction materials; therefore, there is a need for the development of an 

optimization technique to determine the minimum cost of stay cables in cable-stayed bridges. In this study, it is 

aimed to make cable size optimization of an existing fan type of cable-stayed bridge. As real application, single 

tower and fan type cable configuration Manavgat Cable-Stayed Bridge was selected as an example. To realize 

the optimization of the bridge’s stay cables the Jaya algorithm and FEM analysis were combined with the help of 

MATLAB programing. To overcome difficulties of subsequent three dimensional FEM analysis of cable-stayed 

bridge the OAPI SAP2000 was preferred in this study. The deck displacement and cable stress obtained from 

initial FEM model were considered constraints of optimization. From the point of view of the study carried out, 

the following conclusions are reached: The analysis result obtained from initial and optimized model such as 

deck displacement and stress of stay-cable are very close to each other with lower cross-sectional area of cables 

used in optimized model than initial. It is possible to infer that applying an optimization procedure reduce the 
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weight of structural elements of cable-stayed bridges. It is also concluded that the Jaya algorithm can be 

affectively used in the optimization of cable-stayed bridges. 
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Abstract. 

In order to perform complex tasks or multiple functions for sensors, they must build 

a network and be managed from a central point. In order to build this structure, a 

module called Sensor Node (SN) has been developed with the units of processor, 

energy and antenna. When multiple SNs come together, Wireless Sensor Networks 

(WSN) are formed. The most important work area in the WSNs is energy efficiency 

and providing energy to the SNs permanently. Energy harvesting and energy 

transfer methods are used to provide energy from an external source to SNs. Recent 

studies focused on RF energy transfer method. Due to distance and interfering 

obstacles, losses occur during transmission of energy, which makes energy 

transmission inefficient. In order to calculate the energy transfer between the 

transmitter and receiver, Electromagnetic Wave Propagation models are examined. 

In this study, properties of Uniform Theory of Diffraction are explained and 

simulations are performed by using UTD method. SNs are scattered in a specific 

area in simulations. Calculations of the electrical field and path loss of the energy 

transferred from the transmitter antenna positioned as an Energy Station to the 

sensor nodes are performed in 6 different situations, three at 100 MHz and three at 

2400 MHz.  

 

1 INTRODUCTION  
 

The main equipments used in today's technologies are sensors. Together with technologies such as Intelligent 

Buildings, Internet of Things (IoT) and Industry 4.0, it is predicted that one of the basic building blocks of many 

future technologies will be sensors. Sensors are intensively preferred due to their flexibility, low error rates and 

low costs as they detect changes in the physical environment such as temperature, humidity, pressure and 

vibration [1]. It is very important that the data obtained by the sensors can be transmitted to a central point and 

analysed. The network formed by the combination of many sensors is called Wireless Sensor Network (WSN). 

WSNs are extensively used in military, environmental, health and building applications. As in any technology, 

there are many areas open to improvement in WSNs. The module, which consists of sensor, processor, antenna 

and energy unit, is called Sensor Node (SN) [2]. Each SN in the WSN is usually supplied with battery or super-

capacitor. Therefore, its energy must be used very efficiently [3]. Many different protocols are being developed 

to ensure efficiency. The protocols developed usually are MAC protocols that are in the data link layer. After a 

period of communication, SNs are running out of energy and battery replacement is very difficult due to their 

location. Therefore, providing energy to SN from external sources is another area of study as well as energy 

efficiency. 

The most common situation is that there is an obstacle between the transmitter and the receiver when transferring 

energy from an external source to a SN. Due to these obstacles, the transferred energy is weakened. The path 

loss is determined by electromagnetic wave propagation models used in mobile communication systems. 

Considering path loss calculations, the energy station can be positioned at the most suitable point to provide 

energy from a fixed source to SN. In the second part of the study, Uniform Theory of Diffraction is examined. In 

the third part, energy station positioning simulations were performed using UTD. In the last part, the results 

obtained from the study were evaluated. 
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2 MATERIAL AND METHOD 
 

Uniform Theory of Diffraction (UTD) was proposed in 1974 by Kouyoumjian and Pathak. In addition to other 

models, faults were eliminated by adding the transition function diffraction coefficient in UTD. Initially it 

provides accurate results only in wedge scenarios. With subsequent improvements, the results are also accurate 

in one edge or multiple edge/wedge scenarios when the obstacles do not interrupt each other's transition zone. It 

was used to calculate the electric field strength on the receiver in scenarios with multiple diffraction. Different 

approaches have been developed to eliminate errors in multiple diffraction scenarios with accurate results from 

optical boundaries. In UTD, diffraction coefficient for reflection and shadow boundaries of wedge is proposed. 

The electric field to be calculated can come from the source to the receiving point in different ways. These paths 

may be direct, reflected or diffracted areas or may be combinations [4,5,6]. 

In the estimation of the electric field strength, the effects of knife edge and wedge on the diffracted area is 

revealed. The diffraction of the wedge is based on the integral calculations in fresnel. The difference between 

wedges from knife edges is that the areas reflected from their surfaces are added to the electric field strength on 

the receiver. The parameters such as conductivity, polarization, relative electrical permeability and barrier 

structure, which are excluded from the calculation in knife edges, become more complex in wedges when taken 

into account. Transition functions are added to the diffraction coefficients in UTD [4]. Although the calculation 

time of UTD is short, its accuracy in estimating the field strength is limited. Precise results cannot be obtained if 

adjacent wedges or knife edges are in the transition zone of the other [5,7]. 

For more reliable and efficient, digital communication, it is important to produce results accurately and quickly. 

Therefore, UTD can be used in rural areas without multiple diffraction, urban areas with single barriers, and in 

urban centers with very large building height variations with very few errors. The large variations in building 

height result in the fact that the buildings are not in each other's transition zone and allow estimation with little 

error [5,8]. The major problem here is the unpredictability of multiple diffraction in the transition zone that 

occurs in complex building structures [9]. On the other hand, the diffraction caused by obstacles such as 

elevation differences in rural areas, small base stations around buildings in urban areas and corners in the interior 

make it difficult to estimate [10]. Equations 1, 2, 3 and 4 are used in the calculation of UTD [11]. With UTD 

method, the electric field in the observation point can be calculated by the Equation 1 as a result of diffraction 

from an obstacle. In this equation, 𝐸𝑖 is the field strength over the obstacle, 𝐷(𝛼) is the amplitude diffraction 

coefficient, 
𝜕𝐸𝑖

𝜕𝑛
𝑑𝑠(𝛼) is the derivative of the electric field strength over the obstacle, 𝑑𝑠(𝛼) is the slope 

diffraction coefficient, 𝐴(𝑠)  is the diffusion factor, k is the number of waves and s is the propagation distance. 

 

𝐸 = [𝐸𝑖𝐷(𝛼) +
𝜕𝐸𝑖

𝜕𝑛
𝑑𝑠(𝛼)] 𝐴(𝑠)𝑒−𝑗𝑘𝑠                                                                     (1) 

 

The amplitude diffraction coefficient is calculated in Equation 2. The parameter k is the number of waves, α is 

the diffraction angle, L is the distance parameter for the amplitude diffraction coefficient and is calculated by the 

continuity equations. 

 

𝐷(𝛼) = − 
𝑒

−𝑗𝜋
4⁄

2√2𝜋𝑘 cos(𝛼 2⁄ )
𝐹[2𝑘𝐿cos2(𝛼 2⁄ )]                                                             (2) 

 

The slope diffraction coefficient is calculated in Equation 3.The parameter 
𝜕𝐷(𝛼)

𝜕𝛼
 is derivative of amplitude 

diffraction coefficient with respect to diffraction angle, k is the wave number and , 𝐿𝑠  is calculated with the 

distance parameter and continuity equations for slope diffraction coefficient. 

 

𝑑𝑠(𝛼) =
1

𝑗𝑘

𝜕𝐷(𝛼)

𝜕𝛼
= − 

𝑒
−𝑗𝜋

4⁄

√2𝜋𝑘
𝐿𝑠 sin(𝛼 2⁄ )(1 − 𝐹[2𝑘𝐿cos2(𝛼 2⁄ )])                                       (3) 

 

The spreading factor is calculated in Equation 4. The parameter 𝑠0 is the distance to the building where the 

diffraction will occur, and s is the distance to the receiver after this building. 

 

𝐴(𝑠) = √
𝑠0

𝑠(𝑠+𝑠0)
                                                                                         (4) 
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3 SIMULATIONS  
 

The simulation includes 625 SNs distributed over an area of 240 m X 240 m. In the horizontal and vertical plane, 

the sensor nodes are located at a distance of 10 meters each starting from 0 m X 0 m. The sensor nodes are 

assumed to be on the ground in a flat area. For the electrical field strength and path loss to be transmitted to the 

sensor nodes in the field by the transmitter antenna to be positioned as an Energy Station, calculations are 

performed in 6 different situations, three at 100 MHz and three at 2400 MHz. In the first case, the antenna is 10 

m high and placed at the starting point of the area, 0 m X 0 m. At 100 MHz frequency, electric field strength 

calculations are performed by UTD method. The color map of the calculations is shown in Figure 1. 

 

 
Figure 1. Electric field strength color map at the position of the transmitter (0,0) at a height of 10 m and at the 

frequency of 100 MHz 

 

As seen in Figure 1, the path loss varies between -10.37 dB and -25.22 dB. In the second case, the antenna is 10 

m high and placed in the middle point of the area, 120 m X 120 m. At 100 MHz frequency, electric field strength 

calculations are performed by UTD method. The color map of the calculations is shown in Figure 2. 

 

 
Figure 2. Electric field strength color map at the position of the transmitter (120,120) at a height of 10 m and at 

the frequency of 100 MHz 

 

As seen in Figure 2, the path loss varies between -9.84 dB and -22.12 dB. When the transmitter is moved from 

the starting point to the midpoint at 100 MHz frequency, it is seen that the electric field strength increases and 

the path loss decreases. In the third case, the antenna is 30 m high and placed in the middle point of the area 120 

m X 120 m. At 100 MHz frequency, electric field strength calculations are performed by UTD method. The 

color map of the calculations is shown in Figure 3. 

 

 
Figure 3. Electric field strength color map at the location of the transmitter (120,120) at a height of 30 m and at 

a frequency of 100 MHz  
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As seen in Figure 3, the path loss varies between -9.76 dB and -22.19 dB. When the height of the transmitter is 

increased from 10 m to 30 m at the frequency of 100 MHz, the electric field strength decreases at all points of 

the transmitter and path loss increases. In the fourth case, the antenna is 10 m high and placed at 0 m X 0 m, the 

starting point of the area. At 2400 MHz frequency, electric field strength calculations are performed by UTD 

method. The color map of the calculations is shown in Figure 4. 

 

 
Figure 4. Electric field strength color map at the position of the transmitter (0,0) at a height of 10 m and 

frequency 2400 MHz 

 

As seen in Figure 4, the path loss varies between -11.51 dB and -25.22 dB. When the frequency increases from 

100 MHz to 2400 MHz, it is seen that the electric field strength reaching all points decreases and path loss 

increases. In the fifth case, the antenna is 10 m high and located at the midpoint of the area, 120 m X 120 m. 

Electric field strength calculations are performed by UTD method at 2400 MHz frequency. The color map of the 

calculations is shown in Figure 5. 

 

 
Figure 5. Electric field strength color map at the position of the transmitter (120,120) at a height of 10 m and 

frequency 2400 MHz 

 

As seen in Figure 5, the path loss varies between -9.99 dB and -22.12 dB. When the transmitter is moved from 

the starting point to the midpoint at 2400 MHz, it is seen that the electric field strength increases and the path 

loss decreases. Similar to the condition of the transmitter at the starting point, when the frequency rises from 100 

MHz to 2400 MHz, it is seen that the electric field strength reaching all points decreases and path loss increases. 

In the sixth case, the antenna is 30 m high and located at the midpoint of the area 120 m X 120 m. Electric field 

strength calculations are performed by UTD method at 2400 MHz frequency. The color map of the calculations 

is shown in Figure 6. 

 

 
Figure 6. Electric field strength color map at the position of the transmitter (120,120) at a height of 30 m and 

frequency 2400 MHz 
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As seen in Figure 6, the path loss varies between -9.96 dB and -22.96 dB. When the height of the transmitter is 

increased from 10m to 30m at 2400 MHz frequency, the electric field strength decreases at all points and the 

path loss increases. In addition, when the frequency is increased from 100 MHz to 2400 MHz, the distance from 

the transmitter decreases the electric field strength and the path loss increases. According to the results obtained 

in the second simulation, the transmitter used as an Energy Station should be 10 m high and placed at the 

midpoint of the area. In this case, the highest electric field strength and the lowest path loss were observed in the 

receiver sensor nodes. 

 

4 CONCLUSION 
 

In this study, application areas and importance of Wireless Sensor Network (WSN) are mentioned. Energy 

consumption, which is the most important problem in WSNs, is discussed and solutions suggested. In addition to 

providing energy efficiency, Wireless Energy Transfer with RF from a fixed source is emphasized so that it can 

be supplied wirelessly with external energy sources. It has been determined that Electromagnetic Wave 

Propagation Models used in mobile network base station positioning can also be used in energy transmission 

calculations. Uniform Theory of Diffraction (UTD), one of the models in which ray tracing technique is used in 

electromagnetic wave propagation models, is examined in detail. In the simulations performed by using UTD 

method, energy transmission tests are performed on 625 Sensor Nodes at ground level by changing the position 

and height of the transmitter station. 100 MHz and 2400 MHz frequencies are used in the tests. When the 

transmitter is moved from the start point to the midpoint of the field at 100 MHz, the path loss is reduced and 

higher energy transmission to more SN is observed. When the height of the transmitter is increased from 10 m to 

30 m, it is observed that the path loss increased. According to these results, the transmitter station should be 

positioned at the optimum height for receiving SN. By increasing the frequency from 100 MHz to 2400 MHz, 

the electric field at all points decreases and the path loss increases. It is recommended to perform field tests in 

future studies. 
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Abstract 

The candidates who are not eligible to participate an undergraduate program, 

especially engineering programs, tend to vocational schools for some reasons in 

Turkey. Due to increasing the energy demand of Turkey, Alternative Energy 

Technology Programs are among the attractive associate programs on vocational 

schools.  Once either the number of energy programs or the high number of the 

candidates are taken into account, some of criteria such as foreign language 

education, campus life and living facilities of a university, technological investments, 

and the number of students in a university etc. are of utmost importance that the 

candidates make the "right" choice according to the decision-making criteria. A 

survey is applied for a hundred students including questions to understand what 

preferences for selection a university the students pick. As a result, this study intends 

to carry out the ranking actively operating in Alternative Energy Sources Technology 

Programs in Turkey during the academic year of 2018-2019 using Analytic 

Hierarchy Process (AHP). This study provides an opportunity for the students to 

make consistent choices and ranking the energy programs in Turkey with the 

outcomes of this paper without making research by considering many criteria 

regarding universities. When the results obtained are considered, the most preferred 

Alternative Energy Sources Technology Programs are at the Hacettepe, Ankara and 

Mugla Sitki Kocman Universities depending on the candidates' choice criteria. 

1 INTRODUCTION  
 

In recent years, the application fields of the analysis of Multi-Criteria Decision Making (MCDM) has been widely 

used in different sectors. The application fields of MCDM Analysis are enhanced greatly as new methods are 

found (or old methods of MCDM have been developed). Both individuals and businesses have faced multi-

dimensional decision-making problems in all areas of social and business life. Administrators and / or students 

have difficulty in making decisions by considering multiple criteria factors. Nowadays, using multi-criteria 

decision analysis approaches and methods has become a necessity in order to reach the best / most appropriate / 

efficient solutions in accordance with the criteria, which has superiority compared to each other. Due to the fact 

that the candidates that will participate in vocational schools in Turkey will have to make the right/consistent 

choices among the universities according to many criteria. It is one of the most important factors that make the life 

easier and better for the candidates of vocational schools. 

 

Analytical Hierarchy Process (AHP) method is preferred in this study that allows the formation of decision 

hierarchy in the performance evaluation process, determination of criteria weights, evaluation of quantitative and 

qualitative criteria together, determination of consistency of judgments and testing of the sensitivity of the decision 

model. The most prominent feature of AHP is that it deals with other methods in multi-criteria decision-making 

and other factors affecting decision-making in situations where the problem is difficult to solve [1].  In AHP 

method, there exist three basic background axioms, namely the reciprocity feature of comparisons of two aspects, 

the axiom of homogeneity, and the axiom of independence (in a hierarchy, judgments or priorities linked to 

elements of one tier are independent of elements of another tier). The method is also used effectively in case of 

multi-criteria decision-making with a large number of decision-makers, while selecting from a plurality of 

alternatives in cases of uncertainty or uncertainty. According to the AHP method developed by Saaty [2], this 
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study consists of (i) the generation of the hierarchy model, (ii) the generation of dual comparison (preference) 

matrices, (iii) determination of the advantages, and (iv) synthesis (integration) steps in general. 

 

The preference criteria of a vocational school by the students are determined with a survey that conducted on a 

hundred high school senior students in this study. The questions on the survey have prepared for the actively 

operating Alternative Energy Sources Technology Programs of Turkey in the academic year of 2018-2019. The 

criterion matrices were prepared by asking the decision making student which of the two preferred alternatives or 

which of the two criteria were more important.  In this study, the 9x9 criterion matrix which was reduced to nine 

criteria was created by the decision-maker by pairing the two criteria. A 10x10 alternative matrix was then 

generated for each criterion.  In the alternative matrices, the elements were ten vocational schools that is actively 

operating in Turkey. These vocational schools are listed below, respectively:  

 

1. Ankara University, Gama Vocational School (S1), 

2. Aydın Adnan Menderes University, Soke Vocational School (S2), 

3. Aydın Adnan Menderes University, Buharkent Vocational School (S3), 

4. Erzincan Binali Yıldırım University, Vocational School (S4), 

5. Hacettepe University, Hacettepe Ankara Chamber of Industry 1.OSB Vocational School (S5), 

6. Kayseri University, Mustafa Çikrikcioğlu Vocational School (S6), 

7. Muğla Sitki Kocman University, Mugla Vocational School (S7), 

8. Nevşehir Haci Bektas Veli University, Vocational School (S8), 

9. Pamukkale University, Denizli Teknik Bilimler Vocational School (S9), 

10. Selçuk University, Karapinar Aydoganlar Vocational School (S10). 

For one criterion matrix, which is created, respectively: 

 Campus facilities and social life opportunities of the province where the program is located (K1),  

 KPSS success ranking of the university where the program is located (K2),  

 The technological background and laboratories offered by the university (K3),  

 According to vacancy of the program, the ratio of preference (K4),  

 The number and title of faculty (K5) 

 The number of students who were transferred to another university abroad through the ERASMUS 

student exchange program (K6), 

 Foreign Language Education (K7), 

 The number of program vacancy  (K8),  

 The percentage of the province's power plants over installed power plants of Turkey. It was accepted as 

a percentage of employment opportunities. (K9). Kn values and Sn are assumed the abbreviations of 

criteria and üniversities, respectively (n=1,2,…., 10). 

 

KPSS success rates are obtained from the 2018 KPSS Vocational School Evaluation Report of the Measuring, 

Selection and Placement Center (OSYM)  [3]. According to the preference vacancy, the preference rates of the 

program are obtained from the Higher Education Program Atlas (YOKATLAS) [4]. The data of the percentage of 

the province's power plant over installed power plants in Turkey was provided from the 2018 sectoral report of 

electricity market by Turkey's Energy Market Regulatory Authority (EPDK) [5]. Other criterion information was 

obtained from the official websites of the universities. According to AHP method, these criteria were formed by 

making hypothetical values by making pair-wise comparisons on the scale of 1 to 9.   Criterion consistency analysis 

was applied to confirm that the consistency ratio was less than 0.1 (λ = 0.02606). Thus, the criterion matrix was 

found to be consistent. Then, for each criterion, an alternative matrix was created as much as the number of criteria 

for the dual evaluation of universities among themselves. Priorities were calculated with the help of matrix 

mathematics in alternative matrices that make comparison of universities depending on each criteria. Then, the 

obtained priority and weighted values and the integrated weight values of the universities were computed. The 

university with the highest integrated weight value stands out as the most appropriate choice based on the 

comparison criteria of the student that makes the decision in vocational schools. 

 

Hacettepe, Ankara and Mugla Sitki Kocman Universities stand out against the other universities in the rating of 

the Alternative Energy Resources Technology Programs based on the preference criteria of the results obtained 

from the AHP analysis. 

 

2 ANALYTIC HIERARCHY PROCESS (AHP)  
 

In general, MCDM problems involve six components that are defined as  (i) a goal or a set of goals that the decision 

maker wants to achieve, (ii) the decision maker or a group of decision makers involved in the decision making 

process, and their preferences with respect to the evaluation criteria, (iii) a set of evaluation criteria (objectives 
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and/or physical attributes), (iv) the set of decision alternatives, (v) the set of independent variables or states of 

nature (decision environment), (vi) the set of outcomes associated with each alternative attribute-pair [6]. In this 

study, AHP method has been applied in the axis of the components mentioned above. Figure 1 shows the main 

steps in the Analytic Hierarchy Process. 

 

 
Figure 1. Analytic Hierarchy Process (AHP) 

 

The AHP method should first determine “decision criteria” and “alternatives. It is then an obligation to determine 

the relative weight of the AHP method decision criteria and to determine the relative priorities of alternatives. For 

this stage, both qualitative and quantitative information can be compared using informed decisions to obtain weight 

and priorities. Figure 2 shows the steps to create a hierarchy. 

 

 
Figure 2. The schematic illustration of Hierarchy (Hierarchy Tree) 

 

2.1 Ranking of Criteria and Alternatives 

 

Dual comparisons are made in between 1 and 9. To give an example of a simple and very reasonable assumption 

simultaneously to compare alternatives; If property A is definitely more important than property B, it is rated as 

9. In this case, B should be graded as 1/9 since B is less important in the alternative matrix. The criteria and 

alternative matrices were obtained by using AHP evaluation scale (Table 1). 

 

Table 1. Standard Preference Table of AHP [7] 

Preference Level Numerical Value Description 

1 Equally Preferred Two factors contribute equally to the objective 

3 Moderately Preferred Experience and Judgement slightly favour one over the other 

5 Strongly Preferred Experience and Judgement strongly favour one over the other 

7 Very Strongly Preferred 
Experience and Judgement very strongly favour one over the 

other 

9 Extremely Preferred 
The evıdence favouring one over the other ıs of the highest 

possible validity 

2, 4, 6, 8 Intermediate Values 
It is used when compromise is needed or once preference values 

are close to each other 

Cr it er ia A lt er nat ives

EValuat ion

Goal

Criteria 1 Criteria 2 Criteria 8 Criteria 9

Alternative 1 Alternative 2 Alternative 3 Alternative 10
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2.2 Generation of Criteria Matrix and Consistency Analysis 

 

According to their importance values of criteria, the criterion matrix is prepared as a nxn-sized square matrix. The 

comparison of criteria is made one-to-one, mutually. The diagonal of the square matrix means that each criterion 

is compared to itself (i = j), which takes the value of 1. After this step, the values in the criterion matrix were filled 

using Standard Preference Table of AHP (Table 1). In addition, the criterion matrix should show the importance 

level of the criteria in a certain logic. However, in order to determine the weights of these criteria in entire weights, 

column vectors forming the comparison matrix are needed. In this way, n vector n-component column vectors 

were obtained. While calculating these column vectors, each value in the vector is divided by the total value of the 

vector and this process is repeated for n criteria. Then, n vectors are sequenced side by side to form a new nxn 

matrix. The criterion matrix is then normalized. The sum of each row vector in this matrix is divided by the number 

of criteria (n) to find the average values of the line vectors. As a result of the processes described above, the 

criterion weights are found to be a matrix of nx1. This nx1 matrix is defined as the criterion weight matrix. In order 

to determine the consistency of this criterion matrix in the one-to-one comparisons between the criteria of the 

decision maker, the criterion consistency analysis should be performed. This consistency analysis yields a 

consistency ratio (CR). This ratio must be less than 0.1 (CR <0.1). In other words, the fact that the CR value is 

less than 0.1 indicates that the one-to-one comparisons between the criteria of the decision maker are correct [8]. 

A CR value greater than 0.10 indicates either a calculation error in AHP or inconsistency in decision-making 

comparisons. 

 

In the AHP method, the basis of the CR calculation is based on the comparison of the number of criteria and the 

Basic Value (Max) coefficient. First, the first criterion matrix for computation of Max is multiplied by the criterion 

weight matrix and a new nxn matrix is generated. The sum of the line vectors of the newly created matrix is then 

calculated and divided by the number of criteria to find the nx1 weighted sum value (WSV) matrix. The values in 

the WSV matrix are then divided by the values in the criterion weight matrix to obtain n values. The Max value is 

calculated by taking the average of these n values. The values in the WSV matrix are divided by the values in the 

criterion weight matrix to obtain n values, eventually. The Max value is calculated by taking the average of these 

n values. In order to calculate the CR value, the Consistency Index (CI) formula in Eq (1) is applied as shown in 

Eq (2). 

 

𝐶𝐼 =
max − 𝑛

𝑛 − 1⁄                 (1) 

 

Final step for the calculation of CR: The CI value is calculated by dividing the value corresponding to the number 

of criteria in Table 2, which is called the Random Indicator (RI). 

 

𝐶𝑅 = 𝐶𝐼
𝑅𝐼⁄                  (2) 

The value corresponding the number of factors is selected from the table of Random Indicator (Tablo 2). For  

instance, the RI value to be used in a 9-factor comparison would be 1.45 from the Table 2. 

 

Table 2. Random Indıcators [9] 

n 1 2 3 4 5 6 7 8 9 10 

RG 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 

 

2.3 Determining the Weights of the Universities for Each Criteria 

 

At this stage, weights of universities (alternatives) in the entire weights will be calculated for each criterion. In 

other words, one-to-one comparisons and matrix operations are repeated for the number of criteria (n = 9). 

However, there will be mxm (m = 10) dimensional option matrices for each criterion using university options in 

this time. After each comparison process, m column vectors of mx1 are obtained, which show the weights of the 

evaluated criterion based on the universities. After this step, the mxn dimensional decision matrix (K), which 

consists of the n mx1 dimensional column vectors described above, is obtained. The decision matrix is described 

below: 

 

𝐾 =  [

𝑠11 𝑠12
⋯ 𝑠1𝑛

𝑠21 𝑠22
⋯ 𝑠2𝑛

⋮
𝑠𝑚1

⋮
𝑠𝑚2

⋱ ⋮
⋯ 𝑠𝑚𝑛

]        𝐿 =  [

𝑠11 𝑠12
⋯ 𝑠1𝑛

𝑠21 𝑠22
⋯ 𝑠2𝑛

⋮
𝑠𝑚1

⋮
𝑠𝑚2

⋱ ⋮
⋯ 𝑠𝑚𝑛

] × [

𝑤1

𝑤2

⋮
𝑤𝑛

] = [

𝑙11

𝑙21

⋮
𝑙𝑚1

]                               (3) 
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As a result, when the decision matrix W is multiplied by the criterion weight column vector, L column vector with 

m elements is obtained. Column L gives the weight of the options (universities) in the entire weight. According to 

this vector of L, the sum of the elements of the vector must be 1. This distribution shows the order of importance 

of the high value element compared to other elements. 

 

3 RESULTS 
 

The dual comparison matrix is prepared based on the nine criteria information and consistency analysis results in 

Table 3. The matrix was filled by grading 1-9 depending on AHP method. The consistency ratio obtained as a 

result of the Consistency Analysis was found to be 0.026. According to this result, one-to-one comparisons 

between the criteria and the decision-maker (the students) were consistent.  

 

Table 3. Pair-wise Comparison Matrix for Nine Criteria 

Criteria 

Matrix 

K1 K2 K3 K4 K5 K6 K7 K8 K9 Priority 

vector (WVS) 

K1 1 3 6 4 8 5 8 8 9 0.36083251 

K2 1/3 1 4 2 6 3 6 6 7 0.20566094 

K3 1/6 1/4 1 1/3 3 1/2 3 3 4 0.07585948 

K4 1/4 1/2 3 1 4 2 4 4 6 0.13705870 

K5 1/8 1/6 1/3 1/4 1 1/3 1 1 2 0.03528869 

K6 1/5 1/3 2 1/2 3 1 3 3 4 0.09191300 

K7 1/8 1/6 1/3 1/4 1 1/3 1 1 2 0.03528898 

K8 1/8 1/6 1/3 1/4 1 1/3 1 1 2 0.03528898 

K9 1/9 1/7 1/4 1/6 1/2 1/4 1/2 1/2 1 0.02280873 

∑=1.00 

λMax=9.3023, CI=0.0377, RI=1.45, CR=0.026<0.1 OK. 

 

Table 4 shows the matrix and the priority vector values showing the pair-wise comparisons of the universities 

according to the criterion of campus facilities and the social life facilities of the city where the program is located 

(Criteria 1). 

 

Table 4. Pair-wise Comparison Matrix of Universities for one Criteria only (Criteria 1) 

Alternative 

Matrix 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 Priority 

vector (L) 

S1 1 3 3 6 1 5 3 6 4 5 0.23661451 

S2 1/3 1 1 4 1/3 3 1 4 2 3 0.10610383 

S3 1/3 1 1 4 1/3 3 1 4 2 3 0.10610383 

S4 1/6 1/4 1/4 1 1/6 1/2 1/4 1 1/3 1/2 0.02762672 

S5 1 3 3 6 1 5 3 6 4 5 0.23661451 

S6 1/5 1/3 1/3 2 1/5 1 1/3 2 0.5 1 0.04287139 

S7 1/3 1 1 4 1/3 3 1 4 2 3 0.10610383 

S8 1/6 1/4 1/4 1 1/6 1/2 1/4 1 1/3 ½ 0.02762672 

S9 1/4 1/2 1/2 3 1/4 2 1/2 3 1 2 0.06746329 

S10 1/5 1/3 1/3 2 1/5 1 1/3 2 1/2 1 0.04287139 

 ∑=1.00 

 
λMax=10.1983, CI=0.0220, RI=1.45, CR=0.014<0.1 OK. 

 

According to students' preferences, normalized grading weight ratios of university are shown in Figure 3. Actively 

operating Alternative Energy Technology Programs at Hacettepe and Ankara Universities in Turkey against the 

same programs at other universities can be described as the most preferred as Group 1. Mugla Sitki Kocman 

(Mugla Vocational School), Pamukkale University (Denizli Technical Sciences Vocational School) and Aydin 

Adnan Menderes University Soke and Buharkent Vocational High Schools can be listed as Group 2. In additon, 

3th Group of the programs including Kayseri University Mustafa Cikrikcioglu Vocational School, Selcuk 

University Karapınar Aydoganlar Vocational School, Erzincan Binali Yildirim University Vocational School, 

Nevsehir Haci Bektas Veli University Vocational School can be listed. 
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Figure 3. The Ranking of Universities Depending on Decision Makers (The Candidates) 

 

4 CONCLUSION 
 

As a result of a survey we made, most critical criteria of nine are choosen by the high school senior students 

among actively operating Alternative Energy Sources Technology Programs in vocational schools during the 

academic year of 2018-2019.  Afterwards, the Alternative Energy Resources Technology Programs in Turkey 

were graded using Analytic Hierarcy Process (AHP), which is one of the Multi Criteria Decision Analysis 

methods. The outcomes of this paper show that it allows high school senior students to make easy, accurate 

choices and ranking energy programs without taking into consideration any other help by guidance services in 

Turkey. According to the results, Hacettepe, Ankara and Mugla Sitki Kocman Universities are the three most 

preferred universities depending on the preference criteria by the candidates of the vocational schools in Turkey. 
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Abstract  
Lactobacilli that provide high γ-aminobutyric acid (gaba) production are promising 

for the production of GABA-rich foods. However, common thin layer 

chromatography (TLC) screening is inefficient. In the present study, the 

technological and functional properties of 19 LAB species previously isolated from 

infant faeces were determined in terms of antifungal activities, production of GABA 

as a functional component, Exopolysaccaride(EPS) production. Lactobacillus sp. Bf- 

160 and Lactobacillus casei Bf-59 showed the highest and the lowest production 

levels as 4.19±0.01 and 0.89±0.06 mM respectively determined by HPLC analysis. 

Lactobacillus paracasei subsp. paracasei Bf-120 did not show any antifungal 

activity against tested mold species. Lactobacillus casei Bf-169, Lactobacillus casei 

Bf-59 and Lactobacillus casei Bf-191 isolates showed the highest level of inhibitor 

against all mold spores. Finally, all strains showed EPS production but these activity 

was dependent on strain specific conditions. This study demonstrates some important 

features of infant faeces LAB strains from infant faeces. 

1 INTRODUCTION  
 

In recent years, some lactic acid bacteria have been found to produce GABA (gamma amino butyric acid) through 

fermentation of food products [1]. Gamma-aminobutyric acid (GABA) is called a non-proteinogenic amino acid 

consisting of 4 carbon atoms, commonly found in bacteria, plants and vertebrates [2]. Since it is located in the 

brain, it regulates many physiological and psychological behaviors. GABA and GABA-rich foods have been 

shown to exhibit activities such as anti-anxiety, antidepressant[3-5], antihypertensive effects[6-9], and regulation 

of hormone secretion [10,11]. In China and Japan, generally recognized as safe (GRAS)-grade GABA has been 

approved as a functional food additive. Subsequently, GABA-rich foods have been developed by using GABA-

producing microorganisms [7,12,13,8,9,14] and are popular.  

 

It has been observed that it plays a metabolic role in the Krebs cycle in plants and bacteria and acts as a strong 

nerve signal transmitter in vertebrates. Lactic acid bacteria (LAB), among them, are known to form an important 

group of gram-positive bacteria, are widely distributed in the environment, are frequently found in fermented 

foods, vegetables, intestines of humans and animals [15-17]. While some LAB strains produce GABA, some do 

not [18], therefore, it is emphasized that further studies are needed to isolate GABA-producing LAB strains and 

expand their application to fermented foods [19]. So far, several strains of high GABA-producing LAB have been 

isolated, including Lactobacillus brevis NCL912 from Chinese paocai [20], L. brevis TCCC13007 from Chinese 

pickled vegetables [21], L. brevis BH2, L. brevis K203, and L. brevis OPK-3 from Korean kimchi [22-24], L. 

brevis DPC6108 from Irish infan faeces [25], L. brevis IFO12005 from Japanese alcoholic beverages [26], L. 

paracasei NFRI 7415 from Japanese fermented fish [27] and L. brevis CGMCC 1306 from Italian unpasteurized 

milk [28].  

 

In the literature, a great number of studies have been reported to focus on gaba production of lactic acid bacteria 

isolated from kimchi and cheeses; however gaba production amounts of lactic acid bacteria isolated from faeces 

of Turkish infant were not examined.  

 

In the present study, it was aimed antifungal activities, EPS production amounts, determination of GAD gene and 

determination of GABA production amount of bacteria isolated from infant faeces. 
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2 MATERIAL AND METHOD 
 

2.1 Bacterial strains and culture conditions 

 

19 different LAB species isolated from infant faeces were identified. Strain species used are given in Table 1 

together with their codes. Lactic acid bacteria were added to the liquid MRS from glycerol stocks and allowed to 

grow at 37 °C for 24-48 hours. 

 

2.2 DNA Extraction 

 

Isolates were activated in MRS (de MAN, ROGOSA and SHARPE) broth for 24 h at 37 °C. The microorganisms 

(1000 μL) were centrifuged at 13000 xg for 10 min. Then, the pellets were stored at −80 °C for 15 min to perform 

the DNA extraction. To extract the DNA, 95 μL of 1X PCR buffer and then 5 μL of lysozyme (50 mg/mL) were 

mixed carefully. After incubation for 15 min at room conditions, 3 μL of proteinase K (20 mg/mL) was added and 

vortexed for 1 min and incubated for 60 min at 58 °C in water bath. To inactivate the enzyme, the samples were 

then incubated for 8 min at 95 °C and centrifuged for 1 min [29]. 

 

2.3 Determination of glutamic acid decarboxylase (GAD) gene in lactic acid bacteria 

 

Both CoreF (50- CCTCGAGAAGCCGATCGCTTAGTTCG-30) and CoreR (50TCATATTGACCGGT- 

ATAAGTGATGCCC- 30) primers were used for molecular detection of the GAD gene in LAB isolates. Genomic 

DNA was used as a template for PCR amplifications. Each PCR mixture contained 5X PCR buffer Taq polymerase 

(Promega), 2.5 mM of dNTPs (Bioline), 1.5 U Taq polymerase (Promega) and 20 mM of primers CoreF and 

CoreR. PCR was performed with the following programme: 95 °C for 2 min, 20 cycles of 95 °C for 30 s, 60 °C 

for 20 s, and 72 °C for 30 s and 72 °C for 5 min final extention. The PCR products were separated with 

electrophoresis on 1.6% (w/v) agarose gels at 90 V for 1.5 h and band patterns were visualised. A 600 bp amplicon 

size were detected in positive strains [30]. 

 

2.4 Cultivation of LAB strains for GABA production 

 

All isolates were grown in MRS medium containing 53 mM of Monosodium glutamate (MSG) for 96 h at 30 °C. 

The supernatants of the growing cultures are then collected by centrifugation at 6000 xg for 15 minutes. It will 

then be used in the HPLC step [30]. 

 

2.5 Determination quantification of GABA by HPLC 

 

Culture supernatants of LAB strains were filtered through a 0.45 µm membrane filter (Millipore). The amount of 

GABA was determined by using HPLC system equipped with a Inertsil ODS column (GL Sciences, 3, 5 μm, 4.6 

x250 mm). The mobile phase was 1:1 Methanol:H2O (vol: vol). Extracted samples were separated at a column 

temperature of 40 °C and a flow rate of 0.5 ml min-1. The derivatized GABA samples were determined by Photon 

Diode Array SPD M20A fluorescence detector. GABA levels in culture supernatants of LAB strains were 

compared with standard curves determined using commercial GABA standard(Sigma-Aldrich) [30]. 

 

2.6 Determination of antifungal activity 

 

LAB isolates were grown at 37 °C for 24 h with 1% inoculation in 10 mL of MRS broth. The suspensions were 

adjusted to 107
 colony-forming unit (CFU)/mL and following the overnight growth, two 5-μl cellspots of LAB 

strains were placed on the MRS agar plates and they were incubated anaerobically for 48 h at 37 °C. 10 mL of soft 

malt extract agar (2% glucose, 0.8% agar) containing 104
 CFU/mL molds were inoculated on LAB and incubated 

for 2-3 days at 25 °C and the antifungal activity was measured as clear zones of inhibition around the bacterial 

spots [31]. 

 

2.7 Purification of EPS 

 

LAB strains were grown in 100 mL MRS medium, inoculated at 1% (v/v) with an overnight culture then incubated 

at 37°C for 2 d and EPS were isolated as described previously [38]. 
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2.8 Determination of EPS production 

 

Following EPS isolation, phenol-sulfuric acid test was performed to determine the amount of EPS produced [32]. 

200 μL of sample was placed in the spectro cuvette. 600 μL of 98% sulfuric acid was added and 120 μL of 5% 

phenol was added. Then OD490nm (UV-1800-240 V, Shimadzu Japan) in the respective cuvettes was measured 

and the EPS amount of the samples was determined using the glucose curve. 

 

3 RESULTS 
 

3.1 Determination of GAD gene 

 

The GAD gene is known to form an acid resistance mechanism associated with glutamate having a glutamate- 

GABA antiporter and is responsible for GABA production [33]. The net effect is to reduce the acidification of the 

cytoplasm by reducing the concentration of protons in the cell.  

In our study, the GAD gene of 19 LAB isolated from infant faeces was determined by PCR and given in the Table 

1. Except 3 lactic acid bacteria, 16 strains were found to be positive for GAD gene. The bands from the PCR 

product were found to be about 540 bp. 

 

Table 1. Coding of GAD gene of LAB strains isolated from infant faeces 
Bacterial strains İsolated no  Gad gene 

Lactobacillus sp. HXF0062 Bf 2 - 

Lactobacillus  fermentum f-6 Bf 3 + 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 9 - 

Lactobacillus  fermentum f-6 Bf 13 - 

Lactobacillus  paracasei subsp. paracasei FQ005 Bf 47 + 

Lactobacillus casei W56 Bf 59 + 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 61 + 

Lactobacillus casei W56 Bf 68 + 

Lactobacillus  paracasei subsp. paracasei FQ005 Bf 74 + 

Lactobacillus casei SSK Bf 86 + 

Lactobacillus  casei W56 Bf 96 + 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 120 + 

Lactobacillus  fermentum F-6 Bf 132 + 

Lactobacillus  sp. lab11 Bf 160 + 

Lactobacillus  casei SWU92194 Bf 169 + 

Lactobacillus casei W56 Bf 173 + 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 187 + 

Lactobacillus  casei W56  Bf 191 + 

Lactobacillus  paracasei subsp. paracasei JCM 8130 Bf  31 + 

 

3.2 Determination of GABA production levels by HPLC 

 

Following the phenotypic and genotypic screening of LAB strains for GABA production, the level of GABA 

produced by these strains under the conditions tested were determined by HPLC analysis.  

 

Table 2. GABA production levels of infant faeces LAB strains in the presence of 53 mM MSG in MRS medium 
Bacterial strains İsolated no  GABA concentration mM 

Lactobacillus sp. HXF0062 Bf 2 - 

Lactobacillus  fermentum f-6 Bf 3 - 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 9 - 

Lactobacillus  fermentum f-6 Bf 13 2.66±0.03 

Lactobacillus  paracasei subsp. paracasei FQ005 Bf 47 - 

Lactobacillus casei W56 Bf 59 0.89±0.06 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 61 - 

Lactobacillus casei W56 Bf 68 2.93±0.03 

Lactobacillus  paracasei subsp. paracasei FQ005 Bf 74 3.31±0.01 

Lactobacillus casei SSK Bf 86 - 

Lactobacillus  casei W56 Bf 96 - 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 120 - 

Lactobacillus  fermentum F-6 Bf 132 - 

Lactobacillus  sp. lab11 Bf 160 4.19±0.01 

Lactobacillus  casei SWU92194 Bf 169 2.71±0.02 

Lactobacillus casei W56 Bf 173 2.58±0.03 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 187 - 

Lactobacillus  casei W56  Bf 191 3.18±0.01 

Lactobacillus  paracasei subsp. paracasei JCM 8130 Bf 31 2.19±0.01 
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As can be seen in Table 2, the highest and the lowest GABA production levels were observed for Lactobacillus 

sp. Bf-160 and Lactobacillus casei Bf-59 with 4.19±0.01 and 0.89±0.06 mM levels, respectively. Interestingly, 10 

isolates did not produce GABA.  

 

Wu and Shah [36], reported that L. fermentum W8 in MRS medium supplemented with 10 g/L MSG after 24 hours 

of fermentation was not a GABA producer. Our results showed similarity. 

 

3.3 Antifungal activity 

 

One of the main microbiological problems of bread is fungal degradation. Mycotoxin production is known to cause 

significant economic levels as well as long-term health problems [34]. It is also stated in the literature that 

antifungal peptides produced by some LAB are effective on inhibiting mold growth. In this regard, the antifungal 

roles of the LAB strains were determined against the mold species A. niger, A. flavus, P. carneum, Alternaria. 

Lactobacillus paracasei subsp. paracasei Bf-120 did not show any antifungal activity against tested mold species. 

Lactobacillus casei Bf-169, Lactobacillus casei Bf-59 and Lactobacillus casei Bf-191 isolates showed the highest 

level of inhibition against all mold species (Table 3). 

 

Table 3. Antifungal activity of infant faeces LAB 
Bacterial strains İsolated 

no  

Penicillium 

carneum 

Aspergillus 

flavus 

Aspergillus 

niger 

Alternaria 

Lactobacillus sp. HXF0062 Bf 2 3.5±0.7 3.5±0.7 5.5±0.7 7.5±0.7 

Lactobacillus  fermentum f-6 Bf 3 5.5±0.7 7.0±1.4 6.0±1.4 4.5±0.7 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 9 1.0±0.0 - 4.5±0.7 5.0±0.0 

Lactobacillus  fermentum f-6 Bf 13 1.0±0.0 7.0±1.4 2.0±0.0 6.0±0.0 

Lactobacillus  paracasei subsp. paracasei FQ005 Bf 47 6.0±0.0 9.0±1.4 5.0±0.0 6.5±0.7 

Lactobacillus casei W56 Bf 59 6.0±0.0 10.0±0.0 5.5±0.7 5.5±0.7 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 61 1.0±0.0 5.5±0.7 2.0±0.0 5.0±1.4 

Lactobacillus casei W56 Bf 68 3.5±0.7 8.5±0.7 9.0±1.4 8.5±0.7 

Lactobacillus  paracasei subsp. paracasei FQ005 Bf 74 6.0±0.0 9.0±0.0 9.0±1.4 8.0±0.0 

Lactobacillus casei SSK Bf 86 2.0±0.0 4.5±0.7 1.0±0.0 7.0±0.0 

Lactobacillus  casei W56 Bf 96 1.0±0.0 2.0±0.0 2.0±0.0 5.5±0.7 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 120 - - - - 

Lactobacillus  fermentum F-6 Bf 132 3.5±0.7 4.0±0.0 3.0±0.0 7.0±0.0 

Lactobacillus  sp. lab11 Bf 160 1.0±0.0 4.5±0.7 7.0±1.4 5.5±0.7 

Lactobacillus  casei SWU92194 Bf 169 8.5±0.7 11.0±1.4 10.0±0.0 5.5±0.7 

Lactobacillus casei W56 Bf 173 4.0±0.0 10.0±0.0 9.0±0.0 6.0±0.0 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 187 - - - - 

Lactobacillus  casei W56  Bf 191 10.0±0.0 8.0±0.0 7.5±0.7 7.5±0.7 

Lactobacillus  paracasei subsp. paracasei JCM 8130 Bf 31 5.5±0.0 7.0±0.0 7.5±0.7 4.5±0.7 

 

Figure 1A and B show the inhibition activity of Lactobacillus casei BF-191 against A.flavus and A. niger. In our 

results are clearly shown to have antifungal activities of LAB strains isolated from infant faeces and this is due to 

different compounds produced by LAB species. 

 

  
                                                     a                                         b  
Figure 1. Antifungal activity zones of Lactobacillus casei Bf-191 against Aspergillus flavus (A) and Penicillium 

carneum(B), respectively. 

 

3.4 EPS production 

 

Among the various polysaccharide-producing microorganisms, LAB has received particular attention because of 

the remarkable properties of the polymers they synthesize and because they are GRAS (generally considered safe) 

and do not pose any health risks. LAB strains are generally known to produce polymeric substances such as EPS, 
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which alter the colonization of probiotic bacteria by cell-cell interactions in the gastrointestinal tract [35]. EPS 

yields of lactobacilli used in our study are shown in Table 3. These include Lactobacillus paracasei subsp. 

paracasei Bf-61 and Lactobacillus casei Bf-68 strains produced maximum EPS in MRS medium whereas 

Lactobacillus paracasei subsp. paracasei Bf-3, Lactobacillus spp. Bf-160 and Lactobacillus casei Bf-169 strains 

did not produce any EPS. 

 

Table 4. EPS production   
Bacterial strains İsolated no  EPS production quantity 

(µg/mL) 

Lactobacillus sp. HXF0062 Bf 2 74.2±3.8 

Lactobacillus  fermentum f-6 Bf 3 - 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 9 423.8±12.0 

Lactobacillus  fermentum f-6 Bf 13 990.8±30.5 

Lactobacillus  paracasei subsp. paracasei FQ005 Bf 47 72.3±8.7 

Lactobacillus casei W56 Bf 59 33.1±3.0 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 61 1138.8±26.6 

Lactobacillus casei W56 Bf 68 1006.5±78.9 

Lactobacillus  paracasei subsp. paracasei FQ005 Bf 74 19.6±13.6 

Lactobacillus casei SSK Bf 86 723.1± 65.3 

Lactobacillus  casei W56 Bf 96 396.1±30.5 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 120 505.0±68.0 

Lactobacillus  fermentum F-6 Bf 132 726.1±48.9 

Lactobacillus  sp. lab11 Bf 160 - 

Lactobacillus  casei SWU92194 Bf 169 - 

Lactobacillus casei W56 Bf 173 17.7±10.0 

Lactobacillus  paracasei subsp. paracasei 8700:2 Bf 187 145.0±15.8 

Lactobacillus  casei W56  Bf 191 104.6±10.1 

Lactobacillus  paracasei subsp. paracasei JCM 8130 Bf  31 199.6±10.6 

 

Xu et al., [37] Lb.paracasei strains isolated from Bama faeces in their study found that the highest EPS production 

amount (39.0736 mg/ml). The results support our study. 

 

4 CONCLUSION 
 

This study demonstrated some technological functions of LAB strains isolated from infant faeces. Further research 

is needed to better understand the mechanisms involved in increasing GABA accumulation or in the production of 

microorganisms, since gaba production is low. 
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Abstract 

Cancer is the disease that occurs when cells in any organ or tissue are divided and 

multiplied in an irregular manner. This disease which is one of the most important 

health problems of today can be treated successfully with various techniques that 

have emerged in recent years. Diagnosis of cancer diseases with the help of 

numerical data obtained from microarray data sets requires a lot of processing 

power due to the high dimensionality of the data sets. In this study; The data set for 

lung cancer was reduced with Principal Component Analysis (PCA) and Particle 

Swarm Optimization (PSO) methods and classified with k-Nearest Neighbor (k-

NN) and Sequential Minimal Optimization (SMO) algorithms. Classification 

results obtained after the size reduction process are compared with various 

performance analysis data. 

 

1 INTRODUCTION  
 

According to the earliest known sources, cancer dating back centuries to the present-day dates back to about 

3000 BC. The word cancer is derived from the Latin word "canker" or "carcinos", which means crab [1]. The 

emergence of cancer has increased the mortality rate from the disease. Today, there is a certain amount of cancer 

deaths every year. One of the most important reasons for this is the inadequate diagnosis of cancer or late 

diagnosis. However, as a result of scientific research and studies carried out with the development of technology, 

the rate of cancer detection increases. In this way, early diagnosis, which is one of the most important factors to 

know for cancer, has produced more successful results. According to a study conducted in the United States 

between 2007 and 2013, lung cancer ranked 6th among cancer types with a survival rate of 18.1% [2]. As shown 

in Figure 1, the mortality rate from cancer in Turkey constitutes approximately 20% of all deaths [3].  

 

 
Figure 1. Cancer Mortality Rates per year in Turkey 

 

Cancerous diseases, which have not even been treated before, have now been successfully improved for both 

treatment and detection. In addition to the methods used for the treatment and detection of cancer diseases, new 

methods have been developed with the development of technology. The optimization algorithms developed 

through innovations in technology and research are performed classification and performance analysis in cancer 
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detection [4]. The DNA microarray consists of a high-density gene sequence that enables expression analysis of 

thousands of genes [5]. DNA microarray data analysis plays an important role, particularly in identifying genes 

associated with diseases such as cancer [6]. The probability of a healthy or sick analysis is calculated by 

identifying the genes associated with cancer. Therefore, size reduction techniques and high-performance 

classification methods are used for the analysis of large-scale data such as microarray data sets [7]. 

 

In this study, the effect of Particle Swarm Optimization based feature selection on the diagnosis of Lung cancer 

disease problem was observed. For this purpose, various performance criteria have been compared as a result of 

the classification of data sets obtained from heuristic and non-heuristic feature selection methods. 

 

2 MATERIAL AND METHOD 
 

2.1 Dataset 

 

In this study, microarray dataset which was produced by Bhattacharjee et al., in 2001 to diagnose lung cancer 

disease was used [8]. This data set contains 12600 gene information from 4 different lung tumors and healthy 

individuals from 203 subjects. Class information for the data set is as follows; 

 

Diagnostic classes: 

- Adenocarcinoma (AD): 139 samples (68.5%) 

- Normal lung (NL): 17 samples (8.4%) 

- Small cell lung cancer (SMCL): 6 samples (3.0%) 

- Squamous cell carcinoma (SQ): 21 samples (10.3%) 

- Pulmonary carcinoid (COID): 20 samples (9.9%) 

 

2.2 Feature Selection 

 

The feature selection: to determine the number of variables that are “significant”, to guide and halt the search for 

good variable subsets, to choose hyperparameters, and to evaluate the final performance of the system [9]. In this 

subsection, we describe the feature selection methods we used in this study. 

 

2.2.1 Principal Component Analysis (PCA) 

 

Karl Pearson's principal components analysis (PCA), which was initiated in 1901, was developed by Hotelling in 

1933. It is a statistical method used to reduce the number of attributes used as a machine learning technique [10]. 

It is used to accelerate the learning process. 

 

PCA allows to find the maximum variance values in large-sized data and project them into a new subspace 

location that is equal to or less than the original data. Therefore, it is desirable that the variance of the new 

subspace be maximum and its size to be minimum. 

 

Working steps of PCA method [11]; 

Step 1: Import the entire data set, 

Step 2: Calculate the average values of all dimensions, 

Step 3: Calculate the distribution matrix (covariance matrix) of the whole data set, 

Step 4: Calculate the eigenvectors (e1, e2, ..., ed) and the corresponding eigenvalues (λ1, λ2, ..., λd), 

Step 5: Select the eigenvalue k with the largest eigenvalue to generate the d × k matrix W (where each column 

represents an eigenvector) by sorting the eigenvalues in the resulting table from lower to larger, 

Step 6: Convert the samples onto the new subspace using the resulting d × k eigenvector matrix. y = WT × x  

(x is a d×1 dimensional vector representing an instance and y is a k×1 dimensional sample transformed 

in the new subspace). 

 

2.2.2 Particle Swarm Optimization (PSO) 

 

PSO is an optimization technique developed by Eberhart and Kennedy in 1995, inspired by birds, fish, and 

insects acting in flock form. The basis of this algorithm is based on herd intelligence. With the help of this 

optimization, some situations such as food and safety can be realized more easily thanks to the fact that animals 

moving in flock often exhibit random movements. Communication between individuals is based on social 

information sharing. The search is performed according to the generation number as in genetic algorithms. Each 

individual used in optimization is called a particle and the population of these particles is called a herd. These 

459



Particle Swarm Optimization Based Feature Selection on Diagnostic of Lung Cancer 

Disease 

ICADET ‘19 

 

 

particles are considered an agent and each agent offer a solution. Each particle is set to its own position as the 

best position in the flock, taking advantage of the previous experience. The PSO is based on the process of 

bringing the positions of individuals whose main purpose is in the herd closer to the individual in the best-

determined position of the herd. The speed of this approach is a random occurrence, and the new movement 

positions of the individuals in the herd are often improved to a better position than the previous one and this 

process continues continuously until it reaches the target [12]. 

 

The working steps of the PSO method [13]; 

Step 1: A start sequence is generated with a randomly generated start position and speeds, 

Step 2: Compliance values of all particles in the generated flock are calculated, 

Step 3: Local best (pbest) values are available for each particle from the current generation. The best in the 

flock is the number of particles, 

Step 4: Global best (local) is selected among the local best. 

 

In this study, an equal number of attributes were selected for both methods in order to reveal the difference 

between PSO and PCA. The selected attributes were trained with a back propagation artificial neural network 

and the mean absolute error value was calculated. While training the artificial neural network, 70% of the data 

set was determined as training, 15% as validation and 15% as a test set. The best features to minimize the mean 

absolute error value obtained were determined for 20 iterations and 50 populations. 

 

2.3 Classification 

 

The task of the classifier component proper of a full system is to use the feature vector provided by the feature 

extractor to assign the object to a category. Because perfect classification performance is often impossible, a 

more general task is to determine the probability for each of the possible categories. The abstraction provided by 

the feature-vector representation of the input data enables the development of a largely domain-independent 

theory of classification [14]. In this subsection, the classification algorithms we used in this study are explained. 

 

2.3.1 Sequential Minimal Optimization (SMO) 

 

The SMO, developed by John Platt in 1998, is an optimization algorithm used to solve quadratic programming 

problems that arise during SVM training, a very powerful and versatile machine learning model [15]. The 

LibSVM algorithm used by the algorithm used for studies, SVM has been the focus of interest by the community 

and has been found to be less complex and cost-effective than previously used methods [16], [17]. 

 

2.3.2 k-Nearest Neighbor Algorithm (k-NN) 

 

The k-NN uses non-parametric methods for classification and regression analysis. The input part of these 

operations consists of training data samples closest to the value of the “k” parameter in the attribute space [18]. 

In this classification algorithm, a sample classified by its neighbors by majority vote is assigned from the nearest 

neighbors to the most common situation around it. The fact that the value of this “k” parameter is a positive, odd 

and small number is ideal for solving general problems, but this may vary according to certain problems. If "k = 

1" is selected, the object is assigned to the first state class that is closest to it. 

 

2.4 Performance Criteria 

 

2.4.1 Cross-Validation (CV) 

 

The CV is the technique used to train an algorithm and evaluate the statistical performance of the same data. In 

the data set used, it separates "n" sets containing data states of equal values and works as the process of using "n-

1" of these sets for the training stage and the remaining set for the testing stage. This avoids the problem of 

testing on the data used for the training phase. In addition, by repeating this operation "n" times, all data is 

classified. The averages of the "n" grain performance analysis values generated at the end of each process show 

the average values of the whole process [19]. Generally, n = "2,5,10,20" are commonly used. For this study, "n = 

10" was chosen.  
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2.4.2 Accuracy 

 

Accuracy means that the estimation results resulting from a classification process indicate the proximity to the 

actual results. The high result of the classification is positive but is not a sufficient performance criterion alone. 

This has a great effect especially on the distribution of data [20]. 

 

2.4.3 Kappa 

 

The Kappa coefficient is a statistical method that measures the reliability of the comparative agreement between 

two evaluators (observer) in the evaluation of categorical items [21]. The Kappa coefficient is a coefficient in the 

range -1 to +1 with random value of 0. However, such a coefficient is of little use in practice, without clear 

meaning and interpretation. As a result, a common use was created between unclassified kappa, "ki", which 

measures the understanding (reliability) of multiple independent measures of the unordered categorical structure, 

and the weighted kappa, "kw", which measures the correlation or relationship between two unordered categorical 

structures [22]. 

 

2.4.4 Matthews Correlation Coefficient (MCC) 

 

The MCC which is introduced by Brian W. Matthews in 1975 is a method using for the measure of the quality of 

binary (two-class) classifications [23]. It takes into account true and false positives and negatives and is 

generally regarded as a balanced measure which can be used even if the classes are of very different sizes [24]. 

The MCC is a correlation coefficient between the observed and predicted binary classifications; it returns a value 

between −1 and +1. A coefficient of +1 represents a perfect prediction, 0 no better than random prediction and 

−1 indicates total disagreement between prediction and observation. 

 

2.4.5 Receiver Operating Characteristic (ROC) 

 

The ROC methodology was developed in the early 1950s for the analysis of signal detection. The ROC curve is 

determined by the ratio of accuracy to accuracy in classification systems for each value of the measurement or 

model. This definition can be briefly described as the ratio of the value of true positives to the value of false 

positives. This process is also known as the Relative Operating Characteristic because it compares the two 

process characteristics [25]. 

 

3 RESULTS 
 

In Table 1 and Table 2, the performance values obtained as a result of the classification of 12600 features of the 

lung cancer disease data set and 106 features obtained after size reduction are given. Classification procedures 

were performed with the help of the Euclidean distance function and k-NN algorithm with k = 5 neighborhood 

parameter and SMO algorithm with a polynomial kernel. In order to perform performance analysis in size 

reduction algorithms, the number of attributes was kept equal. (F: Refers to the number of attributes included in 

the data set). 

 

Table 1. k-NN Classification Results 

10-Fold CV, k = 5 

Methods Accuracy % Kappa MCC ROC 

None 

F: 12600 
89.6552 0.7695 0.679 0.942 

PCA 

F: 106 
67.4877 0.2751 0.1702 0.803 

PSO 

F: 106 
90.6404 0.7928 0.679 0.94 

 

As can be seen in Table 1, the results obtained by the classification of the data set with 12600 attributes are 

lower than the classification after size reduction. This shows that attribute selection algorithms not only reduce 

computational complexity but also affect classification results positively. However, it is seen that the PCA 
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algorithm, which is one of the traditional feature reduction methods, fails against the heuristic optimization 

algorithm. 

 

Table 2. SMO Classification Results 

10-Fold CV 

Methods Accuracy % Kappa MCC ROC 

None 

F: 12600 
95,5665 0,9091 0,904 0,955 

PCA 

F: 106 
92,6108 0,8487 0,839 0,921 

PSO 

F: 106 
96,0591 0,9187 0,915 0,952 

 

As shown in Table 2, the classification results obtained after PSO-assisted size reduction were higher than all the 

results, as in the previous step. This demonstrates the efficiency of the feature selection process with the help of 

optimization algorithms in high dimensional data sets. However, when the classification algorithms used are 

compared, it is seen that SMO classifier produces more efficient results than k-NN classifier. This demonstrates 

the success of the kernel function is parsing data sets. 

 

4 CONCLUSION 
 

In this study, lung data set was reduced with the help of PSO and PCA size reduction algorithms and classified 

with the help of k-NN and SMO algorithms. When the results obtained from both classifiers are examined, it is 

seen that the feature selection process performed with PSO produces higher results than both PCA and raw data 

set. This is directly in line with the principle of size reduction algorithms that "the increase in classification 

results occurs as the number of attributes decreases". Also, this suggests that optimization algorithms work very 

efficiently in multidimensional data sets. In addition, it is seen that SMO algorithm is more successful in parsing 

data than k-NN algorithm. All results obtained represent the average of the 10-fold cross-validation method. 

 

In our future studies, we plan to examine the effects of different heuristic optimization algorithms in the 

diagnosis of cancer diseases. 
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Abstract 

Today, e-learning system is used by many universities in our country and this 

situation has brought competition. Student requirements and technical requirements 

must be met to ensure success and satisfaction in the e-learning system. Based on the 

importance of the e-learning system, ten private universities were evaluated in terms 

of e-service quality. In this study an integrated decision approach based on SWARA 

(Step-wise Weight Assessment Ratio Analysis) and WASPAS (Weighted Aggregated 

Sum Product ASsessment) methods are performed for solving the problem. The 

weights of the selected criteria are acquired from SWARA method whereas the best 

alternative (university) is determined with WASPAS method.  

1 INTRODUCTION  
 

As the share of the service sector in the economy increased, service companies began to give more importance to 

factors that would increase customer satisfaction. Information and communication technologies, which have 

developed with great momentum in recent years in our country as well as in the world, have led to a process of 

change. One of the most important areas of global transformation is education. In our age, where knowledge is 

seen as one of the most important values, the role of education has become more prominent. In today's conditions, 

individualization and time management become the determining factor for people, new approaches have been 

adopted in education. Electronic learning (e-learning) has emerged as a product of this understanding with the 

introduction of new generation educational environments as well as traditional education methods in our lives. E-

learning enables individuals to receive education independently of time and place by using various communication 

tools, especially the internet. Thanks to the e-learning system, people with limited access to education or people 

with barriers to access the educational institutions are given the opportunity to receive the education they want. 

 

With the increasing demand for e-learning systems, institutions using e-learning systems have become competitive 

with each other. In e-learning systems, first of all, student satisfaction should be taken into consideration. Although 

the demand for e-learning systems has increased, it is noteworthy that only a limited number of studies have been 

conducted especially in our country. In the studies, it is seen that the criteria that affect the e-learning system are 

determined and evaluated. Evaluation criteria are mostly determined with of statistical methods such as Factor 

Analysis and Cluster Analysis. 

 

In this study, SWARA and WASPAS methods are used to contribute the literature. SWARA and WASPAS 

methods are used in multi criteria decision making problems for weighting and sorting the criteria and alternatives. 

In the literature there aren’t many articles about these methods. Several studies [1, 2, 3, 4] proposed an integrated 

method based on SWARA and WASPAS methods for central site selection assessment, evaluating private 

shopping sites, selecting of seating arrangement and suppliers. 

 

From this point, after determining the criteria that affect e-learning system, 10 private universities in Turkey are 

evaluated with the integrated approach. 

 

Following the introduction section, SWARA and WASPAS Methods are briefly summarized. In the last part of 

the study, the application is explained. In the conclusion part of the study, a general evaluation was made within 

the scope of the information obtained as a result of the application and suggestions were made for future studies. 
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2 METHODOLOGY 
 

2.1. Step Wise Weight Assessment Ratio Analysis (SWARA)  

 

SWARA method is developed by Kersuliene et al (2010).It is used to determine criteria weights in decision making 

problems involving multiple criteria. SWARA methodology is explained as follow [5, 6]. 

 

Step 1. The criteria are sorted in descending order. 

 

Step 2. Starting from the second criterion, the relative importance levels are determined for each criterion. 

 

Step 3. Determine the coefficient kj as follows: 

 










1,1

1,1

js

j
k

j

j                     (1) 

 

Step 4. Determine the recalculated weight qj as follows: 
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Step 5. The relative weights of the criteria are determined as follows: 
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2.2. Weighted Aggregated Sum Product Assessment (WASPAS) 

 

WASPAS is developed by Zavadskas et al (2012), as a combined version of Weighted Sum Model (WSM) and 

Weighted Product Model (WPM). Steps of the methodology are explained briefly [7]: 

 

Step 1. Developing decision matrix. 

 

Step 2. Normalizing the decision matrix. 
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Step 3. The total relative importance of the alternatives is calculated by WSM. 
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Step 4. The total relative importance of the alternatives is calculated by WPM. 
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Step 5. The following formula is used to determine the relative and total significance levels of alternatives [8]. 
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3 RESULTS 
 

The criteria of e-learning products are determined by literature. These criteria are; 

 

C1: Usefulness of materials in e-learning system 

C2: Diversity of materials in e-learning system 

C3: Simplicity and ease of operations 

C4: Network reliability 

C5: Easy and fast access from internet 

C6: Timely troubleshooting of technical problems 

C7: Easy information/data sharing with others 

C8: Measuring the learning level with various tools such as quizzes, home works, midterm exams etc.. 

C9: Learning the lessons without time and place 

C10: Supporting courses with animation, picture, sound and image 

 

First of all, SWARA method is used for weighting the criteria of e-learning products. Creating the decision matrix, 

we surveyed 6 academics who are teaching at the e-learning system. Their rankings and scores for the criteria are 

shown in Table 1. 

 

Table 1. Ranking and Scores of the Criteria 

 DM1 DM2 DM3 DM4 DM5 DM6 

 Ranking Scores Ranking Scores Ranking Scores Ranking Scores Ranking Scores Ranking Scores 

c1 8 0,3 10 0,2 8 0,3 9 0,3 8 0,3 10 0,3 

c2 5 0,5 7 0,5 3 0,8 8 0,4 6 0,5 1 1 

c3 9 0,2 9 0,3 7 0,4 5 0,7 7 0,4 9 0,4 

c4 3 0,85 6 0,6 2 0,9 7 0,5 1 1 2 0,95 

c5 4 0,7 5 0,7 1 1 6 0,6 2 0,9 3 0,85 

c6 6 0,65 4 0,8 6 0,1 4 0,8 9 0,2 8 0,45 

c7 7 0,55 3 0,9 10 0,5 3 0,9 3 0,8 4 0,8 

c8 10 0,15 2 0,95 9 0,2 10 0,2 10 0,1 5 0,7 

c9 2 0,9 1 1 4 0,7 2 0,95 4 0,7 6 0,6 

c10 1 1 8 0,4 5 0,6 1 1 5 0,6 7 0,5 

 

After applying Equations (1,2,3), weights of the criteria is found as in Table 2. 

 

Table 2. Weights of the Criteria 

c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 

0,060 0,102 0,075 0,125 0,124 0,087 0,118 0,071 0,126 0,111 

 

When the weights are calculated, steps of WASPAS method are followed. First of all, decision matrix is created 

in Table 3. 
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Table 3. Decision Matrix 

 c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 

a1 6,091 6,364 6,909 6,273 7,364 6,727 6,364 6,000 7,727 8,091 

a2 4,800 5,400 4,400 5,000 5,400 3,400 6,000 4,400 5,400 6,600 

a3 3,833 4,167 6,167 6,667 6,667 5,333 6,333 5,333 5,667 3,000 

a4 5,857 5,571 6,714 6,857 6,571 6,857 7,000 5,714 6,857 6,286 

a5 5,200 3,400 5,800 7,200 7,400 6,600 5,400 4,200 6,800 3,400 

a6 5,000 4,600 4,800 3,600 4,600 3,400 5,400 5,200 5,600 7,000 

a7 6,400 5,800 6,000 6,400 6,400 5,200 6,200 6,200 6,600 6,000 

a8 5,167 5,000 4,667 6,167 6,833 4,833 5,667 5,667 6,833 7,000 

a9 4,600 4,200 4,000 6,600 6,400 4,000 5,800 3,800 5,800 4,800 

a10 5,200 5,000 6,600 7,800 8,200 6,600 7,800 5,400 6,000 6,000 

 

Thereafter the equations of WASPAS methods applied, final scores of alternatives are calculated as shown in 

Table 4. 

 

Table 4. Final Scores and Ranking of the Alternatives 

Alternatives a1 a2 a3 a4 a5 a6 a7 a8 a9 a10 

Scores 0,933 0,701 0,726 0,883 0,754 0,665 0,837 0,800 0,697 0,891 

Ranking 1 8 7 3 6 10 4 5 9 2 

 

4 CONCLUSION 
 

The aim of the study is to contribute to the literature in terms of application area and methods. Firstly, SWARA 

method is used to evaluate the weights of the criteria. After applying the steps of SWARA, c9 (Learning the lessons 

without time and place) is selected as the most important and c1 (Usefulness of materials in e-learning system) is 

found as the least important criterion. When the weights are calculated, WASPAS method is used to rank the 

universities. According to the WASPAS method, a1 is found as the best while a6 is selected as the worst university.  

 

In this study, these methods are found appropriate to use. Alternative methods can be used in future studies. 

Likewise, the methods used in this study can be applied to different fields or sectors and thus an effective decision-

making process can be followed. 
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Abstract 

In this study, it is aimed to evaluate financial performances of paper product, 

printing and publishing companies traded at Borsa İstanbul (BIST). The financial 

performances of 13 companies which are in mentioned sectors, were determined by 

using financial data of 2013-2018. Taking the financial statement from Public 

Disclosure Platform, ratios are analyzed by Fuzzy TOPSIS (Technique for Order 

Preference by Similarity to Ideal Solution) method. Company with the best 

performance is found as PRZMA. 

 

1  INTRODUCTION 
 

Nowadays, the competition among companies has become very strong. Companies need to know their financial 

performance in order to determine their place in competition. In addition, financial analysis also provides 

information about the future of the company [1]. Financial performance measurement is mostly made through 

financial ratios. From this point, it is aimed to evaluate the financial performance of paper products, printing and 

publishing companies which are traded at BIST. In the light of the financial information obtained from Public 

Disclosure Platform, 10 financial ratios were obtained by using 2013-2018 data. These financial ratios were 

analyzed by using Fuzzy TOPSIS method and the best and worst performing firms are determined. 

 

Following the introduction section, Fuzzy TOPSIS Method is summarized. In the last part of the study, the 

application is explained. In the conclusion part of the study, a general evaluation was made within the scope of 

the information obtained as a result of the application and suggestions were made for future studies. 

 

2  METHODOLOGY 
 

2.1 Fuzzy TOPSIS Method 

 

TOPSIS, which is developed by Hwang and Yoon (1981), is a technique that mostly used by researchers in 

performance evaluation studies. The steps of Fuzzy TOPSIS are as follows [2, 3, 4, 5]: 

 

Step 1. Creating the data matrix 

 

Firstly ratings are calculated by using Equation (1): 

 

 s

ijijijij xxx
s

X ~~~1~ 21 
               (1) 

  

where 
s

ijx~ is the performance rating value obtained from s-th decision maker. The fuzzy evaluation matrix is 

created using Equation (2): 

 

 

 

 

469



Evaluating the Financial Performance with Fuzzy TOPSIS: Case of Paper Products, 

Printing and Publishing Companies Traded at BIST 

ICADET ‘19 

 

 

 where ),,(~
ijijijij cbax  .              (2) 

 

Step 2. Normalizing the evaluation matrix 

 

The normalized fuzzy matrix is  
mxnijrR ~~

 . B represents benefit criteria and C presents cost criteria. 

 

Cjifaa

Bjifcc

Cj
a

a

b

a

c

a
r

Bj
c

c

c

b

c

a
r

ij
i

j

ij
i

j

ij

j

ij

j

ij

j

ij

j

ij

j

ij

j

ij

ij









































,min

,max

,,,

,,,

*

***

                            (3)  

 

After normalization, the fuzzy elements take the values between [0,1]. 

 

Step 3. Calculating the weighted normalized fuzzy decision matrix 

 

The weighted normalized decision matrix is  
mxnijvV ~~

 ; 

 

jijij wrv  ~~
,   i = 1,2,…,m, and j = 1,2,…,n                            (4) 

 

Step 4. Calculating the positive and negative ideals 

 

Fuzzy Positive Ideal Solution (FPIS) and Fuzzy Negative Ideal Solution (FNIS) can be given as: 
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where     njandvv jj ,,2,10,0,0,1,1,1*  
 

 

Step 5. Calculating the distances from FPIS and FNIS 

 

Using Equation (6) and (7), the distances from FPIS and FNIS are calculated. 
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The distance between two triangular fuzzy numbers  321 ,,~ aaaa 
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is calculated by 

Equation (8): 
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Step 6. Computing the closeness coefficients 

 

Closeness coefficients of each alternative are computed by Equation (9): 
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If CCi value of the alternative is close to 1, then the alternative is the best choice. 

 

3  RESULTS 
 

The aim of the study is to evaluate the financial performances of Turkish paper product, printing and publishing 

companies during the period of  2013-2018. All financial statements are taken from Public Disclosure Platform. 

 

There are 13 firms traded at BIST. These are ALKA, BAKAB, DOBUR, DURDO, HURGZ, IHGZT, KAPLM, 

OLMIP, PRZMA, SAMAT, TIRE and VKING. The financial performances of firms are found by 10 financial 

ratios. The ratios are as follows; 

 

Table 1. Financial Ratios 

Group of Ratio Financial Ratios Code 

Liquidity Current Assets / Current Liabilities L1 

Financial 

Structure 

Total Liabilities / Total Assets F1 

Equity Capital / Total Assets F2 

Equity Capital / Total Liabilities F3 

Current Assets / Total Liabilities F4 

Fixed Assets / Equity Capital F5 

Activity 
Net Sales / Total Assets A1 

Net Sales / Equity Capital A2 

Profitability 
Net Profit / Equity Capital P1 

Net Profit / Total Assets P2 

 

To reach the values of the six periods, the representative indicator of company i on indicator j presented with the 

triangular fuzzy number (
r

ij

m

ij

l

ij ggg ,, ) is defined as: 
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and, 
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Reaching the triangular fuzzy numbers, the fuzzy numbers of financial ratios are shown in Table 2. 
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Table 2. Triangular fuzzy numbers of financial ratios 

 
L1 F1 F2 F3 F4 

ALKA 2,394 3,085 3,575 0,233 0,293 0,334 0,666 0,707 0,767 1,995 2,475 3,301 1,955 2,588 3,018 

BAKAB 1,106 1,380 1,571 0,461 0,567 0,630 0,370 0,433 0,539 0,588 0,787 1,169 0,859 0,972 1,129 

DOBUR 2,223 2,818 3,595 0,385 0,472 0,548 0,452 0,528 0,615 0,823 1,153 1,599 1,605 1,970 2,406 

DURDO 0,793 0,987 1,133 0,718 0,809 0,881 0,119 0,191 0,282 0,135 0,244 0,393 0,513 0,571 0,651 

HURGZ 0,873 1,317 2,417 0,268 0,511 0,606 0,394 0,489 0,732 0,650 1,121 2,736 0,554 0,766 1,618 

IHGZT 4,305 4,621 5,000 0,142 0,171 0,195 0,805 0,829 0,858 4,134 4,904 6,036 1,580 2,079 2,477 

KAPLM 0,788 0,885 1,038 0,638 0,720 0,812 0,188 0,280 0,362 0,232 0,400 0,566 0,752 0,809 0,914 

KARTN 1,307 2,923 5,138 0,116 0,179 0,216 0,784 0,821 0,884 3,622 4,857 7,597 1,239 2,534 4,453 

OLMIP 1,289 1,831 2,601 0,284 0,455 0,678 0,322 0,545 0,716 0,475 1,440 2,525 1,249 1,639 2,208 

PRZMA 4,801 14,559 43,863 0,024 0,072 0,125 0,875 0,928 0,976 6,986 18,504 40,446 3,955 9,633 20,127 

SAMAT 1,110 1,293 1,610 0,690 0,732 0,762 0,238 0,268 0,310 0,312 0,368 0,450 0,861 0,889 0,909 

TIRE 0,910 1,051 1,264 0,521 0,624 0,706 0,294 0,376 0,479 0,416 0,626 0,919 0,858 0,983 1,148 

VKING 0,439 0,538 0,625 0,848 0,909 0,998 0,002 0,091 0,152 0,002 0,103 0,179 0,264 0,307 0,339 

 
               

 

F5 A1 A2 P1 P2 

ALKA 0,207 0,356 0,528 0,759 1,143 1,603 1,134 1,617 2,337 -0,078 0,134 0,313 -0,060 0,094 0,215 

BAKAB 0,890 1,068 1,232 0,833 0,958 1,043 1,667 2,258 2,549 0,023 0,107 0,221 0,010 0,044 0,084 

DOBUR 0,120 0,169 0,265 1,535 1,603 1,661 2,495 3,076 3,478 -0,150 0,040 0,189 -0,073 0,026 0,116 

DURDO 1,933 3,155 4,300 0,762 0,867 0,983 3,301 5,023 6,989 -0,611 -0,127 0,267 -0,084 -0,008 0,075 

HURGZ 0,774 1,391 1,578 0,483 0,633 0,770 0,659 1,379 1,776 -0,897 -0,234 0,419 -0,354 -0,078 0,307 

IHGZT 0,741 0,782 0,876 0,271 0,327 0,431 0,328 0,395 0,528 -0,024 0,023 0,177 -0,019 0,019 0,143 

KAPLM 1,179 1,577 2,064 1,074 1,370 1,547 3,269 5,336 7,966 -0,472 -0,060 0,189 -0,092 -0,008 0,062 

KARTN 0,535 0,719 0,934 0,602 0,940 1,306 0,768 1,141 1,563 0,010 0,118 0,279 0,008 0,098 0,233 

OLMIP 0,454 0,560 0,626 1,143 1,296 1,439 1,885 2,547 3,551 -0,056 0,032 0,071 -0,030 0,019 0,051 

PRZMA 0,499 0,551 0,632 0,211 0,333 0,431 0,236 0,359 0,457 0,002 0,021 0,057 0,002 0,020 0,056 

SAMAT 1,204 1,306 1,374 0,684 0,980 1,298 2,607 3,737 5,455 -0,111 -0,004 0,113 -0,033 -0,001 0,030 

TIRE 0,839 1,075 1,282 1,032 1,217 1,379 2,837 3,325 4,226 0,009 0,083 0,285 0,004 0,027 0,085 

VKING 4,710 69,778 384,179 0,698 0,785 0,899 5,174 89,325 500,001 -48,855 -8,938 -0,449 -0,185 -0,097 -0,043 

 

After applying the steps of Fuzzy TOPSIS method, the ranking of the firm is found as in Table 3. 

 

Table 3. Scores of the firms 

 
Di* Di

- CCi Rank 

ALKA 7,705854 120,0912 0,939702 3 

BAKAB 7,928397 119,5857 0,937823 6 

DOBUR 7,796573 119,8053 0,938899 4 

DURDO 9,071418 118,7062 0,929006 11 

HURGZ 9,987551 118,6748 0,922374 12 

IHGZT 8,199982 119,3422 0,935708 8 

KAPLM 8,638104 119,0791 0,932365 10 

KARTN 7,533899 120,18 0,94101 2 

OLMIP 8,03725 119,5659 0,937014 7 

PRZMA 7,419252 120,7664 0,942121 1 

SAMAT 8,364666 119,1728 0,934414 9 

TIRE 7,821434 119,7408 0,938685 5 

VKING 76,41131 89,72015 0,540055 13 
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As seen in Table 3, PRZMA, KARTN and ALKA have the highest scores while HURGZ and VKING has the 

lowest scores for the period of 2013-2018.  

 

4  CONCLUSION 
 

Financial ratios of 13 companies in the paper product, printing and publishing, calculated from the data of 2013-

2018, analyzed by Fuzzy TOPSIS, which is a popular method for Multi Criteria Decision Making problems. As a 

result of Fuzzy TOPSIS, the best company is selected as PRZMA, while the worst is VKING. This study can be 

diversified by using different financial ratios. Also it can be extended by calculating the same ratios for different 

sectors.  

 

In this study, Fuzzy TOPSIS method is chosen for evaluating the financial performance of the firms. In future 

studies, various methods like Grey Relational Analyses, Fuzzy ELECTRE and Fuzzy PROMETHEE can be 

used. 
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Abstract 

Spherical graphite cast iron is a kind of cast iron in which small amounts of 

magnesium, cerium, etc. are added to the molten iron before passing to the casting 

stage and carbon is in the form of graphite spheres. Sphericalization and inoculation 

of production operations, directly affect spherical graphite cast iron sphere formation 

in the final product structure. In this study, rectangular prism castings with different 

cross-sectional thicknesses were made with GGG70L material which is a spherical 

graphite cast iron alloy. Sand casting, metallography, microstructure imaging and 

image analysis techniques were used in the study. The results showed that the 

structure of the graphite spheres in the internal structure of the casting varies 

depending on the thickness of the cross-section and that the modulus change has a 

significant effect on the microstructure of the material. 

1 INTRODUCTION  
 

The cast iron obtained by the reduction and melting of the iron ore is passed through the furnaces and subjected to 

some metallurgical processes, discharged into a mold and solidified by taking the form of mold cavity [1].Their 

main features are having low melting temperature (1150–1300 °C), good fluidity close to eutectic composition, 

high casting and die forming ability, easy and inexpensive melting process, wide range of chemical composition, 

good machining ability high vibration suppression ability, resistance to abrasion and corrosion [2]. 

 

Unlike gray cast iron, spheroidal graphite cast irons are triple Fe-C-Si alloys in which graphites are spherical 

containing carbon (% 3.5-3.9) and silicon (% 1.8-2.8) [3].  Rare earth elements such as cerium and magnesium 

(Ce and Mg) in molten state are added to cast iron by this way, carbon is converted to sphere form [4]. The fact 

that the graphites are in spherical form, not in the form of coverslips and sharp corners as in gray cast iron, it 

provides ductility and strength to the SGCIs. SGCIs exhibit higher strength and toughness, as there are no stress 

concentrations in spherical graphites, as in sharp corners. These features of SGCI make it in a better position than 

tempered cast iron and gray cast iron in most applications. In addition, since spherical graphites are formed by 

grafting during solidification, no extra heat treatment is needed, as in tempering period of cast iron, to expose 

graphite spheres [5]. 

 

In the production of spherical graphite cast iron, many studies in the literature are related to the changes in the 

microstructure due to the variation of modulus and cross section thickness. Javaid and Davis conducted studies on 

samples prepared with different thicknesses. The average number of spheres reached 2,500 in mm2 in the 1.5 mm 

thick sample, 2200 in the 2 mm thick sample and 1300 in the 3 mm thick sample. As a result of the studies, it has 

been concluded that the increase in the thickness increases the mean graphite diameter and the decrease in the 

thickness causes an increment in the number of spheres and the amount of cementite [6]. Doğan et al. observed 

that sphericity and number of spheres increases and sphere size decreases as cross-sectional thickness decreases 

in his study [7]. Şen has found that when the module decreases, the sphere size decreases and the number of spheres 

increases in his study [8]. Bockus and Zaldarys (2009) prepared cast plates with thicknesses ranging from 3 to 50 

mm and microstructure studies were monitored. It has been concluded that the diameter of the spheres increases 

as the section size increases and that the thickness of the section causes significant effects on the casting [9]. In 

Ekinci study, he found that the average graphite diameter decreased and the sphere diameter decreased as the cross-

sectional thickness decreased among the test samples. In Ekinci study, he found that the average graphite diameter 

decreases and the sphere diameter decreases as the cross-sectional thickness decreases among the test samples. It 

has been observed that globalization rate increases in direct proportion with increasing number of spheres [10]. 
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Güzel vd. investigated the effect of cross-sectional thickness on microstructure of spheroidal graphite cast iron. It 

was observed that the number of spheres and stiffness decreased with increasing cross-section thickness, but the 

sphere diameter and ferrite percentage increased [11]. Kabnure vd. conducted research on automobile wheel 

casting. The samples obtained as a result of casting were examined in terms of microstructure for different cross 

section thicknesses. Combined taguchi and gray relational analysis (GRA) were used to determine the multiple 

response optimization of the microstructure. As a result of measurements made for cooling rate in 6 critical regions 

with different cross-sectional thicknesses, it was observed that perlite and ferrite were increased with the decrease 

in cross-sectional thickness and increase in cooling rate [12]. 

 

In this study, microstructural effects of casting GGG70L alloy on rectangular prism shaped workpieces with 

different modules were investigated. Within the scope of the study, the diameter, sphericity status and percentage 

distribution of the spheres in the spherical graphite cast iron sample were investigated. 

 

2 MATERIAL AND METHOD 
 

In this study, the model geometries and dimensions are given in Figure 1. The castings were made with GGG70L 

alloy. Measurements of rectangular prism-shaped module to be used in casting tests; A module: 100 mm x 100 

mm x 300 mm, B module: 50 mm x 50 mm x 300 mm and C module: 25 mm x 25 mm x 300 mm. 

 

 
Figure 1. Casting sample and geometry measurements  

 

Module values for each workpiece for given dimensions were calculated by classical calculation methods [13]. 

 

Casting module = Casting volume / Casting surface area                                                                         MC= VC/ACS  

 

As a result of the calculations, the module values were found to be 2.14 for A module, 1.15 for B module and 0.6 

for C module. Model manufacturing was performed at the design conditions according to resluts of module 

calculations. 

 

Molding and casting tests were performed with GGG70L alloy in a commercial company. Melting operations were 

carried out in the induction furnace with melting capacity of 1000 kg and liquid metal pocket type crucible taken 

from the furnace was spheroidized and inoculated. Spilled specimens were removed from the mold and separated 

from the runners and feeders and at the end all of the samples were examined. The samples were taken for 

microstructure analysis of the samples are shown in Figure 2. 

  
Figure 2. Cutting of cast samples for examination 
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After casting, the samples were subjected to shear, metallographic preparation processes for microstructure 

investigations and the microstructure and image analysis system were evaluated. In metallographic preparation 

processes, the samples were first sanded with 180, 400, 600, 800, 1000 and 1200 grit sandpaper respectively. 

Subsequently, they were polished with 6 μm and 3 μm diamond solution. The samples were subjected to 

metallographic preparation processes and after the polishing, microstructure examinations were carried out by 

using Nikon Eclipse L150-A type microscope which has 1000 times magnification ability, 22 mm wide field of 

view, which has fine focus with 0.1 mm to 1 μm sensitivity. Photographs were taken using a Clemex digital camera 

connected to this microscope and images were taken using Clemex Vision Lite image analysis software. 

 

Image analysis method is the method of transferring the images taken from the samples prepared by means of a 

camera connected to the microscope to the computer and performing user-defined, semi-automatic or automatic 

analyzes with a program on the computer. The software considers the color differences in each contrast as a 

different phase or region, taking into account the color differences in the current image, and analyzes the results 

according to these differences. Before the etching of the polished samples, microstructure examinations were 

performed; globalization, average sphere diameter and percentage distribution of spheres were examined. 

Subsequently, the sample was etched and micro-structure examination and etch phase distribution were determined 

[14,15]. 

 

3 RESULTS 
 

The values of the results of the chemical composition analysis of the samples taken to check the suitability of the 

alloys used in the casting tests are given in Table 1. Chemical analysis experiments were performed by using a 

spectrometer. According to the chemical composition values, it was validated that the alloy is in the standard 

composition range. 

 

Table 1. Chemical composition of GGG70L casting alloy used in experiments 

Element C Si Mn P S Cr Mo Ni Cu Mg 

% 3,36 2,38 0,5 0,03 0,01 0.019 0,44 0,72 0,56 0,05 

 

3.1 Microstructure Analysis 

 

After the samples were prepared metallographically, microstructure studies were performed. In order to see micro 

structure changes due to module difference, micro structure pictures taken from castings were taken. 

Microstructure pictures taken after polishing at 50x and 100x magnifications for module A is presented in Figure 

3. Whereas, microstructure pictures taken after polishing at 50x and 100x magnifications for module B is presented 

in Figure 4. Microstructure pictures taken after polishing at 50x and 200x magnifications for module C is shown 

in Figure 5. Samples which had been subjected to metallographic preparation processes were etched with % 2 

Nital (% 2 Nitric acid + % 98 pure alcohol) for 8-15 seconds after polishing. The monitoring microstructure of the 

specimens was carried out on a Nikon Eclipse L150-A type microscope which is capable of 1000 times 

magnification, 22 mm wide field of view, which has fine focus with 0.1 mm to 1 μm sensitivity. Photographs were 

taken using a Clemex digital camera connected to this microscope and images were taken using Clemex Vision 

Lite image analysis software. 

 

  
Figure 3. For A model, a) At 50x, b) At 100x magnification taken microstructure images after polishing 
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Figure 4. For B model, a) At 50x, b) At 100x magnification taken microstructure images after polishing 

 

  
Figure 5. For C model, a) At 50x, b) At 100x magnification taken microstructure images after polishing 

 

3.2 Image Analysis Reviews 

 

After the microstructure pictures of the polished samples were taken, the measurements of percentage sphericity, 

average sphere diameter and percentage area of the spheres were measured. Measurements were performed on 

microstructure images taken at 100x magnification of samples, since it was found to cover a wider area and give 

clearer results. Table 2 shows the average image analysis results of several measurements taken from samples at 

each module value. 

 

Table 2. İmage analysis measurement results 

Sample % Sphericity Sphere 

Diameter (µm) 

% Spherical 

Graphite Amount 

At 100X  

Number of Spheres  

A model 84,5 38,6 10,2 112 

B model 86,2 23,5 10,5 186 

C model 87,4 16,3 10,6 261 

 

In the study where the effect of microstructure on SGCI production with different modulus values was examined 

and the number of spheres was determined, it was found that the sphere diameter decreased and the number of 

spheres increased due to the reduction of solidification time due to the decrease in section thickness. In addition, 

as the cooling rate increased, the spherical values of the spheres formed more smoothly, the average sphere 

diameter decreased and the number of spheres per unit area increased. 

 

After polished samples were etched with % 2 nital solution, microstructure examinations were performed and their 

pictures were taken. Considering that the color difference is more prominent and clearer results can be obtained in 

image analysis studies, the studies have been carried out by using the pictures with 100x magnification. 
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After etching, perlite weighted structure, ferrite and spherical graphites are also available. In the phase of image 

analysis studies, perlite and spherical graphites are perceived as the same phase because the color tones are close 

to each other on the microstructure picture. For this reason, in order to determine the value of perlite obtained in 

the analysis, the sum of perlite and graphite processed in the color determined in the structure will be obtained. 

After the polishing, percentage spherical graphite value was obtained from the obtained value and average pearlite 

phase value in the related module was determined. The average phase quantities of several measurements made 

from samples at each module value are shown in Table 3. 

 

Table 3. Phase analysis measurement results 

Sample % Perlite % Ferrite % Spherical 

Graphite Amount 

A Model 76,5 13,1 10,2 

B Model 76,4 12,8 10,5 

C Model 77,2 12,1 10,6 

 

When the average phase analysis values are examined and in the light of the information obtained from the studies, 

it is considered that the module change does not have a systematic and direct effect on the phase change in the 

structure. The variation of the respective phase analysis values is mainly influenced by the chemical composition 

of the existing samples and is thought to be related to the reduction of the size of the graphite spheres due to rapid 

solidification. 

 

4 CONCLUSION 
 

GGG70L was used as casting material and micro structure investigations were performed on rectangular prism 

shaped model with three different modules. In the studies, the effects of module replacement on the microstructure 

of spherical graphite cast iron samples were investigated. The results obtained within the scope of the study are 

given below. 

 

1. With classical calculation methods for model A 100 mm x 100 mm x 300 mm, model B 50 mm x 50 mm x 300 

mm and model C 25 mm x 25 mm x 300 mm, the module size of  model A was found as 2.14, whereas the module 

size of model B was 1.15 and the module size of model C was 0.6. 

2. According to the chemical composition values, it was validated that the alloys were in the standard composition 

range. 

3. Sphericity and percentage spherical graphite amount were found to vary depending on the module size 

4. The sample with a smaller module size had a smaller sphere diameter because of cooling faster. 

5. It was observed that the number of spheres per mm2 increased in parallel with the rapid solidification of the 

sample with small module size. 

6. The effect of module size on phase change in the structure was investigated by image analysis after etching of 

samples with different module size. When the values obtained are considered, it is seen that the difference in 

module size does not have a decisive effect on the phase change in the structure. 

7. The image analysis method used was found to be effective and appropriate. 
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Abstract 

Spherical graphite cast irons contain spherical graphites dispersed in a steel-like 

matrix in the cast state. The shape of the graphites makes it different from gray cast 

iron in terms of structure. In this study, GGG70L alloy was cast to rectangular 

prism shaped models with different modules. The effects of module change on the 

mechanical properties of spherical graphite cast iron material were investigated. 

Different sizes of A, B and C rectangular prism shaped models were used. Model 

sizes C were extracted from model A and B. In addition, tensile and hardness tests 

were applied. The results depending on the effects of module change on hardness, 

tensile strength, yield strength and elongation values are discussed. 

 

1 INTRODUCTION  
 

In the Fe-C diagram, from % 2 to % 6,67 is called cast iron. In practice, cast iron; is known as a Fe-C-Si alloy 

containing up to % 4,4 carbon and up to % 3,5 silicon because of the high carbon content leading to brittleness 

[1]. During the solidification of carbon, a large amount of decomposition is seen as graphite in the structure of 

cast iron, and its different shape, size and distribution determine the type and properties of the cast iron [2]. 

 

After the solidification, gray cast iron that  is one of the cast iron types, the most of the C contained therein has a 

composition such that graphite coverslips are present. [3]. The graphite is grayed out like gray cast iron and is 

not sharp-edged, spherical form of cast iron [4]. Magnesium, alone or in combination with rare earth elements 

such as cerium, plays a major role in the formation of spherical graphite in cast iron. Although elements such as 

cerium, calcium, lithium, sodium also support the formation of spheroidal graphite, magnesium is currently the 

most advantageous method for spherical graphite cast iron [5]. Tensile strength, toughness and hardness can be 

increased by the addition of Cu and Ni in spherical graphite cast iron, whose mechanical properties generally 

vary depending on alloying. Corrosion and oxidation resistance can be increased incorporation different 

elements in spheroidal graphite cast iron which is the only iron type in which heat treatment other than stress 

relief can be applied. Spherical graphite cast iron has a tensile strength in the range of 350 MPa – 1600 MPa [6]. 

 

Studies on the effects of module change and cross-sectional thickness on the mechanical properties of spherical 

graphite cast iron are available in the literature. Ekinci studied [7], three different inoculants, hardness tests on 

samples with different cross-sectional thicknesses found that the hardness increased as the thickness decreased 

(or module). Güzel et al [8] investigated the effect of cross-sectional thickness on hardness of spherical graphite 

cast iron. It is concluded that the hardness values decrease with increasing cross section thickness and that cross 

section thickness has a very important place in order to provide high mechanical properties of cast iron with 

spherical graphite. Alabbasian et al. studied the effect of samples of varying thickness on hardness and tensile 

strength values. He found that the increase in thickness caused a decrease in hardness and tensile strength. [9]. 

Kabnure et al. worked on automobile wheel dump. In the examination of different cross-sectional thicknesses of 

the samples obtained as a result of casting, it was found that the hardness increased as the cross-sectional 

thickness decreased. [10]. 

 

In this study, casting of GGG70L alloy into rectangular prism shaped model with different modules, the effects 

of module replacement on the mechanical properties of the material were investigated. Module for A model; 

2.14, module for B model is 1.15 module for C model is 0.6. Hardness and tensile tests were applied to spherical 

graphite cast iron samples. 
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2 MATERIAL AND METHOD 
 

Casting samples with different module values were cut and examined as in Figure 1. It was extracted samples 

with model dimensions C from A and B models in order to examine the hardness and tensile effects of module 

replacement.  

 

 
Figure 1. Cutting of cast samples for examination 

 

The geometric properties of  extracted samples are 25 x 25 x 300 mm in size. Two pull bars were removed from 

the extracted samples and the sample was obtained for the hardness analysis of 25 mm thickness from the middle 

part. Tensile bar, hardness measurement locations are shown in Figure 2. 

 

 
Figure 2. Demonstration of hardness measurement and tensile testing 

 

Brinell hardness measurements were made for the determination of the hardness values of our GGG70L 

material. STRUERS Duramin-500 brand hardness tester was used for hardness at room temperature. In the 

hardness process, the sample was placed in the hardness tester and then the hardness process was started. A 30 

kg load was applied to the sample for 3 sec. 

 

Two tensile test rods were extracted from the cast specimens for the drawing of the draw bar as shown in Figure 

2. Design of tensile sample; As shown in Figure 3, the desired dimensions of the draw bar is designed and after 

the cutting process is machining on the CNC, the draw bar was removed. Tensile tests were carried out at room 

temperature with Zwick-Roell brand tensile tester in accordance with ASTM E8 standard. For determining 

percent elongation rates in the experiments, video extensometer were placed on the materials and elongation 

rates were determined from the results obtained. Tensile test strip ready for testing after machining and examples 

of the tensile test process are given in Figure 3. 

 

   
Figure 3. Pull bar and pull device sample images 
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3 RESULTS 
 

3.1 Tensile Test Test Results and Evaluation 

 

Tensile tests were carried out at room temperature with Zwick-Roell brand tensile tester at a speed of 0.05 mm / 

sec. Three tensile tests were performed using different modules A, B and C. A sample image of some of the 

samples obtained as a result of tensile tests is given in Figure 4. 

 

 
Figure 4. Fracture image of samples after tensile test 

 

Evaluations were made according to at least 3 test results for each sample. In the evaluation of the test results, 

the fracture surface of samples was also examined in order to determine  fracture types. The fracture surface 

image of the sample was given in Figure 5. 

 

 
Figure 5. Cracked surface image of sample after tensile test 

  

As can be seen in Figure 5, the surface which was broken as a result of the test was broken from the desired area 

in the desired form. On the rupture surface, no porosity and inclusion were observed and the rupture occurred as 

desired Tensile strength, yield strength and % elongation values of test specimens were determined as a result of 

the studies carried out with the data obtained from the device of the samples. The results for each sample are 

given in Table 1. 

 

Table 1. Average tensile test results for test sample. 

Test Sample Tensile Strength (MPa) Yield Strength (MPa) Elongation (%) 

A model 620,4 504,8 5,4 

B model 671,8 546,2 4,2 

C model 725,2 564,6 2,6 

 

When the tensile test results are examined, it is seen that the tensile strength values of the samples are in 

compliance with the standards specified for the GGG70L standard sample. The tensile strength value of model A 
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with a module of 2.14 cm was 620.4 MPa, while the model value of 671.8 MPa for model B with a module of 

1.15 cm and C model with 0.6 module increased approximately % 15 to 725.2 MPa increased. When the effect 

of module change on tensile test of the related alloy is evaluated, it is seen that tensile and yield strength 

increases and % elongation values decrease due to the module change.  

 

3.2 Hardness Test Experiment Results and Evaluation 

 

Hardness measurements of the samples obtained in casting tests with different module values were carried out in 

3 seconds with 30 kg load. Table 2 shows the average hardness values of the samples taken from the same 

regions of the cast alloys for comparison. Average values were obtained performing at least 5 measurements for 

related samples. 

 

Tablo 2. Hardness test results of casting test samples 

Sample Average hardness (BSD) 

A model 207 

B model 223 

C model 239 

 

As given in Table 2, average hardness values were found to be 207 BSD in model A, 223 BSD in model B and 

239 BSD in model C. These corresponding hardness values can be interpreted as the suitable values for the 

GGG70L spherical graphite cast iron standard. 

 

4 CONCLUSION 
 

GGG70L alloy material was used and hardness and tensile tests were performed on rectangular prism shaped 

models with three different module. In this study, the effects of module replacement on the mechanical 

properties of spherical graphite cast iron materials were investigated. The results obtained within the scope of the 

study are given below. 

 

1. It was observed that the tensile strength of the casting samples increased as the module size decreased. 

2. It is understood that the tensile strength values conform to the standards specified for the GGG70L standard 

sample. 

3. It has been found that yield strength increases as module size decreases. 

4. It is determined that % elongation value decreases as module size decreases. 

5. The hardness values are acceptable and meet the GGG70L spherical graphite cast iron standard. It was found 

that the hardness increased as the module size decreased. 
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Abstract 

Determining the characteristics and classes of drought is of great importance in 

investigating the effects of drought. In this study, the frequencies of drought classes 

were determined by using 1-month, 3-month and 12-month SPEI values, between 

1966 and 2017 in Erzincan precipitation observation station. In addition, maximum 

and average drought characteristics (drought duration and severity) of the station 

were determined and meteorological droughts were examined by subjecting SPEI 

values to the run analysis. As a result, it was observed that severe droughts 

occurred in Erzincan precipitation observation station. This result shows the need 

for more effective use of water resources in the region and precautions against 

drought should be taken. 

 

1 INTRODUCTION  
 

Drought is one of the biggest natural disasters that is slow developing and can cause significant socio-economic 

damages. Drought occurs as a result of precipitation deficit, long-term and large areas, where the humidity is less 

than the long-term average. Drought is mainly categorized into four major types: meteorological, agricultural, 

hydrological, and socioeconomic. Meteorological drought is expressed by a precipitation deficit of the long-term 

average [1]. Agricultural drought is expressed in terms of total soil moisture deficits and is usually caused by the 

scarcity of precipitation. Hydrological drought is associated with a reduction in surface groundwater resources 

(ie, reservoir and lake levels, streamflow and groundwater) as a result of persistent of precipitation deficit [2, 3]. 

Socioeconomic drought is associated with the impacts of meteorological, agricultural, and hydrological droughts 

on the socio-economic sectors. 

Drought indices are needed to identify and monitor droughts. Standardized precipitation evaporation index 

(SPEI) developed by Vicente-Serrano, et al. [4] is a method that can be used effectively to determine the 

temporal and spatial variation of meteorological droughts. Meteorological droughts due to precipitation deficit 

and surplus evapotranspiration can be strengthened rapidly and may disappear suddenly. 

 

Although the SPEI was only recently developed, it has been used in various studies. Potop and Climatology [5] 

used for the first time in determination drought variability in Moldova. Fuchs, et al. [6] used to monitor droughts 

Lorenzo-Lacruz, et al. [7] used to analyze the influence of climate variation on the availability of water 

resources. Abiodun, et al. [8] used to determine climate change and extreme events. 

 

The purpose of the study was to determine drought characteristics and classes and to make a temporal (monthly, 

seasonal and annual) assessment of droughts by means of the SPEI and runs method. Thus, the effect of drought 

and its importance for the region were evaluated. According to the results, severe and extreme meteorological 

and hydrological droughts are encountered in the region. This shows the necessity to take early measures against 

drought, to use water resources effectively and to design water structures. 

 

2 MATERIAL AND METHOD 
 

2.1  Standardized Precipitation Evapotranspiration Index (SPEI)  

 

SPEI is a relatively new drought index, proposed by Vicente-Serrano, et al. [4], which includes both 

precipitation and potential evapotranspiration (PET) influence. SPEI combines the sensitivity of PDSI to changes 
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in evaporation demand caused by temperature fluctuations and trends with the multi-temporal nature of the SPI 

[4]. The computation of SPEI requires potential evapotranspiration (PET) in addition to precipitation used in SPI 

and the PET values are obtained indirectly from other measured meteorological variables such as mean 

temperature. The method proposed by Thornthwaite [9] has been found very useful in this regard because it 

requires only the monthly mean temperature and the latitude of the station of interest. Unlike the other methods, 

the mean temperature required is readily available for the present study. Once the value of PET is known, the 

difference between the precipitation P and PET for the month is computed as:  

 

Di= Pi- PETi                                      (1) 

 

Here, Di is a measure of the climatic water balance for a month i and it is fitted to a three-parameter log-logistic 

distribution [4]. The SPEI values obtained in this way are used to categorize drought in a similar way as SPI 

(Table 1). 

 

Table 1. Classification of SPEI. [10] 

SPEI value Drought category 

> 2,0 Extremely wet 

1,5 to 1,99 Very wet 

1,0 to 1,49 Moderately wet 

−0,99 to 0,99 Near normal 

−1,0 to −1,49 Moderately dry 

−1,5 to −1,99 Severely dry 

−2 and less Extremely dry 

 
2.2 Run analysis  

 

The run analysis is a method used to determine drought characteristics (duration, severity, intensity) and the 

onset and end of a drought. [11]. In addition, this method allows us to comment whether the last period is dry or 

wet by examining the values obtained by cutting the flow rates or precipitation at a certain level (SPEI: 0, -1, -

1,5, -2). 

 

 
Figure 1. Determination of drought characteristics 

 

Dj, is defined as the sum of the jth drought while X0 is defined as the sum of the deficiencies under the threshold 

level. 

 

Dj = ∑   X0 − Xj                                                                                                                          
m
i=1                                          (2)       

 

The drought intensity (Ij) is calculated from the ratio of the negative run length of the sum of deficiencies as 

follows: 

 

Ij =
Dj

Nj
−                                                                                                                                                                                         (3) 

 

Figure 1 represents a plot of a drought variable denoted by Xj which is intersected at many places by the 

truncation level X0, which can be deterministic variable, a stochastic variable. 
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3 RESULTS 
 

For the Erzincan rainfall station used in the study, 1-month, 3-month, and 12-month SPEI values were calculated 

and indicated in Figure 2-4. In addition, critical drought classes (Near normal, Moderately, Severely and 

Extremely) in the selected time periods are shown. In Figure 2-4, a great number of near normal (0 < SPEI < -1), 

moderately (-1 ≤ SPEI < -1,5) and severely (-1,5  ≤ SPEI < -2) droughts are observed, while a few Extremely 

(SPEI ≤ -2) droughts are observed. 

 

 
Figure 2. Variation of the 1-month SPEI values of Erzincan meteorological station in time 

 

 
Figure 3. Variation of the 3-month SPEI values of Erzincan meteorological station in time 
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Figure 4. Variation of the 12-month SPEI values of Erzincan meteorological station in time 

 

Table 2. Pearson's linear correlation coefficient matrix of SPEI values 

Index SPEI-1 SPEI-3 SPEI-12 

SPEI-1 1 0,60 0,30 

SPEI-3 0,60 1 0,50 

SPEI-12 0,30 0,50 1 

 

The correlation analysis was performed to show the relationships between SPEI values over various time periods 

(Table 2). 

 

 
Figure 5. Percentages of dry and wet period 

 

When the distribution of 1-month, 3-month, and 12-month SPEI values is examined in Figure 5, it is seen that 

the dry and wet (rainy) periods are very close to each other. In addition, the percentage of dry period decreases 

as the SPEI time period increases. 
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Figure 6. Drought frequency histogram of Erzincan SYEI values  

 

Figure 6 shows the frequency graph of the calculated values of the SPEI in monthly, 3 month and 12 month time 

periods in order to examine the frequency of occurrence of various drought categories. When the graph is 

examined, the frequency incidence of drought categories can be listed as Near normal, Moderately, Severely and 

Extremely, respectively. According to the categorization of the SPEI values, the status of water resources in the 

relevant station, soil moisture, rivers, groundwater, existing water capacities can be planned in terms of 

meteorology and hydrology. 

 

Table 3. Frequency of drought classes of Erzincan SPEI values (%) 

 
Drought Classes (%) Dry period 

(%) 

Wet period 

(%) Extremely Severely Moderately Near normal 

SPEI-1 0,80 4,65 12,34 33,17 50,96 49,04 

SPEI-3 1,93 4,66 10,45 33,28 50,32 49,68 

SPEI-12 1,63 6,69 7,01 32,95 48,28 51,72 
 

When Table 3 is analyzed, the percentage frequency values of the drought categories of the SPEI values 

calculated for 624 (12*52) months between 1966 and 2017 are shown. When these values are examined, the 

most common drought category is near normal and moderately, while extremely and severely drought categories 

are observed less. However, in order to understand how dangerous the drought is, it is necessary to know the 

beginning and the end, the duration and severity values of drought periods by applying the run analysis of the 

SPEI values.  

 

Table 4. Maximum and average drought characteristics of Erzincan SPEI values calculated by applying the run 

analysis 

E
rz

in
ca

n
 S

ta
ti

o
n
 

Drought 

Period 

Drought 

Number 

Maximum Drought Average Drought 

Onset End 
Duration 

(Month) 

Severity 

(mm) 

Duration 

(Month) 

Severity 

(mm) 

Monthly 148 1988 Dece. 1989 August 9 -10,03 2,15 -1,73 

Seasonal 83 2013 April 2014 Septemb. 18 -17,47 3,77 -3,05 

Annual 40 2000 April 2003 Dece. 45 -55,09 7,4 -6,08 

 

Table 4 shows the beginning and ending of the maximum drought calculated in monthly, seasonal and annual 

periods. When the results are evaluated, as the time period increases, drought duration and severity increases and 

drought number decreases. 
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Figure 7. Distribution and extreme values of drought duration and severity  

 

Drought distribution and extreme values are visualized by using box diagrams of drought duration and severity 

of SPEI values (Figure 7). Red plus signs represent extreme values. In this respect, a large number of extreme 

drought time and severity are encountered. 

 

4 CONCLUSION 
 

As a result of the analyses, long-lasting and severe droughts were observed in the study area. Monthly and 

seasonal maximum drought severities and numbers indicate significant meteorological droughts. In addition, 

annual maximum drought severities and numbers represent a significant hydrological drought. In the results of 

working, maximum monthly droughts occurred in 1988 and 1989, and seasonal maximum droughts are seen to 

have occurred in 2013 and 2014. In addition, annual maximum droughts are observed between 2000 and 2003. 

The duration and severity of the average and maximum droughts increased as the drought period prolonged. 

However, the number of dry periods decreased. 

 

The correlation analysis was used to show the direction and strength of the relationships between monthly, 3-

month and 12-month SPEI values. As a result of the analysis, the strongest relationship was observed between 

SPEI-1 and SPEI-3 (R=0,6), while the weakest relationship was between SPEI-1 and SPEI-12 (R=0,3). 

 

As a result of the analysis, SPEI drought index calculated through climate water balance were effective in 

predicting short and long term drought. When the index values were subjected to the frequency analysis, dry and 

wet periods were found at an approximate rate (%50). This situation indicates that drought is significant and 

drought measures should be taken early. Thus, risk management should be performed instead of crisis 

management by early intervention to drought. Effective use of water resources and building water structures are 

some of the most appropriate interventions. 

 

Acknowledgments  
 

The authors thank General Directorate of Meteorology for the provided monthly total precipitation and monthly 

average temperature data. 

 

 

489



Analysis of Meteorological Droughts by Using Standardized Precipitation 

Evapotranspiration Index (SPEI) 

ICADET ‘19 

 

 

References  

 
[1] D. A. Wilhite, "Drought as a natural hazard: concepts and definitions," 2000. 

[2] F. N. J. B. o. t. A. M. S. Kogan, "Global drought watch from space," vol. 78, no. 4, pp. 621-636, 1997. 

[3] D. White, J. J. C. Walcott, and P. Science, "The role of seasonal indices in monitoring and assessing 

agricultural and other droughts: a review," vol. 60, no. 7, pp. 599-616, 2009. 

[4] S. M. Vicente-Serrano, S. Beguería, and J. I. J. J. o. c. López-Moreno, "A multiscalar drought index 

sensitive to global warming: the standardized precipitation evapotranspiration index," vol. 23, no. 7, pp. 

1696-1718, 2010. 

[5] V. J. T. Potop and A. Climatology, "Evolution of drought severity and its impact on corn in the Republic of 

Moldova," vol. 105, no. 3-4, pp. 469-483, 2011. 

[6] B. Fuchs, M. Svoboda, J. Nothwehr, C. Poulsen, W. Sorensen, and N. J. N. D. M. C. Guttman, Univ. of 

Nebraska, Lincoln, NE, "A new national drought risk Atlas for the US from the National Drought 

Mitigation Center," 2012. 

[7] J. Lorenzo-Lacruz, S. M. Vicente-Serrano, J. I. López-Moreno, S. Beguería, J. M. García-Ruiz, and J. M. J. 

J. o. H. Cuadrat, "The impact of droughts and water management on various hydrological systems in the 

headwaters of the Tagus River (central Spain)," vol. 386, no. 1-4, pp. 13-26, 2010. 

[8] B. J. Abiodun, A. T. Salami, O. J. Matthew, and S. J. C. d. Odedokun, "Potential impacts of afforestation 

on climate change and extreme events in Nigeria," vol. 41, no. 2, pp. 277-293, 2013. 

[9] C. W. Thornthwaite, An approach toward a rational classification of climate (no. 1). LWW, 1948. 

[10] W. M. Organization, "Standardized precipitation index user guide," ed: World Meteorological Organization 

Geneva, 2012. 

[11] P. L. A. Guerrero-Salazar, V. M. J. H. p. Yevjevich, and n. 80, "Analysis of drought characteristics by the 

theory of runs," 1975. 

 

 

 

490



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*rcorapsiz@bayburt.edu.tr 

Design and Implementation of Single-Phase AC Voltage Controller with Phase 

Triggering Control 

 
Muhammed Reşit ÇORAPSIZ*1, Hakan KAHVECİ2, Muhammed Fatih ÇORAPSIZ3 

 
1Bayburt University, Electrical and Energy, Bayburt, Turkey 

2Karadeniz Technical University, Electrical and Electronics Engineering, Trabzon, Turkey 
3Atatürk University, Electrical and Electronics Engineering, Erzurum, Turkey  

 

Keywords:  
Single-Phase AC 

(SPAC) Voltage 

Controller, Phase 

Triggering Control 

(PTC), AC 

Choppers, Matlab-

SIMULINK. 

 

 
Abstract 

This paper, presents the phase triggering control (PTC) of single-phase AC (SPAC) 

voltage controllers. The main advantage of the SPAC voltage controller topology is 

the fact that it can generate an output AC voltage lower than the input AC voltage, 

depending on the phase triggering angle (PTA). Firstly, SPAC voltage controller 

have been examined in terms of theoretically and mathematical expressions. 

Secondly, the Matlab/Simulink model of SPAC voltage controller with PTC have 

been designed. In the designed model, both the change of the output voltage 

according to the phase triggering angle was monitored and the harmonic analysis of 

the output voltage was performed. Finally, the experimental setup of SPAC voltage 

controller with PTC have been performed to confirm the theoretical and simulation 

results. When the results obtained were evaluated together, it was observed that 

PTC was pretty effective in obtaining AC voltages lower than the input AC one. 

 

1 INTRODUCTION  
 

Efforts to obtain different levels of voltage or current have led researchers to develop different energy 

conversion topologies. Obtaining the desired level of voltage is as important as generating and transmitting it. 

Many electrical devices, especially in industrial applications, require different voltage or current levels to 

operate. Instead of producing these current and voltage levels specifically for each device, it is much more 

efficient to adjust the value of a constant source to the desired current and voltage levels by means of a voltage 

controller. Single-phase AC voltage controllers, which have an important place in rapidly developing power 

electronics circuit topologies, provide power flow by adjusting the effective value of the output voltage between 

the effective value of the input voltage and zero. A semiconductor switch/switches is placed between the AC 

input source and the load, capable of switching at high frequency. This switch can be thyristor or triac. For 

applications up to 400Hz, triacs are used as long as they meet the power requirements, but at higher frequencies, 

the use of thyristors is more common [1]. As is known, a triac equivalent can be obtained by connecting the two 

thyristors anti-parallel. SPAC voltage controllers are widely used in lighting control, induction heating, domestic 

heating, tap changeover of load transformers and speed control of single-phase induction motors [2]. Although 

phase triggering control is simple in design, this technique suffers from harmonic distortion and low power 

factor problems. In order to eliminate these problems, different PWM techniques have been developed [3]. In 

[4], the power quality analysis of the AC chopper used in heating systems in chemical tests and research 

laboratories at variable phase angles were examined. In [5], speed control of a single-phase induction motor with 

AC chopper was performed. They examined both phase and PWM controlled AC choppers and indicated that 

PWM control is more appropriate in terms of harmonic distortion and power factor. In another study, The AC 

chopper was designed using IGBT instead of a thyristor or triac, and the differences of the study from the 

classical AC chopper circuit were demonstrated [6].  

 

In this study, single-phase AC voltage controllers with phase triggering control were investigated. Firstly, 

mathematical expressions were obtained with the help of the electrical equivalent circuit. Then, these 

expressions were modelled in Matlab/Simulink environment and the output voltage was observed with different 

phase triggering angles. The chopper switch was realized using two thyristors connected in anti-parallel to each 

other. The main advantage of this structure is that it can be controlled more easily since a small number of 

switching elements are used compared to other AC voltage controller structures. In addition, the effects of the 

change of the phase triggering angle on the power factor of the system were investigated. The harmonic analysis 
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was performed for the results obtained from the simulation. Finally, the experimental setup was prepared and the 

output voltage compared with the theoretical and simulation results. 

 

2 MATERIAL AND METHOD 
 

2.1 Electrical and Mathematical Analysis 

 

Two different control methods are available in practice to control power flow with SPAC voltage controllers. 

The first one is On/Off control and the second is phase triggering control. In the On/Off control method, the 

thyristors, which are connected between the input AC source and the load, are electrically switched on and off 

for several periods to provide power flow. This can be similar to the operation of a contactor capable of 

switching at high speed. In the phase triggering control method, the anti-parallel thyristors are again connected 

between the AC input and the load. However, for each half-period of the input, the thyristors are switched on and 

off at a specific switching frequency. In this case, the value between the phase triggering angle and the half-

period of the input voltage is appearing on the load. By adjusting the phase triggering angle, the effective value 

of the output voltage is changed and thus the power flow is controlled. The switch off of the thyristors is 

performed by the line since the input voltage is AC (line commutation). Therefore, since there is no extra 

commutation circuit in the AC voltage controllers the circuit structures are quite simple. The quality of the AC 

voltage controllers is measured by total harmonic distortion and power factor. For an efficient operation, the total 

harmonic distortion should be as low as possible and the input power factor should be as high as possible [7]. 

 

 
Figure 1. Electrical equivalent circuit of SPAC voltage controller 

 

The electrical equivalent circuit of the SPAC voltage controller is shown in Figure 1. In Figure 1a, the thyristors 

T1 and T2 are connected in anti-parallel and placed between the load and the AC source. In Figure 1b, the switch 

T2 is switched on, depending on the magnitude of the phase triggering angle, and the load is connected directly to 

the source. In Figure 1c, the T1 switch performs this operation. The phase triggering angle is varied between 0 

and 180ׄ° to check the effective value (RMS) of the output voltage. The effective value of the output voltage can 

be expressed in terms of input voltage and phase triggering angle as in Eq. (1). 

 
1/2

( )

1 sin 2
( )

2
o RMS inV V


 



  
    

  
  (1) 

 

Where, Vo(RMS) represents the effective value of the output voltage, Vin the input voltage, α phase triggering angle 

in radian, respectively. As seen in Eq. (1), the effective value of the output voltage is equal to the effective value 

of the input voltage for the zero value of the phase triggering angle. Hence, the SPAC voltage controllers 

perform power flow between the effective value of the input voltage and zero. In addition, the variation of the 

power factor (PF) must be taken into account when realizing the power flow. The power factor is one of the two 

most important parameters limiting the application of AC voltage controllers and can be expressed as in Eq. (2). 
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Where, PF represents the power factor, Io(RMS) the effective value of the output current, RL load, Vin(RMS) and 

Iin(RMS) the effective values of the input voltage and input current, respectively. 

 

2.2 Design of Simulation Model 

 

The simulation model of the SPAC voltage controller with phase triggering control (PTC) is shown in Figure 2. 

This model realized by considering the electrical equivalent circuit in Figure 1 and Eqs. (1) and (2). 

 

 
Figure 2. Simulation model of SPAC voltage controller with PTC 

 

In Figure 2, the phase trigger control block determines the zero-crossing points of the AC voltage signal supplied 

from the input and generates the phase triggering angles (G1, G2). Between these angles, there should be a 180° 

phase difference during an electrical period. In addition, phase triggering angles given from input this block are 

converted to seconds using source frequency [8]. Inside the two anti-parallel thyristor block, there are two 

thyristors connected in anti-parallel to each other, which are supplied with the input voltage. Peak values of the 

output voltage in positive and negative periods were monitored with PtoP observer block. The power factor 

observer block, which was designed with Eq. (2) in mind, was used to monitor the variation of the power factor 

depending on the phase triggering angles. The internal structures of the blocks used in the simulation model are 

shown in Figure 3. 

 

 
Figure 3. Internal structure of simulation blocks, a.) Phase triggering control, b.) Two anti-parallel thyristor, c.) 

Peak to peak observer, and d.) Power factor observer 

 

In Figure 3a, the input voltage was saturated to obtain the reference voltage. Variable time delay block generates 

positive phase triggering angles, while variable transport delay generates negative phase triggering angles. There 

must be a 180° phase difference between the positive and negative phase triggering angles. On the other hand, 

the gain block was used to convert the phase triggering angles from the frequency to the seconds. 
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2.3 Experimental Setup 

 

The experimental setup is shown in Figure 4. In the experimental setup, the AC grid voltage of 220V/50Hz has 

been reduced to 55V/50Hz with the help of the transformer. A symmetrical 15V DC power supply has been used 

to energize the reference voltage, single-phase control unit, and measuring modules. This DC voltage is 

generated by an AC/DC converter using the grid voltage supplying the experimental setup. In order to control 

the effective value of the output voltage, two independent thyristor groups were connected in anti-parallel. This 

connection can be assumed to be equal to a triac model. 

 

 
Figure 4. Experimental setup 

 

In the operation of the experimental setup, firstly, the AC input voltage was applied to the single-phase control 

unit and the reference voltage was obtained. With the help of a single-phase control unit, control signals were 

generated which is proportional to the reference voltage and based on the grid voltage zero-crossing points. 

These signals were applied to the thyristor group connected in anti-parallel to control the effective value of the 

output voltage under the 100Ω load. Since it is not possible to numerically adjust the phase triggering angles in 

the experimental setup, reference triggering angles have been tried to be obtained by means of the potentiometer. 

Reference phase triggering angles were selected at 30°, 60°, 90° and 120°. The block diagram of the 

experimental setup is shown in Figure 5. 

 

 
Figure 5. Block diagram of experimental setup 

 

3 RESULTS 
 

The simulation results of the designed model are shown in Figure 6. In the results, input voltage (green line) and 

the output voltage (red line) were compared. The designed phase triggering control model was successful 

monitored the given reference phase angles. In Figure 6a, the phase triggering angle is selected as α=30°. As can 

be seen from Figure 6b, when the phase triggering angle is increased to α=60° degrees, it is clear that the 

effective value of the input voltage on the load is reduced compared to the previous case. Hence, keeping small 

of the phase triggering angle is highly effective in increasing the output effective voltage.  
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Figure 6. Change of output voltage with respect to input voltage in the designed simulation model, a.) α=30°, b.) 

α=60°, c.) α=90°, and d.) α=120° 

 

Therefore, the amplitude of the phase triggering angle ranging from 0 to 180 degrees is inversely proportional to 

the effective value of the output voltage. At the moment when the phase triggering angles are 90° and 120°, the 

time-dependent variation of the output and the input voltage is shown in Figures 6c and 6d, respectively.  

 

 
  

Figure 7. a.) Change of power factor versus phase triggering angle, and b.) Change of power factor versus time 

in the designed simulation model, c.) Change of power factor versus time in the designed experimental model 

  

The increase of the phase triggering angle meaning the reduction of the effective value of the output voltage. 

This case adversely affects power factor and causes inefficiently run of the voltage controller. 
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Figure 8. Change of total harmonic distortion of the output voltage, a.) α=30°, b.) α=60°, c.) α=90°, and d.) 

α=120° 

 

Figure 7a shows the variation of the power factor for the single-phase AC voltage controller with respect to the 

phase triggering angle. As can be seen from Figure 7a, the controller power factor varies inversely proportional 

to the phase triggering angle. This is one of the biggest problems of AC voltage controllers.  

 

 
Figure 9. Change of output voltage with respect to input voltage in the designed experimental model, a.) α=30°, 

b.) α=60°, c.) α=90°, and d.) α=120° 

 

Figure 7b and 7c shows the change of power factor versus reference phase triggering angles applied to the 

designed single-phase voltage controller in 0, 1, 2, 3 sec. simulation and experimental model, respectively. As 

can be seen from Figure 7b, when the phase triggering angle is applied at 30° (interval 0 - 1sec.), the power 

factor is 0.97, and when the triggering angle is increased to 120° (interval 3 - 4sec.), the power factor decrease to 
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0.41. Figure 8 shows the results of the harmonic analysis with the help of Simulink FFT analysis of the designed 

single-phase voltage controller based on the simulation results. Figures 8a, 8b, 8c, 8d show harmonic analysis of 

the output voltage for phase triggering angles of 30°, 60°, 90° and 120°, respectively. In Figure 8a, the total 

harmonic distortion (THD) is 15.20% when the phase triggering angle is 30°, the total harmonic distortion 

(THD) increases to 105.17% when the phase triggering angle is increased to 120°. Therefore, increasing phase 

triggering angle is negatively affect both power factor and power quality. The results obtained from the 

experimental setup are shown in Figure 9. The input power factor and the effective values of the output voltage 

and current obtained from the simulation and experimental model are given in Table 1. 

 

Table 1. The effective values of the output voltage and output current 

Phase 

Triggering 

Angle 

(degree) 

Phase 

Triggering 

Angle 

(sec.) 

Simulation Experimental 

Output 

Voltage 

(V) 

Output 

Current 

(A) 

Power 

Factor 

(PF) 

Output 

Voltage 

(V) 

Output 

Current 

(A) 

Power 

Factor 

(PF) 

30 0 53.95 0.539 0.970 55.1 0.55 0.974 

60 1 48.81 0.488 0.873 49.4 0.49 0.876 

90 2 38.45 0.384 0.684 39.3 0.39 0.687 

120 3 23.97 0.239 0.412 24.38 0.24 0.414 

 

4 CONCLUSION 
 

In this study, single-phase AC voltage controller with phase angle controlled is examined both in simulation and 

experimentally. The voltage controller circuit is formed by connecting the two thyristors anti-parallel. The load 

was selected as pure resistive. The phase triggering controller is designed to achieve the desired voltage level. 

The effective value of the output voltage is controlled by reference triggering angles applied to the phase 

triggering controller. The effects of the change of phase triggering angles on both power factor and total 

harmonic distortion have been demonstrated. Both the simulation and experimental results show that the phase 

triggering angle is inversely proportional to the power factor of the system. Increasing the phase triggering 

angles also significantly increased the total harmonic distortion in the output voltage. Experimental results were 

provided with the simulation results. When the results obtained were evaluated together, it can be said that phase 

triggering control is still effective in controlling the effective value of the output voltage. However, taking into 

account the power factor and total harmonic distortion of the system is very important for the efficient operation 

of the voltage controller. 
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Abstract 

In this study, mechanical and tribological properties of 20wt.% and 30wt.% glass 

fiber (GF) filled polyoxymethylene (POM) composites were investigated. Glass 

fiber filled POM composites are produced in granular form on an industrial twin-

screw compounding machine. The mechanical and tribological test samples were 

produced using a conventional injection machine. Tribological tests were 

performed by using a pin-on-disc machine against AISI 1040 steel disc at room 

temperature under dry conditions at 0.5-1.0 and 1.5m/s sliding speeds and 10-20 

and 30N loads. As a result, 20wt.% and 30wt.% glass fiber added to POM polymer 

increased tensile strength and modulus of elasticity by 134% and 242%. The glass 

fiber added to the POM polymer increased both the coefficient of friction and wear 

rate. 

 

1 INTRODUCTION  
 

POM polymer, being an important engineering plastic, is widely used to produce self-lubricating mechanical 

parts in automotive, electronics, precision tool gears, bearings, agriculture, construction and biomedical fields 

with properties such as high rigidity, high strength, good chemical resistance, low friction coefficient and good 

wear resistance. However, its brittleness, low impact resistance and thermal sensitivity limit the application areas 

of the POM polymer [1-3]. Glass fiber, aramid fiber and carbon fibers are generally utilized to improve the 

mechanical properties of the POM polymer [4-7]. At the same time, micro- and nano-sized particles are applieds 

to improve the wear resistance and reduce the coefficient of friction of the POM polymer [3, 8]. Yuqin and 

Junlong [9] investigated the mechanical properties of carbon fiber reinforced POM composites. It has been also 

reported that the tensile strength of the POM polymer increases with the addition of short carbon fiber. Suresha 

et al. [10] stated that the tensile strength decreased by 23% with PTFE added to the POM polymer and tensile 

strength increased by 20% with the addition of glass fiber. Moreover, Zhang et al. [4] studied the effect of short 

carbon fiber, aramid fiber and short glass fibers on the POM polymer. They stated that the wear and friction 

coefficient of the POM polymer was significantly affected by the transfer film layer due to the fibers. It is 

reported that the friction coefficient decreases and the wear rate increases with the increased load. Another study 

carried out by Shibata et al. [8], it is  investigated the tribological properties of rise bran ceramics, glass beads 

and glass fiber filled POM polymer. They stated that the friction coefficient of the glass beads and glass fiber 

filled POM composites is higher than that of unfilled POM polymer at low sliding speeds. Benabdallah [11] 

mentioned that the addition of GF to POM negatively affects the wear resistance and coefficient of friction 

(COF). In addıtıon to these, Ramanjaneyulu and Rajendran [3] studied the tribological properties of 2% 

molybdenum disulfide (MoS2) and 6% graphite filled POM polymer. It has been declared that the best wear 

resistance is obtained in 6% graphite filled POM polymer. 

 

In this study, mechanical and tribological properties of 20wt.% and 30wt.% glass fiber filled POM composites 

were investigated. Tensile and impact tests were carried out to determine the mechanical properties and wear 

tests were performed under dry sliding conditions to determine the friction and wear properties. Worn pin and 

disc surfaces were examined with an optical microscope. 
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2 MATERIAL AND METHOD 
 

In this study, POM copolymer with melting temperature of 170oC and melt flow index of 9.0g/10min. obtained 

from Kolon Plastics was used as matrix material. Glass fiber with average diameter of 13µm was supplied by 

Lanxess. Glass fiber filled POM composite granules were produced in the temperature range of 185-200oC using 

NRII-75-Werner-Pfleiderer model twin screw extruder. Mechanical and tribological test samples were produced 

in the ERAT injection molding machine at the 190-200oC temperature range. Tensile tests were performed by 

using ZWICK/ROELL Z100 at Materials Laboratory, Simav Technology Faculty, Kütahya Dumlupınar 

University. The test specimens were prepared by following TS ISO 527 (ASTM D 638), the crosshead speed 

was fixed at 5 mm/min and the tests were carried out at room temperature (23 ± 2 oC). As a result of tensile tests, 

tensile strength, elongation at break and elasticity modulus values were calculated according to the relevant 

standard. Izod impact tests of POM and glass fiber filled POM composites were performed according to TS 1005 

standard. An impact tester with digital display ZWICK/ROELL HIT 5-5P was used for the impact test. The Izod 

impact tests were performed using 4x10x80 mm samples produced by injection molding. In the impact test, a 

hammer of 2.75 kJ/m2 was used. All mechanical tests were performed with at least 5 samples and the results 

were averaged. Tribological tests were performed by using a pin-on-disc machine at room temperature under dry 

conditions at 0.5-1.0 and 1.5m/s sliding speeds and 10-20 and 30N loads. Samples of cylindrical pins with a 

diameter of 5mm and a length of 50mm were tested against 1040 steel. Figure 1 shows the pin-on-disc wear 

machine. Before each test, the pin and disk surfaces were cleaned with alcohol and then dried. Weights of pin 

samples were measured before and after the experiment to determine the weight loss (Δm). The wear rate (Ko) 

was calculated whit Equation 1; 

 

FL

m
Ko







     (m2/N)                                                                                                                                  (1) 

 

Δm: weight loss (g), L: sliding distance (m), ρ: material density (g/cm3), F: applied load (N). 

 

 
Figure 1. Pin-disc wear test machine 

 

3 RESULTS 
 

Mechanical test results of POM and glass fiber filled POM composites are given in Table 1. It is clear from 

Table 1 that the tensile strength increases with glass filler percentage. Glass fiber added to POM polymer 

increased the tensile strength of the composite by 78% and 134%. The modulus of elasticity is increased with 

increasing the amount of glass fibers. The elastic modulus of the POM polymer, which is 2822MPa, was 

increased by 150% and 242% by the addition of glass fibers. This increase is due to the strong bonding between 

the glass fiber and the matrix. The increased specific surface area of the glass fiber leads to an increase in the 

strength of the composite materials. The increased contact area due to the length/diameter ratio of the glass fiber 

also improves the mechanical properties such as tensile strength of the polymer composites [12]. Botelho et al. 

[13] attributed the increase in tensile strength to the increase in adhesion between the fibers and the matrix and 

the stronger bond of the interface. Another research conducted by Zhou et al. [14], it was mentioned that the 

increase in elastic modulus depends on the fiber's increased load-bearing capacity of the composite. The 

elongation at break of the POM polymer, which was 19.5%, was reduced by the addition of glass fibers. This 

reduction is 414% in 20% glass fiber content and 662% in 30% glass fiber content. The ductile structure of the 

POM polymer has become brittle due to the dense and rigid properties of the glass fiber [12]. Table 1 also 

depicts the impact strength results of POM samples. As seen in the table, it was determined that the impact 

strength increased with glass fiber. The impact strength of the POM polymer, which was 5.2kJ/m2, was obtained 

as 5.66kJ/m2 with 20% glass fiber addition and 6.33kJ/m2 with 30% glass fiber addition. Glass fiber filled 
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composites have constant rigidity with the addition of glass fibers and this increased the impact strength of 

POM/GF composites [12]. 

 

Table 1. Mechanical properties of POM and composites 

 
Tensile Strength, 

MPa 

Elasticity modulus, 

MPa 

Elongation at 

break,% 

Impact resistance, 

kJ/m2 

POM 58,5 2822,7 19,51 5,29 

POM/20GF 104,7 7075,1 3,79 5,66 

POM/30GF 136,4 9670,6 2,56 6,33 

 

The interface between the glass fiber and the polymer matrix is very closely linked to the mechanical properties 

of the composite materials as well as the intrinsic characteristics of the matrix and the glass fibers because it 

allows for the efficient transfer of mechanical stresses within the composite materials [15]. Figure 2 a-c shows 

SEM images of fracture surfaces after tensile testing of POM, 20% and 30% glass fiber filled POM composites. 

It is seen that glass fibers are aligned in different directions and distributed homogeneously due to shear force 

during extrusion. Figure 2-a shows the typical breaking surface of the unfilled POM polymer. POM/GF 

composites seem to have a smooth surface structure that indicates brittle fracture (Figure 2 b-c). This is 

particularly consistent with the results of elongation at break. It is also seen that fibers are pull-out from the 

matrix. Also, it has been observed that glass fibers are well embedded in the matrix and no gaps are formed 

between the matrix and the fibers. 

 

  
a) POM b) POM/20GF 

 
c) POM/30GF 

Figure 2. SEM images of POM and composites 

 

Figure 3 presents the variation of coefficient of friction with load for POM, POM/20GF and POM/30GF 

composites tested under 1.5 m/s sliding speed. It is determined that the friction coefficient decreases with the 

increase in a load for POM and its composites. The friction coefficient of POM polymer, which was 0.42 under 

10N load, decreased by 17.5% and 0.36 was obtained by increasing the applied load. This decrease is 13.8% and 

10.3% for POM/20GF and POM/30GF, respectively. The heat generated due to friction at the frictional 

interfaces could explain this. Furthermore, polymers are viscoelastic materials their deformation under load is 

viscoelastic. Therefore, the interfacial temperature influences the viscoelastic property in the response of 

material stress, adhesion and transferring behaviors [16]. Glass fiber added to POM polymer increased the 

friction coefficient. At 30N load, 20% glass fiber increased the friction coefficient by 12% and 30% glass fiber 

increased 59%. Figure 4 presents the variation of coefficient of friction with sliding speed for POM, POM/20GF 

and POM/30GF composites tested under 20N load. It was determined that the friction coefficient is increased 
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with sliding speed for POM polymer and glass fiber filled POM composites. The friction coefficients increased 

by 29%, 17%, and 15%, by increasing the sliding speed from 0.5m/s to 1.5m/s, respectively. It was determined 

that the sliding speed is more effective on the friction coefficient for POM and its composites.  

 

 
Figure 3. Variation of coefficient of friction with applied load (Sliding speed: 1.5m/s) 

 

 
Figure 4. Variation of coefficient of friction with sliding speed (Load:20N) 

 

Figure 5 shows the variation of wear rate with applied load and sliding speed for unfilled POM, POM/20GF, and 

POM/30GF composites, respectively. In general, the specific wear rate for POM and its composites are in the 

order of 10-13 m2/N. In the sliding speed and load range of this investigation, the highest wear rate is for 

POM/30GF with a value of 1.85x10-13 m2/N at 1.5m/s sliding speed and under 30N load. The lowest wear rate is 

5.67x10-14 m2/N for unfilled POM at 0.5m/s sliding speed and under 10N load value. When the graph in Figure 5 

is examined, the wear rate increased with increasing load. This increase is 29% for POM polymer, 30% for 

POM/20GF composite and 22% for POM/30GF composite. It may be due to that there were more broken fibers 

at higher load, so the abrasive wear became more severe, while the actual area of contact increased. With the 

increase in the content of GF, the worn of the GF might play a controlling role in wear loss. With the increase of 

GF, the GF fracture increased, the fractured fibers may be rubbed out from the wear interface during sliding [17]. 

Wear rate increased due to increasing sliding speed. It has been determined that the wear rate of POM polymer 

increased by 112%, POM/20GF composite increased by 109% and POM/30GF composite increased by 89% 

with the sliding speed increasing from 0.5m/s to 1.5m/s. The glass fiber added to the POM polymer increased the 

wear rate at the range of sliding speed and load. At a sliding speed of 1.0m/s and a load of 20N, this increase was 

achieved in 36.6% and 48.9%. For the range of sliding speed and load of this investigation, the wear rate values 
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for all polymers increases with the increase in sliding speed and load. The reason for this behaviour is that the 

friction causes surface temperature to increase. Increase in wear rate associated with the surface layer reaching 

the softening point of the polymer consequent high wear rates. As it is known that wear process in polymers 

involving adhesive and plastic flow, transitions between regions dominated by each of these commonly lead to 

changes in wear rate with applied pressure and sliding speed. Furthermore, this result is closely related to 

structure characteristics, and chemical effects occurred in frictional processes as well as transfer film formation 

on the counterpart material [18].  

 

 
Figure 5. Variation of wear rate with load (Sliding speed: 1.5m/s) 

 

 
Figure 6. Variation of wear rate with sliding speed (Load:20N) 

 

Optical microscope images of both pin and disc wear surfaces of POM polymer and POM/GF composites 

against 1040 steel disc under dry conditions are given in Figure 7. A thin transfer film layer formed and this 

layer prevents the contact between the pin and the disc surfaces. The transfer film layer was formed in certain 

regions in glass fiber filled POM composites. Glass fiber pulled-out from the polymer, acted as abrasive particles 

and consequently increased friction coefficient and wear rate. The worn surface of the POM polymer shows 

grooves in the sliding direction. These grooves have become wider and deeper because the glass fiber acts as an 

abrasive particle. Tang et al. [7] stated that the formation of the transfer film layer on the steel disc surface and 

the formation of wear particles at the contact area are difficult due to the high crystallinity and high bond energy 

of the POM polymer. 
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Figure 7. Worn disc and pin surface 

 

4 CONCLUSION 
 

An experimental study of wear behavior of polymers used in this investigation at different load and sliding speed 

values reveals the following conclusions: 

 

1. The tensile strength of the POM polymer, which was 58.5MPa, was obtained as 104.7 and 136.4MPa by the 

addition of 20% and 30% glass fiber. 

2. The elastic modulus of the POM polymer was increased by 150% and 242% with the addition of glass fibers. 

3. The friction coefficient decreases with the load for POM and its composites. 

4. The sliding speed was more effective on the friction coefficient in the range of applied load and sliding speed. 

5. The wear rate for POM and its composites was 10-13 m2/N. 

6. The transfer film layer formed on the disc surface and its density affected the tribological properties of POM 

composites. 
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Abstract 

Shotcrete is defined as the concrete, which is a mixture composed of aggregate, 

cement, water and some chemical additives conveyed by compressed air through the 

pipeline and which is located via spraying. It is widely used in many areas such as 

underground engineering constructions, rock and ground support, and coating and 

repairment of structures because it is located without requiring mould, is set quickly, 

can be shaped in a desired way and can be applied to every kind of surface. It is 

substantial to determine how much endurance this fortification method, which has 

importance because of its wide scope of application, will display against loads and 

under which conditions it will be deformed. One of the most significant 

characteristics of shotcrete  is its capacity to absorb energy. This characteristic that 

is also called toughness is defined as the area remaining under the load-deflection 

curve. Many material properties such as crack resistance, ductility and impact 

resistance are associated with energy absorption capacity. Energy absorption in 

shotcrete is measured via two methods. These are EFNARC Plaque Deflection 

Experiment and Sphere plaque deflection experiment.  

In this study, plaque deflection experiment was researched comprehensively and 

related literature studies were examined.  

1 INTRODUCTION  
 

Shotcrete is defined as the type of concrete, which is a mixture composed of aggregate, cement, water and some 

chemical additives conveyed by compressed air through the pipeline and which is located via spraying. 

Additionally, it became indispensable in many areas because of its advantages such as being located without 

requiring mould and starting to do its carrier duty immediately with the help of setting accelerator additives. It is 

especially widely used in mining and construction sectors, underground engineering constructions, dam 

constructions, chamfers and repairment and strengthening of damaged buildings. Views from shotcrete  application 

areas are presented in Figure 1 [1].  

 

 
Figure 1. A) Shotcrete application in slopes B) Application of shotcrete on tunnel portal C) Application of 

shotcrete in tunnel 

 

Today shotcrete is excessively used because of its practical use and easy resistance. After the world wars, in which 

concrete technology developed, shotcrete started to be used with steel and admixture materials. As one of the 

popular fortification elements, quite a lot research was conducted on pressure resistance and tensile strength of 
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shotcrete [2]. As a result of these researches, fibers were added in shotcrete in order to increase some mechanical 

(tensile resistance, impact resistance and toughness and etc.) properties. 

 

In early 1900s, fibers began to be used especially to advance tensile resistance. Since fibrous concrete is a material 

having different mechanical and physical characteristics than plain concrete; additive materials and fiber types are 

continuously tried. Today fibers added in the shotcrete in various amounts are produced from steel, plastic, glass 

and synthetic materials. Synthetic fiber (polypropylene, polyvinyl alcohol and etc.) also began to be widely used 

in shotcrete together with the improving concrete technology. Just like the fibers used, they can be produced at 

different types and sizes composed of several materials. Resistance of fibrous concrete produced is shown in Table 

1.  

 

Table 1. Different fiber types and their mechanical dimensions [3] 

Fiber Type 
Tensile Strength 

(MPa) 

Elasticity Module 

(GPa) 

Maximum 

Deformation(%) 

Density 

(ton/m3) 

Steel 1100-2760 200 0.5-35 7,8 

Polypropylene 552-759 6.9 25 0.9 

Acrylic 207-414 8.3 25-45 1.1 

Asbestos 552-966 4.1 0.6 3.2 

Cotton 414-690 69 3-10 1.5 

Glass 1035-3795 4.8 1.5-35 2.5 

Nylon 759-828 83-138 16-20 1.1 

Polyester 724-863 2.1 11-13 1.4 

Cotton-Wool 414-621 3.5 10-25 1.5 

 

Great numbers of experiments are being done for measuring the resistance of shotcrete  applied underground and 

aboveground. One of the most important mechanical characteristics of fibrous concrete is its energy absorption 

capacity also called as toughness. As the amount, shape and fragility of fibers used in shotcrete  increase; specific 

fracture energy and therefore ductility are stated to increase as well [4], [5], [6]. Increase in ductile behavior on 

the other hand will increase load bearing capacity after the first fracture. Energy absorption capacity from the first 

fracture to the fraction is called toughness. Various experiments were conducted to measure this toughness value. 

Many researchers executed three point bending tests and pressure, tensile strength experiments using various fibers 

included in shotcrete with various ratios [7], [5], [8], [6], [1], [10], [9]. It was put forward that fragility ratios and 

geometries of fibers used in the researches have influence on energy absorption capacity and elasticity module [5], 

[11], [12]. Measurement of energy absorption capacity in shotcrete is generally completed by plaque deflection 

experiment [13], [8], [14]. 

 

2 MATERIAL AND METHOD 
 

Fibers added in shotcrete completely change the mechanical and physical characteristics of shotcrete . The most 

important of these characteristics is energy absorption capacity named as toughness. This mechanical characteristic 

called toughness is the name given to the area remaining under the stress graph, which emerges within the period 

from the first fracture in the concrete to the complete separation. In short, it is defined by the area remaining under 

load-deflection curve. 

 

Energy absorption capacity in shotcrete is generally measured through two different methods; EFNARC Plaque 

Deflection Experiment and Sphere plaque deflection experiment [15]. 

 

In these plaque deflection experiments, toughness calculation is usually done according to ASTM C 1018 and 

JSCE SF-4 [16]. 

 

2.1 EFNARC Plaque Deflection Experiment   

 

This experiment is a method in many European countries used in determination of energy absorption capacity of 

shotcrete. Test sample, which was formed at a standard size (60x60x10 cm), is located freely on the loading 

mechanism on all four sides and is loaded in a way the speed of the deflection in the middle of the plaque will be 

1 (mm/min). In the experiment, energy absorbed until the deflection in the middle of the 25 mm plaque is taken as 

basis (Figure 2) [15]. 
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Figure 2. EFNARC Plate Bending Test setupStrength-Deflection graph is constructed by the data obtained as a 

result of plaque test. Information about the toughness of the concrete is acquired by calculating the area under 

this graph and forming Energy-Deflection graph [10]. (Figure 3) 

 

Figure 3. Force-Seismic and Energy Seed graphics obtained from plaque test 

 

3 CONCLUSION 
 

As the curing period and fiber content – in weight- increase; maximum failure load of the sphere plaque, area 

under load-deflection curve or more clearly absorbed energy amount also increase. This situation is important in 

terms of mechanical strength expected from the concrete in the shotcrete usage areas. Energy absorption capacities 

in plaques can clearly be revealed by EFNARC Plaque Deflection Experiment, as seen in Figure 3. 

Shortly, it would be more realistic to model static behavior of shotcrete coating as “plaque” rather than beam. 

Energy absorbed by concrete samples can be determined by sphere plaque deflection experiment, which is another 

method in the determination of toughness value of the concrete. However, geometry and appropriate operation of 

the samples and support conditions of the concrete sample to be applied during the experiment should be taken 

into consideration. Previous studies express that support points have influence on fraction angle. 

 

References  

 
[1] Ayış, H. İ., Applicability of steel fiber sprayed concrete in tunnel excavation techniques Yıldız Teknık University, 

Institute of Science and Technology, Istanbul (2010). 

[2]  Arıoğlu E., Yüksel A., Yılmaz A. O.,. Shotcrete Data Sheets-Solving Problems, TMMOB Mining Eng. room Istanbul 

Branch, 978-9944-89-565-1, Mayıs (2008) 

[3]  DSİ Technical Research and Quality Control Office, “Reinforced Concrete with Steel Fibers” MLZ-878: 9-75, Ankara. 

(1994) 

[4]  Barros, J. A.O., Cruz, J. S. Fracture Energy of Steel Fiber –Reinforced Concrete, Mechanics of Composite Materials and 

Structures, pp. 29-45. Nataraja, M. C., Dhang, N., Gupta, A.P. 2000. Toughness Characterization of Steel Fiber- 

Reinforced Concrete by JSCE Approach, Cement and Concrete Research, pp. 593-597. (2001). 

[5]  Bernard E. S.,. Influence of geometric factors on the punching load resistance of early-age fibre reinforced shotcrete 

linings, Tunnelling and Underground Space Technology 26 541–547 (2011) 

[6]  Bernard, E., Pircher, M., , “The influence of thickness on performance of fiber – reinforced concrete in a round 

deteminate panel test”, Cement, concrete and Aggregates, Cilt 23, sayı 1, ss. 27-33. (2013) 

507



Energy Absorption Measurement in Shotcrete by EFNARC Plaque Deflection 

Experiment 

ICADET ‘19 

 

 

[7]  Gopalaratram, V. S., Shah, S. P., Batson, G. B., Criswell, M. E., Ramaksishran, V., Wecharatara, M. Fracture Toughness 

of Fiber Reinforced Concrete, ACI Materials Journal, Vol. 88, No. 4, pp. 339-353 (1991). 

[8]  Clements, B. E., Matthew, J. K. Measuring the Performance of Steel Fibre Reinforced Shotcrete, IX Australia Tunnelling 

Conference, Sydney, Australia (1996). 

[9]  Bolat H., Çullu M.,. Effects of Concrete Compressive Strength of Steel and Polyester Fiber Admixtures and Vacuumed 

Dewatering Application International Journal of Material and Mechanical Engineering (IJMME), Volume 5 (2016). 

[10] Bolat H., Şimşek O., Çullu M., Durmuş G., Can Ö., The effects of macro synthetic fiber reinforcement use on physical 

and mechanical properties of concrete Composites: Part B 61 () 191–198 (2014). 

[11] Denney, J.M., Hagan, P.C., “A study on the effect of changes in fiber type and soage rate on fiber reinforced shotcrete 

performance”, Shotcrete More Engineering Developments, ISBN 04 1535 898 1, ss. 103-108 ( 2004) 

[12] Galobardes, I., Cavalaro S.H., Aguado, a., Garcia, T.,. “Estimation of the modulus of elasticity for sprayed concrete”, 

Conctruction and Building Materials, Cilt 53, ss. 48-58. (2014) 

[13] Çivici F., Çelik Flexural Toughness Of Steel Fıber Reınforced Concrete Pamukkale Unıversıty Engıneerıng College, 

Journal Of Engıneerıng Scıences 12: 2 183-188 (2006) 

[14] Güçlü E., Tunçdemir H., Püskürtme Betonun Kırılma Sonrası Davranışının Kaya – Tahkimat Etkileşiminde Kullanımı, 

S.Ü. Müh. Bilim ve Tekn. Derg., c.2, s.2, (2014). 

[15] Anonymous,. EFNARC, European Specification for Sprayed Concrete, Guidelines. (1999) 

[16] ASTM C1018, Standart Test Method for Flexural Toughness and First-Crack Strength of Fiber-Reinforced Concrete 

(Using Beam with Third-Point Loading). (1997). 

 

508



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*coruhemine@gmail.com 

Determinants of the Expenses of Households for Fuel and Public Transport in 

Turkey 

 
Emine ÇORUH*1, Abdulbaki BİLGİÇ2, Steven T. YEN3, Faruk URAK2 

 
1Gümüşhane University, College of Engineering and Natural Science, Department of Civil Engineering, Gumushane, Turkey 

2Atatürk University, College of Agriculture, Department of Agricultural Economics, Erzurum, Turkey 
3Huaqiao University, International School, Fujian, China 

 

Keywords:  
Household, fuel, 

public 

transportation, 

Heckman model. 

 
Abstract 

In Turkey, the most preferred type of transportation in passenger and freight 

transportation is road transportation, and the transport sector largely depends on 

petroleum products. As of 2017, 89.8% of domestic passenger transportation and 

89.8% of freight transportation were performed via highways. Besides, as of June 

2018, an average of 8.9 million liters of gasoline and 63.3 million liters of diesel fuel 

were consumed daily in Turkey. The total fuel consumption increased by 6.4% and 

amounted to approximately 37.7 million m3 in 2017. The fuel market has grown 

above the national economy (the national economy grew by 3.2% in 2016 and 7.1% 

in 2017) since 2011. it is also worth mentioning that the country ranks 6th among the 

EU countries with approximately 35 million tons of fuel sales in a year. Depending 

on the level of development of countries in a globalized world, which mobility is 

much observed in recent years in Turkey too. The data used in this study were 

obtained from the household budget surveys applied to 12.166 households 

throughout the country by the Turkish Statistical Institute (TSI) between January 1 

and December 31, 2017. Transportation expenditure expenses are divided into two 

different groups as fuel (gasoline + diesel + LPG) and public transportation expenses. 

The factors affecting the total fuel and public transportation expenses and spending 

preferences of households in 2017 were determined using the multivariate Heckman 

sample selection model. In conclusion, some of the socio-demographic and economic 

factors of households or household heads played a very different role in fuel and 

public transportation expenditures.  

1 INTRODUCTION  
 

Turkey has become a country dependent on energy import since the 1950s as a consequence of an increasing 

demand especially in comparison with production [1]. Since domestic consumption increases due to urbanization, 

population increase, and economic developments with each passing day, it is increasingly becoming dependent on 

crude oil import [2]. The most preferred type of transportation in passenger and freight transportation is road 

transportation, and the transport sector largely depends on petroleum products [3]. In parallel with the increase in 

economic development and welfare in the country in recent years, private car ownership and traffic volume on the 

roads have increased tremendously. 18.1 billion TL was allocated to the General Directorate of Highways (GDH) 

from the country's budget for the fiscal year 2018 This appropriation corresponds to an increase of approximately 

20.62% according to the 2017 fiscal year budget appropriation of approximately 15 billion TL. In the budget 

allocated to GDH in 2018, the portion predicted for investment was approximately 12 billion TL, corresponding 

to approximately 66.36% of the total budget. This ratio corresponds to 79.88% of the 2017 GDH total budget [4]. 

Between the years 2003 and 2018 in the country, vehicle-km, ton-km, and passenger-km values increased by 

129%, 66%, and 83%, respectively. In 2017, the vehicles using highways carried 128 billion vehicles-km, 262.70 

billion tons-km freight and 314 billion passenger-km passenger transportation. These values are expected to reach 

365 billion tons-km and 378 billion passenger-km values in 2023. As of June 2018, an average of 8.9 million liters 

of gasoline and 63.3 million liters of diesel fuel were consumed daily in Turkey [5]. In 2016, the total automotive 

fuel consumption increased by 7.9% compared to the previous year and amounted to approximately 25.1 million 

m3. The total fuel consumption increased by 6.4% and amounted to approximately 37.7 million m3 in 2017 [6]. 

The fuel market has grown above the national economy (the national economy grew by 3.2% in 2016 and 7.1% in 
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2017) since 2011. For example, the fuel market grew by 7.9% in 2016 and 7.2% in 2017. Especially in the amount 

of automotive fuel consumption, there was a growth well above GDP figures in 2015 and 2016. The total monetary 

aggregate formed by the fuel sector increased by 29.2% in 2017 compared to 2016 and reached 168.1 billion TL 

[6]. It is known that there is a close relationship between transportation expenditure decision and transportation 

expenditure levels of households. Depending on the level of development of countries in a globalized world, which 

mobility is much observed in recent years in Turkey too. High oil prices from the early 2000s to 2014 attracted 

attention also in Europe, especially in Australia, and initiated a wave of studies on "oil vulnerability", especially 

in urban areas. The general purpose of those studies was to determine the areas where households would be most 

affected by the increase in fuel prices [7-12]. According to a study in the USA, transportation spending accounts 

for about 20% of total household spending and about 12-15% of total household income [13]. According to a 

household spending survey conducted in Australia, housing and food expenditures account for 18% of total 

household spending and transportation 17% [14]. In the last ten years, because of favorable development signs of 

progress of Turkey, transportation spending, which has outpaced housing and food expenditures and has become 

the highest expenditure item in the total household expenditures, has given surprising results. Since the increase 

in transportation spending means a decrease in the share of other categories, this information in a more efficient 

distribution of financial resources in Turkey will serve as an instrumental tool for the creation of new policies. As 

the world becomes urbanized at a very fast pace, the approach to the transport of people and goods is undergoing 

a great transformation, and the daily lifestyle of almost all people is affected by this transformation [15]. In the 

21st century, a significant change is observed in the cities in terms of development and mobility patterns perceived 

[16]. 75.8% and only 24.2% of the population were living in rural areas and urban areas, respectively, in Turkey 

in 1927; however, this situation has been reversed nowadays, and 92.1% of people have started to live in cities 

with a significant change in our 81-million country [17]. The growing world population and increasingly 

globalized economic activities are unfortunately accompanied by a strong increase in energy consumption [18]. 

The literature lacks studies that analyze fuel expenses and public transportation expenses together. In general, 

transportation expenses were analyzed singly (either in the form of the sum of fuel or public transportation or total 

expenses with the sum of both) in the studies [19-21]. However, fuel and public transport expenditures are 

separated but related to each other. The decision to be taken in one of them affects the other or the exact opposite 

situation occurs. Therefore, the aim of this study is to determine the transportation preferences and expenditures 

of families by revealing the relationship between these two transportation expenditures by using the multivariate 

Heckman sample selection model (MHSSM). 

 

2 MATERIAL AND METHOD 
 

2.1. Data 

 

In the study, data were obtained from the household budget survey applied to 12,166 households throughout the 

country by the Turkish Statistical Institute (TSI) between January 1 and December 31, 2017. The sample size 

covers 11,630 households after missing and outlier observations were discarded. Transportation spending includes 

all expenses for transportation, including road, air, sea, train, city public transport, etc. and fuel expenses for private 

passenger cars, incurred by a family in one month period. Road transportation, including public transport, and 

private passenger cars generally had the largest share in spending. The socio-demographic and economic 

characteristics of the household head are age, gender, marital status, working status, retirement status, education 

status, and compulsory health insurance. Factors related to households are the existence of real estate, living in an 

apartment, living in a detached house, the presence of children in different age groups, the rental status of the 

house, receiving in-kind and in-cash support, owning a house, having internet access, and income groups. 

According to the information in Table 1 where the socio-demographic and economic characteristics of the 

household head and the household can be found, 86.4% of household heads are male, 83.7% are married, 50 years 

old, 43.3% are primary school graduates, 85.2% have compulsory health insurance, and 31.82% of the household 

have pension income. In the sample, 61.2% of households are homeowners, 24.2% are tenants, 47.1% use heating 

stoves, 55.2% have a monthly income between 2000 ₺ and 5000 ₺, 56.8% have internet access at home, and 22.6% 

and 10.4% of households receive financial cash and in-kind aids from the state, respectively. According to the 

results obtained, 68.6% of household heads are working. According to the results of Urak’s study [22], 45.6% of 

households live in detached houses, 54.4% in apartments, 24.9% are tenants and 59.6% live in their own house. 

 

2.2. Model 

 

Since we only observe expenditure and not quantities, our dependent variables are expenditures. Express the 

notional demands as a system of equations for latent expenditures ( *

iy  ) 
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* , 1,2i i iy x v i   
                             (1) 

 

where *

iy  are private (fuel) and public transport expenditures, respectively x is the vector of explanatory variables, 

i  are parameter vectors, and vi are random disturbances which reflect the unobservable. There are four 

possibilities in the multivariate Heckman sample selection system. The first case is where private and public 

transport expenditures are observed. The second and third cases are the case where one of the products is observed 

and the other is not or vice versa. And the latter is the case in which both expenditures are not observed. To give 

an example of the situation where private transport expenditures are not made by families but public transport 

expenditures are made: 
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where marginal pdf 2( )g v  is one-dimensioned normal, conditional pdf 1 2 2( , | )h u u v  is bivariate normal [23], and 

1

2y  is the Jacobian of the transformation from 2v  to 2y . For the other mixed case with 1 2( 0, 0)y y  , the sample 

likelihood contribution can be constructed by reciprocity. In the other two cases (e.g., in which both transport 

expenditures are incurred and both expenditure types are not realized), they are derived in a similar way. These 

four conditions contribute to the maximum likelihood function and the unknown parameters are estimated by 

taking the derivate of the logarithm likelihood function and using the appropriate algorithm technique. The 

pairwise selection system can be estimated as the bivariate sample selection model Heckman [24] for fuel and 

public transportation separately. The independent system can be estimated as a further-restricted case of the 

pairwise system, that is, by estimating for each of the two products the probit model based on the binary outcomes 

of for the whole sample, and OLS based for based on the truncated sample of positive observations. Tests of the 

two restrictive models against the sample selection system can be accomplished by conventional means, using the 

Wald test, likelihood-ratio (LR) test, or Lagrange multiplier (LM) test [25].  

 

3 RESULTS 
 

According to the results presented in Table 2; families with a male household head were more likely to spend on 

fuel (12.15%) compared to families with a female household head. These values were found to be negative in 

public transportation. Households tend to use more in fuel consumption as the level of education of the household 

head increases, and conditional and unconditional expenditures also increase. Families with married household 

heads were more likely to spend on fuel by 10.41% compared to families with single household heads, and they 

made 29.97 TL less in conditional spending and 3.82 TL more in unconditional spending. These values were found 

to be negative in public transportation. The being family was reported being one of the main determinants of 

private car ownership in Malaysia [26]. Households with agricultural income were more likely to spend on fuel by 

5.39% and also made 15.66 TL and 20.67 TL more conditional and unconditional spending, respectively. These 

values decreased in public transportation. These results are compatible with the result that households with 

agricultural income mainly live in rural areas and that rural areas are the places where public transportation or 

alternative modes of transport (metro, etc.) are reduced [27]. Households with retired household heads had less 

probability of fuel spending (2.19% points) and made 15.33 TL and 13.83 TL, respectively, less conditional and 

unconditional spending. It was observed that households living in the apartment had 8.86% more probability of 

fuel spending, however, they made 9.52 TL less conditional spending and 10.87 TL more unconditional spending. 

In public transportation, their probability of spending decreased, and also they had 13.34 TL and 14.69 TL, 

respectively, less conditional and unconditional spending. It was stated that people living in the city center had 

lower transportation expenditure reflecting that they were closer to work [25]. A study has reported that residents 

in rural areas had higher fuel consumption [27]. As expected, households receiving in-cash support from the public 

had less probability of fuel spending (4.10% points) and made 19.60 TL and 19.82 TL, respectively, less 

conditional and unconditional spending. Although these decreases appeared in conditional and unconditional 

levels of public transportation spending, we see that households' probability of spending on public transportation 

increased slightly. While the probability of fuel spending was 0.64% less in single-child families, decreases were 

observed in conditional and unconditional expenses. In public transportation, there was an increase in the 

probability of spending, and also there were 12.07 TL and 13.68 TL increases in conditional and unconditional 

spending, respectively. As expected, fuel spending increases in the conditional and unconditional levels by 67.83 
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TL and 42.76 TL, respectively, in households with private cars. Public transportation spending also decreased by 

17.56 TL on the conditional level and 12.86 TL in the unconditional level. 

 

4 CONCLUSION 
 

It was determined that households with married household heads consumed more fuel than single households, and 

this result was compatible with the tendency of married households to have private cars. While the fuel 

consumption of households with retired household heads decreases, it was observed to be similar to people from 

different countries in the literature along with the increase in public transportation expenses. Households with 

agricultural income (mainly because they live in rural areas) consumed more fuel compared to households without 

this income type. As expected, households receiving public or social aid consumed less fuel and used public 

transportation more than high-income households in line with the expectations. When the transportation 

expenditures of households are examined, it is clear that there is a positive relationship between the income level 

of households and transportation expenditure.  

 

Fuel demand is a very critical value for decision-makers, and if it can be accurately determined, the relevant 

policies and regulations to ensure sustainable development can be applied for urban life better [28]. An important 

reason for investigating household transportation expenses is that this expenditure has a significant effect on the 

household budget, especially on other spending items. Also for energy planning, past, present and possible future 

energy consumption should be understood very well [29]. Many researchers have attempted to estimate energy 

demand and flexibility in transportation in Turkey by various methods. in this study, as different we also attempted 

to reveal the factors affecting the total fuel (gasoline +diesel + LPG) and public transportation expenses and 

spending preferences of households. It was determined that fuel and public transportation expenses were closely 

associated with each other and that some of the socio-demographic and economic factors of households or 

household heads played a very different role in fuel and public transportation expenditures. 

 

Table 1. Variable Definition and Sample Means 

Variable Definition Mean (Std. Dev.) VIF 

Dependent variables    

Fuel Expenditure                                          Turkish Lira (TL) per month 136.513  (198.765) - 

% of spending     0.533  (0.499)  

Public Transportation Expenditure            Turkish Lira (TL) per month   96.474  (135.927) - 

% of spending     0.702  (0.458)  

Independent variables    

Continuous explanatory variables   

Income  Family income per month (₺) 3947.75 (2837.02) 1.946 

Children 0-5 Number of kids aged 0-5    0.312 (0.613)                                                    - 

Children 6-14 Number of kids aged     0.537 (0.862)                              - 

Children 15-18                               Number of kids aged 15-18    0.205 (0.467)                                                    - 

Adult 19 +                                Number of adults aged over 18 years    2.467 (1.051)                                                     - 

House feature index An index created by house characteristics 

(Bathroom, sauna, Jacuzzi, toilet, kitchen, trash 

shredder, heater, floor heating, piped water 

system, natural gas, hot water, cable TV, elevator, 

garage, generator, security system, balcony, 

garden and children’s playground) 

   7.623 (2.208) 1.893 

House size House size    3.522 (1.782) 1.847 

Education  Education in years    7.833 (4.712) 1.923 

Expenditure Family total expenses per month (TL)    3.605 (2.799) - 

Age Age of household head (years)  49.773 (13.749)  

Working persons Number of individuals working in households    1.108 (0.794) 2.506 

Household habits An index created with the habits that the 

household has 

   1.982 (1.277) 1.213 

House distance An index created by the distance of the house to 

the official institutions 

  -0.560 (0.261) 1.036 

# of technologies A number of technologies owned by the 

household 

   5.877 (2.661)  

Number of properties A number of properties owned (number of self-

contained houses, number of apartments, a 

number of summer houses, shop, etc.) 

   0.988 (1.084) - 

# of passenger cars Number of passenger cars owned by the 

household 

   0.553 (0.634) 1.300 
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Table 1. Continue 

Binary explanatory variables: Household head and household characteristics  

Male  1 if the household head is male, 0 otherwise    0.864  2.432 

Married 1 if the household head is married, 0 otherwise    0.837  2.527 

Employed  1 if the household head is employed, 0 otherwise    0.686  2.693 

Manager 1 if the household head is a manager, 0 otherwise    0.047  1.126 

Compulsory insurance 1 if the household head has compulsory health 

insurance, 0 otherwise 

   0.852  1.476 

No diploma 1 if the household head has no diploma, 0 

otherwise (the reference group for education) 

   0.096  - 

Primary school 1 if the household head has primary school 

education, 0 otherwise 

   0.433  3.765 

Secondary school 1 if the household head has secondary school 

education, 0 otherwise 

   0.135  2.622 

High school 1 if the household head has a high school 

education, 0 otherwise 

   0.180  3.233 

College school 1 if the household head has a college school 

education, 0 otherwise 

   0.156  3.485 

Entrepreneurial income 1 if the household has entrepreneurial income, 0 

otherwise 

   0.341  2.052 

Agricultural income 1 if the household has income from agriculture, 0 

otherwise 

   0.197  2.295 

Pension income  1 if the family has pension income, 0 otherwise    0.318  2.217 

State cash aids 1 if the family receives cash income from 

government, 0 otherwise 

   0.226  1.561 

State in-kind aids 1 if the family receives in-kind type help income 

from the state, 0 otherwise 

   0.104  1.376 

Alimony aids 1 if the family receives alimony, scholarship, cash 

income help from private persons and intuitions, 

0 otherwise 

   0.127  1.199 

Private in-kind aids 1 if the family receives in-kind type income help 

from private persons and intuitions, 0 otherwise 

   0.086  1.175 

Foreign income Has abroad retired, scholarship, or in-kind aid    0.016  - 

Apartment 1 if the family resides in an apartment, 0 

otherwise 

   0.453  1.894 

Renter 1 if the family is a tenant, 0 otherwise    0.242  2.186 

Homeowner 1 if the family resides in own house, 0 otherwise    0.612  2.236 

Combi  1 if the residential house warms up with a combi 

boiler, 0 otherwise 

   0.345  2.448 

Stove 1 if the residential house warms up with a stove, 

0 otherwise 

   0.471  3.740 

Internet 1 if the family has an internet connection, 0 

otherwise 

   0.568  1.449 

Credit cards 1 if the family has a credit card, 0 otherwise    0.513  1.447 

One child 1 if the family is with only one child, 0 otherwise    0.180  1.440 

Two children 1 if the couple is with only two children, 0 

otherwise 

   0.193  1.598 

Three and more children 1 if the family has more than two children, 0 

otherwise 

   0.135  1.751 

Saving 1 if the family makes monthly savings, 0 

otherwise 

   0.266  1.186 

Vehicle 1 if the family has a passenger car, 0 otherwise    0.485  1.266 

Income ≤ 2000 ₺ 1 if family monthly income  ≤ 2000 ₺, 0 otherwise    0.211  1.732 

Income 2000 – 5000 ₺

  

1 if family monthly income 2000 – 5000 ₺, 0 

otherwise 

   0.552  2.026 

Income ≥ 5000 ₺ 1 if the family monthly income ≥ 5000 ₺, 0 

otherwise (Reference group for income) 

   0.238  - 

Children 0 – 14 1 if the family has 0-14 year-old children, 0 

otherwise 

   0.328  - 

Children 14 – 18                               1 if the family has >14 year-old children, 0 

otherwise 

   0.155  - 

Sample size     11552 - 

Note: Standard errors are in parentheses. 
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Table 2. Marginal Effects of Explanatory Variables 

Variables 

Fuel Public Transportation 

Probability Conditional Unconditional Probability Conditional Unconditional 

Parameter 

(Std. Error) 

Parameter 

(Std. Error) 

Parameter 

(Std. Error) 

Parameter 

(Std. Error) 

Parameter 

(Std. Error) 

Parameter 

(Std. Error) 

Male 12.150***  (2.010) 43.269***   (9.813) 47.218***   (6.218) -2.012      (1.811) -8.161       (6.692) -8.586      (5.423) 

Age 30-50 1.073       (1.763) -18.766**     (9.378) -9.788       (6.900) 2.811      (1.726) -15.935**    (6.669) -8.162      (5.530) 

Age > 50 -1.333       (2.023) -11.637      (10.706) -9.892       (7.813) 2.368      (1.960) -13.935*     (7.194) -7.288      (5.901) 

Primary school 8.330***    (1.629) 2.508      (10.704) 17.530**    (7.502) -1.558      (1.550) 15.019***   (5.625) 9.009*    (4.637) 

Secondary school 7.433***   (1.918) 14.518     (12.682) 23.975**    (9.346) -2.585      (1.948) 14.682**    (7.428) 7.267     (6.093) 

High school 10.856***   (1.908) 16.106     (12.448) 31.652***   (9.341) -1.713      (1.909) 17.974**    (7.309) 10.834*    (6.029) 

College school 13.130***   (2.087) 35.036**  (14.027) 49.668*** (10.798) -4.133*     (2.146) 21.365***  (8.045) 9.973     (6.617) 

Married  10.405***   (1.814) -29.965**   (11.866) 3.822       (7.694) -0.758      (1.680) -9.745       (6.474) -8.131      (5.188) 

Employed 1.473       (1.429) -4.324       (7.629) 0.156       (5.495) 0.625      (1.438) -1.085       (5.058) -0.014      (4.140) 

Compulsory insurance  7.548***   (1.418) 8.700        (7.403) 19.859***  (5.094) 0.154      (1.325) 8.294*       (4.703) 6.255     (3.863) 

Manager 3.179      (2.160) 29.108*** (10.732) 25.165***  (8.673) -8.576***  (2.078) -5.869       (6.429) -14.633*** (5.215) 

Entrepreneurial income 7.122***   (1.237) 8.269        (6.156) 19.089***  (4.703) -8.907***  (1.240) -27.251***  (4.070) -30.399*** (3.392) 

Agricultural income 5.392***   (1.531) 15.657**    (7.707) 20.665***  (5.971) -3.602**   (1.519) -8.105       (4.975) -10.263**  (4.011) 

Retired -2.189*    (1.318) -15.331**     (6.736) -13.828***  (4.957) 2.260*     (1.282) -7.266*      (4.375) -2.578     (3.642) 

State cash aids -4.103***  (1.218) -19.600***    (6.257) -19.816***  (4.436) 0.740      (1.184) -17.180***  (4.096) -11.719*** (3.324) 

State in-kind aids -5.194***  (1.591) -35.827***    (7.499) -31.186***  (5.185) 3.162**    (1.458) -15.023***   (4.986) -7.450*     (4.152) 

Alimony aids  -3.275**   (1.370) 17.485**    (8.162) 4.247      (5.710) 2.574**    (1.294) -5.395      (4.621) -0.862      (3.892) 

Private in-kind aids  -0.278      (1.609) -19.365**     (8.037) -12.686**   (5.793) -0.757      (1.572) -9.434*     (5.463) -7.794*     (4.462) 

Apartment  8.856***   (1.181) -9.524        (5.793) 10.870**   (4.365) -4.027***    (1.194) -13.337*** (4.047) -14.694*** (3.462) 

Renter -4.498***  (1.421) -3.523        (7.409) -10.921**   (5.337) 2.283      (1.403) 9.901*    (5.314) 10.182**   (4.475) 

Homeowner 2.263*     (1.239) -6.372        (6.398) 0.397     (4.708) -0.259      (1.226) -4.214     (4.539) -3.409      (3.741) 

Credit cards  13.302*** (1.009) 22.061***    (4.879) 39.456***  (3.599) -0.439      (0.984) 2.376     (3.610) 1.196     (2.986) 

One child  0.644      (1.270) -5.150         (6.173) -2.021      (4.645) 3.706***  (1.231) 12.070**  (4.815) 13.680*** (4.058) 

Two children  4.072***  (1.304) -6.779         (6.497) 3.423      (4.943) 6.763***  (1.248) 7.251      (4.878) 13.971*** (4.210) 

Three and more children -0.635      (1.474) -16.217**     (7.740) -11.387**   (5.586) 7.455***  (1.351) 11.239*    (5.859) 17.985*** (4.948) 

House feature index 1.755***  (0.287) 6.466***    (1.338) 7.473***  (1.039) 0.057      (0.268) 1.334     (0.937) 1.048     (0.806) 

House distance 4.839***  (1.585) 0.730        (8.443) 9.827      (6.131) 1.979      (1.562) 5.883     (5.622) 6.768     (4.638) 

Household habits 1.940***  (0.350) 4.784***    (1.822) 6.771***  (1.346) 1.981***  (0.363) 2.730**   (1.323) 4.461*** (1.124) 

Working persons -0.530      (0.787) 1.008        (4.084) -0.391       (3.020) 6.070***  (0.812) 26.559***  (2.981) 26.992*** (2.520) 

Income  0.003***  (0.000) 0.014***    (0.001) 0.015***  (0.001) 0.000      (0.000) 0.009***  (0.001) 0.007***(0.001) 

Children 0-14 1.272      (0.956) 1.340        (1.048) 3.310      (2.494) -1.149      (0.860) -2.908       (2.171) -3.548     (2.644) 

Children 14-18                               -2.666**   (1.176) -2.828**     (1.395) -6.924**    (3.063) 10.343*** (0.999) 28.731***  (3.160) 35.733*** (3.917) 

Internet 6.935***  (0.989) 7.276***    (1.860) 18.001***  (2.664) 3.545***  (0.836) 8.926***  (2.097) 10.896*** (2.551) 

Combi -5.608***  (1.186) -5.959***     (1.797) -14.579***  (3.141) 2.216**   (1.048) 5.668**   (2.702) 6.937**  (3.313) 

Stove 1.287      (1.519) 1.358        (1.638) 3.347      (3.959) 0.520      (1.291) 1.322      (3.286) 1.615    (4.013) 

House size - 7.155***    (1.674) 4.511***  (1.055) - 10.685*** (1.088) 7.825*** (0.799) 

Number of autos - 67.829***    (3.799) 42.764***  (2.471) - -17.563***  (3.357) -12.862*** (2.464) 

Saving - -10.864**     (4.903) -6.869**    (3.111) - -14.269***  (3.548) -10.450*** (2.599) 
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Abstract 

Fruit leather; are nutritious, delicious dehydrated products that can be produced 

from all kinds of fruits rich in vitamins and minerals. Fruit leather gives the name 

of the fruit which will be used as raw material. For example; grape leather, 

mulberry leather, strawberry leather, mango leather, papaya leather etc. Since there 

is no standard method for fruit leather production, the steps to be followed and the 

ingredients to be used vary. This makes it difficult to define a specific definition 

and method for fruit leather. The difference of the ingredients to be used affects the 

quality of the product. Fruit leather texture is important for consumers. There are 

many factors affecting the texture of the product. For example; hydrocolloids, 

drying temperature, drying time etc. In this research, the effects of hydrocolloids on 

the texture of fruit leather will be touch on.  

 

1 INTRODUCTION  
 

Fruits, it is an important food for human health and nutrition with low energy contents and high vitamins and 

minerals [1]. These foods are processed in many products such as pekmez and fruit leather and evaluated in 

different ways. Fruits are processed into fruit leather by passing through various pretreatments (sorting, washing, 

stalk separation, core decal). Fruit leather is a sweet, soft and gummy textured fruit processing product with a 

water content of 15% and long a storage capacity. It is considered among the favorite foods with high nutritional 

value preferred by consumers in the international market [2]. This product is an innovative fruit-based product 

with many advantages and low shelf life with low fat, high dietary fiber and low moisture content. It is 

consumed around the world as a snack or dessert [3, 4]. Well dried and packaged fruit leather have a shelf life of 

9 months. If the preservative is added, it has a shelf life of up to 1 year [2]. Fruit leather has various textures, 

hard, soft and gummy. The composition of the fruit and the hydrocolloids added into it affect the texture of the 

fruit leather [5]. The viscosity and texture of the fruit leather differ significantly depending on the hydrocolloid 

type [6]. 

 

1.1 Hydrocolloids 

 

Viscosity and texture cover two basic properties of food systems. Modification of viscosity and texture in food 

systems helps to modify sensory properties. Thus, hydrocolloids are used as important food additives to achieve 

specific objectives. Hydrocolloids; it is used as an additive in various food formulations such as soup, broth, 

salad dressing and tomato paste in order to obtain preferred viscosity and mouth feel. It is also used in many 

food products such as cake, sugar, jelly, jam and ice cream to produce the desired texture. Hydrocolloids have a 

number of functional properties in foods. These functional properties are [7, 8]: 

 

• Viscosity increasing or thickening properties 

• Gelling properties 

• Surface activity and emulsifier properties 

• Use as edible films and coatings 

• Stabilizing properties 

• Crystal and controlling properties of ice and sugar 

 

Hydrocolloids; dispersed in water to form a viscous or thickening effect. This feature is the main reason for the 

use of all hydrocolloids [8]. Hydrocolloids; herbal hydrocolloids (cellulose and derivatives, hemicellulose, 

starch, pectin, exudate gum, mucilage, fructane), seaweed hydrocolloids (alginate, carrageenan, agar), microbial 
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hydrocolloids (xanthan gum, pullulan, gellan gum), animal hydrocolloids (chitosan, gelatin) and chemically 

modified hydrocolloids [7]. Table 1 describes the basic function of hydrocolloids. 

 

Table 1. Hydrocolloids and their basic functions [9]. 

P
o

ly
sa

cc
h

a
ri

d
es

 

Hydrocolloids Function 

Agar Gelling  

Alginate Gelling  

Carrageenan Gelling  

                                             Carboxymethyl cellulose 

 Cellulose derivatives          Hydroxypropyl methyl cellulose 

                                             Methyl cellulose 

Thickener  

Thickener  

Thickener, emulsifier and  gelling  

Chitosan 
Gelling  

Antimikrobial  

                                              Arabic gum 

Gums                                    Guar gum 

                                              Xanthan gum 

Emulsifier 

Thickener  

Thickener  

Pectin Gelling  

Starch Thickener and gelling  

P
ro

te
in

 

                                              Bovine gelatin 

 Gelatine                               Fish  gelatin      

                                              Pig gelatin 

Gelling  

Gelling  

Gelling  

 

1.2 Texture in Fruit Leathers 

 

Textural properties of foods are critical to consumer acceptance. Textural quality properties such as hardness, 

chewability, extensibility and stickiness of fruit leather are generally influenced by the drying temperature and 

moisture content. Higher drying temperatures and longer drying times result in a harder texture [10]. However, 

the ingredients added to the food also affect the quality of the texture [11]. 

 

Fruit leather is produced in many countries of the world. Texture is important in fruit leather and the use of 

different kinds of hydrocolloids affects texture quality [12]. Fruit leathers have different texture properties, hard, 

soft and gummy. Pectin and other ingredients added to the fruit affect the texture of the fruit leather. These 

ingredients are responsible for the structural properties of the product such as moisture, fineness-thickness and 

compression. Fruit leather has gummy (sticky) properties. Consumers prefer chewing gum texture over a hard 

texture [5, 13]. There is a positive correlation between the texture characteristics of pear leather and acceptability 

by consumers [14]. The highest extensibility in roselle leather is obtained by the addition of xanthan gum (0.3%) 

and then carob gum (0.3%) and at least carrageenan (0.1%). Among these hydrocolloids, xanthan gum has the 

most significant effect on the fruit leather [12]. 

 

Hydrocolloid addition significantly affects the texture of mango leather. Can be used to improve the texture of 

guar gum or pectin mango leather. The addition of hydrocolloid (guar gum, sodium alginate, pectin, 

carboxymethyl cellulose, gum arabic) is effective on the extensibility of mango leather. The highest extensibility 

in these fruit leather was in guar gum followed by sodium alginate, pectin, carboxymethyl cellulose and at least 

gum arabic, respectively [15]. The addition of 1% pectin and 1% carboxymethyl cellulose in terms of color, 

flavor, texture and general acceptability of date-mango leather provides the best product properties. As a result 

of using hydrocolloids, the product a more gummy and harder texture [16]. Carboxymethyl cellulose has a 

negative effect on the quality of mango leather. Therefore its use on an industrial scale is not recommended [6]. 

 

The amount of starch and drying temperature affect the textural properties of the product, especially hardness, 

guminess and chewability [17]. The amount of starch and the interaction of starch with other factors have an 

important effect on fruit leather production [18]. The amount of corn starch and pectin did not affect the fruit 

leather to become sticky [19]. The addition of pectin causes an undesirable increase in hardness and chewability, 

although it reduces the stickiness of the product [20]. Starch; it affects the thickening of the product by binding 

some of the water present. It also prevents the fruit leather from drying out completely, creating a better 

chewable property. The increase in the amount of starch (5%, 8%, 10%) added to goldenberry leather results in a 

decrease in the hardness of the product. In addition, there is no significant difference between the elasticity of the 
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products [21]. Fruit leather prepared with 60% carob syrup, 4% wheat starch and water have low hardness and 

low stickiness value [22]. 

 

Pectin; creating a tight gel structure leads to the formation of a hard texture [10]. The addition of other 

ingredients such as pectin and sugar affects the texture of fruit leather [23]. Increasing the ratio of pectin added 

to pulp to banana-papaya showed that the fruit leather had a harder texture. This is due to the fact that pectin 

exhibits higher gelling properties [19]. The addition of pectin reduces the stickiness of fig-mango leather. 

However, it leads to an increase in undesirable stiffness, flexibility and chewability. Since the addition of pectin 

leads to undesirable changes in sensory and textural properties, the addition of pectin is not recommended in the 

preparation of this product [20]. Organoleptic addition of pectin has been found to improve the texture of the 

product. But high pectin content results in greater cross-linking of the polymer and thus increases the hardness of 

the gel. The hardness of the gel; significantly increases with the increase in the amount of pectin. For this reason, 

pectin forms a more rigid structure in fruit leather [24, 25].  

 

2 CONCLUSION 
 

Although the texture of fruit leather is affected by many parameters, the addition of hydrocolloid also affects the 

texture. Different kinds of hydrocolloids such as starch, pectin, xanthan gum, carob gum, carrageenan are used in 

production. Using the same hydrocolloid variety and amount in different fruits can cause different product 

textures. The type and amount of hydrocolloid varies according to the type of fruit to be used. Therefore fruit 

type and variety, hydrocolloid variety and amount have different effects on texture.  
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Abstract 

Determining the ash content of a food is part of proximate analysis for nutritional 

evaluation and it is an important quality attribute for some food ingredients. 

Considering the interest of the society in the use of Elaeagnus angustifolia powder, 

we examined its ash, as important quality attribute, in this study. For this purpose, 

20 samples of 100 grams (10 specimens from grocery and 10 samples from nut 

shops) were purchased randomly and clustered based on the distribution of sales 

areas from different districts of Ardabil city, in accordance with the national 

standard of Iran No. 13535. The ash content of specimens was measured using 

AACC Method 08-01.01. Based to the results, the mean ash content of the samples 

was 3.63±1.78 (%). There was no significant difference between the ash of 

Elaeagnus angustifolia powder supplied in grocery and nut shops (3.39 ± 1.52 (%) 

in grocery shops vs. 3.87 ± 2.07 (%) in nut shops, p >0.05). The range of ash 

content was 1.95-6.25 (percent) and 1.85 – 7.40 (percent) for Elaeagnus 

angustifolia powder supplied in grocery and nut shops, respectively. However, in 

both types of samples, the ash content was more than the recommended values 

(p=0.001). It seems that the amount of ash in the Elaeagnus angustifolia powder 

supplied in markets was related to food frauds. 

 

1 INTRODUCTION  
 

Medicinal plants have always been regarded as an indispensible source for finding natural medicines with multi-

faceted actions and minimal adverse events [1]. The plants belonging to the genus Elaeagnus (Elaeagnaceae) 

grow widely over vast swathes of land from the Northern regions of Asia to the Himalayas and Europe. One 

species of this genus, Elaeagnus angustifolia (EA), also known as Russian olive, has been reported in the Iranian 

folk medicine to be used for its anti-inflammatory and analgesic properties in the treatment of patients with 

rheumatic diseases [2]. This fruit has also been used to treat tetanus in traditional medicine. Recent 

pharmacological studies have shown that Elaeagnus angustifolia has anti-inflammatory, antimicrobial, anti-

oxidant and some other health benefits which might be used for treating a number of distresses [3].  

 

Besides these properties, Russian olive fruits have high nutritional values and contain proteins, carbohydrate, 

vitamins and minerals [4, 5]. Hence, the interest on Elaeagnus angustifolia consumption has been increased in 

recent years. 

 

On the other hand, food scientists and technologists determine the chemical composition and physical 

characteristics of foods routinely as part of their quality management, product development, or research 

activities. Consumer, government, and food industry concern for food quality and safety has increased the 

importance of analyses that determine composition and critical product characteristics. Determining the ash 

content of a food is part of proximate analysis for nutritional evaluation and it is an important quality attribute 

for some food ingredients. Ash refers to the inorganic residue remaining after either ignition or complete 

oxidation of organic matter in a food sample [6].  

 

In this study, the ash content of Elaeagnus angustifolia powder supplied in Ardabil markets has been 

investigated. 
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2 MATERIAL AND METHOD 
 

In this descriptive study, 20 samples of 100 grams Elaeagnus angustifolia L. powders (10 specimens from 

grocery and 10 samples from nut shops) were purchased randomly and clustered based on the distribution of 

sales areas from different districts of Ardabil, in the northwest of Iran during summer 2018.  

 

The samples were kept in nylon bags and the doors were pressed to prevent possible contamination and 

absorption of moisture. Information packages such as sampling history, sampling source and sample size were 

recorded. The specimens were then kept at normal temperature (25 °C) until transfer to laboratory in accordance 

with the national standard of Iran No. 13535[7].  

 

The ash content was measured with AACC method 08-01.01 [8]. For this aim: 

 

1. The crucible and lid were placed in the furnace at 550°C to ensure that impurities on the surface of 

crucible are burned off. 

2. The crucible was cooled in the desiccator for 30 minutes. 

3. The crucible and lid were weighed to 2 decimal places.  

4. 5 g Elaeagnus angustifolia powder was weighed into the crucible and heated over low Bunsen flame 

with lid half covered. 

5. When fumes were no longer produced, the crucible and lid were placed in the furnace. 

6. The samples were heated at 550 C for 4 hours. 

7. During heating, the lid was not covered. 

8. The lid was placed after complete heating to prevent loss of fluffy ash. 

9. The desiccator was used for cooling down. 

10. The ash was weighed with the crucible and lid, when the samples were turned to gray. 

11.  

The ash content was calculated by below formula: 

 

𝐴𝑠ℎ (%) = (𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒)  ×  100⁄  

 

In this study, all experiments were carried out in duplicate and the mean values were used. Data analysis was 

conducted by using the SPSS 16.0 (SPSS Inc., Chicago, IL, USA) procedures. The comparison with Iranian 

standard value was done using one sample T- test with significance defined at p-value < 0.01. 

 

3 RESULTS 
 

The ash content (%) of Elaeagnus angustifolia L. powder supplied in Ardabil markets was presented in Table 1. 

Based on the results, the mean ash content was 3.63±1.78 (%). There was no significant difference between the 

ash of Elaeagnus angustifolia powder supplied in grocery and nut shops (3.39 ± 1.52 (%) in grocery shop vs. 

3.87 ± 2.07 (%) in nut shop, p >0.05). The range of ash was 1.95-6.25 (%) and 1.85 – 7.40 (%) for Elaeagnus 

angustifolia powder supplied in grocery and nut shops, respectively.  

 

The comparison of ash content (%) with Iranian National Standard value showed significant difference 

(p<0.001) (Table 2). Also, in both types of samples, the ash content was more than the recommended value. 

 

Table 1. Ash content (%) of Elaeagnus angustifolia L. powder 

Sample Grocery shop Nut shops 

1 4.45 3.50 

2 6.25 5.55 

3 5.55 1.85 

4 2.35 2.00 

5 2.70 2.00 

6 2.50 3.00 

7 3.65 2.25 

8 1.95 6.80 

9 2.30 4.40 

10 2.25 7.40 

Mean 3.39±1.52 (%) 3.87±2.07 (%) 
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Table 2. Comparison of ash content (%) with Iranian National Standard 

Sample Total Standard value[9] p-value 

mean 3.63±1.78 1.93 <0.001 

                              One sample T-test  

 

4 CONCLUSION 
 

Russian olive belongs to Elaeagnus L. genus and Elaeagnaceae family. It is widely cultivated for its edible fruits. 

It is consumed either freshly or in dried form. Also, oleaster flour may be obtained from dried fruits and used as 

a functional ingredient [10]. Some nutritional properties of oleaster fruits are given in Table 3. Because of its 

high nutritional value, the use of this nutrient in the form of whole fruit or powder is widely accepted. 

 

Table 3. Some nutritional properties of oleaster fruits [11] 

 Min Max Mean 

K (%) 0.90 1.30 1.10 

Mg (%) 0.04 0.06 0.05 

Ca (%) 0.05 0.08 0.07 

N (%) 1.88 2.04 1.97 

P (%) 0.05 0.07 0.06 

Fe (ppm) 113.05 125.50 118.37 

Mn (ppm) 47.10 53.50 49.76 

Zn (ppm) 2.10 2.70 2.32 

Cu (ppm) 24.60 29.50 26.58 

Protein (%) 11.75 12.75 12.33 

Ash 1.00 1.00 1.00 

 

In this study, the ash content was measured for nutritional evaluation of Elaeagnus angustifolia powder supplied 

in Ardabil markets. Based on the results, the ash content was more than the recommended value [9] and the 

findings of other studies [12-14]. The ash content in Elaeagnus angustifolia powder was reported 1.24-1.97 (%) 

in other studies [12- 14]. It seems that the amount of ash in the Elaeagnus angustifolia powder supplied in 

markets was related to food frauds. However, food fraud, including the more defined subcategory of 

economically motivated adulteration, is a public‐health food risk [15] and need to more attention. 
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Abstract 

In this study, the effect of deep eutectic solvent on the extraction of phenolic 

compounds (TPC) from pomegranate peel was investigated. The extraction was 

performed using an ultrasound bath. The results were compared with conventional 

extraction. In addition, different solvents (such as water and ethanol) were also 

examined to determine the efficacy of deep eutectic solvents. The highest TPC values 

by ultrasound assisted extraction method were found as 154.7, 171.2 and 195.1 mg 

GAE/g dry matter for water, deep eutectic solvent and ethanol-water (50:50 (v/v)), 

respectively. The difference in TPC values between ethanol-water and deep eutectic 

solvent was statistically insignificant. The shortest extraction time was obtained 

using deep eutectic solvent for ultrasound assisted extraction. The TPC values 

obtained during conventional extraction were lower compared to that of ultrasound 

extraction. 

1 INTRODUCTION  
 

Fruit waste contains a significant number of bioactive compounds; thus, the re-use of wastes has gained 

considerable importance in recent years. Pomegranate is a tropical-subtropical climate fruit. It grows in almost all 

parts of Anatolia. It is commonly produced in south-eastern Anatolia, Aegean and Mediterranean region in Turkey 

[1]. The pomegranate is separated from its peels as it is processed into the juice. And these peels are disposed as 

waste. However, pomegranate peel contains many compounds that have a positive effect on health. Pomegranate 

peel contains several phenolics of high biological potential, such as penduncalin, punicalagin, ellagic acid and 

gallic acid, etc. The peels have high antioxidant activity as well [2]. 

 

Deep eutectic solvents (DESs) are green solvents that are recently discovered [3]. DESs are formed by mixing the 

organic salts of ammonium or phosphonium and the hydrogen bond donor (HBD) such as alcohol, acid or amide. 

The melting points of the DESs are much lower than that of the pure components, which make it possible to use 

the mixture at room temperature. Furthermore, the strong bonding between the components reduces the reactivity 

of the compounds, making them inert in many cases [4-5]. 

 

Ultrasound assisted extraction (UAE) is commonly used to extract valuable compounds from food materials. The 

principle of UAE systems is based on acoustic vibrations which provides cell wall destruction with cavitation 

effect. The penetration of the solvent into the cells becomes easy which enhances the mass transfer. The UAE 

method has many advantages such as energy efficiency, low solvent consumption, short extraction time and good 

quality final product [6]. In literature, there is a study on antioxidant polyphenol extraction from Greek medicinal 

plants (dittany, fennel, marjoram, sage and mint) using ultrasound effect and DESs [7]. Similarly, there is another 

study on anthocyanin from wine lees using ultrasound effect and DESs. In conclusion, DESs have proven to be 

effective in the extraction of anthocyanins from wine lees, as compared to conventional solvents [8]. 

 

In literature, there is no study on extraction of phenolic compounds from pomegranate peel by using DESs. 

Therefore, in this study, it was aimed to determine the effect of deep eutectic solvent on the extraction of phenolic 

compounds (TPC) from pomegranate peel by using ultrasound assisted extraction.  
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2 MATERIAL AND METHOD 
 

2.1 Material 

 

Pomegranates were obtained from the local market in Ulus/Ankara (Turkey). The pomegranate peels were 

separated from the fruit, washed and left to dry at room temperature. After drying, they were milled and then 

pulverized in a laboratory blender. The powdered samples were sieved (500 mesh) and stored at -18 ℃ until further 

use. 

 

2.2 Methods 

 

2.2.1 Preparation of DESs 

 

Choline chloride as ammonium salt and formic acid as hydrogen bond donor molecule were mixed (1:2 molar 

ratio). The mixture was heated at 30 °C and 180 rpm by using shaking incubator until a homogenous colorless 

liquid was obtained. After that, the mixture was kept at 80°C for 12 h to remove the unreacted free acids [9].  

 

2.2.2 Conventional Extraction 

 

The solvents used in the study were water, DESs and ethanol-water (50:50 (v/v)). The solvents were mixed with 

pomegranate peel at a solid to solvent ratio of 1:20 g/mL. The conventional extraction was performed using a 

water-bath (SBD-313, Simsek Laborteknik, Turkey) at 50 °C. The extraction time was 5 minutes.  

 

2.2.3 Ultrasonic Assisted Extraction (UAE) 

 

The UAE was performed in ultrasonic bath (RK 100 H, Bandelin Sonorex, Germany) at 50 °C. The solid to solvent 

ratio was kept constant (1:20 g/mL). Different extraction times were examined during UAE. The extraction times 

were 1, 3, 5, 7 and 9 min for water and ethanol-water and 0.5, 1, 1.5, 3 and 5 min for DES. 

 

2.2.4 Total Polyphenol Content 

 

The total phenolic content (TPC) in pomegranate peel was determined by Folin–Ciocalteu reagent, using Gallic 

acid as the standard. Folin–Ciocalteu’s reagent was prepared with distilled water (1:10 v/v). 1.0 mL of extract, 5.0 

mL of Folin–Ciocalteu’s reagent and 4.0 mL Na2CO3 (7.5%) were mixed. The mixtures were kept in a dark room 

for 1 hour. The absorbance was measured at 765 nm using a spectrophotometer (Lambda35, Perkin Elmer, USA) 

[10]. The total phenolic content was determined from the calibration curve and expressed in mg of Gallic acid 

equivalents (GAE)/g dry matter (dm). 

 

3 RESULTS 
 

The UAE of phenolic compounds present in pomegranate peel was first performed using water. The change of 

TPC of pomegranate peel extracts with sonication time was depicted in Figure 1. It was observed that TPC 

increased initially with an increase in sonication time until 5 minutes. The maximum TPC, (obtained at 5 min of 

extraction) was found as 154.7 mg GAE/g dm (p<0.05). Extraction times longer than 5 minutes resulted in 

degradation of phenolics and hence TPC value has decreased. In a similar study in literature [11], UAE technology 

was used for extracting effective components from pomegranate peel. The extraction was performed at different 

ultrasound powers (20%, 60% and 100%) and extraction times (5, 10 and 15 min). The solid to solvent ratio was 

kept constant (1:4 g/mL). It was reported that TPC values were in range of 10.69-76.75 mg GAE/g. Our result was 

found higher compared to this study. This may be due to different process conditions and/or differences in the 

varieties of pomegranate.  
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Figure 1. Effect of sonication time on TPC of pomegranate peel extracts obtained by UAE using water 

 

The UAE of phenolic compounds present in pomegranate peel was then extracted using DES. Figure 2 shows the 

variation of total phenolic content of pomegranate peel extracts with extraction times. TPC of the samples has 

increased with increasing sonication time and remained constant after 1.5 min. There was no statistically 

significant difference in TPC values for the extraction times longer than 1.5 min (p>0.05). The maximum TPC 

was 171.2 mg GAE/g dry matter. These results have revealed that using DES as the solvent has increased the TPC 

of the extracts by approximately 11% compared to water. Moreover, the extraction time was reduced by 70 %.  

 

 
Figure 2. Effect of sonication time on TPC of pomegranate peel extracts obtained by UAE using DESs 

 

Effect of sonication time on TPC of the extracts obtained by UAE using ethanol-water (50:50 (v/v)) is shown in 

Figure 3. TPC values of pomegranate peel extracts have increased with the increase in extraction time, reached to 

a maximum at 3 min (p<0.05), and then decreased subsequently. The maximum TPC obtained using ethanol-water 

was 195.1 mg GAE/g dry matter. There were no significantly differences between the ethanol-water and DES 

results. However, it was found that extraction using DES was faster (by 2-fold) compared to ethanol-water. In 

addition, TPC value of extracts obtained using ethanol-water was found to be 26% higher compared to that of 

water extracts. Moreover, ethanol-water extraction decreased extraction time significantly by 40%. In a similar 

study in literature [12], UAE technology was used for extracting effective components from pomegranate peel 

using ethanol-water (50:50 (v/v)) solvent. In conclusion, it was reported that the maximum TPC value was found 

to be 91.98 mg GAE/g dm at 10 minutes. The value was lower than our results. This may be due to differences in 

raw material and analysis procedures. 
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Figure 3. Effect of sonication time on TPC of pomegranate peel extracts obtained by UAE using E-W (50:50 

(v/v)) 

 

TPC values of pomegranate peel extracts obtained by conventional extraction for 3 different solvents were given 

in Figure 4. Similar to ultrasound results DES and ethanol-water based extracts contained higher amounts of TPC. 

It was also observed that UAE improved TPC yield for all solvent types. This may be due to cavitation. The 

cavitation that occurs during sonication, damage the cell wall of the samples and reduces the particle size, for that 

matter, the migration of the active components to solvent is much easier [13-14]. There are similar studies report 

UAE method is more effective in the literature [15-16]. 

 

 
Figure 4. Effect of solvent type on TPC of pomegranate peel extracts obtained by conventional extraction 

(extraction time= 5 min, extraction temperature=50°C) 

 

4 CONCLUSION 
 

The solvent types and extraction methods were compared for the extraction of phenolic compounds from 

pomegranate peel. It was found that extracts of DESs and ethanol-water gave similar results. However, the 

extraction time was reduced by 2-folds when DESs was used as the solvent. UAE was found to be more effective 

compared to conventional extraction. The TPC values, obtained using ultrasound, have increased by 20, 16 and 

14% for water, DESs and ethanol-water, respectively. These results suggest that DESs can be used as an effective 

solvent for the extraction of phenolic compounds from food materials. 
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Abstract 

In this study, the highest work potential that can be produced as a benefit from 

vessel diesel engine waste heat energy has been determined with the help of Carnot 

theory, depending on climate zone temperatures in vessel route. By using 

definitions of exoreversibility and endoreversibility of the Carnot cycle, the 

endoreversible Carnot cycle results were used to determine the potential for waste 

heat recovery work of a real engine. The calculations were made with the 

assumption that the temperature of the engine room is not affected by 

environmental conditions and that irreversibilities in the endorevesible Carnot 

model cycle occur under the light of thermodynamic concepts. The findings are 

also important for vessel management and vessel building engineers to guide 

decision-making.  

 

1 INTRODUCTION  
 

In recent years, the most beneficial power generation in fossil sourced fuel use, as well as the development of 

methods that minimize pollution of the environment has been the subject of research on this issue. Fossil-based 

fuel, which is one of the energy sources of different kinds in nature are the most consumed by combustion 

engines. Approximately 30% to 40% of the heat generated by the combustion of fossil-based fuels used in an 

internal combustion engine can transform into useful mechanical power [1]. The residual heat, by means of 

exhaust gases, engine cooling water, lubricating oil and other heat transfer mechanisms are thrown into the 

environment, causing entropy production and pollution of the environment. For these reasons, it becomes 

important to transform that the waste heat energy discharged from the engine to a useful work in some way [2]. 

Thus, total energy savings will be achieved as well as atmosphere heating. Combustion engines are the primary 

power machines that pollute the environment in addition to meeting the power requirements in the transportation 

sector. Especially in vessel transport, the consumption of fossil-based fuels is higher than that of the fossil-based 

fuels used in power machines in other transport sectors [3]. In the literature, performing the energy recovery 

from combustion engine waste heat as a work, as compared to other energy recovery methods, emerges as a 

priority method than the reduction of fuel consumption [4]. For this purpose, the vessel diesel engine MAKITA-

MITSU-MAN-B&W was for thermodynamic analysis. In this study, exhaust gases as high temperature heat 

source and atmospheric environment temperature and sea water temperature as cold heat source are considered. 

The endoreversible Carnot heat machine model was used to determine the maximum work potential between 

both cold source and hot source. According to the temperatures of the climates within the vessel's route [5], the 

highest work production of waste generated in the engine will be studied by means of the Carnot theorem.  

 

2 WASTE HEAT RECOVERY 
 

The waste heat from the combustion of the fuel is a part of the heat transferred into the environment without 

producing the useful work. It can be classified in three main groups as low temperature, mild temperature or high 

temperature according to waste heat temperature values. Accordingly, waste heat recovery techniques are also 

classified based on practical energy requirements (e.g. cooling systems or power generation, etc.). 
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2.1  Waste Heat Recovery in Internal Combustion Engines 

 

High temperature waste heat from the internal combustion engines is the richest heat source of waste heat. 

Thermodynamically, qualitative and quantitative values of waste heat at high temperatures vary depending on 

engine type and operating conditions. According to the qualitative and quantitative value of waste heat generated 

in combustion engines, exhaust gases are of primary importance. Then, respectively, the heat discharged by 

engine cooling water, the heat discharged by lubricating oil cooling water, and the heat discharged from turbo 

charging cooling. The vessel studied in this study is a General cargo vessel called M/V SAROS B. The picture of 

this vessel is shown in Figure 1.  The main engine of M/V SAROS B General cargo vessel is a diesel engine, 

MAKITA-MITSUI-MAN-B&W, generating 3900 kW power with an engine speed of 190 rpm. 

 

  
Figure 1. Picture of M/V SAROS B General cargo vessel 

 

The energy flow diagram for the MAKITA-MITSU-MAN-B&W diesel engines shown in Figure 2. 

 

 
Figure 2. Heat recovery Sankey’s diagram of MAKITA-MITSU-MAN-B&W diesel engine 

  

2.2 Benefits of Waste Heat Recovery Systems  

 

Waste heat recovery systems provide efficient use of fuel as they are applied today and improve environmental 

conditions and provide more economic criteria. Since vessels travel long distances at constant speed in vessel 

transport, the importance of generating energy recovery from waste heat generated in vessel propulsion engine is 

obvious. The benefits of the recovery of waste heat from power engine driving a vessel are given below, 

respectively: 

-Harmful effects to the environment and reduced fuel consumption of the vessel 

-does not affect the engine’s operating performance 

-reduced fuel costs and reduced amounts of unwanted gasses in exhaust gas emissions. 

 

3 CARNOT THEOREM AND MODEL CYCLES 
 

MODEL-I 

 

The Carnot theorem is used as the first method for determining the thermal efficiency achievable in heat engines. 

The thermal efficiency of the heat machines working according to the reversible cycle between the heat sources 

at two different temperatures, the temperature of the hot source, TH and the temperature of the cold source, TC 

are according to the equation 1. 

 

𝜂𝑐 = 1 −
𝑇𝐶

𝑇𝐻
                                                                (1) 
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When the Carnot thermal efficiency and thermal efficiency of irreversible cycle engine are compared, Carnot’s 

theorem cannot be used as a guide in determining irreversibility source in irreversible cycle engines. 

 

This is because: 

a. Heat transfer temperature differences in real heat engines are large and power production remains 

limited. 

b. The cycle of real heat engines is different from the Carnot cycle. 

 

MODEL-II 

 

To solve these negativities of Carnot theorem in certain level, with the help of endoreversibilty and 

exoreversibility definitions in the Carnot cycle, the Carnot cycles are classified and approaches are applied to the 

performance calculations of real heat engines [6]. Fig. 3, where three different configurations for the nonideal 

Carnot engine are depicted, illustrates the fact that the adiabatic expansions are not always isentropic fora 

nonideal Carnot engine. 

 

 
Figure 3. TS diagrams under various situations of the nonideal Carnot cycle [6]  a) Exoreversible Carnot cycle 

b) Endoreversible Carnot cycle c) Carnot cycle with internal and external irreversibilty 

 

In this study Curzon and Ahlborn heat engine is taken as Model II, which works as endoreversible Carnot cycle. 

In figure 4, it is shown a schematic drawing of Curzon and Ahlborn heat (CA) engine. This Finite-Time model is 

built on the following main hypothesis: the working system under consideration obeys a Carnot-like cycle where 

the isothermal heat addition and heat rejection processes (at temperatures TH* and TC*, respectively). There are 

two heat sources at temperatures, TH and TC (TH>TC). During the isothermal expansion of the working fluid, the 

fluid must be colder than the heat source, that is TH*<TH. The same happens for isothermal compression, in that 

branch the fluid gets a TC*(>TC) temperature.  The heat fluxes through the heat exchangers containing the 

working fluid are proportional to the gradient of temperatures. In the isothermal expansion we therefore have 

with the two heat sources at temperatures TH and TC follow linear heat leaks (see Fig. 4) in such a way that all 

irreversibilities are associated to the external coupling of the working system with the heat sources, while the 

adiabatic paths remain as reversible. 

 

 
Figure 4. Curzon and Ahlborn heat engine 
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The validity and applicability of this endoreversible hypothesis has been widely analysed and discussed in the 

specialized literature [7–15]. With this idea, the heat fluxes can be mathematically described by 

 

�̇�𝐻 = 𝐾𝐻(𝑇𝐻 − 𝑇𝐻
∗)                   (2) 

 

�̇�𝑐 = 𝐾𝐶(𝑇𝐶
∗ − 𝑇𝐶)                 (3) 

 

where KH and KC denote, respectively, the thermal conductance is associated to the hot and cold heat transfers 

and the dots over Q' s mean derivative respect to time. The power of the heat engine is given by the expression 

below 

 

�̇� =
𝑄𝐻−𝑄𝐶

𝑡
                                                                (4) 

 

being t the cycle’s period, and the efficiency of the cycle is, 

 

η =
�̇�

𝑄�̇�
                                (5) 

 

Curzon and Ahlborn found that under maximum power conditions the efficiency is given by, 

 

𝜂�̇�𝑚𝑎𝑘𝑠
= 1 − √𝜏 ≡ 𝜂𝐶𝐴                             (6) 

 

This expression is widely known as efficiency of Curzonand Ahlborn. 

In this equation, τ, stands for the ratio of the temperatures of the cold and the hot heat sources.  

 

𝜏 =
𝑇𝐶

𝑇𝐻
                  (7) 

 

This efficiency seems to be a characteristic of finite-time cycles; however, it is possible to find Eq. (7) for 

reversible cycles working at in finite-time. It is proved by [16], and they developed the maximum power 

generation expression with regarding to the heat capacity of the working fluid Cp and the temperature of heat 

sources, as TH and TC. This expression is given in Eq. (8). 

 

�̇�𝑚𝑎𝑥 = 𝐶𝑝(𝑇𝐻 + 𝑇𝐶 − 2√𝑇𝐻𝑇𝐶)                                            (8) 

 

The efficiency of Curzon-Ahlborn gives the opportunity to compare the suitability of experimental studies as 

well as to give priority and directive results in thermodynamic optimization of heat machine cycles. 

In the literature, besides the heat exchangers used for the transfer from heat and cold heat sources from the heat 

engine to the working fluid, there are more developed models other than the two basic models introduced by 

considering the heat transfer mechanisms in terms of the amount of heat thrown from the heat engine to the 

environment [7]. 

In this study, the maximum work potentials of waste heat from the onboard diesel engine in were investigated 

depending on to the ambient temperatures in different climate zones, by using the Carnot cycle defined in Model 

I, and to the endoreversible Carnot cycle defined in the Model II. 

 

4 MATERIAL AND METHODS 
 

In this study, the characteristics of MAKITA-MITSU-MAN-B&W diesel engine which drives a vessel are given 

in Table 1. At the same time, the engine performance measurement values of the vessel in motion are given in 

Table 2. The picture of the MAKITA-MITSU-MAN-B&W diesel engine is given in Figure 5. 

 

Table 1. Technical specification of the diesel engine used in the vessel 
MAKIT-MITSUI  B AND W / 6l35MC (MARC VI) / 3900KW 

Type :Two stroke  Nominal engine speed :190 rpm 

Configuration  :Row type  Nominal power :3900 

Number of 

cylinders 

:6  Number of valves :6 exhaust 

Cylinder bore :350 mm  Flywheel direction :Counterclockwise 

Stroke height :420 mm  Injection order :1-5-3-4-2-6 
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Table 2. The measured quantities for the engine performance characteristics 

Measured quantities  Symbol Unit 
Sea water Temperature 

9oC 18oC 28oC 

Mass flow of fuel  ṁ1 kg/s 0,1389 0,1389 0,1389 

Mass flow of air ṁ2 kg/s 2,88 1,596 2,935 

Air temperature T2
 oC 26 36 42 

Air pressure p
2
 bar 1,4 0,8 1,5 

Exhaust gasses of temperature T7
 oC 373 404 402 

Exhaust gasses of pressure p
7
 bar 2,6 2,6 2,6 

Mass flow of coolant ṁw kg/s 9,44 9,44 9,44 

Coolant intake temperature Tw, i
 oC 67 65 62 

Coolant output temperature Tw, o
 oC 76 73 74 

Mass flow of lubricating oil ṁ𝑜𝑖𝑙 kg/s 23,46 23,49 23,49 

Lubricating intake temperature Toil ,i
 oC 30 28 37 

Lubricating intake temperature T𝑜𝑖𝑙, o
 oC 40 38 42 

 

 
Figure 5. The view of the MAKITA-MITSU-MAN-B&W diesel engine 

 

The maximum operating potential of the waste heat discharged from the diesel engine was determined and 

compared using Model-I and Model-II, according to the scenario of the vessel travelling in different climatic 

conditions. The climate zones selected for the vessel’s travel scenario are shown in Figure 6.  

Based on Model-II, the amount of heat from the waste heat is transferred the working fluid in heat engine can be 

calculated by using Eq. (9). 

 

�̇�𝐻 = 𝑐𝑝(𝑇𝐻 − 𝑇)                (9) 

 

Where T is obtained by [16], is defended in Model-II for maximum power generation of an endoreversible 

Carnot heat engine. 

 

𝑇 = √𝑇𝐻𝑇𝐶                (10) 

 

Using equation (9) and equation (10) into equation (8), the maximum work of the waste heat can be calculated 

with Equation (11). 

 

�̇�𝑚𝑎𝑥 =
�̇�𝐻

(𝑇𝐻−√𝑇𝐻𝑇𝐶)
(𝑇𝐻 + 𝑇𝐶 − 2√𝑇𝐻𝑇𝐶)                                                                 (11) 

 

The maximum work potential of the waste heat from the diesel engine is presented as an application on the route 

of the same vessel in the climate zones discussed in Figure 6. 
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Figure 6.  The data used for the waste heat recovery performance design of the climate zones on the vessel’s 

route scenario were taken from reference [5] 

 

The atmospheric air conditions of the selected climatic zones for the created scenario of the vessel’s route are 

presented in Table 3. 

 

Table 3. The values for outdoor weather conditions are selected from the defined climate zones [5] 

 
 

Model-I and Model-II were applied for the heat engine considered is schematically presented in Figure.7. 

 

 
Figure 7. Schematic presentation of the heat engine for the different climatic zones 

 

5 RESULTS AND DISCUSSIONS 
 

A heat engine using exhaust gases which is in the waste energy generated in the MAKITA-MITSUI-MAN-B&W 

engine operating the M/V SAROS B vessel,  was considered .The exhaust temperature of 623K and the heat 

output of 1200 kW, which includes the highest temperature of the exhaust gases, constitutes the heat source of 

this heat engine. In this heat engine, the environment and sea water in the climate zones of the vessel's travel 

scenario are considered as cold sources. Figure 6 and Figure 7 show the thermal efficiencies and maximum work 

potential that can be achieved by the heat engine in case of the use of ambient air as a heat sink under different 

climatic conditions. In the heat machine discussed, when the sea water is used as a heat sink, the results of 

thermal efficiency and maximum work potentials are shown in Figure 8. 

 

534



Investigation of maximum work potentials in a vessel diesel engine waste heat according 

to Carnot theory 

ICADET ‘19 

 

 

  
Figure 8. Comparison among calculated efficiencies for the data of vessel's route scenario of different climatic 

zones, with the theoretical, ηModel-I, and   Curzon-Ahlborn, ηModel-II, values, (Qexhaust=1200 kW) 

 

 
Figure 9. Comparison among calculated maximum work potentials for the data of vessel's route scenario of   

different climatic zones, with the Carnot, WModel-I, and Endorevesible Carnot, WModel-II, heat engines, 

(Qexhaust=1200 kW) 

 

The maximum working potential of exhaust gases in the same operating conditions and in the climatic conditions 

of the travel route, if the seawater is treated as a heat sink, the findings are given in Figure 8. 

 

 
Figure 10. Calculated efficiencies and maximum power values of the heat engine in case of sea water used as 

heat sink. (Qexhaust=1200 kW) 

 

6 CONCULUSIONS 
 

The findings found by means of Model-I and Model-II are given below considering data were provided from 

different climatic zones. 

 

According to this: 

 

As the temperature of the environment decreases, improvements in Curzon and Alborn energy efficiency and 

maximum work potential defined in Model-II are approximately found to be 34.37 % and 31 % respectively. 

As a result, when the vessel propulsion is taken into consideration, the overall efficiency of the propulsion 

system is improved and the limits for the best possible use of the fuel used on the intended travel route are 

determined. 
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When the sea water applied as a heat sink for the heat engine, the Curzon and Alborn efficiency and maximum 

work potential described in Model-II are better than ambient air as a cold source. The improvement in thermal 

efficiency and maximum work potential limits is around 4.65 % and 15.68% respectively (=0.3). 
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Abstract 

The dietary fiber is a group of food components that are not digested in the small 

intestine, but are completely or partially fermented in the large intestine and it is 

investigated into two groups as water soluble and water insoluble. Water-insoluble 

ones include lignin, cellulose and water-insoluble pentosanes, while water-soluble 

ones contain pectin’s, gum and water-soluble pentosanes. Consumption of food fiber 

is important in preventing many diseases such as diverticulosis, constipation, 

haemorrhoids, colon cancer, obesity, diabetes and heart diseases. Because such 

foods, calories, cholesterol and fat are poor and therefore, they are considered 

beneficial on health. In addition, dietary fiber gives the stomach a feeling of 

saturation, lowers LDL cholesterol levels, controls insulin levels and has virtually no 

calories. Therefore, it is seen as an attractive source by those who want to lose weight.  

1 INTRODUCTION  
 

The interest in dietary fiber dates back to ancient times. Especially in the last quarter century, this interest showed 

an increase due to the demand for healthy nutrition by consumers [1].Some studies showed that consumption of 

dietary fiber and whole grain intake is inversely related to type two diabetes, cardiovascular disease, obesity, 

cancer. Dietary fibers have become more attractive as they give a feeling of saturation in the stomach, reducing 

the serum lipoprotein (LDL) ratio, decrease cholesterol concentration, control insulin level and almost have no 

calories. Many health organizations around the world recommend that the consumption of dietary fiber-containing 

foods because of their positive impact on health [2, 3, 4]. The Food and Drug Administration (FDA) has approved 

two important factor for dietary fiber. The first claim states that, along with a decreased consumption of fats an 

increased consumption of dietary fiber from whole grains fruits and vegetables may reduce some types of cancer 

[5].The second claim supporting by FDA about the health benefits of dietary fiber states that diets low in saturated 

fat and cholesterol and high in whole grain, fruits and vegetables cause a decrease on the risk of coronary heart 

[5]. 

 

1.1 Dietary Fiber 

 

The dietary fiber is can be defined as carbohydrate polymers with ten or more monomeric units, which are not 

hydrolysed by endogenous enzymes in small intestine of human beings. It belongs to the following three categories 

a) Edible carbohydrate polymers naturally found in consumed foods, b) carbohydrate polymers, which have been 

obtained from raw materials in food by physical, enzymatic, or chemical reactions c) Synthetic carbohydrate 

polymers, which have been shown to have physiological effect on health positively [6]. 

Dietary fibers can be separated into two basic groups with respect to their digestibility in the gastrointestinal 

system. The first one (starch, simple sugars, and fructans) is easily hydrolysed by enzymatic reactions in the small 

intestine. The second one (cellulose, hemicellulose, lignin, pectin and beta-glucans) are resistant to digestion in 

the small intestine and require bacterial fermentation in the large intestine. These compounds can be accepted as 

complex carbohydrates. Dietary fiber types and sources are shown in the Table 1.  
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Table1.  Dietary fiber types and sources found in foods 

Dietary fiber Properties Source 

Soluble fibers   

Pectin It has galacturonic acid, rhamnose, 

arabinose and high galactose 

content, 

It is located on the middle laminate 

and on the primary wall. 

Whole grains, apples, legumes, 

cabbage, root vegetables. 

Gum Generally, it occurs from hexose 

and pentose monomers. 

Oatmeal, dried beans, 

legumes. 

Mucilage Components which is synthesized 

in plants and contain glycoprotein. 

Food additives 

Insoluble fibers   

Cellulose The main cell wall component 

consists of glucose monomers 

Whole grains, bran, peas, root 

vegetables, cruciferous family, 

bean, apple 

Hemicellulose Primary and secondary cell walls Bran, whole grains 

Lignin It consists of aromatic alcohols and 

other cell wall components. 

Vegetables, flour 

 

1.2 Health Benefits of Dietary Fiber 

 

Dietary fibers are a good source of nutrients including digestible energy, vitamins and minerals. On the other hand, 

they consist of lignans, beta-glucan, inulin, phenolics and carotenoids. These substances, classified as essential 

nutrients and important factors in human health [7].The importance of dietary fiber consumption has increased 

after studies have shown that dietary fiber has positive effects on certain diseases such as colon cancer, obesity 

and cardiovascular diseases. Also, dietary fibers have positive effect on the obesity, blood pressure, hemorrhoids, 

diarrhea, some intestine disorders, hypertension, cardiovascular and immune system diseases. Water-soluble fibers 

can help control diabetes by improving glucose and insulin metabolism. They also reduce the concentration of 

low-density lipoprotein (LDL) cholesterol in blood serum [8]. 

 

The water-insoluble fibers are found in a positive effect on gut motility and transit time through the intestine. The 

increase in the amount of feces is mainly due to the water-binding properties of dietary fibers.  Dietary fibers have 

a relaxing effect by increasing the volume of the stool and the amount of water in gut and this situation helps to 

prevent constipation. Dietary fiber also has effects in preventing colon-rectal cancer. Dietary fiber provides this 

effect by changing the bacterial flora of the colon by preventing the production of toxic metabolites, accelerating 

the excretion of feces and shortening the contact time of these metabolites with the intestinal cells [9]. There is an 

inverse relationship between consumption of water insoluble fibers and colon cancer. For this reason, it is 

recommended that foods with high water insoluble fiber content such as wheat and corn bran should be taken more 

in daily diets [10]. 

 

Foods with high dietary fiber content contain more mineral substances than refined foods. It is recommended by 

many health institutions in the world to increase the amount of fiber taken on a daily diet. World Health 

Organization (WHO) suggests that 25-40 g dietary fiber should be consumed for human health per day [11]. 

 

1.2.a. Obesity 

 

Some research has been conducted to evaluate the effect of dietary fiber and body weight, most all of which show 

an inverse relationship between dietary fiber intake and change in body weight. Dietary fiber’s ability to decrease 

body weight or attenuate weight gain might bestemmed from several factors. First, soluble fiber, when fermented 

in the large intestine, produces glucagon-like peptide (GLP-1) and peptide YY (PYY) The two gut hormones play 

a role inducing satiety. Second, dietary fiber might be significantly decreased energy intake Third, dietary fiber 

may decrease metabolizable of energy (ME) [12, 13]. 

 

1.2.b. Diabetes 
 

Last years, type two diabetes has increased seriously. Type two diabetes stems from decreasing insulin sensitivity 

and hyperglycemia. For that reason, a primary dietary factor is carbohydrate intake [14]. Recent research recorded 

that, the soluble and insoluble fraction of fiber may give some insight on the efficacy of dietary fiber on diabetes 
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and its mechanisms. Some researchs showed that soluble fiber caused delayed gastric emptying and decreased 

absorption of macronutrients, resulting in lower postprandial blood glucose and insulin levels. This is most likely 

due to the viscosity of soluble fibers inside the gastrointaestynal system.   Different types of soluble fiber showed 

varying effects on viscosity and nutrient absorption [15, 16]. 

 

1.2.c. Cancer 

 

Recently studies have shown that traditional and high fibre contain diets are associated with decreasing the 

incidence of cancer particularly cancers of the colon and breast. These results were confirmed by another  studies 

in which the subjects in the highest quintile of fibre intake had a 27% reduction [17]. 

 

1.2.d. Weight managment 

 

Numerous studies showed that the reletionship between the  intake of dietary fibre intake and   body weight control. 

However, once again the clinical evidence suggests that the optimal results for a high fibre diets are attained in a 

low gastrointestinal context. A study involving 107 overweight and obese children it was recorded that low GI 

diets are more effective in reducing weight than low-fat diets [18].There is still much debate relating to the possible 

effect of high fibre, and low gastrointestinal fullness in weight loss. The most important effect of fibers is through 

increased satiety. Some studies have shown that low gastrointestinal foods which are also high in fibre such as  

oatmeal, psyllium,  and legumes lead to increases in satiety and decreases the unnecessary daily food intake [19]. 

 

2 CONCLUSION 
 

Changes to the human dietary pattern and and sedentary lifestyle have led to increased rates of obesity and chronic 

diseases such as type 2 diabetes and heart disease. Some of the most evident changes in the human diet have been 

the replacement of high fibre, fruit and vegetables with rapidly digested carbohydrates. Studies report that high 

fibre and low sugar diets not only improve glycaemic control but are also of benefit in body weight management. 

While there is strong evidence that supports a protective role for high fibre diets, there is inconsistency as to what 

source of fibre is of greatest benefit. Clinical trials indicate that viscous fibre, is most effective in lowering LDL- 

 

This situation has led to the acceleration of studies on the using possibilities of fibers which are generally 

considered to be animal feeds and has economically low-value in human diet.  
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Abstract 

In this work, ZnO nanostructures with different morphologies were successfully 

synthesized by a simple hydrothermal method at 100, 120 and 150 °C assisted by 

hexadecyl trimethyl ammonium bromide (CTAB). The as-prepared samples were 

characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM), 

scanning electron microscopy (SEM) and electron dispersive X-ray (EDAX) 

techniques. The influence of reaction temperature on the morphologies and sizes of 

the ZnO nanostructures has been investigated. The ZnO nanostructures exhibit the 

morphology of hexagonal particles with homogeneously distributed structure  in the 

presence of CTAB at 150 °C for 3h. 

1 INTRODUCTION  
 

Semiconductor nanomaterials have attracted more and more attention in recent years. Their fascinating electronic 

and optical properties make them potential representatives for future nanoscale devices. Among these materials, 

as one of the most important II–IV group semiconductors ZnO, with a wide direct band gap (3.37 eV) and a large 

exciton-binding energy (60 meV), is an important group of semiconductors which exhibits many interesting 

properties including near-UV emission, conductivity, pigments, piezoelectricity, photocatalysis, sensors and gas 

sensitivity [1]. ZnO is also one of the most popular photocatalysts used for organic pollutant degradation water 

waste treatment, clean fuel production and so on [2]. Additionally, ZnO nanostructures can be used as an 

antimicrobial agent. 

 

Synthesis of size- and shape-controlled ZnO nanostructures is very important in controlling their physical and 

chemical properties, and crucial for their potential uses [3]. Various methods have been employed for the 

preparation of various morphological ZnO nanostructures. These methods include thermal decomposition [4], 

homogeneous precipitation [5], hydrothermal approach [6], sol–gel processing [7], microwave method [8], 

hydrothermal microemulsion [9], microemulsion synthesis [10], and so on. Up to date, different morphologies and 

sizes of ZnO nanostructures have been successfully synthesized, including tubes, nanowires, spheres, 

nanowhiskers, star-like, tetrapod-like, flower-like, nanorod chains, etc. However, despite great progress in this 

field, the shape-controlled synthesis of ZnO structures still remains a remarkable challenge [11]. These ZnO 

nanostructures demonstrate that ZnO probably has the richest family of structures among all the materials both in 

nanostructures and in properties. 

 

Among various methods, hydrothermal approach [12] has great advantages in synthesizing ZnO nanostructures 

through relative low temperature and simple equipment, which makes the method more suitable and economic for 

large-scale production. In order to control the morphology of ZnO nanostructures, organic additives: such as 

ethylene diamine tetraacetic acid (EDTA), polyethyleneglycol (PEG), sodium dodecyl sulfate (SDS) and CTAB, 

were commonly introduced into the reaction system to manipulate the nucleation and growth in hydrothermal 

reactions.  

 

CTAB is a cationic surfactant which ionizes completely in water. When CTAB is dissolved in water or ethanol, it 

will ionize into CTA+ and Br-. CTA+ is positively charged with a tetrahedral head and a long hydrophobic tail. 

Therefore, cation is also a tetrahedron with a long hydrophobic tail (Fig. 1). The resulted cation is also a tetrahedron 

ZnO, as a polar crystal, has a polar axis and possesses a positive face and a negative face on the crystal due to the 

asymmetrical distribution of Zn and O atoms along its polar axis, and the positive face (0 0 0 1) is occupied by Zn 

atoms while the negative face (0 0 0 1) is distributed by O atoms. So CTA+ and Br- will affect the morphology of 
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ZnO by electrostatic attraction. On the other hand, CTAB can form micelles or reverse micelles, which also play 

a very important role in the final morphology of the ZnO nanostructures [13]. 

 

                                    
Figure 1. The structure of the hydrophobic tail and hydrophilic head of CTAB [14]. 

 

Recently, CTAB assisted hydrothermal technique has emerged as an attractive technique to investigate the 

synthesis of ZnO nanostructures [14]. For example, Yadav et al. reported the synthesis of ZnO porous nanoparticles 

by CTAB-assisted hydrothermal technique [15]. Ni and co-workers have used a mixture of zinc acetate and CTAB 

to obtain ZnO rods in presence of KOH [16]. Zhang et al. considered that CTAB can interact with growth units of 

ZnO nanostructures to generate active sites on the surface of ZnO nanostructures nuclei so that sword-like ZnO 

nanorods are created on those sites, resulting in the formation of the flower-like ZnO nanostructures [17]. As 

properties of nanomaterial depend on their shape and size, the development of synthetic methods and 

understandings of the mechanism by which the shape and size can be easily controlled are key issues in 

nanoscience and nanotechnology. 

 

In the present study, a green and cost-effective CTAB-assisted hydrothermal method was applied for the synthesis 

of ZnO nanostructures at 100, 120 and 150 °C. The structure, morphologies and properties of the obtained ZnO 

nanostructures were investigated by X-ray diffraction (XRD), transmission electron microscopy (TEM), scanning 

electron microscopy (SEM) and and electron dispersive X-ray (EDAX) techniques. The results showed that 

synthesized ZnO nanostructures at 150 °C exhibit the morphology of hexagonal particles, which should be a 

promising candidate for various applications. 

 

2 MATERIAL AND METHOD 
 

2.1 Synthesis of ZnO nanostructures 

 

0.4 M Zn(NO3)2.6H2O and 2 g CTAB was dissolved in 10 ml water. After stirring for 10 min, 0,28 g KOH and 25 

mL diethylene glycol was added into the mixture. The mixed was stirred for 10 min then, 30 mL of the mixture 

was then transferred into a Teflon-lined autoclave, sealed and heated at 100, 120 and 150 °C 3 h. After the reaction 

was completed, the mixture was cooled at room temperature, and the white powder was separated from the solution 

by filtration and washed with water and ethanol. The final products collected by filtration, and then dried at room 

temperature to obtain powder ZnO nanostructure [12]. 

 

2.2 Chemicals 

 

All the chemicals were of analytical reagent grade, purchased from Sigma-Aldrich and used without any further 

purification. Double distilled water was used through the experiments.  

 

2.3 Apparatus 

 

Powder XRD was carried out using a Rigaku TTR III X-ray diffractometer equipped with monochromatized Cu 

Kα radiation (λ=1.5406 Å). SEM images and EDAX analysis results were acquired using a Zeiss brand field 

emission scanning electron microscopy (FE-SEM) instrument, equipped with an EDAX detector. TEM images 

were carried out by using a Hitachi HT-7700 instrument. 

 

3 RESULTS 
 

Fig. 2 shows the XRD patterns of ZnO nanostructure prepared at different hydrothermal temperatures for 3 h. All 

the diffraction peaks in ZnO corresponded to the wurtzite structure of ZnO (JCPDS card No.36-1451). The strong 

and sharp peaks suggested that the products were well-crystallized. No other characteristic peak was found, 

indicating that the product was of high purity. Moreover, with increasing hydrothermal temperatures, XRD peak 

intensities of the as-prepared ZnO steadily become stronger and the width of XRD diffraction peaks becomes 

slightly narrower, indicating the formation of more and greater ZnO crystallites and an enhancement of 

crystallization [11]. 
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Figure 2. XRD patterns of the ZnO nanostructures synthesized for 3 h at different reaction temperatures: (a) 100 

°C; (b) 120 °C; and (c) 150 °C. 

 

The crystallite size was estimated from XRD patterns of ZnO nanostructures using (100) diffractions with the help 

of the Debye-Scherer’s equation. The average crystallite size of the ZnO nanostructures was found to be 46.5 nm, 

53.6 nm and 57.8 nm at different reaction temperatures: 100 °C, 120 °C and 150 °C for 3 h, respectively. 

 

The SEM images of ZnO nanostructures prepared at different reaction temperatures with different morphologies 

were shown in Fig. 3. When the reaction temperature was 100 °C (Fig. 3a), the synthesized ZnO exhibited 

hexagonal particles morphology with an irregular structure. When the reaction temperature was increased to 120 

°C (Fig. 3b), the synthesized ZnO retained its hexagonal particles morphology and irregular structure, but the size 

of the obtained products were increased. The increasing size of the ZnO nanostructure with the increase of 

temperature is attributed to the fact that high temperature can promote the grain growth. With further increase in 

the reaction temperature to 150 °C (Fig. 3c), the morphology of the synthesized ZnO nanostructure demonstrated 

hexagonal particles morphology with growing size even more. Moreover, the structures of ZnO nanostructures 

prepared at 150 °C are uniform. 

 

 

 

 

 

 

 

 

  

 

 

 

Figure 3. SEM images of the ZnO nanostructure synthesized for 3 h at different reaction temperatures:                        

(a) 100 °C; (b) 120 °C; and (c) 150 °C. 

 

Fig. 4 illustrates the typical SEM, TEM images and EDAX spectrum of the ZnO nanostructure synthesized at 150 

°C for 3 h. As shown in Fig. 4a and 4b, the hexagonal particles morphology were homogeneously distributed. 

From the TEM image, it is clearly seen that the ZnO nanostructure includes hexagonal particles and a polycrystal 

character, which can be indexed as the hexagonal ZnO phase, in accordance with the XRD results [19]. Fig. 4d 

shows a typical EDAX spectrum of ZnO nanostructure. The result confirms that nanostructure is composed of Zn 

and O with a stoichiometry of almost 1:1. 

a b c 
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Figure 4. (a, b) SEM, (c) TEM image and (d) EDAX spectrum of ZnO nanostructures synthesized with for 3 h at 

150 °C. 

 

4 CONCLUSION 
 

ZnO nanostructures with different morphologies were successfully synthesized by a simple and environmentally 

friendly hydrothermal method at 100, 120 and 150 °C assisted by CTAB. Comparison of these synthesized ZnO 

nanostructures has been carried out using numerous techniques. Morphological investigations were demonstrated 

that ZnO nanostructures have different dimensional morphologies that can be controlled by adjusting the 

temperature. With the increase of the reaction temperature, the size of the synthesized ZnO nanostructure increased 

gradually.  Crystallography and EDAX data of ZnO nanostructures verify the formation of pure ZnO 

nanostructure. The crystallite size was estimated from XRD patterns of ZnO nanostructures using (100) 

diffractions with the help of the Debye-Scherer’s equation and was found to be 46.5 nm, 53.6 nm and 57.8 nm at 

different reaction temperatures: 100 °C, 120 °C and 150 °C for 3 h, respectively. 
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Abstract 

The aim of this study is to experimentally determine the dynamic properties of 

aluminium plates having the thickness of 0.8, 1.0, 1.2, 1.6 mm and bonded with 0.6 

mm thick industrial double-sided adhesive tape. Some of experiments conducted, one 

or more than one layers of adhesive tape were used. The effects of aluminium plate 

thickness, double-sided adhesive tape thickness and overlap length on the dynamic 

properties were investigated. The effects of the adhesive bonds on the natural 

frequency and damping ratio were calculated by using the results obtained from the 

experiments. It was observed that as the adhesive length was increased, the natural 

frequency was not affected significantly and the damping ratio was increased. At the 

plates having the same length but different thicknesses, natural frequency increased 

and damping ratio has not change been observed as the thickness was increased. In 

the case of the plates having the same length and thickness, as the tape thickness 

increased, natural frequency was decreased but damping ratio was increased. 

1 INTRODUCTION  
 

In engineering, adhesives play an important role in joining various machine parts. Especially in the aerospace, 

automotive, and other industries where the reliability of the joints is required, adhesives are increasingly replacing 

the traditional connection methods of bolts, rivets, soldering and welding. Due to the widespread use of bonding, 

the performance of bonding joints in various situations has been investigated for a long time. The nature of the 

adhesively bonded joints working under both mechanical and dynamic loadings must be well understood. There 

have been different studies in literature on adhesively bonded joint some of referenced in [1-8]. Dynamic behaviour 

of adhesively bonded joint is an important concern because of in their service life they may expose to external 

disturbances such as impact, vibration, crash and etc. As a consequence of the external effects fatigue damage may 

occur at progress. These dynamic behaviours can be investigated numerically [9-15], analysed analytically [16, 

17] and also characterized experimentally [18-21].  

 

The focus of this paper is to determine the vibration characteristics of the adhesively bonded joint with double-

sided adhesive tape experimentally. The vibration tests have been conducted to determine the effect of the 

aluminium plate thickness, plate length, double-sided adhesive tape thickness, and overlap length on the natural 

frequency and damping ratio of the fabricated materials. 

 

2 MATERIAL AND METHOD 
 

In this study, aluminium plates were used as adherents and double-sided tape in given Figure 1a was used as an 

adhesive. Double sided adhesive tape was procured from Egebant Sandpaper and Buffing Materials Co having 

properties in Table 1. The dimensions for double-sided tape were 0.6 mm in thickness, 25 mm in width and yet 

different lengths depending on the bonding lap length. Aluminium plates had 25 mm in width, different thicknesses 

(0.8, 1.0, 1.2, 1.6 mm) and different lengths but overall length of the testing specimens fixed to be constant as 300 

mm.  

 

The vibration behaviour of three group joints (single lap joint, single strap joint, and double strap joint) was 

investigated. Before the bonding, surfaces of all aluminium plates were cleaned with alcohol to achieve well 

bonded joint. Then, bonding process was applied to the materials at the room temperature with a subjected load to 

have better bond. 
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Figure 1.  a) double sided tape   b) an example of test specimen 

 

2.1 Experimental Testing 

 

Vibration tests were conducted on fabricated specimens in given Figure 1b. Pulse vibration test measurement 

system was used to determine the vibration characteristics. The system consists of a modal impact hammer (B&K 

2302–5), a Fast Fourier Transform (FFT) analyser (B&K 3560), a laser vibrometer and a computer. The bonded 

specimens were excited at any point by the help of impact hammer and the responses of specimens were recorded 

by the laser vibrometer. The natural frequencies and their corresponding damping ratios were calculated with Pulse 

programme. 

 

Three different type of bonding configuration were prepared for testing. Single lap joint, single strap joint and 

double strap joint are shown in Figure 2. 

 

 
Figure 2. Specimen configuration a) single lap joint   b) single strap joint   c) double strap joint 

 

3 RESULTS 
 

The vibration tests were carried out to determine the effect of the aluminium plate thickness, plate length, double-

sided adhesive tape thickness, and overlap length on the natural frequency and damping ratio of the fabricated 

materials. Only fundamental natural frequency and its corresponding damping ratio were measured but higher 

natural frequencies and their damping ratios were not considered. 

 

Table 1,Table 2 and Table 3 show the effect of the plate length, plate thickness and tape thickness on the natural 

frequency and damping ratio for single lap joint, respectively. From  

Table 1, ıt can be seen that both the natural frequency and the damping ratio increase while overlap length is 

increasing. Besides that, from Table 2, as plate thickness increases the natural frequency increases but there is no 

change in the damping ratio. When Table 3 is examined, as the thickness of the adhesive increases, the damping 

ratio increases and the natural frequency generally increases. 
 

Table 1. Natural frequency and damping ratio results of single lap joint depending on the plate length 

Overall 

length 

(mm) 

Plate 

thickness 

(mm) 

Plate 

length 

(mm) 

Plate 

width 

(mm) 

Tape 

thickness 

(mm) 

Overlap 

length 

(mm) 

Natural 

frequency 

(Hz) 

Damping 

ratio 

(%) 

300 1.2 170 25 0.6 40 73.5 0.0048 

300 1.2 180 25 0.6 60 75.5 0.0057 

300 1.2 190 25 0.6 80 80.5 0.0082 

300 1.2 200 25 0.6 100 83.5 0.0113 

 

 

a) b) 

a) b) c) 

547



Determination of Vibration Behaviour of Adhesively Bonded Joint ICADET ‘19 

 

 

Table 2. Natural frequency and damping ratio results of single lap joint depending on the plate thickness 

Overall 

length 

(mm) 

Plate 

thickness 

(mm) 

Plate 

length 

(mm) 

Plate 

width 

(mm) 

Tape 

thickness 

(mm) 

Overlap 

length 

(mm) 

Natural 

frequency 

(Hz) 

Damping 

ratio 

(%) 

300 0.8 180 25 0.6 60 48.5 0.0060 

300 1.0 180 25 0.6 60 59.0 0.0060 

300 1.2 180 25 0.6 60 75.5 0.0057 

300 1.6 180 25 0.6 60 91.5 0.0060 

 

Table 3. Natural frequency and damping ratio results of single lap joint depending on the tape thickness 

Overall 

length 

(mm) 

Plate 

thickness 

(mm) 

Plate 

length 

(mm) 

Plate 

width 

(mm) 

Tape 

thickness 

(mm) 

Overlap 

length 

(mm) 

Natural 

frequency 

(Hz) 

Damping 

ratio 

(%) 

300 1.2 200 25 0.6 100 83.5 0.0113 

300 1.2 200 25 1.8 100 87.0 0.0150 

300 1.2 200 25 3.6 100 83.5 0.0170 

300 1.2 200 25 5.4 100 87.5 0.0200 

 

Table 4, Table 5 and Table 6 show the effect of the overlap length, plate thickness and tape thickness on the 

natural frequency and damping ratio for single strap joint, respectively. From Table 4, there is no a significant 

increment in both the natural frequency and the damping ratio while overlap length is increasing. It can be 

understood from Table 5 as plate thickness increases the natural frequency increases but the damping ratio 

decreases. One can see from Table 6, the natural frequency decreases with increasing tape thickness whereas the 

damping ratio shows increasing trend. 

 

Table 4. Natural frequency and damping ratio results of single strap joint depending on the overlap 

Overall 

length 

(mm) 

Plate 

thickness 

(mm) 

Plate 

length 

(mm) 

Plate 

width 

(mm) 

Tape 

thickness 

(mm) 

Overlap 

length 

(mm) 

Natural 

frequency 

(Hz) 

Damping 

ratio 

(%) 

300 1.2 150 25 0.6 20 72.0 0.0059 

300 1.2 150 25 0.6 30 71.5 0.0041 

300 1.2 150 25 0.6 40 72.5 0.0050 

300 1.2 150 25 0.6 50 73.5 0.0070 

 

Table 5. Natural frequency and damping ratio results of single strap joint depending on the plate thickness 

Overall 

length 

(mm) 

Plate 

thickness 

(mm) 

Plate 

length 

(mm) 

Plate 

width 

(mm) 

Tape 

thickness 

(mm) 

Overlap 

length 

(mm) 

Natural 

frequency 

(Hz) 

Damping 

ratio 

(%) 

300 0.8 150 25 0.6 30 45.0 0.0053 

300 1.0 150 25 0.6 30 56.0 0.0050 

300 1.2 150 25 0.6 30 71.5 0.0041 

300 1.6 150 25 0.6 30 90.5 0.0040 

 

Table 6. Natural frequency and damping ratio results of single strap joint depending on the tape thickness 

Overall 

length 

(mm) 

Plate 

thickness 

(mm) 

Plate 

length 

(mm) 

Plate 

width 

(mm) 

Tape 

thickness 

(mm) 

Overlap 

length 

(mm) 

Natural 

frequency 

(Hz) 

Damping 

ratio 

(%) 

300 1.2 150 25 0.6 50 73.5 0.0070 

300 1.2 150 25 1.8 50 68.5 0.0073 

300 1.2 150 25 3.6 50 60.0 0.0062 

300 1.2 150 25 5.4 50 64.0 0.0151 

 

From Table 7 to Table 9 show the effect of the overlap length, plate thickness and tape thickness on the natural 

frequency and damping ratio for double strap joint, respectively. From Table 7, ıt can be seen that both the natural 

frequency and the damping ratio display increasing tendency with increasing overlap length. Table 8 demonstrates 

that while plate thickness increases the natural frequency increases but the damping ratio decreases. Table 9 

presents that the natural frequency decreases in contrast to the damping ratio with increasing tape thickness for 

double strap joint. 
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Table 7. Natural frequency and damping ratio results of double strap joint depending on the overlap length 

Overall 

length 

(mm) 

Plate 

thickness 

(mm) 

Plate 

length 

(mm) 

Plate 

width 

(mm) 

Tape 

thickness 

(mm) 

Overlap 

length 

(mm) 

Natural 

frequency 

(Hz) 

Damping 

ratio 

(%) 

300 1.2 150 25 0.6 20 71.5 0.0050 

300 1.2 150 25 0.6 30 70.0 0.0050 

300 1.2 150 25 0.6 40 72.0 0.0060 

300 1.2 150 25 0.6 50 74.0 0.0080 

 

Table 8. Natural frequency and damping ratio results of double strap joint depending on the plate thickness 

Overall 

length 

(mm) 

Plate 

thickness 

(mm) 

Plate 

length 

(mm) 

Plate 

width 

(mm) 

Tape 

thickness 

(mm) 

Overlap 

length 

(mm) 

Natural 

frequency 

(Hz) 

Damping 

ratio 

(%) 

300 0.8 150 25 0.6 30 45.5 0.0050 

300 1.0 150 25 0.6 30 55.5 0.0050 

300 1.2 150 25 0.6 30 71.5 0.0041 

300 1.6 150 25 0.6 30 87.5 0.0040 

 

Table 9. Natural frequency and damping ratio results of double strap joint depending on the tape thickness 

Overall 

length 

(mm) 

Plate 

thickness 

(mm) 

Plate 

length 

(mm) 

Plate 

width 

(mm) 

Tape 

thickness 

(mm) 

Overlap 

length 

(mm) 

Natural 

frequency 

(Hz) 

Damping 

ratio 

(%) 

300 1.2 150 25 0.6 30 71.5 0.0050 

300 1.2 150 25 1.8 30 69.5 0.0055 

300 1.2 150 25 3.6 30 67.5 0.0060 

300 1.2 150 25 5.4 30 65.0 0.0078 

 

4 CONCLUSION 
 

With this study, vibration characteristics of the adhesively bonded joint with double-sided adhesive tape has been 

studied experimentally. Aluminium plates as adherents and double-sided tape as an adhesive have been chosen for 

bonded structure.  The vibration tests have been conducted to determine the effect of the aluminium plate thickness, 

plate length, double-sided adhesive tape thickness, and overlap length on the natural frequency and damping ratio 

of the fabricated materials. 

 It is observed that damping ratio increases and there is no significant effect on natural frequency when 

overlap length increases at the same plate thickness. For the single lap joint of having the same plate 

thickness, natural frequency and damping ratio increases with increasing overlap length.  

 In both single strap joints and double strap joints with the same plate thickness, the natural frequency 

does not change as the overlap length increases, but the damping ratio increases. 

 In single lap joint, single strap joint and double strap joint, in which consist of same length but different 

thickness of the plate, it is found that the natural frequency significantly increases as the plate thickness 

increases in each configurations, but damping ratio does not change. 

 In single lap joint, single strap joint and double strap bonding joints consisting of plates of the same 

thickness and length, the increase in adhesive thickness causes a slight decrease in natural frequencies 

but the damping ratio increases. The decrease in natural frequencies reveals that the increase in the mass 

amount of the structure predominates than the rigidity of the structure. 

 As a result, it is seen from the experiments that increasing the amount of adhesive tape has no effect on 

the natural frequencies, but it will be effective in absorbing the energy generated in the system. 
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Abstract 

Concrete, has a significant place in construction structures, is a material that can be 

easily damaged due to incorrect design, incorrect material selection. Concrete may 

be damaged by physical and chemical factors. One of these factors is alkali-silica 

reaction (ASR). ASTM C 1260, is a short term test method, and ASTM C 227, is a 

long term test method, are used for the effect of alkali-silica reaction. In this study, 

the effect of fly ash with 0, 5, 10, 15, and 20 wt.% replacement of cement was 

investigated in short- and long-term ASR test methods. 

 

1 INTRODUCTION  
 

Alkali–silica reaction (ASR) is a chemical reaction that forms between aggregates having reactive silica forms 

with alkali oxides, resulting from cementation. This reaction simply occurs in two stages. In the first stage, ASR 

gel products are created by the combination of reactive silica gels with alkali and then, in the second stage, the 

created alkali-silica gels expand in the presence of moisture in the environment at a suitable temperature. The 

resulting expansion also causes cracking and deterioration of concrete over time [1-3]. 

 

Pozzolan materials or lithium admixtures are preferred during concrete production to reduce the ASR effect 

[1,2]. In order to examine the effects of these additives, the accelerated test method (ASTM C 1260) is generally 

preferred [4]. While samples prepared for ASTM C 1260 are kept in NaOH solution for 14 days, samples 

prepared for ASTM C 227 should be waited 360 days in normal water solution [5]. 

 

In the test methods, sample preparation methods and mixing amounts are the same. However, the curing 

conditions for the two test methods are different. Therefore, there is a time difference between the two 

experimental methods. In the accelerated test method ASTM C 1260, while the samples are kept in NaOH 

solution, samples are kept in normal water cure in ASTM C 227 [4, 5] 

 

Many studies have been conducted on the effect of ASR. In these studies, it was observed that ASR effect was 

decreased with low water/binder ratio  [6]. In studies conducted to reduce ASR effect, fly ash was found to be 

effective to reduce ASR effect [7, 8]. It has been found that the use of fly ash used to reduce the ASR effect 

reduced the mechanical properties of concrete [9]. 

 

In this study, fly ash was replaced by cement in 5, 10, 15, 20 wt.% and mortar bars were prepared for both test 

methods. The prepared mortar bars were exposed separately to both test methods and resulting ASR effects were 

compared. 

 

2 MATERIAL AND METHOD 
 

In this study, the cement having the required alkali ratio for the formation of ASR specified in both test methods 

was used. This ratio of alkali should be greater than 0.6% in cement. The aggregate used for each test was used 

with the same grading aggregate. The particle size analysis of these aggregates is given in Table 1.  
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Table 1. Grading Requirements 

Sieve Size Mass, 

% Passing Retained On 

4.75 mm (No. 4) 2.36 mm (No. 8) 10 

2.36 mm (No. 8) 1.18 mm (No. 16) 25 

1.18 mm (No. 16) 600 μm (No. 30) 25 

600 μm (No. 30) 300 μm (No. 50) 25 

300 μm (No. 50) 150 μm (No. 100) 15 

 

Mortar bars were prepared according to the water/binder/aggregate ratio specified in ASTM C 1260 and ASTM 

C 227. 0, 5, 10, 15, 20% fly ash replacement by cement was applied to prepared mortar bars. Mortar samples 

were placed into 25×25×285 mm3 (width × height × length) prismatic molds. The mortar bars were removed 

from the mold immediately after preparation and after being kept at 23 ± 2 °C for 24 hours.  
 

After the samples were removed from the mold, the steps for the two experimental methods continued 

differently. Mortar bars for ASTM C 1260 test method were kept in 80 ± 2 °C normal water for 24 hours and the 

first length expansions were measured. Samples were waited in 80 ± 2 °C 1N NaOH solution for 14 days and the 

length expansion was measured. 

 

The samples for ASTM C 227 test method were removed from the mold and first length expansions were 

measured. Samples after first length expansion measurement were kept in a test apparatus which was prepared 

not to contact with water over normal water having a temperature of 38 ± 2°C for 360 days. During this period, 

7, 28, 90, 180 days length expansion measurements were taken, and the final length measurements were taken at 

the end of 360 days. 

 

As a result of both test methods, the length expansion rates were calculated. Length expansion ratios obtained 

from these test methods were determined under the effect of alkali-silica reaction. 

 

For 14-day length changes, 0–0.1% are the length change limits for non-detrimental zone according to ASTM C 

1260-14. For the controlled zone, these limits are 0.1–0.2%. The length change measurements exceeding 0.2% 

indicate detrimental zone in the way of ASR. 

 

For 365-day length changes, 0–0.1% are the length change limits for non-detrimental zone according to ASTM 

C 227. The length change measurements exceeding 0.2% constitute the detrimental zone in terms of ASR.  

 

3 RESULTS 
 

As a result of the studies obtained length expansion rates are given in Table 2.  

 

Table 2. Length Expansion Rates (%) 

Additive Ratio (%) 
ASTM C 1260 

(14 day) 

ASTM C 227 

(360 day) 

Plain 0.210 0.175 

5 0.188 0.125 

10 0.112 0.107 

15 0.073 0.105 

20 0.044 0.092 

 

When the results were examined, the plain sample showed detrimental ASR effect in both experimental methods.   

 

According to the ASTM C 1260 test method, the plain sample length expansion value is more than 0.2%, which 

is the limit value for detrimental zone for ASR. The length change expansions of mortar bars with 5-10% fly ash 

replacement are between 0.1-0.2%, which is classified as controlled zone according to ASTM C 1260. The 

length change expansions of mortar bars with 15-20% fly ash replacement are smaller than 0.1% that is 

classified as non-detrimental zone for ASR.  According to short-term mortar bar test method, when the ASR 

effect was investigated, it was seen that fly ash replacement reduced the ASR effect and 20% fly ash replacement 

reduced ASR effect by 80% that of plain sample.   
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Figure.1. Length change expansion ration of mortars bars having different fly ash replacement 

 

According to ASTM C 227 mortar bar test method, plain sample remained at the detrimental zone by showing 

0.1% above length change expansion. While mortar bars having 5, 10, 15% fly ash replacement were classified 

as detrimental for ASR, mortar bars having 20% fly ash replacement classified as non-detrimental for ASR. 

 

Comparing to both experimental methods, the plain sample is classified as detrimental for ASR. While mortar 

bars having 5 and 10% fly ash replacement are classified as controlled ASR according to ASTM C 1260, they 

are classified as detrimental ASR according to ASTM C 227. Mortar bars having 20% fly ash replacement were 

classified as non-detrimental ASR for both mortar bar test methods. 

 

4 CONCLUSION 
 

In this study, fly ash was replaced by cement in 5, 10, 15, 20 wt.% and mortar bars were prepared for both test 

methods. The prepared mortar bars were exposed separately to both test methods and resulting ASR effects were 

compared. Following results were reached as a result of the experimental works: 

 It was observed that the same prepared samples can produce different results depending on the amount 

of material in the content. 

 The results can be confirmed by chemical ASR test methods in future studies. 

 As a result of the test methods of ASTM C 1260 and ASTM C 227, the length change expansion ratios 

caused differences in the long term. 
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Abstract 

In this study, the changes in the compressive strength of heavy concrete with 

polypropylene fiber produced with barite aggregate and normal concrete with 

polypropylene fiber produced with crushed stone aggregate were investigated. The 

cement dosage was 450 kg/m³, the amount of polypropylene fiber was 3 kg/m³, the 

amount of plasticizer admixture was % 1,3 and the water/cement ratio was 0,40. 

Specimens were cured for 28 days in a curing pool filled with lime saturated water 

at 20 ± 2 ° C. The specimens were stored in the oven (105 ± 5 ° C) for 48 hours 

before high temperature application. The specimens stored in the oven were then 

exposed to high temperatures of 300, 600, 900 and 1300°C for 3 hours. Specimens 

after high temperature effect; The temperature was allowed to cool for 5-24 hours 

until the temperature dropped to the temperature of the laboratory environment (22 

± 2 ° C). Then, ultrasound transition rate, mass loss and compressive strength were 

investigated. 

After all; According to the ultrasound transition speed test, normal concrete with 

limestone crushed aggregate gives better results. According to the compressive 

strength test, heavy concrete with barite aggregate has a compressive strength of 

58.7 MPa and 57.7 MPa calcareous aggregate normal concrete. When the mass 

losses were examined, it was seen that less performance loss occurred in heavy 

concrete with barite aggregate. Furthermore, since the specimens at 900 and 

1300°C were broken down by high temperature effects, the properties of the 

specimens could not be determined. 

 

1 INTRODUCTION  
 

Altough one of the most important properties of the structural elements is resistance to the high temperatures, 

this property is being ignored on design phase. (except buildings with special purpose; factory, thermal power 

plants, hightemperature chimneys etc.) As the fire effect comes with high temperatures, it should be considered 

for all types of structures [1]. As the structure faces high temperatures as a result of fire, it is important for 

engineers to modelling the behavior of reinforced concrete systems [2]. While the concrete is more resistant to 

high temperature in comparison with several other building materials, this resistance is available for a certain 

duration and certain temperatures [3]. 

 

The most important problem that may occur in the concrete due to the fire is spalling. This is could be observed 

at 300 ° C and up to 500 ° C. Heat conduction in concrete occurs very slow, thus the heat stay upon the surface 

and transforms to water vapor. Then the spalling occurs. Spalling increases as the humidity increases and 

strenght gets higher [4]. High temperatures led to segregation on outer surface and spalling. The cracks in the 

structures are mostly seen in the areas where the concrete is not well compacted, in the areas where the 

reinforcement is located and in the joints [5]. 

 

Behavior of different concrete types under high temperature has been the subject of many studies. Within the 

scope of the study investigating the effect of high temperature on high performance, polypropylene fiber 

concretes; it's determined that polypropylene fibers have a positive effect on concrete and reduce the explosion 

risk of concrete at high temperature. [6]. The incorporation of heat treated glass into heavy concrete increases the 

risk of explosion. Spalling occured on concrete surface as it exposed to 500 ° C. When the temperature is 

between 600 ° C and 800 ° C, strenght loss in concrete containing heat treated glass  occured [7]. In the study 
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conducted to determine the properties of heavy concrete used in nuclear power plants under the effect of fire or 

high temperature; It has been found that ilmenite aggregate is more resistant to high temperatures and air and 

foam cooling gives better results than water cooling [8]. There are different studies on radiation absorption 

properties of concrete too. In the study examining the change of compressive strenght of lightweight concrete 

with colemanite addition and pumice aggregate; ithas been observed that increase in temperature affects concrete 

properties in a bad way, reduces sound velocity, compressive strenght and unit weight. It has been found that 

colemanite added concretes do keep their strenght properties even at 800 ° C [9]. In the study which examines 

the radiation absorption properties of heavy concretes produced by using barite aggregate, it has been found that 

strenght increases as the barite increases, but the increase in water/cement ratio affected this increase bad. 

Although stone flour in the mixtures decreased the void rate, it decreased the absorption rate. The low specific 

gravity of the stone flour was shown as the reason for this. It has been determined that high density materials 

should be used for concretes where high absorption is required [10].  

 

In the study, polypropylene fiber normal concrete and polypropylene fiber heavy concrete produced with barite 

aggregate are exposed to 5 different temperatures as 20, 300, 600, 900 and 1300 ° C. Ultrasonic transition rate, 

mass loss and compressive strength properties of the specimens were examined after cooling process has been 

done. 

 

2 MATERIAL AND METHOD 
 

2.1 Material 

 

CEM I 42,5 R cement, crushed limestone aggregate, barite aggregate, super plasticizer and polypropylene fiber 

are used in the study. Determined material amounts are as following: the cement dosage 450 kg / m³, the amount 

of polypropylene fiber 3 kg / m³, the amount of plasticizer admixture 1.3% and the water / cement ratio 0.40. The 

properties of the cement and aggregates used in the study are given in Table 1 and Table 2. 

 

Table 1. Chemical and physical properties of the cement used 

Chemical Properties (%) CEM I 42,5 R 

SiO2 12,48 

Al2O3 3,69 

Fe2O3 8,72 

CaO 68,50 

MgO 1,29 

Na2O 0,35 

K2O 0,99 

SO3 3,92 

Physical Properties  

Specific weight 3,11 

Specific Surface Area (Blaine) (cm2/g) 3355 

Loss on Ignition(%) 1,98 

 

Table 2. Properties of the aggregates 

Aggregate Specific weight 

Crushed limestone (0-4mm) 2.64 

Crushed limestone (4-11.2mm) 2.71 

Barite (0-4mm) 4.11 

Barite (4-11.2mm) 4.05 

 

2.2 Method 

 

Concrete mixtures were determined in accordance with TS EN 802 “Principles of Concrete Mixture Calculation” 

[11]. Table 3 shows the materials used in the concrete mixtures. 
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Table 3. Materials used in the concrete mixtures 

Material NB BB 

Cement (kg) 450 450 

Water (kg) 180 180 

Crushed limestone (kg) 955 - 

Crushed limestone (kg) 791 - 

Barite (0-4mm) - 1448 

Barite (4-11.2) - 1225 

Super plasticizer (kg) 

  
5.85 5.85 

Polypropylene fiber 3 3 

Total (kg) 2384.85 3311.85 

w/c 0.40 0.40 

 

Concrete specimens of size 10 × 10 × 10 cm stayed in the curing pool for 28 days. Specimens were taken out of 

the curing pool after 28 days. The specimens were stored in the oven (105 ± 5 ° C) for 48 hours before high 

temperature application. High temperature applications were carried out in a 1300 ° C furnace. The specimens 

that were kept in the oven before high temperature application were placed in cages after they were taken out of 

the oven. Specimens placed in a oven which increases the temperature 10 ° C / min until it reaches to desired 

temperature. Specimens that exposed to desired relevant hight temperature were kept in oven for 3 hours. 

Reference specimens were kept in laboratory. (22±2°C) The needed time to cool down the specimens that were 

kept in high temperatures such as 300, 600, 900 and 1300°C for 3 hours were increased in direct proportion. All 

of the specimens left outside for 5-24 hours to let them cool down until their temperature lowered to laboratory 

environment temperature.  (22±2°C) Ultrasonic transition rate, mass loss and compressive strength properties 

were examined after specimens' cooling process were done. 

 

3 RESULTS 
 

3.1 Ultrasonic Transition Rate Test 

 

In this study, polypropylene fiber normal concrete produced with kimestone aggregate labeled as NB, 

polypropylene fiber heavy concrete produced with barite aggregate labeled as BB. The characteristics of the 

specimens that exposed to 900 and 1300 ° C could not be determined due to high detorioration. Specimens 

exposed to 900 and 1300 ° C  could be seen on Figure 1. 

 

   
Figure 1. Specimens that exposed to 900°C ve 1300°C 

 

900°C 1300°C 

556



High Temperature Effect on Polypropylene Fiber Heavy Concrete Produced with Barite 

Aggregate 

ICADET ‘19 

 

 

 
Figure 2. Results of ultrasound transition rate 

 

According to Figure 2, ultrasound transition velocity values decreased with high temperature effect and become 

equal at 600 ° C. Obviously the effect of temperature decreases the quality of concrete. It has been observed that 

increase the temperature increases the voids in the concrete and therefore the ultrasound transition rate decreases. 

It was determined that high temperature effect negatively affects the void structure of concrete. 

 

3.2 Mass Loss 

 

Within the scope of the study, the masses (kg) of 10 × 10 × 10 cm cubic samples were obtained by weighing 

them on a high precision scale. The mass values of the specimens are given in Table 4. The results of the mass 

losses are given in Figure 3. 

 

Table 4. Mass values of the samples 

Specimen 

type 
Temperature (°C) 

Mass 

(kg) 

 
20°C 2,26 

NB 300°C 2,23 

 
600°C 2,2 

 
20°C 3,14 

BB 300°C 3,11 

 
600°C 3,07 

 

When Table 4 is examined, it could be seen that the mass values of heavy concrete with barite aggregate are 

higher than the mass values of normal concrete with crushed limestone aggregate. It can be said that the reason 

for this is the high specific gravity of the used aggregate. Also it could be said that concrete specimen mass 

decreases due to high temperature, high temperature affects mass values in a bad way. 

 

20°C 300°C 600°C

NB 4.021 3.416 1.665

BB 3.532 2.761 1.651
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Figure 3. Mass loss results 

 

When the Figure 3 examined, it is seen that normal concrete with limestone aggregate lost 1.3% of its mass in 

transition from 20 ° C to 300 ° C, lost 2.7% in transition from 20 ° C to 600 ° C; heavy concrete with barite 

aggregate  lost 0.9% of its mass in transition from 20 ° C to 300 ° C, and lost 2.2% in transition from 20 ° C to 

600 ° C. It can be said that heavy concrete with barite aggregate has a better performance. It can be said that due 

to the high temperature effect, the mass losses in the specimens increase and the high temperature adversely 

affects the specimens. 

 

3.3 Compressive Strenght 

 

In this study, the change of compressive strength with high temperature effect was examined. The compressive 

strength of the specimens was determined in accordance with TS EN 12390-3 “Concrete-Hardened Concrete 

Tests - Part 3: Determination of Compressive Strength of Test Samples” [12]. The compressive strengths of the 

specimens exposed to high temperature effect for 3 hours at 20, 300, 600 ° C are given in Figure 4. 

 

 
Figure 4. Results of compressive strenght 

 

According to Figure 4, the compressive strength value of normal concrete with limestone aggregate at 600 ° C is 

24.5 MPa whereas the compressive strength value of heavy concrete with barite aggregate is 23.4 MPa. It is seen 

that high temperature effect adversely affects all series and  the compressive strenght decreases by the increase 

of temperature. At 600 ° C, it is seen that the compressive strength of the specimens is almost equal. It can be 

said that the compressive strengths of 600 ° C are close to each other due to the free water evaporating from the 

concrete at 300 ° C and weakening of the bonds in the cement paste. 
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4 CONCLUSION 
 

According to the experimental studies; 

 

• The effect of high temperature was found to harmful the concrete specimens. Since the samples were 

deteriorated at 900 and 1300 ° C, the compressive strength, ultrasound transition rate and mass 

characteristics of the specimens could not be determined at that temperature. 

• When the ultrasound transition speed values are examined, it is seen that the temperature is negatively 

affected. In the study, it was observed that increasing the temperature increases the voids in the concrete 

and therefore the ultrasound transition rate decreases. 

• Due to the high temperature effect, concrete compressive strengths have been decreased, especially at 600 ° 

C. At 600 ° C, the compressive strength of limestone aggregate normal concrete was determined as 24.5 

MPa, and the compressive strength of heavy concrete with barite aggregate was determined as 23.4 MPa. 

The equalization of the concrete strengths at 600 ° C is explained by the loss of the free water contained in 

the specimens and the weakening of the bonds in the cement paste resulting in compressive strength losses. 

• When mass losses were examined, it was observed that the highest mass values were seen in heavy 

concrete with barite aggregate. In terms of mass losses, it can be said that heavy concrete with barite 

aggregate performs better. 

 

As a result, it was observed that high temperature effect adversely affected the properties of the concrete, the 

losses due to the increase in temperature increased and the properties could not be determined due to the 

detoriorations of the specimens at 900 and 1300 ° C. 
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Abstract 

Nanotechnology has been extensively used in food production, plant protection, 

processing, packaging transportation of agricultural products and quality control 

and environmental management. The application of nanomaterials in agriculture 

aims, in particular, to reduce applications of plant protection products, minimize 

nutrient losses in fertilization, and increase yields through optimized nutrient 

management. Nanotechnology devices and tools, like nanocapsules, nanoparticles, 

and even viral capsids, are examples of uses for the detection and treatment of 

diseases, the enhancement of nutrients absorption by plants, the delivery of active 

ingredients to specific sites and water treatment processes. This work focused on 

the applications of nanotechnology in agriculture sector improvement, especially in 

the area of plant nutrition and plant protection. 

 

1 INTRODUCTION  
 

Agriculture is always the most important and stable sector because it produces and provides raw materials for 

food and feed industries. Regardless of the level of development of the countries, the agricultural sector has an 

important place in the economic life of all countries.  The current world population of 7.6 billion is expected to 

reach 8.6 billion in 2030, 9.8 billion in 2050, and 11.2 billion in 2100 [1].  New systems for food, water, and 

energy will be needed to ensure food security. On the other hand, producing more food requires natural 

resources, land consumption, water supply, and power [2]. 

 

Nanotechnology is a powerful technology having the ability to create massive changes in food and agriculture 

[3]. Today, nanotechnology is a rapidly growing interdisciplinary field of science that combines engineering 

with physics, chemistry, and biology and removes the traditional boundaries between them [4]. Nanotechnology 

is a smart and intelligent system that delivers a precise amount of nutrient and other agrochemicals required by 

plants, minimizing the use of pesticides and antibiotics. [5](Figure 1). 

 

In food and agriculture systems, nanotechnology covers many aspects, such as food security, packaging 

materials, disease treatment, delivery systems, bioavailability, new tools for molecular and cellular biology and 

new materials for pathogen detection [6,7]. In agriculture, nanotechnology is employed to increase food 

production, with equivalent or even higher nutritional value, quality, and safety. Nanoparticles have been used in 

various areas such as health care, cosmetics, food and feed, environmental health, mechanics, energy science, 

optoelectronics, catalysis, single-electron transistors, light emitters, non-linear optical devices, optics, biomedical 

sciences, chemical industries, electronics, space industries, drugs gene delivery, and photo-electrochemical 

applications [8]. 
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Figure 1. Application of nanomaterials in soil and agricultural sector [9](Zaytseva and Neumann, 2016) 

 

According to the World Economic Outlook, the global grow this projected to be 3.7% in 2018, and by 2020 the 

global agricultural market is estimated to be worth more than US$3.4 trillion [10,11]. Presently, there are more 

than 400 companies throughout the world working on Nanotechnological research and development, and in the 

next ten years, it is expected that this number will increase to 1000 [10].  

 

2 APPLICATIONS OF AGRICULTURAL 
 

In agriculture, nanotechnology can contribute to improved pest management and crop protection through better 

efficacy of pesticides and other agrochemicals such as fertilizers, hormones or growth agents [12, 13, 14]. 

Efficient use of fertilizers, pesticides, herbicides, and plant growth factors/regulators are the most important 

ways to improve crop production (Table 1). Controlled release of pesticides, herbicides, and plant growth 

regulators can be achieved via the usage of Nanocarriers [15]. Other agricultural applications include genetic 

engineering, identity preservation, sensors to monitor soil conditions. Enhanced efficacy of pesticides and other 

agrochemicals can be achieved in different ways [16]. 

 

Nano-sensors and Nano-based intelligent distribution systems can help the efficient use of agricultural, natural 

resources such as water, nutrients, and hormones through precision farming [17]. Nano-sensors have potential in 

almost all kinds of fields in the agricultural area. A few of these are summarized below; 

 

- It is delivered to the target cell using a device made of a material that is biologically compatible with a 

controlled release drug that produces hormones and antibiotics to the cell in a comfortable manner and can move 

freely in diseased areas. 

- Nano-sensors scattered in the agricultural area play a significant role in protecting the plant by detecting the 

presence of pests or pathogens in the plant. 

- Since they can easily penetrate the layers of soil, it provides a significant benefit in terms of yield by measuring 

toxic components, harmful organisms, nutrient levels, or organic matter levels in the ground. We can also 

comment on how plant roots can adapt to marginal soils. 

- We can monitor the quality level of agricultural products with Nano-barcodes. 

- It will also be possible for the plant to function correctly in hormonal terms. For example; we can control the 

plant's response to auxin hormone, which promotes root growth, using an electrical signal at a certain point. 

- Stress factors such as drought and salinity can be detected remotely via satellite monitoring of agricultural areas 

and GPS. 

- Pesticide applications and irrigation levels can be adjusted automatically by identifying pests or drought. 
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Table 1. Applications of nanotechnology in agriculture [18] 

Areas 

 

Nanomaterials and their uses Applications 

Soil & Water management Nanomaterials such as Nano-clay, 

hydrogel, zeolites, filtering & binding 

to toxicants 

Filter-membrane with TiO2 

nanoparticles for hydrolysis& 

photo-catalysis degradation of 

agrochemicals 

Plant Protection products Nanoparticles, Nano sensor, smart 

delivery systems 

Improve the crop productivity & 

enhance the practices of 

sustainable agriculture 

Antimicrobial Nanoparticles & Nano-capsules are 

effective drug delivery against bacteria 

Zinc oxide & MgO are useful to 

the check of harmful bacterial 

growth 

Fertilizers Nano-capsules, nanoparticles for the 

enhancement of nutrients 

Macronutrients fertilizers with 

ZnO coated nanoparticles, enhance 

the soil fertility 

Remediation Nanoscale particles a tool to remediate 

of soil & water contaminants 

Nanoparticles like Fe, Zn, and Mg 

etc. are also act as a detoxificant to 

the number of chemicals 

Control soil erosion Nano-zeolite, nanoclay& nano-binder 

are checking the soil erosion 

Nano-zeolites are act as fiber like 

structure & form a chelate like 

structure 

Disease detection Nano-sensors, carbon nanotubes & 

smart delivery system 

Use of Nano-sensors for detection 

of plant disease, monitoring soil 

condition and plant growth 

Recycling of agricultural 

wastes 

Nanofiber, Nano-sensor& nanoparticles Fibers can be used as chemicals& 

pesticides absorbent & convert 

agricultural waste to useful 

products & reduce waste size 

 
Silica NPs [19] and polymeric NPs [20] have also been developed as a modified release system to deliver 

pesticides in a controlled manner. Nanoscale carriers can be utilized to achieve the delivery and slow release of 

these species perfectly. Such strategies are known as “precision farming” that improves crop yields but not 

damage soil and water [10]. Moreover, specific nanomaterials can act as pesticides with enhanced toxicity and 

sensitivity (Table 2). 

  

In agriculture, crop yield and efficiency are improved by the use of pesticides. Nanopesticides cover a wide 

variety of products, few of which already are available in the market [21]. Nanomaterials comprising polymeric 

nanoparticles, silver ions, gold nanoparticles, and iron oxide nanoparticles are used as pesticides. Researchers 

reported different methodologies for nanoparticle formulation, characterization, their effect, and their application 

in plant disease management [22].  The potential of nanoparticles in insects and their use in pest control has been 

reported [23]. 

 

Nano fertilizers have unique characteristics such as ultra-high absorption, increased production, increased 

photosynthetic activity, and a considerable increase in the surface area of leaves  The use of nano-fertilizers 

results in increased elemental efficiency, reduced soil toxicity, at least to the harmful effects of extreme intake of 

fertilizers, and lessened frequency of fertilizer utility [24]. Discharge of nutrients into the soil in a controlled way 

can be achieved by the utilization of nano-fertilizers, thereby avoiding water pollution [25]. Various nano-

materials, generally metal-based nano-materials, and carbon-based nanomaterials are produced for their 

assimilation, translocation, storage, and specifically, for their impacts on development and improvement in crop 

yield [26]. 

 

In agriculture, smart delivery systems for fertilizers and pesticides timely detection of pathogens and 

contaminants can be achieved through the availability of suitable technologies and sensors [27]. Nanotechnology 

empowers crops to use water, pesticides, and fertilizers more effectively. The application of nanotechnology can 

convey advantages to farmers through food production. Nanotechnology-based filters were developed for 

cleaning water from bacteria, viruses, heavy metals, and organic material. In Australia, a product called Meso-

Lite has been patented that uses nanoparticles for water purification. The treatment can be used to remove 

ammonia from contaminated wastewaters, which can then be recycled and used as a commercial fertilizer [28]. 
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Table 2. Current status of nanotechnology-enabled agriculture products [29] 

Application Commercial 

names 

Manufacturer Nanomaterial 

compositions 

Function of nanomaterials 

Nanofertilizer NovaLand-

Nano 

Land Green & 

Technology Co., 

Ltd., Taiwan 

Microelements as 

Mn, Cu, Fe, Zn, 

Mo, N NPs 

Fertilizer 

Nanopesticides NANOCU ® Bio Nano 

Technology, 

Giza, Egypt 

Copper NPs Fungicide and bactericide 

 

 

Nanosensors 

N/A N/A copper doped 

montmorillonite 

Propineb fungicide detection in 

aquatic environment 

N/A N/A Graphene Pathogen detection in wastewater 

 

 
Figure 2. Aspects of nanotechnology in agriculture [10,30,31] 

 
Nanoparticles such as aluminum oxide, lanthanum particles, and nanoscale iron powder are used in the process 

of water purification [31]. Nano-particles can serve as “magic bullets” that contain herbicides, fertilizers, nano-

pesticides or genes which are target specific cellular organelles in plants to release their content. Shah and 

Belozerova (32) reported that recently, nano-particles are being used in plant growth and insect pest control. 

Nano-particles of gold, silver, zinc, zinc oxide, copper, aluminum, silica cerium oxide, titanium dioxide, and 

magnetized iron have found their application in agriculture [33].Chitosan nano particles can be used for 

controlled release of NPK fertilizer sources such as urea, potassium chloride and calcium phosphate [34]. 

 

Nanomaterials have many usages in all stages of agricultural production, in different forms and various 

procedures such as:  

1. Nano-fertilizer for balanced crop nutrition [35]   

2. Crop improvement (Zinc Nano fertilizer used to enhance crop production of Pennisetum americanum) [36]   

3. Plant protection ingredients (pesticides, fungicides, weedicides) [37]   

4. Weed management [38] 

5. Nano pesticides [34] 
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6. Nanosensors [38]  

7. Post-Harvest Technology [39]   

8. Bioprocessing (biosynthesized) nanoparticles for agricultural use [36]  

9. Biosensors for Aquaculture[20]  

10. Nano biotechnology (Analysis of gene expression and Regulation) [40]  

11. Monitoring the identity and quality of agricultural produce [41]   

12. Seed technology [10]  

13. Water management [42]  

14. Plant growth regulators [43] 

15. Soil management [44]  

16. Agricultural engineering aspects [17]  

17. Food technology [45]. 

 

Metal oxide nanomaterials like ZnO, TiO2, and CuO are widely studied to protect the plant from pathogen 

infections owing to their intrinsic toxicity. It has been demonstrated that ZnO NPs can effectively inhibit growth 

of microbes such as Fusarium graminearum [46], Aspergillus flavus [47], Aspergillus niger [47], Aspergillus 

fumigatus [47], F. culmorum [47] and F. oxysporium [47] showing strong antifungal and antibacterial activity. 

Nano fertilizers are capable of reducing nutrient loss and enhancing nutrient incorporation by crops and soil 

microorganisms [48]. 

 

Owing to many beneficial aspects of nanomaterials, nanosensors, particularly wireless nanosensors, have also 

been developed to monitor crop diseases and growth, nutrient efficiency, and environmental conditions in the 

field. Notably, engineered nanosensors can detect chemicals such as pesticides and herbicides, as well as 

pathogens at trace amount in food and agricultural systems. Another study showed that nanomaterials could be 

developed to detect the pathogen in wastewater [49] and purify it for use as drinking water [50], indicating 

potential application in aquaculture. Many other nanomaterials such as copper NPs [51], carbon nanotube [52], 

gold NPs [53] and silver NPs [54] have also been under developing as nanosensors for real-time monitoring of 

environmental conditions and crop health and growth. 

 

3. OTHER NANOTECHNOLOGICAL DEVELOPMENTS IN AGRICULTURE 
 

Other nanotechnological developments in the agricultural sector are summarized below; 

- Nanotechnology can also be used to clean groundwater. A US company uses 2 nm diameter aluminum oxide 

nanofibers as a water purifier. Filters made of aluminum oxide nanofibers removed viruses, bacteria and 

protozoa cysts from water 

- Iron oxide nanoparticles have been incredibly effective in removing arsenic from groundwater. 

- Use of nano fuel cells in energy storage, 

- Engine oils that can withstand high temperatures and severe conditions, 

- - Nano coating of surfaces that are in contact with abrasive materials and parts subject to    continuous friction 

such as machine bed, cylinder liner, bearing, 

- Use of high strength and light elements in the manufacture of various agricultural tools and machines, 

- Manufacture of parts such as tractor wheel, cabin glass, sprayer nozzle, which do not contain foreign 

substances and keep dirt, 

- Production of more hygienic and durable packaging materials for the packaging of food products, 

- Manufacture of machine parts made of dirt-repellent and anti-bacterial materials, especially in machines used 

in the food industry, 

- To obtain more hygienic and odorless environments by cleaning the disturbing odors that occur in animal 

shelters utilizing nano filters. 

- Elimination of disease-causing factors in the atmosphere by passing the air in the greenhouses through nano 

filters, 

- Use of nanotechnology insulation materials in environments such as a greenhouse, warehouse, and shelter 

where heat insulation is essential, 

- Nano textile garments protect workers from external factors during working in various conditions, 

- Use of nano fertilizers in plant nutrition, 

- Equipping harvesting robots with more sensitive nanosensors. [55, 56, 57]. 

 

4. CONCLUSION 
 

Nanotechnology devices and tools, like nanocapsules, nanoparticles, and even viral capsids, are examples of uses 

for the detection and treatment of diseases, the enhancement of nutrients absorption by plants, the delivery of 
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active ingredients to specific sites and water treatment processes. In developing countries, nanotechnologies can 

have critical applications in several agro-food areas, such as food security, input delivery, rice production 

systems, agro-biotechnology, healthcare of animals, precision farming, food industry, and water use. The 

potential of nanotechnology in agriculture is significant, but a few issues are still to be addressed, such as 

increasing the scale of production processes and lowering costs, as well as risk assessment issues.  

 

Some recommendations have been made to the industry, legislators, and government for possible regulations on 

the use of nanotechnology in foods: the regulatory development process for nano foods can be initiated by (1) 

the use of a research and development database to assess applications of nanotechnology to food and agriculture, 

(2) selecting particular products to determine and identify the risks and benefits and (3) extrapolating to analyses 

appropriate regulatory or non-regulatory governance systems for the application of nanotechnology in foods. 

 

References  
 

[1]  Anonymous, United Nations, Department of Economic and Social Affairs, Population Division. World 

Population Prospects: The 2017 Revision, Key Findings and Advance Tables. Working Paper No. 

ESA/P/WP/248. ed. New York: United Nations, 2017.  

[2]  J.C. Glenn, and E. Florescu, Millennium project team. 2015-16 state of the future. Journal of Socialomics, 

vol 5, 1-6. DOI: 10.4172/2167-0358.1000168, 2016. 

[3]  C.R. Chinnamuthu, and P.M. Boopathi,  Nanotechnology and Agroecosystem. Madras Agric. J. Vol 96, 

pp.17-31, 2009. 

[4]  P.C. Ray, H. Yu, and P.P. Fu, Toxicity and environmental risks of nanomaterials: Challenges and future 

needs. J. Environ. Sci. Health. C. Environ. Carcinog. Ecotoxical. Rev. Vol 27, pp.1-35, 2009. 

[5]  M. Sharon, A.K. Choudhary, and R. Kumar, Nanotechnology in Agricultural Diseases. J. Phytol. vol 2, 

pp.83-92, 2010. 

[6]  Kırdar, S.S., 2015. Current And Future Applications Of Nanotechnology in The food Industry. ISITES2015- 

1517-1527s, Valencia/İspanya. 

[7]  A.D. Maynard, R.J. Aitken, T.Butz, V. Colvin, K. Donaldson, G. Oberdörster, M.A. Philbert, J. Ryan, A, 

Sangamithra, and V. Thirupathi, “nanotechnology in food.  http://www.technopreneur.net/informationdesk  

/sciencetechmagazine/2009/jan09/nanotechnology/pdf.2009. 

[8]  S. Iravani, H. Korbekandi, S.V. Mirmohammadi, and B. Zolfaghari, Synthesis of silver nanoparticles: 

chemical, physical and biological methods. Research in pharmaceutical sciences, vol 9, pp.385-406, 2014. 

[9]  O. Zaytseva, and G. Neumann, “Carbon Nanomaterials: Production, Impact on Plant Development, 

Agricultural and Environmental Applications”, Chem. Bio. Tech. Agric., vol. 3, , pp.11-26, 2016. 

[10]  J.S. Duhan, R. Kumar, N. Kumar, P. Kaur, K. Nehra and S. Duhan, Nanotechnology: The new perspective 

in precision agriculture. Biotechnol. Rep. vol 15, pp.11–23, 2017. 

[11]  International Monetary Fund (IMF), World Economic Outlook. https://www.imf.org/en/Publications/ 

WEO/Issues/2017/09/19/world-economic-outlook-october-2017. Accessed 22 Oct 2017. 

[12]  Q. Chaudhry, and L. Castle, 2011. Food applications of nanotechnologies: an overview of opportunities and 

challenges for developing countries. Trends Food Sci. Technol. vol 22, pp.595-603, 2011 

[13]  T.D. Bucheli, and A. Gogos, Overview of Agricultural Applications of Nanotechnology; Nanotechnology 

for the Agricultural Sector: from Research to the Field. Workshop Organized by JRC IPTS Agrilife Unit, 

Seville. https://ec. europa.eu/jrc/sites/default/files/ipts_jrc_89736_(online)__final.pdf., 2013. 

[14]  M. Kah, and T. Hofmann,  “Nanopesticide research: current trends and future priorities”, Environ. Int. vol 

63, pp. 224-235, 2014. 

[15]  H.C. Oliveira, R. Stolf-Moreira, C.B.R. Martinez, R. Grillo, M.B. de Jesus, and L.F. Fraceto,  

“Nanoencapsulation enhances the post-emergence herbicidal activity of atrazine against mustard plants”, 

PLoS One, vol 10, pp. e0132971, 2015. 

[16]  M. Kah, S. Beulke, K. Tiede, and T. Hofmann, Nanopesticides: state of knowledge, environmental fate, and 

exposure modeling. Crit. Rev. Environ. Sci. Technol. vol 43, pp. 1823-1867, 2012. 

565

http://www.technopreneur.net/informationdesk
https://www.imf.org/en/Publications/


Nanotechnology Applications in Agriculture ICADET ‘19 

 

 

[17]  P. Gonzalez, P. Melendi, R. Fernandez, R. Pacheco, M.J. Coronado, E. Corredor, P.S. Testillano, M. 

Risueno, Nanoparticles as smart treatment-delivery systems in plants: Assesment of different techniques of 

microscopy for their visualization in plant tissues. Annals of Botany, vol.101, pp.187-195, 2008. 

[18]  B.S. Sekhon, 2014.  “ Nanotechnology in Agrifood Poduction: An Overview”, Nanotech. Sci. Appl., vol. 7, 

pp. 31-53, 2014. 

[19]  L. Cao, Z. Zhou, S. Niu,C. Cao, X. Li, and Y. Shan, 2018. Positivecharge functionalized mesoporous silica 

nanoparticles as nanocarriers for controlled 2, 4-dichlorophenoxy acetic acid sodium salt release. J Agric 

Food Chem, vol 66, pp.6594-603, 2018. 

[20]  S. Kumar, D. Kumar, N. Dilbaghi, “Preparation, characterization, and bio-efficacy evaluation of controlled 

release carbendazim-loaded polymeric nanoparticles”, Environ Sci Pollut Res, vol.24, pp.926-937, 2017.  

[21]  M.D. Nuruzzaman, M.M. Rahman, Y. Liu and R. Naidu, “Nanoencapsulation, Nano-guard for Pesticides: 

A New Window for Safe Application”, J. Agric. Food Chem. vol 64, pp.1447–1483, 2016. 

[22]  A.M. Al-Samarrai,” Nanoparticles as alternative to pesticides in management plant diseases- a review”, Int. 

J. Sci. Res. Pub. vol 2, pp.1–4, 2012. 

[23]  A. Bhattacharyya, A. Bhaumik, P.U. Rani, S. Mandal and T.T. Epidi, “Nanoparticles – a recent approach to 

insect pest control”, Afr. J. Biotechnol. vol 9, pp.3489–3493, 2010. 

[24]  M.R. Naderi, and A. Danesh-Shahraki, “Nanofertilizers and their roles in sustainable agriculture”, Int. J. 

Agric. Crop. Sci. vol. 5, pp.2229–2232, 2013. 

[25]  M.R. Naderi, and A. Abedi,  “Application of nanotechnology in agriculture and refinement of 

environmental pollutants”, J. Nanotechnol. vol.11, pp. 18–26, 2012. 

[26] R.Nair, S.H. Varghese, B.G. Nair, T. Maekawa,Y. Yoshida and D.S. Kumar, “Nanoparticulate material 

delivery to plants”, Plant Sci.vol.179, pp.154–163, 2010. 

[27] F. Ahmed, N. Arshi and S. Kumar, “Crop improvement under adverse conditions”. NewYork, NY: 

Springer; Chapter 11: Nanobiotechnology:scope and potential crop improv. pp.245–269, 2013. 

[28]  G.E.Viacava, F.J.Vázquez, J.F. Ayala-Zavala, and M. R. Ansorena1,  Sustainability Challenges Involved in 

Use of Nanotechnology in the Agrofood Sector. Sustainability Challenges in the Agrofood Sector, First 

Edition. Edited by Rajeev Bhat. John Wiley & Sons Ltd. pp.343-368, 2017. 

[29] H. Xiaojia, H. Deng, and H. Hwang, The current application of nanotechnology in food and agriculture. 

Journal of Food and Drug  Analysis, vol. 27, pp.1–21, 2019.    

[30] W. F. Abobatta, “Nanotechnology Application in Agriculture”, Acta Scientific Agriculture, vol.2, pp.99-

102, 2018. 

[31] M. Garcia,  T. Forbe, and E. Gonzalez, Potential applications of nanotechnology in the agro-food sector. 

Ciencia e Tecnologia de Alimentos Campinas, vol.30, pp.573–581, 2010. 

[32] V.   Shah and İ. Belozerova, “Influence of Metal Nanoparticles on the Soil Microbial Community and 

Germination of Lettuce Seeds”, Water Air and Soil Pollution , vol.197, pp.143-148, 2009 

[33]  L. Zang and T.J. Webster, “Nanotechnology and Nanomaterials: Promises for Improved Tissue 

Regeneration”, Nano Today, vol.4, pp. 66-80, 2009. 

[34] E. Corradini,  M.R. De Moura, L.H.S. Mattoso, “A preliminary study of the incorporation of NPK into 

chitosan nanoparticles”, Express Polym Lett. vol.4, pp.509-515, 2010. 

[35] M. Janmohammadi M., T. Amanzadeh, N. Sabaghnıa, Shahryar Dashtı, “Impact of foliar application of 

nano micronutrient fertilizers and titanium dioxide nanoparticles on the growth and yield components of 

barley under supplemental irrigation”. Acta Agriculturae Slovenica vol.107, pp. 265-276, 2016.  

[36]  J.C. Tarafdar, R. Raliya, H. Mahawar, and I. Rathore, “Development of zinc nanofertilizer to enhance crop 

production in pearl millet (Pennisetum americanum)”, Agricultural Research  vol.3, pp.257- 262, 2014.  

[37]  H.J. Park, K. Sung-Ho, K. Hwa-Jung, and S.H. Choi,  “A new composition of nanosized silica-silver for 

control of various plant diseases”. Plant Pathology vol.22, pp.295-302, 2006.  

[38]  D. Mukal, N. Saxena, P.D. Diwivedi, “Emerging trends of nanoparticles application in food technology: 

Safety paradigms”. Nanotoxicology vol.3,pp.10-18, 2009.  

566

javascript:void(0);
javascript:void(0);
javascript:void(0);


Nanotechnology Applications in Agriculture ICADET ‘19 

 

 

[39]  D. Meetoo, “Nanotechnology and the Food Sector: From the Farm to the Table”. Emirates Journal of Food 

and Agriculture vol.23, pp.387-403, 2011.  

[40]  D.W. Galbraith, “Nanobiotechnology: silica breaks through in plants”. Nature Nanotechnology vol.2, 

pp.272-273, 2007.  

[41] G.N. Rameshaiah, J.Pallavi, S. Shabnam, “Nano fertilizers and nano sensors an attempt for developing 

smart agriculture”. International Journal of Engineering Research and General Science vol.3, pp.314-320, 

2015. 

[42] P. Bharathi, N. Balasubramanian, S. Anitha, V. Vijayabharath,  “Improvement of membrane system for 

water treatment by synthesized gold nanoparticles”. Journal of Environmental Biology vol.37, pp.1407-

1414, 2016.  

[43]  J.H. Choy, S.J. Choi, J.M.Oh and T.Park “Clay minerals and double layered hydroxides for novel 

biological applications”. Applied Clay Science vol.36, pp.122-132, 2007.  

[44]  F. Klingenfuss, “Testing of TiO2 nanoparticles on wheat and microorganisms in a soil microcosm”. Thesis 

for Master of Science in ecotoxicology, University of Gothenburg, pp. 62, 2014. 

[45]  V.K. Yata, B. C. Tiwari, I. Ahmad,  “Nanoscience in food and agriculture: research, industries and 

patents”. Environmental Chemistry Letters, vol. 16, pp.79-84, 2018.  

[46]  C.O. Dimkpa, J.E. McLean, D.W. Britt, and A.J. Anderson, “Antifungal activity of ZnO nanoparticles and 

their interactive effect with a biocontrol bacterium on growth antagonism of the plant pathogen Fusarium 

graminearum”, Biometals, vol.26, pp.913-924, 2013.  

[47]  P. Rajiv, S. Rajeshwari, and R. Venckatesh, “Bio-Fabrication of zinc oxide nanoparticles using leaf extract 

of Parthenium hysterophorus L. and its size-dependent antifungal activity against plant fungal pathogens”, 

Spectrochim Acta A, vol.112, pp.384-387, 2013.  

[48]  C.O. Dimkpa, and P.S.Bindraban, “Nanofertilizers: new products for the industry?”, J Agric Food Chem, 

vol.66, pp.6462-6473, 2018  

[49]  K.M. Wibowo, M.Z. Sahdan, N.I. Ramli, A. Muslihati, N. Rosni, and V.H. Tsen,  “Detection of 

Escherichia coli bacteria in wastewater by using graphene as a sensing material”, In: J Phy: Conf Series. 

IOP Publishing;. pp. 012063, 2018.  

[50]  H. Deng, Y. Gao, T.P.S. Dasari, P.C. Ray, and H.Yu, “A facile 3D construct of graphene oxide embedded 

with silver nanoparticles and its potential application as water filter”, J Miss Acad Sci, vol.61, pp.190-197, 

2016.  

[51]  M.Geszke-Moritz, G. Clavier, J.Lulek, and R. Schneider, “Copper-or manganese-doped ZnS quantum dots 

as fluorescent probes for detecting folic acid in aqueous media”, J Lumin;vol.132:pp.987-991, 2012  

[52]  B. Esser, J.M. Schnorr, and T.M. Swager, “Selective detection of ethylene gas using carbon nanotube-

based devices: utility in determination of fruit ripeness”, Angew Chem Int , vol.51, pp.5752-5756, 2012.  

[53]  Y.W. Lin, C.C. Huang, and H.T. Chang, “Gold nanoparticle probes for the detection of mercury, lead and 

copper ions”, Analyst, vol.136, pp.863-871, 2011.  

[54]  M. Jokar, M.H. Safaralizadeh, F. Hadizadeh, F. Rahmani, and M.R. Kalani, “Design and evaluation of an 

apta-nano-sensor to detect Acetamiprid in vitro and in silico”, J Biomol Struct Dyn, vol. 34, pp.2505- 2517, 

2016. 

[55]  T. Akbaş, and C. Özarslan,” Nanoteknoloji ve Tarımda Uygulama Olanakları”,  Tarımsal Mekanizasyon 

24. Ulusal Kongresi. 5-6 Eylül Kahramanmaraş, pp. 309-316, 2007. 

[56] FAO/WHO, “Expert meeting on the application of nanotechnologies in the food and agriculture sectors. 

Potential food safety implications: Department of food safety and zoonoses”, Meeting Report. Rome, 2010. 

[57]  H. Wong, V.L. Colvin, and J.B. Hughes, “Nanocatalysts for remediation of environmental pollutants”, 

Annual report to the national science foundation, pp. 60-62, 2002. 

 

567

https://www.sciencedirect.com/science/article/pii/S0169131706001517#!
https://www.sciencedirect.com/science/article/pii/S0169131706001517#!
https://www.sciencedirect.com/science/article/pii/S0169131706001517#!


 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*humeyra_ispirli@hotmail.com 

Glucanotransferases as Novel Enyzmes of LAB for Cereal Technology and Food 

Applications 

 
Humeyra ISPIRLI*1, Osman SAGDIC1, Enes DERTLI2 

 
1Yıldız Technical University, Department of Food Engineering, Istanbul, TURKEY 

2 Bayburt University, Department of Food Engineering, Bayburt, TURKEY  

 

Keywords:  
Glucanotransferases 

Lactic acid bacteria 

Exopolysaccharides 

 
Abstract 

A number of bacterial groups, including lactic acid bacteria (LAB) are known to 

synthesize exopolysaccharides (EPS) during fermentation. Because of the large 

differences in structure, size and composition, microbial exopolysaccharides are 

important for the food industry as well as for the health industry because of their 

health benefits. Glucansucrases (GSs) commonly found in LAB are within the 

Glucoside hydrolase family 70 (GH70) and they catalyze the synthesis of glucans 

from sucrose. Particularly in recent years, some LAB members have been found to 

have α-glucanotransferase (AGTase) enzymes that have catalytic effect on 

maltodextrin and starch but that are inactive with sucrose. All these GH70 enzymes 

are very interesting biocatalysts and hold strong potential for applications in the 

food, medicine and cosmetic industries. 

 

1 INTRODUCTION  
 

Polysaccharides, having many vital functions, such as being energy storage material for living things and 

forming the structure of cell walls, including bacterial cells are among the most important biological polymers in 

the world [1]. Many prokaryotic and eukaryotic organisms including bacteria are capable of producing 

polysaccharides called extracellular exopolysaccharides that are not present in the composition of cell walls [2]. 

Exopolysaccharides are of great importance for the food industry because of their viscosity enhancing, 

stabilizing and emulsifying properties [3]. Bacteria are essential organisms responsible for exopolysaccharide 

production for technological and industrial applications [4]. 

 

Bacterial exopolysaccharides are divided into two groups as heteropolysaccharides and homopolysaccharides in 

terms of their chemical structure [5]. Heteropolysaccharides are composed of different types of monosaccharides 

such as glucose, galactose and rhamnose and their biosynthesis is a highly complex process that requires the 

combined action of a large number of proteins, including enzymes, transporters and regulators [5, 6]. 

Homopolysaccharides are formed from a single type of sugar monomers including glucose or fructose and unlike 

heteropolysaccharides, a single gene is responsible for their production [7]. Homopolysaccharides are generally 

synthesized from sucrose using a single glucansucrase (GS) or fructansucrase enzyme [8]. 

 

Biosynthesis of homopolysaccharides occurs either in the cytoplasm or outside the cell [9]. Inside cell, the 

related glucosyltransferases transfer activated monosaccharide molecules to the acceptor molecule by forming a 

glucosidic bond [1, 10]. Besides that, extracellular glucosyltransferases catalyze the degradation of sucrose in the 

culture medium and they use the energy generated in the degredation process to transfer glucosyl residues to 

acceptor molecules to form polysaccharides [1]. These extracellular enzymes that were called collectively 

glycosyltransferases include the glucosyltransferase (GTF) and fructosyltransferase (FTF) [7]. 

 

These extracellular GS enzymes found only in lactic acid bacteria were the only members of the GH70 family 

for a long time [11].  Particularly in recent years, some LAB members have been found to have AGTase 

enzymes that have catalytic effect on maltodextrin and starch but that are inactive with sucrose [12-16]. 

 

In LABs, AGTase were detected for the first time by the presence of a different genetic region in GtfA-like DNA 

homology in the upstream region of the glycosyltransferase (GtfA) gene responsible for EPS production in the 

Lactobacillus reuteri 121 strain [17, 18]. Subsequently, although the studies on this genetic region have high 
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similarity with the GtfA gene, which converts sucrose to a reuteran polymer, it is concluded that it has no effect 

on the presence of sucrose. However, it is understood that this region has catalytic effect in the presence of 

maltodextrin and starch and this enzyme breaks α (1-4) bonds to form α (1-6) branches and because of this 

property, it is referred to as 4,6-α-glucanotransferase. It has been determined that L. reuteri NCC 2613 produced 

4,6-α glucanotransferase of similar properties and that L. fermentum NCC 2970 produced 4,3-α-

glucanotransferase, producing α (1-3) branches by breaking α (1-4) bonds. At the end of their biochemical 

characterization, the glucanotransferases in LABs were referred to as GtfB. 

 

2 GTFB-LIKE 4,6 A-GLUCANOTRANSFERASE ENZYMES 
 

In recent years, some lactic acid bacteria (LAB) members have been found to have AGTase enzymes with 

catalytic effect on maltodextrin and starch [12-16]. These enzymes are classified in the glycosidic hydrolase 

GH70 family and belong to the GH-H clan due to their high affinity with the enzymes found in the GH13 and 

GH77 families that modify the starch. It has been reported that the sequence of GTFB protein isolated from 

L.reuteri 121, a probiotic bacterium, is similar to the sequence of the GTFA protein isolated from L. reuteri 121, 

but these structurally related proteins have different enzymatic activity [15, 19]. The L. reuteri 121 GtfB enzyme 

similar to GH13 α-amylase type enzymes in the using of starch / maltodextrin substrates acts as a 4,6-α 

glucanotransferase (4,6-α-GTase). This enzyme breaks α1-4 bonds and synthesizes linear isomalto / malto 

polysaccharides by forming consecutive new α1-6 linkages. These isomalto / malto polysaccharides which 

compose of (α1-6) glucan chains attached to the non-reducing ends of the fragments of starch or malto-

oligosaccharides are considered to be a new type of soluble dietary fiber [20]. 

 

With 4 exceptions, all found in the genus Lactobacillus and a total of 46 related GtfB enzymes forming a new 

GH70 subfamily are currently available in databases. Several family GH70 enzymes have been found in non-

LAB genera, with disclosure of several novel genome sequences. The GtfC enzyme of Exiguobacterium 

sibiricum 255-15 [12] and the GtfD enzyme of Azotobacter chroococcum NCIMB 800326 [13] have been 

identified. It has been reported that both of these enzymes are inactive with sucrose and are active with 

maltodextrins/starch and show 4,6-α-GTase activity resulting in the synthesis of isomalto/malto oligosaccharides 

(IMMO) (GtfC) [12]. Biochemically, E. sibiricum 255–15 GtfC is very similar to L. reuteri GtfB, both cleaving 

(α1-4) linkages and introducing (α1-6) linkages in linear chains. However, GtfC activity results in the synthesis 

of isomalto/malto-oligosaccharides, instead of a modified polymer (IMMP). 

 

3 CATALYTIC MECHANISM OF GTFB ENZYMES AND MECHANISM OF Α-

GLUCAN SYNTHESIS BY FAMILY GH70 GTFB ENZYMES 
 

The GH70 and GH13 family enzymes show similarities in their sequence and structure, because of their 

evolutionary relationship, and they use an α-retention double displacement catalytic mechanism [11, 21]. Basic 

properties of these enzymes are; they contain 8 (β/α) barrel structures, have 4 conserved amino acid sequence 

motifs, and show catalytic effect by α-retaining mechanism with Glu and Asp amino acids in their active regions. 

AGTases act on substrates containing several consecutive α-1,4-glycosidic bonds such as amylose, amylopectin, 

maltodextrins and glycogen. The critical feature of AGTases is that they catalyze the disproportionation reaction 

and transfer the shredded glucan to a glucan receptor which forms a new α-glycosidic bond [22-26]. This 

catalytic reaction begins with the cleavage of an α-1,4-glycosidic bond in the substrate and the formation of an α-

linked covalent glycosyl-enzyme intermediate. These processes take place with two acidic amino acids in the 

active region of the enzyme, one of which acts as nucleophilic and the other acts as an acid/base [27]. 

 

Information on the genetic properties of 4,6- and 4,3-α-glucanotransferase enzymes synthesized by LAB species 

is limited. Genomic screening results indicate that α-glucanotransferases are encoded by a single gene. For 

example, the genes encoding the said enzyme produced by L. reuteri 121 and L. reuteri NCC2613 strains were 

found to have 4860 and 4310 bp length, respectively [16, 28, 29]. The gene encoding 4,3-α-glucanotransferase, 

which exhibits different binding properties detected in the L. fermentum NCC2970 strain, was also shown to be 

4779 bp in length. When the sequence properties of these genes are examined closely, there is a short DNA 

sequence encoding KxYKxGKxN signal peptides which are common in Gram positive bacteria and serve as 

anchor of cytoplasm membrane. These properties show that 4,6- and 4,3-α-glucanotransferase enzymes are 

synthesized in the producer cells due to cytoplasmic membrane [15, 16, 19, 20, 28, 30].  

 

4 FUTURE PERSPECTIVES 
 

Microbial EPSs are structurally great diverse and many LAB strains produce a wide variety of different 

homopolymeric and heteropolymeric EPS with different structures. Since lactic acid bacteria are defined as 
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GRAS, they constitute the most important group among bacteria. The important metabolites produced by LAB 

due to GRAS status are of interest as industrial products. Due to the structural characteristics of EPS and the 

demand for natural components, interest in EPS has increased in recent years, particularly in the food industry 

and in the chemical, pharmaceutical and medical fields. EPSs are widely used in the food industry as emulsifiers, 

stabilizers and thickeners. Recently, published data on the positive effects of EPS on the immune system has 

increased interest in EPS. GTFB final products are among the functional carbohydrates that function as prebiotic 

oligosaccharides and soluble dietary fiber [20]. Enzymatic conversion of starch which is an existing and cost-

effective substrate by GTFB provides potentially valuable food ingredients and provides interesting 

opportunities for industrial applications [31]. While natural starch has been an important element in food 

components for many years, modified starches have recently found an unlimited use. In general, modified 

starches are used for three reasons. i; they provide functional properties that normal starch cannot provide in 

food applications, ii; Starch is quite abundant, iii; The use of starch instead of expensive gums provides an 

economic advantage [32]. 
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Abstract 

The present study was conducted to determine the effects of Field Dodder (Cuscuta 

campestris Yunck.) on agronomical properties of Fırat 87 (Lens culinaris L.) lentil 

variety in 2017-2018 agricultural season in the city of Kahramanmaras. The study 

consisted of 3 replications according to the Randomized Block Design with 4 

different applications. The effect of Field Dodder on lentil development was 

determined by comparing the results with the control varieties. It was concluded in 

the study that in chemical control against Dodder, the density of Dodder was 13.217 

(number/m2) when only Pendimethalin was applied before the sortie time; 20.473 

(number/m2) when ımazamox was applied after the sortie time; 8.274 (number/m2) 

when pre-emergence Pendimethalin+post-emergence ımazamox was applied; and 

90.725 (number/m2) in the Controls. It was determined that the highest effect on 

Dodder density was obtained with the Pendimethalin+ımazamox and at the lowest 

level with ımazamox. Depending on the germination and haustorium-forming date 

and density, the effect of it was found to be insignificant on germination time, number 

of branches per plant and number of flowering days of the lentil. However, it was also 

found that it was effective on the physiological ripening duration, number of pod and 

grain yield at a statistical level. 

1 INTRODUCTION  
 

Lentils, one of the most important legume plants in the world; it is a source of plant protein for humans, nutrition 

for animals and nitrogen for soil [1,2,3]. Lentils are a rich source of vegetable protein, vitamin A, iron, calcium, 

potassium and other minerals. Lentil (Lens culinaris Medick.), which is one of the most important legume species 

with these characteristics, covers 23-31% of plant proteins, 7% of carbohydrates and 38% of proteins and 5% of 

carbohydrates in human nutrition [3,4,5]. 

 

It is reported that weeds, which damage cultivated plants, are one of the most important problems in aquaculture, 

enter into competition in terms of light, water and nutrients in culture areas, and greatly decrease the yield and 

quality of cultivated plants [6]. In our country, the most important abiotic factors limiting productivity in lentil 

fields are drought, low and high temperature, insufficiency of plant nutrients, salinity and high lime rate. Besides, 

weed problem is one of the leading biotic factors. Weeds, especially in Central Anatolia, are the most important 

biotic stress factor limiting winter lentil planting [7]. The most important factors affecting the yield of lentil 

cultivars are precipitation regime and weeds [8,9,10]. 

 

Weeds compete with lentils for nutrients, water and light in the early period and decrease the yield and quality of 

the product [11]. Weeds compete culture plants for nutrients, water and lead to loss of yield. Depending on the 

type and density of weed yield, loses may also change [12]. Halila [13] reported that weeds usually lead to a loss 

of yield of 60% and yield loss can reach 100% at high concentrations. 20-80% yield loss occurs in lentil fields due 

to weeds [14]. 

 

In order to prevent crop losses in cultivated plants, the distribution, damage levels and competitiveness of weed 

species should first be observed [15,16,17]. Dodder species (Cuscuta spp.) are parasitic plants that live as full 

parasites on their hosts. According to the Turkish Plant Names Dictionary [18], the local names given to the dodder 

plant in our country are Bostanbozan, Canavar otu, Bağbozan, cin saçı, Eftimon, Gelin saçı, Kızıl sarmaşık, Küşüt 
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and Şeytan saçı. In the same source, it was stated that it was commonly known as “Bostanbozan” in our country 

and these species are one-year, chlorophyll-free and parasitic plants. 

 

Dodder species (Cuscuta spp.), in the plant kingdom, belong to Trachebionta Branch, Magnoliopsida Class, 

Asteridae Subclass, Solaneles order, Cuscutaceae family and Cuscuta genus is a single-year and full parasitic plant 

[19].Dodder (Cuscuta spp.), which is a complete parasitic plant, is cylindrical and filamentous, leafless and 

chlorophyll-free, with white flowers. Stems (stem) are yellow-orange and generally threadlike in diameter of 0.3 

mm. The flowers are 2-3 mm long, often glandular, with corolla lobes overlapping oval, orbicular, or sometimes 

longer than width. Corolla lobes are broadly triangular, acute, usually curled, and lobes are shorter than 

campanulate, tube. Stamens; shorter than the corolla lobes. Filaments; longer than or equal to anthers. Staminal 

braces (stamps); ovate and abundant tassels (deeply torn edges). Dodder absorbs nutrients from host plants 

(houstorium). This plant gives 3,000-25,000 seeds. Mature scallop seed can survive in soil for 10-20 years 

[20,21,22]. 

 

The semi-cosmopolitan Cuscutaceae family is a genus and contains more than 200 species. It is widespread in 

warm, tropical and subtropical regions [23]. Some genus of Cuscuta are included in the Convolvulaceae family 

[20,24], while some researchers evaluated it in the Cuscutaceae family [25]. Cuscuta genus in Turkey Flora is 

located in Cuscutacea family [21]. According to the research by Davis [21] in Turkey, 21 dodder (Cuscuta spp.) 

Taxa were found in Turkey and 2 species existed naturally in Kahramanmaras. As a parasite, it causes the culture 

plant to stop development or even die. It hinders the activities such as development and growth by covering the 

plants [26]. 

 

As dodder feeds on the host by houstoriums, a selective herbicide application is required [27]. Pre-planting 

herbicides commonly used in dodder control including pronamide, trifluralin and pendimethalin. Post-

administration of DCPA, pelargonic acid, imazamox, imazethapyr and paraquat has been reported to be efficacious 

[28]. 

 

It is known that the precautions against this important parasitic plant can be taken in a shorter time and healthier 

by knowing the dwarf species, host and density in the rapidly growing lentil culture areas in the region. Therefore; 

the aim of this study is to investigate the effect of dodder weeds on lentil fields in Kahramanmaraş province in 

order to minimize the yield and quality losses caused by scallop and to prevent the contamination to other 

cultivated plants. 

 

2 MATERIAL AND METHOD 
 

2.1 Material 

 

Fırat 87 lentil cultivar, scallop (C. campestris Yunck.), Pre-emergence herbicide (pendimethalin), post-emergence 

herbicide (imazamox) were used as materials. In addition, 1% indole butyric acid was used to break down the 

dormancy in the dodder seed. 

 

Fırat 87 lentil cultivars used in our experiment were obtained from Southeastern Anatolia Agricultural Research 

Institute. C. campestris seeds were collected from the previous year and kept in herbarium room conditions of 

Plant Protection Department of Faculty of Agriculture, KSU. Due to dormancy in dodder seeds, indole butyric 

acid was kept in solution for 30 minutes before being planted in trial plots. Scallop seeds were sown on control 

plots together with lentil seeds. 

 

 
Figure 1. Fırat 87 lentil trial area 
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Figure 2. General view of Cuscuta campestris flowers 

 

 
Figure 3. Cuscuta campestris with infested lentil plant 

 

2.2 Method 

 

Lentil experiment was established on 10 December 2017 in Kahramanmaraş Sütçü İmam University, Faculty of 

Agriculture. The research was established as a randomized block design with 3 replications and 4 different 

applications. Each parcel is 10 m2 in size (row spacing is 20 cm and 4 rows are 10 m long and 1 m wide). Since 

dormancy was found in dodder seed, lentil seed (200 pieces / m2) and dodder seeds (200 pieces / m2) were planted 

together to a depth of 3 cm by keeping in 1% indole butyric acid solution for 30 minutes. The dodder seed hardens 

after drying, so that the seed shell has an air and water impermeable epidermal layer with three different layers on 

the outermost the presence of the layer [29,30] and this hard shell prevents the exchange of gas causing physical 

dormancy in the seed [31]. 

 

Lentils were planted on 10 December 2017 and the output was between 26 December 2017-02 January 2018. The 

dodder output was observed on 10 April 2018. In order for seedling to germinate, soil moisture should be 60-70% 

and optimum temperature should be 25-30 ° C. It also needs the host secretion it needs (allelochemicals). The first 

flowering in lentil plant was seen on 9 April 2018 and the last flowering was seen on 28 April 2018. Dodder 

germination from soil took place on April 10, 2018, and clinging to lentil branches took place on April 15-18, 

2018. The feeding of dodder in houstariums started on 22-24 April 2018. From 8-10 cm height, the dodder started 

clinging to branches and upward development started.  

 

In each block, three different herbicides were applied, namely, pendimethalin before exiting, imazamox after 

exiting, and pazimethalin before exiting, and imazamox after exiting. At the same time, a control parcel was created 

in each block. In southern Canada, Cuscuta spp. sprouts in May-June period [32]. The best temperature for C. 

campestris and C. gronovii is 30 ° C [33,34]. C. campestris dies if the host cannot reach the seedling within 8 days 

after germination, C. gronovii can survive for several weeks or even 7 weeks [35,36]. The number of plants per 

square meter was calculated by counting the plants in the middle two rows and one meter area in each parcel. 

  

2.2.1 Dodder Density 

 

The number of weeds in the 1m
2 was calculated by dividing the total number of each species in 1m

2 to the survey 

area. Weed density was calculated using the formula Güncan, [37]; 

574



The Effect of Fıeld Dodder (Cuscuta campestris Yunck.) on the Agromorphologıcal Features of 

Lentıl (Lens culinaris L.) 

ICADET ‘19 

 

 

Density=B/n                  (1) 

 

Here; B=Total weeds number in the sample, n=Number of sample. 

 

As suggested by Ustuner and Güncan [38], density scale was used as follows;  

 

Density scale, 

 

A. High dense (average more than 1 0 weeds/m2) 

B.   Dense (average 1-1 0 weeds/m2) 

C.   Mid dense (average 0.1-1 weeds/m2) 

D.  Low dense (average of 0.01 to 0.1 weeds/m2)  

E. Rare (average of less than 0.01 weeds/m2) 

 

The lump density in lentils was determined by Tepe [39]. According to this scale; 

  

Dodder density scale; 

(1) No dodder 

(2) Small dodder infestation (Lentil is healthy and yield loss is not observed) 

(3) Moderate dodder infestation (visible damage to lentils) 

(4) Dodder infestation (Lentils have significant loss of yield) 

(5) High dodder infestation (Lentils dead) 

 

The trial area was first worked with a plow (16-19 cm depth), the second plow was made with goble disc (10-11 

cm depth), then smoothed by harrow. Lentil seed (200 number / m2) and dodder seed (200 number / m2) were 

cultivated manually in order. According to the soil analysis results before sowing, 2.5 kg / da N and 5.9 kg / da 

P2O5 were applied to the amount of fertilizer per decares. Total nitrogen and phosphorus to be given were given 

with sowing. 

 

Traditional chemical control methods against pathogens and pests have been made in the field. In the fight against 

dodder, pendimethalin was applied as lentil 20 cm tall on March 2, 2018, while imazamox was applied after dodder 

after lentil flowering period after April 10, 2018. 

 

At the beginning of the parcel, 0.5 m from the beginning and end of the parcel were left as one side effect. The 

plants that reached the harvest maturity were first harvested by hand and then the parcel yield was obtained by 

blending. 

 

2.2.2 Chemical Control with Dodder 

 

In the lentil parcels, herbicides were used for weed control in two different periods: pre-emergence herbicide (2 

March 2018) and post-emergence herbicide (12 April 2018). In addition to these applications, two-hand hoeing 

and one-hand picking method were applied for narrow-broad-leaved weeds. 

  

Three different applications have been made in chemical control of lentil. Pendimethalin was applied before exiting 

on 2 March 2018, imazamox was applied after exiting on 12 April 2018 and pendimethalin was applied before 

exiting (2 March 2018) + imazamox application after exiting (12 April 2018). 

 

In order for seedling to germinate, the soil moisture should be 60-70% and the optimum temperature should be 

25-30 °C. It also needs the host secretion it needs (allelochemicals). Therefore, the dodder had no negative effect 

on lentil sortie time. The first flowering in lentil plant was seen on 9 April 2018 and the last flowering was seen 

on 28 April 2018. The sortie time of dodder from soil took place on 10 April 2018 and the clinging to lentil 

branches took place on 15-18 April 2018. The feeding of dodder in houstariums started on 22-24 April 2018. 

 

2.2.3 Statistical Analysis 

 

Statistical calculations were made in SAS program according to factorial arrangement in randomized block 

experiment design. Duncan multiple comparison test was used to find the difference between means [40]. 
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3 RESULTS 

 
According to the results obtained from the study, the differences between applications were found to be statistically 

significant for all parameters examined. 

 

The difference between the years was statistically significant in terms of all parameters except the sortie time, 

number of branches per and blossoming day count. (Table 1). 

 

Table 1. Summary of Variance Analysis 

Source DF 

Mean Square 

Number 

flowering days  

Ripening 

duration 

Branches 

number  

Pod number   Grain yield 

Block 2 1.361 0.086 0.147 0.287 0.025 

Applications 3 0.073 556.420** 1.341 111.623** 6188.286** 

Error 6 0.209 0.741 0.117 0.296 1.390 

CV (%) 0.320 0.489 6.515 1.522 0.635 

**p<0.01 and *p<0.05 

 

3.1 Sortie Time (day) 

 

Lentil cultivation was carried out on 10 December 2017. Sixteen days later (26 December 2017), the first sortie 

time was observed and until 02 January 2018 the germination continued. The lentil emergence period lasted 23 

days. There was no negative effect of dodder on lentil sortie time. Dodder sortie time after the flowering period of 

lentils. The soil moisture must be 60-70 % and the optimum temperature 25-30 °C for germination of dodder seed. 

It also needs the host secretion (allelochemicals). According to the research carried out with Malazgirt-89 winter 

red lentil variety in Pasinler region in Eastern Anatolia, sortie time has been reported as 30.3 days in the first year, 

15.0 days in the second year and 22.7 days in the two-year average [41]. Çokkızgın and Anlarsal [42] investigated 

the plant and agricultural characteristics of lentil local genotypes in Kahramanmaras Sutcu Imam University, 

Faculty of Agriculture. The sortie time was 26.8 days (Adiyaman / Samsat-Ovacik genotype) and 25.2 days (Kilis 

/ Central genotype). The sortie time determined by Ağsakallı and Olgun [41], Şakar and Biçer [43], Çokkızgın and 

Anlarsal [42] were found to be similar. Lentil sortie time may vary according to lentil genotypes, altitude, locations, 

sowing times and climatic conditions. 

 

3.2 Number of flowering days (day) 

 

In Kahramanmaraş climatic conditions, the number of flowering days of Fırat 87 lentil varieties was 142.88 (day) 

for parcels with dodders and 142.82 (day) for parcels with pendimethalin. 143.16 (day) in the parcels imazamox 

applied, pendimethalin + imazamox applied parcels were determined as 143.05 (day) (Table 2). The germination 

of the dodder was on April 10, 2018, the clinging to the lentil branches was on April 15-18, 2018 and the 

houstariums of the dodder started feeding on April 22-24, 2018. 

According to the results of the statistical analysis, the number of flowering days obtained from the parcels was in 

three different herbicide applications were found to be insignificant. 

 

Table 2. Means of number of flowering days of lentis genotype (day) 

 Applications Means 

1 Dodder (Control) 142.8867 

2 Pendimethalin 142.8200 

3 Imazamox 143.1633 

4 Pendimethalin +Imazamox 143.0533 

 

The time determined in this study was determined by Gupta [44], Biçer and Şakar [45], Çokkızgın and Anlarsal 

[42], while it was found to be different and longer than Ağsakallı and Olgun [41] and Aydoğan [46]. Lentil 

genotype as well as precipitation and temperature flowering significantly affects the number of days. The efficacy 

of the dodder which is one of the biotic factors may vary according to the time of germination and houstorium 

formation. 
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3.3 Physiological ripening duration (day) 

 

Physiological ripening duration control (dodder) was 155.73 (day), 182.70 (day) in parcels treated with 

pendimethalin, 181.88 (day) in parcels treated with imazamox, 184.12 (day) in parcels treated with pendimethalin 

+ imazamox. 

It was determined (Table 3) that all applications were in different groups and it was significant at p <0.001 level.  

 

Table 3. Means of physiological ripening duration of lentis genotype 

 Applications Means 

1 Dodder (Control) 155.7300 C 

2 Pendimethalin 182.7067 AB 

3 Imazamox 181.8800 B 

4 Pendimethalin +Imazamox 184.1267 A 

 

When dodder started to feed on lentil via its houstorium, vegetative development of lentil was adversely affected 

causing the lentil physiological ripe in shorter period. Accordingly, lentil has short physiological ripening period, 

hence pod per plant, grain yield and weight were found to be low. The number of houtorium increases as well as 

the number of infected lentil branches as it develops on the lentil branches with dodder wrapper bodies. That is, 

day by day, the dodder takes more nutrients from the lentil and thus more blockage occurs on xylem causing lack 

of nutrients reaching the top of lentil offshoots.  For this reason, the majority of the beans formed were empty (fis) 

and lack of proper size. 

 

Physiological maturation time is a genotype dependent feature and has a direct relationship with environmental 

factors. In the studies conducted, it was reported that genotypes mature for different periods. According to the 

research on lentil varieties in East Anatolia Pasinler region Malazgirt-89 winter red lentil, the average ripening 

period was 108.8 (day) in 1994, 91.8 (day) in 1995 and 100.3 (day) in the average of two years [41]. According to 

the research conducted in Diyarbakır conditions, physiological ripening period of Fırat 87 lentil varieties in the 

first year was 179.0 (day), 189.3 (day) in the second year and an average of 184.2 (day) were determined [45]. 

 

Maturation time values obtained from the study were found to be longer than Ağsakallı and Olgun [41] but similar 

to Biçer and Şakar [45]. Lentil has many abiotic and biotic factors that can influence the physiological ripening 

period. The genotype of abiotic factors, climate and soil factors, the region altitude, planting method may be 

effective. At the beginning of the biotic factors, weeds were particularly effective. 

 

3.4 Number of branches per plant (number/plant) 

 

Fırat 87 cultivars grown in Kahramanmaraş conditions, in (control) dodder parcels, number of plant branches were 

4.65 (number/plant). Pendimethalin applied plots were 5.29 (number/plant), imazamox applied plots were 4.90 

(number/plants) and pendimethalin + imazamox were 6.18 (number/plant) and statistically significant difference 

between applications was found insignificant (Table 4). 

 

Table 4. Means of number of branches per plant of lentis genotype 

 Applications Means 

1 Dodder (Control) 4.6567 B 

2 Pendimethalin 5.2933 B 

3 Imazamox 4.9000 B 

4 Pendimethalin +Imazamox 6.1800 A 

 

The results obtained in this study are higher than Biçer and Şakar [45] and Tantekin and Anlarsal [47] but similar 

to Ağsakallı and Olgun [41] and Zulkadir et al. [48]. These differences may be caused by many abiotic factors 

such as genotype, plant nutrition, altitude, climate, etc. 

 

3.5 Number of pod per plant (number/plant) 

 

Number of pods in control parcels were 27.71 (number/plant), 38.70 (number/plant) for pendimethalin applied 

plots, 34.77 (number/plant) for imazamox applied plots and pendimethalin + imazamox 41.86 (number/plant) 

(Table 5). The statistical difference between the applications was found to be significant. The highest rate of 

pendimethalin + imazamox treated parcels was obtained in the second place in pendimethalin treated parcels, the 

third was in imazamox treated parcels and the lowest number of pods was obtained from the control parcels. As a 
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result of parasitic feeding on lentils, it was observed that pod formation decreases significantly after flowering 

period. 

Table 5. Means of number of branches per plant of lentis genotype 

 Applications Means 

1 Dodder (Control) 27.7100 D 

2 Pendimethalin 38.7000 B 

3 Imazamox 34.7767 C 

4 Pendimethalin +Imazamox 41.8600 A 

 

The number of pods per lentil plant was found to vary between 36.9-52.9 numbers [49]. Fırat-87 pods in 

Kahramanmaraş conditions were as follows: First year (51.4 numbers/plant), second year (28.1 number/plant), 

third year (40.7 number/plant) and average (40.1 number/plants) were found [50]. According to the research 

conducted by Tantekin and Anlarsal [47] in Diyarbakır conditions, the number of pods in Fırat-87 variety was 

found to be 28.9 number/ plant. In the study conducted in Gaziantep, in the first year of the field experiment, the 

highest value was obtained from Fırat-87 with 22.3 per plant / plant average and the lowest average value was 21.0 

per plant / Native Red cultivar [51]. Zulkadir et al. [48] study in Kahramanmaraş on number of pods showed that 

the average values of the first year, second year and two years are examined, the number of pods in the high plant 

respectively, Flip 2007-106L genotype 66.52 plant to 300 plants / m2, Fırat-87 genotype 56.78 plant and 350 plants 

/ m2 and 60.69 plant and 300 plants in the genotype Flip 2007-106L respectively m2 plant density. The results 

obtained in the dodder parcels were similar to Tantekin and Anlarsal [47], herbicide parcel results were similar to 

Varshney [49], Çölkesen et al. [50], Zulkadir et al. [48] but higher than Temel et al. [51]. As it can be understood 

from the studies, many factors such as plant genotype, height, climate, soil characteristics, planting method and 

frequency are effective on the number of lentil pods, while dodder weed which is one of the biotic factors affects 

the number of pods negatively. 

 

3.6 Grain yield (kg/da) 

 

In this study, the effect of applications on lentil grain yield (yield per decare) was found to be significant (Table 6).  

Because lentils have more nutrients depending on the increasing number of houstorium and due to the clogging in 

xylem, grains were smaller and the amount of yield per decare decreased. 

 

Table 6. Means of grain yield of lentis genotype (kg/da) 

 Applications Means 

1 Dodder 79.33 

2 Pendimethalin 129.33 

3 Imazamox 108.00 

4 Pendimethalin +Imazamox 158.33 

 

The yield amount obtained from dodder parcels was lower than all the literature. The amount of yield obtained 

from herbicide applications were higher than Varshney [49], Bozoglu and Peksen [52], Tantekin and Anlarsal [47], 

Temel et al. [51], Aydoğan [46], and Öktem [53] but similar to Biçer and Sakar [54], Çölkesen et al. [50]. Lentil 

yield amount was affected by abitotic factors, genotype, altitude, climate and soil factors, fertilization, sowing 

method, while biotic factors were significantly affected by scantiness. 

 

4 CONCLUSION 
 

Pendimethalin + Imazamox application gave the best results on the number of branches, number of pods, number 

of days of physiological ripening and grain yield. As a holorostic plant, dodder causes yield losses up to 100% in 

grain yield in lentils. In addition to chemical struggle with dodder, yield loss can be reduced depending on the 

germination time of the dodder, adherence to host branches and the time to form a houstarium and start feeding. 

Delaying the lentil sowing date (15-20 October), especially taking into account the germination temperature of the 

dodder, is expected to reduce this damage rate significantly. 
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Abstract 

This research was carried out in 2018 in Osmaniye province and districts (Bahce, 

Düzici, Kadirli, Center, Sumbas and Toprakkale) to determine problematic weed 

species, families and weed density in peanut (Arachis hypogeae L.) fields. In the 

province, weed family count was 17, number of species is 44 and average density is 

126.93 number / m². The average weed density in districts was as follows: For 

Kadirli, it is 183.48 number / m2, for Central District, 151.90, for Duzici, 136.18, 

for Sumbas, 115.75, for Toprakkale, 96.94 and for Bahçe, 75.96 number / m². 

Additionally, weed species and density in the research area were as follows: Seed 

grass (Elymus repens L. Gould.) had density of 11.64 number / m², Red-rooted 

foxtail (Amaranthus retroflexus L.) had 10.93/ m² density, Purslane grass 

(Portulaca oleracea L.) had 10.49/ m² density, Shark grass (Cynadon dactylon) had 

10.58/ m² density, Johnson grass (Sorghum halepense L. Pers.) had 10.44/ m² 

density. These species were very dense (average number of plants per m²˃10). The 

following species were found to have been dense: Nut Sedge (Cyperus rotundus L.) 

had 9.34  / m² density, crabgrass (Digitaria sanguinalis (L.) Scop.) had 7.97/ m² 

density, field mustard (Sinapis arvensis) had 5.48/ m² density,  lamb's quarters 

(Chenopodium album) had 2.97/ m² density, Wild gooseberry (Physalis angulata 

L.) had 2.65/ m² density, field bindweed (Convolvulus arvensis L.) had 2.80/ m² 

density,  black nightshade (Solanum nigrum L.) had 2.26/ m² density, rough 

cocklebur (Xanthium strumarium L.) had 1.92/ m² density and deccan grass 

(Echinochloa colanum (L.) Link.) had 1.78/ m² density (Average number of plants 

per m² is determined to be 1-10). 

The frequency of occurence for weed species, were 68.25 between 50.00 % for E. 

repens, A. retroflexus, C. dactylon, D. sanguinalis, S. halepense, P. oleracea and C. 

rotundus.  

 

1 INTRODUCTION  
 

Peanut (A. hypogaea) is an annual herbaceous plant from the Leguminosae family. It is an important food source 

in human and animal nutrition. In addition, it makes a very significant contribution to the soil structure in terms 

of nitrogen. 

 

Peanuts are grown especially in tropical and subtropical climate regions. USA holds the first place in peanut 

production with 406.646 tons annually which is followed by Iran with an annual production of 315.151 tons. 

Turkey is the third producer with an annual production of 170.000 tons [1]. In Turkey, Adana has the largest 

peanut fields with 247.550 decares. Osmaniye is the second one with 126.665 decares of peanut fields.  Aydın is 

the third one with 1142 decares [2]. 

 

There are many factors affecting the yield and quality of peanut production. Weed, disease factors, pests, climate 

and soil factors are the leading factors. Weeds are able to compete strongly with cultivated plants. Weeds prevent 

the light of the culture plants, exploit nutrients and water, prevents the development of the culture plant with the 

secretions they produce, reduces the soil temperature, prevents the uniform development and maturation of the 

culture plants, reduces the quality of agricultural products, reduces the value of culture fields and they host 

diseases and pests which harm culture plants and some of the herbs live as parasites on cultivated plants [3]. The 
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first step to be successful in the fight against weeds needs to know the correct species identification and density. 

For this reason, it is important to know the weed species and density which is a problem in peanut fields. 

 

Important weed species seen in the peanut production in Turkey are honet dactylo LC, C. rotundus, A. albus, A. 

retroflexus, P. oleracea, E. repens, S. halepense, E. nutans, Chenepodi my album, E. colonum, C. arvensis, S. 

media, D. sanguinalis, X. strumarium, Solanum nigrum and Capsella bursa-pastoris (L.) Medik. [4,5,6,7,8]. 

 

The most common weed species encountered in peanut production in world countries are C. rotundus, C. 

dactylon, Panicum repens and Dactyloctenium aegyptium which grow on sandy soil in Tamil Nadu region of 

India [9]. Suryawanshi et al. [10] reported A. viridis, Parthenium hysterophorus, Acalypha indica, P. repens, 

Eclipta alba and Trianthema portulacastrum species are dense. Thimmegowda et al. [11] also reported D. 

marginata, D. aegyptium, Chloris barbata, E. colonum, Eleusine indica, Commenlina benghalensis, A. viridis, 

Lagasca mollis, E. hirta, E. geniculata, Borreria hispida, P. oleracea, Ageratum conyzoides Spillanthus acmella, 

Acanthosperum hispidum, Cleome monophylla, Phyllanthus niruri and Achyranthus aspera species as common. 

Ferrel et al. [12] reported primary problematic weed species as A. palmeri, Anoda cristata, Cardiospermum 

halicacabum, E. crus-galli, Desmadium incanum, C. dactylon, Cucumis anguria, Vigna unguiculata, Mollugo 

verticillata, Citrullus lanatus, D. californica, Crotalaria juncea, E. prostrata, Galium aparine, Raphanus 

raphanistrum, C. esculentus, D. aegyptium and X. strumarium. 

 

This research was carried out to determine the weed species, family and density of peanuts in Osmaniye 

province and districts. 

 

2 MATERIAL AND METHOD 
 

2.1 Material 

 

In this research, weed species which are problematic in peanut (Arachis hypogeae L.) fields of Osmaniye 

province were used as material. The survey study plan was made in 2018 considering the peanut production area 

according to districts (Bahçe, Düziçi, Kadirli, Merkez, Sumbas and Toprakkale). The surveys were organized in 

May-June and August-September. 

 

 
Figure 1. General view of Portulaca oleracea in a field of peanuts 

 

 
Figure 2. General view of Cyperus rotundus in a peanut field 
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                                        Figure 3. General view of Convolvulus arvensis L in the peanut field.  

 

2.2 Method 

 

In the study, surveys were applied at 2018 the peanut fields in Osmaniye province in Turkey. Considering the 

distribution and density of the peanut fields in the area, six districts were selected and the samples were obtained 

from that orchards. In the survey, it was considered at the least 3 km among the fields and the samples were 

obtained from 15 m inside of the edge of the fields. In each 1da area, 4 frames (1m2) were used and weeds were 

obtained from that and counted [13,14]. The number of weeds in the 1m
2 was calculated by dividing the total 

number of each species in 1m
2 to the survey area. Weed density was calculated using the formula [15]: 

 

Density=B/n                  (1) 

       

Here; B=Total weeds number in the sample, n=Number of sample. 

As suggested by Ustuner and Güncan [16], density scale was used as follows; Density scale, 

A. High dense (average more than 1 0 weeds/m2) 

B.   Dense (average 1-1 0 weeds/m2) 

C.   Mid dense (average 0.1-1 weeds/m2) 

D.  Low dense (average of 0.01 to 0.1 weeds/m2)  

E. Rare (average of less than 0.01 weeds/m2) 

 

In the evaluation, broad leaved weeds were considered as whole plants while narrow leaved weed were 

considered as their stems and recorded on the survey cards. 

 

The weed species were identified using “Flora of Turkey and East Aegean Islands ” [17,18] 

            

3 RESULTS 
 

3.1 Survey in Osmaniye 

 

According to the results of this research, weed family count was 17, species number was 49 and average density 

was 126.93 number / m² in peanut (A. hypogeae L.) fields in Osmaniye province. The average weed density 

according to districts; Kadirli, 183.48 number / m², Central District, 151.90 number / m², Duzici, 136.18 number 

/ m², Sumbas, 115.75 number / m², Toprakkale 96.94 number / m² and Bahçe 75.96 number / m². 

 

Weed species seen in the research area throughout the province are Elymus repens L. Gould (11.64 number / 

m²), Amaranthus retroflexus L. (10.93 number / m²), Portulaca oleracea L. (10.49 number / m²), Cynadon 

dactylon (10.58 number / m²), Sorghum halepense L. Pers. (10.44 number / m²) was calculated to be very dense 

(average number of plants per m²>10). Cyperus ratundus L. (9.34 number / m²), Digitaria sanguinalis L. Scop. 

(7.97 number / m²), Sinapis arvensis (5.48 number / m²), Chenopodium album (2.97 number / m²), Physalis 

angulata L (2.65 number / m²), Convolvulus arvensis L. (2.80 number / m²), Solanum nigrum L. (2.26 number / 

m²), Xanthium strumarium L. (1.92 number / m²) and Echinochloa colanum (L.) Link. It was found that species 

such as 1.78 number / m² are dense (average number of plants per m² is 1-10). 

 

These surveys were carried out in 6 districts according to peanut production areas. These districts are as follows. 
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3.2 Kadirli  District  

 

49 weed species from 22 families were identified in Kadirli district. The density of weed species seen on district 

basis was 183.48 number / m². The weed species and density detected were E. repens (13.76 number / m²), A. 

retroflexus (12.19 number / m²), C. dactylon (11.61 number / m²), D. sangoindis (11.14 number / m²), S. 

halepense, (10.97 number / m²), P. oleracea (10.75 number / m²), C. rotundus (10.19 number / m²). These weeds 

are in high density (average number of plants per m²˃10 ). Dense weeds are S. arvensis (6.89 number / m²), C. 

album (5.79 number / m²), P. rhoes (3.13 number / m²), P. angulata L (4.84 number / m²), C. arvensis (4.02 

number / m²), S. nigrum (3.89 number / m²), X. strumarium (3.52 number / m²), E. colonum (3.00 number / m²) 

and P. aviculare (2.90 number / m²). 

 

3.3 Central District 

 

45 weed species from 17 families were identified in the central district. The average density of weed species seen 

on district basis was 151,90 number / m². The weed species with high density detected were E. repens (12.85 

number / m²), A. retroflexus (12.00 number / m²), P. oleracea (11.74 number / m²), D. sanguinalis (10.85 number 

/ m²), C. rotundus (10.87 number / m²), S. halepense (10.34 number / m²), S. arvensis (10.27 number / m²), C. 

dactylon (10.26 number / m²). C. album (4.12 number / m²), P. angulata (3.46 number / m²), C. arvensis (3.32 

number / m²), S. nigrum (2.57 number / m²) and M. chamomilla (2.08 number / m²), X. strumarium (2.61 

number / m²) and S. nigrum (2.57 number / m²) were found to be dense. 

 

3.4 Düziçi District 

 

42 weed species from 19 families were identified in Düziçi district. The average density of weed species seen on 

district basis was 136.18 number / m². The weed species with high density detected were E. repens (11.90 

number / m²), P. oleracea (11.70 number / m²), A. retroflexus (10.73 number / m²), S. halepense, (10.70 number 

/ m²), C. dactylon (10.68 number / m²), C. rotundus (10.32 number / m²), D. sanguinalis (10.16 number / m²). S. 

arvensis (5.43 number / m²), C. album (3.15 number / m²) , P. angulata (3.12 number / m²), C. arvensis (3.02 

number / m²), P. australis (2.21 number / m²), E. crus-galli (2.15 number / m²), X. strumarium (2.14 number / 

m²), S. nigrum (2.11 number / m²) and M. chamomilla (2.10 number / m²) were found to be dense. 

 

3.5 Sumbas District 

 

33 weed species from 18 families were identified in Sumbas district. The density of weed species seen on district 

basis was 115.75 number/ m². The weed species with high density detected were E. repens (10.86 number / m²), 

P. oleracea (10.70 number / m²), C. dactylon (10.55 number / m²), A. retroflexus (10.45 number / m²), D. 

sanguinalis (10.25 number / m²), C. rotundus (10.20 number / m²), S. halepense (10.0 number / m²). Dense 

weeds were S. arvensis (4.21 number / m²), P. angulata (3.24 number / m²), C. arvensis (3.11 number / m²), C. 

album (2.67 number / m²), M. chamomilla (2.14 number / m²), S. nigrum (2.07 number / m²), P. rhoes (1.19 

number / m²) and Capsella bursa pastoris (1.11 number / m²).  

 

3.6 Toprakkale District 

 

28 weed species from 14 families were determined in Toprakkale. The density of weed species seen on district 

basis was 96.94 number / m². The weed species with high density detected were P. oleracea 10.70 number / m², 

S. halepense (10.55 number / m²), E. repens (10.26 number / m²), A. retroflexus (10.17 number / m²), C. 

rotundus (10.16 number / m²), C. dactylon (10.15 number / m²). Dense weeds were, S. arvensis (3.70 number / 

m²), D. sanguinalis (3.26 number / m²), C. arvensis (2.20 number / m²), C. album (2.14 number / m²), S. nigrum 

(1.72 number / m²) and M. chamomilla (1.68 number / m²). 

 

3.7 Bahçe District 

 

22 weed species from 12 families were detected in Bahçe district. The density of weed species seen on district 

basis was 75.96 number / m². The weed species with high density detected were E. repens (10.25 number / m²), 

C. dactylon (10.24 number / m²), S. halepense (10.12 number / m²), A. retroflexus (10.09 number / m²). P. 

oleracea (7.35 number / m²), C. rotundus (4.32 number / m²), S. arvensis (2.42 number / m²), D. sanguinalis 

(2.18 number / m²) , M. chamomilla (1.35 number / m²), A. myosuroides (1.30 number / m²) and C. arvensis 

(1.14 number / m²) were found to be dense. 
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According to the results of this research, weed family count was 17, number of species was 49 and average 

density is 126.93 number / m² in peanut fields of Osmaniye province. The most dense districts in terms of weed 

density, respectively; Kadirli (183.48 number / m²),  Central District (151.90 number / m²), Düzici (136.18 

number / m²), Sumbas (115.75 number / m²), Toprakkale (96.94 number / m²) and Bahçe (75.96 number / m²). It 

is observed that the peanut production area of Bahçe district has very little production area when compared with 

other districts. Another important factor is the altitude and the Bahçe has an altitude of 665 m, while Osmaniye 

center and other districts vary between 125-150 m. 

 

Weed species seen in the research area throughout the province; E. repen, A. retroflexus, P. oleracea, C. 

dactylon, and S. halepense are very intense, while C. rotundus D. sanguinalis, S. arvensis, C. album, P. 

angulata, C. arvensis and S. nigrum It was observed to be dense. It is possible that weed density varies from 

district to district and even from field to field. 

 

Peanut cultivation in Turkey is mostly carried out in Çukurova and Southeast Anatolia regions. Weeds that are 

problematic in peanut fields are C. rotundus, S. halepense, E. colonum, E. prostata, C. tinctoria, A. hypridus and 

P. oleracea species such as [20,5]. Although the prevalence and density of these weeds vary, the important weed 

species seen in peanuts grown in our region are; S. halepense, X. strumarium, C. arvensis, A. retroflexus and P. 

oleracea [6,7,20,21,25]. 

 

Weed species problem in peanut production in Turkey and intensity of work done on [4,5,6,7,8,19,25] and we 

found that weed species found similar in our study, differences were observed in density. 

 

In a previous related research, Subrahamaniyan and Arulmozhi [24] reported C. barbata, C. benghalensis, B. 

hispida, A. conyzoides, S. acmella, A. hispidum, C. monophylla, P. niruri, A. aspera T. portulacastrum, D. 

aegyptium, D. sangunalis, C. rotundus C. dactylon, Parthenium hysterophorus, A. indica, E. alba and T. 

portulacastrum as common weeds in peanut fields. Also some other research confirmed these weeds [9,10,11]. 

According to Senthilkumar [23], weed species seen in peanuts in India were D. sanguinalis, E. colonum, C. 

dactylon and C. rotundus; Croton sparsiflorus and A. viridis were found to be dense. Additionally, weed species 

seen in peanuts were E. geniculata, Physalis minima, D. arvensis, L. mollis, A. indica and P. nirur, Denebra 

arabica, C. enghalensis, P. annua, C. rotundus, C. dactylon, A. cristata, C. halicacabum, D. incanum, M. 

verticillata and E. prostrata [12,22]. Our study confirmed only some common weeds as similar to previous 

related research: D. sangunalis, C. rotundus, C. dactylon and E. colonum. The results of this study revealed that 

most of the problematic weed species in peanut fields seen in the world countries were not observed in 

Osmaniye. Weed species and densities vary from field to field, from district to district, but showed great 

variability when compared from country to country, region to region. Weed species and density may vary 

depending on the chemical and physical properties of the soil, climatic characteristics, altitude of the region, 

methods of struggle and product type. 

 

4 CONCLUSION 
 

Problematic weed species in peanut fields in Osmaniye province and districts were the same but density varied 

from district to district. High density weed species throughout the province were E. repen, A. retroflexus, P. 

oleracea, C. dactylon, and S. halepense while C. rotundus D. sanguinalis, S. arvensis, C. album, P. angulata, C. 

arvensis and S. nigrum were observed to be dense.  It is possible that weed density varies from district to district 

and even from field to field. 
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Abstract 

Glucansucrases (GSs) in glycoside hydrolase family 70 (GH70) are extracellular 

enzymes that catalyze the synthesis of α-gluco-oligo/polysaccharides with different 

linkage compositions, size and physico-chemical properties from sucrose, a 

reaction that is widely seen in lactic acid bacteria (LAB). The glucansucrases 

produce different oligosaccharides by catalyzing the transfer of sugar moieties from 

donor molecule to specific acceptor molecules. These acceptor molecules may be 

as simple as a monosaccharide homologous to the donor or as complex as a 

component of a heteropolysaccharide. Oligosaccharides having biological activity 

are important to human health, and these oligosaccharides offer unique 

physicochemical and biological properties that can be commercially utilized for 

specific applications in foods, cosmetics and pharmacology.  

 

1 INTRODUCTION 
 

In recent years, there has been an increasing demand for the production of unique carbohydrate structures from 

renewable sources with cheap, environmentally friendly and effective methods for use in different technologies 

such as food technology, healthcare and pharmaceuticals. Exemplary of these carbohydrates are 

exopolysaccharides (EPS) produced by lactic acid bacteria with GRAS status, and oligosaccharides produced by 

the breakdown of polysaccharides in natural sources and by the addition the monomers such as glucose, fructose 

to different sugar receptors by specific enzymes. Rational regulation of enzymatic formation and breakdown of 

glycosidic linkages obtained with glycosyltransferases, glycosidases, glycan phosphorylases and polysaccharide 

lyases provides variety of nature-present oligosaccharide structures [1]. Given the applicability of large-scale 

synthesis, conventional approaches for the synthesis of oligosaccharides may not be the solution. Although 

reactions catalysed by Leloir-type glycosyl-transferases exhibit high stereo- and region control, both these 

enzymes and the sugar nucleotides are expensive, and not always accessible. Therefore, the development of 

simple and useful methods for oligosaccharide synthesis is a newly emerging field. For the synthesis of oligo- 

and polysaccharides, the route based on the use of sucrose as substrate with glucosyl and fructosyl-transferases 

of non-Leloir type is suitable [2, 3]. Glucosyltransferases (glucansucrases) are extracellular enzymes from oral 

Streptococci, Leuconostoc mesenteroides and some Lactobacilli, and are able to transfer glucose from sucrose to 

different recipients [4], in the Carbohydrate Active Enzymes (CAZy) database, they are classified into the 

glycoside hydrolase 70 family (GH70) based on sequence similarity [5]. 

 

Glucansucrases enzymes catalyze three types of reactions: hydrolysis, polymerization and transglycosylation. 

These reactions respectively, occur when the water is used as the acceptor substrate, the growing glucan chain is 

used as the acceptor, and other compounds containing oligosaccharides are used as the acceptor. The catalytic 

mechanism of glucansucrases is an α- retaining double displacement reaction, as in the family of GH13 enzymes. 

The reaction begins with the cleavage of sucrose and this is followed by transfer of the glucosyl moiety to an 

acceptor substrate with retention of the a-anomeric configuration. results in the formation of a covalent β-

glucosyl-enzyme intermediate [6]. 

 

The glucansucrases, which can be produced by LAB species, are capable of producing structurally different α-

glucans and oligosaccharides, these components produced are not only capable of performing important 

functions in the food environment, but also attracting great attention because they function prebiotically as 

immune-regulation and to promote the development of beneficial bacteria. The discovery of different 
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glucansucrases and the production of specific oligosaccharides with these enzymes has become an extremely 

important, especially given the increasing concept of functional food. 

 

2 THE STRUCTURAL CHARACTERIZATION AND REACTION MECHANISMS 

OF GLUCANSUCRASES 

 

In order to understand the functions of glucansucrases, their structural characterization and functional 

organization needs to be demonstrated. The comparison and analysis of different glucansucrases shows that 

glucansucrases are closely related and have a common structure. Glucansucrases are structurally composed of 1) 

one signal peptide 2) N-terminal: the portion consisting of highly variable amino acids, which may be of 

different sizes, 3) Catalytic and / or sucrose binding region, which may show high similarity between GSs of 

approximately 1000 aa 4) C-terminal region consisting of sequential repeats that are thought to be involved in 

glucan binding [7]. This structure is the basic functional structure for glucansucrases, and the size of these four 

functional groups can vary between glucansucrases [8, 9]. The structurally most important part of the 

glucansucrases is undoubtedly the catalytic sites responsible for their ability to form more than one glycosidic 

linkage in the glucan they produce. Glucansucrases are capable of producing glucan in different structures due to 

differences in catalytic regions. Glucansucrases are extracellular enzymes as known and the first region of the 

glucansucrases is a signal peptide of approximately 36-40 aa which functions to secrete the protein outside the 

cell. With this portion, the structurally second region of the glucansucrases, i.e. the N-terminal variable region, 

can have a length of between 200 and 700 aa. It has been shown that there are different repeating units for 

glucansucrases in different LAB strains in this variable region [10-12]. It is not clear yet what the N-terminal 

variable region works for, and especially in studies with LAB species, glucansucrases that does not contain this 

region has been shown to have no significant effect on glucan production [13, 14]. It is possible to classify the 

glycosyltransfer reaction into two types. The first type, the main reaction, is the polysaccharide synthesis using 

the growing glucan chain as a acceptors, while the second type is the oligosaccharide synthesis in which 

oligosaccharides (such as maltose) are used as acceptors [14]. Koepsell et al. have revealed that introduction into 

the reaction medium of molecules, like maltose, isomaltose, and O-Kmethylglucoside, shifted the pathway of 

glucan synthesis towards the production of oligosaccharides in the presence of sucrose [15].  

 

Acceptors can be divided into two main classes, according to their ability to compete with glucan synthesis or 

their e¡ect on the reaction velocity. 1) Strong receptors, such as maltose or isomaltose, have an activator that 

strongly inhibits the yield of glucan synthesis and has an effect on the rate of reaction [16]. 2) The weak 

acceptors, such as fructose or melibiose, have an inhibitory effect on the reaction [17]. 

 

3 FUNCTIONAL EFFECTS OF OLIGOSACCHARIDES PRODUCED BY 

GLUCANSUCRASES 
 

Prebiotic oligosaccharides can be defined as non-cardiogenic, non-digestible and low-calorie compounds that 

stimulate the growth and development of the gastrointestinal microflora, defined as probiotic bacteria [18, 19]. 

Oligosaccharides of various origin, such as bacteria, algae, fungi, and higher plants, have increasing interest due 

to their prebiotic status, and they have been widely used as both food components and pharmacological 

supplements. 

 

Fructooligosaccharides [20], glucooligosaccharides, isomaltooligosaccharides, mannan oligosaccharides, 

galactooligosaccharides, gentiooligosaccharides, isomaltulose, lactosucrose, maltooligosaccharides [21], 

xylooligosaccharides [22] are among the functional oligosaccharides. It has been found that bioactive gluco-

oligosaccharides derived from β-(1 → 3) glucans induce anti-inflammatory responses mediated by immune 

system cells by inducing pro- and anti-inflammatory mediators such as cytokines, tumor necrosis factor-alpha 

(TNF-α) and that the mechanism of anti-tumor action is associated with the induction of various immune 

responses of the host by activating mainly natural killer cells [23]. Many of oligosaccharides are not digestible in 

the intestine and therefore are noncalorific and they stimulate beneficial bacteria in the colon, particularly such 

as Bifidobacterium spp. [24]. It has been demonstrated in food products that oligosaccharides are commercially 

used as substitutes for sweeteners, as organoleptic property enhancer and as an anti-hygroscopic agent that 

protects food products from water loss [25-28]. 
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Abstract 

In this study, it was aimed to determine the effect of welding time on tensile shear 

load, elongation, nugget diameter and indentation depth of triple welded sheet joints 

by resistance spot welding (FEP05 sheet + FE 600 DP sheet + FEP05 sheet). The 

thicknesses of FE 600 DP and FEP05 steel sheets were 2 mm and 0.7 mm, 

respectively. In the welding processes, welding time was increased from 18 cycles 

to 36 cycles with three cycles increments and resistance spot welding operations were 

carried out successfully. When the welding time values were increased from 18 

cycles to 36 cycles, tensile shear load slightly decreased. The indentation depth 

increased almost linearly. Also, with the increase of welding time up to 27 cycles, 

the nugget diameter increased and the elongation decreased, then over 27 cycles, the 

nugget diameter decreased and elongation value increased. 

1 INTRODUCTION 
 

It is known that the welding process is used as a common joining technique in the automotive industry for similar 

and dissimilar steel sheets. The most common welding method used in the joining of automobile body components 

is resistance spot welding (RSW). In today’s conditions, a standard car body contains roughly 4.000-6000 spot 

welds. Table 1 shows the number of spot welds in cars of various brands. Approximately 85% of the welding work 

used for joining the car body is performed by RSW [1][2][3]. RSW process is an important joining technique for 

the automotive industry, and so many studies have been focused on this topic. Welding quality is crucial for car 

body resistance and safety of passengers in case of crash. Therefore, researchers have focused on RSW parameters 

that affect the quality of welding performance [4][5][6]. 

 

Table 1. Number of spot in cars of various brands[1] 

Car Model Number of Spot Welds 

Model 1 3676 

Model 2 3966 

Model 3 3938 

Model 4 4250 

Model 5 4254 

Model 6 4533 

Model 7 5011 

Model 8 5031 

Model 9 5208 

Model 10 5600 

Model 11 5800 

 

The RSW method is a melting weld method that combines the interface of the sheets without applying any filler 

material by applying pressure and heat to the area to be joined. This method is ideal for welding of steel and 

aluminum alloy sheets. The electrical resistance is influenced by various factors such as welding current, electrode 

force applied to the layers, sheet material, welding time and electrode diameter [7][8][9]. Several studies have 

been done in the literature on the effects of welding parameters on the weld mechanical properties. Wang et al. 

[10] combined 1 mm thick mild steel Q235 and stainless steel SUS304 with RSW in their study. Welding 

operations were conducted with and without 0.06 mm thick pure nickel interlayer. The welding time was applied 
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as 5, 10, 15 and 20 cycles and the effects of welding time on the nugget diameter and tensile shear strength were 

investigated. Both type of spot welds, the tensile shear strength and nugget diameter increased with welding time. 

Tuncel et al. [11] have examined the effect of welding current on mechanical properties of FEP05 and FE 600 DP 

steel sheet. In their study, tensile-shear strength increased with increasing welding current. Tutar et al. [12] have 

optimized the welding parameters by using the Taguchi method to combine TWIP steel sheets with RSW. They 

determined the welding time as an effective parameter with an effect rate of 8.9%.  

 

Dual-phase (DP) steels are among the most preferred steel grades in the automotive industry due to its high strength 

and good elongation combination. To maximize efficiency in the automotive industry, it is also necessary to 

combine different types of steel sheets in the car body. In this study, FE 600 DP and galvanized FEP05 steel sheets 

were triple joined by RSW in different welding times. The effect of the welding time on the mechanical properties, 

the nugget diameter and indentation depth values of triple spot joints were investigated. In the experimental studies, 

tensile shear tests were applied to determine the mechanical properties of the welded samples. Also, nugget 

diameter and indentation depth were measured using an ultrasonic method. 
 

2 MATERIAL AND METHOD 
 

In this study, 0.7 mm thick FEP05 and 2.0 mm thick FE 600 DP commercial steel sheets were triple combined 

with RSW. Chemical compositions and mechanical properties of FEP05 and FE 600 DP sheets were given in Table 

2 and Table 3, respectively. 

 

Table 2. Chemical composition of FEP05 and FE 600 DP (wt.%) 

Steel C Mn  P S Si Al 

FEP05 0.008 0.3 0.025 0.0.2 0.03 0.02 

FE 600 DP  0.23 3.3 0.09 0.015 2.0 1 

 

Table 3. Mechanical properties of FEP05 and FE 600 DP  

  

Steel 

Yield 

Strength 

(MPa) 

Tensile 

Strength  

(MPa) 

Elongation 

(%) 

FEP05 140-180 270-330 36 

FE 600 DP 340-400 590 20 

 

In the study, welding time (cycle) effect on the weld properties was analyzed. Welding current (8.5 kA) and 

electrode pressure force (2.7 kN) were kept constant while different welding times (18, 21, 24, 27, 30, 33, 36 

cycles) were applied. The welding parameters used in the study were given in Table 4. 

 

Table 4. The welding parameters used in the study 

Welding 

Time 

(cycles) 

Electrode 

Force 

(kN) 

Welding 

Current 

(kA) 

18 2.7 8.5 

21 2.7 8.5 

24 2.7 8.5 

27 2.7 8.5 

30 2.7 8.5 

33 2.7 8.5 

36 2.7 8.5 

 

FEP05 and FE 600 DP sheets were combined with RSW in triple sheet joints. And, a schematic illustration of the 

weld configuration and tensile test sample was shown in Figure 1 and Figure 2. 

  

 
Figure 1. Schematic representation of triple welded samples 
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Figure 2. Schematic illustration of tensile shear test samples [13] 

 

During the tensile shear tests, a 2 mm thick sheet was placed in the space between FEP05 sheets in the weld 

configuration to avoid the parasite of bending forces. The tensile-shear test of the welded samples was carried out 

in a computer-controlled UTEST-7014 universal tensile tester at a constant crosshead speed of 10 mm/min at the 

room temperature. In the tensile test, three replicates were applied for each welding time. Also, it was determined 

how the nugget diameter and indentation depth changed with the welding time by using an TESSONICS RSWA 

ultrasonic spot welding control machine. 

 

3 RESULTS 
 

Tensile shear load (kN), elongation (mm), indentation depth (%) and nugget diameter (mm) of the triple spot welds 

in different welding time can be seen in Table 5. 

 

Table 5. Tensile shear load, elongation, indentation depth, and nugget diameter of the triple spot welds in 

different welding time  

Welding  

Time 

(cycles) 

Tensile 

Shear Load 

(kN) 

Elongation 

(mm) 

Indentation 

Depth 

(%) 

Nugget 

Diameter 

(mm) 

18 8.15 4.68 34.3 5.33 

21 7.96 4.35 34.3 5.37 

24 8.11 4.44 36 5.9 

27 8.04 4.17 39.5 6.3 

30 7.9 4.36 39 5.83 

33 8.05 4.38 44.5 5.57 

36 7.93 5.17 47 5.13 

 

Figure 3 and Figure 4 show the variation of tensile shear load and elongation with the change of welding time, 

respectively. When the welding time increased, the tensile shear load showed a slight decrease. The lowest tensile 

shear load value was measured as ~7.9 kN at 30 and 36 cycles, and the highest tensile shear load value was 

measured as 8.15 kN at 18 cycles. When the welding time values were increased, the elongation decreased up to 

27 cycles, and then the elongation increased. The  lowest elongation value was measured as 4.17 mm at 27 cycles 

and the highest elongation value was measured as 5.17 mm at 36 cycles.  

 

 
Figure 3.  The effect of welding time on tensile shear load 
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Figure 4. The effect of welding time on elongation 

 

An example of the determination of nugget diameter and percentage of indentation depth with ultrasonic tester can 

be seen in Figure 5. The effect of welding time on the indentation depth and nugget diameter can be seen in Figure 

6 and Figure 7. A good correlation between welding time and indentation depth was observed: Indentation depth 

increased almost linearly with increasing welding time (R2=0.9163) (Figure 6). The highest indentation depth 

value was measured as 47% at 36 cycles and the lowest indentation depth value was measured as 34.3% at 18 

cycles. According to the standards (in terms of appearance), the indentation depth value above 43% is unacceptable 

for the automotive industry. So, the triple joints welded at 33 and 36 cycles are non-standard for the automotive 

industry. When the welding time increased from 18 cycles to 36 cycles, the percent of indentation depth value 

increased by 37.03%. When the welding time values were increased up to 27 cycles, and then above 27 cycles the 

nugget diameter decreased. The nugget diameter reached the maximum value at 27 cycles.  

 

 
Figure 5. Example of ultrasonic nugget diameter and indentation depth for 27 cycles 

 

 
Figure 6. The effect of welding time on indentation depth 
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Figure 7. The effect of welding time on nugget diameter 

 

4 CONCLUSION 
 

In this study, the effect of welding time on the mechanical properties of triple RSWed FEP05 and FE600 DP steel 

sheets were investigated. The outputs of the experimental studies can be summarized as follows: 

— The welding time was not significantly affected the tensile shear load and a negligible decrease was 

observed with the increase of welding time. 

— A decreased tendency was observed in the amount of elongation up to 27 cycles. Above 27 cycles, a 

significant increase in the elongation was detected.  

— Nugget diameter increased up to 27 cycles, and then nugget diameter decreased above 27 cycles. The 

nugget diameter value reached maximum value at 27 cycles. 

— Indentation depth value increased almost linearly with increasing welding time. the triple joints welded at 

above 33 cycles does not meet the requirements of the automotive industry. 

 

References 

 
[1] E. Doruk, M. Pakdil, G. Çam, I. Durgun and U.C. Kumru “Otomoti̇v sektöründe di̇renç nokta kaynagi 

TOFAŞ uygulamalari,” Kaynak Kongresi IX. Ulusal Kongre ve Sergisi,November, 2015. 

[2] S. Donders, M. Brughmans, L. Hermans, N. Tzannetakis, D. Gmbh, and A. Ag, “The Effect of Spot Weld 

Failure on Dynamic Vehicle Performance,” LMS Int. Interleuvenlaan 68, no. April, pp. 1–13, 2005. 

[3] D. Gmbh and A. Ag, “Process Development for Multi-Disciplinary Spot Weld.” 

[4] H. T. Sun, X. M. Lai, Y. S. Zhang, and J. Shen, “Effect of variable electrode force on weld quality in 

resistance spot welding,” Sci. Technol. Weld. Join., vol. 12, no. 8, pp. 718–724, 2008. 

[5] M. Pouranvari, H. R. Asgari, S. M. Mosavizadch, P. H. Marashi, and M. Goodarzi, “Effect of weld nugget 

size on overload failure mode of resistance spot welds” Sci. Technol. Weld. Join., vol. 12, no. 3, pp. 217–

225, 2007. 

[6] H. Eisazadeh, M. Hamedi, and A. Halvaee, “New parametric study of nugget size in resistance spot welding 

process using finite element method,” Mater. Des., vol. 31, no. 1, pp. 149–157, 2010. 

[7] M. Eshraghi, M. A. Tschopp, M. Asle, and S. D. Felicelli, “Effect of resistance spot welding parameters on 

weld pool properties in a DP600 dual-phase steel : A parametric study using thermomechanically-coupled 

finite element analysis,” J. Mater., vol. 56, pp. 387–397, 2014. 

[8] R. Karthikeyan and V. Balasubramaian, “Optimization of Electrical Resistance Spot Welding and 

Comparison with Friction Stir Spot Welding of AA2024-T3 Aluminum Alloy Joints,” Mater. Today Proc., 

vol. 4, no. 2, pp. 1762–1771, 2017. 

[9] W.H. Zhang, X.M. Qiu, D.Q. Sun and L.J. Han,“Effects of resistance spot welding parameters on 

microstructures and mechanical properties of dissimilar material joints of galvanised high strength steel and 

aluminium alloy,” Sci. Technol. Weld. Join., vol. 16, no. 2, pp. 153–161, 2011. 

595



The Effect of Welding Time on Mechanical Properties of Dissimilar Steels in RSW ICADET ‘19 

 

 

[10] N. N. Wang, R. F. Qiu, W. J. Peng, and H. X. Shi, “Resistance Spot Welding between Mild Steel and Stainless 

Steel,” Appl. Mech. Mater., vol. 675–677, pp. 23–26, 2014. 

[11] O. Tuncel, H. Aydin and L. Selova “Farkli Türdeki Çeliklerin Elektrik Direnç Punta Kaynaği ile Üçlü 

Birleştirilmesinde Kaynak Akiminin Mekanik Özelliklere Etkileri,” International Iron and Steel Symposium 

(UDCS19), May, 2019. 

[12] M. Tutar, H. Aydin and A. Bayram “Elektrik direnç punta kaynaği ile kaynak edilmiş TWIP çeliklerinde 

kaynak parametrelerinin Taguchi yöntemi ile optimizasyonu” Pamukkale Üniversitesi Mühendislik Bilimleri 

Dergisi, vol. 24, no. 4, pp. 650–657, 2018. 

[13] International Organization for Standardization : Specimen dimensions and procedure for shear testing 

resistance spot, seam and embossed projection welds (ISO 14273), ISO, pp.3-4 2001. 

 

 

 

596



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*murat_sekban@hotmail.com 

Effect of Friction-Stir Processing on the Microstructure, Mechanical and 

Corrosion Behavior of a Low Carbon Steel Used in Ship Panel 

Construction 

 
Dursun Murat SEKBAN*1, Gençağa PÜRÇEK2 

 
1Department of Naval Architecture and Marine Engineering, Karadeniz Technical University, Trabzon, Turkey 

2Department of Mechanical Engineering, Karadeniz Technical University, Trabzon, Turkey 

 

Keywords:  
Friction stir 

processing, Low 

carbon ship-

building steel, 

corrosion behavior.   

 

 
Abstract 

Grain refinement is well known method for improving mechanical properties of 

metallic materials without affecting their chemical compositions. Friction Stir 

Processing (FSP), which is based on the basic principles of Friction Stir Welding 

(FSW) technique, has been recently developed especially for modification of 

surfaces by deformation- and recrystallizing-induced grain refinement. But, very 

limited studies have been performed on the effect of grain refinement on the 

corrosion resistance of steels as well as mechanical properties. Therefore the mean 

purpose of this study is to apply the FSP to a low carbon marine steel sheet (ASTM 

131A) generally used in ship building and to evaluate the microstructural alteration 

effect mainly on the corrosion behavior of that steel into the stir zone formed after 

FSP.  The investigations showed that FSP decreased the ferritic grain size from 25 

µm (coarse grained) to about 4 µm (fine grained), and the grains are separated 

mostly by high angle boundaries with low amount of dislocations.  As a result of 

grain refinement, the hardness of steel increased from 140 Hv to about 200 Hv and 

the yield strength increased from 256 MPa to about 334 Mpa, after FSP. Corosion 

resistance increased after FSP due to higher pitting corrosion resistance arising 

from finer microstructure. Also after FSP, current density and corrosion rate values 

decreased from 4,44*10-6 A/cm2 to 3,86*10-6 A/cm2 and 1,75 mpy to about 1,32 

mpy, respectively. 

 

1 INTRODUCTION  
 

Low carbon steels are well-known ones among the traditionally employed construction materials. General 

requirements imposed on such steels are high strength, good corrosion resistance, satisfactory weldability and 

low susceptibility to cold embrittlement. Grain refinement is known to suppress material susceptibility to cold 

embrittlement. Grain refinement by severe plastic deformation (SPD) techniques are the promising ones 

considering their applications and refinement capacity. Among them, friction stir processing (FSP) is one of the 

best severe plastic deformation (SPD) techniques as considering the processing of large scale plate or sheet type 

materials [1]. This is a novel microstructural modification method based on the basic principles of friction stir 

welding (FSW) [2, 3]. In many cases, FSP leads to the transformation of the coarse-grained (CG) initial 

microstructure into equiaxed fine grained (FG) or even ultrafine-grained (UFG) structures consisting mostly of 

high angle grain boundaries (HAGBs) [4-6]. This microstructural changes bring about a considerable 

improvement in strength and hardness of the processed zone of FSPed steels. Corrosion resistance, on the other 

hand, is a very important parameter for ship-building. But the studies on the corrosion resistance of the FSPed 

steels used in ship-building are quite limited. It is well known that the corrosion resistance of steels depends on 

their bulk and surface properties. So, FSP may have a considerable effect on the corrosion behavior of the steel 

sheets/plates along with improvement in some mechanical properties. Thus, the main purpose of the current 

study is to apply FSP to a low carbon steel used in ship-building for modifying the microstructure and evaluate 

the changes in corrosion behavior by the effect of FSP. 
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2 MATERIAL AND METHOD 
 

A low carbon hot rolled steel plates with the chemical composition of 0.16 wt % C, 0.18 wt % Si, 0.7 wt % Mn, 

0.11 wt % S, 0.18 wt % P, 0.09 wt % Cr , 0.14 wt % Mo, 0.04 Cu wt %, 0.04 wt % V and balance Fe used 

generally in ship building was utilized in the present study. Samples with the dimensions of 200 mm x 40 mm x 

6 mm were machined from the steel plates for FSP. FSP was performed with a processing tool having a convex 

shoulder with the diameter of 18 mm and a cylindrical pin with the diameter and length of 8 mm and 3 mm, 

respectively. FSP was conducted with a tool rotation of 635 rpm and a traverse speed of 45 mm/min. The 

shoulder tilt angle was set at 30, and the tool plunger downforce was kept constant at 11 kN during process.  

 

Optical microscope (OM) was used to observe the microstructure of the samples before and after FSP. The 

specimens for OM were cross-sectioned on the processed sample perpendicular to the processing direction, 

polished with standard techniques and then etched with a %3 Nital (3ml. HNO3 + 97 ml. C2H6O) for 15 s.  

 

Tensile properties of the samples were determined using dog-bone shaped specimens with the dimensions of 2 

mm x 3 mm x 26 mm. The tensile specimens were cross-sectioned parallel to the process direction (Fig. 1). The 

tests were performed using an Instron-3382 electro-mechanical load frame with a video type extensometer at a 

strain rate of 5.4x10-4 s-1 to be able to stay into the quasi-static deformation range. Hardness measurements 

were performed using a Vickers micro-hardness tester with a load of 300 g and a dwell time of 10 s. Hardness 

values were scanned along the cross-section of the sample as shown Fig. 1.  

 

The corrosion behavior of the specimens with the dimensions of 4mm x 5mm x 15 mm (Fig. 1) taken from 

completely into the processed region was determined by potentiodynamic polarization method. The tests were 

performed into a 3.5% NaCl solution at an open circuit voltage range of ± 500 mV and at a scan rate of 1 mV/s. 

The corrosion behavior of the samples was evaluated according to their corrosion potential and corrosion current 

density. Also SEM micrographs were also taken for clarifying the effect of FSP on the corrosion mechanism. 

 

 
Figure 1. Schematic illustration of the FSP of the sample and the position and shape of specimens inside the 

processed regions. 

 

3 RESULTS 
 

3.1. Microstructure 

 

Optical micrographs showing the microstructures of base and FSPed samples of the steel are shown in Fig. 2. 

The initial microstructure of base steel plate is consisted of coarse ferrite+perlite grains with an average grain 

size of 25 μm (Fig. 2(a)). FSP resulted in a considerable refinement in the microstructure especially inside the 

stir zone (SZ) (Fig 2(b)). After FSP, the average grain size decreased from 25 μm down to about 3.0 μm in that 

zone. The coarse ferrite and perlite grains were fragmented and refined by the effect of both severe plastic 

deformation and dynamic recrystallization during FSP. 
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Figure 2. Optical micrographs showing the microstructures of: (a) based material and (b) FSPed region. 

 

3.2 Hardness and Tensile Properties 

 

The hardness profile taken from the vertical cross-section of the FSPed samples is shown in Fig. 3. As shown, 

the hardness of steel increased from 140 Hv0.3 to about 200 Hv0.3 in the SZ after FSP due to the substantial 

grain refinement and increase in dislocation density [7]. However, the top most surface layer just beneath the 

shoulder has relatively low hardness. This may be due to the early recrystallization and grain coarsening effect 

due to the high pressing effect of shoulder [8]. Ultrafine grained microstructure formed around the pin increased 

the hardness to about 240 Hv in that zone (Fig. 3). This probably originates from the effectiveness of the pin end 

which not only rotate but also behaves like a forging affect and causes more refined microstructure in that zone 

compared to other region of SZ. After peak value around the pin end, the hardness starts decreasing through the 

rest of FSPed plate. However, the hardness value is still higher than that of the base material in the heat affected 

zone (HAZ) (Fig. 3). Because, only temperature-induced structural alteration without intense deformation is 

valid in that zone. After then, the hardness continuous to decrease and reaches a stable level near the other 

surface of the plate with the hardness values higher than that of the base material. 

 

 
Figure 3. Hardness profile of FSPed sample through the thickness of the plate. 

 

The stress-strain curves of steel before and after FSP and the values of main mechanical properties taken from 

the stress-strain curves are given in Table 1. As clearly seen, the steel before FSP exhibited very low yield 

strength but good ductility due to the coarse-grained (CG) and annealed microstructure. FSP of the steel 

increased considerably its strength values without considerable decrease in ductility into the SZ. Both yield and 

tensile strength values increased from 256 MPa and 435 MPa to about 334 MPa and 525 MPa, respectively 

(Table 1). FSP decreased slightly the elongation to failure from 44% to about 32%. The increase in strength 

values after FSP can be attributed to the substantial grain refinement (Hall-Petch effect) and increase in 

dislocation density (strain hardening effect) [9]. It is well known that an increase in dislocation density occurs 

during FSP, and this formation make a further effect on strengthening of the FSPed microstructure [7]. Such 

microstructural changes also brought about a decrease in the ductility of the materials due to decreasing in their 

strain hardening effect [10]. However, it should be noted that ductility of the steel sheet was not radically 

decreased although the strength values increased considerably as considering other severe plastic deformation 

methods like equal-channel angular pressing (ECAP) and high pressure torsion (HPT). 
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Table 1. Mechanical properties of the low carbon steel before and FSP. 

Condition Yield Strength 

(MPa) 

Tensile Strength 

(MPa) 

Uniform Elongation 

(%) 

Failure Elongation 

(%) 

Base 256±07 435±06 18.4±0.3 44.2±2.4 

FSPed 334±06 525±13 13.9±0.6 32.4±1.7 

 

3.3 Corrosion Behaviour 

 

Potentiodynamic polarization curves of base and FSPed samples in the 3.5 wt.% NaCl solution are shown in Fig. 

4. Also the corrosion parameters were extracted from the polarization curves and summarized in Table 2. As can 

be seen from these values, the corrosion values of the material used have decreased considerably and the current 

density (Icorr (A / cm2)) in coarse grained base material decreases from 4,44 * 10-6 to 3,34 * 10-6 after FSP. 

Similarly, after FSP, corrosion rate (mpy) value, which indicates the depth of material removal from a corrosion-

induced surface of one year, has decreased significantly from 1.75 to 1.32 mpy. The increase in corrosion 

resistance after FSP is thought to be mainly as a result of grain refinement. As it is well known in the literature, it 

is known that the decrease in the corrosion resistance after grain refinement is caused by the pitting corrosion 

mechanism [11, 12]. The pitting of coarse grained steel initiates in limited sites, but the individual pits are large 

and deep. In contrast, the pitting of ultrafine grained steel initiates in many sites, but the individual pitting is 

small and shallow, which results in a decreasing corrosion rate. 

 

 
Fig. 4. Potentiodynamic polarization curves of base and FSPed specimens in 3.5 wt. % NaCl solution solution. 

 

Table 2. Corrosion potential (Ecorr), corrosion current density (Icorr) and corrosion rate values of base and 

FSPed specimens. 

Condition Ecorr 

(mv) 

Icorr  

(A/cm2 x 10-6) 

Corrosion 

Rate (mpy) 

       Base - 665 4,44 1,75 

FSPed - 706 3,34 1,32 

 

SEM micrographs of the base and FSPed materials surfaces after the corrosion test are shown in Fig 5. As it can 

be seen from this figure, it is determined that the depth of the pits formed after FSPed is significantly decreased 

compared to the main structure, although pits are formed at more points. As a matter of fact, the pit size of about 

20 μm in the base material decreased to 2-4 μm after FSP, which also supports the increase in corrosion 

resistance of the steel sheets after grain refinement by FSP. 

 

 
Fig. 5. SEM micrographs of sample surfaces after corrosion experiment: (a) Base material and (b) FSPed. 
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4 CONCLUSION 
 

In the present study, the effect of friction stir welding (FSP) on the microstructure and mechanical properties of a 

low carbon shipbuilding steel was investigated. The main results and conclusions of this study can be 

summarized as follows: 

 

1- A fine grained (FG) microstructure with the mean grain size of 3 µm were obtained from the coarse-grained 

(CG) (grain size: 25 µm) steel by the effect of FSP. 

2- The hardness of the base steel (140 Hv0.3) increases in the SZ to about 200 Hv0.3 due to the substantial grain 

refinement and slightly increase in dislocation density. Also the hardness of the HAZ increases compared to that 

of the base steel because of temperature-induced structural alteration without intense deformation occurred in 

that zone. 

3- Grain refinement leads to a significantly enhancement in strength values.  Both yield and tensile strength 

values increased from 256 MPa and 435 MPa to about 334 MPa and 525 MPa, respectively. 

4- Corrosion resistance of the base steel increases slightly after microstructural chances by FSP. The current 

density values decreased from 4.44x10-6 to 3.34x10-6 after FSP as a result of grain refining. Also, corrosion rate 

value decreased from 1.75 mpy to 1.32 mpy after FSP as a result of finer pits occurred meanwhile corrosion. 
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Abstract 

In this work the carbon nanotube (CNT) reinforced hydroxyapatite (HAp) matrix, 

biocomposites were fabricated by powder metallurgy technique. The CNT particles 

were distributed in planetary type mill for 30 minutes. The CNT ratio was choosen 

as 0.25, 0.5, 1, 2, 4 and 8 wt.%.  The mixed biocomposite powders were cold 

pressed under 600 MPa pressure than sintered at 1300 0C for 2 hours under argon 

gas atmosphere. The density and porosity measurements were done by Archimed’s 

method. The distribution of CNT particles and microstructural investigations were 

done using scanning electron microscopy. Moreover, the fracture toughness were 

investigated by using Vickers indentitation and Niihara fracture toughness formula. 

The investigations showed that, the densitiy of samples are decreasing with 

increasing CNT amount. Moreover the fracture toughness were increased with 

increasing CNT content. 

 

1 INTRODUCTION  
 

Hydroxyapatite (HAp) is a calcium phosphate based material which is chemically very similar to the natural 

human bone. HAp has been widely used in the biomedical applications such as orthopedics, dental implants and 

at the other parts of human body because of it’s mechanical properties and extremely high biocompatibility. One 

of the main applications of HAp is coatings on metallic medical implants. Despite the advantages that HAp 

presents, the brittle nature and low fracture toughness of HAp coatings often result in rapid wear and premature 

fracture of the coated layer. Hence, there is a need to improve the mechanical properties of the HAp coatings 

without compromising the biocompatibility. Thus, the biomedical investigations are focused on new materials 

which have not only good mechanical behaviours but also good biocompability. Most of these investigations are 

about coating the metallic materials with ceramics which have good biocompability such as SiC,TiC and 

Hydroxyapatite. The other subject area is about obtaining new materials by fabricating biocomposites. In this 

direction, two or more materials are being used to fabricate biocomposites. The main idea is compounding the 

superior behaviours of these materials such as “good biocompability” of one material, and “good mechanical 

behaviour” of the other material. The CNT particules are being widely used in metal and ceramic matrix 

composites to provide superior mechanical, electrical and tribological behaviors. In this direction, the HAp 

matrix materials can be reinforced with CNT particles.  Eventhough there are so many methods to separate the 

CNT particules in matrix material the powder metallurgy and mechanical milling routes are specified as the most 

suitable technique. 

 

In this study our aim is fabrication of hydroxyapatite matrix, CNT particle reinforced biocomposites which is 

supposed to have good mechanical and biological properties. For this aim, the hydroxyapatite and CNT powders 

were milled in a planetary ball mill than compacted in a die which was followed by sintering process. 

Moreoever, mechanical and physical behaviours of fabricated samples were investigated. 

 

2 MATERIAL AND METHOD 
 

In the present work, hydroxyapatite powders (d50:42µm) were choosen as matrix and CNT powders  (d50:40nm) 

were choosen as reinforcement material. The green samples were fabricated by powder metallurgy method. To 

obtain the green samples, the matrix and reinforcement powders were mixed in a planetary ball mill with 

different (0.25, 0.5, 1, 2, 4 and 8 %wt) CNT contents for 30 minutes then they were hot pressed under argon gas 

atmposphere. The consolidation temperature was choosen as 560 oC and the pressure was 500 MPa. Then the 

green samples sintered under argon gass atmosphere at 1300 oC for 2 hours to obtain the bulk samples. The 
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density measurements of biocomposite samples were done by Archimed’s method and the investigations of 

microstructures were done by using stero microscope. The hardness measurements were done by using hardness 

Brinell measurement route. Moreoever the fracture toughness of bulk samples were obtained by using equation 

below; 

 

Kıc=(∈⁄(H×P))/c^(3⁄2)               (1) 
 

Where ∈: is the elastic modulus of HAp ,  H: Hardness Vickers,  P: Applied load on Vickers measurement  c: 

Length of the crack   

 

 
Figure 1. Illustration of crack length obtained from Vickers measurement 

 

3 RESULTS AND DISCUSSIONS 
 

3.1. Microstructural Investigation 
 

The microstructural images obtained from scanning electron microscope are shown in Fig.2. In these figures the 

white areas are hydroxyapatite and the dark areas are CNT particles. As shown in figures the CNT particles are 

distributed semi-homogenously. The CNT particles were agglomerated into small particles but these 

agglomerations were distributed in the structure. Normally, homogeneous distribution of CNT particles into the 

structure was expected but the CNT particules couldn’t seperated because of short milling time. In other words 

the 30 minutes of milling time is not enough to overcome agglomeration problem of CNT particules. 

 

. 

Figure 2. Microstructures of biomcomposites a)0.25  b)2  c)4 wt.% CNT reinforced samples 

 

3.2. Density and Porosity Measurements 
 

The density and porosity measurements showed that, the relative density of HAp-CNT biocomposites were 

decreased with increasing CNT content. In other words, the porosities were increased with increasing CNT 

content. This increase in porosity can be explained by the adhere affect of CNT powders on compacting. As it 
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was known, CNT particles have lubricating property. Thus, when pressure is apllied to compact the powders, the 

CNT particles glide over each other which results as formation of porosity.  When examine the Figure 3, it is 

clear that the amount of porosity is about 30 % for 0.25wt% CNT reinforced sample and increases up to 40% for 

8wt% CNT reinforced sample. 

 

  
Figure 3.  Density and Porosity Measurements of HAp-CNT Biocomposites 

 

3.3. Hardness and Fracture Toughness 

 
The hardness and fracture toughness of samples as a result of increasing CNT content are shown in Figure 4. As 

shown in Fig.4a, Vickers hardness are decreasing with increasing CNT content. The reason for this decrease can 

be explained by the porosities. As explained, the porosites of samples were increased during the densification 

process thus the hardness of the samples were also decreased because of porosities. Furthermore, a decrease in 

hardness occured as a result of agglomerations. As shown in Fig.4a, the highest hardness value was obtained for 

0.25wt % reinforced sample while the lowest valu was obtained for 8wt % reinforced sample. 

 

 
      (a) 

 
                                                                                   (b) 

Figure 4.  (a) Hardness (HV1) and (b) Fracture Toughness of HAp-CNT biocomposites 

1,9

1,95

2

2,05

2,1

2,15

0 , 2 5 0 , 5 1 2 4 8

D
en

sı
ty

(g
r/

cm
3

)

Reinforcement Ratio (wt %) 

25

30

35

40

0 , 2 5 0 , 5 1 2 4 8

P
o
ro
sı
ty

(%
)

Reinforcement Ratio (wt %)

CNT

604



Fabrication and Investigation of Properties of Hydroxyapatite-CNT  Bioceramics ICADET ‘19 

 

 

As shown in Fig.4b, the fracture toughness of HAp-CNT biocomposites changed with changing CNT content. 

As it can be seen, the fracture toughness of samples were increased up to 2wt % reinforcment ratio. This increase 

can be explained by the dispersion strength mechanism in composites. The CNT particles provided increase 

strength. However, the fracture toughness of samples were decreased with increasing CNT content after 2wt % 

reinforcing ratio. In other words, the 2wt % is the saturation point of CNT content in HAp matrix. The CNT 

particles can not be distributed homogenously when we add more than 2 wt% which results as poor fracture 

toughness. 

 

4 CONCLUSION 
 

 Hydroxyapatie-CNT biocomposites can be fabricated by powder metallurgy route. 

 The mechanical behaviours can be developed by optimising the fabrication parameters. 

 The highest fracture toughness was obtained for  the sample including 2wt % CNT. 
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Abstract 

Different microstructural properties can be observed as a result of single pass 

ECAP depend on direction. It is known that this situation can significantly affect 

the impact strength values in different directions. When the studies in the literature 

are examined, it is clear that there is no study on the impact strength depends on 

direction of low carbon steels after ECAP. Therefore, the main purpose of this 

study is to investigate the effect of ECAP on the room temperature impact 

toughness in different directions of a low carbon steel. Two different 

microstructures observed on flow and transverse planes of the ECAPed sample. On 

the flow plane microstructure consists of elongated ferrite and perlite grains aligned 

in a direction having mainly 45° angle with the extrusion direction while on the 

transverse plane nearly equiaxed grains were formed. A reduction in the grain size 

by ECAP brought about a decrease of impact toughness values both two direciton. 

Base material’s impact energy value decreased from 5.1 J to 4 J (TP) and 1.2 J 

(FP), respectively. It is thought that one end of the notch is easily broken at the 45 

degree oriented grain boundaries and shows low impact strength values at notch 

placed on the flow plane. 

 

1 INTRODUCTION  
 

The most important problem that restricts the use of high strength steel in shipbuilding is the poor weldability of 

these steels. In addition, weldability problems of these steels as well as their low formability limit their use in 

shipbuilding. For this reason, it will be an important contribution to the shipbuilding sector to ensure the 

usability of low-medium strength steels by replacing the high strength steels with improving the current strength 

properties through secondary processes. In this context, the idea of improving the mechanical properties of low-

medium strength steels used in shipbuilding by various extreme plastic deformation (APD) methods has 

emerged. Among SPD methods equal channel angular pressing (ECAP) is one of the most commonly used one 

due to achieve bulk ultrafine-grained (UFG) materials. ECAP has been used for many studies and detailed 

information related to its principles and advantages can be obtained in earlier literatures [1-3]. On the other hand, 

after single pass ECAP it is an expected result.that different microstructural properties can be observed depend 

on direction. So this situation can significantly affect the impact strength values in different directions. When the 

studies in the literature are examined, it is clear that there is no study on the impact strength depends on direction 

of low carbon shipbuilding steels after ECAP. Therefore, the main purpose of this study is to investigate the 

effect of ECAP on the room temperature impact toughness in different directions of a low carbon steel. 

 

2 MATERIAL AND METHOD 
 

A well-known low carbon shipbuilding steel sheets initially hot-rolled (0.16 wt % C, 0.18 wt % Si, 0.7 wt % Mn, 

0.11 wt % S, 0.18 wt % P, 0.09 wt % Cr, 0.14 wt % Mo, 0.04 wt % Cu, 0.04 wt % V and balance Fe) was used 

in this study. In order to improve the strength of the initial hot rolled material, it was subjected to single pass 

ECAP at 200 °C using an ECAP die having 90° cross-section angle (Ф) and 0° outer curvature angle (ᴪ). The 

ECAP sample having 13 × 13 × 130 mm3 dimensions was covered with a graphite-based lubricant to reduce the 

friction between the billet and the channel walls during extrusion. Then the sample was placed into the ECAP die 

and waited for ~5 min to ensure that the sample reached to the ECAP temperature of 300 °C. ECAP process was 

conducted with an extrusion speed of 1mm.s-1.  
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Microstructural examinations were performed from two different planes of the ECAP sample; flow plane (FP) 

which lies parallel to the extrusion direction (ED) and transverse plane (TP) which is perpendicular to the 

extrusion direction (Figure 1). The microstructural characterization of steel plates before and after ECAP was 

characterized by optical microscope (OM) and scanning electron microscope (SEM). Samples for OM and SEM 

investigations were sectioned perpendicular to the process direction (Fig. 1(a)) and then etched with 3% Nital for 

15 s after standard metallographic preparation. SEM was used in the secondary electron imaging mode at the 

voltage of 15 keV. 

 

The impact toughness of the specimen was evaluated by measuring the total absorbed energy using Charpy 

impact test before and after FSP.  The samples with the dimensions of  3 mm x 4 mm x 27 mm (DIN50115) with 

a V-notch depth of 1 mm and a radius of 0.1 mm were cut as sgown in Fig. 1. The impact tests were conducted at 

room temperature. The fracture surfaces of the specimens were observed using a JEOL 6400 SEM (JEOL Ltd., 

Tokyo, Japan) operated at 15 keV in the secondary electron image mode. 

 

 
Figure 1. Schematic illustrations of the FSPed plate and the sample geometries machined from that plate. 

 

3 RESULTS 
 

Optical micrographs showing the global microstructure of the low carbon shipbuilding steel are shown in Fig. 

2(a)-(b). An elongated or banded pearlitic phase coming from the hot rolling process is also seen through the 

microstructure (Fig. 2(a)). It is mainly located along the boundaries of ferritic grains. However, the ferritic phase 

consists mainly of equiaxed coarse grains with an average size of 25 μm due to recrystallization during initial hot 

rolling process (Fig. 2). In as-received microstructure, the ratio of pearlitic phase was measured to be about 18%.  

 

 
Figure 2. Optical micrographs showing the microstructure of low carbon shipbuilding steel. 

 

Optical micrographs of the ECAPed steel taken from both flow and transverse planes can shown in Fig. 3. As 

shown a considerable grain refinement occurs after single pass ECAP and base material’s grain size decreased 

from 25 μm to about 8 μm. Ferrite and perlite grains in internal microstructure were fragmented and refined by 

the effect of single pass ECAP. In the transverse plane microstructure has a nearly equiaxed grains as shown in 

Fig 3 (a)-(b). Mean grain size was determined to be about 8 µm on that plane.After single pass ECAP as shown 
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in Fig. 3 (c)-(d), in the flow plane elongated ferrite and pearlite grains with high aspect ratio aligned in a 

direction mainly having 45 degrees with the extrusion direction. Microstructural’s differences of two different 

planes originate from ECAP process nature and similar microstructures can observe from the previous studies 

[7]. ECAP die has an angle of ~45 degree with the extrusion direction on the flow plane and so grains elongates 

along the theoretical shear plane at the intersections of the vertical and horizontal channels of the die. On the 

other hand, flow plane lies parallel to the extrusion direction on the transverse plane. So, it was observed that 

there was no orientation in the transverse plane as in the flow plane [7].  

 

 
Figure 3. Optical micrographs showing the microstructure of ECAPed low carbon shipbuilding steel: (a)-(b) 

transverse plane, (c)-(d) flow plane. 

 

A reduction in the grain size by ECAP brought about a decrease of impact toughness values both two direciton. 

Base material’s impact energy value decreased from 5.1 J to 4 J (TP) and 1.2 J (FP), respectively. The decrease 

in toughness values after ECAP can be explained by the FG microstructure. The total grain boundary ratio per 

unit area increases with the fined microstructure occurred after ECAP. These boundaries, which are largely 

based on dislocation accumulation, are not stable and contain relatively higher internal energy [8-11]. It is 

evident that a configuration with such tensile aggregates and a high notch sensitivity will easily crack under any 

stress of the applied static or dynamic character. The decrease in impact strength values in both conditions after 

ECAP can be explained in this way. Also it is thought that one end of the notch is easily broken at the 45 degree 

oriented grain boundaries and shows lower impact strength values at notch placed on the flow plane.  

 

Table 1. Low carbon shipbuilding steel’s impact energy values before and after ECAP. 

Condition  Impact Energy (Joule) 

Base  5.1 ± 0.5 

ECAPed ( Transverse Plane) 4 ± 0.3 

ECAPed ( Flow Plane) 1.2 ± 0.2 

 

SEM fractrographs of base and ECAPed samples after impact test are shown in Fig. 4. As shown from Fig. 4. 

base and ECAPed (transverse plane) samples did not break completely. Also base sample exhibited the finest 

dimple structure which an indicator of ductile fracture. On the other hand ECAPed (flow plane) sample break 

completely and exhibited smooth fracture surface as a result of lower impact toughness value.  
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Figure 4. SEM micrographs showing the impacted fracture surfaces of: (a) base, (b) ECAPed (transverse plane) 

and (c) ECAPed (flow plane) 

 

4 CONCLUSION 
 

A low carbon shipbuilding steel was processed by a single-pass ECAP at 300 °C to achieve a FG microstructure. 

The main results and conclusions of this study can be summarized as follows: 

 

1- A fine-grained (FG) microstructure formed after ECAP with decreasing the grain size from 25 μm down to 

about 8 μm. Microstructure of ECAPed steel has a nearly equiaxed microstructure on the transverse plane. Also 

elongated ferrite and pearlite grains with high aspect ratio aligned in a direction mainly having 45 degrees with 

the extrusion direction after single pass ECAP. 

2- After single pass ECAP base material’s impact energy value decreased from 5.1 J to 4 J (transverse plane) and 

1.2 J (flow plane), respectively. 

3- Base sample exhibited the finest dimple structure which an indicator of ductile fracture compared to the 

ECAPed samples.  
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Abstract 
Software-Defined Networking (SDN) is an emerging paradigm. Along with its 
diverse benefits, it promises to decrease network costs and generate revenue for 
service providers in networking. In this paper, we conduct a techno-economic 
analysis of SDN over different popular network control plane models to compare 
their impact in terms of Capital Expenditures (CAPEX) and Operational 
Expenditures (OPEX) under different traffic patterns. We also study the 
determination of unit cost for service with QoS parameters. We characterize the unit 
cost for a service on CAPEX, OPEX, and workload of a network in a given period. 
We apply our CAPEX and OPEX calculation methods on different network 
architectures. Our experiments show that the Hierarchical Control Plane (HCP) 
architecture provides the best results in terms of total satisfied service requests while 
Centralized Control Plane (CCP) performs the worst among all under all traffic 
patterns. Regarding the Total Cost of Ownership (TCO), which is referred to as 
CAPEX + OPEX, CCP shows the highest amount while Distributed Control Plane 
(DCP) results in the lowest number among them. This result is related to both 
Operational Network Planning Costs such as controller upgrade and total workload 
satisfied in the network. 

1 INTRODUCTION  
 
In traditional architectures, network devices and appliances are complex and challenging for (re)configuration and 
(re)installation since they require highly skilled persons. Adding or moving a device from a network brings extra 
costs. This process is also time-consuming because IT people need to deal with multiple switches, routers, etc. and 
update Access Control Lists (ACLs), Virtual LANs (VLANs) and some other mechanisms. The software and 
hardware in network equipment are vertically integrated and proprietary. They also suffer from slow equipment 
production cycle, long protocol standardization process, application testing, and deployment. As a result, 
dynamicity in networking becomes an inevitable and crucial feature to meet the needs of today’s end users. 
 
Recently, Software Defined Networking (SDN) [1] has emerged as a new way to architect networks by 
providing network programmability through exposing network APIs. SDN has got the attention of researchers 
from both academia and industry as a means to be leveraged in order to decrease network costs and generate 
revenue for service providers due to features it promises in networking. SDN paradigm has several key attributes 
that have an impact(s) on the CAPital EXpenditures (CAPEX) and OPerational EXpenditures (OPEX) equations 
of a network. Some of the main attributes of SDN are network programmability, hardware and software 
independence, virtualized software infrastructure, multi-tenancy, and resource pooling. 
 
In this article, we conduct a techno-economic analysis of SDN over different popular network architectures to 
compare their impact in terms of CAPEX and OPEX under different traffic patterns. We study the determination 
of unit cost for a service with QoS parameters. We characterize the unit cost for a service on CAPEX, 
OPEX, and workload of a network in a given time period. We apply our CAPEX and OPEX calculation 
methods on different network architectures. Our experiments show that Hierarchical Control Plane (HCP) 
architecture gives the best results in terms total satisfied service requests while Centralized Control Plane (CCP) 
performs the worst among all under all traffic patterns. Regarding Total Cost of Ownership (TCO), CCP shows 
the highest amount while Distributed Control Plane (DCP) results in lowest amount among them. This result 
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is related to both Operational Network Planning Costs such as controller upgrade and total workload satisfied 
in the network. 
 
In the rest of the paper, Section 2 gives a quick snapshot of papers that study cost models and identification of 
expenses for network providers. In Section 3, we give a short outline of SDN and discuss value proposition of 
SDN along with its impact in terms of CAPEX and OPEX in a network. Section 4 presents calculation of unit cost 
for a service with QoS parameters as well as the determination of CAPEX and OPEX for a network in SDN. After 
discussing the experiments results in Section 5, we summarize the paper with concluding remarks in Section 6. 
 
2 RELATED WORK 
 
Verbrugge et al. [2] introduce a cost model to identify expenditures of telecom operators. They discuss the relation 
be- tween CAPEX and OPEX for telecom networks. The authors mainly split CAPEX in four categories and OPEX 
in three general parts, respectively. [3] proposes an operational cost model to calculate actual OPEX cost for 
telecom operators. In their cost model, rented infrastructure (e.g. building and equipment) costs does not contribute 
to CAPEX but OPEX. 
 
Naudts et al. [4] perform a techno-economic analysis of software defined networking for mobile networks in 
different architecture cases: a classical scenario in which a distributed network is considered,  an  SDN  scenario  
with  centralized network architecture, and a network architecture shared based on SDN among several network 
operators.. The authors state that the benefits of software defined networking outweigh its extra costs according 
to the quantitative analysis conducted. 
 
Valencia et al. [ 5 ]  present a general qualitative study on how SDN/NFV affects OPEX for service provider 
networks. The authors summarize that SDN/NFV is expected to reduce service provider OPEX due to 
consolidating and optimizing the network and surrounding operating model. 
                  
3 INTRODUCTION TO SDN 
 
Software Defined Networking (SDN) aims to decouple the control plane and data plane. This separation provides 
network operators/administrators with efficient use of network resources and eases provisioning of resources. 
SDN brings ease of programmability in changing the characteristics of whole networks. This simplifies the 
management of the network, since it is decoupled from the data plane. Therefore, network operators can easily 
and quickly manage, configure, and optimize network resources with dynamic, automated and proprietary-free 
programs in SDN architecture. Google’s data center WAN, B4 [ 6 ] , is one of the examples for SDN adopted 
in a large-scale network with the aforementioned purposes. In addition, since the network is logically centralized 
in SDN, controllers have a global visibility of the whole network unlike conventional networking. Hence, they 
can dynamically optimize flow-management and resources. OpenFlow protocol [7 ]  is the most prevalent 
standard C-DPI (Controller-Data Plane Interface) used for communication between controller(s) and data plane 
devices. It enables an SDN controller to manage the network elements. 
 
3.1 An Outline of SDN 
 
SDN architecture enables network operators to treat flows in a finer-granular way compared to the traditional 
networks by means of controllers. In a traditional network, flows (or packets) are mainly treated based on a 
single or a few attribute combinations of packet headers, such as longest destination IP prefixes, destination MAC 
addresses, or a combination of IP addresses and TCP/UDP port numbers, etc. SDN allows managing flows in a 
finer-granular way based on more attributes of packet headers by means of a Controller-Data Plane Interface (C-
DPI) such as OpenFlow protocol.  
 
As shown in Fig. 1, Open Networking Foundation (ONF)1 vertically splits SDN architecture into three main planes: 
 

                                                           
1 https://www.opennetworking.org/ 
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Figure 1. An overview of an SDN Control Plane. Main components in a control plane of an SDN network are a 

controller(s) and interfaces (e.g. A-CPI, C-DPI, and I-CPI). 
 
Data Plane: The data plane is the bottom plane and consists of network devices such as routers, physical/virtual 
switches, access points, etc. These devices are accessible and managed through C-DPIs by SDN controller(s). The 
net-work elements and controller(s) may communicate through secure connections such as the TLS connection. 
OpenFlow protocol is the most prevalent standard C-DPI used for communication between the controller(s) and data 
plane devices. 
 
Control P lane: An SDN control plane comprises a set of software-based SDN controller(s) to provide control 
functionality in order to supervise the network forwarding behaviour through C-DPI. It has interfaces to enable 
communication among controllers in a control plane (Intermediate-Controller Plane Interface, i.e. I-CPI [8], 
optionally secured using the TLS), between controllers and network devices (C-DPI), and also between controllers 
and applications (Application-Controller Plane Interface, i.e. A-CPI). An A-CPI2 renders possible the communication 
between network applications/services and controller(s) for network security, management, etc. A controller consists 
of two main components: Functional components and control logic. Controllers include more than one functional 
components such as Coordinator, Virtualizer, etc. to manage controller behaviours. Furthermore, SDN control logic 
in a controller maps networking requirements of applications into instructions for network element resources. 
 
Fig. 2 illustrates the popular control plane models used in SDN technology: CCP, DCP and HCP. These models 
have their own intrinsic advantages and disadvantages with respect to the different concepts such as control plane 
scalability, resiliency, better manageability and so on. 
 

 
(a) Centralized (Single) Controller 

Design (CCP) 
(b) Distributed (Flat) Controller 

Design (DCP) 
(c) Hierarchical Controller Design 

(HCP) 
Figure 2. An overview of popular SDN control plane models. The two-sided solid, dashed, and dashed-

dotted arrows represent two-way data path among network devices, control path between controller and data 
plane devices, and controller-to-controller path among controllers, respectively. In (a) (CCP), there is one 

main controller with global network state. In (b) (DCP), every controller is responsible for different 
sites/parts of the network(s) with partially shared network view. In (c) (HCP), there are levels where 

controllers reside and are responsible for different sites (sub-domains) and a master controller on top with 
global network view for global applications like routing. 

 
 Centralized (Single) Controller Plane Model (CCP). This type of settings revolves around a single central 

controller with a global network view. The model is simple and it is easy to manage the network. This 
design may meet the needs of small to mid-size networks. However, it is not efficient to handle the burden 
of environments such as data centers and large-scale networks due to a number of events/requests that 

                                                           
2 An A-CPI is mostly called “Northbound Interface” by the SDN community. 
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the controller must handle. Therefore, a single controller design is considered less scalable compared to 
a distributed (flat) controller, hierarchical controller. 

 Distributed Controller Plane Model (DCP). As using distributed controllers brings advantages such as 
load distribution and avoiding centralized (single) controller failure, it also brings some challenges such 
as overhead from controller communication, latency due to state synchronization, and (policy/state) 
consistency among controller instances, which are being addressed by researchers. This model consists 
of distributed controllers associated with switches. Each controller manages a sub-network/domain of the 
whole network and has its own local network view, which is, in turn, abstracted as a logical node to its 
neighbouring controllers. These controllers communicate with each other (i.e. connected neighbours) 
when they receive a packet destined out of its domain in order to set up an end-to-end path. 

 Hierarchical Controller Plane Model (HCP). An HCP design consists of two layers minimum: The 
lower-layer, consisting of local domain controllers, and the upper-layer where another controller, usually 
called “master”, resides. The domain controllers manage their own domains with full control and are not 
connected to each other but the master controller. However, a local controller does not maintain a global 
view of the whole network. Instead, the master controller has a full global view of the entire network by 
abstracting all domains as logical nodes. Therefore, this design is different from the distributed (flat) 
design regarding network views of the controllers. In hierarchical models, local controllers handle the 
frequent events, such as statistics collection, of local applications. Master controller deals with the events 
requiring global network view of non-local applications, such as inter-domain routing, as opposed to local 
controllers. 

 
Application Plane: An SDN application plane consists of one or more end-user applications (security, 
visualization, etc.)  that interact with a controller(s) to utilize an abstract view of the network for their internal 
decision making process. These applications communicate with a controller(s) via an open A-CPI (e.g. REST 
API). An SDN application comprises an SDN App Logic and A-CPI Driver.  
 
4 DETERMINATION OF NETWORK ECONOMICS EQUATIONS IN SDN 
 
In this section, we study calculation of unit cost for a service with QoS parameters as well as the determination of 
CAPEX and OPEX for a network in SDN case. We only consider bandwidth QoS parameter for service requests 
and assume the same bandwidth is requested in all requests from customers in this study. 
 
Recent studies show that it is a non-trivial task to clearly define the cost structure of a network due to its 
complicated nature and many contributing factors involved. As seen in Fig. 3, total expenses of a network are 
mainly classified into two categories: CAPEX and OPEX. Although identifying CAPEX may be easier than 
OPEX, they have an entwined relationship. The dashed grey rectangles represent the input costs and actions to the 
corresponding expenditure groups represented as grey rounded rectangles. The light blue rounded rectangles 
represent the cost groups that are considered in cost calculations in this study. The arrows point to the direction of 
the input. The circled dashed blue rectangles are the three general expenditures categories of the OPEX. 
 

 
Figure 3. Expenditure structure of a network. The dashed grey rectangles represent the input costs and actions to 

the corresponding cost groups represented as rounded grey rectangles. The light blue rounded rectangles 
represent the cost groups that are considered in cost calculations in this study. The arrows point to the direction 

of the input. The circled dashed blue rectangles are the three general cost categories of the OPEX. 
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We characterize the unit cost for a service by taking into consideration networks CAPEX, OPEX, and service 
requests from users (i.e. workload) over a certain time period. In other words, the unit cost for a service is a function 
of CAPEX, OPEX, and workload. The service requests or workload essentially compose the revenue of an ISP 
over the same period. The general cost framework for a service is shown in Eq. 1. This formula implies that cost 
of a service for a customer is the ratio of CAPEX and OPEX over workload in a given period. 
 

𝒞 𝑓 ℂ, 𝕆, 𝑊

⎩
⎪
⎨

⎪
⎧

ℂ 𝕆
                , 𝑏𝑒𝑓𝑜𝑟𝑒 𝛿

 
 

ℂ ℂ∆ 𝕆 𝕆∆

∆
, 𝑎𝑓𝑡𝑒𝑟 𝛿

       (1) 

 
where 𝒞 , ℂ, 𝕆, 𝑊 represent unit cost of the service (with bandwidth (b)), CAPEX, OPEX, and workload (total 
number of service requests from customers) in a time period (e.g. month, year), respectively. ℂ∆ , ℂ∆ , and 
𝑊∆  represent possible extra CAPEX, OPEX, and workload, respectively, incurred after introducing different 
kinds of changes, represented as 𝛿. 
 
4.1 Determination of CAPEX 
 
CAPEX is mainly determined by the total of land and building expenses (ℬ), physical infrastructure expenses (ℋ), 
software expenses (𝒮), and loan Interests (ℐ). Therefore, CAPEX is a function of these expenses and can be written 
as in Eq. 2: 
 

ℂ 𝑓 ℬ, ℋ, 𝒮, ℐ  ℬ ℋ 𝒮 ℐ           (2) 
 
The physical infrastructure of a network primarily consists of links between devices, network devices such as 
switches, routers, etc., and also hardware such as a server that controller installed on. So, H can be written as in 
Eq. 3: 
 

ℋ ∑ 𝒞| | ∑ 𝒞| | ∑ 𝒞| |           (3) 

 
where |𝑙|, |𝑑|, |𝑐| represent the total number of links, network devices, controllers and 𝒞  , 𝒞  , 𝒞  represent the 

cost of the corresponding link, network device, and controller, respectively. Similarly, software expenses such as 
the purchase of management systems, licenses for proprietary controllers can be calculated as in Eq. 4: 
 

𝒮 ∑ 𝒞| |             (4) 
 
where |𝑠| and 𝒞  represent the total number of paid software used in the network and the cost of corresponding 
software, respectively. Substituting Eq. 3 and Eq. 4 in Eq. 2, the new CAPEX becomes as in Eq. 5: 
 

ℂ 𝑓 ℬ, ℋ, 𝒮, ℐ ℬ ∑ 𝒞| | ∑ 𝒞| | ∑ 𝒞| |  ∑ 𝒞  ℐ| |      (5) 

 
We consider only physical infrastructure (ℋ) and software (𝒮) expenses as the main drivers for CAPEX and 
assume ℬ 0 and ℐ 0 in this study. 
 
4.2 Determination of OPEX 
 
OPEX is more complicated to calculate than CAPEX because it requires more information about internal network 
dynamics. However, such information is proprietary and highly hidden by network owners. Main drivers for OPEX 
are (i) expenses for a running network (𝒯), (ii) expenses for network setup (𝒩), and (iii) non-specific expenses 
(𝒰) in a network. Therefore, we can state that OPEX is a function of these expenses and can be written as in Eq. 
6: 
 

𝕆 𝑓 𝒯, 𝒩, 𝒰  𝒯 𝒩 𝒰          (6) 
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4.2.1 OPEX for a Running Network (𝒯) 
 
Expenses for a running network (𝒯) are primarily characterized by continuous infrastructure expenses (𝒦),  
maintenance expenses (ℳ), reparation expenses (ℛ), service provisioning/management expenses (𝒫), 
pricing/billing expenses (𝒢), network planning expenses (𝒜), and marketing expenses (𝒲). Therefore, running 
network expenses are a function of these foregoing expenses and can be written as in Eq. 7: 
 

𝒯 𝑓 𝒦, ℳ, ℛ, 𝒫, 𝒢, 𝒜, 𝒲  𝒦 ℳ ℛ 𝒫 𝒢 𝒜 𝒲     (7) 
 
4.2.1.1 Infrastructure (𝓚), Maintenance (𝓜), and Reparation (𝓡) Costs 
 
It is difficult to simulate these expenses in an artificial simulation environment without real and accurate 
parameters from networks. In order to model them without data from a real network, we assume that they have a 
relation with the total messages handled by the network. These messages are internal overhead messages (𝑂) 
generated in the network and service requests (𝑊) (i.e. workload) entering the network. The idea behind this 
assumption is that the more messages handled by the network result in the more continuous infrastructure expenses 
(e.g. due to more power and energy consumption) and require the more maintenance and reparation, which brings 
more expenses as well, in the network. To monetize total messages handled by the network in order to express 
continuous infrastructure, maintenance and reparation expenses for OPEX, we assume that every single message 
processed in the network brings $𝛼 cost to the network. Therefore, the total of these expenses becomes as in Eq. 
8: 
 

𝒦 ℳ ℛ 𝛼 ∗ 𝑂 𝑊          (8) 
 
We refer overhead (O) to the messages processed in the control plane by a controller(s). The details of overhead 
message discussion are omitted to conserve the page limit. For details, the readers can see our previous work [9]. 
 
4.2.1.2 Operational Network Planning Costs (𝓐  
 
These expenses are incurred from the ongoing network planning activities, represented as 𝛿, such as 
adding/deleting/upgrading controller(s), network device(s), link(s), and so on in the network. These expenses 
represent the ℂ∆  and 𝕆∆  in the Eq. 1. We include them because, after foregoing modifications, extra OPEX may 
be incurred in the network. For example, adding another controller (in distributed or hierarchical architectures) or 
upgrading current controller (in single-centralized architectures) is likely needed after controller(s) gets overloaded 
and cannot handle new requests (i.e. it reaches its max throughput) because an ISP may not simply want to reject 
service requests from customers due to the fact that these modifications have an impact on the revenue of the 
network. In a single- centralized controller architecture, for example, if new devices are added to the network and 
the controller does not have any more free ports to connect with the new devices, a controller upgrade may be 
needed in this case. However, this upgrade process will make the network non-operational for a while, which in 
turn results in a reduction of network revenue because the network cannot serve coming requests during network 
down time (i.e. upgrade period). 
 
We note that service provisioning/management expenses (𝒫), pricing/billing expenses (𝒢), and marketing 
expenses (𝒲) are not considered in Running Network OPEX (𝒯) calculation. Therefore, we assume 𝒫 0, 𝒢
0, and 𝒲 0. 
 
4.2.2 OPEX for Network Setup (𝒩) 
 
Similarly, network setup expenses (𝒩) mainly come from first time equipment installation expenses (ℱ) and up-
front planning expenses (𝒳). Therefore, network setup expenses are function of these foregoing expenses and can 
be written as in Eq. 9: 
 

𝒩 𝑓 ℱ, 𝒳  ℱ 𝒳          (9) 
 
4.2.2.1 Up-Front Planning Cost (𝓧) 
 
In this category, we consider service creation/introduction phase from networks. Network administrators may 
decide to introduce a new service for their users for different purposes such as generating new revenue 
opportunities. However, this phase includes some steps to come up a fully operational service: Service 
Implementation (I), Service Deployment (D), Service Testing (E), and Service Tuning Up (T). These steps are 
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called Time-to-Market or Time-to-Revenue steps. Each step brings its own expenses to the overall network OPEX 
based on a number of employees (e), employee pay rate (p), and time spent by employees (t) on each step. 
Therefore, this cost is a function of the factors above and can be written as in Eq. 10: 
 

𝒳 𝑓 𝑒, 𝑝, 𝑡 𝒞 𝒞 𝒞 𝒞 ∑ 𝑒 𝑝 𝑡 ∑ 𝑒 𝑝 𝑡 ∑ 𝑒 𝑝 𝑡 ∑ 𝑒 𝑝 𝑡   (10) 
 
where subscript i, j, k, and m represent the corresponding employee IDs, their pay rates, and time spent by each in 
corresponding steps. 
 
We do not consider first time equipment installation expenses (ℱ) in this study. Therefore, we assume ℱ 0. 
 
4.2.3 Non-Specific OPEX (𝒰) 
 
Non-specific expenses (𝒰) are specified by non-specific continuous infrastructure expenses (𝒴) and non-specific 
administration expenses (𝒵). Therefore, non-specific expenses are a function of these foregoing expenses and can 
be written as in Eq. 11: 
 

𝒰 𝑓 𝒴, 𝒵  𝒴 𝒵          (11) 
 
We do not consider Non-Specific OPEX (𝒰) in this study either. Therefore, we assume 𝒴 0 and 𝒵 0. 
Regarding expenses that we do not consider, it possible to include them in OPEX with a correct model as well. 
However, we leave them as a future work for now. 
 
Finally, substituting Eq. 5, Eq. 8, and Eq. 10 in Eq. 1 gives the final unit service cost formula for a service. 
 
5 EVALUATION 
 
In this section, we present some numerical results to provide SDN’s value proposition with respect to different 
architectures. We only consider bandwidth as QoS parameter and all requests made by customers require 1 Mbps 
bandwidth for their requests. We have applied the proposed scheme in three different SDN network architectures: 
centralized control plane model (CCP), distributed control plane model (DCP), and hierarchical control plane 
model (HCP). We have used Mininet emulator with POX controller for network service request setup. Other 
numerical calculations have been done using Matlab platform. 
 
We have used the scheme explained in our previous work [9] to get overhead messages with respect to a number 
of requests in each network setting. In all network architectures, each switch is connected to 1 host. In the 
experiments, we have generated 3 different traffic patterns: i) 20% (inter-domain) - 80% (intra-domain), ii) 50% 
(inter-domain) - 50% (intra-domain), and iii) 80% (inter-domain) - 20% (intra-domain). In each pattern, the hosts 
are chosen randomly. Also, the networks are mesh-connected regarding all switch cases in all architectures. 
Finally, we have averaged 15 runs for each experiment to achieve and exceed 95% statistical significance. 
 

 
(a) 20% (inter-domain) - 80% 
(intra-domain) Traffic Pattern 

(b) 50% (inter-domain) - 50% 
(intra-domain) Traffic Pattern 

(c) 80% (inter-domain) - 20% 
(intra-domain) Traffic Pattern 

Figure 4. Total number of satisfied (controller(s)) requests (i.e. Workload) with QoS with respect to different 
switch numbers in CCP, DCP, and HCP models under different traffic patterns. 

 
Fig. 4 shows the relation between the total number of satisfied requests with QoS with respect to different switch 
numbers in CCP, DCP, and HCP architectures under different traffic patterns. In this experiment, we have provided 
large enough network resources such as bandwidth in the architectures so that there is no service request rejection 
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due to network resource limitations. In each switch number case, the corresponding satisfied requests number 
represents the max number of requests that controller can handle before it rejects a request. This rejection happens 
due to controller message handling capacity. In each traffic pattern, the total number of satisfied requests in all 
architectures show reduction while switch number increases because the network paths set up by the controllers 
become longer. Therefore, controllers need to handle more overhead messages per path set up. In CCP, total 
satisfied requests show similar numbers in each traffic pattern because each path set up is dealt within the same 
architecture. However, in DCP and HCP, total satisfied request number for 20% (inter-domain) - 80% (intra-
domain) Traffic Pattern (see Fig. 1a) is more than 80% (inter-domain) - 20% (intra-domain) Traffic Pattern (see 
Fig. 1c) case because most of the requests are local (i.e. intra-domain) and requires shorter paths, therefore, less 
overhead is generated. Finally, HCP architecture shows better performance than the other two and DCP 
architecture is better than CCP architecture in each traffic pattern because the controllers exchange more messages 
(i.e. overhead messages) among themselves for a path set up in CCP architecture than DCP architecture than HCP 
architecture. 
 

 
(a) 20% (inter-domain) - 80% 
(intra-domain) Traffic Pattern 

(b) 50% (inter-domain) - 50% 
(intra-domain) Traffic Pattern 

(c) 80% (inter-domain) - 20% 
(intra-domain) Traffic Pattern 

Figure 5. CAPEX with respect to different switch numbers in CCP, DCP, and HCP models under different 
traffic patterns. 

 
Fig. 5 presents CAPEX with respect to different switch numbers in CCP, DCP, and HCP control plane models in 
case of different traffic patterns. CAPEX values increase in proportion to the network size as the number of 
switches increase. This increase is non-linear in CCP model compared to the other models due to network 
controller upgrade cost. The aforementioned network controller upgrade cost is the ground for increasing CAPEX 
difference among the models as the network size increase because the upgrade costs more in case of bigger 
networks. Regarding different network traffic patterns, all models produce the same CAPEX under all traffic 
patterns because the physical network is the same in all case. Moreover, CAPEX in HCP model exhibits a small 
difference in the increasing way because of the master controller cost. 
 
 

 
(a) 20% (inter-domain) - 80% 
(intra-domain) Traffic Pattern 

(b) 50% (inter-domain) - 50% 
(intra-domain) Traffic Pattern 

(c) 80% (inter-domain) - 20% 
(intra-domain) Traffic Pattern 

Figure 6. OPEX with respect to different switch numbers in CCP, DCP, and HCP models under different traffic 
patterns. 

 
Fig. 6 reveals OPEX with respect to different switch numbers in CCP, DCP, and HCP models under different 
traffic patterns. OPEX cost is mostly dominated by the total number of messages (overhead + workload) handled 
by the controller in the network as discussed in Section 4.2.1.1. OPEX does not change in CCP model in different 
traffic patterns since all traffic patterns (i.e. inter-domain or intra-domain) are treated in the same way as the intra-
domain traffic due to single domain setup. In DCP and HCP models, on the other hand, OPEX reduces as the inter-
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domain traffic density increase in networks because the number of workload reduces, which, in turn, impact the 
OPEX as implied in Eq. (8). In addition, while OPEX in HCP is the highest compared to the other models in all 
traffic patterns because the workload is the highest among all, OPEX in CCP is lowest among all due to the least 
number of workload satisfied. 
 

 
(a) 20% (inter-domain) - 80% 
(intra-domain) Traffic Pattern 

(b)  50% (inter-domain) - 50% 
(intra-domain) Traffic Pattern 

(c) 80% (inter-domain) - 20% 
(intra-domain) Traffic Pattern 

Figure 7. Unit service cost with respect to a total number of satisfied requests (i.e. Workload) in CCP, DCP, 
and HCP models under different traffic patterns. 

 
Fig. 7 shows the relation between the unit service cost with respect to a total number of satisfied requests (i.e. 
Workload) in CCP, DCP, and HCP architectures under different traffic patterns. These total satisfied requests 
numbers are based on different switch numbers (i.e. each point on the plots correspond to the associated switch 
numbers) showed in Fig. 3. On each point, CCP results in highest unit service cost compared to the other 
architectures and DCP has higher unit service cost than HCP. As the total number of satisfied requests increase 
the unit service cost decreases as the Eq. 1 implies. They all reach a stable pattern while workload increases. All 
architectures result in lower unit service costs as the traffic becomes more local (i.e. intra-domain). 
 
6 CONCLUSION 
 
SDN brings ease of programmability in changing the characteristics of the entire networks. It has several key 
attributes that have an impact(s) on the CAPEX and OPEX equations of a network to decrease network costs and 
generate revenue for service providers. In this paper, we have conducted a techno-economic analysis of SDN over 
different popular network architectures to compare their impact in terms of CAPEX and OPEX under different 
traffic patterns. We have also studied the determination of unit cost for a service with QoS parameters. We have 
characterized the unit cost for a service with respect to CAPEX, OPEX, and workload of a network in a certain 
time period. We have applied our CAPEX and OPEX calculation methods in each network architecture. Our 
experiments have showed that HCP architecture gives the best results in terms total satisfied service requests while 
CCP performs the worst among all under all traffic patterns. Regarding TCO (CAPEX + OPEX), CCP shows the 
highest amount while DCP results in lowest amount among them. This result is related to both Operational 
Network Planning Costs such as controller upgrade and total workload satisfied in the network. 
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Abstract 

Over the past decades, tempered martensite steels have been used in steel based 

industry. The welding is the most commonly used process in the manufacture of 

connections in these industries. Generally weld zone consists of three different 

region as base metal (BM), heat-affected zone (HAZ) and weld metal (WM). After 

welding process, microstructure of each zone chances due to the heat effects. These 

effects cause the local changes in mechanical properties such as Young modulus, 

yield strength and hardness in weld zone. The aim of this paper is to identify the 

mechanical properties of weld zone by uni-axial tensile test and indentation 

method. Thickness of 5 mm Hardox 450 was chosen to be the welded plate for 

investigation. Welded plates were joined by flux-cored arc welding (FCAW) 

method. The cross-section of the welding groove was single-V shaped and the weld 

was completed in single (SP) and multi-pass (MP) butt welds (BW) separately. For 

experiments, tensile test specimens were cut by plasma cutting method according to 

related standard on welded plates. The effect of weld-pass number on mechanical 

properties such as young modulus, yield strength and hardness were obtained from 

all region of weld zone. Young modulus of weld zone obtained from uni-axial 

tensile test and indentation method were compared to each other.  

 

1 INTRODUCTION  
 

In recent years, tempered martensite steels having high hardness and yield strength are preferred due to their 

high wear and ballistic resistance in truck industry especially dumper body and trailer chassis, armored vehicles 

and special constructions. Tempered martensite steels are produced by special methods involving quenching and 

tempered process. Though quenching process makes the structure brittles and hardness, tempering process, 

applying after the quenching at different temperatures, makes the structure ductile. Hardox and Armox steels 

made by SSAB [1] are used in many parts of body of the vehicles as wear and ballistic resistance due to their 

features. These steels are categorized in terms of their hardness and yield strength. With the increasing product 

identification number, yield strength and especially hardness increase directly proportional, however, toughness 

of the materials decrease. Within this scope, material selection is performed according to design expectations 

such as high wear resistance etc. Hardox 450 is common used in truck industry and mining machinery 

applications due to its sufficient wear resistance. The most components of engineering applications are joined 

each other by welding techniques because of high rigidity, easy to design, cost efficiency and suitable for mass 

production compared to other joined techniques. Welding is difficult and complex method in terms of obtaining 

optimum weld seam. Welding process of the steels having high percentage of carbon (POC) and carbon 

equivalent (CE) should be performed under the special precautions such as preheat or post weld heat treatments 

(PWHT). With the increasing of POC and CE of the materials, weldability becomes difficult. PWHT may not be 

required for multi-pass welding operations due to the fact that brittle structure occurred with the root pass is 

softened by hot, filled and cap pass. The high temperature released during the welding of the plates and cooling 

rate after the welding causes the change in the grain structure of both the base metal and the weld metal. Due to 

this situation, the welded joint is generally considered to be composed of three zones as Base Metal (BM), Weld 

Metal (WM) and Heat Affected Zone (HAZ). It is very difficult to obtain accurate results from a finite element 

model (FEM) that is not fully known for material properties of weld zone. There are many experimental and 

numerical studies to explain the weld zone and try to determine the material properties of this zone.  
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[2] determined mechanical properties of weld zone of DP590 welded specimens by continuous indentation 

method together with its finite element (FEM) analysis. To confirm the result of previous methods, uni-axial 

tension and three point bending tests were performed too. At the end of the study weld properties were 

determined with experimental tests using in FEM improve the obtained results. [3] conducted experimental study 

to identify the elastic modulus and hardness on three different locations of the weld zone as base metal, weld 

metal and heat-affected zone. The results of their study were shown that nanoindentation was suitable method for 

determination of the elastic modulus and hardness of specimen. [4] investigated the microstructure of the weld 

zone of SM490 steel welded joint by nanoindentation, microstructural examination and deconvolution technique. 

Young modulus and hardness was measured by nanoindentation tests from each indenting point. BM, WM and 

HAZ region were subjected to the optical microscopy to investigate the grain structure. As results of their 

observation, it was determined that each region of weld zone consists of different phase such as low stiffness 

ferrite, high stiffness ferrite, and pearlite having different mechanical properties. [5] determined the mechanical 

properties of SM490 steel welded joint using nanoindentation tests. In addition to mechanical tests and optical 

microscopy examination, finite element analysis were carried out in this study. The mechanical properties 

(elastic modulus, yield stress, strain hardening exponents) of BM, WM and HAZ region were estimated with 

nanoindentation test and the results obtained experimental tests were compared to finite element analysis. 

Results indicate that mechanical properties of weld metal have the highest value and base metal has the lowest. 

[6] carried out the study on the determination of mechanical properties of resistance spot welded dual phase steel 

using nanoindentation and microstructure analysis. It was obtained that nanohardness reduction in base metal 

was observed with regard to martensitic particles. [7] carried out the study on the investigation of mechanical 

properties using nanoindentation test of dissimilar steel-aluminum welds. Indentation testing and energy 

dispersive X-ray (EDS) analysis were applied to the specimens which cut out of different locations along the 

welds. By reverse analysis of the indentation load–depth curves, Young's modulus, yield stress, and strain 

hardening exponent, were determined for each zone. While increasing yield stress was observed inside the weld 

metal, Young's modulus and strain hardening exponent of the welds were almost unchanged. [8] evaluated the 

application of nanoindentation technique for the welded joints. Various weld materials were subjected to detailed 

nanoindentation test to obtain the nanohardness and Young’s modulus. It was stated that hardness of the grains 

showed an increase from the center towards to the grain boundary and the correlation between nanohardness and 

manganese concentration distribution in the microstructure was determined. [9] studied on stress-strain 

distribution and grain size effects of welded aluminum alloy using nanoindentation methods. In the study, 

Berkovich indenter was used in nanoindentation method to obtain stress-strain curves for the base and weld 

metal of friction stir welded joint. In addition to experiments, finite element analysis providing a numerical tool 

to calculate complex nanoindentation problems was carried out. [10] researched the mechanical properties of 

non-uniform modelling of laser weld using nanoindentation tests. In the study, DX56D and DP600 as 

automotive steel sheets welded by laser welding process were subjected to nanoindentation tests to determine the 

elastoplastic properties especially Young modulus and yield stress. It was found that young modulus and 

hardness generally increase towards to the weld centerline from the base metal. 

 

As it can be seen from the references mentioned above, there are no sufficient studies to identify the mechanical 

properties of the weld zone (WZ) and heat affected zone (HAZ) of tempered martensite steels welded joint 

determined by uni-axial tensile test and indentation method together. For this purpose, 5mm of Hardox 450 

plates were welded to each other with butt welding by using FCAW methods. FCAW which is semi-automatic 

arc welding process was used to join the plates to each other. During the welding, molten weld pool is protected 

from the negative effects of atmosphere by shielding gas. To protect the molten weld pool from the atmosphere, 

shielding gas selected according to [11] was used. After the welding process, welded tensile test specimens cut 

by plasma cutting method from welded Hardox 450 plates were subjected to uni-axial tensile test and indentation 

method to obtain Young’s modulus, yield and tensile stress of each zone.  

 

2 EXPERIMENTS 
 

2.1 Materials 

 

The material used in this study was Hardox 450 plate with thickness of 5mm. Hardox 450 made by SSAB is 

produced by tempered martensite steel as an abrasion resistant alloy steel for machinery applications. Hardox 

steels categorized according to mechanical properties have a wide range of products. With the increasing product 

identification number, hardness and yield strength of related product is increased proportionally. While 

increasing product identification number means higher hardness, yield strength as well as abrasion resistance, it 

means also decreasing ductility and weldability [12]. Chemical composition and mechanical properties of 

Hardox 450 used for this study is given Table 1 and Table 2 respectively. CE is a mathematical equation that 

provides to determine of proper heat treatment parameters to prevent the embrittlement in HAZ. This equivalent 
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can be calculated according to [13] with Eq. 1 and Eq. 2, respectively. Chemical composition of the material 

used in this study is given Table 3. According to this chemical composition, CE of the material is 0,47 CEV and 

0,34 CET.  

 

FCAW with filler metal T 42 4 P C 1 H5 was used for the V groove butt welding. FCAW welding which 

suitable for mechanized and robotized has been widely used in welding applications for heavy trucks, armored 

vehicles and construction etc. Chemical composition and mechanical properties of flux cored wire is given Table 

4. 

Selection of the shielding gas which can be pure or mixed gas is one of the most important stages of welding 

process. During the welding, the aim of shielding gas is to avoid interact of the weld pool to oxygen, nitrogen 

and hydrogen included in the air [14]. For this reason, shielding gas is always used in FCAW and other arc 

welding methods. For this study, shielded gas was selected C1 (CO2 %99,95) according to [11]. 

 

6 5 15

  
   

Mn Cr Mo V Cu Ni
CEV C

              (1) 

 

10 20 40

 
   

Mn Mo Cr Cu Ni
CET C

              (2) 

 

Table 1. Chemical composition of Hardox 450 [1] 

%C 

max 

%Si 

max 

%Mn 

max 

%P 

max 
%S max 

%Cr 

max 

%Ni 

max 

%Mo 

max 

Max 

CET(CEV) 

0.26 0.70 1.60 0.025 0.010 1.40 1.50 0.60 0.35(0.48) 

 

Table 2. Mechanical properties of Hardox 450 [1] 

Grade 
Thickness 

(mm) 

Hardness 

(HBW) 

Typical yield strength 

(N/mm2), not guaranteed 

Hardox450  2.0-8.0 425-475 1250 

 

Table 3. Chemical composition of test material [1] 
Chemical 

Compostion 
%C  %Si  %Mn  %P  %S  %Cr  %Ni  %Mo  %V %Cu  %Al %Nb %B %N 

Heat no:   

61-5502 
0.192 0.18 1.29 0.014 0.001 0.26 0.06 0.02 0.01 0.01 0.038 0.001 0.0014 0.002 

 

Table 4. Chemical composition and mechanical properties of flux cored wire [15] 

T 42 4 P C 1 H5 Flux Cored Wire 

Chemical 

Composition 

C% %Si %Mn %P %S 

0.06 0.5 1.3 0.015 0.015 

Mechanical  

Properties 

Yield Strength 

(N/mm2) 

Tensile Strength 

(N/mm2) 

Impact Strength 

(ISO-V/-400C) 

Elongation 

(Lo=5do) (%) 

Min.420 500-640 Min.50J. Min.22 

 

2.2. Test Specimen 

 

In this study two different types of Welded Tensile Test Specimens (WTTS) were formed according to pass 

number of butt welds. To obtain WTTS, Hardox 450 plates were cut by plasma cutting methods and edge of each 

plates were subjected to the grinding to obtain single V groove. Dimension of Hardox 450 plates with thickness 

of 5 mm and welding groove are given in Fig. 1. Dimensions of the plates were determined according to [16]. 

Plates were welded with T 42 4 P C 1 H5 flux cored wire with diameter of 1.2 mm in single  and multi passes 

(Fig. 2.). Welding parameters including current, voltage, travel speed etc. are given Table 5. Dimension of 

WTTS was determined according to [17] (Fig. 3). After the welding operations, welded plates were cut by 

plasma cutting method and then machined by shaper machine to remove the any surface imperfections (Fig. 4). 

In this study, single pass and multi-passes WTTS were called WTTS-1 and WTTS-2 respectively. 
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Figure 1. Welded Hardox 450 plates 

 

 
Figure 2. Welded Hardox 450 plates with single and multi-pass 

 

Table 5. Welding parameters of each joint 
Joined 

Type 

Pass 

number 
Amperes (I) Volts (V) 

Travel Speed  

 (mm/sec) 

Wire Feed Speed 

(m/min) 

Thermal 

Coefficient 

Heat Input 

(kj/mm) 

Single Pass 1 190-210 27-27.5 5.3 12 0.8 0.58-0.65 

Multi Pass 

1 190-210 27-27.5 5.3 12 0.8 0.58-0.65 

2 195-215 27-27.8 5.5 12 0.8 0.76-0.87 

3 190-210 27-27.5 5.3 12 0.8 0.58-0.65 

4 195-215 27-27.8 5.5 12 0.8 0.76-0.87 

 

 
Figure 3. Dimension of welded tensile test specimens 
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Figure 4. Welded tensile test specimens 

 

2.3. Tensile Tests of Welded Specimens 

 

For the material selection of static and dynamic construction, it shall be required to know the yield and tensile 

strength of the related materials. For this reason, performing the tensile test is important for determining the 

material properties. In this study, to determine the mechanical properties of the WZ and HAZ of tempered 

martensite steels welded joint test specimens were subjected to the tensile test conducting at room temperature 

using a MTS-C45 tensile testing machine at a rate of 2mm/min (Fig. 5 (a)). Two Tokyo Sokki Kenkyujo Co. 

FLA type strain gauges, with a length of 2 mm, were used on the WZ and HAZ to obtain strain values during the 

tensile test (Fig. 5 (b)). 

 

 
Figure 5. (a) The MTS-C45 tensile testing machine, (b) a prepared WTTS. 

 

2.4. Nanoindentation Tests 

 

To determine yield strength, tensile strength, Young modulus, hardness, fracture toughness of the materials, 

mechanical test methods have been used for many years. Hardness which is a material characteristic means the 

resistance to indentation and it is obtained by measuring the permanent depth of indentation (hardness testers). 

a) b) 
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Beside the determination of hardness values, nanoindentation tests enable the determination of Young modulus 

of the materials. Within this scope, a nanoindentation test is known as a new method to obtain the mechanical 

properties of the materials on small scale (Nanoscience). There are several shapes of indenter types. Berkovich 

indenter is generally used for determining the young modulus of the materials. Contact stresses produce elastic 

deformation, and with increasing indentation depth, a transition from elastic to plastic deformation can be 

obtained [18]. The shape of the load-displacement curve shown in Fig. 6 gives the Young Modulus [19]. To 

determine the Young modulus of WZ and HAZ each WTTS were subjected to the nanoindentation at point 

shown in Fig. 7. Tests were conducting at room temperature using a nano-micro mechanic combo tester machine 

by CSM instrument electronics. 

 

 
 

Figure 6. Load-displacement curve [16] 

 

 
 

 
Figure 7. Selected indentation point on WTTS . 

 

3 RESULTS 
 

3.1. Tensile Tests Results 

 

In this study, to determine the mechanical properties of the WZ and HAZ of tempered martensite steels welded 

joint test specimens were subjected to the tensile test conducting at room temperature using a MTS-C45 tensile 

testing machine at a rate of 2mm/min. Obtained stress-strain curve of WZ-HAZ and deformed phase of WTTS-1 

and WTTS-2 is given Fig. 8 and Fig. 9, respectively. As seen in Fig. 8 and Fig. 9, for both test specimens, WZ 

and HAZ showed similar stress-strain responses in the elastic section. Then, yielding happened first in the WZ 

and then plastic deformations concentrated in the WZ. Therefore, in both test specimens HAZ behaved elastic 
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until the end of tensile tests. The maximum strains were measured in the HAZ as 0.0032 and 0.0024 for WTTS-1 

and WTTS-2, respectively. At the end of the tensile tests, specimens were ruptured from the WZ as seen in Fig. 

8 and Fig. 9 respectively. For both test specimens, strain gauges reached to maximum strain capacity of 0.025 in 

the WZ and then separated from the surfaces. Therefore, strain measurements were taken until strain gauges 

separated. 

 

 
Figure 8. Stress-strain curve of WZ-HAZ and deformed phase of WTTS1. 

 

  
Figure 9. (a) Stress-strain curve of WZ and HAZ of WTTS2. 

 

In Table 6, young modulus of the WZ and HAZ, which were calculated according to elastic section of the stress-

strain curves given in Fig. 8 and Fig. 9, along with yield and tensile strengths are given for WTTS-1 and WTTS-

2. As seen from Table 6, yield and tensile strength of WZ of WTTS-2 is lower than WTTS-1 due to multi pass 

welding process. When specimens are evaluated according to each other, Young modulus of zones of WTTS-1 

has high Young modulus values similar to yield and tensile strength. Due to the fact that multi-pass welding 

process changes the grain structure and shows a tempered effect, it is obtained to decrease in Young modulus of 

WTTS-2. 

 

Table 6. Determined young modulus, yield and tensile strength (MPa) 

Specimen 
Young modulus Yield strength of 

WZ 
Tensile strength of 

WZ WZ HAZ 

WTTS1 191090 189961 535.52 650.79 

WTTS2 172821 177095 435.87 553.30 
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3.2. Nanoindentation Test Results 

 

The creation of finite element model of welded specimen is not very easy due to formed weld structure after the 

solidification. Weld metals solidify from the edge of the fusion line towards the weld center as a casting 

structure. However, HAZ, due to expose to the different heat treatments during the welding, can contain different 

grain structures. For this reason, WZ and HAZ of WTTS-1 and WTTS-2 were subjected to the nanoindentation 

test to determine the mechanical properties. Nanoindentation measurements were performed in METU Merlab 

Laboratory to selected indentation point on WTTS. Obtained load–penetration depth curve from nanoindentation 

test of weld zone of WTTS-1 and WTTS-2 are given Fig. 10 and Fig. 11 respectively. Loading–unloading curves 

of each nanoindentation points of specimens were obtained as it should be according to the applied force. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Load-Displacement Curve of WTTS-1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Load-Displacement Curve of WTTS-2 

 

The results of the Young modulus of the WTTS-1 and WTTS-2 obtained from the nanoindentation tests are 

given in Fig.12. As seen from Fig. 12, it is seen that the Young modulus of WTTS-1 which is a single-pass 

welded specimen in the is higher than WTTS-2 which is a multi-pass welded specimen. 
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Figure 12. Young modulus of the WTTS-1 and WTTS-2 obtained from the nanoindentation tests  

 

The comparison of Young Modulus of WTTS-1 and WTTS-2 obtained from tensile and nanoindentation tests 

are given in Table 7. It is determined that Young modulus of each zone of WTTS-1 is higher than WTTS-2. The 

value of young modulus obtained from tensile test is higher than nanoindentation tests results. When compare 

the Young modulus values according to the tensile and nanoindentation tests, it is seen that; Young modulus of 

WZ and HAZ of WTTS-1 obtained from tensile test was approximately 7 percent higher than the 

nanoindentation test. Young modulus of WZ and HAZ of WTTS-2 obtained from tensile test was higher than the 

nanoindentation test 19% and 20%, respectively. 

 

Table 7. Young Modulus of WTTS-1 and WTTS-2 

Specimen 

Young modulus (MPa) 

Tensile Test Results Nanoindentation Test Results 

WZ HAZ WZ HAZ 

WTTS1 191090 189961 178026 176591 

WTTS2 172821 177095 145348 147845 

 

4 CONCLUSION 
 

The aim of this paper is to identify the mechanical properties of weld zone by uni-axial tensile test and 

indentation method. Thickness of 5 mm Hardox 450 was chosen to be the welded plate for investigation. Welded 

plates were joined by flux-cored arc welding (FCAW) method. The cross-section of the welding groove was 

single-V shaped and the weld was completed in single (SP) and multi-pass (MP) butt welds (BW) separately. For 

experiments, tensile test specimens were cut by plasma cutting method according to related standard on welded 

plates. The effect of weld-pass number on mechanical properties such as young modulus, yield strength and 

hardness were obtained from all region of weld zone. Young modulus of weld zone obtained from uni-axial 

tensile test and indentation method were compared to each other. From the point of view of the investigation 

carried out, the following conclusions are reached: 

 

 When the yield strengths of WTTS-1 and WTTS-2 determined from tensile test are compared to each 

other, it was determined that WTTS-1 which is a single pass welded specimen has higher yield strength 

than WTTS-2. As a result of the tensile test, the specimens were ruptured from the welding zone. When 

specimens are evaluated according to each other, Young modulus of zones of WTTS-1 has high Young 

modulus values similar to yield and tensile strength. Due to the fact that multi-pass welding process 

changes the grain structure and shows a tempered effect, it is obtained to decrease in Young modulus of 

WTTS-2. 

 

 It is determined that Young modulus obtained from tensile and nanoindentation tests of WTTS-1 is 

higher than WTTS-2. 

 

 The value of young modulus obtained from tensile test is higher than nanoindentation tests results. 
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 Young modulus values according to the tensile and nanoindentation tests, it is seen that; Young 

modulus of WZ and HAZ of WTTS-1 obtained from tensile test was approximately 7 percent higher 

than the nanoindentation test. Young modulus of WZ and HAZ of WTTS-2 obtained from tensile test 

was higher than the nanoindentation test 19% and 20%, respectively. 
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Abstract 

Asynchronous motors with short circuit cage rotor are widely used in industry and 

in many areas because they are easy to build, durable, high operational safety, low 

maintenance and cheap compared to their counterparts. In this study, the design of 

short circuit cage rotor asynchronous motor with 600 kW active power, pole pair 2, 

pole number 4, efficiency 0.95, power factor 0.93, mains voltage 400 V, phase 

number 3 and operating frequency 50 Hz was designed. Firstly, the main 

dimensions of motor depending on the design criteria and performance values 

defined, then the electrical and physical sizes of stator and rotor, inductions and 

magnetic field intensities, weights of stator and rotor, losses and efficiency were 

calculated. Analysis results showed that the designed motor meets the required 

power values and design performance criteria. 

 

1. INTRODUCTION 
 

Asynchronous motors (induction motors) are the most widely used motors in industry. The revolution numbers 

of asynchronous motors varies slightly with the load and these motors are classified as motors with constant 

revolution. The revolution numbers of direct current shunt motors can be varied within large limits. However, 

the revolution numbers of induction motor is limited to one or two stages of change. In this respect, the direct 

current shunt motor is superior to asynchronous motor. However, some of the superior aspects of asynchronous 

motors can be listed as follows [1]: 

 

 Asynchronous motors are cheaper. 

 Asynchronous motors show little need for maintenance. 

 Electric arc does not occur during the operation of asynchronous motors (Sparks come out between collector 

slices and brushes when direct current motors work). 

 

These features have led to asynchronous motors being the most used motors in industry. If we examine the 

structure of asynchronous motors (induction motors), all parts of asynchronous motor are shown in detail in 

Figure 1 and the names of motor parts are given by numbering. Asynchronous motors are generally made of two 

parts, stator and rotor [1]. 

 

 
Figure 1. Structure and parts of asynchronous motors [1] 
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winding 
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screw 
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1.1. Stator 

 

The stator is the standing part of asynchronous motor. 0.4-0.5 or 0.8 mm thick siliceous sheets are pressed into 

the press with special molds. Figure 2(a) shows a stator sheet coming out of press. The mold that presses the 

stator and rotor sheets together at the same time is seen in Figure 2(b). The pressing process of stator and rotor 

windings together with the mould is also seen in Figure 2(c). When the stator windings are packaged as shown in 

Figure 3(a), the stator core to which the three-phase windings are placed is obtained. This core is firmly inserted 

into the stator body as shown in Figure 3(b). The feet of motor are mounted on body. Motor covers are attached 

to the body, the ball bearings in the middle of the motor covers bear the rotor which will rotate in the middle of 

stator. Motor covers, ball bearings and rotor are shown in Figure 1 [1]. 

 

   
(a) (b) (c) 

Figure 2. (a) Stator sheet, (b) stator and rotor sheet mold, and (c) pressing process of sheet with mould [1] 

              

  
(a) (b) 

Figure 3. (a) Packaged stator sheets and (b) body placement of stator core [1] 

 

1.2. Rotor 

 

The rotating part of asynchronous motor is called as rotor. There are two types of rotors: a short circuit rotor 

(squirrel cage rotor) and a winding rotor (ring rotor). Figure 4 shows a short circuit rotor and a ring rotor [1]. 

 

 

 

(a) (b) 

Figure 4. Asynchronous motor rotors (a) short circuit rotor and (b) ring rotor [1] 

 

a) Short circuit rotor (squirrel cage rotor): After the siliceous sheets such as stator are packed by pressing in 

mold, aluminum is melted into rotor ducts and short circuit cage windings are formed by press casting. Small 

fins are formed when casting aluminum in rings that short circuit the rotor bars on both sides of rotor. These fins 

serve as a propeller to cool the motor. Figure 5 (a) shows the cage of short circuit rotor and the short circuit rings 

and fins on both sides of rotor [1]. 

 

In some large rotors, copper bars are placed in channels. Copper rings placed on both sides of rotor are welded 

with copper rods and squirrel cage is made. Copper-bar squirrel cage and copper-bar short circuit rotor are 

shown in Figure 5(b) [1]. 

                                      

  
(a) (b) 

Figure 5. (a) Aluminum die casting and (b) squirrel cage and copper cage short circuit rotor [1] 
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b) Winding rotor (ring rotor): 3-phase alternating current winding is placed in the grooves on rotor which is 

made in the form of cylinders by packing the sheets. After the three-phase windings with 120o phase difference 

are connected to the star or triangle, the 3 ends removed are connected to 3 rings which are insulated on rotor 

shaft [1]. 

 

2. Asynchronous Motor Design with 600 kW Short Circuit Cage Rotor 
 

In this study, the design of short circuit cage rotor asynchronous motor with 600 kW active power, pole pair 2, 

pole number 4, efficiency 0.95, power factor 0.93, mains voltage 400 V, phase number 3 and operating 

frequency 50 Hz will be designed. 

 

Asynchronous machine is shown as active power P = 600 kW, pair pole number p = 2, operating frequency f = 

50 Hz, yield η = 0.95, power factor cosφ = 0.93, mains voltage U1 = 400 V, phase number m = 3. From here the 

revolution n is found as 1500 rpm with the help of equation n = f60/p. The nominal virtual power Pv of motor is 

found to be 679.12 kVA from Pv = P/(cosφη). The nominal current I1n, 

 

1n

1

P
I

cosφη 3U
    (1) 

 

it is obtained as 980.22 A from the given equation. To find the internal diameter Di of stator, the corresponding 

graph in [2] is looked at and Di is determineted 53 cm corresponding to 600 kW for 2p = 4. Once the stator 

inside diameter is found, the pole division τp is calculated as 41.7 cm from the equation τp = πDi/4.In order to 

find the benefit coefficient C, the corresponding graph in [2] is examined at and C is determineted 4 kWmin/m3 

corresponds to 600 kW for 2p=4. Accordingly, the fictive armature length Li, 

 

v

i 2

i

P
L

CD n
    (2) 

 

it is obtained as 0.4029 m from the given equation. This value is rounded to Li = 40.3 cm. The stator will have 

two cooling channels (zk1 = 2), the air channel length will be bk1 = 10 mm, and the total stator length Lt1 will be 

421 mm from Lt1 = La + zk1bk1, as the sheet package length excluding the channels is La = 401 mm. Air gap δ is 

selected as 5 mm and '

kb  was taken 9 mm from the corresponding graph in [2] for δ = 5 mm. Accordingly, the 

fictive armature length Li, 

 
'

i t1 k1 kL L z b     (3) 

 

Li is obtained as 403 mm from the given equation. The stator winding mouth will be of semi-closed grooves, the 

conductors two layers of round wires, and the type whose conductors are emptied into the groove from the 

groove mouth. If the total number of grooves of the 600 kW machine is selected as N1 = 48, the number q of 

stator grooves per pole and phase is found to be 4 from q = N1/(2pm). If the groove division of stator is τ01, it is 

calculated as 3.47 cm from τ01 = Diπ/N1. Then, if air gap induction amplitude Bδ (air gap magnetic flux density) 

is selected as 0.65 T and saturation factor kd is selected as 1.5, α1 and form factor kf1 are determineted 0.75 and 

0.98, respectively, from corresponding graph in [2]. Accordingly, the main flux Φ of machine is calculated as 

0.0819 Wb from Φ = Bδα1τpLi. If E1 is determined at 219 V, the value σ1, 

 

1

1

1

U 3
σ 1

E
     (4) 

 

it is obtained as 0.0545 from the given equation. Taking into account the harmonics, ie winding factor ξ1 = 1, the 

number of windings per phase of stator winding w1, 

  

1

1

1 f1 1

E
w

4.44f k ξ Φ
    (5) 

 

it is obtained as 12.2908 from the given equation. We can accept 12.2908 as 12 since there will be no winding 

number in comma separated number form. Based on this value we accept the new air gap induction amplitude 

Bδ,  
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1(old)

δ δ

1(new)

w
B B

w
    (6) 

 

it is 0.6658 T from the given equation and the main flux Φ of machine, 

 

1(old)

1(new)

w

w
      (7) 

 

it is 0.0839 Wb from the given equation. Then, The total number Z1 of conductors x is calculated as 72 from Z1 = 

2mw1, depending on the number of turns selected (4 parallel arm windings will be used. So, the number of turns 

will be multiplied by 4). Since the total number of grooves and the total number of conductors is known, the 

number Z0 of conductors per groove x is found to be 1.5 from Z0 = Z1/N1. Now we have to put the windings in 

the grooves. For this, we need to select a current density and determine the required copper wire section. The 

current density sa was selected as 4 A/mm2. Accordingly, the copper cable section A is 245 mm2 from A = I1n/sa. 

Since the copper cable section of each conductor is 245 mm2 and since two-layer winding will be made, the total 

conductor section must be 735 mm2 from A = 2Z0A. The coils will be four parallel circuits and each parallel 

circuit conductor will be divided into two partial conductors so that the round wires can be easily discharged 

from the half closed groove opening into groove (ie two layers of winding will be made). Accordingly, the 

number of conductors per groove is 6 from Z0 = 4Z0. Accordingly, a two-layer winding will be made. There will 

be 6 conductors in each layer. The total section of 6 conductors will be 735 mm2. The conductor diameter D will 

be 1 mm. 

 

Table 1. Insulation addition of round wires (dimensions are given in mm) [2] 

Diameter 
Round Wires 

0.8 to 1.0 1.0 to 1.5 1.5 to 3.0 3.0 to 4.0 

 Lacquered 0.05 0.06 0.07 - 

 1 times thread wrapped around 0.12 0.12 0.15 - 

 2 times thread wrapped around 0.22 0.22 0.26 0.30 

 1 times thread wrapped around and lacquered 0.17 0.18 0.22 - 

 2 times thread wrapped around and lacquered 0.27 0.28 - - 

 Wrapped by asbestos thread around 0.25 0.30 0.30 0.40 

 Wrapped by asbestos thread around and lacquered 0.30 0.36 0.37 0.47 

Dimensions 
Rectangular Conductors 

1 2 to 2.5 4.8 1 5 to 4 6 1 8 to 4 10 

 Wrapped by asbestos thread around 0.36 0.40 0.50 

 Wrapped by asbestos thread around and lacquered 0.41 0.46 0.56 

 

According to Table 1, the diameter of copper wire with a diameter of 1 mm, the diameter of lacquered and was 

taken as D' = 1.18 mm. The stator winding will be prepared by discharging the coil wires mouth into the half 

closed grooves from the groove opening. The coil side in the bottom layer will be insulated from the top layer 

and the coil side in the top layer will be insulated with headers from the groove mouth wedge. At each coil side 

in grooves, shall be separated to 78 partial conductors, 13 by width and 6 by depth. Since there are 2 layers and 6 

layers in each layer, the total number of these partial conductors will be 936. The shape of coil sides placed in 

groove is shown in Figure 6. 

 

 
Figure 6. Coil sides placed in groove 

6 pieces 

13 6 conductors 

6 pieces 

13 6 conductors 
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The filling of groove with conductor and insulating materials would be as follows. 

 

Groove Width: 

Conductors 

Sheath 

13 1.18    

2 0.5 

 = 15.34 mm 

 = 1 mm 

Total width: 16.34 mm 

 

Groove Depth: 

Conductors 

Sheath 

72 1.18    

2 0.5 

 = 84.96 mm 

 = 1 mm 

Total depth: 85.96 mm 

 

The groove width b01 is 16.34 mm and the groove depth h01 is selected as 86 mm. If we calculate tooth width bd1 

as sketchy, we find 17.34 mm from bd1 = πDi/(2N1). It fits windings in tooth width. The width of tooth head, that 

is, the narrowest place bdmin, 

 

 'i

dmin

1

πD
b 13D 0.1 cm

N
      (8) 

 

it is obtained as 1.83 cm from the given equation. Here, induction Bdmax1 of tooth head, taking the iron filling 

factor kfe = 0.91 

 

i 01

dmax1 δ 1

fe t1 dmin

L τ 2
B B 1 σ

k L b 3

 
  

 
   (9) 

 

it is obtained as 1.3763 T from the given equation. We can continue our calculation with these values which are 

close to the lower limit of the values given for tooth head induction. To calculate stator average winding length 

lcu1, lbb calculation, 

 

bb i 01

π 2
l D h 30

2p 3

 
   

 
   (10) 

 

it is made as 492 mm from the given equation. The stator average winding length lcu1 is found to be 1826 mm 

from the equation lcu1 = 2(Lt1 + lbb). Accordingly, the stator winding total length Lcu1 is obtained 65736 mm from 

the equation Lcu1 = mw1lcu1. The specific resistance ρcu of copper used at 20 oC is 0.0216 Ωmm2/m and the stator 

copper section qcu1 is 245 mm2 from the equation qcu1 = I1n/sa. Accordingly, the ohmic resistance R1 of each 

phase at 75 oC operating temperature degree is calculated as 0.0019 Ω/phase from the equation R1 =  

ρcuLcu1/(mqcu1). The specific gravity γcu of copper is 8.9 g/cm3. Accordingly, the total copper weight Gcu1 of stator 

winding is 144 kg from Gcu1 = γcuLcu1qcu1. The surrounding current density A1 of stator winding is 42.39 kA/m 

from A1 = I1nZ1/(πDi). As an average value for stator yoke induction, Bb1 = 1.20 T was taken. Thus, the yoke 

height hb1, 

 

 1

b1

fe a b1

1 σ
h

2k L B

 
    (11) 

   

it is 0.101 m from the given equation and the stator outer diameter Do is found 90.4 cm from Do = Di + 2h01 + 

2hb1. High bar, current accumulation rotor design will be made. To prevent high harmonics, the number of rotor 

grooves will be taken up to 7/6 of the number of stator grooves. Accordingly, the number N2 of rotor grooves is 

56. The number of rotor conductors is also equal to the number of grooves. That is, Z2 is equal to N2 and this 

value is also 56. The rotor groove step τ02 is 2.97 cm from τ02 = πDi/N2. The rotor of 600 kW and 1500 rpm, as 

shown in Figure 6, will use a short circuit cage rotor groove with current accumulation bars. 

 

The mouth of groove is open and a02 = 2 mm. The width (bbar) of bar dimensions is 5.4 mm and the height (hbar) 

is 90 mm. Accordingly, the bar section qbar is 486 mm2 from qbar = bbarhbar. Emf Ebar induced at idle mains 

frequency in each bar, 
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   (12) 

 

it is calculated as 3.951 V from the given equation. When the slip s is selected as 0.025, the friction loss Plfrc is 

5700 W, depending on the values P = 600 kW and n = 1500 rpm from the corresponding graph in [2] and if fan 

losses are added to friction loss, Plfrc becomes 6000 W. 

 

 
Figure 7. Groove of a short circuit cage rotor at 600 kW and 1500 rpm with current accumulation bars in rotor 

 

Accordingly, if the surface and pulzation losses are neglected, the bar current Ibar, 

 

 
lfr

bar

2 bar

cP P
I

Z E 1 s





   (13) 

 

it is calculated as 2809 A from the given equation. The ring current Iring is 12518 A from Iring = N2Ibar/(2πp). The 

dimensions of short circuit ring and the width of groove will be taken as (19 160) mm and 2 cm, respectively. 

That is, bring = 19 mm, hring = 160 mm and b02 = 2 cm. Accordingly, the tooth width bdmin2 at the bottom of the 

tooth is obtained 0.97 cm from bdmin2 = τ02 – b02. The ring section qring is calculated as 3040 mm2 from the 

equation qring = bringhring. The bar and ring current densities are sbar and sring, respectively and they are 5.78 A/mm2 

and 4.12 A/mm2 from the equations sbar = Ibar/qbar and sring = Iring/qring, respectively. 

 

The ohmic and reactive resistances of rotor will be calculated one time by not observing current accumulation 

and one time by observing current accumulation. The first applies to small shifts, including the number of 

revolution at nominal load, and the second applies to the road taking calculation. If the rotor ohmic resistance is 

calculated for each phase without current accumulation, the specific resistance of copper used for bar at 20 oC is 

ρbar = ρring = ρcu = 0.0216 Ωmm2/m. The bar length lbar is 526.25 mm from lbar = 1.25Lt1. The average ring 

diameter Dring is calculated as 360 mm from the equation Dring = Di – (hring – 2δ). Accordingly, the rotor ohmic 

resistance R2 for each phase, 

 

ring 2bar

2 bar ring 2

bar ring

D Nl
R ρ ρ

q 2πp q
     (14) 

 

it is obtained as 2.91 10-5 Ω from the given equation. Reduction factor to primary u1, 

 

 
2

1 1 1

2

m
u 4 w ξ

N
    (15) 

 

since it is 31 from the given equation, the rotor resistance 
'

2R  reduced to stator is 9.021 10-4 Ω from 
'

2R = R2u1. 

Bb2 for rotor yoke induction was taken 1.22 T as an average value. And so yoke height hb2, 

 

b2

fe a b2

2
h

k L B


    (16) 
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it is obtained as 0.09423 m from the given equation. If we calculate the total weight of bars and rings, bars 

weight Gbar is 127.47 kg from Gbar = γcuZ2lbarqbar10-3 and rings weight Gring is 30.60 kg from Gring = 

γcuπDringqring10-3. If we look at the width of stator teeth, we have previously found the narrowest width of stator 

teeth. 

  

α

α

x

x

d1minbd1minb

01h

o

01

1

360
2α  ve  x h tanα

N
  

 
Figure 8. Stator and rotor groove shape 

 

Maximum width bd1max of stator teeth, depending on groove shape in Figure 8, 

 
o

d1max 01 d1min

1

180
b 2h tan b

N

 
  

 
   (17) 

 

it is 2.96 cm from the given equation and the average width bd1av of stator teeth is obtained as 2.40 cm from bd1av 

= (bd1min + bd1max)/2. Depending on the minimum, average and maximum widths of stator teeth, we can calculate 

stator teeth inductions. We have already found maximum stator tooth induction. Average stator tooth induction 

Bd1av, 

 

i 01

d1av δ 1

fe t1 d1av

L τ 2
B B 1 σ

k L b 3

 
  

 
   (18) 

 

it is 1.0494 T from the given equation and minimum stator tooth induction Bd1min, 

 

i 01

d1min δ 1

fe t1 d1max

L τ 2
B B 1 σ

k L b 3

 
  

 
   (19) 

 

it is calculated as 0.8509 T from the given equation. Based on the stator tooth inductions we found, the magnetic 

field strengths for sheet of p1<3 W/kg are obtained Hd1max = 11 A/cm, Hd1av = 4.2 A/cm, and Hd1min = 3 A/cm 

from the corresponding magnetization curves in [2]. According to the Simpson rule, the average magnetic field 

strength Hd1 in the stator teeth is 5.13 A/cm from Hd1 = (Hd1max + 4Hd1av + Hd1min)/6. We have previously 

calculated the minimum tooth width of rotor. The maximum tooth width of rotor will be calculated as in the 

stator. Rotor maximum tooth width bd2max, 

 
o

d2max ha d2min

2

180
b 2h tan b

N

 
  

 
   (20) 

 

it is 2.77 cm from the given equation and The average width bd2av of rotor teeth is 1.87 cm from bd2av = (bd2min + 

bd2max)/2. Now we can calculate rotor tooth inductions. Induction Bd2max, seen in the narrowest place between 

rotor grooves, 

  

i 02

d2max δ

fe a d2min

L τ
B B

k L b
    (21) 

  

it is 2.2514 T from the given equation, induction Bd2av, seen in the average place between rotor grooves 

 

i 02

d2av δ

fe a d2av

L τ
B B

k L b
    (22) 

 

it is 1.1678 T from the given equation and induction Bd2min, seen in the widest place between rotor grooves 

 

o

01

1

360
2α  and x h tanα

N
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L τ
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    (23) 

 

it is obtained as 0.7884 T from the given equation. Based on the rotor tooth inductions we found, the magnetic 

field strengths for sheet of p1<3 W/kg are obtained Hd2max = 400 A/cm, Hd2av = 4 A/cm, and Hd2min = 2.5 A/cm 

from the corresponding magnetization curves in [2]. According to the Simpson rule, the average magnetic field 

strength Hd2 in the rotor teeth is 69.75 A/cm from Hd2 = (Hd2max + 4Hd2av + Hd2min)/6. Now let’s calculate the 

magnetic voltage in air gap. We need to calculate some factors for this. The Carter factor for wide teeth will be 

calculated as in dislocated pole machines without groove. γ1 value, 

 

 
2

01

1

01

b δ
γ

5 b δ



   (24) 

 

it is 1.2917 from the given equation. Accordingly, the Carter factor kc1 for wide teeth is 1.2287 obtained from kc1 

= τ01/(τ01 – γ1δ). For narrow teeth in the rotor, the Carter factor is calculated as in stator and rotor grooved 

machines. γ2 value, 

 

 
2

02

2

02

b δ
γ

5 b δ



   (25) 

 

it is obtained as 1.7778 from the given equation. Accordingly, Carter factor kc2 for rotor narrow teeth is 1.4271 

from kc2 = τ02/(τ02 – γ2δ). Accordingly, Carter factor x is calculated 1.7535 from kc = kc1kc2. As the Carter factor 

is known, the magnetic voltage Vδ in air range is obtained 4.7 103 A from the equation Vδ = 0.8kcδBδ10-4. The 

magnetic voltage 2Vδ in both air ranges is 9.4 103 A. For the calculation of total magnetic voltage in the stator 

teeth, ld1 is 7.19 cm from the equation ld1 = bd1min + bd1av + bd1max and the total magnetic voltage 2Vd1 in stator 

teeth are obtained 73.77 A from the equation 2Vd1 = 2ld1Hd1. For the calculation of total magnetic voltage in the 

rotor teeth, ld2 is 5.61 cm from the equation ld2 = bd2min + bd2av + bd2max and the total magnetic voltage 2Vd2 in 

rotor teeth are obtained 782.6 A from the equation 2Vd2 = 2ld2Hd2. 

 

The length lb1 of stator yoke is equal to the pole division measured in the middle of yoke. Accordingly, lb1, 

  

 o b1

b1

π D h
l

2p


    (26) 

 

it is obtained 63.07 cm from the given equation. The length lb2 of rotor yoke is equal to the pole division 

measured in the middle of yoke. For this account, Drin is 1.154 from Drin = Di – 2(δ + hha + hb2). Accordingly, the 

length lb2 of rotor yoke, 

 

 rin b2

b2

π D h
l

2p


    (27) 

 

it is obtained as 8.31 cm from the given equation. The magnetic field strengths for sheet p1<3 W/kg from the 

corresponding magnetization curves in [2] are Hb1 = 6.5 A/cm and Hb2 = 7 A/cm, respectively, for Bb1 = 1.20 T 

and Bb2 = 1.22 T. Accordingly, the magnetic voltage Vb1 of stator yoke is 410 A from Vb1 = lb1Hb1 and the 

magnetic voltage Vb2 of rotor yoke is 58.17 A from Vb2 = lb2Hb2. The total magnetic voltage θfullcircuit of magnetic 

circuit is 10724 Ampere-turn from θfullcircuit = ΣV = 2Vδ + 2Vd1 + 2Vd2 + Vb1 + Vb2. Effective value Iμ of 

magnetization current, 

 

μ

1 1

p V
I

0.9mw ξ


    (28) 

 

it is 622 A from the given equation and this value is 67.54% of the nominal current (980.22 A). At the 

beginning, we took the saturation factor as 1.5. If we recalculate now, 
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    (29) 

 

we find it 1.09 from the given equation. For the y/τp = 8/9 beam, we determine as kcu = 0.945 and ko = 0.91 from 

the corresponding graph in [2]. To find the groove dispersal conductivity Λ01, we specify b0 = 10 mm, b4 = 4 

mm, h2 = 1.5 mm, h3 = 2 mm, h4 = 1.5 mm, and 

 

 
0 4
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b b
b

2.3log b b


    (30) 

 

we define b3 = 6.55 mm from the given equation. According to those given above, λ01 
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   (31) 

 

it is obtained 3.4646 from the given equation. If ''

kb  is taken 2.5 mm from the corresponding graph in [2] and the 

active stator length l01 is found to be 416 mm from the equation l01 = Lt1 – 2 ''

kb , the groove dispersal 

conductivity Λ01 is 36.0318 from Λ01 = (l01/q)λ01. 

 

 
Figure 9. Coil head of two-layer drum winding whose partial coils are equal in length and shape 

 

In Figure 9, we select the beam factor as y/τp = 8/9, the gap between two side-by-side partial coil front 

connections as a1 = 3 mm, insulated width of each coil at the coil head as bk1 = 9 mm, the average groove 

division as τa,av1 = 24 mm, the height of h as 20 mm and the first harmonic ξa1 of beam factor corresponding to 

the beam y/τp, 
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π y
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2 τ

 
  

 
 

   (32) 

 

it is 0.9848 from the given equation. Number of teeth grasped by a winding yd1, 
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    (33) 

 

it is 10.67 from the given equation and m1 value, 
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   (34) 

 

coil head dispersion conductivity Λbb1as it is calculated as 73.92 from the given equation, 

 

 2

bb1 a1 11.13ξ h 0.5m      (35) 
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it is obtained as 62.4230 from the given equation. From Table 2, the value of the K coefficient for q = 4 and y/τp 

= 8/9 is taken as 0.0060. 

 

Table 2. The values of K coefficient used in the calculation of air gap distribution in the three and two phase 

windings in various beams (y/τp) and q groove numbers 

b  Three Phase Windings Two Phase Windings 

q = 2 
y/τp 1.0 0.835 0.66    1.0 ~ 0.66 

K 0.0265 0.0205 0.0.0199    0.0717  

q = 3 
y/τp 1.0 0.89 0.78 0.66   1.0 ~ 0.66 

K 0.0129 0.0103 0.0090 0.0097   0.0388 0.0177 

q = 4 
y/τp 1.0 0.92 0.835 0.75 0.66  1.0 ~ 0.66 

K 0.0082 0.0066 0.0055 0.0051 0.0061  0.0270 0.0107 

q = 5 
y/τp 1.0 0.935 0.865 0.8 0.735 0.66 1.0 ~ 0.66 

K 0.0059 0.0050 0.0038 0.0034 0.0038 0.0044 0.0216 0.0075 

q = 6 
y/τp 1.0 0.935 0.865 0.8 0.735 0.66 1.0 ~ 0.66 

K 0.0059 0.0050 0.0038 0.0034 0.0038 0.0044 0.0216 0.0075 

 

Accordingly, the air gap or double ringing dispersion conductivity Λring1, 

 

ring1 p i 2

c d

m 1
Λ τ L K

k k δπ
    (36) 

 

it is obtained as 3.2071 from the given equation. Dispersion reactance X1σ of stator winding after conductivity 

for stator is calculated, 
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f
X 1.6π w 10

p

       (37) 

 

it is calculated as 0.0578 Ω from the given equation. It is assumed that the active rotor length l02 is equal to the 

active stator length l01. Accordingly, λ02, 

 

01 2

02

02 02

h h
λ

3b b
     (38) 

 

it is 1.5083 from the given equation. Rotor groove dispersion conductivity Λ02 is 62.7453 from Λ02 = l02λ02. The 

distance x corresponds to the machine dimensions in Figure 10 is 120 mm. The y value is 39.917 mm from y = 

0.223(bring + hring). 

 

 
Figure 10. Ring and coil head arrangement if the rotor cage is current accumulation with high bar 

 

From the corresponding graph in [2], gbb is taken as 0.14 for τp/x = 3.47 and x/y = 3. Accordingly, the coil head 

dispersion conductivity Λbb2, 
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it is obtained as 27.244 from the given equation. In order to calculate the air gap or double virial dispersion 

conductivity Λring2, we need to know the value K2. The value of K2 is calculated as 0.0043 from Table 3 

depending on the value of Z2/2p = 14. 

 

Table 3. Values of 

2

2
2

Z
K 1 2 1

2pv

v
  

   
  

  depending on the Z2/2p of short-circuit cage rotor 

Z2/2p 3 4 5 6 7 8 9 10 
2

2Z
1 2 1

2pv

v
  

  
  

  0.097 0.053 0.036 0.023 0.017 0.013 0.010 0.0083 

Z2/2p 12 15 20 25 30 40 50 ∞ 
2

2Z
1 2 1

2pv

v
  

  
  

  0.0057 0.0036 0.0021 0.0013 0.0009 0.0005 0.0003 0.0000 

 

Accordingly, the air gap or double virial dispersion conductivity Λring2, 
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    (40) 

 

it is obtained as 10.7259 from the given equation. After calculating the conductivities for the rotor, the 

dissipation reactance X2σ for rotor winding regardless of current accumulation, 

 

 2 8

2σ 02 bb2 ring2X 0.8π f 10        (41) 

 

it is 3.9761 10-4 Ω/phase from the given equation. The rotor reactance '

2σX  reduced to the stator winding is 

obtained as 0.0123 Ω from '

2σX  = X2σu1. In order to calculate the starting current and the departure moment (s = 

1 when the motor is at a standstill), it is necessary to calculate the ohmic resistance and dissipation reactance of 

rotor, taking into account the current accumulation. As is known, current accumulation occurs only in the bars of 

rotor in grooves. Accordingly, after the groove height bo2 for bars is determined as bo2 = bbar = 5.6 mm and the 

value α, 

 

bar

5

o2 cu

b f
α 2π

b ρ 10
    (42) 

 

after it is calculated as 0.9387 from the given equation, the reduced conductor height ζ is obtained 8.4483 cm-1 

from ζ = αhbar. The numerical groove depth T is 8.4483 from T = mζ and K is 8.5 from the corresponding graph 

in [2]. Thus, considering the current accumulation, the bar resistance of short circuit cage rotor can be calculated. 

lbarσ is length at which the bar undergoes current accumulation in groove, which is approximately equal to the 

length of fictive groove. Accordingly, when the current accumulation is observed, the bar resistance Rbar,s=1 of 

short circuit cage rotor, 

 

 cu bar barσcu barσ
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ρ l lρ l
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     (43) 

 

it is obtained as 1.9881 10-4 Ω from the given equation. Rotor resistance Rring, 
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641



Asynchronous Motor Design with 600 kW Short Circuit Cage Rotor ICADET ‘19 

 

 

since it is 5.6994 10-6 Ω from the given equation, R2,s=1 is obtained as 2.0451 10-4 Ω from R2,s=1 = Rbar,s=1 + 

Rring and rotor resistance 
'

2,s=1R  reduced to stator is obtained as 6.3398 10-3 Ω from 
'

2,s=1R = R2,s=1u1. If we find 

the dispersion reactance of rotor winding considering current accumulation; X2σ, 

 

 2 8

2σ 02 bb2 ring2X 0.8π f 2 Λ Λ 10       (45) 

 

it is 2.7375 10-4 Ω from the given equation and the rotor reactance '

2σX  reduced to stator is obtained 8.5359

10-3 Ω from '

2σX = X2σu1. 
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   (46) 

 

it is 0.1058 from the given equation and the rotor dispersal factor σ2 is calculated as 0.0156 from σ2 =( '

2σX

/X1σ)σ1. For the calculation of starting or short circuit current, τ1 for s = 1 from the allocated L-type equivalent 

circuit is 1.1058 from τ1 = 1 + σ1. Short circuit resistance Rs, 

 
2 '

k 1 1 1 2,s=1R τ R τ R     (47) 

 

it is obtained as 9.8533 10-3 Ω from the given equation. Short circuit reactance Xs, 

 
2 '

s 1 1σ 1 2σX τ X τ X     (48) 

 

after it is calculated as 0.0744 Ω from the given equation, short circuit current I1s, 
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   (49) 

 

it is obtained 5894 A from the given equation. Starting moment Mdy, 
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   (50) 

 

it is 497.25 Nm from the given equation. Power factor in short circuit cosφk, 
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   (51) 

 

it is 0.1313 from the given equation and the angle φs is located at 82.46o. The specific gravity γfe of iron is 7.7 

g/cm3 and the total weight Gd1 of teeth in stator sheet package is found by the following equation. 

 
2 2
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  (52) 

 

it is 278.11 kg from the given equation. The tooth height h02 is 92 mm from h02 = hbar + 2 mm. Accordingly, the 

total weight Gd2 of teeth in rotor sheet package, 
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  (53) 

 

it is obtained 66.18 kg from the given equation. Now we can calculate the losses of machine we designed. 

Accordingly, stator winding joule losses Plcu1, 
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it is 5477 W from the given equation. After the equations m2 = N2 = 56 and I2n = Ibar = 2809 A, the rotor sargısı 

winding joule losses Plcu2 are calculated with the help of the following equation. 

 
2

lcu2 2 2n 2P m I R    (55) 

 

it is 12859 W from the given equation. Due to the fact that the slip is small, the iron losses in normal operating 

state of motor are negligibly small. The surface and pulzation losses in teeth should be observed. To find surface 

losses Pls1 in stator, the width of gutter mouth gap calculated in open mouth grooves, ao1 = 10 mm was chosen.  It 

is found as '

1β  = 0.13 for ao1/δ = 2 from the corresponding graph in [2].  Since 0.5 mm sheet is used in stator, ko1 

is 2.5. Accordingly, surface losses Pls1 in stator, 
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it is obtained as 143 W from the given equation. By taking ao2 = 10 mm, '

2 β  = 0.13, and ko2 = 2.5, surface losses 

Pls2 in rotor are found from the following equation. 

 
21.5 '

o2 02 2 c2 δ 02 o22

ls2 i fe a

02

k τ β k B τ aN n
P πD k L

2 10000 0.1 τ

   
   

   
   (57) 

 

it is obtained as 165 W from the given equation. 
1γ  value, 

 

 
2

o1

1

o1

a δ
γ

5 a δ



   (58) 

 

it is obtained 0.5714 from the given equation. After the stator pulzation induction Bp1 was calculated as 0.0432 T 

from Bp1 = γ1δBd1av/(2τ01), the factor kp including the increase in foucault losses due to the processing of sheets is 

1.9 and the material constant σw were taken 4.8 from Table 4. 

 

Table 4. Material constants of the most important sheet metals 

Sheet Metals 

(DIN 46400) 

Δ 

mm 

p1 

W/kg 
(ph/p1)100  (pw/p1)100 σH σw σw = σwΔ2 

I 3.6 0.5 3.6 66.7 33.3 4.8 19.2 4.8 

II 3.0 0.5 3.0 78.3 21.7 4.7 10.4 2.6 

III 2.3 0.5 2.3 82.5 17.5 3.8 6.4 1.6 

IV 1.7 0.5 1.7 83.8 16.2 2.85 4.4 1.1 

 

Accordingly, stator pulzation losses Plp1, 

 
2

p 1 p1

lp1 w d1

k N nB1
P σ G

2 36 10000 0.1

 
  

 
   (59) 

 

it is obtained as 341 W from the given equation. γ2 value, 

  

 
2

o2

2

o2

a δ
γ

5 a δ



   (60) 

 

it is 0.5714 from the given equation. Rotor pulzation losses Plp2 after Rotor pulzation induction Bp2 is calculated 

as 0.0562 T from Bp2 = γ2δBd2av/(2τ02), 
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2

p 2 p2

lp2 w d2

k N nB1
P σ G

2 36 10000 0.1

 
  

 
   (61) 

 

it is obtained as 187 W from the given equation. With a 10% safety margin and a 30% addition to observe 

additional losses due to the application of bare bars into the grooves, surface and pulzation losses or iron losses 

Pl of stator and rotor is obtained 1196 W from Pl = (Pl1 + Pl2 + Plp1 + Plp2)1.1 1.3. Specific iron loss pd1 in teeth 

after p1 value is taken 2.3 W/kg from Table 4, 

  
2

d1 1 d1avp 1.25p B    (62) 

 

it is calculated 3.1661 W/kg from the given equation. Accordingly, the losses Plt1 in stator teeth are 881 W from 

Plt1 = pd1Gd1. The specific iron loss in yoke pb1 after it is determineted as σ11 = 3.8 and σw = 1.6 for p1 = 2.3 W/kg 

sheet from Table 4 and hysteresis factor kHb = 1.1, foucault factor kWb = 1.3 for p = 2, Di = 530 mm and Do = 904 

mm from the corresponding graphs in [2], processing factor k = 1.25, 

  
2

2Hb 11

b1 Wb w b1

k σ f f
p k k σ B

100 100

  
   

   

   (63) 

 

it is 4.698 W/kg from the given equation. The iron weight Gb1 of stator yoke, 

 
2 2

3o i 01

b1 fe fe i

D D 2h
G γ k L π10

2 2


    

     
     

   (64) 

 

After it is calculated as 719.5 kg from the given equation, the iron losses Plb1 in stator yoke are 3380 W from Plb1 

= pb1Gb1. Additional losses Padd are 0.6% of nominal power. Hence, Padd is 4075 W. Total losses ΣPloss are 33868 

W from equation ΣPloss = Plcu1 + Plcu2 + Padd + Plt1 + Plb1 + Pl + Plfrc and all losses are shown in Table 5. 

 

Table 5. Representation of losses in the designed machine 

Name of Loss Representation Quantity 

Stator winding joule losses Plcu1 5477 W 

Rotor winding joule losses Plcu2 12859 W 

Surface and pulzation losses of stator and rotor Pl 1196 W 

Losses in stator teeth Plt1 881 W 

Iron losses in stator yoke Plb1 3380 W 

Friction and ventilation losses Plfrc 6000 W 

Additional losses Padd 4075 W 

 

The yield ηn at nominal load is 95.25% from ηn = Pv/(Pv + ΣPloss) and initially the yield was taken as 0.95, ie 

95%. Shift sn of motor at nominal load, 

 
2

2n 2

n 2

loss 2n 2

mI R
s

P mI R

 

   (65) 

 

it is obtained as 0.02 from the given equation. The active power that the motor receives from the mains at 

nominal load, ie watts power Pw, is 713 kW from Pw = Pv/ηn. The reactive power that the motor receives from the 

mains at nominal load, ie wattless power Pdew, 

 

 2 ' 2 3

dew 1 μ 1σ 1n 2σ 2nP m E I X I X I 10      (66) 

 

it is obtained as 803.6 kVar from the given equation. 

 

3. CONCLUSION 
 

In this study, the design of short circuit cage rotor asynchronous motor with 600 kW active power, pole pair 2, 

pole number 4, efficiency 0.95, power factor 0.93, mains voltage 400 V, phase number 3 and operating 
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frequency 50 Hz was designed. Firstly, all physical and electrical sizes of motor have been calculated based on 

the design criteria and performance values defined as. And depending on the results of calculations, it has been 

shown that the motor meets the desired power values and design performance criteria. 
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Abstract 

Turbo synchronous generators are widely used in turbines. In this study, the design 

of a round rotor turbo synchronous generator with 10 MVA virtual power, pole pair 

1, pole number 2, efficiency 0.95, power factor 0.9, mains voltage 6.1 kV, phase 

number 3 and operating frequency 50 Hz was designed. Firstly, the main 

dimensions of generator depending on the design criteria and performance values 

defined, then the electrical and physical sizes of stator winding, rotor main 

dimensions, idle operating characteristics, tooth inductions, magnetic voltages in 

stator and rotor yokes, fluxes, the dissipation resistance of stator winding, turbo 

generator voltage and magnetomotor force phasor diagram, excitation winding size 

and efficiency were calculated. Analysis results showed that the designed generator 

meets the required power values and design performance criteria. 

 

1. INTRODUCTION  
 

One of the most important energies used today is electrical energy. Electrical energy is generally obtained by 

combustion of a fuel or water drop. The very strong heat energy that is generated by the breaking down of some 

atoms recently is also used to obtain electrical energy. The developments in production, transmission and 

distribution of electrical energy and the fact that it can be easily converted to other energies have made this 

energy more usable [1]. 

 

Electrical energy is produced as direct and alternating current. Direct and alternating current have some 

advantages and disadvantages compared to each other [1]. 

 

The few most important properties for direct current can be listed as [1]: 

 

 Direct current is required in electrical surface coating (galvanoplasty) and mineral treatment works. 

 Direct current can be stored and reused (such as battery). 

 The revolution settings of direct current machines can be made within wide limits. 

 

Alternating current can also be said [1]: 

 

 Since the alternating current machines can be built with great power, the unit price of energy produced is 

cheaper. With the help of transformers used in alternating current, energy transmission and distribution can be 

done efficiently. 

 Alternative current machines are easy to maintain and have fewer failures than direct current machines. 

 Electrical energy is mostly produced as alternating current. Where direct current is required, alternating current 

is utilized and alternating current is converted to direct current. 

 

Alternating current is produced in synchronous generators. Synchronous generators are briefly called as 

“alternator”. Today alternators up to 35-45 kV voltages and 1300 MVA power can be made. The alternating 

current produced is generally three-phase. However, in some cases (such as electric train networks), single phase 

production is also performed [1]. 

 

Alternators generally consist of two main sections in the form of stator (armature) and rotor (inductor or poles). 
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1.1. Stator (Armature) 

 

The stator of synchronous generators is also called armature. The armature is made of siliceous sheet packages 

and grooves have been made to place the winding inside. The core thus formed is inserted into a body made of 

cast iron. Figure 1 shows the armature (stator) of a large strong alternator with windings placed. 

 

 
Figure 1. Armature (stator) [1] 

 

Although small power alternators are located in the rotating part of armature, large power alternators are in the 

standing part of armature. Rotary armature alternators cannot be built with great power. Because it is very 

difficult and expensive to obtain large currents and voltages with the help of brushes and rings from the rotating 

armature. Such alternators are exactly like a dynamo, except that they have rings instead of collectors [1].  

 

There are many benefits of making armature in the standing part (stator). These can be summarized as follows 

[1]: 

 

 The voltage induced in the armature windings can be taken to the external circuit without brushes and rings. 

 Winding and isolation of the windings in the standing part is made easier. 

 In the standing part, the windings are not thrown out due to the effect of centrifugal force. 

 Cooling of windings can be done more easily. 

 

  
(a) (b) 

Figure 2. (a) Rotary armature and (b) standing armature alternators [1] 

 

1.2. Inductor (Poles or Rotor) 

 

The part carrying the excitation windings is called inductor (This part is called rotor because the inductor is 

made in a rotary way in large strong alternators). The poles forming the inductor are made in two ways as 

protruding pole or straight (cylindrical) pole alternators according to the revolution numbers of systems rotating 

the alternator [1]. 

 

Protruding pole alternators are rotated by water turbines or low speed diesel. These poles are exactly like the 

poles of a direct current machine. The polar heads are made from special sheet packages with one face insulated. 

The pole legs can be made of iron. The Poles created in this way are attached to the rotor by rivets, bolts or 

swallow tail crossings. The excitation windings are windingped on these poles. These windings are connected in 

such a way that they form N—S—N—S poles between themselves. The last two ends of windings are connected 

to the 2 rings on rotor and windings are supplied with direct current by means of these rings and brushes [1]. 

 

Protruding pole alternators are made as multipolar. Their record diameters are large and rotor lengths are small. 

Figure 3 shows a rotor with 6 protruding poles and turbo alternator rotors with a straight (cylindrical) poles [1]. 
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(a) (b) 

Figure 3. Alternator rotors with (a) protruding poles and (b) straight (cylindrical) poles [1] 

 

The protruding poles both create a centrifugal effect in high revolution alternators and cause large noise and 

wind losses. Short circuit bars are placed at the top of poles to prevent oscillations occurring in the voltage. 

Ventilation channels or vents are also opened here [1]. 

 

Alternators with straight pole are used in high revolution turbines, for example steam turbines. They are 

generally long in length and small in diameter. These alternators are also called turbo alternators. They are made 

as 2 or 4 poles. The windings are placed in slots that open parallel to the shaft and their ends are connected to 

rings in the rotor. Figure 4 shows the alternator sections with protruding poles and straight poles [1]. 

 

 

 
(a) (b) 

Figure 4. Alternator sections with (a) protruding poles and (b) straight poles [1] 

 

Alternators with straight poles are also called alternators with round or cylindrical rotor or internal pole. Wind 

loss is very low in such alternators. Alternators with protruding pole operate with vertical shaft and turbo 

alternators operate with horizontal shaft [1]. 

 

2. DESİGN OF TURBO SYNCHRONOUS GENERATOR WITH 10 MVA ROUND 

ROTOR 
 

In this study, the design of a round rotor turbo synchronous generator with 10 MVA virtual power, pole pair 1, 

pole number 2, efficiency 0.95, power factor 0.9, mains voltage 6.1 kV, phase number 3 and operating frequency 

50 Hz will be designed. 

 

Synchronous machine is shown as output power P = 10 MVA, pair pole number p = 1, operating frequency f = 

50 Hz, yield η = 0.95, power factor cosφ = 0.9, mains voltage U' = 6.1 kV, phase number m = 3. From here the 

revolution n is found as 3000 rpm with the help of the equation n = f60/p. The nominal virtual power Pv of the 

generator is found to be 11.696 MVA from Pv = P/(cosφη). The end voltage U is calculated as 3522 V from the 

equation U' 3 . The nominal current In is found as 1107 A from the equation Pv/3U. 

 

2.1. Main Dimensions of Machine 

 

After calculating the basic electrical quantities of machine, we can now proceed to calculate the main dimensions 

of machine. In order to safely carry out the calculation of the generator to be cooled by air, the benefit coefficient 

C in relation to P/2p = 5 MVA and 2p = 2 is taken as 5 kVAmin/m3 according to the related graph in [2]. Again, 

depending on the corresponding graph in [2], if the pole division τp is selected and λ (the ratio of length of the 

fictive armature to the polar division) is calculated accordingly, it must stay in the shaded region. Accordingly, 

the pole division τp was selected as 110 cm.  

 

Since the polar division is chosen, the value of λ is given by the following equation: 
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2

v

3

p

P π
λ

C4pnτ
    (1) 

 

It is calculated as 1.4455. The value of λ we have selected is from the shaded region in the corresponding graph 

in [2]. Then we can continue our calculations. The internal diameter Di of the stator is found as 70 cm by the 

equation Di = τp2p/π. The machine’s fictive armature length Li, 

 

v

i 2

i

P
L

CD n
    (2) 

 

it is calculated as 1.59 m. In the Di = 70 cm and Li = 1.59 m values we have chosen, λ is 1.4455 from Li/τp. In 

other words, it is the same as the value we have calculated before and is within the acceptable range. 

 

Since it is not enough to cool the machine of this length only from both forehead parts, fresh air will be sent to 

the machine from the middle of stator. The stator will be divided into sheet packages and 10 mm wide cooling 

channels will be left between the sheet packages. Accordingly, the total length La of stator sheet package without 

cooling channel was selected as 1430 mm. This value corresponds to about 0.9 of the length of fictive armature. 

 

The stator air channel length bka is 10 mm. From the stator air channels, will be opened 18 units. Therefore, the 

number zka of stator air channels is 18. Accordingly, the total length Lat of stator is calculated as 1610 mm from 

the equation Lat = La + zkabka. There is a 20 mm difference between the total length of stator (1610 mm) and the 

length of fictive armature (1590 mm).  In [2], since the difference for output power of 20 MVA was taken 40 

mm, the difference in output power of 10 MVA is taken as 20 mm. 

 

The total channel section through which the cooler air in rotor can be taken as half of stator [2]. If the number of 

rotor air channels is defined as zkr and the rotor air channels length is defined as bkr  

 

ka ka

kr kr

z b
z b

2
    (3) 

 

is the equation. Accordingly, zkr = 10 and bkr = 9 mm were selected. And since the total length Lat of stator must 

be equal to the total length Lrt of rotor, the total length Lr of rotor sheet package without cooling channel is 

calculated as 1520 mm from the equation Lr = Lat – zkrbkr. From this, the total length Lrt of rotor is Lrt = Lat = 

1610 mm from the equation Lrt = Lr + zkrbkr. 

 

After selecting air gap δ = 2.5 cm, loss in stator cooling channel width '

kab  and loss in rotor channel width '

krb , 

  

' 'ka kr

ka kr

ka kr

b b
b  and b

1 5δ b 1 5δ b
 

 
   (4) 

 

from the equations, '

kab  and '

krb  are 0.7407 mm and 0.6045 mm, respectively. After the losses are discarded, the 

length Li of fictive armature is found to be 1.59 m from the formula Li = Lat – (zka
'

kab + zkr
'

krb ). 

 

2.2. Stator Winding 

 

The ratio of polar arc to the polar distribution was taken as bp/τp = 0.4. The fictive pole covering factor α1 

corresponding to this ratio (0.4) is obtained as 0.700 depending on the corresponding graph in [2]. Thus, the 

fictive polar arc bpi becomes also 77 cm from the equation bpi = α1τp. 

 

Depending on the corresponding graph in [2], the maximum air gap induction versus τp = 110 cm is taken as 

Bδmax = 0.76 T. Here we find the useful magnetic flux Φ as 0.9305 Wb from the equation Φ = bpiLiBδmax.  

 

Depending on the corresponding graph in [2], the form factor for bp/τp = 0.4 is read as kf = 1.038. When the total 

winding factor is assumed to be ξa = 1 (so harmonic is not taken into account), the number of winding wa 

connected in series in a phase winding, in idle operation, with the help of value E = U = 3522 V, 
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4.44k ξ f



   (5) 

 

it is found as 16.43. Since wa = 16 turn/phase were found suitable for winding construction, this number of turn 

was taken. Since a layered winding will be made, in each groove will have a conductor. Accordingly, the stator 

groove number Na and the total number za of conductors are equal to each other and the value is calculated by 

the equation Na = za = 2wam as Na = 96 grooves and za = 96 conductors. The number of conductors per groove 

by means of the values obtained accordingly is z0, 1 conductor/groove from z0 = za/Na. 

 

The number of grooves per phase at each pole, qa is calculated as 16 from qa = za/(2pm). In this case, at the 

number of windings wa = 16 we have chosen, the largest air range induction Bδmax,  

 

a(old)

δmax δmax(old)

a

w
B B

w
    (6) 

 

0.7804 T and useful flux Φ, 

 

a(old)

(old)

a

w

w
      (7) 

 

it is obtained 0.9555 Wb. The surrounding current density of stator A is obtained 483.25 Ampere-conductor/cm 

from the equation A = zaIn/(πDi). The groove division τ0a in the number of stator grooves we have chosen is 22.9 

mm from τ0a = πDi/Na. The induction in the narrowest part of stator gear must be between Bdamax = 1.6, ..., 2 

Tesla limits. Accordingly, let us choose the value of 2 T in our design. And let’s choose iron fill factor kfe as 

0.91. Thus, the narrowest width bdamin of stator gear is calculated as follows: 

 

δmaxi

damin 0a

fe a damax

BL
b τ

k L B
    (8) 

 

and it is obtained as 1.09 cm. Here, we calculate the groove width b0a by 1.2 cm using the equation b0a = τ0a – 

bdamin. 

 

 
Figure 5. The coil sides of top and bottom layer of the bundle conductor bar winding with 2  6 partial 

conductors in each bar 

 

A barred winding will be made as stator winding. Considering the losses, the bar shall be manufactured with 

bundle conductors consist of many partial conductors, as shown in Figure 5. Between the partial conductors to 

be lined along the groove, 0.5 mm thick mica shall be placed to separate the right and left partial conductors 

from one side to the other. The partial conductors placed on top of each other will be insulated from each other 

by mica of 0.15 mm thickness. Considering the irregularities in groove, volatility will be accepted up to 2% of 

bar height at groove height and 0.3 mm in the groove width. In selecting the dimensions of partial conductors,  

we consider that the height of partial conductor is approximately equal to 2/3 of the width of the partial 

conductor, and the current density is between sa = 3, ... ,5 A/mm2. In view of these considerations, it was decided 

to take 42 partial conductors each of 2.2 mm 1.5 mm. The area of 2 42 = 84 pieces 2.2 mm 1.5 mm 

conductors is 277.2 mm2 and this value satisfies In/sa. 

 

Bundle 

conductor bar 

Partial 

conductor

s 
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Since the stator copper section qcua is 277.2 mm2, the current density sa is calculated as 4 A/mm2 from the 

equation sa = In/qcua. For U = 3522 V, 3 mm was chosen as the sheath thickness, and since the working margin 

(volatility) between sheath and groove was taken as 2 0.4 mm, the filling of the groove with conductor and 

insulating materials would be as follows. 

 

Groove Width: 

Copper 

Volatility (for between sheath and groove)   

Micarlite spacer 

Volatility 

Sheath 

2 2.2    

2 0.4  

1 0.5 

1 0.3 

2 3.0     

 = 4.4 mm 

 = 0.8 mm 

 = 0.5 mm 

 = 0.3 mm 

 = 6.0 mm 

Total width: 12 mm 

 

Groove Depth: 

Copper conductor with mica intermediate layer 

Volatility 

Micarlite spacer 

Volatility between sheath and groove 

(1.5 + 0.15) (42+1)    

0.02 70.95 

2 3.0 

2 0.5 

 = 70.95 mm 

 = 1.419 mm 

 = 6.0 mm 

 = 1.0 mm 

Total depth: 79.369 mm 

 

Groove depth h0a was selected as 80 mm. The grooves will be made open-mouthed and the wedge height will be 

taken as 5 mm. With the aim of enlarging the groove dispersal flux and providing a good cooling, a 20 mm high 

empty channel will be left between tooth surface and wedge as seen from Figure 6. 

 

 
Figure 6. Stator groove of turbo-generator at 10000 kVA, Uphase = 3522 V and n = 3000 rpm 

 

Accordingly, the groove depth is h0a = 105 m. The average winding length lav is found with the help of the 

following equation. 

 

 '

av atl 2 L 2U 1.8y t       (9) 

 

The y value given in equation is the average coil width measured in stator gap and with the help of the following 

equation, 

 

p

a

The Total Number of Partial Conductors
y τ

N
    (10) 

 

it is located at 96.25 cm. The length t is taken from the t length table in Table 1. Its value is t = 80 cm for p = 1 

and the bar winding. 

 

Table 1. t length table [2] 

 Winding Head Support 

Number of Pair Pole Winding Type Not Weak Powerful 

1 
Wire winding and wire mesh winding or rope winding - - 50 

Bar winding - - 80 

≥2 
Wire winding and wire mesh winding or rope winding 5 10 20 

Bar winding 20 40 40 
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After finding unknown values in equation (9), lav is calculated as 853 cm. Thus, the total length Lcua of stator 

winding is obtained as 410 m from the equation Lcua = mwalcua. The specific gravity γcu of copper is 8.9 g/cm3. 

Accordingly, the total weight Gcua of stator winding is calculated as 1012 kg from the equation Gcua = γcuLcuaqcua. 

The specific resistance of copper used at 20 oC is ρcu = 0.0216 Ωmm2/m, the ohmic resistance Ra of each phase at 

75 oC operating temperature, 

 

cu cua

a

cua

ρ L
R

mq
    (11) 

 

it is calculated 0.0106 Ω/phase. Copper losses Pcua of stator winding at operating temperature of 75 oC since there 

is no current accumulation in the partial conductor beam bars we have used, 

 
2

cua n aP mI R    (12) 

 

it is obtained as 39 kW. For the stator yoke induction Bba, an average value of 1.20 T was taken. Thus yoke 

height hba, 

 

ba

fe a ba

h
2k L B


    (13) 

 

it is found as 0.306 m. hba was taken 30 cm. In this case, the outer diameter Da of armature is calculated as 151 

cm by the equation Da = Di + 2(h0a + hba) (2.5 cm wedge and groove depth were added to the groove depth). The 

air gap width δpole in the middle of the pole is 1.7 cm with the help of the following equation. 

 

pole p

δmax

A
δ 0.25 τ

B
    (14) 

 

2.3. Rotor Main Dimensions 

 

As there will be 30 grooves in rotor, the groove division will be calculated and only 18 grooves will be made. In 

this case it will be bp/τp = 0.4. In this way, the harmonics will not be present in area curve, which will occur 

because 40% of polar division is not wrapped. The number of rotor grooves is Nr = 30. Groove depth h0r, 

  

p

0r

7.5τ 377.5
h

110


    (15) 

 

it is located at 10.93 cm and taken at h0r = 10 cm. For the bronze wedge, taking the channel height hkr as 1.9 cm 

provides sufficient safety for machines of this size. Accordingly, the diameter Dri of pole wheel at the bottom of 

groove, 

 

 ri i 0r krD D 2δ 2 h h         (16) 

 

41.2 cm from the equation is obtained. Groove division τ0r at the groove head, 

 

 i

0r

r

π D 2δ
τ

N


    (17) 

 

it is calculated as 6.81 cm. The groove division τ0dr at the bottom of groove is 4.31 cm from τ0dr = πDri/Nr. If the 

groove width b0r = 2 cm is taken, then the tooth width bdrmin at the bottom of tooth is obtained as 2.31 cm from 

the equation bdrmin = τ0dr – b0r. According to these groove dimensions, virtual tooth head induction 
'

drmaxB  is 

calculated by taking kfe = 1 because the pole wheel is massive. 

 

' 0ri

drmax δmax

fe r drmin

τL
B B

k L b
    (18) 
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It is calculated as '

drmaxB  = 2.4066 T. The rotor is made of Siemens-Martin steel and was taken as Hdrmax = 0.19 

A/m to calculate actual tooth bottom induction Bdrmax. And the kd value is calculated by taking kfe = 1 with the 

help of the following equation. 

 

0dr e drmin

d

fe drmin

τ k b
k

k b


    (19) 

 

It was found to be 0.8658. We can now calculate the actual tooth bottom induction Bdrmax. 

 
'

drmax drmax d drmaxB B 0.4πk H     (20) 

 

With the help of this equation, Bdrmax is found 2.2 T. This value obtained for actual tooth bottom induction is 

below the 2.4 T limit value given for rotor teeth wrapped in synchronous machines with round rotor.  

 

2.4. Idle Operation Characteristic 

 

Let’s first calculate the magnetic voltage in air range. The Carter factor for wide teeth will be calculated as in 

dislocated pole machines without groove. γa value, 

 

 
2

0a

a

0a

b δ
γ

5 b δ



   (21) 

 

it is calculated as 0.0420 and the value of kca is also 

 

0a

ca

0a a

τ
k

τ γ δ



   (22) 

 

it is obtained from his equation as 1.0481. For narrow teeth in rotor, the Carter factor is calculated as for stator 

and rotor grooved machines. Accordingly, γr value, 
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0r
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0r

b δ
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5 b δ



   (23) 

 

it is calculated as 0.1103 and the value of kcr is also 

 

0r

cr

0r r

τ
k

τ γ δ



   (24) 

 

it is obtained from his equation as 1.0422. The Carter factor kc of narrow gears is obtained as 1.0923 from the 

equation kc = kcakcr. When the air range magnetic voltage 2Vδ of large gears is taken as Bδ tesla, 

 
4

δ ca δ2V 1.6k δB 10    (25) 

 

it is obtained as 2Vδ = 4.1924 104Bδ and the magnetic voltage 2Vδnarrow of narrow gears is found by the 

following equation.  

 

δnar

4

crow δ1.6k δB2V 10    (26) 

 

2Vδnarrow is obtained as 4.3692 104Bδ. 

 

2.5. Tooth Inductions 

 

If we look at the width of stator teeth, we have previously found the narrowest width of stator teeth (bdamin). 
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Figure 7. Groove shape of stator and rotor 

 

The maximum width bdamax of the stator teeth, depending on the groove shape in Figure 7 

 
o

damax 0a damin

a

180
b 2h tan b

N

 
  

 
   (27) 

 

it is located 1.78 cm. The average width bdav of stator teeth is 1.43 cm from bdav = (bdamin + bdamax)/2. Depending 

on the minimum, average and maximum widths of stator teeth, we can calculate the stator teeth inductions. 

Maximum, average and minimum stator teeth inductions '

damaxB , '

davB  and '

daminB  respectively  

 

' ' 'i 0a i 0a i 0a

damax δ dav δ damin δ

fe a damin fe a dav fe a damax

L τ L τ L τ
B B ,      B B ,     and     B B

k L b k L b k L b
     (28) 

 

From their given equations, they are obtained as 2.57Bδ, 1.96Bδ, and 1.57Bδ respectively. The length 2hda of the 

force lines on stator teeth is calculated as 21 cm from 2h0a. We have previously calculated the minimum tooth 

width bdrmin of rotor. The maximum tooth width of rotor will be calculated as in stator. Rotor maximum tooth 

width bdrmax,  

 
o

drmax 0r drmin

r

180
b 2h tan b

N

 
  

 
   (29) 

 

4.41 cm from the equation and the average width bdrav of rotor teeth is obtained 3.36 cm from bdrav = (bdrmin + 

bdrmax)/2. By taking the iron fill factor kfe value 1 for rotor, we can now calculate rotor tooth inductions. Between 

rotor grooves; induction '

drmaxB  seen in the narrowest place, induction '

dravB  in the average place and induction 

'

drminB  in the widest place, 

 

' ' 'i 0r i 0r i 0r

drmax δ drav δ drmin δ

fe r drmin fe r drav fe r drmax

L τ L τ L τ
B B ,      B B ,     and     B B

k L b k L b k L b
     (30) 

 

the equations given are 3.08Bδ, 2.12Bδ, and 1.62Bδ respectively. The length 2hdr of force lines on rotor teeth is 

calculated as 23.8 cm from the equation 2(h0r + hkr). 
 

2.6. Calculation of Magnetic Voltages in Stator and Rotor Yoke 

 

The stator yoke flux Φba is obtained as 0.612Bδ from the equation Φba = bpiLiBδ/2. Yoke induction Bha, 

  

ha δ

fe a ba

Φ 2
B B

k L h
    (31) 

 

it is obtained as 1.224Bδ from its equation. By neglecting rotor dispersion, induction Bbr at the rotor yoke for the 

same magnetic flux; after the rotor yoke height hbr is calculated as 11.9 cm with the equation hbr = h0r + hkr, 

 

br δ

fe r br

Φ 2
B B

k L h
    (32) 

 

it is obtained as 2.902  Bδ. With the aim of controlling the rotor metal, a 6 cm diameter hole will be drilled along 

the motion axis of rotor. The average length lba of the stator yoke line is obtained as 237.19 cm from the equation 

lba = πDa/(2p) and the magnetic voltage Vba in stator yoke becomes 237.19Hba from the equation Vba = IbaHbr. 

o

0a

a

360
2α  and x h tanα

N
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Rotor yoke average force line length lbr  

 

 i

br

π D 2δ
l

2p


    (33) 

 

it is obtained as 102.10 cm from the given equation and the magnetic voltage Vbr in rotor yoke is 102.10Hbr from 

the equation Vbr = IbrHbr. Medium alloy dynamo sheets will be used in stator sheet packages and chrome-nickel 

steel will be used in rotor. 

 

2.7. Flux Calculations 

 

Flux as weber for the wide tooth is obtained 0.7580Bwidetooth from the equation Φwide tooth = 7τ0rLiBwidetooth and flux 

z as weber for the narrow tooth is obtained 0.2166ΣBnarrowtooth from the dental equation Φnarrowtooth = 

2τ0rLiΣBnarrowtooth. The total flux is 0.7580Bwidetooth + 0.2166ΣBnarrowtooth from the equation Φ = Φwidetooth + 

Φnarrowtooth as weber. The corresponding emf is 3687Φ from the equation 4.44fkfξawaΦ as volts. The value of the 

magnetic voltage V for the largest air gap induction Bδmax = 0.7804 T at normal voltages is obtained as 68475 A 

from the equation V = 2Vδ + 2Vδdar + Vba with the help of the magnetic field intensity Hba = 7 A/cm as opposed 

to 0.7804 T from the magnetization curve of Siemens-Martin steel in [2]. 

 

2.8. Dispersion Resistance of Stator Winding 

 

Let us now account for the groove dispersal conductivity Λ0a of stator winding, which is beamed at the ratio y/τp 

= 0.83 and whose grooves are in the form in Figure 6. For this, correction factors from the corresponding graph 

in [2] for the y/τp = 0.83 beam are determined as kcu = 0.90 and ko = 0.87. ''

kab  from the corresponding graph in 

[2] is found 2.5 mm. After the effective groove length L0a is calculated as 156.5 cm from the L0a = Latop – zka
''

kab  

equation and h0 is determineted 2 mm, the groove dispersal conductivity Λ0a of stator winding is found from the 

following formula. 

 

0a 0a 0

0a cu o

a 0a 0a

L h h
Λ k k

q 3b b

 
  

 
   (34) 

 

It is obtained as 27.10 from the given equation. Dispersal conductivity Λdba of tooth head, 

 

0ai

dba

a 0a

5δ bL
Λ

q 5 4δ b



   (35) 

 

it is obtained 7.77 from the given equation. y value versus y/τp = 0.83 is obtained 91.3 cm from the equation y = 

τp(y/τp), average front connection lbb of phase coil in stator winding, 257 cm from the equation lbb = 2U' + 1.8y + 

t, and polar division '

pτ  in middle of groove, 132.53 cm from the equation '

pτ = τp(y/τp), then dispersal 

conductivity Λbb of coil head (front connection) is obtained 114.44 from the equation Λbb = 0.6lbb + 0.3 '

pτ . Total 

dispersion or leakage reactance Xda of a winding arm, 

 

 
2

2 8a

da 0a dba bb

w
X 1.6π f Λ Λ Λ 10

p

      (36) 

 

it is obtained as 0.302 Ω/phase from the given equation. Thus, the dispersion voltage Uda at nominal current is 

334 V from the equation Uda = XdaIn. This voltage is equal to 9.47% (Uda100/U) of the nominal voltage. 

   

2.9. Voltage and Magnetomotor Force Phasor Diagram of Turbo Generator 
 

The phase difference between the phase voltage U = 3522 V (100%) at nominal load and the nominal current In 

= 1107 A is known as φ = 25.84o from cosφ = 0.9. The ohmic resistance of each phase winding at the operating 

temperature 75 oC is Ra = 0.0106 Ω/phase and the ohmic voltage drop at nominal current is 11.77 V from URa = 

InRa, ie 0.34% of the nominal voltage (URa100/U). It was estimated that the dispersal voltage at the nominal 

current was equal to 334 V, that is, 9.47% of the nominal end voltage. Based on these data, we can draw the 

phasor diagram for generator operation of synchronous machine we have calculated. 
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Stator magnetomotor force Θa at nominal current for full circuit, 

 

a a

a n

w ξ
0.9m I

p
     (37) 

 

it is obtained from 47822 ampere-turn the given equation. In order to find the need for excitation ampere-turn in 

load, the magnetic voltage Vp between the pole feet producing the polar dispersion flux in the loaded state is 

obtained as 86521 A from the equation Vp = V + kdΘasinφ. 2Vpc + 2Vbr is taken as 12% of Vp. Therefore, this 

value is 10383 A. 

 

The total excitation ampere-turn Θa,hundredpercent at nominal load is obtained 96904 ampere-turn pair pole from the 

equation Θa,hundredpercent = Vp + 2Vpc + 2Vbr. With an addition of 10% to the excitation ampere-turn at nominal 

load, the largest excitation ampere-turn Θamax that the generator may encounter in operation is 106594 ampere-

turn pair pole. 

 

2.10. Dimensioning of Excitation Winding 

 

Here, the excitation voltage Uexcitation will be taken 220 V and the connection conductors will be accepted as a 

voltage drop of 5%. Accordingly, the greatest voltage '

nU  to be applied to the excitation winding will be 209 V 

from '

nU = 0.95Uexcitation. 

 

Since the environmental temperature degree of 35 oC is accepted in the excitation winding of the turbo generator, 

the limit temperature degree t will be accepted 35 oC + 80 oC = 115 oC. The temperature resistance change 

coefficient α = 3.81 10-3, the specific resistance ρ35 = 0.01784 Ωmm2/m of copper used at 35 oC, the specific 

resistance ρ115 of copper at 115 oC temperature, 

 

 o

115 35ρ ρ 1 α t 35 C   
 

   (38) 

 

it is located 0.0233 Ωmm2/m from the given equation and since the average winding length lcu,r of excitation 

winding is 4.98 m from lcu,r = 2(Lat + 0.8τp), the conductor section qcu,m required for excitation winding at '

nU = 

209 V, 

 

amax

cu,m 115 cu,r '

n

1.05Θ
q ρ pl

U
    (39) 

 

it is located as 62.14 mm2. For excitation winding, flat copper with dimensions 16 3.9 = 62.4 mm2 will be used. 

21 conductors will be placed in each groove. After the number qr of grooves per phase in each pole for rotor is 

found to be 10 from qr = Nr/(pm), the total number wr of windings of excitation winding will be 210 from wr = 

qr21 with the help of conductor number 21. The placement of conductor and insulating materials in groove is as 

follows. 

 

Groove Width: 

Conductor 

Sheath 

Volatility (for between sheath and groove) 

1 16    

2 1.5  

1  1     

 = 16 mm 

 = 3.0 mm 

 = 1.0 mm 

Total width: 20 mm 

 

Groove Depth: 

Conductor 

Sheath 

Insulating layers between conductors 

Reinforced insulating intermediate strips 

Insulation of two conductors in groove mouth 

Insulating strip in groove mouth 

Guide sheet strip in groove mouth 

Volatility 

21 3.9 

1 2 

19 0.40 

3 1.3 

4 0.2   

1 1.5    

1 1.5  

1 0.8                     

 = 81.9 mm 

 = 2 mm 

 = 7.6 mm 

 = 3.9 mm 

 = 0.8 mm 

 = 1.5 mm 

 = 1.5 mm 

 = 0.8 mm 

Total depth: 100 mm 

656



Design of a Turbo Synchronous Generator with 10 MVA Round Rotor ICADET ‘19 

 

 

The representation of rotor groove dimensions is shown in Figure 7. 

 

 
Figure 7. Rotor groove dimensions of 10000 kVA and 3000 rpm turbo generator 

 

The total copper conductor length Lcu,m of excitation winding is 1046 m from Lcu,m = pwrlcu,r. The weight Gcu,u of 

copper used in excitation winding is 579 kg from the equation Gcu,u = γcuLcu,mqcu,m10-3. The ohmic resistance Rm 

of excitation winding at the limit temperature degree of 115 oC, 

 

115 cu,m

m

cu,m

ρ L
R

q
    (40) 

 

it is obtained as 0.392 Ω. At full load, the excitation current IΘa,hundredpercent is 461.45 A from IΘa,hundredpercent = 

Θa,hundredpercent/wr. At maximum load, the excitation current IΘamax is obtained as 507.59 A from the equation IΘamax 

= Θamax/wr. Copper loss of excitation winding Pcu,excitation, 

 
2

cu, Θa,excitation hundredpercent mP I R    (41) 

 

it is obtained 83.47 kW from the given equation. The active cooling surface O of rotor (the outer cylinder surface 

of the rotor including cooling channels will be taken) is 3.29 m2 from the equation O = π(Di – 2δ)Lat. The heat h 

(surface load of rotor) that the rotor will give to the environment aware of the temperature degree of 1 oC from 

the surface of beaker m2 is found as 317.14 W/(m2oC) from the equation h = Pcu,excitation/(O80). 

 

2.11. Yield Calculation 

 

It is necessary to calculate total losses in order to calculate yield. Stator winding copper losses were previously 

calculated as Pcu,a = 39 kW. The total copper loss Pcu,excitation of excitation winding current circuit is obtained 102 

kW from Pcu,excitation = UexcitationIΘa,hundredpercent. The specific gravity γfe = 7.6 g/cm3 of iron and the rotor outer 

diameter Do is 151 cm from Do = Di + 2h0a + 2hba, accordingly the iron weight Gba of yoke is found from the 

following equation. 

 
2 2

3o i 0a

ba fe fe a

D D 2h
G γ k L π10

2 2


    

     
     

   (42) 

 

It is 11278 kg. From the corresponding graphs in [2] versus p = 1 and Di/Do = 0.46, the kHb hysteresis correction 

factor and the kWb faucault current correction factor are determined to be 0.8 and 1.1, respectively. pFe,ba after 

taking Δ = 0.5, σ11 = 3.8, and σw = 6.4, 

 

1
0

0
 m

m
 

19 mm 

20 

Bronze 

657



Design of a Turbo Synchronous Generator with 10 MVA Round Rotor ICADET ‘19 

 

 

2

2

Fe,ba Hb 11 Wb w ba

f f
p k σ k σ B

100 100

  
   

   

   (43) 

 

the iron losses PFe,ba that occur in stator yoke after it is found as 2.82 W/kg from the given equation are obtained 

as 32 kW from PFe,ba = pFe,baGba10-3. If we accept that there is a 25% increase in losses by accepting a normal 

workmanship after the total weight Gda of teeth is calculated as 1426 kg from the equation Gda = 

γfekfeLaNabdavh0a10-3 and taken as p1 = 2.3, iron losses PFe,da in teeth, 

 
2 3

Fe,da 1 dav daP 1.25p b G 10    (44) 

 

it is obtained as 8.4 kW. Bc value 

 

c

c δmax

c

k 1
B B

k


    (45) 

 

after it is calculated as 0.0642 T from the given equation and the k0 factor in wrought iron is taken 23.3, specific 

iron loss py, 

 
1.5 2

a c 0a

y 0

N n B τ
p k

10000 0.10

   
    

   
   (46) 

 

it is obtained 7784 W/m3. Accordingly, surface losses PLs are calculated 13.61 kW from the equation PLs = 

(π/2)pyDiLi10-3. Losses PLf due to construction parts around stator front connections x is 0.4% of output power. 

Accordingly, the PLf is 40 kW. Additional losses PFe,add in load in rotor iron are obtained as 8 kW from PFe,add = 

0.0008P with the help of corresponding graph in [2]. 

 

From the corresponding graph in [2], it is determined that the air and bearing friction losses PLfrc of a 10000 kVA 

turbo alternator with pair pole are 1.18% of nominal power. Accordingly, PLfrc is 118 kW. 

 

Total losses ΣPL,  

 

L cu,a cu, Fe,ba Fe,da Ky Lf Fe,add Lfexci ca rt tionP P P P P P P P +P          (47) 

 

it is obtained as 361.01 kW. Accordingly, the efficiency η of the turbo alternator, 

  

L

Pcosφ
η

Pcosφ P



   (48) 

 

it is calculated as 0.9614 (96.14%). 

 

3. CONCLUSION 
 

In this study, the design of a round rotor turbo synchronous generator with 10 MVA virtual power, pole pair 1, 

pole number 2, efficiency 0.95, power factor 0.9, mains voltage 6.1 kV, phase number 3 and operating frequency 

50 Hz was designed. First, all physical and electrical sizes of generator have been calculated based on the design 

criteria and performance values defined as. And depending on the results of calculations, it has been shown that 

the generator meets the desired power values and design performance criteria. 
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Abstract 

As the world becomes urbanized at a very fast pace, the approach to the 

transportation of people and goods undergoes a major transformation, and this 

transformation affects the daily lifestyle of almost every person on the earth. 

Urbanized regions are becoming more and more popular, and cities are growing so 

fast that it is estimated that 66% of the world's population (this figure was 54% in 

2014) will be in cities by 2050 in line with the current growth rate. In Turkey, while 

75.8% of the population lived in rural areas and only 24.2% in urban areas in 1927, 

today this situation has changed, and 92.1% of people have started to live in cities 

with a serious change in our country of 81 million. Mobility is also rapidly increasing 

due to the growing world population and increasingly globalized economic activities. 

The increase in private vehicle ownership by more than 100% in the last fifteen years 

has caused a significant leap forward in both passenger and freight transportation in 

Turkey. As of the end of November 2018, the number of registered motor vehicles 

has increased by 149% in the last 15 years and reached 22.850.238. In this study, the 

data obtained from the household budget survey applied to 12.166 households 

throughout the country covering the year 2017 by the Turkish Statistical Institute 

(TURKSTAT) were used. The amount of transportation expenditures on the 

household scale was examined using the Tobit model, and it was found out that the 

head of household and many socio-demographic and economic factors of the 

household were determinant in transportation expenditures. 

1 INTRODUCTION  
 

The most preferred transportation mode in passenger and freight transportation in Turkey is road transportation, 

and the transportation sector is highly dependent on petroleum products [1]. In parallel with the increase in 

economic development and prosperity experienced in the country in recent years, private vehicle ownership and 

traffic volume on the roads have increased tremendously. As of the end of November 2018, the number of 

registered motor vehicles increased by 149% in the last 15 years to approximately 23 million. Of these vehicles, 

54.2% are automobiles, 16.4% are light trucks, 14.1% are motorcycles, 8.2% are tractors, 3.7% are trucks, 2.1% 

are minibuses, 1% are buses, and 0.3% are special-purpose vehicles [2]. Over 100% increase in private vehicle 

ownership in the last fifteen years has led to a significant leap in both passenger and freight transportation across 

the country. Although the number of automobiles per 1000 people in developed countries is 350-500 and the total 

number of vehicles is 450-650, these values are still well below the average of developed countries, 54% (274) of 

which are automobiles in Turkey [3]. While there were 6101 km of divided roads throughout the country in 2003, 

the figure of 25,709 km was reached in 2017, and it is aimed to reach 30,000 km of road by the end of 2019 and 

36,500 km of road by the end of 2019. An average of 1.5 million export travels and 500.000 import travels are 

carried out annually to more than 100 countries from our country to 3 continents by land. While the share of 

vehicles with Turkish license plate is 80% and the share of vehicles with foreign license plate is 20% in export 

transportation, the share of vehicles with foreign license plate is 68%, and the share of vehicles with Turkish 

license plate is 32% in import transportation. In 2014, a total of 1.25 million export travels and 431.263 import 

travels were carried out by Turkish vehicles [4]. Transit transport is carried out to 75 countries through Turkey, 

and an average of 100.000 transports are performed annually for transit purposes, 74% of which are carried out by 

foreign country vehicles [5]. Road import transports to our country consist of 625.384 travels, and transit transports 

through our country have increased almost by 25% in the last 3 years [5]. In the 2023 targets, it was determined 
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that the number of travels in the field of international goods transportation by land would be increased 3 times to 

5 million [5]. It is estimated that the country will reach 90 million inhabitants in 2035 and will reach 5 trillion ton-

km freight transportation volume and 500 billion passenger-km transportation volume [5]. It is foreseen that 

Turkey's foreign trade will increase by 20% every year compared to the previous year (in the next few years, the 

foreign trade target of 250 billion USD will increase to 1 trillion USD) [5]. Of the 12.4 million registered 

automobiles in 2018, 37.9% were fuelled by LPG, 36.7% by diesel and 25% by gasoline. The ratio of automobiles 

with unknown fuel type was explained as 0.4% [2]. Furthermore, as of June 2018, 8.9 million liters of gasoline 

and 63.3 million liters of diesel were consumed on average per day in Turkey [6]. Considering the distribution of 

household expenditures in the country, decreases in other expenditure items have been experienced, while the 

increase in transportation expenditures has become very evident. For example, transportation expenditures 

constituted 8.7% of total expenditures in 2002, while this value increased to 18.2% in 2016 [7]. These figures 

clearly show the change experienced by Turkey in the last 12 years. The transportation sector is the driving force 

for economic growth. Utilization of economic resources, connection with other countries, regulation of goods 

flows and ensuring continuity of this process, economic and social inputs, the establishment of new settlement 

areas, development of existing settlement areas and other sectors (such as insurance, customs clearance, packaging, 

cargo) are closely related to transportation systems. Therefore, all these areas are triggering growth depending on 

the developments in transportation [8]. In fact, in this two-way relationship that triggers each other, with the 

expansion of international trade, the increase in economic competition, the increase in national and international 

companies, the growth in international transportation companies, the technological developments and the increase 

in national per capita income, people want to travel more comfortably in a shorter time and obtain products. As a 

result of these effects, interest in transport and transportation sector is also increasing with each passing day [8]. 

The implementation of a high-cost transportation policy in Turkey as an oil importer raises the prices of both goods 

and services. Therefore, the household income level decreases and the developmental level of the country is 

negatively affected by the implementation of a high-cost transportation policy [9]. In the light of these evaluations, 

the aim of this study is to reveal the determinants of transportation expenditures on the household scale, the role 

of these determinants in transportation expenditures and their unit effects measured quantitatively especially in 

parallel with the developments taking place in the last 15 years with the help of the Tobit model. Knowing 

household transportation expenditure preferences, causes, and amounts will lead the way in the development of 

existing urban/country transportation policies or measures to be taken in future shock fluctuations or crises. 

Outputs will also generate data on policies to be applied by the relevant ministries to reduce the volume of the 

greenhouse gas (GHG) emissions, on the one hand, and data on the more efficient distribution mechanism for the 

energy sector, on the other hand.  

  

2 MATERIAL AND METHOD 
 

2.1. Data 

 

In the study, data were obtained from the household budget survey applied to 12,166 households throughout the 

country by the Turkish Statistical Institute (TSI) between January 1 and December 31, 2017. The sample size 

covers 11,630 households after discarding missing and outlier observations. Transportation spending includes all 

expenses for transportation, including road, air, sea, train, city public transport, etc., and fuel expenses for private 

passenger cars, incurred by a family in a one-month period in the country. Road transportation, including public 

transport, and private passenger cars generally had the largest share in family spending. Socio-demographic and 

economic characteristics of households and household heads are included in the analysis. These factors related to 

the household heads are age, gender, marital status, working status, retirement status, education status, and 

compulsory health insurance, while characteristics related to households are the existence of real estate, living in 

an apartment, living in a detached house, the presence of children in different age groups, the rental status of the 

house, receiving in-kind and in-cash support, owning a house, having internet access, and income groups. 

According to the information given in Table 1, 86.4% of household heads are male, 83.7% are married, 50 years 

old, 43.3% are primary school graduates, 85.2% have compulsory health insurance, and 31.82% of the household 

have pension income. In the sample, 61.2% of households are homeowners, 24.2% are tenants, 47.1% use heating 

stoves, 55.2% have a monthly income between 2000 ₺ and 5000 ₺, 56.8% have internet access at home, and 22.6% 

and 10.4% of households receive financial cash and in-kind aids from the state, respectively. Also, 68.6% of 

household heads are working. According to the results of Urak’s study [10], 45.6% of households live in detached 

houses, 54.4% in apartments, 24.9% are tenants and 59.6% live in their own house. 

 

2.2. Model 

 

The Tobit model or Gaussian censored regression model, initiated by James Tobin [11] of Yale University, is 

appropriate when the dependent variable is typically censored with a stack of values at zero. Examples of censored 
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dependent variables include meat consumption, alcohol and cigarette consumption, travel, transport, and away 

from home food expenditures, and donations to households. The model is defined as: 

 
*

*

,

0

0 0

i i i

i i i i

i i

y x u

y y if x u

if x u







 

  

  

               (1) 

 

where 
*

iy and 
iy are latent and its corresponding obzerved values, respectively, while x refers to a set of factors 

affecting the transportation expenditures of households. Meanwhile,   are coefficients of factors affecting 

transportation expenditures and need be estimated, while the error term 
iu is assumed to be distributed as normal 

distribution with zero mean and constant variance 
2 as  20,iu N  . 

Unlike discrete probability models (such as probit and ordered probit), the dependent variable yi is now quantified 

and therefore the scale parameter, the standard deviation σ, can now be defined. Sample likelihood function is: 
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where  and  are normal cumulative and probability density function, respectively, while σ is the standard 

deviation of the transportation spending. The natural logarithm of this function is maximized by taking the 

derivative with respect to the parameter vector and then appropriate algorithm method is used for estimating the 

parameter vector.  

 

As it is known, because the Tobit model has a nonlinear property, the likelihood function parameters do not reflect 

the unitary (marginal) effects of exogenous variables on transport expenditures. In this context, the marginal effects 

of the determinants of transport spending are measured as follows: 

the probability of a positive observation is: 
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The conditional mean of yi (conditional on yi > 0) and unconditional mean are respectively: 

 

 
 

 
     | 0 and Pr 0 * | 0

i

i i i i i i i i

i

x
E y y x E y y E y y

x

 
 




     



  (4) 

 
Marginal effects were obtained by taking the derivative of the above three equations with respect to exogenous 

variable x. Standard deviations of these marginal effects were obtained using the Delta method. 

 

3 RESULTS 
 

The power of all exogenous factors used in the Tobit model to explain the variability in transport expenditures                                  

simultaneously was determined with the help of Wald test statistics. In this context, independent determinants         

were simultaneously significant in explaining the variability in transportation expenditures                                                        

( Wald test statistic = 4146.1, df = 34, p= 0.000). Subsequent discussions will be presented on the basis of                     

statistically significant marginal effects. According to the results presented in Table 2, in households where the           

head of the household is a male, approximately 14.00 TL more transportation expenditures were made. In                     

households where the head of the household has a mean age of 30-50 and more (>50) spent 9.00 and 7.00 TL less 

respectively. As the education level of the head   of the household increased, transportation expenditures of house

holds also increased. In university graduates, this figure was observed to be about 27 TL more than the reference 

group (without diploma). Households, where the head of the household has compulsory insurance, spent 13.33              

TL more on transport expenditures. Households with income from entrepreneurship spent 27.35 TL more on              

transportation expenditures. Households where the head of the household is retired spent 13.50 TL less. As                     
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expected, households receiving cash and in-kind support from public institutions spent less on transportation.           

However, households receiving cash support from private institutions and organizations spent 4.50 TL more on                  

transportation expenditures. Surprisingly, households using credit cards spent 17.96 TL more on transportation.         

Families with one child spent 7.10 TL more, families with two children spent 9.50 TL more, and families with              

three children spent 8.30 TL more. Households with high standards of houses spent 7.50 TL more on                                       

transportation expenditures. Compared to the reference group, households close to the city center spent 11.20 TL 

less on transportation expenditures. The households with certain habits spent 9.20 TL more on transportation             

expenditures. As expected, as the number of individuals working in households increased, 20.92 TL more was            

spent on transportation expenditures. As the income level increases, so does transportation expenditure. In house

holds where the income level is between 2000-5000 TL, transportation expenditure was 22.70 TL and in                            

households where the income level is higher than 5000 TL, it was 93.51 TL. As the size of the house increases,        

transportation expenditures increase (approximately 7.00 TL). As expected again, private vehicle ownership                         

increases the amount of transportation expenditures. Households with a vehicle spent 79.71 TL more on                               

transportation expenditures. As expected again, households that make saving tends to use less transportation and 

spend approximately 10.40 TL less. 

 

4 CONCLUSION 
 

The amount of transportation expenditures of households was examined with the help of the Tobit model, and it 

was determined that the head of household and many socio-demographic and economic factors of the household 

were determinant in transportation expenditure. For example, households with private vehicles had higher 

transportation expenditures. As expected, households receiving public or social support spent less on fuel. It was 

found out that there is a cyclical relationship between transportation expenditures and income. As income 

increased, transportation expenditures increased, and as transportation expenditures increased, income increased 

(this increase may have been due to transportation expenditures which make it easier to reach distant jobs with 

higher incomes) [12]. Similarly to other studies, it can be argued that transportation expenditures increased 

together with the increasing income level in Turkey or vice versa. According to TURKSTAT data, mineral fuels, 

mineral oils, and products obtained from their distillation, bituminous substances, and mineral waxes were the 

most imported articles in 2018 and in January 2018, approximately 3.6 billion dollars was spent for the import of 

these substances [13]. When we look at the supply and demand values of petroleum products in the last six years, 

there has been an increase of approximately 30%. [13]. 19% of Turkey's total final energy consumption in 1998, 

20% in 2008, and 25% in 2017 was realized in transportation sector [14]. These values show us that with the 

developments in Turkey in recent years, the mobility and thus, the energy used tend to increase. 92% of the final 

energy consumption in the transportation sector in 2017 was used for road transportation [14]. When the 

distribution of final energy consumption in the transportation sector as of 2017 is examined, diesel has the highest 

share with 72%. Diesel is followed by LPG (12%), gasoline (8%), aviation fuel (5%), natural gas (2%) and biofuels 

(1%). The share of electricity is 0%. The share of petroleum products in the transportation sector is 97% [14]. 

Unfortunately, the biggest share in the foreign trade deficit of Turkey is caused by imports of petroleum products 

[13]. Increasing transportation expenditures indicate that there will be more demand for this energy at the 

household level and then at the country level and that its imports should be increased further. This means that the 

current deficit of the country will grow further. It is clear that serious problems will be experienced in the country 

in the future unless sustainable efficient transportation policies are established. Policymakers and decision-makers 

need to implement urban, regional, and national immediate transportation action plans that are sustainable, 

compatible with urban life and efficient. It is thought that this study will contribute to the determination of 

transportation preferences of households and the factors affecting these preferences for such action plans. 
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Table 1. Variable definitions and sample statistics 

Variable Definition Mean (std. dev.) 

Dependent variable   

Transportation Transportation expenses per month (₺)    232.13 (236.54) 

 Among the consuming (₺) (89.14% of sample)    260.41 (235.38) 

Income    Family income per month (₺) 3947.98 (2833.65) 

Expenditure Family total expenses per month (₺) 3605.00 (2787.00) 

House feature index An index created by house characteristics (presence of bathroom, 

sauna, Jacuzzi, toilet, kitchen, trash shredder, heater, floor 

heating, piped water system, natural gas, hot water, cable TV, 

elevator, garage, generator, security system, balcony, garden and 

children’s playground) 

      7.63 (2.21) 

House size House size: number of members       3.52 (1.78) 

Education Education of household head, in years       7.83 (4.71) 

Working persons Number of individuals working in households       1.11 (0.79) 

Household habits An index created with the habits that the household has       1.98 (1.28) 

Distance An index created by the distance of the house to official 

institutions 

    –0.56 (0.26) 

Properties Number of properties owned (including self-contained houses, 

apartments, summer houses, shop, etc.) 

      0.99 (1.08) 

Passenger cars Number of passenger cars owned by household       0.56 (0.66) 

Household head characteristics (binary): yes = 1, no = 0 

Age < 30 Age is younger than 30 (reference)       0.07 

Age 30–50 Age is between 30 and 50       0.46 

Age > 50 Age is over 50       0.47 

Male  Gender is male       0.86 

Married Married       0.84 

Employed  Employed       0.69 

Manager A manager       0.05 

Insurance Has compulsory health insurance       0.85 

No diploma Has no diploma (reference)       0.10 

Primary school Has primary school education       0.43 

Secondary school Has secondary school education       0.14 

High school Has high school education       0.18 

College Has college education       0.16 

Household characteristics (binary): yes = 1, no = 0 

Entrepreneur income Has entrepreneurial income       0.34 

Agricultural income Has income from agriculture       0.20 

Pension income  Has pension income       0.32 

State cash aids Receives cash income from government       0.23 

State in-kind aids Receives in-kind income from the state       0.10 

Alimony aids Receives alimony, scholarship, cash income help from private 

persons or intuitions 

      0.13 

Private in-kind aids Receives in-kind income from private persons or intuitions       0.09 

Apartment Resides in an apartment        0.45 

Renter A tenant       0.24 

Homeowner Resides in own house       0.61 

Credit card Owns a credit card(s)       0.51 

Childless family Without presence of children (reference category)       0.49 

One child Has only one child       0.18 

Two children Has two children       0.19 

≥ Three children Has more than two children       0.14 

Saving Has monthly savings       0.27 

Income ≤ 2000 ₺ Family monthly income  ≤ 2000 ₺       0.21 

Income 2000 – 5000 ₺ Family monthly income 2000 – 5000 ₺       0.55 

Income ≥ 5000 ₺ Family monthly income ≥ 5000 ₺ (reference)       0.24 

Sample size      11630 
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Table 2.  Marginal effects of explanatory variables on the conditional level 

Variable Conditional level 

Male 13.99 (0.01)** 

Age 30–50 –9.61 (0.06)* 

Age > 50 –7.02 (0.24) 

Primary school 0.71 (0.89) 

Secondary school –0.33 (0.96) 

High school 7.20 (0.23) 

College 26.89 (0.00)*** 

Married  –4.80 (0.37) 

Employed 1.76 (0.69) 

Insurance 13.33 (0.00)*** 

Manager –9.85 (0.01)*** 

Entrepreneur income 27.35 (0.00)*** 

Agricultural income –1.89 (0.69) 

Pension income –13.50 (0.00)*** 

State cash aids –12.47 (0.00)*** 

State in-kind aids –3.23 (0.50) 

Alimony aids  4.47 (0.28) 

Private in-kind aids  –8.53 (0.07)* 

Apartment  2.10 (0.54) 

Renter 3.94 (0.36) 

Homeowner –2.17 (0.57) 

Credit card 17.96 (0.00)*** 

One child  7.10 (0.07)* 

Two children  9.44 (0.02)** 

≥ Three children 8.30 (0.09)* 

House feature index 7.50 (0.00)*** 

Distance 11.20 (0.02)** 

Household habits 9.17 (0.00)*** 

Working persons 20.92 (0.00)*** 

Income 2000 – 5000 ₺ 22.65 (0.00)*** 

Income ≥ 5000 ₺ 93.51 (0.00)*** 

House size 6.90 (0.00)*** 

No. of vehicles 79.71 (0.00)*** 

Saving –10.37 (0.00)*** 
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Abstract 

In this paper, fabrication and properties of Al2024-B4C/SiC hybrid nanocomposite 

produced using mechanical alloying and hot pressing by powder metallurgy 

method. First of all, Al2024, B4C and SiC powders were alloyed in planetary ball 

mill at room temperature with 8 hours to be obtained homogeneous powder 

distribution. After, the hot pressing technique was used for producing hybrid 

nanocomposite with 0, 0.5, 1, 2, 2.5, 3 weight percentage (reinforcement amounts 

of 50% SiC and 50% B4C were added to each sample) of SiC and B4C 

reinforcements. To study the microstructure of hybrid nanocomposite samples 

scanning electron microscopy (SEM) were used. The mechanical (hardness, tensile 

strength, fracture surface), physical (density and porosity) of properties and 

microstructure of Al2024-B4C/SiC hybrid nanocomposite were investigated. The 

maximum tensile strength of produced hybrid composites of this study were 

achieved via utilizing 2 wt.% B4C/SiC. It was showed that the uniform distribution 

of dispersion of B4C/SiC nano reinforcement particles within Al2024 matrix.  

 

1 INTRODUCTION  
 

Metal matrix composites (MMCs) have drawed increasing attention to applications in aerospace, automobile, 

marine, electronic, nuclear industries. MMCs exhibit high mechanical properties in the three orthogonal 

directions coupled with relatively low cost availability of reinforcement. Metals and alloys such as Al, Ti, Mg, 

Cu, Ni  and intermetallics has been used as matrix material [1,2]. The using of aluminum based composites has 

greatly increased. Some of the reinforcement used in the aluminum matrix are B4C, SiC, Al2O3, TiC, TiO2, TiB2, 

MgO and AlN [3]. SiC continuous network structure ceramics are a very promising material for use in 

semiconductor processing, nuclear fusion reactors, heat-sink plates, and high temperature thermo-mechanical 

applications because of their excellent chemical and thermal stability, high thermal conductivity, and good 

mechanical properties [4]. However, a problem of Al/SiC composites is that the microstructure shows a non-

uniform distribution of SiC particles [5]. Al-B4C composites have a potential to be used as armor materials in 

body protection, helicopters, military aircrafts and vehicles where lightweight is of utmost importance [6]. For 

example, Alizadeh et al. [7] compared the mechanical properties of aluminum matrix composites reinforced with 

1, 2 and 4 wt.%B4C nanoparticles fabricated via stir casting method. Their results show that with increasing 

amount of B4C nanoparticles yield strength and tensile strength increased but elongation to fracture decreased. 

Al–B4C composites are produced by three different methods: solid state methods (such as mechanical milling 

and powder metallurgy), molten methods (such as stir casting) and semi-solid methods [8,9]. Powder metallurgy 

is considered as an efficient technique in producing metal-matrix composites. Low processing temperature 

compared to melting techniques is an important advantage of this method. Besides, the reinforcing particles in 

the matrix are distributed good by powder metallurgy technique. Another advantage of powder metallurgy 

technique is its ability to manufacture near net shape product with low cost [10].  

 

To our knowledge, effect of the nano SiC and nano B4C content on mechanical properties of composites has not 

been investigated. Therefore, the purpose of this work is to produce Al2024-B4C/SiC composites by powder 

metallurgy and hot pressing and to investigate effect of nano particles content on the microstructure and 

mechanical properties of the Al2024-B4C/SiC composites. 
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2 MATERIAL AND METHOD 
 

Al2024 alloy powders, nano B4C and nano SiC particles used as raw materials to fabricate the composites. The 

as-atomized Al2024 powders were supplied commercially with the chemical composition (in wt.%) of 4.85 Cu, 

1.78 Mg, 0.385 Si, 0.374 Fe, 0.312 Mn, 0.138 Zn, 0.042 Cr, 0.005 Ti and Al (balance). Al2024 alloy powders 

with an average particle size of 50 μm were used as the matrix materials, SiC powders with an average particle 

size of 40 nm and B4C powders with an average particle size of 45-55 nm (Alfa Aesar, Germany) were used as 

the reinforcement material. Al2024 matrix powders, SiC and B4C particles were blended in a planetary ball-mill 

(Fritsch Gmbh, model ‘‘Pulverisette 7 Premium line’’) at room temperature using a tungsten carbide bowl and a 

high argon atmosphere for 8 h in order to break up the hard agglomerates. The milling medium was tungsten 

carbide balls with diameters of 10 mm. The ball-to-powder weight ratio and rotational speed were selected to be 

10:1 and 400 rpm, respectively. The milling atmosphere was argon which was purged into a bowl before milling. 

Hot pressing was used for preparation of the Al2024-B4C/SiC nanocomposites in mold. The microstructure and 

elemental distribution of cross-section of composites were investigated using Zeiss Evo LS10 scanning electron 

microscope. The tensile test was performed using a MTS Universal Materials Testing Machine at room 

temperature. The crosshead speed was maintained at the speed of 0.3 mm/min for tensile test. The hardness of 

these composite samples was measured using the Brinell hardness (BS) method under a load of 32 kg for a dwell 

time of 15 s. The geometry of tensile test samples are 6 mm × 10 mm × 65 mm. The density of hybrid 

nanocomposite samples were determined by the Archimedes method. The porosity was calculated by using the 

theoretical and experimental densities. 

Table 1. Mechanical and physical properties of the Al2024 / wt.% B4C/SiC hybrid nanocomposites 

Sample 

Code 

Composition 

Al2024-B4C/SiC 

(%wt.) 

Tensile 

Strength 

(MPa) 

Hardness 

(BHN) 

Relative 

Density 

(%) 

Porosity 

(%) 

AA2024 100-0 202 101,6 99,30 0,7 

BS0.5 99,5-0,5 250,8 138,3 98,05 1,95 

BS1 99-1 293,1 147,3 97,02 2,98 

BS2 98-2 390,1 164,1 96,95 3,05 

BS2.5 97,5-2,5 354,9 167,7 96,88 3,12 

BS3 97-3 299,6 173,9 96,67 3,33 

 

3 RESULTS 
 

The EDX analysis of Al2024 matrix hybrid nanocomposites with different reinforcement ratios is shown in 

Figure 1. The most important factor in the production of Al2024 matrix hybrid nanocomposite samples is the 

homogeneous distribution of reinforcements. In Figure 2, the SEM image shows the phases on the surface of the 

B2 hybrid nanocomposite sample by arrows. In Figure 2, B4C particles with black arrows, SiC particles with red 

arrows and Al2Cu intermetallic with green arrows are indicated. No macro porosity was observed in the Al2024 

matrix composites and the distribution of the particles is uniform in the matrix. 
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(a) 

 
(b)  

Figure 1. EDX analysis of Al2024 matrix composites reinforced with wt. 2% B4C/SiC hybrid nanocomposite 

bulk sample(a,b) 
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Figure 2. SEM image of Al2024 – wt. 2% B4C / SiC hybrid nanocomposite sample. 

 

Tensile strength test results of B4C/SiC nano particle reinforced Al2024 nano composites are given in Figure 3 

and Table 1. Tensile tests were performed using MTS Universal Material Testing Machine at room temperature 

and crosshead speed was 0.3 mm / min. Figure 3 shows that the change in the amount of B4C/SiC particles also 

leads to a change in tensile strength. The increase in tensile strength up to the BS2 sample can be attributed to 

the homogeneous dispersion of the reinforcing particles. After BS2 nanocopositivity, the shrinkage strength is 

rapidly decreased. The reason for this is that the particles are agglomerated after a certain ratio. Among the 

Al2024-B4C/SiC nanocomposites, the sample with BS2 code has the best tensile strength 390.1 MPa. 

 

 
Figure 3. Change in tensile strength of the Al2024-B4C/SiC hybrid nanocomposites with the reinforcement ratio 

 

The hardness of the nanocomposites was carried out by applying Brinell Hardness method under a load of 32 kg 

for 15 seconds. Since B4C and SiC nano particles are harder than Al2024 matrix, it is seen that the hardness of 

hybrid nanocomposites increases with the amount of reinforcement. Hardness results are given in Figure 4 and 

Table 1. As can be seen in Figure 4, the hardness values of the nanocomposites increased as the reinforcement 

ratio increased. The hardness value of the non-reinforced Al2024 sample was 101,6 BHN, while the best 

hardness value of the reinforced samples was BS3 with 173,9 BHN. Accordingly, an increase of 71,1% was 

found in the hardness value. 
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Figure 4. Change in hardness of the Al2024-B4C/SiC hybrid nanocomposites with the reinforcement ratio 

 

Relative density and porosity values of B4C / SiC reinforced AA2024 matrix hybrid nanocomposites produced 

by powder metallurgy are given in Table 1. Figure 5 and Figure 6 show the relative density and porosity changes 

of these samples. In terms of their shapes, the relative density of the hybrid nanocomposites decreases and the 

porosity increases as the reinforcement ratio increases. interface blank areas in both reinforcements and matrix 

decreased relative density in hybrid nanocomposites and increased porosity. Another reason is that the 

reinforcing particles affect the packaging as it is harder than the matrix phase. The relative density of the non-

reinforced sample was 99.30%, while the highest reinforced BS3 sample had a relative density of 96.67%. 

 

  
Figure 5. Change in relative density of the Al2024-B4C/SiC hybrid nanocomposites with the reinforcement ratio 

 

 
Figure 6. Change in porosity of the Al2024-B4C/SiC hybrid nanocomposites with the reinforcement ratio 
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4 CONCLUSION 
 

1. B4C and SiC nano particle added, Al2024 matrix nanocomposites were produced by mechanical 

alloying and hot-pressing method.  

2. Microstructural examination showed that B4C and SiC distributions were homogeneous in the Al2024 

alloy matrix.  

3. Increase in reinforcement content resulted in increase in tensile strength of hybrid nanocomposite up to 

wt.%2 B4C/SiC, on the other hand after wt.%2 reinforcement they suddenly decrease.  

4. Porosity and density measurments showed that the addition of B4C/SiC nano particles caused a increase 

linearly in density and porosity.  

5. Increase in hardness of Al2024-B4C/SiC hybrid nanocomposites was observed with increase in B4C and 

SiCreinforcement content. 
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Abstract 

In this study, nano-particle B4C-reinforced Al2024-B4C nanocomposites and nano-

particle SiC-reinforced Al2024-SiC nanocomposites were produced by using 

powder metallurgy method. After the nanocomposites were produced, their 

microstructures and mechanical properties were examined and the results were 

compared. Firstly, in Al2024-B4C and Al2024-SiC nanocomposites, Al2024, B4C 

and SiC were milled in planetary ball mill for 8 hours at room temperature to 

distribute reinforcement particles homogeneously. Secondly, nanocomposite 

samples with 0, 1, 2, 3 weight percent B4C and SiC reinforcement ratios were 

pressed in the mold by hot pressing method. Then, the microstructures and fracture 

surfaces of the pressed samples were examined using scanning electro microscopy 

(SEM). Finally, mechanical (bending and hardness) and physical (relative density) 

properties of nanocomposite samples were investigated. The best bending strength 

values of both Al2024-B4C and Al2024-SiC nanocomposites were obtained from 

wt.%2. When both nanocomposite groups were compared, Al2024-B4C 

nanocomposites showed the best mechanical properties. 

 

1 INTRODUCTION  
 

In today's technology, it is possible to develop advanced metal matrix composites (MMC) to combine properties 

such as high strength, light weight, excellent wear and corrosion resistance required in production applications 

[1]. Today, MMCs are used in industrial applications such as automobile, aviation, electronics and marine. In 

MMCs, metals or alloys such as Al, Ti, Cu, Mg, Ni are generally used as matrix materials [2]. Aluminum matrix 

MMCs are the most demanding MMCs in engineering, offering excellent strength, low density, high tribological, 

good thermal conductivity and high mechanical properties [3]. In aluminum matrix MMCs, ceramic based 

reinforcing materials such as B4C, SiC, TiC, Al2O3 are preferred as reinforcing materials [4]. The most important 

reasons for using B4C as reinforcing material in aluminum matrix composites are that B4C has low density, high 

hardness and excellent chemical stability properties [5]. The use of SiC as reinforcing material in aluminum 

matrix composites provides properties such as low density, high corrosion resistance, excellent specific strength, 

good abrasion resistance and high hardness [6]. Abdollahi et al. [7] investigated the effect of B4C reinforcing 

particles on the mechanical and tribological properties of al-based composites produced by mechanical milling 

and hot extrusion. When the results of mechanical and tribological tests were examined, it was seen that strength, 

abrasion resistance and hardness of Al based composite samples increased with B4C addition. Zhang et al. [8] 

Showed the effect of SiC reinforcement on the compression and tensile strength of MgAlCu based 

nanocomposites produced by spark plasma sintering and hot pressing. According to the results obtained from the 

tests, SiC ceramic particle reinforced nanocomposites have higher strength than MgAlCu alloy without 

reinforcement. Many methods have been developed in the production of Al-based MMCs such as high-pressure 

torsion, deposited roll bonding, equal-channel angular pressing, friction mixing, powder metallurgy, 

accumulative press bonding. Among these methods, the powder metallurgy method, which we prefer in our 

study, is an approach based on mechanical milling and then powder consolidation to provide a highly scalable 

solid state production method. In powder metallurgy method, the impact effect of hard balls and powders is 

utilized, which ensures the production of nanocomposites during repeated fracture bonding fracture events 

[9,10]. 

 

To our knowledge, the effect of nano SiC and nano B4C content on the mechanical properties of composites has 

not been investigated by comparison. Therefore, the aim of this study is to produce Al2024 based 
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nanocomposites containing B4C and SiC with nanoparticles by powder metallurgy method. In addition, the 

effects of B4C and SiC reinforcement on the microstructure and mechanical properties of Al2024 based 

nanocomposites are investigated and the properties of the two composite groups are compared. 

 

2 MATERIAL AND METHOD 
 

Al2024 alloy powders, nano B4C and nano SiC particles are used as raw materials to fabricate the composites. 

The as-atomized Al2024 powders were supplied commercially with the chemical composition (in wt.%) of 4.85 

Cu, 1.78 Mg, 0.385 Si, 0.374 Fe, 0.312 Mn, 0.138 Zn, 0.042 Cr, 0.005 Ti and Al (balance). Al2024 alloy 

powders with an average particle size of 50 μm were used as the matrix materials, SiC powders with an average 

particle size of 40 nm and B4C powders with an average particle size of 45-55 nm (Alfa Aesar, Germany) were 

used as the reinforcement material. Al2024 matrix powders, SiC and B4C particles were milled in a planetary 

ball-mill (Fritsch Gmbh, model ‘‘Pulverisette 7 Premium line’’) at room temperature using a tungsten carbide 

bowl and a high argon atmosphere for 8 h in order to break up the hard agglomerates. The milling medium was 

tungsten carbide balls with diameters of 10 mm. The ball-to-powder weight ratio and rotational speed were 

selected to be 10:1 and 400 rpm, respectively. The milling atmosphere was argon which was purged into a bowl 

before milling. Hot pressing was used for preparation of the Al2024-B4C and Al2024-SiC nanocomposites in 

mold. The microstructure, fracture surface and elemental distribution of cross-section of composites were 

investigated using Zeiss Evo LS10 scanning electron microscope. The bending test was performed using a MTS 

Universal Materials Testing Machine at room temperature. The crosshead speed was maintained at the speed of 

0.5 mm/min for bending test. The hardness of these composite samples was measured using the Brinell hardness 

(BS) method under a load of 32 kg for a dwell time of 15 s. The geometry of three-point bending test samples are 

6 mm × 10 mm × 65 mm. The density of hybrid nanocomposite samples were determined by the Archimedes 

method.  

 

Table 1. Mechanical and physical values of the Al2024-B4C and Al2024-SiC nanocomposites 

Sample 

Code 

Composition 

Al2024-B4C 

(%wt.) 

Composition 

Al2024-SiC 

(%wt.) 

Bending 

Strength 

(MPa) 

Hardness 

(BHN) 

Relative 

Density 

(%) 

Al2024 100-0 100-0 279,2 101,6 99,3 

B1 99-1 - 1130,2 148,3 96,17 

B2 98-2 - 1288,7 178,1 95,51 

B3 97-3 - 1096,5 189,8 95,13 

S1 - 99-1 469,2 146,1 96,16 

S2 - 98-2 676,7 149,5 95,65 

S3 - 97-3 556,2 154,9 95,09 

 

3 RESULTS 
 

Microstructure studies of Al2024 matrix nanocomposites help us to understand the mechanical and physical 

properties and the microstructures of Al2024-B4C and Al2024-SiC nanocomposites are given in Figure 1. The 

white spots seen in the microstructures of Figure 1 combine Cu and Al, the basic element of the Al2024 alloy, to 

form the Al2Cu intermetallic. The black spots in the microstructure picture in Figure 1-A show the B4C 

reinforcing particles. In addition, the dark gray shades in Figure 1-B show SiC reinforcing particles. As seen in 

all figures, the reinforcing particles showed homogeneous distribution on the surface. Homogeneous distribution 

forms the basis of nanocomposites and affects all mechanical and physical properties. 
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Figure 1. Microstructures of A)B2 B)S2 C)B3 and  D)S4 samples 

 

Bending strengths of Al2024-B4C and Al2024-SiC nanocomposites were investigated. In addition, Figure 2 

shows the bending strength of the two composite groups and the change in bending strength due to the amount of 

reinforcement within each group. The bending strength values of both Al2024-B4C and Al2024-SiC 

nanocomposites were increased compared to the unreinforced Al2024 sample. In addition, the bending strength 

values of Al2024-B4C nanocomposites are higher than Al2024-SiC nanocomposites. On the other hand, in both 

nanocomposite groups, the bending strength increased to 2% reinforcement ratio and decreased rapidly after 2%. 

The highest bending strength value was Al2024-B4C nanocomposite with 2% reinforcement ratio and the 

strength value was found to be 1288.7 MPa. 

 

 
Figure 2. Change in bending strength of the Al2024-B4C and Al2024-SiC nanocomposites with the 

reinforcement ratio 

 

After the bending test of Al2024-B4C and Al2024-SiC nanocomposites, fracture surfaces were examined by 

scanning electron microscopy. As shown in Figure 3, the fracture surface of the non-reinforced Al2024 sample 

has a fibrous and porous structure, while the fracture surface becomes smooth with the reinforcement ratio. The 

fracture surfaces of samples B3 and S3 are smoother than those of B2 and S2. The reason for this is that B3 and 

S3 samples became more brittle with the amount of reinforcement. 
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Figure 3. Fracture Surfaces of Nanocomposites 

 

Brinell hardness values of Al2024-B4C and Al2024-SiC metal matrix nanocomposites are given in Table 1 and 

change with reinforcement ratio is given in Figure 4. As the reinforcement ratio increased in two nanocomposite 

groups, hardness values increased continuously. When two groups of nanocomposites are compared, the 

hardness values of Al2024-B4C nanocomposites are higher. This is because B4C ceramic particles are harder 

than SiC. Both groups have higher hardness values than unreinforced Al2024 sample. 

 

 
Figure 4. Change in Brinell hardness of the Al2024-B4C and Al2024-SiC nanocomposites with the 

reinforcement ratio 

 

The relative densities of the Al2024-B4C and Al2024-SiC nanocomposites are shown in Table 1 and the change 

with the reinforcement ratio is shown in Figure 5. The relative density changes of both Al2024-B4C and Al2024-

SiC nanocomposites are very close to each other. Relative densities decreased in both nanocomposite groups as 

the reinforcement ratio increased. 

 

 
Figure 5. Change in relative density of the Al2024-B4C and Al2024-SiC nanocomposites with the reinforcement 

ratio 
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4 CONCLUSION 
 

1. B4C and SiC nanoparticles were reinforced separately and Al2024 matrix nanocomposites were 

produced by powder metallurgy method. 

2. Microstructural examination showed that B4C and SiC distributions were homogeneous in the Al2024 

alloy matrix.  

3. The bending strength of B4C and SiC reinforced Al2024 matrix nanocomposites increased compared to 

the unreinforced Al2024 sample. Furthermore, the strength values of Al2024-B4C nanocomposites are 

higher than Al2024-SiC nanocomposites. In addition, bending strength values increased up to wt.%2 

reinforcement ratio in both composite groups and decreased suddenly after wt.%2. 

4. The relative densities of B4C and SiC reinforced Al2024 matrix nanocomposites decreased 

continuously compared to the unreinforced Al2024 sample. Relative densities are very close to each 

other in both nanocomposite groups. 

5. As the reinforcement ratio of both Al2024-B4C and Al2024-SiC nanocomposites increased, brinell 

hardness increased. However, the hardness values of Al2024-B4C nanocomposites are higher than those 

of Al2024-SiC nanocomposites. 
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Abstract 

In this research, Erzincan Tulum cheese samples were produced in the Dumlu 

(Erzurum, Turkey) plateaus with the help of the Şavak tribe who are the original 

producers of cheese and were produced by using commercial liquid rennet from 

raw Akkaraman sheep’s milk (cheese R) and pasteurized Akkaraman sheep’s 

milk (cheese P). Produced cheeses were filled into the plastic barrels (2 kg) and 

ripened in a refrigerator at 4±1 °C for 90 days. Some microbiological properties 

(total coliforms, Staphylococcus aureus and yeasts & moulds) of the produced 

cheeses were examined during the ripening period. In this study, the S. aureus 

counts were < 2 log cfu/g in all Tulum cheese samples during the ripening period. 

In addition, total coliforms counts were < 1 log cfu/g in Tulum cheese samples 

produced from pasteurized milk (P) during the ripening period. The cheese 

sample produced from raw milk (R) has higher total coliforms counts according 

to the cheese sample produced from pasteurized milk (P) during the ripening 

period. The R and P cheese samples have similar yeast and mould counts during 

the ripening period. Total coliforms counts in R cheese sample decreased 

continuously during the ripening period. In addition, yeast and mould counts in R 

and P cheese samples decreased continuously during the ripening period. 

 

1 INTRODUCTION  
 

Erzincan Tulum cheese (Tulum cheese) has a white or cream colour, high fat content, buttery flavour and semi-

hard texture and crumbles easily [1]. The manufacturing and ripening processes of Erzincan Tulum cheese have 

been extensively reviewed and discussed by Çakmakçı [1], Cakir et al. [2] and Cakir and Cakmakci [3] in detail. 

Erzincan Tulum cheese; It is the most produced cheese type after White cheese and Kashar cheese and has a 

higher economic value compared to these two cheeses [4]. Erzincan Tulum cheese, which is the best known 

among the Tulum cheeses, is the third most commonly produced cheese in Turkey. In addition to be convenient 

for exportation, having high nutritional value and being more expensive than butter increase the economic 

importance of Tulum cheese [3]. 

 

In this study, the effects of milk type and the ripening period on some microbiological properties of Erzincan 

Tulum cheeses, which is produced from raw and pasteurized Akkaraman sheep’s milk using the commercial 

liquid rennet were investigated during the ripening period. For this purpose; just after the production of the 

cheeses, the cheeses were packaged in the plastic barrels and the Tulum cheeses were stored at 4±1°C were 

tested during the ripening period. 

 

2 MATERIAL AND METHOD 
 

2.1 Materials 

 

Raw and pasteurized Akkaraman sheep’s milk, salt and commercial liquid rennet used in the production of 

Erzincan Tulum cheese were obtained from Şavak tribe who is producing Tulum cheese and coming to Tortum 

(Dumlu) plateaus (Erzurum, Turkey) from Elazig (Photo 1). The plastic barrels (2 kg capacity) used in the 

packaging of cheese were provided from Çeloğlu Inc. The packaging and production of Tulum cheese were 

carried out in Elazig. 
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2.2 Sampling 

 

The Tulum cheeses were stored in a refrigerator (4 ±1 °C) and were sampled from the same plastic barrels (2 kg 

capacity) at each sampling time (1, 30, 60, 90 d), but before taking samples the surface section of the cheese 

samples (approximately 0.5 to 1.0 cm) was discarded. After each sampling time, the surfaces of the Tulum 

cheeses were covered with a nylon material after sampling, and the Tulum cheeses were stored again for more 

sampling within the plastic barrels. 

 

 
Photo 1. A photo from Erzurum (Dumlu) Plateaus 

 
2.3 Production of Tulum cheese  

  

Raw and pasteurized Akkaraman sheep’s milk 

 
Filtration 

 
The addition of commercial liquid rennet  

 
Coagulation 

 
Breaking of curd 

 
Filling into cotton bags of curd 

 
Pressed at plateau temperature for 24 h (pressing by piling the cotton bags on top of each other, with regular 

turning) 

 
Kneading into pea-size pieces by hand removed from the bags 

 

Dry salting (3% (wt/wt) NaCl) 
 

Repeat filling into cotton bags and pressing for several days / Removal of whey 

 
Packaging (into the plastic barrels) 

 
Ripening (at 4±1°C for 3 months) 

 
Cheese samples were analysed for every 30 d (intervals of 1, 30, 60 and 90 days of ripening) 

Figure 1. A flow sheet for the production of Erzincan Tulum cheese 

 

2.4 Microbiological analysis 

 

For microbiological analysis, 10 g of Tulum cheese was weighed and dispersed aseptically in 90 mL of saline 

peptone water that included 0.85% NaCl plus 0.1% peptone. The mixture was homogenized (8 strokes per 

second) in a sterile polyethylene bag using a Stomacher (Mayo HG400 Stomacher, Italy) for 2 min. Serial 

dilutions were made in saline peptone water (ISO 6887) [5], and all tests were performed in duplicate. Total 
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coliforms were enumerated on Violet Red Bile Agar (VRBA, Merck, Germany) at 35-37 °C for 48 h [5], yeasts 

& moulds on Potato Dextrose Agar (PDA, Merck, Darmstadt, Germany) at 25 °C for 5-7 days [5]. and 

Staphylococcus aureus on Baird-Parker Agar (Merck) at 37 °C for 24 h [5]. 

 

2.5 Statistical analysis 

 

The experiments were conducted in a completely randomised design in a factorial arrangement: two treatments 

of cheese (R and P), four ripening periods (1th, 30th, 60th and 90th days) and two replicates. All data were 

analyzed statistically using SPSS 17.0 programme (SPSS Inc., Chicago, IL, USA). Analysis of variance 

(ANOVA) and Duncan’s Multiple Range Test were used to determine significant differences among results.  

 

3 RESULTS AND DISCUSSION 
 

In the cheese sample produced from raw milk (R), total coliforms counts decreased continuously during the 

ripening period (Table 1). Similar results were also found by Cakir and Cakmakci [3]. Total coliforms counts 

were < 1 log cfu/g in Tulum cheese samples produced from pasteurized milk (P) during the ripening period 

(Table 1). Coliform was not detected in P samples during the ripening period. This is thought to be due to the 

pasteurization process. In this study, the S. aureus counts were < 2 log cfu/g in all Tulum cheese samples during 

the ripening period (Table 1). S. aureus was not detected in any samples during the ripening period. Similar 

results were also found by Cakir and Cakmakci [3]. The R and P cheese samples have statistically similar yeast 

and mould counts during the ripening period. In addition, yeast and mould counts in all cheese samples 

decreased continuously during the ripening period (Table 1). Similar results were also found by Cakir and 

Cakmakci [3].  

 

The ripening period has statistically a significant effect on the total coliforms, yeast and mould counts (P < 0.05) 

(Table 1 and 2). Also, the cheese variety has a statistically significant effect on the Total coliforms counts (P < 

0.05) (Tables 1 and 2).  

 

Table 1. Microbiological properties of Erzincan Tulum cheese samples during the ripening period 

Type of cheese 

(Treatment) 

Ripening time 

(Days) 
Total coliforms S. aureus 

 

Yeasts & moulds 

R  

1 3.10±0.14 <2 6.65±0.14 

30 2.93±0.04 <2 6.28±0.12 

60 2.37±0.23 <2 6.01±0.23 

90 1.67±0.25 <2 5.38±0.20 

Average 2.52±0.61a <2 6.08±0.51a 

P 

1 <1 <2 6.55±0.21 

30 <1 <2 6.37±0.11 

60 <1 <2 5.51±0.35 

90 <1 <2 5.21±0.28 

Average <1b <2 5.91±0.63a 

Treatment 

average 

1 1.55±1.79a <2 6.60±0.16a 

30 1.46±1.69a <2 6.32±0.11a 

60 1.19±1.37b <2 5.76±0.38b 

90 0.84±0.98c <2 5.30±0.22c 

Average 1.26±1.37 <2 5.99±0.56 
R: Tulum cheese produced from raw Akkaraman sheep’s milk; P: Tulum cheese produced from pasteurized Akkaraman 

sheep’s milk. *Averages of the same column values (each section separately) by the same letter did not differ 

significantly from Duncan’s multiple range tests at 5% significance. 

(a-c) Mean ± SD, values followed by the same letters within a column are significantly different at P < 0.05. 

 

Table 2. The variance analysis results of microbiological properties of Erzincan Tulum cheese samples during 

the ripening 

Resources of variation df Total coliforms (F) S. aureus (F) Yeasts & moulds (F) 

Treatment (T) 1 1476.200** - 2.361 

Ripening period (R) 3 24.197** - 28.214** 

T  R 3 24.197** - 1.271 

Error 8    

General 16    
*P < 0.05, **P < 0.01 significance levels    
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4 CONCLUSION  
 

Erzincan Tulum cheese, which is considered as our most important traditional cheese, can be safely consumed 

after 3 months of ripening when it is produced under controlled conditions. 
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Abstract 

The statistical downscaling involves deriving statistical relationships that transform 

large scale atmospheric variables such as temperature, humidity, precipitation etc. 

to regional scale variables like precipitation and temperature directly. This study 

aims to set up a statistical downscaling model between large scale potential 

predictors selected from National Center for Environmental Prediction and 

National Center for Atmospheric Research (NCEP / NCAR) re-analysis data set 

and monthly mean air temperature parameter measured for various meteorological 

stations in the Eastern Black Sea Basin. For this purpose, 12 large scale predictors, 

which are found in NCEP/NCAR re-analysis data set, were used to set up the 

models. Multivariate adaptive regression splines (MARS) was used as the statistical 

downscaling method. For evaluating the performance of models, three statistical 

indices namely root means square error, mean absolute error, and the Nash Sutcliffe 

coefficient of efficiency, were used. According to the model results, NS value was 

found to be between 0.9-1.0 in all stations. The results showed that MARS models 

with NCEP/NCAR re-analysis data set gave more accurate results for all of the 

stations. It was concluded that the MARS can be employed successfully in 

statistical downscaling studies. 

 

1 INTRODUCTION  
 

As mentioned in the Fifth Assessment Report (AR5) of the Intergovernmental Panel on Climate Change (IPCC), 

the current global average surface temperature warmed by 0.85 °C from 1880 to 2012, and the beginning of the 

21st century has been the warmest on records [1]. The increase in global temperature has caused higher 

evapotranspiration rates leading to changes in precipitation worldwide, and significantly impacted hydrological 

processes and the occurrence frequency of hydrological events [2, 3]. Future climate change scenarios are 

generally derived from projections of climate change undertaken by general circulation models (GCMs). 

However, the coarse spatial resolution of such projections does not capture the local features needed for regional 

impact assessments [4]. In order to evaluate the effect of large scale atmospheric patterns at the local scale, 

downscaling methods were developed [5]. The downscaling methods are divided into two main groups. The first 

one is dynamic downscaling methods and the other one is statistical downscaling methods. In dynamic 

downscaling, the GCM outputs are used as boundary conditions to drive a Regional Climate Model or Limited 

Area Model and produce regional-scale information up to 5~50 km. This method has superior capability in 

complex terrain or with changed land cover [6, 7]. However, this method entails higher computation cost and 

relies strongly on the boundary conditions provided by GCMs. In contrast, statistical downscaling gains local- or 

station-scale meteorological time series (predictands) by appropriate statistical or empirical relationships with 

surface or troposphere atmospheric predictors [8]. Since this method is inexpensive to use and is as powerful as 

its dynamic competitor, it has been widely employed in climate change impact assessments [9]. The most 

common statistical downscaling approaches are the transfer functions, which model the relationship between 

large scale atmospheric variables and local surface variables [10]. Applications of these transfer functions range 

from regression types to artificial neural networks, principal component analysis, support vector machines, 

canonical correlation, and to redundancy analysis [11, 12]. 

 

The main purpose of this study is to set up a statistical downscaling model that reduces the large scale climate 

parameters found in National Center for Environmental Prediction and National Center for Atmospheric 
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Research (NCEP/NCAR) re-analysis data set to regional scale. For this purpose, Multivariate adaptive regression 

splines (MARS) method, which is rarely used in downscaling studies in literature, was applied [13, 14]. The 

methodology presented is useful in reconstruction of monthly temperature and precipitation data, particularly for 

future assessment of climate change impacts at basin scale. It is hoped that the results to be obtained can be used 

as input data in many studies evaluating the effects of climate change.  

 

2 MATERIAL AND METHOD 
 

2.1 Study Area and Data Sets 

 

EBSB is located on the north eastern coast of Turkey. The basin is geographically located between 40° 15’- 41° 

34’ north latitudes and 36° 43’- 41° 35’ east longitudes. The climate characteristic of the northeast coastal region 

of Turkey is rainy and humid. The Black Sea coast receives the greatest amount of rainfall and is the only region 

of Turkey that receives rainfall throughout the year. The studied region averages 1,019 mm annually; this figure 

can reach 2,300 mm near Rize Province [15]. In this study, the stations which are considered to represent the 

basin and have a measured data set of 30 years, including 1981-2010, were identified. 12 meteorological station 

are available within and around the basin. The settlements of these stations within the basin are shown on the 

numerical elevation model created using ArcGIS software (Fig. 1). Monthly temperature records for these 

stations are obtained from the Turkish Meteorological Service in Turkey.  

 

 
Figure 1.  Meteorological stations in the basin and digital elevation model 

 

2.2 NCEP/NCAR Re-analysis Data Set 

 

NCEP/NCAR have been creating and presenting data sets containing global atmospheric analyses from 1948 to 

the present day for atmospheric studies and understanding of climate events. This global climate data set is 

prepared with spectral statistical interpolation resolution of 210 km (2.5° x 2.5°) using national archives, 

meteorological observation stations, ship and aircraft observations, satellite data and weather forecasting models 

of many countries [16]. NCEP/NCAR re-analysis data have been used as a regional estimator in many 

downscaling studies [17-23]. The NCEP/NCAR grids that are considered to represent the study area are shown 

in Fig. 2. The NCEP / NCAR re-analysis data to be used in this study was accessed from the website of the 

National Oceanic and Atmospheric Administration (NOAA). The NCEP/NCAR distributes the re-analysis data 

set of which time resolution varies from hours to month, to present atmospheric conditions at different levels of 

the atmosphere [16]. The atmospheric variables to be provided to the downscaling models for the purpose of 

downscaling models of the monthly temperature series representing the study region consist of 12 NCEP/NCAR 

variables, which common to GCM. The NCEP/NCAR monthly mean re-analysis data set are selected for the 

study region as large scale predictors for the period from 1981 to 2010. The variables extracted from the 

NCEP/NCAR re-analysis data set include air temperature, relative humidity, and geopotential height at various 

atmospheric levels (200hPa, 500hPa and 850hPa) and pressure, sea level pressure, air temperature and large-

scale precipitation (Table 1). In this context, the data in the grid determined in Fig. 2 was read using ArcGIS 

software and used in downscaling models. Eight stations in the north were modelled using low resolution climate 

parameters belonging to three grids in the north. Similarly, the four stations in the south are modelled by the 

climatic parameters of the three grids in the south. 
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(a) 

 
(b) 

Figure 2. Location of Turkey (a) and Eastern Black Sea Basin (b) with NCEP/NCAR grid coverage 

 

Table 1. The large scale common variables selected from the NCEP/NCAR re-analysis data set (similar to 

reference [11, 22]) 

Atmospheric Levels Atmospheric Variables Resolution (°) 

200hPa 
air200 (°C) 2.5x2.5 

hgt200 (m) 2.5x2.5 

500hPa 

air500 (°C) 2.5x2.5 

hgt500 (m) 2.5x2.5 

rhum500 (%) 2.5x2.5 

850hPa 

air850 (°C) 2.5x2.5 

hgt850 (m) 2.5x2.5 

rhum850 (%) 2.5x2.5 

Surface 

air (°C) 2.5x2.5 

press (hPa) 2.5x2.5 

slp (hPa) 2.5x2.5 

prate (kg/m2) 1.875x1.905 

 

In Table 1 the air represent mean air temperature (in degree Celsius), press represent pressure (in hectopascal), 

slp represent sea level pressure (in hectopascal), prate represent precipitation (in kilogram per square meter), hgt 

represent geopotential height (in meter), rhum represent relative humidity (in percent) respectively.  
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2.3 Multivariate Adaptive Regression Splines (MARS) 

 

MARS which is developed by Freidman [24] is a form of non-parametric regression analyses. Non-parametric 

regression methods are used to represent events that are not linearity between variables. In this method there is 

not any assumption about underlying functional relationship between the input and output variables. The 

fundamental principle of this method is that it split the data into various regions to fit a regression model to each 

region. This technique has gathered attention due to the significant performance in estimates made with a 

nonlinear dataset. This flexible method is used in order to predict continuous numeric outcomes. The MARS 

method produces flexible, precise and quick regression models for forecasting continuous and binary output 

variables. It has been successfully applied and verified in the different field engineering applications [25-28]. 

The detailed information about the MARS can be found in [29]. The Salford Predictive Modeler 8 package was 

used to construct MARS model [30]. The detailed implementation of MARS, which was formerly preferred for 

downscaling studies as well, was mentioned in the third section. 

 

2.4 Performance Statistics for Model Assessment 

 

Wilby et al. [5] have emphasized that standardization procedure is needed prior to downscaling to reduce biases 

in the mean and variances of NCEP/NCAR relative to observations. To reduce biases and achieve more effective 

results, the data set is standardized as fallows [31]: 

 








 


Deviation Standard

valueMeanvalueRaw
 valueeStandardiz    (1) 

 
The downscaling performances of the MARS models are evaluated using root mean square error (RMSE), mean 

absolute error (MAE), and Nash Sutcliffe coefficient of efficiency (NS) for training and testing sets. The RMSE, 

MAE, and NS are calculated as follows: 
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where ti is the actual value, 
_

t  is the average of actual values, tdi is the predicted value, and N is the total number 

of samples. The highest values of the NS, the lowest values of the RMSE and MAE mean better performance of 

the developed models [32, 33]. The NS evaluates the capability of the model in simulating the output data away 

from the mean statistics. A value of NS close to 1 indicates that the model is very good (Table 2). 

 

Table 2. General performance ratings for NS measure for a monthly time step [34]. 

Performans Very Good Good Satisfactory Unsatisfactory 

 NS 0.75<NS<1 0.65<NS<0.75 0.50<NS<0.65 NS<0.50 

 

3 RESULTS 
 

In the MARS modelling, 80% (24 years from 1981 to 2004) of the data was used for the training of the models 

and 20% (6 years from 2005 to 2010) of the data were used for the testing of the models. The optimum 

parameters for the MARS models were determined by trial and error. In the MARS models, the maximum 

number of BFs was initially selected as 50 for each model. The optimum number of BF and coefficients for 

Bayburt, Gümüşhane, and Trabzon stations obtained from the MARS were given in Table 3. Due to page 

number limitation, the calibrated MARS weights and the related basic functions (BF) are shared for only three 

stations, that are namely Bayburt, Gümüşhane and Trabzon. 
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Table 3. Basis functions obtained from the MARS for representative stations 

Bayburt Gümüşhane Trabzon 

 BF1 = max( 0, air + 0.468047);  BF1 = max( 0, air850 + 0.399914);  BF1 = max( 0, air - 0.538532); 

 BF2 = max( 0, -0.468047 - air);  BF2 = max( 0, -0.399914 - air850);  BF2 = max( 0, 0.538532 - air); 

 BF3 = max( 0, rhum850 + 3.36866);  BF3 = max( 0, rhum850 + 0.746277);  BF4 = max( 0, 1.45489 - air500); 

 BF4 = max( 0, air850 + 1.85743);  BF4 = max( 0, -0.746277 - rhum850);  BF6 = max( 0, 0.34883 - slp) * BF4; 

 BF5 = max( 0, air + 0.071051) * BF3;  BF5 = max( 0, hgt200 + 0.885717);  BF8 = max( 0, -0.48166 - press) * BF4; 

 BF6 = max( 0, -0.071051 - air) * BF3;  BF7 = max( 0, rhum500 - 0.692697);  BF16 = max( 0, press - 0.557868); 

 BF12 = max( 0, 1.52298 - rhum850);  BF14 = max( 0, rhum500 + 0.072158);  BF17 = max( 0, 0.557868 - press); 

 BF15 = max( 0, air850 + 1.16752) * BF12;  BF18 = max( 0, prate + 0.422499);  BF20 = max( 0, slp + 2.01727); 

 
 BF22 = max( 0, prate + 1.18614); 

 

 
 BF26 = max( 0, hgt500 - 0.106637); 

 

 
 BF28 = max( 0, air + 0.556609); 

 

 
 BF30 = max( 0, hgt850 + 3.32234); 

 
DBayburt     = -1.70525+0.524393*BF1-0.536625*BF2+0.936142*BF4-0.131019*BF5+0.0601754*BF6-0.0842708*BF15; 

DGümüşhane = -0.308438+0.713047*BF1-1.17085*BF2+0.0946215*BF3-0.083048*BF4-0.177808*BF5-0.151592*BF7+0.0474016*BF14+ 

0.0610556*BF18-0.0771004*BF22+0.171019*BF26+0.377447*BF28-0.0177967*BF30; 

DTrabzon     = -1.87805+1.37228*BF1-1.54296*BF2-0.245984*BF6+0.162852*BF8-0.860525*BF16+0.860025*BF17+1.16668*BF20; 

 

After completing the model training process, the remaining data (test data) were used to determine how well the 

models performed. The results obtained from the equations constructed were compared with the observations, 

and the best-fit equations were determined. The comparisons were made according to the RMSE, MAE, and NS 

criteria. The meteorological stations used in the study and their abbreviated code names are given in Table 4. 

Tables 5 and 6 show the RMSE, MAE, and NS values of MARS models in training and testing phases, 

respectively.  

 

Table 4. The meteorological stations used in the study and their abbreviated code 

Stations 

S1 S2 S3 S4 S5 S6 

Akçabat Bayburt Giresun Gümüşhane Hopa Ordu 

S7 S8 S9 S10 S11 S12 

Pazar Rize Suşehri Şebinkarahisar Trabzon Ünye 

 

Table 5. RMSE, MAE, and NS values for each station in the training phase 

Training 

Station S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 

RMSE (°C) 0.571 0.924 0.761 0.615 0.870 0.601 0.567 0.818 0.724 0.804 0.773 0.654 

MAE 0.437 0.645 0.603 0.480 0.645 0.478 0.434 0.651 0.559 0.627 0.574 0.500 

NS 0.991 0.989 0.984 0.994 0.978 0.991 0.991 0.983 0.992 0.990 0.984 0.988 

 

Table 6. RMSE, MAE, and NS values for each station in the testing phase 

Testing 

Station S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 

RMSE (°C) 0.594 0.775 0.899 0.640 1.325 0.651 0.580 0.661 0.788 0.615 0.733 0.804 

MAE 0.490 0.589 0.671 0.496 0.992 0.522 0.460 0.519 0.623 0.471 0.580 0.663 

NS 0.991 0.993 0.978 0.994 0.960 0.990 0.991 0.990 0.991 0.994 0.987 0.984 

 

When the modeling results for monthly average temperature values are analysed, it is seen that the NS values of 

the training and test datasets for all 12 stations representing the basin are in a very good class. The NS value for 

all stations is between 0.75 and 1 and rather close to 1 for both the training data set and the test data set. Monthly 

averages of MARS model estimates and observation values were calculated for training and test datasets. The 

graph for Bayburt station is presented in Fig. 3.  
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Figure 3. Comparison of MARS model results and observation values of Bayburt station for training and testing 

datasets (Month numbers denote the period varied from January to December) 

 

These graphs, which are provided for Bayburt station, are prepared for all stations. When the prepared graphs are 

analysed, it is seen that the monthly average temperature estimation values of the downscaling model are very 

close to the observation values measured from the stations for all stations in all months. These results show that 

the MARS downscaling models established for temperature values can accurately model future temperature 

values. In order to see the distribution of downscaling model estimates and observation values in the basin, 

annual average temperature values of the test dataset were mapped (Fig. 4). In addition, the differences between 

the annual averages of the estimation values and the annual averages of the observation values are mapped and 

given in Fig. 5.  

 

 
(a) 

 
(b) 

Figure 4. Annual average temperature maps of the test dataset (a) observation (b) estimation 
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Figure 5. Differential map between MARS model estimation values and observation values for the time period 

of 1981-2010 

 

When the maps prepared for long term annual average temperatures are examined, it is seen that the estimation 

values are very close to the observation values in the basin.  It is seen that the difference between the estimation 

values and observation values in the basin are between -0.39 and 0.43 in percent. It is clear from the map that 

these differences are for Hopa and Akçaabat stations.  

 

4 CONCLUSION 
 

In this study, using the large scale climate parameters in the NCEP / NCAR re-analysis data set, the monthly 

average temperature values of the Eastern Black Sea Basin were estimated by using statistical downscaling 

method. For this purpose, 12 different climate parameters in the NCEP / NCAR data set were used as predictor. 

After the predictors were determined, MARS based statistical downscaling models were established for each of 

the 12 stations in the basin and the estimation results were evaluated. As a result of the analysis, it has been seen 

that MARS based statistical downscaling models give successful results for temperature parameter in reducing 

the scale of large scale data to station scale. Moreover, MARS-based statistical downscaling models produce 

very close values to the observation values given the long-term monthly averages for temperature values. The 

difference between the estimation values and observation values was found to be maximum 0.43% over the 

basin. When the error values are examined, it is seen that the NS criterion is between 0.9-1.0 for all stations. This 

result shows that the models are very good for all stations, considering the criterion referred in Table 2. 

 

The study presented uses a methodology that is beneficial in reconstruction of monthly temperature data, 

particularly for future assessment of climate change impacts at basin scale. Thus, it can be employed to produce 

significant input information for many modelling studies. The methodology can as well be applied to other 

atmospheric variables like precipitation and evaporation. This methodology can also be used in large-scale GCM 

data reduction studies to determine future temperatures.  
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Abstract 

Pectin was extracted from dried Turkish quince fruits, and the structure and 

rheological properties were studied and compared to commercial citrus pectin (CP). 

Quince pectin (QP) was obtained by using acidic-hot water extraction (pH=2, 90°C, 

120 min and 15:1, liquid: solid ratio). Pectin yield was found as 7.38%. Rheological 

behaviour of QP and CP was similar at lower concentrations (1%), after that level 

the behaviour of QP showed shear-thinning behaviour. FT-IR spectra presented that 

QP showed characteristic peaks assigned to pectin structure. There was an 

endothermic melting point at 165°C for QP, and an exothermic degradation peak at 

240°C. The stronger gel was obtained by quince pectin comparable to gel prepared 

with citrus pectin under the same condition in terms of hardness, adhesiveness, 

chewiness and gumminess.  

1 INTRODUCTION  
 

Pectin is one of the major components of the primary cell walls and middle cellular in higher plants. Pectin is one 

of the polysaccharides used in the food industry as a gelling agent, thickener and emulsifier. It may have different 

physicochemical and functional properties according to the different sources of raw materials and preparation 

methods. Commercial pectins are usually obtained from citrus peel and apple pomace. There are some studies uses 

different raw materials, hawthorn pomace [1], blackcurrant fruit [2], potato pulp [3], eggplant peel [4], watermelon 

[5] and melon rinds [6] for pectin extraction. Quince is a species belonging to the Rosaceae family, it is rich in 

phenolics, dietary fibre and pectin. Major countries in world quince production are Turkey, China, Uzbekistan, 

Morocco and Iran. Compared to other fruits, quince had low commercial values to be consumed as fresh, and only 

other uses in food industry as jams and jelly production. However, due to its higher pectin content it could be an 

alternative source for commercialization. The aim of our study is to extract pectin from quince and determine some 

of its physicochemical properties and determine gelling properties.  

 

2 MATERIAL AND METHOD 
 

The ripe quince fruits were collected from native plants provided from market in Istanbul, Turkey in 2019. After 

removing the seeds by manually, the flesh including skin were cut into small pieces and homogenized by using a 

fruit processor (Sinbo SJ-3143, Turkey). The solid part was dried by using a conventional drier on an aluminium 

foil (0.5 cm depth) at 50°C for 10 hours. The pomace was turned upside down at every 3 hours for uniform drying. 

  

2.1 Crude polysaccharide extraction 

 

Dried quince pomace was finely milled by using Karmette mill (İstanbul, Turkey). Quince powder was mixed with 

80% ethanol (1:10; w:v) and allowed to stand overnight to remove most the polyphenols, monosaccharides, and 

small molecule impurities. After filtration, the powder was air-dried and submitted to acidic hot-water (0.01 N 

HCl, pH=2) extraction with an extraction time of 120 min, at a temperature of 90 °C, and ratio of water to quince 

powder of 1:15 (m/v). After extraction, solutions were centrifuged at 5,870 g for 10 min and the supernatant was 

filtered through a filter paper (Whatman, grade 4, pore size 20–25 µm; Fisher Scientific, Loughborough, UK). The 

filtrate was collected and concentrated to 1/4 of the original volume (°Bx value of 10) with a rotary evaporator at 

50 °C under vacuum. The filtrate was subsequently mixed with four volumes of ethanol and kept at 4 °C overnight. 

The precipitates were obtained by centrifugation at 15,000 g for 20 min at chill temperature (4 °C). The pellet was 

washed with acetone and ethanol and dried by using a vacuum drying oven (Daihan WOV-30, Gangwondo, South 
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Korea). The vacuum was regulated by a vacuum pump (EVP 2XZ-2C, Zhejiang, China) with 60 mbar ultimate 

pressure and 2 L/s pump speed. Drying of the sample started after the desired temperature was reached (45°C) and 

continued for 8 h. The percentage yield of crude polysaccharide (Y) was calculated as follows:  

 

Y (%) = 100 × (Wp /Wi)                     (1) 

 

where Wp is the weight of the crude polysaccharide powder and Wi is the weight of quince powder. 

 

2.2 Fourier transform infrared (FTIR) spectroscopy analysis 

 

Spectral measurements were performed within the mid-infrared range of 4000–600cm−1at a resolution of 4 cm-1 

accumulating 16 scans per spectra. All measurements were performed in triplicate with a diamond ATR accessory 

(Bruker, Bremen, Germany).  All of the samples were directly compressed on attenuated total reflectance (ATR) 

crystal prior to analysis without any preliminary preparation. Ethanol and distilled water were used in order to 

clean the diamond ATR crystal. Spectra of the clean and dry diamond crystal surface against air were recorded 

and used as a background for each measurement. All sample spectra were subtracted by the background air 

spectrum. 

 

2.3 Differential Scanning Calorimetry (DSC) analysis  

 

A differential scanning calorimetry measurements were performed using a DSC, TA-Q2000 (USA) equipped with 

a TA Instruments DSC cooling system under a nitrogen purge gas flow of 30 mL min−1. After being finely ground 

and dried, 4 mg of sample was added into a standard aluminium crucible and immediately sealed. The crucible 

was heated from 25 °C to 250 °C at a heating rate of 10 °C per minute. Simultaneously, an empty standard 

aluminium crucible was used as reference. Indium was used to calibrate the calorimeter in temperature and energy. 

From the thermogram obtained, the peak parameters were assessed. 

 

2.4 Viscosity measurement  

 

Quince pectin and citrus pectin (DSM) were dissolved in deionized water at concentrations of 1.0%, 3.0% and 

5.0% (w:v). The rheological measurements were determined by a strain-/stress-controlled rheometer (MCR-302, 

Anton Paar, Australia) equipped with a temperature control unit and a parallel-plate (radius = 50 mm) 

configuration and a gap of 0.5 mm. The measurements were taken within the shear rate changed between 0.1 and 

100 s−1 at 25 °C.  Each sample was tested in triplicate. The flow curves of the samples were obtained from shear 

stress versus shear rate data were fitted to the power-law equation: 

 

σ= Kγn                   (2) 

 

where σ is the shear stress (Pa), K is the consistency coefficient (Pa.sn), γ is the shear rate (s−1), n is the flow 

behaviour index (dimensionless). 

 

2.5 Preparation of pectin gels  

 

Pectin powders (1.5%), water, part of sugar (4.5%), citric acid (%0.03) and trisodium citrate were mixed and 

dissolved at 80°C. Other parts of sugar (40%), glucose syrup (27%) was added and heated up to 108°C. 50% citric 

acid solution and sour cherry concentrate were added, and gels were stored in a refrigerator (4–6°C) and kept at 

room temperature for an hour before texture analysis.  

 

2.6 Texture analysis 

 

Texture analysis was performed at TA-HD PLUS (Stable Microsystems Ltd., Surrey, UK) with a 36-mm 

cylindrical probe, compression rate of 1.0 mm/s at room temperature. Pre-test speed, test speed and post-test speed 

were adjusted to 1.5, 1.0 and 1.0 mm/s, respectively. Trigger force was 5 g, and trigger type was on auto mode. 

The delay between first and second compression was 5 s. Measurement was carried out at ambient temperature 

(25°C), and the analysis was completed at 100 s. Three measurements were made for each sample in the same lot 

and average value was reported for each parameter. The hardness, adhesiveness, gumminess and chewiness values 

were calculated with the help of software provided along with the instrument.  

 

3 RESULTS 
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The yield of crude quince pectin was found at 7.38 ± 0.85 %. FT-IR analysis was performed to identify the major 

functional groups of pectin samples. The FT-IR spectra of quince and citrus pectin are displayed in Figure 1. The 

peak at 2987 and 2971 cm-1 appeared in both quince and citrus pectin ascribed to the stretching and bending 

vibration of C-H groups, including CH, CH2 and CH3. The peaks at about 1748 and 1648 in quince pectin were 

the C=O stretching vibration of esterified and non-esterified groups (free carboxyl groups) and characteristic peaks 

for pectin related to its esterification degree. Similar peaks were also observed in another study characterizing 

Chinese quince pectin [7]. The peaks at 1396 cm-1 for quince pectin and 1406 cm-1 for citrus pectin were attributed 

to bending vibration of COH. The absorption between 900 cm-1 and 1200 cm-1 was the fingerprinting region of 

pectin. The peak 1053 cm-1 for quince pectin and 1060 cm-1 for citrus pectin assigned to the presence of pyranose 

structure.  

 
Figure 1. FTIR spectra of quince pectin (QP) and citrus pectin (CP) 

 

DSC was used to describe changes in the reaction enthalpy during thermal degradation. The first endothermic peak 

with a maximum at about 100 °C, which was due to the loss of water molecules (Figure 2). In the case of this 

study, the presence of an endothermic peak at 165 °C could indicate the breakage of hydrogen bonds occurred in 

the structure of quince pectin. The exothermic peaks (degradation temperature) were recorded at 240 °C for quince 

pectin. 

 

 
Figure 2. DSC thermogram of quince pectin (QP) 

 

Figure 3 shows the flow curves of quince (QP) and citrus pectin (CP) solutions. CP is a commercial pectin and 

used for comparison purposes. At the concentration of 1%, the viscosity values of QP was higher than CP solution. 

When the concentration of QP was increased to 3%, the viscosity was reduced by increased shear-rate and showed 

shear-thinning behaviour, whereas CP at 3% concentration still had Newtonian flow. At 5% concentration, both 

pectin showed similar viscosity. 

60012001800240030003600

QP

60012001800240030003600

CP
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Figure 3. Viscosity curves of quince pectin (QP) and citrus pectin (CP) solutions at concentration of 1%, 3% and 

5% (w/w) in water 

 

It can be seen that the flow behaviour of QP and CP at 1% w/w concentration followed Newtonian behaviour with 

R2 of higher than 0.99. CP at 3% concentration showed the similar flow behaviour, whereas QP at the same 

concentration showed the model fitted to Power-law model with a consistency coefficient of 0.73 and n value is 

lower than 1 showing the shear-thinning behaviour. At 5% concentration both pectin showed the same flow 

behaviour with a consistency coefficient of 0.65 and 0.68 (Table 1). 

 

Table 1.  Flow behaviour of quince pectin (QP) and citrus pectin (CP) solutions at concentration of 1%, 3% and 

5% (w/w) in water 

Sample Concentration  (w:v) Model type Model equation Regression Coefficient 

QP %1 Newtonian y = 0.0285x  R² = 0.9998 

%3 Power-law y = 0.7308x0.8542 R² = 0.9969 

%5 Power-law y = 0.6581x0.9264 R² = 0.9996 

CP %1 Newtonian y = 0.0104x  R² = 0.9993 

%3 Newtonian y = 0.0404x R² = 0.9999 

%5 Power-law y = 0.6819x0.9028 R² = 0.9992 

 

The gel formation takes place under conditions of low water activity, which is often achieved by the addition of 

co-solutes, favouring the inter chain interactions. A minimum of 55% (w/w) of co-solute is required to induce the 

gelation of pectin, while 60–65% (w/w) is considered the ideal concentration. The gel produced by QP showed 

higher hardness, adhesiveness and gumminess values that showed QP had better gelation ability compare to the 

commercial citrus pectin (Table 2).  

 

0,0

1,0

2,0

3,0

4,0

0 20 40 60 80 100

S
h
ea

r 
st

re
ss

 (
P

a)

Shear rate (1/s)

QP-%1 CP-%1

0

10

20

30

40

0 20 40 60 80 100

S
h
ea

r 
st

re
ss

 (
P

a)

Shear rate (1/s)

QP-%3 CP-%3

0

10

20

30

40

50

0 20 40 60 80 100

S
h
ea

r 
st

re
ss

 (
P

a)

Shear rate (1/s)

QP-%5 CP-%5

693



The Characterization and Rheological Properties of Pectin Extracted from Turkish 

Quince 

ICADET ‘19 

 

 

Table 2. Texture properties of quince pectin (QP) and citrus pectin (CP) gels 

 Hardness Adhesiveness Gumminess Chewiness 

QP gel 3.72 ± 0.31 -2.12 ± 0.24 3.14 ± 0.33     2.72 ± 0.31 

CP gel 2.45 ± 0.23 -3.37 ± 0.53 2.46 ± 0.25 2.03 ± 0.25 

 

4 CONCLUSION 
 

Our results revealed that quince can be used as an alternative pectin source. The structure of quince pectin showed 

similar peaks to commercial citrus pectin according to FT-IR measurements. In terms of viscosity measurements, 

QP had higher viscosity values at the same concentration. Compare to commercial citrus pectin, quince pectin 

showed better textural properties, as well. Our future study will include the chemical characterization of quince 

pectin and its gelling properties depending on the production method.  

 

References  

 
[1] Q. Guo, J. Du, and Y. Jiang, H.G., S.W. Goff and A. Cui, “Pectic polysaccharides from hawthorn: 

Physicochemical and partial structural characterization," Food Hydrocolloids, vol. 90, pp.146-153, 2019 

[2] K. Alba, W. MacNaughtan, A.P. Laws, T.J. Foster, G.M. Campbell and V. Kontogiorgos, "Fractionation and 

characterisation of dietary fibre from blackcurrant pomace," Food Hydrocolloids, vol. 81, pp.398-408, 2018 

 [3] J-S. Yang, T-H. Mu and M-M. Ma, "Optimization of ultrasound-microwave assisted acid extraction of pectin 

from potato pulp by response surface methodology and its characterization," Food Chemistry, vol. 289, 

pp.351-359, 2019 

[4] M. Kazemi, F. Khodaiyan and S.S. Hosseini," Utilization of food processing wastes of eggplant as a high 

potential pectin source and characterization of extracted pectin," Food Chemistry, vol. 294, pp.339-346, 2019 

[5] C.L.O. Petkowicz, L.C. Vriesmann and P.A. Williams, " Pectins from food waste: Extraction, 

characterization and properties of watermelon rind pectin," Food Chemistry, vol. 65, pp.57-67, 2017 

[6] Z. Raji, F. Khodaiyan, K. Rezaei, H.Kiani and S.S. Hosseini, "Extraction optimization and physicochemical 

properties of pectin from melon peel," International Journal of Biological Macromolecules, vol. 98, pp.709-

716, 2017 

[7] Z. Qin, H.M, Liu, X-C. Cheng and X-D. Wang, "Effect of drying pretreatment methods on structure and 

properties of pectins extracted from Chinese quince fruit," International Journal of Biological 

Macromolecules, vol. 137 pp. 801–808, 2019 

 

 

 

 

694



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*burak.cirpici@erzurum.edu.tr 

Thermal Performance of Protected Composite Slab-Beam Systems  

Exposed to Fire 

 
Burak Kaan CIRPICI*, Suleyman Nazif ORHAN, Turkay KOTAN 

 
Erzurum Technical University, Department of Civil Engineering, Erzurum, Turkey 

 

Keywords:  
Fire resistance 

Composite floor 

Steel decking 

Steel beam 

Finite element 

modelling 

Intumescent coating 

 

 
Abstract 

This paper presents an investigation of the thermal performance of composite floor 

slabs with profiled steel decking exposed to fire effects from floor. A detailed finite-

element model has been developed by representing the concrete slab with steel 

decking under of it and steel beam both steel parts protected by intumescent coating. 

Although this type of floor systems offer a better fire resistance, passive fire 

protection materials should be applied when a higher fire resistance is desired. 

Moreover, fire exposed side is so crucial for composite slab systems as the total fire 

behaviour of the floor system changes dramatically. When the fire attack from steel 

parts, the temperature rises rapidly resulting in a sudden decrease on the strength of 

the beam and decking. Herein this paper, the fire attack side is assumed from the face 

of the concrete floor (top of the concrete assembly). Therefore, the heat is transferred 

through concrete to the steel decking and reaching finally to the steel beam both 

protected by intumescent coating. In this work, the numerical model has been 

established to predict the heat transfer performance including material properties 

such as thermal conductivity, specific heat and dry film thickness of intumescent 

coating. The developed numerical model has been divided into different layers to 

understand the sensitivity of steel temperature to the number of layers of intumescent 

coating. Results show that the protected composite floors offer a higher fire 

resistance as the temperature of the steel section remains below 60℃ even after 60-

minute Standard (ISO) fire and Fast fire exposure. Obtaining lower temperatures in 

steel due to the great fire performance of the concrete itself results in lesser 

reductions of strength and stiffness hence, lesser deflections. 

1 INTRODUCTION  
 

Composite floor systems using steel beam and steel decking are amongst the trending methods of construction for 

especially high-rise residential and commercial buildings. Typical construction model of composite floor systems 

involves lightweight or normal weight concrete slab cast over a profiled steel decking as illustrated in Figure 1. 

The type of the steel deck may vary with different geometries such as commonly used flat or trapezoidal shapes. 

Large-scale fire tests as well as recent building fires occurred have shown that the ultimate load of composite slabs 

under fire conditions is greater posing a significant load-bearing capacity that can be predicted by conventional 

yield line theory. Welded wire mesh reinforcement is not always necessary used in composite floor members. 

However, it helps to control the cracking [1]. With regard to thermal insulation provided by the concrete part of 

the slap, the heat transfer due to the temperature increase is slow because of good thermal performance of concrete 

itself. The temperature at the unexposed top surface of the slab is of particular importance when the fire does not 

directly expose on it [2]. Several researchers [3], [4], [5], [6], [7], [8], [9] have tested or developed numerical 

models to document the behaviour of composite floor systems under fire conditions and have identified the 

probable reasons for the failure with temperature increase (temperature distribution on the steel beam or concrete 

slab) or decrease in strength and stiffness of the steel parts (e.g. steel beam). For the Finite Element (FE) based 

methods, the accurate and adequate temperature calibration is extremely crucial and critical for predicting the 

structural thermal response of these kind of systems correctly. This study focuses on the response of protected 

composite floor of which assemblies exposed to ISO-834 Standard fire [10] and Fast fire [11]. As the fire protection 

material for the steel parts including beam and decking, thin film intumescent coatings have been applied on them 

with a thickness as this kind of formulated reactive paints are designed to expand by a factor of between 5-100 

times by releasing gases and forming a final char which acts as a thermal barrier [12], [13], [14], [15]. 
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Figure 1. Typical model of composite slab [1] 

 

2 MATERIAL AND METHOD 
 

2.1 Material Thermal Properties 

 

The main required thermal properties for heat transfer analysis are specific heat, thermal conductivity, emissivity 

and density. 

 

2.1.1 Steel Properties 

 

The thermal conductivity, specific heat and density of steel structural steel has been obtained from Eurocode 3 

Part 1.2 [16]. 

 

 The thermal conductivity of steel is: 

 

If steel temperature 𝑇𝑠𝑡  (𝐾) is lower than 800℃; 

 

𝜆𝑠𝑡 = 54 − 3.33 × 10−2 𝑇𝑠𝑡 (1) 

 

If steel temperature is higher than 800℃; 

 

𝜆𝑠𝑡 = 27.3 (2) 

where 𝜆𝑠𝑡 is the steel thermal conductivity (𝑊 𝑚𝐾⁄ ). Figure 2 presents the thermal conductivity of steel-

temperature relationship based on EN 1993-1-2. 

 

 
Figure 2. Variation of thermal conductivity of steel with temperature [16] 
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 The specific heat-temperature relation is: 

 

If 20℃ ≤ 𝑇𝑠𝑡 < 600℃; 

 

𝐶𝑠𝑡 = 425 + 7.73 × 10−1𝑇𝑠𝑡 − 1.69 × 10−3𝑇𝑠𝑡
2 + 2.22 × 10−6𝑇𝑠𝑡

3 (3) 

 

If 600℃ ≤ 𝑇𝑠𝑡 < 735℃; 

 

𝐶𝑠𝑡 = 666 +
13002

738 − 𝑇𝑠𝑡

 
(4) 

 

If 735℃ ≤ 𝑇𝑠𝑡 < 900℃; 

 

𝐶𝑠𝑡 = 545 +
17820

𝑇𝑠𝑡 − 731
 

(5) 

 

If 900℃ ≤ 𝑇𝑠𝑡 < 1200℃; 

 

𝐶𝑠𝑡 = 650 (6) 

 

where 𝐶𝑠𝑡 is the specific heat (
𝐽

𝑘𝑔
∙ 𝐾) 

 

 
Figure 3. Variation of specific heat of steel with temperature [16] 

 

Figure 3 shows the specific heat of steel-temperature relationship based on EN 1993-1-2. The high values are 

around 735℃ as a result of change of microstructure of the steel. The density of structural steel used in the model 

is 7850 𝑘𝑔/𝑚3. 

 

2.1.2 Thermal Properties of Concrete 

 

The variation of thermal conductivity of concrete with temperature depending on concrete weight (i.e. lightweight 

– LC, normal weight – NC) is illustrated in Figure 4 [17]. Lightweight concrete has been considered in the 

developed ANSYS model. 

 

Specific heat of normal weight concrete (NC) and lightweight concrete (LC) as a function of temperatures is given 

in Figure 5 according to EN 1994-1-2 [17]. The change of specific heat of lightweight concrete respect to 

temperature input into the developed model as the considered concrete slab part of the composite structural 
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member is lightweight concrete. The concrete density has been taken into account as 1600 𝑘𝑔 𝑚3⁄ . The unheated 

side (i.e. on the top of the slab) interacts with the environment through a coefficient of heat transfer by convection 

of 4 𝑊/𝑚2𝐾 and a convection coefficient of 5 𝑊/𝑚2𝐾 applied to the fire exposed face of the slab model (i.e. on 

the bottom of the slab) [18]. 

 

 
Figure 4. The change of thermal conductivity of concrete respect to temperature 

 

 
Figure 5. Change of specific heat of normal weigh concrete (NC) and lightweight concrete (LC) with temperature 

 

2.1.3 Intumescent Coating Thermal Properties 

 

As the thickness in the validation study is very small, the effect of its density and specific heat on the protected 

steel temperature is very little. Hence, the constant values according to Annex E of EN 13381-8:2013 [19] has 

been used. Those values are 1000 𝐽 𝑘𝑔 ∙ 𝐾⁄  for the specific heat, and 100 𝑘𝑔 𝑚3⁄  for the density respectively. 

However, the effective thermal conductivity has been obtained by [20] based on their fire tests. This effective 

thermal conductivity-temperature relationship is shown in Figure 6. In their model, fire has been exposed to the 

protected surfaces as it is also applicable herein author’s study though. The considered convective heat transfer 

coefficient in the model is 25 𝑊 𝑚2𝐾⁄  [16] and the resultant emissivity of the coating for the radiation has been 

taken as 0.92 [16]. 
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Figure 6. Effective thermal conductivity-temperature curve [20] 

 

3 RESULTS 
 

A steel beam with a steel decking, both protected by intumescent coating supported a concrete slab on top in 3-D 

model has been developed to predict the steel temperatures for both decking and beam and concrete temperature 

after Standard fire exposure (ISO 834) to the top of the slab.   

 

For this purpose, two models has been proposed and developed. One of them is to apply intumescent coating to 

the steel parts with the same protection thickness (1 𝑚𝑚) with the validation model in one-layer. The other one is 

to apply the same coating by 4-layers. This study aims to understand how the layers have an influence on 

temperature distributions on proposed composite structural member. Moreover, it is also proposed to see the effect 

of fire exposure side (only to the top face of the concrete floor) on the temperature distribution on both steel beam 

and decking and also concrete. 

 

3.1 Model Properties and Setup 

 

3.1.1 Steel beam and decking properties 

 

In this study, in a typical composite steel-concrete flooring system whose geometric properties are shown in Figure 

7, two different model of which the same intumescent coating is applied in two different ways, were used. In the 

models; as floor structural beam, the section properties of the standard UC 305×305×97 steel profile and as 

composite decking, the section properties of a typical trapezoidal steel sheet produced for this purpose in Turkey 

[21], have been considered here in this study. Two different composite floor system have been modelled in two 

different ways considering that the intumescent coating as the fire protection material was applied to surfaces of 

the steel beam profile outside the cross-section and to only bottom surface of the trapezoidal steel sheet as a single 

layer with 1 mm thickness and successive four layers with 0.25 mm thickness. Since the intumescent coating is 

applied after the composite floor assembles, coating has not been applied to the parts of the trapezoidal steel deck 

where it is seated on the steel beam. In both composite floor models, as the same way, it was thought that the 

structural concrete parts of whom the deep section with 120 mm thickness, to be made of normal weight concrete. 

The length of composite floor models are 1 meter in transverse and longitudinal direction having one square meter 

unit surface area. 
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Figure 7. Composite structural member properties 

 

3.2 Finite Element Model Properties 

 

The boundary conditions and the general mesh structure of the developed model has been shown in Figure 8 and 

9, respectively. Morevoer, all contacts between the materials are modelled as bounded. 

 

 
Figure 8. Thermal boundary conditions of the composite structural member 

 

A 
D E 

B 

C 
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Figure 9. Meshed models of composite structural member 

 

The considered fire conditions (i.e. fire curves such as Standard (ISO) and Fast) as inputs for the developed models 

are shown in Figure 10. 

 

 
Figure 10. Exposed fire conditions for the numerical models 

 

3.3 Results and Discussions 

 

3.3.1 Steel Beam Results 

 

Figure 11 shows the steel beam (UC 305×305×97) temperature-time relationship under the standard fire (ISO-

834) and Fast fire exposure for an hour. The fires have been exposed to the concrete surface. As explained in 

Section 3.1.1, two different scenarios had been proposed, one layer of coating with 1 mm thickness and 4-layers 

of coating with 0.25 mm thickness individually. It was found in authors previous study [9] that assigning number 

of layers to intumescent coating produced a bit less temperature results especially the coating has moved to be 

active around after 150℃. However, the differences between results of 1-layer and 4-layers has been decreasing 

when the intumescent coating turns into char after approximately 450℃. This was also obtained by Podolski [22] 

where the author demonstrates the sensitivity of steel temperature to the different number of layers using 1, 2, 4, 

6 and 12 layers. He concludes that using 4-layers is sufficient. The simulation results and this study also provide 
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more information about which part of the composite structural floor system has been effected more under possible 

fire attack from floor side. Figure 12, 13, 14 and 15 shows this overall fire performance and behavior of the 

proposed composite structural member when the intumescent paint is used as one layer and 4-layers both exposed 

to Standard (ISO) and Fast fire condition respectively. The contour simulation results presents that the higher 

temperatures (around 50℃) on the steel profile take place on the open locations between steel decking and steel 

beam. As the heat is transferred from top to bottom, less temperature distribution occur on the bottom side of the 

steel profile almost close to room temperature (around 25℃). Another reason for this outcome is that concrete is 

known to have a good fire performance due to its ingredients such as cement, various aggregates which have good 

fire resistance, etc. In addition to this, since the steel beam is protected by intumescent coating, there might be a 

delay for the heat travel through inside. Therefore, low temperature values obtained especially on the web and 

lower flange as seen in Figure 12. Moreover, little differences between 1-layer and 4-layers results are obtained 

when exposed to both Fast fire and Standard (ISO 834) fire. 

 

 
Figure 11. Comparison of steel beam temperature results under Standard (ISO) and Fast fires with 1-layer and 4-layers 

 

 
Figure 12. The steel beam temperature profile protected by 1-layer intumescent coating exposed to Standard (ISO 834) fire 
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Figure 13. The steel beam temperature profile protected by 4-layers intumescent coating exposed to Standard (ISO 834) fire 

 

 
Figure 14. The steel beam temperature profile protected by 1-layer intumescent coating exposed to Fast fire 
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Figure 15. The steel beam temperature profile protected by 4-layers intumescent coating exposed to Fast fire 

 

3.3.2 Concrete Slab Results 

 

The temperature distribution throguh the concrete floor after the Standard (ISO834) and Fast fire exposure is 

presented in Figure 16 and Figure 17 respectively. The results show similarity expect the obtained higher 

temperatures for Fast fire exposure due to its effect. The surface temperature of the concrete reaches to the fire 

temperature for both fire exposure as it is expected. The temperatures on the steel decking places where they sit 

on concrete are close to eachother around 35-40℃. Therefore, this outcome proves that the heat transfer 

phenomena works in a correct way. Another interesting indication is that the temperature on the surface of the 

steel is a bit higher than the temperature on the bottom side of the concrete. The reason is that the intumescent 

coating helps to delay the fire pass to the steel for a while. Then, when the coating moves to the char region 

(becomes inactive), the temperature on the steel begins to increase as seen from Figure 14 and 17. 

 

 
Figure 16. The concrete floor temperature profile exposed to Standard (ISO 834) fire 
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Figure 17. The concrete floor temperature profile exposed to Fast fire 

 

4 CONCLUSION 
 

Herein this study, the main thermal properties of steel, concrete and intumescent coating has been presented to be 

able to model the fire behaviour of composite floor system when the fire is exposed to top of the concrete. Based 

on the numerical results, the following outcomes can be obtained: 

 

- The radiant and convective thermal boundary conditions obtained from Eurocode EN 1993-1-2 can safely 

be used to predict the temperatures on both concrete and steel profiles. 

- The intumescent coating used as a fire protection material on steel parts is useful to provide very good 

fire resistance to the steel parts by delaying heat flow. 

- When the fire attacked to a composite floor system from the topside of the concrete, the concrete itself 

may behave as a decent fire protector.  

 

As it is expected, less temperature distribution on the lower flange and lower web of the steel beam has been 

obtained since the intumescent coating and mainly concrete block acts as a good thermal barrier. Besides, this 

study also helps to understand which parts of the composite structural floor system needs fire protection with 

possible various fire protection thicknesses. Owing to have intumescent coating both on steel decking and steel 

beam under the concrete part delays the transfer of heat to the bottom side. It can be concluded that less fire 

protection thickness can be used for the steel parts when the fire attacks from the floor side in floor fires.  
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Abstract 

The aim of this study was to determine the effects cinnamon of the supplementation 

of in the production of probiotic ice cream with Bifidobacterium bifidum. For this 

aim, three different ice cream groups (ice cream without P and cinnamon, Control; 

ice cream with B. bifidum and without cinnamon, PC; ice cream with B. bifidum 

and with cinnamon, PT were produced. B. bifidum was 3  107 cfu/mL. The ice 

cream samples were stored at 18 ± 2°C. On the other hand, B. bifidum was counted 

on the 1, 15, 30 and 45 days of storage periode. Survival of B. bifidum were 

researched during the storage of ice cream samples. Also total coliform with yeast 

and mold counts were researched. In this study, coliform bacteria with  yeast and 

mold counts were < 1 log cfu/g in all ice cream samples during the ripening period. 

B. bifidum number was counted until the number of B. bifidum reached under 106. 

PC was 6.98 log cfu/g at the 45 th day of storage. While the number of B. bifidum 

of PT ice cream was 7.00 log cfu/g at the 45 th day of storage. Sensory properties 

and probiotic counts showed that while cinnamon ice cream could be accepted as 

a probiotic ice cream until 45 th day of storage. In conclusion, cinnamon could be 

successfully used as a functional additive for probiotic ice creams enhancing their 

nutritional and health benefits. 

 

1 INTRODUCTION  
 

Consumption of ice cream has increased in recent years. The reason for this is the understanding of the high 

nutritional value of ice cream, as well as the recent research is believed to be effective in the results of functional 

ice cream production research results. Recently, there has been an increasing interest in the use of natural food 

additives and incorporation of health promoting substances into the diet. Various ingredients are used in the 

manufacture of milk products because of their beneficial contribution to the therapeutic, sensory or other 

properties. The consumers are prone to use foods containing more natural antioxidants, dietary fibers, natural 

colorants, minerals, vitamins, low calories, low cholesterol, and low fat and free of synthetic additives, and ice 

cream is poor from these characteristic [1]. Probiotic foods are supplemented with other active components with 

the aim to provide additional functional properties [2, 3]. Dairy products are a good choice for using of probiotic 

bacteria as they can be optimised for the survival of microorganism [3 - 7]. Ice cream, consuming by all age groups, 

supports considerably greater viability of probiotic strains during production and especially storage and, 

supplementation of ice cream with probiotic bacteria have little effect on its flavor, texture or other sensory 

characteristics [8]. The count of probiotic bacteria in the food product should be adequately high 106–108 cfu/mL 

or g during shelf life [3, 9, 10]. Probiotic ice cream can be supplemented with different components with the goal 

of providing additional properties. With the pleasant flavor, it is thought that the addition of cinnamon, which is 

generally liked by most consumers, to ice cream with probiotic bacteria, a new functional ice cream can be 

produced and thus contribute to ice cream consumption. 

 

Cinnamon has a very long history and has its roots in several places around theworld [11]. Cinnamon has been 

used as a spice and as traditional herbal medicine for centuries. The available in vitro and animal in vivo evidence 

suggests that cinnamon has anti-inflammatory, antimicrobial, antioxidant, antitumor, cardiovascular, 

cholesterollowering, and immunomodulatory effects. In vitro studies have demonstrated that cinnamon may act as 

an insulin mimetic, to potentiate insulin activity or to stimulate cellular glucose metabolism [12]. Cinnamon is 

mainly used in the aroma and essence industries due to its fragrance, which can be incorporated into different 

varieties of foodstuffs, perfumes, and medicinal products [13, 14]. In conclusion, the available in vitro and in vivo 

data suggest that cinnamon has antitumor properties that are probably related to its antioxidant activity [12]. 

(Gruenwald, 2010). Cinnamon has been used as a spice in daily life without any side effects. Several reports have 
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dealt with the numerous properties of cinnamon in the forms of bark, essential oils, bark powder, phenolic 

compounds, flavonoids, and isolated components. Each of these properties plays a key role in the advancement of 

human health. The antioxidant and antimicrobial activities may occur through the direct action on oxidants or 

microbes, whereas the anti-inflammatory, anticancer, and antidiabetic activities occur indirectly via receptor-

mediated mechanisms. The significant health benefits of numerous types of cinnamon have been explored. 

 

The aims of the present study were to research possibility of manufacturing a new functional probiotic ice cream, 

to increase the nutritive value and functionality of ice cream using cinnamon as a health ingredient and flavor. 

Possibility of cinnamon utilization in probiotic ice cream technology can contribute to improvement of 

functionality of probiotic ice cream.  

 

2 MATERIAL AND METHOD 
 

2.1 Materials 

 

Cream and cows’ milk were obtained from the Er -İkram Dairy Factory (Erzurum, Turkey). The cinnamon was 

purchased from markets (Erzurum,Turkey). Bifidobacterium bifidum strain (Nu-trish BB-12) was obtained from 

CHR-HANSEN (Istanbul, Turkey). The freeze-dried culture was activated in accordance with the instruction on 

the package. Sugar, salep and emulsifier (mono glyceride) were obtained from local market in Erzurum (Turkey). 

Skimmed milk powder was supplied by Pınar Dairy Products Co. (Izmir, Turkey).  

 

2.2 B. bifidum and Other Microorganism Analysis 

 

The count of viable probiotic bacteria was determined 1, 15, 30 and 45 days of frozen storage at -20 ± 1 °C. 

Samples of ice cream (10 g) were serially diluted (w⁄v) with sterile 0.85% NaCl solution and up to 10-7, then 

spread-inoculated in duplicate onto plates of de Man, Rogosa, Sharpe agar (MRS agar) for B. bifidum. Inoculated 

plates were incubated at 35 ± 1 °C for 72 h, anaerobically (Anaerocult A, Merck).  

 

The numbers of yeast and mold (Dichloran Rose-Bengal Chloramphenicol Agar [DRBC Agar]; Merck) and 

coliform bacteria were determined according to Harrigan [15]. The agar plates were incubated for 5-7 days at room 

temperature, and 2 days at 35-37 °C, respectively. 

 

2.3 Manufacture of the Ice Cream Samples   
 

Ice cream samples were produced in the Arzen Ice Cream, Dairy Desserts Manufacturing Facilities (Erzurum, 

Turkey). For this aim, the cow milk was divided into three equal parts of 5.0 kg. The ingredients given Table 1 

were added to each mix respectively. The fat content of ice cream mix samples was adjusted to 5%. Preparing mix 

procedure and pasteurization were same for all the parts. One part was control sample (C) (containing no cinnamon 

and B. bifidum), the second one was probiotic control (PC) (containing only B. bifidum), the third one was 

containing B. bifidum and 0.02% cinnamon (PT). They were frozen in the ice cream machinery (4 °C) (CRM 

26845 codogno-Iodi, Italia). B. bifidum number was determined on until the level of 45 days. The experimental 

procedure was duplicated.  

 
Table 1. The composite ingredients in mix formulations. 

 

Samples 
Ingredients (%) 

Sugar Fat YSKM 
Stabiliser 

(salep) 

Emulsifier 

(monoglyceride) 

Cinnamon B. bifidum  

(3  107 cfu/mL) 

C 

PC 

PT 

15 

15 

15 

5 

5 

5 

11 

11 

11 

0.7 

0.7 

0.7 

0.5 

0.5 

0.5 

- 

- 

0.02 

- 

+ 

+ 

 

3 RESULTS 
 

The results of microbiological analysis of the ice cream samples were shown in Table 2 and Figure 1. The count 

of B. bifidum showed significant differences among the probiotic ice cream groups and ranged from 7.46 to 6.98 

log cfu/g among the groups. The highest average count of B. bifidum was detected in the PT group during the 

storage period. PC samples retained probiotic properties during 45 days of storage (> 106 cfu/g). PC was 6.98 log 

cfu/g at the 45 th day of storage. While the number of B. bifidum of PT ice cream was 7.00 log cfu/g at the 45 th 

day of storage. The addition of cinnamon in the production of ice cream increased the number of B. bifidum, but 
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up to 45 days with the addition of 0.02% cinnamon. When these results are evaluated collectively, it is seen that a 

more functional probiotic ice cream can be produced by the addition of cinnamon in ice cream production which 

can be stored up to 45 days. 

 

Coliform bacteria with yeast and mold counts were < 1 log cfu/g in all ice cream samples during the storage period. 

Sensory properties and probiotic counts showed that while cinnamon ice cream could be accepted as a probiotic 

ice cream until 45 th day of storage. In conclusion, cinnamon could be successfully used as a functional additive 

for probiotic ice creams enhancing their nutritional and health benefits. 

 

Table 2 Microbiological properties of ice cream samples 

  Samples Storage 
B. bifidum 

(log cfu/g) 

Coliform bacteria  

(log cfu/g) 

Yeast-mold  

(log cfu/g) 

C 

1 - <1 <1 

15 - <1 <1 

30 - <1 <1 

45 - <1 <1 

PC 

1 7.26 <1 <1 

15 7.14 <1 <1 

30 7.13 <1 <1 

45 6.98 <1 <1 

PT 

1 7.46 <1 <1 

15 7.32 <1 <1 

30 7.24 <1 <1 

45 7.00 <1 <1 

 

 
Figure 1. B. bifidum counts of probiotic ice cream samples during the storage 
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4 CONCLUSION 
 

The addition of cinnamon significantly affected the probiotic characteristics. The addition of cinnamon in the 

production of ice cream reduced the number of B. bifidum, but up to the 45 days with the addition of 0.02% 

cinnamon retained probiotic properties. The samples containing were preferred by the panellists in respect to 

sensorial properties (results not provided in this text). Given cinnamon’s flavor and healt benefits, it may be used 

as a suitable source of natural additive in ice cream production. Also, it could be used in probiotic ice production.  
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Abstract  
The aim of this study was to evaluate the technological and functional properties of 

17 yeasts isolated from kashar cheese. Hydrophobicity, auto-aggregation, 

antibacterial and antibiotic resistance of yeasts were evaluated. all strains were 

generally found to have high hydrophobicity and high auto-aggregation capabilities 

and mostly did not inhibit the growth of pathogens. Some strains from dairy sources 

showed interesting functional and technological properties. This study will be used 

as probiotics isolated from yeast kashar cheese in Turkey has contributed to 

suggested as potential candidates. 

1 INTRODUCTION  
 

One of the most popular cheeses produced in Turkey is also a semi-hard cheese with kashar cheese [1]. Kashar 

cheese is popular because of its shelf life is long and delicious. It has similar characteristics with Caciocavalle, 

Provo-lone, Regusono, Kashkaval cheeses and with the ‘Pasta Filata’ type cheese such as Mozarella partially [2]. 

When kashar cheese is contaminated with mould during ripening, it can cause an average loss of 8% of the product. 

Since some molds produce toxins, they can cause serious health problems. In addition to moulds, kashar cheese is 

known to be important in terms of bacteria and yeast. Yeasts play important roles in the dairy industry, especially 

in cheese production, where they are commonly present.  

 

The positive properties, new probiotic and biocontrol agents provide useful properties. The negative feature is that 

the yeasts associated with dairy products are a source of underestimated defect. This fact emphasizes the need to 

develop and evaluate reliable tools for the characterization and identification of yeasts from dairy products [3]. 

Probiotics are defined as living microorganisms that benefit the host when taken in sufficient amounts [4]. 

Recently, there has been increasing interest in the use of functional foods containing probiotic microorganisms to 

improve health and prevent disease. Yeasts are known to be important for this [5]. In this study, we report the 

characterization of functional characteristics of yeast strains isolated from kashar cheese. Results of this study 

revealed the potential of yeast to be further tested as a probiotic candidate strain. 

 

2 MATERIAL AND METHOD 
 

2.1 Hydrophobicity  

 

The hydrophobicity ability of the 17 yeast isolates isolated from kashar cheese to the ability of cells to adhere to 

hydrocarbons was determined. The culture of the strains developed overnight was centrifuged at 5000 xg for 10 

min at 5 °C and washed twice with phosphate buffered saline (PBS), (0.1 mol/L, pH 7.0). The same buffer was 

then suspended. The cell suspension was adjusted to approximately 1.0 at OD580nm in the same buffer. 0.6 mL 

of n-hexadecane (Merck) was added to 3 mL of these suspensions and the mixture was vortexed for 1 min and 

then left undisturbed for 20 min to allow complete phase separation. The two phases were allowed to separate for 

1 h at 37 °C. The aqueous phase was carefully removed and its OD580nm was measured. The decrease in the 

absorbance of the aqueous phase was taken as a measure of the cell surface hydrophobicity (H%), which was 

calculated with the formula H% = [(OD0 - OD)/ OD0] x100, where OD0 and OD are the optical density before and 

after extraction with n-hexadecane, respectively [6].  
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2.2 Auto-Aggregation Ability  

 

Overnight yeast strain cultures in PDB(Potato Dextrose Broth) broth were centrifuged for 10 min at 5000 xg and 

washed twice with PBS (0.1 mol/L, pH 7.0). The pellets were resuspended in the same buffer (2 mL) and the 

mixture was vortexed for 30 s and incubated for 2 h at 37 °C. The aqueous phase was carefully removed the upper 

zone and the OD580nm was measured. Auto-aggregation ability was calculated using the formula Au % = 1 - 

(ODt/OD0) x 100, where OD0 and ODt are the optical density before and after incubation, respectively. Percentage 

values (Au%) <30 were considered low, between 30 and 60 intermediate, and >60 high [7]. 

 

2.3 Antibiotic Susceptibility  

 

Resistance of 17 yeast isolates against ampicillin (Amp, 10 μg), chloramphenicol (C, 30 μg), erythromycin (E, 15 

μg), kanamycin (K, 30 μg), tetracycline hydrochloride (TE, 30 μg), and Streptomycin (S, 10 μg), (Oxoid, UK) was 

determined using antibiotic disks. Each yeast isolate was activated in PDB broth and 1% inoculum added to PDA 

agar at 45–50 °C and poured into plates. Then, antibiotic disks were placed at the center of the medium and plates 

were incubated at 30 °C for 24–48 h. Zone formation was expressed as positive [8].  

 

2.4 Determination of Antibacterial Activity of Kashar Cheese Yeast Isolates  

 

For the detection of antibacterial activity of yeast isolates, cultures were grown overnight with 1% inoculation in 

10 mL of PDB broth. Cells were removed by centrifugation at 14000 xg for 5 minutes. The remaining supernantant 

was filtered through a 0.22 µm syringe filter to remove all bacterial cells. The pH of the filtered supernatant was 

adjusted to pH 6.0 with NaOH to eliminate possible inhibition effects of organic acids following the inhibition of 

H2O2 with catalase (Merck) application at 25 °C for 30 min. Finally, 20 μL of the supernatant was applied to the 

TSB agar plates on which the target pathogen strains were previously spread. antimicrobial activities were 

measured after 24 h of incubation at 30 °C. Those with good zone measurements were evaluated as (++), moderate 

ones with (+) and without zone measurements [8]. 

 

3 RESULTS 
 

3.1 Hydrophobicity Capabilities 

 

The hydrophobic structure of the outermost surface of microorganisms is known to play a role in the binding of 

bacteria to host tissues [9]. With this feature, bacteria can provide a competitive advantage in the human GI tract 

[10]. Cell surface hydrophobicity determines the capacity of colonization. This is important in the proliferation of 

probiotics in the intestine[14]. 

 

Table 1. Hydrophobicity of yeast isolates 

Yeast isolates and no Hydrophobicity(%) 

Candida parapsilosis KS-81 62.3±0.85 

Kluyveromyces marxianus KS-108 68.9± 0.54 

Pichia kudriavzevii KS-111 74.3±0.01 

Pichia kudriavzevii KS-233 64.3±0.01 

Pichia kudriavzevii KS-237 23.2±0.59 

Candida zeylanoides KS-238 70.6±0.01 

Kluyveromyces marxianus KS-240 31.6±0.13 

Pichia kudriavzevii KS-252 73.3±0.38 

Pichia kudriavzevii KS-256 80.1±0.01 

Pichia kudriavzevii KS-377 65.7±0.35 

Candida zeylanoides KS-388 53.1±0.39 

Candida zeylanoides KS-398 77.4±0.01 

Debaryomyces hansenii  KS-483 33.4±0.07 

Pichia kudriavzevii  KS-505 77.7±0.05 

Kluyveromyces lactis KS-508 48.2±0.80 

Candida zeylanoides KS-525 51.7±0.80 

Yarrowia lipolytica KS-534 81.8±0.15 

*Values are means of 2 replicates ±SD 
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Table 1 shows the hydrophobicity values obtained for the studied strains, which ranged from 23.2% to 81.8%. In 

our study, this property was variable (between 23 and 81%). Binetti et al., [11] examined the hydrophobicity 

properties of yeasts isolated from autochthonal cheese starters. In their study, they showed that the hydrophobicity 

of yeast was between 45 and 80% and the highest hydrophobicity was S.cerevisiae. They explained that the high 

hydrophobicity of the cell surface had different health effects and showed slower elimination kinetics than the 

digestive tract. These results were found to be in parallel with our results. 

 

3.2 Auto-Aggregation Ability 

  

Auto-aggregation ability has been related to the adhesion ability of the strain to intestinal epithelial cells [12-13]. 

Our strains generally showed a high level of auto-aggregation abilities. Table 2 shows the results of auto-

aggregation abilities of yeast strains. In our study, this property was variable (between 33 and 86%). Candida 

zeylanoides KS-398 was strain highly (86% Au) auto-aggregating. 

 

Table 2. Auto-aggregating  ability of yeast isolates 

Yeast isolates and no Auto-aggregating (% Au) 

Candida parapsilosis KS-81 57.56±1.02 

Kluyveromyces marxianus KS-108 69.33±0.23 

Pichia kudriavzevii KS-111 77.20±0.87 

Pichia kudriavzevii KS-233 63.62±0.30 

Pichia kudriavzevii KS-237 51.42±0.43 

Candida zeylanoides KS-238 77.57±0.67 

Kluyveromyces marxianus KS-240 66.86±0.13 

Pichia kudriavzevii KS-252 85.54±0.63 

Pichia kudriavzevii KS-256 83.69±1.24 

Pichia kudriavzevii KS-377 77.43±0.05 

Candida zeylanoides KS-388 74.51±0.18 

Candida zeylanoides KS-398 86.58±0.52 

Debaryomyces hansenii  KS-483 81.23±0.31 

Pichia kudriavzevii  KS-505 33.31±1.91 

Kluyveromyces lactis KS-508 82.46±0.15 

Candida zeylanoides KS-525 81.75±0.38 

Yarrowia lipolytica KS-534 83.65±0.13 

*Values are means of 2 replicates ±SD 

 

3.3 Antibiotic susceptibility  

 

Antibiotics usually destroy the beneficial microbiota along with pathogens. so it is given with a probiotic 

supplement. The yeasts in our study were tested in order to preserve the intestinal microbiota and prevent antibiotic 

related disorders during the disease period without being affected by antibiotics. So, the antibiotic resistance of 17 

yeast isolated from kashar cheese was tested against 6 antibiotics (Table 3). The of yeasts Debaryomyces hansenii 

KS-483, Candida zeylanoides KS-398, Kluyveromyces marxianus KS-240 and Candida zeylanoides KS-238 were 

observed to be resistant to all antibiotics. In general, when the tested strains were sensitive to the tested antibiotics, 

similar levels of inhibition zones were detected. 

 

Table 3. Antibiotic susceptibility of yeast isolates 
Yeast strains number TE C K E AMP S 

Yarrowia lipolyticaKS-534 + + + + + + 

Candida zeylanoides KS-525 + + + + + + 

Kluyveromyces lactis KS-508 + + + + + + 

Pichia kudriavzevii  KS-505 + + + + + + 

Debaryomyces hansenii  KS-483 - - - - - - 

Candida zeylanoides KS-398 - - - - - - 

Candida zeylanoides KS-388 + + - + + - 

Pichia kudriavzevii KS-377 + + + + + + 

Pichia kudriavzevii KS-256 + + + + + + 

Pichia kudriavzevii KS-252 - + + + + - 

Kluyveromyces marxianus KS-240 - - - - - - 

Candida zeylanoides KS-238 - - - - - - 

Pichia kudriavzevii KS-237 + - - + + - 

Pichia kudriavzevii KS-233 + + + + + - 

Pichia kudriavzevii KS-111 + + + + + + 

Kluyveromyces marxianus KS-108 - + - - + - 

Candida parapsilosis KS-81 - - - + + - 

Amp: Ampicillin, C: Chloramphenicol, K: Kanamycin, E: Erythromycin, TE: Tetracycline, 

S: Streptomycin, - No inhibition zone. 
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3.3 Antibacterial Activity 

 

Another important property of probiotic strains is their antagonistic activity against pathogenic bacteria. The of 

yeast against pathogenic microorganisms, antimicrobial properties, mycosin secretion ability and other metabolic 

activities have been shown to increase the importance of probiotic formulations.  

 

Generally, the metabolic products of the yeast strains used in this study did not inhibit growth of pathogenic 

microorganisms (Table 4).   

 

Table 4. Antimicrobial susceptibility of yeast isolates 

Yeast strains 

number 

E.coli BC1402 Bacillus cereus 

BC6830 

Staphylococcus 

aureus BC7231 

Salmonella 

typhimurium 

RSSK95091 

Yersinia 

enterocolitica 

ATCC 27729 
Candida parapsilosis 

KS-81 
- - - - - 

Kluyveromyces 

marxianus KS-108 
+ - - ++ + 

Pichia kudriavzevii 

KS-111 
- - - - - 

Pichia kudriavzevii 

KS-233 
+ - - - - 

Pichia kudriavzevii 

KS-237 
+ - - - + 

Candida zeylanoides 

KS-238 
- - - - - 

Kluyveromyces 

marxianus KS-240 
+ - - - + 

Pichia kudriavzevii 

KS-252 
+ - + - + 

Pichia kudriavzevii 

KS-256 
++ ++ ++ ++ ++ 

Pichia kudriavzevii 

KS-377 
+ - + + + 

Candida zeylanoides 

KS-388 
- + - - - 

Candida zeylanoides 

KS-398 
- - - - - 

Debaryomyces 

hansenii  KS-483 
- - + + + 

Pichia 

kudriavzevii  KS-505 
- - - - - 

Kluyveromyces lactis 

KS-508 
++ ++ ++ + - 

Candida zeylanoides 

KS-525 
+ + + + + 

Yarrowia lipolytica 

KS-534 
+ - - - - 

 

Very good (++), good (+), No zone (-) 

 

In our study, P. kudriavzevii KS-256 yeast showed the highest antibacterial activity. Another interesting result was 

that P. kudriavzevii KS-505 yeast did not have antibacterial activity and did not form zones.  

Chelliah et al., [15] tested the antimicrobial activity of P. kudriavzevii yeast against 13 pathogens and reported no 

zone formation. Our results showed similarity.  

 

4 CONCLUSION 
 

This study demonstrated some technological functions of yeasts isolated from kashar cheese which could 

contribute to the desirable sensory characteristics of fermented products. Another aim of this study was to propose 

the use of yeasts as probiotics. 
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Abstract 

In most of the processes applied in the food industry, the objective is to obtain 

certain components contained in the foodstuffs separately. One of the separation 

techniques used is extraction. Extraction is widely and effectively used in the oil 

industry, in the sugar industry and in applications such as separation of aroma 

components from many substances. It is desirable to provide energy in extraction 

processes, increase efficiency and reduce costs, not to compromise on quality and 

speed in processes. For this reason, the search for new techniques and alternative 

solvents is continuing. It is of great importance to find and use new solvents which 

do not have the negative properties listed, which may be alternative to these 

because of the dangerous nature, expensive and negative environmental effects of 

the organic solvents used. Supercritical (SC) fluid extraction with increasing 

interest is an interesting alternate way to known extraction ways. It is important to 

reduce the volume of solvent consumption, to avoid high prices and to avoid the 

problem of giving to the environment. The important feature of supercritical fluids 

is that the dissolving capacity can be commanded by exchanges in denseness. 

Combines of dissimilar polarity and molecular size can be extricated using a one 

supercritical fluid. Furthermore, the SC fluid velocity is high due to the higher 

diffusion coefficients of molecules in the supercritical fluid than in a fluid medium. 

This way can be smoothly machine-controlled and combined with chromotographic 

and spectrophotometric techniques. Over the course of time, many researches have 

been applied and are still under way to make the use of supercritical fluids more 

efficient in extraction processes. Data to date have shown that supercritical fluids 

can be used successfully in the extraction of many components in the food industry. 

In this review, we aimed to investigate the applications of supercritical fluid (CO2) 

extraction in food technology. 

 

1 INTRODUCTION 
 

Most of the processes applied during the processing of foodstuffs aim to obtain a particular component in the 

composition of the material separately. Among the separation techniques, the most preferred way is extraction. 

In oil industry extraction of oil from oilseeds, in sugar industry extraction from sugar cane and beet, extraction of 

aromatic components from many raw materials etc. are widely and effectively preferred [1]. 

 

As in other food basic processes, the extraction process is expected to increase energy efficiency, increase 

capacity utilization and reduce costs without compromising quality. That is why new technologies are constantly 

being developed and the search for alternative solvents to the solvents used in the ways continues. 

 

Over the last two decades, supercritical fluid extraction (SC) has become an alternate to known extrication ways 

with increasing interest. Reducing the amount of solvent used in the extraction is not only important in terms of 

cost, but also in terms of environmental damage. In supercritical fluids, it is an important feature that the 

dissolving capacity can be controlled by exchanges in denseness. Composes of different molecular size and 

polarity can be removed using a one supercritical fluid. This way can be easily automated, combined with 

chromotographic and spectrophotometric techniques [2]. 
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2 WHAT IS SUPERCRITICAL FLUID?      

      
In the temperature graph corresponding to the pressure of a substance, an increase in temperature and pressure is 

observed if the liquid-gas equilibrium curve is moved forward (Figure 1).Pressure increases while the density of 

the liquid decreases with thermal expansion. Thus, the density of the gas will also increase. As the densities of 

the two phases approach each other, the differences between the gas and the liquid disappear and the curve 

becomes a critical point. At this point, matter can now be called “fluid”. 

 

 
Figure1.Supercritical point phase diagram 

 

When the temperature of the material is growed over its critical temperature (Tc) and its persuade is increased 

over its critical persuade (Pc), a new zone different from the solid, liquid and gas phases arises. Fluids in this 

region are defined as “supercritical fluid (SC)”.For the first time in 1879, Hannay and Hogarth explained that a 

solid dispersed in high pressure gas and when the pressure was reduced, its solid collapsed[4]. 

Insubsequentyears, Eduard Buchner measured the solvability of naphthalene in SC-CO2 as a model 

compoundafter a longstudy [5]. 

 

Supercritical fluids exhibit liquid-gasproperty as a physicochemical and are characterized as a more effective 

solvent. Thechoice of fluid to be used in extraction is extremely important. In this selection, the solubility of the 

raw material in the fluid; chemical stability; It should be considered that it is an economical and easily available 

fluid and that the fluid is not toxic, explosive and flammable. Table 1 presents the carping temperature, pressure 

and density values of the most commonly used solvents in biological applications. Solvents with high critical 

temperatures such as ammonia, n-pentane, methanol and toluene are not preferred for the extraction of 

temperature-sensitive natural substances. 

 
Table1.Supercriticalpoints of varioussolvents [2] 

Solvent Tc(K) Pc (MPa) ϼc (kg/m3) 

Ethylene 282,5 5,0 220 

Carbondioxide 304,3 7,4 470 

Ethane 305,4 4,9 200 

Propane 369,9 4,3 220 

Ammonia 405,4 11,3 240 

n-pentane 469,6 3,4 240 

Methanol 512,7 8,1 270 

Toluene 591,8 4,1 290 

Water 647,7 22,1 320 

 

3 ADVANTAGES OF SUPERCRITICAL FLUID EXTRACTION 
 

Supercritical fluid extraction is more advantageous than conventional solvent extraction ways. Therefore, it 

replaces the conventional solvent extraction. Since these fluids have low viscosity and high penetration, they can 

spread to porous solids faster than liquids. Here are some advantages of the supercritical fluid extraction 

wayology: 

 

 Continuous feeding of the SC fluid to the filled column extractor leads to an grow in the thrust in the 

extrication process. This increases the amass move rate. 
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 The dissolving capacitys of SC fluids vary on a large scale with small variations in temperature or pressure. 

This property affects object selectivity and efficiency. Adjustable dissolving capacity is an important 

advantage for supercritical fluid extraction and supercritical liquid chromatography applications. 

 In this way, there are solventless residues in the produce and no further purification is required. 

 Fluids used in SC fluid extraction are inert solvents. 

 Less solvent is spent compared to organic solvent extraction applications. In particular, the use of CO2 in the 

extraction processes carried out with SC fluids revealed more environmentally sensitive processes. 

 Fluid used in extraction processes with SC fluids can be recycled back to the extractor. 

 The system can be connected directly to a chromatographic analyzer, and the resulting extract can be 

analyzed on-line. 

 

Furthermore, there are several disadvantages such as high investment costs and high energy requirements due to 

the fact that separation with supercritical fluids takes place at high pressure. 

 

4 SUPERCRITICAL FLUID APPLICATIONS 

 
In a study investigated the utilization of supercritical liquid carbon dioxide extrication (SCFE-CO2) to extract fat 

from black-eyed peas (Vignaunguiculata) and peanuts (Arachishypogaea) to make heights-protein moo-fat 

dietary products. The SCFE (CO2) produce used Taguchi's extraneous sequence at three levels at three grades: 

pressure between 25-35 MPa, temperatures between 40-60 ° C, and CO2 flowing between 10-20 g / min. The 

consequences of the experimentation showed that the optimum status of the SC-CO2extraction procedure were 

25 mesh, 60 ° C, 10 g / min for black-eyed peas and 35 MPa for peanuts, 60 ° C, 15 g / min. The highest yields 

for black-eyed peas and peanuts were 5.4% and 48.5%, respectively [6]. 

 

In another study, they used supercritical ethane extraction to reduce cholesterol from butter and found that butter 

was higher in supercritical ethane than supercritical CO2. This high resolution may allow less solvent to be used 

[7]. 

 

Extract of Elaeagnus angistofolia seed was obtained by the supercritical carbon dioxide solvent way and the sum 

up quercetin was measured using HPLC furnished with UV sensor. The consequence of the experiments were 

studied using the “Design Expert 7.0 (demo)” analysis program. Increase in temperature and influence under 

extraction circumstances led to a important grow in the amount of quercetin. Corpuscle bulk and extrication 

interval parameters were examined parametric at the beginning of the survey and determined these arguments to 

maximise the total of quercetin. A small particle size of 0.5 mm and a test period of 120 minutes were found 

suitable for the study.To optimize the amount of quercetin, we optimised the temperature and urge parameters at 

65 ° C and 311 bar. The maximum amount of oil was steped at 48.68 mg / g example. Afterwards halting 

experiments of best conditions contributed by design way, quercetin amount was establish experimentally 9.44 

µg quercetin /100 g example, it was considerably approximative treasure and favorably to model for 

approximated 9.49 µg quercetin /100 g example by Design Expert 7.0 (demo) program [8]. 

 

Anti-microbial and anti-quorum detection (majority detection) movements of some wild mushrooms (Amanita 

rubescens, Russuladelica, Lactarius sp.) Collected from the Black Sea area were studied. Fungal extracts were 

prepared by supercritical fluid extraction way. The antimicrobial potentials of the extracts were tested by Agar 

wellspring diffusion way against Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212, 

Pseudomonas aeruginosa ATCC 27853, Klebsiellapneumoniae ATCC 13883, Proteus mirabilis ATCC 7002, 

Listeria monocytogenes ATCC 4325, Candida albicans ATCC 10231and Escherichia coli ATCC 25922 

microorganisms. Anti-quorum sensing(majority detection) activity was tested on Chromobacteriumviolaceum 

ATCC 12472.The results showed that Amanita rubescens fungal extract inhibited Staphylococcus aureus, 

Amanita rubescens and Lactariussp extracts have anti-quorum sensing (majority detection) activity against 

Chromobacteriumviolaceum [9]. 

 

The terebinth fruit oil is used extracted by using supercritical carbon dioxide in different conditions such as 

temperature (30 and 50 o C), pressure (250, 300 ve 350 Bar), co-solvent concentration (% 0, 5, 10) and 

extraction duration (60 and 120 min). After the different extraction procedures the samples were analyzed 

according to their phenolics (myricetin, quercetin, catechinandgallicacid), fattyacidprofile, tocopherolcontent (α-, 

β-, γ-, δ- isomers) and DSC profile [10]. 

 

It is important to remove cholesterol from food of animal origin without compromising quality. Cholesterol and 

lipids are very easily soluble components in SC CO2.In this way, the amount of cholesterol in egg yolk, butter, 

ground beef and fish is removed up to 11-32% [11,12]. 
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The solution of high pressure CO2 in the water causes the pH decrease. Thus, unwanted enzymes in food are 

made inactive [13]. 

 

The residues of raspberry, blueberry and cranberry juice were treated with SCFE CO2 and conventional 

extraction ways. Supercritical fluid extraction was carry through at a temperature of 80-300 bar, 60 ° C and 2 

hours. As a result of the extraction, the highest output was gotten in raspberry as 5.20% at 200 bar pressure. In 

terms of phenolic compounds, the highest ratio was calculated as 9 g GAE /100 g extract in blueberries [14]. 

 

Resulting waste in the production of wine have been extracted antioxidant substance with water below the 

critical point.100, 120 and 140 °C as temperature; pressure of 8, 11.5 and 15 MPa was selected and combinations 

thereof.By using classical extraction way, more phenolic and antioxidant components were detected. The 

optimum extraction condition was determined 11.5 MPa and 140 ° C.In this condition, 31.69 mg GAE / g waste 

total phenolic substance was determined [15]. 

 

For the extraction of proanthocyanidins from grape seed, supercritical CO2 extraction was performed using 

different temperature, pressure and ethanol percentages. Ethanol percentage was seen as the most effective 

parameter in extraction.Since the phenolic substances obtained in the extraction had different polarities, each 

showed maximum extraction efficiency at different parameters. The highest yields of gallic acid, 

epigallocatechin and epigallocatechin gallate in extraction were achieved at 300 bar, 50 °C and 20% ethanol 

parameters. Catechin and epicatechin reached the maximum extraction level in the presence of 300 Bar, 30 °C 

and 20% ethanol, while only epicatechingallate reached the best extraction rate at 250 Bar 30 ° C and 15% 

ethanol. While catechin and epicatechin reached maximum extraction level in the presence of 300 Bar, 30 ° C 

and 20% ethanol, only epicatechingallate reached the best extraction rate at 250 Bar 30 ° C and 15% ethanol 

[16]. 

 

Optimization of antioxidant components in roasted wheat germ by supercritical fluid extraction was aimed. For 

this purpose, working conditions between force (148-602 bar), temperature (40-60 °C) and time (10-60 min) 

were preferred. Optimal extraction conditions were determined as 336 Bar pressure, 58 ° C and 10 min 

extraction time. The extraction output under this condition was 5.3% total phenolic 6 mg GAE / 100 g [17]. 

 

Some other studies with supercritical fluid extraction; oil extraction from eggs [18], pesticide extraction from 

meat [19], extraction of aroma components from hops [20], peppermint oil extraction by supercritical fluid 

extraction [21], extraction of free cholesterol from dried egg yolk [22], extraction of free cholesterol from some 

egg-containing foods [23] and beta-carotene extraction from paprika [24]. 

 

Many natural and synthetic compounds (vitamins, proteins, enzymes and special chemicals) are heat sensitive. 

Purification by known techniques of thermal compounds degrade partially or completely causes this genre. With 

supercritical fluid extraction, heat sensitive compounds are extracted at low temperatures. Deodorization of 

products such as whey and edible oils can also be done in this way [25]. 

 

Concentration or separation of oils generally requires vacuum distillation at elevated temperatures. At high 

temperatures, thermal decomposition is inevitable. In practice, all oil seeds are extracted with supercritical fluids 

with excellent results [26]. Another application is the process of removing fats from foods such as potato chips 

[27]. 

 

In recent years, there has been increasing percentage in the recovery of certain substances from dilute aqueous 

solutions after production by fermentation with supercritical fluid [28]. An example of this is the separation of 

ethanol from the fermentation solution with supercritical carbon dioxide [29]. 

 

5 CONCLUSION 
 

Supercritical fluid extraction is considered as an alternative to customary liquid solvent extraction due to its 

many advantages and studies with this subject are increasing all over the world. Given the dangerous nature, cost 

and adverse environmental effects of most of the liquid solvents used in the biotechnology, food and 

pharmaceutical industries today, the use of supercritical forms of liquids such as carbon dioxide, water or 

nitrogen becomes important. 
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Abstract  

In this study, Molybdenum oxide (MoO3) thin films with MoO3 target (of 99,99% 

purity) using glass, quartz, fused silica, and p and n on type silicon substrate 300˚ 

C. RF power source is changed between 25 -100 Watt. For the analysis, X-ray 

Diffraction (XRD), absorption, Raman spectroscopy measurements were used. 

XRD results, when the power increase, it is observed that the MoO2 phases that 

pointing the bad oxidizing state. In the films deposited at different oxygen current 

environment, we see the pure α-phase MoO3. Resulting in films, the best results 

were observed in films deposited 75 to 100 W. 

 

1 INTRODUCTION  
 

Thin films of MoO3 have 3 certain phases (2 phase in some articles); MoO6 hexagonal phase, α-MoO3 octahedral 

phase, and β-MoO3 monoclinic phase. Among these phase, α-MoO3 is recognized as a thermodynamically stable 

phase and β-MoO3 as a metastable phase. However, it seems that the most stable phase of MoO3, α-MoO3, have 

more usage than other phases but some technological applications of MoO3 that counted above, preferred usually 

personal phase for performance or optimal response [1]. For example, in order to electrochromic applications, α-

MoO3 phase due to its unique structure has simplified the moves of lithium ions in line with b and will have 

better performance than β-MoO3 phase [2]. β-MoO3 phase instead has shown better performance in gas sensors 

applications than α-MoO3. 

 

Figure 1-b has shown α-MoO3 stable octahedral phase and β-MoO3 metastable monoclinic phase Figure 1-a. As 

can be seen in 1-b figure, α-MoO3 phase is formed by coming together of two pressed layers of MoO6. This 

phase is belonging to the space group of pnmb (no.62) and its symmetry is a=1,385 nm, b=3,696 nm, c=3,963 

nm [2]. One of MoO6 ions in this phase has taken distance from 6 others and has created α-MoO3 by MoO6 

structure deforms of octahedral phase. Adherent layers of MoO6 in this structure extend to infinity in line with a-

c horizontally by sharing the corners and in line with b there is weak van der Waals force between adherent 

layers. This structure forms α-MoO3 stable octahedral phase (Figure (1-b)) [1]. β -MoO3 Metastable monoclinic 

phase has shown in 1-a figure. This phase is belonging to the space group of p21/c (no.14) by tis symmetry: 

a=0,7122, b=5,366, c=0,5566 [2]. As can be seen in this phase unlike α=MoO3 phase, there is no the empty 

space screw in the direction of b between the adherent layers of MoO6 hexagonal and the adherent layers of 

MoO6 continue in all three directions to infinity (Figure (1-a)) [1]. 
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Figure 1. (a) monoclinic β-MoO3 (b) Octahedral α-MoO3 - Mo Black and oxygen are shown as gray 

 

In order the best synthesis of MoO3 crystals high temperatures are required. Also different phases of MoO3 thin 

films and their surface texture, pattern and morphology as well have close relationship with growth conditions of 

films. MoO3 thin films with various methods such as sol-jel , spray, pulse laser deposition [1], were grown and 

taken into consideration. In order to better control of growth parameters of thin film in this paper, one of the 

most usage methods means RF-sputtering is used [3,4].  

 

2 MATERIAL AND METHOD 
 

MoO3 thin films were deposited onto glass substrates by RF magnetron sputtering system. Table 1 also shows 

the conditions of MoO3 thin films growth for examining minor changes of oxygen from 0,75-1,25 sccm. 

According to the table in order to the minor changes of oxygen on the films, MoO3 target is used (with a purity 

of 99,99%) and the growth condition of films at a constant temperature of 300˚C has been provided on the 

substrates and n and p-type silicon at 80W. Target surface is cleaned by argon gas for 15 min before the starting 

of the thin films growth on the substrates. Chemical composition, surface morphology, crystal structure and 

optical characteristic of the grown films has been systematically investigated by AFM, SEM, XRD, RAMAN 

and absorption methods. 

 

Table 1. R.F. sputtered parameters used for deposition of α-MoO3 thin films 

power 80 W 80 W 80 W 

Basic pressure 1,6*10−6 1,1*10−6 1,410−6 

Temperature 300˚C 300˚C 300˚C 

Gas (O2) sccm 0,75 sccm 1 sccm 1,25 sccm 

Gas (Ar) sccm 80 80 80 

Growth rate (min) 120  180  240  

target MoO3 MoO3 MoO3 

Substrate glass- 

silicon (111) 

glass- 

silicon (111) 

glass- 

silicon (111) 
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3 RESULTS 
 

Reducing O2 partial pressure led to the formation of XRD peaks for α-MoO3 films grown on glass and the silicon 

substrate. Figure 2 has been shown the results of XRD of grown thin films at 80W and in the partial pressure of 

25-100 sccm. Due to the results, three peaks at the angles of 2θ=23,85 and 24,27 is seen in all films that belong 

to the (110), (040) directions respectively (from left to right). As was mentioned earlier, one of the effecting 

factors for growing the films with α-MoO3 stable phase was to control the existing oxygen in the growth medium 

films. Here, in all films that have been associated with minor changes of oxygen also have been associated with 

net growth of α-MoO3 stable phase. Furthermore, we can see the reduction of the intermediate phase in all films.  

 

 
Figure 2.  XRD pattern of α-MoO3 thin films grown as depending on to O2 partial pressure. 

 

The absorbance spectra have been use to determine optical band gap energies of α-MoO3 on glass substrate. Figure 3 

has been shown the results of absorbance spectra (a)- band gap (b) of grown thin films at 25,50,75,100W. Starting 

around 400 nm, absorption spectra increases corresponding to the near band edge absorption of the grown α-MoO3 

thin films. Band gaps of the films according to increasing power are 3.6 eV, 3.52 eV, 3.39 eV and 3.37 eV 

respectively. 

 

 
Figure 3. Absorption pattern of α-MoO3 thin films grown depending on to power. 

 

Raman spectroscopy is a spectroscopic method which is based on measuring the scattered light from the 

molecules of samples. Fig. 4 shows Raman spectra in the range of high-wave number, between 100 and 1000 

cm-1, for the MoO3 at 300 Co. 
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Figure 4. Raman spectra of α-MoO3 thin films grown depending on to O2 partial  pressure. 

 

All samples show the characteristic Raman bands of MoO3. MoO3 shows sharp and intense Raman Bands in the 

vibrational spectra. Vibrational analysis of single-crystalline MoO3, the bands observed at 666 (B2g,B3g), 820 

(Ag,B1g), and 995 cm-1 (Ag,B1g) are assigned to stretching modes of the Mo-O-Mo bridges along the MoO4 

tetrahedra chains in the a direction and the symmetric and antisymmetric stretching mode of the terminal Mo=O 

groups, respectively [5]. Even so, the assignments of its vibrational bands are not resolved completely and this 

remains a subject of discussion. 

 

4 CONCLUSION 
 

According to the results, RF device watt changes from 25 W to 100 W just cause to grow MoO2 thin films of 

monoclinic phase but are shown all resulting films in α-MoO3 octahedral phase with the arrival of oxygen flow 

at 80 W (constant). 

 

When the RF power supply increase and decreasing of the optical bandgap, if oxygen gas flow is increased, we 

saw the situation reversed and optical bandgap of films increase from 2.99 eV to 3.14 eV. As a result, using 

MoO3 target in films grown by RF sputtering method, the best RF power supply can be adjusted to obtain the 

pure α- MoO3 phase, the result is 80 W power and 1 to 1.25 sccm oxygen gas flow required. 
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Abstract 

The efficient and fast control of power plants is a key part of modern power 

generation. The desired efficiency and fast are achieved using electronic power 

converters. The converters transfer energy from a shape to another using 

semiconductor switches that are turn on and off at high frequencies. Pulse width 

modulation (PWM) techniques have been developed in order to make the desired 

energy conversion of the semiconductor switches. This paper focuses on a three-

phase two-level voltage source rectifier (VSR) used in medium and high power 

applications to convert alternating current (AC) into direct current (DC). The most 

widely used sinusoidal PWM (SPWM) technique and the recently developed space 

vector PWM (SVPWM) technique based on voltage oriented control (VOC) strategy 

have been applied to the two-level rectifier. SPWM and SVPWM techniques applied 

to two-level rectifier are simulated in Matlab/Simulink. The performance of the 

SPWM and SVPWM techniques has been compared by changing the reference value 

of both the load value and the load voltage suddenly and successful results such as 

input current close to the sinusiodal, bidirectional power flow and unity power factor 

have been achieved. 

1 INTRODUCTION  
 

In the recently, an increasing part of the generated electric is converted by rectifiers to be used in popular systems 

such as electric vehicles and high voltage direct current (HVDC). In power electronics systems, diode and thyristor 

rectifiers (traditional rectifiers) have been used for many years to convert AC energy to DC energy. However, the 

rectifiers are nonlinear due to their natural structure and, therefore, generate harmonic currents on the AC grid 

side. The high harmonic content in AC grid currents leads to low power factor, inefficient operation and problems 

such as high 𝑑𝑣 𝑑𝑡⁄  rating and electromagnetic interference (EMI) in power systems [1].  

 

In order to comply with IEEE standards, traditional rectifiers are controlled by pulse width modulation (PWM) 

techniques [2]. The three-phase voltage source PWM rectifier is superior to the traditional rectifier because of its 

features such as low harmonic grid current (THD is less than 5%), bidirectional power flow, adjustable output 

voltage and high power factor [3]. The PWM rectifiers commonly use the voltage oriented control (VOC) to 

provide high performance. The VOC has two control loops that control both voltage and current. The first is the 

outer voltage loop to control the reference output voltage and the second is the inner current loop to control the 

three-phase grid currents. High dynamic and static performance is guaranteed in the VOC via inner and outer 

control loops. PI regulators are used as controllers in control loops. The VOC is generally based on the conversion 

of currents and voltages in the three-phase stationary coordinate system (abc) to the two-phase synchronous 

rotating coordinate system (dq0) using Clarke [4] and Park transformations [5] given in the literature.  

 

There are many PWM techniques in the literature, such as sinusoidal PWM (SPWM), harmonic elimination PWM, 

minimum current ripple PWM, third harmonic injection PWM, modified sinusoidal PWM and sigma delta 

modulation technique, to control the input current on the grid side and the load voltage on the output side of the 

rectifier [6-8]. In the most preferred PWM technique, SPWM, the three-phase signal known as reference 

modulation signals are compared against a high frequency triangular carrier wave for generating PWM pulses. 

Pulses are generated by comparing the amplitude of both signals [9]. Although SVPWM is complex, it has proven 

to be the best PWM technique. SVPWM shows high dynamic performance in suppressing input harmonics and 
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increases the fundamental output voltage by 15% [10, 11]. In this paper, SPWM and SVPWM techniques are 

compared for two level PWM rectifier. 

 

2 PULSE WIDTH MODULATION TECHNIQUES 
 

Basically the PWM is based on chopping of DC signal with semiconductor switches such as MOSFET, BJT, IGBT 

etc. The amplitude and harmonic content of the output voltage can be controlled by controlling the duty cycle of 

the switches. The efficiency of the three-phase voltage source PWM rectifier is inversely proportional to the 

number and magnitude of the harmonics seen in the output voltage [12, 13].  The selected PWM techniques for 

comparison in this study are given below. 

 

2.1 Sinusoidal Pulse Width Modulation (SPWM) 

 

SPWM has become the most popular PWM technique for traditional rectifiers due to its ease of applicability and 

operating conditions that allow for the first harmonic amplitude, including over modulation operating state. The 

SPWM provides better performance between 0 and 78% over the entire operating range than the drive achieves 

with square wave operation. The SPWM based on the comparison of the modulation wave and the high frequency 

carrier wave is shown in Figure 1 [14]. 

 

Modulation 

Wave (Vmod)

Carrier 

Wave (Vcar)

Vdc/2

-Vdc/2

Vo(t)

 
Figure 1. The generation of pulse signal with SPWM 

 

SPWM pulses are determined by criterion as follows: 

 

For, 𝑉𝑚𝑜𝑑 ≥ 𝑉𝑐𝑎𝑟  , 𝑉𝑜(𝑡) = 𝑉𝑑𝑐/2 

And if, 𝑉𝑚𝑜𝑑 ≤ 𝑉𝑐𝑎𝑟  , 𝑉𝑜(𝑡) = −𝑉𝑑𝑐/2 

 

The amplitude modulation index (𝑚𝑎) can be calculated by using equation (1) [15]. 

 

𝑚𝑎 =
𝑉𝑚𝑜𝑑

𝑉𝑐𝑎𝑟
=

𝑉𝑑𝑐 2⁄

2𝑉𝑑𝑐 𝜋⁄
=

𝜋

4
= 78.55%                                                                                                                                                         (1) 

 

As can be seen from the equations mentioned above, 𝑉𝑚𝑜𝑑  controls the output voltage of the rectifier. In given 

equation (2) the frequency modulation index (𝑚𝑎) is the ratio between carrier wave frequency (𝑓𝑐𝑎𝑟)  and 

modulation wave frequency (𝑓𝑚𝑜𝑑). 

 

𝑚𝑓 =
𝑓𝑐𝑎𝑟

𝑓𝑚𝑜𝑑
                                                                                                                                                                   (2) 

 

2.2 Space Vector Pulse Width Modulation (SVPWM) 

 

SVPWM is mainly based on a vector approach. It was initially developed for three-phase two-level inverters and 

then applied to multi-level inverters / rectifiers. The SVPWM technique generates a modulation wave to achieve 

a higher output voltage about 15% with lower total harmonic distortion (THD) grid currents. Therefore, it has 

recently become the most preferred technique among all the PWM techniques, especially SPWM. In addition, 

SVPWM is more effective in using DC supply voltage. Although it easily is implemented in the DSP systems it is 

complex and include computation-intensive.  
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In SVPWM technique, voltages in stationary coordinate system (abc) given in equation (3) are transformed to 

synchronous rotating coordinate system (dq0). These transformations are made using the Park’s transformation 

given in equation (4). 

 

𝑉𝑎 = 𝑉𝑚 . sin(𝑤𝑡)  

𝑉𝑏 = 𝑉𝑚. sin (𝑤𝑡 −
2𝜋

3
)                                                                                                                                                         (3) 

𝑉𝑐 = 𝑉𝑚 . sin (𝑤𝑡 +
2𝜋

3
)  

 

𝑓𝑎𝑏𝑐→𝑑𝑞0 =
2

3
. [

𝑐𝑜𝑠𝜃 cos(𝜃 −
2𝜋

3
) cos(𝜃 +

2𝜋

3
)

−𝑠𝑖𝑛𝜃 −sin(𝜃 −
2𝜋

3
) −sin(𝜃 +

2𝜋

3
)

1 2⁄ 1 2⁄ 1 2⁄

]                                                                                          (4) 

 

The three-phase voltages transformed to the dq0 coordinate system form eight voltage vectors (𝑉0 − 𝑉7), six active 

(𝑉1 − 𝑉6) and two passive (𝑉0, 𝑉7). As shown in Figure 2, these eight voltage vectors form six sectors. In the space 

vector diagram, there are eight switching states corresponding to voltage vectors. For example, the switching state 

110 indicates that the upper switch in phase A and B and the lower switch in phase C are turn on. 

 

010 110
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100011 V1

V2
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V4

V5

Sector2

Sector5

V6

V0

V7

000

111 T0 T1

T2

Vref

θ

 

 
Figure 2. Space vector diagram and reference voltage vector 

 

The following steps must be followed to generate the reference voltage vector: 

 

1. The voltages 𝑉𝑑, 𝑉𝑞 , 𝑉𝑟𝑒𝑓  and the angle θ are calculated and it is determined which sector 𝑉𝑟𝑒𝑓  falls into. 

2. The switching times 𝑇0, 𝑇1 and 𝑇2 of each sector are calculated. 

3. Switching signals are generated according to the switching times and applied to the rectifier according to the 

specified switching sequence. 

 

Steps 1: In a balanced three-phase system, a space vector reference voltage is expressed as in equation (5).  

 

𝑉𝑟𝑒𝑓 =
2

3
(𝑉𝑎𝑛 + 𝑉𝑏𝑛𝑒

−𝑗
2𝜋

3 + 𝑉𝑐𝑛𝑒
𝑗
2𝜋

3 ) = 𝑉𝑑 + 𝑗𝑉𝑞                                                                                                            (5) 

 

𝑉𝑑 = 𝑉𝑎𝑛 − 𝑉𝑏𝑛 cos(𝜋 3⁄ ) − 𝑉𝑐𝑛 cos(𝜋 3⁄ ) = 𝑉𝑎𝑛 − 𝑉𝑏𝑛 2⁄ − 𝑉𝑐𝑛 2⁄                                                                            (6) 

 

𝑉𝑞 = 0 + 𝑉𝑏𝑛 cos(𝜋 6⁄ ) − 𝑉𝑐𝑛 cos(𝜋 6⁄ ) = √3𝑉𝑏𝑛 2⁄ − √3𝑉𝑐𝑛 2⁄                                                                           (7) 

 

[
𝑉𝑑
𝑉𝑞
] =

2

3
[
1 −1 2⁄ −1 2⁄

0 √3 2⁄ −√3 2⁄
] [

𝑉𝑎𝑛
𝑉𝑏𝑛
𝑉𝑐𝑛

]                                                                                                                                 (8) 

 

|𝑉𝑟𝑒𝑓| = √𝑉𝑑
2 + 𝑉𝑞

2                                                                                                                                                       (9) 

 

𝜃 = 𝑡𝑎𝑛−1(𝑉𝑞 𝑉𝑑⁄ )                                                                                                                                                        (10) 
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According to angle θ, the sector in which the reference voltage vector falls is determined. 

 

Steps 2: After calculating the sector in which the reference voltage vector falls, the switching times of the voltage 

vectors forming 𝑉𝑟𝑒𝑓  are calculated. As shown in Figure 2, the switching times are calculated assuming that 𝑉𝑟𝑒𝑓  

falls to sector 1. The switching time calculations in other sectors can be done in the same way. 

 

∫ 𝑽𝒓𝒆𝒇
𝑇𝑠
0

= ∫ 𝑽𝟏𝑑𝑡
𝑇1
0

+ ∫ 𝑽𝟐𝑑𝑡 + ∫ 𝑽𝟎𝑑𝑡
𝑇𝑠
𝑇1+𝑇2

𝑇1+𝑇2
𝑇1

  

 

𝑇𝑠𝑽𝒓𝒆𝒇 = (𝑇1𝑽𝟏 + 𝑇2𝑽𝟐)  

 

𝑇𝑠. |𝑉𝑟𝑒𝑓|. [
𝑐𝑜𝑠𝜃
𝑠𝑖𝑛𝜃

] = 𝑇1.
2

3
. 𝑉𝑑𝑐 . [

1
0
] + 𝑇2.

2

3
. 𝑉𝑑𝑐 . [

cos(𝜋 3⁄ )

sin(𝜋 3⁄ )
]  

 

𝑇1 = 𝑇𝑠. 𝑘.
sin(𝜋 3−𝜃⁄ )

sin(𝜋 3⁄ )
                                                                                                                                                     (11) 

 

𝑇2 = 𝑇𝑠 . 𝑘.
sin(𝜃)

sin(𝜋 3⁄ )
                                                                                                                                                                    (12) 

 

𝑇0 = 𝑇𝑠 − 𝑇1 − 𝑇2                                                                                                                                                       (13) 

 

Where, 𝑇𝑠 =
1

𝑓𝑠
    and     𝑘 =

𝑉𝑟𝑒𝑓
2

3
𝑉𝑑𝑐

 .      

 

Steps 3: The calculated switching times are applied to the switches for some purposes, such as obtaining a lower 

THD and dynamic response. The most suitable switching sequence mentioned in the literature is given in Table 1 

[16].  

 

Table 1. Switching sequence for each sector 

Sector The Upper Switches (𝑆1, 𝑆3, 𝑆5) The Lower Switches (𝑆4, 𝑆6, 𝑆2) 

1 

𝑆1 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

𝑆3 = 𝑇2 + 𝑇0 2⁄  

𝑆5 = 𝑇0 2⁄  

𝑆4 = 𝑇0 2⁄  

𝑆6 = 𝑇1 + 𝑇0 2⁄  

𝑆2 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

2 

𝑆1 = 𝑇1 + 𝑇0 2⁄  

𝑆3 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

𝑆5 = 𝑇0 2⁄  

𝑆4 = 𝑇2 + 𝑇0 2⁄  

𝑆6 = 𝑇0 2⁄  

𝑆2 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

3 

𝑆1 = 𝑇0 2⁄  

𝑆3 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

𝑆5 = 𝑇2 + 𝑇0 2⁄  

𝑆4 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

𝑆6 = 𝑇0 2⁄  

𝑆2 = 𝑇1 + 𝑇0 2⁄  

4 

𝑆1 = 𝑇0 2⁄  

𝑆3 = 𝑇1 + 𝑇0 2⁄  

𝑆5 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

𝑆4 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

𝑆6 = 𝑇2 + 𝑇0 2⁄  

𝑆2 = 𝑇0 2⁄  

5 

𝑆1 = 𝑇2 + 𝑇0 2⁄  

𝑆3 = 𝑇0 2⁄  

𝑆5 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

𝑆4 = 𝑇1 + 𝑇0 2⁄  

𝑆6 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

𝑆2 = 𝑇0 2⁄  

6 

𝑆1 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

𝑆3 = 𝑇0 2⁄  

𝑆5 = 𝑇1 + 𝑇0 2⁄  

𝑆4 = 𝑇0 2⁄  

𝑆6 = 𝑇1 + 𝑇2 + 𝑇0 2⁄  

𝑆2 = 𝑇2 + 𝑇0 2⁄  

 

3 THE VOLTAGE ORIENTED CONTROL OF TWO-LEVEL RECTIFIER 
 

Figure 3 shows the circuit of three-phase voltage source PWM rectifier. From Figure 3, the two-level PWM 

rectifier structure has six insulated gate bipolar transistors (IGBTs) switches which are reversed parallel connected 

with six freewheeling diodes [18], a capacity connected to the DC side to store energy, a reactor for filtering and 

boosting in each phase of the grid, and pure resistive load. The output voltage 𝑉𝑑𝑐 is continuously monitored and 

compared to a reference voltage 𝑉𝑟𝑒𝑓  to generate the error signal controlled by the PWM controller. When 𝐼𝑑𝑐  is 

positive, the capacity is discharged and the converter operates in rectifier mode, when 𝐼𝑑𝑐  is negative, the capacity 

is charged and the converter operates in inverter mode [17].  

 

729



Comparison Operation of SPWM and SVPWM Control for Three-Phase Two-Level 

Voltage Source Rectifier 

ICADET ‘19 

 

 

Idc

Va

Vb

Vc

Rs Ls

van

vbn

vcn

S1

S4

C

S3 S5

S2S6

L

O

A

D

Vdc

Ic Iload

 
Figure 3. Three-phase voltage source PWM rectifier 

 

In Figure 3, assuming the switches are ideal and the three-phase grid voltages are balanced, the mathematical 

model of the three-phase voltage source PWM rectifier is extracted as follows. 

 

[

𝑉𝑎
𝑉𝑏
𝑉𝑐

] = 𝑅𝑠 [

𝑖𝑎
𝑖𝑏
𝑖𝑐

] + 𝐿𝑠
𝑑

𝑑𝑡
[

𝑖𝑎
𝑖𝑏
𝑖𝑐

] + [

𝑣𝑎𝑛
𝑣𝑏𝑛
𝑣𝑐𝑛

]                                                                                                                              (14) 

 

𝐶
𝑑𝑉𝑑𝑐

𝑑𝑡
= 𝑆𝑎𝑖𝑎 + 𝑆𝑏𝑖𝑏 + 𝑆𝑐𝑖𝑐 − 𝐼𝑑𝑐                                                                                                                                 (15) 

 

Where 𝑆𝑎,𝑏,𝑐 is switching states of the PWM rectifier. Input voltages of rectifier on AC side are equal to: 

 

𝑣𝑎𝑛 = (2𝑆𝑎 − (𝑆𝑏 + 𝑆𝑐) 3⁄ ). 𝑉𝑑𝑐   

𝑣𝑎𝑛 = (2𝑆𝑏 − (𝑆𝑎 + 𝑆𝑐) 3⁄ ). 𝑉𝑑𝑐                                                                                                                                    (16) 

𝑣𝑎𝑛 = (2𝑆𝑐 − (𝑆𝑏 + 𝑆𝑎) 3⁄ ). 𝑉𝑑𝑐   

 

It is clearly seen that the equations given in equation (14-16) is time-varying AC signal. This makes it difficult to 

design the control system. Therefore, the mathematical equations in the abc coordinate system mentioned above 

are transformed into the dq0 coordinate system by means of the Park transformation. The mathematical model of 

the PWM rectifier in the synchronous rotating dq0 coordinate system as follows.  

 

𝐿𝑠
𝑑𝑖𝑑

𝑑𝑡
= −𝑅𝑠𝑖𝑑 + 𝑤𝐿𝑠𝑖𝑞 + 𝑉𝑑 − 𝑉𝑑𝑛                                                                                                                               (17) 

 

𝐿𝑠
𝑑𝑖𝑞

𝑑𝑡
= −𝑅𝑠𝑖𝑞 −𝑤𝐿𝑠𝑖𝑞 + 𝑉𝑞 − 𝑉𝑞𝑛                                                                                                                                 (18) 

 

𝐶
𝑑𝑉𝑑𝑐

𝑑𝑡
= −𝐼𝑙𝑜𝑎𝑑 +

3

2
(𝑆𝑑𝑖𝑑 + 𝑆𝑞𝑖𝑞)                                                                                                                              (19) 

 

Where 𝑆𝑑 and 𝑆𝑞  are switching states in dq0 coordinate systems. 𝑉𝑑𝑛 and 𝑉𝑞𝑛 are the input voltages of rectifier in 

dq0 coordinate systems and defined as follows [2]: 

 

𝑉𝑑𝑛 = 𝑆𝑑𝑉𝑑𝑐   

 

𝑉𝑞𝑛 = 𝑆𝑞𝑉𝑑𝑐  

 

As can be seen from equation (17-18), 𝑖𝑑 and 𝑖𝑞  currents are coupling. Therefore, independent control of voltages 

𝑉𝑑 and 𝑉𝑞  cannot be performed. In order to eliminate coupling, the feedforward decoupling control of currents 𝑖𝑑 

and 𝑖𝑞  is preferred. The feed forward decoupling control uses PI regulators in control loop of 𝑖𝑑 and 𝑖𝑞  currents 

[18]. In the dq0 coordinate system, the reference voltages of the current controllers in the three-phase PWM 

rectifier are given in equation (20-21). 

 

𝑉𝑑𝑛
∗ = −(𝐾𝑖𝑃 +

𝐾𝑖İ

𝑠
) (𝑖𝑑

∗ − 𝑖𝑑) + 𝑤𝐿𝑠𝑖𝑞 + 𝑉𝑑                                                                                                                     (20) 

 

𝑉𝑞𝑛
∗ = −(𝐾𝑖𝑃 +

𝐾𝑖İ

𝑠
) (𝑖𝑞

∗ − 𝑖𝑞) − 𝑤𝐿𝑠𝑖𝑑 + 𝑉𝑞                                                                                                                (21) 
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In Figure 4, the VOC block diagram of the two-level PWM rectifier controlled by SPWM and SVPWM based on 

dq0 coordinate system. 
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Figure 4. The VOC block diagram of two-level PWM rectifier 

 

4 SIMULATION RESULTS 
 

Based on the VOC control strategy and the mathematical model, the simulation models of two-level PWM rectifier 

controlled by SPWM and SVPWM techniques is simulated in Matlab/Simulink program. The system parameter 

values that use in both SPWM and SVPWM is given in Table 2. It should also be noted that the PI controllers 

designed for outer voltage and inner current control loops are the same for SPWM and SVPWM techniques. 

 

Table 2. Circuit parameter values of two-level PWM rectifier 

Grid phase-neutral voltage; Va_rms 220 V 

Grid frequency 50 Hz 

Line resistance; 𝑅𝑠 0.05 Ω 

Line inductance; 𝐿𝑠 9 mH 

DC capacitance; C 450 μF 

Load resistance; RLoad 50 Ω 

Switching frequency; fs 5 kHz 

Reference voltage; 𝑉𝑑𝑐
∗  600 V 

 

THD value is calculated for both PWM techniques and comparisons are made between these two techniques. 

Furthermore, these two techniques will be compared in terms of output voltage, sinusodal input current, efficient 

DC bus utilization and transient condition. 

 

4.1 SPWM Simulation 

 

Figure 5 shows simulink model of SPWM rectifier. At the current control output, the dq0 coordinate system voltages 

𝑉𝑑 and 𝑉𝑞 , are two vectors which will form the modulation signals for three-phase system. In the SPWM technique, 

the three-phase modulation signal is compared to a high frequency carrier triangle wave to generate PWM signals used to 

trigger the six switches of the two-level rectifier in shown Figure 6. 

 

       
                 Figure 5. Simulink model of SPWM rectifier                             Figure 6. SPWM technique 

731



Comparison Operation of SPWM and SVPWM Control for Three-Phase Two-Level 

Voltage Source Rectifier 

ICADET ‘19 

 

 

Figure 7 shows three-phase modulation signals. These signals is compared with a high frequency carrier wave. 

Referring to Figure 8, it is seen that the output voltage 𝑉𝑑𝑐 has a reference voltage value of 600 V in a short time 

of 0.06s. In order to analyze the performance of SPWM under transient conditions, a sudden load change has been 

occured from 50 Ω to 25 Ω (t=0.2s) and a sudden reference voltage change has been occurred from 600V to 700V 

(t=0.4s). Due to the changes in load value and reference voltage value, the changes in the output voltage, three-

phase grid currents and phase tracking between 𝑉𝑎 and 𝐼𝑎 are shown in Figure 8-10. 

 

            
Figure 7. Three-phase modulation signals for SPWM                             Figure 8. DC output voltage (𝑉𝑑𝑐) 

 

         
Figure 9. Three-phase grid currents for SPWM                             Figure 10. Phase tracking between 𝑉𝑎 and 𝐼𝑎                                           

 

 
Figure 11. THD analysis of phase current A 

 

In Figure 9, it is seen that the three-phase grid currents are close to the sinusoidal form, that is, the power factor is 

close to maximum. When the harmonic analysis for phase current A is made, it is seen in Figure 11 that a THD of 

4.29% is formed.  

 

4.2 SVPWM Simulation 

 

Figure 12 shows simulink model of SVPWM rectifier. It was mentioned above that SVPWM technique is based 

on vector control method. Having less THD in input and output waves, SVPWM uses more efficient DC bus 

voltage and reduces switching losses. 
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Figure 12. Simulink model of SVPWM rectifier                                       Figure 13. SVPWM technique 

 

Figure 14 shows three-phase modulation signals. These signals is compared with a high frequency carrier wave. 

Referring to Figure 15, it is seen that the output voltage 𝑉𝑑𝑐 has a reference voltage value of 600 V in a short time 

of 0.05s. It also appears that the output voltage 𝑉𝑑𝑐  has a small ripple in according to SPWM in steady state. In 

order to analyze the performance of SVPWM under transient conditions, a sudden load change has been occured 

from 50 Ω to 25 Ω (t=0.2s) and a sudden reference voltage change has been occurred from 600V to 700V (t=0.4s). 

Due to the changes in load value and reference voltage value, the changes in the output voltage, three-phase grid 

currents and phase tracking between 𝑉𝑎 and 𝐼𝑎 are shown in Figure 15-17. 

 

            
Figure 14. Three-phase modulation signals for SVPWM                         Figure 15. DC output voltage (𝑉𝑑𝑐) 

 

           
Figure 16. Three-phase grid currents for SVPWM                        Figure 17. Phase tracking between 𝑉𝑎 and 𝐼𝑎    

                                   

When load value (t = 0.2s) and reference voltage value (t=0.4s) changes, it is clearly seen that the SVPWM control 

responds to the deteriorated system with a rapid reaction time and keeps the system stable in according to SPWM. 

Furthermore, it is seen in Figure 18 that the THD value of the grid current which is 4.29% in SPWM decreases 

and the desired to 3.87% in SVPWM. 
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Figure 18. THD analysis of phase current A 

 

5 CONCLUSION 
 

In this paper first comparative analysis of generally used SPWM technique with recently been popular SVPWM 

technique is carrier out. The simulation results show that SVPWM technique provides a better response to transient 

conditions and SVPWM has been shown to reduce the harmonics in the sinusoidal input current of the two-level 

rectifier, increasing the power factor and keeping the DC output voltage constant at the desired value. It is also 

observed that the THD value in the SVPWM is lower than the SPWM and the grid currents has less ripple. 

SVPWM compared to SPWM can be used for the application where better performance can be done with output 

quality and the application requirements are complexity. In future works, SVPWM will be an effective switching 

technique applied to systems such as HVDC and electric vehicles. In addition, SVPWM technique is becoming a 

popular technique applied to multilevel converters. 
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Abstract 

Bioactive peptides, which are naturally found in foods, have many physiological 

benefits during digestion that are obtained either by fermentation or by enzymatic 

hydrolysis. The biological action of these peptides can be registed as antimicrobial 

effect, lowering cholesterol, lowering blood pressure, antioxidant-antithrombotic 

effect, immunomodulator and opioid effects. Foods go through many processes 

until they become available to consumers. Frequently preferred processes in food 

technology such as heat treatment and fermentation affect bioactive peptide activity 

due to protein structure. Many proteins naturally present in foodstuffs show their 

physiological activity either directly or indirectly. Dietary protein was found to be a 

rich source of bioactive peptide. Foodborne bioactive peptides refer to peptides of 

herb and animal root that have regulatory duty in metabolism in usual and adequate 

nutrition. These peptides are passive in the protein series in which they are located 

and can be activated in three ways: (a) to hydrolysis by the nutritive enzymes, (b) 

hydrolysis by proteolytic microorganisms, (c) by the action of proteolytic enzymes 

released from microorganisms or herbs. In the fermentation process requires 

microorganism which is naturally present in raw material or added later starter 

culture. These microorganisms break down sugars and proteins to form peptides 

and free amino acids with different amino acid sequences. The degree of 

degradation of proteins depends on bacterial species and fermentation conditions. 

These peptides and amino acids produced from food by fermentation frequently 

alter the functional, sensory, biological and rheological properties of the fermented 

product. In this review, the creation of bioactive peptides and their various effects 

on health have been explored. 

 

1 INTRODUCTION  
 

Bioactive peptides that are physiologically beneficial, are occurred during digestion of proteins, which are 

naturally found in foods, with enzymatic hydrolysis and fermentation [1]. Bioactive peptides are in structurally 

long chained form, generally containing 2-20 amino acids residue and also bioactive peptides that contains more 

than 20 amino acids are also existing. Caseinomacropeptide (CMP) which contains 64 amino acids can be given 

as an example [2]. Because of their small sizes and hydrophobic characteristics, bioactive peptides are absorbed 

easier [3]. 

 

Biopeptides which organize the body functions and have positive effects are also known as specific protein 

fragments. Their biological activity may change due to amino acid composition and amino acid sequence [4]. By 

that alteration bioactive peptides may show various activities such as opioid-like (narcotic), immune system 

regulator, antioxidant, antimicrobial, antithrombotic, hypocholesterolemic, cancer prevention, mineral binder, 

protective against heart attacks and antihypertensive effects. Important sources of various bioactive peptides 

include meat, milk and fish [5]. On the other hand, bioactive peptides of plant origin have recently attracted 

caution. In agricultural wastes and secondary products, there have been a high amount asset arises of bioactive 

peptide. In recent years social and scientific interest have been increasing for the re-evaluation of industrial by-

products [6].  

 

The term food-borne bioactive peptide promotes adequate and balanced nutrition in humans. In addition refers to 

peptides of herb or animal root having regulative functions. Bioactive peptides are found naturally in the 

structure of food as well as can be released in inactive form by enzymatic hydrolysis in the principal protein. 

Bioactive peptides obtained from plant and animal sources also occur in large amounts in fermented foods. 
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Bioactive peptides may also occur during food processing or maturation with microbial enzymes. For example, 

the most basic biochemical reaction during cheese ripening is proteolysis and as a result protein degradation 

forms bioactive peptides. In this reaction, plasmin enzyme from milk, pepsin and chymosin enzymes from rennet 

and enzymes formed by microorganisms play an important role in bioactive peptide formation [7]. 

 

Bioactive peptides is obtained from such products: milk camel milk, cheese, yogurt, sausage, Iberian ham, semi-

dry Cantonese sausage, egg, egg whites, egg membrane, soybeans, soy milk, chia, rice bran, peas, flaxseed, 

mushrooms, cauliflower [8]. 

 

Sources such as meat, milk and fish are often used in bioactive peptide search, while derived from plants 

bioactive peptides are of interest. They are richer in bioactive components such as antioxidants, sterols, 

carotenoids, bioactive peptides in agricultural wastes and secondary products [9]. 

 

2 BIOACTIVE PEPTIDE PRODUCTION 
 

Many different methods can be used to produce bioactive peptides. Bioactive peptides can be produced 

endogenously or by an enzyme used in food processing, microbial fermentation and synthesis of amino acids 

(Figure 1). 

 

Proteolysis occurs naturally in large amounts of peptides during food processing. This proteolysis can occur with 

the endogenous enzymes during the ripening of foods or by the united effect of both endogenous and exogenous 

enzymes during fermentation. On the other hand, food proteins can be isolated, then hydrolyzed by enzymes 

(peptidase) and protein hydrolysates are obtained. First, endopeptidases act, followed by exopeptidases (mainly 

tri-peptidylpeptidases, di-peptidylpeptidases, aminopeptidases and carboxypeptidases). These peptides can be 

further hydrolyzed by the digestive tract. Eventually some of which have bioactive properties different amino 

acid sequence and different chain length peptides can be obtained. Commercial proteases used in the production 

of bioactive peptides are shown in Table 1 and Table 2 shows the bioactive peptide sources, methods of 

obtaining them and their bioactivity. 

 

 
Figure 1. Bioactive peptide production ways [10] 

Table 1. Classification of Commercial Proteases from Natural Sources [11] 

P
R

O
T

E
A

S
E

S
 

ANIMAL  

SOURCES 

HERBAL  

SOURCES 

MICROBIAL  

SOURCES 

Carboxypeptidase A Ficin Alcalase; B. licheniformis 

Carboxypeptidase B Bromelain Collagenase; C. histolyticum 

α-chymotrypsin Papain Dipeptidylpeptidase;  

Flavourzyme, Aspergillus orizae 

Chymotrypsin  Proteinase K; Tritirachium album 

Pepsin  Thermolysis; B. thermoproteolyticus 

 

 

 

Food Proteins 

Food Processing Microbial Fermentation Enzymatic Hydrolysis 

Bioactive Peptides 

Peptide Synthesis 

from Amino Acids 
Solvent Extraction 

Expression from the host 

cell via rRNA 
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Table 2. Bioactive peptide sources, methods of obtaining and bioactivity [12]. 

PROTEIN SOURCE HYDROLYSIS METHOD BIOACTIVITY 

FERMENTATION ENZYMATIC 

HYDROLYSIS 

Beef  Thermolysin, proteinase, 

tyrosinase, prosthesis, 

papain, pepsin 

Anticarcinogenic activity 

Camel and beef 

sausage 

L. plantarum KX881772  

 

 Antioxidant activity, 

Antihypertensive activity, 

Anticancerogenic activity 

Geranium flour Bacillus subtilis A26 

(CTM 50700),  

Bacillus 

amyloliquefaciens An6  

 Cholesterol-lowering 

activity 

Kefir L. acidophilus,  

B. bifidum  

 Anticarcinogenic activity 

Camel Milk L. plantarum   

 

 Antimicrobial activity 

Goat Milk  Trypsin and ficin Antimicrobial activity 

Insect (Gryllodes 

sigillatus) 

 Alkalase  

 

Antihypertensive activity,  

Antioxidant activity 

Micro algae 

(Spirulina platensis) 

 Protease K Antioxidant activity 

Coconut  Alkalase, pepsin, trypsin, 

flavourzyme 

Antihypertensive activity 

Pollen  Alkalase  

 

Antihypertensive activity 

Palm Tree  Alkalase, pepsin, trypsin, 

flavourzyme  

Antihypertensive activity 

Broad beans, quinoa 

and wheat 

B. animalis,  

B. longum,  

B. breve  

 Antihypertensive activity,  

Antidiabetic Activity 

Camu-camu 

(Myriciaria dubia 

Mc. Vaugh) meyvesi 

L. helveticus,  

L. plantarum  

 

 Antihypertensive activity,  

Antidiabetic Activity 

Fermented soybeans B. subtilis SCK-2, 

Lactococcus sp. GM005  

 Antimicrobial activity  

Soy milk L. plantarum C2    Antimicrobial activity 

Olive seeds  Alkalase Cholesterol-lowering 

activity 

 

3 THE EFFECTS OF BIOACTIVE PEPTIDES ON HEALTH 
 

Bioactive peptides have different potential health effects such as antioxidant, antihypertensive, antimicrobial, 

antithrombotic, opioid and immunomodulatory effects. Some bioactive properties of the peptides are described 

in greater detail below.  

 

Antioxidant Effect 

 

Oxidative tension appear as a sequel of the imbalance between reactive oxygen kind production and 

antioxidative defenses. Research has shown that many diseases and disorders such as cancer, diabetes, arthritis, 

Alzheimer's, schizophrenia are associated with oxidative stress. Oxidative stress can be reduced by consuming 

foods rich in antioxidant substances. Antioxidants can delay or prevent oxidation of the substrate [13]. It has 

been shown in several studies that peptides from different foods show antioxidant activity [14].  

 

In one study [15] raw extract and peptide fractions won from leavened milk using Lactobacillus plantarum 

strains were valued for biological activity. It was concluded that the antioxidant activity of crude extract and 

peptide fractions obtained by using L. plantarum 55 strain was much higher than those obtained with other 

strains. 
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The antioxidant activity properties of the peptides produced in goat and cow tulum cheese produced by 

traditional methods were determined. The results determined by DPPH and ABTS method showed that 

maturation time increased antioxidant activity. In the ABTS method the top antioxidant action was obtained 

from the peptide extracts obtained from cow Tulum cheese, in DPPH method the utmost antioxidant activity was 

stated in peptide extracts obtained from goat Tulum cheese [16].  

 

Camel milk casein and camel milk whey proteins were hydrolysed with pepsin enzyme. The peptides obtained 

after hydrolysis were distil using opposite phase high pressure liquor chromatography; antioxidant activities of 

peptides, superoxide anion-producing xanthine oxidase (XOD) and DPPH radical removal was evaluated using 

test systems. The peptides obtained significantly increased the tolerance of yeast cells to oxidative stress caused 

by peroxide. Camel milk whey proteins and casein have been noticed to have bioactive peptides with important 

antioxidant activities. Thus, they have been shown to be potential peptides for the avoiding and therapy of 

oxidative stress-related ailment [17]. 

 

In another study, pollen-derived peptides were obtained by using alkalase enzyme. After enzymatic hydrolysis, 

the peptides were purified by SEC method and pollen-derived antioxidant activity were fractionated by RP-

HPLC. The antioxidant action of the acquire fractions was found to be 66.61% by DPPH radical removal method 

[18]. 

 

The peptides of the egg yolk protein were evaluated for various activities and hydrolysis was performed with 

pepsin to obtain the peptides. Fractionation was then carried out using ion replacement chromatography and RP-

HPLC. Among the peptides obtained, YINQMPQKSRE has been shown to have very strong antioxidant activity 

[19]. 

 

Enzymatic hydrolysis was performed to determine the antioxidant peptides from millet by using trypsin enzyme. 

Dissimilar antioxidative potential of the insulating peptide was evaluated by ABTS, DPPH and hydroxyl radical 

analyzes. The bioactive peptide eluted by gel filtering chromatography showed high antioxidant activity when 

tested by dissimilar free radicals [20]. 

 

Antimicrobial Effect 

 

Peptides exhibiting antimicrobial activity are obtained in vivo from various sources. They act against bacteria, 

moulds and viruses, including parasites.  

  

Properties such as peptide extent, amino acid compound, property to hydrophobic and secondary construction 

vary according to the microorganism. Mutual characters of antimicrobial peptides are they 50% are hydrophobic 

and that contain less than 50 amino acids. Bioactive peptides with antimicrobial properties breeded by lactic acid 

bacteria (LAB) in raised foods have the possible to be used as food contribution. Antimicrobial peptides are 

more advantageous than chemical preservatives because they have fewer side effects, require low intensity heat 

treatment, and maintain the sensory properties and nutritional values of food [21]. 

 

They obtained 30 new peptides from bovine hemoglobin with antimicrobial activity using pepsin enzyme. 

Reported that 24 of the peptides are in the α chain and 6 of them are in the β chain [22]. 

 

Antimicrobial activities of bioactive peptides obtained by zymosis of soy milk with L. plantarum C2 substrain 

were investigated. Antimicrobial action of bioactive peptide fractions was checked by disc distribution method. 

Peptides of 5000 Da size were found to exhibit high antimicrobial activity against B. cereus (10 ± 0.57 mm), S. 

dysenteriae (11 ± 0.57) , L. monocytogenous (10 ± 0.57) and E. coli (12 ± 0.57) pathogens [23]. 

 

In another study, enzymatic hydrolysis was performed from Spirulina platensis using alkaline papain enzyme 

and protease to obtain antimicrobial peptide. The minimum inhibition concentration of this peptide was devised 

to be 16 mg / mL for S. aureus and 8 mg / mL for E. coli [24].  

 

In a study conducted in 2017, it was determined that Tibetan ox milk protein hydrolysates obtained by pepsin 

hydrolysis had antimicrobial activity. Two effective antimicrobial peptide was obtained. These peptides were 

detected as the aminoacid series of Arg-Val-Met-PheLys-Trp-Ala and Lys-Val-Ile-Ser-Met-Ile. Arg-Val-

MetPhe-Lys-Trp-Ala showed antimicrobial activity to S. aureus, E. coli, S. paratyphi, L. innocua, E. cloacae and 

B. subtilis. The other peptide Lys-Val-Ile-SerMet-Ile inhibited the growth of not only bacteria but also fungi 

[25]. 
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Antihypertensive Effect  

 

Hypertension is a cardiovascular ailment that affects about a quarter of the world's citizenry. Angiotensin I-

converting enzyme (ACE) is a dipeptidyl carboxypeptidase, converts angiotensin I to angiotensin II. Angiotensin 

II, which has a vasoconstrictor effect, act apart an prominent physiological role in regulating blood pressure and 

fluid-salt stabilize in mammals [2]. Peptides that inhibit ACE enzyme are potential blood pressure lowering 

agents [21]. Obtaining antihypertensive activity from cheese, milk, fish, meat, various herb and algae has been 

the subject of many studies. Obtaining antihypertensive activity from meat, milk, fish, cheese, various herb and 

algae has been the subject of many studies. However, there was no correlation between antihypertensive effects 

obtained in vivo and inhibition of ACE enzyme with in vitro results. Therefore, there is no guarantee that the 

results of ACE inhibition obtained in vitro will have the same effect in vivo [26]. 

 

Since the starter cultures used in the dairy industry have high proteolytic activities, bioactive peptides are formed 

in the production of fermented dairy products. There have been many studies on different bioactive peptides 

consisting from milk proteins as a result of microbial proteolysis [27]. Ile-ProPro and Val-Pro-Pro tripeptides 

insulated from fermented sourish milk with S. cerevisiae and L. helveticus inhibit ACE enzyme. Thus, long-term 

use has been observed to prevent the development of high blood pressure in rats [4]. 

 

Qula casein from Tibetan cow's milk was hydrolyzed with two different enzyme combinations. The skill of the 

obtained hydrolysates to inhibiting ACE enzyme was investigated. The maximum ACE inhibitory effect (<3 

kDa)  were found in hydrolysates obtained by the combination of alkalase + thermolysin and thermolysin + 

proteinase K enzymes. Hypotensive effects in clinical trials a commercial product containing antihypertensive 

peptides with proven has been launched [28]. 

 

Eggs are important as a resource of many bioactive peptides that can be used in the medical and nutrition 

industries [58-60]. Egg ovotransferrin was enzymatically hydrolyzed. In vitro ACE detected three tripeptides 

with inhibitory effects. They have the amino acid sequence Ile-Arg-Trp, Leu-Lys-Pro and Ile-Gln-Trp. Oral 

administration of IleGln-Trp and Leu-Lys-Pro tripeptides to rats diagnosed with high blood pressure was found 

to have both lowered blood pressure [29]. 

 

Legumes are imagineed to be a significant source of bioactive peptides with their rich protein content. A study 

using dry beans, kidney beans and lentils showed that a heat treatment lasting 50 minutes at 121 ° C increased 

ACE inhibitory activity in all three samples [30]. 

 

Soybeans are another valuable source of ACE inhibitors. Some ACE inhibitor peptides were isolated from 

prepared hydrolyzates and fermented soybean products. ACE inhibitor peptides were isolated from Tofuyo, a 

soybean meal fermented with fungi such as Monascus and Aspergillus [31]. 

 

Immunomodulator Effect 

 

The basic function of the immune system is to identify and remove pathogens or impurities. Inflammatory 

inhibiting cytokines are active in the immune system. Another part of the immune system is the attack of 

antigens to the identified pathogen or foreign substances [32]. Immune-regulating peptides can elevate immune 

cell functions as mensured by lymphocyte proliferation, cytokine regulation and antibody synthesis [33]. In 

addition, immune regulator peptides can decrease allergic reactions in atopic mortal and increased mucosal 

immunity exemption in the gastrointestinal tract [34]. Immunopeptides have the ability to regulate the 

proliferation of lymphocytes in the human body and increase the phagocytic activity of macrophages [35]. The 

peptide found in the 60-70 sequence of β-casein from the milk proteins, has been reported to be 

immunomodulatory [36]. Caseinophosphopeptides are thought to enhance the immune system. Phosphoserine 

groups, lymphocytes and macrophages of these peptides effect as activating receptors [37]. The 

immunomodulatory effect varies depending on the dose. For example; some caseomorphins have been reported 

to suppress the proliferation of lymphocyte cells at low concentrations and to promote lymphocyte proliferation 

at higher concentrations [33]. 

 

Opioid Effect 

 

In the late 1970s, the presence of food-borne peptides with opioid activity was identified [2]. Opioid receptors 

(δ- , κ - and µ -type) are found in the neural, endocrine and immunity systems of the mammal, bearing the gastral 

tract. This receptors may interact with exogenous opioids and endogenous ligands [38]. These peptides have 

been semestered 'exorphins' because of their morphological similarity to endogenous ligands interacting with μ, 
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ó or κ-type opioid receptors [39].  Opioid peptides are with a little aminoacid sequence containing 5-10 amino 

acids, such as casomorphins and exorphins, which can bind to specific opioid receptors on the intestinal 

epithelium and other cells [40]. These receptors are responsible for characteristic physiological functions. Such 

as, δ-receptor excited behaviors, µ-receptor excited behaviors and suppression of intestinal motility, κ-receptor 

sedative effect and  food absorption are responsible from the effect [41]. Opioid peptides are formed by opioid 

antagonists (stimulants) and opioid agonists (relaxants). While peptides having a relaxing effect show a 

morphine-like drug effect, stimulating peptides  have a reducing or inhibiting effect [42]. Kasokines from casein-

derived peptides have a stimulating effect; exorphin, α and β-casomorphine have a relaxing effect [43]. 

 

4 CONCLUSION 
 

There is intense interest in the production of proteolytic enzymes and fermentation of biologically active 

peptides from plant and animal products. Studies on obtaining bioactive peptides from different origins and 

determining their functions are continuing. The relationship between the bioactive properties and compositions 

of the peptides has not yet been elucidated. But, in vivo and in vitro studies have shown that peptides obtained 

from different resources show antimicrobial, antithrombotic, antihypertensive, cholesterol lowering, antidiabetic, 

opioid, anticarcinogenic, immunomodulatory, mineral binding and antioxidative properties. Numerous works 

have been conducted on the action mechanisms of bioactive peptides in delaying and treating various diseases. It 

is composed of large amounts of fermented foods, especially in the human diet. Fermented dairy products are the 

most worked foods for bioactive peptides. However, by hydrolyzing all food-derived proteins with proteolytic 

enzymes or fermenting them with special microbial cultures, peptides with different activity, different length and 

molecular weight amino acid chains can be produced. Purification and separation of these peptides can also be 

applied in the presence of technological advances. Although there are still shortcomings in the transition of some 

products to industrial applications and in food applications, many registered bioactive peptides are currently sold 

in the market. The production of new value-added products, which have positive effects on health, will also 

contribute to the economy of the country, especially by processing protein-rich waste or processing by-products 

in this way. Furthermore, further research is demanded on the use of bioactive peptides in the improving of 

functional produces. 
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Abstract 

Efforts to improve the efficiency of photovoltaic (PV) panels, which convert 

sunlight into electricity, are already ongoing. One of the most important 

components affecting efficiency is maximum power point tracking (MPPT). The 

MPPT consists of two components: the algorithm for calculating the maximum 

power and the hardware for power generating. The performance of MPPT 

algorithms is extensively investigated in the literature. In this work, we have 

investigated how the converter affects the performance of MPPT under varying 

conditions, assuming that the performance of MPPT algorithms is ideal. Boost and 

Cuk converters have been compared by considering the simulations result. 

 

1 INTRODUCTION  
 

Taking maximum power from the solar panels is possible by equalizing the converter input equivalent resistance 

to solar panel internal resistance. If a random load is connected to the solar panel, a certain amount of power can 

be generated. In addition, if we connect a load equal to the internal resistance of the panel at certain radiation and 

temperature, the maximum power from the solar panel can be generated too. However, in case of a change in 

variable environmental conditions (radiation, temperature, etc.), it is impossible to generate the maximum power 

from the solar panel. For this reason, converters are used to eliminate this state. The duty-cycles of converters is 

set by using MPPT algorithm.  

 

MPPT studies have been carried out by using many different converters [1-5]. However, in these studies, 

radiation or temperature as a variable have been selected and algorithmic performance analyses have been 

performed [6-8]. In addition, the selected load values were random [1,2,5]. For these reasons, it has not been 

determined whether the converters can run the system in MPP in every case. In this study, to analyse this 

problem, current in MPP as reference control variable have applied to monitor the performance of converters at 

different load, radiation and temperatures. As a contribution to the literature, the importance of the choice of 

converters used in MPPT applications have introduced by analysing the ability of two different converters in 

tracking MPP. 

 

2 CRITERIA TO BE CONSIDERED IN THE SELECTION OF CONVERTERS 
 

In order to generate maximum power from the solar panels, the internal resistance of the solar panel must be 

equal to the converter input equivalent resistance. For this purpose, the converter input equivalent resistance is 

equalized by observing duty-cycle. The internal resistance of the panel (Ropt)  is constant in a given radiation 

and temperature. According to Fig. 1, the ability of Boost and Cuk converters to reach MPP at different load 

values is investigated. 
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Figure 1. PV panel  

SC OCI xV  

 
For the Boost converter, the relationship between the internal resistance of the panel and converter input 

equivalent resistance (𝑅𝐿) as follows: 

 
2(1 )opt LR R D                   (1) 

 
If duty-cycle is equal to zero, the converter input equivalent conductivity (1 𝑅𝐿⁄ ) in given Fig. 1 is at ‘A‘ point. 

If the converter input equivalent resistance is smaller than the internal resistance of the panel (𝑅𝑜𝑝𝑡) and the duty 

cycle is equal to zero, the slope of the line representing the converter input equivalent conductivity in Fig. 1 is 

higher than the slope of the line representing the panel internal conductivity. For this reason, the control of duty-

cycle can be enabled between points of ‘A‘ and ‘C‘ in ‘a’ and ‘c’ direction. However, since MPP is the ’C‘ point, 

Boost converter can not reach MPP. If the converter input equivalent resistance is greater than the internal 

resistance of the panel and the duty-cycle is equal to zero, the slope of the line representing the converter input 

equivalent conductivity in Fig. 1 is lower than the slope of the line representing the panel internal conductivity. 

In this case, For this reason, the control of duty-cycle can be enabled between points of ‘A‘ and ‘D‘ (including 

‘C‘)  in ’a’ and ’c’ direction. Because MPP is point of ‘C‘, the Boost converter can reach MPP. 

 

For the Cuk converter, the relationship between the internal resistance of the panel and converter input 

equivalent resistance as follows: 

 

21
( )opt L

D
R R

D


                  (2) 

 

If the duty-cycle in Cuk converter is equal to zero, the converter input equivalent conductivity is at the ‘E‘ point. 

If the duty-cycle is equal to zero, the converter input equivalent conductivity is at the ‘A‘ point. Since ‘C‘ is 

between ‘A‘ and ‘E‘ points, Cuk converter can reach MPP in all loads. 

 

3 MATHEMATICAL MODEL OF BOOST CONVERTER 
 

Boost converters consist of inductor, capacitor, diode and switching component. Output voltage of Boost 

converter is greater than input voltage and output current of Boost converter is smaller than input current. The 

block diagram of the Boost converter is shown in the Fig 2. 

 

 
Figure 2. The block diagram of the Boost converter 

 

The switching states of the Boost converter are shown below. 
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Switch on: 

 
Figure 3. Boost converter in switch on  
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Switch off: 

 

 
Figure 4. Boost converter in switch off  
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Equation (8) is obtained by writing the above equations in vector matrix form. 
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                (8) 

 

For the switch on and switch off of the Boost converter, the state equations in given equation (5, 8) are combined 

to obtain the average large signal model. 

 

1 2

1 2

1 2

1 2
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(1 )     

(1 )       
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                (9) 
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                (10) 

 

Obtained the average large signal model is composed of steady state (D) and small signal ( d


) model. For the 

steady state situation, the average large signal model ‘d’ is changed into ‘D’, and all other variables are 

represented by upper case letter. 

 

cc cv V v


                 (11) 

LL Li I i


                 (12) 

zz zi I i


                 (13) 

d D + d


                (14) 

gg gv V v


                 (15) 

 

In the large signal model, the small signs and steady state signs in given equation (11-15) are put in equation 

(10) and the equation (16) is obtained. 

 

1
010
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          (16) 

 
State variables and input variables in the average large signal model are composed of two components which 

consist of the average values in the operating point and the oscillation values around it. 

 

To obtain a small signal model from the equation (16), 

 

1- 0AX BU   
2- The multiplication of two small signal are supposed that it are zero [10]. 
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                                                     (17) 

 

The equation (17) is rearranged below by taking into account the assumptions and equation (18) is obtained. 
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State equation ( x A x Bu


  

  ) is obtained. There are three input signs: Duty-cycle ( d


), panel output voltage         

(
gv


), load current ( Zi


). In the controller design, panel output voltage and load current changes are taken as 

zero. 

 

Output equation: 

 

y C x Du
  

                                                              (19) 

 

Since the input has directly no effect on the output, D=0.        
 

0 0 1

1 0

L

i C

v i

i v

 

 

   
          

   

                                                  (20) 

 

Since the PID controller design is based on the transfer function, the transfer function of the Boost converter is 

obtained by using the coefficients matrices of the state equations. 

 

   
1ii 1.477e04s 1.182e07

s^2 400s 693842
d

C sI A B









 
                                                        (21) 

 
Since PID design methods are outside the scope of this study, PID coefficients are obtained by using MATLAB 

interface designs and are given below. 

 

Kp = 0.0105, Ki = 16.2, Kd = 1.69e-06                                                                                                  (22) 

 

4 MATHEMATICAL MODEL OF CUK CONVERTER 
 

In the obtaining of the Cuk converter mathematical model, since the inductor, capacitor and resistance current 

change in proportion to the applied voltage, they perform their function as linear circuit elements. These 

components are modeled by using linear differential equations and can be solved with the help of the Laplace 

transform. But diode and switching components are non-linear. Therefore, linearization has to be done for 

control. The block diagram of the Cuk converter is shown in the Fig 5. 

 

 
Figure 5. The block diagram of the Cuk converter 

 

In the first stage for linearization, Cuk converter differential equations are obtained according to two different 

switching states. Cuk converter state space equations are written in vector matrix form using steady state average 

value approach [9]. The small signal model of the Cuk converter is used for the operating point determined in the 

controler design. Obtaining this model is given below according to the switching status. 
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Switch on: 

 
Figure 6. Cuk converter in switch on 
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Equation (27) is obtained by writing the equations in the form of vector matrix. 
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Switch off: 

 

 
Figure 7. Cuk converter in switch off 
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Equation (32) is obtained by writing the equations in the form of vector matrix. 
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The average large signal model is obtained by combining the state equations in given equation (27, 32) for the 

Cuk converter's switch on and switch off. 
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Obtained the average large signal model is composed of steady state (D) and small signal ( d


) model. For the 

steady state situation, the average large signal model ‘d’ is changed into ‘D’, and all other variables are 

represented by upper case letter. 

 

d D d


                         (35) 
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                (41) 

 

In the large signal model, the small signs and steady state signs in given equation (35-41) are put in equation 

(34) and the equation (42) is obtained. 
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        (42) 

 

State variables in the large signal model (
L1 L2 Ci C0i ,i ,v ,v ) and input variables ( , ,g Zv i d ) consists of two 

components which consist of the average value in the operation point and the oscillation around it. 

 

To obtain a small signal model from equation (42), 
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1- 0AX BU   
2- It is supposed that the multiplication of two small signals is zero [10].  
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The equation (43) is rearranged below by taking into account the assumptions and equation (44) is obtained. 
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State equation x A x B u


  

   is obtained. There are three input signs: duty cycle d


, panel output voltage
gv


, 

load current
Zi


. In the controller design, panel output voltage and load current changes are taken to zero. 

 

Output equation : 

 

y C x Du
  

                 (45) 

 

Since the input has no effect on the output, 0D  . 
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Since the PID controller design is based on the transfer function, the transfer function of the Cuk converter is 

obtained by using the coefficients matrices of the state equations. 
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         (47) 

 

Since PID design methods are out of the scope of this study, PID coefficients were obtained by using matlab 

interface designs and given below. 

 

Kp  0.074,  Ki  39.9,  Kd  4.19e 06                (48) 

 

5 SIMULATION RESULTS 
 

In the previous section, mathematical model of Cuk and Boost converters was obtained and controllers were 

designed. In this section, the performance of MPPT algorithms is analyzed. In addition, the converters effect on 

the performance of MPPT is investigated. In simulation, performances of Boost and Cuk converters are analyzed 

under different conditions such as radiations, temperatures and loads at 2Ω and 5Ω values. The block diagram of 

the system that established in the simulation study is given in Fig 8. 

 

 
Figure 8. MPPT block diagram 

 

Reference signal given as reference current is the current value at the maximum point of the PV panel. These 

values are taken from the panel catalog of KC85T. 

 

Table 1. Used panel characteristics 

Electrical performance of KC85T Value 

Power at MPP(Pmax) 87.35W 

Voltage at MPP(Vmpp) 17.4 V 

Current atMPP(Impp) 5.02 A 

Open Circuit Voltage (Voc) 21.7 V 

Short Circuit Current (Isc) 5.35A 

 

The factors in the choice of converter were presented in the second chapter. The graphs are obtained as a result 

of simulation studies of Boost and Cuk converters under different conditions in given cases below. 

 

Case-1:Radiation:300 W/m², Load: 5Ω, Temperature: 25C° 

 

 
Figure 9. PV output power (W) - time (sec) curve 
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Since the internal resistance of the panel is low from the Boost converter input equivalent resistance in case 1, it 

don’t reach MPP, but Cuk converter reach MPP in shown Fig 9. 

 

Case 2: Radiation: 1000 W/m², Load: 5Ω, Temperature: 25C° 

 

 
Figure 10. PV output power (W) - time (sec) curve 

 

In case 2, according to case 1,  the input equivalent conductivity of the Boost converter is same. The increase of 

the radiation increases the internal conductivity of the panel (The MPP of the PV panel changed). For this 

reason, the input equivalent conductivity of the Boost converter is smaller than the panel internal conductivity. 

The MPP can be reached by the Boost converter in shown Fig 10. 

 

Case 3: Radiation: 1000 W/m², Load: 2Ω, Temperature: 25C° 

 

 
Figure 11. PV output power (W) - time (sec) curve 

 

In case 3, due to the reduction of the load resistance, the input equivalent conductivity of the Boost converter 

increased. According to case 2, the internal conductivity of the panel did not change because there was no any 

change in temperature and radiation. Thus, in case 3, the input equivalent conductivity of the Boost converter is 

higher than the panel internal conductivity. Therefore, Boost converter don’t reach MPP in shown Fig 11. 

 

Case 4: Radiation: 1000 W/m², Load: 2Ω, Temperature: 60C° 

 

 
Figure 12. PV output power (W) -time (sec) curve 

 

In case 4, the internal resistance of the panel decreases as a result of increasing the temperature, while the 

radiation don’t change. Therefore, the internal conductivity of the panel increases (The MPP changes). As the 

load connected to the converter don’t change, the input equivalent conductivity of the converter is the same as 

case 3. Thus, the panel internal conductivity is higher than the input equivalent conductivity of the converter. For 

this reason, both converters reach MPP in shown Fig 12. 
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6 DISCUSSION AND CONCLUSIONS 
 

In this study, the performance of MPP tracking algorithms is considered as ideal. MPPT studies are performed 

with Boost and Cuk converters in different radiation, temperature and loads. As a result of the simulation studies, 

the Boost converter input equivalent resistance should be higher than the internal resistance of the panel during 

MPP tracking. However, the Cuk converter can reach MPP in every case. 

 

In analysis, radiation and temperature are used to change the internal resistance of the panel. However, the 

internal resistance of the PV panel is influenced by shading, dusting and reduced panel efficiency [1]. Regardless 

of such environmental conditions, the rules in choosing the converter which was explained in the second section 

is considered in every situation. For this reason, although it is expensive in terms of cost, the Cuk converter is 

more advantageous than the Boost converter in MPPT applications. 
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Abstract 

In this study, volatile profiles and antibacterial activities of blossom and honeydew 

honey samples from Lithuania were determined. Total 49 volatile compounds were 

detected by Gas Chromatography-Mass Spectrometry (GC-MS) analysis of the 

honeys. The results indicated that the profiles of the honeydew and blossom honey 

samples differed, so studies to determine the volatile profile of honey can help 

determine the source of the honey. 

1 INTRODUCTION  
 

Honey has been used as a food and medical product since the earliest times. It is a natural substance produced by 

bees from the nectar collected from flowers or honeydew [1]. Honey contains glucose and fructose as predominant 

monosaccharides, sucrose and maltose as the most important disaccharides, melezitose as the main trisaccharide, 

and other low-molecular weight oligosaccharides [2]. Flavour/fragrance qualities of food products and also of 

honey are very much dependent on the volatile and semivolatile organic compounds present in both the sample 

matrix and the headspace aroma [3]. Physicochemical properties and composition of honey change depending on 

the floral and honeydew sources used by honeybees, as well as on climatic and regional conditions [2]. Volatiles 

contribute significantly to the honey flavour and to its variation with floral origin and the method of handling. The 

identification of volatile components is of importance to the understanding of flavour [3]. 

 

Honey suppresses the development of many microorganisms that cause diseases and infections [4] and many 

studies have shown that it has different therapeutic properties such as antimicrobial and antioxidant [1, 5, 6]. Honey 

has an important share in the economies of many countries and each honey has different market value according 

to its origin. By defining the characteristic features of honey, it is possible to classify them according to their floral 

and geographical origins and then offer them to consumers as special products with unique characteristics [7]. For 

these reasons, researchers are trying to develop practical methods to determine the floral and geographical origin 

of honey and detect various markers in order to detect adulteration in honey. Thanks to advances in analysis 

techniques, even a small amount of components can now be detected. With the help of these analysis techniques, 

various methods that can accurately determine the floral and geographical origin of honey are investigated [3]. 

One of these methods is the detection of volatile components that contribute to the formation of aroma in honey. 

No honey is exactly the same as the other because of the diversity of plant resources and different climatic 

conditions in which the bee benefits from honey production [8]. The composition of the aroma in honey consists 

of esters, aldehydes, ketones, volatile acids and alcohols having the most important share. The aroma of the plant 

from which the nectar was obtained is felt in honey [9]. Considering that one of the most important distinguishing 

features for honeys collected from different flowers is the aromas of honeys, interest in aroma components has 

recently increased. To date, more than 600 organic compounds have been identified in honey. The identification 

of the aroma components has an important role in the detection of fingerprint components [10]. In this study, we 

aimed to compare the volatile components and antibacterial activities of blossom and honeydew honey samples 

obtained from the same region. 

 

2 MATERIAL AND METHOD 
 

2.1 Honey Samples  

 

Honey samples were obtained commercially from Lithuania in 2017. The samples were stored at room temprature 

until the time of analyses.  
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2.2 Headspace-Solid Phase Microextraction (HS-SPME) 

 

The HS-SPME method was used to determine the volatile compounds of honey samples. In a 20-mL vial, 5 g 

honey and 5 mL bidistilled water were mixed and allowed to equilibrate at 50 °C for 15 min by magnetic stirring. 

The vial was conditioned at 50 °C for 15 min in a water bath. 2 cm DVB/CAR/PDMS (Divinylbenzene/Carboxene/ 

Polydimethylsiloxane; 50/30 μm coating thickness; Supelco, Bellefonte, USA) fiber was used for the extraction 

of the free volatile compounds. The fiber was injected into the vials and kept at 50 ºC for 40 min to achieve 

adsorption. In adsorbed fiber, aromatics were defined under certain conditions as desorbed to GC-MS (Agilent) 

device at 250 ºC/2 min. HP-5MS capillary column (30 m x 0.25 mm x 0.25 μm; Agilent J&W Scientific) was used 

in the GC-MS apparatus for volatile compounds. The column oven temperature was initially maintained at 35 °C 

for 8 min and then programmed to rise to 60 °C at 6 °C/min. Finally, the temperature was increased to 160 °C at 

4 °C/ min and then programmed to 200°C at 20 °C/ min and maintaind for 1 min. Helium was used as the carrier 

gas at a flow rate of 1 mL/min. For MS, the interface temperature was selected as 230 ºC and the scan range was 

set to 35-300 m/z. 

 

2.3 Antibacterial Activity 

 

2.3.1 Preparation of Honey Samples 

 

Honeydew honey and blossom honey samples used in this study were weighed 1 g and transferred to sterile 

eppendorf tubes. Sterilized distilled water was added to the weighed honey samples and samples were diluted to 

50% (w/v). Prepared honey samples were used for the determination of antibacterial activity [11]. 

 

2.3.2 Preparation of Microorganisms for Antimicrobial Activity Tests 

 

In this study, in vitro antibacterial activities of honey samples were tested against five Gram positive bacteria 

(Staphylococcus aureus NCTC 10788, Staphylococcus aureus BC 7231, Staphylococus aureus ATCC 25923 

Bacillus cereus BC 6830, Enterococcus faecalis NCTC 12697) and five Gram negative bacteria (Pseudomonas 

aeruginosa NCTC 12924, Salmonella typhimurium RSSK 95091, Yersinia enterocolitica ATCC 27729, 

Escherichia coli NCTC 9001, Escherichia coli BC 1402). The microorganisms were obtained from Bayburt 

University, Vocational School of Health Services. Selected pathogenic bacterial strains were cultured at 37 °C for 

24 h using Mueller Hinton Broth (MHB, Oxoid). After this process, bacterial cultures were adjusted to 0.5 

McFarland turbidity standard and used as an inoculum. 

 

2.3.3. Screening for Antibacterial Activity 

 

The agar-well diffusion (AWD) method was used to determine the in vitro inhibitory activities of the honey 

samples and the inhibitory activity of the samples was detected as a clear zone around the wells. Autoclaved and 

sterilized Mueller-Hinton agar (MHA) medium were cooled to about 50 °C at room temperature and transferred 

to sterile petri dishes by taking 25 mL volumes. After this process 500 μL inoculum (0.5 McFarland turbidity 

standard) were added to every petri dishes and were cooled at room temperature for 1 h [12]. Then, 5 mm diameter 

wells were cut into the surface of the solidified mediums using a sterile cork borer. After these process, 50 μL of 

the previously prepared honey samples [50% (w/v)] were transferred to these wells and then petri dishes incubated 

at 37 °C for 24 h. Following the incubation period, observed inhibition zones around the wells were measured with 

a ruler and recorded. All tests were performed in duplicate [13]. 

 

3 RESULTS 
 

The analysis of volatiles present in honey samples was performed with the HS-SPME/GC-MS technique. 49 

individual volatile compounds were identified at different ratio as a result of GC-MS analyzes of honey samples 

(Table 1).  In blossom honey, benzeneacetic acid, ethyl ester (14.77%) was found in high ratio.However,  major 

compounds of volatile profile of honeydew honey were cyclooctene, furfural, disulfide, dimethyl and octane.The 

following compounds were detected in both honeydew honey and blossom honey; octane, pentanoic acid, ethyl 

ester, benzaldehyde, cyclotetrasiloxane, octamethyl-, .gamma.-terpinene, benzene, 1-methyl-4-(1-methylethenyl)- 

and nonanal.  
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Table 1. Volatile compounds of honey samples 
Compounds Blossom Honey Honeydew Honey 

 RT (min) % RT (min) % 

Acetaldehyde 1.956 13.29 - - 

1,2-Propanediamine - - 2.177 4.70 

Butanal, 3-methyl- - - 3.124 3.88 

Butanal, 3-methyl- - - 3.195 10.21 

Disulfide, dimethyl   4.938 16.40 

Toluene 5.708 4.45 5.728 5.51 

Toluene 5.743  9.46 - - 

Octane 7.242 5.29 7.714 11.51 

Furfural   9.393 16.57 

Pentanoic acid, ethyl ester 10.371 3.02   

Benzaldehyde 14.793 2.03 14.818 1.20 

Cyclohexene, 3-methyl- - - 16.146 1.22 

Furan, 2-pentyl- 16.158 0.91 - - 

1,3,8-p-Menthatriene  16.586 2.94 - - 

Cyclotetrasiloxane, octamethyl- 16.748 3.90 16.702 4.68 

1,3,8-p-Menthatriene 17.373 7.27   

o-Cymene - - 17.375 2.93 

Benzeneacetaldehyde 18.253 0.92 - - 

.gamma.-Terpinene 18767 0.58 18.760 0.50 

Acetophenone 19.097 0.50 - - 

Ethyl 2-(5-methyl-5-vinyltetrahydrofuran-2-

yl)propan-2-yl carbonate 

- - 19.388 1.59 

Benzene, 1-methyl-4-(1-methylethenyl)- 19.955 6.17 19.946 4.90 

Cyclooctene - - 20.289 0.85 

Nonanal 20.613 4.14 20.612 2.34 

Benzene, 2-ethenyl-1,3,5-trimethyl- 20.776 0.37   

Butanoic acid, 3-methyl-, 2-methylbutyl 

ester 

- - 20.790 0.40 

Isophorone 21.226 1.29 - - 

1,3,8-p-Menthatriene 21.857 0.48 - - 

2,6,6-Trimethyl-2-cyclohexene-1,4-dione 22.083 0.63 - - 

2-Hydroxy-3,5,5-trimethyl-cyclohex-2-

enone 

22.190 0.52 - - 

Butanamide, 2,2,3,3,4,4,4-heptafluoro-N-[2-

[(trimethylsilyl)oxy]-2-[4-

[(trimethylsilyl)oxy]phenyl]ethyl]- 

- - 22.650 2.21 

p-Trimethylsilyloxyphenyl-

(trimethylsilyloxy)trimethylsilylacrylate 

22.657 0.74 - - 

Benzoic acid, ethyl ester 23.061 8.26 - - 

Decanal 24.334 0.68 - - 

Ethanone, 1-[5-(2-furanylmethyl)-2-

furanyl]- 

24.548 0.39 - - 

Furan, 3-phenyl- 24.838 0.34 - - 

Benzeneacetic acid, ethyl ester 25.743 14.77 - - 

Phenol, 3,4,5-trimethyl- 28.273 1.60   

Butanal, 2,3,4-tris[(trimethylsilyl)oxy]-, O-

methyloxime, [R-(R*,R*)]- 

  28.617 0.65 

(S)-(-)-Citronellic acid, methyl ester 28.646 0.62 - - 

2,4,4-Trimethyl-3,4-dihydroquinoline 28.852 0.89 - - 

Butanoic acid, 4-(2-methylcyclohexanon-3-

yl), (1-phenyl-2-dimethylamino)propyl ester 

29.077 0.24 - - 

Naphthalene, 1,2-dihydro-1,1,6-trimethyl- - - 29.310 0.64 

2-Buten-1-one, 1-(2,6,6-trimethyl-

1,3-cyclohexadien-1-yl)-, (E)- 

30.412 1.91 - - 

Benzene, 1,3,5-trimethoxy-   31.128 1.66 

Fumaric acid, cyclobutyl ethyl ester 33.563 1.05   

2,6-Dihydroxyacetophenone - - 34.002 2.35 

2,6-Difluoro-3-methylbenzoic acid, tridecyl 

ester 

- - 37.809 1.04 

Benzene, hexamethyl- 38.121 0.37 - - 

Silane, 1,6-heptadiyne-1,7-

diylbis[trimethyl- 

- - 38.453 0.98 
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Figure 1: Volatile profile of blossom honey 

 

 
Figure 2. Volatile profile of honeydew honey 

 

4 CONCLUSION 
 

As a result of the analysis, it was found that some of the volatile compounds were specific for honeydew honey 

and some of them were specific for blossom honey. For this reason, studies to determine the volatile profile of 

honey can give information about the source of honey. However, the results obtained in this study showed that 

honeydew and blossom honey samples at 50% (w/v) concentrations had no in vitro inhibitory effect against 

selected pathogenic microorganisms. 
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Abstract 

Studies on the development of new composite materials have been increasing in 

recent years. Among these new technological products, syntactic foams made by 

dispersing low-density hollow particles (microballoons) in a matrix material are 

preferred especially in the marine and aerospace structural applications due to their 

high performance. Therefore, free vibration analysis is required for the design 

process of such structures. In this study, the vibration characteristics of laminated 

syntactic foam beams for clamped-free boundary conditions were investigated 

numerically. Firstly, numerical results were obtained using the Finite Element 

Method based on first order shear deformation theory and then compared with the 

ANSYS results. It is determined that the numerical results were in good agreement 

with each other. Since the theoretical model was validated, the effects of various 

parameters such as microballoon volume fractions and microballoon density, on the 

vibration characteristics of the laminated syntactic foam beam were analysed. Thus, 

the effects of the parameters on the vibration properties of the syntactic foam 

structure was tried to be determined. 

  

1 INTRODUCTION  
 

Syntactic foams (Figure 1) are two-phase closed-cell composite materials obtained by adding low-density hollow 

microparticles called microballoons to the matrix material [1, 2]. Unlike natural voids in open-cell foams, in 

closed-cell foams, the particles are fully compressed and the voids cannot come out [3]. In syntactic foams, 

epoxy resins, phenolic resins, polyesters, polyurethanes, silicones, etc. are used as matrix materials and glass, 

carbon, ceramics, polymers and even metals can be used as micro balloons (MB) [4, 5]. Syntactic foams have 

advantages likes high specific strength, stiffness, damping capacity, damage tolerance, good impact resistance, 

low moisture absorption, excellent thermal insulation and low-density thanks to the low-density microballoons in 

their structures. These materials are widely used in automotive, marine, aviation, damping panels, collision 

safety applications and similar fields in recent years because of these features [6-12]. Functionally graded 

syntactic foams are non-homogeneous material systems with gradual changes in layer properties. There are some 

studies on these structures in the open literature. In these studies, the mechanical properties of functional graded 

syntactic foams were examined [13-16]. Low-velocity impact, tensile test and vibration behaviour of carbon 

nanofiber reinforced syntactic foams were investigated experimentally. The effects of different carbon nanofiber 

volume fractions and different microballoon density on the dynamic and mechanical properties of syntactic foam 

composites were experimentally investigated. The results of the vibration analysis showed that the presence of 

carbon nanofiber increases the strength, but is not effective on damping. In addition, low-velocity impact and 

tensile test results showed the same tendency [17]. It is also observed that there are limited research studies in 

the literature on the vibrational analysis of syntactic foams. In this study, free vibration analysis of epoxy/glass 

microballoon based layered syntactic foam composite beams with various microballoon density and volume 

fractions were investigated numerically by finite element method. The effects of microballoon density and 

volume fractions on vibration were studied. The beam is modelled with the ANSYS package program. Natural 

frequency values and mode shapes were given in the graphical form.       

760



Dynamic Analysis of Laminated Syntactic Foam Composite Beams ICADET ‘19 

 

 

 
Figure 1. Schematic view of syntactic foam microstructure 

 

2 NUMERICAL ANALYSIS 
 

2.1 Kinematic 

 

Numerical results of the laminated composite beam (Figure 2) were obtained using Finite element method based 

on first order shear deformation theory (FSDT). The displacement field based on the FSDT is defined as follows  

 

 
Figure 2. The geometry of the laminated composite beam for clamped-free boundary condition 
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u, v and w are displacement components of a point in an element of the layer along the x, y and z directions, 

respectively; uo, vo are in-plane displacements and w0 is the transverse displacement of a point in the midplane. 

x ve y  are rotations of the cross-section normal to the x and y-axes, respectively. The general strain–

displacement relations are 
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2.2 Constitutive relations 

 

The equations obtained from the study of Rath and Sahu are [18, 19] 

 

Microballoon 

Matrix Resin 
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Where xyyx N,N,N denote in-plane stresses. Where xyyx M,M,M refer to in-plane moments. Where yx Q,Q

denote transverse shear stresses. Here [Aij] is extensional stiffness matrix, [Bij] is bending-stretching coupling 

matrix and [Dij] is flexural stiffness matrix and [Sij] is transverse shear stiffness matrix. 
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Here [Qij] is the elasticity constants matrix and  is shear correction factor. In this study, 5/6 value was used as 

shear correction factor. 
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in which 

 

 21121111 1/EQ  ,  2112221212 1/EQ  , 

 21122222 1/EQ  , 1344 GQ  , 2355 GQ  , 1266 GQ   

 

2211 E,E are Young's modules along a layer, 231312 G,G,G  are shear moduli of a lamina relative to axes 1,2 and 

3 and 2112 , are Poisson’s ratios. 

 

2.3 Finite element formulation 

 

The nine-noded isoparametric element used for the vibration analysis of syntactic foam composite beam. Five 

degrees of freedom, yx ,,w,v,u  , are considered at each node. Stiffness and mass matrix obtained by using the 

minimum potential energy principle. 

 

2.4 Element stiffness and mass matrix 

 

The element mass matrix  eM  of the laminated composite beam is  
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where  N is  shape function matrix,   J is the Jacobian matrix  I  is the inertia matrix, which are given in 
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Where  k  is the mass density of the kth layer. The element stiffness matrix  eK  of laminated composite beam 

is  
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where  B is the strain displacement matrix,  D  is the stress-strain matrix. 

 

2.5 Equations of motion 

 

Natural frequencies of laminated synthetic foam composites can be found by the following expression. 

 

    0MK 2  ,              (14) 

 

Where    ,M,K are global stiffness matrix, mass matrix and natural frequency respectively. Equation (14) is a 

standard eigenvalue matrix equation and is solved in MATLAB environment. 

 

2.6 Finite element model 

 

The vibration analysis of laminated synthetic foam beams was investigated by using finite element method based 

on first order shear deformation theory. Additionally, the results are compared with those obtained using 

ANSYS software (Figure 7). Then, the effects of different parameters and boundary conditions, on the natural 

frequencies of laminated synthetic foams were analysed. Figure 3 shows the solid model of the composite 

structure in the ANSYS program. The model was constructed by using SHELL 281 element. The SHELL 281 

element has 8 nodes with 6 degrees of freedom in each node. These are translation in the x, y and z axes and 

rotation about the x, y, z axes. SHELL281 has a geometry suitable for the analysis of thin-shell structures. The 

beam consists of 320 elements and 1050 nodes. Geometrically, length and width of the beam are 200 mm, 24 

mm, respectively. The thickness of each layer is 0.5 mm. The beams have clamped-free boundary conditions and 

they are modelled as 3 layers consisting of syntactic foam layers. 
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Figure 3. The order of laminates and the material type of each layer 

 

3 ELASTIC PROPERTIES OF SYNTACTIC FOAM STRUCTURES 
 

Material properties should be determined in order to perform the vibration analysis of the layered synthetic foam 

material. The elastic properties of the synthetic foam (Table 3) calculated using the material properties (Table 1 

and Table 2) in the study of Porphyrin and Gupta [20]. 

 

Table 1. Density and elastic constants of materials used in syntactic foam 

Material Density (kg/m3) Poisson’s ratio Young’s modulus (GPa) 

Epoxy resin [21] 1160 0.35 2.752 

Glass (MB) 2540 0.21 60 

 

Table 2. Properties of microballoons used in syntactic foams 

Microballoon type 
Density 

(kg/m3) 

Diameter 

(µm) 

Wall thickness 

(µm) 

Radius ratio  

η (ri / ro) 

S22 220 35 0.521 0.970 

S38 380 40 1.052 0.947 

K46 460 40 1.289 0.936 

ri : inner radius of microballoon /  ro: outer radius of microballoon 

 

Table 3. Elastic properties of syntactic foam composite according to MB density and volume ratios 

MB density 

( m kg/m3) 
460 380 220 

Microballoons vol. fraction (Vm)
 

%50 %30 %50 %30 %50 %30 

sE  (GPa) 3.34 3.104 3.13 2.98 2.52 2.61 

s (GPa)
 
 0.3154 0.3293 0.3320 0.3392 0.3753 0.3652 

sG  (GPa) 3.00 3.03 3.11 3.09 3.31 3.21 

Theoretical density (kg/m3) 810 950 770 926 690 878 

 

4 RESULTS AND DISCUSSION 
 

In this paper, the laminated syntactic composite beams with different microballoon volume fraction and different 

microballoon density were investigated. Numerical analysis of the syntactic composite structures was conducted 

to obtain the modal parameters. 

 

Table 4. Natural frequency values of layered syntactic foam based on MB volume fraction (ρMB = 460kg/m3)   

Microballoon 

density (kg/m3) 

Microballoons 

(vol. %) 

Natural Frequency (Hz) 

Mode 1 Mode 2 Mode 3 

Layers  

(1st – 2nd– 3rd) 
Ansys 

Present 

study  
Ansys 

Present 

study  
Ansys 

Present 

study 

460 30 – 30 –  30 109.99 110.08 177.04 174.50 679.43 723.97 

460 50 – 50 –  50 123.45 123.56 198.56 195.97 762.07 811.95 

460 30 – 50 –  30 112.94 112.91 183.74 181.19 697.42 742.31 

460 50 – 30 –  50 119.89 120.00 190.90 188.33 740.41 788.88 
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Figure 4 and Table 4 show the variation of natural frequency with the microbaloon volume fraction of beam for 

460 kg/m3 microbaloon density. For the given lamination as the microbaloon volume fraction increases in the 

structure, natural frequencies increases. The reason for this is that the density of the structure decreases as the 

volume fraction of microballoon in the structure increases. 

 

 
Figure 4. Effect of MB vol. fraction on natural frequency for 460kg/m3 MB density 

Table 5. Natural frequency values of layered syntactic foam based on MB vol. fract. (ρMB = 220kg/m3) 

Microballoon 

density (kg/m3) 

Microballoons 

(vol. %) 

Natural Frequency (Hz) 

1st mode 2nd mode 3rd mode 

Layers 

(1st – 2nd– 3rd) 
Ansys 

Present 

study 
Ansys 

Present 

study 
Ansys 

Present 

study 

220 30 – 30 – 30 105.21 105.27 169.73 166.56 650.90 693.76 

220 50 – 50 – 50 116.72 116.79 188.42 184.65 722.40 770.00 

220 30 – 50 – 30 109.11 109.17 175.23 171.74 674.82 719.12 

220 50 – 30 – 50 111.83 111.90 181.36 177.97 692.37 738.16 

 

 
Figure 5. Effect of MB vol. fraction on natural frequency for 220kg/m3 MB density 
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The natural frequencies increase due to the more decrease of the density of the system where the high 

microballoon volume fraction layer is placed in the structure (Figure 5 and Table 5). The more the layers with 

higher volume fraction were embedded in the layers of the structure, the more the natural frequency increased. 

 

Table 6.  Natural frequencies based on MB volume fraction and MB density 

 

Microballoons 

(vol. %) 

Microballoon 

density (kg/m3) 

Natural Frequency (Hz) 

Mode 1 Mode 2 Mode 3 

Layers  

(1st – 2nd– 3rd 
Ansys 

Present 

study 
Ansys 

Present 

study 
Ansys 

Present 

study 

30 460 – 220 – 460 111.10 111.16 174.84 171.68 686.39 731.11 

50 460 – 220 – 460 126.07 126.14 195.75 192.09 778.47 828.95 

30 380 – 220 – 380 109.95 110.02 174.00 170.84 679.57 723.97 

50 380 – 220 – 380 124.46 124.52 194.87 191.15 769.03 819.11 

 

 
Figure 6. Effect of MB vol. fraction and MB density on natural frequency 

Table 6 and Figure 6 show the natural frequency values of the structures having the same microballoon volume 

ratio and different microballoon densities of each layer. As the microballoon volume fraction increase in the 

structure, the natural frequencies increase due to the rise of the stiffness of the structure and decrement in the 

density of the system. 

 

 
Figure 7. Mode shapes and their corresponding frequencies of the beam 
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5 CONCLUSION 
 

In this paper, the vibration properties of laminated syntactic foam composite beam subjected to fixed-free 

boundary condition were studied numerically. A computer code was developed in MATLAB to investigate the 

vibration behaviour of laminated syntactic foam beams based on first order shear deformation theory. Numerous 

cases were studied, and they were checked with the numerical results of ANSYS program. Different cases 

depending on the microbaloon volume fraction and microballoon density of the laminated synthetic foams have 

been investigated. The natural frequencies increase when the microballoon volume fraction increase due to 

decrease in the density of the structure. It has been observed that natural frequency values increase with 

increasing microballon density in the structures where the microballoon volume fraction is constant and the 

microballon density is changed. From the above studies, it is concluded that the vibration behaviour of laminated 

syntactic foam beams is greatly affected by the lamination parameter. Such a feature can be evaluated to adapt 

the design of syntactic foams in the industrial environment. 
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Abstract 

Nano agriculture refers to the applications of nanotechnology in agriculture. 

Utilizing the applications of nanotechnology in agriculture, which is an 

indispensable sector for humanity, increases sustainability and efficiency in this 

sector. Nano fertilizers, nano pesticides, nano carrier, nano biosensors, nano 

nutrients, nano filters are the most prominent nanotechnological applications in 

agriculture. The aim of this review is to evaluate opportunities for nanotechnology 

in agriculture and to create awareness for people working in this field and to give 

information about new research areas. 

 

1 INTRODUCTION  
 

The agricultural sector is indispensable for all humanity. With the increase in population growth, the pressure of 

food demand on this sector is increasing day by day. However, there are problems in agriculture just like any 

other sector. For example, agrochemicals take the most important place in agricultural production. However, the 

effectiveness of these agrochemicals is weakened due to climatic factors such as rain, sunlight, wind and 

misapplication. Therefore, the deviation occurs in the desired target, which results in increased costs, undesirable 

side effects [1-4]. In addition, lack of clean and inefficient use of water resources cause product losses and health 

problems. Sensitive biosensors are needed to determine and remove the chemical levels in the soil and the 

products, which is cause loss of soil and product [5-7]. 

 

The agricultural sector is open to all kinds of new applications in order to meet the increasing global food 

demand due to the increasing world population. Nanotechnological applications have the potential to meet these 

new applications needed by agriculture thanks to their unique advantages such as efficient use, energy saving, 

smart applications, cost advantage, less waste and ease of application [8,9]. Nanomaterials that are being used 

and envisaged to be used in agriculture generally aim to provide a sustainable and highly efficient agriculture by 

targeting smart distribution of active ingredients, optimized water and nutrient management [10-13]. In line with 

the related objectives, researchers have conducted studies on nano fertilizers, nano pesticides, nanocarriers, nano 

nutrients, nano biosensors, nano filters (Fig. 1).  

 

 
Figure 1. Application of nanotechnology in agriculture 
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The companies that produce chemicals or materials for the needs of agriculture carry out studies on 

nanotechnological applications in their R&D departments. As a result of these studies, serious patents on 

nanomaterials have been obtained in the last 10-15 years. At the present time, it has become possible to see 

active ingredients (pesticides, fertilizers ...) with nano-formulations and constitute a serious market [14-16]. In 

this review, information is given about nano fertilizers, nano pesticides, nano biosensors, nano filters. 

 

1.1 Nano Fertilizers 

 

Nano fertilizers are the nano-form of substances required for the development of plant products. Nano-sized 

fertilizers aim to use nutrients in fewer amounts and effectively, reduce soil contamination and decrease 

volatilization and leaching to surrounding aquatic systems [17-19]. Nanofertilizer is divided into following 

categories (A) macro- and (B) micro-nano fertilizer, (C) nanoparticulate fertilizer. 

 

Macronutrient nano fertilizer is required a large quantity of nutrients such as Nitrogen (N), phosphorus (P), 

potassium (K), magnesium (Mg), sulfur (S) and calcium (Ca) for the crops. Micronutrient nano fertilizers are 

trace elements such as iron (Fe), copper (Cu), manganese (Mn), zinc (Zn) that are necessary for different 

metabolic processes in crops development. Nano particle fertilizers such as TiO2, SiO2 and carbon nanotubes 

(CNTs) serve as crops growth activators [20, 21]. Some of nano fertilizers and their impact of different crops are 

showed in Table 1. 

 

Table 1. Some of nano fertilizers and their impact 

Nano Fertilizers Crop Name Impact Reference 

Au Pennisetum glaucum Improved seed germination and growth of seedlings 22 

Ca Arachis hypogaea Nutrient content increased in shoot and root 23 

CeO2 Cucumis sativus Improved scratch and globuline content 24 

CNTs Phoenix dactylifera Shoot length and number of leaf increased 25 

Cu Lactuca sativa Shoot and root length increased 26 

FeO Glycine max Chlorophyll increased 27 

Mg Vigna unguiculata Plasma membrane stability and chlorophyll increased 28 

Mn Vigna radiata Shoot length, chlorophyll content increased 29 

Mo Cicer arietinum Plant mass and number of modules increased 30 

TiO2 Spinacia oleracea Plant dry weight increased by 73% 31 

ZnO Vigna radiata Plant growth increased 32 

 

1.2. Nano Pesticides 

 

Nano pesticides are nano-form of substance required for the remove of harmful insect and crop. Nano-sized 

pesticides aim to enhancement of solubility and stability of the active ingredient, introduction of controlled or 

slow release, and reduction of premature degradation [33-35]. The nano encapsulation of the active substances 

acting as pesticides provides targeted/controlled release, greater pesticides solubility, mobility, durability, 

reduced resistance and damage to non-target organisms. In this way, excessive use of the active substance is 

avoided and soil, water pollution is less [36, 37]. 

 

Polymeric nanospheres, nanocapsules, nanogels, nanofibers, solid lipid nanoparticles, liposomes, inorganic 

nanoparticle formulations, pristine, inorganic, engineered nanoparticles (metal, metal oxide nanoparticles, nano 

clay…) are known study of nano pesticides. Different types of nano formulations of conventional pesticides and 

nanomaterial showed significant impact on pest control are showed in Table 2. 
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Table 2. Different types of nanomaterial of conventional pesticides 

Nano material Pesticide Crop disease Pathogen Impact Reference 

Cellulose/silica 

nanocomposites 

Tebuconazo

le 

Leaf senescence 

and decay 
Rust and moulds 

50% improvement in 

release rate 
38 

Ag … Bacterial blight 

Xanthomonas 

campestris 

pv.campestris 

Significant reduction 

of bacteria 
39 

Ag …… 
Bacterial spot 

disease 

Xanthomonas 

performance 

Significant inhibition 

of bacterial growth 
40 

TiO2 
With Zn and 

Ag 
Spot of tomato 

Xanthomonas 

performans 

High photocatalytic 

activity and bacterial 

reduction 

41 

Porous hollow 

silica 

2,4-Di-

chloropheno

xyacetate 

… … 
Improved herbicide 

activity period 
42 

Chitosan  … Disease in chilli 

Rhizopus sp., 

Colletotrichum 

capsici, 

Colletotrichum 

gloeosporioides, and 

Aspergillus niger 

Delayed mycelia 

growth 
43 

FeO  Fungal disease 
R. solani, B. cinerea 

and F. oxysporum 

60–80% of fungal 

inhibition 
44 

Cu  Fungal disease Fusarium sp. Antifungal activity 45 

Cu  
Pomegranate 

bacterial blight 

Xanthomonas 

axonopodis pv. 

punicae 

Inhabited bacterial 

growth 
46 

 

1.3 Nano Biosensors 

 

Nano-biosensors are devices capable of highly accurate measurements because of advantages such as high 

sensitivity due to their small size, unique optical and electrical properties, greater effective functionalized 

sensing surface area in a compact form, highly localized detection of entities of comparable size, fast response 

due to high elastic (spring) constants. Detection and remediation of soil impurities or deficiencies increase the 

sustainability of agricultural products with a precision farming perspective [47-51]. 

 

Nano biosensors may be developed and deployed for real time monitoring of pollutants, detection limits for 

bacterial, viral and fungal pathogen determination in plants pathogens. In addition, they may offer the 

opportunity to assess crop growth and field conditions including moisture levels, soil pH, fertility and 

temperature, crop nutrient status and concentrations [52-54]. Nano formulations of biosensor and their 

characteristics are showed in Table 3. 

  

Table 3. Different types of nano formulations of biosensor and their characteristics 

Nano material Detection Impact  Referance 

Au 

heavy metal, 

pesticide, 

pathogen, 

mycotoxin   

Tunable surface plasmon resonance, effective quenching of 

chromophores through energy- and electron-transfer process, 

biocompatibility, high stability, and tunability of the surface 

interactions with recognition elements  and target analytes. 

55 

CdTe quantum 

dots 
Heavy metal 

High signal intensity and wide excitation spectra, unable 

surface plasmon resonance, trong affinity to target analytes. 
56 

Fe3O4 
Pesticide, 

pathogen 

Superparamagnetic behavior for efficient capture and 

immunomagnetic preconcentration of pathogens, Peroxidase 

activity to effectively catalyze the oxidation of colorimetric 

substrates, triggering the color reaction 

57 

TiO2 Pathogen 
Stable absorption spectra serving as an optical nanoprobe over 

a wide range of pH, temperature, and salt concentrations 
58 

Graphene oxides Mycotoxin Promote strong electrostatic interaction with the molecular 

recognition agents (e.g., dye-labeled aptamers) in the 

biosensors 

59 
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1.4 Nano Filters  

 

Nano filters are nano-sized materials that are researched and used to remove toxic contaminants of agricultural 

water and groundwater. Nano filters can provide cost-effective solutions to remove impurities such as heavy 

metals/metalloids, dyes and organic pollutants from soil and water [60, 61]. Nano materials can reach the 

groundwater more easily and can be suspended in these waters by providing a wider spread. Thanks to this 

advantage, it reduces the overall costs and shortens the cleaning time.  

 

Zero valent iron (ZVI) nanoparticles have been researched for the removal of chlorinated compounds, nitrogen, 

phosphorus and heavy metals such as cadmium, chromium via redox reactions, ion exchange [62, 63]. Nano 

sized bimetallic systems such as palladium/Fe, Ag/Fe, and Ni/Fe stabilized with carboxy-methyl cellulose, 

polymers, surfactants have been studied to remove heavy metals, dyes, and halogenated compounds and to kill 

bacteria. Another bimetallic system, porous Ti silicate and Al (Al2O3/TiO2) has been studied to remove heavy 

metals such as lead (Pb2+) and Cd2+. Nano materials with carbon showed good adsorption capacities for 

halogenated organics, polychlorinated biphenyls, organic compounds, polycyclic aromatic hydrocarbons, volatile 

organic compounds, herbicides [62-67]. 

 

Although the advantages are taken into consideration, nano-materials still need to be investigated for remediation 

and its solution pending situations are available. These situations are rapid aggregation, generate reactive 

intermediates and final toxic products [68]. 

 

2 CONCLUSION 
 

Nanotechnology offers intelligent, precise nano tools for predictable, sustainable and manageable agricultural 

applications. Nano applications offer minimum input and maximum output, thus offering economic benefits for 

people engaged in agriculture. Nanoagriculture covers a comprehensive field such as implement delivery 

systems for agrochemicals, improve plant breeding, and create new nano-bio industrial products for 

environmental pollutant detection and remediation. Nano agriculture needs to new research for evaluates risk and 

improve applications. 
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Abstract 

Turkey has a significant potential in terms of beekeeping. As a result of the 

beekeeping activity, bee products such as honey, pollen, propolis, royal jelly, bee 

venom, apilarnil and bee bread are produced but among these products honey is the 

most known and produced. In this study, elemental composition of honey samples 

collected from Black Sea Region of Turkey was analysed by inductively coupled 

plasma mass spectrometry (ICP-MS). In honey samples, the concentration of 42 

elements (Li, Be, B, Na, Mg, Al, Si, P, K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, 

Se, Rb, Sr, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Te, Cs, Ba, Hf, Ir, Pt, Au, Hg, Tl, Pb and 

Bi) was determined. In addition, in order to determine the quality of honey samples, 

proline, moisture, sugar (glucose, fructose) and electrical conductivity values was 

detected.  

1 INTRODUCTION  
 

Beekeeping is one of the most widely carried out agricultural activities today due to the importance of the products 

obtained. Honey, pollen, propolis, royal jelly, bee bread and apilarnil are among the products produced as a result 

of this activity. Thanks to their functional properties, these products are used by people in particular as health 

preservatives. 

 

Moisture content of honey, saccharose, fructose/glucose fructose+glucose, electrical conductivity and proline are 

considered among the quality parameters of honey produced in Turkey [1]. These characteristics of honey vary 

according to their plant and geographical origin, but are also influenced by certain external conditions such as 

season, processing, packaging and storage [2]. Proline makes up more than half the amount of amino acids in 

honey and added by bees to honey during the conversion of nectar to honey [3,4]. Approximately 95% of the dry 

weight of honey is composed of carbohydrates (mostly glucose and fructose). The ratio of glucose in honey to 

fructose depends on the nectar source. The average fructose and glucose ratio is 1.2: 1 [5]. The moisture content 

of honey is a parameter related to climatic conditions and varies according to the year of production or production 

season and maturity [6, 7]. In this study, physicochemical properties and elemental compositions of honey samples 

were evaluated.  

 

2 MATERIAL AND METHOD 
 

2.1 Honey Samples 

 

20 raw honey samples were collected from the Black Sea Region of Turkey in 2018.The samples were stored at 

room temperature until analysis. 

 

2.2 Moisture, Sugar and Proline content 

 

The moisture ratio and prolin content of each honey sample were carried out using the method described by the 

International Honey Commission [8]. 

 

2.3 Electrical Conductivity 

 

The electrical conductivity was determined according to the method developed by Accorti et al. [9], Sancho et al. 

[10] and Piazza et al. [11]. 

776



Some Physicochemical Properties of Honey Samples from Black Sea Region ICADET ‘19 

 

 

2.4 Elemental Composition 

 

Inductively coupled plasma mass spectrometry (ICP-MS) analysis was performed at the Central Research 

Laboratory of Bayburt University. Elemental compositions of honey samples were determined by modifying the 

method used by Oroian et al. [12]. The element standard solutions were prepared by diluting a stock solution of 

1000 mg/L of Lithium (Li), Beryllium (Be), Boron (B), Sodium (Na), Magnesium (Mg), Aluminum (Al), Silicon 

(Si), Phosphorus (P), Potassium (K), Calcium (Ca), Vanadium (V), Chromium (Cr), Manganese (Mn), Iron (Fe), 

Cobalt (Co), Nickel (Ni), Copper (Cu), Zn (Zinc), Ga (Gallium), Arsenic (As), Selenium (Se), Rubidium (Rb), 

Strontium (Sr), Ruthenium (Ru), Rhodium (Rh), Palladium (Pd), Silver (Ag), Cadmium (Cd), Indium (In), Tin 

(Sn), Antimony (Sb), Tellurium (Te), Cesium (Cs), Barium (Ba), Hafnium (Hf), Iridium (Ir), Platin (Pt), Gold 

(Au), Mercury (Hg), Thallium (Tl), Lead (Pb) and Bismuth (Bi). 0.5 mg of each honey sample was weighed and 

9 ml of suprapur nitric acid (Sigma Aldrich, Germany) and 1 mL of hydrogen peroxide (Sigma Aldrich, Germany) 

were added. After that, the digestion procedures were carried out in a microwave digestion system (Milestone, 

Ethos Easy, Italy) according to instrumental parameters. The final volume of the samples removed from the 

microwave was completed to 50 mL with ultra-pure water. The 42 elements in the honey samples were determined 

using inductively coupled plasma mass spectrometry ICP-MS (7800 Series from Aigelent). 

 

3 RESULTS 
 

Moisture ratio of the samples was also determined by refractometer. Moisture values of honey samples were 

determined between 15.7% and 20.8% (Table 1). Electrical conductivity of the 20 samples was measured and 

determined to between 0.2 – 0.3 mS cm-1. In the present study, the fructose/glucose (F/G) content of the honey 

samples was 0.95 to 1.08 and fructose +glocose ratio was between 58.70 to 75.02. However, proline content of 

honey samples varied between 392 - 492 mg/kg. Elements such as Na, Mg, Si, P, K, Ca, Mn, Fe, Ni, Cu, Zn, Rb, 

Sr and Sn were found in different concentrations in all of the honey samples. K, Na, P and Mg were the first four 

elements determined at the highest concentration in all of the samples (Table 4). 

 

Table 1. Moisture, sugar, proline and electrical conductivity values of honey samples 

Sample Moisture (%) F/G F+G Proline (mg/kg) Electrical conductivity (mS/cm) 

H1 15.7 1.08 66.91 392 0.2 

H2 15.9 1.08 66.35 406.6 0.2 

H3 17.4 1.15 58.70 450.4 0.9 

H4 15.8 1.07 67.19 468.1 0.3 

H5 17.8 1.05 66.18 418 0.2 

H6 16.5 1.06 66.25 415.7 0.3 

H7 16.0 1.09 69.33 483.5 0.2 

H8 16.6 0.95 75.02 426.7 0.3 

H9 20.8 1.02 70.05 480 0.3 

H10 16.5 1.04 70.81 492 0.2 

H11 16.3 1.07 66.97 429.7 0.2 

H12 15.8 1.07 68.08 420 0.2 

H13 15.7 1.03 72.10 459.2 0.2 

H14 17.7 1.04 71.92 454.6 0.3 

H15 16.4 1.10 67.38 440 0.2 

H16 15.8 1.06 68.23 415.6 0.2 

H17 16.7 0.98 56.58 418.9 0.3 

H18 16.1 1.07 68.87 428 0.2 

H19 16.5 1.06 70.99 468.6 0.2 

H20 17.0 1.01 71.80 482.3 0.5 
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4 CONCLUSION 
 

Honey, a natural product used as a traditional sweetener, is a highly complex food. The knowledge of carbohydrate 

composition is very important to determine the properties of natural matrices such as food and food components. 

[13]. The sugar content of honey contributes to its nutritious and energetic value as well as the physical properties 

of the product. For example, the crystallization in honey is due to the lower solubility of glucose [14]. Therefore, 

the detection of these sugars is used to determine the authenticity of honeys and thus honeys that have been added 

sugar syrup [15]. In our study, it was seen that the honey samples were consistent with the values given in the 

Turkish Food Codex Honey Communiqué [1] on sugar and moisture content of the others except one. In this study, 

proline content of honey samples was determined between 392-689.3 mg/kg. According to the Turkish food codex 

honey communiqué, it has been reported that the electrical conductivity value should be below 0.8 mS cm-1 in 

blossom honeys and above 0.8 mS cm-1 in honeydew honeys. 

 

In our study, the electrical conductivity value of the honey samples examined was found to be between 0.1-0.3 mS 

cm-1, indicating that honey is blossom honey. In addition, the most abundant element was K except for one honey 

sample (H7). Subsequently, Na, P, Mg and Ca were the most common elements in honey samples. These results 

showed that the honey samples used in the study were generally consistent with the quality criteria of the Turkish 

Food Codex Honey Communiqué [1]. 
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Abstract 

Hybrid structures consisting of different metal or fiber-reinforced plastic (FRP) 

layers, are especially preferred in various engineering applications such as aircraft, 

automobiles and submarines due to their high performance. For this reason, free 

vibration analysis is very important for the design process of such structures. The 

aim of the paper is to investigate the effects of orientation angle and staking 

sequences on the in-plane vibrations characteristics for hybrid laminated curved 

beam. The vibration parameters of the hybrid composite structure modelled by 

using ANSYS finite element program have been determined. In order to validate 

the accuracy and applicability of the proposed model, numerical results were 

compared with the results given in the literature. The results have shown that the 

natural frequencies decrease when the location of the carbon-epoxy layers moves 

from the outer surface to the center of the hybrid composite. On the other hand, 

they increase as the number of carbon-epoxy layers increases. It was also observed 

that, the natural frequencies change with a change in orientation angle of fibers. 

 

1 INTRODUCTION  
 

Composite materials have high strength, high rigidity, high fatigue strength, high wear resistance, good corrosion 

resistance. For this reason, they are widely used in aircraft, defense industry and similar fields. The use of 

composite curved beams in these areas has made it interesting to research these materials.  There are many 

studies on the vibration and elastic stability of composite curved beams. Qatu and Elsharkawi used classical 

beam theory in the vibration analysis of cross-layer curved beams. They used the Ritz method to solve the 

equation of motion [1, 2]. Eisenberger et al. and Qatu studied on vibration analysis of layered curved beams 

using first order shear deformation theory [3, 4]. Hajianmaleki and Qatu, investigated the effects of different 

boundary conditions and stacking sequence on vibration behavior using the first order shear deformation theory. 

They compared the accuracy of the results obtained using the finite element package program [5]. 

Raveendranath et al. investigated the effects of different boundary conditions, stacking sequence and curved 

beam geometric parameters on natural frequencies using high order shear deformation theory [6]. Kadıoğlu et al. 

used the method of mixed finite element formulation formulation based on Timoshenko beam theory in cross-ply 

composite curved beams [7]. Tseng et al. performed the free vibration analysis of laminated composite beams 

with various curvature angles using dynamic rigidity method based on Timoshenko type curved beam theory 

analytically [8]. Khdeir and Reddy performed the analytical analysis of free and forced vibrations of cross-ply 

composite shallow arches using first and higher order shear deformation theories [9]. Malekzadeh and Setoodeh 

examined the in-plane free vibration analysis of layered composite curved beams numerically using the 

differential quadrature method. They studied the equation of expression using the Reissner-Naghdi type shell 

theory. They investigated the effects of different boundary conditions, different material and geometric 

parameters on vibration analysis [10]. Jun et al. studied the free vibration analysis of cross-ply laminated 

composite curved beams using the dynamic stiffness method. They demonstrated the effects of various materials 

and geometric parameters on vibration analysis [11]. Hybrid composites generally comprise a variety of resin-

based fiber-reinforced composites in which two or more different fibers are combined into a single matrix. In 

this way, the most suitable material production has been realized by combining the positive feature of different 

fibers. It is important to determine the natural frequency of hybrid composites in order to avoid typical vibration-

induced problems. Shin and Wann studied linear and nonlinear vibration responses of simple supported 

rotational cylindrical hybrid shells [12]. Chen and Funk investigated non-linear vibrations of laminated hybrid 

composite plates in case of optional initial stress [13]. Şenyer and Kazancı studied nonlinear dynamic response 

of layered composite plates exposed to time dependent lateral load [14]. Yıldırım used timoshenko and bernoulli 
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beam teories for in-plane vibration analysis of symmetrical cross-ply circular arcs [15]. Rajeshkumar and 

Hariharan investigated the vibration characteristics of hybrid composite beams under various boundary 

conditions. They analyzed the effects of different fiber orientation angles and aspect ratio on natural frequencies. 

The natural frequency of hybrid composite beams was observed to be maximum under clamped-clamped 

boundary condition and 0o fiber orientations. Natural frequencies were maximum for smaller aspect ratios and 

decreased with increasing aspect ratio [16]. Mohammed studied the free vibration analysis of hybrid 

(carbon/glass) laminated composite beams having simply supported. He examined the effects of number of 

carbon fiber layers, carbon fiber position and orientation angle of laminated composite beam on natural 

frequencies [17]. It was also seen that there are limited research studies in the literature on the vibrational 

analysis of hybrid laminated composite curved beams.  

 

In this study, the effects of variations of orientation angle, number and position of the carbon fiber and glass 

fiber layers of clamped-clamped hybrid laminated curved beam, having an in-plane curvature, on the in-plane 

vibrations characteristics have been investigated by using ANSYS finite element program.  Natural frequency 

values and mode figures are given in graphs. 

 

2 VERIFICATION OF THE NUMERICAL MODEL 
 

In order to validate the accuracy and applicability of the proposed model, numerical results were compared with 

Malekzadeh P. and Setoodeh A. R. (2009)'s study [10]. The material and geometric properties used for layered 

composite beam are as follows: E1/E2=15 and E1/E2 =1, G12 =0.5E2, density = 1500 kg/m3, length / thickness (L / 

h) = 100, width (b) = 0.025m, L = 1m, beam angle =57.3o and 180o. Table 1 shows the natural frequency values 

obtained for the layered composite curved beam having  [0o/90o]  stacking sequence and clamped - clamped 

boundary condition. Non-dimensional natural frequency is 𝜛𝑖 = 𝜔𝑖(𝐿
2/ℎ)√12𝜌/𝐸1. It can be seen from Table 1 

that, the present results are in good agreement with the results of Malekzadeh and Setoodeh's study.  

Table 1. The first three non-dimensional natural frequencies of the laminated cross-ply [0°/90°] clamped-free 

curved beams (Hz) 

𝑬𝟏/𝑬𝟐 = 𝟏𝟓 𝑬𝟏/𝑬𝟐 = 𝟏 

Solution 

Method 

o57.3=  

1ω  2ω  3ω  1ω  2ω  3ω  

Ritz 40.788 74.907 135.773 22.192 40.457 73.893 

GDQ 40.622 74.381 134.307 22.164 40.367 73.608 

Ansys 40.737 74.546 134.530 23.171 42.199 76.938 

                        
o180=  

 1ω  2ω  3ω  1ω  2ω  3ω  

Ritz 29.698 65.138 120.187 16.227 35.682 66.195 

GDQ 29.566 64.657 119.623 16.209 35.609 66.064 

Ansys 30.321 66.259 122.510 17.212 37.807 70.136 

 

As a second example, the natural frequency values of the laminated composite curved panel in the study of Chun 

L. and Lam K.Y. (1995) [18] were compared with the natural frequency values obtained by the finite element 

package program. Material and geometric properties used for laminated composite panel are as follows: E1 / E2 = 

15.4, G12 = 0.8E2, poisson ratio 𝜈12 = 0.3,  density   = 1500 kg/m3,  length / width ratio a / b = 1 the thickness / 

aspect ratio of the sheets h / a = 0.01, the panel radius / thickness ratio of the sheets R / h = 50 and 100, h = 0.1m, 

a = b = 10m. Table 2 shows the natural frequency values obtained for the four layered composite curved panels 

having  [0o/90o/90o/0o] , [0o/90o/0o/90o] and [30o/-30o/-30o/30o] stacking sequence and clamped - clamped 

boundary condition. Non-dimensional natural frequency is 𝜛𝑖 = √ℎ𝜌𝜔2𝑎4/𝐷𝑜 , 𝐷𝑜 = 𝐸11ℎ
3/12(1 − 𝜈12𝜈21). It 

can be seen from Table 2 that, the present results are in good agreement with the results of Chun and Lam’s 

study. 
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Table 2. Natural frequencies of the laminated composite clamped-free curved panel (Hz) 

Solution 

Method 
R/h 

[0o/90o/90o/0o] [0o/90o/0o/90o] [30o/-30o/-30o/30o] 

1ω  3ω  5ω  1ω  3ω  5ω  1ω  3ω  5ω  

Rayleigh-Ritz 

Ansys 
50 

17.66 24.34 30.33 13.93 21.19 21.92 18.43 28.88 35.02 

16.76 23.08 27.70 12.43 20.06 20.77 17.36 26.26 31.69 

Rayleigh-Ritz 

Ansys 

100 12.47 18.48 23.35 9.80 14.02 16.76 15.21 21.15 26.87 

11.86 17.56 22.14 10.55 15.96 20.40 14.36 19.95 24.83 

 

3 NUMERICAL ANALYSIS 
 

After the theoretical model was justified, free vibration analysis of hybrid composite curved beam was 

performed with ANSYS software. It was assumed that the curved beam consisted of 10 layers consisting of 

carbon fiber / epoxy layers and glass fiber / epoxy layers.  

 

 
Figure 1. Laminated hybrid composite curved beam [19] 

 

In Figure 1, the curvature radius of the curved beam is expressed as R, width b, thickness t and center angle  . 

The x and z axes represent the main axes of the beam section and the y axis indicates the axis tangent to the 

curved axis. Material and geometrical properties of the hybrid composite curved beam are presented in Table 3 

[20]. The layer stacking sequences of the curved beam are given in Table 4. 

Table 3.  Material and geometrical properties of the curved beam 

Material 
E11 

(GPa) 

E22 

(GPa) 
ν12 ν21 

G12 

(GPa) 

G21 

(GPa) 

ρ 

(kg/m3) 

Carbon/epoxy 65.7 65.7 0.041 0.041 31.55 31.55 1600 

Glass/epoxy 27.4 27.4 0.145 0.145 9.44 9.44 1800 

Geometrical properties:  b=0.025 m,  R=0.25 m,  θ =120o ,  tCarbon/Epoxy = 0.00018 m,   tGlass/Epoxy = 0.00015 m 

 

The numerical analysis were performed with ANSYS software. Model was created and analyzed using SHELL 

281 element. The SHELL 281 element has 8 nodes. Each node has 6 degrees of freedom, including translation 

and rotation in x, y, z directions. This element has a suitable geometry for the analysis of thin shell structures 

[21].  

 

  
Figure 2. Stacking sequence of laminate and materials type of each layers in composite laminate 

Carbon fiber/epoxy 

Glass fiber/epoxy 
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Table 4.  The Configurations of hybrid composite curved beam having different layer sequences 

Case Configuration Description 

A1 (C 0  / G 90  / G 0  / G 90  / G 0 ) s  
In group A, Carbon-epoxy one layer was moved 

step one step from the outer surface to the center 

of the hybrid composite with [0/90/0/90/0] s layer 

sequence and change in the vibration behavior of 

the composite beam was analyzed. 

A2 (G 0  / C 90  / G 0  / G 90  / G 0 ) s  

A3 (G 0  / G 90  / C 0  / G 90  / G 0 ) s  

A4 (G 0  / G 90  / G 0  / C 90  / G 0 ) s  

A5 (G 0  / G 90  / G 0  / G 90  / C 0 ) s  

B1 (G 0  / G 90  / G 0  / G 90  / G 0 ) s  

In group B, Carbon-epoxy layers were 

symmetrically placed instead of the glass-epoxy 

ones to see their position effects on the free 

vibration of the structure. 

B2 (C 0  / G 90  / G 0  / G 90  / G 0 ) s  

B3 (C 0  / C 90  / G 0  / G 90  / G 0 ) s  

B4 (C 0  / C 90  / C 0  / G 90  / G 0 ) s  

B5 (C 0  / C 90  / C 0  / C 90  / G 0 ) s  

B6 (C 0  / C 90  / C 0  / C 90  / C 0 ) s  

C1 (C 0  / G 30  / G 60  / G 90  / G 120 ) s  

Group C is similar to group A however, in group 

C carbon fiber layer with 0o degrees orientation 

was moved from outer surface to the center of the 

composite. 

C2 (G 30  / C 0  / G 60  / G 90  / G 120 ) s  

C3 (G 30  / G 60  / C 0  / G 90  / G 120 ) s  

C4 (G 30  / G 60  / G 90  / C 0  / G 120 ) s  

C5 (G 30  / G 60  / G 90  / G 120  / C 0 ) s  

D1 (C 0  / G 0  / C 0  / G 0  / C 0 ) s  In group D, Effect of using different fiber 

orientations of the hybrid composite curved beam 

was studied. The layup was chosen as 

 s////  where ,0o  o15 , o30 , 

o45 . 

D2 (C 15  / G 15  / C 15  / G 15  / C 15 ) s  

D3 (C 30  / G 30  / C 30  / G 30  / C 30 ) s  

D4 (C 45  / G 45  / C 45  / G 45  / C 45 ) s  

G   : Glass-epoxy   /  C   : Carbon-epoxy  /    : Fiber orientation angle 

 

4 RESULTS AND DISCUSSION 
 

In this study, four different groups depending on the number and location of carbon-epoxy and glass-epoxy have 

been produced and presented in Table 4. For the given lamination in group A, the position of carbon/epoxy 

layers were changed from the outer surface to the center of the hybrid composite by keeping the same type and 

orientation angle of the other layers. In group A, when the location of the carbon-epoxy layers moves from the 

outer surface to the center of the hybrid composite, natural frequencies decrease due to the decreasing of the 

effective elasticity modulus (Figure 3). Another reason is that the glass-epoxy layers have high density compared 

to carbon-epoxy causing an increase in moment of inertia on the curved beam. The mode shapes and natural 

frequency values of case A 3  are as shown in Figure 4. 

 
Figure 3. Effect of location of Carbon-epoxy layers on dimensional natural frequencies  
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Mode 1                                                              Mode 2 

  
Mode 3                                                              Mode 4 

Figure 4. Mode shapes and frequencies of the composite beam for the case A 3  

For the given lamination in group B, as the number of carbon-epoxy layers increases by using the carbon-epoxy 

layers instead of the glass-epoxy layers, the natural frequencies increase (Figure 5). The reason is that increasing 

of the effective elasticity modulus for the curved beam. Because the density of the glass-epoxy layers is greater 

than those of carbon-epoxy layers as the number of carbon-epoxy layers increases, density of the composite 

beam decrease. Fig.6 also shows the mode shapes and the natural frequencies for case B 3 . 

 

 
Figure 5. Effect of increasing carbon-epoxy layer on natural frequency 
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Mode 1                                                              Mode 2 

  
Mode 3                                                              Mode 4 

Figure 6. Mode shapes with natural frequencies for the case B 3  

Carbon fiber layer with 0o degrees orientation was moved from outer surface to the center of the composite for 

the cases C by keeping the same stacking sequence. It can be shown that due to the decrease in the effective 

elasticity modulus for the beam, the natural frequencies decrease as shown in fig. 7. The more the carbon-epoxy 

layers were embedded in the inner layers of the structure, the more the natural frequency would decrease. 

 
Figure 7. Effect of position of Carbon-epoxy layers on natural frequencies of the hybrid composite curved beam 

 

The cases (D 1 , D 2 , D 3 , D 4 ) have been investigated in order to compare the frequencies by changing the fiber 

orientation angle. (Figure 8). The mode shapes and natural frequency values of case A 3  are as shown in Fig. 9. 
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To study effect of fiber orientations of the hybrid composite curved beam, the layup was chosen as 

 
s

C/G/C/G/C   where ,0o  o15 , o30 , o45 . Natural frequency of the curved beam decreases by 

increasing the amount of   from o0 to o45 . The highest natural frequency value is obtained with fiber 

orientation angle of zero.  

 

 
Figure 8. Effect of different orientation angle (  ) of fibers on the natural frequencies 
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5 CONCLUSION 
 

In the present research, free vibration of a clamped-clamped hybrid composite curved beam was studied 

numerically. In this investigation, four cases depending on the number and location of carbon-epoxy and glass-

epoxy have been investigated. The accuracy of the presented method was verified by comparing the data 

obtained from previous studies. The results showed that some parameters of the plate such as number and 

location of carbon-epoxy layers and orientation angle of fibers were important factors affecting free vibration of 

the hybrid composite. It can be also seen that the dynamic response of these structures is so complicated and 

these parameters are very important for composite structural designers to design the stacking sequence of desired 

structures.  
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Abstract 

This study was focused on the investigation of the structural, microstructural 

characterization and in-vitro properties of the ceramic coatings on NiTi alloy after 

the Micro Ark Oxidation (MAO) coating treatments. The aim of this study that 

improvement of adhesion, surface and mechanical properties of NiTi which is 

Shaped-memory and bio material. In this study, the in vitro ability was investigated 

by soaking the coated NiTi samples in simulated body fluid (SBF) at temperature 37 

°C for various time periods. After soaking, Ni+2 release was applied to the media 

where coated and uncoated shape-memory NiTi samples are available, and its control 

was made by means of ICP-MS device. In addition, the dissolved Ni element detected 

by the icp-ms device also shows the adhesion properties of coated and uncoated 

samples. In-vitro cytotoxicty tests of coated and uncoated samples were made by 

means of MTT test. The results show that the bioactivity and bioadaptation properties 

on aggressive surfaces such as body fluid contacted are increased by the ceramic 

TiO2 coatings. The results also show that Toxic and carcinogenic effects of Ni+2 

release is significantly reduced by the ceramic TiO2 coating. Thus, it is observed that 

the properties that limit the use of NiTi alloys has been substantially fixed by MAO 

coating.  

1 INTRODUCTION  
 

Biomaterials used in biomedical applications are natural or synthetic materials which have the normal interaction 

with the surrounding tissues, continuously or periodically contact with body fluids such as blood or tissue fluid 

and they don’t create negative reactions such as inflammation in tissues, thrombus formation, calcification and 

histoincompatibility [1-3]. While biomaterials could form a part of a living structure to increase the decreasing 

activity of organs and tissues, they can form any part of the biomedical device used to improve or change a natural 

function [4].  

 

With high biocompatibility, biomaterials used in medical applications are natural or synthetic materials which are 

used to improve, support or fulfill the functioning of living tissues and/or organs in the human body. They are 

explored in four groups: metallic biomaterials, bioceramics, polymer biomaterials and biocomposites [1, 5]. Due 

to the strong metallic bond in their structure, superior mechanical properties and the perfect crystal structure, metal 

and metal alloys are the most widely used biomaterials in medical applications [5]. Metallic biomaterials with high 

mechanical strength are commonly preferred biomaterials in hard tissue implant (synthetic hip joints, bone plates, 

dental implants, etc.) and in the process of manufacturing medical devices [5, 6]. Such hard materials compared 

to tissues have some disadvantages such as having low bioavailability, high density, corrosion and releasing metal 

ions which can cause toxic effects. Stainless steels, Co alloys, Ti and its alloys and shape memory alloys are most 

preferred metals in the metallic biomaterial production [5, 7].  

 

Because of showing good compatibility with the environment being used, the large workload capacity and having 

a great tweening features, shape-memory alloys are commonly used in medical applications. In the known shape 

memory alloys, NiTi alloy systems are used mostly in engineering and biomedical applications. Besides having 

the shape memory effect, NiTi alloys eliminate many applications in medical applications because of having a 

good level of biocompatibility, a high strength and a high resistance to abrasion, a high resistance to corrosion, 

good mechanical and good elastic or super elastic properties. Today, in addition to orthodontics and endodontics 
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dental applications, they are frequently preferred in the gastroenterology, orthopedics, radiology and 

cardiovascular surgical applications of internal medicine. Compared to other implant materials, having the elastic 

modulus closer to the bone has given the feature of being an ideal biological engineering materials to NiTi alloys 

for orthopedic applications and this has enabled the use of them in special implant applications [8-13]. 

 

Biocompatibility of biomaterials especially metal prostheses to be used in biomedical applications relates to 

corrosion in the living organism (in-vivo) [14, 15]. Such materials which can be corroded in the body may cause 

damage to cells by reacting with cells and/or they can have negative consequences by showing toxic properties. 

Determination of the effect that may occur is provided by the biocompatibility test applied to materials [15- 18].  

During or after the application of biomaterials, it is able to be experienced a compatibility problem between the 

body and the material, a number of problems can occur in implementation areas (such as inflammation and/or 

color change). Also, due to the weakness in the contact surface between the bone and the implant material, gaps 

are composed between the implant-bone and this can lead the poor interface connection, damage the tissues and 

cause the rejection of the implant due to the inflammation. Studies have focused on the coating of metallic 

biomaterials’ surface to minimize occurring compliance problems and obtain biocompatible and bioactive 

surfaces. A resistant to corrosion, oxidation, erosion and bacterial colonization, a decrease in toxic effects, an 

increase in the compatibility, the ability to bond with body tissues and an extension of the duration of biomaterials 

in the body are provided with a covering [ 5, 19, 18].  

 

This study is focused on the coated of the TiO2 ceramic layer with the purpose of improving the surface properties 

of shape memory NiTi alloy by Micro Arc Oxidation (MAO) method. The purpose of this study is to improve 

adhesion, biocompatibility and bioactivity of biomaterials manufactured from shape memory NiTi alloys in an 

aggressive surface in which biomaterials contact with the body fluid. Moreover, it is aimed to prevent the release 

of a toxic and carcinogenic effect of Ni+2 with produced TiO2 coating on surfaces of NiTi alloys. Structural 

properties of the coatings were analyzed by using SEM and XRD. Bioactivity characteristics were determined by 

the analysis of soaking test in the simulative body fluid (SBF). After soaking tests in the SBF, control of Ni+2 

release in the environment of coated and uncoated shape memory NiTi samples was determined by the ICP-MS 

instrument. In addition, the dissolved Ni element detected by the icp-ms device also shows the adhesion properties 

of coated and uncoated samples. The in-vitro cytotoxicity test of coated and uncoated samples was determined by 

the MTT test. It has been observed that features that limit the use of NiTi alloys were resolved with the coated of 

the oxide layer.  

 

2 MATERIAL AND METHOD 
 

NiTi alloy substrates (Ti Bal., Ni 54.5 wt.%, Fe 0.05 wt.%, H 0.005 wt.%, N+O 0.05 wt.%, Nb 0.025 wt.%, Cr 

0.01 wt.%, Cu 0.01 wt.%, Co 0.05 wt.%, C 0.05 wt.%) with a diameter of 30 mm and a thickness of 3 mm were 

used as the substrate in this study. Before the MAO treatment, the samples were polished using SiC sandpapers 

with different grain sizes (the roughness Ra value ≈ 0.1 µm) and they were cleaned with ethanol and pure water. 

Surface roughness measurements were carried out with a Mitutoya surface profilometer.  

 

The MAO process was performed on the NiTi alloys using a PEO-15 system produced by Plasma Technology, 

Ltd. Sodium aluminate (NaAlO2), sodium hypophosphite (NaPO2H2), NaOH and Na2SO4 aqueous solutions were 

used as the electrolyte. An AC power source, in the bipolar mode operating at 400V and 5% duty cycle was used 

to perform the process at a constant frequency of 100 Hz for 60 minutes. In all experiments, the NiTi alloy samples 

were used as the anode and the stainless steel tank walls were used as the cathode. During the process, cooled 

water mixed with the prepared electrolyte was passed through the tank walls at 30 °C. After the MAO process, the 

samples were washed with distilled water and then dried.  

 

Scanning Electron Microscopy (SEM INSPECT S50) was used to observe the surface morphology. X-Ray 

Diffraction (XRD) was performed using Rigaku 2000 D max diffractometer equipment with a Cu-Kα radiation 

source. The measurements were conducted over a scan range between 2° and 80° scan speed of 2°/min.  

 

Simulated body fluid (SBF) which is closest to the actual body fluid, proposed by and accepted by the scientific 

world has been developed for use in in-vitro tests [20]. Reactive ingredients necessary to prepare 1 liter of 

simulated body fluid having a pH of 7.40 and their quantities are given in Table 1. Chemical materials given in 

Table 1 were added up to ninth chemical materials respectively into 750 ml of distilled water at 37 ° C. After all 

chemicals were dissolved, tris (CH2OH) 3CNH2 chemical material was added 1 gram continuously, homogeneous 

solution and pH equilibrium were achieved. 
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Table 1. Necessary reagents and their quantities to prepare 1 liter of SBF 

No  Reagents Quantities  (g)  

1 NaCI 7,996 

2 NaHCO3 0,350 

3 KCI 0,224 

4 K2HPO4. 3H2O 0,228 

5 MgCI. 6H2O 0,305 

6 1 kmol/m3 HCI 40 cm3 

7 CaCI2 0,278 

8 Na2SO4 0,071 

9 (C2H2OH)3CNH2(TRIS) 6,057 

10 1 kmol/m3 HCI pH’ı 7,40 

 

TiO2 layers coated with MAO method on NiTi substrate are subjected 7-14 and 21 days of soaking experiments in 

simulated body fluid (SBF) in incubator oven at 37 °C body temperatures. Bioactivity properties of samples were 

evaluated by considering changes in the weights of samples depending on time. After NiTi substrate and TiO2 

layers coated with MAO method on NiTi substrate subjected 7-14 and 21 days of soaking experiments in simulated 

body fluid (SBF) in incubator oven at 37 °C body temperatures, ICP-MS test device was used for the detection of 

Ni in the SBF fluid. 

 

The cytotoxic effect of NiTi substrate and TiO2 coated NiTi material was assessed using the MTT method. Cells 

were evaluated with spektrofoto-metric ELISA method by using the MTT (2, 3-bis [2-methoxy-4-nitro-5-

sulfophenyl] -2H tetrazolium I -5- kaboksanilit salt) solution at 72. hour as five wells in the same size in 12 

microplates. Reagents were prepared by mixing the ratio of 50/1 (marking agent / activation agent).  The solution 

was transferred into 96-well and the reaction was quantitated by in the ELISA device. The Mann-Whitney test 

statistical analysis was applied to groups and "p" value of under 0.05 was considered significant. All generated 

test conditions assayed own in cell line triplicate and results were expressed as ± SD.  Evaluation of effects of NiTi 

substrate and TiO2 coated NiTi materials on L929 cell viability at the end of 72 hours by the MTT reduction 

method. 

            

3 RESULTS 
 

Surface roughness values of NiTi substrate and TiO2 coated NiTi substrate with the MAO process are given in 

Table 2. As shown in Table 2, the TiO2 layer coated on the surface increased the surface roughness values after 

the MAO method. 

 

Table 2. Surface roughness values 

Samples Surface roughness values 

Uncoated NiTi ≈ 0.180 

Coated NiTi (TiO2) ≈ 1.350 

 

As clearly evident in Figure 1 from the SEM images, the micro discharge caused roughness on the surface of the 

coating coated onto the substrate as a result of the nature of MAO method. This roughness is due to the different 

sizes of numerous mounds sourced from the micro melting occurred on the substrate during the process and the 

micro-pore in ends of mounds [21, 22]. It was observed that the pores on the surface exhibit uniform and non-

uniform distribution due to the difference of local meltings at each point of the surface in drains. This situation is 

similar with the literature [23-25].  
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Figure 1. a) The surface morphology and b) Sectional view of the coating on NiTi alloys with MAO process. 

 

The coating coated using MAO method consists of three different areas. These areas are called as the thin transition 

area, the functional main area, loss porous area. As it was indicated in the sectional view shown in Figure 1, the 

first area is a dense "the thin transition area" coated on the substrate, following this layer the second area is a dense 

"the main functional area" and the third area formed in the outer is containing pores and called as non-dense "the 

loss porous area". The area between the coating and substrate is the transition layer and it is firmly connected to 

the substrate. It was observed that the main area had a more perfect structure and fewer pores compared to the loss 

area formed in the outer. The outermost non-dense layer has porous and fragile structure. Thin surface cracks can 

occur on the surface because of this feature. However, thin surface cracks that may occur don’t penetrate to the 

functional main layer [26, 27]. Not to effect the outcomes of the experiment, this loss area was removed by a finely 

polishing process with diamond paste after the coating process. Coating thickness was determined to be 

approximately 1.5 µm.  

 

XRD graphics of TiO2 coating coated on NiTi substrate with MAO process are shown in Figure 2. The formation 

of the oxide layer to be coated on its surface has been found to be very difficult for NiTi shape memory metals 

compared with light metals such as Ti, Mg and Al due to the high Ni content. Therefore, the used electrolyte is 

very important in the magnifying oxide layer of shape memory NiTi metals with MAO process. The ratio of 

chemicals used in the content of the electrolyte and applied coating parameters pose very great importance for the 

magnification process. It is possible to accumulate oxide on the surface with many electrolytes for titanium and 

its alloys, but the situation is quite different for NiTi alloys. Electrolytes to be used are very limited for NiTi alloys. 

First of all, NiTi substrate must be oxidized due to passivation in the electrolyte. This oxide film on the surface 

exhibits feature of relatively thin, insulator and comprises nickel oxide and titanium oxide [28, 29]. 

 

 
Figure 2. XRD graphics of coating on NiTi 

 

This barrier layer didn’t display homogeneous character all over the surface but it appeared as a sufficiently dense 

layer. As long as the coating process continues, nickel oxide on the surface doesn’t exhibit a stable characteristic 

and it is dissolved in the electrolyte during coating. As a result, only TiO2 remains on the surface of the NiTi 

substrate. At the end, Ni particles can be observed in stainless steel bath used as the cathode. It was determined 

that a homogeneous and very dense TiO2 was coated on the surface by dissolving the nickel oxide in the 

electrolyte. This situation explains why a quite long processing time is required when TiO2 layer is desired to be 

coated on the surface of NiTi alloys [28, 29].  

 

The most stable structure of coated TiO2 in anatase, rutile and brookite crystal structure is the rutile phase 

thermodynamically. The coating coated with MAO is composed of a stable rutile phase at high temperatures and 

a semi-stable anatase phase at low temperatures [21, 30-34]. In Figure 2, when XRD graphics of the coating coated 
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on NiTi are examined, the rutile and anatase phases which characterize TiO2 were found. In the formation of stable 

rutile phase, the effect of high voltage can be explained by high values of temperature and pressure (2.104 MPa 

and 102) in the discharge ducts during MAO process [30, 35]. High pressure and temperature assist the formation 

of rutile phase. On the other hand, the effect of the long coating time on the rutile phase is information obtained 

from preliminary experiments conducted before coating. Surface coated TiO2 which has a low thermal conductivity 

is acting as a thermal barrier and causes heating of the coating and facilitating the formation of rutile phase [36].  

The obtained XRD graphics after soaking experiments are also shown in Figure 2. After soaking experiments it 

was determined from the XRD graphics that the adsorbed material was hydroxyapatite (HA). It is considered that 

the HA accumulated on the surface caused an increase in bioactive properties of NiTi materials coated TiO2 with 

MAO method.  

TiO2 layers coated with MAO method on NiTi substrate are subjected 7-14 and 21 days of soaking experiments in 

simulated body fluid (SBF) in incubator oven at 37 °C body temperatures. Bioactivity properties of samples were 

evaluated by considering changes in the weights of samples depending on time. The obtained weight changes were 

given in Table 3 and SEM images are shown in Figure 3. 

 

Table 3. Changes in weights of samples soaking in SBF. 

Samples 

Weight (g) 

Beginning 1 day Soaking Changes in weights 

NiTi Substrate 

(Uncoated) 
10.872 10.872 0 

TiO2 Coated NiTi 11.345 11.345 0 

Samples 

Weight (g) 

Beginning 7 day Soaking Changes in weights 

NiTi Substrate 

(Uncoated) 
10,874 10,892 0,018 

TiO2 Coated NiTi 11,052 11,105 0,053 

Samples 

Weight (g) 

Beginning 14 day Soaking Changes in weights 

NiTi Substrate 

(Uncoated) 
10,886 10,906 0,020 

TiO2 Coated NiTi 11,190 11,286 0,096 

Samples 

Weight (g) 

Beginning 21 day Soaking Changes in weights 

NiTi Substrate 

(Uncoated) 
10.945 10.973 0,028 

TiO2 Coated NiTi 11.356 11.464 0.108 
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Figure 3. SEM images of the samples that soaking in SBF 

 

As shown in Table 3, it was not observed any changes in weights of the NiTi substrate and samples on which TiO2 

was coated with MAO method within 1 day of soaking time in SBF. Despite that, changes in weights also increase 

with soaking time increases. This situation can be explained by samples are becoming bioactive in SBF in long-

term in-vitro tests [37, 38].  

 

SEM images of samples soaked in SBF are given in Figure 3. It was observed from XRD graphics that the 

accumulated formation on the surface was HA. As clearly shown in the images, the amount of HA accumulated 

on the surface increases as soaking time increases. It is noteworthy that there was an increase in the amount of HA 

especially on the surface of TiO2 coated samples with MAO method after soaking in the SBF. As shown in Table 

3, maximum weight increase was recorded on samples soaked for 21 days. Surface images magnified 10,000 times 

are shown in the upper right corner of the SEM images. The porous structure resulting from the nature of MAO 

method increased the surface area of the sample and this is thought to cause an increase in the amount of 

accumulated HA [22].  It was concluded that the porous structure resulting from the nature of MAO method 

increased the bioactivity features of coated samples. 

 

TiO2 layers coated with MAO method on NiTi substrate are subjected 7-14 and 21 days of soaking experiments in 

simulated body fluid (SBF) in incubator oven at 37 °C body temperatures. In line with studies in the literature, 
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NiTi samples are known to perform oscillation of Ni+2 to their environment depending on the time [39]. Ni+2 release 

was a condition which should be prevented because it showed toxic effects and threated to human health. It is 

intended to minimize this release by TiO2 coating on the surface of NiTi substrate with MAO method. In this 

regard, after NiTi substrate and TiO2 layers coated with MAO method on NiTi substrate subjected 7-14 and 21 

days of soaking experiments in simulated body fluid (SBF) in incubator oven at 37 °C body temperatures, ICP-

MS test device was used for the detection of Ni in the SBF fluid. Detected amounts of Ni in soaking liquids are 

given in Table 4 in ppm. The toxic level of nickel is 1 ppm [40]. 

 

Table 4. Ni concentration in the SBF fluid 

  

Ni concentration [ppm] 

7 day 14 day 21 day 

NiTi Substrate 0,943597 1,143597 1,209845 

TiO2 Coated NiTi 0,578629 0,437818 0,396592 

 

 
Figure 4. Ni concentration changes with respect to time 

 

As shown in Figure 4, Ni concentration is below toxic levels in SBF environments where TiO2 samples coated. 

However, Ni amount is increasing in parallel with time in the SBF with NiTi substrate without any coating. This 

shows an increase in the limit of the toxic effects in time. Whereas, this value is reduced depending on time in 

TiO2 coated samples with MAO method and it has been found to be well below the toxic value. 

 

1 day before the implementation of the MTT agent, culturing of cells was carried out with 1000 µl culture mediums 

in the 12 plaques 105L929 fibroblast cell lines per well. Cells of adhesion to the surface provided by microplate 

were incubated for 24 hours at 37 °C and 5% CO2 adjusted incubator. By this way, losses generated on cell 

membrane proteins of trypsin enzyme and growth factor receptors have been eliminated. A period of 24 hours is 

needed in order to re-synthesize this protein and factors [41]. After 24 hours of incubation, two different materials 

were divided into groups and added to the wells. The first column was set to NiTi substrate and the second column 

was set to the TiO2 coated NiTi. After all material applications, cell lines were maintained at 24 hours of incubation, 

MTT method was used. Before starting this method analysis, mediums contained in a 12 plaques were removed 

and 1000 µl fresh mediums were added. 

 

 
Figure 5. The evaluation of effects of materials on L929 cell viability by the XTT reduction method at the end of 

72 hours. 

 

The cytotoxic effect of NiTi substrate and TiO2 coated NiTi material was assessed using the MTT method. Cells 

were evaluated with spektrofoto-metric ELISA method by using the MTT (2, 3-bis [2-methoxy-4-nitro-5-

sulfophenyl] -2H tetrazolium I -5- kaboksanilit salt) solution at 72. hour as five wells in the same size in 12 
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microplates. Reagents were prepared by mixing the ratio of 50/1 (marking agent / activation agent). Although 

MTT is a tetrazolium salt soluble in water, it is transformed soluble formazan when fragmented by dehydrogenase 

enzymes in mitochondrial of living cells. The density of the orange color resulting from formazans is proportional 

to the number of metabolically active cells. The solution was transferred into 96-well and the reaction was 

quantitated by in the ELISA device. The Mann-Whitney test statistical analysis was applied to groups and "p" 

value of under 0.05 was considered significant. All generated test conditions assayed own in cell line triplicate and 

results were expressed as ± SD.  

 

Evaluation of effects of NiTi substrate and TiO2 coated NiTi materials on L929 cell viability at the end of 72 hours 

by the MTT reduction method was shown in Figure 5. Results of MTT reduction are given as the percentage of 

control (NiTi substrate) cell viability. As shown in Figure 5, at the end of 72 hours in the cell viability, any 

cytotoxicity could not be determined statistically compared to NiTi substrate by L929 cells were incubated at 37 

°C for 72 hours aggregation provided NiTi substrate and the addition of TiO2 coated NiTi material.  

 

4 CONCLUSION 
 

This study has focused on an improvement in surface characteristics of NiTi alloy base material by using micro 

arc oxidation surface modification method. The purpose of the study is increasing the bioavailability and 

bioactivity properties of biomaterials that are manufactured from NiTi shape memory alloy that their surface in 

contact with the aggressive environment such as body fluid or blood cells and also TiO2 coating that is coated on 

the surface of the NiTi alloy are intended to prohibit Ni+2 release of toxic and carcinogenic. The results obtained 

are given below; 

 The micro discharge caused roughness on the surface of the coating coated onto the substrate as a result 

of the nature of MAO method. It was observed that the pores on the surface exhibit uniform and non-

uniform distribution due to the difference of local meltings at each point of the surface in drains. 

 XRD graphics of the coating coated on NiTi are examined, the rutile and anatase phases which 

characterize TiO2 were found and also It was observed from XRD graphics that the accumulated 

formation on the surface was HA. The amount of HA accumulated on the surface increases as soaking 

time increases.  

 It is intended to minimize Ni+2  release by TiO2 coating on the surface of NiTi substrate with MAO 

method. Ni concentration is below toxic levels in SBF environments where TiO2 samples coated.  

 The cytotoxic effect of NiTi substrate and TiO2 coated NiTi material was assessed using the MTT 

method.. At the end of 72 hours in the cell viability, any cytotoxicity could not be determined statistically 

compared to NiTi substrate by L929 cells were incubated at 37 °C for 72 hours aggregation provided 

NiTi substrate and the addition of TiO2 coated NiTi material.  
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Abstract 

The climate change causes the changes in the distribution and amount of 

meteorological and hydrological data. Within these data, maximum flows create 

floods and cause large material losses as well as collective death and injury. Studying 

the trends over time of maximum flows in these flows helps in water resources 

management and decision making methods of flood prevention. In this study, trend 

analysis was carried out at the six stations having the long term annual maximum 

flow data in the Eastern Black Sea Basin which have heavy rainfall and frequent 

floods. The modified Mann-Kendall (m-MK) method and the Innovative Trend 

Analysis (ITA) with significance were examined for monotonic trends, and the ITA-

Change Boxes method was used for low, medium and high values. As a result of the 

study, a decreasing monotonic trend were observed at three stations, while increasing 

or decreasing trend was observed in low, medium and high values groups in all 

stations. In the Ağnas and Tozköy stations, while there is an increasing trend among 

high groups, it is seen a decreasing trend in the other stations. The cross-correlation 

coefficient in the ITA method was found to be an important parameter when 

investigating a significant monotonic trend, especially at the Eymür station where 

there is no significant monotonic trend according to the ITA method, whereas there 

is an increasing monotonic trend according to the modified Mann-Kendall.  

1 INTRODUCTION  
 

Among the main variables of the hydrological cycle, flow is one of the most important variable because it is 

directly related to water supply, flood control, reservoir design, navigation, irrigation, drainage, water quality and 

others [1]. In addition, in order to manage the water resources in any basin more efficiently and effectively, it is 

necessary to understand, define, and measure the temporal and spatial changes of different amounts of flow [2]. 

The maximum flows in these different amounts are used for flood protection structures and dam spillway accounts. 

In addition, floods, mass deaths, and injuries cause great damage to the regional economy. For these reasons, 

maximum flows are of great importance in water resources management [3]. The combination of climate change 

and human activities has led to significant changes in flood trends in many parts of the world [4]. Cığızoğlu et al. 

[5] in Turkey's basins low, average, and maximum flow monotonic trends were examined by using Mann-Kendall 

and parametric t test and they observe the maximum flows trends in very few stations. Zhang et al. [6]  conducted 

monotonic trend assessment of the 130-year maximum flows and water levels by using parametric t-test, Mann–

Kendall analysis and wavelet transform methods in the Yangtze River Basin in China. They observed a strong and 

significant increase in maximum flows as a result of the study. Timbadiya et al. [7] used the Mann-Kendall test 

and the Innovative Trend Analysis (ITA) method to determine the probability distribution and monotonic trends 

of annual maximum flows at four stations in the Tapi River Basin in India. As a result of both methods, an 

increasing trend was determined at three stations. Generally, monotonic trends have been examined from the 

previous studies. However, efficient, effective and optimum water resource management requires an examination 

of the individual trends of not only monotonous but also low, medium and high values over the entire period of 

time [8]. Terzioğlu et al. [9] examined the monotonic trend status of maximum precipitation at different periods 

with the Mann-Kendall method and trends for low-medium-high values by using ITA method and observed an 

increasing trend at all times in Trabzon meteorological station, Turkey. Yılmaz and Tosunoğlu [2] assessed the 

trends of annual maximum flow values measured from the 153 flow monitoring stations throughout the Turkey 

country using the Mann-Kendall, Spearman's rho and ITA (low, medium, high groups) methods [2]. In general, 
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decreasing trend was observed at maximum flows. In addition, for some stations, there is trend in whole groups of 

ITA, while there are no trend in the classical methods.  

 

The ITA assessment is performed visually. To quantify changes in trends for groups and whole series, Alashan 

[10] added the Change-Box method to the ITA. Furthermore, the new method for determining the monotonic trend 

of the ITA at a certain level of significance was proposed by Şen [11]. The Eastern Black Sea Basin (EBS) basin 

was selected for the testing and implementation of these innovations added to the ITA. The EBS basin is frequently 

exposed to floods. The geological structure and characteristics of the basin, the increasing slope of the mountains, 

the erosion of the river and the heavy rainfall make the basin susceptible to floods. In the EBS basin, 585 people 

died in 335 floods and landslides in the last 81 years [12]. 

 

2 MATERIAL AND METHOD 
 

2.1 Study area 

 

40º15'- 41º34 latitude and 36º43'-41º35' longitude situated between the EBS basin, the total area of 24 077 km2, 

with an average annual rainfall of 1200-1300 mm, is Turkey's highest rainfall areas. The total annual rainfall in 

the provinces varies between 820 mm and 2299 mm. The basin having an annual average of 14.9 km3 surface 

water potential covers 7.9% of Turkey's water potential [12]. The basin is bordered by the Terme Stream and 

Georgia country (Figure 1). In this study, six gauging stations were selected which have at least 30 years maximum 

flow measurement in the basin. The characteristics of the stations are given in Table 1. 

 

 
Figure 1 Eastern Black Sea Basin and stream gauge stations 

 

Table 1 The selected stations for this study, their characteristics and statistics of annual maximum flows  
Station 

name 

Stream 

name 

Period Altitude 

(m) 

Basin 

area 

(km2) 

Longitude 

(°) 

Latitude 

(°) 

Max. 

Flow 

(m3/s) 

Mean 

Flow 

(m3/s) 

Min. 

Flow 

(m3/s) 

Std. 

 

Dereli Aksu 1963-2000 248 713.0 38.446 40.748 400.0 126.7 44.2 69.1 

Eymür Harşit  1977-2008 120 3132.8 38.875 40.850 2015.0 394.1 113.0 316.7 

Ağnas Karadere 1968-2015 78 635.7 40.009 40.852 261.0 95.8 30.5 41.7 

Şimşirli İyidere 1964-2009 338 834.9 40.493 40.816 504.0 166.9 84.5 84.6 

Tozköy Tozköy  1964-2015 1296 223.1 40.579 40.666 77.0 43.4 23.6 10.5 

Topluca Fırtına  1964-2015 237 763.2 41.013 41.072 560.0 179.7 105.0 75.8 

 

2.2 Modified Mann-Kendall Trend Analysis 

 

Mann-Kendall, one of the non-parametric trend tests, tests the trend case according to the established hypothesis 

H0. The hypothesis H0 is assumed to be non-trend. The time series x1, x2…xn are divided into two groups and 

divided into pairs (xi, xj). Then, when i <j, and xi <xj, the total number of data in the series is P. If xi> xj is the total 

number of data in the series is expressed as M, the test statistic is defined as S = P-M. The Kendal correlation 

coefficient is calculated based on the number of data (n) and test statistic (S) as follows: 

 

𝜏 =
𝑆

𝑛(𝑛−1)/2
                                    (1) 

 

Here n (n-1) / 2, represents the total number of pairs (xi, xj), and the value of τ varies from -1 to +1. The variance 

of S value for n> 10 is as follows: 
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𝑉𝑎𝑟 (𝑆) = [
n(n − 1)(2n + 5)

18
]                                    (2) 

 

if there are equal observations in the series, 

 

𝑉𝑎𝑟 (𝑆) =
[n(n − 1)(2n + 5)− ∑ 𝑡𝑖𝑖  (𝑡𝑖 − 1)(2t𝑖 + 5)]

18
                               (3) 

 

Standard normal Z value is calculated as follows: 

 

𝑍 =

{
 
 

 
 

𝑆−1

√𝑉𝑎𝑟 (𝑆)
 , 𝑖𝑓  𝑆 > 0

0           , 𝑖𝑓  𝑆 = 0
𝑆−1

√𝑉𝑎𝑟 (𝑆)
, 𝑖𝑓  𝑆 < 0

                                (4) 

 

is calculated with. Calculated Z value If the selected α is | z | ≤z_α at the significance level, the hypothesis H0 is 

accepted, otherwise it is rejected. If the calculated S value is negative (positive), it is accepted as decreasing 

(increasing), To remove the series correlation effect, Hamed and Rao [13] proposed removing a non-parametric 

trend estimator from x first time series and evaluating autocorrelation between the new time series. The series 

correlation coefficients, which are significantly different from zero at the α significance level, are used to evaluate 

the altered variance of S and adjusted variance is calculated as follows[13]: 

 

𝑉𝑎𝑟∗ (𝑆) = 𝑉𝑎𝑟 (𝑆)𝐶𝑜𝑟                                   (5) 

 

Cor represents the verification within autocorrelation and  

 

𝐶𝑜𝑟 = 1 +
2

𝑛(𝑛−1)(𝑛−2)
∑ (𝑛 − 1)(𝑛 − 𝑖 − 1)(𝑛 − 𝑖 − 2)𝑛−1
𝑖=1 𝜌𝑠(𝑖)                    (6) 

 

𝜌𝑠(𝑖) is the autocorrelation between the ranks of the observations for lag i. Detailed information can be reached 

from [13].  

 

2.3 Innovative Trend Analysis  

 

According to the graphical method proposed by Şen [14], features such as short data length, non-compliance with 

normal distribution of data, and serial independence are insignificant. The fact that it does not require any 

assumption demonstrates its superiority over other nonparametric methods (eg. Mann-Kendall, Spearman Rho). 

In the first step of the method, the measured hydrological data set is divided into two equal parts and each data set 

is sorted from minimum to maximum in itself. In the Cartesian coordinate system, the first data set is placed on 

the x-axis and the second data set on the y-axis. If the data collected on the 1:1 (45⁰) line, there is no trend, the 

data interpreted as increasing trend in the upper part of the line and the decreasing trend is present in the lower 

part of the line (Figure 2a).  

 

Classical trend methods show slowly gradual monotonic changes over the whole recording period. Şen [11] added 

to the innovative trend method to verify whether the monotonic trend was statistically significant. Trend slope(s) 

is calculated as follows: 

 

𝑠 =
2(𝑦2− 𝑦1)

𝑛
                    (7) 

 

Where 𝑦2 and 𝑦1 are arithmetic means respectively ascendingly sorted second and fist data set. n is the whole data 

length. Standard deviation of sampling slope (σ𝑠) is calculated as follows: 

 

σ𝑠 =
2√2

𝑛√𝑛
𝜎√1 − 𝜌𝑦2 𝑦1                    (8) 

 

. Where σ standard derivation of the whole data set, 𝜌𝑦2 𝑦1  is the cross-correlation coefficient between 𝑦1 and 𝑦2 

arithmetic averages of increasingly sorted series. Confidence limits (CL) of trend slope are calculated by the 

following expression; 

 

𝐶𝐿1−𝛼 = 0 ± σ𝑠𝑠𝑐𝑟𝑖                  (9) 
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Where 𝑠𝑐𝑟𝑖  is Z critical values corresponding to confidence intervals at the α significance level. The null hypothesis 

𝐻0 is no trend , alternative hypothesis 𝐻1 is no trend in time series. If ±𝑠 ≥ 𝐶𝐿1−𝛼 , then 𝐻1 hypothesis is accepted 

(Figure 3). 

 

An advantage of the ITA over the other methods is that it can divide the analyzed data into different classes from 

low to high. In this way, it is possible to observe trends at high values that are important for floods or low values 

that are important for drought [15]. Alashan [10] proposed the ITA-Change Boxes (ITA-CB) method to illustrate 

numerical changes in the trend of data divided into different classes. If the method is defined as 𝑦1 to the first data 

set in the ITA and 𝑦2 to the second data set, it is calculated for each group with percentage changes 

((𝑦2 − 𝑦1) 𝑦1 ∗ 100⁄ ) After calculating the percentage changes of each group, the minimum, average and 

maximum percentage change values are transferred to the box graph for each group (Figure 2b). 

 

 
(a)                                                                                                (b) 

Figure 2 The Innovative Trend Analysis groups (a) and change boxes (b) 

 

 
Figure 3 The innovative with trend slope 

 

3 RESULTS 
 

3.1 The Monotonic Trend Results 

 

The m-MK and ITA methods were applied to long term annual maximum flows and the results are shown in Table 

2. According to the method m-MK, there was an increasing trend of 5% significance level in the Eymür station and 

a decreasing trend in the Şimşirli station. As in method m-MK, there was an increasing trend at the 5% significance 

level in the Şimşirli station compared to the method ITA. The ITA method showed decreasing trend at 5% 

significance level for the Dereli station and 10% significance level for the Topluca station. However, the m-MK 

method has not caught asignificant trend in these stations. The confidence intervals were extended due to the low 

cross-correlation coefficient between the first and second data set in the Eymür station. Therefore, ITA has not 

achieved a significant trend. 
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Table 2 The Modified Mann-Kendall and Innovative Trend Analysis results 

Station 

name 

m-MK    ITA 

Z 

value 

Test 

statistics 

Trend Slope (s) Trend 𝜌𝑦2 𝑦1  Std. ±CL  

5% 

±CL 

10%    

   

Dereli -1.03 -83 ↔ -2.10* ↓ 0.9503 69.1 0.3692 0.3108 

Eymür 2.89* 179 ↑ 3.41 ↔ 0.4064 316.7 7.5923 6.3915 

Ağnas 0.29 25 ↔ 0.06 ↔ 0.9503 41.7 0.1566 0.1319 

Şimşirli -2.88* -305 ↓ -2.65* ↓ 0.9900 84.6 0.1519 0.1279 

Tozköy 0.11 11 ↔ 0.05 ↔ 0.9674 10.5 0.0283 0.0238 

Topluca 1.12 151 ↔ -0.51** ↓ 0.7963 75.8 0.5107 0.4300 

Definition: ↓ Decreasing, ↑ increasing, ↔ no trend 

                  *Statistically significant at α = 5% **Statistically significant at α = 10% 

 

3.2 The Innovative Trend Analysis Change-Boxes results 

 

The results of the ITA-CB method obtained by using annual maximum flows are given in Table 3 and the graphical 

representation is shown in Figure 4. The annual maximum flows have been divided into three groups as low, 

medium, and high. The 50th and 90th percentiles of the time series have been taken into account to define the 

limits [2]. When evaluating, for both increasing and decreasing trends in a group, if the average amount of change 

falls below 2%, it is considered as no trend. 

 

Table 3 Annual Maximum Flows Innovative Trend Analysis Change-Boxes results 

Groups 

  

T
re

n
d
  

T
re

n
d
  

T
re

n
d
  

T
re

n
d
  

T
re

n
d
  

T
re

n
d
 

Change Dereli Eymür Ağnas Şimşirli Tozköy Topluca 

Low Min. -15.30 

↔ 
-42.05 

↑ 

-49.00 

↓ 

-16.42 

↓ 

-21.59 

↑ 

-1.55 

↑ Mean 1.76 15.21 -8.39 -10.88 2.09 3.14 

Max. 24.57 61.00 16.37 -2.70 10.46 6.52 

Medium Min. -34.72 

↓ 
49.72 

↑ 

-7.81 

↑ 

-41.67 

↓ 

-2.88 

↑ 

-2.88 

↑ Mean -19.76 69.86 2.29 -27.11 4.20 5.23 

Max. -8.59 96.92 12.68 -19.28 14.74 14.02 

High Min. -56.25 

↓ 

-71.56 

↓ 

-9.89 

↑ 

-46.78 

↓ 

-3.03 

↑ 

-54.29 

↓ Mean -45.02 -8.84 12.18 -43.69 2.05 -33.83 

Max. -36.59 53.89 33.85 -39.35 11.76 -5.10 

All Min. -56.25 

↓ 

-71.56 

↑ 

-49.00 

↔ 

-46.78 

↓ 

-21.59 

↑ 

-54.29 

↔ Mean -16.02 49.78 -1.37 -24.37 2.89 -0.17 

Max. 24.57 96.92 33.85 -2.70 14.74 14.02 

Definition: ↓ Decreasing, ↑ increasing, ↔no trend 

  

According to the ITA-CB results of the annual maximum flows at Dereli station in Table 3 and Figure 4, there is 

a decreasing trend in whole groups except for low group. The changes in the decreasing trend in the medium, high 

and all groups have been calculated mean 19.8%, 45.0% and 16.0%, respectively. While there is a decreasing trend 

(average 8.8% change) in the high group in the Eymür station, there is an increasing trend (mean change about 

60%) in the other groups. In the Ağnas station, there is a decreasing trend in the low group in the annual maximum 

flows, while there are increasing trend in the medium and high group. As can be seen in Table 3, the mean change 

in the medium group is 2.3%, whereas in the high group it is 12.2% in the Ağnas station. Trend in low, medium, 

high and all groups decreasing in the Şimşirli station Also, the change in the decreasing trend from low to high 

values increased gradually. There is an increasing trend in all the groups at Tozköy Station. The increasing trend 

change varies between a minimum -21.6% and a maximum of 14.7%., There is a decreasing trend (change mean 

5.1%) in the high group, while there is an increasing trend in the low and medium group (change mean respectively 

6.5%, 5.2%,) at the Topluca station. There was no change in trend at Ağnas and Tozköy stations for all groups. 

 

While the m-MK method cannot catch any significant trend in the Dereli, Ağnas, Tozköy and Topluca stations, 

and the ITA with significance cannot catch a significant monotonic trend, the ITA-CB method has caught a trend 

in different groups in the same stations. 

 

In a study conducted by Cığızoğlu et al. [5] in 2005, a decreasing trend was observed for the Şimşirli station. In 

this study, although the data are updated, this decreasing trend continues. According to ITA-CB results in the 

Ağnas station, while there is a decreasing trend in the low group and an increasing trend in the medium and high 
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group, Yılmaz and Tosunoğlu [2] could not cauht these trends. While Yılmaz and Tosunoğlu [2] could not observe 

a trend at Şimşirli station, there are decreasing trend according to the ITA-CB results. In the Topluca station, while 

the increasing trend is seen in the low and middle groups according to the ITA-CB, Yılmaz and Tosunoğlu [2] has 

not been able to catch up with these trends. The reason for the lack of trend in study of Yılmaz and Tosunoğlu [2] 

is the use of different grouping methods.  

 

 
Figure 4 The graphical representation of ITA and ITA-CB results 

 

4 CONCLUSION 
 

In this study, trend analysis was performed for long term annual maximum flows in the Eastern Black Sea Basin. 

Trends were investigated by the modified Mann-Kendall (m-MK), Innovative Trend Analysis (ITA) with 

significance and Innovative Trend Analysis- Change Boxes (ITA-CB) methods. The m-MK method showed trends 

in two of the six stations, while ITA showed trends in three stations. Only at the Eymür station m-MK caught the 

monotonic increasing trend at α = 5%. However, when annual maximum flows are examined together with the 

ITA-CB in low, medium, high and all groups, it is seen that there are increasing or decreasing trend. While the m-

MK and ITA with significance cannot determine the monotonic trend at the Ağnaz and Tozköy stations, there are 

increasing trend in the annual maximum flows in the high group. Particular attention should be paid to the 

management of water resources in the region where these two stations are located. Also, trend analysis should not 

only examine the monotonic trend, but also for the low, medium and high groups. If the trend assessment for low, 

medium and high data is to be carried out with the ITA-CB, the support of observations with numerical values 

provides a more detailed examination. 

 

Acknowledgments  
 

The authors thank the General Directorate of State Hydraulic Works for providing flow data.  

804



Investigation of Annual Maximum Flow Trend using Innovative Trend Analysis with 

Change Boxes in the Eastern Black Sea Basin, Turkey 

ICADET ‘19 

 

 

References  

 
[1] F. Tosunoglu, "Trend analyses of Turkish Euphrates Basin Streamflow by Innovative Sen's Trend Method 

and Traditional Mann-Kendall Test,"  Fresenius Environmental Bulletin, vol. 27, no. 1, pp. 446-458, 2018. 

[2] M. Yilmaz and F. Tosunoglu, "Trend assessment of annual instantaneous maximum flows in Turkey," 

Hydrological Sciences Journal, vol. 64, no. 7, pp. 820-834, May. 2019.  

[3] M. Bayazıt, H. K. Cığızoğlu, and B. Önöz, "Türkiye akarsularında trend analizi," Türkiye Mühendislik 

Haberleri, vol. 420, pp. 8-10, 2002. 

[4] P. Bai, X. Liu, K. Liang, and C. Liu, "Investigation of changes in the annual maximum flood in the Yellow 

River basin, China," Quaternary International, vol. 392, pp. 168-177, Jan. 2016.  

[5] H. K. Cigizoglu, M. Bayazit, and B. Önöz, "Trends in the maximum, mean, and low flows of Turkish Rivers," 

Journal of Hydrometeorology, vol. 6, no. 3, pp. 280-290, Jun. 2005.  

[6] Q. Zhang, C. Liu, C.-y. Xu, Y. Xu, and T. Jiang, "Observed trends of annual maximum water level and 

streamflow during past 130 years in the Yangtze River basin, China," Journal of Hydrology, vol. 324, no. 1, 

pp. 255-265, Jun. 2006.  

[7] P. V. Timbadiya, A. B. Mirajkar, P. L. Patel, and P. D. Porey, "Identification of trend and probability 

distribution for time series of annual peak flow in Tapi Basin, India," ISH Journal of Hydraulic Engineering, 

vol. 19, no. 1, pp. 11-20, Mar. 2013.  

[8] Z. Şen, "Innovative Trend Analyses," in Innovative Trend Methodologies in Science and Engineering, Z. Şen 

Ed. Cham: Springer International Publishing, 2017, pp. 175-226. 

[9] Z. Ö. Terzioğlu, M. Kankal, Ö. Yüksek, M. Ö. Nemli, and F. Akçay, “Analysis of the precipitation intensity 

values of various durations in Trabzon Province of Turkey by şen’s Innovative Trend Method,” Sigma J Eng 

& Nat Sci, vol. 37, no. 1, pp. 241-250, 2019. 

[10] S. Alashan, "An improved version of innovative trend analyses," Arabian Journal of Geosciences, vol. 11, 

no. 3, p. 50, Jan. 2018.  

[11] Z. Şen, "Innovative trend significance test and applications," Theoretical and Applied Climatology, vol. 127, 

no. 3, pp. 939-947, Feb. 2017. 

[12] M. Ö. Nemli, "Trend analysis of annual maximum rainfall intensity in Eastern Black Sea Region," Master 

Thesis, The Graduate School of Natural and Applied Sciences, Karadeniz Technical University, 2018.  

[13] K. H. Hamed and A. Ramachandra Rao, "A modified Mann-Kendall trend test for autocorrelated data," 

Journal of Hydrology, vol. 204, no. 1, pp. 182-196, Jan. 1998,  

[14] Z. Şen, "Innovative Trend Analysis Methodology," Journal of Hydrologic Engineering, vol. 17, no. 9, pp. 

1042-1046, Sep. 2012,  

[15] İ. Dabanlı, “Climate change impact on precipitation-temperature in Turkey and drought analysis: Akarçay 

case study” The Graduate School of Natural and Applied Sciences, 2017.  

805



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*demetdemir2929@hotmail.com 

The Effect Of Afşin Elbistan Fly Ash Additive On Short and Long Term 

Compression Strength In Concrete 

 
Demet DEMİR ŞAHİN*1, Mustafa ÇULLU2 

 
1Gumushane University, Mining Engineering, Gumushane, Turkey 

2Gumushane University, Civil Engineering, Gumushane, Turkey 

 

Keywords:  
Fly Ash, Concrete,   

Cement, 

Compression 

Strength 

 
Abstract 

In terms of electricity production sources in Turkey, 2nd, and usually meets the 

domestic coal consumption. As a result of burning coal in thermal power plants, fly 

ash, which is a waste material and is stored in abundance in nature, is formed. By 

using industrially generated waste materials as mineral additives in concrete 

production, environmental pollution decreases the amount of cement which is an 

expensive component in concrete and reduces the unit cost of concrete and 

contributes to improve the mechanical properties of concrete. In this study, 270 

samples of 150x150 mm concrete were produced in different grinding fineness (0, 

10, 20, 30, 45 and 60 min) and substitution rates (10%, 30% and 50%) in the fly 

ash ball mill released from Afşin Elbistan thermal power plant. In addition, only 

cement added reference samples were produced. The compressive strength values 

of 3, 7, 28, 56 and 90 days of the fly ash admixtures with and without admixtures 

were determined. As a result, it was observed that with the increase of fly ash 

fineness due to grinding effect, it decreased the compressive strength values of 10% 

substituted concrete samples and increased the compressive strength values of 30% 

and 50% substituted samples.  

 

1 INTRODUCTION  
 

Fly ash is a pozzolanic waste product formed by burning pulvarized coal in boilers as a result of electricity 

generation in thermal power plants. Fly ash from artificial pozzolan group is called as materials used as mineral 

admixture in concrete which has little or no binding properties on its own. In order to show binding properties, it 

can be obtained by reacting lime and water at suitable temperatures. It is in the range of 1-300 μm in terms of 

grain size and generally has a spherical grain structure by burning coal in boilers at high temperatures. Fly ash in 

the thermal power plant chimneys are generally collected by electrophilic filters or dust collectors called 

cyclones are released to the environment is reduced [1] 

 

Fly ash is used as a raw material in different industries and construction fields in terms of the presence of oxide-

rich compounds. At the beginning of the most common usage areas; it can be used in many construction areas 

such as cement, concrete, filling material, road construction material, brick and briquette making, ceramic and 

glass production,etc. The use of fly ash in cement and concrete to great a large extend contributes to reducing 

environmental pollution, reducing the cost of concrete and cement, and reducing consumption of natural raw 

material resources. 

 

Fly ash is used as aggregate instead of mineral admixture or sand instead of cement in concrete. When fly ash is 

used as cement, it is also possible to use it directly as an additional material in cement or by grinding with 

clinker in cement production. In the studies conducted, it was observed that the use of fly ash in the concrete at a 

rate of 20% by weight has a positive effect on improving the compressive strength of concrete [2]. The amount 

of consumption is the first in the ranking of 10 countries in the world in terms of Turkey's cement production is 

also increasing accordingly. The increase in the amount of cement consumed brings about an increase in 

environmental problems. During the clinker production, the amount of CO2 gas emitted to the environment 

increases with calcination and combustion, and this amount is determined as 5%. This reduction is only possible 

by reducing the amount of clinker and using alternative sources close to the cement composition. Half of the 

cement produced in Turkey CEM I (neat) while the composition comprising the components of cement, 
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approximately 90% of the cement produced in Europe (clinker + gypsum + mineral additives) material is formed 

as cement additives directly without mill with grinding or milling (Topçu and Karakurt, 2007). 

Fly ash in cement composition; 

• As an alternative raw material, instead of cement constituent materials 

• In addition to raw materials as additives 

• It is used in cement in certain proportions as a substitute material. 

 

The use of fly ash as a raw material in cement, and grinding together with minerals such as clay and limestone 

during the cement production and grinding together in the mill are produced puzzolanic portland cement. During 

the use of fly ash in the cement composition, it is not always necessary to grind. This is because the fly ash, 

which is produced during the combustion of coal in thermal power plants, does not enter the grinding process 

and has the appropriate grain size to be used in cement production. Thanks to the fact that fly ash is used directly 

in cement without grinding, it saves a great deal of grinding energy. Using fly ash in different forms in cement 

ensures low cost and energy-efficient cement production. Reducing costs to this extent contributes greatly to the 

national economy [4, 5,6]. In terms of cost, adding 1% pozzolan, especially in cement composition, causes the 

cement cost to be reduced by 0.5 [7]. Because more than 40% of the total electrical energy used in cement 

production is spent on grinding processes. Therefore, new shredders and separators have been designed and 

used. On the other hand, there is an increasing tendency to use more mineral additives in cement all over the 

world. From this perspective, the use of fly ash in cement, 

 

• Saving energy used for grinding, clinkerization and drying energy 

• To provide and increase product diversity 

• To provide and increase the amount of environmentally friendly products 

• To ensure that the new product produced has superior properties compared to the existing product [8]. 

 

In addition to the cement production of fly ash, another common area of use is the production of concrete. It is 

used as normal, lightweight or ready-mixed concrete as mineral additive and substitute material in concrete 

production. It increases the strength, durability and workability of concrete at the beginning of the advantages 

provided by the use of fly ash in concrete. In addition to these advantages, it has a great effect on the 

performance and lifetime of concrete by using it in mass dam constructions as it decreases hydration heat and 

increases the resistance of concrete against abrasion, sulfate and chlorine ion and reinforcement corrosion [9, 

10].  

 

Table 1 were identified the effects of fly ash on concrete properties and the changes of these effects. These 

changes are given in Table 1 [11]. 

 

Table 1. Effects of fly ash on the properties of concrete [11] 

Properties of Concrete Effects of fly ash with respect to normal concrete 

Fluency / Pumping  Easier 

Workability Easier 

Sweating  No or very little 

Surface smoothness  Faster 

Setting Time  Slow up to 2 hours 

Early strength (up to 7 days)  Lower but may increase 

Longer strength (90 days and above)  Higher 

Crack Resistance 

 Plastic shrinkage 

 Thermal shrinkage 

 Drying shrinkage 

  

 Higher 

 Lower  

 Lower 

Chlorine ion transmission resistance  Very high (after 90 days) 

Electrical resistance  Very high 

Durability 

 Resistance to sulfate 

Aaggregate resistance 

 Corrosion resistance 

 Higher 

 High  

 High 

Abrasion Resistance 

Endurance limit 

 Similar 

 Similar 

Cost  

 Material 

 Labor 

 Life cycle 

 Lower  

 Similar 

 Very low  

Eco-friendly for CO2 emissions  Very high 
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As mentioned above, fly ash can be used in cement and concrete production in many respects, but it sometimes 

causes a decrease in the strength of concrete at an early age. In order to increase the strength values of fly ash 

doped concrete at early ages, it is necessary to subject fly ash to some physical changes. Particularly in terms of 

grain size reduction it increases the compressive strength of concrete at an early age, creates smooth-surface 

concretes, reduces the unit weight of concrete with low unit weights compared to concrete, reduces thermal 

shrinkage and crack formation as it reduces the heat of hydration of concrete. Fly ash in concrete is very 

important in terms of improving strength as well as strength. On the other hand, it reduces the microcrack 

structure that may occur and contributes to the production of high-strength concrete with less cement [3]. 

 

In this study, it is aimed to investigate the usability of grinding times and substitution rates of Afşin Elbistan fly 

ash which is an industrial waste in concrete and to determine its effect on mechanical properties of concrete. For 

this purpose, 0, 10, 20, 30, 45 and 60 fly ash were milled from ball mill and concrete samples were produced by 

changing 10%, 30% and 50% by weight instead of cement in each grinding period. The compressive strength test 

was performed to determine the mechanical properties of the concrete samples produced. 

 

2 MATERIAL AND METHOD 
 

2.1 Material 

 

Limestone aggregate, cement, fly ash and city water of Gümüşhane Municipality were used for the concretes 

produced in the study. 

 

Aggregate 

 

The aggregates used for the study consisted of limestone aggregates belonging to Gümüşhane region. The 

aggregates were grouped as 0-4 mm, 4-11.2 mm and 11.2-22.4 mm (Figure 1). 

 

 
Figure 1. Limestone aggregate 

 

Granulometry curves of limestone aggregate used in concrete production are given in Figure 2. 

 

 
Figure 2. Gronulometry curves of aggregates according to standard (TS 802) 

 

Cement 

 

Cement used in concrete production was obtained from Gümüşhane Aşkale cement factory. The cement used is 

CEM I 42.5 R type. The chemical, physical and mechanical properties of the cement used in Table 2 are given. 
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Table 2. Chemical, physical and mechanical properties of cement 
Chemical Analysis  Physical Tests 

SiO₂ 18,59 Thinness (45 μ over the screen, %) 8,58 

Al₂O₃ 4,69 Specific Gravity ( gr/cm³) 3,08 

Fe₂O₃ 3,04 Specific Surface (cm²/gr) 4145 

CaO 60,34 Initial Setting (hour-min) 2hrs-33min 

MgO 1,92 Final Setting (hour-min) 3hrs-18min 

SO₃ 2,89 Volume Expansion (mm) 0,7 

Loss of ignition 7,19 Water Requirement % 29,9 

Na₂O 0,11 

  
K₂O 0,64 

  
CI 0,0189 Compressive Strength ( N/mm²) 

 
Unmeasurable 0,57 2.day 23,9 

Total 100 28.day 51,1 

s.CaO 0,38   

Content % 17,87     

 

Fly ash 

 

Fly ash used in the study was obtained from Afşin Elbistan thermal power plant. The fly ash was composed of 

dark brown and unburned carbon beads (Figure 3). 

 

 
Figure 3. A view of Afşin Elbistan fly ash 

 

The physical and chemical properties of Afşin Elbistan fly ash were determined by conducting the relevant 

experiments in the Gümüşhane Aşkale Cement Plant laboratory (Table 3). 

 

Table 3. Chemical and physical properties of fly ash 
Chemical Analysis Physical Tests 

Component,% Fly Ash Physical Properties Components 

SiO2 29,24 
Thinness (45 μ over the screen, %) 50,68 

Al2O3 11,49 

Fe2O3 6,67 
Specific Gravity ( gr/cm³) 2,54 

CaO 37,84 

MgO 1,86 
Specific Surface (cm²/gr) 1834 

Na2O 0,38 

K2O 0,69 
Initial Setting (hour-min) 2hrs-30 min 

SO3 4,70 

Cr2O3 0,054 
Final Setting (hour-min) 3 hrs-15 min 

Mn2O3 0,059 

P2O5 0,494 
Volume Expansion (mm) 0 

TiO2 0,49 

ZnO 0,001 
Water Requirement ( %) 27,4 

KK 2,31 

Total 96,27 
Water Content (gr) 137 

SCaO 4,51 
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Mixing Water 

 

The water used for the construction of concrete samples consisted of network water belonging to Gümüşhane 

Municipality. 

 

2.2. Method 

 

The concretes produced in this study were formed in C25 strength classes and 3, 7, 28, 56 and 90 days 

compressive strength values of 270 samples were determined according to Equation 1. According to Equation 1, 

the compressive strength values of 150x150x150 mm concrete samples were made according to the principles 

specified in TS EN 12390-3 [12]. 

  

Calculation of compressive strength of concrete: 

 

f_ (c =) F / A_C                  (1) 

 

Here: 

fc = Compressive strength, MPa (N / mm2), 

F = The maximum load reached at the time of fracture, N, 

Ac = The cross-sectional area of the sample to which pressure is applied, (mm2) 

In determining the compressive strength, the compressive strength press given in Figure 4 was used. 

 

 
Figure 4. Concrete pressure press 

 

3 RESULTS AND DISCUSSION  

 
The compressive strength values of short and long term curing times of 10% substituted fly ash admixtures 

prepared for the study were given in Figure 5. The compressive strength value of the admixture prepared by 

substituting the fly ash in 10% concrete decreased the compressive strength values of the reference samples 

(cement admixture only). As the grinding time of fly ash increased, the compressive strength values of the doped 

concretes prepared decreased more than the reference samples. Within the short term (3 and 7 days) compressive 

strength values of the concrete, the decrease according to the reference sample was found to be 23.7% in the 

sample with 3 days and 60 min grinding time. In the long term (28, 56 and 90 days) compressive strength values, 

maximum reduction of the reference sample was found in the concrete sample with 56 days and 60 min grinding 

time. The 10% fly ash substitution caused the concrete to reduce the compressive strength values of the concrete 

more than the long term. The increase in the curing time and the decrease in the compressive strength values 

showed that the pozzolanic activity of the fly ash was formed. 
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Figure 5. Effect of 10% fly ash substitution on compressive strength of concrete 

 

The compressive strength values of concrete samples prepared by substituting 30% fly ash for the study are 

given in Figure 6. 

 

 
Figure 6. Effect of 30% fly ash substitution on compressive strength of concrete 

 

When the fly ash substitution level was increased from 10% to 30%, the losses in the compressive strength 

values of 3, 7 and 28 days were higher than the compressive strength values of the reference sample. The 

compressive strength values of these curing times decreased with increasing fly ash grinding time compared to 

the compressive strength values of the reference samples. According to the reference sample, the maximum 

decrease in the compressive strength value of these curing times was observed in the original fly ash substitute 

concrete sample of 3 days curing time - 41.7%. The decrease in compressive strength values of the samples with 

56 and 90 days curing time with the same fly ash substitution decreased with increasing curing time. The 

minimum value of this amount was found in the concrete sample which had a grinding time of 60 minutes at 90 

days at levels of 7.5%. 

0

10

20

30

40

50

Reference 0 10 20 30 45 60

2
9

,5

2
7

,6

2
7

,5

2
6

,0

2
5

,7

2
7
,1

2
2

,6

3
6

,8

3
4

,4

3
4

,4

3
4
,3

3
4

,4

3
4

,3

3
4

,3

4
2

,4

3
9
,8

3
9

,1

3
9

,5

3
8

,9

3
8

,6

3
8

,24
5

,0

4
3

,6

4
2

,4

4
1

,9

4
1

,4

4
1

,0

3
9

,3

4
7

,2

4
4

,7

4
4

,0

4
4

,3

4
4

,4

4
6
,0

4
2

,6

C
o

m
p

re
ss

iv
e 

S
tr

en
g

th
 (

M
P

a
)

Grinding Time (dk)

10 % Fly Ash Blend Concretes

3 day 7 day 28 day 56 day 90 day

0

5

10

15

20

25

30

35

40

45

50

Reference 0 10 20 30 45 60

2
9
,5

1
7
,2

1
7
,3

1
7
,3

1
8
,0

1
8
,0

1
8
,9

3
6
,8

2
2
,3

2
2
,4

2
2
,4

2
2
,9 2
5
,7

2
5
,8

4
2
,4

3
0
,7

3
2
,4

3
2
,5

3
4
,2

3
4
,3 3
6
,7

4
5
,0

3
4
,2

3
5
,3

3
5
,4

3
5
,9 3
8
,5 4
0
,8

4
7
,2

3
9
,1

3
9
,0

4
0
,0

4
0
,1

4
0
,1 4

3
,6

C
o

m
p

re
ss

iv
e 

S
tr

en
g

th
 (

M
P

a
)

Grinding Time (dk)

30 % Fly Ash Blend Concretes

3 day 7 day 28 day 56 day 90 day

811



The Effect Of Afşin Elbistan Fly Ash Additive On Short and Long Term Compression 

Strength In Concrete 

ICADET ‘19 

 

 

The compressive strength values of 50% fly ash substitute concrete samples are given in Figure 7. Increasing the 

fly ash substitution rate in the concrete samples caused the compressive strength values to decrease. Decrease in 

compressive strength values were found to be higher in short curing times and decreased with increasing curing 

time. The maximum decrease in compressive strength compared to the reference sample was observed in the fly 

ash substitute concrete sample with a grinding time of 3 days and 20 minutes at levels of - 81.3%. The lowest 

decrease in compressive strength value was found in the concrete sample which had a grinding time of 60 

minutes and 90 days at the level of - 31.6%. 

 

 
Figure 7. Effect of 50% fly ash substitution on compressive strength of concrete 

 

Table 4 shows the changes in the short and long term compressive strength values of the concrete samples 

prepared by increasing fly ash substitution rate and grinding time in concrete according to the compressive 

strength value of the reference sample. The short and long term compressive strength values of the fly ash added 

concrete samples were lower than the compressive strength values of the reference sample. Depending on the 

grinding time, the compressive strength values decreased in 10% substituted fly ash doped concrete and 

increased in 30% and 50% substituted concrete. This increase gave values closer to the reference with increasing 

grinding time. This situation has shown that when fly ash is used in concrete, the pozzolanic property and 

fineness value of ash has a great effect [13, 14]. The effect of fly ash on the long-term compressive strength in 

concrete has contributed to reducing the permeability by providing a tight property to the concrete and increasing 

the durability of the concrete against internal and external welders [15]. 

 

When fly ash is used instead of cement in concrete, it contributes to produce high-strength concrete. However, 

this process takes some time. The reduction of the process can be shortened depending on the fineness and 

temperature of the fly ash. This process is time-consuming when the cement, water and fly ash come together in 

the fly ash admixture, it chemically reacts with CH (calcium hydroxide) to produce extra C-S-H (Calcium-Silica-

Hydrate) product. This results in higher-strength concretes in later years compared to concretes made only with 

cement [16, 14]. 

 

When the fly ash substitution was increased from 10% to 50%, the effect of fineness on the increase of 

compressive strength values increased with increasing grinding time caused by the onset of pozzolanic activity 

on the grain surface. This is because the amorphological glassy structure of fly ash forms calcium silica hydrate 

and calcium silica aluminate compounds which form the hydration of the clinker by reacting with Ca (OH) 2 in 

cement. These compounds contribute to strengthening the binding structure of concrete. These structures are 

given in Equations 2 and 3. 

 

Cement hydration: Cement (C3S; C2S) + H2O → CSH - gel + Ca (OH)           (2) 

 

Pozzolanic reaction: Ca (OH) 2 + SiO2 → CSH - gel             (3) 

However, as these reactions occurred in long periods, they caused low strength due to low pozzolanic activity of 

concrete. It was determined that this negative effect was developed by grinding the fly ash, albeit in an amount 

[17]. 
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4 CONCLUSION AND RECOMMENDATIONS 
 

1- As the fly ash substitution rate in concrete increases, compressive strength values of doped concretes have 

decreased the compressive strength values of the reference sample. 

2- As the grinding time of fly ash increases, the compressive strength value increases in 30% and 50% fly ash 

substituted concrete except 10% fly ash substituted concrete. 

3- In the short curing times (3 and 7 days), compressive strength values decreased more than the reference 

sample. Compressive strength values close to the reference sample were determined in volatile admixtures with 

long curing times (28, 56 and 90 days). 

4- When fly ash is used in concrete, its effect on compressive strength contributes by filling the cavities and 

creating impermeability by making micro aggregate effect in short curing times. In the long curing period (28, 56 

and 90 days), increasing the fineness by grinding contributed both to filling the cavities better and improving 

compressive strength by improving pozzolanic activity. 

 

References  

 
[1] Kocataskin, F., newly developing concrete materials, advanced concrete technology lecture notes, ITU 

Faculty of Civil Engineering, Istanbul, 1987. 

[2] Sümer, M., Evaluation of fly ash wastes in concrete production, I. National Construction & Environment 

Symposium, Salihli, Proceedings, pp. 179-185. 1994. 

[3] Topçu, İ.B. and Canbaz, M., The effect of fly ash use in concrete, Mehmet Osmangazi University 

Eng.Mim.Fak.Journal, C.XIV, S.2., 2001. 

[4] Berktay, A., Pumice and fly ash produced by using the lightweight concrete to investigate the mechanical 

properties of aggressive water environments, Master Thesis, Selcuk University, Institute of Science and 

Technology, Konya, 2007. 

[5] Öksüz, K., Afşin-Elbistan thermal power plant fly ash use in soil stabilization, Master Thesis, Cukurova 

University, Institute of Science and Technology, Adana, 2006. 

[6] Tiwari, M.K., Bajpai, S., Dewangan, U.K., Fly ash utilization: A brief review in the context of international 

research, Journal of Engineering and Technology (IRJET), Volume: 03 Issue: 04, pp. 949-956, 2016. 

[7] Felekoğlu, K.T., General properties and tests of cements, building materials II course, concrete technology 

binders; cement, 2014. 

[8] Atakay, O., the use of fly ash in the production of admixture cement-grain fineness and the effect of the 

amount of additives, Hacettepe University Institute of Science and Technology, Mining Engineering 

Department, Master Thesis, 2006. 

[9] Yildirim, A.N., Pumice and fly ash produced by using the lightweight concrete, the investigation of 

mechanical properties in aggressive water environments, Master Thesis, Selcuk University, Institute of 

Science and Technology, Konya, 2007. 

[10] Camoes, A., Rocha, P., Jalali, S. Aguiar, J. L. B., Delgado, R. High Performance Concrete Using Fly Ash, 

Third International Conference, Volume: ACI (American Concrete Institute) Special Publication, SP-207, 

2002. 

[11] Malhotra, V. M., and Mehta, P. K., High performance, high-volume fly ash concrete, seconded., 

Sustainable development Inc., Ottawa, Canada, 2005. 

[12] TS EN 12390-3, Concrete-hardened concrete tests - Part 3: Determination of compressive strength of test 

specimens (Part 3: Compressive strength of test specimens), Turkish Standards Institute, 16 s, Ankara, 

2013. 

[13] Hefni, Y., Zaher, Y.A.E. and Wahab, M.A., Influence of activation of fly ash on the mechanical properties 

of concrete, Construction and Building Materials, 172,728-734. 2018. 

[14] Aytekin, S., The use of fly ashes in clay soil improvement, Master Thesis, Cukurova University, Institute of 

Science and Technology, Adana, 2009. 

[15] Yazıcı, H., Mechanical properties and sulfuric acid resistance of concretes containing high volume of class 

C fly ash, Pamukkale University Journal of Engineering Sciences, 11: 3, 443-448, 2005. 

[16] Hu, C., Microstructure and mechanical properties of fly ash blended cement pastes, Construction and 

Building Materials, 73, 618–625, 2014. 

[17] Karim, M. R., Zain, M. F. M., Jamil, M., Lai, F. C. and Islam, M. N., A Review, International Journal of 

the Physical Sciences, Vol. 6 (17), pp. 4137-4153, 2011. 

814



 

 

3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*gunay.merhan@atauni.edu.tr 

RF Power Effects on the Magnetron Sputtered WO3 Thin Films 
 

Günay MERHAN MUĞLU*1, Emre GÜR2 

 
1Atatürk University, Department of Opticianry, Hınıs Vocational School of Higher Education, Erzurum, Turkey 

2Atatürk University, Department of Physics, Faculty of Science, Erzurum, Turkey 

 

Keywords:   

WO3  

Electrochromik 

Device 

RFmagnetron 

sputter 

 

 

 
Abstract 

The interest in electrochromism and electrochromic materials have increased in 

recent years [l,2]. In this study, it is aimed to provide optimization of the optical 

and structural characteristics of WO3 by changing the growth parameters such as 

RF power. The power was changed with increments of 25 W from 25 W to 100 W. 

For the analysis of the thin films, X-ray Diffraction (XRD), absorption, Raman 

spectroscopy measurements were performed.  Absorption measurements shows that 

bandgap of the material is around 3.0 eV. Raman measurements showed vibrational 

modes of W-O-W stretching and bending modes which shows small shifts 

depending on the growth pressure. Obtained results have shown that better crystal 

structure is obtained at higher RF powers. 

 

1 INTRODUCTION  
 

Electrochromic devices are soon to become an everyday part of our life. The research concerns improving the 

lifetime of devices, improving the contrast ratio and increasing the switching speed [3]. Transition metal oxides 

are a fascinating class of materials due to their wide-ranging electronic, chemical and mechanical properties. The 

electrochromic, optochromic properties of MoO3 and WO3 make them usable in many applications such as smart 

windows, optical memories and gas sensors [4-6]. WO3 thin films have been extensively studied because of their 

potential application in electrochromic devices. The optical properties of these films can be changed in a 

reversible and persistent way under the influence of an applied voltage [1]. Electrochromism is the fundamental 

mechanism by which the optical properties of the material change in a reversible manner with the electrical 

voltage applied on the electrochromic material. Variation in optical properties emerge visually as color change. 

In this study WO3 thin film were deposited on the glass, ITO and p-Si substrate by R.F magnetron sputtering a 

99.9% pure tungsten target. 

 

2 MATERIAL AND METHOD 
 

RF magnetron sputtering has advantageous of having high deposition rates, sputtering of insulating targets, low 

power and low pressure operation conditions. WO3 thin films were deposited on the glass, ITO, p-Si substrates 

by R.F. magnetron sputtering using a 99.9% pure 2’’ diameter W target reactively. The vacuum chamber was 

evacuated to 5 ×10−7 Torr base pressure before the deposition. Both argon and oxygen flows were controlled by 

mass flow controllers. The total pressure in the deposition chamber was kept constant at 25 mTorr. It was aimed 

to provide optimization of the optical and structural characteristics of WO3 by changing the growth parameters 

such as RF powers. The power was changed with increments of 25 W up to 100 W. While the applied partial 

pressure of oxygen to the target was kept constant at 75 sccm and the substrate temperature was maintained at 

350 0C. Also thickness of the all thin films was maintained at 300 nm. 
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Table 1. R.F. sputtered parameters used for deposition of WO3 thin films. 

Growth 

material 

Base 

Pressure 

(torr) 

Growth 

Pressure 

(mTorr) 

Temperature 

(Celcius) 

Gas1 

Ar 

(sccm) 

Gas2 

O2 

(sccm) 

Growth 

Power 

(Watt) 

Growth 

Time 

(Minute) 

Substrate 

 

WO3 6 × 10-7 18,35 311 12.5 1,5 100 - 

p-Si  

Glass 

İTO 

WO3 7,24×10-7 24,60 300 12.5 1,5 75 73 

p-Si  

Glass 

İTO  

WO3 6,63×10-7 27,12 289 12.5 1,5 50 146 

p-Si  

Glass 

İTO 

WO3 5,56×10-6 26,93 301 12.5 1,5 25 129 

p-Si  

Glass 

İTO 

 

3 RESULTS 
 

Increasing power led to the formation of XRD peaks for WO3 films grown on ITO substrate. No XRD peak was 

observed for the thin films grown at the lowest power.  The peak intensity ratio of the of (020) ve (022) plane to 

the o ther planes in films grown on the ITO substrate at 75W and 100 W powers significantly has increased with 

increasing power. This shows that there is a significant effect of increasing power in the formation of WO3 films.  

XRD results suggests that better crystal structure is possible by increasing power in WO3 thin films. 

 

 
Figure 1. XRD pattern of WO3 thin films grown at different RF powers. 

 

Absorption plot of films that is grown at the highest power from the grown WO3 thin films is shown in Fig.2. 

and Fig.3. Starting around 400 nm, absorption spectra increases corresponding to the near band edge absorption 

of the grown WO3 thin films. In the figure, absorption spectrum of the pure glass substrates has shown in the plot 

which is used as the reference. Very sharp absorption band edges of the sputtered WO3 thin films suggest the 

successful high quality of the grown thin films. The optical band gap values for 25W, 50W, 75W, 100W power 

on ITO substrate, determined from Fig. 2 as the 2.84 eV, 2,71 eV, 2,82 eV, 2,98 eV, respectively. Also the 

optical band gap values for 50W, 75W, 100W power on glass substrate, determined from Fig. 3 as the 2,71 eV, 

3,01 eV, 2,97 eV, respectively.  
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Figure 2. Absorption pattern of WO3 thin films grown depending on to power. 

 

 
Figure 3. Absorption pattern of WO3 thin films grown depending on to power. 

 

The Raman spectroscopy is effective in revealing structural features and structural transitions in WO3 owing to 

its high sensitivity to the small changes in the lattice positions of the tungsten atoms. The WO3 exhibits the 

following sequence of crystal phases with increasing temperature: triclinic, monoclinic, orthorombic, tetragonal 

[7]; in particular, bulk WO3 is monoclinic-γ between 20°C and 330°C and it is orthorombic-β between 330°C 

and 740°C [8].  

 

When Raman spectrum of the as prepared WO3 thin films on ITO substrate are examined, it is seen four well 

defined peaks located at 806, 706, 325, and 260 cm-1. The high-frequency peaks at 806 and 706 cm-1 were 

attributed to the W–O–W stretching vibration mode, while the low frequency ones (i.e., 325 and 260 cm-1) were 

attributed to the W–O–W bending mode. The peaks shown in the present study similar to those for monoclinic 

WO3 thin films. Vibration observed at 129-185 cm-1 are attributed to the vibrational modes of the crystal of WO3  

[9-11]. 

 

 
Figure 4. Raman spectra of WO3 thin films grown on ITO depending on to different powers. 
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Similar values for those vibrational modes has been obtained for also sWO3 thin films grown on the glass 

substrate. The high-frequency peaks at 705 and 701 cm-1 were attributed to the W–O–W stretching vibration 

mode, while the low frequency ones (i.e., 324, 260 and 261 cm-1) were attributed to the W–O–W bending mode 

for WO3 thin film on glass substrate (fig.5). 

 

 
Figure 5. Raman spectra of WO3 thin films grown on glass depending on to the different powers. 

 

Fig.6 shows the Raman measurements on the WO3 thin films grown on Si substrate. Similar results have been 

found with the samples grown on glass and the ITO substrates. The high-frequency peaks at 806, 802, 714 and 

700 cm-1 were attributed to the W–O–W stretching vibration mode, while the low frequency ones (i.e., 302 and 

265 cm-1) were attributed to the W–O–W bending mode for WO3 thin film on p-Si substrate. 

 

 
Figure 6. Raman spectra of WO3 thin films grown on p-Si substrate depending on to the different Powers. 

 

4 CONCLUSION 
 

WO3 thin films were grown by magnetron sputtering technique as the RF power changing from 25 W to 100 W 

with 25 W increments. The thin films were grown on p-Si, glass and ITO substrates and the effects of the 

substrates were investigated. XRD measurements has showed that the thin films grown at higher RF powers 

have better structural quality compared to lower RF powers grown thin films.  Absorption measurements have 

shown that the band gap of the thin films are around 3.0 eV for the thin films grown at higher RF powers. Raman 

measurements have shown the vibrational modes belong to the monoclinic phase of the WO3 thin films. Again, 

better quality has been determined for the thin films grown at higher RF power, namely 75 W and 100 W.  
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Abstract 

In the production of electrical energy in thermal power plants, the waste product 

released from the chimneys as a result of the combustion of pulvarized coal is 

called fly ash. It is an important waste that can be used instead of cement in 

concrete composition in terms of pozzolanic properties, increasing the performance 

of concrete and decreasing the cost. In this study fly ash from Afşin Elbistan 

thermal power plant was used as mineral additive in concrete composition at 

different grinding times (0, 10, 20, 30, 45 and 60 min) and substitution rates (10%, 

30% and 50%). The permeability properties of 100x200 mm cylindrical concrete 

samples were determined. In order to determine the permeability characteristics, 

capillarity tests were performed on the admixture concrete samples of 28 and 90 

days. The results obtained were compared with the reference concrete samples with 

only cement additives. As a result, the increase in fly ash thinness and substitution 

rate decreased the permeability of concrete. 

 

1 INTRODUCTION  
 

The presence of rich lignite deposits in our country, easy to supply, short-term and low-cost operation in terms of 

electrical power generation is one of the most preferred reasons for thermal power plants. The increase in 

electricity production in the 21st century is an indicator of economic and social development and is one of the 

factors facilitating human life [1]. As of the end of July 2017, the number of power plants generating electricity 

in our country increased to 3,098 (including unlicensed plants). 613 of the existing power plants are 

hydroelectric, 40 are coal, 186 are wind, 33 are geothermal, 288 are natural gas, 1.773 are solar and 165 are other 

source power plants. Afşin Elbistan thermal power plant has the highest electricity generation capacity and the 

installed capacity is 2795 MW in total A and B plants [2]. In our country, the amount of fly ash released in these 

plants and other coal-fired thermal power plants is calculated as 18 million tons annually [3]. In the world, this 

amount is 780 million tons [4]. 

 

The waste material having spherical grain structure is called fly ash which is inorganic and small in size and 

which is transported by flue gases and collected with the help of electron filters and cyclones. The formation 

mechanism of this product is brought to fine grain structure by grinding coal in ball or roller mills during 

electricity production. The carbon in the coal starts to ignite in the combustion chambers at a temperature of 

1037-14820C and fed by continuous air. Subsequently, as a result of the continuous combustion of the coal, the 

volatiles evaporate and the carbon is heated in the pipes in the boiler. Inorganic materials such as clay, quartz 

and feldspar melt and slag are formed in the combustion chambers. Hardened melts are separated from the 

combustion chambers in the flue gas and spherical grained fly ash particles are formed [5]. 

 

With the increase in the need for energy and the supply of energy from coal in our country, the amount of fly ash 

released from thermal power plants has increased. The increase in the amount of ash led to the idea of evaluating 

waste in other areas. It is considered as a suitable material for use in the construction sector. However, it is more 

widely used in cement and concrete construction due to its composition and many other properties. Especially 

the fly ash having pozzolanic properties leads to energy saving in concrete and cement technology and to 

increase the strength and durability of concrete by introducing new features in fresh and hardened condition. 

Afşin Elbistan increases the final pressure of concrete by increasing the cohesion by using fly ash with high CaO 

content such as fly ash. In addition, large masses such as dam structures reduce thermal shrinkage in concrete. 
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Fly ash is collected in the chimneys and used as it can be of fine grain thickness without any treatment. 

Occasionally, grain fineness is not suitable for use in concrete and cement composition and is made suitable by 

sieving and grinding processes. In particular, the use of fly ash with fine grain structure in the composition of 

concrete makes a great contribution to the production of impermeable concrete [6]. In addition, environmental 

problems and consumption of natural resources will be reduced by the use of fly ash in concrete and will 

contribute to the national economy with the efficient use of waste products.  

 

In this study, fly ash taken from Afşin Elbistan thermal power plant was milled into fine grained material. In the 

fly ash concrete, which obtained different fineness values by grinding, instead of cement, 10%, 30% and 50% by 

weight substitutes were produced by adding reinforced concrete samples. The effect of different fineness values 

and substitution ratios of fly ash used in concrete on permeability of concrete was investigated. In this context, to 

determine the permeability, 28 and 90 days of capillary tests were performed. As a result, it has been determined 

that fly ash used in concrete decreases the permeability of concrete with increasing thinness and substitution rate. 

 

2 MATERIAL AND METHOD 
 

2.1 Material 

 

In this study, concrete samples were produced by using limestone aggregate, cement, fly ash and city water of 

Gümüşhane Municipality. 

 

Aggregate 

 

The aggregates used for the study consisted of limestone aggregates belonging to Gümüşhane region. The 

aggregates were grouped as 0-4 mm, 4-11.2 mm and 11.2-22.4 mm (Figure 1). 

 

 
Figure 1. Limestone aggregate 

 

Granulometry curves of the limestone aggregates used in the study are given in Figure 2. 

 

 
Figure 2. Gronulometric curves of aggregates according to TS 802 standard 

 

Cement 

 

CEM I 42.5 R type cement was used for the concretes produced in the study. This cement was supplied from 

Gümüşhane Aşkale cement factory. The specific physical, chemical and mechanical properties of the cement are 

given in Table 1. 
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Table 1. Properties of CEM I 42.5 R type cement 
Chemical Analysis  Physical Tests 

SiO₂ 18,59 Thinness (45 μ over the screen, %) 8,58 

Al₂O₃ 4,69 Specific Gravity ( gr/cm³) 3,08 

Fe₂O₃ 3,04 Specific Surface (cm²/gr) 4145 

CaO 60,34 Initial Setting (hour-min) 2hrs-33min 

MgO 1,92 Final Setting (hour-min) 3hrs-18min 

SO₃ 2,89 Volume Expansion (mm) 0,7 

Loss of ignition 7,19 Water Requirement % 29,9 

Na₂O 0,11 

  
K₂O 0,64 

  
CI 0,0189 Compressive Strength ( N/mm²) 

 
Unmeasurable 0,57 2.day 23,9 

Total 100 28.day 51,1 

s.CaO 0,38   

Content % 17,87     

 

Fly Ash 

 

Fly ash was obtained from Afşin Elbistan thermal power plant in Kahramanmaraş Province. It is composed of 

unburned carbon grains in fly ash as shown in Figure 3 and is dark brown. 

 

 
Figure 3. A view of Afşin Elbistan fly ash 

 

The physical and chemical properties of Afşin Elbistan fly ash were determined by performing the relevant 

experiments in the Gümüşhane Aşkale Cement Plant laboratory (Table 2). 

 

Table 2. Chemical and physical properties of fly ash 
Chemical Analysis Physical Tests 

Component,% Fly Ash Physical Properties Components 

SiO2 29,24 
Thinness (45 μ over the screen, %) 50,68 

Al2O3 11,49 

Fe2O3 6,67 
Specific Gravity ( gr/cm³) 2,54 

CaO 37,84 

MgO 1,86 
Specific Surface (cm²/gr) 1834 

Na2O 0,38 

K2O 0,69 
Initial Setting (hour-min) 2hrs-30 min 

SO3 4,70 

Cr2O3 0,054 
Final Setting (hour-min) 3 hrs-15 min 

Mn2O3 0,059 

P2O5 0,494 
Volume Expansion (mm) 0 

TiO2 0,49 

ZnO 0,001 
Water Requirement ( %) 27,4 

KK 2,31 

Total 96,27 
Water Content (gr) 137 

SCaO 4,51 
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Mixing Water 

 

The water used for the construction of concrete samples consisted of network water belonging to Gümüşhane 

Municipality. 

 

2.2. Method 

 

In this study, concrete samples of C25 strength class were produced. Impermeability and capillarity values of 

these concrete samples were kept in curing pond until 28 and 90 days. 

 

The concrete produced in this study was designed according to the TS 802 standard and the samples given in 

figure 4 were produced. 

 

 
Figure 4. Examples of fly ash added concrete 

 

Capillarity Determination 

 

100x200 mm cylinder concrete samples were removed from the curing pool at the end of the curing period of 28 

and 90 days and allowed to dry for 3 days in an air circulation oven at 50 ± 5 ° C. The sides of the samples were 

then placed in a water-filled container with liquid-tight material (silicone), with 2 ± 1 mm soles touching the 

water. These samples were kept in water for 1, 5, 10, 20, 30, 60, 120, 180, 240, 300, 360, 600, 1440, 2280, 4320, 

5760, 11520 "min. Capillary water absorption values of concrete samples were calculated according to 

Equation1. The cumulative capillary water absorption values were plotted according to the square root of time. 

The amount of water absorbed by the capillary concrete is directly proportional to the surface area and the square 

root of the elapsed time. The number K, which is also called the capillarity coefficient, is a property of the 

cavities of the concrete. According to the initial weights of the samples, weight differences were calculated and 

KSE values were determined. Equation 2 shown below is used to calculate the capillarity coefficients. The 

capillarity coefficient was calculated to interpret the volumes of water leaking from each unit area. 

 

I = m_t / (a⁄d)                  (1) 

In this equality; 

 

I ; Capillary water absorption (mm), 

mt; the change in mass of concrete, for example, in time (t) grams 

a; area of sample (mm2) of concrete exposed to the test, 

D ; density of water (g / mm3). 

 

K = Q2 / (A2.t) (cm2 / sec)                (2) 

In this equality; 

K; Capillarity coefficient (cm² /s), 

a; Area in contact with water (cm²), 

t; Elapsed time (s), 

Q; The amount of water absorbed is (cm³). 

Siliconization of the side surfaces of concrete samples used for capillity testing (Figure 5). 
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Figure 5. Siliconization of the samples to be tested for capillarity 

 

Examples of concrete dried in an oven and placed in a water-filled container for the capillarity test are shown in 

Figure 6. 

 

   
Figure 6. Holding the concrete samples in the water filled container in the installed order 

 

Measure the mass changes as given in Figure 7 by removing the samples from the water-filled container at the 

end of the specified periods. 

 

 
Figure 7. Measurement of mass changes at the specified time in the capillary test apparatus 

 

3 RESULTS AND DISCUSSION  
 

In order to determine the permeability properties of doped concrete samples produced as a result of displacing 

the material of Afşin Elbistan fly ash in different grinding times instead of cement in concrete, capillarity test 

was performed. The results of the capillarity test performed on 28-day concrete samples with 10%, 30% and 

50% fly ash substitution and the obtained capillarity coefficient values are given in Figure 8.
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It has been observed that the increase of fly ash thinness in concrete samples with 10% fly ash added reduces the 

permeability in concrete. The lowest water absorption rate of concrete with a substitution rate of 10% was 

determined as 0.76 mm for 60 min ground fly ash added concrete samples. The maximum amount of water 

absorption was calculated as 1.45 mm in the reference concrete sample. The concrete sample with a 60 min 

grinding time reduced the water permeability by about half by reducing it to -47% relative to the reference 

concrete (Figure 8a). As a result of thinning of fly ash by grinding, it was seen that it forms more impermeable 

concretes by filling the gaps in concrete. Capillity coefficient values decreased with increasing the grinding time 

according to the capillarity test result by filling the gaps in concrete. As shown in Figure 8d, the lowest 

capillarity coefficient value of the 10% fly ash substitute concrete samples, ie the impermeable concrete sample, 

was determined as 8.45E-09 in the concrete sample having 60 min grinding time compared to the reference 

sample. The permeability value relative to the reference sample showed a decrease of -72.3%. 

 

When the amount of fly ash substitution in concrete was increased to 30%, it exhibited a similar behavior as 10% 

fly ash substituted concrete and decreased the permeability value. The lowest water absorption rate was 0.75 mm 

for 60 min ground fly ash doped concrete samples and the maximum water absorption rate was 1.45 mm for 

reference concrete samples (Figure 8b). Reduced permeability by -46% in 30% fly ash substitute concretes 

ground according to the reference sample. As shown in Figure 8c, as the fly ash substitution rate and grinding 

time increased, the amount of water absorbed through the capillary channels in concrete decreased by about half. 

 

When the fly ash substitution rate in concrete was increased to 50%, the amount of water absorbed by capillary 

channels was determined as 0.50 mm in the highest grinding time concrete sample and 1.4 mm in the reference 

sample (Figure 8c). The fly ash doped concrete sample contributed to the formation of more impermeable 

concrete by absorbing - 66% less water than the reference sample. As shown in Figure 8f, the capillarity 

coefficient value contributes to a significant reduction in permeability of approximately 80% and above in all 

milling time samples, except for a 50% unsaturated ash added concrete sample with respect to the reference 

sample. Figure 9 shows the capillarity test results at the end of the 90-day curing period. 

 

826



The Effect of Different Fineness Values of Afşin Elbistan Fly Ash on Permeability in 

Concrete 

ICADET ‘19 

 

 

 

  
 

F
ig

u
re

 9
. 

C
ap

il
la

ry
 w

a
te

r 
ab

so
rp

ti
o

n
 a

n
d

 c
ap

il
la

ri
ty

 c
o

ef
fi

ci
en

t 
v
al

u
e
s 

o
f 

9
0

 d
ay

s 
d

if
fe

re
n
t 

fl
y
 a

sh
 a

n
d

 s
u
b

st
it

u
ti

o
n
 r

at
e 

fl
y
 a

sh
 a

d
m

ix
tu

re
s 

827



The Effect of Different Fineness Values of Afşin Elbistan Fly Ash on Permeability in 

Concrete 

ICADET ‘19 

 

 

Capillary water absorption and capillarity coefficient values of Afşin Elbistan volatile admixtures after 90 days 

curing period are given in Figure 9. After the 90-day curing period, the highest water absorption value in Figure 

9a was observed in the concrete sample having a grinding time of 20 min as 3.24 mm. The water absorption 

value of the reference sample was determined to be 1.94 mm, and the 67% fly ash added concrete sample had a 

higher water absorption value. The capillarity coefficient value was found to be 179.2% higher than the 

reference sample. The lowest water absorption value was observed in the concrete sample with 60 min grinding 

time, and the capillary water absorption value decreased by-3% and the capillarity coefficient value by -5,2% 

compared to the reference sample, causing the permeability to be reduced. 

 

Capillary water absorption and capillary coefficient values of 30% substituted concrete samples are given in 

Figures 9b and 9e. In Figure 9b, the highest water absorption value is seen in the concrete doped sample with a 

grinding time of 45 min. The water absorption change in mm was 22% and the capillarity coefficient was 49.7% 

higher than the reference sample and it was found to be a more permeable concrete. The lowest water absorption 

value was -1,3% lower in the original fly ash doped concrete than the reference sample and it was more 

impermeable concrete. 

 

Capillary water absorption and capillarity coefficient values of 50% substituted concrete samples are given in 

Figure 9c and Figure 9f. The highest water absorption value was 141% and capillity coefficient increase was 

483% higher in the ground concrete sample for 20 minutes compared to the reference sample and showed more 

permeable concrete properties. The lowest water absorption value was determined as the reference concrete 

sample. 

 

Using Afşin Elbistan fly ash in concrete at different grinding times and substitution rates has greatly reduced the 

permeability after 28 days of curing time. In the 90-day concrete samples, water absorption values of concrete 

samples with some grinding times were calculated higher than the reference. In general, according to the results 

of the capialrite test, fly ash contributes to decrease the permeability of concrete. In their study, fly ash 

admixtures decreased permeability volume by 6-11% compared to admixtures [7]. Properties They said that the 

use of fly ash in concrete as high as 40% contributed greatly to reducing the permeability volume. As a result of 

the capillary water absorption test applied on concrete samples, the capillary water absorption coefficient of 

volatile ash concrete was found to be lower than those of unadulterated concrete samples.As a result of their 

study, they concluded that fly ash reduces the permeability of cement paste and the transition zone around the 

aggregates and minimizes the permeability value of concrete. The effect of fly ash thinness and substitution rate 

on the permeability of concrete increases due to the increase in fly ash's fineness, resulting in the formation of a 

tighter or gapless material by filling the voids. A gap-free material absorbs less water [8]. It provides higher 

specific surface area compared to cement by fly ash grinding. In fly ash doped concretes with high specific 

surface area, the capillary cavities of the fly ash concretes were less and showed less water absorption properties 

since it reduces the volume of the binder and the thickness of the transition zone between the binder and 

aggregate [9]. Fly ash reduces the risk of exiting calcium hydroxide with C-S-H gels due to their pozzolanic 

properties and also reduces permeability. Fly ash reduces porosity of concrete, regulates grain distribution by 

micro-aggregate effect and provides optimum compaction. Thus, it increased the resistance of concrete against 

external effects. In addition, due to the spherical and smooth surface structure has increased the workability of 

fresh concrete [10]. 

 

4 CONCLUSION AND RECOMMENDATIONS 
 

1- The amount of water absorbed through the channels of the concrete samples decreased as the result of 

increasing the amount of fly ash in the concrete and the fineness due to the grinding effect. 

2- The reason for the decrease in capillary water absorption amount due to increase of fly ash ratio and fineness, 

decreased the amount of water absorbed by fly ash particles clogging the capillary channels. 

3- At the end of the 28-day curing period, the permeability values between the ground fly ash added concrete 

samples and the reference sample were discussed more clearly. However, at the end of the 90-day curing period, 

the permeability values were close to each other in the ground concrete samples and the reference sample. 

4- In the 90 days fly ash doped concrete, Ca (OH) 2 and Si and Al compounds of fly ash formed as a result of 

cement hydration with fly ash reacted to form CSH and CAH structures. In these structures, it filled the gaps in 

the concrete and decreased the permeability. 

5- Permeability in concrete; depending on the amount of binding material, water content, aggregate and grain 

distribution, curing conditions. 
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Abstract 

In this study, continuous contact problem for two layers, having different heights 

and elastic constants, loaded by means of two rigid rectangle stamps and resting 

on a rigid plane is considered according to theory of elasticity. The problem is 

solved under the assumptions that all surfaces are frictionless. Using boundary 

conditions of the problem and integral transform technique, the problem is 

reduced to a singular integral equation. The integral equation is solved 

numerically by making use of appropriate Gauss Chebyshev integration formula 

for rectangular stamp profiles and contact stress distribution under the stamps is 

obtained. Depending on the contact stress under the stamps, initial separation 

loads and initial separation distances between the layers and between 

homogeneous layer and rigid plane are determined. 

 

1 INTRODUCTION  
 

Due to the fact that many structural and mechanical system elements are in contact with each other, contact 

problems have been widely found in engineering structures. In the cases where the elementary theory is 

insufficient in the solution of stress, displacement and deformation problems in engineering structures, problems 

are solved with the help of elasticity theory. In addition, with the development of computer technology and 

numerical solution methods, the number of studies on this subject has increased significantly. In the literature, 

various contact problems of the layers are frequently encountered. A number of researchers have discussed 

contact problems such as continuous and discontinuous contact problem [1-9], contact and crack problem [10-

12], frictional and moving contact problem [13-15] and the receding contact problem [16-19] until today. 

 

In this study, the problem of frictionless and continuous contact in a Functionally graded (FG) layer loaded with 

two rigid flat blocks resting on the homogeneous layer was solved finite analytically. In the problem, the 

homogeneous layer resting on the rigid plane. The continuous contact problem was solved for different block 

widths and different height ratios. When the homogeneous layer height is too large, the problem becomes a 

contact problem in the layer on the elastic half plane. Therefore, the solution was made by increasing the height 

of the homogeneous layer and the results were compared with [1]. As a result of the solutions, stress 

distributions under the block, normal stress distributions, initial separation loads and distances were determined. 

 

2 MATERIAL AND METHOD 
 

2.1. Definition of the problem 

 

In this study, the frictionless contact problem of a FG layer resting on a homogeneous layer is solved analytically 

by using elasticity theory and integral transformation techniques. The FG layer is loaded by rigid two different 

blocks. The homogeneous layer is resting on a rigid plane. All surfaces are considered to be frictionless and the 

gravity forces are considered while making the solution. In addition, the rigid blocks are in contact with the FG 

layer at intervals of (a, b) and (c, d). The layers and the rigid plane extend along the x-axis in the range of (-∞, 

+∞) and the thickness in the z-axis direction is taken as unit. 
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Figure 1. Geometry of the problem 

 

2.2. Analytical Solution of Continuous Contact Problem 

 

First of all, solving the problem, Navier equations were obtained with the help of equilibrium equations, 

constitutive relation, displacement and strain equations. A set of ordinary differential equations was obtained by 

applying Fourier integral transformation technique to Navier equations. By solving this set of differential 

equations, expressions of stresses and displacements were found in terms of unknown coefficients. These 

unknown coefficients were determined by unknown boundary stresses p (x) and q (x) by the following boundary 

conditions. 

 

( , )u x y  and ( , )v x y are displacement components,  , ,x x y   ,y x y  and  ,xy x y  are stress components and 

the boundary conditions of the problem can be written as follows according to the axis set in Figure 1: 

 

 

 

 
1

                                                            

,0                                                               

0                              

y

p x a x b

x q x c x d

other



 
 
 


  





  



                     (1a) 

 
1  ,0 0                                                                      xy x x                     (1b) 

 
1 1  , 0                                                                    xy x h x                    (1c) 

   
1 21 1  , ,                                                      y yx h x h x                   (1d) 

   2 1 1 1, ,   0                                             

  

v x h v x x
x

h                        (1e) 

 
2 1  , 0                                                                    xy x h x                   (1f) 

 
2  , 0                                                                     xy x h x                    (1g) 

 2 , 0                                                                        v x h x                     (1h) 

 1     ,0 0                                                                   

  x
v x a x b                      (1i) 

 1  ,0 0                                                                  

  x
v x c x d                      (1j) 

 

( )p x  and ( )q x  in equation (1a) are the unknown contact stresses between the rigid block and the functional 

graded layer.  

 

The equilibrium conditions for the problem are; 

 

  
b

a

p t dt P       (2a) 

  
d

c

q t dt Q       (2b) 
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After obtaining unknown coefficients, using (1i) and (1j), the singular integral equations can be obtained for 

( )P x and ( )Q x  after some simple operations as follow [20]: 

 

  
   

  

  
    

 


 






b

1

1 1 1 1 1

0 1 1a

d

1

2 2 1 1 2

0 2 1c

11 1 1
p( t )dt k * ( x ,t )

4 ( t x )

11 1 1
q( t )dt k * ( x ,t ) 0 

4 ( t x )
   a x b



 



 

       (3a) 

 

  
   

  

  
    

 


 






b

1

1 1 1 2 1

0 1 2a

d

1

2 2 1 2 2

0 2 2c

11 1 1
p( t )dt k * ( x ,t )

4 ( t x )

11 1 1
q( t )dt k * ( x ,t ) 0 

4 ( t x )
   c x d



 



 

      (3b) 

 

The 1k  kernel in equations is defined as follows; 

 

 1 1 1 2 2 3 3 4 4( , )    k x t A n A n A n A n         (4) 

 

   

    
  


1

1 1

0

1
k * ( x,t ) k ( x,t ) sin ( t x ) d

4


              (5) 

 

In order to calculate the contact stresses p(x) and q(x), the equilibrium equations (2) and the integral equations 

(3) must be solved together. 

 

In the above equations, the material constants of the elastic layers μi and κi are known as κi = (3-4υi) in the plane 

deformation and κi = (3-υi)/(1 + υi) in the plane strain. υi is Poisson's ratio. For the numerical solution of the 

integral equation, the following non-dimensional quantities are defined. 

 

To simplify the numerical solution of the integral equation, the following dimensionless quantities are defined: 

1 1 1 1                    
2 2 2 2

  
   

   
b a b a b a b a

x r t s    (6a-b) 

2 2 2 2                   
2 2 2 2

  
   

   
d c d c d c d c

x r t s      (6c-d)                     

1 1

1

1

2
 

( )
2

/

 


 
 
 



b a b a

g

sp

s
P h

     
2 2

1

1

2
 

( )
2

/

 


 
 
 



b a b a

g

sq

s
P h

     (6e-f) 

  

  refers to the load factor. In the case where the load factor (  ) gets up to a certain critical value ( )cr , it 

becomes a separation between the layers or between the homogeneous layer and the rigid plane and the problem 

becomes a discontinuous contact problem. The distance that the initial separation occurs is called the initial 

separation distance (xcr). 

 

Here g(s) are dimensionless contact stresses that occur on rigid blocks. Since the contact stresses at the sides of 

the rigid blocks have singularity, the index of the integral equation is +1. Accordingly, the solution of the 

singular integral equation is sought as follows: 

 
2 1/2( ) ( ) 1     i i i i ig s G s s            ( 1 1)  is        ( 1,2)i         (7) 

 

Here, g (s) is limited to a closed range of -1  s  1. Using the appropriate Gauss-Chebyshev integration formula, 

the equations (2) and (3) can be reduced to the following state. 
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The terms in these equations are defined as follows; 
 

 


1 n

1
W W

2n 2
 


i

1
W

n 1
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1i 2i

i 1
s s cos
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After the stresses σy1 (x, -h1) and σy2 (x, -h) on the contact surfaces have been determined by adding the gravity 

forces and performing the necessary intermediate operations, the expressions giving the initial separation loads 

and the initial separation distances are obtained as follows: 
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For the FG layer, the load factor formula becomes to following, in the case of the load get up to the critical load 

( ) crP P ; 

 

1 2

0 1

 cr

cr

P

gh



         (14a) 

 

The critical load factor formula that cause initial separation in the homogeneous layer is obtained as follow 
 

2 2 2

0 1 2 2




cr

cr

P

gh gh


 
         (14b)  
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3 RESULTS 
 

 
Figure 2 (a-b). Distribution of contact stresses under block for various block width values (a/h1=3, (b-a)/h1=1, 

(c-b)/h1=1, βh1=0.6931, γh1=0.6931, Q/P=2, κ1=1, κ2=1,  μ2/ μ-h1=1, h1/h=0.5) 

 

Figure 2 shows the dimensionless contact stress distribution under the block for various block widths. As can be 

seen from the figure, as the block width increases, the stresses decrease under the block will as the force will 

spread over a larger area. 

 

 
Figure 3 (a-b) Distribution of contact stresses under block for various h1/h values (a/h1=3, (b-a)/h1=1,              

(c-b)/h1=2, (d-c)/h1=1, βh1=-1.3862, γh1=-1.0986, Q/P=2, κ1=1, κ2=1, μ2/μ-h1=1) 

 

Figure 3 shows the dimensionless contact stress distribution under the block for various ratios h1/h. As can be 

seen from the figure, the change in the layer height ratios does not cause very big changes under the block. The 

increase in the h1/h ratio creates a slight increase under the block. 
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Figure 4a. Distribution of σy stresses between layers for various block width values (a/h1=3, (b-a)/h1=1,           

(c-b)/h1=1, βh1=0.6931, γh1=0.6931, Q/P=2, κ1=1, κ2=1, μ2/μ-h1=1, h1/h=0.5) 

 

 
Figure 4b. Distribution of σy stresses between the homogeneous layer and the rigid plane for various block 

width values (a/h1=3, (b-a)/h1=1, (c-b)/h1=1, βh1=0.6931, γh1=0.6931, Q/P=2, κ1=1, κ2=1, μ2/μ-h1=1, h1/h=0.5) 

 

In Figure 4 a, b, dimensionless σy1 (x,-h1)/(P/h1) and σy2 (x,-h)/(P/h1) contact stress distributions according to 

various (d-c)/h1 values are given respectively. For this loading case where the load of the second block is taken 2 

times higher, it is seen that the stresses decrease when the ratio (d-c)/h1 increases, that is, if the width of the 

second block increases. In addition, when Figure 4 is examined, the point where the initial separation occurs is 

increased as the block width increases and the initial separation load increases. 
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Figure 5a. Distribution of contact stresses between FG layer and homogeneous layer for various h1/h values 

(a/h1=3, (b-a)/h1=1, (c-b)/h1=2, (d-c)/h1=1, βh1=-1.0986, γh1=-1.3862, Q/P=2, κ1=1, κ2=1, μ2/μ-h1=1) 

 

 
Figure 5b. Distribution of contact stresses between the homogeneous layer and the rigid plane for various h1/h 

values (a/h1=3, (b-a)/h1=1, (c-b)/h1=2, (d-c)/h1=1, βh1=-1.0986, γh1=-1.3862, Q/P=2, κ1=1, κ2=1, μ2/μ-h1=1) 

 

In Figure 5 a,b, the contact stress distributions without dimension σy1(x,-h1)/(P/h1) and σy2(x,-h)/(P/h1), 

respectively, according to various h1/h values are given. In this loading where the load of the second block is 

taken 2 times more, it is seen that the stresses increase in the case of the increase of the h1/h ratio, the decrease of 

the height of the second layer. Further, when Fig. 5 is examined, the point at which the initial separation occurs 

as the h1/h ratio increases, but as this ratio increases, the initial separation load for the second layer decreases 

while the initial separation load for the second layer increases. 
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Figure 6. The dimensionless σy1(x,-h1)/(P/h1) contact stress distribution between the FG layer and the elastic 

semi-infinite plane for various βh1 values (a/h1=2, (b-a)/h1=1, (c-b)/h1=2, (d-c)/h1=1, μ0=1, μ2/μ-h1=1,  

γh1=-0.6931, y=-h1, h1=1, h1/h=0.1 κ1= κ2=2,  Q=2P) 

 

Table 1. Variation of the initial separation load and distances between the layers for various βh1 values when  

the height of the homogeneous layer increases (a/h1=2, (b-a)/h1=1, (c-b)/h1=2, (d-c)/h1=1, μ0=1, μ2/μ-h1=1,  

γh1=-0.6931, y=-h1, h1=1, h1/h=0.1 κ1= κ2=2,  Q=2P) 

βh1 
xcr/h1 Error 

(%) 

λcr Error 

(%) This Study Polat (2019) This Study Polat (2019) 

-2.07944 8.12 8.13 0.12 181.724 181.958 0.128 

0.0001 8.58 8.58 0.00 110.998 110.784 0.193 

2.07944 9.44 9.41 0.31 99.302 99.011 0.294 

 

If the height of the homogeneous layer increases, the problem is similar to the contact problem in the layer that 

fits the elastic half plane. Therefore, by increasing the height of the second layer, the problem was compared 

with [Polat 2018]. In Figure 6, dimensionless σy1(x,-h1)/(P/h1)contact stress distribution according to various βh1 

values is given. In Figure 6 and Table 1, in this loading case where the second block load is taken 2 times more, 

when the upper surface stiffness of the layer is higher than the lower surface, in other words, as the βh1 stiffness 

parameter value increases, the separation occurs at the farther point, while the initial separation loads decrease. If 

the stiffness of the lower surface of the layer is higher than the top, the separation load increases, while the layer 

is separated from the plane closer to the blocks. As shown in Figure 6 and Table 1, the results are highly 

consistent each other. 

 

4 CONCLUSION 

 

 When the block width (d-c)/h1 increases, the stresses decrease under the block. Because, the force will 

spread over a larger area. 

 Change in the layer height ratios (h1/h) does not cause very big changes under the block. The increase in the 

h1/h ratio creates a slight increase under the block. 

 The σy1 and σy2 stresses decrease when the ratio (d-c)/h1 increases, that is, if the width of the second block 

increases.  

 When the block width increases, initial separation distance and the initial separation load increases. 

 The σy1 and σy2 stresses increase in the case of the increase of the h1/h ratio, as the decrease of the height 

of the second layer. 

 The point at which the initial separation occurs as the h1/h ratio increases, but as this ratio increases, the 

initial separation load for the second layer decreases while the initial separation load for the second layer 

increases. 

 When the upper surface stiffness of the layer is higher than the lower surface, in other words, as the βh1 

stiffness parameter value increases, the separation occurs at the farther point, while the initial separation 
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loads decrease. If the stiffness of the lower surface of the layer is higher than the top, the separation load 

increases, while the layer is separated from the plane closer to the blocks. 

 When this study compared to [1] it seen that this solution and ref. [1] are very closed each other. 
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Abstract 

Çoruh valley contains rich biological diversity of flora, wildlife, different climatic 

regions in the valley and ecosystems and it is the most spectacular nature reserves in 

Turkey. These region contain the landraces, wild and weedy relatives, other wild, 

very rich and diversified range of native medicinal and aromatic and ornamental 

plants species which are especially economically important plant for beekeeping. In 

the region, the finest flavoured honey, called Anzer and/or Kaçkar honey, is that 

which has been collected from medicinal and aromatic plants. Our study was carried 

out in the years 2000-2014, in order to determine the plant species, which important 

source of income for the region and which also have medicinal-aromatic values that 

is important for beekeeping. For the beekeeping is particularly important growing of 

different species of wild berries (raspberry, blackberry, strawberry, blueberry, 

hawthorns, sweet cherry, blackthorn, almonds, cornelian cherry, mahaleb cherry, 

pomegranates, service tree, hazelnut, walnuts, Cotoneaster, sloes, sloe, wild plums, 

apples and pears, etc.). It is considered that Agrimonia, Allium, Angelica, Anemone, 

Arabis, Arctium, Artemisia, Astragalus, Borago, Calendula, Cardamine, Carduus, 

Centaurea, Cephalaria, Chysanthemum, Consolida, Coronilla, Crocus, Cyclamen, 

Dactylorhiza, Delphinium, Digitalis, Dianthus, Euphorbia, Filipendula, Fumaria, 

Galanthus, Galium, Genista, Gladiolus, Helianthus, Inula, Iris, Lamium, Lepidium, 

Juniperus, Linaria, Marrubium, Melissa, Micromeria, Ornithogalum, Orchis, 

Pedicularis, Plantago, Potentilla, Polygala, Ranunculus, Rhamnus, Reseda, 

Sambucus, Sanguisorba, Saponaria, Scorzonera, Scilla, Scutellaria, Sideritis, 

Symphytum, Teucrium, Tilia, Tulipa, Tussilago, Verbascum, Verbena, Viburnum, 

Viola, Xeranthemum and Ziziphora species may be evaluated important for 

beekeeping. 

1 INTRODUCTION  
 

Çoruh valley and İspir region contains rich biological diversity of plants, wildlife, and ecosystems. The valley with 

its varied agro-climatic conditions provide an ideal habitat for rich repository of number of medicinal and aromatic 

plants which provide raw material for medicinal and aromatic plants which provide raw material for drug of 

pharmaceuticals and medicinal and spices, herbal tea, soft drinks, food, perfume, cosmetic industry. Also, 

beekeepers during different months of the year use these plants for honey (with different aromas and tastes), nectar, 

pollen and bee-glue. Many honey plants have interesting properties regarding their aromatic, medicinal and 

agronomic properties. Plants with aromatic and medicinal properties could be used as rural development and also 

have interesting nectar producing properties. Medicinal, aromatic and ornamental plants have a greater or lesser 

production capacity of the nectar or pollen and a knowledge of these characteristics of mellifeorous plants is 

extremely important. Also, the honey obtained from different melliferous plant has different characteristic and 

application, both in medicine and in food industry [1]. Biological and phytochemical study of medicinal plants 

have attracted increased interest in the last years [2]. Çoruh valley and İspir region has a very rich and diversified 

range of native medicinal and aromatic plants species, mainly in different climatic regions in the valley on the 

south-western side of the Kackar Mountain and north side of the Mescit Mountain, Northeast Turkey. The main 

reason could be the appropriate climatic conditions of the study area suitable for a large number of taxa to grow. 

The growth forms of the species include shrubs, trees, herbs and climbers. Several plants species has been wild 

grown in this region, most of them may be used as a food and drink, medicine, chemistry, herbal drugs, cosmetics, 

839



Medical and Aromatic Plants Which are the Source of Honey Produced in Çoruh Valley. ICADET ‘19 

 

 

pharmaceuticals, natural colourings, natural flavourings, natural sweeteners, natural stabilizers, natural oils and 

fats, natural preservatives, natural antioxidants, herbal tea, spices, dye and ornamental plant. Our study was carried 

out in the years 2000-2014, in order to determine the plant species, which important source of income for the 

region and which also have medicinal-aromatic values that is important for beekeeping. The other aim of this 

research was to evaluate the pollen composition of multifloral honey and identify the mellifeorous flora in the 

investigated area. Melissopalynological analysis was also used for the determination of the botanical and 

geographical origin of honey.  

 

2 MATERIAL AND METHOD 
 

This research was carried out in the valley Çoruh, which is recognised by Turkish conservation organisations as 

an important plant area [3] a key biodiversity area [4] and has been nominated as a high priority area for protection. 

A previous study on the flora and the vegetation of the Çoruh valley revealed that there are 518 plant species of 

which some are endemic to Turkey [5]. Çoruh valley and İspir region contains a great variety of natural habitats, 

ranging from Eastern Black Sea forests, North-eastern Anatolian Steppe grasslands, wetland ecosystems, glacier 

lake, low and high-interior mountains, from deeply incised valleys to expansive steppes, from fertile alluvial plains 

to arid, rocky hillslopes. Çoruh valley is well known for its wide variation in complex topography and climate 

which favoured the formation of different soil types, rock substrates, hydrological conditions, and habitat and 

vegetation zones. Alpine and sub-alpine meadows cover large areas in the higher parts of the Eastern Black Sea 

Mountains and in the northern and north-eastern parts of Eastern Anatolia. The variety of climatic conditions due 

to the high mountain massifs, lowlands, plains, and the influence of the Euro-Siberian floristic region and Irano-

Turanian floristic region; these allow various vegetation elements to occur here. Besides, ecological factors change 

greatly over very short distances and for these reasons living things have evolved and diversified richly and created 

a wealth of species. The valley is very rich in habitat diversity due to the diversity in its geomorphology, 

topography and climate. 

 

The collected plants, particularly Davis (1965-1988) and Herbarium of the Department of Biology, Atatürk 

University, and benefiting from different sources [6, 7, 8, 9, 10, 11] and web samples (http://turkherb.ibu.edu.tr) 

have been identified. Plant samples at different phenological stages were collected and field observations were 

carried out at regular intervals. In this study, the distribution area of plants and ecological characteristics were 

determined, and also these plants, ethnobotany, medicinal and aromatic characteristics and potential of beekeeping 

were evaluated. 

 

Melissopalynological analyses were conducted methods recommended by the International Commission for bee 

botany [12, 13]. To determine frequency classes, >500 pollen grains were per sample (Louveaux et al., 1970). The 

frequency classes of pollen grains are given as predominant (>45%), secondary (16–45%), important minor (3–

15%) and minor pollen (<3%) [12]. When one pollen type represented >45% of the total number of pollen grains, 

the sample was classified as a monofloral honey [14]. The frequency of pollen, expressed as a percentage, was 

calculated by totalling the number of samples in which a taxon occurs and dividing by the total number of samples 

per melliferous area [15]. For analysis of the honey samples, two slides were prepared from each sample and 

photographed under a Euromex FE.2025 Trinoculer light microscope. Pollen types were identified by comparison 

with reference slides of pollen collected directly from the plants in the area and the used of microphotographs from 

the literature [16]. 

 

3 RESULTS 
 

The plant families in the study area with the higher number of species were Lamiaceae, Asteraceae, Rosaceae, 

Fabaceae, Liliaceae and Ranunculaceae. Many of the plants are known as top producers of both pollen and nectar; 

a few are nectar only; and some are pollen only. Most medicinal and aromatic plants, such as Alyssum artvinense, 

Anemone spp., Amygdalus communis, Arabis caucasica (rock cress), Artemisia spp. (wormwood, 11 species ‘spc’), 

Artemisia absinthium (wormwood), Asparagus spp., Carpinus spp., Borago officinalis (borage), Chrysanthemum 

spp., Clematis spp., Cornus mas, Corylus spp. (hazelnut, C. maxima, C. avellana), Crataegus spp. (hawthorns), 

Crocus spp. (crocus, C. aerius, C. artvinensis, C. biflorus, C. sativus, C. scharojanii, C. speciosus, C. vallicola, C. 

kotschyanus), Delphinium spp. (hezaren), Echinops spp., Fraxinus spp. Fumaria spp. (fumitory, 3 spc), Geum spp. 

(orange red avens, wood avens, G. coccineum, G. urbanum), Gladiolus spp. (gladyo, G. kotschyanus, G. 

atroviolaceus), Hypericum spp. (St. Johnswort, 14 spc), Juglans regia (walnuts), Linaria spp. (toadflax, 6 spc), 

Linum spp. (yellow flax, L. mucronatum), Lonicera spp. (honeysuckle), Morus sp. (mulberry, M. alba, M. nigra, 

M. rubra), Ocimum basilicum, Paeonia spp. (majestic red poeny, P. officinalis, P. mascula, P. wittmanniana), 

Papaver spp. (poppy, 8 taxa), Plantago spp. (plantain, P. lanceolata, P. major, P. minor), Polygonatum spp., 

Populus spp., Portulaca oleraceae (purslane), Rumex spp. (common sorrel, R. acetosa, R. patientia, R. scutatus, 
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R. crispus, R. obtusifolius), Quercus spp. (oak, acorn), Saxifraga artvinensis, Silene spp., Taraxacum spp. 

(dandelion), Tulipa spp. (tulip, T. armena, T. sintenesii, T. julia), Ulmus spp. (wych elm), Verbascum spp (mullein, 

5 spc), were sources of pollen; while Alnus spp., Calamintha spp. (musk plant, C. grandiflora, C. nepeta, C. nepeta 

subsp. glandulosa, C. sylvtica, C. officinalis), Cotinus coggyria, Cirsium spp. (thistle), Gentiana spp. (8 spc), 

Glechoma spp., Laurus spp., Lilium spp. (5 spc), Medicago spp., Robinia spp. (acacia), Picea spp. Pinus spp., 

Polygala spp., Sambucus spp. (elderberry), Scilla spp., Scrophularia spp., Stachys spp. (woundwort, 18 taxa) and 

Ziziphora sp. (2 spc) yields excellent nectar.  

 

Stachys species (S. annua, S. atherocalyx, S. balansae, S. byzantina, S. choruhensis, S. cretica, S. germanica, S. 

iberica, S. lavandulifolia, S. macrantha, S. rizeensis, S. spectabilis, S, setifera, S. sylvatica, S. viscosa, S. woronowi, 

and etc.) generally flower in spring-summer and represent a fundamental source of nectar for bees. The species of 

Campanula genus (C. alliariifolia, C. aucheri, C. betulifolia, C. bononiensis, C. choruhensis, C. collina, C. 

conferta, C. glomerata, C. lactiflora, C. latifolia, C. ledebouriana, C. macrochlamys, C. persicifolia, C. 

rapunculoides, C. saxonorum, C. stricta, C. tridentata, C. troegera, and etc.) are widespread on pasture lands, 

meadows, rocks, hilly, mountainous grounds and precipices around the valley of the area. They flower in spring-

summer and provide bees with large quantities of nectar also campanule pollen is the typical component of the 

alpine honey. Generally in spring and summer flowering Hypericum species such as H. androsaemum, H. 

bupleuroides, H. xylosteifolium, H. hyssopifolium, H. venustum, H. linarioides, H. nummularioides, H. montanum, 

H. perforatum, H. orientale, H. lydium, H. scabrum, H. pruinatum, H. hirsutum, H. pseudolaeve, H. kotschyanum 

and H. marginatum are widely distributed in the area and they have some importance as source of pollen. 

 

Also, some of medicinal and aromatic plant species such as Paliurus spp., Ribes spp. (2 spc), Rubus spp. (10 taxa, 

R. idaeus, R. caesius, R. caucasicus, R. canescens, R. discolor, R. caesius x R. sanctus, R. platyphyllos, R. 

tomentosus, R. saxatilis), Fragaria vesca, Sorbus spp., (whitebeam, service tree, S. aria, S. domestica, S. 

aucuparia, S. umbellate, S. torminalis), Syringa spp. (common lilac), Tilia spp. (linden tree), Vaccinium spp. 

(blueberry, V. myrtillus) and V. orientale (viburnum) were a medium source of pollen, and excellent nectar 

producer. Capparaceae family are the fruit of a shrub, a perennial plant having medicinal and aromatic properties, 

and grown wildly at various area of the İspir region. Capparis spinosa and Capparis ovata has a much wider 

growing zone ranging from 650 to 1600 m. 

 

Among medicinal plants Melissa officinalis (lemon balm), Carum spp., Cornus spp. (cornelian cherry), Lamium 

spp. (dead netle, 10 spc), Lavandula spp., Lythrum spp., Muscari spp., Ranunculus spp. (6 spc), Potentilla spp. 

(cinquefoil, 22 spc), Rhamnus spp. (buckthorn), Salvia spp. (sage, clary, 23 spc), Satureja hortensis (summer 

savory), and Satureja spicigera (creeping savory) provide high volumes of good-quality pollen and meddium 

nectar production. Arabis caucasica, Chenopodium album, Digitalis sp., Carpinus spp., Gentiana asclepiadea 

(milkweed gentian), Gentiana lutea (yellow gentian), Gentiana verna (spring gentian), Gentiana pyrenaica, 

(pyrenean gentian), Malva neglecta (common mallow), Malva sylvestris (tall mallow) and Viola spp. (violet) were 

minor but useful producer of pollen and honey. 

 

It is considered an excellent melliferous species providing both pollen and nectar and the flowering takes a long 

time. Very good melliferous plants with high indices of nectar and pollen production were Arctium sp., Asparagus 

spp. (A. officinalis), Brassica spp., Calendula spp. (pot marigold, C. officinalis, C. arvensis), Carduus acanthoides, 

Carduus nutans (eryngium), Centaurea spp. (9 spc), Coronilla varia (pastel violet of crown vetch), Dactylorhiza 

spp. (8 taxa), Daucus carota (wild carrot), Diplotaxis tenuifolia (perennial wall-rocket), Echium spp., Epilobium 

angustifolium, (rosebay willow herb, fireweed), Ferula spp. (F. communis, F.orientalis, F. szowitsiana), 

Glycyrrhiza spp., Helianthus tuberosus (Jerusalem artichoke), Hyssopus officinalis (hyssop), Matricaria 

chamomilla var. recutita, Onobrychis cornuta, Rubus caesius, Salix spp. (willows), Taraxacum spp. (dandelion), 

Thymus spp. (thyme 13 spc, T. haussknechti, T. canoviridis, T. serpyllum, T. fallax, T. longicaulis subsp. 

longicaulis var. subisophyllus, T. praecox, T. pseudopulegioides, T. pubescens, T. sipyleus), Trifolium spp. (12 

spc), Tussilago farfara (coltsfoot), Vicia spp. (vetch), as well as Cotoneaster nummularia, Malus spp. (apple, M. 

domestica, M. sylvestris subsp. orientalis, M. communis), Prunus armeniaca (apricots), Prunus avium (sweet 

cherry, bird cherry), Prunus cerasus (cherry), Prunus divaricate (plums), Prunus domestica (plum), Prunus 

mahaleb (mahaleb cherry), Prunus spinoza (wild plum, blackthorn), Pyrus spp. (pears), Pyrus elaeagnifolia (wild 

pear), Pyrus salicifolia (willowleaf pear), Pyrus communis (pears), Silybum spp. were good and excellent nectar 

and pollen producer, high abundant and frequent. Genus Prunus and Malus was interesting for bees, producing 

sometimes honey with delicate flavour and light colour. 

 

Melliferous plants with their non-flower products, primarily nectar and pollen, are a source of nutrients for honey 

bees. The medicinal and aromatic plant species significantly differ by the quantity, composition and quality of the 

nectar. Many of the plants are known as top producers of both pollen and nectar; a few are nectar only; and some 
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are pollen only. Several of these valuable medicinal and aromatic plant species belonging to the genus Achillea 

spp. (yarrow, 8 taxa), Agrimonia spp., Allium spp. (wild onion 24 spc, A. asperiflorum, A. gramineum, A. 

kunthianum, A. ponticum, A. rollovii, A. rupestre, A. scorodoprasum, A. schoenoprasum, A. Szovitsii, A. tauricola, 

A. balansae, A. koenigianum, A. oltense, and etc.), Alchemilla spp. (lady's mantle, 24 spc), Anthemis spp. 

(chamomile, 8 spc), Asperula spp. (14 spc), Astragalus spp. (46 spc), Berberis spp. (barberry shrubs common 

barberry, B. vulgaris), Cardamine spp., Cephalaria spp. (Syrian scabious, 6 spc, C. flava, C. syriaca), Colchicum 

spp. (C. autumnale, C. bornmuelleri, C. falcifolium, C. speciosum and C. szovitsii), Colutea spp., Consolida spp. 

(7 spc), Coriandrum spp. (coriander), Cotoneaster spp., Cyclamen  spp. (alpine violet, dumpy pink; C. parviflorum, 

C. parviflorum. C. coum var. coum, C. coum var. caucasicum), Dianthus spp. (garden pink, 11 spc), Euphorbia 

spp. (spurge, 16 spc), Fragaria spp. (wild and green strawberry, F. vesca, F. viridis), Draba spp., Eryngium spp., 

Gagea spp., Galanthus spp. (snow-drop), Galium spp. (catchweed, 17 spc), Geranium spp., Iris spp. (9 spc), Inula 

spp. (yellowhead, 11 spc), Lepidium spp. (garden cress, 7 spc), Marrubium spp. (white horehound), Mentha spp. 

(mint, M. longifolia, M. arvesis, M. pulegium, M. spicata, M aquatica), Micromeria spp., Nepeta spp. (catmint, 9 

spc, N. nuda, N. italica, N. racemosa, N. fissa, N. transcaucasica, and etc.), Nigella spp. (black cumin, N. arvensis, 

N. sativa, N. segetalis), Origanum spp. (oregano, O. acutidens, O. rotundifolium, O. vulgare subsp vulgare, O. 

vulgare subsp gracile, O. vulgare subsp. viride, O. syriacum), Ornithogalum spp. (2 spc), Pedicularis spp. (4 spc), 

Pimpinella spp. (anise, 12 spc), Primula spp. (primrose, primel, 10 spc), Pyracantha spp., Reseda spp. 

(mignonette, 5 spc), Rosa spp. (rose, R. canina, R. dumalis, R. montana, R. pisiformis, R. iberica, R. hirtissima, R. 

micrantha, R. villosa, R. foetida, R. gallica, R. hemisphaerica, R. pimpinellifolia, R. rugosa, and etc.), Sanguisorba 

spp. (burnet, 3 spc), Saponaria spp. (soapwort, 5 spc), Scabiosa spp., Scorzonera spp., Scutellaria spp. (skullcaps, 

especially S. orientalis), Sedum spp., Sempervivum spp. (S. artvinense, S. armenum, S. glabrifolium, S. minus and 

S. staintonii), Senecio spp. (ragwort), Sideritis spp., (mountain tea, iron worth, S. montana, S. armeniaca, S. 

scardica), Spiraea spp., Symphytum spp. (common comfrey or blackwort, 7 spc), Tanacetum spp. (balsam herb, 

22 taxa, T. coccineum, T. vulgare, T. balsamita), Teucrium spp. (7 taxa), Valeriana spp. (valerian, 4 spc), Verbena 

spp., Veronica spp. (speedwell, V. gentianoides, V. oltensis), Vitis spp. (vine) were often producers of both good 

quality nectar and pollen, but produce low or moderate. However, there was a significantly larger number of 

species contributing less to the bee pasture, either because of poor pollen and/or nectar production.  

 

Also medicinal Achillea millefolium, Anchusa italica, Anchusa azurea Anethum graveolens (dill), Angelica 

sylvestris (angelica), Angelica archangelica (garden angelica), Anthemis tinctoria (yellow chamomile), Capsella 

bursa–pastoris, Clinopodium vulgare (wild basil), Cydonia oblonga (quince), Datura stramonium, Elaeagnus 

angustifolia Filipendula ulmaria (meadowsweet), Filipendula vulgaris (dropwort), Genista tinctoria (genista), 

Lathyrus tuberosus (vetchling), Phlomis russeliana (cabla), Phlomis armeniaca, Polygonum lapathifolium 

(smartweed), Polygonum aviculare (knotgrass), Polygonum cognatum, Punica granatum, Rosa pimpinellifolia 

(burnet rose), Sinapis arvensis (wild mustard), Sisymbrium officinale (hedge mustard) and Xeranthemum annuum 

(tiny purple pink everlasting) are considered to be a low and medium producer of both nectar and pollen. 

 

In the end of winter and in beginning spring, cornelian cherry, dogwood, hazelnut, saffron, hornbeams, Laurel, 

snowdrops, willows, primroses and aromatic violet were very important since its provide nectar and pollen for 

bees during in the in early spring, when there is a little other bloomed plants. Corylus were flowering at the end of 

the winter/beginning of spring, their importance only refers to pollen collection.  

 

After that, plants such as rock apple, ash, apricots, bird cherry, bittercress, broom, buckthorn, burnet, buttercup, 

cherry, mahaleb cherry, sweet cherry, cinquefoil, coltsfoot, colutea, comfrey, cotoneaster, cranesbills, cress, 

currant, dropwort, elm, firethorn, flax, fumitory, germander, gooseberry, hezaren, hyacinth, Jerusalem sage, 

lavender, meadowsweet, milkwort, oak, pea, pears, wild pear, willowleaf pear, plums, wild plum, pomegranate, 

saxifrages, scabious, Solomon’s seal, sorrel, speedwell, spurge, star-of-bethlehem, sticklewort, strawberry, tulip, 

walnuts and whitlow-grass began to bloom. This is a very important melliferous pasture covering the period up to 

the beginning of the flowering other plants. In this time of year the needs of bees for intake of the pollen are larger 

than for the intake of nectar. Fruit trees were especially important in the early spring. 

 

Melliferous plants with their non-flower products, primarily nectar and pollen, are a source of nutrients for honey 

bees. The medicinal and aromatic plant species significantly differ by the quantity, composition and quality of the 

nectar. The melliferous plants have a greater or lesser production capacity of the nectar or pollen and a knowledge 

of these characteristics of medicinal and aromatic plants is extremely important. Among these plans species from 

the genera Brassica, Coriandrum, Dracocephalum, Echium, Lamium, Lonicera, Nigella, Ocimum, Robinia,  

Sideritis, Syringa and Tilia have a great importance as good nectariferous and excellent melliferous plants. Also, 

Alcea, Alyssum, Anemone, Calendula, Chrysanthemum, Dianthus, Gladiolus provide bees with large good 

quantities of pollen. Arctium, Astragalus, Carduus, Cirsium, Clematis, Echinops, Galanthus, Geum, Helianthus, 
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Inula, Matricaria, Senecio, Silybum, Taraxacum and Viburnum species bloom in springsummer and gave quite 

large quantities of nectar and pollen.  

 

Medicinal and melliferous plants such as angelica, barberry, blueberry, bugloss, catchfly chamomile, crown vetch, 

larkspur, lemon balm, liquorice, lousewort, plantain, peony, poppy, quince, smoke tree, thorn and valerian bloom 

in spring and summer. Many members of the genus Rubus, Mentha, Hypericum, Thymus, Origanum, Satureja, 

Nepeta, Salvia, Stachys, Ziziphora, Capparis, Centaurea, Allium and Rosa have aromatic and medicinal 

characteristics and all being melliferous. They bloom from May to September, providing plenty of nectar and 

pollen. Many medicinal and aromatic plants flowering commences in the spring and blooms continue throughout 

the summer, and fall. Ferula and Eryngium species bloom in summer and have great importance as a source of 

nectar, especially during dry period. Even if Sedum species are quite good nectariferous plants, the 

representativeness of their pollen is low.  

 

Most of the Anzer, Kaçkar and/or İspir honeys are multifloral and produced from a largest variety of mountain 

flowers in the region of Turkey. These honey obtained from various plants has been known for centuries to have 

a number of benefits on human health [17]. Especially aromatic species like musk thistle, thyme, sage, wild basil, 

lime tree, mint, others and species in the genus Rubus produce amber-coloured and delicately flavoured honey. 

Especially, Thymus praecox a creeping plant with crimson-pink colorful and aromatic flowers which naturally 

grows in the high plateaus of the eastern Black Sea region, honeybees extensively visit this plant [18]. 

 

Depending on the flowering season, microclimate characteristics and altitude, medicinal and aromatic melliferous 

plants were early-spring, spring, summer and autumn flowering. Generally, wild medicinal and melliferous herbs 

like asparagus, burnet-saxifrage, calamints, caraway, carrot, cephalaria, danewort, foxglove, gentian, horehound, 

houseleek, hyssop, knapweed, loosestrife, mullein, purslane, scorzonera, thorn-apple, vervain, willowherb and 

yarrow started flowering in summer; autumn crocus borage, clover shepherd’s purse, sainfoin tansy, toadflax, 

wormwood, late crops of certain melliferous herbs and others bloom in summer and autumn. The quantity and 

quality of the available nectar sources can show huge differences depending on the season, environmental 

conditions, the blooming stage of the plant, the age of the flowers and the time of the day.  

 

Thirty five honey samples were collected randomly from 38 regions of the Çoruh Valley and analysed. The pollen 

analysis revealed that all of honey samples were multifloral, because they contained pollen grains of multiple taxa. 

On average, a honey contained 23 pollen types (range 13-34); altogether 104 pollen types were identified from 42 

plant families. Microscopic analysis showed 104 morphological pollen types, of which 72 from were medicinal 

and aromatic nectariferous, and 32 from other species. The results showed that the pollen types of Asteraceae, 

Fabaceae, Lamiaceae, Rosaceae and Poaceae were the most abundant among the samples. Previous studies 

[15,19] reported that Asteraceae, Fabaceae, Lamiaceae and Poaceae species were frequently visited by the bees 

and played important role in honey production. According to result of study of the Achillea millefolium pollen 

grains were secondary in 9 samples (Table 1). Onobrychis viciifolia species and Poaceae family were secondary 

in 5 samples, while Spergula arvensis pollen grains was secondary in 4 samples. The pollen composition of the 

honeys studied revealed important information on the flora of the province [20]. Achillea millefolium, Glechoma 

hederacea, Onobrychis viciifolia, Juniperus sp., Liliaceae sp., Poaceae sp., Ranunculus sp, Rumex sp., Teucrium 

sp. pollens were the most frequently observed in all samples. Aster amellus and Liliaceae pollen in each two honey 

samples were found as secondary pollen. Campanula sp., Coronilla orientalis, Cucurbita sp., Rosa canina, Salvia 

sp. and Xanthium sp. pollen were found as secondary in only one sample. 

 

The plants whose flowers produce nectar and pollen are several thousand species, but only some of them are very 

important for beekeeping in the area. On the other hand, the pollen of some other species that are also considered 

as good melliferous ones and that are very abundant in the observed vegetation, was not found in significant 

percentage in honey samples. Previous melissopalynological studies showed that length of flowering period and 

the abundance of some species in vegetation was not of crucial importance for bee pastures compared to species 

that were more attractive to bees within a specified period of year [21]. Therefore, will be necessary of the 

additional research to discover the reasons for the domination and attractiveness of some medicinal and aromatic 

melliferous species compared to others in actual bee pastures. Plant and flower density, nectar secretion potential 

and nectar sugar concentration were considered for determination of carrying capacity [22]. It was seen that Çoruh 

valley and İspir region rangelands has a rich flora and medicinal-aromatic plants which may increase the carrying 

capacity.  

 

Flora of the Çoruh valley on the south-western side of the Kackar Mountain and north side of the Mescit Mountain, 

Northeast Turkey, is rich with suitable medicinal and aromatic plants for honey bees as source of pollen, nectar or 

both. The degree of suitability of these plants to honey bees need to be assessed to classify plants as excellent, 
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good or poor source of pollen or nectar. The presence of number of bee floral species in the area suggests that the 

study area is undoubtedly suitable for commercial beekeeping.  

 

Table 1. Frequency classes for pollen types in selected honey samples from the Çoruh valley 
Plant species* Secondary pollen   

(16-45 %)  

Important minor pollen  

(3-16%)  

Minor pollen (<3%)  

Change 

interval 

(%)  

Number 

of 

samples  

 

Avera

ge  

(%)  

Change 

interval  

 

Number of 

samples  

Average 

(%)  

 

Number of samples 

Achillea millefolium 16-24 9 19 4-15 22 10 2 

Aster amellus 16-20 2 18 3-12 4 7.5 8 

Campanula sp. 25 1 25 7-12 2 9.5 2 

Coronilla orientalis 21 1 21 3-11 6 5.5 8 

Cucurbita sp. 36 1 36 - - - 1 

Glechoma hederacea 21-22 2 2.5 3-11 19 6.5 3 

Juniperus sp. 19-33 3 27.3 4-13 19 6.8 4 

Liliaceae sp. 16-23 2 19.5 3-15 17 7.4 6 

Onobrychis viciifolia 19-30 5 24.2 3-14 22 8.4 3 

Poaceae 19-33 5 25.8 3-15 19 7.6 3 

Rosa canina 20 1 20 4-5 2 4.5 2 

Salvia sp. 27 1 27 3-13 5 8 2 

Spergula arvensis 17-27 4 20.3 3-14 13 5.7 2 

Xanthium sp. 16 1 16 3-11 13 6 6 

Astragalus sp.     4 1 4 5 

Carduus pynocephalus     3 2 3 11 

Centaurea sp.     5-11 2 8 9 

Cephalaria flava    4-6 2 5 5 

Cerasus avium    3-7 7 4.4 8 

Chamerion angustifolium    3-9 2 4.5 4 

Cirsium vulgare    3-7 3 4.7 2 

Cornus sp.     4-15 8 7.6 4 

Crataegus monogyna    3-7 7 4.9 12 

Crepis sp.    3-7 2 5 5 

Crinum flaccidum    3-7 5 5.2 6 

Dandelion sp.    11 1 11 4 

Elaeagnus angustifolia    5-6 4 5.5 6 

Epilobium angustifolium    5 2 5 7 

Eryngium rostratum    4 2 4 14 

Geranium sp.    3-12 3 7 3 

Heliotropium europaeum     4 1 4 4 

Heracleum sp.     5 1 5 6 

Lamium sp.    5-14 4 8.5 3 

Lonicera infundibulum     3-15 2 9 7 

Onosma sp.    3 1 3 4 

Ornithogalum sp.     6 1 6 2 

Potentilla reptans     4-5 3 4.3 7 

Quercus robur     4-8 3 5.7 1 

Ranunculus sp    3-15 23 7.5 3 

Rumex sp.    3-13 20 6.4 10 

Salix sp.    3-13 11 7.4 8 

Sedum pallidum     3-6 9 4.1 10 

Teucrium sp.     3-13 22 6.9 7 

Taraxacum officinale     3 1 3 4 

Tilia sp    5-7 2 6 6 

Verbascum sp.     12 1 12 3 

Tripleurospermum sp.     3 1 3 10 

Paeonia sp.     3-8 6 5.2 10 

*Important minor and minor pollen detected in the other genara between one and six: Allium sp., Anemone sp., 

Apiacea sp., Artemisia sp., Berberis sp., Cardamine sp., Carpinus sp., Celtis sp., Chaerophylum sp., Cichorium 

sp.6, Corylus sp., Crocus spp., Crotalaria sp., Cucumis sp., Cynodon sp., Cyperus sp., Datura sp., Draba sp., 

Echinops sp., Euphorbia sp., Helianthemum sp., Knautia sp., Lechoma sp., Lepidium sp., Lotus sp., Melilotus sp., 

Mentha sp., Mysotis sp., Nepeta sp., Papaver sp., Phaseolus sp., Plantago sp., Pimpinella sp., Primula sp., Pyrus 

sp., Rubus sp., Scabiosa sp., Silene sp., Sonchus sp., Thymus sp., Tragopogon sp., Trifolium sp., Veronica sp., 

Vicia sp. and Ziziphus sp.   
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4 CONCLUSION 
 

In this section, the importance and effects of the study should be clearly stated. In the conclusion part, the results 

should not be repeated.  
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Abstract 

Beams are one of the most important structures in engineering. One of the factors 

contributing to the accurate recognition of the dynamic behavior of beams is the type 

of load and base used in it. In this study, the Euler-Bernoulli beam subjected to a 

moving load on a finite depth foundation is presented. In this paper, by using 

equilibrium equations and considering the influence of soil and structure interaction, 

the physical problem is simulated and by using Fourier transform method the 

governing differential equations are determined. Then, the mathematical model 

based on suggested models is expanded and verified. By assessing the efficiency of 

the recommended method, the dynamic behavior of the beam is specified. Finally, 

by considering the sequences of shear waves, critical velocity which is dependent on 

the mass ratio, and various kinds of damping, deflection shapes of the beam are 

attained for the different velocities of the moving load, and the effect of soil depth 

on the dynamic behavior of the desired beam is discussed.  

1 INTRODUCTION 

Dynamic behavior of structures under the influence of moving loads is an important engineering issue. So many 

researches have been done in this regard. Problems that are caused by these types of loads cannot be neglected in 

the behavior of structures. Several studies have been conducted in the dynamic behavior of the beam under 

different kinds of loads. One of the first researches on the elastic foundation is performed by Timoshenko. His 

work relates to the response of the railway under the constant speed of moving load [1]. Li presented a simple and 

unified approach for analyzing the free vibration of the generally supported Euler-Bernoulli beam [4]. The linear 

association of the Fourier series and an auxiliary polynomial function are used to specify the displacement of the 

desired beam. Hillal and Zibdeh suggested the vibration of the Euler-Bernoulli beam under the influence of moving 

load as a closed form solution [5]. Kargarnovin and Younesian investigated the dynamic response of Timoshenko 

beam subjected to harmonic moving load with infinite length in the viscoelastic Pasternak foundation [7]. Mehri 

et al. by using the Green function derived the dynamic behavior of the Euler-Bernoulli beam excited by moving 

load [9]. Also, spectral analysis of the beam under the influence of load is recommended by Gladyzs and Sniady 

[10]. The desired beam is contemplated orthotropic at any point, whereas the properties of different materials in 

the thickness of beam are exponential. In addition, by using differential transform method the vibration of the 

Timoshenko and Euler-Bernoulli beam on elastic soil is predicted by Balkaya etal [11]. In this suggested method, 

accurate solutions without the serious analysis necessity are attained. Motaghian et al. investigated the problem of 

free vibration of the Euler-Bernoulli beam on the elastic foundation [12]. Also, the nonlinear vibration of the Euler-

Bernoulli beam with fixed ends under the influence of axial loads is derived by Barari et al. [13] subjected to a 

bending load excitation while damping effect has been taken into account. A new analytical solution to predict the 

free lateral vibration of a Timoshenko beam with different kinds of boundary conditions is employed by Bazehhour 

et al. [14]. Also, the influence of the axial load on the natural frequencies is examined. Zakeri and Shahbabaei 

presented the influence of elastic supports stiffness on the natural frequencies and two span beams modes [19]. 

The dynamic response of non-uniform Timoshenko beam under moving mass provided by Roshandel et al [20]. 

Dimitrovová investigated the dynamic behavior of the Euler–Bernoulli beam on a finite depth base [21]. In this 

case, a new formula is utilized for the critical velocity of the moving load. The influence of damping models, 

boundary conditions, and model size in the finite element modelling of a moving load derived by Shih et al [22]. 

The dynamic behavior of the Euler–Bernoulli beam excited by the moving load in the previous studies is assessed. 

In present paper, a precise solution in closed form is illustrated for assessing the sensitivity of vibration response 

of beams to moving load and various depth of elastic foundation. 
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2 MODELLING OF THE EULER BEAM SUNJECTED TO MOVING LOAD 

In present study, an infinite Euler-Bernoulli beam subjected to the influence of different kinds of damping 

coefficients such as beam internal and viscous damping coefficients with uniform cross-section is studied. The 

governing differential equation of the Euler-Bernoulli beam is illustrated as follows: 

( )
4 5 2 2

4 4 2 2i b s

w w w w w
EI c N m c P P x vt

x x t x t t


    
+ + + + + = −

     
(1) 

where 𝑐𝑖 is the beam internal damping coefficient, 𝑁 is the axial force, which is assumed positive in compression,

𝑚 is the beam mass per unit length, 𝑃𝑠 is the pressure of foundation that will be switched later, 𝑃 is the moving

load, and 𝑣 is its velocity. 𝑤(𝑥, 𝑡) and 𝑃 are presumed positive when acting downward. Moreover, 𝛿 is the Dirac 

delta function and 𝑐𝑏 is the beam viscous damping coefficient. On the other hand, the dynamic equilibrium of the

soil in the vertical direction illustrated in terms of: 

2 2 2

2 2 2

   

+ = +
   

r
f st s

u u u u
c k H G
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where the upper bar illustrates the limitation to the finite strip 𝑏, in other words, density and moduli of soil are 

multiplied by 𝑏. 𝑢𝑟 is the vertical soil displacement which is used in order to introduce the influence of foundation

damping accurately, �̄� is soil density, �̄�𝑠𝑡 depicts the stiffness, 𝐻 is soil depth, the expression �̄�𝑠
𝜕2𝑢

𝜕𝑥2 counts for the

shear effect and 𝑐𝑓 is the foundation viscous damping coefficient. All variables will be utilized in dimensionless

forms. The critical velocity will be specified by parametric analysis and the systems of Eqs. (1) and (2) will be 

clarified for steady-state beam deflection. Thereby, changing the equations to moving coordinate 𝑠 = 𝑥 − 𝑣𝑡 and 

by considering limitation to the steady state conditions gives: 

( ) ( ) ( )
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Initially, the Eq. (4) is solved. Thereafter the relative displacement satisfies the boundary conditions, which makes 

the determination easier. Thereby 

( ) ,  1   = = + −rz H u u w (5) 

Furthermore with 𝜒 = √
�̄�𝑠𝑡

4𝐸𝐼

4
, the moving coordinate s changes to dimensionless coordinate 𝜉 = 𝜒𝑠, and by dividing 

all terms by the static displacement 𝑤𝑠𝑡 =
𝑝𝜒

2�̄�𝑠𝑡
, to attain dimensionless �̂�𝑟 and �̂�, gives:
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where, 𝜗𝑠 =
𝑣𝑠

𝑣𝑐𝑟
shows the shear coefficient which the term 𝑣𝑠 in it, stands for the velocity of the shear waves, 𝛼 =

𝑣

𝑣𝑐𝑟
is the velocity ratio with 𝑣𝑐𝑟 = √

4�̄�𝑠𝑡𝐸𝐼

𝑚2

4
, 𝜇 is the mass ratio that explained as 𝜇 = √

�̄�𝐻

𝑚
, and 𝜂𝑓 =

𝑐𝑓𝐻

√�̄�𝑠𝑡𝑚
. 

According to the homogeneous conditions, the following relation can be presumed 

( )ˆ sin 


=

=r

j r

u U j (7) 

Thereafter multiplication with one mode shape, substitution and integration from 0 to 1 depth, and by Fourier 

transform yields  
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3 RESULTS 

An Euler–Bernoulli beam under a moving load is considered for the purpose of verification. The beam is expressed 

with the following features: beam bending stiffness ( ( )26.4  MN mEI = ), beam mass per unit length (

( )60  /m kg m= ), beam damping ( 0.02b = ), Soil Young's modulus ( ( )110  MN msE −= ), Soil Poisson's ratio (

0.2v = ), Soil density ( ( )2185  kg/ m = ), active depth ( ( )1.3  mH = ), Foundation damping ( 0.629f = ), force 

( ( )100  kNP = ), and critical velocities ( ( )1497,286,325  mscrv −= ). 

Therefore, by assuming 0i = , the governing equation for the Euler–Bernoulli beam gets as follow: 

( ) ( )
*

4 2 2

8

4 8 4 1      
=

− + − + −N b h

W
i i S

In order to compare and justify various theoretical models with each other, such as classical Winkler foundation, 

the model without and with shear contribution, and classical Pasternak and visco-elastic foundations, deflection 

shapes for these mentioned cases are investigated and shown in Figure 1 and 2. By using the presented values and 

by introducing 0s =  and 0 = , solution for classical Winkler's foundation; for 0s =  model without shear 

contribution, for 0 =  solution for classical Pasternak foundation, and for 0.529h = model for visco-elastic 

foundation are attained. 

Figure 1. Deflection shapes comparison for presented values: solution without shear contribution (grey line), 

solution with shear contribution (black line) 

In this section analysis of the soil depth and various types of damping are provided. The depth of soil is really 

effective on the dynamic behavior of the beam. In hence, displacement shapes for different values of the velocity 

ratio and active depth ( ) are obtained in Figure 3. From Figure 3 it is seen that by increasing the soil depth, the 
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displacement of the beam is decreased. On the other hand, by increasing of velocity ratio and getting closer to 

critical velocity the displacement of the beam is also increased. 

Figure 2. Deflection shapes comparison for presented values: classical Winkler’s foundation (grey line line); 

classical Pasternak’s foundation (black line); visco-elastic foundation (dotted line) 

Figure 3a. 0.2 =  Figure 3b. 0.45 =

Figure 3c. 0.55 = Figure 3d. 0.65 =

Figure 3. Displacement shapes for different values of the active depth and 𝛼 = 𝑣/𝑣𝑐𝑟 

4 CONCLUSION 

In this paper, the Euler-Bernoulli beam was analyzed on the various depth of foundation under moving load and 

the displacement shapes for different values of active depth were compared. It was shown that the depth of soil is 

really effective on the dynamic behavior of the beam. By increasing depth of soil, the displacement of the beam is 

decreased. According to the obtained graphs, it was found that the occupied large area with superior displacement 

behind the load stands for the solution without shear contribution. That is because of the vibration of not interacted 

soil columns. The classical solution for Pasternak, Winkler and visco-elastic foundations provide very low 

displacement, because the applied velocity is approximately far from the critical one. 

-1

-0/8

-0/6

-0/4

-0/2

0

0/2

-70 -20 30

𝑤
/𝑤

𝑠𝑡

𝜉

H=2 m

H=4 m

H=8 m

H=12 m -3

-2

-1

0

1

2

-70 -20 30

𝑤
/𝑤

𝑠𝑡

𝜉

H=2 m
H=4 m
H=8 m
H=12 m

-3

-2

-1

0

1

2

3

-70 -20 30

𝑤
/𝑤

𝑠𝑡

𝜉

H=2 m

H=4 m

H=8 m

H=12 m
-3

-2

-1

0

1

2

3

-70 -20 30

𝑤
/𝑤

𝑠𝑡

𝜉

H=2 m

H=4 m

H=8 m

H=12 m

849



Sensitivity Analysis of Vibration Response of Euler Beam to Moving Load and Various 

Depth of Elastic Foundation 

ICADET ‘19 

References 

[1] S. Timoshenko, “Method of analysis of statical and dynamical stresses in rail,” In Proceedings of the 

Second International Congress for Applied Mechanics, Zurich Switzerland, pp. 407-418, 1926. 

[2] Wen L. Li, “Free vibrations of beams with general boundary conditions,” Journal of Sound and Vibration, 

Vol. 237, pp. 709-725, 2000. 

[3] M. Abu Hilal, and H. S. Zibdeh, “Vibration analysis of beams with general boundary conditions traversed 

by a moving force,” Journal of Sound and vibration, Vol. 229, pp. 377-388, 2000. 

[4] M. H. Kargarnovin, and D. Younesian, “Dynamics of Timoshenko beams on Pasternak foundation under 

moving load,” Mechanics research communications, Vol. 31, pp. 713-723, 2004. 

[5] B. Mehri, A. Davar, and O. Rahmani, “Dynamic Green function solution of beams under a moving load 

with different boundary conditions,” Scientia Iranica. Transaction B, Mechanical Engineering, Vol. 16, pp. 

273-279, 2009. 

[6] M. Gładysz,  and P. Śniady, “Spectral density of the bridge beam response with uncertain parameters under 

a random train of moving forces,” Archives of Civil and Mechanical Engineering, Vol. 9, pp. 31-47, 2009. 

[7] M. Balkaya, Metin O. Kaya, and A. Sağlamer, “Analysis of the vibration of an elastic beam supported on 

elastic soil using the differential transform method,” Archive of Applied Mechanics, Vol. 79, pp. 135-146, 

2009. 

[8] S. E. Motaghian, M. Mofid, and P. Alanjari, “Exact solution to free vibration of beams partially supported 

by an elastic foundation,” Scientia Iranica. Transaction A, Civil Engineering, Vol. 18, 861-866, 2011. 

[9] A. Barari, H. Dadashpour Kaliji, M. Ghadimi, and G. Domairry, “Non-linear vibration of Euler-Bernoulli 

beams,” Latin American Journal of Solids and Structures, Vol. 8, pp. 139-148, 2011. 

[10] B. Gholami Bazehhour, S. M. Mousavi, and A. Farshidianfar, “Free vibration of high-speed rotating 

Timoshenko shaft with various boundary conditions: effect of centrifugally induced axial force,” Archive 

of Applied Mechanics, Vol. 84, pp. 1691-1700, 2014. 

[11] J. Zakeri, and M. Shahbabaei, “Investigation on effect of elastic supports stiffness on natural frequencies 

and modes of two span beams under free vibration,” Journal of Transportation Engineering, Vol. 7, pp. 45-

54, 2015. 

[12] D. Roshandel, M. Mofid, and A. Ghannadiasl, “Dynamic response of a non-uniform Timoshenko beam, 

subjected to moving mass,” Proceedings of the Institution of Mechanical Engineers, Part C: Journal of 

Mechanical Engineering Science, Vol. 229, pp. 2499-2513, 2015. 

[13] Z. Dimitrovová, “Critical velocity of a uniformly moving load on a beam supported by a finite depth 

foundation,” Journal of Sound and Vibration, Vol. 366, pp. 325-342, 2016. 

[14] Jou-Yi Shih, D. J. Thompson, and A. Zervos, “The effect of boundary conditions, model size and damping 

models in the finite element modelling of a moving load on a track/ground system,” Soil Dynamics and 

Earthquake Engineering, Vol. 89, pp. 12-27, 2016. 

850



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*filizkarabudak@gumushane.edu.tr 

Fatigue Analysis of Modern Composite Materials in Ansys Software 

 
Filiz KARABUDAK* 

 
Gumushane University, Mechanical Engineering Department, Gumushane, Turkey 

 

Keywords:  
Fatigue 

ANSYS 

Composite  

 

 
Abstract 

In this study, it is aimed to compare the fatigue strength of modern composites (Bor-

Epoxy and Carbon fiber composite) used in aviation industry and Aluminum (Al 

2024 T-6 alloy) material under repeated loads in ANSYS software. The fatigue 

sample obtained from the solid model according to the standard values in the 

Solidwork software was transferred to the ANSYS program where mechanical 

properties and SN (Wöhler) curves were introduced to the program and fatigue 

analysis were performed. According to the analysis data, the materials with the 

highest fatigue strength were Carbon fiber, Boron / Epoxy and Al respectively. 

1 INTRODUCTION  
 

In 1903, the Wright brothers made their first successful flying experience with a canvas fabric and wooden motor 

plane. Increased efficiency during the flight, increased engine power and reduced weight caused different material 

requirements in aircraft. In World War II, lightness was maximized by using aluminum. Today, carbon fiber and 

various composite materials are used which are light and durable, which you can easily shape [1]. 

 

Composite materials are forming, strength, corrosion resistance and so on. With many more advantageous features 

design, improvement, renovation, maintenance / repair operation, maintenance and so on. it makes it possible to 

use fewer parts at each stage. The fact that the number of parts used is less or less can be reduced by the system 

engineering approach, resulting in a reduction in the quantity and diversity of spare parts required for 

maintenance/repair, operation and maintenance activities, and a significant reduction in the life cycle costs of the 

system or product. Today, aircraft manufacturers and maintenance / repair companies use composite materials not 

only to reduce the number of parts, but also to reduce costs. Some metal alloys, for example titanium, are more 

expensive than composite materials, although they have excellent corrosion resistance and high specific strength. 

Weight is one of the biggest problems in the aviation and defense industry. Composite materials are used to 

minimize this problem. In addition, based on the specific strength and specific stiffness values, composite materials 

have superiority over conventional materials due to their low density [2]. 

 

In today's modern aircraft designs, considering the static and dynamic strength calculations of material fatigue and 

the specific strength and specific stiffness values, the lifespan of the aircraft has been extended up to 70 years 

according to the frequency of use [3]. 

 

2 MATERIAL AND METHOD 
 

The fatigue sample given in Figure 1 was drawn in Solidworks 2018 and recorded as Parasolid (x, t) extension and 

transferred to ANSYS Workbench 18.2 software for analysis. Analyzes were performed using Static Structural 

tab. In the Engineering Data tab, materials selected as Linear Elastic and Isotropic Elasticity are assigned separately 

by entering their mechanical properties (density, poisson ratio and modulus of elasticity). After the assignment of 

the material to be analyzed, the Alternating Mean Stress tab is selected from Life section. Stress and number of 

cycles are defined. After supporting one side of the fatigue sample, a force of 500 N was applied directly in the 

direction of compression. Fatigue Tool is selected from the Tools tab for fatigue analysis and then Life, Damage, 

Safety Factor and Fatigue Sensivity parameters are selected respectively. In this study, since the materials analyzed 

were ductile materials, the analysis was made based on the Gerber Criteria [4]. 
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Figure 1. Standart sample values [5] 

 

Table 1. Bor/Epoxy, Carbon Fiber and Aluminium Materials Mechanical Properties [6] 

Material Density(ρ)  gr/cm3 Tensile Strength  (σt)  MPa Modulus of Elasticity (E) GPa 

Bor-Epoxy 1.8 1600 224 

Al-2024 2.8 490 73 

Carbon Fiber 1.5 2900 140 

 

 
Figure 2. Aluminium 2024-T6 S-N curve  [7]        

 

 
Figure 3. Carbon composite S-N  curve [8] 

 

 
Figure 4. Bor-Epoksi materials S-Ncurve [9] 
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3 RESULTS 
 

3.1 Fatigue Life Analysis 

 

Boron-Epoxy and Carbon Composite materials in the -y direction of 500 N force as a result of the minimum life 

value of both materials increased to 1x107  cycles (Figure 5a). 

In the life calculation of Al-2024 T6 material, although the number of 109 cycles is reached, a minimum value of 

0 (zero) is seen in the red regions. It is seen that the sample breaks as a result of the force applied in these regions 

(Figure 5b). 

 

  
Figure 5. a)Bor-Epoxy ve Carbon Fiber               b)Al-2024 T6 Materials Life Analysis 

 

3.2 Damage Analysis 

 

In the damage analysis of Boron-Epoxy and Carbon composite materials, maximum and minimum values of 100 

were determined. It is seen that both materials will be broken in 107 cycles before they can reach 109 cycles which 

is the value determined by Ansys program automatically (Figure 6a). 

Damage analysis of Al-2024 T6 material shows that in blue regions the program has reached its own number of 

109 cycles but breaks in the red region (Figure 6b). 

 

  
Figure 6. a)Bor-Epoxy ve Carbon Fiber                             b)Al-2024 T6 Materials Damage Analysis 

 

3.3 Safety Factor 

 

The safety coefficient of Boron-Epoxy composite material is min. 1.17 to max. 15 (Figure 7a). The safety 

coefficient of the carbon composite material is min. 2.08 - max. 15 (Figure 7b). 
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Figure 7. a)Bor-Epoxy                                        b)Carbon Fiber Materials Safety Factor 

 

Safety coefficient of Al-2024 T6 material is min. 0.11 to max. 15 (Figure 7c). 

 

 
Figure 7. c)Al-2024 T6 Materials Safety Factor 

 

3.4 Fatigue Sensitivity  

 

 
Figure 8. a)Bor-Epoxy                   b)Carbon Fiber                                  c)Al-2024 T6 Fatigue Sensitivity 

 

In the analysis of the Boron-Epoxy composite material, the stress range was analyzed as 50-150% stress range. 

Point 1 in the graph is the cycle where the applied force (500 N) is 100%. The material breaks at about 1.2 points, 

ie up to 107 cycles under 600 N force, with a force of about 60-1-750 N between end points 1.2-1.5 before reaching 

the number of 109 cycles, which is automatically determined by the program (Fig. 8a). 
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In the analysis of the carbon composite material, 25-300% tensile range was used as the tensile range. The material 

has reached the number of cycles determined at approximately 2 points, ie under 1000N force, and has been 

determined to have infinite life. However, it was broken between approximately 2.3-3 points, ie under 1150-1500 

N force, before reaching the number of 109 cycles, which is automatically determined by the program (Figure 8b). 

In the analysis of Al-2024 T6 material, analysis was performed in the tensile range of 30-300%. Although the 

material reaches 5.3x105 cycles at point 0, it breaks between approximately 0.4-3 points, ie under 200-1500 N 

force (Figure 8c). 

 

4 CONCLUSION 
 

Ansys analysis materials (Boron-Epoxy, Carbon composite and Al-2024 T6) graphs and table values are given 

above. Density, tensile strength, maximum tensile strength, modulus of elasticity, poisson ratio were entered in 

the assignment of materials. A force of 500 N was applied to the fatigue samples. After determining the ductility 

brittleness of the materials while calculating their longevity, they were analyzed according to Gerber criteria. 

 

In the analysis of the Boron-Epoxy composite material, the stress range was analyzed as 50-150% stress range. 

Point 1 in the graph is the cycle where the applied force (500 N) is 100%. The material breaks at about 1.2 points, 

ie up to 107 cycles under 600 N force, with a force of about 60-1-750 N between end points of about 1.2-1.5 before 

reaching the number of cycles of infinite life, which is automatically determined by the program. 

 

In the analysis of the carbon composite material, 25-300% tensile range was used as the tensile range. The material 

has reached the number of cycles determined at approximately 2 points, ie under 1000N force, and has been 

determined to have infinite life. However, it was broken between approximately 2.3-3 points, ie under 1150-1500 

N force before reaching the number of 109 cycles, which is automatically determined by the program. 

 

In the analysis of Al-2024 T6 material, analysis was performed in the tensile range of 30-300%. Although the 

material reaches 5.3x105 cycles at point 0, it breaks between approximately 0.4-3 points, ie under 200-1500 N 

force. 

 

As a result of the analysis, the highest fatigue resistance material was Carbon Composite material and it resulted 

as Boron-Epoxy and Al-2024 T6 respectively. 
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Abstract 

Many calculations are made to determine the gear box parameters used in many 

mechanical fields, such as mechanical power transmission and speed changers. 

Strength, moment, impact, sound, vibration and operating conditions vary according 

to these important parameters in these calculations is to provide the desired 

conditions correctly. If the desired result is not reached in the calculations or a 

missing situation is encountered, a single account may lead to a review of the whole 

account and therefore requires careful and detailed account. 

By considering the analysis, efficiency and cost of various gearboxes, a gearbox has 

been designed by making numerical calculations of three-stage gearbox elements in 

line with the data we have. 

1 INTRODUCTION  
 

Mechanical part designs are intended to be lighter, more durable and reliable with the development of the aviation 

industry. Since the designed parts are approached from this perspective, it enables the parts of the same weight to 

be made more robust and durable. Gear wheels are used for mechanical power transmission in many industrial 

applications and designs. federated and supported body designs are made to reduce the amount of vibration and 

noise and to make the body more rigid. Vibration and sound are an important factor in the quality assessment of 

gearboxes. It is desirable to reduce these effects as much as possible in gear design. Vibration, noise etc. occurring 

in gears are transferred to our gears via bearings. As long as the working conditions are transferred to our wheels, 

it will cause deviation from the desired and calculated parameters [1-2]. 

 

The gear wheels were first used by the Mesopotamians in their irrigation facilities many years ago and it is said 

that the Romans used them in their mills with a little more emphasis. Gear wheels are as old as historical, valuable 

and an indispensable element of the mechanical field in almost every field appear. It is currently used to transmit 

motion, mostly in the field of power and in vehicles. The best example today is the use of vehicles in gearboxes 

[3-4]. 

 

The design of gearboxes is a complex process and varies according to the place and purpose of use. The design in 

gear are made with cost, working conditions and given parameters. Minimum volume, minimum noise and, in 

addition, economy are required. Gear wheels can transmit force and movement in certain parameters and 

directions. The direction of rotation of the outer face gear pairs is opposite to each other. The direction of rotation 

of the pairs of butt teeth, one of which is an internal thread, is in the same direction as each other [5-6]. 

 

2 MATERIAL AND METHOD 
 

In order to design a gearbox according to the study data, the gears are dimensioned, the shaft is calculated and the 

bearing is selected. Modules and other parameters were calculated. Fig. 1 shows the schematic picture of the 

gearbox and the data in Table 1, Table 2 and Table 3 were used for calculations. The calculation steps are below. 

Fig. 2 shows 1st team force analysis in spur gear. Fig. 3 shows the sizing of the first shaft on the X-Y plane. Fig. 

4 shows the  sizing of the first shaft on the X-Z plane. After the calculations, the solid model of each part was 

made by using Solidworks software. The assembly of the part is shown in Figure 6. 
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Figure 1. Schematic representation of the gearbox to be designed 

 

The following values were determined for the gear unit shown in Figure 1 and calculations were made accordingly    

      

Pinput =2 kW 

Ninput = 800 rev/min. 

Noutput = 80 rev/min.  

Number of steps = 3 

1. Stage straight gear material = C10 

2. Stage straight gear material = Ck15 

3. Stage straight gear material = 20 MnCr5 

The transmission ratio of each gear is equal 

Efficiency of first and second stage spur gears = 0.98 

Third stage gear efficiency = 0.96 

Roller bearing efficiency = 0.97 

Total efficiency = nt = n1.2 × n3,4 × n5,6 × ny  = 0.894 

 

Calculation of Gear Numbers 

 

Cycle ratio = Itotal = ninput  / noutput= 800 / 80 = 10 

Itotal = I12 × I34 × I56  Itotal = 2.154 

I12 = 1.2 × √Itotal      I34 = Itoplam  / I12 

I= Z2  / Z1 = N1 / N2 

Number of Teeth 

Z1 = 14             Z3 = 16         Z5 = 19 

Z2 = 31              Z4 = 35         Z6 = 41 

 

Power Calculation 

 

Pinput = 2 kW = 2000 W 

Poutput = Pinput × nt = 2000 × 0.894 =1788 W 

Total power loss = Pinput – Poutput = 212 W 

 

Calculation of Rotation Moments 

 

Ninput = N1 = 800 rev/min. 

Tb1 = 9554 × 
𝑝

𝑁𝑖𝑛𝑝𝑢𝑡
 = 23.885 = 23885 N.mm 

Tb2 = Tb1 × I12 × n12  = 50.419 = 50419 N.mm 

Tb3 = 106431 N.mm 

Tb4 = 220083 N.mm 
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Calculation of Modules for First Stage Gears 

 

Table 1. Formulas Used in Calculating Spur 

 
 

Table 2. Rack and pinion elements and formulas Gear Elements [7] 
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Table 3. Bevel gear elements and formulas 

 
 

Ѱ = Width Coefficient = between 18…20 = chosen 20  

Form factor (Kf) = Selected from tables 

1. gear = 3.360 

2. gear = 2.585 

3. gear = 3.16 

4. gear = 2.525 

5. gear = 2.960 

6. gear = 2.440 

 

Module calculations are based on rotating gear 

 

Modulus Calculation According To Fracture From Tooth Bottom 

M ≥ √
2 ×Tb

Z × Ѱs × s

 × Ki × Kyd × Kv × Kf3                                                                                                                              (1) 

 

Values taken from Standard tables used in gear calculations (Table 4, Table 5 and Table 6) are shown below. 

 

n = 2  

Ki = 1 

Kyd= 50 – 150 mm = Well bearing = 1.4 

Kf = 3.360 

Kv = 1.5 

Sut = 793 MPa 

σem= Sf / n          Sf = Se / Kf1 

Se = ka × kb × kc × kd × ke × kf × Se’ 

Se’ = 0.4 × Sut 

Se’ = 317.2 Mpa 

Ka = Surface factor = 0.896 

Kb = Size factor = 0.87 

Kc = Load coefficient = 0.6 

Kd = Temperature Coefficient = 0.768 

Ke = Reliability coefficient = % 95 için = 0.868  

Kf = Versatile impact factor = 1  

Se = 98.90 MPa  
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Sf = Se / Kf1 

Kf1 = 1 + 0.87 × (1.8 – 1) = 1.696 

Sf = 58.314 MPa 

σem= Sf / n = 29.2 MPa 

 

Table 4. Selection of width numbers according to surface work and bearing position of shaft 

 
 

Table 5. Dynamic load factor  Kd according to labor quality and environmental speed 

 
 

Table 6. Form factor Kf according to number of teeth 

 
 

According to Tooth Bottom Breaking 

 

M ≥ √
2 ×Tb

𝑍 × Ѱs ×σs 
 × Ki × Kyd × Kv × Kf

3
                                                                                                                 (1) 

 

 M ≥ 4.43 = 4 taken 

 

According to Surface Pressure 

 

M ≥ √
2 ×Tb ×E

Z2× Ѱs ×PDs2 × Ki × Kyd × Kv × (
İ+1

𝑖
) 

3
                                                                                                           (2) 

KL0 = 106  = 1.1 

Cr = % 95 = 0.868 

PHD = 400.4 

PDsafety = KL0 × Cr × PHD / n  

PDsafety = 1.1 × 0.868 × 400.4 / 2 = 191.15 MPa 

M≤ 7.53 M = 8 chosen 

 

1.Size of the gear 

 

Dt1 = M × Z = 8 × 14 = 112 mm 

Da1 = Dt1 × 2m = 128 mm 

Df1 = Dt1 – 2.334 × m = 93.33 mm 

B = 6… 8 (8 was selected at low loads.) 

B = 8 × 8 = 64 mm 
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2.Size of the gear 

 

Dt2 = 248 mm 

Da2 = 264 mm 

Df2 = 229.33 mm 

B = 64 mm 

 

These operations are detailed for each gear and the gears are sized as shown in Table 7. 

 

Table 7. Gear Wheel Dimensions 

(mm) 1. Gear 2. Gear 3. Gear 4. Gear 5. Gear 6. Gear 

Dt 112 248 144 315 190 410 

Da 128 264 162 333 210 430 

Df 93.33 229.3 123 294 166.7 386.7 

B 64 64 72 72 80 80 

M 8 8 9 9 10 10 

 

Sizing of Shafts 

 

 
Figure 2. (1st Team) Force Analysis in Spur Gear 

 

Ft = 
2Tb

Dt
 = Ft2 = 0.9 kN 

Fr = Ft × tan (20 ) = Fr2  

 

Rotating Forehead Module  

 

Ms = 
M

cos(20)
 = 8.51 mm 

2. Force Analysis in Team Spur Gear  

Ft = 1.48 kN 

Fr = 0.54 kN 

Ms = 9.58 mm 

3. Force Analysis in Team Spur Gear               

Ft = 2.32 kN 

Fr = 0.843 kN 

Ms = 10.642 mm  

 

Sizing X-Y Plane on the 1st Shaft 
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Figure 3. Sizing of the First Shaft (X-Y Plane) 

 

Σ Fx = 0 

+↑ Σ Fy = 0 

RAy + RBy + 0.33 = 0 

RAy + RBy = -0.33 

ΣM = 0 ; 

MB = + (0.33 × 200) + (RAy × 300) = 0 

RAy = -0.22 kN 

RBy = -0.11 

 

 Sizing X-Z Plane on the 1st Shaft 

 

 
Figure 4. Sizing of the First Shaft (X-Z Plane) 

 

Σ  Fx = 0 

+↑ Σ Fz = 0 

RAz + RBz + 0.9 = 0 

RAz + RBz = -0.9 

Σ M = 0 ; 

MA = (0.9 × 100) + (RBz × 300) =0 

RBz = -0.3 

RAz = -0.6 

 

Combining Diagrams 

 

√a2 + b2 = 92.65 = 92650 N.mm 

Tm = Wt × Dt /2 = 50400 N.mm 

X = Ma = 48641.25  

d ={ 
16×n 

𝛑
 [

1

Se
 [4 × (Kf × Ma )2 ]]1/2 + 

1

Sut
 [3 × (Kfs × Tm)2 ]1/2}1/3 

Kfs= 1+ q ( kTs – 1 ) = kTs =1.78  
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Kfs = 1.5616 

q = 0.72 

D / d = 2 

kT = 1.8 

Kf = 1.696 

r / d = 0.04 

Se = 98.9 MPa 

Sut = 793 MPa 

d ={ 
16×2 

𝛑
 [

1

98.90
 [4 × (1.696 × 48641.25 )2 ]]1/2 + 

1

Sut
 [3 × (1.5616 × 50400)2 ]1/2}1/3                                                                                       (3) 

d = 26.564 mm = 27 mm (taken as 27) 

D3 = D5 = 27 mm 

D4 = (D3 × 2 ) = 54 mm 

D2 = D6 = (D3 / 2 ) = 13.5 mm 

D1 = D7 = ( D2 /2 ) = 6.75 mm 

 

These calculations were made in detail for the other 3 shafts and Table 8 shows them. 

 

Table 8. Dimensions of shafts 

(mm) 1. Shaft  2. Shaft 3. Shaft 4. Shaft 

d 27  31  39  34  

D4 54 62  78  68  

D3 27  31  39  34  

D2 13.5  15.5  19.5  17  

D1 6.75  7.75  9.75  2.5  

3 RESULTS 

 

In accordance with the data obtained from the calculations, the manufacturing drawings of each part in the three-

stage gearbox are given in Figure 6 and the assembly drawing is given in Figure 5. 

 

  
Figure 5. Gear box manufacturing picture 
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Figure 6. 1-6 (6 gears), 7-10 (4 shafts), 11-1st Roller (54-104), 12-2nd Roller (62-112), 13-3rd Roller (78-128) , 

14-4th Roller (68-118), 15-18 (4 rings), 19-Bottom cover, 20-Top cover, 21-Screws (M20 * 25), 22-Plate lock 
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4 CONCLUSION 
 

In this study, gearboxes and gears were examined and comparisons were made between parts. After determining 

the number of teeth of the gear wheels, the forces coming to the calculated gears were analyzed and the shafts 

were dimensioned and the bearings were selected. Numerical calculations and technical drawings of the gear box 

were created. As a result, the work environment, manufacture, sound, speed, power, cost and design of a gearbox 

were compared and the parts which were determined to be suitable were used. 
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Abstract 
Mancala is one of the oldest strategy games in the world. Mancala, whose history 

dates back to 4th century BC, is widely played in Africa. There are hundreds of 

versions of mancala that are in the class of Sowing games or board games. The 

game Mancala offers researchers a wide range of study because it contains many 

interesting constraints and many varieties. However, studies on this play in 

literature have generally remained on a conceptual basis. A small number of 

computational studies are on machine learning and artificial intelligence. In this 

study, Turkish version of mancala is discussed and integer programming model is 

developed for the problem. 

 

1 INTRODUCTION  
 

Integer programming plays a key role in defining the problem and developing an effective solution to the 

problem. Integer programming which is commonly used for many optimization problems, from scheduling to 

inventory management, from network optimization to disaster management is also used to identify and solve 

puzzles and games. Some of those:  Foulds and Jhonston [1] developed an integer model for non-attacking 

chessboard puzzles (rooks, bishops, queens, kings, and Knight). Wilson [2] developed an integer programming 

approach for crossword compilation and Jefferson et al. [3] for English Peg Solitaire. Bartlett et al. [4] proposed 

an integer model for various variations of sudoku. Meuffels and Hertog [5] has developed two different integer 

models for the battleship puzzle, cell-based and a ship-based. Melkonian [6], Hertog and Hulshof [7] and 

Fischetti and Salvagnin [8] developed integer programming model for a mathematical puzzle kenken, rummikub 

problem and n-queens puzzle respectively.  

 

In this study, the mancala game, which dates back to 4th century BC, is discussed. [8]. General features of 

Mancala game are as follows: It is played on boards with various number of pits. There are various numbers of 

stones in these pits. The player takes the stones in any pit of his choice and leaves the stones to the other pits one 

by one according to certain rules. The aim is to collect the most stones in the big pit called Mancala. In this study 

an integer model has been developed for the Turkish version of mancala. In this context under the sub title 1.1 

handled game in this study is introduced in detail. In the second part, first the index, variable and parameters 

used in the model are introduced and then the formulation is presented with its explanation. In the third part, a 

general evaluation is made about the study. 

    

1.1 Definition of Turkish Mancala Game 

 

According to the rules set by World Nomad Games1 :  

 

Mangala is a board game, which is played with 48 stones and two people. On a game board, there are six 

identical pits arranged in two rows, which together make up 12 pits and there are big storage pits  in which 

players will collect stones . The mancala on the left side is the opponent's pit. The mancala on the right side is 

the player's pit, and used in the game as a pit to collect the stones won. Small pits are numbered from left to right 

from one to six. The number of small pits used to make a game record. In the beginning position, players put 4 

stones in all small pits, mancalas are empty as shown in Figure 1. 

 

                                                           
1 http://worldnomadgames.com/media/images/2018/04/02/28-mangala-rules-en.pdf 
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Figure 1. Initial Position of Mancala Game 

 

The right of the first move determined by the draw. The player making a move takes all the stones from any pit 

on his side, and starting with the same pit lays out one stone in the pit counterclockwise. You cannot jump over 

pits or put two or more stones in the same pit. If the move made from a pit where there is only one stone, the 

stone falls into the next pit, and the pit from which the move is made, remains empty. Every time you hit the last 

stone in a mancala, the player must make a move. When you make a move, the player after the sixth pit on his 

side puts the stone in his mancala, then in the first pit of the opponent and so on, and on the side of the opponent 

after the sixth pit puts in his first pit and so on. The goal of the game is to collect as many stones as possible in 

their mancalas.  

 

There are four ways to win stones: 

I. If the last stone came to the pit on the opponent's side, and the number of stones in the pit was 

even, all the balls are removed and put in mancala; 

II. When making a move reaching or passing through mancala; 

III. If the last stone comes to its side in an empty pit, and in the opposite pit there are stones, regardless 

of the number, all the balls in both pits are removed and put in mancala, if the hole opposite is 

empty, then the stone remains in the game; 

IV. If on the player's side the stones are finished, then he removes all the stones on the opponent’s side 

and the player puts them in his mancala 

The game is finished when all pits are empty and the player with the largest number of stones in their mancala at 

the end of the game wins. 

 

2 MATERIAL AND METHOD 
 

In this part, first the index, variable and parameters used in the model are introduced and then the formulation is 

presented with its explanation 

 

2.1 Indices 

 

i:  Move order number (0,…,N) 

j:  Number of pit (1, … 14) (1 to 6 prayer’s pits, 7 prayer’s storage well and 8 to 13 opponent's pits, 14 

opponent’s storage well) 

k,k’:  Number of result (1, …, K=6i) 

 

2.2 Parameters 

 

Pikj: Number of stones in the j. pit belonging to k. result after move i is made.(Initial position: Po1j=4 for all j) 

 

2.3 Decision variables 

 

wo:  Total number of stones won of type 1 

wsikj:  Number of stones won of type 2, after move i made form j. pit. 

we:  Total number of stones won of type 3 

wtikj:  Number of stones won totally, after move i made form j. pit. 

yikj:  If the last stone comes to player’s mancala well after move i made form j. pit, 1 

 Otherwise, 0 

xikj: If j. pit of result k is chosen for move i, 1 

 Otherwise, 0 

zikj:  After move i if number of stones in the j. pit of k. result will be 1 (for chosen pit to move) or will be  

increased by 1, 1 
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 Otherwise, 0 

Oddikj:  If the number of stones in pit j of k. result before move i is odd, 1 

Otherwise (number of stones in pit j before move i is even), 0  

Empikj:  If the number of stones in pit j of k. result before move i is 0, 1 

      Otherwise, 0 

r:  Integer variable used for determining if Pikj is odd or even 

 

2.4 Formulation of proposed model 

 

∑ 𝑧𝑖𝑘′𝑗′ = 𝑝𝑖−1𝑘𝑗∗𝑥𝑖𝑘𝑗
𝐽=𝑗+13
𝑗′=𝑚𝑜𝑑(𝑗,14)

𝑗′≠14

2   

   ∀𝑖 ≥ 1, ∀𝑗, 𝑗′ ≤ 6, ∀𝑘 ≤ 6𝑖−1, 𝑘′ = (𝑜𝑟𝑑(𝑘) − 1) ∗ 6 + 𝑜𝑟𝑑(𝑗)   (1) 

11 ∗ (𝑧𝑖𝑘′𝑗 − 𝑧𝑖𝑘′𝑗+1) + ∑ 𝑧𝑖𝑘′𝑗′
𝐽=13+𝑗
𝑗′=𝑚𝑜𝑑(𝑗+2,14)

𝑗′≠14

≤ 11  

   ∀𝑖 ≥ 1, ∀𝑗 (𝐸𝑥𝑐𝑒𝑝𝑡 143), ∀𝑘 ≤ 6𝑖−1, 𝑘′ = (𝑜𝑟𝑑(𝑘) − 1) ∗ 6 + 𝑜𝑟𝑑(𝑗)  (2) 

𝑦𝑖𝑘𝑗 ≥ 𝑧𝑖𝑘𝑗 − 𝑧𝑖𝑘𝑗+1     ∀𝑖 ≥ 1, ∀𝑗(𝐸𝑥𝑐𝑒𝑝𝑡 14), ∀𝑘 ≤ 6𝑖   (3) 

𝑦𝑖𝑘𝑗 ≤ 𝑧𝑖𝑘𝑗       ∀𝑖 ≥ 1, ∀𝑗(𝐸𝑥𝑐𝑒𝑝𝑡 14), ∀𝑘 ≤ 6𝑖   (4) 

𝑦𝑖𝑘𝑗 ≤ 1 − 𝑧𝑖𝑘𝑗+1     ∀𝑖 ≥ 1, ∀𝑗(𝐸𝑥𝑐𝑒𝑝𝑡 14), ∀𝑘 ≤ 6𝑖   (5) 

𝑃𝑖−1𝑘𝑗 = 2 ∗ 𝑟 + 𝑜𝑑𝑑𝑖−1𝑘𝑗    ∀𝑖 ≥ 1, ∀𝑗 > 7(𝐸𝑥𝑐𝑒𝑝𝑡 14), ∀𝑘 ≤ 6𝑖−1  (6) 

𝑤𝑜 = ∑ ∑ ∑ ∑ 𝑦𝑖𝑘′𝑗 ∗ 𝑜𝑑𝑑𝑖−1𝑘𝑗 ∗ (𝑃𝑖−1𝑘𝑗 + 1)
(𝑜𝑟𝑑(𝑘)−1)∗6
𝑘′

13
𝑗=7

6𝑖−1

𝑘𝑖      (7) 

𝑃𝑖−1𝑗𝑗 ≤ (1 − 𝐸𝑚𝑝𝑖−1𝑘𝑗) ∗ 𝑀     ∀𝑖 ≥ 1, ∀𝑗 ≤ 6, ∀𝑘 ≤ 6𝑖−1   (8) 

𝐸𝑚𝑝𝑖−1𝑗𝑘 ≤ 𝑃𝑖−1𝑗𝑘      ∀𝑖 ≥ 1, ∀𝑗 ≤ 6, ∀𝑘 ≤ 6𝑖−1   (9) 

𝑤𝑒 = ∑ ∑ ∑ ∑ 𝑦𝑖𝑘′𝑗 ∗ 𝐸𝑚𝑝𝑖−1𝑘𝑗 ∗ (𝑃𝑖−1𝑘𝑗′ + 1)
(𝑜𝑟𝑑(𝑘)−1)∗6
𝑘′

6
𝑗=1

6𝑖−1

𝑘𝑖   

𝑗′ = 14 − 𝑜𝑟𝑑(𝑗)        (10) 

𝑤𝑠 = ∑ ∑ 𝑧𝑖𝑘7
61−𝑖

𝑘𝑖      (11) 

𝑃𝑖𝑘′𝑗 = (𝑃𝑖−1𝑘𝑗 + 𝑧𝑖𝑘′𝑗) − (𝐸𝑚𝑝𝑖−1𝑘𝑗 ∗ 𝑦𝑖𝑘′𝑗) 

   ∀𝑖 ≥ 1, ∀𝑗 < 7, ∀𝑘 ≤ 6𝑖−1, 𝑘′ = (𝑘 − 1) ∗ 6 + 𝑗     (12) 

𝑃𝑖𝑘′𝑗 = (𝑃𝑖−1𝑘𝑗 + 𝑧𝑖𝑘′𝑗) − (𝐸𝑚𝑝𝑖−1𝑘𝑗′ ∗ 𝑦𝑖𝑘′𝑗′ ∗ 𝑃𝑖−1𝑘𝑗) − (𝑜𝑑𝑑𝑖−1𝑘𝑗 ∗ 𝑦𝑖𝑘′𝑗 ∗ (𝑃𝑖−1𝑘𝑗 + 1)) 

   ∀𝑖 ≥ 1, ∀𝑗 > 7, ∀𝑘 ≤ 6𝑖−1, 𝑘′ = (𝑘 − 1) ∗ 6 + 𝑗, 𝑗′ = 14 − 𝑗    (13) 

∑ ∑ 𝑥𝑖𝑘′𝑗 ≤ 𝑦𝑖−1𝑘7 ∗ 𝑀𝑗<7
(𝑜𝑟𝑑(𝑘)−1)∗6+𝑜𝑟𝑑(𝑗)

𝑘′=1
 ∀𝑖 ≥ 2, ∀𝑘 ≤ 6𝑖−1    (14) 

∑ ∑ 𝑥𝑖𝑘𝑗𝑗<7𝑘 ≤ 1      ∀𝑖 ≥ 1, ∀𝑘 ≤ 6𝑖−1    (15) 

𝑀𝑎𝑥. 𝑤𝑜 + 𝑤𝑒 + 𝑤𝑠          (16) 

 
The stones taken from the selected pit are left one by one in each pit clockwise starting from the selected pit. In 

Constraints 1 and 2 this case is formulated. Constraint 1 allows one to be left in each pit (including the selected 

pit and to the right) as much as the stone in the j. pit. With the constraint 2, it is ensured that the pits leaving 

stone are consecutive. The pit where the last stone was left in the mancala determines the fate of the game. For 

this purpose, the pit that the last stone left also should be determined in the model. Constraints 3, 4 and 5 

determine the pit where the last stone was left. For this purpose, the pits are scanned in pairs (for each j. and j+1. 

pits). In other words, if the stone is left in the pit j but no stone is left in the pit j + 1, the pit j is the pit where the 

last stone is left, and the value of the variable yikj will be one. 

 

Three different gains are achieved depending on the condition of the pit where the last stone was left4. The first 

one is that if the last stone comes into the pit, which is the odd number of stones in the opponent's side, all of the 

stones in that pit pass to the player's mancala. For this, the status of the pits (odd or even) must be determined 

                                                           
2 It is assumed that the second round will not be required when sowing stones. 
3 After pit 13, then j+1. pit refers to the pit 1 (no stone is left in the opponent's mancala) 
4 The fourth type of winnings is the winnings after the game is over and is neglected in the model. 
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before the i. move. In constraint 6, it is determined whether the stones in the pits were odd or even before the 

move i (after move i-1). In constraint 7, if there is an odd number of stones in the opponent’s pit where the last 

stone was left, the total amount of stone gained (number of current stones + last left stone) is calculated. 

 

Constraints 8, 9 and 10 are prepared for the calculation of the third type of winnings. Constraints 8 and 9 

determine whether the pit where the last stone was left is empty or not. If empty, the variable Empikj will take the 

value of 1. Constraint 10 calculates the total amount of stone gained (number of current stones + last left stone) 

if the opponent's pit in which the last stone was left is empty. For example, if the last stone hit the pit 3 of the 

playing side and there is no stone in this pit, all the stones in the pit (j’=14-3) 11 belonging to the opponent and 

the stone left in the empty pit 3 (Pi-1kj’ + 1) pass into the mancala of the player. Constraint 11 calculates the 

winnings (the seconde type) from the last stone hitting the player's mancala. 

 

With the constraints 12 and 13, the number of stones in the pits is updated after each move made. The update is 

made by dividing into player-side pits (1-6) and the opponent's pits (7-13).  

 

With the constraint 14, the situation in which the last stone left to the player’s mancala was discussed. After the 

move i-1, if the last stone has fallen into the player's mancala (yi-1k7=1) the game continues for the player. 

Otherwise, the right to move passes to the opponent and the next move (i) for the player is not allowed (xikj ≤ 0). 

Constraint 15 shows that each move i can be made with only one pit in each result. Constraint 16 represents 

the objective function in which the total winnings is attempted to be maximized. 

 

3 CONCLUSION 
 

In this study, an integer programming model has been developed for the Turkish version of mancala. It is 

thought that the integer model developed for mancala, which contains many interesting constraints, will 

contribute to the researchers working in the field of operation research and especially mathematical modelling. 

The model could not yield result because it is not linear and it contains many constraints and variables. However, 

as a future study, it is planned to simplify the model and develop mathematical models for other types of 

mancala. 
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Abstract 

The aim of this paper was to investigate the effects of n-butanol/gasoline blends on 

the engine performance, fuel cost and exhaust emissions in an automobile spark 

ignition engine (SIE). Experiments have been performed for three different n-

butanol/gasoline blends (nBGBs), nB2.5 (e.g. nB2.5 contains 2.5 % n-butanol and 

97.5 % gasoline in volume basis), nB5 and nB7.5 for five different loads at 3000 

and 5000 rpms. The test results showed that nBGBs generally decrease brake 

specific fuel consumption (bsfc) at all of the selected operating conditions. The 

maximum reductions of bsfc at 3000 and 5000 rpms have been attained at the levels 

of 7.24 % for nB2.5 and 9.99 % for nB2.5, respectively. nBGBs decrease carbon 

monoxide (CO) and total hydrocarbon (THC) emissions at all of the selected 

operating conditions. At 3000 and 5000 rpms, the maximum reductions of CO have 

been reached at the levels of 11.54 % for nB7.5 and 5.08 % for nB2.5, respectively. 

Approximately 11 % and 25 % decrement in THC was achieved by nBGBs at 3000 

and 5000 rpms, respectively. However, nBGBs increase nitrogen oxides (NOx) at 

3000 rpm. At 5000 rpm, nB2.5 and nB5 reduce NOx but nB7.5 increases NOx. 

Total fuel cost for selected nBGBs become higher than neat gasoline (NG). 

 

1 INTRODUCTION  
 

It is known from the press and relevant literature that the use of diesel cars in the capitals of some European 

countries and in the major metropolitan cities will be banned after 2020 due to increased environmental pollution 

[1]. In addition, the use of spark ignition engines (SIEs) would become the most widespread solution for hybrid 

vehicles which is considered to be the solution of the near future. However, the vehicles used on highways are 

noted as to be the major emission contributor to the environment, which is dangerous to human health. For this 

reason, scientists, politicians and automotive companies have been working intensively to reduce environmental 

pollution in nowadays [2-4]. 

 

In this context, many different studies are carried out on the SIEs [2-4]. The use of different alternative fuels 

especially alcohols [2, 5-7] and water addition [3, 4, 8, 9] can be given as examples of these studies and the 

numbers of these studies have been increased in recent years. As is known from the literature, studies on the use 

of ethanol in SIEs are very common [10, 11]. However, butanol is an alternative fuel that has attracted the 

attention of researchers, and studies on n-butanol have been intensified in recent years. In literature, high n-

butanol ratios have generally been preferred in n-butanol/gasoline blend studies [5, 6]. Therefore; low n-butanol 

ratios such as (2.5, 5 and 7.5) % were used in present study and the effects of low ratios of n-butanol/gasoline 

blends on engine performance and exhaust emissions were investigated. 

 

2 EXPERIMENTAL SYSTEM AND TEST PROCEDURE 
 

2.1 Engine and Experimental Setup 

 

Experiments for neat gasoline (NG) and three different n-butanol ratios were conducted in a 4 cylinder, 4-stroke, 

water-cooled automotive SIE. Main technical specifications of the engine are given in Table 1 and schematic 

diagram of the test system used were presented in Figure 1. The test bed was produced by Cussons.  Here; 

loading was done by a water brake and the brake moment was measured electronically. Exhaust gases were 
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measured by using an exhaust gas analyzer (MDS 450, AVL). The accuracies of CO2, CO and O2 ratios are 

within ±0.3% vol, ±0.02 % vol and ±0.02 % vol, respectively. Also, the accuracies of THC and NOx 

measurements are within 4 ppm and 5 ppm, respectively. This exhaust gas analyzer also measures excess air 

coefficient calculated from the CO2, CO, O2 and THC ratios. 

 

 
Figure 1. Experimental system: 1. Gas analyzer (AVL, MDS 450), 2. Fuel measurement unit, 3. Fuel and control 

valve, 4. Fuel pump and tank, 5. Air measurement manometer, 6. Dynamometer control and instrument panel, 7. 

Digital temperature display (Engine coolant inlet and outlet temperatures, exhaust gases temperature etc.), 8. 

Cooling unit, 9. Engine coolant inlet pipe, 10. Engine coolant outlet pipe, 11. Spark ignition engine (Renault 

K7J700), 12. Spark Plug, 13. Injector, 14. Hydraulic dynamometer 

 

Table 1. Main technical specifications of the test engine 

Engine Renault Clio 

Displacement  1.4 liter 

Number of cylinder 4 

Bore & Stroke 79.5 & 70 mm 

Compression ratio 9.5: 1 

Maximum power 55 kW @ 5800 rpm 

Maximum torque 114 Nm @ 4250 rpm 

 

2.2 Experimental Procedure  

 

Here, tests were carried out at 3000 and 5000 rpms for approximately 2.5 %, 5 % and 7.5 % (by vol.) n-butanol 

ratios. Also, five different loads of (105, 95, 85, 75 and 65) Nm at 3000 rpm and (95, 85, 75, 65 and 55) Nm at 

5000 rpm were selected. Firstly, NG tests were conducted as NG values were required to compare nBGBs 

results. After NG tests were completed, nBGBs were performed. The main steps of the experiments are briefly 

given in the following paragraph. 

 

The test engine was run for approximately 20 minutes before tests and when temperature of cooling water 

becomes (70 ±5) ℃, that is steady state conditions were reached, experiments for various nBGBs ratios have 

been carried out. Commercially available gasoline was used in the experiments. Then, nBGBs; nB2.5 (e.g. nB2.5 

contains 2.5 % n-butanol and 97.5 % gasoline in volume basis), nB5 and nB7.5 were prepared just before 

starting the experiments and used in the tests under the same conditions. n-Butanol of a purity of 99.9 % were 

purchased from a commercial supplier (Sigma Aldrich firm representative of Turkey). Table 2 presents the main 

properties of gasoline, n-butanol and ethanol. 

 

2.3 Calculation of Engine Performance and Determination of n-Butanol/Gasoline Blends (nBGBs) 

Properties 

 

In this section, the principles of the calculation of engine performance parameters and determination of the fuel 

properties for NG and nBGBs are summarized. The details of the calculation process can be found in references 

[12, 13]. In the present study, fuel consumption of the engine was determined by using a scaled glass bulb and 

consumption duration of 50 mL of nBGB was measured. By this way, effective power output, total fuel 
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consumption, brake specific fuel consumption (bsfc) and effective efficiency have been calculated by using the 

following relations. 

 

𝑁𝑒[𝑘𝑊] =
0.1013

1000
∙

𝑇𝑏 ∙ 𝜔

𝑃0

∙ √𝑇0/293 ∙ 𝑋ℎ𝑢𝑚 
(1) 

 

𝐵[𝑘𝑔/ℎ] =
∆𝑚𝑛𝐵𝐺𝐵

∆𝑡
=

(∆𝑉𝐺 ∙ 𝜌𝐺 + ∆𝑉𝑛𝐵 ∙ 𝜌𝑛𝐵) ∙ 3600

∆𝑡 ∙ 106
 

(2) 

 

𝑏𝑒[𝑘𝑔/𝑘𝑊ℎ] =
𝐵

𝑁𝑒

 
(3) 

 

𝜂𝑒 =
3600

𝐿𝐻𝑉𝑛𝐵𝐺𝐵 ∙ 𝑏𝑒

 
(4) 

 

In Eq. (1); 𝑇𝑏 [𝑁𝑚] is brake torque, 𝜔 is angular velocity of the crankshaft, 𝑃0 [𝑀𝑃𝑎] and 𝑇0 [𝐾] are pressure 

and temperatures of ambient air, respectively. 𝑋ℎ𝑢𝑚 is the humidity correction factor and it is determined 

depending on dry and wet thermometer temperatures. In Eqs. (2); ∆𝑉𝐺 and ∆𝑉𝑛𝐵 are the volumes of consumed 

gasoline and n-butanol, respectively, ∆𝑡 [𝑠] is the duration of consumption of ∆𝑉𝑛𝐵𝐺𝐵 volume (50 mL) of 

gasoline and n-butanol mixture, 𝜌𝐺  is the density of gasoline, and 𝐿𝐻𝑉𝑛𝐵𝐺𝐵  is the lower heating value of gasoline 

and n-butanol mixture. Here, lower heating values of gasoline and n-butanol have been calculated by using well 

known Mendeleyev formula [13, 14].  

 

𝐿𝐻𝑉[𝑘𝐽/𝑘𝑔] = [33.91 ∙ 𝑐′ + 125.6 ∙ ℎ′ − 10.89 ∙ (𝑜𝑦′ − 𝑠′) − 2.51 ∙ (9ℎ′ − 𝑤′)] ∙ 103 (5) 

 

In Eq. (5) 𝑐′, ℎ′, 𝑜𝑦′, 𝑠′ and 𝑤′ represent elemental composition of fuel, and their values for gasoline and n-

butanol have been given in Table 2. For nBGBs, density and lower heating values have been determined by 

using the following relations given by Durgun [12, 13]. 

 

𝜌𝑛𝐵𝐺𝐵[𝑘𝑔/𝑚3] =
𝑥𝐺 ∙ 𝜌𝐺 + 𝑥𝑛𝐵 ∙ 𝜌𝑛𝐵

𝑥𝐺 + 𝑥𝑛𝐵

 
(6) 

 

𝐿𝐻𝑉𝑛𝐵𝐺𝐵[𝑘𝐽/𝑘𝑔] =
∑ (𝑥𝑖 ∙ 𝜌𝑖 ∙ 𝐿𝐻𝑉𝑖)𝑛

𝑖=1

∑ (𝑥𝑖 ∙ 𝜌𝑖)
𝑛
𝑖=1

=
𝑥𝐺 ∙ 𝜌𝐺 ∙ 𝐿𝐻𝑉𝐺 + 𝑥𝑛𝐵 ∙ 𝜌𝑛𝐵 ∙ 𝐿𝐻𝑉𝑛𝐵

𝑥𝐺 ∙ 𝜌𝐺 + 𝑥𝑛𝐵 ∙ 𝜌𝑛𝐵

 
(7) 

 

where 𝜌𝐺  and 𝜌𝑛𝐵 are the densities of gasoline and n-butanol respectively, and 𝑥𝐺  and 𝑥𝑛𝐵 are the volumetric 

percentages of gasoline and n-butanol in the mixture, respectively. In the present study, to see clearly the effects 

of nBGBs on engine performance and exhaust emissions, variation ratios of engine characteristics and exhaust 

emissions in respect of NG were calculated.  For example, variation ratio of bsfc was computed as follows: 

 
∆𝑏𝑒

𝑏𝑒

∙ 100 [%] = [(𝑏𝑒,𝑛𝐵𝐺𝐵 − 𝑏𝑒,𝐺)/𝑏𝑒,𝐺] ∙ 100 
(8) 

 

where 𝑏𝑒,𝑛𝐵𝐺𝐵 and 𝑏𝑒,𝐺 are bsfc values for nBGB and gasoline, respectively.  

 

2.4 Cost Analysis 

 

In the present study, cost analysis has also been done by using the practical relationship, which was proposed 

originally by Durgun [13]. Here, by using variation ratio bsfc in respect to NG and the actual prices of n-butanol 

and gasoline, combined fuel cost variation for nBGB is calculated and compared. For this purpose, the following 

formula has been used.  

 

∆𝐶

𝐶1

∙ 100 [%] = [(𝐶2 − 𝐶1)/𝐶1] ∙ 100 = [
𝑥1 + ∑ 𝑥𝑖 ∙ 𝑟𝑖

𝑛
2

𝑥1 + ∑ 𝑥𝑖 ∙ 𝑠𝑖
𝑛
2

∙ (1 +
∆𝑏𝑒

𝑏𝑒

) − 1] ∙ 100 
(9) 

 

where   

 

𝑟𝑖 = 𝐶𝑖/𝐶1;  𝑟1 = 𝐶1/𝐶1 = 1, 𝑟2 = 𝐶2/𝐶1 = 132.16/6.95 = 19.01583 

𝑠𝑖 = 𝜌𝑖/𝜌1;  𝑠1 = 𝜌1/𝜌1 = 1, 𝑠2 = 𝜌2/𝜌1 = 810.6/732.9 = 1.10601 
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𝐶1 is cost of gasoline, 𝐶2 is cost of n-butanol and ∆𝑏𝑒 𝑏𝑒⁄  is difference ratio of bsfc, 𝜌2 and 𝜌1 are densities of n-

butanol and gasoline, respectively. Here, units of (𝐶1, 𝐶2), (𝜌1, 𝜌2) and 𝑏𝑒 are [𝑇𝐿/𝑙𝑡], [𝑘𝑔/𝑚3) and [𝑘𝑔/𝑘𝑊ℎ] 
respectively. In Trabzon, Turkey for 2019 currency, 1$ is equal to 5.65 TL. The costs and other main 

characteristics of diesel fuel and n-butanol (and also ethanol) are given in Table 2.  

 

Table 2. The main properties of gasoline, ethanol and n-butanol [5, 7, 11]. 

 Gasoline Ethanol n-Butanol 

Chemical formula 𝐶8𝐻15 𝐶2𝐻5𝑂𝐻 𝐶4𝐻9𝑂𝐻 

Molecular mass [𝑘𝑔/𝑘𝑚𝑜𝑙]  111.028 46.07 74.123 

Density [𝑘𝑔/𝑚3] 732.9 ∗ 785 810.6 ∗ 

Lower heating value [𝑘𝐽/𝑘𝑔] 43238.5 ∗∗ 27423.24 ∗∗ 33630.8 ∗∗ 

Octane number 96 − 98 86 100 

Stoichiometric air–fuel ratio                                                                   14.7 8.95 11.28 

Latent heat of evaporation [𝑘𝐽/𝑘𝑔] 349 904 581.4 

Kinematic viscosity, [𝑎𝑡 40 ℃ 𝑐𝑆𝑡] 0.60 1.20 3.64 

Composition, mass [%] 𝑐′ = 0.873 

ℎ′ = 0.127 

 

𝑐′ = 0.521 

ℎ′ = 0.131 

𝑜𝑦′ = 0.347 

𝑐′ = 0.648 

ℎ′ = 0.136 

𝑜𝑦′ = 0.216 

Cost [𝑇𝐿/𝑙𝑡], July 2019, 1$ = 5.65 𝑇𝐿 ∗∗∗ 6.95 

- 

50.72 

(99,5 % purity) 

132.16 

(99,9 % purity) 

*measured in laboratory, **calculated from Mendeleyev formula, *** TL: Turkish Lira 

 

2.5 Error Analysis and Uncertainties 

 

Here, from the results of applying the error analysis to the measured values [15], uncertainties for effective power 

and bsfc were computed and they took values at interval of (0.365-1.486) % and (0.995-5.445) %, respectively. 

Thus, it can be said that these uncertainties are within acceptable limits. 

 

3 RESULTS AND DISCUSSIONS 
 

In this paragraph tests results, related to the influences of the nBGBs on bsfc, cost and exhaust emissions have 

been given and compared to NG in various figures. By inspecting of these figures and evaluating obtained 

experimental data and calculated parameters, various discussions have been done. 

 

Figures 2 (a and b) show the variations and variation ratios of bsfc versus to the n-butanol ratios for five different 

engine loads at 3000 rpm, respectively. It is observed that for nB2.5, bsfc decreases and the obtained maximum 

decrease ratio of bsfc for nB2.5 is 7.23 % under 105 Nm load. bsfc decreases for nB5 under (105, 95, 85 and 75) 

Nm loads, but it increases under 65 Nm load. For nB7.5, bsfc decreases under (105 and 95) Nm loads but it 

increases under low loads. It can be seen from these figures that for nB5 and nB7.5, bsfc generally increases at 

low loads. 

Figures 3 (a and b) show the variations and variation ratios of bsfc versus to the n-butanol ratios for five different 

engine loads at 5000 rpm, respectively. As can be seen in Figures 3 (a and b) that bsfc decreases with nBGBs. 

The obtained maximum decrease ratio of bsfc for this engine speed is 9.99 % under 55 Nm load for nB2.5. 

However, the rate of reduction in bsfc slightly decreases as the n-butanol content increases. It is known from 

literature that n-butanol has latent heat of vaporization and boiling temperature higher than gasoline [16]. Thus, 

the n-butanol is less likely to completely vaporize than gasoline. This may have a negative effect on bsfc for 

especially high n-butanol ratios. 
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Figures 2 (a and b). Variations and variation ratios of bsfc versus different n-butanol ratios under five different 

loads at 3000 rpm, respectively. 

 

           
Figures 3 (a and b). Variations and variation ratios of bsfc versus different n-butanol ratios under five different 

loads at 5000 rpm, respectively. 

 

       
Figures 4 (a and b). Variations and variation ratios of cost versus different n-butanol ratios under five different 

loads at 3000 rpm, respectively. 
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Figures 5 (a and b). Variations and variation ratios of cost versus different n-butanol ratios under five different 

loads at 5000 rpm, respectively. 

 

Variations and variation ratios of the fuel cost compared to NG for different loads were presented in the Figures 

4 (a-b), and Figures 5 (a-b) at 3000 and 5000 rpms, respectively. As can be seen from these figures that the total 

cost of fuel takes higher values than that of NG at all of the operating conditions. Because the price of n-butanol 

is nineteen times of gasoline in Turkey, the total fuel cost becomes higher than that of gasoline.  

 

      
Figures 6 (a and b). Variations and variation ratios of CO versus different n-butanol ratios under five different 

loads at 3000 rpm, respectively. 

 

      
Figures 7 (a and b). Variations and variation ratios of CO versus different n-butanol ratios under five different 

loads at 5000 rpm, respectively. 
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Figures 8 (a and b). Variations and variation ratios of NOx versus different n-butanol ratios under five different 

loads at 3000 rpm, respectively. 

 

Figures 6 (a and b) and Figures 7 (a and b) present variations and variation ratios of CO for different nBGBs, at 

3000 and 5000 rpms, respectively.  It can be seen from these figures that CO generally decreases for selected 

three different n-butanol ratios. This could be attributed to a “leaning” effect that occurs using oxygenated fuels 

such as n-butanol which is composed of 21.6 % oxygen by weight [9, 16, 17]. In reference 9, following comment 

about this subject was also given. n-butanol offered a 12 % reduction over gasoline in the rich region, a factor 

which was attributed to the extra oxygen in the alcohol fuel allowing partial reduction of the CO through 

formation of CO2 [9]. It is thought that a similar phenomenon might be occur in the presented experimental 

study. 

 

      
Figures 9 (a and b). Variations and variation ratios of NOx versus different n-butanol ratios under five different 

loads at 5000 rpm, respectively. 

 

Figures 8 (a and b) and Figures 9 (a and b) show variations and variation ratios of NOx for different nBGBs, at 

3000 and 5000 rpms, respectively. NOx emissions increase for selected n-butanol ratios at 3000 rpm. On the 

other hand; at 5000 rpm, they decrease for nB2.5 and nB5, but they increase for nB7.5. As known from the 

literature [18] that; the formation of NOx depends on the level of high temperature and excess air coefficient. 

Excess air coefficients generally decrease for selected n-butanol ratios at 3000 rpm, Figure 10a. However, due to 

the an arising technical problem in the thermocouple when performing experiments at 3000 rpm, exhaust 

temperature could not be measured. In this case, it can be estimated that exhaust temperatures rise for nBGB. 

Thus; NOx increase as the percentages of n-butanol in the mixture increase at 3000 rpm. As can be seen in 

Figures 10 (b and c) that, since both the excess air coefficients and exhaust temperatures increase slightly at 5000 

rpm, NOx emissions decrease for nB2.5 and nB5, but NOx increase for nB7.5. Similar results were observed in 

Refs. [6, 17, 19]. 
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Figures 10 (a-b). Variation ratios of excess air coefficient versus different n-butanol ratios under five different 

loads at 3000 and 5000 rpms, respectively. (c) Variation ratios of exhaust temperature (Te) versus different n-

butanol ratios under five different loads at 5000 rpm. 

 

Figures 11 (a and b) and Figures 12 (a and b) show variations and variation ratios of THC for different nBGBs, 

at 3000 and 5000 rpms, respectively. As can be seen in these figures that THC emissions decrease importantly 

with selected nBGBs. As it is mentioned earlier, the exhaust temperature values of n-butanol ratios are slightly 

higher than that of NG. This may result in lower THC. In addition to, the excess air coefficient or fuel leaning 

combustion also affect the formation of THC and CO [19]. In the present study, excess air coefficient generally 

tends to decrease with n-butanol ratios. This results in a decrease in THC. Similar trends were observed in Refs. 

[6, 9, 16, 20]. 

 

           
Figures 11 (a and b). Variations and variation ratios of THC versus different n-butanol ratios under five 

different loads at 3000 rpm, respectively. 
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Figures 12 (a and b). Variations and variation ratios of THC versus different n-butanol ratios under five 

different loads at 5000 rpm, respectively. 

 

4 CONCLUSION 
 

In the present study the effects of n-butanol/gasoline blends on engine performance, fuel cost and emission 

characteristics were investigated experimentally and compared with that of NG in SIE. Based on the 

experimental results the main effects of the n-butanol/gasoline blends can be summarized as follows: 

 

1. nB2.5 and nB5 decrease the bsfc under selected five different loads at 3000, but nB7.5 increases the bsfc at 

this engine speed. The obtained maximum decrease ratio of bsfc is 7.23 % under 105 Nm load for nB2.5. At 

5000 rpm, bsfc decreases at all of the selected operating conditions. The obtained maximum decrease ratio of 

bsfc for this engine speed is 9.99 % under 55 Nm load for nB2.5. 

 

2. nBGBs decrease CO formation under selected five different loads at 3000 and 5000 rpms. The obtained 

maximum decrease ratios of CO are 11.54 % for nB7.5 and 5.08 % for nB2.5 at 3000 and 5000 rpm, respectively. 

 

3. nBGBs decrease THC at all of the selected operating conditions. Approximately 11 % and % 25 decrement in 

THC were achieved by nBGBs at 3000 and 5000 rpms, respectively. 

 

4. nBGBs increase NOx at 3000 rpm. At 5000 rpm, nB2.5 and nB5 reduce NOx but nB7.5 increases NOx. 

Approximately 21 % increment in NOx was achieved by nBGBs at 3000 rpm. At 5000 rpm; for nB2.5 and nB5, 

an average of 7 % reduction in NOx was achieved. 

 

5. It is advisable to apply nB2.5 at this engine. At this rate, promising results were obtained in terms of engine 

characteristics and environmental pollution. Moreover, nB2.5 was not very expensive compared to NG. 
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Abstract 

Soil samples collected from Gümüştuğu antimony mineralization area (Torul-

Gümüşhane Turkey) were analyzed for heavy metals for Cu, Pb, Zn, Cd, Co, Sb by 

using Inductively Coupled Plasma- Mass Spectrometry. The contamination level of 

heavy metals in developed soils on mineralizations zon was assessed on the basis of 

Geo-accumulation Index and Pollution Index. Obtained results indicated that, in 

comparison with background value of upper crust, soil samples in the mineralization 

area have elevated levels of the element at some sampling points. High Geo-

accumulation Indexes and Pollution Index for antimony, copper in mineralization 

area indicated that there are a considerable amount of antimony and copper pollution, 

which mainly originate from mineralization area as geogenetic.  

1 INTRODUCTION  
 

The Gümüştuğ antimony mineralization (Torul-Gümüşhane-Turkey) is located at the East Black Sea Tectonic Unit 

in northeast Turkey. This tectonic unit hosts a lot of mineral/ore deposits, including, antimony mineralization of 

Gümüştuğ. While mineralization areas are important natural resources for economic development of countries, in 

the context of environmental issues, they also contain the risk of environmental pollution for their environment 

[1], [2]. Mining activities in mineralization areas also result in serious environmental risk. In addition to local 

dispersion in soil profiles, they also cause extensive contamination of soils and plants on which are grown, and 

increase in concentrations of toxic metals.  

 

There are many studies on environmental risks and heavy metal pollution of mining sites. Such studies have 

increased after the middle of the last century. But, due to the lack of economic value, the studies on the potential 

risk of unoperated mineralization areas are is limited. In order to determine the degree and extent of some heavy 

metal contamination such as copper (Cu), lead (Pb), zinc (Zn), cadmium (Cd), cobalt (Co) and antimony (Sb) in 

the Gümüştuğ mineralization area, soil samples were collected and analyzed. These elements concentrations of 

the area at different sample points were assessed using various parameters including descriptive statistic, 

Geoaccumulation Index (Igeo) and Pollution Index. 

 

2 MATERIAL AND METHOD 
 

2.1 Geographic Features and Geological Setting of the Area 

 

The Gümüştuğ antimony mineralization area is located 55 km southwest of the city of Gümüshane in northern 

Turkey (Fig. 1). The study area has a rugged topography and elevation ranges between 2000 and 2750 m (a.s.l). 

There are some important stream in the area (e.g. Gümüştuğ stream, Büyük Çit Stream) joining the Harsit Creek 

which is the most important river in the region. The region has inland climate with mild/hot and dry summers and 

cold and snowy winters. The hottest and coldest months are August and January, respectively.   

 

The basement rocks of the area consists of pre-Jurassic metamorphic rocks [3] and unmetamorphosed granitic 

plutons [4]–[6]. These rocks are unconformably overlain by an early to middle Jurassic volcano-clastic unit (called 

Şenköy formation [7]) which passes upward to the late Jurassic and early Cretaceous carbonate rocks called 

Berdiga formation [8]. The late Cretaceous clastic unit begins with sandy limestones at the bottom and grades 

upward to red pelagic limestone and then to a turbiditic series consisting of sandstone, siltstone, marl and limestone 

which conformably overlie carbonates. In the study area, this unit is predominantly dominated by andesitic, 
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basaltic volcanic rocks. All these units were cross cut by late Cretaceous intrusions [9] outside the study area. The 

Eocene volcanic and volcaniclastic rocks overlie the late Cretaceous volcanic and/or sedimentary rocks with an 

angular unconformity [10] and intruded by granitoids of same age [11]–[13]. 

 

 
Figure 1. Map of study area and sampling location. 

 

2.2 Soil Sampling and Analysis 

 

Fifty-six soil samples were collected in a rectilinear grid at equal intervals from approximately every 100 m. In 

the study area, the soil cover generally has a thickness of 0.5–1 m. The samples were collected at 20–30 cm depth 

from the B zone, since the samples provided the best anomaly. All samples were dried at ambient temperature for 

two weeks and then heated at 60 °C for 8 hours. For suitable grain size, samples were passed through an 80-mesh 

sieve, which was proposed to be the ideal grain size [14]. They were analyzed at ACME Laboratory (Canada).  

 

2.3 Contamination Assessment Parameters 

 

Many methods of calculation have been proposed for quantifying the degree of metal enrichment or pollution in 

soils, sediments and dusts [15]–[17]. In this study, Geoaccumulation Index (Igeo) and Pollution Index (PI) were 

calculated to evaluate metal concentration level in mineralization area’s soil. Igeo index is computed by the 

following equation: 

 

Igeo = log2Cn/1.5Bn                                                                              (1) 

 

where Cn is the concentration of the element in the examined samples and Bn is the background concentration of 

the element in the continental crust according to data from Rudnick and Gao [18]. Factor 1.5 is introduced to 

minimize the effect of possible variations in the background values which may be attributed to variations in the 

soils. 6 descriptive classes of geoaccumulation index are <0 = practically unpolluted, 0–1 = unpolluted to 

moderately polluted, 1–2 =moderately polluted, 2–3 =moderately to strongly polluted, 3–4 = strongly polluted, 4–

5 = strongly to extremely polluted and >5 = extremely polluted.  

 

The PI is defined as the ratio of element concentration in the area to the background value of the continental crust. 

The PI of each element was calculated and classified as either low (PI≤1), middle (1 < PI ≤ 3) or high (PI > 3).  

 

3 RESULTS 
 

Descriptive statistics of the elements are given in the Table 1. Obtained results indicated that, in comparison with 

background value of upper crust of Rudnick and Gao [18], soil samples in the mineralization area have elevated 

levels of the element at some sampling points. 

 

 

Roads 
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Sb mineralization 

Sb mineralization 

Sampling area 

Black Sea 
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Table 1. Descriptive statistics of element concentrations from mineralizations area 
 Rudnick and 

Gao [18] 

mg/kg 
Minimum Maximum Mean 

Std. 

Deviation 

Skewness Kurtosis 

 Statistic Std. Error Statistic Std. Error 

Cu 28 31,340 190,680 81,008 43,135 1,010 0,319 -0,121 0,628 

Pb 17 9,380 42,410 25,463 8,557 0,229 0,319 -0,798 0,628 

Zn 67 45,600 111,600 75,930 13,197 0,117 0,319 0,038 0,628 

Co 17,1 14,900 55,100 28,175 11,568 0,739 0,319 -0,803 0,628 

Cd 0,09 0,060 0,340 0,179 0,063 0,186 0,319 -0,266 0,628 

Sb 0,4 0,400 41,020 4,406 6,674 3,573 0,319 16,176 0,628 

 

When the descriptive statistics parameters, calculated PI and Igeo data are evaluated together, it is understood that 

there is a pollution in antimony and copper elements in the soils in the mineralization area (Table 1, Fig. 2 to 5).  

 

 
Figure 2. Pollution Index of elements from the mineralization area. 

 

 
Figure 3. Igeo Index of elements from the mineralization area. 

 

In terms of antimony, there is pollution in almost all sampling points, while in copper, the pollution limit is 

exceeded at more limited sampling points. For other elements other than these elements, the pollution limit is 

exceeded at a small number of sampling points. 
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Figure 4. Stacked bar diagrams of PI index of soil samples 

 

 
Figure 5. Stacked bar diagrams of Igeo index of soil samples 

 

4 CONCLUSION 
 

Element contents of soils on mineralization area were evaluated with different pollution index such as PI and Igeo 

Index parameters in the context of soil pollution. It was determined that there is a serious pollution especially in 

terms of antimony element in the field. In addition, values exceeding the pollution limit were determined at 

different sampling points in terms of copper element. In addition, Zn, Pb, Cd and Co elements were found to be 

close to the pollution limit. In the study area, it is thought to be useful to investigate the pollution risks of heavy 

metals such as As, Hg. In addition, it is recommended to investigate the effect of mineralization area on agricultural 

lands, plants and aquatic life in the region.  
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Abstract 

Sarcophaga (Liosarcophaga) emdeni (Rohdendorf, 1969) is a Palaearctic species 

and general morphologic and terminal taxonomic characters are very close to lastly 

identified species L. (s. str.) bartaki Verves, Radchenko, and Khrokalo, 2017 from 

Turkey. This study aims to compare and describe the distinctive ultrastructure of 

male terminalia of S. (L.) emdeni through SEM photography with new distribution 

records for Turkish fauna. 

  

1 INTRODUCTION  
 

Liosarcophaga Enderlein, 1928 is the second most species-richness subgenus of Sarcophagidae, approximately 

comprising 98 species. mainly distributed in Australia and Oceania [1]. Sarcophaga (Liosarcophaga) emdeni 

Rohdendorf, 1969 is known as one of the thermophilic species that only has Palaearctic distribution [2, 3]. 

Habitat preferences of adults are associated with the faeces in general; but, larval biology depends on 

necrophagy or facultative parasitism of some lepidopteran larvae especially Lymantriidae (L. dispar and L. 

monacha) and breeding on some snails (Helicella obvia and Helix nemoralis) [2, 4]. Alike to most other 

members of Sarcophaginae, adult of S. (L.) emdeni is also grey species with red eyes, three stripes on thorax and 

checker-board patterned abdomen [2]. Due to, the high uniformity of the adult external morphology within the 

species and sex, terminal investigation is the most reliable and easy way of the accurate identification for each 

specimen [5]. And so, the basis of identification and classification of flesh flies is based on detailed examination 

and dissection of the genitalia. 

 

The second step of identification is documentation of taxonomically important characters by drawing or imaging. 

For this purpose, scanning electron microscopy (SEM) is commonly used by entomologists for about fifty years 

[6]. This technique lets the identification of the insect species through taxonomic micro-visualizations [7].  

 

By now, a total of 10 species –of which including a new species- of this subgenus have been listed from Turkey 

[1, 8, 9]. This study aims to compare S. (L.) emdeni with close species, to provide the ultrastructural database on 

the male terminalia and new distributional records for Turkish flesh fly fauna. 

 

2 MATERIAL AND METHOD 
 

The material of the study based on the species found in the entomology collection of Yozgat Bozok University 

of Turkey and personal collections via hand nets and bait traps [8]. 

 

Genital dissections were performed under Leica S8APO stereomicroscope without maceration when the 

specimens were still fresh; SEM images were taken with FEI Quanta 450 FEG scanning electron microscope at 

BILTEM (Bozok University Science and Technology Application and Research Centre, Yozgat).  

 

For identification and terminology [10] and for nomenclature [11] were followed. All specimens are deposited in 

the Entomology Collection of Yozgat Bozok University. 

 

The abrevations used in the figures: 

c: cerci  ep: epandrium  h: harpes j: juxta  ja: juxtal arms po: postgonite 

pr: pregonite s: styli   st: surstyli v: vesica  vp: ventral plate 
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3 RESULTS 
 

A total of 27 adults were identified as S. (L.) emdeni from Adana, Antalya, Mersin and Yozgat provinces of 

Turkey (Table 1). All the locality records are assessed the new distributions for Turkey. 

 

Sarcophaga (Liosarcophaga) emdeni (Rohdendorf, 1969) 

 

Parasarcophaga emdeni Rohdendorf, 1969: 946 [12] 

Liosarcophaga (s. str.) emdeni (Rohdendorf, 1969): 117 [8] 

 

Distribution: PALAEARCTIC - Austria, Azerbaijan, Bulgaria, China (Xinjiang), Croatia, Czech Republic, 

Denmark, Estonia, Finland, Germany, Greece, Gruzia, Hungary, Kazakhstan, Kyrgyzstan, Norway, Poland, 

Romania, Russia (Central European Territory, South European Territory, West Siberia), Slovakia, Sweden, 

Switzerland, Turkey, Ukraine [3]. 

 

Distribution in Turkey: Amasya [13], Artvin [14], Erzurum [15], Samsun [8]. 

 

3.1 General Morphology 

 

Head black in color. Eye bare red. Frontoorbital and parafacial plate with dense golden pollinosity. Parafacial 

with a row of setae along eye margin. Frontal setae 9-11. Frontal vitta dark brown with slightly golden pruinose. 

The narrowest part of frons 0.24 times as wide as head width: Two rows of postocular setae. Scape brownish-

black, pedicel black, postpedicel brown with golden pollinosity, arista long plumose on basal 3/5. Vibrissae well 

developed, long and stout. Lower facial margin not distinct. Facial ridge above vibrissae with a row of weak 

hairs. Gena with scattered black setulae and silvery grey pollinose. Post genal and occipital hairs blonde. 

Prementum long and palpus black. 

 

Thorax black with grey pollinosity and three longitudinal black stripes. Acrostichals 0+1, dorsocentrals 3+4, 

humerals 3, posthumeral 2, notopleurals 2 primer+2subprimer, katepisternals 3+1, scutellar apicals long and 

traverse. Postalars 2, postalar wall setose. Wing hyaline. Costal spine not developed. R1 bare; R4+5 setulose on 

dorsal surface; cell r4+5 open; halters brown, calypters whitish. Tegula and basicosta creamy yellow. Legs black 

all femora and hind tibia with a row of long postero ventral setae.  

 

Abdomen black with silvery pollinose and grey and dark spots on each tergites. Tergite 3 without median 

marginals. Tergite 5 with a complete row of marginals.  

 

Body length: 11.7-14.2 

 

3.2 Terminalia Morphology  

 

Protandrialsegment grey pollinose. Sternit5 Y shaped, strongly sclerotized with a keel at dorsal surface. 

Epandrium and cerci black. Cerci almost straight, slightly concave dorsally and tapering at the tip. Postgonites 

small hook shaped noticeably curving and expanded basally. Pregonites elongate and slender and ended with a 

rounded tip. Surstyli obtuse, subtriangular and rounded edges with a bunch of long subapical setae (Figure 1A). 

Styli fine and delicate and on ventral, 1/3 micro-serrated (Figure 1B, C). Vesica wide and membranous, swelling 

apically. Ventral plate slightly elongate, well sclerotized and small. Harpes strongly sclerotized, narrow, and 

slightly extended over vesical. Juxta membranous, wide and elongate not upturned and deeply bilobate, each 

lobe notched apico-dorsally. Juxtal arms rather straight, apically globular and unforked (Figure 1D, E).  

 

Table 1. Label data of the collected individuals of S. (L.) emdeni 
Locality Coordinates Altitude Date Specimen Method 

Adana: Seyhan 36°58'02"N, 35°15'40"E 15m 19.VIII.2018 1♀, 1♂ 

Insect net 
 

Antalya: Aşağıkaraman 36°53'57"N, 30°41'03"E 61m 06.VII.2018 1♂ 

Antalya: Merkez 36°57'41"N, 30°40'53"E 270m 13.VII.2016 3♂ 

Mersin: Tarsus, Akçakocalı 36°59'25"N, 34°50'06"E 135m 17.VII.2017 2♀, 1♂ 

Yozgat: Bozok University Campus 39°46'22"N, 34°48'11"E 1339m 

05.VI.2017 
07.VI.2017 

12.VII.2017 

19.VIII.2017 

3♀ 
1♂ 

1♂ 

1♀ 

Bait traps 

Yozgat: Çamlık 39°48'22"N, 34°48'25"E 1469m 11.VI.2015 4♀, 3♂ 

Insect net Yozgat: Sarıkaya, Kadılı 39°31'58"N, 35°24'08"E 1138m 11.VI.2013 2♀, 2♂ 

Yozgat: Yerköy, Merkez 39°37'11"N, 39°30'22"E 780m 03.VI.2013 2♂ 
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Figure 1. A. General habitus of terminalia left lateral view. B. Aedeagus left lateral view, arrow shows the juxtal 

notched. C. Aedeagus lateroventral view. D. Distiphallus dorsal view E. Juxta apico-dorsal view, arrows show 

apical folds on juxta. 

 

4 CONCLUSION 
 

Previous studies have pointed that, S. (L.) teretirostris (Pandellé, 1896) and the newly identified species L. (s. 

str.) bartaki Verves, Radchenko and Khrokalo, 2017 from Turkey and S. (L.) emdeni only have Palaearctic 

distributions and some common terminal taxonomic characters as follows: having black epandrium, elongate and 

membranous juxta, and slender and unforked juxtal arms [1, 2, 4, 10].  
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On the other hand, aedegal complex of S. (L.) teretirostris is more different from the others with having upturned 

juxtal margin, narrower harp and more elongated and downcurved tipped vesica [10]. But, the morphological 

and terminal structures of S. (L.) emdeni and L. (s. str.) bartaki are seen almost identical to each other with the 

exception of an apical hook on the juxta [1]. Actually, this detail could be seen in the digital image of the dorsal 

view of juxta (Figure 1G, H, p. 78). Although, it is not supported by the SEM photograph (Figure 1I, p. 78). 

Moreover, the juxtal plate of L. (s. str.) bartaki is seen clearly more sclerotized than usual (Figure 1D, F, G, H 

p.78) [1]. 

 

When the SEM images of S. (L.) emdeni are examined, some extra membranous folds are seen on apico-dorsal 

surface on juxta without any apical hook on juxtal plate (Figure 1D, E). 

 

The holotype or paratypes of L. (s. str.) bartaki are not examined in that study. Therefore, it is not decided that L. 

(s. str.) bartaki is new synonymy of S. (L.) emdeni. It is believed that further detailed comparative morphological 

and molecular studies would reveal the validity of this new species in the future.   
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Abstract 

Geomagnetic field can be used by different magnetoreception mechanisms, for 

navigation and orientation by honeybees. The present study analyzed the effects of 

magnetic field on honeybees. This study was carried out in 2017 at the Bayburt 

University Beekeeping Application Station. In this study, the effect of Electro 

Magnetic field (EMF) and electric field (EF) on the time of finding the source of 

food of honeybees and the time of staying there were determined. 

The honeybees’ behaviors were analyzed in the presence of external magnetic fields 

generated by Helmholtz coils equipment. The Electro Magnetic field values of the 

coils were fixed to 0 µT (90mV/m), 50 µT (118 mV/m), 100 µT (151 mV/m), 150 

µT (211 mV/m), 200 µT (264 mV/m). Petri dishes filled with sugar syrup were 

placed in the center of the coils. 

According to the study, honeybees visited at most U1 (mean =21.07± 17.89 bees) 

and at least U5 (mean =10.82± 11.77 bees). Honeybees waited for the longest time 

in U1 (mean =35.27±6.97 seconds) and at least in U5 (mean =12.28±5.58 seconds). 

According to the results obtained from this first study showed that honey bees are 

highly affected by electromagnetic radiation and electric field. 

1 INTRODUCTION  
 

Living things have been adapted to the magnetic field of the Earth they were exposed to as a result of millions of 

years of natural selection. Many organisms use the magnetic field of the earth in space and time orientation [1]. 

There is a scientific discipline called Magnetobiology which investigates the effects of magnetic fields on living 

things.  

 

Magnetobiology was formed by the unification of many scientific principles around biophysics. Magnetic fields 

are important ecological factors that can affect living things [2; 3]. Many studies have examined the possible 

effects of EMF and EF on animals. Magnetic fields and electric fields can have an impact on the daily activities, 

behaviors and spatial orientations of living things [4, 5, 6]. Honeybees are one of the most important organisms 

affected by the electromagnetic field. 

 

Honey bees are of great importance for humanity and nature for many reasons. Honeybees make a great 

contribution to nature by providing pollination of plants other than producing beekeeping products. Therefore, 

bees are important pollinators for both natural vegetation and for crops [7]. According to the studies conducted, 

the economic value of honey bees was about 153 billion euros in 2005 [8]. There are four species of honey bees 

well known in the world, Apis cerana L., Apis  dorsata F., Apis florea F and Apis mellifera L . The European 

honey bee (Apis mellifera L.) is one of the most effective pollinator insects [9, 10]. 

 

Honeybees carry honey, pollen, propolis, and water from the outside to their hives. Honey bees are talented insects 

who can find plants in the field and return to the hive again. Worker honey bees are rare social insects that collect 

foods from distances of up to 8-12 km and return to their hives without losing direction. 

 

The ability of the bees to feel the Electromagnetic field of the Earth is one of the most important factors that 

honeybees use in finding direction. Although it is thought that the most important factor that honey bees use in 
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finding direction is the sun; they can also use elements such as smell, polarized light, compass of the sky, signs 

around the hive, chemicals, acoustic instruments and magnetic field [11]. 

 

The state of the sky (cloudy sky or clear blue sky] and the time of day determine which of these elements will be 

used by honeybees. Today, the use of devices that produce the Electro Magnetic field such as mobile towers, 

mobile phones, Wi-Fi, Bluetooth, electric appliances and high voltage lines has increased considerably. 

The increase in these devices has led to debates that the ability of the honey bee to navigate has disappeared when 

the magnetic field causes negativity on Human and other living things. 

 

According to the results of the studies, it was found that humans [12, 13] rabbits, rats [14], bats [15, 16], birds 

[17,18, 19), frogs [20; 18], nematodes, Drosophila [21], plants [22; 23] and honey bees [24, 25, 26; 27]  have been 

reported to be influenced by electromagnetic fields (EMF). 

 

Pereira-Bomfim et al. [24] showed that the social wasp Polybia paulista is sensitive to modifications in the local 

geomagnetic field. This study, which was made with magnets and helmhols coils equipment, showed that the 

change of the magnetic field affects the flight activity of Polybia paulista (Ihering). 

 

Recently there have been reports of many factors affecting the development of honeybees, such as disease, natural 

enemies, pesticides and adverse climatic conditions [27]. 

 

The increase in losses in bee colonies all over the world has caused a phenomenon in which the number of bees in 

the hive decrease very rapidly, without showing the symptom of an illness. Scientists believe that these 

phenomena, called the Colony Collapse Disorder (CCD) [8], are caused by viruses, unscientific farm applications, 

monoculture, no hygienic farming conditions, sudden changes in the climate, pesticides, air pollution, and even 

GMO crops. 

 

At present, it is argued that the most important cause of CCD is electromagnetic pollution [28, 29, 30]. Due to 

increased electromagnetic pollution, it is suggested that the honey bees come out from the hive for honey, pollen, 

propolis or water collect but they do not return to the hive again. 

 

Honey bees have magnetite crystal structures in body fat cells. These magnetite structures are the active 

components of the magneto-reception system. Thanks to these structures, honey bees can feel even slight changes 

in the magnetic field lines of the earth. These delicate structures are affected by the slightest magnetic pollution to 

occur and cause the honey bees to lose their direction. The bee dances that honey bees use to communicate with 

each other are distorted [27] 

 

The electromagnetic field consists of electromagnetic waves. Electromagnetic waves consist of Electric Field and 

Magnetic Field components. These waves move at the speed of light. 

 

Electromagnetic fields are physical fields produced by an Electro Magnetic field source. Electromagnetic waves 

are found in the continuous wavelength / frequency spectrum. The shorter the wavelength, the higher the frequency 

[31]. 

 

The Electro Magnetic Field is measured as the magnetic flux density and the unit is Tesla (T). The frequency of 

the electric magnetic fields is expressed in Hertz (Hz) [32]. 

 

Electro Magnetic field measurements can be influenced by different factors such as strength and distance of the 

source, the physical environment of the sites, the frequency of the radiation and possible modulation, reflection or 

polarization [32]. 

 

According to many studies, it has been reported that radio frequency and electromagnetic radiation (EMR) produce 

many misleading biological effects that disrupt the functions of all biological systems and all organisms [33, 

34,35]. 

 

The electromagnetic field can affect the immune system, working behavior and physiology of honey bees and 

ultimately cause them to disappear [36]. According to Sharma and Kumar [26] a large amount of radiation also 

disturbs the bee's ability to navigate and prevents them from returning to their hives. Honey bees are like a 

bioindicator of electromagnetic radiation because brain anatomies and learning regions are well known for 

associative learning abilities [37]. According to Pattazhy [36], if the number of towers and mobile phones 

increases, honey bee may disappear within a decade. 
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According to the study, significant differences were found in returning to the hives of honey bees: 40 percent of 

the non- irradiated bees and 7.3 percent of the irradiated ones returned to their hives [38]. in this study it was aimed 

to detect the effect of electromagnetic field intensity on the honey bees and waiting time of the bees in the area of 

the experiment. 

 

2 MATERIAL AND METHOD 
 

The study was conducted on Caucasian honeybees (Apis mellifera caucasica). Caucasian bees are dark bees with 

gray hairs. They originated from the Caucasus mountains. 

 

These bees are fairly gentle and have a longer language than other honeybee subspecies. They winter well in cold 

climates and raise strong colonies in the spring. Honey and propolis production is more than other bee species and 

they are quite plundering but they are sensitive to Nosema apis and Nosema ceranae. 

 

This study was carried out in 2017 at the Bayburt University Beekeeping Application and Research Station (40º 

10ʹ 09ʺ N, 39º 50ʹ 53 26ʺ E). This Study was conducted in order to determine the effects of the electromagnetic 

field on honeybees time to locate food and their waiting time in the area. 

 

In order to identify the numbers of bees that came to the Petri dishes for feeding, the experimental setup was placed 

at a distance of 100 m from the 50 caucasian hybrid bee colonies in the bee yard. Helmholtz coil equipment were 

placed in the rear of the bee yard, with a distance of 1.5m between them. In order to prevent chaos between the 

beehives and to make it easier to work, the back part of bee yard was preferred (Figure 1.). 

 

 
Figure 1. Representation of the Helmholtz coil equipment. 

 

Helmholtz coil equipment was used to create electric and magnetic fields. Five Helmholtz bobbins and five 

different magnetic field levels were used in the study (Table: 1). The magnetic field strength produced by the 

Helmholtz coil equipment is adjusted by changing the voltage of the electricity applied to the coils. In this study, 

50 Hz AC electricity was used.  

 

The Electromagnetic Field generated by the Helmholtz coil equipment was measured in terms of μT with the help 

of a TES Magnetic Field Meter model 1393. A diagram of the experimental setup is shown in Figure 2. When the 

electromagnetic field is generated, the electric field also occurs at the same time. Both have an impact on living 

things. The strength of Electro Magnetic Radiation generated by Helmholts coils equipment is measured in terms 

of mV / m with the help of TES Electrosmog meter brand, model 593. 

 

Table 1. Application groups. 

Helmholtz coils 

equipment 

U1 U2  U3 U4 U5 

Magnetic Field Levels 

(Strength Electromagnetic 

Radiations) 

0 µT. 

90 mV/m 

50 µT. 

(118 mV/m) 

 100 µT. 

(151 mV/m) 

150 µT 

(211 mV/m) 

200 µT. 

(264 mV/m) 

 

Petri dishes containing 25 cc 1: 1 syrup was placed in the center of Helmholtz bobbins and the experimental setup 

was prepared. The study began in the second week of June. Count down of honey bees were made between 14-16 

o'clock. Because in the region where the study was conducted, the most intense nectar in this time range is carried. 

All of the helmotz coils equipment were energized at 14 o'clock at the same time and power was cut off at 16 

o'clock.  
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The honeybees from the Petri dish were observed one by one, the period of time spent on the Petri dish was 

determined and recorded as the waiting period. This process was repeated 3 times with 15 day intervals. I took 

care to make the honeybees count down on rainyless and windless days. The juxtaposition of the Helmholtz coils 

equipment was done every time by draw lots.  

 

The number of honeybees that came to feed in Petri dishes was detected, by counting with a minute interval. The 

counting process was continued until the syrup in the Petri dish was finished. All statistical analyses were 

performed using SPSS statistical software (IBM SPSS Statistics 22). 

 

3 RESULTS 
 

As a first observation at the beginning of the study, honeybees began to circulate around petri dishes, but they did 

not alight on in Petri dishes. The first honeybee alight on Petri dish U1 (control (0 μT, 90 mV/m) after 5 minutes, 

followed by U2 (50 μT, 118 mV/m), U3 (100 μT, 151 mV/m), U4 (150 μT, 211 mV/m), and U5 (200 μT, 264 

mV/m). The most visited, application was U1 (0 μT, 90mV/m) (mean 21.07±17.89 bees) and the least visited 

application was U5 (200 μT, 264 mV/m) (mean 10.82±11,77 bees) (Table 2). Honey bees have passed intensely 

on Petri dishes with a magnetic field at the top after finishing the feed in the Petri dish. As the magnetic field 

intensity increases, the demand for honey bees decreases and reluctance is seen (Table 1). Although the bees placed 

in the U1 (0 μT, 90 mV/m) Petri dish where no magnetic field was present stayed here for longer (mean 37.88 s) 

(Table 1), the bees placed in U5 (200 μT, 264 mV/m) Petri dishes with high magnetic field abandoned Petri dishes 

in much shorter time (mean 12.61 Sec). 

 

From the multiple comparison tests conducted, it was found that the application groups were located in different 

groups (Table 2). 

 

Table 2. Average values of the number of honeybees from Petri dishes and waiting periods in Petri dishes. 

Applications n The number of honey bees 

from Petri dishes 

±S  

n waiting periods 

(Sec.) 

±S  

Control (90mV/m) 29 21.07±17.89 a 75 35.27±6.97 a 

50 µT (118 mV/m) 46 14.00±17.58 b 75 24.81±4.98 b 

100 µT (151 mV/m) 57 13.51±13.34 b 75 21.00±4.52 c 

150 µT (211 mV/m) 51 12.47±10.35 c 75 18.73±4.35 d 

200 µT (264 mV/m) 98 10.82±11.77 d 75 12.28±5.58 e 

*Means in each column followed by different letter are significantly different (P<0.01) 

 

Analyzes of variance were made for bee numbers in Petri dishes (Table 3) and for the time they spent in Petri 

dishes of honey bees (Table 4). 

 

According to these results, while the highest number of bees and the waiting time were 0 μT magnetic fields 

applied Petri dishes, the number of bees that alight on and the duration of stay was the lowest of 200 μT magnetic 

fields applied Petri dish (Table 2). 

 

Table 3. Results of variance analysis on honey bee numbers in Petri dishes 

Variation Sources df Mean Square F Sig. 

Minutes 32 884.793 3539.171 .000 

Iteration 2 34.722 138.888 .007 

Applications 4 3485.440 13941.762 .000 

Minutes * Iteration 64 11.250 45.001 .022 

Minutes * Applications 70 167.961 671.843 .001 

Iteration * Applications 8 75.340 301.361 .003 

inutes * Iteration * Applications 98 10.838 43.350 .023 

Error 2 0.250   

 

Table 4. Results of analysis of variance applied to the period in which honey bees spend their Petri dishes. 

Variation Resources df Mean Square F Sig. 

Applications 4 5422.357 222.250 .000 

Iteration 2 3.523 .144 .866 

Iteration* Applications 8 7.959 .326 .956 

Error 360 24.398   
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Discussion 

 
Different studies from different regions of the world have reported the negative effect of EMF emitted from cell 

phone towers, high voltage wires and various electronic devices on honey bees with regard to strength, navigation, 

behavior, honey store, pollen store and brood area, etc. [25, 38, 26, 24]. 

 

However, some other researchers have reported that EMF has no effect on honey bees [39, 40]. According to a 

study conducted by Mall and Kumar, the bee colonies were not affected by EMF but reported that they could 

damage honey bees in the long term [41]. 

 

Studies on the effects of electromagnetic fields on honey bees have shown that initiation of foraging, cessation of 

foraging and number of incoming foragers are negatively affected [25, 42; 38; 26,  36, 43,29] the number of 

outgoing foragers [44, 26] the successful return of marked feeders [25, 38] On the contrary, a few researchers have 

argued that the EMF does not have a negative effect on honey bees [39, 40, 45]. 

 

Considering these studies, a study entitled "The Effect of Electromagnetic Field (EMF) on Nutritional Behavior 

of Honey Bees (Apis mellifera L.)" was conducted at Bayburt during 2017. 

 

The study on the number of incoming bees increased from U1 (control 0 μT, 90 mV/m, 10.82±11.77 bees) to 

U5(200 μT, 264 mV/m, 21.07±17.89 bees). It was observed that when the EMF or electric field intensity increases 

the number of bees that arrived in the Petri dishes and the waiting time of them decreases ( Table 2 ). 

 

That is, the EMF or electric field intensity increases, the number of bees from petri dishes and the waiting time of 

Petri dishes decreases. 
 

4 CONCLUSION 
 

The present results showed that honeybees are sensitive to the modification of EMF or electric field intensity. 

Recently, Valkova & Vacha [46] discussed the possibility of using honey bees for both magnetic nanoparticles 

and the magnetic field of the earth to detect the geomagnetic field. 

 

In conclusion, Honey bees have been observed for the first time under the influence of electric and electromagnetic 

fields. Firstly, honey bees have been added to the list of animals that have been studied on magnetoreception and 

electroreception. 

 

It can be deduced from our results that areas where the electromagnetic field is dense will be less visited by bees, 

resulting in the fact that plants and fruit trees in these regions will not be sufficiently pollinated. This will cause a 

decrease in the quality of fruits and other plant products. 

 

The development of technology increased by electromagnetic pollution will afect honey bees and crop production 

negatively. The apiaries should be installed away from high-voltage lines, base stations, industrial zones and 

residential areas in order to reduce the negative impact of the electromagnetic field or the electric field on honey 

bees.  
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Abstract 

Gümüşhane and its vicinity are located in the transition region of the Black Sea 

climate and the terrestrial climate and is home to many plant species. Determination 

of biogeochemical properties of plants is especially important in mineral exploration 

studies and phytoremediation / improvement of metal contaminated sites.  

Within the scope of the study, 56 aspen (populus tremula) leaves were collected in 

50- meter intervals with grid method in Gümüştuğ antimonite mineralization area 

and were dried in a natural environment in a shadowy place. Then the moisture was 

removed in the oven at 60 ° C for 6 hours. The samples were then powdered with 

steel mills and analyzed by the ICP-AES and ICP-MS method for the major trace 

elements. The results of the analysis were evaluated with different statistical 

methods. 

When examined in terms of the major elements; Ca concentration is between 2 and 

3%, Mg concentration is between 0.23% and 0.85%, Na value reaches up to 0.02%, 

K concentration is between 0.79% and 2.01%, Al content is 0.01% and 0.03, and S 

content ranged from 0.13% to 0.43%. When evaluated in terms of trace elements; it 

was determined that elements concentrations of the Mn, Sr, La, Ba, Ti, B and Se (in 

ppm) ranges from 127 to 339; 86,7 to 265,30; 0,1 to 1,21; 13,5 to 453,20; 6,0 to 12,0; 

14,0 to 82,0 and 0,1 to 0,60 respectively. In the study, it was found that antimony 

was below the detection limit except for a few sampling points. It is noteworthy that 

no antimony element was found in the poplar in the antimonite mineralization area. 

In addition, Bi, U, Th, As elements were found to be below detection limit at most 

sampling points, and values close to detection limit at other points were also 

noteworthy. 

1 INTRODUCTION  
 

Plants and trees have different element accumulation capacities. some plants have the capacity to accumulate some 

elements more, while some plants have the capacity to accumulate other elements more. It is important to 

determine which plants accumulate which elements more. In this way, the elements to which the plants are 

sensitive will be determined and these properties of plants can be utilized in mineral exploration. In this way, the 

elements to which the plants are sensitive will be determined and these properties of plants can be utilized in 

mineral exploration. Another issue today is metal pollution that occurs in soils due to lithological reasons. 

Therefore, plants with a high accumulation capacity of these elements can also be used in remediation of those 

areas. Because, the management of metal-polluted soils is now of major concern for most countries, studies on the 

determination of biogeochemical properties of plants are increasing day by day [1]–[4]. Phytoextraction 

technology is defined as the use of plants to remove metals from soils into the harvestable part of their biomass 

[5]. Aspen (Populus tremula) is a common species with a wide distribution in boreal and temperate ecosystems in 

Eurasia. It also extends to northern Asia and Japan in the east, and the latitudinal range extends from northern part 

of Norway through all of Europe to northern Africa. Aspen is a tree widely grown in many regions of Turkey. In 

this study, major and trace elements accumulation capacity of Populus Tremula tree was investigated. The findings 

can be used both in mineral exploration and in the improvement of soil contaminated by metals. 
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2 MATERIAL AND METHOD 
 

2.1 Geographic features of the area and sampling procedure 
 

The study area is the area where antimonite mineralization is found near the village of Gümüştuğ in Torul district. 

The area is located 55 km soutwest of the city of Gümüshane in northern Turkey (Fig. 1). This area is located at a 

rugged topography and its elevation ranges between 2000 and 2750 m (a.s.l). The climate of the region is inland 

climate with mild/hot and dry summers and cold and snowy winters. The hottest and coldest months are August 

and January respectively.  

 

The area where the aspen leaves are collected is an area where antimony mineralization develops and there is a 

well-developed soil cover on the mineralization.  

 

 
Figure 1. Map of study area and sampling location. 

 

Aspen leaves (56 samples) were collected in 50- meter intervals with grid method in September-October 2018.  

Samples were carefully washed three times with deionised water in order to eliminate putative metallic surface 

contamination and then were dried in a natural environment in a shadowy place. Maximum effort was made to 

avoid environmental pollution etc.Then the moisture was removed in the oven at 60 ° C for 6 hours. The samples 

were then powdered with steel mills and analyzed by the ICP-AES and ICP-MS method for the major trace 

elements at the ACME Analytical Laboratory (Canada).  

 

2.2 Statistical Analysis 

 

Descriptive statistical parameters of element contents in plant were calculated. The normal distribution of the 

elements was tested by various methods such as histogram, boxplots, Kolmogrow-Smirnov and Shapiro-Wilk Test. 

The degree of linear or nonlinear relationship between metal concentrations in leaves were calculated using the 

Pearson correlation coefficient and/or Spearman correlation coeffincent (depending on whether the elements show 

normal distribution) using the SPSS statistical package v.19.  

 

3 RESULTS 
 

Descriptive statistics parameters of the elements are given in the Table 1 and Fig. 2. Major elements concentrations 

of Ca, Mg, Na, K, Al, P and S (in %) range from 2 to 3; 0,23 to 0,8; up to 0,02; 0,79 to 2,01; 0,01 to 0,03; 0,15 to 

0,30 and 0,1 to 0,43 respectively. When evaluated in terms of trace elements; it was determined that elements 

concentrations of the Mn, Sr, La, Ba, Ti, B and Se (in ppm) ranges from 127 to 339; 86,7 to 265,30; 0,1 to 1,21; 

13,5 to 453,20; 6,0 to 12,0; 14,0 to 82,0 and 0,1 to 0,60 respectively.  

 

Element concentrations in the plant, taking into account the maximum, minimum and average values are as 

follows: Ca>K>Mg>S>P>Ba>Al>Na>B>Ti>La>Se (Table 1, Fig.2).  

Roads 

Locations 

Sampling locations 

Sb mineralization 

Sb mineralization 

Sampling area 

Black Sea 

Mediterranean 
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The normal distribution of the elements was tested by histogram, boxplots, Kolmogorov-Smirnov and Shapiro-

Wilk Test (Table 2, Fig.3). When these data were evaluated together, it was found that K, S, Fe, P, Mn, Sr elements 

showed normal / near normal distribution and the others did not show normal distribution. Thus, the mean element 

contents in the leaves can be used as arithmetic mean for normal distributed elements and geometric mean / median 

/ harmonic mean values for others (Table 3). 

 

Table 1. Descriptive statistics of element concentrations from mineralizations area Ca, Mg, K, Na, Al, S, P in 

%, others in ppm.  
  N Minimum Maximum Mean Std. Deviation 

Mn 56 127,000 339,000 200,000 37,989 

Fe 56 0,024 0,047 0,034 0,005 

Sr 56 86,700 265,300 139,080 35,655 

Cd 56 0,510 4,310 0,975 0,649 

Ca 56 2,000 3,900 2,584 0,412 

P 56 0,148 0,299 0,220 0,038 

La 56 0,100 1,210 0,309 0,230 

Mg 56 0,231 0,846 0,391 0,120 

Ba 56 13,500 453,200 57,954 85,154 

Ti 56 6,000 12,000 8,018 1,471 

B 56 14,000 82,000 35,696 14,831 

Al 52 0,010 0,030 0,013 0,005 

Na 56 0,001 0,023 0,004 0,003 

K 56 0,790 2,010 1,311 0,322 

S 56 0,130 0,430 0,285 0,066 

Se 56 0,100 0,600 0,316 0,112 

 

 
Figure 2. Bar diagram of elements of populus tremula (all elements in ppm).  

 

Table 2. The tests of normality of elements in populus tremula 

 

Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Ca_ppm ,221 56 ,000 ,831 56 ,000 

Mg_ppm ,126 56 ,027 ,894 56 ,000 

Al_ppm ,449 52 ,000 ,587 52 ,000 

Na_ppm ,272 56 ,000 ,578 56 ,000 

K_ppm ,075 56 ,200* ,967 56 ,134 

S_ppm ,084 56 ,200* ,981 56 ,508 

Fe_ppm ,101 56 ,200* ,973 56 ,248 

P_ppm ,084 56 ,200* ,974 56 ,268 

Mn ,085 56 ,200* ,955 56 ,034 

Sr ,087 56 ,200* ,909 56 ,000 

La ,247 56 ,000 ,755 56 ,000 

Ba ,367 56 ,000 ,474 56 ,000 

Ti ,219 56 ,000 ,909 56 ,000 

B ,117 56 ,055 ,916 56 ,001 

Se ,188 56 ,000 ,896 56 ,000 
*. This is a lower bound of the true significance. 

a. Lilliefors Significance Correction 
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Figure 3. Histogram and boxplots of element concentrations in Populus Tremula 
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Figure 3. (continuous) 

C
o

n
ce

n
tr

a
ti

o
n

s 
(p

p
m

) 
C

o
n

ce
n

tr
a

ti
o
n

s 
(p

p
m

) 
C

o
n

ce
n

tr
a

ti
o

n
s 

(p
p

m
) 

C
o
n

ce
n

tr
a

ti
o
n

s 
(p

p
m

) 
C

o
n

ce
n

tr
a

ti
o
n

s 
(p

p
m

) 

900



Investigation of Major and Trace Element Contents of Aspen Trees (Populus Tremula) ICADET ‘19 

 

 

 

 

 

 
Figure 3. (continuous) 

 

When the relations between the elements are examined by taking into account the Pearson and Spearman 

correlation coefficients, it was determined that positive correlation between Ca and Sr, La, Ba elements; positive 

correlation between Mg and S, P, La, Ba; positive correlation between Al and Na and Ti; positive correlation 

between S and Mg, Na, P, and B; positive correlation between Sr and Ca, Mn, La and negative correlation between 

Sr and K; positive correlation between La and Sr, Ba, positive correlation between Ba and Ca, Mg, Na; positive 

correlation between Ti and Al, P, Ba; A positive correlation between B and S, P, Ba (Table 4).  
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Table 3. Mean, median, harmonic mean and geometric mean of element concentrations in leaves of Populus 

Tremula 
  Mean Median Harmonic Mean Geometric Mean 

Ca (ppm) 25839,286 25000,000 25307,188 25556,775 

Mg (ppm) 3905,357 3775,000 3609,465 3748,574 

Al (ppm) 128,846 100,000 115,985 121,460 

Na (ppm) 41,964 35,000 30,498 35,036 

K (ppm) 13108,929 13300,000 12317,717 12713,543 

S (ppm) 2851,786 2800,000 2674,671 2768,866 

Fe (ppm) 344,286 340,000 337,548 340,938 

P (ppm) 2197,679 2195,000 2132,882 2165,268 

Mn (ppm) 200,000 198,500 193,361 196,626 

Sr (ppm) 139,080 137,350 131,203 134,998 

La (ppm) 0,309 0,230 0,218 0,254 

Ba (ppm) 57,954 30,500 30,729 37,385 

Ti (ppm) 8,018 8,000 7,770 7,891 

B (ppm)  35,696 33,000 30,575 33,004 

Se (ppm) 0,316 0,300 0,277 0,297 

 
Table 4. Pearson and Spearman correlation coefficients of element in leaves of Populus Tremula. 

  Ca Mg Al_ Na K S P Mn Sr La Ba Ti B Se 

Ca 1,00 ,550** 0,16 0,21 -0,08 ,346** ,265* 0,23 ,727** ,472** ,580** ,352** ,319* ,340* 

Mg ,535** 1,00 0,11 ,448** 0,09 ,589** ,515** -0,24 0,16 ,478** ,575** ,323* ,465** ,378** 

Al 0,23 -0,02 1,00 ,450** -0,12 0,26 ,302* 0,00 0,20 0,21 ,314* ,652** 0,10 0,14 

Na ,325* ,676** ,343* 1,00 0,03 ,361** ,385** -0,25 0,07 ,415** ,512** ,397** ,315* 0,07 

K_ -0,15 ,279* -0,16 ,429** 1,00 ,341* ,393** -,437** -,422** -,440** -0,21 -0,19 0,06 0,00 

S ,345** ,644** 0,15 ,538** ,399** 1,00 ,690** -0,21 -0,16 0,15 ,411** ,398** ,588** ,287* 

P 0,19 ,517** ,295* ,526** ,397** ,664** 1,00 -,291* -0,16 0,04 ,364** ,528** ,599** 0,11 

Mn 0,20 -,325* -0,02 -,477** -,475** -0,25 -,336* 1,00 ,443** 0,20 -0,12 0,10 -0,03 -0,03 

Sr ,603** -0,04 ,306* -0,15 -,549** -,289* -0,19 ,481** 1,00 ,477** ,438** ,294* -0,04 0,15 

La ,422** 0,06 ,312* -0,04 -,538** -0,10 -,268* ,376** ,637** 1,00 ,692** ,359** 0,26 ,317* 

Ba ,597** ,450** ,365** ,495** 0,01 ,313* ,368** -0,03 ,400** 0,23 1,00 ,410** ,427** ,286* 

Ti ,315* 0,13 ,618** 0,19 -0,20 ,324* ,509** 0,11 ,326* ,310* ,456** 1,00 ,367** ,273* 

B ,370** ,397** 0,13 ,280* 0,14 ,559** ,579** -0,05 -0,02 -0,14 ,532** ,360** 1,00 0,21 

Se 0,26 ,306* 0,15 0,11 -0,01 ,318* 0,13 0,00 0,00 0,25 ,264* ,290* 0,25 1,00 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed) 

 

4 CONCLUSION 
 

Element contents of leaves of aspen tree grown on antimonite mineralization area were determined. It was observed 

that the elements in the leaf were ordered as Ca> K> Mg> S> P> Ba> Al> Na> B> Ti> La> Se. According to 

normality test, histogram and boxplot diagrams, it was found that K, S, Fe, P, Mn, Sr elements showed normal / 

near normal distribution and the others show non-normal distribution. Thus, the average element concentrations 

in the leaves calculated as arithmetic mean for normal distributed elements and geometric mean / median / 

harmonic mean values for others. So average of K, S, Fe, P, Mn and Sr are calculated as 13109; 2852; 344,28; 

21978 ppm respectively. Average concentrations of Ca, Mg, Al, Na, La, Ba, Ti, B, Se are calculated as 25000; 

3775; 100; 35,00; 0,23; 30,50; 8,0; 33,00; 0,3 ppm respectively. When the relations between the elements are 

examined; positive correlation between Ca and Sr, La, Ba elements; positive correlation between Mg and S, P, La, 

Ba; positive correlation between Al and Na and Ti; positive correlation between S and Mg, Na, P, and B; positive 

correlation between Sr and Ca, Mn, La and negative correlation between Sr and K; positive correlation between 

La and Sr, Ba, positive correlation between Ba and Ca, Mg, Na; positive correlation between Ti and Al, P, Ba; A 

positive correlation between B and S, P, Ba are observed. 
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Abstract 
Routing with QoS guarantees is one of most vital function of computer networks 
because it can influence many facets of societies spanning over economy, education, 
military, healthcare, and so on. Although there have been many attempts to provide 
a robust and agile routing mechanisms along with QoS mechanisms, they could not 
be successful due to various reasons, such as scalability, complexity, security, and so 
on. Blockchain is an emerging technology promising many benefits in various 
industries. To this end, we describe the blockchain-based QoS-enabled inter-AS 
routing framework in this study. We propose use of smart contracts among networks 
before they setup an end-to-end QoS-aware path for service requests. We give a 
conceptual model for QoS-enabled routing function in SDN networks. The proposed 
scheme is an outlook to demonstrate that blockchain can also be used for QoS-based 
routing among networks in the Internet. Also, we introduce a short overview of SDN 
and blockchain technologies to make the paper self-contained and provide the readers 
with ease of reading. 

1 INTRODUCTION  
 
The Internet has become an indispensable means for all facets of societies and spans over enormous different areas 
such as economy, education, military, and so on since its invention. It manipulates almost every moment of our 
lives. Routing can be assumed as the heart of Internet. It is the most vital function used by the computer networks. 
Networks, regardless of their types such as cable networks, wireless networks, satellite network, telephone 
networks etc., depend on agile, fast, robust, secure, and scalable routing models.  Internet and routing have been 
designed for sending simple and small amount of data without any service quality assurance at the beginning. 
However, with the growth of the Internet, there are vast amount of different network applications, such as cloud 
computing, video-on-demand, VoIP, online gaming, etc., requiring different level and type of service quality for 
their data flows that need to be delivered in the Internet. These applications generate their own characteristic data 
flows requiring different treatments regarding Quality of Service (QoS) because they are sensitive specific QoS 
parameters such as high bandwidth, low delay, and so on. On the other hand, end user profiles and needs have also 
showed variety in parallel to diversity of emerging applications. Network customers/users desire more QoS for the 
applications that they are paying to enhance their Quality of Experience (QoE). Today's de facto delivery model, 
best-effort, in the Internet is not capable of serving to all of the aforementioned services. Therefore, today, routing 
user traffic is not sufficient for networks to retain their customers. They also need to provide QoS-enabled routing 
to sustain their business in the future.  
 
Recently, Software Defined Networking (SDN) [1] has emerged as a new way to architect networks by providing 
network programmability through exposing network APIs. It brings the idea of separation of data plane and 
forwarding plane along with a controller to acquire the global view of the network. Network managers become 
more capable of efficient manipulating of network resources. SDN makes management of the network easy for 
network operators/administrators by providing flexible programmability resulted from decoupled forwarding and 
data planes. Network managers can easily manage their network resources by dynamic, automated and easy-to-
handle applications. Since the SDN is logically centralized, controllers have a global visibility of the whole 
network unlike conventional networking. Hence, they can dynamically optimize flow-management and resources. 
Furthermore, per-flow or application-level QoS provisioning becomes easier and feasible for network 
administrators. For these reasons, SDN is drawing attention of companies, universities, data centers, and service 
providers to be deployed in their networks [2]. 
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In this study, we describe the blockchain-based QoS-enabled inter-AS routing framework. We propose use of 
smart contracts among networks before they setup an end-to-end QoS-aware path for service requests. We give a 
conceptual model for QoS-enabled routing function in SDN networks. The proposed scheme is an outlook to 
demonstrate that blockchain can also be used for QoS-based routing among networks in the Internet. Also, we 
introduce a short overview of SDN and blockchain technologies to make the paper self-contained and provide the 
readers with ease of reading. 
 
In the rest of the paper, Section 2 gives a quick snapshot of papers that study blockchain-based routing 
frameworks. While we give a short outline of SDN in Section 3, Section 4 presents blockchain technology 
along with a short history, blockchain structure, smart contracts, and application areas. After we describe the 
blockchain-based QoS-enabled inter-AS routing framework in Section 5, we summarize the paper with concluding 
remarks in Section 6. 
 
2 RELATED WORK 
 
There are many studies presenting application and/or use cases of blockchain technology in the literature. 
Blockchain is exploited in various industries spanning over banking systems, IoT, agriculture, supply chains, 
energy market, healthcare, and so on. However, routing as a use case of blockchain technology is not well-studied 
– except couple of proof-of-concept attempts – while there is no blockchain-based QoS-enabled inter-AS routing 
proposal in the literature yet.  
 
Service orchestration can benefit from blockchain technology while considering routing procedure dynamics. In 
[3], the authors propose novel blockchain-aided orchestration and routing framework for content delivery networks 
to avoid dramatically increased loads, which results from evenly overloaded client requests. The study aims to 
provide overlay orchestration with blockchain. The authors of [4] present a framework, RouteChain, that is a 
blockchain-based secure BGP routing system that counters BGP hijacking and maintains a consistent view of the 
Internet routing paths. They treat a BGP announcement as a transaction to be exchanged among peers (ASes). 
They use a Proof-of-Authority (PoA)-based consensus protocol called Clique to create consensus among ASes, 
and securely lock the routing information in a mutually shared ledger. The premise of their work relies upon a 
consensus agreement among ASes, prior to the launching of an attack. The study in [5] presents the closest work 
to our proposal in this work. They introduce a decentralized blockchain-based contractual routing (BCR) protocol. 
The BCR protocol enables IoT devices from diverse vendors to trust one another and cooperate during data 
communication. Using this approach, the devices in a delay-tolerant IoT network can find routes to a gateway or 
destination device in a decentralized manner. However, our proposal differs from their work in the way that we 
reckon with the QoS while establishing an end-to-end route for service requests. In addition, we consider SDN 
networks instead of IoT networks. 
                  
3 SDN OVERVIEW 
 
Software Defined Networking (SDN) aims to decouple the control plane and data plane. This separation provides 
network operators/administrators with efficient use of network resources and eases provisioning of resources. 
SDN brings ease of programmability in changing the characteristics of whole networks. This simplifies the 
management of the network, since it is decoupled from the data plane. Therefore, network operators can easily 
and quickly manage, configure, and optimize network resources with dynamic, automated and proprietary-free 
programs in SDN architecture. Google’s data center WAN, B4 [ 6 ] , is one of the examples for SDN adopted 
in a large-scale network with the aforementioned purposes. In addition, since the network is logically centralized 
in SDN, controllers have a global visibility of the whole network unlike conventional networking. Hence, they 
can dynamically optimize flow-management and resources. OpenFlow protocol [1 ]  is the most prevalent 
standard C-DPI (Controller-Data Plane Interface) used for communication between controller(s) and data plane 
devices. It enables an SDN controller to manage the network elements. 
 
3.1 An Outline of SDN 
 
SDN architecture enables network operators to treat flows in a finer-granular way compared to the traditional 
networks by means of controllers. In a traditional network, flows (or packets) are mainly treated based on a 
single or a few attribute combinations of packet headers, such as longest destination IP prefixes, destination MAC 
addresses, or a combination of IP addresses and TCP/UDP port numbers, etc. SDN allows managing flows in a 
finer-granular way based on more attributes of packet headers by means of a Controller-Data Plane Interface (C-
DPI) such as OpenFlow protocol.  
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As shown in Fig. 1, Open Networking Foundation (ONF)1 vertically splits SDN architecture into three main planes: 
 

 
Figure 1. An overview of an SDN Control Plane. Main components in a control plane of an SDN network are a 

controller(s) and interfaces (e.g. A-CPI, C-DPI, and I-CPI). 
 
Data Plane: The data plane is the bottom plane and consists of network devices such as routers, physical/virtual 
switches, access points, etc. These devices are accessible and managed through C-DPIs by SDN controller(s). The 
net-work elements and controller(s) may communicate through secure connections such as the TLS connection. 
OpenFlow protocol is the most prevalent standard C-DPI used for communication between the controller(s) and data 
plane devices. 
 
Control P lane: An SDN control plane comprises a set of software-based SDN controller(s) to provide control 
functionality in order to supervise the network forwarding behaviour through C-DPI. It has interfaces to enable 
communication among controllers in a control plane (Intermediate-Controller Plane Interface, i.e. I-CPI [7], 
optionally secured using the TLS), between controllers and network devices (C-DPI), and also between controllers 
and applications (Application-Controller Plane Interface, i.e. A-CPI). An A-CPI2 renders possible the communication 
between network applications/services and controller(s) for network security, management, etc. A controller consists 
of two main components: Functional components and control logic. Controllers include more than one functional 
components such as Coordinator, Virtualizer, etc. to manage controller behaviours. Furthermore, SDN control logic 
in a controller maps networking requirements of applications into instructions for network element resources. 
 
Fig. 2 illustrates the popular control plane models used in SDN technology [8]: CCP, DCP and HCP. These models 
have their own intrinsic advantages and disadvantages with respect to the different concepts such as control plane 
scalability, resiliency, better manageability and so on. 
 

 
(a) Centralized (Single) Controller 
Design (CCP) 

(b) Distributed (Flat) Controller 
Design (DCP) 

(c) Hierarchical Controller Design 
(HCP) 

Figure 2. An overview of popular SDN control plane models. The two-sided solid, dashed, and dashed-dotted 
arrows represent two-way data path among network devices, control path between controller and data plane 

devices, and controller-to-controller path among controllers, respectively. In (a) (CCP), there is one main 
controller with global network state. In (b) (DCP), every controller is responsible for different sites/parts of the 
network(s) with partially shared network view. In (c) (HCP), there are levels where controllers reside and are 

responsible for different sites (sub-domains) and a master controller on top with global network view for global 
applications like routing. 

 
 Centralized (Single) Controller Plane Model (CCP). This type of settings revolves around a single central 

controller with a global network view. The model is simple and it is easy to manage the network. This 
                                                           
1 https://www.opennetworking.org/ 
2 An A-CPI is mostly called “Northbound Interface” by the SDN community. 
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design may meet the needs of small to mid-size networks. However, it is not efficient to handle the burden 
of environments such as data centers and large-scale networks due to a number of events/requests that 
the controller must handle. Therefore, a single controller design is considered less scalable compared to 
a distributed (flat) controller, hierarchical controller. 

 Distributed Controller Plane Model (DCP). As using distributed controllers brings advantages such as 
load distribution and avoiding centralized (single) controller failure, it also brings some challenges such 
as overhead from controller communication, latency due to state synchronization, and (policy/state) 
consistency among controller instances, which are being addressed by researchers. This model consists 
of distributed controllers associated with switches. Each controller manages a sub-network/domain of the 
whole network and has its own local network view, which is, in turn, abstracted as a logical node to its 
neighbouring controllers. These controllers communicate with each other (i.e. connected neighbours) 
when they receive a packet destined out of its domain in order to set up an end-to-end path. 

 Hierarchical Controller Plane Model (HCP). An HCP design consists of two layers minimum: The 
lower-layer, consisting of local domain controllers, and the upper-layer where another controller, usually 
called “master”, resides. The domain controllers manage their own domains with full control and are not 
connected to each other but the master controller. However, a local controller does not maintain a global 
view of the whole network. Instead, the master controller has a full global view of the entire network by 
abstracting all domains as logical nodes. Therefore, this design is different from the distributed (flat) 
design regarding network views of the controllers. In hierarchical models, local controllers handle the 
frequent events, such as statistics collection, of local applications. Master controller deals with the events 
requiring global network view of non-local applications, such as inter-domain routing, as opposed to local 
controllers. 

 
Application Plane: An SDN application plane consists of one or more end-user applications (security, 
visualization, etc.)  that interact with a controller(s) to utilize an abstract view of the network for their internal 
decision making process. These applications communicate with a controller(s) via an open A-CPI (e.g. REST 
API). An SDN application comprises an SDN App Logic and A-CPI Driver.  
 
4 BLOCKCHAIN TEECHNOLOGY OVERVIEW 
 
Although Blockchain technology was recognized and spread in 2008 by an article by Satoshi Nakamoto [9], 
described as an anonymous person or group, the fundamentals behind the technology are based on the results of 
previous research. 
 
4.1 History of Blockchain Technology 
 
In an article titled "New Directions in Cryptography", published in 1976, asymmetric encryption technology was 
proposed to replace symmetric encryption by introducing the terms private key and public key instead of a single 
encryption key for use in mutually distributed records [10]. The basic idea in the emergence of blockchain 
technology is the "Byzantine Generals Problem" described in an article written in 1982 [11]. The problem explored 
logical dilemmas such as making decisions without a central authority, healthy communication of all participants 
in the system, and preventing malicious participants from influencing the system. In 1991, Haber and Stornetta 
published an article [12] on the concepts of time stamp, digital signature and cryptographic interconnection of data 
blocks used in Blockchain technology. Although the article actually focuses on time stamp servers, it also suggests 
a model for the participants of the system to reach a consensus. The article published by Leslie Lamport in 1998 
[13] describes a detailed algorithm to conduct reconciliation and decision-making procedures among systems 
participants. The article also discusses the use of distributed registries and consensus mechanisms. In addition to 
all these studies, Satoshi Nakamoto published the "Bitcoin: Peer-to-Peer Electronic Cash System" article in 2008, 
which brings together the concepts of cryptographic electronic money and payment systems mentioned in the 
article titled "Blind signatures for untraceable payments" [14] and published in 1983. The article presents the first 
cryptographic currency, Bitcoin, and the underlying blockchain concept. 
 
4.2 Outline of Blockchain Structure 
 
Although peer-to-peer networks perform cryptographic algorithms and the storage of distributed data, it was not 
possible that data can be stored without corruption and alteration in peer-to-peer networks with lack of a central 
authority prior to the discovery of the blockchain [15]. The biggest innovation of the blockchain is that the 
participants do not need to know or trust each other to interact and perform transactions on a public computer 
network. In blockchain technology, electronic transactions are performed automatically by the participants in the 
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network without human intervention by means of encryption algorithms without the need for a central authority 
[16]. 
 
Blockchain technology is a democratic system in which all participants working and participating in a network 
can follow the processes without a centralized authority. In another aspect, the system is a distributed database 
that records all transactions performed. Thanks to its decentralized structure, all operations performed without a 
centralized agent are executed with specific protocols and trust mechanisms. Each process called transaction in 
the blockchain is written into the blocks and added to the chain in order to create the general blockchain structure. 

         
Fig. 3 presents the structure of a block in a 
blockchain. The structure of a block consists 
essentially of a block header and a block body 
containing the list and number of transactions 
within the block. The block header contains 
various fields, such as the version or 
identification number, the encrypted value of the 
transactions in the Merkle tree structure, a 
timestamp, a difficulty variable, a varying 
variable in each calculation, and the hashed 
value of the previous/parent block. Users on the 

network have a private key and a public key to perform transactions. Authentication of users' access within the 
network is provided by private keys. 
 

 
Figure 4. Overview of Blockchain Structure 

Fig. 4 presents the structure of a blockchain. Each user checks the transactions published on the blockchain and 
does not accept blocks that contain invalid transactions. The hashed value of the previous block is also checked. 
In this way, all blocks created up to the first block called Genesis block are verified. None of the participants in 
the system can modify previous blocks by manipulating the data in their network. This makes the blockchain a 
tamper-proof structure. All nodes on the network must agree to add a new block to the blockchain. The Proof-of-
Work (PoW) is the most well-known consensus mechanism used for reconciliation. PoW represents the power of 
mathematical processing required to add a block to the chain and includes activities called mining. Proof-of-Stake, 
which is another consensus mechanism, does not have mining activities and the block publishing process is 
determined according to the share ratio of the participant in the network [17]. 
 
4.3 Smart Contracts 
 
The term "Smart Contract" was first defined by Nick Szabo in 1994 [18]. The smart contract was defined by Szabo 
as "a computerized transaction protocol that fulfils the terms of the contract". Smart contract has been proposed to 
meet the terms of the contract to eliminate agents and to minimize malicious transactions. In other words, smart 
contract is a computer program that can include references to legal contracts and can decide business processes 
when common conditions are met [19]. 
 

 
Figure 5. Workflow of a smart contract in blockchain 

Figure 3. Structure of a block in a blockchain
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Fig. 5 presents the workflow of a smart contract in blockchain. When a smart contract is working on a blockchain, 
it basically involves the following stages: (i) creation of the contract, (ii) triggering of the contract when the 
contract conditions are met, (iii) transfer of contractual obligations to the contracting parties, (iv) settlement of the 
contract, and finally (v) transfer of these transactions onto a blockchain. A contract can be run by calling on one 
of its functions, where each function is defined by a sequence of instructions. The smart contract maintains an 
internal state and can receive/transfer blockchain tokens from/to users or other smart contracts. Users send 
transactions to the blockchain network to invoke functions. Each transaction may contain input parameters for the 
contract and an associated token amount which is transferred from the user to the smart contract. 
 
4.4 Use Cases of Blockchain Technology 
 
Blockchain technology was originally designed to reduce the role of regulatory and supervisory agencies in 
payment systems currently in use. However, attempts to create digital currencies by governments, the creation of 
decentralized markets, and the pursuit of market products have come to the fore. 
 
The application areas of the blockchain can be roughly divided into financial and non-financial fields. Clearing 
transactions and value transfers are the dominant applications in financial fields while non-finance is used in 
validation, observation, follow-up and verification are the prevalent applications of the blockchain in the non-
financial fields [20]. 
 
Although blockchain technology is still a developing technology, it is rapidly finding application areas. Although 
its development is slow due to the lack of knowledge and trained personnel – like every new technology – it will 
develop rapidly in the next decade and find many applications. 
 
5 QoS-ENABLED INTER-AS ROUTING USING BLOCKCHAIN 
 
In this section, we describe the blockchain-based QoS-enabled inter-AS routing framework that we propose in this 
paper. We propose use of smart contracts among networks before they setup an end-to-end QoS-aware path for 
service requests. We give a conceptual model for QoS-enabled routing function in SDN networks. The proposed 
scheme is an outlook to demonstrate that blockchain can also be used for QoS-based routing among networks in 
the Internet. 
 

 
Figure 6. A representation of the distributed network with multi-ASes. Every network has its own controller. 
 
Fig. 6 represent a distributed network architecture consisting of independent domains/ISPs/Ases (Autonomous 
system) which are also SDN domains with their own local controllers. Every AS domain controller advertises their 
reachable addresses information (i.e. IP prefixes) (a method for this advertisement is out of this paper’s scope) to 
the networks so that when a request comes to a controller, it will be able to determine the destination AS. Every 
controller will advertise its border switches (entering or exiting points) to the other controllers with neighbour 
connectivity information (through which border switch) as well as inter-connecting links so that the other 
controllers will know which AS is connected to which AS by which border node. Every AS, thereby every router 
inside an AS, can be a source AS or destination AS for a service connection request. We assume that there is also 
a blockchain network among the network controllers with a consensus mechanism. We also assume that the 
network controllers are able to manage monetary tokens to be used in exchange for service provisioning and agree 
on the monetary value of a token. One of the ways for a controller to acquire tokens is by direct deposit from its 
owner into its blockchain address. The tokens can also be acquired from smart contracts. When a controller 
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provides services, such as routing services for other networks, the tokens assigned to a smart contract can be 
transferred from the smart contract address to the controller address on the blockchain. 
 
5.1 The System Model 
 
In the proposed routing model, when a new service request comes to a network device and there is no rule available 
for the packets in flow table of the switch, it is forwarded to the controller. Controller analyses the packet header 
and checks the destination of the packet and requested QoS values of the request. If the destination is from its 
domain, it handles the routing procedure locally based on its routing table. If not, the controller creates a smart 
contract to request a QoS-based route to a destination for a specific period instead of creating route request control 
messages. Each smart contract created by a network controller has a separate address within the blockchain that is 
generated by the controller when placing a smart contract in a block. When a source network controller needs to 
reach destination, it creates a smart contract within the blockchain and sends the smart contract address to its 
neighbours. The source controller transfers some of its own blockchain tokens as a bond to a smart contract address 
to create a smart contract. The possibility of earning tokens encourages intermediary controllers to respond to the 
route request. Each neighbouring controller, which has a valid route entry to the destination network and would 
like to participate in relaying data packets, will then ask to its own neighbouring controllers using smart contracts 
if they can provide the route the destination with the requested QoS values.  
 
Algorithm 1: Blockchain-based Inter-AS QoS Routing 
Input: A route w/ QoS request 
Output: A QoS-enabled route setup 

1: Route request w/ QoS values comes to source network device; 
2: IF There is a rule for the flow of route request THEN 
3:    Source network device handles according to the rule; 
4: ELSE  
5:    Source network device forwards to the first flow to the network controller 
6: END IF 
 
7: IF Destination = current domain AND Requested QoS can be provided THEN 
8:    Controller calculates the path and install the rules in network devices; 
9: ELSE IF Destination = current domain AND Requested QoS cannot be provided  
10:    Controller rejects the route OR act as Best Effort Service; 
11: ELSE IF Destination ≠ current domain AND Requested QoS cannot be provided  
12:    Controller rejects the route OR act as Best Effort Service; 
13: ELSE 
14:     REPEAT 
15:          IF Current controller can provide the QoS THEN 
16:             Controller creates a smart contract  
17:             Controller sends the smart contract to neighbour controllers; 
18:          ELSE 
19:          Route request/smart contract is rejected; 
20:          END IF 
21:     UNTIL  
22:          Smart contract reaches the destination controller;  
23:     IF The destination controller can provide the QoS THEN 
24:        The QoS-enabled route is set up; 
25:     END IF 
26: END IF 
 
This procedure will continue until the final destination network controller. If all network controllers accept the 
smart contract conditions, then the route with QoS values can be established from the source network to the 
destination network. The intermediary controller offers its services (i.e., routes) to the previous controller by 
calling on a function within the smart contract and transferring some of its own tokens to the next controller’s 
smart contract address. The pseudo code given in Algorithm 1 presents the general idea of the route establishment 
procedure explained before. 
 
6 CONCLUSION 
 
In this study, we have described the blockchain-based QoS-enabled inter-AS routing framework. We have 
proposed use of smart contracts among networks before they setup an end-to-end QoS-aware path for service 
requests. We have given a conceptual model for QoS-enabled routing function in SDN networks. The proposed 
scheme is an outlook to demonstrate that blockchain can also be used for QoS-based routing among networks in 
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the Internet. Also, we have introduced a short overview of SDN and blockchain technologies to make the paper 
self-contained and provide the readers with ease of reading. 
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Abstract 

Internet of things (IoT) has recently been an emerging technology with the emphasis 

on development of more intelligent and efficient applications for smart city. Its basic 

feature relies on the interconnection of existing real-world physical things using 

communication technologies through Internet. IoT architecture ensures a good level 

of interoperability among objects to carry out a common task. Therefore, IoT has the 

potential to improve the quality of our lives in many applications. This paper aims to 

exploit the idea of IoT for the development of smart elevators that can be seamlessly 

controlled via Internet. The principle of conventional elevators is to have a passenger 

control station, on which people press buttons to move to a desired floor. The 

proposed architecture adds a significant contribution that enables us to control the 

elevator with Internet connection. A small-scale elevator with 4-floor is designed to 

show the working progress of the proposed idea as a prototype.   

1 INTRODUCTION  
 

Rapid innovations and developments in information and communication technology (ICT) improve the range of 

applications for making cities much smarter [1]. It is well-understood that the main concept is to enhance the life 

quality of people. ICT-based solutions are heart of the smart city applications. Internet of things (IoT) has been 

widely implemented in smart city applications providing a robust coordination of physical objects and efficient 

communication strategies [2]. It enables every object around us to connect with each other for information 

exchange. Existing wireless communication techniques such as WİFİ are implemented by IoT objects for internet 

connection. This provides objects with a perpetual internet connection which makes them accessible from all parts 

of the world.  

 

 
Figure 1. A number of IoT objects [3]. 

 

Through IoT technology, a large number of smart city applications have been developed improving the quality of 

human life [4]. A typical example of such application is the development of smart bin in which each street bin is 

able to send its information to a central point for efficient utilization of bin disposal [5]. A street bin periodically 
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transmits the occupancy ratio and temperature to inform that the bin is required to be disposal. This is to avoid the 

time delay for waiting a dust cart and provide an alarm information if there is a fire starting in the bin. A significant 

application do of smart city is the public traffic conditions [6], this is to increase the comfort of trip when public 

transport is overcrowded. Passenger behaviour on the London Underground, which is one of the oldest tube over 

the world, is intelligently evaluated to give an alternative idea for more comfortable trip by a technical proposal 

[7]. The main idea is to look at historical data of crowding levels of stations, thereby making an accurate prediction 

of crowding volumes. As a result, this process suggests the passenger to change their routes with satisfaction of 

either arriving a bit late to the intended destination or approaching to a close station. It is true that the applications 

of smart city are enlarging continuously with the benefit of IoT paradigm. There is a big dream for future that 

people will call an unmanned taxi through Internet. When the passenger arrives, the payment will be processed 

again on the Internet. Therefore, it is really difficult to predict how IoT will touch in our life and how systems will 

be re-designed for more efficient operation, called smart system. 

 

This paper takes elevator systems into account, in order to make them smarter by controlling an elevator system 

through Internet. A prototype elevator with 4-floor is designed to test the developed system. An Arduino-based 

central point controls the elevator. The underlying feature of the proposed elevator system is that it can be 

controlled through Internet. It is believed that this system will be an important part in big factories requiring no 

physical human coordination for elevator. The details of the proposed elevator mechanism will be presented in the 

following section. Then, the paper is concluded in section 3.  

 

2 THE PROPOSED ELEVATOR ARCHITECTURE 
 

The elevator with 4-floor is shown in fig. 2. A DC motor is mounted at the top which moves the elevator. A small 

led is placed on each floor indicating where the elevator is currently. The central point is located at the bottom and 

cable crossings are hidden through the columns. 

 

 
Figure 2. A view of 4-floor elevator mechanism. 

 

The central point includes an Arduino UNO platform as the main controller which acts as the brain of the system 

[8]. The reason for choosing Arduino platform is due to its simplicity for programming and cost-effective. It can 

be easily programmed with basic C programming and a lot of libraries and modules are freely available. A DC 

motor is used for moving the elevator, which is driven by L298 motor driver [9]. For internet connection, ESP8266 

is implemented with its popularity and advantages in cost and simple design [10]. It is highly compatible with 

Arduino platform and can connect to internet quickly with WIFI connection. A Lithium polymer (Li-po) batter 

ensures the energy need for Arduino and Dc motor. A 4-button keypad is also used to move the elevator manually. 

The complete central point is presented in fig. 3 below. In general, the elevator can be controlled through Internet 

and also it can be manually moved when required. The system was successfully tested and observations confirm 

the working progress.  
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Figure 3. The central point with all components. 

 

3 CONCLUSION 
 

This paper described a smart elevator system with the paradigm of internet of things. It enables us to control the 

elevator system through Internet. The proposed architecture was evaluated in a basic 4-floor elevator. Future work 

will implement the proposed idea for a real-world elevator possibly in a factory. Also, the central point will be 

placed in a box for a final product.  
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Abstract 

In this study, the effect of construction errors on the hydrodynamic behaviour of the 

oxidation ditches (ODs) is investigated by Computational Fluid Dynamics (CFD) in 

a selected full-scale plant. As a full-scale facility, the biological treatment unit of 

Gümüşhane Wastewater Treatment Plant (WWTP) is selected. This unit is 

composed of 2 pools with dimensions of 20 m x 40 m x 6 m, with a form of the 

activated sludge method, the oxidation ditch (OD) geometry. The model is 

designed in Ansys Workbench interface and CFD simulations are carried out with 

the CFD software Fluent. The three-dimensional, steady, incompressible flow 

based on the Reynolds-average and Navier-Stokes equations is simulated by CFD 

for flow field calculations in the combined OD. Moreover, the renormalization 

group k-ɛ model (RNG) is used. Model 1 is modeled and analyzed according to the 

architectural project of the existing plant with the project values and observed 

construction errors and, Model 2 has been modeled in the case without construction 

errors. And so, the analysis results of Model 2 and Model 1 are compared and, how 

the construction errors affect the velocity fields in ODs are revealed.  

 

1 INTRODUCTION  
 

In recent years, there has been a noticeable increase in scientific production related to wastewater treatment 

(WWT) modeling performed with Computational Fluid Dynamics (CFD) techniques [1]. A considerable number 

of CFD studies showed the importance of hydrodynamics for the process and modeling of biological reactor As 

ODs are a modified form of the activated sludge biological treatment method [2]. Today, due to its advantages 

such as reliability, the simplicity of operation and low sludge production, it has a wide usage area. The ideal flow 

model is plug-flow and no return. With its oval or channel structure equipped with mechanical aerators, the plug-

flow provides a single tank with the benefits of flow and full-mix reactors. The flow character and hydrodynamic 

characteristics play significant roles in the design and operation of ODs. Hydrodynamic characteristics of ODs 

can be obtained by simulation conveniently.  

 

Many kinds of literature are about the simulation of ODs. A mathematical model for an alternating OD system 

[3] is presented. The present model is an extension-modification of an existing model, which has been developed 

for the prediction of the concentration fields of the water quality variables in a single OD performing carbon 

oxidation, nitrification, and denitrification. The co-influence of hydrodynamics, oxygen transfer and biological 

activity in an OD [4] is investigated via the comparison of a predictive model and experimental data. The 

standard three-dimensional (3D) k-e turbulence model [5] is applied to simulate the flow field of a small-scale 

combined OD. The moving mesh approach was used to model the rotor of the ditch. An experimentally validated 

numerical tool able to predict flow and oxygen transfer characteristics in aeration tanks equipped with fine 

bubble diffusers and axial slow speed mixers was presented [6]. The velocity distribution of the guiding wall, to 

discuss the settings of the guiding wall in different length of the downstream extension, eccentricity and guiding 

wall radius, so to work out its optimized settings, was simulated by Fluent [7]. The three-dimensional solid-

liquid two-phase flow field in an OD aerated with surface aerators was simulated with the help of CFD. The 

experiments performed in the same OD and measured with particle dynamic analyzer (PDA) would be used to 

verify the simulations. An experimentally validated numerical tool that was able to predict the flow field in 

Carrousel OD with many sets of disc aerators operating simultaneously was presented [8]. An experimentally 

validated numerical tool that can be used to optimize energy consumption without compromising effluent quality 
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by improving operating conditions of full-scale ODs was presented [9]. A new inverse umbrella surface aerator 

designed and tested the flow field in OD driven by the surface aerator [10]. A 3D three-phase model was 

developed by taking the sewage water, air bubbles and activated sludge to be in liquid, gas and pseudo-solid 

phases, respectively. The proposed model could not only vividly describe local hydrodynamic structures with 3D 

fluid velocities but also reasonably simulate the interactions of sewage water, air bubbles and activated sludge 

treated as pseudo-solid phase [11]. The flow field and sludge distribution of a full-scale OD were studied by 

using a commercial CFD package (Ansys Fluent 14) [12]. CFD was used as the design and analysis tool to study 

oxidation ditches aerated with hydro jets, taking into consideration aeration and mixing performance, the 

influence of geometry (hydro jet placement) and the wall effect on the energy expenditure of the simulated 

system. The analysis of the effect of the turbulence models on the macromixing data, which could be further 

incorporated into the activated sludge models (ASM), was also made [13]. The relation between the impeller’s 

submergence depth and the flow field structure with the same radius and running speed in an OD using a 

numerical simulation method to find the optimal submergence depth of impellers was studied [14]. The guiding 

baffles were added downstream from surface aerators to promote flow fields and used the CFD package 

FLUENT 6.2.16 to simulate the effect of added guiding baffles on improving the vertical distribution of flow 

velocities in an OD [15]. 

  

In this study, the flow character and hydrodynamic characteristics that directly affect the treatment efficiency 

and operating cost of the WWTPs are investigated by using CFD in a selected WWTP with construction errors 

and, how the construction errors affect the velocity fields in ODs are revealed. 

 

2 MATERIAL AND METHOD 
 

In this study, hydraulic and hydrodynamic characteristics of a selected full-scale oxidation ditch, which a 

modified form of the activated sludge biological treatment method, are modeled with CFD under real operating 

conditions with and without construction errors and the results of the analysis are compared. The mechanical 

rotors and air diffusers are not considered in this study to investigate the construction errors effect on the flow 

field in ODs. Therefore, it is aimed to determine a hydrodynamic characteristic of the ODs without external 

effects such as air diffuser and rotors. 

  

The full-scale ODs, the biological treatment unit of Gümüşhane WWTP, located in Gümüşhane province, 

Turkey, with a treatment capacity of 3945 m3 per day is selected for this study. This unit is composed of 2 

ditches each with a length of 40 m, a width of 10 m and depth of 6 m. The full-scale Gümüşhane ODs is shown 

in Fig 1. The maximum water layer in Gümüşhane ODs is 5.25 m. The guiding walls radius is 2.35 m in ODs. 

There are two inlets and one outlet. The wastewater of the two ditches combine in a small compartment and 

discharge together in a common outlet. The diameter of the inlet pipes 35.5 cm and the outlet pipe diameter 50 

cm. 

 

 
Fig 1. The Gümüşhane Oxidation Ditches 

 

The wastewater characterization is summarized in Table 1. The most widely used parameter of organic pollution 

applied to both wastewater and surface water is the 5-day BOD (BOD5). This determination involves the 

measurement of the dissolved oxygen used by microorganism in the biological oxidation of organic matter [16]. 

The existing wastewater BOD5 value is 280 mg/lt. According to wastewater characterization of Gümüşhane 

Municipal Wastewaters, the existing Oxidation Ditches and other units designed in 2011 for wastewater 

treatment. 
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Table 1. The wastewater characterizations 

Parameter  

 mg/l 

BOD5 280 

Total Nitrogen (TN) 56 

Total Phosphorus (TP) 10 

Suspended Solids (SS) 291 

 

2.1  Numerical modeling 

 

The CFD simulations of the selected WWTP are carried out with the Fluent (V 13), the fluid flow analyses 

system in the ANSYS Workbench platform [17, 18]. 

 

2.1.1  Governing equations  

 

In this study, the continuity and momentum equations of motion for a 3D incompressible flow are solved to 

calculate the single-phase flow of the ODs. 

 

For all flows, ANSYS Fluent solves conservation equations for mass and momentum. The equation for 

conservation of mass, or continuity equation, can be written as follows [19]: 

 

( ) .( ) .( )v vv p F
t
   


     


g  (1) 

 

Equation 1 is the general form of the mass conservation equation and is valid for incompressible as well as 

compressible flows. The source is the mass added to the continuous phase from the dispersed second phase (for 

example, due to vaporization of liquid droplets) and any user-defined sources. 

 

Conservation of momentum in an inertial (non-accelerating) reference frame is described by; 

 

( ) .( ) .( )v vv p F
t
   


     


g

 (2) 

 

where is p the static pressure,   is the stress tensor (described below), and ρg and F  are the gravitational 

body force and external body forces (for example, that arise from interaction with the dispersed phase), 

respectively. F  Also contains other model-dependent source terms such as porous-media and user-defined 

sources. 

 

The stress tensor is given by 

 

 
2

.
3

Tv v vI 
 

     
 

 (3) 

 

where µ is the molecular viscosity, I is the unit tensor, and the second term on the right-hand side is the effect of 

volume dilation. 

 

ANSYS Fluent software (V 13) is used for the CFD analysis of the model. For the fluid flow, based on the 

Reynolds-average Navier-Stokes equations, three-dimensional, steady, non-compressible flow is applied, and 

flow field calculations are made in a combined oxidation ditch. RNG k-ɛ model is used for the turbulence model.  

 

2.1.2 Geometry and meshing 

 

The geometry of the Gümüşhane ODs Models with (Model 1) and without (Model 2) construction errors is 

generated by DesignModeler and SpaceClaim in Ansys Workbench platform. Also, the mesh is generated in 

Ansys Meshing. The geometry is designed in full scale with obtained physical data in the plant (Fig 2).  
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Fig 2. The designed full-scale model of Gümüşhane ODs 

 

The designed geometry is shown in Fig 3 that a) is the solid domain of Gümüşhane ODs except for the fluid 

domain, b) solid and fluid domain, c) back view of Gümüşhane ODs d) the substracted fluid domain from the 

solid. 

 

 
Fig 3. The designed model of Gümüşhane ODs, a) solid domain b) solid and fluid domains c) back view d) 

subtracted fluid domain 

 

Also, the dimensions of Model 1 are given in Fig 4. ODs heights are 6 m, the water layers at two ditches are 5.25 

m, the lengths of ODs are 35 m and the width of ODs are 10 m. Because of the construction errors, there are 

some differences between OD 1 and OD 2 geometries such as guiding walls radius, their extensions lengths and 

position of the inlet 1 as shown in Fig 4 and Fig 5. The dimensions of Model 2 and the differences between 

Model 1 and Model 2 are given in Fig 5. 
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Fig 4. The dimensions of Model 1 a) 3-D sizing and mass properties b) top view c) side view d) side view e) 

back view f) front view 

 

 
Fig 5. The differences between Model 1 and Model 2 geometry 

 

The mesh is constructed with the tetrahedrons element structure, consist of 3898191 and 3946469 elements with 

the minimum element size is 5 cm and the maximum element size is 20 cm., respectively for Model 1 and Model 

2 in the ANSYS Meshing program. As seen in Fig 4, the mesh density is increased especially at the pipe-OD 

joints.  

 

919



The Effect of Construction Errors on the Hydrodynamic Behaviour of the Oxidation Ditches ICADET ‘19 

 

  

 

 
Fig 6. The generated mesh of the Gümüşhane ODs Model 

 

2.1.3 Boundary conditions and solver setting 

 

The boundary conditions are defined as follows; inlets are “velocity-inlet” with the 1 m/s inflow velocity for the 

inlet1 and inlet 2; the outlet is “pressure outlet” and the top surface of the water layer is “symmetry”. Also, the 

solid boundaries are specified as stationary walls with a no slip-shear condition (Fig 7). 

  

 
Fig 7. The boundary conditions of the Gümüşhane ODs Model 

 

3-D, steady, non-compressible flow with the RNG-based k-ɛ turbulence model is used for the simulation. The 

calculation time for two models is approximately 48 hours for the steady-state calculation (on an Intel (R) Core 

™ computer with an i7-7500U CPU @ 2.70 GHz 2.90 GHz processor,8.00 GB RAM and a 64-bit operating 

system. 

 

3 RESULTS AND DISCUSSION 
 

After 3000 iterations, enough convergence is achieved, and the simulation of Models is terminated. The 

simulation results are visualized in the CFD post-processing.  

 

The simulated velocity vectors in Fig 8 and Fig 9 show that the water velocities increase from the surface 

towards the bottom with the depth. As it is expected, the velocity is maximum at inlets and outlet. This is 

because the wastewater enters from inlet 1 and inlet 2 with pipes with a diameter of 35.5 cm, whereby it acts as a 

water jet when it enters the ODs. The inlets velocity is 1 m/s, the outlet velocity is 1.288 m/s and the mean 

velocity in Model 1 is 6.03x10-2 m/s. The reasons for the outlet velocity being higher than inlets velocities are 

that the outlet pipe diameter is smaller than the sum of the inlet pipes diameter and, because of the hydrostatic 
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pressure effect. When the simulated results at inlets level in Fig 8 and Fig 9 are evaluated, the water jets, caused 

by pipe flow, don’t travel in symmetry way in two OD, because of the construction errors. Moreover, the flow 

crashes to the guiding wall right in front of the inlet and broken at OD 1 meanwhile, the flow continues without 

crashing and breaking along to ditch at the OD 2.  

 

 

 
Fig 8. The velocity vectors in Model 1 

 

 
Fig 9. The velocity vectors in Model 2 

 

When the simulation results, which are shown in Fig 8 and Fig 9, are investigated; it has been observed notable 

differences between hydrodynamic behaviours of Model 1 and Model 2. Because the positions of inlet 1 and 

inlet 2 in the Model 1 is non-symmetric, the velocity vectors occur like in Fig 8. Moreover, Fig 8 shows that the 

circulation rate in OD 2 is more than in OD 1 due to the position of the inlet 2. However, in OD 2, the 

wastewater generally moves around the edges of the walls and does not enter too much into the center partition. 

In OD 1, after the water enters from inlet 1, it crashes to the small guide wall just in front of it and loses its initial 

speed and energy. Thus, the flow and the cycle rate in the OD 1 is less than OD 2 and this cause the wastewater 

accumulates and enters the middle partition in OD 1 more than OD 2. There is no homogeneous flow field 

distribution. The fact that the ODs are not fully symmetrical due to construction failure also causes the 

distribution of the velocity fields in both ODs to be different. On the other hand, the Model 2 simulation result is 

shown in Fig 9. The simulation result shows that there is homogenous velocity distribution both OD1 and OD2 

for Model 2. Also, the mean velocity of the Model 2 is 6.63 cm/s while the Model 1 is 6.03 cm/s. 

OD2 

OD1 

OD1 

OD2 
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4  CONCLUSIONS  
 

In this study, the hydrodynamic evaluation of the ODs is performed in a selected WWTP with CFD. Gümüşhane 

WWTP, located in Gümüşhane province, Turkey and provides treatment of Gümüşhane province central 

wastewater, has been selected as a full-scale plant. This unit consists of two OD, a form of the activated sludge 

method, typically used in wastewater treatment engineering. The existing ODs have some construction errors. 

This existing geometry with building errors named Model 1 is modeled in the ANSYS Workbench platform and 

the CFD analysis is performed with Ansys Fluent (V 13). Then, the plant without construction errors named 

Model 2 is created and modeled to see how construction errors affect the hydrodynamic behaviours of the plant 

by comparing with Model 1. The results and suggestions obtained in this study are given below. 

 In general, when the results of the analysis are evaluated, the maximum wastewater velocity occurs at 

the inlets and outlet. The water velocity decreases as it moves away from these points at vertical and 

horizontal. 

 The CFD analysis of the Model 1 shows that the current conditions (operating conditions, construction 

errors, etc.) are mostly reflected in the provided analysis and it has been observed that they directly 

affect the flow fields. So, the distribution of the flow fields that must be homogeneous in the two OD is 

different. On the other hand, in Model 2, the homogenous flow fields are provided in both OD. 

 The mean velocity of the Model 2 is 6.63 cm/s while the Model 1 is 6.03 cm/s. so, the construction 

errors caused to be decreased the mean velocity in ODs. 

 In conclusion, according to simulation results, the construction errors affect the hydrodynamic 

behaviours of the ODs significantly. 
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Abstract 

In this study, it was aimed to determine the effect of electrode force on tensile shear 

load, elongation, nugget diameter and indentation depth in triple welded FEP05 and 

FE 600 DP steel sheets by resistance spot welding (FEP05 sheet + FE 600 DP sheet 

+ FEP05 sheet). When the electrode force  were increased from 1.5 kN to 3.9 kN, 

the tensile shear load, elongation, and indentation depth values decreased while the 

nugget diameter increased up to 2.7 kN, then over 2.7 kN the nugget diameter 

decreased.  

 

1 INTRODUCTION  
 

Resistance spot welding (RSW) is a joining method that is widely used in industries such as automotive, truck 

trailer, railway, aircraft, and aviation [1][2]. In particular, in the automotive industry, RSW is a crucial welding 

method. RSW method is a melting welding method that combines the surfaces of the sheets without using any 

filler material with applying pressure and heat to the area to be joined. This method is ideal for welding of steels, 

aluminum alloys, and titanium alloys. RSW quality is influenced by various factors such as welding current, 

electrode pressing force applied to the sheets, thickness, the material of the sheet, welding time, and electrode 

diameter [3][4][5]. Good welding quality is important for the safety of the vehicle body and passenger. 

Therefore, efforts to improve the quality of welding are rapidly increasing [6][7].  

 

In the automotive industry, advanced high strength steels (AHSSs) are generally used because of their high 

strength and good ductility properties. Especially, dual-phase (DP) steels are preferred because of their good 

formability, ductility, and high strength properties. Also, different type of steels is joined together in a car body 

to achieve the highest efficiency [8][9]. In the current study, the dual-phase FE 600 DP steel and galvanized low 

carbon FEP05 steel were joined as triple by RSW. The effect of electrode force on mechanical properties of 

welded joints was primarily investigated. Several studies have been done in the literature about the effects of 

electrode force on RSW. Yuan et al. [10] welded ultra-low carbon steel DC54D containing a ferritic phase with a 

thickness of 1.0 mm and galvanized DP600 exhibiting a ferrite–martensite DP with a thickness of 1.6 mm by 

RSW. They examined the effect of the electrode force on the mechanical properties and found that tensile–shear 

strength had a considerable increase and then a slight decrease with the increase of electrode force. Tutar et al. 

[11] have optimized the welding parameters using Taguchi method to combine TWIP steels by RSW. They 

determined that the effect rate of  electrode force on mechanical properties was 8.63 %.  

 

In this study, dissimilar steel sheets in different thicknesses were combined as triple by RSW to contribute to the 

triple welding process of the steel sheets in the automotive industry. Then, the effect of the electrode force on the 

tensile shear load, elongation, nugget diameter and indentation depth were investigated. Other all welding 

parameters were kept constant. Tensile shear tests were applied to determine the mechanical properties of the 

welded samples. Also, nugget diameter and indentation depth values were measured by using an ultrasonic 

method. 
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2 MATERIAL AND METHOD 
 

In this study, 0.7 mm thick FEP05 and 2.0 mm thick FE 600 DP commercial steel sheets were triple combined 

with RSW. Chemical compositions and mechanical properties of FEP05 and FE 600 DP steel sheets used in this 

study were given in Table I and Table II, respectively. 

 

Table 1. Chemical compositions of FEP05 and FE 600 DP (wt.%) 

Steel C Mn  P S Si Al 

FEP05 0.008 0.3 0.025 0.0.2 0.03 0.02 

FE 600 DP 0.23 3.3 0.09 0.015 2.0 1 

 

Table 2. Mechanical properties of FEP05 and FE 600 DP  

  

Steel 

Yield Strength 

(MPa) 

Tensile Strength 

(MPa) 

Elongation 

(%) 

FEP05 140-180 270-330 36 

FE 600 DP 340-400 590 20 

 

In the RSW operations, welding current (8.5 kA) and welding time (27 cycle) were kept constant while electrode 

force increased from 1.5 to 3.9 kN with 0.4 kN intervals. The RSW parameters used in the study can be seen in 

Table 3. 

 

Table 3. Welding parameters used in the study 

Electrode Force 

(kN) 

Welding Time  

(ms) 

Welding Current 

(kA) 

1.5 27 8.5 

1.9 27 8.5 

2.3 27 8.5 

2.7 27 8.5 

3.1 27 8.5 

3.5 27 8.5 

3.9 27 8.5 

 

FEP05 and FE 600 DP sheets were triple welded with RSW. As shown in Figure 1, 2 mm thick FE 600 DP sheet 

was placed in the space of between two 0.7 mm thick FE P05 sheets. The tensile-shear tests of the welded 

samples were carried out in a computer-controlled UTEST-7014 universal tensile tester at a constant tensile 

speed of 10 mm/min at room temperature. A tensile shear test sample of the spot welds can be seen in Figure 2 

[12]. 

 

 
Figure 1. Schematic illustration of welded samples 

 

 
Figure 2. Tensile-shear test sample of the spot welds [12] 

 

In the tensile shear tests, three replicates were applied for each different electrode force. In the experimental 

studies, it was determined that how the tensile shear load, elongation, nugget diameter and indentation depth 

changed with the electrode force. To determine the nugget diameter and indentation depth, TESSONICS RSWA 

ultrasonic spot welding control machine was used. 
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3 RESULTS 
 

The effect of electrode force on tensile shear load (kN), elongation (mm), indentation depth (%) and nugget 

diameter (mm) was shown in Table 4. 

 

Table 4. The effect of electrode force on elongation, tensile shear load, indentation depth and nugget diameter 

values 

Electrode 

Force (kN) 

Tensile Shear Load 

(kN) 

Elongation 

(mm) 

Indentation Depth 

(%) 

Nugget 

Diameter (mm) 

1.5 8.24 4.32 43.5 5.4 

1.9 8.15 4.32 44.5 5.67 

2.3 8.63 4.93 40 5.9 

2.7 8.04 4.17 39.5 6.3 

3.1 7.78 4.26 39.3 5.9 

3.5 7.02 3.64 39 5.63 

3.9 7.42 3.79 39 5.37 

 

The change of the tensile shear load with the electrode force was shown in Figure 3. In general, the tensile shear 

load showed a decrease when the electrode force increased. The lowest tensile shear load value was measured as 

7.02 kN for 3.5 kN electrode force. The tensile shear load reached maximum value as 8.63 kN for 2.3 kN 

electrode force. When the electrode force value increased from 2.3 kN to 3.5 kN, the tensile shear load decreased 

by 18.66%. Oiu et al. [13] were obtained similar results for the tensile shear load change with the electrode force. 

In their study higher electrode force supperessed the nugget growth so tensile shear load decreased.   

 

 
Figure 3. Tensile shear load of the spot welds versus electrode force 

 

The effect of electrode force on elongation can be seen in Figure 4. When the electrode force increased, the 

elongation value slightly decreased. Similar to the tensile shear loads, the highest elongation value (4.93 mm) 

reached at electrode force of 2.3 kN, and the lowest elongation value of the sample welded at electrode force of 

3.5 kN was 3.64 mm.   

 

 
Figure 4. Elongation of the spot welds versus electrode force 
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An application example for the determination of nugget diameter and amount of indentation depth performed by 

the ultrasonic tester is shown in Figure 5. The change of indentation depth with the electrode force was shown in 

Figure 6. When the electrode force was increased, the indentation depth decreased parabolically. The coefficient 

of determination (R2) for the parabolic correlation between the indentation depth and the electrode force was 

0.81. The highest indentation depth value (44.5%) was observed for the electrode force of 1.9 kN and the lowest 

indentation depth value was measured as 39% for the electrode force of 3.9 kN. Yuan et al. [10] obtained similar 

results for indentation depth change with the electrode force. And, they observed that the large electrode force 

crushed the molten zone. According to the standards (in terms of appearance), the indentation depth value above 

43% may be unacceptable for the automotive industry. So, the triple joints welded with 1.5 kN and 1.9 kN may 

be non-standard for the automotive industry. 

 

 
Figure 5. Example of ultrasonic nugget diameter and indentation depth for the electrode force of 2.7 kN 

 

 
Figure 6. Indentation depth versus electrode force 

 

The change of nugget diameter with electrode force was shown in Figure 7. When the electrode force values 

were increased, the nugget diameter values increased up to 2.7 kN, then the nugget diameter values decreased 

over 2.7 kN. The maximum nugget diameter value was measured as 6.3 mm for the electrode force of 2.7 kN 

and the lowest nugget diameter value was measured as ~ 5.4 mm at 1.5 kN and 3.9 kN.  

 

 
Figure 7. Nugget diameter versus electrode force 

 

927



Effect of Electrode Force on Mechanical Properties of Triple Joined Dissimilar Steel 

Sheets by Resistance Spot Welding 

ICADET ‘19 

 

 

4 CONCLUSION 
 

In this study, the effect of electrode force on the mechanical properties of triple RSWed FEP05 and FE 600 DP 

steel sheets were investigated. The results of the experimental studies can be summarized as follows: 

 

 The tensile shear load tended to decrease with increase of electrode force. 

 No significant correlation between the elongation and the electrode force could be detected and 

generally tends to decrease. 

 The indentation depth decreased parabolically with the increase of electrode force. The triple joints 

welded at 1.5 kN and 1.9 kN may not meet the standard requirements of the automotive industry. 

 A significant increase in the nugget diameter value was observed up to the electrode force of 2.7 kN. In 

contrast, a significant decrease was observed over the electrode force of 2.7 kN. The nugget diameter 

reached a maximum value at 2.7 kN.  
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Abstract 

Crystallization of alkaline earth fluorides or rare earths of nano size has many optical 

applications. In this study, the nano crystal of SrF2-Ge was grown on quartz 

substrate. An RF sputtering magnetron system was used to obtain SrF2-Ge 

crystallization. 12.3SrO/3.7Al2O3/8.0Na2O/5.3K2O/10.4SrF2/ 60.3SiO2 and Ge 

(3%, 5% and 10%) targets were prepared in different % ratios, and SrF2-Ge nano 

crystal thin films was obtained for 6, 8, 10, 12, 14 and 16 hour growth periods. The 

samples were then heat treated in air for 3 hours at temperatures between 570 and 

610 ° C. The results of XRD analysis showed good crystallization in the samples 

(having a thickness of 500 nm) grown for 16 hours. Optical absorption and 

transmission analyzes showed that the light scattering increased with increasing 

coating time and that the absorption threshold changed with increasing germanium 

percentage. SEM analyzes showed that the sizes of nano crystals were varied 

between 50 to 100 nm. 

1 INTRODUCTION  
 

In recent, there is an increasing interest in Glass-ceramics crystals. Their unique properties indicate a great 

potential for multiple photonic uses. Glass-ceramics including metal fluoride crystals, such as alkaline earth 

fluorides, with crystallite sizes in the limitation from 5 to 100 nm has numerous another uses too [1–4]. 

 

Here, up-changing glasses should be forenamed including SrF2 doped with YbF3 and ErF3. Ceramic-glass 

including fluoride crystals with rare earth elements are also applicant for materials synthesizes of laser that useful 

attributes for glasses crystals and are intended as fiber regenerators. Another side, also changes materials, changing 

the blue color of light in LEDs to white color of light is to be said [5–8]. 

 

So far, partially crystalline materials are not extensively used in photonic technology. The cause is the general 

problem of materials compound by more than one phase. In these materials generally light dispersion happens 

which can only be eluded, if either the retractive indices of the happening phases are the same at all related physical 

properties (like temperature, wavelength or size) of the crystals are little than moiety of incoming light 

‘wavelength. 

 

Because of the various phases generally having different refractive indices and in addition size of the crystals 

generally is not same and for prevent of light scattering must the crystallite size dispensation is limited. To getting 

good fluorescence or up-conversion properties, the volume condensation should be at least some percentage. The 

sedimentation of large amount of nano particles (minimum a few percent) of glass just seen in non-isochemical 

process, means that sedimentated crystals having impurity materials. In principle, some different methods may 

lead to nano crystalline glass-ceramics. In one of these two methods, the first step is the growth of a liquid/liquid 

phase separated microstructure. The size of the phase separated droplets can be controlled by the temperature/time 

schedule, e.g. the cooling rate from melt temperatures and, of course, by the chemical combination. Recently, 

another method has been reported, which does not go via liquid/liquid phase separation, but via homogeneous 

nucleation. After primary nucleation, evacuated Ingredients that diffusion layer crystals made from that. If a metal 

fluoride crystal is sedimentated from a silicate glass, the layer is evacuate in fluorine and reached in components 

that formed glass, means in SiO2. Increment of viscosity is result of that [9]. 
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The one of other ways is the deposition methods. in this research, used from thin film layers method for growing 

SrF2-Ge crystals by used of  RF sputtering Magnetron Coating device from targets in composition of  K2O/Na2O/ 

SrF2/SiO2/Al2O3/SrO/Ge. 

 

2 MATERIAL AND METHOD 
 

Target preparation is the first stage for the RF sputtering methods. We have used some materials with different 

percent of molarity for make a target of materials system. This target made from composition of 10.4SrF2, 

12.3SrO, 3.7Al2O3, 5.3K2O, 8.0Na2O, 60.3SiO2 and Ge with three different percent (3%, 5% and 10%). Two of 

these materials i.e. K2O and Na2O were earn from reagent grade raw materials K2CO3 and Na2CO3 by using 

calcination method in 650ᵒC. The 15 grams of this composition was cast in porcelain mortar and mixed for 3 hours 

then pour in 2 inch die-set and pressed under about 12 ton pressure then come to tablet form. So bring out the 

tablet from inside of die-set very slowly. put the tablet inside of furnace and heated to 700ᵒC for 5 hour. Then 

turned off the furnace and letting the target been cooling slowly.. For earning of better conductivity, must be stick 

a cooper disk (2inch × 2mm) with metal adhesive to the target for using in RF magnetron devices. 

 

 Because of low melting point of glass, we used quartz (10×10×1 mm) for substrate. All substrates were 

ultrasonically cleaned in heated acetone then ethanol. The target was placed in gun and substrates were fasten there 

places and distance between of  them was 6 cm. after putting cover of device, vacuum process starting with 

mechanics pomp till pressure come 3.2×10-3 torr, then starting turbo pomp and pressure come 5.6×10-6 torr. For 

making plasma, we using argon and oxygen gases with high purity. Strontium fluoride-germanium films in vertical 

directions were deposited on quartz substrates by RF magnetron sputtering at 400ᵒC temperatures of substrate and 

2.3×10-6 torr pressure. 

 

 At first, deposition process doing in 2 hour but XRD analyzes don’t show any peaks and we examed this process 

for 6h, 8h, 10h, 12h, 14h and 16 hours too and the peaks of  XRD analyzes was going to better result in create of 

glass-ceramic crystals. The best result was earned in 16h deposited samples. These samples thermally annealed in 

the range from 570ᵒC up 610ᵒC for 3h and crystals structure analyses earned by XRD results. XRD patterns were 

recorded by utilizing X-ray diffraction (D 5000 Siemens) with CuKα radiation. The absorption and transmittance 

spectrum of the heated instances were designated by using of UV Scanning Spectrophotometer. 

 

a) b) 

 
 c) 

Figure 1. Absorption diagrams of SrF2 a) 6h,  b)10h , c)16h 
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b) 

               

 

 

 

 

 

 

                c) 

Figure 2. XRD diagrams of SrF2-Ge  a)3% ,   b)5%,  c)10% 
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a) 

b) 

c) 

Figure 3. Transmittance diagrams of SrF2-Ge -16h  a)3%  b)5%  c) 10% 
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a) 

b) 

c) 

Figure 4. XRD diagrams of SrF2-Ge a) 3%- 580°C, b)5%-610°C,  c)10%-600°C 

 

Table 1. XRD result of SrF2-Ge  a)3%- 580°C 

Materials 2θ h  k  l d () F W H M 

(eV) 

Intensity Crystal 

system 

GeO2 26.42 1  0  1 3.37 0.49 100.0 Hexagonal 

SrGeO3 29.25 0  1  3 3.05 0.39 100.0 Anorthic 

SrSi2 31.27 1  1  2 2.85 0.24 100.0 Tetragonal 

 27.88 1  0  3 3.19 0.22 41.7  

 

Table 2. XRD result of SrF2-Ge b) 5%- 610°C 

Materials 2θ h  k  l d (A) F W H M 

ev 

Intensity Crystal 

system 

SrAl2O4 29.06 1  0  2 3.07 0.37 100.0 Hexagonal 

 34.91 1  1  0 2.56 0.09 50.0  

SrGeO3 29.25 0  1  3 3.05 0.15 100.0 Anorthic 

 33.02 3  0  1 2.71 0.04 16.0  

AlGe3KO8 29.06 3  1  0 3.07 0.37 100.0 Tetragonal 

 37.67 2  1  1 2.38 0.09 70.0  

 50.34 4  1  1 1.81 0.09 50.0  
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3 RESULTS 
 

In the beginning, we used SrF2 target and preparing some samples in 6h, 8h, 10h, 12h, 14h and 16h on glass 

substrates. Then getting absorption analyse for 6h, 10h and 16h samples that no annealed. The no annealed samples 

showed increasing light scattering with increasing time of coating as shown in Fig.1. 

 

 In fig.1 a and b, there aren’t any peaks, means no absorption. In c the peak at approx. 340nm, 400nm, 480nm and 

600nm was seen in the absorption spectra. After this result, for earning to better crystal structure, we added 

Germanium  powder to the target and after creating SrF2-Ge targets with percent molarities composition of 

germanium ( 3%, 5% and 10% ) we formed some samples in 16h with using quartz substrate in 400ᵒC. XRD 

analyses of samples don’t show peaks for 3% samples and it means is amorphous but the first crystalline fraction 

of strontium can be observed in intensity peaks (2ϴ = 29.06ᵒ) appear in 5% samples and in 10% coated samples, 

the peaks of germanium and strontium appears in  26ᵒ, 27ᵒ, 29ᵒ and 37ᵒ degree . Fig.2 

 

The transmittance analyses of this samples which that coated on quartz substrates shows good results. After 

beginning, transmittance was fallen near of 215nm wavelength in 3% sample, it means that there is absorption in 

215nm (fig.3.a). In second sample as can be seen, the absorption occur in 220 nm wavelength (fig.3.b).in third 

sample, the absorption occur in 225nm (fig.3.c). So we can see that when the percentage of germanium will be 

changed, the amount of absorption is change too.  The diagrams were sowed in Fig.3  

 

In this part of research, the samples with composition Ge (3%, 5%, and 10%) which deposited on quartz substrates 

were heated the samples in limited temperatures in 570ᵒC, 580ᵒC, 590ᵒC, 600ᵒC and 610◦C for 3h. The attributed 

XRD patterns of these instances did show good result for creating of more nano crystals of germanium and 

strontium. Here we show some results: (Fig.4) 

 

The result of 5% sample annealed in 610°c was same with 10% sample in 600°c. It means that these two target 

have same materials and crystals. for analyzing of XRD diagrams, have helped from X'Pert HighScore Plus 

software too. All result of XRD analyses for two sample (for example: 3%- 580°c and 5%- 610°c) are brought in 

Table 1 and Table 2. 

 

Further characterization and topography of the heated instances at 570°C and 610°C in 3 hour by utilizing of SEM 

analysis showed a particle-like structure. for finding size of particles were used open source software (J20 image) 

and SEM analysis.  For earning of particle size of instance which heated in 590°C (Ge 3%), used from SEM 

analysis and the average size of particles was (90 ± 10) nm. in this sample, can see slightly large structures (Fig. 5 

a). Some of samples was without etching and the SEM analysis of them showed (50 ± 10) nm average size (some 

of them analysed. Fig 5). the average particle size of heated sample in 580◦C (10%Ge) which earn from SEM 

micrograph in comparison to without etching samples is (100 ± 10) nm (Fig 5). For earning of electric conductivity, 

conductometer device has been used. The analyses show so big electric resistance in ceramic- glass layers and it 

means that this kind of glasses are dielectric. 

 

4 CONCLUSION 
 

It is shown that we can control the absorption threshold by changing amount of Ge percentage in the sample 

(Figure 5). 

 

 
Figure 5. The changes of absorption threshold versus Ge concentration 
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Absorption threshold was increased with increasing of Ge amount. As it can see from Figure 5, while the increase 

in the absorption threshold is faster in the low concentration region, the amount of increase of the absorption 

threshold decreases with increasing concentration of Ge, and when the concentration of Ge reaches 10%, the 

increase becomes stable. 
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Abstract 

Floods are natural disasters that cause the greatest loss of lives and property after 

earthquakes. In this paper, the floods occurring in the Eastern Black Sea Basin, where 

floods are common, are evaluated in the context of Artvin (Arhavi and Hopa) in 2015 

and Trabzon (Araklı) floods in 2019. In this context, firstly, a general information 

about the hydro-meteorological characteristics of the Basin is given and the effects 

of these characteristics on the flood formation are examined. Then, both floods were 

examined in detail. In this context, flood areas were introduced, hydrological 

analyzes of floods were made, flood damages were evaluated and the causes of flood 

damages were examined. Although both floods show similar characteristics, the main 

factor in the Artvin Flood was sediment transport, while the main factor that is 

effective in the Trabzon Flood was the landslide. In the last part of the paper, the 

measures that can be taken against floods are examined and especially the importance 

of flood management is emphasized. 

1 INTRODUCTION  
 

Human beings have a great capacity to adapt to varying climatic conditions and environments, but remain 

vulnerable to adverse impacts of weather and climate. In addition to the direct impacts of loss of life and property 

damage, there are indirect impacts such as increased exposure of survivors to other damages such as contaminated 

water supplies and landslides, and the disruption of traffic and trade. The indirect impacts are quite numerous and 

often difficult to quantity.  

 

Floods are among the most common natural disasters and in terms of economic damage, the most expensive. 

Flooding is a natural damage that is becoming a greater threat rather than a constant or declining one. It is a natural 

phenomenon which occurs inevitably from time to time in a river or drainage basin and cannot be prevented, but 

of which effects can be mitigated. The problems associated with disastrous flooding arise because of man’s 

deliberate occupancy of flood-prone areas, undertaken for a variety of good reasons [1]. These include the 

suitability of flood plains and river banks for agriculture and other forms of primary production, for convenience 

for transport and navigation, for appropriate topography for towns and cities, and for proximity to domestic, 

industrial and irrigation water supply. Due to geographical location, geology and topography, Turkey undergoes 

mainly three different types of natural disasters related to gravity flows; floods, landslides and snow avalanches. 

Flooding is second important natural damage after earthquakes.  

 

The spatial occurrence of floods is not spread uniformly over Turkey. The valleys all along the Black Sea and 

Aegean coasts are particularly threatened. Floods in the coastal zones in Turkey are mainly produced by heavy 

rainfall in combination with geomorphologic features. Floods are due to heavy rainfall on the coastal areas of the 

western and southern parts of Turkey or to a sudden snowmelt in the eastern, mountainous part of south-eastern 

Turkey. In the northern and central parts of the country, including the Eastern Black Sea, both factors may occur 

depending on the time of the year [1]. Precipitation types are frontal, orographic, or convective. During occluded 

fronts, long-lasting intense rainfall may produce flooding, depending on the season of the year. Most of the coastal 

precipitation in the Black Sea region, where the mountain ranges run parallel the shore sea, is of the orographic 

type. Convective precipitation mostly occurs during the transition seasons of spring and autumn and affects central 

Anatolia. The most dangerous type of flood occurs in coastal regions when orographic and frontal lifting of the 

saturated air masses causes surface convergence, leading to very intense rainfall. The snow accumulated in the 

upper reaches of the drainage basins of Anatolian rivers melts as of the beginning of May or June, and can cause 
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flooding in downstream areas of the rivers. Land-use, particularly wrong and even illegal land use, is a most 

important factor in Turkey when dealing with natural damages, especially the flood damage. 

 

The consequences of flooding are strongly influenced by the commercial development and urbanization of many 

areas. In order to absorb the increasing population, new settlements have been built, mostly illegally. The capacity 

of the storm sewers and flood detention structures in the cities is often inadequate to control large floods. The 

conveyance capacity of the creeks is greatly reduced during floods by building the walls of houses in the stream 

beds. Such non-meteorological factors aggravate effects of the floods. 

 

The purpose of this paper, by making a technical analysis of floods, occurred in particular in the Eastern Black 

Sea Basin, is to establish what can be done to get rid of less harmful to similar disasters. In this context, brief 

information about the floods and landslides is presented, brief information about the geographical structure and 

vegetation of the basin is given and brief hydrological analyzes of the floods are made. Then, the observations and 

information obtained within the scope of field studies were evaluated. The reasons for the loss of life and property 

in floods and the steps to be taken in order to minimize the loss of life and property that may occur and the 

occurrence of similar disasters and, if they do occur, are discussed under a separate heading. In the last part of the 

paper, a general evaluation was made by presenting the results obtained from all studies.  

 

2 HYDRO-METEOROLOGICAL CHARACTERISTICS OF EBSB  

 
Floods are due to heavy rainfall on the coastal areas of the western and southern parts of Turkey or to a sudden 

snowmelt in the eastern, mountainous part of south-eastern Turkey. In the northern and central parts of the country, 

including the Eastern Black Sea, both factors may occur depending on the time of the year. Precipitation types are 

frontal, orographic, or convective. During occluded fronts, long-lasting intense rainfall may produce flooding, 

depending on the season of the year. Most of the coastal precipitation in the Black Sea region, where the mountain 

ranges run parallel the shore sea, is of the orographic type. Convective precipitation mostly occurs during the 

transition seasons of spring and autumn and affects central Anatolia. The most dangerous type of flood occurs in 

coastal regions when orographic and frontal lifting of the saturated air masses causes surface convergence, leading 

to very intense rainfall. The snow accumulated in the upper reaches of the drainage basins of Anatolian rivers 

melts as of the beginning of May or June, and can cause flooding in downstream areas of the rivers. 

 

Land-use, particularly wrong and even illegal land use, is a most important factor in Turkey when dealing with 

natural damages, especially the flood damage. The consequences of flooding are strongly influenced by the 

commercial development and urbanization of many areas. In order to absorb the increasing population, new 

settlements have been built, mostly illegally. The capacity of the storm sewers and flood detention structures in 

the cities is often inadequate to control large floods. The conveyance capacity of the creeks is greatly reduced 

during floods by building the walls of houses in the stream beds. Such non-meteorological factors aggravate effects 

of the floods. 

 

 
Figure 1. General hydro-meteorological properties of Eastern Black Sea Basin (EBSB) 

 

The EBSB is located on the north eastern coast of Turkey. The basin is surrounded by the Eastern Black Sea 

Mountains on the south and Black Sea on the north. The basin starts from Terme stream in the east of Samsun to 

reaches Georgia boundary. Total basin area is 24,077 km2, yielding 14.9 km3 water with an average 19.5 l/s/km2 
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yield (Fig. 1). The region is split by valleys reached from the sea into south zones. The strata of the studied area 

are generally made of impermeable or semi-permeable volcanic rocks, which prevent the rainfall from percolation 

and force the water to flow as runoff. Although Turkey is situated in a geographical location where climatic 

conditions are quite temperate, the diverse nature of the landscape and the existence in particular of the mountains 

that run parallel to the coasts result in significant differences in climatic conditions from one region to the other    

[1]. The annual average rainfall height of Turkey is 643 mm. Turkey's diverse regions have different climates, with 

the weather system on the coasts contrasting with that prevailing in the interior. The Black Sea coast receives the 

greatest amount of rainfall and is the only region of Turkey that receives rainfall throughout the year. The studied 

region averages 1,019 mm annually; this figure can reach 2,300 mm near Rize Province [1] . 

 

Most of the drainage areas of the rivers in the basin are featured by short main courses, their steep slopes and rather 

dissected with deep valleys and the tributaries have river bed slope bigger than 10 to 20 % at upper reaches. Floods 

are due to heavy rainfall or to a sudden increase in air temperature, resulting in snow melt in the mountainous 

parts. During the flood, due to high sediment, the river flow is muddy and viscous has high velocity. The forest 

cover has been damaged by man and the water retaining capacity of drainage basin was decreased, therefore 

erosive energy is very high. The large amount of erosion and debris materials dragged by the lowing water and 

deposited in the flatter low lying areas. Sudden floods especially at the short main courses are common and these 

produce widely devastating flash floods in the project area and in the country, which usually occur more frequently 

on June, July and August [1]. 

 

Due to topography, local people use the flood plains of rivers located in very narrow V-shaped alley floors, both 

for settlement at urban areas, and agriculture at rural areas. In order to control the floods, local municipalities asked 

the central government to help them to build the longitudinal protection walls on both banks of the river section 

crossing the urban areas. Since the fertile land is very limited to the narrow valleys, it is very dear and utilized 

under any risky conditions. 

 

3 ARTVİN FLOOD 

 
3.1 Hydro-Meteorological Analysis 

 

Although there is no data (rainfall intensities, river flow rates, etc.) required for a large hydro-meteorological 

analysis of the flood in the region on 24 August 2015, according to unofficial information received from relevant 

and authorized institutions and organizations, Hopa had nearly 250 mm height rainfall during 12-hour period. The 

return period of this rainfall, which is observed according to the previous rainfall intensity - duration - frequency 

analysis, has been estimated as 500 to 700 years. Although there are no measured flood flow data available in the 

current Flow Gauge Stations in the region, it has been estimated that the maximum flow rates in the rivers are 

repeated for approximately 400 to 500 years. In summary, the precipitation and flow rates in the region have been 

repeated nearly for 500 years; in other words, the flood was an extreme and extremely rare event [2]. 

 

3.2 Arhavi Town 
 

Observations have been made at 2 different points in Arhavi District where the disaster was effective and causes 

significant damage:  

 

Figure 5 shows the landslide that occurred after heavy rainfall on August 8, 2015 in Musazade District. The 

formation of excessive rainfall caused the mass of the ground to increase in weight due to saturation. Furthermore, 

the lack of head trenches to protect the steep slope and surface flows caused by precipitation increased the 

following contents of the ground. The ground mass was in motion, the supporting structures in front of the ground 

mass and the ground floor walls of the buildings have partially stopped the movement of this mass and thus 

prevented the formation of a large landslide. Breaks have occurred on the retaining walls and on the ground floor 

walls. In addition to the increase in saturation of the ground, the excavation of the heel of the slope due to building 

constructions was another important reason for this landslide. Both the structures on the slope and at the heel of 

the slope should be temporarily emptied for safety reasons. As a result of the field surveys, it has been determined 

that the ground mass has become active, tensile cracks have occurred and partial discharges have occurred (Figure 

6). Filling these cracks with water causes extra hydrostatic pressure to affect the critical soil mass and further 

reduce the safety of the slope [2]. 
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Figure 5. Landslide in the Musazade District in Arhavi Town 

 

   
Figure 6. Tensile Cracks in the Musazade District in Arhavi Town 

 

Flood and Sediment Accumulation in the South of the Fuel Station: In the region, as a result of the filling of the 

channels with sediment and clogging the culverts with tree roots etc., the flood occurred and the buildings were 

filled with sediment (Figure 7). The inadequacy and blockage of a bridge in the south of the region, and then the 

sudden emptying and damming effect also increased the effects of the event. Precautions such as sediment 

retention, proper design of culverts and bridges can be effective here. 

 

   
Figure 7. Flood and Sediment Accumulation in the South of the Fuel Station 

 

3.3 Hopa Town  
 

Observations were made at 3 different points in Hopa District where flood and landslides were most effective and 

caused the most damage: 

 

Sundura Creek: As a result of the flood in the Sundura Creek, significant sediment (sand, gravel and stone) and 

tree accumulation as a result of the accumulation of the river section was significantly narrowed and the incoming 

waters overflowed into the surrounding area. Due to the curvature of the side stream connected to Sundura Creek 

from the left shore, sediment and trees from the upper basin closed the section and flood waters and various sized 

solids entered the lower floor of a house and caused material damage (Figure 8). The simplest measure that can be 

taken here is to make a levee at the upstream section [2]. 
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Figure 8. Sediment Accumulation at Sundura Creek 

 

Yoldere Village: Water and sediment entered the house as a result of landslides in a tea field a few hundred meters 

above the house built next to a small canal and 3 people lost their lives (Figure 9). The main cause of the event 

was the landslide, which had a very large slope and lacks the forest cover that can be effective against the landslide, 

providing external support to prevent the landslide and secure the slope (retaining wall, piled lining, etc.), surface 

drainage and internal drainage and structural measures such as slope weight reduction (staging, slope reduction, 

etc.). 

 

  
Figure 9. Landslide at Yoldere Village 

 

Sugören Village: As a result of excessive sediment accumulation in the Sugören Creek, the stream overflowed, a 

large amount of sediment entered the lower floors of the buildings, and one of the columns was cut in the lower 

part of a house (Figure 10). In the area where there was a similar situation to Sundura Creek, it is necessary to 

keep the future sediment by making reversed dams and to take into account the contraction of the section due to 

sediment. 

 

  
Figure 10. Sediment Accumulation at Sugören Village 
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4 TRABZON FLOOD 
 

4.1 Hydro-Meteorological Analysis 

 

Although there is no data (rainfall intensities, river flow rates, etc.) necessary to carry out a large hydro-

meteorological analysis of the flood in the region on June 18, 2019, according to informal information received 

from relevant and authorized institutions and organizations, there was nearly 14 mm rainfall. It is impossible for 

such a small amount of precipitation to cause such a disaster. Similarly, the flow rate in the cross section of the 

disaster was estimated to be approximately 4.0-5.0 m3/s with the help of Karadere Flow Gauge Station 

measurements. In this section, the 500 year return period discharge was estimated to be 28 m3/s and the estimated 

discharge was not likely to cause such damage. In this case, it is clear that there is another factor that caused the 

disaster, as explained below, this factor was clogging of the Çamlıktepe Creek as a result of the landslide in the 

Yüceyurt District, the and the resulting lake suddenly emptied and led to a large discharge and a big disaster. As 

a result of the observations and evaluations related to the field work carried out, the causes of the damages and the 

measures that can be taken are summarized below [3]: 

 

4.2 Landslide Analysis 

 

Landslide is an inevitable event, where high slope, heavy and long-term rainfall and soil structure suitable for 

landslide exist. where the event is an inevitable phenomenon. Eastern Black Sea Region; when evaluated in terms 

of topographical, geological and meteorological data, the frequency of landslides with high landslide risk can be 

easily determined. In this context, while  the landslides in the   region   are in   fact an ordinary natural event, the 

misapplications turn landslides into disasters. 

 

In Araklı Town of Trabzon Province, Çamlıktepe and Yeşilyurt Villages, due to the floods and landslides that 

occurred as a result of the effective heavy rainfall on June 18, significant material damage occurred and a large 

number of people lost their lives.  As a result of the landslide, the accumulation in the valley floor caused the 

ponding of the bed of Çamlıktepe Creek, and this ponded water discharged in a similar way to the explosion of a 

dam, causing damage to the infrastructure facilities and houses close to the stream bed and causing loss of life and 

property. 

 

4.3 Flood Analysis  

 

As mentioned above, the main cause of the disaster is that the Çamlıktepe Creek was filled with landslide flowing 

material and the lake was suddenly emptied. The information obtained from local residents is evaluated and the 

formation processes of the event are summarized below: 

 

In the disaster area, there was a moderate rainfall on June 13, which lasted for a few hours. As a result of this 

precipitation, landslides occurred in Yüceyurt Village and some of the flowing material reached Çamlıktepe Creek 

and accumulated in the river section. Between the dates of 13-18 June, it rained periodically and partially and 

saturated the water and helped the formation of landslides, resulting in an artificial pool. Finally, as a result of the 

heavy rain that started at around 14 pm on Tuesday, June 18, the pool suddenly collapsed, flowing at a very high 

discharge and at a very high speed, causing the demolition of buildings in the Çamlıktepe Village and the damage 

to the people working on the land vehicles (Figure 11) [3].  

 

In addition, clogging of the structures (cement pipes, culverts, etc.) made by the river bed on the Çamlıktepe Creek 

with the aim of road crossings with the flood waters, sediments, branches and tree fragments caused the water 

level to rise and damage to grow. Also, where the Çamlıktepe Stream joins with Karadere, it was observed that 

the river section was narrowed due to sediment accumulation, the road was closed to traffic as a result of flooding 

in the river section and some buildings flooded the basements. after the flood, at the junction of the two river 

tributaries (Gülyekli and Çamlıktepe Creeks), most of the existing buildings were demolished and significant 

damage occurred in the remaining ones (Figure 12) [3]. 
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Figure 11. The Occurred Flood as a Result of Pool Collapsing 

(https://www.61saat.com/bolgesel/trabzon-da-sel-felaketi-7-olu-ve-3-kayip-var-h653562.html) 

 

  

  

  
Figure 12. The Damages which Were Occurred After the Flood  

 

From the observations made at Çamlıktepe Creek, where landslides and water ponds occur during the field study, 

it was estimated that the water has increased by 15 m in places from the destruction and muddy water traces on 

the trees. Similarly, large blocks of stones weighing 5 to10 tons were observed in the stream bed after the flood, 

and the flow and velocity of the water mass causing these stones were estimated to be very high (Figure 13). 
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Figure 13. Çamlıktepe Creek Bed After Disaster  

 

5 CAUSES OF DAMAGES AND SOLUTION PROPOSALS 
 

The reasons for the floods and landslides in the light of the evaluations summarized above and the solutions that 

can be developed against them are summarized below: 

 

5.1 Sediment Transport  

 

In the region, consisting of large sloping slopes and streams, there is significant sediment transport especially from 

tributary rivers and small river basins. The erosion in the region occurs in steep slopes where rain and melting 

snow waters pass to the surface flow as a result of exceeding the infiltration capacity of the soil and erode the soil. 

Severity of erosion depends on a number of parameters; such as: The amount and intensity of the water falling into 

the soil, discharge, slope of the land, soil structure and infiltration capacity, vegetation and land use. Since the 

climate and terrain characteristics of the region have a character that will increase the severity of erosion to a great 

extent, heavy rains can disassemble large quantities and very large size (coarse gravel, stone and rock) both in the 

river basins and slopes and causes accumulation of these materials in stream sections. In addition to the sediment, 

it was observed that tree blocks and roots were also an important problem. As a result of the narrowing of the river 

sections and sometimes completely blocking, the flood water overflows from the section, at this stage it also carries 

sediment and causes the accumulation of sediment in the surrounding areas. 

 

Various structural measures can be taken to prevent or at least reduce surface erosion and consequent sediment 

transport. Structural measures should be taken to prevent and / or control erosion on the tributary rivers, slope 

failures, landslides and physical decomposition in rocky areas. Preventing erosion and sediment movement in gully 

and flow conduits requires a balance between the abrasive power of the water and the resistance of the stream bed. 

The way to achieve this is to reduce the stream bed slope, thus reducing the velocity and abrasion power of the 

water. For this purpose, various sills, check dams, sediment storage dams, ground sills and dwarf walls can be 

built in the tributary rivers. By constructing longitudinal structures, the resistance of the stream bed can be 

increased. If the grain from the basin cannot be controlled, sediment storage dams can be built. However, the 

upstream sides of these dams fill up in a short time, therefore, the accumulated material must be removed. As an 

alternative solution, the construction of the permeable sediment storage dams, where the fine material is transferred 

to the downstream and the coarse material is retained, may also be useful. River beds should be checked at regular 

intervals and measures should be taken if necessary. 

 

5.2 Landslide 
 

The main reason for the landslides in the EBSB is the presence of slopes with high slopes. Landslides in the region 

are directly related to soil, climate and vegetation characteristics and to people. High rainfall values and types of 

precipitation on the northern slopes of the region have led to strong flows, thus deepening the valleys and steep 

slopes. Since the ground layers are generally limited by the impermeable massive rock mass, rain water seeping 
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into the ground layers causes the saturation to be reached primarily in the layer boundaries. There are serious 

reductions in strength of fine-grained soils that reach saturation. However, the heavier layers of the ground enable 

the ground to move easily in the direction of the slope. Heavy rains also cause superficial erosion. The weight of 

the soil mass also increases due to vegetation and improper construction and land use. The fact that all of these 

factors are effective in the EBSB poses a high level of landslide hazard. 

  

The common features of landslide areas can be summarized as follows: 

 

• High slope, 

• Inadequate surface drainage channels, 

• Leakage disrupts the soil structure. 

 

Measures to be taken against landslides are; providing external support to make the slopes safe (retaining wall, 

piled lining, etc.), surface and internal drainage, slope weight reduction (staging, slope reduction, etc.) and so on.  

 

Although it is possible to take various engineering structures and measures against landslides, raising the 

awareness of the citizens about landslides is the most important measure to be taken against this disaster. Citizens 

should be made aware of landslides and human activities should be encouraged in landslide areas to minimize loss 

of life and property. 

 

The first thing to be done in disaster areas is to determine the current situation with technical means and to prepare 

future plans and commons. In other words, the technical teams should make the necessary measurements in the 

disaster area and the necessary facilities should be designed for the future of the disaster area. After these studies, 

infrastructure works should be carried out in compliance with that planning.  

 

5.3 Blockage of Bridges and Culverts 

 

One of the most important problems observed during field work is the blockage of engineering structures such as 

bridges and culverts. In cases where bridge and culvert openings are inadequate, especially tree roots and trunks 

block the sections. As a result of clogging of the bridges, there becomes water accumulation in the upstream; as 

the pressure increases as a result of dragging of the accumulated materials, the accumulated water flows rapidly 

downstream and causes a flood from the river sections by making a damming effect. Similarly, blockage of the 

culverts causes the water to swell and overflow in the upstream sections. As a precaution; both making the sections 

sufficiently large and preventing trees from drifting will provide important contributions to the solution of these 

problems. 

 

5.4 Interventions to Stream Beds 

 

It was observed that the buildings, which were demolished after the disaster, were built at the thalweg elevation of 

the river bed, without any measures against flood. In addition, uncontrolled excavation of river beds is an important 

problem. 

 

5 CONCLUSIONS 
 

As a result of the above findings, evaluations and analyzes described the actions to be taken against the flood and  

landslide disasters in Turkey in general and in EBSB in particular, are: 

 

• In the solution of flood and landslide problems, not only the downstream sections where the disaster 

occurred; on the contrary, but also upstream sections that constitute the source of the problem should be 

carefully examined and upstream measures should be immediately implemented.  

 

• Flood and landslide risk maps should be prepared as a result of detailed and sensitive studies and related 

measures should be taken urgently where the risk is high. 

 

• The terms of “Disaster Management” in general, and “Flood and Landslide Management” in particular, 

mean all the work that can be done before, during and after a disaster. Within the scope of management 

works, very important studies should be carried out such as planning all kinds of work before any disaster 

occurs, determining what can be done during disaster and designing the measures that can be taken after 

disaster. In this context, a good coordination between the relevant institutions and organizations should 

be ensured. 
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• In the short periods (from a few days to 1-2 weeks) following the occurrence of disasters such as floods 

and landslides, various people, institutions and organizations emphasize the issue with sensitivity; then 

the subject is forgotten. However, the fact that these and similar disasters can be encountered at any time 

should never be ignored, and the works that need to be carried out to control and minimize the disasters 

should be kept on the agenda, monitored and implemented continuously. 
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Abstract 

Energy is considered to be a key player in the generation of wealth and also a 

significant component in economic development. This makes energy resources 

extremely significant in the world. Efforts to prevent negative impacts of 

hydroelectric power plants (HEPP) or to evaluate the measures to be taken to 

minimize these impacts are carried out within the scope of Environmental Impact 

Assessment (EIA). However, the existing EIA process in the environment has 

become inadequate to provide environmental standards. This has made it necessary 

to develop the Strategic Environmental Assessments (SEA) process, an improved 

stage of EIA. The SEA, a tool for the implementation of sustainable development, is 

defined as the process of evaluation of possible negative effects of plans, programs 

and policies on the environment and the process of reducing these impacts. In this 

study, the problems and inadequacies encountered in the implementation of EIA in 

HEPP projects have been briefly addressed and the innovations brought by SEA to 

environmental management and its importance for HEPP projects have been 

evaluated. At the end of the study, a general assessment on SEA in HEPP is presented 

and some suggestions have been made to better implement the SEA process. 

1 INTRODUCTION  
 

Energy is considered to be a key player in the generation of wealth and also a significant component in economic 

development, which makes energy resources extremely significant in the world. The fossil fuel-oriented energy 

sector has been assumed as the main source of global warming. Increasing awareness of climate change, as well 

as international agreements such as the Kyoto Protocol, both force governments to explore alternative energy 

sources; rising oil prices also accelerate this process.  

 

Due to the absence of hazardous waste during the operation of hydroelectric power plants (HEPP) and the fact that 

greenhouse gas emissions are at very low levels, these plants are considered as renewable energy sources. 

However, considering the damages caused by HEPPs to nature and people during construction and operation 

periods, Environmental Impact Assessment (EIA) studies should be carried out through an effective assessment 

filter after extensive investigations. 

 

The purpose of the EIA process is to determine all the negative environmental impacts that may be caused by the 

investment activities in advance and to ensure that the necessary measures are taken. In Turkey, EIA process is 

not obligatory for each HEPP project. In addition, transmission lines need to be installed in order to transport the 

electricity generated in HEPPs, but the environmental impacts of electricity transmission lines and their 

elimination are not included in the EIA report. Consequently, the existing EIA Regulation is insufficient to prevent 

potential negative impacts and it is of utmost importance to adopt a more comprehensive assessment method in 

accordance with the principle of sustainable environment. 

 

Since the 1970s, the EIA has been used as a permitting mechanism for the planned activities to prevent 

environmental problems and support sustainable development, but the impact assessment at the project level has 

not been sufficient as a solution to environmental problems. As a result of this fundamental idea, Strategic 

Environmental Assessment (SEA) approach has emerged in line with the principle of sustainable development in 

plans, programs and policies that are expected to have significant impacts on the environment [1]. 
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In this paper, the problems and deficiencies encountered in the implementation of EIA in particular in HEPP 

projects are briefly examined. The innovations and necessity of SEA, which is considered as an alternative to EIA 

and which is a more comprehensive phase, has been evaluated within the scope of HEPP projects in particular 

with the innovations brought to environmental management. In the last part of the study, a general assessment on 

SEA in HEPP is presented and some suggestions have been made to better implement the SEA process. 

 

2 HPP AND EIA IN TURKEY 
 

2.1  Deficiencies of EIA in HEPP Projects 

 

The problems encountered  in  the EIA phases of the HEPP projects that are decided to be constructed are 

summarized as follows: 

 

 Planning is not carried out on a basin basis. 

 In the stage of permitting the operation of the HEPP, since there is no basin-based planning, EIAs are 

made for each project individually and on a spot basis. However, the cumulative impacts of various 

projects planned in different river tributaries forming the same basin in a river basin should be identified. 

Within this scope, water related sectors in the basin should be identified, natural resources and habitats 

of the basin should be identified, and in the end, electricity generation should be planned in a way that 

will not adversely affect the river ecosystem and EIA reports should be evaluated in this respect. 

 The EIA process in Turkey does not cover every HEPP project. EIA is not mandatory for HEPPs below 

10 MW. According to the EIA Regulation, river-type power plants with an installed capacity of 10 MW 

and above are included in Annex-1 and river-type power plants with an installed capacity of 1-10 MW 

are included in the Annex-2 list. The EIA process must be applied for the projects listed in Annex-1. For 

the projects included in Annex-2 list, ‟Project Introduction File” is prepared and the necessity of EIA is  

determined.  Therefore, EIA is not mandatory for each HEPP project planned to be carried out Turkey. 

 The construction of transmission lines causes adverse effects. Determination of all environmental impacts 

of electricity transmission lines, prevention of impacts and internal EIA report is required. Methods 

should be established to reduce or prevent many negative impacts by including the installation process  

within the scope of the EIA process. 

 It is seen that the negative impacts of noise generated by construction noise (dynamite exploded, 

construction machinery noise, etc.) on wild animals are not considered in the EIA reports [2]. 

 

2.2 Evaluation of Expert Reports 

 

Concerns about the negative effects that many power plants planned and operated in Turkey may have on 

environmental, social and cultural dimensions are still on the agenda. Therefore, a total of 29 expert reports on 

various environmental impacts during construction and operation have been examined. During the judicial review 

process, the judges asked the experts about the possible environmental impacts of the HEPPs and the necessity of 

the EIA and the suitability of the EIA if it was prepared. A summary of the report results is presented in Table 3.6. 

As a result, important errors and deficiencies of the 29 files evaluated are summarized in Table 1 [3]. 

 

Table 1. Summary of Results of EIA Reports 

Question No Yes 

Is it necessary ? 1 18 

Is it accepted ? 6 4 

 

3     STRATEGIC ENVIRONMENTAL ASSESSMENT 
 

3.1 Introduction 

 

A more comprehensive and higher level Strategic Environmental Assessment (SEA) has been designed in order 

to take the necessary measures to prevent negative impacts or to minimize the damage to the environment and to 

complete the deficiencies of the EIA. The SEA is a process that evaluates the environmental, economic and social 

consequences of the planned plan, policy and program.  

 

International legislative studies were initiated in the 2000s and the implementation of the SEA has started in some 

countries. The USA, the Netherlands, Canada and New Zealand are the first countries to implement SEAs in their  

programs and plans. The practical logic of SEA contains [1]: 
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 Facilitate the implementation of the principle of sustainable development, such as a focus  on  preserving   

the identified environmental quality, rather than minimizing individual negative impacts. 

 Evaluating and improving the cumulative impacts resulting from large scale projects that may cause 

secondary impacts and small development projects that do not require EIA implementation, 

 
3.2 The Need for SEA 

 

The SEA process increases the principles and objectives of the EIA to higher levels in the decision-making process 

where there are many alternatives. 

 

There are a number of reasons for preferring the implementation of the SEA instead of the project level EIA in a 

survey conducted on behalf of the European Commission [1] : 

 

 The scope of the SEA is wider than the EIA. 

 Improves the balance between environmental, social and economic factors. 

 Provides a clearer understanding of the environmental impacts that may occur. 

 The plans, policies and programs that are subject to evaluation in the process are at a level that can 

cover many activities. 

 Plans, programs and policies contribute to achieving the objectives of environmental sustainability. 

 Research on environmental issues is easier; as a result, the decision-making process is faster. 

 The evaluation phase required for programs, policies and plans is less detailed than the evaluation 

implemented at the project level. 

 It provides wider range of impact and greater number of identified impacts. 

 

4    GENERAL ASSESSMENT OF SEA IN HEPP 
 

In the light of the information and findings obtained so far, a general assessment of the SEA's HEPP projects 

process is presented below under three headings: 

 

4.1 Basic Strategic Issues About SEA 

 

The scoping phase of the SEA has identified a number of key strategic issues that guide the analysis on this issue. 

This section provides brief conclusions about the lessons learned in each of the strategic issues of the SEA. 

 

The contribution of hydropower to economic development is the first strategic issue. It is important to include all 

social and environmental costs in the economic analysis of hydropower, such as the full costs of alternative sources 

of production. 

 

SEA also states that hydroelectric energy can contribute to development in another way when appropriate measures 

are taken. In this case, hydropower can provide significant benefits to local communities through better access to 

foreign markets, new livelihoods and better access to a range of services. 

 

The displacement of local communities, which is an inevitable consequence of HEPPs in many places, is a key 

and controversial issue for hydropower development, and past experience in mitigating the impact of displacement 

has not been sufficient. SEA has shown that this is not necessary: It is possible to provide a mitigation and 

development package that will provide a means to ensure that internally displaced persons have better long-term 

development support and ultimately, better relocation. This package requires additional costs, but these costs are 

not sufficient to have a significant impact on the economic viability of any of the planned programs.  

 

Water Resources are inevitably affected by hydropower development, and many stakeholders have expressed 

concern that these impacts are not considered in the planning and management of reservoirs. Existing management 

regimes are generally aimed at one goal: Maximizing electricity generation. The analysis presented in the SEA 

shows  that in cases  where serious  downstream impacts  on the integrity  of  ecosystems  should  be  avoided,  the  

necessity of ensuring minimum environmental flows should be considered. 

 

The impacts of hydropower on the integrity of ecosystems have been identified by stakeholders as a key strategic 

issue. The SEA has shown that some impact levels are inevitable in three areas: Forest resources, water resources 

and  biodiversity areas.  However, the  risks of  such impacts  can be significantly  reduced by  adopting effective 

predictive mitigation measures. 
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4.2 Strategic Effectiveness of SEA 

 

SEA provides a mechanism for assessing and understanding the full potential of hydroelectric risks for humans 

and the environment, both in the immediate vicinity of the project and beyond. SEA also provides a mechanism 

for identifying and assessing the most effective mitigation and compensation actions, including actions to mitigate 

risks and fully compensate for the adverse impacts they may have incurred.  

 

SEA provides a framework for internalizing the costs of social and environmental impacts and mitigation measures 

in assessing the economic applicability of hydroelectric projects. In addition, SEA provides a framework for 

consensus among stakeholders on the most appropriate forms of mitigating social and environmental impacts. 

 

When an economic analysis is conducted, SEA also provides a basis for internalizing the costs and benefits 

externally traditionally addressed. This provides a tool to compare a wide range of risks and impacts. This also 

provides the basis for making an objective decision for the most desirable and sustainable levels of hydropower 

development. In this way, the full potential of the SEA is achieved as part of strategic planning. This is one of the 

most important characteristics that distinguishes SEA from traditional EIA processes. 

 

4.3 Usage of SEA in Integrated Water Resources Management 

 

SEA process has made very positive contributions and incentives to the Integrated Water Resources Management 

(IWRM) processes. Many studies have clearly demonstrated that SEAs are successful in encouraging the inclusion 

of environmental concerns in water resources decisions and some principles of the IWRM. All SEA case studies 

have concluded that environmental considerations have contributed significantly to the inclusion of water sector 

decision-making. 

 

The basic framework for the use of SEAs in the IWRM consists of 4 sub-headings: 

 

Gathering Different Professional Perspectives of Environmental and Water Resources Practitioners: 

Environmental and water resources experts need to broaden their perspectives. Because SEA and IWRM originate 

from different disciplines, there is a need to bridge separate but overlapping perspectives in order to be effective 

tools for the implementation of SEA studies in line with the IWRM principles. The SEA and IWRM terminology 

and procedure steps should be clarified. 

 

Establishing Supporting Environments and Ensuring Supporting Sectoral Harmonization: Harmonization between 

water sectors should be ensured. Policies  on water resources should  support the SEA. A long-term  consensus  is  

needed to see a measurable impact on water sector reforms. 

 

Improving Capacity for the Implementation of SEAs in Water Resources: It is important for senior decision makers 

in environmental and water institutions to understand that SEA and IWRM are complementary and complementary 

concepts. 

 

Designing and Implementing Effective SEAs: In a successful SEA process, multidisciplinary teams and integration 

are essential. Water resources management is inherently multi-sectoral, and team members need a broad 

understanding of how to understand the range of issues and their interdependence from the very beginning. 

 

5    CONCLUSION 
 

In this study, the relationship between the EIA and SEA stages is shortly evaluated and the new SEA approach 

and process, which is a new concept in Turkey, has been evaluated in terms of hydroelectric energy, one of the 

widely used renewable energy sources in recent years. The main results of the study are summarized below: 

 

Many problems were encountered in the EIA assessments made in HEPP projects. As a result, the EIA process in  

these projects is generally inadequate and new assessment criteria are needed. 

 

The SEA approach has been successfully implemented in recent years as a good alternative to assessing the 

environmental impacts of various facilities, and various studies are being carried out in Turkey to apply them to 

various sectors. 

 

The SEA process makes very useful contributions under the IWRM. 
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Abstract 

In this study, free vibration analysis of layered composite beams is performed 

by using an analytical method based on trigonometric series. Based on the first-

order shear deformation beam theory, the governing equations are derived from 

the Lagrange’s equations. Appropriate trigonometric series functions are 

selected to satisfy the end conditions of the beam. Navier-type solution is used 

to obtain natural frequencies. Natural frequencies are calculated for different end 

conditions and lamina stacking. The results of the study are quite compatible 

with the literature. 

1 INTRODUCTION  
 

Laminated composites, which have become one of the important subjects of today, are light and corrosion resistant 

and have high strength. Commonly used laminated composites are used in beams, columns and plates that are 

structural elements, thus, it is quite essential to know and understand static and dynamic behavior of such 

structures. 

 

There is an extensive research in the literature on the laminated composite beams. In these works, different 

analytical and numerical techniques were used. Reddy [1] gave analytical and numerical solution procedures for 

bending, buckling and free vibration problems of laminated composite plates and beams considering the different 

lamination theories. In laminated beams, effect of shear deformation is highly important. The first-order shear 

deformation theory (FSDT) was thus developed to include the effect of shear. In this theory, a constant transverse 

shear strain through-the-thickness was assumed, and a shear correction factor must be used. However, FSDT is 

widely used in the analysis of laminated composite beams [2-8]. 

 

The number of studies using higher-order theory is quite high in the literature. Song and Waas [9] used the simple 

higher-order theory that assumes the cubic variation for the displacement field through the thickness in buckling 

and free vibration analyses of stepped laminated composite beams. Kant et al. [10] presented analytical solution 

to the natural frequency analysis of composite and sandwich beams based on higher order refined theory. Karama 

et al. [11] proposed a new laminated composite beam model based on the discrete layer theory for bending, 

buckling and free vibration problems of thin and thick beams. Aydogdu [12] studied the vibration of cross-ply 

laminated beams subjected to different sets of boundary conditions by Ritz method is based on a three-degree-of-

freedom shear deformable beam theory. Zhen and Wanji [13] gave analytical solutions to vibration and stability 

problems of laminated composite and soft-core sandwich beams according to several displacement-based theories. 

Li et. al. [14] presented the free vibration analyses of laminated composite beams using refined higher-order shear 

deformation theory. Mantari and Canales [15] provided an analytical solution for buckling and free vibration 

analysis of laminated beams using a refined and generalized shear deformation theory involving thickness 

expansion. Nguyen et al. [16] developed a new trigonometric-series solution based on a higher-order theory for 

analysis of composite beams with arbitrary lay-ups. Kahya and Turan [17] presented a higher-order finite element 

for free vibration and buckling of laminated composite and sandwich beams. Kahya et al. [18] presented free 

vibration analysis of laminated composite beams including open transverse cracks by using a shear-deformable 

thirteen degrees-of-freedom finite element model.  

 

This study presents an analytical method for free vibration of laminated composite beams. Free vibration analysis 

of layered composite beams is performed by using an analytical method based on trigonometric series. Based on 
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the first-order shear deformation beam theory, the governing equations are derived from the Lagrange’s equations. 

Natural frequencies are calculated for different end conditions and lamina stacking. The results of the study are 

quite compatible with the literature. 

 

2 MATERIAL AND METHOD 
 

Consider a laminated beam as shown in Fig. 1. The displacement field of first-order shear deformation theory is 

given by: 

 
0 0

0

( , , ) ( , ) ( , ),

( , , ) ( , )

u x z t u x t z x t

w x z t w x t

 


 (1) 

 

where u0, w0 and 0 are the axial and transversal displacements, and cross-sectional rotation, respectively. t is time. 

The strain-displacement relations are given by  

 
0 0 0 0

, , ,,xx x x xz xu z w        (2) 

 

where xx  and xz  are the normal and shear strains, respectively. ,( ) x  denotes the derivative with respect to x.  The 

constitutive relations for an orthotropic ply configuration are given by 

 

11 55,xx xx xz xzC KC      (3) 

 

where xx  and xz  are the normal and shear stresses, respectively. K is shear correction factor which is taken as 

5/6 for a rectangular cross-section. 11C  and 55C  are the transformed material constants which are given by 

 
4 2 2 4
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where   is the fiber angle measured from the positive x-axis in counter clockwise direction. ijC  terms are 
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 (5) 

 

where ijE  and ijG  denote Young’s and shear modulus, respectively, ij  is Poisson ratio. 

The governing equations of motion can be obtained by Lagrange’s equations which is given by 

 

0
i i

d

dt q q

  
  

  
 (6) 

 

where ( )T U V     is the Langragian functional, qi denotes the generalized coordinates corresponding to nodal 

displacements. The strain and kinetic energy of the beam can be given by  
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where 
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          (8) 
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where k is the layer number. 

 
Figure 1. Geometry and dimensions of the laminated composite beam and the co-ordinate system 

 

The work done by axial compressive force 0P  acting on the beam at its ends can be given by 

 

 
2

0

0 ,
0

1

2

L

xV P w dx   (9) 

 

Assume the solutions to 
0 ( , )u x t , 

0 ( , )w x t ,and 
0 ( , )x t  as: 

 

0 0 0

1 1 1

( , ) ( ) ( ), ( , ) ( ) ( ), ( , ) ( ) ( )
m m m

i i i i i i

i i i

u x t x u t w x t x w t x t x t    
  

      (10) 

 

where ( )iu t , ( )iw t  and ( )i t  are the generalized nodal displacements, and ( )i x , ( )i x  and ( )i x  are 

trigonometric functions varying depending on the end conditions of the beams, and m is the number of 

trigonometric series. In Table 1, trigonometric functions selected to provide support conditions for the beams 

considered in the study are given. Simply-supported (S-S), clamped-clamped (C-C) and clamped-free (C-F) end 

conditions are considered for different laminated composite beams. 

If the work and energy expressions are written in the Lagrange equation, taking into account the trigonometric 

functions given in Table 1, the equation of motion for the L length beam 

 

0P 
e g

MX (K K )X = F  (11) 

 

where M, Ke, Kg and F are the global mass, stiffness, geometric stiffness matrices and load vector, respectively. 
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M M M K K K 0 0 0 0

 (12) 

 
where (12) for each term is clearly defined in the Appendix. For free vibration of the beam without axial loading, 

ignoring Kg matrix and assuming 
i te X u  and F=0 in Eq. (11), we have the following eigenvalue problem: 

 
2e(K M)u = 0  (13) 

 

where   denote the natural frequencies of the beam. The natural frequencies of the beam can be obtained by non-

trivial solutions of Eqs. (13). 

 

Table 1. The trigonometric functions 
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3 RESULTS 
 

In this section, numerical results of free vibration analysis of laminated composite beams with various boundary 

conditions are presented. Analytical results were obtained with the help of a program written in MATLAB. Simply-

supported (S-S), clamped-clamped (C-C) and clamped-free (C-F) end conditions are considered for different 

laminated composite beams. Laminates are supposed to have equal thicknesses and made of the same orthotropic 

materials whose properties are followed: 

 

Material I [15]: E
11

 / E
22

= open, G
12

 = G
13

 = 0.6E
22

, G
23

 = 0.5E
22

, 
12

 = 0.25 

Material II [15]: E
11

 / E
22

= open, G
12

 = G
13

 = 0.5E
22

, G
23

 = 0.2E
22

, 
12

 = 0.25 

Material III [15]: E
11

= 144.8GPa, E
22 

= 9.65GPa, G
12

= G
13 = 4.14GPa, G

23 = 3.45GPa, 
12

 = 0.3, ρ = 1389kg/m3 

 

For convenience, the following normalized terms are used: 
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 (14) 

 

In Table 2, the number of terms to be used in the analytical solution was investigated. As can be seen, sufficient 

accuracy is obtained with 10 terms. 

 

The normalized fundamental frequencies are presented for cross-ply laminated beams in Tables 3. The results of 

HSDTs given by Mantari and Canales [15] and Nguyen et al. [16] are assumed. As seen, the results are in good 

agreement. As the slenderness (L/h) increases, the frequencies increase, too. Here, we again observed that the 

agreement between the results is good for symmetrical lay-ups. However, the difference between the results 

becomes greater for thicker beams with unsymmetrical lay-ups. 

 

Table 4 shows the normalized fundamental frequency for symmetric(0/𝜃/0) and unsymmetric(0/±𝜃/ 0) composite 

beams with various boundary conditions. As the fiber angle (𝜃) increases, the normalized natural frequencies 

decrease. The analytical results are consistent with the literature. 

 

Table 2. Normalized fundamental frequencies of laminated composite beams with various boundary conditions 

according to the number of terms to be used in analytical solution 

Beams m 
Boundary Conditions 

S-S C-C C-F 

Material III 2 2.5023    4.7584 0.9304 

(0/90/90/0) 4 2.5023    4.6798 0.9269 

L / h = 15 6 2.5023    4.6524 0.9259 

 8 2.5023    4.6384 0.9255 

 10 2.5023    4.6298 0.9252 

 12 2.5023    4.6240 0.9252 

 16 2.5023    4.6167 0.9252 

     

Material I 2 6.883 13.483 2.545 

(0/90) 4 6.883 13.286 2.536 

L / h = 10 6 6.883 13.219 2.534 

E11 / E22 = 40 8 6.883 13.185 2.533 

 10 6.883 13.164 2.532 

 12 6.883 13.150 2.532 

 16 6.883 13.132 2.532 
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Table 3. Normalized fundamental frequencies of (0/90/0) and (0/90) composite beams (Material I, E
11

/E
22 = 40) 

B.C. Beams Theory 
L / h 

5 10 20 30 50 

S-S (0/90/0) Present 9.205 13.661 16.355 17.056 17.452 

  Nguyen et al. [16] 9.208 13.614 16.338 17.055 17.462 

  Mantari and Canales [15] 9.208 13.610 - - - 

        

 (0/90) Present 5.953 6.883 7.201 7.265 7.300 

  Nguyen et al. [16] 6.128 6.945 7.219 7.274 7.302 

  Mantari and Canales [15] 6.109 6.913 - - - 

        

C-F (0/90/0) Present 4.182 5.499 6.070 6.196 6.263 

  Nguyen et al. [16] 4.234 5.498 6.070 6.198 6.267 

  Mantari and Canales [15] 4.221 5.490 - - - 

        

 (0/90) Present 2.342 2.532 2.588 2.599 2.604 

  Nguyen et al. [16] 2.383 2.543 2.591 2.600 2.605 

  Mantari and Canales [15] 2.375 2.532 - - - 

        

C-C (0/90/0) Present 10.621 19.328 29.709 34.332 37.708 

  Nguyen et al. [16] 11.607 19.728 29.695 34.268 37.679 

  Mantari and Canales [15] 11.486 19.652 - - - 

        

 (0/90) Present 9.069 13.164 15.489 16.073 16.399 

  Nguyen et al. [16] 10.027 13.670 15.661 16.154 16.429 

  Mantari and Canales [15] 9.974 13.628 - - - 

 

Table 4. Normalized fundamental frequency for symmetric and unsymmetric composite beams with various 

boundary conditions (Material I, E
11

 / E
22

 = 40) 

L / h Beams 

 S-S  C-F 

 
Present 

Mantari and 

Canales [15] 

 
Present 

Mantari and 

Canales [15] 

5 (0/30/0)  9.3770 9.4651  4.2540 4.3218 

 (0/45/0)  9.3142 9.3801  4.2264 4.2855 

 (0/60/0)  9.2570 9.2946  4.2029 4.2519 

 (0/30/-30/0)  9.3029 9.4194  4.2096 4.2821 

 (0/45/-45/0)  9.1779 9.2928  4.1464 4.2129 

 (0/60/-60/0)  9.0727 9.1699  4.0977 4.1548 

 (0/90/0/90)  7.8579 7.7822  3.3337 3.3187 

        

10 (0/30/0)  13.8742 13.8823  5.5764 5.5791 

 (0/45/0)  13.7875 13.7795  5.5427 5.5412 

 (0/60/0)  13.7190 13.6889  5.5184 5.5116 

 (0/30/-30/0)  13.6945 13.7306  5.4905 5.4982 

 (0/45/-45/0)  13.4676 13.5092  5.3913 5.3987 

 (0/60/-60/0)  13.3053 13.3371  5.3248 5.3289 

 (0/90/0/90)  10.2652 10.2007  3.9182 3.9002 

 

Fig. 2 shows variation of the normalized fundamental frequencies with the slenderness for (0/90)s beam with 

properties of Material II and different end conditions. When the slenderness increases, the normalized fundamental 

frequencies increase, too. Effect of the slenderness is more pronounced on the results for C-C end conditions. For 

thicker beams (L / h < 10), we can say that the slenderness is more effective on the results. 

 

Fig. 3 shows the effect of material anisotropy (E1/E2) on the normalized fundamental frequencies for (0/90)s and 

(0/90) composite beams with simple ends. As seen, normalized fundamental frequencies increase with increasing 

E1/E2. Any change in E1/E2 is more effective on the results for (0/90)s beam compared to (0/90) beam. We can also 

see here, (0/90)s beam has greater normalized fundamental frequencies than those of (0/90) beam. 
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Figure 2. Variation of the normalized fundamental 

frequency with span-to-depth ratio for (0/90)s 

laminated beam (Material II, E
11

 / E
22

 = 10) 

 
Figure 3. Variation of the normalized fundamental 

frequency with E
11

/E
22

 for (0/90) and (0/90)s simple 

beams (Material I, L / h = 10) 

 

4 CONCLUSION 
 

Free vibration analysis of layered composite beams is performed by using an analytical method based on 

trigonometric series. Based on the first-order shear deformation beam theory, the governing equations are derived 

from the Lagrange’s equations. Appropriate trigonometric series functions are selected to satisfy the end conditions 

of the beam. Navier-type solution is used to obtain natural frequencies. Natural frequencies are calculated for 

different end conditions and lamina stacking. The results of the study are quite compatible with the literature. 

According to results of the study: 

 The slenderness (L/h) increases, the normalized fundamental frequencies increase, too. 

 As the fiber angle (𝜃) increases, the normalized natural frequencies decrease. 

 For thicker beams (L / h < 10), we can say that the slenderness is more effective on the results. 

 As seen, normalized fundamental frequencies increase with increasing E1/E2. 

 

Appendix 
 

a) Elements of the global mass matrices: 
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b) Elements of the global stiffness matrices: 

 

 

2 2

0

2 2

0

x

1
0 0

2
0 0

0 0
2 m m

A
L

m
A

L





 
 
 

  
 
 
 

11
K

,   
0T

12 12
K = K =

, 

 

2 2

1

2 2

1

x

1
0 0

2
0 0

0 0
2 m m

A
L

m
A

L





 
 
 

  
 
 
 

13
K ,   

0

0

x

1
0 0

2
0 0

0 0
2 m m

B

m
B





 
 
 
 
 
  

T

23 23
K = K = , (A2) 

 

2 2

0

2 2

0

x

1
0 0

2
0 0

0 0
2 m m

B
L

m
B

L





 
 
 

  
 
 
 

22
K

,  

2 2

0 2

2 2

0 2

x

1
0 0

2 2
0 0

0 0
2 2 m m

L
B A

L

L m
B A

L





 
 

 
  
 

 
 

33
K

 

 

c) Elements of the geometric stiffness matrices: 
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d) Load vector: 
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Abstract 

In this study, Navier method based on the first-order shear deformation theory is 

presented for buckling analysis of layered composite beams. The trigonometric 

series were used in Navier method. The governing equations are derived from 

the Lagrange’s equations. Appropriate trigonometric series functions are 

selected to satisfy the end conditions of the beam. Navier-type solution is used 

to obtain critical buckling loads. Critical buckling loads are calculated for 

different end conditions and lamina stacking. The results of the study are quite 

compatible with the literature. 

1 INTRODUCTION  
 

Composite laminates are preferable due to their superior characteristics in strength, stiffness, and lightweight. 

Many engineering structures or structural components such as aircraft wings, helicopter blades, and space 

structures are commonly modeled as beams. The static and dynamic behavior of laminated composite beams is 

quite essential to know and understand. 

 

There is a vast literature related to the laminated composite beams. Some of analytical and numerical works on 

buckling behavior of laminated composite beams can be summarized as follows: Reddy [1] gave analytical and 

numerical solution procedures for bending, buckling and free vibration problems of laminated composite plates 

and beams considering the different lamination theories. Khdeir and Reddy [2] solved buckling problem of cross-

ply laminated beams with different end conditions by using the state-space approach. Dafedar and Desai [3] 

presented a unified mixed, higher-order analytical formulation for buckling of laminated composite struts. Their 

formulation can also be used for calculating the overall buckling and wrinkling loads of general multilayer, 

multicore sandwich struts with any arbitrary sequence of stiff layers and cores. Aydogdu [4, 5] analyzed buckling 

behavior of cross-ply laminated beams with general boundary conditions under axial and thermal loading by the 

Ritz method. Zhen and Wanji [6] gave analytical solutions to vibration and stability problems of laminated 

composite and soft-core sandwich beams according to several displacement-based theories. Vo and Thai [7, 8] 

studied vibration and buckling of composite beams by a two-noded C1 beam element with five DOFs per node 

which accounts for shear deformation effects and all coupling due to the material anisotropy.  Li and Qiao [9] 

studied buckling and postbuckling behavior of shear deformable anisotropic laminated composite beams with 

initial imperfection subject to axial compression. Filippi and Carrera [10] studied bending and vibrations analyses 

of laminated beams by using a zig-zag-layer-wise theory. Mantari and Canales [11] presented free vibration and 

buckling of laminated beams via hybrid Ritz solution for various panalized boundary conditions. Nguyen et al. 

[12] developed a new trigonometric-series solution based on a higher-order theory for analysis of composite beams 

with arbitrary lay-ups. Kahya and Turan [13] presented a higher-order finite element for free vibration and buckling 

of laminated composite and sandwich beams. Karamanli and Aydogdu [14] presented the elastic buckling behavior 

of isotropic, laminated composite and sandwich beams subjected to various axially varying in-plane loads and 

boundary conditions. 

 

This study presents Navier method based on the first-order shear deformation theory for buckling analysis of 

layered composite beams. The trigonometric series were used in Navier method. The governing equations are 

derived from the Lagrange’s equations. Appropriate trigonometric series functions are selected to satisfy the end 

conditions of the beam. Navier-type solution is used to obtain critical buckling loads. Critical buckling loads are 

calculated for different end conditions and lamina stacking. The results of the study are quite compatible with the 

literature. 
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2 MATERIAL AND METHOD 
 

Consider a laminated beam as shown in Fig. 1. The displacement field of first-order shear deformation theory is 

given by: 

 
0 0

0

( , , ) ( , ) ( , ),

( , , ) ( , )

u x z t u x t z x t

w x z t w x t

 


 (1) 

 

where u0, w0 and 0 are the axial and transversal displacements, and cross-sectional rotation, respectively. t is time. 

The strain-displacement relations are given by  

 
0 0 0 0

, , ,,xx x x xz xu z w        (2) 

 

where xx  and xz  are the normal and shear strains, respectively. ,( ) x  denotes the derivative with respect to x. The 

constitutive relations for an orthotropic ply configuration are given by 

 

11 55,xx xx xz xzC KC      (3) 

 

where xx  and xz  are the normal and shear stresses, respectively. K is shear correction factor which is taken as 

5/6 for a rectangular cross-section. 11C  and 55C  are the transformed material constants which are given by 

 
4 2 2 4
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where   is the fiber angle measured from the positive x-axis in counter clockwise direction. ijC  terms are 

 

11 12 22 22

11 12 22 44 23 55 13 66 12
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 (5) 

 

where ijE  and ijG  denote Young’s and shear modulus, respectively, ij  is Poisson ratio. 

The governing equations of motion can be obtained by Lagrange’s equations which is given by 

 

0
i i

d

dt q q

  
  

  
 (6) 

 

where ( )T U V     is the Langragian functional, qi denotes the generalized coordinates corresponding to nodal 

displacements. The strain and kinetic energy of the beam can be given by  
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where 
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where k is the layer number. 

960



Buckling Analysis of Laminated Composite Beams by Navier Method ICADET ‘19 

 

 

 
Figure 1. Geometry and dimensions of the laminated composite beam and the co-ordinate system 

 

The work done by axial compressive force 0P  acting on the beam at its ends can be given by 
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Assume the solutions to 
0 ( , )u x t , 

0 ( , )w x t ,and 
0 ( , )x t  as: 
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where ( )iu t , ( )iw t  and ( )i t  are the generalized nodal displacements, and ( )i x , ( )i x  and ( )i x  are 

trigonometric functions varying depending on the end conditions of the beams, and m is the number of 

trigonometric series. In Table 1, trigonometric functions selected to provide support conditions for the beams 

considered in the study are given. Simply-supported (S-S), clamped-clamped (C-C) and clamped-free (C-F) end 

conditions are considered for different laminated composite beams. 

If the work and energy expressions are written in the Lagrange equation, taking into account the trigonometric 

functions given in Table 1, the equation of motion for the L length beam 

 

0P 
e g

MX (K K )X = F  (11) 

 

where M, Ke, Kg and F are the global mass, stiffness, geometric stiffness matrices and load vector, respectively. 
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where (12) for each term is clearly defined in the Appendix. For free vibration of the beam without axial loading, 

ignoring M matrix and assuming 0P x
eX u  and F=0 in Eq. (11), we have the following eigenvalue problem: 

 

0Pe g(K K )u = 0  (13) 

 

where  0 0 cr
P P  denote the critical buckling loads of the beam. The critical buckling loads of the beam can be 

obtained by non-trivial solutions of Eqs. (13). 

 

Table 1. The trigonometric functions 
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3 RESULTS 
 

In this section, numerical results of buckling analysis of laminated composite beams with various boundary 

conditions are presented. Analytical results were obtained with the help of a program written in MATLAB. Simply-

supported (S-S), clamped-clamped (C-C) and clamped-free (C-F) end conditions are considered for different 

laminated composite beams. Laminates are supposed to have equal thicknesses and made of the same orthotropic 

materials whose properties are followed: 

 

Material I [12]: E
11

 / E
22

= open, G
12

 = G
13

 = 0.6E
22

, G
23

 = 0.5E
22

, 
12

 = 0.25 

Material II [12]: E
11

 / E
22

= open, G
12

 = G
13

 = 0.5E
22

, G
23

 = 0.2E
22

, 
12

 = 0.25 

 

For convenience, the following normalized terms are used: 

 

  2

0

3

22

Materials I and If Iorcr
P L

E bh
   (14) 

 

In Table 2, the number of terms to be used in the analytical solution was investigated. As can be seen, sufficient 

accuracy is obtained with 2 terms. 

 

The normalized fundamental frequencies are presented for cross-ply laminated beams in Tables 3. The results of 

HSDTs given by Mantari and Canales [11] and Nguyen et al. [12] are assumed. As seen, the results are in good 

agreement. As the slenderness (L/h) increases, the normalized critical buckling loads increase, too. Here, we again 

observed that the agreement between the results is good for symmetrical lay-ups. However, the difference between 

the results becomes greater for thicker beams with unsymmetrical lay-ups. 

 

Table 4 shows the normalized critical buckling loads for symmetric(0/𝜃/0) and unsymmetric (0/±𝜃/ 0) composite 

beams with various boundary conditions. As the fiber angle (𝜃) increases, the normalized critical buckling loads 

decrease. The analytical results are consistent with the literature. 

 

Table 2. Normalized critical buckling loads of laminated composite beams with various boundary conditions 

according to the number of terms to be used in analytical solution 

Beams m 
Boundary Conditions 

S-S C-C C-F 

Material I 2 17,737 32,832 6,2476 

(0/90/90/0) 4 17,737 32,832 6,2476 

E11 / E22 = 40 6 17,737 32,832 6,2476 

L / h = 10 8 17,737 32,832 6,2476 

 10 17,737 32,832 6,2476 

 12 17,737 32,832 6,2476 

 16 17,737 32,832 6,2476 

     

Material I 2 4,853 14,731 1,318 

(0/90) 4 4,853 14,731 1,318 

E11 / E22 = 40 6 4,853 14,731 1,318 

L / h = 10 8 4,853 14,731 1,318 

 10 4,853 14,731 1,318 

 12 4,853 14,731 1,318 

 16 4,853 14,731 1,318 
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Table 3. Normalized critical buckling loads of (0/90/0) and (0/90) composite beams (Material I, E
11

/E
22 = 40) 

B.C. Beams Theory 
L / h 

5 10 20 30 50 

S-S (0/90/0) Present 8,593 18,947 27,115 29,467 30,837 

  Nguyen et al. [12] 8,613 18,832 27,086 29,496 30,906 

  Mantari and Canales [11] 8,585 18,796 - - - 

        

 (0/90) Present 3,683 4,853 5,271 5,357 5,402 

  Nguyen et al. [12] 3,907 4,942 5,297 5,369 5,406 

  Mantari and Canales [11] 3,856 4,887 - - - 

        

C-F (0/90/0) Present 4,737 6,778 7,598 7,771 7,864 

  Nguyen et al. [12] 4,708 6,772 7,611 7,790 7,886 

  Mantari and Canales [11] 4,673 6,757 - - - 

        

 (0/90) Present 1,213 1,318 1,347 1,352 1,355 

  Nguyen et al. [12] 1,236 1,324 1,349 1,353 1,356 

  Mantari and Canales [11] 1,221 1,311 - - - 

        

C-C (0/90/0) Present 10,789 34,373 75,789 97,557 114,377 

  Nguyen et al. [12] 11,652 34,453 75,328 97,248 114,398 

  Mantari and Canales [11] 11,502 34,365 - - - 

        

 (0/90) Present 7,500 14,731 19,410 20,624 21,305 

  Nguyen et al. [12] 8,674 15,626 19,768 20,780 21,372 

  Mantari and Canales [11] 8,509 15,468 - - - 

 

Table 4. Normalized critical buckling loads for symmetric and unsymmetric composite beams with various 

boundary conditions (Material I, E
11

 / E
22

 = 40) 

L / h Beams 

 S-S  C-F 

 
Present 

Mantari and 

Canales [11] 

 
Present 

Mantari and 

Canales [11] 

5 (0/30/0)  8,9318 9,0718  4,8910 4,8633 

 (0/45/0)  8,7990 7,6533  4,8290 4,7909 

 (0/60/0)  8,7030 8,7473  4,7812 4,7275 

 (0/30/-30/0)  8,7918 8,9843  4,7650 4,7569 

 (0/45/-45/0)  8,5577 8,7439  4,6086 4,6034 

 (0/60/-60/0)  8,3628 8,5136  4,4983 4,4857 

 (0/90/0/90)  6,1510 6,1626  2,5933 2,6416 

        

10 (0/30/0)  19,5641 19,5591  6,9633 6,9473 

 (0/45/0)  19,3162 19,2700  6,8795 6,8596 

 (0/60/0)  19,0868 19,0166  6,8075 6,7963 

 (0/30/-30/0)  19,0600 19,1350  6,7301 6,7246 

 (0/45/-45/0)  18,4346 18,5228  6,4777 6,4746 

 (0/60/-60/0)  17,9931 18,0533  6,3168 6,3106 

 (0/90/0/90)  10,7371 10,5854  3,2564 3,2335 

 

Fig. 2 shows variation of the normalized critical buckling loads with the slenderness for (0/90)s beam with 

properties of Material II and different end conditions. When the slenderness increases, the normalized critical 

buckling loads increase, too. Effect of the slenderness is more pronounced on the results for C-C end conditions. 

For thicker beams (L / h < 10), we can say that the slenderness is more effective on the results. 

 

Fig. 3 shows the effect of material anisotropy (E1/E2) on the normalized critical buckling loads for (0/90)s and 

(0/90) composite beams with simple ends. As seen, normalized critical buckling loads increase with increasing 

E1/E2. Any change in E1/E2 is more effective on the results for (0/90)s beam compared to (0/90) beam. We can also 

see here, (0/90)s beam has greater normalized critical buckling loads than those of (0/90) beam. 
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Figure 2. Variation of the normalized critical 

buckling loads with span-to-depth ratio for (0/90)s 

laminated beam (Material II, E
11

 / E
22

 = 10) 

 
Figure 3. Variation of the normalized critical 

buckling loads with E
11

/E
22

 for (0/90) and (0/90)s 

simple beams (Material I, L / h = 10) 

 

4 CONCLUSION 
 

Navier method based on the first-order shear deformation theory is presented for buckling analysis of layered 

composite beams. The trigonometric series were used in Navier method. The governing equations are derived from 

the Lagrange’s equations. Appropriate trigonometric series functions are selected to satisfy the end conditions of 

the beam. Navier-type solution is used to obtain critical buckling loads. Critical buckling loads are calculated for 

different end conditions and lamina stacking. The results of the study are quite compatible with the literature. 

According to results of the study: 

 The slenderness (L/h) increases, the normalized critical buckling loads increase, too. 

 As the fiber angle (𝜃) increases, the normalized critical buckling loads decrease. 

 For thicker beams (L / h < 10), we can say that the slenderness is more effective on the results. 

 As seen, normalized critical buckling loads increase with increasing E1/E2. 

 

Appendix 
 

a) Elements of the global mass matrices: 
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b) Elements of the global stiffness matrices: 
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c) Elements of the geometric stiffness matrices: 
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d) Load vector: 
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Abstract 
Scheduling is the allocation of resources to the operations to produce a product / 

service. In most of the studies in this field, only machines are considered. However, 

other resources such as human factor (workers), which have a significant impact on 

the real production environment, have been neglected. In this study, the studies 

called dual / multi resource constrained scheduling problems in which other 

resources besides the machines are included in the scheduling process are examined 

in detail. Made works are classified according to the four criteria: scheduling 

environment, worker flexibility, the type of objective being tried to be optimized 

and the proposed solution approach. 

 

1 INTRODUCTION  
 

Dual / Multi resource constrained scheduling problems are problems in which other resources are involved as 

well as machines as restrictive resource in performing the jobs. . According to our research, except for a few 

studies [1,2], in which more than one resource is taken into account, all studies are limited in double resource. In 

the majority of them, the first resource is machine and the second resource is person (worker). As a second 

resource in relatively few studies; mold [3], pallet [4], retuctile [5] were evaluated. Therefore, this study focuses 

on dual resource constrained (machine, worker) studies and these studies are evaluated according to various 

criteria (flexibility of workers, setup times, objective, solution technique). First, the discussions in the literature 

about whether human resource (worker) should be included in the scheduling studies are presented. 

 

Bidanda et al. (2005) [6] linked the reason for the neglect of the worker resource constraint to the difficulties in 

measuring human resources. In addition, Othman, Gouw, and Bhuiyan (2012) [7] argue that the human factor is 

a conceptual factor and that it is unnecessary to consider this factor because humans are compatible creatures. 

On the other hand, there are many studies in the literature claiming that some characteristics of workers, 

especially their flexibility, are an important factor in job scheduling [8-10]. In addition, comparative studies have 

shown that flexible labor force brings low work in process level [10-12], low maximum completion time [13], 

better delivery performance [10] and therefore higher customer satisfaction. 

 

In this study, the first criterion used to evaluate the studies is flexibility. The ability of all machines and workers 

to do every job is called full flexibility. Most of the work has certain limitations for machines and / or workers, 

and very few have full flexibility for the machine and / or worker [14-18]. In the majority of studies, cross-

education level (ability to work on more than one machine) and the ability of workers to use the machine were 

considered as flexibility and the number of workers required for each job was accepted as one. In very few of 

them, the number of workers required for a job is evaluated under the concept of flexibility. Some of them 

determined the number of workers needed for each job as a fixed value [19], and some of them [3, 20] evaluated 

the varying number of workers required for each job.  

 

The preparation time is either neglected or included in the processing time, except for a few studies [18, 21] on 

dual resource constrained scheduling. In the second part, the studies in this field are classified according to 

certain criteria and presented in a table.  
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2 MATERIAL AND METHOD 
 

Many literature studies have been done on dual / multi resource constrained scheduling problems [22-25]. These 

studies are divided into two main groups. The first one is the comparison of different production environments in 

terms of machine and worker structure according to certain performance criteria [13, 26-31]. and second, studies 

aiming to optimize specific objectives. In this study, the details of the second part of the studies are examined in 

detail and presented in Table 1. 

 

Table 1. Literature review on dual / multi resource constrained scheduling problems (for second part problems) 

Sche. 

Env. 
Citation 

Homogeneous / 

heterogeneous 

worker 

Year Objective Solution approach 

JS [21] Homogeneous 1998 Min. earliness/tardiness Dispatching rule 

PM [5] - 2007 
Min. Total weighted compl. 

time 
Heuristic 

PM [32] Homogeneous 2008 Min. total tardiness Genetic alg. 

JS [3] Homogeneous 2009 Min. Cmax Heuristic active alg. 

JS [14] Heterogeneous 2009 Min. total comp., labor cost 
Const. prog. and integer linear 

prog. based hybrid method  

JS [33] Heterogeneous 2010 Min. total comp. 

Hybrid algorithm (ant colony 

algorithm, simulated annealing 

algorithm ) 

FJS [34] Homogeneous 2011 

Maks. Delivery satisfaction, 

Min. operating cost, energy 

cons. and noise  

  

Gri simulation and NSGA-II alg. 

FJS [35] Homogeneous 2011 Min. total comp. Immune genetic algorithm 

FJS [1] Heterogeneous 2011 
Min. inventory and operating 

cost 

Hybrid alg. (ant colony, simulated 

annealing) 

FJS [4] - 2011 Min. total compl. Genetic alg. 

FJS [36] Homogeneous 2012 Min. total comp. Petri net model and genetic alg. 

FJS [37] Homogeneous 2012 Min. total comp. Hybrid (Genetic and tabu alg.) 

FJS [38] Homogeneous 2013 
Min. total comp. and 

production cost  
Hybrid partical sworm alg. 

JS [19] Homogeneous 2013 Min. weighted tardiness 
Improved Immune Simulated 

Annealing Hybrid Algorithm  

JS [15] Homogeneous 2013 
Min. total comp. and 

earliness 

Local neighborhood search Queue 

time search stra. 

FS [18] Homogeneous 2013 
Min.  weighted total compl.  

and  total weighted tardiness 

Mathematical modelling and two 

layered heuristics  

JS [17] Homogeneous 2014 Min. max tardiness Heuristics 

FJS [39] Heterogeneous 2015 Min. total compl. 

Mixed integer prog. Simulated 

alg. and  vibration damping 

algorithm 

FJS [40] Heterogeneous 2015 
Min. total comp., interval 

carbon footprint  
Variable neighborhood alg.  

FJS [41] Homogeneous 2016 Min. tardiness Genetic alg. 

FJS [42] Heterogeneous 2016 
Min. total comp. and 

tardiness 

Controlled distortion and local 

search 

FJS [43] Heterogeneous 2016 
Min. total compl. Cost and 

total tardiness 
Pareto evolutionary algorithm 

FJS [44] Heterogeneous 2016 Min. total comp. Konledge guided fruit fly alg. 

FJS [45] Heterogeneous 2016 Min. total comp., total cost 
Branch population genetic 

algorithm 

FJS [46]  Heterogeneous 2017 

Min. total comp., maks 

machine workload total 

machine workload 

İnteger prog. and memetic alg. 

FJS [47]  Homogeneous 2017 Min. total comp. 

Hybrid discrete practical swarm 

alg. And variable neighborhood  

advanced annealing simulation 

with variable neighborhood 

  JS: Job shop, PM: Parallel machine, FJS: Flexible job shop, FS: Flow shop 
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In the first column, the scheduling environment in which the study is performed is indicated. The second column 

contains the citation. In the third column, the study is evaluated in terms of worker flexibility. The concept of 

homogeneous workers; it is the case where the operation time of the job processed on a machine is independent 

of the worker. In the concept of heterogeneous workers, the ability of the workers to use the machine is variable 

and therefore the processing time of the work processed on the same machine varies according to the worker 

using the machine. In the fourth column year of publication, in the fifth column, the aim of the study and the last 

column technique applies are given. 

 

3 CONCLUSION 
 

In this study, a comprehensive literature review has been carried out for dual / multi resource constrained 

scheduling problems. In this study, which is thought to shed light on the researchers thinking in this field, 

approximately 50 articles were examined. The articles reviewed were tabulated according to four different 

criteria: scheduling environment, worker flexibility status (homogeneous / heterogeneous), objective function to 

be optimized and proposed solution approaches. 
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Abstract 

There are considerable studies related to insufficient concrete cover in present 

literature. However, we can also encounter much more concrete cover in 

application of reinforced concrete project. In particular, it is a common 

implementation to use of reinforcing guide bar when placing reinforcement in the 

reinforced concrete (RC) slabs and it is generally not considered during the phase 

of the project. This implementation enables easy placing of reinforcement bar, 

while it increases concrete cover. Therefore, effective dept of slab used in the 

calculations is reduced and this results in significant loss of strength in slabs. In this 

study, the effect of reinforcing guide bars which are not taken into account in the 

design project for different slab thicknesses is examined. Within the scope of the 

study, the effect of reinforcing guide bars with thicknesses 8mm and 10mm is 

investigated for slab thicknesses with 10cm, 12cm and 15cm. It is obtained from 

the study that improper practices may lead to negativity such as shearing capacity 

and additional reinforcement bar area. 

 

1 INTRODUCTION  
 

The thickness of concrete cover is an important variable in the production of reinforced concrete construction. It 

is one of the main variables affecting the fire and corrosion resistance of a reinforced concrete structure [1]. It is 

still possible to encounter the use of wrong concrete cover in process of construction. Many scientific studies in 

recent years have been carried out related to the negativities caused by the use of wrong concrete cover [2, 3]. 

These studies have contributed significantly to the awareness on the use of appropriate concrete cover. The 

importance of the cover is better understood with day by day and the attention has been paid to the application in 

construction sites. Moreover, special apparatuses which are called spacers have been manufactured for the 

correct use of the cover and their use has become widespread [4]. In addition to this, a lot of studies in the 

literature have mostly focused on inadequate concrete cover. In addition to this, there are a lot of studies in the 

literature concerning the use of inadequate cover [5-8]. However, the use of more cover than the value in the 

project also causes significant strength losses. The aim of this study is to add a different viewpoint to concrete 

cover failure. Excessive cover in construction process can increase resistance to many negative effects, 

especially corrosion and fire resistance, while the effective height calculated in the project is reduced. There may 

be significant reduction in the shear strength capacity of the reinforced concrete elements and increases the rebar 

need due to more cover than the value in the project. Moreover, the slab is more sensitive element as compared 

to other RC elements because it has a low cross-section height. This study focuses on the use of more concrete 

cover in slabs than the value in the project. It has been observed in many construction sites that the reinforcing 

guide bars and plastic spacers are used for easy placement of slab reinforcements. In construction site, the spacer 

is used to ensure a suitable concrete cover or to hold bars in position. Spacers are tied with a wire or clipped to 

bars. There are different types of spacers and we can see some of plastic spacers in Figure 1. However, 

reinforcing guide bars are often not taken into account during the process of project. 

 

 
Figure 1. Example of several plastic spacers 
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These plastic spacers are produced in a size sufficient to provide the required cover thickness by themselves [4].  

This increases the concrete cover by the thickness of the reinforcing guide bar. To illustrate that in Figure 2, the 

concrete cover will be left 1cm longer than accepted in the project process if 10mm thick reinforcing guide bar is 

used in construction site. This means that effective height of the concrete slab is reduced by 10 mm in both 

directions. 

 

 
Figure 2. Use of reinforcing guide bar when placing of slab reinforcements [9] 

 

In Figure 2, the bars with red number 1 are reinforcing guide bars used for easy placement of slab 

reinforcements, while the bars with blue number 2 and green number 3 are longitudinal and transverse bars, 

respectively. The recommend placing of bars is that the longitudinal bars are placed on top of the transverse bars 

since the moments in the transverse direction are more critical. To put it differently, short direction should better 

be placed below as bottom layer bars crosswise to the layer placed in the long direction. Thus, more effective 

height is obtained in transverse direction. The reinforcing guide bars to be used in addition to concrete cover 

bring about an unexpected effective height loss ignored in the project process. The loss of moment and shear 

capacity of the reinforced concrete slab can be easily calculated depending on the effective height reduction. In 

this study, ultimate strength method is used to calculate loss of capacity depending on the effective height. 

 

2 ULTIMATE STRENGTH DESIGN  
 

At the present time, most codes require calculation of sections under bending and compound effects according to 

ultimate strength method [10, 11]. TS500 [11] in Turkey, ACI-318 [12] in USA and Eurocode 2 [13] in Europe 

can be given as an example. Within the scope of the study, TS500 regulation has been taken into consideration 

for slab calculations [11]. It is compared with and without reinforcing guide bar in slabs with regard to shearing 

capacity and the required reinforcement area. Therefore, only these two topics are considered in the study. Slabs 

can be regarded as plate structural elements. The load is transferred from slab to beams by distributing the load 

over the beam. [14]. According to TS500, the ratio of longer span to shorter span which is less than two is 

known as two way slab. Main reinforcement is provided in both the direction for two way slabs. In two way 

slabs, the load is carried in both directions. According to TS 500, the thickness of an edge-supported two way 

slab is calculated as below [10, 11, 14]; 

 

sn s

80mm

l αhf 1-
20 4

15 +
m


     
  


 (1) 

 

where, 
snl is clear span of slab measured in the direction under consideration, 

sα  is the ratio of sum of the 

continuous side lengths to the sum of all side lengths for slab, m is the ratio length of long span to length to short 

span. The cracking shear strength of slab can be calculated as below [14]: 
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cr ctdV 0.65 f  b d  (2) 

 

where, 
ctdf   is design tensile strength of the concrete, b is the unit width of continuous middle strip, d is the 

distance of critical section from the beam face for slab. The reinforcing steel area, which is sembolized 
sA , 

required to lift the load the design moments for the unit width of slab strip is obtainable as below [14]: 

 

d
s

yd

M
A =

f
2

a
d
 

 
 

 (3) 

 

where, 
dM  is the design moment at mid-span, 

ydf  the effective yield strength of steel, d is the effective height of 

slab, a is the depth of pressure and can be calculated as below [14]: 

 

2 d

cd

2 M
a = d - d - 

0.85  f  b
 (4) 

 

3 APPLICATION 
 

In this study, an edge continuous two-way slab shown in Figure 3 is selected as an example. In the figure, some 

of slab geometrical properties are given. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Figure 3. Application slab 

 

In the figure 3, it is calculated shear strength capacity and the required reinforcing steel area for the selected slab. 

It is discussed in two different cases, with and without reinforcing guide bars for 10cm, 12cm and 15cm slab 

thicknesses. In the study, it is assumed for the slab that the properties given in Table 1. 

 

Table 1. The properties of slab assumed in the application 

The properties of slab 

Concrete grade C20 

The density of concrete (kN/m3) 25 

Design compressive strength of concrete (MPa) 13.3 

Design yield strength of steel (MPa) 365 

The concrete cover (mm) 15 

Diameters of reinforcing guide bar (mm) 8 and 10  

Dead load (without the density of concrete) (kN/m2)  8.4 

Live load (kN/m2) 2.0 

Design tensile strength (
ctdf ,MPa ) 1.06 

 

3.1. Slab Calculation without Reinforcing Guide Bar 

 

Main reinforcement bars we provide in the shorter span of the slabs and the bars will along the longer span of the 

slab. In the long span of the slab, the steel known as distribution bars doesn’t help to carry any types of load and 

the only function to distribute the load. Slab calculations are made for thicknesses 10cm, 12cm and 15cm. 

ll 

ls 

Length of long span (ll) : 520cm 

Length of small span (ls): 300cm 

Width of beam: 25cm 

Clear span measured in small direction (lsn): 300-25=275 cm 

 

The ratio of the continuous edges to the perimeter (
sα ) 

 

 s
520

α = = 0.32
2* 520 +300

 

The ratio length of long span to length to short span (m): 

 l

s

l 520
m = = 1.73 2

l 300
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Details of slab without reinforcing guide bar are given in Table 2. The reinforcement in the shorter direction is 

placed below as bottom layer bars crosswise to the layer placed in the long direction. Therefore, the effective 

height reduces for the longer direction as can be seen in the Table. 

 

Table 2. Details of the slab without reinforcing guide bar 

Properties of slab 
Slab thickness, cm 

10 12 15 

Self weight of slab ( 2
slabP , kN / m ) 2.5 3 3.75 

Slab load per unit area ( 2
dP , kN / m ) 18.46 19.16 20.21 

The effective height in the shorter direction (
sd ,mm ) 81 101 131 

The effective height in the longer direction (
ld ,mm ) 73 93 123 

The cracking shear strength (
crV ,kN ) 55.81 69.59 90.26 

The design bending moment for shorter span (
dM , Nmm ) 69.63 10x  610.00 10x  610.55 10x  

The design bending moment for longer span (
dM , Nmm ) 66.14 10x  66.37 10x  66.72 10x  

Dept of pressure for shorter span ( a, mm ) 11.3 9.17 7.33 

Dept of pressure for longer span ( a, mm ) 7.86 6.27 4.93 

The required reinforcing steel area for shorter direction ( 2
s,sA ,mm ) 350.14 284.15 226.99 

The required reinforcing steel area for longer direction ( 2
s,lA ,mm ) 243.54 194.20 152.74 

 

3.2. Slab Calculation with Reinforcing Guide Bar 

 

It is calculated that 8mm thickness bars are placed above the existing spacers with reinforcing guide bar 

application as shown in Figure 4. 

 

 

 

 

 

 

 

 

 

Figure 4. Cross section of slab with the reinforcing guide bar 

 

Details of the slab with reinforcing guide bar are calculated as shown in Table 3. 

 

Table 3. Details of the slab with reinforcing guide bar 

Technical properties of slab 
Slab thickness, cm 

10 12 15 

Self weight of slab ( 2
slabP , kN / m ) 2.5 3 3.75 

Slab load per unit area ( 2
dP , kN / m ) 18.46 19.16 20.21 

The effective height in the shorter direction (
sd ,mm ) 73 93 123 

The effective height in the longer direction (
ld ,mm ) 65 85 115 

The cracking shear strength (
crV ,kN ) 50.3 64.1 84.7 

The design bending moment for shorter span (
dM , Nmm ) 9.63x106 10.00x106 10.55x106 

The design bending moment for longer span (
dM , Nmm ) 6.14x106 6.37x106 6.72x106 

Dept of pressure for shorter span ( a, mm ) 12.79 10.06 7.84 

Dept of pressure for longer span ( a, mm ) 8.98 6.91 5.29 

The required reinforcing steel area for shorter direction ( 2
s,sA ,mm ) 396.12 311.44 242.73 

The required reinforcing steel area for longer direction ( 2
s,lA ,mm ) 278 214.02 163.86 

 

 

The effective 

height, d 

The distance between two reinforcing guide bars 

The reinforcing  

guide bar above  

the spacers 
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3.3. The contribution of Reinforcing Guide Bars to the Required Reinforcement Area in the Longer 

Direction 

 

It is conceivable that the reinforcing guide bars will reduce the effective height of slab but will directly 

contribute to the strength capacity of the RC slab. However, this contribution will be only one direction. In this 

study, the reinforcing guide bars are placed by 1 meter intervals in the long direction. Additional reinforcement 

area from reinforcement guide bars with diameter of 8mm is computed as below: 

 

s,guide
s

1000
A = *A

s


 (5) 

 

The required reinforcement area in the long direction is obtained as below: 

 

s s,l s,guideA = A A  (6) 

 

4 RESULTS 
 

The calculations in the previous section are acquired in RC slab thicknesses with 10cm, 12cm and 15cm. 

According to this, 8mm decrease in the effective height bring about 11% decrease in the cracking shear strength 

of slab, while the needed reinforcement area in the short direction cause up to 13% increase. The same 

calculations are made for 12cm and 15cm slab thicknesses also and the obtained results are given in Table 4. 

 

Table 4. The effects of 8mm thickness of reinforcement guide bar  

Slab 

thickness, 

cm 

Without reinforcing guide bars With reinforcing guide bars 

Cracking shear 

strength, kN 

Main 

reinforcement 

bar area,mm2 

Distribution 

reinforcement 

bar area, mm2 

Cracking 

shear 

strength, kN 

Main 

reinforcement 

bar area,mm2 

Distribution 

reinforcement 

bar area, mm2 

10 55.8 350 243    50.3 396 228 

12 69.5 284 195 64 311 164 

15 90.0 227 153 85 243 114 

 

According to obtained results in Table 4, the cracking shear strength capacities of RC slab with thicknesses 

10cm, 12cm and 15cm are observed a decrease up to 11%, 9% and 6% respectively. The needed reinforcement 

area in the short direction is also observed an increase up to 13%, 10% and 7% respectively. In the required 

reinforcement area in the short direction, it is also seen an improvement due to the contributions of reinforcing 

guide bars. If the reinforcing guide bar thickness is applied as 10mm, the negativity in the short direction is 

slightly increased and become as in Table 5. 

 

Table 5. The effects of 10mm thickness of reinforcement guide bar 

Slab 

thickness, 

cm 

Without reinforcing guide bars With reinforcing guide bars 

Cracking shear 

strength, kN 

Main 

reinforcement 

bar area,mm2 

Cracking 

shear 

strength, kN 

Main 

reinforcement 

bar area,mm2 

10   55.8 350 48.9 410 

12   69.5 284 64 319 

15 90 227 85 247 

 

According to obtained results in Table 5, the cracking shear strength capacities of RC slab with thicknesses 

10cm, 12cm and 15cm are observed a decrease up to 14%, 11% and 8% respectively. The needed reinforcement 

area in the short direction is also observed an increase up to 17%, 12% and 9% respectively. 

 

5 CONCLUSION 
 

The concrete cover must have a minimum thickness to protect the steel reinforcement bars (rebars) from 

environmental effects to prevent their corrosion. Therefore, it is an important issue to give correct concrete cover 

in reinforced concrete elements. It is well known that how the reinforcement bars be affected due to insufficient 

concrete cover. However, significant strength losses occur in RC elements if the required accuracy is not shown. 

In this study, it is focused on strength losses due to the reinforcing guide bars which are not taken into account in 

the design project for RC slabs. As a result of the study, it is obtained that as the slab thickness decreases the 

cracking shear strength also decreases and the required reinforcement area increases. Adding 1cm reinforcing 
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guide bar to the 10cm thickness slab out of project process cause to increase the need for reinforcement 

perpendicular to the reinforcing guide bar by 17 %. If the reinforcing guide bar is considered as the 

reinforcement, it contributes up to 25% to the resistance in the direction applied. Therefore, it is also important to 

consider the applications to be applied at the construction site during the project phase. Even if reinforcing guide 

bars are used in the construction sites, the concrete cover must be the same as in the project process by means of 

appropriate spacers. When the results obtained from the study, if the reinforcing guide bars are used in the 

construction sites these should be placed in the short direction. Thus, these bars can contribute load bearing 

capacity, which is more critical in the short direction. 
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Abstract 

The present work is focused on the investigating compression behaviour of carbon 

nanofiber (CNF) and carbon nanotube (CNT) reinforced syntactic foam. Effects of 

microballoon volume fraction, microballoon density, presence of carbon nanofiber 

and presence of carbon nanotube are experimentally investigated on compression 

properties. Results show that by increasing volume fraction of microballoon leads 

to decrement of the compression strength. In addition, compressive strength 

indicates incremental trend as density of microballoon increases. Adding higher 

quantity of microballoon into the epoxy matrix give rise to weaker strength of 

syntactic foam. Thus, addition of carbon nano particle into the epoxy matrix has 

demonstrated an increment generally in the compression strength of syntactic foam 

compared to unreinforced syntactic foam without compromising other mechanical 

properties. 

 

1 INTRODUCTION  
 

Nowadays, with the rapidly developing technological changes, there is a need for materials that will respond to 

these changes. By adding different fillers and reinforcement elements to the polymer matrix materials, the 

properties of such composite materials are improved and strengthened. The material obtained by embedding 

hollow microballoons in a polymer matrix is called a syntactic foam [1-3]. Controllable porosity and low density 

of hollow microballoons used in syntactic foam give rise to attractive mechanical properties such as tensile, 

shear, impact, specific strength, also dynamic properties [4-7]. The presence of microballoons give rise to lower 

thermal expansion and lower moisture absorption that results in better dimensional stability [1, 2]. Syntactic 

foams are generally used in marine and aerospace structural applications where damage tolerance, low density, 

high strength and modulus are required. Like open-cell foams commonly used as a core material in sandwich 

structure have low compressive properties that leads to restricted their applications [8]. 

 

In the 60s syntactic foam materials were used for deep-sea applications where compressive properties are 

crucial. Syntactic foams are capable of absorbing considerable amount of energy under compressive loading 

conditions because of the porous structure [9-11].     

 

The present study explores the benefits of the presence of the carbon nanoparticles on the compressive properties 

of the syntactic foam. This experimental study investigates effects of microballon volume fraction, microballoon 

density, carbon nanofiber volume fraction, carbon nanotube volume fraction and correlation of incorporating 

carbon nanofiber and carbon nanotube on the compression properties of the syntactic foam.  

 

2 MATERIAL AND METHOD 
 

2.1 Materials 

 

Epoxy resin (Araldite GY 793 CH) and TETA (triethylenetetramine) catalyst were used for matrix of syntactic 

foam. Resin and catalyst were mixed in the ratio of 100:10 by weight. Three types of glass hollow particles, 

procured by 3M Co., having densities of 220, 370 and 460 kg/m3 were used for fabricating syntactic foam in 30 

and 50 vol.% quantities. Carbon nanofibers and carbon nanotubes were supplied by Nanografi Co., Turkey. 

Carbon nanofibers have a diameter of 190 to 590 nm, a length of 5 to 55 μm and a density of 2.2 g/cm3. 

Similarly, carbon nanotubes have a diameter of 8 to 10 nm, a length of 5 to 55 μm and a density of 2.2 g/cm3. All 

given numerical values were provided by manufacturers. 
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2.2 Fabrication Method of Syntactic Foams 

 

The production method was carried out in the same way in order to make a more transparent comparison for all 

groups. Content components were determined by volume and expressed as a percentage. Content components 

were determined by volume and expressed as a percentage. (For example, 30% by volume micro balloon, 0.25% 

carbon nanofiber, 65.1% epoxy and 4.65% hardener). Carbon based nanoparticles were used in two different 

ratios (0.25%, 0.50%) to form different compositions. The microbubbles were selected in three different 

densities (220, 370 and 440) and were added to the structure in two different volume ratios (30% -50%). 

 

In the first stage of production, nanotubes and/or nanofibers are added to the epoxy resin and mixed with a 

mechanical mixer (high shear impeller) for half an hour (30 min) at a rate of 4000 rpm. The aim is to break the 

bond between the particles so that the nanoparticles are wetted and impregnated in the resin. The mixture was 

heated to 50 oC during mixing to achieve better wetting and impregnation to reduce aggregation or 

agglomeration of the nanoparticles in the mixture. The amount of nanoparticles in the mixture has not been 

increased to more than 0.5% by volume. This is due to the formation of a homogeneous structure by preventing 

the aggregation and agglomeration of the nanoparticles in the structure. After this process was completed, the 

desired amount of microballoon was added to the mixture. This is done gently and slowly for 15 minutes by 

means of a stirrer. The aim is to prevent the breakage of microballoons. Otherwise, both the porous structure will 

disappear and the strength will decrease. After the microballoons was added to the mixture and a smooth 

viscosity was obtained, the mixture was left for 10 minutes for degassing process. After this process, hardener 

was added to the mixture and manual mixing was performed to minimize the air gaps that may occur. The 

mixture is poured into aluminium molds. Thin aluminium molds provide more uniform cooling of curing 

reactions. The mixture poured into the molds was placed in a shaker for further degassing and subjected to 

degassing for a short time. The composite materials were allowed to cure in the mold at room temperature for 48 

hours. For further curing, the samples were removed from the molds and additional curing process was carried 

out with the help of an oven at 100 °C for 3 hours. 

 

  
Figure 1. Compression testing apparatus 

 

3 RESULTS 
 

Compression tests were performed to determine the effect of micro balloon, carbon nanofiber and nanotube 

content on the behaviour of all different types of composite materials against compression.  The test specimens 

were cube shaped and 2.4x2.4x2.4 cm in dimensions and subjected to uniaxial pressure tests. Syntactic foam 

composite samples with epoxy matrix and also CNF and / or CNT reinforced in various ratios were subjected to 

room temperature compression tests and the results obtained are presented in Figure 2-Figure 7. 
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Figure 2. Comparison of the stress - strain curves of the compression test of synthetic foams produced based on 

the diversity of epoxy resin CNF and CNF + CNT. MB= 220 kg/m3 VMB=%30 

 

In the graphs given in Figure 2 - Figure 4, the density of microbubbles used in synthetic foams subjected to 

compression testing is 220 kg/m3, 370 kg/m3 and 460 kg/m3 and MB volume ratio is 30%, respectively. It 

exhibits lower strength values in samples with epoxy matrix and 30% micro balloon than samples produced from 

neat epoxy. The reduction in strength was determined as 45% if the micro balloon density was MB = 220 

kg/m3, 15% if MB = 370 kg/m3 and 9% when MB = 460 kg/m3. The decrease in fracture strength is due to the 

fact that the hollow structure of the micro-balloons reduces the occupancy rate of the material. 

 

 
Figure 3. Comparison of the stress - strain curves of the compression test of synthetic foams produced based on 

the diversity of epoxy resin CNF and CNF + CNT. MB= 370 kg/m3 VMB=%30 

 

As a result of the addition of 0.25% CNF to micro balloon doped samples with a density of MB = 460 kg/m3, 

the strength of the material increased by 20%. Increasing the CNF ratio to 0.50% improved the strength value of 

the material by 3-4% compared to the samples with 0.25% CNF. The addition of 0.25% CNF to the samples 

containing epoxy matrix and 30% micro balloon increased the strength and this increase amount was seen in 

samples with micro balloon density MB = 220 kg/m3 with a maximum of 18%. This is 11% for micro-balloon 

density MB = 370 kg/m3 and 2% for MB = 460 kg/m3. 
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Figure 4. Comparison of the stress - strain curves of the compression test of synthetic foams produced based on 

the diversity of epoxy resin CNF and CNF + CNT. MB= 460 kg/m3 VMB=%30 

Increasing the CNF additive to 0.50% or using CNF + CNT together with epoxy matrix and 30% micro balloon 

did not affect the strength values compared to 0.25% CNF doped samples, and in some cases, only the strengths 

of 0.25% CNF doped samples were decreased. This is thought to result from the occasional agglomeration of the 

nanoparticles during the mixing of the samples. 

 

 
Figure 5. Comparison of the stress - strain curves of the compression test of synthetic foams produced based on 

the diversity of epoxy resin CNF and CNF + CNT. MB= 220 kg/m3 VMB=%50 

 

The graphs given in Figure 5 - Figure 7 show the compression test results of synthetic foams having a 

microballoon density of 220 kg/m3, 370 kg/m3 and 460 kg/m3 and a volume ratio of 50% MB. In samples with 

epoxy matrix and containing 50% micro balloon, it exhibits 30% lower strength values than samples produced 

from pure epoxy. The reduction in strength was determined as 63% if the micro balloon density was MB = 220 

kg/m3, 43% when MB = 370 kg/m3 and 32% when MB = 460 kg/m3. The addition of 0.25% CNF to the 

samples containing epoxy matrix and 50% micro balloon increased the strength and the increase was 12% for 

composites with micro balloon density MB = 220 kg/m3 and MB = 370 kg/m3, the micro balloon density 

MB= 460 kg/m3 composites were 7%.  
 

981



Compression Properties of CNF/CNT Reinforced Syntactic Foam ICADET ‘19 

 

 

 
Figure 6. Comparison of the stress-strain curves of the compression test of synthetic foams produced based on 

the diversity of epoxy resin CNF and CNF + CNT. MB= 370 kg/m3 VMB=%50 

 

 
Figure 7. Comparison of the stress - strain curves of the compression test of synthetic foams produced based on 

the diversity of epoxy resin CNF and CNF + CNT. MB= 460 kg/m3 VMB=%50 

 

The increase in CNF contribution to 0.50% and the use of CNF and CNT together did not improve the strength 

values compared to syntactic foam composites containing 0.25% CNF. 

 

4 CONCLUSION 
 

This study focuses on investigating compression properties of syntactic foam that reinforced with carbon 

nanofiber and carbon nanotube. Neat epoxy, plain syntactic foams (unreinforced), CNF reinforced, CNT 

reinforced and both CNF and CNT reinforced syntactic foams were fabricated and tested to determine the 

compressive properties. These compositions were prepared for comparison of the compressive behaviours of 

each syntactic foam composites. 

 

To explain the compression behaviour, the compression strength decreases as the MB volume ratio increases in 

syntactic foams produced from epoxy resin. In addition, as MB density increases, compressive strength is 

increased. Syntactic foams reinforced only CNF, only CNT and their combination show increasing compressive 

strength when compared against unreinforced syntactic foam. Neat epoxy indicates the highest compressive 

strength among the all fabricated composites.  The ability of the materials to absorb energy under uniaxial 

pressure is very high. When the load exceeds the proportionality limits, a rapid deformation occurs under 
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constant load. Although the deformations have reached very high rates, the materials do not lose their load 

carrying properties and continue to carry loads. 
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Abstract 

The aim of this study is to apply a forecasting of health expenditures per capita (HE 

PC) in the Organization for Economic Cooperation and Development (OECD) 

countries for the coming years. The amount of HE-PC perceived as a common idea 

reveals the economic dimension and development of the health systems of the 

countries as per capita income. The amount of HE-PC of the OECD countries with 

36 members for the future years was calculated by means of the data covering 

2000-2017. Estimation serial equations have been developed and a degree of 

reliability has been proposed for each equation. HE-PC values were calculated for 

the next eight years. We observed that the amount of HE-PC fluctuated too much 

for the years 2018-2025. 

 

1 INTRODUCTION  
 

The basic element of economic development is perceived as human resources. There are two sectors where 

human resources constitute an important place in both production and health. In this study, the subject of health 

expenditure per capita has been addressed to consider the development and economy of the health sector. 

Developed countries now allocate more resources each year to improve the quality of health care, as it is an 

investment in healthy and productive labor force and shares of Gross Domestic Product (GDP) for health 

expenditures. Since the countries at different levels of development prioritize different health effects, the 

different levels of expenditure are required for each country. Health expenditures (HE) of the Organization for 

Economic Cooperation and Development (OECD) countries account for a large proportion of the GDP and have 

increased significantly over the last few decades. 

 

The most prominent factors in increasing the health expenditures of the countries are technological advances in 

medicine, insurance given to medical treatment all the time, increase in per capita income, increasing consumer 

expectations and aging population  [1]-[6]. The technological progress is the major contributor to not only health 

care expenditures [4], [7] but also economic development, because, in addition to the high-cost of new medical 

technologies, the fact that firms offering these technologies, including healthcare providers, have the opportunity 

to earn monopoly profits also increases health expenditures [2, 8, 9]. It's suggested by Grossman [10] that 

individuals tend to invest more in health as their income increases, believing that improved health will help them 

gain more wealth in the future. On the other hand, it is an irony that obesity, stroke, cancer and diseases due to 

the lack of physical activity are seen more in high-income individuals and it affects health expenditures as an 

increasing per capita income [11]. Since people often incur high health expenditure at the end of their lifetimes, 

health expenditure per person for older people is greater than health expenditure per person for younger people. 

Therefore, especially developed countries with rising older population might experience rising health spending 

[12]. Political factors, like the use of direct democracy as measured by the total number of popular votes [13] 

poverty and unemployment [14-16] are included in the literature as other determinants of health expenditures. 

 

In the economic growth [17], the production of health services can be represented as a function of labor and 

capital. For labor, doctors, nurses and auxiliary health workers, and for capital, buildings, beds and medical 

equipment can be considered. Indicators such as the number of doctors and the number of hospital beds per 1000 

people continue to be used to measure the development of health services for the economic growth model. In the 

endogenous growth model, it is emphasized that technological progress is more important especially in long-

term economic growth [18–20].  The health-led growth hypothesis takes the health as a form of capital and 

argues that there is a direct correlation between HE and economic growth, claiming that health investments will 

increase the accumulation of human as well as physical capital, thus leading to general economic growth [21-
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26]. Therefore, HE is considered as one of the remarkable fundamentals that results in the increase in GDP for a 

country. At the same time, data on health spending may serve as the basis for policy discussions in the context of 

a country's healthcare sector reform. This means that HE PC varies by country and tends to be associated with 

several factors, particularly health policy. Considering the contribution of each healthy employed individual to 

the national economy, HE PC should be addressed as an important parameter in determining health policy. As a 

general definition, the HE PC is defined as total health expenditure is the sum of public and private health 

expenditures as a ratio of total population, that covers the provision of health services (preventive and curative), 

family planning activities, nutrition activities, and emergency aid designated for health but does not include 

provision of water and sanitation.  

 

In this study, HE PC of OECD countries were evaluated for a wide range (2000-2016) and possible HE PC were 

estimated for the next eight years. An analysis method was used to compare the actual performance and 

predicted values using the trend line of economic performances in terms of HE PC of OECD members. The basic 

component is to follow the trend by using historical data [27] that enables a comparison between the estimated 

and actual data in this methodology. 

 

This study consists of four main sections. In the first part, the importance of HE PC for OECD members were 

emphasized. In the second part of the study, both the data were collected, and the method developed for 

calculating the amount of the HE PC for coming years. The third part of the study was the calculation of the the 

amount of the HE PC for the next 8 years through the estimation series. A general interpretation of the study was 

given in the last part of the study. 

 

2 METHOD 
 

Estimation series method was used to make any predictions for the coming years for the methodology part of this 

study in the present research. For this study, estimation series method has been developed by using the HE PC 

data produced in previous years in order to estimate the amount of HE PC that OECD members will allocate the 

budget of per patient for the coming years. During this period, we assumed that there were no economic crises or 

fluctuations in exchange rates for this research. The average amount of HE PC by OECD countries between the 

years of 2000 and 2017 is shown in Figure 1.  

 

When OECD countries are compared among themselves for the amount of HE PC, significant difference can be 

seen for some countries. In this study, averages HE PC were evaluated as single data for each year for all OECD 

countries. Figure 1 shows that there is a regular increase in the average HE PC between 2000 and 2017, with the 

minimum value being seen for the year 2000 where the maximum value is seen for 2014. However, a rapid 

decrease in the amount of HE PC was observed for 2015, then this amount rose to the nearly maximum value 

2016 again. For 2017, with a dramatic decrease, this amount returns to 2009, the year of the global economic 

crisis. Despite the changes seen after 2014, HE PC for OECD countries increased from $2,203 to $4,671 for this 

period. The average of HE PC is $ 3710 and nearly greater 1.7 times to the minimum value. As a result, we can 

emphasize that OECD countries allocate extra budgets for the healthcare systems. 

 

The eight different types of equations have been formulated to calculate the amount of the HE PC for the future. 

Two parameters were used in the equations. The variable of 𝑦 represents the amount of the HE PC for the future 

and the variable of 𝑥 symbolizes the amount of the HE PC generated in the coming years of the OECD members. 

 

 
Figure 1. Maximum, minimum, and average amount of HE PC by OECD countries by years 
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The linear equation developed to generate an estimate of the amount of HE PC generated for the coming years is 

formulated as follows: 

 
𝑦 = 146.36𝑥 + 2320.40 (1) 

 

The following equations represent nonlinear equations for the estimation of the amount of HE PC for future 

years. The second-order equation was developed as follows: 

 
𝑦 = −11.597𝑥2 + 366.71𝑥 + 1585.90 (2) 

 

The third-order equation was developed as follows: 

 
𝑦 = −1.162𝑥3 + 21.52𝑥2 + 108.17𝑥 + 2049.60 (3) 

 

The fourth-order equation was developed as follows: 

 
𝑦 = −0.0694𝑥4 + 1.474𝑥3 − 11.292𝑥2 + 255.78𝑥 + 1875.60 (4) 

 

The fifth-order equation was developed as follows: 

 
𝑦 = −0.026𝑥5 + 1.1672𝑥4 − 19.729𝑥3 + 146.58𝑥2 − 222.53𝑥 + 2292.70 (5) 

 

The nonlinear equation with exponential distribution has been formed as follows: 

 
𝑦 = 2396.2𝑒0.0431𝑥  (6) 

 

The logarithmic equation has been created as follows: 

 
𝑦 = 1001.41 ln (𝑥) + 1686.00 (7) 

 

The power equation was developed as follows: 

 
𝑦 = 1953.1𝑥0,3035 (8) 

 

Some equations have been developed for the amount of the HE PC that is likely to be purchased by OECD 

members for the coming years. We can assume that the accuracy of the data to be obtained from these equations 

depends on the degree of reliability of the equations. However, it should be emphasized that these assumptions 

will only be inadequate by indexing this criterion. Because, the high degree of reliability and the amount of the 

HE PC in the next years to show the correct proportion of the error should be avoided (See Figure 2).  

 

 
Figure 2. The degree of reliability of the generalized equations for HE PC 

 

When the reliability degrees of the generated equations given in Figure 2 are examined, it is seen that the 

average is 0.929 and this coincides with the reliability degree obtained for the power equation. The reliability 

degrees obtained for the second-fifth order equations are above the average, which means that the nonlinear 
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equations developed in the HE PC estimation for the coming years are more reliable. While the 0.992 value 

obtained for the fifth-degree equation among these equations was the maximum reliability degree, the minimum 

value at 0.829 was obtained for the exponential equation in eight different equations types. 

 

There is a prerequisite to be added to the formulas for the years. The formula that will be used to calculate the 

amount of the HE PC for the following years is explained as follows: 

 

𝑦𝑖 =
𝑦

(𝑅)
, 𝑖 = {𝑡𝑦𝑝𝑒𝑠 𝑜𝑓 𝑒𝑞𝑢𝑎𝑖𝑜𝑛𝑠)  (9) 

 

where, 𝑦𝑖  represents the output of the specified equations, and the value of R signifies the degree of reliability 

for equations, respectively. In the next part of the study, the data related to the amount of the HE PC for the next 

years is shared with the equations. 

 

3 RESULTS  
 

Estimation data for HE PC of OECD members for the coming years have been created with the formulations 

developed in this study. Forecasting calculations cover the years 2019-2025. The data regarding the amount of 

the HE PC production are explained in Table 1 in detail. The minimum value of the amount of the HE PC was 

$3,930.13 with the 4th order equation for the year 2018 and the highest amount was calculated as $5,760.47 for the 

year 2025 with the equation of exponential distribution. The average amount of the HE PC is calculated as 

$4,616.62, which we can argue as a decrease in the budget allocated for the amount of the HE PC. 

 

Table 1. Results of forecasting data according to equations 

Year Linear Logarithmic 2nd Order 3rd Order 4th Order 5th Order Power Exponential 

2018 $4,283.10 $4,332.58 $4,106.47 $4,069.21 $3,930.13 $3,934.27 $4,098.28 $4,260.21 

2019 $4,455.43 $4,450.20 $4,260.41 $4,279.10 $4,134.64 $4,100.80 $4,231.45 $4,447.84 

2020 $4,627.76 $4,556.61 $4,390.47 $4,461.29 $4,321.38 $4,257.03 $4,355.64 $4,643.74 

2021 $4,800.09 $4,653.75 $4,496.66 $4,608.54 $4,481.58 $4,406.39 $4,472.20 $4,848.26 

2022 $4,972.42 $4,743.11 $4,578.97 $4,713.61 $4,604.82 $4,545.91 $4,582.17 $5,061.79 

2023 $5,144.75 $4,825.84 $4,637.41 $4,769.26 $4,678.96 $4,663.15 $4,686.40 $5,284.72 

2024 $5,317.08 $4,902.86 $4,671.97 $4,768.25 $4,690.20 $4,733.02 $4,785.56 $5,517.47 

2025 $5,489.41 $4,974.91 $4,682.66 $4,703.34 $4,623.03 $4,714.60 $4,880.22 $5,760.47 

MAX $5,489.41 $4,974.91 $4,682.66 $4,769.26 $4,690.20 $4,733.02 $4,880.22 $5,760.47 

MIN $4,283.10 $4,332.58 $4,106.47 $4,069.21 $3,930.13 $3,934.27 $4,098.28 $4,260.21 

MEAN $4,886.26 $4,679.98 $4,478.13 $4,546.57 $4,433.09 $4,419.40 $4,511.49 $4,978.06 

 

The comparison of the results obtained with the equations developed for HE PC is shown in detail in Figure 3. 

According to linear, exponential and 3rd order equations, there will be little change in the amount of the HE PC 

for the next eight years and horizontal trends was observed in Figure 3. 

 

 
Figure 3: Trends of estimation series equations by years 
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The trend of health expenditures per capita for 36 OECD countries during the period 2018-2025 was estimated 

basing on the data of the average values of HE PC from 2000 to 2017. A trend line analysis by generating eight 

linear and non-linear equations was carried out. The results obtained with the fifth-order equation which shows 

the highest degree of reliability with 0.992, indicates that HE PC will not be too larger than the highest value 

shown in 2014 because of the decreasing value in the last year, namely 2017. However, the trend of the rising of 

HE PC will be continued in the 2018-2025 period. 

 

4 CONCLUSIONS  
 

The amount of the HE PC is considered to be accepted to have a strong healthcare system worldwide. The aim of 

this study is to reveal the future situation of HE PC. A series of forecasts for the next eight years has been 

formed by using the amount of the HE PC data of OECD members covering the years 2000-2017. Eight different 

equations were obtained. The data was generated from the reliability degrees of these equations in order to 

compare the data for future the amount of the HE PC. The minimum value of the amount of the HE PC was 

$3,930.13 with the 4th order equation for the year 2018 and the highest amount was calculated as $5,760.47 for the 

year 2025 with the equation of exponential distribution. The average amount of the HE PC was calculated as 

$4,978.06 which we can argue as a decrease in the budget allocated for HE PC. Although there are fluctuations in 

the amount of the HE PC for the coming years, we believe that there will be positive developments in terms of 

healthcare systems. The fluctuations in the amount of the HE PC depend on many factors. These factors can be 

supported by a more detailed research to identify and calculate their impact on HE-PC.       
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Abstract 

By the implemented quality management in the US to achieve success and compete 

with the Japanese automotive industry the developed methods have evolved and 

become accepted in all over the world. With the achievements in the industry, 

quality improvement methods and quality tools have been implemented in various 

services including healthcare. In this study, quality tools used in healthcare were 

defined and criticisms of the methods were given based on the studies in the 

literature. Successful and unsuccessful practices were evaluated together and 

recommendations were made for selecting the appropriate quality tools and 

achieving the targeted results. 

 

1 INTRODUCTION  
 

Today, even though many hospitals offer the same type of service, they cannot provide the same service quality. 

Consumers have become more sensitive and critical about service quality because they are aware of the 

alternatives offered and expect higher quality service. Therefore, the quality of service can be used as a strategic 

weapon against its competitors for the health sector. 

 

The American National Standards Institute (ANSI) and the American Society for Quality (ASQ) define quality 

as “the sum and characteristics of a care or service based on its ability to meet the needs” [1]. While the 

definition of quality in health care varies for healthcare sectors, the World Health Organization (WHO) gives a 

broad definition of global health care as “the extent to which health care services provided to individuals and 

patient populations improve desired health outcomes. In order to achieve this, health care must be safe, effective, 

timely, efficient, equitable and people-centred” and each quantity enumerated herein is further disclosed. The US 

Institute of Medicine (IOM) defined quality of healthcare as “degree to which health services for individuals or 

populations increase the likelihood of desired health outcomes and are consistent with the current professional 

knowledge” [2]. According to this definition, quality is a measurable quantity and should aim directly at 

improving health rather than improving quality system processes or service inputs and reflect the wishes of 

consumers and other stakeholders. 

 

Two reports from IOM have identified two important focal points of quality in healthcare; to Err is Human [3] 

and Crossing the Quality Chasm. [4]. The first report noted that 44,000 to 98,000 patients die each year due to 

medical errors, describing health-related safety issues in the US as an important and widespread threat to public 

health and that most adverse events in hospitals can be prevented. In addition, the report states that patients are 

more exposed to the risk of medical errors due to lack of coordination between different specialists in patient 

care and lack of full access to information [3]. With the introduction of some of the recommendations of this 

report, safety has become the primary priority of many healthcare organizations and has achieved considerable 

success. However, the report underestimated the extent of the problem and the difficulty in correcting the 

underlying issues [5]. The second report focuses not only on medical errors, but also on the quality of healthcare 

and how it can be improved continuously and better. The report shows that there is a huge gap between the 

healthcare that most patients in the United States get and what they should receive. The report identified the 

main problems as a rapid increase in medical knowledge, an increase in chronic diseases, deficiencies in the 

organization of the healthcare system, and inability to take advantage of information technology and proposed a 

redesign of the health system. 
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The Pioneers of Quality 

 

Although quality-related studies have been traced back to craftsman guilds in the Middle Ages, Ernest Codman 

was one of the pioneers of quality with his studies that followed patients for at least one year after an operation 

and included demographic information, diagnosis, treatment and outcome of each patient, which called “end 

results cards” and highlighted errors in diagnosis and treatment [6]. Another pioneer, Avedis Donabedian, stated 

that quality can be achieved as a result of a system of interconnected parts and defined quality in terms of 

structures, processes and results [7]. The structural elements of quality include the material and human resources 

of an organization and the facility itself. Personnel quality refers to the number of staff and skill levels, while the 

quality of the organization is measured by accreditation and certification. Process includes management as well 

as maintenance (continuity and coordination of patient care, employee interactions with patients and other team 

members, etc.). Results are the outcomes of health status of both patients and organizations (mortality, error rate, 

the effect of care on diseases and their prevention, patient satisfaction, etc.). Donabedian defined quality as 

having at least four components, indicating that these three parts should be presented to service providers with a 

feedback loop for better maintenance [8]. From this, it is understood that the performance of a healthcare 

institution depends on both its effectiveness and its efficiency. In the second report of IOM, efficiency is defined 

as “providing services based on scientific knowledge to all who could benefit and refraining from providing 

services to those not likely to benefit (avoiding underuse and overuse)” and efficiency is defined as “avoiding 

waste, in particular waste of equipment, supplies, ideas, and energy” [4]. 

 

Walter A. Shewhart, W. Edwards Deming and Joseph M. Juran are generally recognized as leaders of quality. In 

the 1920s, Shewhart developed control charts and modern statistical process control (SPC) principles [9], and 

statistical principles were applied in the American industry in the 1930s. Shewhart has also developed the Plan-

Do-Check-Act (PDCA) loop model to improve production processes on quality control [10]. The PDCA cycle, 

also known as the Shewhart cycle in the US, has been called the Deming cycle in Japan because it has become 

more popular by W. Edwards Deming. W. Edwards Deming developed the principles underlying Total Quality 

Management (TQM)/Continuous Quality Improvement (CQI) while working for the development of the 

Japanese industry after World War II. Deming has developed a management philosophy that encourages the 

participation of employees in process change, focuses on databased decision-making and adopts a standard 

approach to quality improvement [11]. 

 

Joseph M. Juran defined quality as planning, improving, and controlling to achieve this goal, and this is known 

as the Juran triology. He developed some observations of Vilfredo Pareto with the aim of establishing quality in 

production processes, and called this the Pareto principle. This principle, also known as the “80-20 rule”, says 

that 80% of quality problems are caused by 20% of possible factors. Therefore, there should be a significant 

focus on a vital few, while the rest should not be ignored. Recognizing that there is a humanitarian as well as 

statistical aspect of quality improvement, it has presented a 10-stage quality improvement plan, including 

understanding the need for improvement, goal setting, planning, training, carrying out quality improvement 

projects and celebrating success [12]. 

 

Quality Improvement Tools 

 

In the 1970s, many people in the United States opted to buy fuel-efficient and cheap cars due to the shortage of 

oil caused by the Organization of Petroleum Exporting Countries (OPEC). During this period, only the Japanese 

produced fuel-efficient, reliable, durable and cheap cars. Thereafter, including three major US automakers, - 

Ford, General Motors and Chrysler - firms began quality management and statistical quality control programs 

with the help of quality improvement experts to compete with the Japanese high-quality cars and compensate for 

the quality gap. With the recognition of material quality in this new understanding of quality, companies also 

pressured their suppliers on quality work, so that quality programs became widespread throughout the American 

industry. Then, the concepts of quality continued to evolve among other countries. Each of the quality tools has 

their own philosophical concepts, methodologies, and systems used to manage and regulate developments in an 

organization. The most frequently referenced ones are called “mega-tools” and are given below: 

 

Total Quality Management (TQM) and Continuous Quality Improvement (CQI) 

 

Total Quality Management (TQM), developed by researchers studying Japanese principles of managing 

production lines, has become a very popular concept in the United States in the late 1980s, when looking for 

ways to achieve better production. In healthcare organizations, today, it is adopted through a process called 

Continuous Quality Improvement (CQI) or Performance Improvement (PI). 
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TQM can be defined as a quality approach that covers the whole organization, not just changes in production 

area, management style changes or statistical tools. TQM programs consist of three components, a management 

philosophy, an improvement process or model, and a set of tools, including seven quality control tools, and 

include Deming's fourteen management points, the Juran Trilogy, or some customized composites. Common 

elements for each TQM program are senior management leadership, employee participation and empowerment, 

focus on customer satisfaction, business as a process and continuous improvement. 

 

The concept of Continuous Quality Improvement (CQI) may be defined as an organizational process in which 

working teams identify and address problems in business processes. This is a concept that requires learning and 

participation at all levels from the individual to the level of the organization, the ongoing process, and is aware 

of the fact that each change is aimed at improvement. In the implementation of CQI programs in health 

institutions, it can be said that Donabedian's quality understanding is adopted to develop high quality healthcare. 

Accordingly, CQI recommends understanding and addressing all factors that lead to variability in an 

administrative or clinical process for far superior patient care quality and organizational performance. Therefore, 

when implemented in an organization, the CQI program is expected to create a continuous process improvement 

process that meets customer expectations. The basis of this approach is the concepts and tools of statistical 

process control (SPC) developed by Shewhart. The second element is customer focus. CQI identifies any person 

or organization affected by a process at any point as a customer. The third element is databased decision making. 

The fourth element of CQI is the empowerment of employees, while the last is the enterprise-wide impact that 

can be achieved through coordinated and continuous improvement of the various operational processes at 

organizational levels. 

 

In the early 1980s, the Hospital Corporation of America (HCA) changed the PDCA cycle to form the FOCUS-

PDCA framework, which became the most widely used quality improvement framework in the healthcare sector, 

while the PDCA cycle was frequently used, particularly in the manufacturing sectors. Accordingly, in any 

process change, the steps to be taken first are clarified by FOCUS (Find, Organize, Clarify, Understand, and 

Select) and then the changes are guided by the PDCA cycle. 

 

Quality Function Deployment (QFD) 

 

The QFD, developed by Yoji Akao in the late 1960s and introduced in the early 1970s in Japanese tire and ship 

production, is a method that determines customer satisfaction, product and process design, rather than addressing 

the problems that arise only during production [13]. Thus, the customer's satisfaction with every product coming 

from the production line is targeted. This method, which was applied in the USA and then all over the world in 

1983, was used for production and also used to design various services from time to security, health, law, 

nursery and university curriculum. QFD produces customer-oriented quality control measures and cross-

functional teams are established in an organization for this purpose. Therefore, it is a possible method that may 

conflict with the current culture from time to time. The “house of quality”, starting with customer requirements 

and associating them with the quality characteristics of the product or service, is the main tool of QFD. In QFD 

applications, a customer satisfaction model developed by Kano is frequently used [14].  

 

Six Sigma (6) 

 

Six Sigma is seen as a continuation of Joseph Juran's quality improvement approach and was developed and 

implemented by Motorola in 1986. Sigma is a symbol used to measure variation in statistics and is therefore 

used to identify and reduce variation in a process, as the name of the method implies [15]. Six Sigma Quality 

Management is defined as “data-driven quality methodology that seeks to eliminate variation from a process” 

[16]. This method, supported by statistical techniques, aims to improve a process of 3.4 error per million. Six 

Sigma envisages a development process known as DMAIC (Define, Measure, Analyze, Improve, Control). A 

version called Design for Six Sigma (DFSS) is used for processes that require a new product or process to 

develop or require complete refurbishment. This version is also called DMADV (define, measure, analyze, 

design, verify). Six Sigma is a tool that uses time and personnel resources extensively to carry out quality 

improvement projects and long-term management commitments. It uses most of the tools used in SPC, TQM and 

other quality improvement methods directly or in a different way. Sampling, measurement system analysis, 

hypothesis testing, correlation and regression analysis are important due to the emphasis on the use of data in 

decision-making. In this sense, Six Sigma can be seen as the sum of learning and studies on quality improvement 

between 1920-1980. Today, many large health institutions have begun to adopt this system. The method should 

be applied carefully by senior executives taking into account the impact on the stakeholders of the organization, 

its integration with the objectives of the organization and the final results. Highly trained and experienced project 
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leaders known as Green Belts and Black Belts, along with a senior manager with full-time responsibility for 

quality improvement efforts, are involved in this application. 

 

In the health sector, measuring and controlling service quality depends largely on personnel skills. Six Sigma 

delivers effective results because it is based on an integrated approach aimed at improving one's skills and 

behaviours in the service delivery process. Therefore, Six Sigma has found a wide range of applications in health 

care because of the zero error and inaccuracies that medical care targets, and has proven successful among many 

quality improvement methods in healthcare [17]. Direct care, administrative support and financial management 

are key areas of Six Sigma's healthcare practice [18]. Reducing patients' hospital stay, minimizing material and 

equipment usage, optimizing the use of existing capacities, reducing staff and improving cash flow are the most 

successful applications of the Six Sigma method [19]. 

 

Lean Manufacturing / Toyota Production System 

 

With the oil crisis of the 1970s, the Toyota Production System (TPS) came to the forefront as people turned to 

cheap, fuel-efficient, reliable cars. Wondering the secret behind Toyota's success, manufacturers from all over 

the world visited their factory and saw that assembly lines are no different from the existing ones, but they are 

truly revolutionary innovations in production [20]. Among these innovations developed by Toyota engineer 

Taiichi Ohno the key point was the “just-in-time” delivery of parts to the assembly line and the identification and 

reduction of all non-value added activities (waste) to continuously improve the production process by line 

workers and management [21]. With these innovations, transactions became faster and cheaper, and became a 

culture characterized by continuous development, experimentation, innovation and teamwork. All of these 

created the TPS, which was later called lean. 

 

In TPS, waste is much more than a scrap or defect. Seven types of waste have been identified by Ohno: defective 

products, inventory, overproduction, non-value added operations, transport of goods, movement and holding. 

Accordingly, the concept of lean requires changes to product and process design, procurement, shipping and 

support functions throughout the supply chain, and solves the problems of standardization, flexibility, cycle time 

reduction and quick response to customer needs. Lean thinking has become a widely accepted approach in 

healthcare since the early 2000s [22]. Womack and Jones proposed the general principles of lean thinking, and 

these principles also apply to healthcare [23]. Overall, Lean implementation in healthcare has been reported to 

have positive effects, such as improved safety and service quality, reduced costs and increased staff morale and 

motivation [24]. In addition, the elimination or reduction of delays, repeated meetings, errors and inappropriate 

procedures are reported as results obtained by Lean [25]. 

 

Effective quality improvement programs include both an overall strategy with high-level involvement of an 

organization and a set of tactical processes and tools for quality improvement through enterprise-level 

participation. Therefore, when talking about quality improvement tools, the following criteria should be 

included; 

 

ISO 9000 

 

ISO 9000 is an international standard that includes elements from top management responsibility to 

documentation and continuous improvement in the quality management system. Institutions are controlled and 

certified according to these standards. In 1979, after the British standards office published BS 5750 covering 

quality assurance in non-military applications, other countries have issued similar standards. In 1987, the 

International Organization for Standardization (ISO) issued a series of ISO 9000 standards identical to BS 5750 

to facilitate international trade. 

 

Malcolm Baldrige National Quality Award Criteria 

 

The Malcolm Baldrige National Quality Award is an annual national award to high-performing organizations in 

the United States. It encourages the development of management systems that can provide superior quality, 

efficiency, customer satisfaction and market success. Today, the European quality award and the Japanese award 

serve the same purpose. The criteria of the award are not determined permanently and are constantly changed 

according to the proven practices of the best performing organization. The criteria are grouped around seven 

main categories, using the structure-process-outcome framework and based on the basic organizational 

processes. The three sets of structural variables include leadership, strategic planning and focus on the patient, 

other customers and markets. Inclusion of personnel in process management is another essential condition for 

quality at the Baldrige award, and three process variables, performance analysis, personnel focus and process 
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management, and quality improvement demonstrate an enterprise-wide responsibility. The result of 

organizational performance is the interaction of structural and process variables. The results category includes 

results in the areas of customer focus, product and service, human resources, corporate effectiveness and 

governance, and social responsibility as well as financial results. The widespread effect of analysis and 

information management (seventh category) is an important factor affecting the structure, process and outcome 

variables. 

 

Benchmarking 

 

Benchmarking is a structured process in which the best ideas are incorporated into their own processes as a result 

of comparing an organization's practices with the most similar practices in other organizations. That is, to 

continuously learn and improve the organization's performance against the best in the industry to learn about 

new working methods or practices in other organizations. In healthcare, this process contributes to best practice 

in service delivery and management of the institution. Benchmarking is given in many different definitions by 

different organizations and authors. Camp, one of the pioneers of Benchmarking defined as "the search for 

industry best practice that leads to superior performance" [26]. Benchmarking's three principles are quality, 

customer satisfaction and continuous improvement [27]. In literature, it is divided into two as internal and 

external benchmarking. Internal benchmarking involves two-way communication and exchange of ideas between 

departments in the same organization. It is used to identify best practices in the organization, compare best 

practices, and compare existing practices over time. External benchmarking is a comparison of studies with 

external organizations to discover new ideas, products, methods  and services [28, 29].    

 

2 DISCUSSION  
 

Healthcare is very complex due to inefficient or unstable processes, staff training and skills, health insurance, 

ongoing system and many other factors combined with different experiences. According to IOM's first report (To 

Err Is Human), most medical errors are not due to individuals, but to faulty systems and processes. The second 

report (Crossing the Quality Chasm) states that health services are at much lower levels than would be possible 

and the six objectives of the health system were set out. However, measuring, evaluating and improving the 

quality of health services has become a necessity in the health sector. Each of the quality improvement methods 

is based on a set of measurements and data to monitor, evaluate, and monitor the impact of the method on end-

point outcomes in healthcare practices. These data are reflected back to the maintenance process in order to 

identify quality problems and produce solutions in line with the objectives of the organization. One or a 

combination of the aforementioned methods may be used to evaluate the performance and the resulting change. 

Each institution may choose a method that is appropriate to its strategy, as it is aimed to improve continuous 

service and care in line with patient preferences. Depending on various variables such as advances in medical 

technology, demands and interpretations of patients, scope of healthcare, facilities available to the institution, a 

different method may be more effective for each institution or more effective results can be achieved with 

another method in time. With this in mind, senior managers should initiate and implement a strategic quality 

improvement program that encompasses the entire organization. Therefore, it should be determined very well 

which method or methods should be applied. 

 

Each of the above-mentioned quality improvement methods has advantages and superiority. When 

chronologically followed, it is seen that every new method developed aims at a better quality than the existing 

ones. Because of a quality-oriented strategic planning, many health institutions re-design vocational training, 

restructuring the care system, rewarding good performance and punishing bad performance, implementing TQM 

and then CQI tools, measuring and improving health institutions' cultures and care systems and in recent years, 

they have implemented various programs such as the implementation of Lean thinking in health institutions. 

Especially in the 1990s, TQM and CQI tools were applied in health institutions. Although improvements in 

quality have been achieved in some institutions and hospitals, most of these improvements have taken place in 

non-clinical areas, and these tools have been reported to be ineffective in solving quality problems and in clinical 

safety [30]. Six Sigma and Lean Management are seen as industrial quality methods that provide solutions that 

are more effective in clinical safety and quality applications and when used together, they are systematic 

approaches that provide more effective results in complex security problems and quality problems [31, 32]. 

According to Stamatis, Lean and Six Sigma focus on the process itself rather than the systems on which the 

processes are implemented. This means that Lean is struggling to be effective in its goal of improving the 

process in a deep-rooted culture influenced by many stakeholders. Stamatis also stressed that if an organization 

is committed to making changes, quality can be improved if it makes it an organization-wide priority or criterion 

[33]. On the other hand, there have been critics claiming that Lean is nothing more than just updated Just-In-

Time (JIT). Suzuki [34],  criticized Lean as an important part of JIT, but both used almost the same set of tools, 

994



Critique of Quality Tools in Healthcare: A Literature Survey ICADET ‘19 

 

 

while Naslund [35]  stated that Lean emerged from a similar set of tools, approaches and similar problems from 

JIT, and described it as odd. It was reported that 70% of the organizations implementing Lean were unsuccessful 

[36], while the rate of successful implementation of Lean in the UK in 2006 was reported to be below 10% [37]. 

 

Reducing costs, shortening project times and improving results and data in the projects using Six Sigma are 

listed as advantages of the method [38]. Since Six Sigma is a guide to help employees understand how to do 

their jobs and how to overcome potential problems, it also contributes to organizational inferences by increasing 

employee awareness and improving the morale of the process [39]. According to Antony et al. [40] Six Sigma is 

a strategy that drives cultural change and increases the profitability of an organization with benefits from savings 

if a flaw is detected at an early stage. van Iwaarden et al. [41] claimed that Six Sigma will vary between 

organizations due to the integration of different techniques according to requirements, and therefore the benefits 

will vary depending on the sector or even the country in which it is applied. On the other hand, negative 

criticisms were also made for Six Sigma and it was argued that the tool set used was composed of many complex 

tools, which delayed the attempts of improvement [42]. Gupta [43] criticized the costs of Six Sigma projects and 

noted that sometimes improvement is more expensive than it can save. Because 60% of Six Sigma projects do 

not yield targeted results [44], the need for the method was questioned. There have been critics who think that 

the use of Six Sigma should be avoided because it impedes creativity [45, 46],  and there are those who have 

stated that the method does not preclude creativity in any way, and even has a positive impact on the drug 

development process [47]. In addition, it was concluded that Six Sigma should have links with other 

management models in order to avoid a result such as TQM [48], which failed due to the resistance of staff and 

physicians in the health sector due to the language and values used [49]. Feng and Manuel reported that 54% of 

companies that maintain their presence in the healthcare sector do not foresee the implementation of the Six 

Sigma strategy [50]. With the evaluation of 47 studies in healthcare, 62% of Six Sigma and Lean applications 

were reported to be unsuccessful and the reason for this was the lack of acceptance of stakeholders [51].  

 

Although there have been some successes in improving healthcare quality with the implementation of Lean and 

Six Sigma, there are limitations to the use of both alone. Six Sigma was eliminated without mentioning process 

flow optimization, while Lean was often criticized for excluding advanced statistical tools needed to acquire 

process skills [52]. Since both of these methods are considered to be complementary to each other [53], they 

were used simultaneously and called Lean Six Sigma (LSS) [54]. Lean provides powerful tools for waste 

removal when applied to a project, with Six Sigma, the process can be stabilized by further reducing variations. 

In practice, it has been reported that most of this effort has not taken place [55], and some of the successful 

practices of LSS in health care have been reported [56, 57].  

 

Today, it is not possible to say that every organization implementing any of the quality programs provides and 

maintains the targeted improvement in health quality. It has been published in the literature that two thirds of 

continuous improvement program implementations do not achieve the expected results [36]. This also applies to 

health services. As reported by Balas and Boren, it takes an average of seventeen years for a trial to reach 

clinical practice [58]. Thus, even when only healthcare is considered, it can be understood that the process is 

quite long. Moreover, quality improvement projects and strategies have often been addressed as a research topic. 

The number of published studies on the contribution of clinical practice to improving outcomes was several 

hundred articles a year in the 1960s, and by the mid-1990s it was 10,000 per year [59]. Today, the Cochrane 

Central Register of Controlled Trials has more than 640,000 studies in its database [60]. Whereas quality 

improvement projects can address small examples and intervene in the process, research is concerned with 

problems that will have general consequences  [61]. Reinhardt and Ray proposed four criteria that distinguish 

these two concepts [62]. On the other hand, the best method for the organization can be selected through the 

taxonomy of quality improvement strategies developed by Shojania et al. [63], Which shows that the choice of 

quality improvement strategy and methodology depends on the nature of the quality improvement project. 

However, it is seen that many organizations generally adopt the latest approach due to the fact that the costs of 

short-term earnings are lower than a long-term commitment and competitive advantage [64]. Since the quality of 

health institutions is measured by accreditation and certification, quality improvement policies and strategies can 

be developed by reference to ISO 9000 standards. However, it should be emphasized that ISO 9000 standards are 

aimed at the lowest level of quality. On the other hand, the criteria of Baldrige Awards are seen as the most valid 

criteria in measuring and evaluating the quality of health institutions today. According to the criteria, there is no 

specific organizational structure, system, quality improvement method or quality tools. The necessary elements 

of any successful quality management system are indicated and scored according to the relative importance of 

each item. Hence, the criteria of the award can be seen as an up-to-date guide to the management system 

implemented for best performance. Accordingly, a roadmap for strategic planning can be drawn up by examining 

the structure and quality management system of the award winning institutions. They will also be able to develop 

strategies and methodologies for achieving the target because of benchmarking comparisons with award winning 
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institutions. Benchmark indicators are defined as “a measurement tool used to monitor and evaluate the 

importance of governance, management, clinical and support functions” [65]. The first example of international 

benchmarking in healthcare is the comparison of the differences and similarities between the health systems of 

the Organization for Economic Cooperation and Development (OECD) countries [66]. The OECD study has 

now been transformed into a data set with more than 1200 indicators. In 1984, an international benchmarking 

perspective was adopted by the WHO European Region in which 38 health targets were adopted [67]. In the 

WHO Report 2000 [68], overall health system performance was assessed as a composite measure of the level 

and distribution of health gain, the level and distribution of health system sensitivity and the degree of justice of 

financing, and 191 WHO members were ranked according to these performance standards. There are also many 

benchmarking examples for health services at national level [69 -74]. 

 

It should be noted that the people at the institution are at the center of every change initiative. As a result of the 

change, it is stated that the senior management should "show flexibility, consistency and persistence" against the 

danger of personnel getting tired of new methodologies and decreasing their motivation [75]. Leadership is an 

important factor since the method to be adopted needs to be prepared for an organizational change in order to 

deliver viable and expected results. Senior executives in the organization must remain committed to a long 

process and engage at all levels of management in the organization. Reason and Hobbs say that the 

organizational culture they define as “security culture involves three mutually reinforcing requirements: trust, 

reporting and improvement [76]. Hence, the organizational culture supporting high reliability should be fully 

implemented. Robust process improvement requires the right methods and tools to be chosen, as healthcare 

organizations will ensure that clinical safety avoids frequent failures in quality assurance efforts. 

 

3 CONCLUSION 
 

Quality management, which was first applied in the automotive sector in Japan and then started to be applied 

under the consultancy of experts in many manufacturing industry companies in the US to compete with the 

Japanese industry, has evolved over time and started to be applied for many services including health sector. 

Today, quality management is not regarded as a one-off project, but rather a sustainable and always improved 

quality approach. To this end, the quality tools have been constantly updated since the first day they appeared 

and this trend will be continued. However, quality improvement efforts have failed in many applications, 

especially in healthcare, as opposed to the manufacturing industry. A similar failure was observed in small-scale 

enterprises. The achievements are generally limited and they have not been able to maintain their continuity. It 

can be said that the success of large companies in the manufacturing industry especially with the increasing of 

robotic production in recent years is achieved by decreasing human factor, considering the use of standard 

manufacturing methods that are not open to initiative. Due to the high financial strength of these firms, the 

pressure exerted on their suppliers on materials quality has yielded results; however, the targeted quality level 

could not be achieved due to the fact that small-scale companies do not have this advantage. Even though this 

problem has been tried to be overcome by involving the employees at all levels to the process, and training them, 

it is not possible for each individual to make the same effort with the awareness of his duties and responsibilities 

and to be involved in the process. Some implementation practices ended before the process could be completed 

as employee resistance was encountered. However, accreditation of health institutions or other sectoral 

organizations is not impossible with the minimum criteria required by the standards. For continuous and 

sustainable quality improvement, people-oriented methods need to be developed and implemented. The adoption 

of the method applied within the organization by all personnel into a culture, the management of the process with 

an uncompromising discipline and a quality improvement application where all stakeholders can achieve 

satisfaction can yield targeted results. For this purpose, project managers need to have the skills to manage the 

process of changes and improvements undertaken, convince employees, ensure stakeholder satisfaction and 

should be able to produce policies that can intervene in any problem. In addition, it is essential to determine the 

best form of management appropriate for the organization by considering the current culture within the 

organization, the opportunities the organization has, the expectations of stakeholders, etc. However, it is not 

necessary to apply the same method for all departments as the job and job description in an organization may 

vary between departments. Considering that an organization consists of various units that are in constant 

communication with each other, it is certain that the error or inefficiency of any unit or individual in the process 

will affect the others. Therefore, trust must be allocated between employees and units throughout the process. 

Employees need to recognize that all applications in the process will result in a number of changes and that these 

changes will lead to improvement. The process must be adopted and become a culture by employees. 
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Abstract 

Average vehicle delay, total fuel consumption and vehicular emission are the 

important parameters which are used for the evaluation of performances of signalized 

intersections. Although average vehicle delay at signalized intersections can be 

easily determined with the observations or by using mathematical equations, total 

amounts of fuel consumption and vehicular emission can not be determined 

similarly. The determination of the quantity of these parameters is a quite difficult 

issue. Therefore, the performance of signalized intersections is evaluated considering 

the average vehicle delay parameter in generally. But, this evaluation can not provide 

a direct and clear opinion related to intersection operating costs.  

This study aims the evaluation of the performances of signalized intersections 

considering cost of operation. To achieve this, total fuel consumption which is the 

only economic performance parameter was taken into account and a multiple linear 

regression (MLR) based model is created for the estimation of this parameter. In the 

scope of the study, a total of 120 different traffic cases are analyzed in VISSIM for 

creating and testing the model. While 75% of the results obtained from the analysis 

are used for creating the MLR-based model, the rests (25%) are used for the testing. 

The significance of MLR-based empirical model is proved by statistically. For 

created model, adjusted R2 value and mean square error value are obtained as 0.99 

and 4.43, respectively. Besides, mean square error value is obtained as 6.06 for tested 

scenarios. Consequently, it is thought that the created MLR-based empirical model 

may be used for the estimation of fuel consumption at signalized intersections in 

urban road networks. 

1 INTRODUCTION  
 

Traffic flows at intersections where hourly traffic volumes are high are managed by using signal control systems 

in generally. Although signal control systems are quite important factors for the ensuring of the traffic safety at 

intersections, these systems can also bring along a number of problems such as noise pollution, waste of time, fuel 

wastage and exhaust emissions [1]. While the noise pollution and waste of time negatively affects the human 

psychology, fuel wastage and exhaust emissions also cause economic and environmental problems. Therefore, 

these parameters which cause psychological, economic and environmental damages should be eliminated or 

minimized by an effective signal management [2]. 

 

The efficiency of the operations of signal management systems is determined by analyzing of the performances of 

intersections in details. The performances of the intersections can be analyzed considering different parameters 

such as average vehicle delay, total fuel consumption and vehicular emission and etc. The measurement or the 

calculation of average vehicle delay parameter is easier than the measurement or the calculation of the other 

parameters. When the many previous studies in the literature are investigated, it is seen that the performance of 

the intersections is analyzed considering average vehicle delay parameter in generally [3-5]. But, the average 

vehicle delay based performance analyses do not reflect the economic evaluation of intersections. Economic 

evaluations can be actualized considering fuel consumption parameter in generally. In the scope of this study, the 

fuel consumption parameter is focused on. Some of the studies related to fuel consumption parameter in the 

literature can be summarized as follows: Liao and Machemehl (1998) developed an analytical fuel consumption 

model to estimate intersection fuel consumption. They investigated the effects of signal timing on fuel 
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consumption. In the scope of the study, numerical experiments were conducted to test analytical fuel consumption 

estimation model capability. As a result, it was seen that analytical fuel consumption model has success for the 

estimation of fuel consumption [6]. Varhelyi (2002) studied on the effects of small roundabouts on vehicular 

emission and fuel consumption. It was determined that rebuilding of the signalized intersection into a roundabout 

resulted in an average decrease in CO emissions by 29%, NOx emissions by 21% and fuel consumption by 28% 

[7]. Rakha and Ding (2003) studied on the effects of vehicle stops on vehicular emission and fuel consumption. 

They pointed out that fuel consumption rate is more sensitive to cruise-speed levels than to vehicle stops [8]. Li et 

al. (2004) aimed to develop optimization-based signal timing model for reducing the average vehicle delay, fuel 

consumption and vehicular emission as integrated at signalized intersections. They used real intersection data from 

Nanjing city in their study. According to the obtained results, the success and efficiency of the proposed model 

was proved [9]. Sanchez et al. (2006) developed a traffic signal controller which purpose the fuel saving. At the 

end of the study, it was determined that about 25% fuel saving can be achieved with created new model [10]. 

Stevanovic et al. (2009) studied on an optimization-based signal controller. They aimed to minimize vehicular 

emission and fuel consumption. In the scope of the study, an integrated approach with VISSIM-CMEM and 

VISGAOST is considered in optimization process [11]. Alsabaan et al. (2012) aimed an optimization model which 

minimizes fuel consumption and exhaust emission. In their study, near-optimal speed value was suggested to 

achieve the minimization of fuel consumption and exhaust emission [12]. Pal and Sarkar (2012) evaluated the 

amount of fuel consumed by vehicles during the the idling at 5 different intersections in Agartala, India. At the 

end of the analysis, it was concluded that about 390 liter of diesel and 810 liter of petrol in daily were wasted due 

to idling of vehicles at these intersections [13]. Nasir et al. (2014) studied on the intelligent transportation system 

techniques and intelligent transportation system technologies for reducing fuel consumption and exhaust emission. 

As a result, it was emphasized that the techniques related to intelligent transportation systems has great importance 

for reducing the fuel consumption and exhaust emission [14]. 

 

When the previous studies are examined carefully, it is seen that the performances of intersections are evaluated 

considering fuel consumption parameter in the most of these studies. Besides, it can be seen that very few studies 

are directly related to the estimation of fuel consumption. Since the estimation of fuel consumption is a complex 

and difficult issue, the number of studies about the estimation of fuel consumption is quite low. Therefore, in this 

study, it is aimed that the estimation of fuel consumption is simplified. In the scope of the study, a multiple linear 

regression based-fuel consumption estimation model is created. It is thought that created fuel consumption 

estimation model can allow to economic evaluation of the performance of intersections in urban road networks. 

 

This study consists of five parts. The intersection models, types of signal management systems and created traffic 

scenarios which are used for analyses are explained in details in the second part of the study. In the third part, 

multiple linear regression model created for the estimation and statistical results obtained by regression analysis 

are presented. The analyses for testing the model are given in the fourth part of the study. Findings obtained from 

the analyses are evaluated and interpreted in the last part. 

 

2 DATA COLLECTION 
 

This part of study consists of two subsections. In the first subsection, intersection models, types of signal 

management systems and traffic scenarios which are used for developing the fuel consumption estimation model 

are explained in details. In the second subsection, the samples of analyses results obtained from VISSIM simulation 

program are presented. Besides, evaluations and interpretations which are related to obtained results are also given 

in this subsection. 

 

2.1 Intersection Models, Types of Signal Management Systems and Traffic Scenarios 

 

In this part of the study, created intersection models, types of signal management systems and traffic scenarios are 

handled, separately. 

 

2.1.1 Intersection Models 

 

In the scope of the study, two different signalized intersection models are created in VISSIM simulation program 

for data collection and analysis studies. The first intersection model (Model I) and the second intersection model 

(Model II) have four and three intersection approaches, respectively. While there is the total of 14 lanes at 

intersection approaches in the Model I, the total number of the lanes at intersection approaches in Model II is also 

8. Traffic flows at the intersection approaches are considered and evaluated movement-based. For both created 

intersection models, it is assumed that the left lanes and the right lanes at all intersection approaches are allocated 

for left turning and right turning movements, respectively. The other lanes serve the straight traffic flows in both 
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models. Four-leg signalized intersection model and three-leg signalized intersection model which are created for 

the analyses studies are shown in Figure 1(a) and Figure 1(b) in details. 

 

 
(a)                                                                                    (b) 

Figure 1. (a) Four-Leg signalized intersection model (b) Three-Leg signalized intersection model 

 

2.1.2 Types of Signal Management Systems 

 

In the scope of the study, different traffic cases are analyzed considering both optimum fixed time management 

system and vehicle actuated management system. These systems can be explained as follows in briefly: 

 

• Optimum Fixed Time Management (OFTM): For fixed time management, assignment of signal timing and 

selection of phase plan are determined considering historical traffic data. The order of phases and green signal 

timings (green splits) for each phase are fixed at all cycles. The order of phases and green splits are not 

changed according to fluctuations in traffic demands. 

In the scope of this study, for fixed time management, four-phased management for four-leg signalized 

intersection model and three-phased management for three-leg signalized intersection model are applied. For 

both intersection models, it is assumed that the right of way for each intersection approach is provided in 

separate phases. 

Since the traffic flows at intersection approaches are considered and evaluated as movement-related, in this 

study, signal timings are optimized by using Akcelik delay equation [15]. In optimization process, the 

minimization of the average vehicle delay performance parameter is aimed. Before starting the analyses for 

optimum fixed time management implementation, optimum signal timings and average vehicle delays for 

each scenario are computed with the differential evolution algorithm based-signal timing optimization code 

which is created in MATLAB [16,17]. 

 

• Vehicle Actuated Management (VAM): In vehicle actuated management, traffic flows at an intersection are 

managed using data and information from the detectors which are located at intersection approaches. In this 

type of management, the system adapts to fluctuations in traffic demands. Green splits are extended or end 

based on existing traffic demands using vehicle queuing information at intersection approaches. For vehicle 

actuated management, the order of phases can be constant or variable. When the traffic demand is quite low 

or there is no demand for any phase, this phase is ignored and skipped to the next phase [18].  

In this study, firstly, a signal control algorithm is created in VISVAP which is a vehicle actuated signal control 

module of VISSIM. Then created Four-leg (Model I) and Three-leg (Model II) signalized intersection models 

are managed considering this control algorithm. In the vehicle actuated management model, it is assumed that 

four-leg (Model I) and three-leg (Model II) signalized intersection models are operated with four phases and 

three phases, respectively. For both models, the right of way for each intersection approaches are provided in 

separate phases. Based on the management model which is created in VAP module, when excitation is not 

detected from the presence detectors which are at one of the intersection approaches, phase transition can be 

actualized. In other words, the order of phases can be changed. 

 

2.1.3 Traffic Scenarios 

 

In this part of the study, firstly, reference intersection demand matrices are created considering both four-leg and 

three-leg signalized intersection models for the analyzes. Movement direction based (Origin - Destination based) 

reference demand matrices are presented in Table 1. 
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Table 1. Reference intersection demand matrices created for analyzes 

Reference Demand Matrix for  

Four-Leg Signalized Intersection Model 

Reference Demand Matrix for  

Three-Leg Signalized Intersection Model 

Intersection 

Approach 

(O-D) 
West North East South 

Intersection 

Approach 

(O-D) 
West North East 

West --- 200 700 100 West --- 300 850 

North 150 --- 100 150 North 250 --- 350 

East 600 100 --- 150 East 750 250 --- 

South 200 250 200 --- 

West Intersection Approach: 1150 auto/hr 

North Intersection Approach: 600 auto/hr 

East Intersection Approach: 1000 auto/hr 

Total Traffic Volume: 2750 auto/hr 

West Intersection Approach: 1000 auto/hr 

North Intersection Approach: 400 auto/hr 

East Intersection Approach: 850 auto/hr 

South Intersection Approach: 650 auto/hr 

Total Traffic Volume: 2900 auto/hr 

 

In the next step, based on the reference demand matrices which are given in Table 1, movement direction based 

traffic volumes are increased and/or decreased. And both intersection models, 20 different traffic scenarios that 

total traffic volumes at intersection differs from each other are created. Thus, it is aimed that the different traffic 

scenarios (wide range of total traffic volumes at intersection) can be analyzed and evaluated. For four-leg 

signalized intersection model (Model I), hourly total traffic volumes for created traffic scenarios ranges from about 

1750 automobiles to 4000 automobiles. For three-leg signalized intersection model (Model II), this range is also 

between 2000 automobiles and 3500 automobiles. 

 

2.2 Analysis Studies 

 

In this part, firstly, it is assumed that the both intersection models are managed with optimum fixed time signal 

management system. Optimum signal timings and average vehicle delay for each scenario are computed with the 

differential evolution algorithm based-signal timing optimization code which is created in MATLAB. For some 

of the created traffic scenarios, movement direction based traffic volumes, optimum signal timings (green splits 

and cycle times) and average vehicle delays are presented in Table 2 in details. 

 

Table 2. For some of the created traffic scenarios, movement direction based traffic volumes, optimum signal 

timings and average vehicle delays 

Model 
Scenario 

No  

Traffic 

Demand 

(auto) 

West North East South 

Green 

Time 

(sec) 

Cycle  

Time 

(sec) 

Average 

Vehicle 

Delay 

(sec/ auto) 

F
o

u
r-

L
eg

 S
ig

n
a

li
ze

d
  

In
te

rs
ec

ti
o

n
 M

o
d

el
 8 

West --- 170 700 100 19 

78 33.30 
North 150 --- 85 150 9 

East 600 100 --- 128 17 

South 170 250 200 --- 13 

16 

West --- 200 980 100 45 

154 78.83 
North 150 --- 100 210 19 

East 840 100 --- 150 39 

South 200 350 200 --- 31 

4 

West --- 150 525 125 13 

64 26.89 
North 188 --- 75 113 9 

East 450 125 --- 113 11 

South 150 188 250 --- 11 

T
h

re
e-

L
eg

 S
ig

n
a

li
ze

d
  

In
te

rs
ec

ti
o

n
 M

o
d

el
 

1 

West --- 180 510 --- 10 

49 19.52 North 350 --- 210 --- 12 

East 450 350 --- --- 12 

19 

West --- 420 978 --- 33 

108 50.98 North 350 --- 490 --- 31 

East 863 350 --- --- 29 

12 

West --- 375 850 --- 23 

80 34.35 North 313 --- 438 --- 22 

East 750 313 --- --- 20 

Yellow Time = 2 + 2 sec. (At the starting and finishing of each phase) 

All Red Time = 1 sec. (At each phase transition) 
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In the next step, movement based traffic volumes and optimum signal timings for each scenario are transferred to 

VISSIM. Then, the average delay values which are obtained from the VISSIM simulation program for each 

scenario are compared with the results obtained from Akcelik average vehicle delay formula. Due to differences 

between the results, VISSIM is calibrated. At the end of the calibration studies, for created traffic scenarios, 

scenario-based comparison of average vehicle delays is presented in Table 3. 

 

Table 3. Scenario-based comparison of average vehicle delays 
For Four-Leg Signalized Intersection Model 

Scenario-based Average Vehicle Delay Comparisons 

For Three-Leg Signalized Intersection Model 

Scenario-based Average Vehicle Delay Comparisons 

Scenario 

No 

Total 

Volume 

(auto/hr) 

Akcelik 

(sec/auto) 

VISSIM 

(sec/auto) 

Difference 

(%) 

Scenario 

No 

Total 

Volume 

(auto/hr) 

Akcelik 

(sec/auto) 

VISSIM 

(sec/auto) 

Difference 

(%) 

1  1740 19.76 19.76 0.00 1  2050 19.52 19.65 + 0.67 

2 2180 25.00 25.51 + 2.04 2 2290 21.60 21.71 + 0.51 

3 2220 20.82 21.68 + 4.13 3 2351 19.96 20.76 + 4.01 

4 2450 26.89 26.60 - 1.08 4 2463 24.06 23.97 - 0.37 

5 2475 23.60 23.76 + 0.68 5 2490 23.47 23.26 - 0.89 

6 2630 28.32 27.52 - 2.82 6 2588 24.48 24.20 - 1.14 

7 2680 32.84 33.38 + 1.64 7 2625 28.74 29.24 + 1.74 

8 2803 33.30 31.74 - 4.68 8 (R) 2750 28.59 27.87 - 2.52 

9 (R) 2900 33.20 32.23 - 2.92 9 2875 28.91 29.60 + 2.39 

10 2983 34.51 34.94 + 1.25 10 2913 34.48 34.78 + 0.87 

11 3063 34.00 34.47 + 1.38 11 2990 36.35 35.30 - 2.89 

12 3155 43.82 42.32 - 3.42 12 3038 34.35 34.81 + 1.34 

13 3238 44.63 42.73 - 4.26 13 3065 36.42 35.91 - 1.40 

14 3390 45.55 44.82 - 1.60 14 3113 40.00 39.25 - 1.88 

15 3463 55.59 56.10 + 0.92 15 3150 43.42 41.39 - 4.68 

16 3580 78.83 82.44 + 4.58 16 3253 43.80 44.32 + 1.19 

17 3638 82.37 84.21 + 2.23 17 3275 44.06 42.76 - 2.95 

18 3708 57.56 56.16 - 2.43 18 3428 59.10 60.95 + 3.13 

19 3800 81.21 79.88 - 1.64 19 3450 50.98 51.31 + 0.65 

20 3963 80.26 79.55 - 0.88 20 3513 54.45 53.48 - 1.78 

 

As can be seen from Table 3, the differences of average vehicle delays obtained from VISSIM and by using 

Akcelik average delay equation are less than 5%. Based on the obtained results, it can be said that calibrated 

VISSIM program can provide similar average vehicle delays with Akcelik average vehicle delay equation. This 

situation shows that calibrated VISSIM program can ensure the realistic average vehicle delays. After the 

calibration process, it is aimed that created 40 different traffic scenarios are analyzed considering different types 

of traffic management and the different types of traffic demand conditions (fluctuated or not fluctuated traffic 

demands). Thus, created traffic scenarios are analyzed in four different ways as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Different types of traffic management and traffic demand conditions 

Created Traffic Scenarios for 

both intersection models 

Optimum Fixed 

Time Management 

Fluctuations in 
traffic demands 

exist 

Vehicle Actuated 

Management 

Fluctuations in 
traffic demands 

exist 

Optimum Fixed 

Time Management 

Fluctuations in 
traffic demands    

do not exist 

Vehicle Actuated 

Management 

Fluctuations in 

traffic demands    

do not exist 
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In VISSIM simulation program, vehicle arrivals and vehicle arrival headways fit to the Poisson distribution and 

the negative exponential distribution, respectively. But, traffic cases that fluctuations in traffic demands at 

intersection approaches exist can also be analyzed in VISSIM. Therefore, in order to evaluate different traffic 

cases, fluctuations in traffic demands are also taken into account in this study. Time intervals when the fluctuations 

in traffic demands at intersection approaches exist and the quantities of the fluctuations are determined as 

presumptively. 

 

In the scope of this study, for created 40 different traffic scenarios, 120 different traffic cases are created 

considering different types of traffic management and different types of demand conditions. Then, each traffic 

cases are analyzed in VISSIM. At the end of the analyses, average vehicle delays and the amounts of total fuel 

consumption for each traffic case are obtained from VISSIM. For sample traffic cases, the results which are 

obtained from VISSIM are given in Table 4. Besides, various information (type of traffic management, demand 

condition and etc.) related to sample traffic cases are also presented in Table 4. 

 

Table 4. The intersection performance results obtained from VISSIM for sample traffic cases 

Traffic  

Case 

Total 

Traffic 

Volume 

(auto/hr) 

Model 

I 

(Four-Leg) 

Model  

II 

(Three-Leg) 

OFTM VAM 
Fluctuations 

exist 

Average 

Vehicle 

Delay 

(sec/auto) 

Total Fuel 

Consumption 

at Intersection  

in Hourly 

(gal/hr) 

1 2180 ✓ ✕ ✕ ✓ ✕ 21.78 37.44 

2 2050 ✕ ✓ ✓ ✕ ✕ 19.65 36.11 

3 2450 ✓ ✕ ✕ ✓ ✓ 27.24 45.42 

4 2450 ✓ ✕ ✓ ✕ ✕ 26.60 45.23 

5 2351 ✕ ✓ ✕ ✓ ✕ 18.67 40.67 

6 2680 ✓ ✕ ✓ ✕ ✓ 99.25 107.83 

7 2803 ✓ ✕ ✕ ✓ ✕ 28.89 52.75 

8 2750 ✕ ✓ ✕ ✓ ✕ 24.84 51.86 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

113 2983 ✓ ✕ ✓ ✕ ✓ 68.50 92.44 

114 2990 ✕ ✓ ✓ ✕ ✕ 35.30 64.69 

115 3065 ✕ ✓ ✕ ✓ ✕ 30.18 62.00 

116 3155 ✓ ✕ ✕ ✓ ✕ 38.58 66.72 

117 3253 ✕ ✓ ✓ ✕ ✕ 44.32 77.97 

118 3708 ✓ ✕ ✓ ✕ ✓ 79.81 112.80 

119 3428 ✕ ✓ ✕ ✓ ✕ 35.32 74.40 

120 3513 ✕ ✓ ✓ ✕ ✕ 53.48 90.57 

✕: No     /     ✓: Yes          -          1 gallon = 3.785 liter 

 

When the intersection performance results for the created 120 different traffic cases are investigated carefully, it 

can be seen that the amount of fuel consumption also dramatically increase especially when the total traffic volume 

and average vehicle delay at intersection increase. Therefore, it is determined that total traffic volume and average 

vehicle delay parameters are directly related to amount of fuel consumption. Thus, for the estimation of fuel 

consumption, the parameters of average vehicle delay and total traffic volume are taken into account in this study. 

 

3 REGRESSION ANALYSIS AND FUEL CONSUMPTION ESTIMATION MODEL 
 

In statistical modeling, regression analysis is a set of statistical processes for estimating the relationships among 

variables. It includes many techniques for modeling and analyzing several variables, when the focus is on the 

relationship between a dependent variable and one or more independent variables [19]. While simple linear 

regression models include only one independent variable, multiple linear regression models also include more than 

one independent variable. These models can be explained as shown in Figure 3 [20]. 
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Simple Linear Regression Model o 1 1y x  = + +  

Multiple Linear Regression Model o 1 1 n ny x ... x   = + + + +  

y  Dependent variable 

ix  Independent variables 

i  The parameters which will be estimated 

  Error term 

Figure 3. Simple and Multiple linear regression models 

 

Long term or short term predictions can be quite important factors for solving the engineering problems. Therefore, 

regression models and analysis have been used in many engineering field also including civil engineering for many 

years [21]. Determination of fuel consumption at signalized intersections is also one of the important economic 

issues in traffic and transportation engineering. Therefore, in this study, hourly fuel consumption at signalized 

intersections were estimated considering hourly total traffic volume and average vehicle delay by using multiple 

linear regression model. 

 

In this part of the study, firstly, multiple linear regression based fuel consumption model was developed in MS 

Excel environment. Randomly selected 90 different traffic cases’ data and analysis results obtained from VISSIM 

were used in the modeling stage. Sample traffic cases which are used in the multiple linear regression modeling 

are presented in Table 5. 

 

Table 5. Sample traffic cases which are used in the multiple linear regression modeling 

Traffic  

Case  

Intersection 

Model  

Type of 

Managaement 

Fluctuations 

exist 

Hourly Total 

Traffic 

Volume 

(auto/hr) 

Average 

Vehicle Delay 

(sec/auto) 

Total Fuel 

Consumption 

at Intersection  

in Hourly 

(gal/hr) 

1 Model I OFTM ✕ 2180 25.51 39.40 

10 Model I OFTM ✕ 3238 42.73 72.18 

19 Model I VAM ✕ 2475 21.76 42.38 

28 Model I VAM ✕ 3638 63.70 98.30 

37 Model I OFTM ✓ 2900 64.95 88.63 

46 Model I VAM ✓ 2180 23.27 38.11 

55 Model I VAM ✓ 3238 60.63 89.25 

64 Model II OFTM ✕ 3150 41.39 72.45 

73 Model II OFTM ✕ 3113 39.25 70.95 

82 Model II VAM ✕ 2351 18.67 40.67 

90 Model II VAM ✕ 3450 40.03 77.20 

Model I: Four-leg signalized intersection               /                 Model II: Three-leg signalized intersection 

OFTM: Optimum fixed time management              /                VAM: Vehicle actuated management 

✕: No                                                                       /                 ✓: Yes           

1 gallon=3.875 liter 

 

Secondly, regression analysis was carried out in MS Excel. At the end of the analysis, it was concluded that hourly 

total fuel consumption at signalized intersection can be calculated by using Equation (1): 

 

𝐹𝐶 = −21.76 + 0.01877 × 𝑇𝑇𝑉 + 0.82786 × 𝐴𝑉𝐷            (1) 

 

Where; 

FC = Hourly total fuel consumption at signalized intersection (gal/hr); 

TTV = Hourly total traffic volume at signalized intersection (auto/hr); 

AVD = Average vehicle delay per automobile (sec/auto). 

 

As can be seen from the Equation (1), when the total traffic volumes and average vehicle delay at intersection 

increase, the hourly total fuel consumption also increases. This verify the analysis results obtained from VISSIM. 
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In the next step, statistical results obtained from MS Excel were evaluated. Descriptive statistics, correlations, 

model summary, analysis of variance (ANOVA), coefficient of the created model are presented in Figure 4. 

 

 
Figure 4. Summary output of regression analysis 

 

In Figure 4, when the regression statistics part is investigated carefully, it can be seen that the adjusted R square 

value for created model is obtained as 0.99. This value is very close to 1.00. This shows that the variance of 

dependent variable can be explained by independent variables at high levels. In ANOVA part, it can be seen that 

Significance F value is lower than 0.05. Therefore, F indicator shows that the created model is meaningful as a 

completely at all levels (Sig=0.000). When the coefficients are examined, it can be said that the increment of 

independent variable 1 value and independent variable 2 values increase the dependent variable value. Besides, P-

value for all variables is less than 0.05. This shows that the effects of coefficients are meaningful as a completely 

statistically. 

 

The scatterplot of actual delay values which are obtained from the VISSIM versus delay values predicted by 

regression model is shown in Figure 5. 

 

 
Figure 5. The scatterplot of actual delay values versus delay values predicted by regression model 

 

When the Figure 5 is examined carefully, it can be seen that the black points are collected around the red line. This 

shows the power of the created regression model. For created model, adjusted R2 and mean square error value are 

obtained as 0.99 and 4.43, respectively. 

 

4 TESTING OF THE CREATED REGRESSION MODEL 
 

In this part of the study, it was aimed that the testing of validity of the created regression model. The validity of 

the model was investigated considering 30 different traffic cases which were devoted for the test. In the scope of 

the study, the hourly fuel consumption values which are obtained from the VISSIM were compared with that of 
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calculated by using Equation 1 (created regression model). For sample traffic cases, the comparison of the results 

is presented in Table 6. 

 

Table 6. For sample traffic cases, the comparison of the obtained results 

Traffic  

case 

Intersection 

Model 

Type of 

Management 

Fluctuations 

exist 

Hourly 

Total 

Traffic 

Volume 

(auto/hr) 

Average 

Vehicle 

Delay 

(sec/auto) 

Total Fuel 

Consumption 

obtained 

from 

VISSIM 

(gal/hr) 

Total Fuel 

Consumption 

calculated by 

using 

Equation 1 

(gal/hr) 

1 Model I OFTM ✕ 1740 19.76 29.14 27.31 

4 Model I VAM ✕ 2450 23.71 43.27 43.93 

7 Model II VAM ✕ 2490 21.61 45.44 42.94 

10 Model I OFTM ✓ 2450 36.66 53.26 54.65 

13 Model II VAM ✕ 3065 30.18 62.00 60.87 

16 Model II OFTM ✕ 3065 35.91 67.02 65.61 

19 Model II VAM ✕ 3428 35.32 74.40 71.93 

22 Model II OFTM ✕ 3428 60.95 95.31 93.15 

25 Model I OFTM ✕ 3580 82.44 111.04 113.80 

28 Model I VAM ✓ 3963 85.43 127.62 123.47 

30 Model I OFTM ✓ 3963 101.20 142.37 136.53 

Model I: Four-leg signalized intersection               /                 Model II: Three-leg signalized intersection 

OFTM: Optimum fixed time management              /                VAM: Vehicle actuated management 

✕: No                                                                       /                 ✓: Yes           

1 gallon=3.875 liter 

 

For all tested traffic cases, the comparison of the results is given in Figure 6. 

 

 
Figure 6. The comparison of the hourly fuel consumption for all tested traffic scenarios 

 

From the Figure 6, it can be seen that the hourly fuel consumption values which are obtained from the VISSIM 

are very close to the hourly fuel consumption values which are predicted by regression model. This shows the 

applicability and reliability of created regression model for the estimation of fuel consumption at signalized 

intersections in urban road networks. For all tested traffic cases, the differences between the actual and predicted 

hourly fuel consumption values are depicted in Figure 7. 
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Figure 7. For all tested traffic cases, the differences between the actual and predicted fuel consumption values 

 

As can be seen from the Figure 7, the differences between actual (VISSIM) and predicted (regression model) 

hourly fuel consumption values are less than 8% for all tested cases. Besides, mean square error values for VISSIM 

and regression model were determined as 6.06. Based on these calculation and comparisons, it was determined 

that created regression model results were compatible with the results obtained from VISSIM. 

 

5 RESULTS AND DISCUSSIONS 
 

In this study, it was aimed the economic evaluation of the performances of signalized intersections in urban road 

networks. To achieve this, fuel consumption parameter was modeled using multiple linear regression model. 

Hourly total traffic volume and average vehicle delay were included to model as descriptive variables. In the scope 

of the study, the obtained results can be summarized as follows: 

• A total of 90 different traffic cases’ data and analysis results obtained from VISSIM were used in the modeling 

stage. A multiple linear regression based-fuel consumption estimation model was developed in MS Excel. 

Besides, the statistical results related to created regression model were obtained from MS Excel. For created 

model, adjusted R2 value and mean square error value were obtained as 0.99 and 4.43, respectively. According 

to the results, the significance of MLR-based empirical model is proved by statistically. 

• A total of 30 different traffic cases’ data and analysis results were used to test the created regression model. 

Mean square error values for VISSIM and regression model were determined as 6.06. Besides, it was seen 

that the differences between actual (VISSIM) and predicted (regression model) hourly fuel consumption 

values were less than 8% for all tested cases. 

 

According to the obtained results, it can be said that the created regression model is an effective and reliable model 

for the estimation of hourly fuel consumption at signalized intersection in urban road networks. In addition to this, 

it is known that the heavy vehicles and cruise speed factors play an important role on the fuel consumption at 

signalized intersections. In this study, the effects of heavy vehicles are not considered in the analyzes. Besides, 

cruise speed for all vehicles was accepted as about 60 km/hr (speed limit for urban road networks). In the next 

studies, it is thought that a more effective and more applicable regression model may be developed considering 

the effects of these factors. 
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Abstract 

The aim of this study is to present the optimization of double barrel vault structures 

taking into account the buckling of compression structural members. The buckling 

is calculated according to the AISC-ASD. In the optimization process a new 

proposed algorithm named Rao 1 is preferred. The finite element analysis of barrel 

vault structures is carried out by using applicable programming interface properties 

of SAP2000 program. The MATLAB programming is used the data transfer from 

the SAP2000 for sending design variables and getting the stresses and nodal 

displacement of the structure analysis.  

 

1 INTRODUCTION 
 

Barrel vault structures can be considered as special roof to cover large span areas such as stadium, shopping 

center and exhibition halls. These types of structures are usually designed double or single layer geometry in one 

direction curve form. In the case of the double layer barrel vault structures, the bottom and top barrel vaults are 

connected to each other by braced line elements keeping the symmetry of the structure.  

 

Like the other civil engineering structures the barrel vaults are optimized for the minimum weight of total 

structure without violating the some structural constraints such as nodal displacement and the buckling of 

compression line element. In the literature there are some paper related to the barrel vaults structures. The aim of 

these studies is to find a global solution by using metaheuristic algorithm instead of using a mathematical 

explanation. Kaveh et al. [1] used improved magnetic charged system search for the optimal design of the double 

layer barrel vaults. They used open application programming interface (OAPI) for optimization of double layer 

barrel vaults. Kaveh et al. [2] used the same metaheuristic algorithm to solve single layer barrel vault framed 

structures. In that study, the authors used applicable programming interface properties of SAP2000 to realize the 

finite element analysis of single layer barrel vault frame structures. Shape-size optimization of single-layer barrel 

vaults using improved magnetic charged system search is presented in the study in [3] by taking into account the 

dead load, snow load and the wind load. They used discrete set design variables for the cross sectional area of 

the frame elements. Tunca et al. [4] made a study on optimum design of braced barrel vault systems using cold-

formed steel sections. The authors of that paper used the Artificial Bee Colony algorithm to optimize the 

structure. They used the allowable stress according to AISC-ASD and nodal displacement as constrained for the 

optimization problem. Hasançebi and Kazemzadeh [5] used Big Bang-Big Crunch algorithm for discrete 

structural design optimization of barrel, grill and 3D framed structures. They used AISC standard sections for 

design variables and taken into account stress, stability and geometric constraints according to AISC-ASD. 

Hasançebi et al. [6] presented a conference paper on large scale structural optimization by using ant colony 

optimization. They optimized 693-bar braced barrel vault structure with the discrete set design variables and 

compared their optimal results with those of other methods, such as particle swarm optimization (PSO), harmony 

search optimization (HSO) and genetic algorithms (GAs). Hasançebi and Çarbaş [7] made a study using Ant 

Colony Search method for barrel vault structures.  

 

In this study, optimization of double layer barrel structure using a new proposed algorithm named Rao-1 is 

presented. This new optimization algorithm is firstly presented by Rao [8]. This new algorithm is similar the 

Jaya algorithm which also proposed by the same author. The allowable steel pipe sections for the cross-sectional 

areas of the bar elements of barrel vault structure are taken from AISC-LRFD code [9]. The nodal displacement 

and the tension or compression stresses are taken into account as constraints for the optimization process. The 

allowable tensile and compressive stresses are calculated using the AISC-ASD code [10].  
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2 OPTIMIZATION OF DOUBLE BARREL VAULT STRUCTURES 
 

The aim of the optimization used in this study is to find minimum weight for the double layer barrel vaults 

without violating the constraint of the optimization problems. In the other words, to find the total weight of 

structure minimum, the cross-sectional areas of line element which are the design variables must be small size. 

The design variables of the optimization problem are represented as given below. 

 

 1 2 3, , ,..., nX X X X X                 (1) 

 

When “n” is the number of design variables. In the term of these design variables, the objective function is 

written as given in Eq. (2). 

 

min

1

nm

i i i

i

W x l


                            (2) 

 

Where, “nm” is the number of structural member, “  ” is the density of the structural material, “l” is the length 

of the bar element, “x” is the cross-sectional area of the line element and the W is the total weight of the 

structure. Structural constraints should not be violated while reducing the total weight of the structure. In this 

study, the nodal displacement and the allowable stresses are taken as design constraints.  
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Where “ i ” is the nodal displacement, “ max ” is the maximum displacement, “nn” is the number of nodes, “
t

j ” 

is the tensile stress and “ ,

t

j all ” is the allowable tensile stresses, “
c

j ” is compression stress, “ ,

c

j all ” allowable 

compression stress, “nm” is the number member and the “ ” is the slenderness ratio both tensile and 

compression members. 

 

If the design variables violate the constraint, the penalty function in terms of the total weight and the violated 

constraints are calculated as given below.  

 

  2

11penaltyf W C


                               (5) 
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                (6) 

 

Where “Iter” is the current iteration number and the “MaxIter” is the maximum iteration number. So, the “ 2 ” 

will be gradually equal to 3.  

 

The penalty function “C” is calculated as given below. 

 

C C C C                     (7) 
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At the end of the optimization process, the penalized objective function must be equal to the objective function. 

That is, the penalty function must equal to zero.  

 

The allowable tensile and compressive stresses are calculated based on the AISC-ASD code [9].  
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0.6

300

t

all

t

all

Fy







                 (9) 

 

for compression member; 

 

2 3

2 3

2

2

5 8
1 /

3 82 8

12

23

200

c

all

c

all

Fy for Cc
CcCc Cc

E
for Cc

  










     
        

     

 




        (10) 

 

Where E is the modulus of elasticity and Fy is the yield stress. The slenderness ratio for ith member is calculated 

as given below. 

 

/i i i ik l r                 (11) 

 

22 E
Cc

Fy


                (12) 

 

Where “k” is the effective length factor and its value is taken as 1 for the truss structures.  

 

3 Rao-1 ALGORITHM 
 

Let Y is the objective function to be minimized (or maximized). At any iteration i, assume that there are ‘d’ 

number of design variables, ‘s’ number of solutions (i.e. population size, k=1,2,…,s). Let the best candidate best 

obtains the best value of Y (i.e. Ybest) in the entire solutions and the worst candidate worst obtains the worst value 

of Y (i.e. Yworst) in the entire candidate solutions. If Xd,k,i is the value of the dth variable for the kth candidate during 

the ith iteration, then this value is modified as per the following equation [8].   

 

X'd,k,i = Xd,k,i + r (Xd,best,i - Xd,worst,i)                                        (13) 

 

where, Xd,best,i is the value of the variable d for the best candidate and Xd,worst,i is the value of the variable d for the 

worst candidate during the ith iteration. X'd,k,i is the updated value of Xd,k,i and r is a random number in the range 

[0, 1]. In simple words, Eq. (13) may be written as, 
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New value of the variable = Old value of the variable + random number (Value of the variable 

corresponding to the best solution - Value of the variable corresponding to the worst solution)   

 

It may be noted that Rao-1 algorithm, given by Eq. (13), is a very simple algorithm and is based only on the 

difference between the best and worst solutions. The general flow chart for the proposed algorithm is given in 

Fig.1. 

 

 
Figure 1. The flow chart for the Rao-1 algorithm 

 

4 APPLICABLE PROGRAMMING INTERFACE in SAP2000 
 

Writing computer codes for the finite element analysis of structure is so hard and not possible for the some type 

of complex structures. Instead of this, it will be better to call SAP2000 as a finite element function.  SAP2000 

offers opportunity for user to realize their finite element analysis. For this aim, it has a property called open 

applicable programming interface. The required codes are in available for different type of programming 

language like the MATLAB. In this study, the authors developed MATLAB codes to transfer data from the 

SAP2000. The general flowchart for this cooperation between MATLAB and OAPI-SAP2000 is given in Fig. 2. 
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Figure 2. The cooperation between SAP2000 and MATLAB via OAPI-SAP2000 

 

5 NUMERICAL EXAMPLE 
 

As a numerical example, 384-bar double-layer barrel vault structure is taken into account. This example was 

previously solved by Kaveh et al. [1]. The 3D and other viewing of this structure are given in Fig. 3. this barrel 

vault structure consist of two rectangular nets. The vertical distance between the bottom and top nets is 5.12 m.  

The bottom nets are placed between two top barrel nets by symmetrical. There are 31design variables for this 

structure. That is the 384 bar elements are categorized 31 grouping. This groping can be seen in Fig. 3(a) with 

details. The 384 bar structures consist of 8 sub-structure given in Fig. 3(a) and modeled in SAP2000 by using 

parabolic curve. 

 

The young modulus is 30450 ksi (210000 MPa), density of material is 0.288 lb/in3 (7971.810 kg/m3), yield stress 

is 58 ksi (400 MPa) and the maximum displacement in all direction is ± 0.1969 in (5 mm). As a design variables 

used for this example are the cross sectional areas of the pipe steel sections. These design variables given in 

Table 1 are not continuous and selected as discrete from the allowable set of steel pipe sections taken from 

AISC-LRFD code.  

 

For the loading case 1, the non-supporting joints of top barrel vault (all free nodes) are loaded with the vertical 

concentrated loads of -20 ksi (-88.968 kN). The number of population size and the maximum generation are 20 

and 1000, respectively. The optimal results are obtained as 61473.7 lb which is better than the optimal result 

given in literature. The obtained optimal design variables and the value of objective function are given in Table 2 

by comparing the previous study given in literature.  
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Figure 3. 384-bar double-layer barrel vault structure (a) 3D view and (b) details of grouping for sub-structure 

 

As seen from the Table 2, the optimal result for the 384-bar double-layer barrel vault structure obtained from the 

proposed algorithm is better than the optimal results given in literature. Figure 4 shows the convergence history 

of the objective function of the optimization problem. As mentioned before, the objective function is the total 

weight of the barrel vault structure. At the beginning of the optimization, the penalized objective function has a 

bigger value. Because, the randomly selected design variables violets the constraint of the structural limits which 

are the maximum nodal displacement and the allowable stressed. Then, the optimization algorithms find 

candidate solutions by the hope that they will not violates the constraints.  

 

At the end of the optimization process, the penalized objective function is equal to the weight of the structure. 

That is, the design variables in the final solution don’t violate the constraint. As seen from the Fig. 4, after 300 

generations the graphs has a convergence and has a constant value as 61473.7lb.  
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Table 1. The allowable steel pipe sections 

No Type 
Nominal 

Diameter (in) 

Weight 

per ft (lb) 

Area 

(in2) 

I 

(in4) 

Gyration 

Radius (in) 

J 

(in4) 

1 ST 1/2 0.85 0.25 0.017 0.261 0.082 
2 EST 1/2 1.09 0.32 0.2 0.25 0.096 
3 ST 3/4 1.13 0.333 0.037 0.334 0.142 
4 EST 3/4 1.47 0.433 0.045 0.321 0.17 
5 ST 1 1.68 0.494 0.087 0.421 0.266 
6 EST 1 2.17 0.639 0.106 0.407 0.322 
7 ST 1 1/4 2.27 0.669 0.195 0.54 0.47 
8 ST 1 1/2 2.72 0.799 0.31 0.623 0.652 
9 EST 1 1/4 3 0.881 0.242 0.524 0.582 
10 EST 1 1/2 3.63 1.07 0.666 0.787 1.122 
11 ST 2 2.65 1.07 0.391 0.605 0.824 
12 EST 2 5.02 1.48 0.868 0.766 1.462 
13 ST 2 1/2 5.79 1.7 1.53 0.947 2.12 
14 ST 3 7.58 2.23 3.02 1.16 3.44 
15 EST 2 1/2 7.66 2.25 1.92 0.924 2.68 
16 DEST 2 9.03 2.66 1.31 0.703 2.2 
17 ST 3 1/2 9.11 2.68 4.79 1.34 4.78 
18 EST 3 10.25 3.02 3.89 1.14 4.46 
19 ST 4 10.79 3.17 7.23 1.51 6.42 
20 EST 3 1/2 12.5 3.68 6.28 1.31 6.28 
21 DEST 2 1/2 13.69 4.03 2.87 0.844 4 
22 EST 5 14.62 4.3 15.2 1.88 10.9 
23 EST 4 14.98 4.41 9.61 1.48 8.54 
24 DEST 3 18.58 5.47 5.99 1.05 6.84 
25 ST 6 18.97 5.58 28.1 2.25 17 
26 EST 5 20.78 6.11 20.7 1.84 14.86 
27 DEST 4 27.54 8.1 15.3 1.37 13.58 
28 ST 8 28.55 8.4 72.5 2.94 33.6 
29 EST 6 28.57 8.4 40.5 2.19 24.4 
30 DEST 5 38.59 11.3 33.6 1.72 24.2 
31 ST 10 40.48 11.9 161 3.67 59.8 
32 EST 8 43.39 12.8 106 2.88 49 
33 ST 12 49.56 14.6 279 4.38 87.6 
34 DEST 6 53.16 15.6 66.3 2.06 40 
35 EST 10 54.74 16.1 212 3.63 78.8 
36 EST 12 65.42 19.2 362 4.33 113.4 
37 DEST 8 72.42 21.3 162 2.76 75.2 

 

 
Figure 4. Convergence history of the total weight of the structure 
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Table 2. Optimal results for 384-bar double-layer barrel vault structure 

Design 

variable no 

Kaveh and Eftekhar [11]  Kaveh et al. [1]  This study 

IBB-BC  IMCSS  Rao-1 

1 0.7750  0.7752  1.4800 

2 1.0480  1.2515  0.6690 

3 1.3990  0.7751  2.2300 

4 0.7750  5.2906  0.6690 

5 6.5230  0.7751  0.8810 

6 0.7750  1.0878  0.8810 

7 13.2880  13.4320  14.6000 

8 10.3520  11.2207  15.6000 

9 14.8250  16.2342  15.6000 

10 15.3490  16.2034  12.8000 

11 10.2190  10.6870  11.3000 

12 13.7470  14.1700  11.3000 

13 7.0330  6.4223  3.0200 

14 4.7300  4.3321  21.3000 

15 2.4970  2.3384  2.2500 

16 5.0300  4.3778  4.0300 

17 6.6920  6.6193  3.6800 

18 0.7750  0.7750  0.6690 

19 0.7750  0.7767  0.7990 

20 0.7750  0.7785  1.0700 

21 0.7750  0.7751  0.7990 

22 0.7750  0.7750  1.7000 

23 0.7750  0.7752  1.0700 

24 3.0110  2.4360  1.7000 

25 1.8110  1.1545  1.7000 

26 1.7320  1.4576  0.6690 

27 2.8240  2.7649  1.4800 

28 1.2170  1.2236  1.0700 

29 1.2790  1.3542  0.7990 

30 1.2550  1.4034  0.7990 

31 1.2310  1.2101  0.7990 

Weight (lb) 61972  62150.7  61473.7 

 

6 CONCLUSION 

 
The main purpose of this study is to make the optimal design of the double-layer barrel vault structure using a 

metaheuristic algorithm named Rao-1. For this aim, 384 member barrel vault structure is examined. To carry out 

the optimization process a computer codes are developed in MATLAB. This program can transfer data from the 

SAP2000. The optimal result obtained from this study shows that the proposed algorithm can be effectively used 

for the optimization of the structures. 
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Abstract 

The aim of this study is to increase the performance of concrete subjected to 75℃ 

temperature at early ages. In this study, silica fume was used by 8%, 10%, and 12% 

as a mineral additive. 15x15x15 cm cubic molds used for compressive strength test. 

Two groups prepared the first group placed in the water on the first day for 28 days 

while the second group placed in the furnace for 1 day at 75℃ then in the water for 

27 days. Results show that the compressive strength decreased with increasing the 

silica fume ratio in both test groups. Otherwise, samples containing high ratios of 

silica fume give a positive result when subjected to the early-age temperature. 

1 INTRODUCTION  
 

Every day with the increasing number of buildings damaged due to earthquakes in the world, the use of high-

strength concrete is increasing, but experimental studies on this subject have become more comprehensive.  The 

reason for this is the fact that due to the rapid population increase in cities, the need for vertical construction of the 

cities is due to the need to cross the gaps and the bridges with higher strength are increasingly compared to 

traditional concrete.  In addition, it is an effective parameter to have a better level in terms of strength performance. 

It has not been seen when comparing high strength concrete with traditional concrete, but the use of structural 

material to increase strength only with higher concrete performance.  It also leads to many beneficial factors such 

as an increase in resistance of the structure against environmental impacts and less durability.  According to the 

current concrete production standards in Turkey, concrete classes above 50 MPa have been accepted as high 

strength concrete. 

 

Silica fume (SF), a mineral additive used in the production of concrete, improves granulometry by replacing with 

water between larger cement particles and increases the amount of free water. Despite this positive effect, the 

water requirement increases in proportion to the amount of silica fume due to the very large total surface area in 

which the silica fume particles need to be wetted. In high strength concrete, it is recommended that silica fume be 

replaced by 5-20% of cement weight and used with superplasticizer admixtures to ensure workability [1]. Tohumcu 

ve Bingöl [2]  produced a SCC with using silica fume instead of cement by weight, by the ratios of 5%, 10% and 

15%, and fly ash with the ratios of 25%, 40% and 55%. The highest compressive strength was observed from the 

concrete specimens with using 15% silica fume. Demir [3], replaced silica fume and fly ash by 5, 10, 15, 20 and 

25%. Compression and splitting tensile strength test conducted on 7, 28 and 90 daily concrete samples. And 

concluded that the best compressive and splitting tensile strength were obtained from 20% silica fume added 

concretes at every age.  

 

In order to achieve high compressive strength, normally heat-treated at an early age for 24 to 48 hours at 90°C. 

Essentially, this accelerates the pozzolanic reaction of silica fume with Ca(OH)2 [4]. 

 

Keun Kim et al. [5] reported Types I, V, and V cement+fly ash concretes, cured in isothermal conditions of 10, 

23, 35, and 50 °C and tested at the ages of 1, 3, 7, and 28 days. experimental results show that concretes subjected 

to high temperatures at early ages attain higher early-age compressive and splitting tensile strengths but lower 

later-age compressive and splitting tensile strengths than concretes subjected to normal temperature. 

 

Based on the above literature there is no specıfıc optimum ratio for silica fume in concrete. This study aims to 

increase the performance of concrete exposed to high-temperature at early-ages by investigating adding silica fume 

by 8%, 10%, and 12%. According to the previous studies with taking into account the range of temperature applied 
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between 10-90℃ the casted samples were placed in a furnace for 24 hr at 75℃ to examine the effect of cure at 

early ages also to accelerate the pozzolanic reaction of silica fume with Ca(OH)2 as mentioned by Schachinger [4]. 

 

2 MATERIALS AND METHODS 
 

2.1 Materials 

 

Ordinary Portland cement (CEM II 42.5 R) conforming to TS EN 197-1 [6] and 196-1 [7], was used in this study. 

The superplasticizer based on modified polycarboxylate added to the mixture corresponded to 2% of the binder by 

weight. The tests for specific gravity of fine and coarse aggregate were carried out according to the Turkish 

standard TS EN 1097-6 [8] and the results are listed in Table 1. 

 

Table 1. Properties of aggregate 

Aggregate size (mm) Specific Gravity  

 0-2 2,611 

 2-4 2,654 

 4-8 2,660 

 8-16 2,686 

 

2.2. Concrete Mix Proportion 

 

The concrete mix design was compliant with the Turkish Standard Method TS EN 206 [9]. Three main groups 

were created by replacing cement with silica fume into the concrete at 8%, 10%, and 12%, respectively. Three 

samples were tested from each mixture. Their water/binder ratio was assumed to be 0.276 and the superplasticizer 

was used at 2 % in all groups in order to give the most suitable workability as a result of preliminary studies. Three 

different mix proportions were chosen to produce cubic specimens with an edge length of 150 mm. The mix 

proportions are listed in Table 2. 

 

Table 2. Concrete mix proportions 

Group C SF 
Aggregate 

W SPZ 
0-2 (mm) 2-4 (mm) 4-8 (mm) 8-16 (mm) 

 kg/m3 kg/m3 kg/m3 kg/m3 kg/m3 kg/m3 kg/m3 (%) by weight of cement 

SF (8%) 460 40 616 179 628 363 138 2 

SF (10%) 450 50 616 179 627 362 138 2 

SF (12%) 440 60 616 179 627 362 138 2 

 

2.3 Experiments 

 

Compressive Strength Test 

 

Compressive strength values of the samples were determined by the compressive strength test on 28 day samples. 

In the determination of compressive strength of the samples, ELE brand AUTOTEST 3000 type 300 tons capacity 

hydraulic press which can be adjusted automatically is used in Atatürk University Faculty of Engineering 

Department of Civil Engineering (Figure 1). Since the loading rate was effective on the compressive strength, all 

samples were loaded with a constant loading rate (0.4 MPa/s). This loading rate is within the range specified in 

TS 12390-3  [10] (0.2-1 MPa/s). 
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Figure 1. Automatic loading speed controlled press 

 

3 RESULTS AND DISCUSSION 
 

The compressive strength values of the concrete are shown in figure 2. According to the results, compressive 

strength decreased with increasing the silica fume ratio in both test groups. Also, it noticed that when the samples 

subjected to high temperature at early ages the compressive strength is reduced.  The highest compressive strength 

value is observed at 8% silica fume and normal cure otherwise the lowest value is observed at %12 silica fume 

and normal cure. additionally, it has observed that the high ratios of silica fume give a positive result when 

subjected to the early-age temperature. According to the results, samples containing 8% and 10% SF placed in the 

furnace for 1 day at 75℃ then in the water have a decrease in strength by -24% and -12%, respectively but 12% 

SF group has an increase in the strength by +13%, which indicate an increase in the ratio of SF the effect of early-

age temperature decrease. The reason is that heat-treated at an early age accelerates the pozzolanic reaction of 

silica fume with Ca(OH)2 [4]. 

 

 
Figure 2. Compressive strength results 

 

4. CONCLUSION  
 

The results of this study based on the compressive strength test on concrete samples produced by using different 

silica ratios and two cure methods yielded the following results 

 

1. Generally, the compressive strength decreased with increasing the silica fume ratio in both test groups (first 

group placed in the water on the first day while the second group placed in the furnace for 1 day at 75℃ then in 

the water). 

2. Compressive strength of samples is reduced when subjected to high temperature at early ages.  
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3. Samples containing 8% and 10% SF placed in the furnace for 1 day at 75℃ then in the water have a decrease 

in strength by -24% and -12%, respectively but 12% SF group has an increase in the strength by +13%, which 

indicate an increase in the ratio of SF the effect of early-age temperature decrease.  

For further studies, the durability properties of the concrete containing silica fume exposed to early-age 

temperature, the microstructure behavior and the behavior of concrete at early ages may be studied using another 

additive such as fly ash. 
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Abstract 

Today, food is not only intended to satisfy hunger and provide nutrients for humans, 

but also to prevent nutritional diseases and to improve the physical and mental well-

being of consumers. and food or food components that are effective in achieving a 

healthier life. For this purpose, a functional food; by adding any component to 

provide health benefit, one of the components of the food is naturally increased under 

specific growing conditions, the bioavailability of one or more components in its 

structure is increased, one or more of the components in the structure of the food are 

chemically modified to improve health, and one or more components that may have 

a negative impact on health. Functional foods have been developed in almost all food 

categories. These products are mainly composed of milk and dairy products. These 

products generally include dairy products containing probiotics and / or prebiotics 

(fermented milk, yogurt, fruit yogurt, ice cream, kefir), low-calorie dairy products 

(dairy products with low-fat or fat substitutes, milk products produced using 

sweeteners instead of sugar), enriched dairy products (such as vitamins, minerals, 

omega fatty acids or dairy products enriched to any functional component), low 

sodium content cheese (prepared for hypertension patients), dairy products for which 

phenylalanine amino acid is removed (prepared for patients with phenylketonuria). 

The most important point in making these products a part of our daily diet is; 

developing consumer awareness and related scientific studies. In this respect, for the 

development of functional dairy products sector in our country; these products should 

be introduced to consumers correctly, scientific studies should be developed and 

supported; for this purpose, necessary epidemiological and metabolic studies, animal 

and clinical trials and existing knowledge should be supported and improved. 

1 INTRODUCTION  
 

Beyond satisfying the basic nutritional needs of the body, foods or food components that provide additional 

benefits on human physiology and metabolic functions and thus are effective in preventing diseases and reaching 

a healthier life are defined as functional food [1]. Functional foods; In the 1970s, it entered human nutrition as 

easy or pre-cooked ready foods, and the first studies on the subject started in 1984 in Japan. In 1986, the Functional 

Food Forum was established in Japan [2-4]. In 1998, the Food and Drug Administration (FDA) recognized the 

positive effects of functional foods on health. . In order to qualify a food as functional; it should contribute to the 

nutrition of the individual, to protect the health and to improve the condition, should be put forward reliable 

consumption, should not show any allergic effects, should be scientifically proven, should not be a loss of 

nutritional properties if produced as a result of any process, should be part of daily nutrition, natural and should 

not be in the form of medication, capsules or any dietary supplements. 

 

Consumer demand in the field of food production has changed significantly over the last few decades. Consumers 

increasingly believe that food directly contributes to their health [5-7]. Today, food is not only intended to satisfy 

hunger and provide the necessary nutrients for humans, but also to prevent nutritional diseases and improve the 

physical and mental well-being of consumers [8, 9]. For this purpose, a functional food; by adding any component 

to provide health benefit, one of the components of the food is naturally increased under specific growing 

conditions, the bioavailability of one or more components in its structure is increased, one or more of the 

components in the structure of the food are chemically modified to improve health, and one or more components 

that may have a negative impact on health can be produced by removing food [9-11]. Functional foods have been 

developed in almost all food categories. These products are mainly composed of functional milk and dairy products 

(Table 1)  
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Table 1. General classification of functional milk and dairy products [8, 10,12]. 

Functional Milk and Dairy Products 
 Milk products containing probiotics and / or prebiotics (fermented milk, yogurt, fruit yogurt, ice 

cream, kefir) 

 Low-Calorie Milk Products (milk products with low-fat or fat substitutes, milk products using 

sweetener instead of sugar) 

 Enriched Milk Products (such as vitamins, minerals, omega fatty acids or milk products enriched 

with any functional component) 

 Low Sodium Cheese (prepared for hypertensive patients) 

 Phenylalanine Amino Acid Removal Milk Products (prepared for patients with phenylketonuria) 

 

1.1 Functional Milk Products Containing Probiotic and / or Prebiotic 

 

Probiotics are single or mixed cultures of microorganisms that improve the properties of the natural flora of humans 

and animals, and which have beneficial effects on the mouth, gastrointestinal tract, upper respiratory tract and 

urogenital canals, resulting in healing of the host's health. In order for these beneficial effects to occur, a sufficient 

amount of microorganisms must reach the intestinal tract and colonize there [12-21]. Health advantages of taking 

probiotics; 

 

 Production of important digestive enzymes, 

 Increasing the resistance of the digestive system to infectious diseases, 

 Stimulation of bowel movements / treatment of constipation, 

 Suppressing the number of pathogenic microorganisms by producing antimicrobial substances known as 

bacteriocin, 

 Cancer prevention, 

 Lowering serum cholesterol levels, 

 Prevention of food poisoning and diarrhoea formation and stimulation of immunity [22, 23]. 

 

In addition, probiotics have been found to reduce the catabolic burden of the liver and kidneys, slow tooth decay 

and prevent the development of allergic diseases [16, 24, 25]. In order to achieve the desired therapeutic effect, 

probiotics should be consumed regularly and the number of microorganisms in the product should be at least 106-

107 cfu/g [26]. Probiotic bacteria are lactic acid bacteria that are beneficial to human health, which can maintain 

and proliferate in the host's digestive tract, which can help digestion in the intestine, and maintain the balance of 

intestinal microflora [27, 28]. Some microorganisms used as probiotic cultures are given in Table 2. 

 

Table 2. Some microorganisms used as probiotics [29, 30] 

Lactobacillus Species Bifidobacterium Species Bacillus Species 
Lactobacillus casei 

Lactobacillus plantarum 

Lactobacillus gasseri 

Lactobacillus fermentum 

Lactobacilus gallinarum 

Lactobacillus acidophilus 

Lactobacillus bulgaricus 

Lactobacillus crispatus 

Lactobacillus jhonsonii 

Bifidobacterium bifidum 

Bifidobacterium longum 

Bifidobacterium lactis 

Bifidobacterium infantis 

Bifidobacterium breve 

Bifidobacterium animalis 

Bacillus cereus 

Bacillus subitilis 

Bacillus pumilus 

Bacillus lentus 

Bacillus coagulans 

Streptococcus Species Pediococcus Species Bacteriodes Species 
Streptococcus cremoris 

S. thermophilus 

Streptococcus intermedius 

Streptococcus lactis 

Streptococcus diacetilactis 

Pediococcus cerevisiae 

Pediococcus acidilactici 

Pediococcus pentosaceus 

Bacteriodes capillus 

Bacteriodes suis 

Bacteriodes ruminicola 

Bacteriodes amylophilus 

Propionibacterium Species Molds Yeasts 

P. shermanii 

P. freudenreichii 

Aspergillus niger 

Aspergillus oryzae 

Saccharomyces cerevisiae 

Candida torulopsis 

 

Prebiotics are digestible components that can positively influence the health of the host by selectively activating 

the proliferation and / or activity of a species or a limited number of microorganisms (useful bacteria such as 

Lactobacillus and Bifidobacterium), which are present in the intestinal flora that is not digested in the stomach and 

small intestine [15, 16, 4]. Prebiotics are selectively used by the beneficial microflora (such as Lactobacillus, 
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Bifidobacterium) in the colon, while preventing the proliferation of potential pathogenic microorganisms such as 

toxin-producing Clostridium, proteolytic Bacteriodes and toxigenic E. coli [25]. In order for a food ingredient to 

be included in the prebiotic group; 

 

♦ Affect the composition and activity of the intestinal microflora positively, 

♦ Regulate bowel movements, 

♦ Increase the absorption and biological availability of minerals (such as Ca and Mg), 

♦ Regulate blood cholesterol and triglyceride levels in a positive way, 

♦ Reduce the risk of developing colon cancer, 

♦ Reduce the risk of intestinal and extra intestinal infections by preventing the growth of pathogenic 

microorganisms, 

♦Should strengthen the host's immune system [12, 31-33]. 

 

Food ingredients and sources that meet the specified criteria are given in Table 3. 

 

1.2 Low Calorie Dairy Products 

 

In order to reduce the calorific value of dairy products, low-fat or fat substitutes may be added, and sweeteners 

may be used instead of sugar. Milk products produced in this way reduce the risk of overweight gain, 

cardiometabolic (such as high cholesterol and blood pressure) disease, and prevent type 2 diabetes [34]. 

 

1.3 Enriched Milk Products 

 

The addition of antioxidants such as vitamins A, E and C, xanthophyll and flavonoids to dairy products can 

eliminate free radicals and inhibit lipid peroxidation. By adding omega-3 fatty acids, LDL cholesterol levels can 

be reduced, the risk of platelet clotting can be reduced, and the immune system can be stimulated. Again, the 

immune system can be stimulated by the addition of minerals such as Se, Fe, Cu, Zn, Mn, Ca, Fe, Folate. All of 

these reduce the risk of cardiovascular diseases, especially cancer, osteoporosis, anaemia [12, 35]. 

 

Table 3. Prebiotics and their sources [13, 31-33] 

Prebiotics  Their Sources 

Fructooligosaccharides 
Asparagus, cane sugar, onion, garlic, chicory, wheat, 

honey, banana, tomato 

Isomaltulose Sugar cane sherbet, honey 

Galacto-oligosaccharides Cow's milk, human's milk 

Raffinose oligosaccharides Bean grains, peas, lentils 

Xylooligosaccharides Wheat bran, honey, milk, bamboo roots 

Cyclodextrins Water soluble glucans 

Soy oligosaccharides Soybean 

Lactulose Lactose 

Lactosucrose Lactose 

Isomaltulose Sucrose 

Palatinose Sucrose 

Maltooligosaccharides Starch 

Isomaltooligosaccharides Starch 

Arabinoxylooligosaccharides Wheat bran 

Enzyme resistant dextrin Potato starch 

 

1.4 Low Sodium Cheese 

 

Functional dairy product can also be produced by reducing the amount of sodium in cheese, which is the source 

of animal protein. This reduces the risk of diseases such as hypertension, cardiovascular diseases and renal failure 

[36]. 

 

1.5 Phenylalanine Amino Acid Removal Milk Products 

 

The risk of phenylketonuria can be reduced by removing the phenylalanine amino acid in dairy products. This 

disease is a hereditary disease caused by a complete or nearly complete deficiency of the phenylalanine 

hydroxylase enzyme. The phenylalanine amino acid, which cannot be converted into other substances by diet, 
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starts to accumulate above the normal limits in the body and primarily shows toxic effects in the nervous system. 

May cause developmental and mental retardation in children [37]. 

              

2 CONCLUSION 
 

It is clear that functional milk products are important for nutrition and health. The most important point in making 

these products a part of our daily diet is; developing consumer awareness and related scientific studies. In this 

respect, for the development of functional milk products sector in our country; these products should be introduced 

to consumers correctly, scientific studies should be developed and supported; for this purpose, necessary 

epidemiological and metabolic studies, animal and clinical trials and existing knowledge should be supported and 

improved. New functional milk products can be developed to suit the taste of consumers. 
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Abstract 

Viscosity is one of the most important fuel properties influencing the injection, 

spray and combustion characteristics. Since a number of papers which investigate 

the effects of vegetable oil-diesel fuel binary blends on combustion characteristics 

and exhaust emissions have recently been performed, the reliable viscosity data and 

regression model for the binary blends become more important in developing 

accurate spray and combustion models. However, there are lacks of studies which 

focus on (i) the measurement of viscosities of binary blends including vegetable oil 

and diesel fuel over wide oil blending ratio at different temperatures, and (ii) 

development of regression models to predict dynamic viscosities of binary blends. 

Therefore, in this paper, corn oil was mixed with diesel fuel at various blending 

ratios (10%, 15%, 20%, 30% and 40%) to prepare binary blends. The dynamic 

viscosity measurements of the binary blends were performed under various 

temperatures (10℃-70℃). Finally, the exponential model was derived by fitting the 

viscosity data to predict the them. 

 

1 INTRODUCTION  
 

The diesel engines dominate the field of commercial transportation and agricultural machinery due to its ease of 

operation and higher fuel efficiency. Due to the shortage of petroleum products and its increasing cost, efforts 

are on to develop alternative fuels especially, to the diesel oil for full or partial replacement. It has been found 

that the vegetable oils and biodiesel are promising alternative fuels for diesel engines [1]. In fact, the idea of 

using vegetable oil as the fuel for diesel engine is not new. The original diesel engine that Rudolph Diesel 

designed ran with vegetable oil. He used peanut oil to fuel one of his engines at the Paris Exposition in 1900. But 

soon afterwards, the application of vegetable oils as fuel was dropped due to the cheap supply of petroleum-

based fossil fuels available in the world during the last century. Different types of vegetable oils to use in diesel 

engines are considered in different countries depending on the climate and soil conditions. For instance, soybean 

oil in the USA, rapeseed (canola in Canada) and sunflower oils in Europe, palm oil in South-east Asia (mainly 

Malaysia, Indonesia and Thailand), coconut oil in the Philippines and cottonseed oil, which is classified as non-

edible oil, in Greece and Turkey are being produced [2]. Likewise, hazelnut oil and sunflower oil are grown 

widely in Turkey. Turkey is the main hazelnut producer country (approximately 80% of hazelnut production in 

the world); hazelnut oil can be used as an alternative diesel fuel especially by the farmers around the Black Sea 

region which is the main production area [2]. Vegetable oils have their own advantages: (i) they are available 

everywhere in the world, (ii) they are renewable as the vegetables which produce oil seeds can be planted year 

after year, and (iii) they are greener to the environment, as they seldom contain sulphur element in them. This 

makes vegetable fuel studies become current among the various popular investigations [3]. In addition, use of 

vegetable oils has been investigated by many researchers during the last decade. In short term engine tests of less 

than 10 h duration, the vegetable oils performed quite well [4]. However, a major disadvantage of vegetable oils 

is their inherent high viscosity. Modern diesel engines have fuel-injection systems that are sensitive to viscosity 

changes. High viscosity may lead to poor atomization of the fuel, to incomplete combustion, to coking of the fuel 

injectors, to ring carbonization, and to the accumulation of fuel in the lubricating fuels.  

 

There are some methods to reduce the viscosity of vegetable oil. Fuel blending is one of the methods. It has the 

advantages of improving the use of vegetable oil fuel with minimal fuel processing and engine modification. 

Therefore, in this study, corn oil (CO) was mixed with diesel fuel (DF) at different volume ratios (10% 

(CO10DF), 15%, (CO15DF) 20% (CO20DF), 30% (CO30DF) and 40% (CO40DF)) to eliminate high viscosity 
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problem of oil, the dynamic viscosities of corn oil-diesel fuel blends were measured at different temperatures 

(10℃-70℃) according to DIN53015 standard, and finally the rational regression equation was proposed to 

predict dynamic viscosities of corn oil-diesel fuel blends. 

 

2 MATERIAL AND METHOD 
 

2.1 Viscosity measurement 

 

The dynamic viscosities were determined in accordance with DIN 53015 standard by using Eq. (1) and making 

measurements by means of the Haake Falling Ball Viscometer, Haake Water Bath and stopwatch:  

 

μblends = Kball(ρball − ρblends)t                                                                                                              (1)                                                  

 

where μ is dynamic viscosity, Kball is coefficient of the viscometer ball, and t is falling time of the ball moving 

between two horizontal line marked on viscometer tube at limit velocity. Kball and ρball are 0.057 mPa ∙ s ∙
cm3/g/s and 2.2 g/cm3, respectively. The viscosity measurements were conducted three times for each sample 

and the results were averaged. 

 

2.2 Uncertainty analysis 

 

The results obtained from experimental studies are generally calculated from measured physical quantities. 

These quantities have some uncertainties due to uncertainties of measuring tools and measurement systems. 

Therefore, uncertainty analysis should be applied for proving reliability of the calculated results. In this study, 

uncertainties of the measured density values were determined by the method proposed by Kline and McClintock 

given in [5]. According to this method, if the result R is a given function of the independent variables 

x1, x2, x3, … , xn, and w1, w2, w3, … , wn are the uncertainties of each independent variables, then the uncertainty 

of the result wR is calculated by using the equation: 

 

wR = [(
∂R

∂x1
∙ w1)

2

+ (
∂R

∂x2
∙ w2)

2

+ (
∂R

∂x3
∙ w3)

2

+ ⋯ + (
∂R

∂xn
∙ wn)

2

]

1/2

                                                     (2) 

 

According to Eq. (2), the highest uncertainty for measured densities was determined as 0.0414%, which means 

that the results are highly reliable. 

 

3 RESULTS 
 

Fig. 1 shows the effects of temperature on dynamic viscosities of corn oil-diesel fuel blends. The points in Fig. 1 

represent the measured values at studied temperatures and corn oil fractions in the blends by the authors while 

the lines represent the predicted values coming from regression model. It is clear from Fig. 1 that viscosities of 

all blends follow the same trend: that of decreasing with increasing temperature. The experimental data were 

correlated with the rational model by applying the least squares method:  

 

μ(T) = (a + T)/(b + c ∙ T)                      (3) 

 

where T is temperature (oC). 
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Figure 1. The effect of temperature on the viscosity of CO-DF blends 

 

The measured and calculated dynamic viscosities by using Eq. (3) for corn oil-diesel fuel blends, regression 

constants, statistical error parameters and R2 values of Eq. (3) are given in Tables 1 and 2. As seen in these 

tables, the maximum error values and the lowest R2 values were computed as 1.2848% and 0.9993, respectively. 

In addition, OARD value was determined as 0.8789%. When the error values and Fig. 1 are analyzed, it can be 

seen that the rational model qualitatively and quantitatively fits quite well to the dynamic viscosities of corn oil-

diesel fuel blends at studied temperature ranges.  

 

Table 1. Dynamic viscosity data of CO-DF blends at different temperatures measured by the authors 

CO fraction 

X (%) 

Measured viscosity, μ (cP) 

Temperature, T (℃) 

10 20 30 40 50 60 70 

10 6.294 4.626 3.469 2.892 2.293 1.894 1.643 

15 7.373 5.201 3.845 3.073 2.533 2.090 1.782 

20 8.498 6.005 4.465 3.587 2.839 2.370 2.037 

30 11.082 7.732 5.669 4.487 3.531 2.893 2.432 

40 15.132 10.471 7.633 5.859 4.539 3.763 3.113 

 

Table 2. Regression constants, R2 and statistical parameters for the viscosity-temperature correlation 

CO fraction 

X (%) 
Eq. 

Regression constants 
R2 

AARD 

(%) 

OARD 

(%) a b c 

10 

Eq. 

(3) 

-2.414e2 -2.521e1 -1.151 0.9993 1.2848 

0.8789 

15 -2.986e2 -2.414e1 -1.495 0.9998 0.5645 

20 -2.534e2 -1.812e1 -1.049 0.9997 0.9182 

30 -2.089e2 -1.127e1 -6.661e-1 0.9998 0.7438 

40 -1.825e2 -7.103 -4.273e-1 0.9997 1.0465 

 

4 CONCLUSION 
 

Much work have been carried out on measuring and estimating viscosities of pure biodiesels and biodiesel-diesel 

binary blends by means of regression models (as a function of temperature) and some prediction methods 

(Rackett-Yamada, Rackett-Soave, Rackett-Yuan, group contribution, etc.). However, there is insufficient 

literature addressing the reliable viscosity data and models for vegetable oil-diesel fuel blends which recently 

have been used in diesel engines without any modifications. Therefore, in this paper (1) corn oil was mixed with 

diesel fuel on different volume ratios (10%, 15%, 20%, 30% and 40%), (2) the dynamic viscosities of corn oil-

diesel fuel blends were measured in a wide variety of temperature range (10oC−70oC), and finally (3) the 

rational model describing the dependence of viscosity with temperature was suggested. According to results, the 

rational model shows to be superior in terms of predictive capability for viscosities of blends as a function of 

temperature, presenting the low error values of 1.2848% and 0.8789, and high R2 value of 0.9998. 
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Abstract 

Biodiesel is an alternative diesel fuel that is produced from vegetable oils and 

animal fats. It consists of the monoalkyl esters formed by a catalyzed reaction of 

the triglycerides in the oil or fat with a simple monohydric alcohol. Biodiesel has 

many competitive physiochemical properties compared to diesel fuel such as higher 

cetane number, higher lubricity, faster biodegradability, greater safety, non-toxic 

character, less sulfur content, renewable nature and lower exhaust emissions. 

However, the main shortcoming of biodiesel is high viscosity. In this study, the 

effects of main transesterification reaction parameters such as catalyst (potassium 

methoxide) concentration (0.75%-1.25%), reaction temperature (60℃-70℃), 

reaction time (90 min.-150 min.) and ethyl alcohol/oil molar ratio (9:1-15:1), 

respectively, on kinematic viscosities of the produced waste cooking oil biodiesels 

were investigated. Also, the reaction values giving the minimum viscosity of 3.597 

cSt were determined for each of reaction parameter as 1.25% catalyst (potassium 

methoxide) concentration, 70℃ reaction temperature, 120 minute reaction time and 

12:1 ethyl alcohol/oil molar ratio. 

 

1 INTRODUCTION  
 

Increasing prices and diminishing known supplies of fossil fuels, and global warming due to exhaust emissions 

have lead to intense international interest in developing alternative fuel for engines [1, 2]. Biodiesel, which is a 

substitute fuel made up of mono-alkyl esters of long-chain fatty acids prepared from renewable vegetable oils or 

animal fats as per the American Society for Testing and Materials (ASTM), has fascinated considerable attention 

as a renewable alternative fuel for diesel engines [3]. Biodiesel has the following general advantages: (1) It is an 

oxygenated fuel which contains 10-15% oxygen by weight in molecular structure. (2) It is clean, biodegradable 

and non-toxic. (3) It displays lubricating properties superior to diesel fuel. (4) It has the potential to relieve the 

country’s dependence on foreign energy sources since it can be produced renewable and domestic feedstock [4]. 

(5) The flash point temperature of biodiesel is higher than that of diesel fuel which makes it safer regarding to 

the storage and transport [5]. Taking these advantages into consideration, biodiesel is ideal fuel for diesel 

engines. However, there are also some disadvantages of biodiesel such as lower energy content and volatility, 

generally higher nitrogen-oxides (NOx) emissions, higher viscosity and poorer low-temperature flow properties, 

measured in terms of cloud point, pour point and cold filter plugging point temperature compared to diesel fuel 

[6].  

 

Viscosity is one of the most important fuel property regarding fuel atomization and distribution, and lubrication. 

Fuel with low viscosity may not provide sufficient lubrication for fuel injection pump, resulting in leakage and 

increased in wear [7]. On the other hand, high viscosity deteriorates fuel atomization during injection which 

causes to increase exhaust emissions and decrease engine performance. High viscosity also causes cold-starting 

problems in cold weather [5]. 

 

Homogeneous catalyzed vegetable oil transesterification reaction has been commonly used to biodiesel 

production by using basic catalyst sodium hydroxide (NaOH) and potassium hydroxide (KOH) in literature. 

However, there is still lacks studies on biodiesel production from various feedstocks using potassium methoxide 

and ethanol. Therefore, the objectives of the present work are to (1) investigate the effects of main 

transesterification reaction parameters such as catalyst concentration, reaction temperature, reaction time, and 

alcohol/oil molar ratio on the kinematic viscosities of produced waste cooking oil biodiesel using potassium 
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methoxide (catalyst) and ethanol (alcohol), and (2) determine the values giving minimum viscosities for each 

reaction parameter in transesterification. 

 

2 MATERIAL AND METHOD 
 

2.1 Materials 

 

To produce biodiesel with basic-catalyzed transesterification, waste cooking oil was provided from a canteen in 

Karadeniz Technical University. The water and FFA contents of waste cooking oil were determined as 0.3% and 

600 mg/kg, respectively. Ethanol of 99.8% purity as alcohol and pure grade potassium methoxide as catalyst 

were used in the transesterification reaction. 

 

2.2 Reaction Parameters and Biodiesel Production 

 

Physical and chemical properties of produced biodiesel are significantly affected by different reaction 

parameters. Varied parameters and their values to be investigated in this study are selected as follows: 

 

 Catalyst concentrations (mass of potassium methoxide/mass of waste cooking oil), (%): 0.75, 1.00, 1.25 

 Reaction temperatures, (oC): 60, 65, 70 

 Reaction times, (min): 90, 120, 150 

 Alcohol/oil molar ratios: 9:1, 12:1, 15:1 

 

The transesterification reaction was carried out in a 1 L flat-bottomed flask, equipped with a magnetic stirrer 

heater, thermometer and spiral reflux condenser. Haake Falling Ball Viscometer, Isolab pycnometer, top loading 

balance with an accuracy of ±0.01 g, Haake Water Bath and stopwatch with an accuracy of ±0.01 s were used 

to measure dynamic viscosity and density. Before starting the reaction, a certain amount of potassium methoxide 

according to chosen catalyst concentration was dissolved in a certain amount of ethyl alcohol depending on 

alcohol/oil molar ratio in a narrow-neck flask to make alcoholic solution of catalyst. In the flat bottomed flask, 

this alcoholic solution was added to the waste cooking oil that was formerly warmed to about 80oC in a beaker. 

Until a certain time, these reactants were mixed at a certain reaction temperature with stirring speed of 500 rpm 

by means of the magnetic stirrer heater. Transesterification reaction was carried out with the spiral reflux 

condenser for avoiding loss of alcohol. Also, reaction temperature was controlled by using the thermometer to 

remain at a constant temperature during the reaction. At the end of reaction, the resulting product mixture was 

transferred to a separating funnel. After a day, two phases occurred in the separating funnel. The upper phase 

consists of ethyl esters (biodiesel) while the lower one consists of glycerol, excess ethanol and the remaining 

catalyst together with soap. After separation of the two layers by gravity, the upper layer (biodiesel) was washed 

with warm distilled water until the water became clear. Washed biodiesel was heated up to about 100oC to 

remove methyl alcohol and water residuals. 

 

2.3 Density Measurement 

 

The density of the produced biodiesel was determined by means of Eq. (1) and measurements in accordance with 

ISO 4787 standard: 

 

ρbiodiesel =
mtotal −mpycnometer

mwater
ρwater                                                                                                          (1) 

 

where ρ and m represent density and mass, respectively. In order to minimize measurement errors, all the 

measurements were conducted three times for each sample and the results were averaged.  

 

2.4 Dynamic viscosity measurement 

 

The dynamic viscosity at 40oC was determined in accordance with DIN 53015 standard by using Eq. (2) and 

making measurements by means of the Haake Falling Ball Viscometer, Haake Water Bath and stopwatch:  

 

μbiodiesel = Kball(ρball − ρbiodiesel )t               (2) 

 

where μ is dynamic viscosity, Kball is coefficient of the viscometer ball, and t is falling time of the ball moving 

between two horizontal line marked on viscometer tube at limit velocity. Kball and ρball are 0.057 mPa ∙ s ∙
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cm3/g/s and 2.2 g/cm3, respectively. The viscosity measurements were also conducted three times for each 

sample and the results were averaged. 

 

The kinematic viscosity was determined from Eq. (3) by dividing dynamic viscosity to density at same 

temperature:  

 

νbiodiesel =
μbiodiesel

ρbiodiesel
                                                                                                                                     (3) 

 

In Eq. (3), if  μbiodiesel and ρbiodisel are in the unit of (cP) and (kg L⁄ ), respectively, then νbiodiesel is obtained in 

unit of (cSt). 

 

3 RESULTS 
 

Figs. 1-9 illustrated the simultaneous effects of catalyst amount (0.75%, 1.00% and 1.25 wt. %), ethyl alcohol to 

oil molar ratio (9:1, 12:1 and 15:1), reaction time (90, 120 and 150 min), and reaction temperature (60oC, 65oC 

and 70oC) on the kinematic viscosity of produced biodiesels (totally 81 samples), respectively. The viscosities of 

biodiesels produced using low molar ratio (e.g. 9:1) and at short reaction time (e.g. 90 min.) had the highest 

values because of the lowest biodiesel yield (i.e. the transesterification reaction was incomplete). However, with 

an increase in a molar ratio (at all reaction time ranges) and reaction time (at low and moderate molar ratios) 

until 120 min. and 10.5:1, according to Le Chatelier’s principle, the transesterification reaction, an equilibrium 

reaction, shifted the ethanolysis towards the forward direction, which resulted in equilibrium favorable to 

biodiesel formation, increasing biodiesel yield, decreasing viscosity and taking minimum values of viscosity. 

Further increase in molar ratio and reaction time caused to increase the solubility of glycerol, which decreased 

ester yield and increased viscosity. Additionally, when CH3OK concentrations of 1.00% and 1.25% were 

utilized in transesterification, the changes of viscosity vs. reaction time showed almost linear behavior at both 

high and low molar ratios (i.e. the molar ratio did not affect the variation in viscosity with respect to reaction 

time).  

 

 
Figure 1. The effects of reaction parameters on viscosity using catalyst concentration of 0.75% at 60oC reaction 

temperature  

 

 
Figure 2. The effects of reaction parameters on viscosity using catalyst concentration of 0.75% at 65oC reaction 

temperature 
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Figure 3. The effects of reaction parameters on viscosity using catalyst concentration of 0.75% at 70oC reaction 

temperature 

 

 
Figure 4. The effects of reaction parameters on viscosity using catalyst concentration of 1.00% at 60oC reaction 

temperature 

 

 
Figure 5. The effects of reaction parameters on viscosity using catalyst concentration of 1.00% at 65oC reaction 

temperature 

 
Figure 6. The effects of reaction parameters on viscosity using catalyst concentration of 1.00% at 70oC reaction 

temperature 
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Figure 7. The effects of reaction parameters on viscosity using catalyst concentration of 1.25% at 60oC reaction 

temperature 

 

 
Figure 8. The effects of reaction parameters on viscosity using catalyst concentration of 1.25% at 65oC reaction 

temperature 

 

 
Figure 9. The effects of reaction parameters on viscosity using catalyst concentration of 1.25% at 70oC reaction 

temperature 

 

Taking into account of reaction temperature, the transesterification has positive activation energy, thus the 

reaction is endothermic. Hereby, increasing the temperature from 60oC to 70oC had a favourable influence on the 

transesterification, resulting increase in ester yield and decrease in viscosity. In other words, the biodiesels 

having the highest viscosity and lowest ester yield were produced at the lowest reaction temperature (60oC). 

Considering of the effect of catalyst amount on viscosity, it was noticed that as CH3OK concentration was 

increased until 1.25%, the ester yield improved, and the viscosity decreased and it took minimum values at all 

reaction temperatures (60oC, 65oC and 70oC) since the ethanolysis reaction rate was expected to increase. 

Finally, the optimum reaction parameters giving the lowest viscosity of 3.597 cSt were obtained as: catalyst 

concentration of 1.25%, reaction temperature of 70oC, reaction duration of 120 minutes, and alcohol/oil molar 

ratio of 12:1.  
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4 CONCLUSION 
 

In this study, the effects of reaction parameters such as catalyst concentration, reaction temperature, reaction 

time and molar alcohol/oil ratio on kinematic viscosity of produced waste cooking oil biodiesel were 

investigated parametrically. According to the results, viscosity generally decreases until a certain value of 

reaction parameter, for this value it is minimum, then gradually increases. The values of giving minimum 

viscosity were determined as for each of parameter: 

 

 1.25% catalyst concentration 

 70oC reaction temperature 

 120 minutes reaction time 

 12:1 alcohol/oil molar ratio 

 

give the lowest kinematic viscosity of 3.597 cSt. 
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Abstract 

In many country, intercity buses are still used as the most important transportation 

mode for the passenger transport. For this reason, they have a major impact on the 

urban structure because of high utilization rates as a common transportation mode 

among the cities. Although, there has been a significant increase in the number of 

intercity passenger transportation in airway and railway passenger transportation, 

intercity bus transportation is still the most effective passenger transportation 

system in Turkey. There are a huge passenger transport among all cities of Turkey 

by using intercity buses. These high utilization rates of the intercity bus terminals 

also cause a long waiting time of the buses in the bus terminals and results some 

delays for the boarding and alighting. For this purpose, to examine and model 

effective parameters on Total Waiting Times (TWT) of intercity buses at bus 

platforms and terminals, the current capacity utilization rates of the intercity bus 

terminals located in 4 different cities (Gümüşhane, Trabzon, Rize and Ordu) in the 

Black Sea region were examined. The affective parameters on total waiting times 

of the buses at bus terminals were statistically analyzed by using Ordinary Least 

Square Regression (OLSR). It was found from the analysis results that the 

maximum total waiting time is at Trabzon intercity bus terminal (16.50 min.) and 

the lowest is in Rize bus terminal (14.70 min.). It was also obtained that the 

maximum total waiting time is at Gümüşhane intercity bus terminal platform (16.20 

min) and the lowest is in Rize bus terminal platform (13.13 min.). All findings 

showed that movement types, movement aims and bus types have great effects on 

total waiting times of the intercity buses at platforms and terminals. 

 

1 INTRODUCTION  
 

Freight and passenger transport is an economic activity and it is an important service sector which has close 

relations with all other sectors [1]. Used systems in freight and passenger transports are an essential element of 

modern economies and social development. However, serious transportation problems occur in the growing 

cities with rapid urbanization, industrialization and population growth. Therefore, people who live in cities have 

to meet high transportation costs by wasting time due to transportation difficulties and traffic congestion. For 

this purpose, in order to provide transportation service economically, quickly, comfortably, safely and without 

creating environmental problems, urban and intercity transportation policies are being prepared by the authorities 

[2]. For example, big urban projects were developed to create an uninterrupted and efficient transportation 

network on intercity roads. These developed projects have a significant impact on urban and intercity roads.  

 

In many country, intercity buses still the most important transportation mode [3]. For this reason, intercity bus 

terminals, which were built to provide intercity passenger transportation, are also important areas that serve the 

whole city. For this reason, they have a major impact on the urban structure because of high utilization rates as a 

common transportation mode among the cities [4, 5]. Since the 1950s, the highway system and road transport 

was effectively promoted by neglecting alternative passenger and freight transport systems. When the current 

situation in last ten years is examined; it is seen that the biggest part of intercity passenger transportation is 

supplied by the intercity buses. Although, there has been a significant increase in the number of intercity 

passenger transportation in airway and railway passenger transportation, intercity bus transportation is still the 

most effective passenger transportation system in Turkey [6]. In recent years, due to the rapid population growth 

in Turkey, there is a significant increase in the number of vehicles and people's need for urban and intercity 

transportation. This current situation also caused an effective increase on bus, railway and airway utilization for 

1039



Effective Parameters on Total Waiting Times of Intercity Buses at Bus Terminals ICADET ‘19 

 

 

the passenger transportation. But high utilization rates of the intercity bus terminals also cause a long waiting 

time of the buses in the bus terminals and results some delays for the departure. For this purpose, to examine and 

model effective parameters on Total Waiting Times (TWT) of intercity buses at bus terminals, the current 

capacity utilization rates of the intercity bus terminals located in 4 different cities (Gümüşhane, Trabzon, Rize 

and Ordu) in the Black Sea region were examined. The parameters affecting the total waiting times of the buses 

at bus terminals were statistically analyzed by using Ordinary Least Square Regression (OLSR). 

 

2 FUNCTIONAL STRUCTURE OF INTERCITY BUS TERMINALS  
 

To make bus terminals more effective in cities will supply a discipline in the arrival and departure of passengers 

to provide all kinds of convenience in matters such as shopping, dining, communication etc. It will also 

minimize the negative effects of the vehicles to transport to the city traffic [7]. To provide easy, cheap, quick and 

safe reach of passengers to the bus stops and terminals are considered by the institutions and authorities to 

increase service quality. Today, intercity bus terminals are not only the places where passengers board, but also 

include various functions and gain a new conceptual content. In the intercity bus terminals, many areas such as 

shopping centers, restaurants, entertainment and exhibition fairs where daily needs of the people are met are 

planned and become an urban meeting center of the city citizens [7].  

 

Today, intercity bus terminals are also accepted as the base of the intercity transportation network as a 

multifunctional transfer platform for the extension of the intercity road transportation network at the points 

where intercity transportation networks integrate with the city. For this reason, bus terminals should provide 

facilities and services for arriving and departing passengers [8]. Especially, a high level of accessibility should 

be ensured in bus terminals planned as a transfer platform in a metropolitan city. For the passengers’ arriving and 

departing from the city center, the public transportation facilities within the city should be planned and integrated 

to intercity bus terminals. These transfer platforms should also be connected to transportation complexes such as 

airports, ports and railway stations as summarized in Table 1 [9].  

 

Table 1. Intercity travel services [9]. 

Services and Locations Home-Office 
Tourism 

Company 

City 

Desk 

Intercity Bus 

Terminal 

Learn about travel features T, BS, K T, K, G T, K, G DM, DB, P, FB 

Reservation T, BS T, G T, G FB 

Receiving a ticket  G T, G BM, FB 

Go to the bus station Ö, TTS  FS, TX PY 

Reach bus company office in terminal    OT 

Waiting in terminal    OT, FB, SD 

Break and transfer    FB, OT, SD 

Departure from terminal to the city 

center 
   FS, TX, TTS, Ö 

T: Telephone DM: Desk machine BK: Baggage protection BS: Computer BM: Ticket machine DB: Information office P: Information boards 

BT: Luggage transport vehicle FB: Company office OP: Bus station FS: Company service vehicle OT: Bus station facilities SD: Voice 

announcement TTS: Public transport system G: Progressive call Ö: Private vehicle PY: Parking TX: Taxi K: Information Book 

 

As can be seen from Table 1, the intercity bus terminals are the places where the most social activities related to 

travel are conducted. For this reason, there is a mutual relationship between intercity bus terminals and cities. In 

parallel with the urban development, the bus terminals undergo different formal and functional changes. The 

comfort level of buses that have become more modern and intercity passenger transportation is increasing day by 

day depend on the technological developments [8]. In bus comfort, lighting, comfortable seating cause an 

increasing such as the attractiveness of vehicles. Passenger transport system and bus production sector have an 

important role in this interaction between urban structure and bus terminals [2]. The developments in the bus 

industry are mutually reflected in the passenger transport. These types of relationships and the structures in the 

formation of the bus terminals are shown in Figure 1. 
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Figure 1. Interaction scheme in the formation of bus terminal [8]. 

 

The location of bus terminals in the urban settlement system is an important issue that needs to be meticulously 

handled in various aspects. It is necessary to make the location choices and determine the capacity of the bus 

terminals need to be planned as road - air - sea - railway transport transfer points considering the future and 

urban development. In a city, determining a suitable place for bus terminals is an important and serious step for 

big urban project and it should be integrated with the city [2]. It is important for the security of both urban and 

intercity transportation that bus terminals are not selected in places that increase the traffic load in urban 

transportation networks. It is essential in the choice of the suitable place is that passengers can reach easily and 

quickly, and does not cause problem in terms of time and cost. Many other transportation modes should be 

located close to each other and transport links should be strong. Hence, high availability aim can be achieved. If 

the activities and other transportation modes are located far from each other and transport connections are 

inadequate low accessibility occurs. This situation can be classified as given in Table 2. 

 

Table 2. Classification of accessibility as simple [9]. 

 
Very Poor Transportation 

Connections 

Very Good Transportation 

Connections 

Away from land use activities Low Moderate 

Close to land use activities Moderate High 

 

3 DATA COLLECTION  
            

3.1 Gümüşhane Terminal 

 

Gümüşhane city bus terminal is generally used as a transit point. It has a very small intercity bus terminal. 

Gümüşhane intercity bus terminal was also small and ineffective due to its low population and could not make a 

breakthrough to improve itself. Due to the increasing student population in recent years, Gümüşhane terminal 

has gained a bit of mobility and started to play a more active role in intercity transportation in east black sea 

region (Figure 2). 

 

  
Figure 2. An example visual from Gümüşhane intercity bus terminal. 
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There are very limited number of companies in Gümüşhane terminal, which usually have local and regional bus 

companies. Most of the companies in Gümüşhane provide passenger transportation to the neighbor cities. Some 

bus companies also supply passenger transportation from Gümüşhane to big cities such as Ankara, Istanbul and 

other cities in the surrounding Black Sea and Eastern Anatolia regions. Bus terminal is also located so close to 

Gümüşhane city center so minibuses can be reached from all districts of the city. The number of platforms 

available in Gümüşhane bus station is 7 and the platforms have an angle of 90 degrees. 

           

3.2 Trabzon Terminal 

 

Trabzon intercity bus terminal was opened in the early 1990s and it has not changed much in the last 28 years, 

except for a few minor renovations. Although it was one of the largest and modern bus stations in the first period 

when it was opened. In addition, the growing population of the city and the growing passenger traffic are 

becoming more frequent in Trabzon terminal and there are situations such as traffic congestion. The new 

Trabzon intercity bus terminal has been frequently mentioned as a solution to these problems in recent years to 

find solutions to current problems. Trabzon is one of the largest city in the Black Sea Region and there is a 

passenger transportation in Trabzon from different cities of the Turkey. Additionally, there are many national 

and local companies in terminal. Trabzon intercity bus terminal is located in a central point of the city and 

passenger can reach to terminal or city center by shuttle services and minibuses departing from different points 

(Figure 3). 

 

  
Figure 3. Example visuals from Trabzon intercity bus terminal. 

 

As a result of the observations, it has been found that Trabzon bus terminal is used intensively with Ordu bus 

terminal, which is one of the other province. As a result of the observations, it was also seen that the passenger 

density in Trabzon terminal is not at certain times of the day but at different times of the day for different 

reasons. The number of platforms available in Trabzon terminal bus station is 23 and the platforms have an angle 

of 90 degrees. 

 

3.3 Rize Terminal 

 

Rize intercity bus terminal has served since the 1990s. Number of passengers and companies has increased in the 

last decade with the coastal highway project. The bus terminal, which has an increasing number of passengers 

especially in the spring and summer months, has also an importance in the region due to the intercity passenger 

traffic as well as the bus services to Georgia. Rize terminal, which provides transportation to metropolitan cities, 

provinces and neighbor cities. Rize terminal, which is capable of meet the demand of passengers, will be 

inadequate in the future and the preparation of a new project has started. In the bus terminal, national companies 

serve as well as local and regional companies for passenger transportation. The terminal is centrally located for 

the city, close to the Black Sea Coast Road (Figure 4). The number of platforms available in Rize terminal is 12 

and the platforms have an angle of 90 degrees. 
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Figure 4. Example visuals from Rize intercity bus terminal. 

 

3.4 Ordu Terminal 

 

Ordu (Altınordu) intercity bus terminal has 15 platforms (Figure 5). The terminal is open 24 hours of a day. 

There are two tea house, a restaurant, a market, a city bus station, a safety deposit box, a security center in the 

terminal. The platforms in the bus terminal have been built at a 90 degree angle. There are benches in the middle 

of the inner side of the bus terminal and in the outer part facing the platforms. There are three ATMs in the 

northern part of the bus terminal. In the southern part of the terminal, there are bus stops for municipal buses that 

makes public transportation easier. Terminal is located next to Atatürk Boulevard which is the busiest road and 

main arterial of the city, all buses have to use the busiest road of the city to enter the intercity bus terminal. This 

situation affects both urban traffic negatively and causes traffic congestions. The number of platforms available 

at Rize bus station is 15 and the platforms have an angle of 90 degrees.   

 

  
Figure 5. Example visuals from Ordu (Altınordu) intercity bus terminal. 

 

All the data from examined 4 cities were collected in a suitable place to see the platforms used by the buses to 

stop, enter and exit of all terminals. The hours of buses entrance to terminal and platform, stop at platform and 

exit from platform and terminal of the buses were recorded instantly. Table 3 shows the characteristics of the 

collected data from 4 different intercity bus terminal in the analysis. 
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Table 3. Collected parameters from the data collections. 

Total Bus Numbers for each terminals 

Bus Company Names             

Bus Type                               1:Bus 2: Midibus 3:Minibus 

Movement Type 1: first departure 2: transit 3: last stop 

Movement Purpose 1: Boarding 2: Alighting 3: Both 

Bus Seat Type 1: 2+2 2: 2+1 3: Midibus 4 Minibus 

Departure Times 
1: Entrance time to bus station 

2: Exit Time from bus station 

At Platform 

Entrance time 

Exit time 

Waiting times (minutes) 

At Intercity Bus Terminal 

Entrance time 

Exit time 

Total Waiting times (minutes) 

 

4 DATA ANALYSIS AND FINDINGS 
     

With the analysis of the collected data, the obtained basic statistic results are given in Figure 6 and Table 4 for 

Gümüşhane intercity bus terminal. 

 

 
Figure 6. General characteristics of collected data in Gümüşhane intercity bus terminal. 

  

Table 4. Waiting characteristics of buses at bus terminal in Gümüşhane intercity bus terminal. 

  

  

 Average Total Waiting Times (minutes) 

Mean Std. Deviation 

Platform 16.20 13.07 

Terminal 15.84 18.59 

 

With the analysis of the collected data, the obtained basic statistic results are given in Figure 7 and Table 5 for 

Trabzon intercity bus terminal. 

 
Figure 7. General characteristics of collected data in Trabzon intercity bus terminal. 
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Table 5. Waiting characteristics of buses at bus terminal in Trabzon intercity bus terminal. 

 

 Average Total Waiting Times (minutes) 

Mean Std. Deviation 

Platform 15.76 14.32 

Terminal 16.50 14.95 

 

With the analysis of the collected data, the obtained basic statistic results are given in Figure 8 and Table 6 for 

Rize intercity bus terminal. 

 
Figure 8. General characteristics of collected data in Rize intercity bus terminal. 

 

Table 6. Waiting characteristics of buses at bus terminal in Rize intercity bus terminal. 

  

  

Average Total Waiting Times (minutes) 

Mean Std. Deviation 

Platform 13.13 12.46 

Terminal 14.70 12.83 

 

With the analysis of the collected data, the obtained basic statistic results are given in Figure 9 and Table 7 for 

Ordu intercity bus terminal. 

 

 
Figure 9. General characteristics of collected data in Ordu intercity bus terminal. 

 

Table 7. Waiting characteristics of buses at bus terminal in Ordu intercity bus terminal. 

  Average Total Waiting Times (minutes) 

  Mean Std. Deviation 

Platform 15.85 12.74 

Terminal 16.15 12.57 

 

In the study, to understand the effective parameters on Total Waiting Times (minutes) the Ordinary Least Square 

(OLS) regression was implemented. For this purpose, effective parameters were determined and classified into 

the two groups as dependent variables and dummy variables as shown in Table 8. 
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Table 8. Dependent and independent variables of OLSR model for total waiting times. 

Dependent Variable 

TWT: Total waiting times of the buses as dependent variable 

Dummy Variable 

City_2 (takes the value of 1 if city is Trabzon, 0 otherwise) 

City_3 (takes the value of 1 if city is Rize, 0 otherwise) 

City_4 (takes the value of 1 if city is Ordu, 0 otherwise) 

Movement_Type_2 (takes the value of 1 if movement type is arrival, 0 otherwise) 

Movement_Type_3 (takes the value of 1 if movement type is transit, 0 otherwise) 

Movement_Aim_2 (takes the value of 1 if movement aim is alighting, 0 otherwise) 

Movement_Aim_3 (takes the value of 1 if movement aim is boarding, 0 otherwise) 

Bus_Type_2 (takes the value of 1 if bus is midibus, 0 otherwise) 

Bus_Type_3 (takes the value of 1 if bus is bus, 0 otherwise) 

 

To determine the most effective parameters on the Total Waiting Times (TWT), the OLSR regression model was 

used [10]. The equation of OLSR model can be estimated as given in Eq. (1): 

 

TWT = α0 + α1×City_2+ α2×City_3+ α3×City_4+ α4× Movement_Type_2  

            + α5× Movement_Type_3 + α6× Movement_Aim_2 + α7× Movement_Aim_3 

            + α8× Bus_Type_2 + α9× Bus_Type_3+u                                                                                     (1) 

where;  

TWT : Total waiting time, 

α0 : Constant term,  

αi : Dummy variables (i≠0), 

u : Disturbance term. 

 

According to the OLRS model, multicollinearity, heteroscedasticity and model specification error problems were 

examined by using diagnostic tests and results are given in Table 9. After checking the multicollinearity, 

heteroscedasticity and model specification error problems, it was assumed that disturbances were distributed 

normally because of the big sample size (total 829 observation) based on the Central Limit Theorem [10-12]. As 

seen in Table 10, the proposed model was significant for BT (F = 50.09, P = 0.000 < 0.01). 

 

Table 9. OLSR model results for total Waiting times. 

Variables Coefficient Std. Error t P 

Dependent Variable: TWT 

Constant Value 1.733 0.840 2.06 0.040** 

City_2 2.438 0.684 3.56 0.000* 

City_3 2.023 0.698 2.89 0.004* 

City_4 3.439 0.548 6.28 0.000* 

Movement_Type_2 -1.698 0.937 -1.81 0.070** 

Movement_Type_3 -3.350 0.670 -5.00 0.000* 

Movement_Aim_2 0.634 0.729 0.87 0.385 

Movement_Aim_3 1.577 0.597 -2.64 0.008* 

Bus_Type_2 0.652 0.730 0.89 0.372 

Bus_Type_3 2.897 0.801 3.61 0.000* 

Max. VIF                                                          2.55 (no multicollinearity problem) 

White Test                                                        P=0.039>0.01 (no heteroscedasticity problem 

Shapiro-Wilk W Normality Test                    P=0.015>0.01 (disturbances are normally  

Ramsey Reset Test                                         P=0.022>0.01 (no model specification error problem 

*Significant at 0.01 level, ** Significant at 0.05 level 

 

According to the model results, intercity bus terminals in all examined cities have significant coefficients and 

positive effects on total waiting times (coef. = 2.438, P = 0.000 for City_2; coef. = 2.023, P = 0.004 for City_3 

and coef. = 3.439, P = 0.000 for City_4). Among them, City_4 variable had the highest and positive coefficient. 

That is, city_4 (Ordu) had longer total waiting times (TWT) than other examined cities. It can be resulted from 

the low capacity and high demand to the Ordu city bus terminal. On the other hand, Movement_Type_2 and 

Movement_Type_3 have negative and significant coefficients in the model (coef. =-1.698, P = 0.070 for 

Movement_Type_2 and coef. = -3.350, P = 0.000 for Movement_Type_3). This indicated that these movement 

types (arrival and transit) in examined bus terminals have negative effect on total waiting times. In the model, 

Movement_Aim_2 (alighting behavior of the passengers) has not a significant effect on Total Waiting Times of 
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the intercity buses. On the other hand, Movement_Aim_3 (boarding behavior of the passengers) has positive and 

significant effect on Total Waiting Times of the intercity buses as expected and seen. When bus type effects on 

total waiting times were examined, it was seen from the observation and OLSR analysis that Bus_Type_2 has 

not a significant effect on total waiting times but Bus_Type_3 has positive significant effect on Total Waiting 

Times. It means that Bus_Type_3 (midibus) have more passenger and for this reason it generally waits longer 

durations than other bus types. 

 

5 CONCLUSIONS AND SUGGESTIONS 
 

The following results were obtained about the characteristics of 4 different (Gümüşhane, Trabzon, Ordu and 

Rize) intercity bus terminals, which were examined from the field observations and measurements: 

 Buses in Trabzon, Rize and Ordu tend to continue their move to other intercity bus terminals higher 

than Gümüşhane terminal. In other words, they tend to boarding/alighting too many passengers and 

continue their move to other cities. Black Sea coastal road has a great effect on this result for these three 

cities (Ordu, Trabzon and Rize). 

 When the movement aims of the intercity buses in the bus stops are examined, it was seen that each 

buses in terminals different movement aims. While Gümüşhane and Rize have a tendency to board 

more passengers, buses in Trabzon and Ordu terminals have a tendency to transit (boarding and 

alighting) travel. 

 Minibuses are the most observed vehicle type in Gümüşhane intercity bus terminal, while buses with 

2+2 seats feature he most observed vehicle type in other cities. The main factor on this result can be 

shown as continuous and uninterrupted transportation between Gümüşhane and Trabzon. Because there 

are great passenger demand between Gümüşhane and Trabzon. These minibuses are generally used as 

the regular for the transportation between Gümüşhane and Trabzon. 

 When the average total waiting times (TWT) of the buses in the intercity bus terminals are compared, it 

can be said that the maximum total waiting time is at Trabzon intercity bus terminal (16.50 min) and the 

lowest is in Rize bus terminal (14.70 min). It can be said that the insufficient platform numbers and the 

high intercity transport demand in Trabzon terminal can be shown as the main factors. 

 When the average total waiting times (TWT) of the buses in the intercity platforms are compared, it can 

be said that the maximum total waiting time is at Gümüşhane intercity bus terminal platform (16.20 

mi.n) and the lowest is in Rize bus terminal platform (13.13 min.). It can be said that the main factor is 

insufficient platform numbers and high and regular passenger transportation demand between 

Gümüşhane and Trabzon.  

 

According to the findings obtained from the site observations and analysis, different city characteristics, 

movement types, movement aims and bus types have great effects on total waiting times of the intercity buses at 

platforms and terminals. This study is conducted with limited number of the cities. It will be possible to give a 

detailed judge about the future projections at bus terminals by collecting data from many other cities for longer 

periods. 
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Abstract 

Today's technology continues to develop in every area at full speed. One of the 

sectors that try to keep up with these rapidly developing technologies in the 

construction industry. Especially in recent years, mobile technology has been utilized 

in the construction industry. In the face of rapidly advancing technological 

developments in the construction industry, our country falls astern behind other 

countries. In this study, it is aimed to examine the mobile technologies used in the 

construction industry, which has a significant share in the national economy, and to 

ensure that the employees in the industry obtain sufficient information about this 

technology. Due to the limited number of studies on mobile construction applications 

and the insufficient interest of the Turkish construction sector in this subject, such a 

study was considered necessary. 

1 INTRODUCTION  
 

The construction sector is a labor-intensive industry. This industry relies on many different construction 

trades/craftmen such as masons, carpenters, plumbers, steel benders, painters among many others and the use of 

many hand tools by the craftsmen just to perform one construction project.  Human error can greatly affect the 

efficiency of construction operations. This situation is a major challenge for construction management team 

members, who are tasked with ensuring production efficiency [1].  

 

Coupled with smartphones and mobile computing technology, it offers civil engineers unprecedented opportunities 

to improve existing construction management processes [2]. Mobile computing is a generic term that let people to 

access data and information from wherever they are [3].  In other words, mobile computer technology is the ability 

to use the technology in remote or mobile (non-static) environments. This technology is based on the use of battery-

powered, portable and wireless computing and communication devices, such as smart mobile phones, wearable 

computers, and personal digital assistants (PDAs) [4]. 

 

One of the main objectives of the construction sector is productivity and efficiency improvement [5,6]. The use of 

smart and mobile tools and technologies in construction management and application works can increase the 

efficiency, quality and productivity of the project [6]. 

 

According to some researchers, the use of mobile applications in the construction industry will standardize 

methods to help manage errors, improve quality, improve supervisor productivity, and create accurate 

photographic recordings [7]. With these applications, construction companies can save time, communicate more 

easily and reduce costs [8]. 

 

Mobile devices were first introduced to construction sites in the 1990s with very simple features.  Nowadays, with 

the invention of iPad and similar devices, the use of construction technologies has increased greatly. Some of the 

major construction companies in the United States provides mobile devices for construction operations to all 

project managers and supervisors [9,10]. 

 

In a study, several users were interviewed to discover how mobile devices are used on construction sites. As a 

result of this qualitative research, it has been shown that these devices are increasingly effective in the activation 

of construction site workers [9]. 
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Chen and Kamara [11], developed a model to explore how mobile computing can be used on construction sites to 

manage on-site information. With the developed model, users are expected to help them select mobile computing 

strategies to manage on-site construction information based on the characteristics of projects. 

 

In the study of Ferrada, it was concluded that the application of mobile technology in the field will facilitate the 

system and is a suitable tool for information management [12]. 

 

There is a high potential for improving sustainability construction projects, the effects on construction resources 

and the potential impact of improving sustainable project management in construction industries [13]. 

 

2 AIM OF RESEARCH 
 

In this study, the usage areas and the importance of mobile technological applications in the construction industry 

have been investigated. In Turkey, the number of studies on this subject is almost non-existent and the employees 

of the sector are unaware of this technology.  

 

This study investigates the benefits of mobile applications on construction sites, whether the employees of the 

sector have enough knowledge about this technology and creates awareness by mentioning the benefits it can 

provide to the construction industry through the use of this technology. 

 

3 METHODOLOGY  
 

In this study, the literature on the use of mobile applications in the construction sector has been searched. Since 

the use of mobile applications in the construction sector is a new technology, studies conducted between 2006-

2019 have been taken into consideration in the literature review. A few studies on the use of mobile apps in the 

construction industry are included in the introduction. In this section, the most widely used mobile construction 

application examples and usage areas are given. In the following parts of the study, the benefits of using mobile 

technology at construction sites are discussed under separate headings.   

 

4 MOBILE CONSTRUCTION APPLICATIONS 
 

The project management and construction industry are transforming more and more mobile [14]. Much of 

construction management needs to be done on site, and mobile computing devices are a natural fit [15] 

Smartphones have entered the construction industry with some innovative solutions for all concerned professionals 

[16]. Table 1 presents some of the mobile applications and their features used in the construction sector. 

 

Table 1. Mobile construction apps examples and uses 

S/No Apps Uses Literature 

1 SmartBidNet  create and track bid process 

 provide accessible information to make bid projects easier and on 

time. 

14,16 

2 GoBIM  application allows you to navigate 3D BIM models and their 

associated data. 

16 

3 FingerCAD  This application is for technical drawing with your fingers. 

 CAD designs made at the site or at your favorite location and can 

be saved in different formats. 

 The final design will be saved, and it can be sent via e-mail or 

printed. 

16 

4 PlanGrid  Remote team collaboration on plans, markups, photos, and reports 

 Plan viewer 

 Life cycle management of RFIs with blueprints attached 

 Issue logging and tracking, with direct input to punch lists of photos, 

locations, and on-site notes 

 Automatic hyperlinks from plan callouts for faster navigation 

through drawings 

 Management of progress photos by all team members, with 

automatic tagging, syncing, and archiving 

 rolling log for creation and distribution of issue reports 

15, 16, 17 
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5 Carpenter's Helper 

Lite 

 The app has a graphical interface that will calculate stair, roof and 

floor projects. 

16 

6 Truckast  set up your ready-mix concrete order directly from your 

smartphone/tablet. 

 maintain a complete record of how much concrete has been placed 

 maintain a complete record of how much is on its way 

 support photos being uploaded to the platform 

16 

7 Fast Concrete Pad 

Calculator 

 This app will calculate quantities needed of concrete and rebar for 

your next project. 

 calculate waste materials, concrete, and rebar costs. 

 The app will get you all the information you need to order concrete. 

16 

8 OSHA Heat Safety 

Tool 

 This app will send users reminders about  

 to drink enough fluids 

 schedule rest breaks 

 plan for and know what to do in an emergency 

 adjust work operations 

 gradually build up the workload for new workers 

 train on heat illness signs and symptoms. 

16 

9 Roofing Calculator  calculate  

 the number of roofing shingles,  

 the number of squares, and  

 the number of bundles 

for a given job. 

16 

10 Procore  review, create, modify, and share project data with team members, 

locally and remotely 

 manage RFIs (requests for information, i.e., project technical 

queries) and construction project submittals on site and in real time 

 mark up drawings, link RFIs, and manage punch lists 

 track drawing set versions automatically and prioritize the most 

recent set 

 access project directory and schedules 

 record minutes of meetings 

 Log daily site activities, weather, labor, and productivity 

 take photos and attach them to drawings and punch list items 

 scan QR codes to easily locate relevant building project submittals 

from Procore in the cloud 

14, 15, 16, 

17 

11 Aconex  sharing plans, documents, and correspondence on mobile devices 

 capturing data on site 

 marking up images and documents 

 coordinate bids, permits, RFIs, and change orders 

15 

12 BuilderStorm  manage building project schedules 

 access and store drawing files in the cloud 

 manage construction procurement 

 track project RFIs 

 send and receive project messages 

 create reports 

 track construction RFIs 

15 

13 BuilderTrend  scheduling, to-do lists, daily site logs, punch lists, plan markups, 

warranty, document and photo management, and messaging 

 management of budgets, purchase orders, payments, lien waivers, 

timesheets (mobile clocking in and out for employees) and change 

orders 

 Mobile touch signatures for creating change orders on site 

 Microphones for logging and then converting voice to text, for daily 

site logs and other files 

 Cameras for attaching photos directly to files and logs 

 Customer management tools include change order and selection 

management, warranty requests and payment processing. 

15,17 
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14 CoConstruct  select materials and designs for custom project change management 

and enhancement 

 add comments and photos to selections (including photos taken by 

the smartphone or tablet running the app) 

 manage task lists 

 adjust and coordinate schedules with subcontractors and clients 

 communicate with clients to inform them directly of progress and 

changes, and reply to emails and text messages, all from the app 

 manage budgets, with automatic updates and information for clients 

 keep employee time accounts 

15,17 

15 e-Builder  Cost management to eliminate cost overruns 

 Document management, putting all documents into a centralized 

location 

 Business intelligence reporting, which allows users to visualize 

performance across a project 

 Tabular reporting similar to Microsoft Excel 

 Form builder for creating customizable forms 

 Workflow manager, which allows users to drag and drop workflows 

so everyone is accountable 

15 

16 Fieldwire  add markups, annotations, and progress photos directly on drawings 

while in the field 

 Automatic sheet hyperlinking 

 A blueprint management system that allows you to import a lot of 

drawings quickly 

15 

17 Newforma  recording task lists, punch lists, building site notes, with 

possibilities to tag items using information fields such as what, 

where, and who is responsible for resolution 

 for viewing project documents (latest version displayed 

automatically), zooming and panning on documents, and marking 

up documents to then send them by email, all from the mobile 

device. 

 combines several field and site management functions, including 

managing task and punch lists, notes, consulting action items 

(overdue or imminent) for team members, adding photos, and 

adding comments and consulting the comment history 

 

15 

18 PlanRadar  create a punch list, record defects with the smartphone or tablet, and 

assign them to the responsible subcontractor on the construction 

site. 

 collaborate on projects from any Internet-connected device with 

access to projects, defect data (photos, memos, location on digital 

blueprints and more), drawings, and documentation saving up to 7 

hours of work time weekly per construction project. 

 Filter features allow a search for deadlines, tasks, subcontractors, 

and much more. 

14 

19 Time Equipment 

Production (TEP) 

 daily monitoring and administration tasks 

 provide quick identification and management of risks at your 

construction project  

 managing schedule performance, analyzing production, and 

documenting your project data. 

14 

20 Fall Safety  It can detect falls and issue automated alerts to your emergency 

contacts programmed in your smartphone. 

 It will also provide your location data using GPS to ensure that your 

emergency contact will find you. 

14 

21 RedTeam  manage all tasks from pre-construction to project closeout 

 The creation of customer proposals (time, qualification, and 

conditions) 

 The cost estimation (piece calculation and pricing) 

 select suitable suppliers for your construction business and build a 

qualified team 

14, 17 
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22 Autodesk Site Scan  It is an aerial drone platform for automatically capturing and work 

with construction site data. 

 get images, point clouds, and detailed information of your 

construction site area 

14 

23 GenieBelt  access daily reports on progress immediately 

 assigning tasks to construction workers and monitoring their 

progress in Gantt charts 

14 

24 Pacific Timesheet  track employee hours using an employee request and approval 

system 

16 

25 Plexxis Foreman  allows employees to add and approve timesheets on the construction 

field in offline mode. 

 Contractors can store their employee information or create custom 

forms, purchase orders, make calls, and more. 

14 

26 CCS Safety  This mobile application features are used in the construction 

industry to review safety questions quickly. 

14 

27 FINALCAD  document management 

 project tracking  

 incident reporting  

 drawings integration 

 quality control checklist  

 collaboration and task administration 

17 

28 Esticom  Contractors manage construction projects with real-time access to 

labor, pricing, plans and material database 

17 

29 UDA 

ConstructionOnline 

 The project management module provides photo management 

features, includes document control and helps with budgeting and 

cost management. 

 The customer management program provides customized buyer 

portals, contract management, and home configuration. 

17 

30 Raken  keep track of construction projects and provides users with site 

updates in real time. 

 provide daily work logs, schedule and assign jobs to employees, 

send updates to field agents, generate and share snapshots of a 

project's progress. 

 The voice-to-text functionality allows field agents to record 

observations verbally.  

 The built-in photo gallery can be used to store and categorize site 

photos and videos. 

 Automatic weather capture, alerts and notifications, customizable 

surveys and third party integrations. 

17 

 

This mobile construction management applications have been designed for different purposes and user profiles.  

Some applications working on any device, while other applications are limited to various combinations of IOS, 

Android and Windows. 

 

5 THE BENEFITS OF USING MOBILE TECHNOLOGY AT CONSTRUCTION 

SITES 
 

5.1 Reduction in Construction Delays 

 

The faster, more accurate and efficient the real-time information transfer on construction sites, the greater the 

productivity. In particular, when information is collected in mobile forms and transmitted to the relevant persons 

immediately, obstacles that may affect the course of work will be recognized in advance. Early measures will 

ensure that the work progresses in accordance with the program and thus possible delays will be prevented. 

 

5.2 Active Communication Network 

 

Another way to increase productivity on construction sites is to ensure fast and accurate communication between 

the parties. Daily works at the construction sites can be reported via mobile applications to everyone via e-mail. 

In this way, when all information reaches everyone simultaneously, possible errors and deficiencies can be 

identified and corrected in advance. 
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5.3  Increasing in Office Productivity 

  

Owing to mobile technology, the use of paper and tables in construction companies is eliminated and data entry, 

reporting, document tracking etc. saves time in jobs. In this way, the efficiency of the office will be increased, and 

the lean progress will be made on the projects and the works will be completed on time and with an appropriate 

budget.  

 

5.4 Real-time access to Plans, Regulations and Rules  

 

Construction companies can provide quick and offline access to electronic versions of plans, projects, regulations, 

rules and more. This situation increases productivity by reducing the need for rework [18].  

 

5.5 Effective Management of Equipment 

 

The program and maintenance of the equipment is one of the most important assets of the companies and affects 

the profits of the companies to a great extent. With mobile applications, equipment usage can be monitored, 

locations can be monitored, usage hours can be recorded and planning, and usage can be improved.  

 

5.6 Better Management of Field Workers 

  

With mobile applications, field employees' GPS locations, travel times and time trackers, etc. all events can be 

monitored and followed. In addition, companies can use a mobile timetable that can record employee entry and 

exit times. Field employees can send photos of progress on site. They not only result in a significant reduction in 

labour costs, but also significantly increase the accountability of their employees [19].  

 

5.7 More accurate documentation of job site works 

 

The use of mobile applications in data entry and registration on construction sites prevents problems such as 

illegible handwriting and incorrect data transfer, increasing accuracy and saving companies from unwanted 

incidents and delays. Thanks to on-site images, photos, GPS, time trackers, the progress of the project is 

transmitted in a transparent and accurate way. On-site photo is shown in the Figure 1 [20].  

 

 
Figure 1. On-site photo [20] 

 

6 CONCLUSION 
 

A lot of mobile construction applications are available for use in the construction industry today. Mobile 

applications let people to access data and information from wherever they are.  

 

This study has examined the usage areas and importance of mobile technological applications in the construction 

sector. As a result of the study, it is possible to save time, labour and cost in construction works by using the 

mentioned applications. These applications are not widely used in the construction sector in Turkey. However, 
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research shows that these technological applications have advantages for construction companies. The use of this 

new technology is increasing in Turkey, construction companies will better compete in the international arena. 

The research contributes to the construction management literature by highlighting the importance of the use of 

mobile technological applications increasing productivity in construction projects.  
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Abstract 

Nowadays three dimensional (3D) printers are widely used to produce polymeric 

complex parts that can't be produced by injection molding processes. Unlike the 

injected parts, the strength of the printed parts depends on the both interaction 

between filament layers and printing parameters. These parameters effect the joint 

strength of printed parts. In this study, the effect of joint types and the thickness of 

the printed adherends bonded with adhesive were studied experimentally. The failure 

loads of single lap, double lap and butt joints with PLA adherends manufactured by 

3D printing were measured. It was found that the failure loads of joints bonded with 

2 mm adherend thickness are lower than the joints bonded with 4 mm adherend 

thickness and the double lap joint has the maximum failure load. 

1 INTRODUCTION  
 

3D printer technology is one of the additive manufacturing methods to make complex polymeric parts. A 3D 

printer uses organic or inorganic polymer filaments as raw material. Polymer filaments are printed layer by layer 

to form the part.  Strength of the printed part is lower than that of the one-layer injected part. Both interaction 

between filament layers and printing parameters effect the strength of the joints with printed parts.  Most of the 

literature about 3D printing deals with only mechanical performance of the printed parts. 

 

Tekinalp et al. [1] studied on mechanical performance of short fiber reinforced acrylonitrile–butadiene–styrene 

(ABS) as a feedstock for 3D printing. They concluded that the tensile strength of fiber reinforced 3D printed 

samples increased 115%. 

 

Nikzad et al. [2] investigated the effect of iron and copper fillers to the strength of ABS. They showed that 

mechanical properties of ABS significantly improved due to incorporation of metallic fillers. 

 

Bade et al. [3] produced carbon fiber reinforced polylactic acid (PLA) filament and printed tensile test specimens. 

PLA filaments with fibers showed a performance increase of 66% when compared to filaments without fibers. 

 

Yao et al. [4] used continuous carbon fiber tows were embedded into printed structures, tensile strength of the 

printed structures reinforced with carbon fibers increase of 70%. 

 

Li et al. [5] manufactured the continuous carbon fiber reinforced PLA for 3D printing. They modified carbon fiber 

with PLA sizing agent. The experimental results showed that the tensile strength of modified carbon fiber 

reinforced PLA was 13.8% higher than unmodified carbon fiber reinforced PLA. 

 

As previously mentioned in the introduction, most of the literature about 3D printing deals with mechanical 

performance of the printed parts. In this study, we focused on the joint strength of adhesively bonded printed PLA 

parts. The failure loads of single lap, double lap and butt joints with PLA adherends manufactured by 3D printing 

were measured. 

 

2 MATERIAL AND METHOD 
 

Figure 1 presents the geometry and dimensions of the three different joint types (single lap, double lap and butt) 

with 0.2 mm adhesive thickness. Two different adherend thicknesses were investigated. Thickness of adherends 
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was selected as 2 mm and 4 mm. The width of joints and adherends are 25 mm. Bondline length of the joints is 50 

mm. 3D printed PLA was used as adherend. 

 

 
Figure 1. Joint geometries and dimensions 

Zaxe 3D printer was used to print the adherends.  Zaxe 3D printer is a cartesian type printer with standard nozzle 

of 0.4 mm in diameter. PLA filament was used to print the adherends of joints. Figures 2 and 3 show the program 

interface of Zaxe 3D printer and printing of adherends. Layer thickness and infill ratio of printed adherends were 

selected as 0.2 mm and 100%, respectively. Adherends were printed at the angle of 45º with respect to the tensile 

load direction as illustrated in Figure 2. 

 

 
Figure 2. Zaxe 3D printer program interface and printing direction 

 
Figure 3. Printing of the adherend 
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3M DP 8005 acrylic adhesive was used to bond the joints. DP 8005 is a flexible adhesive and appropriate to bond 

the plastics with low surface energy. Material properties of adhesive are given in Table 1. 

 

Table 1. Material properties of 3M DP 8005 acrylic adhesive [6] 

Young’s Modulus 590 MPa 

Shear modulus 159 MPa 

Tensile strength 6.3 MPa 

Shear strength 8.4 MPa 

 

Figure 4 shows the joints bonded with DP 8005 acrylic adhesive. Joints with PLA adherends are not appropriate 

for high temperature curing, so the joints were cured at room temperature. Excessive adhesives along the overlap 

region was removed by using a razor blade knife after curing process.  

 

 
Figure 4. Bonded joints; a) Single lap joint, b) Double lap joint, c) Butt joint 

 

Tensile load was applied to the joints at a speed of 1mm/min by a tensile-testing machine with a capacity of 50 kN 

(see Figure 5). The peak loads recorded by the tensile-testing machine were taken as the failure loads of the joints. 

 

 
Figure 5. Tensile-testing machine 

 

3 RESULTS 
 

Figure 6 shows the failure regions of bonded joints with 4 mm adherend thickness. Similar failure regions were 

observed for the joints with 2 mm adherend thickness. Adherend failure occurred in single and double lap joints 

and the same crack propagation was observed for both these joints. Failure of adherends occurred at printing 

direction. It is obvious that the failure loads of these joints are limited by the fracture of the filament layers in the 

adherends. Unlike the single and double lap joints, cohesive failure of adhesive was observed for the butt joints.  
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Figure 6. Failure regions of joints a) Butt joint, b) Double lap joint, c) Single lap joint 

 

Figures 7-9 show the load-displacement diagrams of the joints with 2 mm and 4 mm adherend thickness. It can be 

seen from the figures that the double lap joints show higher failure loads than those of single lap and butt joints at 

the same adherend thickness. 

 

 
 Figure 7. Load-displacement diagrams of butt joints with 2 mm and 4 mm adherend thickness 
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Figure 8. Load-displacement diagrams of single lap joints with 2 mm and 4 mm adherend thickness 

 

 
 

Figure 9. Load-displacement diagrams of double lap joints with 2 mm and 4 mm adherend thickness 

 

Failure loads of joints with 2 mm and 4 mm adherend thickness were shown in Table 2. 

 

Table 2. Failure loads of joints 

Joint type Load (N) Increment (%) 

 2 mm adherend thickness 4 mm adherend thickness  

Butt 561.4 904.5 61.11 

Single lap 1369 2049 49.67 

Double lap 1442 2175 50.83 

 

When Table 2 is investigated, the failure loads of joints bonded with 2 mm adherend thickness are lower than the 

joints bonded with 4 mm adherend thickness. Double lap joint has the maximum failure load for all adherend 

thicknesses. This joint gave up to 50.83% increase in failure load compared with the failure load obtained from 

double lap joint with the adherend thickness of 2 mm. Failure loads of single lap joint with 2 mm and 4 mm 

adherend thickness are slightly lower than those of the double lap joints. Similar load incrementation was obtained 

for single and double lap joints, because the failure loads of these joints are limited by the fracture of the filament 

layers in the adherends. For butt joints, the increase of adherend thickness increased the failure load by 61%.  

 

 

1060



Adhesive Bonding of 3D Printed Polymer Adherends ICADET ‘19 

 

 

4 CONCLUSION 
 

An experimental study was conducted to investigate the failure loads of printed PLA adherends. Two different 

adherend thickness (2 mm and 4 mm) and the three different joint types (single lap, double lap and butt) were 

considered. The results of this study are summarized as following: 

 

1) Adherend failure occurred in both single and double lap joints and the same crack propagation was observed 

for both these joints. Failure of adherends occurred at printing direction. Unlike the single and double lap joints, 

cohesive failure of adhesive was observed for the butt joints.  

 

2) The failure loads of joints bonded with 2 mm adherend thickness are lower than the joints bonded with 4 mm 

adherend thickness. Double lap joint has the maximum failure load. This joint gave up to 50.83% increase in 

failure load compared with the failure load obtained from double lap joint with the adherend thickness of 2 mm. 

Failure loads of single lap joint with 2mm and 4 mm adherend thickness are slightly lower than those of the double 

lap joints.  

 

3) For butt joints, the increase of adherend thickness increased the failure load by 61%.  
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Abstract 

Nigella sativa L. is a yearly blossoming plant of the Ranunculaceae family, with the 

seeds known as black onion seed or black seed, çörek otu or kara habbe (Turkish), 

habat-ul-sauda (Arabic) and kalonji in South Asia with containing %35-40 oil. Its oil 

has many uses in folk medicine and food industry. Black seed oil is a significant 

source of essential fatty acids, tocopherols, phytosterols, polyphenols, essential oils 

and other bioactive compounds. The çörek otu or its oil as a potential multi-purpose 

product is getting much attention. N. sativa seeds and especially their oil have 

positive impact on human health such as antitumor, antihistaminic, antidiabetic, 

antiinflammatory, antibacterial, antifungal, antioxidant, gastroprotective, anticancer 

and immune system boasting effects. Thymoquinone is the most abundant or 

important bioactive constituent in the essential oil part of black seed oil with many 

health beneficial properties are attributed to it. This manuscript reviews the 

biological, physicochemical properties, nutritional quality and also health benefits of 

black seed and its oil. 

1 INTRODUCTION  
 

Therapeutic or medicinal herbs have been used for treating maladies since ancient times in various local peoples 

of medicine as well as public medicines rather than on modern scientific practice. Also, they are used in the 

preparation of herbal medicines. Among various medicinal plants, Nigella sativa (N. Sativa, Ranunculaceae) is 

appearing as a superior plant with a considerable historic and sacred antecedents since many studies exposed its 

wide spectrum of pharmacologic potent [1, 2]. 

 

N. sativa is generally known as black seed, çörek otu or kara habbe (Turkish), habat-ul-sauda (Arabic) and kalonji, 

black caraway seeds (USA), shonaiz (Persian) and kalajira (Bangali). It is origin from Southern Europe, North 

Africa, Southwest Asia and planted in numerous countries in the world like Middle Eastern Mediterranean region, 

South Europe, India, Pakistan, Syria, Turkey, Saudi Arabia [1, 3, 4]. 

 

The seeds of N. sativa and their oil have been extensively used for centuries in the therapy of various maladies 

through worldwide. Also, among muslim communities, it is considered as one of the greatest forms of healing 

medicine available due to it was mentioned that black seed is the cure for all diseases apart from death in one of 

the Prophetic traditions. It is also recommended for use on the Tibb-e-Nabewi, regularly (Prophetic Medicine) [1, 

5]. 

 

N. sativa has been extensively looked into for its natural biological activities, remedial potential and appeared to 

impacts wide scope of activities. Additionally, the seeds are broadly utilized in the treatment of different ailments 

like bronchitis, asthma, looseness of the bowels, ailment and skin issue. It is additionally utilized as liver tonic, 

stomach related, hostile to diarrheal, craving stimulant, emmenagogue, to expand milk generation in nursing moms 

to strugle parasitic diseases, and to support immune tract [5, 6]. The majority of the therapeutic properties of this 

plant are expected to the have of thymoquinone (TQ) which is a generous dynamic compound constituent of the 

essential oil. 
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2 GENERAL AND PHYSICOCHEMICAL PROPERTIES OF N. SATIVA 

  
2.1 Morphology of the Plant 

 

N. sativa is an annual herb of the Ranunculaceae family, flowering plant grows at 18-100 cm tall, with delicately 

splited leaves; the flowers are white, yellow, pink, pale blue or pale purple color, with 5-10 petals. The fruit is a 

large and blown capsule consists of 3-7 combined follicles, each incluiding several seeds [5]. 

 

   
Figure 1. Nigella sativa (adopted from internet) 

 

Seeds of N. Sativa are minor dicotyledonous, trigonus, angular, tubercular, 2-3.5mm×1-2 mm, dark outside and 

white inside, smell slightly fragranr and taste bitter [1, 7, 8) 

 

  
Figure 2. Seeds of Nigella sativa (Black seed or Çörek otu) (adopted from internet) 

 

2.2 Chemical composition of black seeds 

 

Various active components have been discreted, determined and presented so far in different black seeds. Major 

component of the seed is oil with content ranges from 35% to 40%. Generally, oil extraction from raw or baked 

black seeds is applied by extrusion or using a solvent such as hexane [1, 9, 10]. The nonvolatile oil is composed 

mainly of unsaturated fatty acids, containing mainly linoleic acid (50-60%), oleic acid (20%), eicosadienoic acid 

(3%) and dihomolinoleic acid (10%) [11, 12]. Black seed oil is a plentiful source of essential fatty acids, 

tocopherols and sterols. Impartial (neutral) lipids make up 93% of the total lipid component and comprise of 96.0% 

triacylglycerols (TAGs), 2.0% free fatty acids (FFAs) and 1.9% diacylglycerols, while monoacylglycerols make 

up under 0.1% of the impartial lipid parts [12]. The fixed oil structure is 98-99% of this fraction and the essential 

oil theme constitute the staying 0.1-2% [13]. 

 

The essential oil was examined by Burits and Bucar [14] with GC-MS. Many constituents were characterized, but 

thymoquinone was identified as the major component. The foremost active components are thymoquinone (30%-

48%), thymohydroquinone, dithymoquinone, p-cymene (7%-15%), carvacrol (6%-12%), 4-terpineol (2%- 7%), 

tanethol (1%-4%), sesquiterpene longifolene (1%-8%) α-pinene and thymol [15]. 

1063



Physicochemical Properties and Nutritional Quality of Nigella Sativa Oil ICADET ‘19 

 

 

Fatty acids (FAs) can be situated in saturated or unsaturated forms. FAs fragments are important in terms of 

oxidative steadiness and nutritional characteristics. Fatty acid contents can be changed by extraction procedures 

and varieties of the seeds. Total saturated and unsaturated fatty acids of cold press oil were 30 and 70%, 

respectively. Also, the oil extracted by using a solvent include saturated fatty acids by the grade of 17% and 

unsaturated fatty acids of 83% [10, 16]. 

 

The most plentiful saturated FAs in the seeds oil were palmitic acid followed by stearic and myristic acids, while 

linoleic, oleic, and α-linolenic acids were the major unsaturated FAs. Linoleic acid had the highest amount among 

FAs in the oil components [17]. 

 

The seeds include protein (26%), carbohydrates (25%), crude fibre (8%) and total ash (5 %). The seeds are also 

containing vitamins and minerals like Cu, P, Zn and Fe, substantially. The seeds include carotene which is 

transformed by the liver to vitamin A [9, 16].  

 

2.3 Benefits of black seed oil and Health aspects 

 

Different bioactive ingredients from the seeds have been described in the academic literature; among those the 

foremost bioactive components are thymoquinones. Other main phytochemicals reported from many types of N. 

sativa include sterol and saponin, phenolic component, alkaloid, novel lipid constituent and fatty acid, and volatile 

oil of different arrangement [18, 19]. 

 

Thymoquinone isolated by several extraction techniques from the seeds over a wide range: using SC-CO2 

(Supercritical carbon dioxide) (1.06, 4.07 mg/g) and by Soxhlet extraction (2940.43 mg/kg) and (8.8 mg/g) oil [20-

22]. 

 

Black seed oil has bioactive agent, for example, phytosterols, tocopherols, polyphenols, polyunsaturated fatty acids 

and phospholipids. Therefore, it can be considered for different food combinations. In terms of pharmaceutical 

uses, black seed conjugated sterols are siginificant since they go about as the precursors for the hemisynthesis of 

various hydrosoluble steroids, for example, alkaloids, saponins, provitamins (D2 and D3), and cardiotonic 

glycosides [23]. 

 

Essential oil scheme in black seed oil such as bioactive components have a intense antimicrobial effect and could 

be utilized as antibacterial agent. Black seed could be beneficial for the therapy of certain infections such as acnes 

and staph infection in the skin [23-25]. 

 

Black seed oil possess antioxidative characteristics as it is a rich source of antioxidant ingredients such as natural 

phenolic substances and tocopherols. The oil has been used to enhance other vegetable oils oxidative strength. For 

instance, the oil was added to sunflower oil, and this process demonstrated that sunflower oil oxidative steadiness 

was developed due to the raised amount of thymoquinone and tocopherol contents [26]. 

 

The antimicrobial effects of black seed oil on foodborne pathogens bacteria such as Escherichia coli, 

Staphylococcus aureus, Salmonella enteritidis, Listeria monocytogenes were investigated in foods [27]. 

Especially, the essential oil has antibacterial activity against Gram-positive bacteria [28]. Thymoquinones could 

also raise the effect of antibiotics in case of spthylococcal illness. The mixing of thymoquinone and 

thymohydroquinone with various antimicrobial drugs demonstrated synergistic action on S. aureus. S. aureus was 

low resistance to thymoquinone [29]. In addition, many studies have reported that thymoquinone is the most 

siginificant component with anticancer agent in vivo. The molecular treatment of its anticancer affect is not clearly 

understand. But, numerous studies reported that thymoquinone has an antioxidant property, enhancement immun 

system [30]. It has also been showed that it decreases tumour density, inhibits metastasic cancer and lags death 

rate of P815 tumour bearing rat [31]. 

 

Thymoquinone shows a critical action in the cure of rheumatoid arthritis in humans. The essential oils and 

thymoquinone have an potent action in the treatment of inflammatory and rheumatoid arthritis by inhibiting 

arachidonic acid-generated eicosanoids (thromboxane B2, leukotriene B4) [11, 32].  

 

3 CONCLUSION 
 

Therapeutic plants and herbs are used for medicinal goal since the early of human culture. They consists 

phytocomponents that shows therapeutic potency. Obviously, N. sativa is extensively utilized in convential 

medicine systems and has been declared to possess various pharmacologic characteristics such as hepatoprotective, 
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anti-inflammatory, antitussive, antifungal and antibacterial. The use of çörek otu and their active component 

thymoquinone has been shown to have various beneficial effects in the cure of patients with diverse ailment, such 

as inflammatory and auto-immune irregularity, as well as metabolic syndrome.  

 

Black seed oil seems to be a rich resource of essential fatty acids and various bioactive components. The superior 

linoleic and oleic acid, the prominent quantity of native antioxidants such as polyphenolic, tocopherol and 

thymoquinone content get this oil nourishing and capable of being preserved its durability for a long time. 
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Abstract 

Milk, which takes an important place for nutrition and health, is considered to be a 

rich source in terms of natural bioactive components. Bioactive milk components 

included in the class of secondary metabolites have many beneficial effects on human 

health such as weight control, heart health, bone development and supporting the 

immune system. They also play a significant role in the prevention of many diseases, 

such as cancer, diabetes and obesity. In recent years, the studies and consumer 

interest in bioactive components have gradually increased around the world. 

Information about the components that are naturally present in milk and the effects 

of these components on human health was given in this review study. 

 

1 INTRODUCTION  
 

While bioactive components with positive effects on cardiovascular diseases, cancer, diabetes, obesity, 

osteoporosis and immune system by affecting cellular and physiological activities in the body are not included in 

the class of primary metabolites (carbohydrate, protein and fat) that are necessary for growth and development, 

they provide the organism with the ability to survive and withstand harsh living conditions as secondary 

metabolites [1, 2]. The fractionation and marketing of bioactive milk components, which are also used for the 

development of the formulations of milk and pharmaceutical products, are quite important for human health, bio-

industry and dairy industry. Natural bioactive components contained in milk are classified as casein, serum 

proteins, immunoglobulins, enzymes, lactoferrin, bioactive peptides, lactose, oligosaccharides, lipids, vitamins 

and minerals [3]. 

 
1.1  Effects of Natural Bioactive Milk Components on Health 

 

Milk proteins, which are one of the main food components with changing biological activity depending on the 

essential amino acid group contained in them and its amount, are divided into two main groups as casein and serum 

proteins [4]. In some cases, casein forms complexes with inorganic components such as calcium, phosphate, 

magnesium and acts as the precursor of bioactive peptides [4, 5]. 

 

Serum proteins with the globular structure are frequently used in food formulations due to their rich nutritional 

composition and low cost [6, 7]. Serum proteins ensure weight control and support the immune system in the body 

[8]. α-lactalbumine, one of the serum proteins, plays a significant role in the strengthening of the immune system, 

the reduction of the risk of developing cancer and athlete nutrition. Moreover, it is also used commercially in baby 

food formulations in some countries [9, 10]. Immunoglobulins that are globular antibodies pass from the mother 

to the child through blood and breastfeeding and act as the carriers of passive immunity in infants [9, 11]. 

Glycomacropeptides have significant effects on weight control and the protection of dental health and stand out as 

a convenient protein for patients with phenylketonuria [8, 9]. 

 

Lactoperoxidase, which is defined as an antimicrobial peptide, catalyzes the oxidation of thiocyanate (SCN-) in 

the presence of hydrogen peroxide (H2O2) and enables the high formation of oxy-acids with antibacterial effect 

such as hypothiocyanate (OSCN-), cyanosulfurous acid (HO2SCN) and cyanosulfuric acid (HO3SCN) [3, 12].  

 

Lysozyme, which is an antimicrobial enzyme, has an inhibitory or lethal effect on many gram (-) and gram (+) 

organisms such as Pseudomonas aeruginosa, Salmonella typhimurium and Listeria monocytogenes, as a result of 
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its combination with lactoferrin [4]. Lactoferrin, which is an iron-binding protein and has antiviral and antifungal 

effects, supports the development of osteoblasts [7, 12-14]. 

 

Bioactive peptides that positively affect the physiological and metabolic functions of the body and have beneficial 

effects on human health, help memory, stress and weight control by creating opioid (sedative, morphine-like) 

effect and feeling of fullness, protect heart, bone, dental health and support the digestive system and immunity [3, 

15, 16]. Casomorphins (α-, β), casokinins (α-, β), casoxin, casoplatenins and β-lactoglobulin-derived β-lactorphin, 

β-lactostatin and β-lactotensin that are contained in casein fractions stand out as important bioactive peptides [17, 

18, 19]. 

 

Lactose, which meets the carbohydrate requirement of the newborn offspring on the first days, functions in body 

fat metabolism, weight control and calcium absorption. Lactic acid, formed by the breakdown of lactose, has 

antiseptic effects on putrefying bacteria in the intestinal flora. Furthermore, galactose, which is contained in the 

structure of lactose, plays a significant role in the nutrition of brain cells. In individuals with lactose intolerance, 

problems such as pain, bloating and nausea may be observed due to the indigestion of lactose [11]. 

Oligosaccharides provide resistance to infections in the body by binding to pathogens [20]. 

 

Milk fat, which takes an important place in terms of nutrition physiology due to the fact that it contains fatty acids 

with high physiological value, has high digestion rate and contains vitamins A-D-E-K, contains many bioactive 

substances (polyunsaturated fatty acids, phospholipids, cholesterol, gangliocytes and fatty acids with short or 

medium chain length such as glycolipids) with high functional properties in its composition and these components 

take on important tasks as anti-inflammatory, antibacterial and antiviral agents in the intestine depending on their 

structure and composition in milk [8, 21, 22].  

 

Milk and dairy products stand out as important sources in terms of linoleic, linolenic and arachidonic acid from 

polyunsaturated fatty acids and these fatty acids play an effective role in the prevention of many diseases such as 

cancer, stroke, anti-inflammatory disorders and cardiovascular diseases [23, 24]. Conjugated linoleic acid, which 

is the conjugated isomer of an essential fatty acid linoleic acid (cis-9, cis-12, octadecadienoic acid), has effects on 

the prevention of cancer and mutation formation, the prevention of intravascular plaque formation, body fat 

accumulation and obesity, supporting the immune system [25, 26]. 

 

Phospholipids, which form the main components of bone, brain, nerve tissue, cardiac muscles, liver and conduct 

cell membrane function, have a protective effect against gastric ulcer [8, 11, 21, 27]. Cholesterol, which is the 

main component of the cell membrane and nerve cells, acts as a precursor of vitamin D and sex hormones, regulates 

the absorption of fat in the intestines [11]. 

 

Vitamin A (retinol) ensures the protection of epithelial tissue and eye diseases, night blindness and some infections 

may be observed in case of its deficiency. Vitamin D provides the absorption of calcium and phosphorus in the 

body and the softening of bones and the decay of teeth are observed in case of its deficiency. Beriberi disease, 

disruption of carbohydrate metabolism and cramps are observed in the deficiency of vitamin B1 (thiamine) which 

is effective in the normal functioning of the digestive system and in the functioning of nerve tissues. In the 

deficiency of vitamin B2 (riboflavin), abnormalities in the ear, nose and eye, fatigue and loss of appetite are 

observed [11].  

 

Calcium, which plays a very important role in bone development, cardiac muscle activity and regulation of blood 

pressure, has preventive effects on diseases such as colorectal cancer, coronary heart disease and renal failure [28].  

 

2 CONCLUSION 
 

Milk, which contains the essential nutrients required for the growth and development of living things in itself at 

certain ratios, is shown as the most important source of bioactive components. Bioactive milk components protect 

the body against certain diseases and play an important role in improving health. Bioactive milk components are 

also used in the development of food formulations and thus make significant contributions to the dairy industry 

and the food market. Although some scientific studies have been carried out on the relationship between bioactive 

components and health and on their usage possibilities in recent years, sufficient information has not been achieved 

yet. Along with the increase in scientific studies on the subject and the development of industrial-scale processing 

techniques, it is considered that the effects of these components on health will be better understood in the near 

future and their areas of usage in the world market will increase. 
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Abstract 

Sulfonamide(s)(-SO2NH2) are an important class of drugs in the field of 

pharmacology because of their biological activities such as antibacterial, antiviral, 

anticancer, anti-obesity, antitroid, hypoglycemic, diuretic, anti-neuropathic pain. It 

is also the most common group of carbonic anhydrase inhibitors. In this study, the 

inhibition effects of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide 

molecules on CA I and CA II isoenzymes purified from human erythrocytes were 

investigated. Both sulfonamide molecules showed strong inhibitory effect on CAI 

and CAII isoenzymes. The IC50 values of 6-aminopyridine-3-sulfonamide and 

naphthalene-2-sulfonamide were found to be 58.33 µM and 316 nM for hCA-I, 

respectively. For hCA II, IC50 values of 6-aminopyridine-3-sulfonamide and 

naphthalene-2-sulfonamide were found to be 14.58 µM and 228 nM, respectively. Ki 

values of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide were 

found to be 81.82±5.56 µM, 346±91.5 nM for hCA I, respectively. On the other hand,  

Ki values of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide were 

found to be 60.67±4.81 µM, 266±74.4 nM for hCA II, respectively. According to 

these results, naphthalene-2-sulfonamide had a more potent inhibitory effect of CAI 

and CAII isoenzymes than 6-aminopyridine-3-sulfonamide. It is hoped that the 

results of this study may be useful in identifying new and effective CA inhibitors for 

drug design studies. 

1 INTRODUCTION  
 

Carbonic anhydrase enzymes (CAs, EC 4.2.1.1) are zinc-containing (Zn2+) metalloproteins included in the lyase 

class and catalyses carbon dioxide (CO2) conversion to bicarbonate (HCO3
-) and proton (H+) release reversibly [1, 

2]. The most fundamental function of carbonic anhydrase is respiratory and is responsible for CO2 /bicarbonate 

transport in various metabolised tissues. In addition, CA acts on many physiological functions such as pH 

regulation, ion transport, bone resorption, calcification, tumorigenicity and biosynthetic reactions 

(gluconeogenesis, lipogenesis, urogenesis etc.)[3]. Due to these important physiological functions, numerous 

studies have been carried out on CAs. Since CAs are closely related to many diseases such as glaucoma [4], edema 

[5], osteoporosis [6], obesity [7], ulcer [8], cancer [9], epilepsy and other neurological disorders [10, 11], CAs 

have become a therapeutic target molecule especially in drug design studies. Because of its physiological 

importance, the identification of activators and inhibitors of carbonic anhydrase enzymes has been a strong target 

for drug development studies. Currently inhibitors of CAs are widely used as drug in the treatment of many 

diseases such as glaucoma, epilepsy, ulcer, cancer, obesity, edema [12, 13]. On the other hand, nowadays carbonic 

anhydrase activators are evaluated as potential pharmacological agents in Alzheimer’s disease, ageing and other 

neurological disorders. Recent studies have shown that the HCO3
-concentration is increased rapidly and efficiently 

in the memory-related nerve structures with the activation of the carbonic anhydrase enzyme. Therefore, it has 

been determined that the carbonic anhydrase enzyme plays an important role in signal processing, long-term 

synaptic transformation and memory storage. So, carbonic anhydrase dysfunction is closely related to mental 

retardation, Alzheimer's and other neurodegenerative diseases. Scientists therefore thought that CA activators 

would provide a new method of treatment for Alzheimer's and other mental disorders [14, 15]. 
 
To date, 16 CA isoenzymes with significant physiological roles have been identified, and among them CAI and 

CAII are the most studied isoenzymes [16]. CA-I and CA-II are two major isoforms found in mammalian red 

blood cells. CA-I is the most abundant protein in erythrocytes, but also in the gastrointestinal tract. CA II, which 
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has the highest turnover ratio, shows widespread distribution in almost all tissues and organs together with 

erythrocytes. CAI and CAII are involved in important metabolic functions such as gas exchange, ion transport and 

antireflux defense [17, 18]. Therefore, the determination of these two isoenzyme inhibitors is very important. For 

example, inhibition of CA-II reduces intraocular pressure which damages the optic nerve of the eye in gluocoma. 

Therefore, CA-II inhibitors are important in the treatment of glaucoma. In addition, recent studies have indicated 

that CAI and CAII inhibitors can be used as important biomarkers in some cancer diseases. Carbonic anhydrase 

inhibitors are divided into two main classes according to enzyme binding sites. The first is those that bind to the 

catalytic zinc ion in the active site of the enzyme. The second is the ones that are not directly affected by the zinc 

ion and are connected to the active site. The sulfonamide group is the most important and the largest CA inhibitor 

group that performs CA inhibition by binding to zinc ion in the active site [19]. Since there are 16 isoenzymes of 

the carbonic anhydrase enzyme, most of the CA inhibitors lack the selectivity and have numerous undesirable side 

effects. One way to prevent this is to design inhibitors that inhibit specific isoenzymes. Therefore, studies on the 

development of inhibitory derivatives which show selective inhibition effect against CA isoenzymes are very 

important. 

 

In this study, the inhibition effects of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide molecules 

on CA I and CA II isoenzymes purified from human erythrocytes were investigated. Both sulfonamide molecules 

showed strong inhibitory effect on human erythrocyte CAI and CAII isoenzymes. 

 

2 MATERIAL AND METHOD 
 

2.1 Chemicals 

 
6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide molecules, all chemicals used in purification 

processes and kinetic studies were purchased from Sigma-Aldrich Co. (Steinheim, Germany). 

 

2.2 CO2-Hydratase Activity Assay 

 

The hydratase activity of the CA enzyme is determined by utilizing the enzyme's catalysis of the hydration of the 

CO2 molecule and the dehydration reactions of the HCO3
-ion. Enzyme activity can be determined by the indicator 

as the pH is influenced by the change in H+ concentration in the medium. In this method, the time taken to decrease 

pH from 8.2 to 6.3 in CO2 hydration is determined with the help of bromine thymol blue indicator. The enzyme 

unit (EU) is determined by the formula  𝐸𝑈 = 𝑡0 − 𝑡𝑐 𝑡𝑐⁄  (t0:reaction time without enzyme, tc:reaction time with 

enzyme).  CAI and CAII activities in the prepared erythrocyte hemolysate and during the purification processes 

were determined by CO2-hydratase activity method [20].  

 

2.3 Esterase Activity Assay 

 

In this method, CA enzyme hydrolyzes p-nitrophenyl acetate, p-nitrophenol and p-nitrophenolate, which are used 

as substrates. The formation of 4-nitrophenylate from 4-nitrophenylacetate shows absorbance at 348 nm. This 

absorbance is measured at 25 °C for 3 min. In this study, this activity method was used in vitro inhibition studies 

[21].  

 

 

2.4 Purification Process of CA I and CA II From Human Erythrocytes 

 

CAI and CAII isoenzymes were purified from human erythrocytes using affinity chromatography method. CNBr 

activated sepharose-4B-L-tyrosine-sulfanilamide as filler in the affinity column. The affinity column was 

equilibrated using 25 mM Tris-HCl / 0.1 M Na2SO4 (pH 8.7) buffer solution.  Preparation of human erythrocyte 

hemolysate (40 mL) and purification of CAI and CAII were done as in previous study  [22]. During the purification, 

the elution of CA I and CA II was monitored by measuring the absorbance at 280 nm. CA I and CA II activity in 

the eluates were measured by the hydratase activity measurement method determined by Wilbur-Anderson [20]. 

The active enzyme fractions were collected and dialyzed against 0.05 M Tris-SO4 (pH 7.4) buffer overnight. After 

dialysis, CA I and CA II isoenzymes were stored at -80 °C in small fractions for use in subsequent kinetic studies. 

The amount of protein in the hemolysate and the purified CA I and CA II enzyme solutions was determined using 

the Bradford method [23]. The purity control of the isoenzymes was performed by SDS-PAGE determined by 

Laemmli [24].  
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2.5 Biological Activity Assay 

 

The activity of carbonic anhydrase isoenzymes in inhibition studies was measured by the esterase activity 

described by Verpoorte et al. [21]. Activity measurements were performed using at least 5 different concentrations 

of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide molecules. In the absence of sulfonamide 

molecules, the control activity of the CAI and CAII isoenzymes is assumed to be 100%. Measurement results are 

plotted as %Activity / [Inhibitor Concentration] graphs. The IC50 values were calculated for 6-aminopyridine-3-

sulfonamide and naphthalene-2-sulfonamide from these graphs. To determine the inhibition types and Ki values 

of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide, activity measurements were performed at 3 

different inhibitor concentrations and 5 different substrate concentrations ( 0.150 mM, 0.300 mM, 0.450 mM, 

0.600 mM, 0.750 mM). Lineweaver-Burk graphs (1/V-1/[S]) were drawn with measurement results. Ki values of 

the sulfonamides were determined from these graphs.  

 

3 RESULTS 
 

The aim of this study was to investigate the inhibition effects of 6-aminopyridine-3-sulfonamide and naphthalene-

2-sulfonamide molecules on human erythrocytes CAI and CAII isoenzymes. For this purpose, the isoenzymes 

were purified by using CNBr activated sepharose-4B-L-tyrosine-sulfanilamide affinity method. CAI and CAII 

isoenzymes purified from human erythrocytes with a yield of 50% and 38%, a specific activity of 2500 EU/mg 

and 3200 EU/mg, respectively. At the same time CAI and CAII were purified 2880 and 3600 fold, respectively.  

Then it was investigated inhibitory effects of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide on 

the activities of pure isoenzymes. We determined IC50 and Ki values to determine the inhibition effects and 

inhibition types of these molecules. IC50 values of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide 

molecules were determined for CAI and CAII by plotting Activity% versus inhibitor concentration graphs (Figure 

1). IC50 values of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide for hCA I were found as 58.33 

µM and 316 nM, respectively. IC50 values of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide for 

hCA II were found as 14.58 µM and 228 nM, respectively (Table 1). Lineweaver-Burk graphs were drawn and Ki 

values and inhibition types were determined for CAI and CAII isoenzymes (Figure 2). Ki values of 6-

aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide were found to be 81.82±5.56 µM, 346±91.5 nM for 

hCA I, respectively. On the other hand,  Ki values of 6-aminopyridine-3-sulfonamide and naphthalene-2-

sulfonamide were found to be 60.67±4.81 µM, 266±74.4 nM for hCA II, respectively (Table 1). 6-aminopyridine-

3-sulfonamide and naphthalene-2-sulfonamide showed noncompetitive inhibitory properties on CA I and CAII. 

 

Table 1. Inhibition results of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide molecules. 

Sulfonamides CA I CA II 

IC.50  Ki  Inhibition Type IC50  Ki  Inhibition Type 
6-aminopyridine-3-

sulfonamide 
58.33 µM 81.82±5.56 µM Noncompetitive 14.58 µM 60.67±4.81 µM Noncompetitive 

naphthalene-2-

sulfonamide 
316 nM 346±91.5 nM Noncompetitive 228 nM 266±74.4 nM Noncompetitive 
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Figure 1. IC50 graphs of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide for CA I and CA II 

isoenzymes 

 

 
Figure 2. A: Lineweaver-Burk graph of 6-aminopyridine-3-sulfonamide for CA I, B: Lineweaver-Burk graph of 

naphthalene-2-sulfonamide for CAI, C: Lineweaver-Burk graph of 6-aminopyridine-3-sulfonamide for CA II, D: 

Lineweaver-Burk graph of naphthalene-2-sulfonamide for CAII. 

 

4 CONCLUSION 
 

Sulfonamide groups are ideal ligands for the CA active site for two reasons: On the one hand, the sulfonamides 

combines the positively charged zinc ion with the negative charge of deprotonated nitrogen ion. On the other hand, 

a proton in the coordinated nitrogen atom is compatible with Thr199, a hydrogen bond acceptor that forms a tight 

bond with hydrogen [25]. Currently, most of the carbonic anhydrase enzymes used in the treatment of various 

diseases in the clinic are sulfonamide. CA isoenzymes are seen as potential therapeutic targets that can be inhibited 

in the treatment of most of diseases such as gluocoma, edema, obesity, cancer, epilepsy, osteoporosis [22]. Since 
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CA isoenzymes have been discovered to be associated with many disorders, CA inhibitors are target molecules in 

drug design studies. Nowadays, studies for the identification of new and specific inhibitors of CA isoenzymes are 

continuing rapidly.  

 

Considering the importance of sulfonamides and CA inhibitors, in this study it was investigated the inhibitory 

effects of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide molecules on CAI and CAII 

isoenzymes isolated from human erythrocytes. IC50 values of 6-aminopyridine-3-sulfonamide and naphthalene-2-

sulfonamide for hCA I were found as 58.33 µM and 316 nM, respectively. IC50 is the concentration of inhibitor 

that halves enzyme activity. A small IC50 value indicates strong inhibition. IC50 values of 6-aminopyridine-3-

sulfonamide and naphthalene-2-sulfonamide for hCA II were found as 14.58 µM and 228 nM, respectively. 

Accordingly, for CA I and CAII, naphthalene-2-sulfonamide is more potent inhibitor than 6-aminopyridine-3-

sulfonamide. Ki is constant indicating the binding affinity of the inhibitor to the enzyme. The small Ki value 

indicates that the inhibitor has a high affinity for the enzyme. Ki values of 6-aminopyridine-3-sulfonamide and 

naphthalene-2-sulfonamide were found to be 81.82±5.56 µM, 346±91.5 nM for hCA I, respectively. On the other 

hand,  Ki values of 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide were found to be 60.67±4.81 

µM, 266±74.4 nM for hCA II, respectively. 6-aminopyridine-3-sulfonamide and naphthalene-2-sulfonamide 

showed noncompetitive inhibition on both isoenzyme activities. Accordingly, these molecules reduce the catalytic 

activity of isoenzymes to linkages outside the active site of the isoenzymes.  

 

In conclusion. it has been discovered that carbonic anhydrase isoenzymes are associated with many diseases from 

glucoma to cancer, and the identification of new and specific inhibitors of these isoenzymes has been the target 

for drug design studies. Therefore, we hope that this study will contribute to the design of new sulfonamide 

therapeutics in drug design studies.  
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Abstract 

Multi-criteria decision making (MCDM) problems are an indispensable part of real 

life problems. Among all MCDM methods to handle these problems, the Technique 

for Order Preference by Similarity to Ideal Solution (TOPSIS) method is considered 

as one of the most well-known and simple to use method in real life MCDM 

problems. However, due to complexity and uncertainty of information in these 

problem, crisp numbers remain incapable to manage them. Despite the fact that fuzzy 

sets and intuitionistic fuzzy sets are useful tools to deal with such complexity and 

uncertainty, since these sets studied in a uniform and symmetrical interval [0,1], they 

remain incapable to handle the problems that consist non-uniform and unsymmetrical 

information. Therefore, in this work, we apply intuitionistic multiplicative 

information to TOPSIS and propose IM-TOPSIS method to overcome the real life 

problems that need to be graded with non-uniform and unsymmetrical information. 

1 INTRODUCTION  
 

Multi criteria decision making (MCDM) problems are very important and highly attractive topic of research for 

nearly last five decades. Its role in different application areas has increased significantly, and growing day by day 

due to its emerging applications in various fields such as economics, information systems, decision theory and 

engineering problems. Several studies have been introduced to develop MCDM methods [1-8]. Among all these 

useful MCDM methods, Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) method which 

is introduced by Hwang and Yoon [9] drew attention with its simplicity. TOPSIS method attempts to choose 

alternatives that simultaneously have the shortest distance from the positive ideal solution and the farthest distance 

from the negative-ideal solution [10]. The positive ideal solution maximizes the benefit criteria and minimizes the 

cost criteria, while the negative ideal solution maximizes the cost criteria and minimizes the benefit criteria. 

Calculation complexity and stability of TOPSIS method is moderate, which means that it is not too simple or too 

complex when compared to other methods. Detailed literature review can be found in [11].    

 

As MCDM methods have evolved in years, the uncertainties and complexities of real-life problems have increased 

too. So, the use of crisp numbers in MCDM problems became insufficient to deal with them. Therefore, Zadeh 

[12] first introduced the concept of fuzzy sets (FSs) by extending crisp set’s characteristic function to interval of 

[0,1] and called it as membership function. Then, Atanassov [13] generalized it to intuitionistic fuzzy sets (IFSs) 

by adding a non-membership function to FSs. Moreover, Szmidt & Kacprzyk [14] defined intuitionistic fuzzy 

preference relations. These sets and relations have applied to many decision making problems [14-18]. However, 

these sets only use [0,1] scale to manage real life problems. This scale is distributed uniformly and symmetrically 

when grading problem information. But, in real life there are numerous problems that contain non-uniform and 

unsymmetrical information. Therefore, Saaty [19] first introduced [1/9,9] scale to handle such problems by using 

ratio scales and proposed multiplicative preference relations. As the studies on FSs and IFSs have been developed, 

a true need of handling non-uniform and unsymmetrical information has appeared. Thus, Xia et al. [20] proposed 

intuitionistic multiplicative set (IMS) and intuitionistic preference relations (IMPRs) to deal with such information 

in real life problems.   

 

TOPSIS method has been applied to FSs by Chen [21] and it was used in a supplier selection problem in [22]. 

Then, fuzzy TOPSIS has been extended to IFSs by Boran et al. [23]. However, as stated above these studies use 

[0,1] scale to manage real life problem. In this work, we apply TOPSIS method to IMSs and propose IM-TOPSIS 

method to handle non-uniform and unsymmetrical information in real life problems. 
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Table 1. Comparison between 0 − 1 and 1 9⁄ − 9 Scales 

1/9-9 Scale 0.1-0.9 Scale Meaning 

1/9 0.1 Extremely not preferred 

1/7 0.2 Very strongly not preferred 

1/5 0.3 Strongly not preferred 

1/3 0.4 Moderately not preferred 

1 0.5 Equally preferred 

3 0.6 Moderately preferred 

5 0.7 Strongly preferred 

7 0.8 Very strongly preferred 

9 0.9 Extremely preferred 

Other values between 1/9 and 9 Other values between 0 and 1 
Intermediate values used to present 

compromise 

 

2 PRELIMINARIES 
 

In this section, we present some fundamental definitions of IMSs, its distance measures and similarity measures. 

 

Definition 1. [13] Let X be a non-empty set, then an IFS A in X is defined as 

 

𝐴 = {〈𝑥, 𝜇𝐴(𝑥), 𝜈𝐴(𝑥)〉|𝑥 ∈ 𝑋}                                                                                                                                   (1) 

 

where  𝜇𝐴, 𝜈𝐴 ∶→ [0,1] represents the degree of membership and the degree of non-membership of  the element 𝑥 

such that for any 𝑥 ∈ 𝑋,  
 

𝜇𝐴(𝑥) + 𝜈𝐴(𝑥) ≤ 1.                                                                                                                                                     (2) 

 

Then, 𝜋𝐴 = 1 − (𝜇𝐴(𝑥) + 𝜈𝐴(𝑥)) is called hesitancy degree of the element 𝑥 in the set 𝐴. 

 

Definition 2. [20] Let X be a fixed set, an intuitionistic multiplicative set (IMS) is defined as 

 

𝐷 = {〈𝑥, 𝜌𝐷(𝑥), 𝜎𝐷(𝑥), 〉|𝑥 ∈ 𝑋}                                                                                                                              (3) 

 

which assigns to each element 𝑥 a membership information  𝜌𝐷(𝑥) and  a non-membership information 𝜎𝐷(𝑥), 

with the conditions  

 
1

9
≤ 𝜌𝐷(𝑥), 𝜎𝐷(𝑥) ≤ 9, 0 < 𝜌𝐷(𝑥)𝜎𝐷(𝑥) ≤ 1, ∀𝑥 ∈ 𝑋.                                                                                                 (4) 

 

Using the pair (𝜌𝐷(𝑥), 𝜎𝐷(𝑥)), 𝛼 = (𝜌𝛼 , 𝜎𝛼) called as intuitionistic multiplicative number (IMN). To compare 

IMNs, score function is defined as 𝑠(𝛼) = 𝜌𝛼/𝜎𝛼 and accuracy function is defined as ℎ(𝛼) = 𝜌𝛼.  

 

Definition 3. [20] Let 𝑋 = {𝑥1, 𝑥2, … , 𝑥𝑛} be n alternatives. Then an intuitionistic multiplicative preference 

relation is expressed as 𝐴 = (𝛼𝑖𝑗)𝑛×𝑛
, where 𝛼𝑖𝑗 = (𝜌𝛼𝑖𝑗

, 𝜎𝛼𝑖𝑗
) is an IMN, and 𝜌𝛼𝑖𝑗

 indicates the degree to which 

the alternative 𝑥𝑖 is preferred to 𝑥𝑗, 𝜎𝛼𝑖𝑗
 indicates the degree to which the alternative 𝑥𝑖 is not preferred to 𝑥𝑗 and 

both of them should satisfy the conditions;  

 

0 < 𝜌𝛼𝑖𝑗
𝜎𝛼𝑖𝑗

≤ 1, 𝜌𝛼𝑖𝑗
= 𝜎𝛼𝑗𝑖

, 𝜎𝛼𝑖𝑗
= 𝜌𝛼𝑗𝑖

, 𝜌𝛼𝑖𝑖
= 𝜎𝛼𝑖𝑖

= 1,
1

9
< 𝜌𝛼𝑖𝑗

, 𝜎𝛼𝑖𝑗
≤ 9                                                 (5) 

 

Definition 4. [20] Let 𝛼1 = (𝜌𝛼1
, 𝜎𝛼1

), 𝛼2 = (𝜌𝛼2
, 𝜎𝛼2

) and 𝛼 = (𝜌𝛼 , 𝜎𝛼) be three IMNs and 𝜆 > 0. Then basic 

operations are defined as: 

 

1) 𝛼𝑐 = (𝜎𝛼, 𝜌𝛼) 

 

2) 𝛼1 ∧ 𝛼2 = (min(𝜌𝛼1
, 𝜌𝛼2

) ,max(𝜎𝛼1
, 𝜎𝛼2

)) 

 

3) 𝛼1 ∨ 𝛼2 = (max(𝜌𝛼1
, 𝜌𝛼2

) ,min(𝜎𝛼1
, 𝜎𝛼2

)) 
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4) 𝛼1 ⊕ 𝛼2 = (
(1+2𝜌𝛼1)(1+2𝜌𝛼2)−1

2
,

2𝜎𝛼1𝜎𝛼2

(2+𝜎𝛼1)(2+𝜎𝛼2)−𝜎𝛼1𝜎𝛼2

)                                                                                  (6) 

 

5) 𝛼1 ⊗ 𝛼2 = (
2𝜌𝛼1𝜌𝛼2

(2+𝜌𝛼1)(2+𝜌𝛼2)−𝜌𝛼1𝜌𝛼2

,
(1+2𝜎𝛼1)(1+2𝜎𝛼2)−1

2
) 

 

6) 𝜆𝛼 = (
(1+2𝜌𝛼)𝜆−1

2
,

2𝜎𝛼
𝜆

(2+𝜎𝛼)𝜆−𝜎𝛼
𝜆)                

                                                                            

7) 𝛼𝜆 = (
2𝜌𝛼

𝜆

(2+𝜌𝛼)𝜆−𝜌𝛼
𝜆 ,

(1+2𝜎𝛼)𝜆−1

2
) 

 

Definition 5. [20] Let 𝛼𝑖(𝑖 = 1,2, … , 𝑛) be a collection of IMNs, an intuitionistic multiplicative weighted 

averaging (IMWA) operator is defined as follows; 

 

IMWA(𝛼1, 𝛼2, … , 𝛼𝑛) =⊕𝑖=1
𝑛 (𝑤𝑖𝛼𝑖)  

 

which can be described as 

 

IMWA(𝛼1, 𝛼2, … , 𝛼𝑛) = (
∏ (1+2𝜌𝛼𝑖

)
𝑤𝑖

−1𝑛
𝑖=1

2
,

2∏ 𝜎𝛼𝑖

𝑤𝑖𝑛
𝑖=1

∏ (2+𝜎𝛼𝑖
)
𝑤𝑖𝑛

𝑖=1 −∏ 𝜎𝛼𝑖

𝑤𝑖𝑛
𝑖=1

)                                                                          (7) 

 

where 𝑤 = (𝑤1, 𝑤2, …𝑤𝑛)⊺ is the weight vector of 𝛼𝑖 with 𝑤𝑖 ∈ [0,1] and ∑ 𝑤𝑖
𝑛
𝑖=1 = 1. 

 

Definition 6. [20] Let 𝛼𝑖(𝑖 = 1,2, … , 𝑛) be a collection of IMNs, an intuitionistic multiplicative weighted 

geometric (IMWG) operator is defined as follows: 

 

IMWG(𝛼1, 𝛼2, … , 𝛼𝑛) =⊗𝑖=1
𝑛 𝛼𝑖

𝑤𝑖  

 

which can be written as 

 

IMWG(𝛼1, 𝛼2, … , 𝛼𝑛) = (
2∏ 𝜌𝛼𝑖

𝑤𝑖𝑛
𝑖=1

∏ (2+𝜌𝛼𝑖
)
𝑤𝑖𝑛

𝑖=1 −∏ 𝜌𝛼𝑖

𝑤𝑖𝑛
𝑖=1

,
∏ (1+2𝜎𝛼𝑖

)
𝑤𝑖

−1𝑛
𝑖=1

2
)                                                                         (8) 

 

where 𝑤 = (𝑤1, 𝑤2, …𝑤𝑛) is the weight vector of 𝛼𝑖 with 𝑤𝑖 ∈ [0,1] and ∑ 𝑤𝑖
𝑛
𝑖=1 = 1. Also the uncertain or 

hesitant information 𝜋𝐷(𝑥) for the IMS can be written as: 

 

𝜋𝐷(𝑥) =
1

𝜌𝐷(𝑥)𝜎𝐷(𝑥)
  

 

which is dependent to membership and the non-membership information. 

 

Definition 7. [24] Let 𝑋 = {𝑥1, 𝑥2 … , 𝑥𝑛} be a finite universe of discourse and Φ(𝑋) is the set of all intuitionistic 

multiplicative sets on 𝑋. Let 𝑑:Φ(𝑋) × Φ(𝑋) → [0,1] is a mapping for two IMSs A and B in X. Then 𝑑(𝐴, 𝐵) is 

called a distance between A and B, if it satisfies the following conditions: 

 

(1) 0 ≤ 𝑑(𝐴, 𝐵) ≤ 1; 

 

(2) 𝑑(𝐴, 𝐵) = 0 ⟺ 𝐴 = 𝐵; 

 

(3) 𝑑(𝐴, 𝐵) = 𝑑(𝐵, 𝐴); 

 

(4) If 𝐴 ⊆ 𝐵 ⊆ 𝐶, then 𝑑(𝐴, 𝐶) ≥ 𝑑(𝐴, 𝐵) and 𝑑(𝐴, 𝐶) ≥ 𝑑(𝐵, 𝐶) 

 

Definition 8. [24] Let A and B be two IMSs in X. Then 

 

𝑑1(𝐴, 𝐵) =
1

4𝑛
∑ (|log9

𝜌𝐴(𝑥𝑖)

𝜌𝐵(𝑥𝑖)
| + |log9

𝜎𝐴(𝑥𝑖)

𝜎𝐵(𝑥𝑖)
|)𝑛

𝑖=1                                                                                                           (9) 

 

is called the intuitionistic multiplicative normalized Manhattan distance between IMSs 𝐴 and 𝐵. 
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Definition 9.  [24] Let a and b be two IMNs in X. Then 

 

𝑑2(𝑎, 𝑏) =
1

4
(|log9

𝜌𝑎

𝜌𝑏
| + |log9

𝜎𝑎

𝜎𝑏
|)                                                                                                                             (10) 

 

is called the intuitionistic multiplicative normalized Manhattan distance between  IMNs 𝑎 and 𝑏. 

    

3 INTUITIONISTIC MULTIPLICATIVE TOPSIS METHOD 
 

3.1 The proposed method 

  

The proposed method is adapted from IFS-TOPSIS which was proposed in [23].   

 

Let 𝐴 = {𝐴1, 𝐴2, … , 𝐴𝑚} be a set of alternatives, 𝐶 = {𝐶1, 𝐶2, … , 𝐶𝑛} be a set of criteria and 𝑤 = [𝑤1, 𝑤2, … , 𝑤𝑛] 
be a weight vector with respect to criteria where ∑ 𝑤𝑗

𝑛
𝑗=1 = 1 and 𝑤𝑗 ≥ 0. Then, the steps of IMS-based TOPSIS 

method is given as follows: 

 

Step 1. Construct decision making matrix 𝑅 = (𝑟𝑖𝑗)𝑚×𝑛
= (〈𝜌𝑖𝑗 , 𝜎𝑖𝑗〉)𝑚×𝑛

: 

 

𝑅 =

      𝐶1                 𝐶2         …         𝐶𝑛

𝐴1

𝐴2

…
𝐴𝑚

[

〈𝜌11, 𝜎11〉 〈𝜌12, 𝜎12〉 ⋯ 〈𝜌1𝑛, 𝜎1𝑛〉

〈𝜌21, 𝜎21〉 〈𝜌22, 𝜎22〉 ⋯ 〈𝜌2𝑛, 𝜎2𝑛〉
⋮ ⋮ ⋱ ⋮

〈𝜌𝑚1, 𝜎𝑚1〉 〈𝜌𝑚2, 𝜎𝑚2〉 ⋯ 〈𝜌𝑚𝑛, 𝜎𝑚𝑛〉

]
                                                                                              (11) 

 

Step 2. Obtain weighted normalized decision matrix 𝑉:  

 

𝑉𝑚𝑛 = 𝑅𝑚𝑛 ⊗ 𝑤𝑛 = [

𝑟11𝑤1 ⋯ 𝑟1𝑛𝑤𝑛

⋮ ⋱ ⋮
𝑟𝑚1𝑤1 ⋯ 𝑟𝑚𝑛𝑤𝑛

]                                                                                                                 (12) 

 

where 𝑣𝑖𝑗 = 𝑟𝑖𝑗 ⊗ w𝑗 = (
(1+2𝜌𝑖𝑗)

w𝑗−1

2
,

2𝜎
𝑖𝑗

w𝑗

(2+𝜎𝑖𝑗)
w𝑗−𝜎

𝛼𝑖𝑗

w𝑗
) which can be expressed as (𝜌𝑉𝑖𝑗

(𝑐𝑗), 𝜎𝑉𝑖𝑗
(𝑐𝑗)). 

 

Step 3. Determine intuitionistic multiplicative positive-ideal solution and intuitionistic multiplicative negative 

ideal solution:  

 

Let 𝐽1 be a benefit criteria set and 𝐽2 be a cost criteria set, then 𝐴+ is the intuitionistic multiplicative positive ideal 

solution and 𝐴− is the intuitionistic multiplicative negative ideal solution which are formulated as: 

 

𝐴+ = (𝜌𝑉+(𝑐𝑗), 𝜎𝑉+(𝑐𝑗)) and 𝐴− = (𝜌𝑉−(𝑐𝑗), 𝜎𝑉−(𝑐𝑗)) 

 

where 

 

 𝜌𝑉+(𝑐𝑗) = ((max
𝑖

𝜌𝑉𝑖
(𝑐𝑗) |𝑗 ∈ 𝐽1) , (min

𝑖
𝜌𝑉𝑖

(𝑐𝑗) |𝑗 ∈ 𝐽2)), 

 

𝜎𝑉+(𝑐𝑗) = ((min
𝑖

𝜎𝑉𝑖
(𝑐𝑗) |𝑗 ∈ 𝐽1) , (max

𝑖
𝜎𝑉𝑖

(𝑐𝑗) |𝑗 ∈ 𝐽2)), 

                                                                                                                                                                              (13) 

𝜌𝑉−(𝑐𝑗) = ((min
𝑖

𝜌𝑉𝑖
(𝑐𝑗) |𝑗 ∈ 𝐽1) , (max

𝑖
𝜌𝑉𝑖

(𝑐𝑗) |𝑗 ∈ 𝐽2)), 

 

𝜎𝑉−(𝑐𝑗) = ((max
𝑖

𝜎𝑉𝑖
(𝑐𝑗) |𝑗 ∈ 𝐽1) , (min

𝑖
𝜎𝑉𝑖

(𝑐𝑗) |𝑗 ∈ 𝐽2)). 

 

Step 4. Calculate the separation measures: 
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In order to measure separation between alternatives on intuitionistic multiplicative sets, the Manhattan distance 

measure between two IMSs given in Eq. (9) and between two IMNs given in Eq. (10) are used. Using this distances, 

the formulation of intuitionistic multiplicative positive and negative separation measures are given as follows: 

 

 𝑆𝑖
+ =

1

4𝑛
∑ (|log9

𝜌𝑉𝑖𝑗
(𝑐𝑗)

𝜌𝑉+(𝑐𝑗)
| + |log9

𝜎𝑉𝑖𝑗
(𝑐𝑗)

𝜎𝑉+(𝑐𝑗)
|)𝑛

𝑖=1  

                                                                                                                                                                              (14) 

𝑆𝑖
− =

1

4𝑛
∑ (|log9

𝜌𝑉𝑖𝑗
(𝑐𝑗)

𝜌𝑉−(𝑐𝑗)
| + |log9

𝜎𝑉𝑖𝑗
(𝑐𝑗)

𝜎𝑉−(𝑐𝑗)
|)𝑛

𝑖=1   

 

Step 5. Calculate the relative closeness coefficient to the intuitionistic multiplicative ideal solution: 

 

Using 𝑆𝑖
+ and 𝑆𝑖

−, the relative closeness coefficient to the ideal solution is calculated as follows: 

 

𝐶𝑖 =
𝑆𝑖
−

𝑆𝑖
−+𝑆𝑖

+ where 0 ≤ 𝐶𝑖 ≤ 1.                                                                                                                                    (15) 

 

Step 6. Rank the alternatives: 

 

After the relative closeness coefficient of each alternative is determined, alternatives are ranked according to 

descending order of 𝐶𝑖. 

 

3.2 Numerical Example 

 

An automotive company is desired to select the most appropriate supplier for one of the key elements in its 

manufacturing process. After pre-evaluation, five suppliers have remained as alternatives for further evaluation. 

Four criteria are considered as: 

      

𝐶1: Product quality 

𝐶2: Relationship closeness 

𝐶3: Delivery performance 

𝐶4: Price 

 

The weights of criteria are determined as 𝑤 = [0.27 0.23 0.20 0.30].  
 

Step 1. The evaluation values with respect to four criteria are given in Table 2.  

 

Table 2. Decision matrix 

 𝑪𝟏 𝑪𝟐 𝑪𝟑 𝑪𝟒 

𝑨𝟏 (5,
1

6
) (

3

5
, 1) (

2

5
, 2) (2,

1

3
) 

𝑨𝟐 (
1

2
, 2) (1,

1

7
) (

1

3
,
9

4
) (

9

7
,
1

2
) 

𝑨𝟑 (
9

2
,
1

7
) (

5

6
,
6

5
) (1,

1

3
) (

5

8
, 1) 

𝑨𝟒 (
3

2
,
4

7
) (

2

3
,
4

5
) (

1

2
, 1) (1,

1

6
) 

𝑨𝟓 (
5

4
,
5

9
) (

4

7
,
5

9
) (

5

7
,
8

7
) (

5

3
,
3

7
) 

 

Step 2.  Weighted decision matrix 𝑉 is obtained as: 

 

𝑉 =

[
 
 
 
 
(0.4553, 2.0024) (0.0994,6.9572) (0.0624,13.4500) (0.3103,2.5227)

(0.1029,9.7178) (0.1437,2.3142) (0.0538,14.7447) (0.2325,3.2224)

(0.4310,1.8561) (0.1265,7.9032) (0.1229,4.2037) (0.1377,5.1231)
(0.2270,3.9924) (0.1076,5.9891) (0.0743,8.1390) (0.1952,1.7261)
(0.2012,3.9224) (0.0958,4.7565) (0.0971,8.9190) (0.2763,2.9297)]
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Step 3. Intuitionistic multiplicative positive-ideal solution and intuitionistic multiplicative negative ideal solution 

are determined as: 

 

𝐴+ = (0.4553,1.8561), (0.1437,2.3142), (0.1229,4.2037), (0.1377,5.1231)  

 

𝐴− = (0.1029,9.7178), (0.0958,7.9032), (0.0538,14.7447), (0.3103,1.7261)  

 

Step 4. The separation measures are calculated as: 

 

𝑆𝑖
+ = (0.1396,0.1767,0.0401,0.1508,0.1403) where 𝑖 = 1,2, . . ,5. 

 

𝑆𝑖
− = (0.1396,0.1767,0.0401,0.1508,0.1403) where 𝑖 = 1,2, … ,5. 

 

Step 5. The relative closeness coefficient is calculated as: 

 

𝐶𝑖 = (0.4397,0.2908,0.8390,0.3946,0.4367) where 𝑖 = 1,2, . . ,5. 

 

Step 6. Rank the alternatives: 

 

Ranking the alternatives with descending order we obtain 𝐴3 > 𝐴1 > 𝐴5 > 𝐴4 > 𝐴2. Clearly, 𝐴3 is the best 

supplier for this company.  

 

Same example can be solved with the aggregation operator given in Eq. (7) or Eq. (8). We use the IMWA operator 

to aggregate the evaluation values in Table 2 with the same weights as: 

 

α𝑖 = IMWA(𝐴1, 𝐴2, … , 𝐴5) =⊕𝑖=1
5 (𝑤𝑖𝐴𝑖) = (𝜌𝑖 , 𝜎𝑖) where 𝑖 = 1,2, … ,5. 

 

and we obtain aggregated values as: 

 

α1 = (1.5876,0.4652), α2 = (0.7595,0.6375), α3 = (1.3536,0.4607),    
  

α4 = (0.9109,0.4562), α5 = (1.0492,0.5851).  

 

Using the score function for IMNs we obtain the final values of alternatives: 

 

𝑠(α1) = 3.4130, 𝑠(α2) = 1.1914, 𝑠(α3) = 2.9385, 𝑠(α4) = 1.9968, 𝑠(α5) = 1.7932. 

 

Ranking them with descending order we obtain 𝐴1 > 𝐴3 > 𝐴4 > 𝐴5 > 𝐴2. When compared to IM-TOPSIS, the 

order of first alternative and the second alternative has changed. Also, the order of 𝐴4 and 𝐴5 has changed too. 

Obviously, this situation shows the effect of IM-TOPSIS in decision making problems. Thus, using MCDM 

methods in real life problems give more accurate results.  

 

4 CONCLUSION 
 

In this work, TOPSIS method is extended to IM-TOPSIS method by using intuitionistic multiplicative sets. 

Disadvantages of well-known TOPSIS methods such as Fuzzy TOPSIS and Intuitionistic Fuzzy TOPSIS explained 

in terms of grading scale of problem information. Separation measures are calculated with intuitionistic 

multiplicative normalized Manhattan distance. Furthermore, same example is solved with IMWA given in Eq. (7) 

and the results are compare. Clearly, the IM-TOPSIS method produce more comprehensive results when compared 

to aggregation operators. The advantage of this method is to solve MCDM problems that contain non-uniform and 

unsymmetrical information.  

 

Further research associated with this study includes developing new MCDM methods using IMS concept. There 

are solving techniques in the literature combining aggregation operators and MCDM methods together. Moreover, 

there are hybrid methods to combine two MCDM methods together to solve MCDM problems. IMS concept can 

be applied these methods to find more accurate results.    
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Abstract 

The unconscious use of fossil energy resources, the depletion of reserves in the near 

future and factors such as environmental and atmospheric pollution have led people 

to use renewable energy resources. Solar, wind, geothermal, hydraulic and biomass 

energy are renewable energy resources that do not create environmental pollution. 

Since these energy resources are renewable and cause minimal environmental 

impact during power generation and energy conversion, their use is increasing day 

by day. Geothermal energy, which is one of the most important renewable energy 

resources, is a thermal energy contained in permeable rocks in the depth of the 

earth crust. Geothermal energy is widely used in various fields such as power 

generation, thermal tourism, heating, agriculture and industry. Geothermal energy 

has the advantages of being a renewable energy type, not harming the environment, 

easy to detect and produce, low cost of production and short-term return on 

investment. Geothermal potential in Turkey is very high and a large part of areas 

having potential is located in the Aegean region. Approximately 1,83% of power 

generation in Turkey is met by geothermal power plants. In this study, efficiencies 

of geothermal power plants constructed in Turkey were assessed by using Data 

Envelopment Analysis (DEA). In accordance with this purpose, values of “Installed 

power (Mwe)” and “Production capacity (GWh-year)” as input variables; “Annual 

power generation amount (GWh)” and “Average number of people whose energy 

needs are met” as output variables were used. Efficiency measurement was 

performed by using CCR model developed by Charnes, Cooper and Rhodes. The 

improvement rates that inefficient power plants should apply to input and output 

variables in order to reach the efficiency limit, were determined by DEA method. 

 

1 INTRODUCTION  
 

Geothermal energy; is a hydrothermal mass composed of water and steam which contain much more molten 

mineral salts and gases, and of which temperature produced by the accumulated heat forming its potential with 

waters at various depths of the earth crust and fed by basins of the earth. The systems formed by hard rocks like 

some granite underground are considered as a geothermal energy resource although they do not contain water 

[1]. 

 

Geothermal energy is the natural heat of the earth briefly and it is defined as the thermal energy contained in the 

hot fluid (water, vapor, gas) under pressure accumulated at the depths of the earth crust and hot dry rocks 

[2].Geothermal energy is clean, cheap and renewable. This energy can be used in area heating, hot water supply, 

CO2 and dry ice production processes, heat pumps, industrial processes and power generation [3].  

 

Since Turkey is located on an active tectonic zone as a result of its geological and geographical position, it has a 

rich position among the countries of the world in terms of geothermal. There are approximately 1,000 

geothermal resources spreading all over Turkey and at various temperatures as natural outlet. Turkey’s 

geothermal potential is very high and 78% of the areas forming potential are located in western Anatolia, 9% in 

Central Anatolia, 7% in Marmara Region, 5% in Eastern Anatolia and 1% in other regions. 90% of our 

geothermal resources are low and at a medium temperature and they are suitable for direct applications (heating, 

thermal tourism, various industrial applications, etc.) and 10% for indirect applications (electrical power 

generation). In 1975, the first power generation in geothermal energy applications was initiated with Kızıldere 

Power Plant with 0.5 MWe power. 
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The installed capacity of geothermal energy in the world is 14.369 GWe according to 2018 data. The top five 

countries in power generation from geothermal energy; US, Philippines, Indonesia, Turkey and New Zealand 

[4]. 

 

Approximately 1.83% of power generation in Turkey are met by geothermal power plant. total installed capacity 

of 48 Geothermal Power Plant in Turkey is 1028.00 MW [5]. In 2016, 4,213,526,000 kWh of power was 

generated by Geothermal Power Plants [6]. 

 

Data Envelopment Analysis is a method used to measure relative efficiency. The method includes assessment of 

both objectives and possible consequences in problems including multiple inputs and multiple outputs. 

Efficiency measurement provides the determination of where the enterprise is in the current competitive 

environment and shows how well the output will be produced from the inputs [7]. 

Studies related to energy by using DEA method are given in Table 1: 

 

Table 1. Energy studies conducted by DEA  

Author(s) Application area 

[8] Evaluation of renewable energy technical plans  

[9] Energy efficiency evaluation of provinces in Turkey using data envelopment analysis 

[10] Optimal design of the renewable energy map of Greece 

[11] Performance evaluation of Indian states in the renewable energy sector 

[12] Mitigation of environmental impacts and enhancement of energy efficiency in grape 

production 

[13] Energy security and renewable energy efficiency 

[14] Provincial energy efficiency of China 

[15] Analyze energy efficiency for broiler production 

[16] Optimization of energy consumption and environmental impacts of arecanut production  

[17] Evaluate the efficiency of the Renewable Energy technologies 

[18] Efficiency of sustainable operations 

[19] Performance assessment of utility-scale wind farms in Texas 

[20] Energy efficiency in Swedish industry 

[21] Energy efficiency at wastewater treatment plants 

[22] Efficiency assessments of 39 state’s wind power in the United States 

[23] Evaluating efficiency of energy conservation measures in energy service companies in China 

[24] Energy efficiency of six biofuel systems in China 

[25] Optimization of energy required for alfalfa production 

[26] Energy use efficiency of canola production 

[27] The Evaluation and Selection of Renewable Energy Technologies in China 

[28] Efficiency analysis of wind power plants in Turkey (61) 

[29] Efficiency assessment of energy sources for electricity generation in Turkey 

[30] Evaluation of thermal power plant operational performance in Taiwan  

[31] Assessment of operational and environmental performance of the thermal power plants in 

Turkey  

[32] Efficiency assessment of Turkish power plants (65 thermal, hydro and wind power plants) 

[33] Short-term multi-objective optimization scheduling for cascaded hydroelectric plants 

[34] A data envelopment analysis of the efficiency of China’s thermal power generation 

 

As can be seen in Table 1, there are too many studies conducted on the energy field by using DEA method. 

However, there are many studies on the efficiency measurement of geothermal power plants among them. These 

studies differ in terms of the number of power plants considered by inputs and outputs. In this respect, the study 

has an original nature. In this study, the efficiency of geothermal power plants constructed in Turkey was 

assessed by using data envelopment analysis (DEA). 

 

In this study, efficiencies of 19 power plants of which input and output variables data were accessed from 48 

installed geothermal power plants in Turkey were assessed by using Data Envelopment Analysis (DEA). In 

accordance with this purpose, values of “Installed power (Mwe)” and “Production capacity (GWh-year)” as 

input variables; “Annual power generation amount (GWh)” and “Average number of people whose energy needs 

are met” as output variables were used. Efficiency measurement was performed by using CCR model developed 

by [35]. The improvement rates that inefficient power plants should apply to input and output variables in order 

to reach the efficiency limit, were determined by DEA method. 
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The remainder of the study is organized as follows: the methodology in which DEA is described in detail is the 

part of the application in which GPP efficiencies are assessed and Discussion and Conclusion part in which the 

results finally obtained are constructed. 

 

2 MATERIAL AND METHOD 
 

2.1 The Data Envelopment Analysis (DEA) method 

 

DEA is a method formulated by [35] under the name of constant return scale-CRS in 1978 and named by first 

letters of Charnes, Cooper and Rhodes (CCR). The basic logic of DEA method is to reveal efficiency level by 

measuring the distance of each Decision-making unit (DMU) from the limit defined as the quantitative efficiency 

limit [35]. Then, variable return scale-VRS of DEA was developed by Banker et al. in 1984 and this method was 

named by first letters of Banker, Charnes and Cooper (BCC). In cases where inputs and outputs measured in 

multiple and different scales or with different unit of measure make comparison difficult, DEA that is a linear-

based technique which aims to measure the relative performance of decision-making units, is one of the most 

frequently used non-parametric methods [36]. 

 

DEA method determines “the best” observation that produces the most output composition by using the least 

input composition in any observation set before measuring DMU efficiency. Then it accepts this limit as 

“reference” and measures the distance of inefficient DMUs to this limit. Solution is made by using linear 

programming technique for each method. If efficiency value is “1”, the result is efficient, if efficiency value is 

different from “1”, the result is inefficient. 

 

DEA models are classified in two ways. According to the scale; Constant return model (CCR), variable return 

model (BCC), according to model; Input-oriented and output-oriented. According to the constant return 

assumption, 1 unit increase in inputs will result in 1 unit increase in outputs. According to the variable return 

assumption, 1 unit increase in inputs will not result in an increase in the same rate. The purpose of input-oriented 

models is to hold outputs constant and to minimize inputs, while the purpose of output-oriented models is to hold 

inputs constant and to maximize outputs. 

 

Since the total efficiency of the power plants was examined in our study and the efficiency score was tried to be 

determined according to the maximum output which could be generated against a certain input, the input-

oriented CCR model was used [37]: 

 

 𝐸𝑛𝑘 𝜃𝑘 − 𝜀 ∑ 𝑆𝑖
−𝑚

𝑖=1 − 𝜀 ∑ 𝑆𝑟
+𝑠

𝑟=1  

 𝑆𝑖
− = 𝜃𝑘𝑋𝑖𝑘 − ∑ 𝑋𝑖𝑗𝜆𝑗                                  𝑖 = 1, … 𝑚𝑛

𝑗=1  

 𝑆𝑟
+ = ∑ 𝑌𝑟𝑗𝜆𝑗

𝑛
𝑗=1 − 𝑌𝑟𝑘                                     𝑟 = 1, … 𝑠 

        𝜆𝑗𝑘, 𝑆𝑖
−, 𝑆𝑟

+ ≥ 0                                               𝑗 = 1, … , 𝑛 

  

𝑌𝑟𝑗: the rth output of DMUj 

𝑋𝑖𝑗: the ith input of DMUj 

𝜆𝑗: the model variables 

𝑆𝑖
−: the value of slack for the ith input 

𝑆𝑟
+: the value of slack for the rth output 

𝜃𝑘: the efficiency in input orient (0≤ 𝜃𝑘 ≤1) 

ε : a very small number 

 

If both of the following conditions are met, DMU is efficieny. 

1. 𝜃𝑘 = 1.0 

2. All slack variables (𝑆𝑖
−, 𝑆𝑟

+) are zero. 

 

2.2 Application 

 

In this study, technical efficiencies of 19 Geothermal Power Plants (GPP) [5], which are in operation as of April 

2019 and of which information can be accessed, were calculated by using Data Envelopment Analysis. GPP 

capacity in Turkey selected as sample, is the running capacity that provides electricity to network as of April 

2019. The data published on the official website of Geothermal Energy Atlas were taken as a basis in this study 

because it provides the most comprehensive and current data available for use in Turkey. 
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DEA was chosen as the work description. We can list the reasons for this as measuring efficiency relatively in 

DEA, taking into account more than one factor which cannot be measured with the same unit, revealing the 

strengths and weaknesses of the units. In the section about DEA of the study, in other words, the analysis part 

was made by using GAMS package program. 

 

The determination of the input and output variables in DEA application, as well as the accessibility of the data 

required for the selected variables are of great importance. In this study, studies in literature were used to 

determine input and output variables. The definition of these variables are shown in Figure 1.  Data were 

collected for each power plant for the specified variables. Input and output values were determined for each 

GPP. Some of these are shown in Table 2. Because of data privacy, the names of the power plants are coded with 

numbers. Regional data are available for power plants. 

 

 
Figure 1. The definition of input and output variables 

 

Input and output values were determined for each GPP. Some of these are shown in Table 2. Because of data 

privacy, the names of the power plants are coded with numbers. Regional data are available for power plants. 

 

Table 2. Input and Output Values of Geothermal Power Plants 

  Input Input Output Output Output 

GPP No City 
Installed 

Power Mwe 

Generation 

capacity 

/annual GWh 

Amount of 

Power 

Generation 

/annual GWh 

Number of 

Persons 

Whose 

Average Need 

was met 

Sale price to 

grid 

($/1Kw/h) 

1 Aydın 115 924 609 184,105 0,105 

2 Denizli 80 535 463 139,786 0,112 

. . . . . . . 

. . . . . . . 

. . . . . . . 

18 Denizli 7 38 11 3,433 0,105 

19 Denizli 4 30 19 5,596 0,105 

 

3 RESULTS AND DISCUSSION 
 

In this section, the results obtained with DEA are discussed. For each GPP, CCR input was studied in GAMS 

package program. The results obtained are shown in Table 3. When the results of 19 GPPs are examined, it is 

seen that 3 power plants (power plants numbered 4, 14, and 19) is generating effectively. In order to enable other 

power plants to become effective, suggestions will be given in the discussion section. 

 

The efficiency values of the GPPs are shown in pie chart (Figure 2). In the graph, the majority of the GPPs, in 

other words, the efficiency values of, 31,58% were in the range of 0.7-0.9, but the efficiency of only one GPP 

fell below 0.5 and, 15,79% of the plants were efficient. 

Input 
Variables

Installed Power: The 
maximum capacity that a power 

plant can meet, a electric 
network can carry and the 

maximum capacity carried by 
an installation. The unit was 

taken in MWe.

Production Capacity: The 
total amount of energy the plant 
can produce annually. The unit 

was taken in GWh.

Output 
Variables

Power Generation Amount: 
The total amount of energy 

generated annually by the power 
plant. The unit was taken in 

GWh.

Number of Persons Whose 
Average Need was met: The 

capacity of energy generated by 
power plant to meet electricity 

needs of how many people.

Sale price to grid: 1 KW / h 
electricity sales price to the grid 

($)
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Figure 2. Efficiency values of GPPs 

 

Firstly, DEA model was operated separately for 19 GPPs by using GAMS package program and the efficiency 

values of each power plant were measured. Then, it was examined why inefficient plants were not efficient by 

using GAMS package program dual results. By using these results, it is calculated how much improvement 

should be done in inputs and outputs in order to ensure GPPs to be efficient. Table 4 shows improvement rates 

for inefficient plants. When Table 4 is taken into consideration, it is seen that the amount of power generation 

should be improved by 0,13% for GPP No. 7. This means that the annual production amount of plant No. 7 is 

normally 192 GWh. The plant does not work effectively as is. If plant No.7 generates annually 192,47 GWh 

power by increasing the amount of annual power generation by 0.13%, the power plant will become efficient.  

 

Table 3. GAMS results of Geothermal Power Plants 

DMU 𝜃 Si DMU 𝜃 Si 

1 0,655 

- 

13 0,63 

0,766 

- - 

1,227 0,466 

- - 

0,483 - 

2 0,856 

- 

14 1 

- 

- - 

0,118 - 

- - 

0,065 - 

. . . . . . 

. . . . . . 

. . . . . . 

7 0,865 

2,311 

19 1 

- 

- - 

0,248 - 

- - 

  -   - 

 

Table 4. Improvement rates for inefficient plants 

Plants/Limits 
Installed 

Power 

Generation 

capacity 

Amount of 

Power 

Generation 

Number of 

Persons Whose 

Average Need was 

met 

Sale price to 

grid 

($/1Kw/h) 

1 - - 20% - 460% 

. . . . . . 

7 6,80% - 0,13% - - 

. . . . . . 

13 6,38% - 0,93% - - 

. . - . . . 

19 - - - - - 

 

15,79%

5,26%

31,58%

42,11%

5,26%

1

0.9-1

0.7-0.9

0.5-0.7

0-0.5
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4 CONCLUSION 
 

The efficiencies of GPPs with 1,83% of Turkey’s total installed power were tried to be measured by using DEA 

model in this study. In application, DEA model was operated separately for 19 GPPs and the models were solved 

by using GAMS package program. When the results obtained were examined, it was observed that 15,79% of 19 

GPPs were operating effectively. Suggestions for improvement are presented for inefficient GPPs. 

 

Future studies may make calculations and compare the results for BBC and CCR models from Data 

Envelopment Analysis models. In this study, the efficiencies of GPPs were also measured, it is possible to 

calculate the efficiency value for different power plant types. Researchers may measure the efficiencies of plants 

by increasing input and output values. 
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Abstract 

Aluminum has excellent properties such as high strength, low density, easy 

workability, and high corrosion resistance. Due to its superior mechanical properties, 

it is a highly preferred metal in engineering applications, automotive and aerospace 

industries. This study has examined the impact of modification and grain refining 

process in the sand and permanent casting of eutectic Al-Si alloys - (i) with no 

additive, (ii) with Al5Ti1B grain refiner, (iii) with both Al5Ti1B grain refiner and 

Al10Sr on wear properties. Casting, chemical composition detection with 

spectrometer, microstructure investigations, and wear tests have been applied to the 

samples. Abrasion tests were performed against St1040 steel disc under dry 

conditions using a pin-on-disc system. As a result of the experiments, it was observed 

that the friction coefficients and wear rates decreased in the grain refined and 

modifier additive alloys produced by the permanent casting method. 

1 INTRODUCTION  
 

In the fields of engineering such as automotive, airplane, electrical and electronics, some necessities such as 

lightness, high strength, and good mechanical properties are needed for the products used to perform their duties 

better. For this reason, aluminum-silicon casting alloys are using in many sectors due to its properties such as 

lightweight, high strength, good mechanical properties, good machinability, ductility, high thermal conductivity, 

low thermal expansion and high fluidity due to the silicon content [1]–[4].  

 

Mechanical properties of Al-Si alloys vary depending on Si morphology. Improvement of Si morphology can also 

be achieved by controlling better nucleation and grain growth of eutectic grains, and modification with same time.  

[5], [6]. Titanium (Ti) and boron (B), which have grain refining effect, show significant grain refining effect when 

added together to aluminum in certain ratios [7]–[9].  
 

It is known that the addition of Al-Ti-B containing grain refining in Al-Si casting alloys provides the best results. 

The major advantage of Al-Ti-B master alloys is to avoid the dissolution of TiAl3 nucleating in molten aluminum 

over time and to minimize the flocculation orientation of the TiB2 particles. [10].  

 

Another process commonly used among foundries in the casting of Al alloys is the modification process. 

Modification can be done with element additions. However, the modification can be made using methods such as 

rapid solidification, vibration application during solidification, high pressure and heat treatment. The most 

preferred method for optimum modification is the addition of Na, Sr and Sb elements [11]–[14]. When Sr and Na 

are added together, it is stated that as a result of evaporation caused by Na effect, the modifying elements are lost 

and the efficiency of the elements is sufficient [15]. In a study; It has been found that addition of Sr does not only 

affect the eutectic transformation of Si crystals, it also positively changes the structure of α-Al dendrites and has 

a higher effect on increasing cooling rates [16]. 

 

Wear resistance is an important parameter in the selection of moving parts in contact with each other. Reduction 

of friction and wear is essential for the efficient operation of a moving system [17]. Since wear, boiling and rupture 

problems are frequently encountered in moving systems, the wear behavior of Al alloys should be examined. 

Mahmoud and Mohamed investigated the effect of friction stir processing on casting, mechanical and tribological 
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properties of the A413 aluminum alloy. They observed the friction stir processed zones exhibited better mechanical 

properties as well as dry sliding wear resistance than the as-cast base alloy [18]. 

 

Shivaramu et al., investigated the dry slip wear behavior of aluminum and Al-Si alloy (LM6) based on casting and 

powder metallurgy according to ASTM G99 standard with pin-on-disk wear method. They observed that Al-Si 

alloy based on powder metallurgy has a good density, low thermal expansion, hardness properties showing the 

higher wear resistance [19] 

 

In this study, we investigated the change of wear properties on modification and grain refining process in the sand 

and permanent casting of Al12Si casting alloys - (i) with no additive, (ii) with Al5Ti1B grain refiner, (iii) with 

both Al5Ti1B grain refiner and Al10Sr. For the characterization of the materials, optical microscope examination, 

abrasion tests and chemical analysis tests were performed. The abrasion results of grain thinner and modifier 

addition on Al12Si alloy in sand and permanent molds were investigated comparatively. 

 

2 MATERIAL AND METHOD 
 

In this study, sand and permanent die casting experiments have been performed by adding Al5Ti1B as a grain 

thinner and Al10Sr master alloys as a modifier in the Al12Si eutectic alloy. Melting has been carried out at 700 

°C. Liquid metal degassing and slag removal operations have been performed in the molten metal. Castings have 

been made in the permanent mold, whose the solid model image is given in Figure 1.a, by 150 °C preheating. In 

addition, in order to see the modification effect of the permanent die, castings have been made to the sand die by 

the model plate prepared in the same dimensions with the permanent die. Figure 1.b shows a picture of the sand 

pattern plate. Test specimens with a diameter of 20 mm and a length of 200 mm have been obtained after the 

casting. 

 

 
Figure 1. a) Permanent die, b) Model plate image for sand casting 

 

Chemical composition control, microstructure investigations, and abrasion tests were performed on the test 

samples. Abrasion tests were performed under dry shear conditions and at room temperature. Samples with a 

diameter of 6 mm and a length of 50 mm were tested against a steel (St1040) disc. Figure 2 shows the pin-on-disk 

wear tester used. In experiments; A sliding speed of 1.0 m / s with a load of 20 N was used. The sliding distance 

is 1000 m. The average mass loss was used to calculate the wear rate (K0). Wear rate was calculated as Equation 

1 and the friction coefficient was calculated as Equation 2. 

 

 
** FL

K m
o


  (m2/N)                                                                                                                        (Equation 1)  

 

K0; wear rate, Δm; average mass loss (g), L; sliding distance (m), F; applied load (N), ρ; the density of materials 

(g/cm3) 

 

n

s

F

F
                                          (Equation 2) 

 

μ; coefficient of friction,  FS; lateral friction force (N), FN; normal force (N) 
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Figure 2. Pin-on-disk wear tester 

 

3 RESULTS 
 

In order to determine the chemical composition of the samples after casting, spectrometer analysis was performed. 

Table 1 shows the chemical analysis results of the samples. According to the analysis values given in Table 1, it 

was determined that the addition of master alloy was added at the targeted values.  

 
Tablo 1. Chemical analysis values of test samples (% weight) 

Casting 
Method 

Exp. 
No. 

Alloy Si Fe Cu Mn Mg Zn Ti B Sr Al 

S
a

n
d

 1 Al12Si 11.859 0.371 0.024 0.002 0.004 0.009 0.008 0.001 0.002 87.720 

2 Al12Si-TiB  12.362 0.415 0.009 0.001 0.003 0.009 0.182 0.006 0.001 87.012 

3 Al12Si-TiB-Sr 11.944 0.461 0.008 0.002 0.004 0.011 0.194 0.005 0.166 87.205 

P
er

m
a
n

en
t 

4 Al12Si 11.859 0.456 0.038 0.003 0.002 0.003 0.009 0.002 0.001 87.627 

5 Al12Si-TiB  11.932 0.514 0.007 0.001 0.002 0.010 0.173 0.006 0.001 87.354 

6 Al12Si-TiB-Sr 12.034 0.521 0.009 0.003 0.004 0.013 0.201 0.007 0.182 87.026 

 

3.1 Microstructure Reviews 

 

Samples obtained from castings were cut by using SiC discs in the precision cutting device and molded by using 

bakelite powder in hot press. The samples that were bakelitized were sanded with 180, 400, 800, 1200 and 2500 

grit sandpaper. It was then polished with 3µm, 1µm alumina suspension, and finally polished with 0.05µm colodial 

silica. After polishing, microstructure samples were obtained by using a Nikon Eclipse L150A optical microscope. 

Images obtained from casting samples at 100x magnification are given in Figure 3 and Figure 4.  

 

 
Figure 3. Al12Si sand and permanent casting microstructure images 
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Figure 4. Al12Si sand casting microstructure images  (i) with no additive, (ii) with TiB addition, (iii) with TiB-Sr addition 

 

In the Al12Si alloy, the eutectic structure is α + Si. In order to observe the microstructure changes of grain refining 

and modifier added to the alloys, samples were taken from the castings made to the sand mold. As can be seen in 

Fig. 4, the dendritic and coarse structure resulting from the casting thinner was partially thinned. Furthermore, the 

addition of the modifier caused changes in the shape and size of the Si crystals formed in the casting internal 

structure. Long and sharp-edged Si crystals in Al12Si structure have been modified by the addition of Al10Sr 

alloying element and it has been found that Al12Si alloy has fine and homogeneous distribution in its structure. 

 

3.2 Wearing and Friction Tests 

 

Figure 5 shows the sliding speed of 1.0 m / s, the sliding distance of 1000 m and the coefficient of friction under 

a load of 20 N with no additive, with the addition of TiB and TiB-Sr alloyed Al12Si alloy produced by sand and 

permanent mold. As shown in Figure 5, there has been a reduction in Al12Si alloys obtained by grain refiner and 

modifier additions. The friction coefficient which was obtained by sand casting without the addition of Al12Si 

decreased from 0.32 to 0.30 with addition of TiB and to 0.26 with addition of TiB-Sr. Similarly, the friction 

coefficient which was obtained by permanent die without the addition of Al12Si decreased from 0.29 to 0.28 with 

addition of TiB and to 0.24 with addition of TiB-Sr. After comparing the casting methods, it was determined that 

the friction coefficients of the samples produced using permanent die were minimum. When Al12Si-TiB-Sr alloys 

were compared, it was determined that the friction coefficient of the permanent mold samples was 6.9% lower 

than those produced with sand mold. 

 

 
Figure 5. Friction coefficient graph of Al12Si alloy 

 

1093



The Effect of Grain Refined and Modifier on Wear Properties in Casting of Eutectic Al-Si Alloys 

into Sand and Permanent Mold 

ICADET ‘19 

 

 

 
Figure 6. Etial Al12Si alloy with no addition, TiB and TiB-Sr with a sliding speed of 1.0 m / s and wear rate under 20 N load 

 

Figure 6 shows the slip rate of 1.0 m / s and wear rate under 20 N load of the Al12Si alloy with the addition of TiB 

and TiB-Sr produced with sand and permanent molds. As shown in the figure, Al5Ti1B grain refiner and Al10Sr 

modifier additives added to Al12Si alloy produced by using sand mold and permanent mold significantly reduced 

wear rates. Wear rate of Al12Si alloy obtained by casting to sand mold method decreased by 37.5% and 21.7% by 

the effect of Al5Ti1B and A110Sr master alloy, respectively. The decrease rate in permanent dies casting method, 

on the hand, was 58.1% and 29.2%, respectively. The lowest wear rate was obtained as 6.49E-11 m2 / N in Al12Si-

TiB-Sr alloy produced by permanent die method. The highest wear rate was obtained as 1.44E-10 m2 / N in Al12Si 

alloy produced by sand mold method. When both casting methods were compared, abrasion decreased by 57.1% 

on average. 

 

4 CONCLUSIONS 
 

The results obtained from this study have been given below. 

 

 According to the results of chemical analysis, Ti and Sr additions were obtained at approximately 0.2% by 

weight. 

 As a result of the solidification of the eutectic Al12Si alloy, it was observed that the eutectic structure in the 

inner structure was α + Si. The dendritic and coarse structure that appeared in the casting structure with the 

addition of grain refining was degraded in all alloys and resulted in a more fine-grained structure. 

 Al5Ti1B and A110Sr master alloys added to Al12Si alloy reduced friction coefficient and wear rate. 

 The friction coefficient and wear rate of the permanent casting samples decreased by 6.9% and 57.1%, 

respectively, when compared to sand casting samples. 
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Abstract 

Renewable energy resources are increasingly used due to the reasons such as 

limited reserves of fossil energy sources, causing environmental problems, causing 

economic and political reasons foreign dependence and price instabilities. 

Nowadays, hydraulic, wind, solar, geothermal and biomass energy are the most 

widely used renewable energy sources. Since these energy sources do not cause 

environmental problems during the generation and conversion of energy, their use 

is increasing day by day. Wind energy, one of the most important renewable energy 

sources, is caused by solar radiation heating the ground surfaces differently. Wind 

energy has the advantages of having a renewable property, not having 

transportation problems and not requiring very high technology for energy 

generation. Moreover, this energy resource is free and abundant in the atmosphere 

and does not create environmental pollution. Meeting approximately 10.81% of the 

energy consumed in Turkey are met from wind power plants makes this energy 

resource even more important. Wind power plants built in Turkey is increasing 

every day. Wind plants in the Aegean Region constitute a large part of the total 

installed capacity. In this study, efficiency of 99 wind power plants constructed in 

Turkey were assessed by using Data Envelopment Analysis (DEA). In accordance 

with this purpose, values of “Installed power”, “Production capacity (year)”; 

“Turbine quantity” as input variables; “Electricity generation amount (year)” and 

“Average number of people whose energy needs are met” and “1-kilowatt hour of 

electricity return ($) were used. Efficiency measurement was performed by using 

CCR model developed by Charnes, Cooper and Rhodes. The improvement rates 

that inefficient power plants should apply to input and output variables in order to 

reach the efficiency limit, were determined by DEA method.  

 

1 INTRODUCTION  
 

Wind power; a clean, renewable and environmentally friendly energy resource and its usage is increasing every 

year due to these properties. Energy resources and energy generation rates in Turkey are given in Figure 1. The 

ratio of energy generation from renewable energy resources in Turkey is given in Figure 2. Considering figures, 

it is seen that renewable energy resources are very important in power generation. When renewable energy 

resources are compared within themselves, the highest energy generation resources are hydraulic and wind. 

Approximately 11% of Turkey's total energy needs are met by wind power. 

 

In this study, efficiency of 99 wind power plants constructed in Turkey were assessed by using Data 

Envelopment Analysis (DEA). DEA is a method used to measure relative efficiency. The method includes 

assessment of both objectives and possible consequences in problems including multiple inputs and multiple 

outputs. Efficiency measurement provides the determination of where the enterprise is in the current competitive 

environment and shows how well the output will be produced from the inputs [1]. 

 

Studies related to energy by using DEA method are given in Table 1: 
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Figure 1. Turkey’s energy resources and energy generation rates [2] 

 
Figure 2. Electricity generation rates from renewable energy resources in Turkey [2] 

 

Table 1. Energy studies conducted by DEA  
Author(s) Application area 

[3] Evaluation of renewable energy technical plans 

[4] Evaluation of the energy system 

[5] Energy Efficiency Evaluation of Provinces in Turkey 

[6] Optimal design of the renewable energy map of Greece 

[7] Performance evaluation of Indian states in the renewable energy sector 

[8] Mitigation of environmental impacts and enhancement of energy efficiency in grape production 

[9] Optimization of energy consumption of dairy farms 

[10] Energy security and renewable energy efficiency 

[11] Wind Turbine Site Selection in Indonesia 

[12] Provincial energy efficiency of China 

[13] Analyze energy efficiency for broiler production 

[14] Optimization of energy use and reduction of greenhouse gas emission in peanut production of Iran 

[15] Optimization of energy consumption and environmental impacts of arecanut production 

[16] Evaluate the efficiency of the Renewable Energy technologies 

[17] Efficiency of sustainable operations 

[18]* Performance assessment of utility-scale wind farms in Texas 

[19] Energy efficiency in Swedish industry 

[20] Energy efficiency at wastewater treatment plants 

[21] Renewable energy optimization in upper North Africa 

[22] Environmental benchmarking in the service sector 

[23]* Efficiency assessments of 39 state’s wind power in the United States 

[24]* Assessment of the productive efficiency of large wind farms in the United States (236 wind farm) 

[25] Evaluation of energy efficiency and decreasing of greenhouse gas emissions of fattening farms 

[26]* Efficiency assessment of wind farms in China (42) 

[27] Evaluating efficiency of energy conservation measures in energy service companies in China 

[28] Energy efficiency of six biofuel systems in China 

[29] Optimization of energy required for alfalfa production 

[30] Energy use efficiency of canola production 

[31] The Evaluation and Selection of Renewable Energy Technologies in China 

[32] Assess sustainable energy efficiency 

[33]* Efficiency analysis of wind power plants in Turkey (61) 

[34]* Performance analysis in wind farms 

[35] Efficiency assessment of energy sources for electricity generation in Turkey 

[36]* Measurement of the relative efficiency of wind power plants (wpp) in the Marmara region 

[37] Efficiency assessment of the hydro-power plants in Turkey 

[38] Evaluation of thermal power plant operational performance in Taiwan  

[39] Assessment of operational and environmental performance of the thermal power plants in Turkey  

[40] Efficiency assessment of Turkish power plants (65 thermal, hydro and wind power plants) 

[41] Short-term multi-objective optimization scheduling for cascaded hydroelectric plants 

[42] Efficiency analysis of hydroelectric generating plants for Portugal 

Imported Fossil -Natural Gas

29,53%

Imported Fossil-

Coal 21,07%

Local Fossil - Hard Coal and Lignit 

13,07%

Imported Fossil-Fuel-oil and naphtha

0,42%

Local-Renewable 

35,31%

Hydraulic55,92%Wind

30,12%

Solar 7,22%

Geot. 5,09%
Biogas 1,66%

1 2 3 4 5
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As can be seen in Table 1, there are too many studies conducted on the energy field by using DEA method. 

However, there are many studies on the efficiency measurement of wind power plants among them. These 

studies differ in terms of the number of power plants considered by inputs and outputs. In this respect, the study 

has an original nature. In this study, the efficiency of wind power plants constructed in Turkey was assessed by 

using data envelopment analysis (DEA). In accordance with this purpose, values of “Installed power”, 

“Production capacity (year)” and “The amount WPP” as input variables; and, “Electricity generation amount 

(year)”, “Average number of people whose energy needs are met” and “Sale price to grid” as output variables 

were used. Efficiency measurement was performed by using CCR model developed by Charnes, Cooper and 

Rhodes. The improvement rates that inefficient power plants should apply to input and output variables in order 

to reach the efficiency limit, were determined by DEA method. 

 

The remainder of the study is organized as follows: the methodology in which DEA is described in detail is the 

part of the application in which WPP efficiencies are assessed and Discussion and Conclusion part in which the 

results finally obtained are constructed. 

 

2 METHODOLOGY 
 

2.1 The Data Envelopment Analysis (DEA) method  

 

DEA is a method formulated by Charnes et al. under the name of constant return scale-CRS in 1978 and named 

by first letters of Charnes, Cooper and Rhodes (CCR). The basic logic of DEA method is to reveal efficiency 

level by measuring the distance of each Decision-making unit (DMU) from the limit defined as the quantitative 

efficiency limit [43]. Then, variable return scale-VRS of DEA was developed by [44] and this method was 

named by first letters of Banker, Charnes and Cooper (BCC). In cases where inputs and outputs measured in 

multiple and different scales or with different unit of measure make comparison difficult, DEA that is a linear-

based technique which aims to measure the relative performance of decision-making units, is one of the most 

frequently used non-parametric methods [45]. 

 

DEA method determines “the best” observation that produces the most output composition by using the least 

input composition in any observation set before measuring DMU efficiency. Then it accepts this limit as 

“reference” and measures the distance of inefficient DMUs to this limit. Solution is made by using linear 

programming technique for each method. If efficiency value is “1”, the result is efficient, if efficiency value is 

different from “1”, the result is inefficient. 

 

DEA models are classified in two ways. According to the scale; Constant return model (CCR), variable return 

model (BCC), according to model; Input-oriented and output-oriented. According to the constant return 

assumption, 1 unit increase in inputs will result in 1 unit increase in outputs. According to the variable return 

assumption, 1 unit increase in inputs will not result in an increase in the same rate. The purpose of input-oriented 

models is to hold outputs constant and to minimize inputs, while the purpose of output-oriented models is to hold 

inputs constant and to maximize outputs. 

 

Since the total efficiency of the power plants was examined in our study and the efficiency score was tried to be 

determined according to the maximum output which could be generated against a certain input, the input-

oriented CCR model was used [46]: 

 

𝐸𝑛𝑘 𝜃𝑘 − 𝜀 ∑ 𝑆𝑖
−

𝑚

𝑖=1

− 𝜀 ∑ 𝑆𝑟
+

𝑠

𝑟=1

 

 

𝑆𝑖
− = 𝜃𝑘𝑋𝑖𝑘 − ∑ 𝑋𝑖𝑗𝜆𝑗                                  𝑖 = 1, … 𝑚

𝑛

𝑗=1

 

 

𝑆𝑟
+ = ∑ 𝑌𝑟𝑗𝜆𝑗

𝑛

𝑗=1

− 𝑌𝑟𝑘                                     𝑟 = 1, … 𝑠 

 

𝜆𝑗𝑘 , 𝑆𝑖
−, 𝑆𝑟

+ ≥ 0                                               𝑗 = 1, … , 𝑛 
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𝑌𝑟𝑗: the rth output of DMUj 

𝑋𝑖𝑗: the ith input of DMUj 

𝜆𝑗: the model variables 

𝑆𝑖
−: the value of slack for the ith input 

𝑆𝑟
+: the value of slack for the rth output 

𝜃𝑘: the efficiency in input orient (0≤ 𝜃𝑘 ≤1) 

ε : a very small number 

 

If both of the following conditions are met, DMU is efficieny. 

 

1. 𝜃𝑘 = 1.0 

2. All slack variables (𝑆𝑖
−, 𝑆𝑟

+) are zero. 

 

3 APPLICATION 
 

In this study, technical efficiencies of 99 wind power plants (WPPs) [47] which are in operation as of April 2019 

and of which information can be accessed, were calculated by using Data Envelopment Analysis. WPP capacity 

in Turkey selected as sample, is the running capacity that provides electricity to network as of April 2019. The 

data published on the official website of Wind Energy Atlas were taken as a basis in this study because it 

provides the most comprehensive and current data available for use in Turkey. 

 

DEA was chosen as the work description. We can list the reasons for this as measuring efficiency relatively in 

DEA, taking into account more than one factor which cannot be measured with the same unit, revealing the 

strengths and weaknesses of the units. In the section about DEA of the study, in other words, the analysis part 

was made by using GAMS package program. 

 

The determination of the input and output variables in DEA application, as well as the accessibility of the data 

required for the selected variables are of great importance. In this study, studies in literature were used to 

determine input and output variables. The definition of these variables are shown in Figure 3.  Data were 

collected for each power plant for the specified variables. Input and output values were determined for each 

WPP. Some of these are shown in Table 2. Because of data privacy, the names of the power plants are coded 

with numbers. Regional data are available for power plants. 

 

Figure 3. The definition of input and output variables 

 

Input and output values were determined for each WPP. Some of these are shown in Table 2. Because of data 

privacy, the names of the power plants are coded with numbers. Regional data are available for power plants. 

 

 

Input Variables

Installed Power: The maximum
capacity that a power plant can meet, a
electric network can carry and the
maximum capacity carried by an
installation. The unit was taken in
MWe.

Production Capacity: The total amount
of energy the plant can produce
annually. The unit was taken in GWh.

The amount WPP : Unit (piece)

Output Variables

Power Generation Amount: The total
amount of energy generated annually by
the power plant. The unit was taken in
GWh.

Number of Persons Whose Average
Need was met: The capacity of energy
generated by power plant to meet
electricity needs of how many people.

Sale price to grid: 1 KW / h electricity
sales price to the grid ($)
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Table 2. Input and Output Values of Wind Power Plants 
 Input  Input Input Output Output Output 

WPP 

No 

City Installed 

Power 

Mwe 

Generation 

capacity 

/annual GWh 

The 

amount 

WPP 

 (Piece) 

Amount of 

Power 

Generation 

/annual GWh 

Number of 

Persons Whose 

Average Need 

was met 

Sale price 

to grid 

($/1Kw/h) 

  240 820,277 169 511 154,478 0,0858 

1 Manisa 200 604,1 81 239 72,478 0,0778 

2 Afyonk. . . . . . . 

. . . . . . . . 

. . . . . . . . 

. . 7 24,50 3 16 4,974 0,079 

98 Karaman 6 21 3 7 2,221 0,073 

 

4 RESULTS AND DISCUSSION 
 

In this section, the results obtained with DEA are discussed. For each WPP , CCR input was studied in GAMS 

package program. The results obtained are shown in Table 3. When the results of 99 WPPs are examined, it is 

seen that 6 power plants (power plants numbered 74, 76, 95, 97, 98, and 99) is generating effectively. In order to 

enable other power plants to become effective, suggestions will be given in the discussion section. 

 

The efficiency values of the wind power plants are shown in pie chart (Figure 4). In the graph, the majority of 

the wind power plants, in other words, the efficiency values of, 43.43% were in the range of 0.7-0.9, but the 

efficiency of seven WPP fell below 0.5 and, 6,06% of the plants were efficient. 

 

 
Figure 4. Efficiency values of WPPs 

 

Firstly, DEA model was operated separately for 99 WPPs by using GAMS package program and the efficiency 

values of each power plant were measured. Then, it was examined why inefficient plants were not efficient by 

using GAMS package program dual results. By using these results, it is calculated how much improvement 

should be done in inputs and outputs in order to ensure WPPs to be efficient. Table 4 shows improvement rates 

for inefficient plants. 

 

When Table 4 is taken into consideration, it is seen that the amount of power generation should be improved by 

0.23% for WPP No. 23. This means that the annual production amount of plant No. 1 is normally 93 GWh. The 

plant does not work effectively as is. If plant No.23 generates annually 93.23 GWh power by increasing the 

amount of annual power generation by 0.23%, the power plant will become efficient. Another example, when we 

consider the power plant No. 1, the reason why the power plant is ineffective is due to the number of people 

whose average energy needs are met. Therefore, the number of people whose energy needs are met should be 

increased by 0.16% in order to make power plant to be efficient. Normally, the power plant meets the needs of 

154,478 people as is. If plant no. 1 is able to meet the energy needs of 154,722 people, it will become efficient. 

 

 

 

 

%6,06

%8,08

%43,43

%35,35

%7,07

1

0.9-1

0.7-0.9

0.5-0.7

0-0.5
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Table 3. GAMS results of Wind Power Plants 

DMU 𝜽 Si DMU 𝜽 Si 

1 0,583 

3,343 

75 0,729 

- 

- 4,057 

52,970 2,500 

- - 

243,693 59,601 

0,308 - 

2 0,37 

10,143 

76 1 

- 

- - 

8,687 - 

- - 

131,941 - 

0,106 - 

. . . . . . 

. . . . . . 

. . . . . . 

74 1 

- 

99 1 

- 

- - 

- - 

- - 

- - 

 

Table 4. Improvement rates for inefficient plants  

Plants/Limits 
Installed 

Power 

Generation 

capacity 

The amount 

WPP 

Amount of 

Power 

Generation 

Number of 

Persons Whose 

Average Need 

was met 

Sale price to 

grid 

      ($/1Kw/h) 

1 1,39% - 31,34% - 0,16% 359% 

. . . . . . . 

23 13,61% - 24,31% 0,23% - - 

. . . . . . . 

76 - - - - - - 

. . - . . . . 

99 - - - - - - 

 

5 CONCLUSION 
 

The efficiencies of WPPs with 10.81% of Turkey’s total installed power were tried to be measured by using 

DEA model in this study. In application, DEA model was operated separately for 99 WPPs and the models were 

solved by using GAMS package program. When the results obtained were examined, it was observed that 6.06% 

of 99 WPPs were operating effectively. Suggestions for improvement are presented for inefficient WPPs. 

 

Future studies may make calculations and compare the results for BBC and CCR models from Data 

Envelopment Analysis models. In this study, the efficiencies of WPPs were also measured, it is possible to 

calculate the efficiency value for different power plant types. Researchers may measure the efficiencies of plants 

by increasing input and output values. 
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Abstract 

In this study, the effect of the number of criteria on the threshold value in 

Autocratic multi attribute group decision making (Autocratic MAGDM) method 

based on interval valued intuitionistic fuzzy set (IVIFS) was discussed by making 

an application study. This method calculates the changing of the weights of the 

decision makers (DMs )/experts until group consensus degree of the DMs/experts is 

larger than or equal to a predefined threshold values. In this context, the personnel 

selection problem was discussed in order to examine the effect of the number of 

criteria on the decision-maker weights, problem solving time and threshold value. 3 

decision makers, 6 alternatives and criteria were determined for the personnel 

selection problem. MATLAB software and Excel were used to observe how the 

results change if the number of criteria is 12, 8 and 6. As a result of the 

calculations, group consensus value was obtained as 0,4651 for 12 criteria, 0,7358 

for 8 criteria and 0,9933 for 6 criteria. According to the obtained results, it was 

observed that as the number of criteria decreased, it was approached to threshold 

value and the reliability of the result increased. In this context, to the best of our 

knowledge, this study differs in terms of the fact that only application studies take 

place in the literature related to this method and no sensitivity analysis is performed 

related to the method. 

 

1 INTRODUCTION  
 

MCDM methods concern “satisfactory solution” in selecting the best alternative of the available alternative 

group according to the determined features. In such cases that none of the alternatives meets the requirements, a 

satisfactory decision is made instead of the optimal one.  Autocratic MAGDM method utilities an autocratic DM 

to use a diversified group of consultants to make a succession of decisions obtaining a high level of consensus. 

For this reason, the predefined consensus threshold value is taken as reference. If the group consensus degree for 

all experts is larger than or equal to a predefined consensus threshold value, the result obtained is reliable. The 

farther the predetermined threshold is, the lower the reliability of the result is. In this process, the number of 

problem solution iterations is also important. 

 

In this study, the number of criteria on the personnel selection problem discussed was changed, the number of 

iterations, decision maker weights and approach to threshold values were examined. 

 

Personnel selection is an important process managed by human resources unit in every organization. This 

process aims at selecting the best candidate for personnel requirement. Ongoing globalization and ever-

increasing competition necessitate a careful personnel selection. However, a lot of organizations cannot allocate 

fund in vast amount for personnel selection. Therefore, using techniques which could make the process of 

personnel selection easier is essential in organizations having various features. The complexity of personnel 

selection problem requires the use of multiple-criteria decision-making (MCDM) methods for the selection of 

the best candidate. There are lots of studies on the personnel selection with MCDM methods. [1- 13]. 

 

Autocratic multi attribute group decision-making method used in this study has been developed by Shou-Hsuing 

Cheng [14]. This method calculates the changing of the weights of the decision makers (DMs )/experts until 
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group consensus degree of the DMs/experts is larger than or equal to a predefined threshold values. Other studies 

done using AM-AGDM are [15- 20]. 

 

The rest of the study has been organized as follows: Chapter 2 reviews the multiplication operation and the 

addition operations between IVIFVs, score function and the accuracy function of IVIFVs and methodology from 

Shou-Hsuing Cheng [14]. In Chapter 3, first of all, personnel selection problem application with 12 criteria and 6 

alternatives is presented. Then, decision maker weights and group consensus values were calculated for 

personnel selection problem for 8 and 6 criteria using MATLAB software. In Chapter 4, the results obtained 

were interpreted and discussed. 

 

2 PRELIMANIRIES AND METHODOLOGY 
 

2.1 Preliminaries  

 

In this section, we present the operations between IVIFVs, the functions of IVIFVs and the methodology 

[21,14]. 

 

In [22], an IVIFS V in the universe finite  1 2, , , nT t t t  is represented as follows: 

 

    , ,i V i V i iV t t t t T    where, V  and V  show the interval valued (IV) membership function and IV-

nonmembership function, respectively. 

 

   [ , ], 0 1, [ , ], 0 1, 0 1, 1 .V i i i i i V i i i i i i it a b a b t c d c d b d and i n              Let  

         1 21 1 1 1 2 2 2 2, , , , , ,a b c d and a b c d    be two IVIFVs.  The multiplication function and the 

addition operations between the 1  and 2 are shown as follows: 

    1 2 1 2 1 2 1 2 1 2 1 2 1 2. , . , . , . ,a a b b c c c c d d d d                                                                                              (1) 

    1 2 1 2 1 2 1 2 1 2 1 2 1 2. , . , . , . .a a a a b b b b c c d d                                                                                              (2) 

 

The score function and accuracy function of the IVIFV     , , ,a b c d   are shown in Eq (3) and Eq (4), 

respectively: 

 

1
2

a c b d
S 

   
  

 
, where  0,2S 

 
 

 
                                                                                                     (3) 

2

a b c d
H 

   
 

 
, where  1,1H 

 
  

 
                                                                                                      (4) 

 

The larger the score value and accuracy value of the IVIFV  , the larger the IVIFV  . 

 

2.2 Methodology (AM-AGDM method based on IVIFSs) 

 

In this section, the steps of the method based on IVIFSs and proposed by Cheng, S. H. (2018) were given. 

Assume that, There are n alternatives  1 2, , , na a a  , m criteria  1 2, , , mc c c  and k decision makers (DM) 

 1 2, , , kD D D . The weighting vector of the criteria given by DM pD , 
1

p
p i

xm

A w
 

  
 

 is shown as follows: 

1 2

1 2

m

p p p
p m

c c c

A w w w
 

  
 

, where 
p

jw is an IVIFV denoting the weight of criterion jc  given by decision maker 

pD . m is the number of criteria. The evaluating matrix (EM) of the alternatives with respect to the criteria given 

by DM pD , pY  is shown as follows: 

1105



Investigation of the Effect of the Number of Criteria on the Threshold Value in Autocratic MAGDM 

Meth. Based on Interval Valued Intuitionistic Fuzzy Set (IVIF): An App. via MATLAB Software 
ICADET ‘19 

 

 

1 2
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1

2
21 22 2

1 2

m

p p p
m

p p p
m

p

n
p p p

n n nm

c c c

y y ya

a y y yY

a
y y y

 
 
 
 
 
 
 
  

 where, 
p

ijy is an IVIFV denoting the evaluating value of alternative ia  with 

respect to criterion jc  given by DM pD . Let ( )r
pW  denote the weight of decision maker pD  at the rth round, 

where  ( ) ( )

1

0,1 , 1, 1 1 .
k

r r
p p

p

W W r and p k


      The steps of AM-AGDM based on IVIFVs is shown 

as follows: 

 

Step 1: At the first round, r=1 and the weights (1) (1) (1)
1 2

1
,kW W W

k
     where  

( )r
kW  shows the weights of 

DMs. Using the Equation (1), the weighting vector and evaluating matrix, the weighted evaluating matrix 

(WEM) of DM pD , pB  is constructed as follows: 

 

1 2 1 2

11 12 11 211 12 11 1

2 21 221 21 2 21 22 2

1 21 1
1 2

m m

p p p p p p p p p
mmm

p p p p p p
p p p

mm m
p

p p p p p p
n n

p p pmn n nm
n n nm

c c c c c c

b b by w y w y wa a

a ay w y w y w b b bB

a a
y w y w y w

b b b

 
     
 

 
       

 
 

 
 

        

                                             (5) 

 

Step 2: Using the Equation (2) and WEM, the aggregated evaluating matrix (AEM) of all DMs, E is constructed 

as follows: 

 

1 2

11 12 1
1

2
21 22 2

1 2

k

k

k
p

n

n n nk

D D D

e e ea

a e e eY

a
e e e

 
 
 
 
 
 
 
 

, where ipe is an IVIFV denoting the aggregated evaluating value (AEV). 

 

Step 3: Using the score function shown in Equation (3) and AEM, the aggregated evaluating score matrix 

(AESM) is constructed ( ( ))ip nxkM S e , where the ( )ipS e  is score value and  ( ) 0,2ipS e  . 

 

Step 4: The numerical preference order p

iO  of alternative ia with respect to DM pD  is obtained, where 

 0,1 , 1 .p

iO i n    The larger the score value ( )ipS e , the better the ranking order of alternative ia . The 

preference vector (PV) pO  of DM 
pD  is shown as follows: 

 

1 2

1 2

n

p p p p

n

a a a

O O O O   

  

 

Step 5: Using the AESM and ( )r
pW , the aggregated group evaluating value (AGEV) ig  is shown as follows: 

( )

1
( ( )),

k r

i p ipp
g W x S e


  where  0,2ig                                                                                                            (6) 
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The numerical preference order of the alternatives with respect to all DMs is constructed. The larger the AGEV 

ig , the better the numerical preference order iT , where  1,iT n . The group preference vector (GPV) T of all 

DMs is shown as follows: 

 

 
1 2

1 2

n

n

a a a

T T T T
  

 

Step 6: Using the obtained GPV T, the PV pO of DM 
pD  is obtained. 

 

 
1 2

1 2

n

n

a a a

T T T T
                     

1 2

1 2

n

p p p p

n

a a a

O O O O   

 

 

The weighted similarity degree ( , )pS T O  between GPV T and PV pO is calculated as follows: 

 

For p=1 to k do 

  Let  ( , )pS T O =0; 

     For i=1 to n do 

        If ,p

i iT O q   where  1, ,q n  then let 

           ( , ) ( , ) [ ( 1)]p pS T O S T O n q     

  End 

End 

 

where, 
 1

( , ) 0,
2

p
n n

S T O
 

  
 

. 

 

Step 7: The GCD ( )rC  of all DMs at the rth round is calculated as follows: 

( ) ( )

1
( ),

kr r

p pp
C Z xW


  where  ( ) 0,1rC  . If the GCD ( )rC  is smaller than a predefined group consensus 

threshold value  ,  0,1 ,  then go to Step 8. Otherwise, go to Step 5.  

 

Step 8: Let 

 
( 1) ( ) (1 ),r r

p p pt W x Z    where  ( 1) 0,2r

pt
                                                                                                           (7) 

 

At the (r+1)th round, the weight  ( 1)r

pW  of DM 
pD  is calculated as follows: 

 
( 1)

( 1)

( 1)

1

,

r

pr

p k r

pp

t
W

t












                                                                                                                                             (8) 

 

Let r=r+1 and go to Step 5. 

 

3 APPLICATION 
 

In this section, we applied the AM-AGDM method to the problem of the selection of the best personnel. Firstly, 

there are 6 personnel (alternatives), 12 criteria in total and 3 decision-makers. Decision-makers were decided to 

be those who would interview the candidates. The hierarchy of the criteria was shown in Figure 1.  
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Figure 1. Hierarchy of the criteria used for the personnel selection  

 

The weights of the criteria is defined by decision makers using IVIFVs. It is shown in Table 1.  

 

Table 1. The weights of the criteria  

D  DMs/C. C1 C2 C3 C4 

DM1 ([0.45, 0.55],[0.3, 0.45]) ([0.2, 0.35],[0.55, 0.65]) ([0.45, 0.55],[0.3, 0.45]) ([0.55, 0.65],[0.2, 0.35]) 

DM2 ([0.6, 0.7],[0.15, 0.3]) ([0.25, 0.4],[0.5, 0.6]) ([0.5, 0.6],[0.25, 0.4]) ([0.45, 0.55],[0.3, 0.45]) 

DM3 ([0.6, 0.7],[0.15, 0.3]) ([0.5, 0.6],[0.25, 0.4]) ([0.65, 0.75],[0.1, 0.25]) ([0.6, 0.7],[0.15, 0.3]) 

DMs/C. C5 C6 C7 C8 

DM1 ([0.6, 0.7],[0.15, 0.3]) ([0.55, 0.65],[0.2, 0.35]) ([0.65, 0.75],[0.1, 0.25]) ([0.25, 0.4],[0.5, 0.6]) 

DM2 ([0.2, 0.35],[0.55, 0.65]) ([0.5, 0.6],[0.25, 0.4]) ([0.55, 0.65],[0.2, 0.35]) ([0.2, 0.35],[0.55, 0.65]) 

DM3 ([0.6, 0.7],[0.15, 0.3]) ([0.5, 0.6],[0.25, 0.4]) ([0.5, 0.6],[0.25, 0.4]) ([0.55, 0.65],[0.2, 0.35]) 

DMs/C. C9 C10 C11 C12 

DM1 ([0.6, 0.7],[0.15, 0.3]) ([0.6, 0.7],[0.15, 0.3]) ([0.45, 0.55],[0.3, 0.45]) ([0.55, 0.65],[0.2, 0.35]) 

DM2 ([0.45, 0.55],[0.3, 0.45]) ([0.6, 0.7],[0.15, 0.3]) ([0.25, 0.4],[0.5, 0.6]) ([0.55, 0.65],[0.2, 0.35]) 

DM3 ([0.45, 0.55],[0.3, 0.45]) ([0.25, 0.4],[0.5, 0.6]) ([0.6, 0.7],[0.15, 0.3]) ([0.6, 0.7],[0.15, 0.3]) 

 

Table 2. Evaluating values using IVIFVs by the DM 1 
Alt./C. C1 C2 … C11 C12 

a1 ([0.55, 0.65],[0.2, 0.35]) ([0.25, 0.4],[0.5, 0.6]) … ([0.6, 0.7],[0.15, 0.3]) ([0.5, 0.6],[0.25, 0.4]) 

a2 ([0.15, 0.3],[0.6, 0.7]) ([0.5, 0.6],[0.25, 0.4]) … ([0.55, 0.65],[0.2, 0.35]) ([0.55, 0.65],[0.2, 0.35]) 

a3 ([0.1, 0.25],[0.65, 0.75]) ([0.7, 0.8],[0.1, 0.2]) … ([0.5, 0.6],[0.25, 0.4]) ([0.45, 0.55],[0.3, 0.45]) 

a4 ([0.15, 0.3],[0.6, 0.7]) ([0.15, 0.3],[0.6, 0.7]) … ([0.45, 0.55],[0.3, 0.45]) ([0.45, 0.55],[0.3, 0.45]) 

a5 ([0.1, 0.25],[0.65, 0.75]) ([0.45, 0.55],[0.3, 0.45]) … ([0.45, 0.55],[0.3, 0.45]) ([0.45, 0.55],[0.3, 0.45]) 

a6 ([0.15, 0.3],[0.6, 0.7]) ([0.5, 0.6],[0.25, 0.4]) … ([0.5, 0.6],[0.25, 0.4]) ([0.5, 0.6],[0.25, 0.4]) 

 

Table 3. Evaluating values using IVIFVs by the DM 2 
Alt./C. C1 C2 … C11 C12 

a1 ([0.5, 0.6],[0.25, 0.4]) ([0.25, 0.4],[0.5, 0.6]) … ([0.6, 0.7],[0.15, 0.3]) ([0.6, 0.7],[0.15, 0.3]) 

a2 ([0.25, 0.4],[0.5, 0.6]) ([0.5, 0.6],[0.25, 0.4]) … ([0.45, 0.55],[0.3, 0.45]) ([0.55, 0.65],[0.2, 0.35]) 

a3 ([0.25, 0.4],[0.5, 0.6]) ([0.5, 0.6],[0.25, 0.4]) … ([0.45, 0.55],[0.3, 0.45]) ([0.25, 0.4],[0.5, 0.6]) 

a4 ([0.2, 0.35],[0.55, 0.65]) ([0.25, 0.4],[0.5, 0.6]) … ([0.2, 0.35],[0.55, 0.65]) ([0.25, 0.4],[0.5, 0.6]) 

a5 ([0.2, 0.35],[0.55, 0.65]) ([0.25, 0.4],[0.5, 0.6]) … ([0.25, 0.4],[0.5, 0.6]) ([0.45, 0.55],[0.3, 0.45]) 

a6 ([0.25, 0.4],[0.5, 0.6]) ([0.45, 0.55],[0.3, 0.45]) … ([0.6, 0.7],[0.15, 0.3]) ([0.55, 0.65],[0.2, 0.35]) 
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Table 4. Evaluating values using IVIFVs by the DM 3 
Alt./C. C1 C2 … C11 C12 

a1 ([0.55, 0.65],[0.2, 0.35]) ([0.45, 0.55],[0.3, 0.45]) … ([0.6, 0.7],[0.15, 0.3]) ([0.6, 0.7],[0.15, 0.3]) 

a2 ([0.5, 0.6],[0.25, 0.4]) ([0.5, 0.6],[0.25, 0.4]) … ([0.5, 0.6],[0.25, 0.4]) ([0.25, 0.4],[0.5, 0.6]) 

a3 ([0.2, 0.35],[0.55, 0.65]) ([0.5, 0.6],[0.25, 0.4]) … ([0.55, 0.65],[0.2, 0.35]) ([0.2, 0.35],[0.55, 0.65]) 

a4 ([0.25, 0.4],[0.5, 0.6]) ([0.25, 0.4],[0.5, 0.6]) … ([0.5, 0.6],[0.25, 0.4]) ([0.2, 0.35],[0.55, 0.65]) 

a5 ([0.25, 0.4],[0.5, 0.6]) ([0.5, 0.6],[0.25, 0.4]) … ([0.55, 0.65],[0.2, 0.35]) ([0.5, 0.6],[0.25, 0.4]) 

a6 ([0.45, 0.55],[0.3, 0.45]) ([0.55, 0.65],[0.2, 0.35]) … ([0.55, 0.65],[0.2, 0.35]) ([0.5, 0.6],[0.25, 0.4]) 

 

Similarly, we can show the EMs 1 2,Y Y  and 3Y  given by the decision makers 1 2,D D  and 3D  respectively. 

Step 1: At the first round, r=1 and the weights (1) (1) (1)
1 2 3

1
.

3
W W W    Using the Equation (1), the weighting 

vector and evaluating matrix, the weighted evaluating matrix (WEM) of 1 2,DM DM  and 3DM  is calculated and 

1B  is shown as follows, respectively. Because of the space limits, some of the matrices could not been shown.   

 

Table 5. WEM for D1 

Alt./C. C1 C2 … C11 C12 

a1 ([0.25,0.36],[0.44,0.64]) ([0.05,0.14],[0.78,0.86]) … ([0.27,0.39],[0.41,0.62]) ([0.28,0.39],[0.40,0.61]) 

a2 ([0.07,0.17],[0.72,0.84]) ([0.10,0.21],[0.66,0.79]) … ([0.25,0.36],[0.44,0.64]) ([0.30,0.42],[0.36,0.58]) 

a3 ([0.05,0.14],[0.76,0.86]) ([0.14,0.28],[0.60,0.72]) … ([0.23,0.33],[0.48,0.67]) ([0.25,0.36],[0.44,0.64]) 

a4 ([0.07,0.17],[0.72,0.84]) ([0.03,0.11],[0.82,0.90]) … ([0.20,0.30],[0.51,0.70]) ([0.25,0.36],[0.44,0.64]) 

a5 ([0.05,0.14],[0.76,0.86]) ([0.09,0.19],[0.69,0.81]) … ([0.20,0.30],[0.51,0.70]) ([0.25,0.36],[0.44,0.64]) 

a6 ([0.07,0.17],[0.72,0.84]) ([0.10,0.21],[0.66,0.79]) … ([0.23,0.33],[0.48,0.67]) ([0.28,0.39],[0.40,0.61]) 

 

Step 2: Using the Equation (2) and WEM, the aggregated evaluating matrix (AEM) of all DMs, E is constructed 

as in Table 6.  

 

Table 6. AEM of all decision makers  
Alt./C DM1 DM2 DM3 

a1 ([0.97295,0.99657],[0.00003,0.00343]) ([0.93336,0.98996],[0.00023,0.013]) ([0.98578,0.99858],[0,0.00142]) 

a2 ([0.97251,0.99668],[0.00003,0.00332]) ([0.88883,0.98109],[0.00084,0.02592]) ([0.97114,0.99649],[0.00003,0.00351]) 

a3 ([0.94484,0.99213],[0.00015,0.00787]) ([0.826,0.96687],[0.00254,0.03521]) ([0.95111,0.99298],[0.00011,0.00702]) 

a4 ([0.93524,0.98909],[0.00025,0.01091]) ([0.77095,0.95105],[0.00501,0.06412]) ([0.94224,0.99213],[0.00016,0.00787]) 

a5 ([0.9157,0.98627],[0.00043,0.01373]) ([0.86078,0.97367],[0.00155,0.02798]) ([0.96333,0.99533],[0.00005,0.00467]) 

a6 ([0.94886,0.9924],[0.00013,0.0076]) ([0.9071,0.98545],[0.00051,0.01546]) ([0.97732,0.99721],[0.00002,0.00279]) 

 

Step 3: Using the score function shown in Equation (3) and AEM, the aggregated evaluating score matrix 

(AESM) is constructed as in Table 7.  

 

Table 7. Score values  

11( )S e  1,9830 
12( )S e  1,9550 

13( )S e  1,9915 

21( )S e  1,9829 
22( )S e  1,9216 

23( )S e  1,9820 

31( )S e  1,9645 
32( )S e  1,8776 

33( )S e  1,9685 

41( )S e  1,9566 
42( )S e  1,8264 

43( )S e  1,9632 

51( )S e  1,9439 
52( )S e  1,9025 

53( )S e  1,9770 

61( )S e  1,9668 
62( )S e  1,9383 

63( )S e  1,9859 
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Step 4: The numerical preference orders 1 2,O O  and 3O  of the decision makers is defined as follows. 

 

 
1 2 3 4 5 6

1  1  2   4  5   6  3

a a a a a a

O 
 

 
1 2 3 4 5 6

2O =   1   3  5 6   4   2

a a a a a a
 

 
1 2 3 4 5 6

3O =   1   3  5 6   4   2

a a a a a a
 

 

Step 5: Using the AESM and (1)
pW , the aggregated group evaluating value (AGEV) ig  is calculated. It is shown 

in Table 8. 

 

Table 8. gi values 

g1 1,9765 

g2 1,9622 

g3 1,9369 

g4 1,9154 

g5 1,9411 

g6 1,9637 

 

 
1 2 3 4 5 6

T =    1  3   5 6   4   2

a a a a a a
 

 

Step 6: The weighted similarity degree ( , )pS T O  between GPV T and PV pO is calculated for decision makers. 

Because the value of all elements GPV T and PV 2O  and 3O , we can get 2( , )S T O  and 3( , ) 21S T O  . 

Because the value of the first element is the same, we can get 1( , ) 6S T O  . Then, we can get 2 3 0,4375Z Z   

and 1 0,125Z  .  

 

Step 7: The GCD ( )rC  of all DMs at the 1th round is calculated as follows: 
(1) (1) (1) (1)

1 1 2 2 3 3 0,333C Z xW Z xW Z xW     

This value is smaller than consensus threshold value, then we go to Step 8. 

 

Step 8: Using Equation 7 and 8, we can get (2) (2)

2 3 0,479t t   and (2)

1 0,375t  . At the 2th round, the weight  

(2) (2)

2 3 0,359W W   and (2)

1 0,282W  . Let r=r+1 and go to Step 5. 

After repeatedly performing Steps 5-8 of the AM-AGDM method until the GCD ( )rC is larger than or equal to 

the  . Finally, rank of the alternatives is 1 3 5 6 4 2g g g g g g . 

 

Threshold value is equal to 0.4651 at the 28th round. Despite 40,000 iterations were used in the problem, the 

decision maker weights did not change after 28th iteration and the threshold value could not be exceeded. The 

same problem was recalculated for 6 and 8 criteria by reducing the number of criteria. 6 criteria consist of the 

first 6 criteria and 8 criteria consist of the first 6 criteria and the last 2 criteria given in Figure 1.  

 

The method steps described in the method section are coded in Matlab 2017a software and calculations are 

made. The score values calculated for each decision maker are given in Table 9. 
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Table 9. Score values for DMs 

DMs Alt. Score Values 

  12 Criteria 8 Criteria 6 Criteria 

DM1 

1 1,9830 1,9163 1,8158 

2 1,9829 1,9193 1,8217 

3 1,9645 1,8539 1,7099 

4 1,9566 1,8372 1,6845 

5 1,9439 1,8493 1,7096 

6 1,9668 1,8696 1,7294 

 Alt. Score Values 

  12 Criteria 8 Criteria 6 Criteria 

DM2 

1 1,9550 1,8778 1,7423 

2 1,9216 1,8058 1,6267 

3 1,8776 1,6840 1,5188 

4 1,8264 1,6842 1,5558 

5 1,9025 1,7672 1,6191 

6 1,9383 1,7921 1,5765 

 Alt. Score Values 

  12 Criteria 8 Criteria 6 Criteria 

DM3 

1 1,9915 1,9671 1,9056 

2 1,9820 1,9528 1,9098 

3 1,9685 1,9230 1,8488 

4 1,9632 1,8791 1,7726 

5 1,9770 1,9234 1,8076 

6 1,9859 1,9567 1,8928 

 

The obtained group consensus values, decision maker weights and the number of iterations reached to the group 

consensus value are given in Table 10. 

 

Table 10. Group consensus values, weights of DMs and number of iteration 

Weight of DMs/Num. Of Cri. 12 Criteria 8 Criteria 6 Criteria 

DM1 0,0000 0,0000 0,0034 

DM2 0,5000 1,0000 0,9933 

DM3 0,5000 0,0000 0,0034 

Number of iteration 28 459 41 

Group consensus values 0,4651 0,7358 0,9933 

Sum of the iteration 40,000 40,000 40,000 

 

4 CONCLUSION 
 

In this study, the effect of the number of criteria on the threshold value in Autocratic multi attribute group 

decision making method (Autocratic MAGDM) based on interval valued intuitionistic fuzzy set (IVIFS) 

(developed by Cheng [14]) was discussed by making an application study. This method calculates the changing 

of the weights of the decision makers (DMs )/experts until group consensus degree of the DMs/experts is larger 

than or equal to a predefined threshold values.  

 

In this context, the personnel selection problem was discussed in order to examine the effect of the number of 

criteria on the decision-maker weights, problem solving time and threshold value. MATLAB software and Excel 

were used to observe how the results change if the number of criteria is 12, 8 and 6. As a result, the number of 

appropriate criteria for the personnel selection problem was determined as 6. 

 

As a result of the calculations, group consensus value was obtained as 0,4651 for 12 criteria, 0,7358 for 8 criteria 

and 0,9933 for 6 criteria. The decision maker weights and group consensus value did not change after 28th round 

for 12 criteria. This occurred in 459th round for 8 criteria and 41th round for 6 criteria. While the second and third 

decision-maker weights were equalized for 12 criteria, the second decision-maker weight was the highest for 8 

and 6 criteria. 

 

Considering all of them, we can conclude that the lower the number of criteria is, the closer the threshold value 

is, and the greater the reliability of the result is. 
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When the studies in the literature are examined, the number of criteria is not much in the application studies. 

Therefore, a good result was obtained by exceeding the threshold value. 

 

In future studies, the necessary conditions for the proposed method to exceed the level of consensus threshold 

determined in each study. The other factors on which going beyond this value depends will be revealed. 

 

References  

 
[1] Ji, P., Zhang, H. Y., & Wang, J. Q, "A projection-based TODIM method under multi-valued neutrosophic 

environments and its application in personnel selection," Neural Computing and Applications, 29(1), 221-

234, 2018. 

[2] Heidary Dahooie, J., Beheshti Jazan Abadi, E., Vanaki, A. S., & Firoozfar, H. R, "Competency‐based IT 

personnel selection using a hybrid SWARA and ARAS‐G methodology," Human Factors and Ergonomics 

in Manufacturing & Service Industries, 28(1), 5-16, 2018. 

[3] Karabasevic, D., Zavadskas, E. K., Stanujkic, D., Popovic, G., & Brzakovic, M, "An Approach to 

Personnel Selection in the It Industry Based on the Edas Method," Transformations in Business & 

Economics, 17(2), 2018. 

[4] Efe, B., & Kurt, M, "A systematic approach for an application of personnel selection in assembly line 

balancing problem," International Transactions in Operational Research, 25(3), 1001-1025, 2018. 

[5] Karabasevic, D., Zavadskas, E. K., Turskis, Z., & Stanujkic, D, "The framework for the selection of 

personnel based on the SWARA and ARAS methods under uncertainties," Informatica, 27(1), 49-65, 2016. 

[6] Urosevic, S., Karabasevic, D., Stanujkic, D., & Maksimovic, M, "An Approach to Personnel Selection in 

the Tourism Industry Based on the Swara And The Waspas Methods. Economic Computation & Economic 

Cybernetics Studies & Research, 51(1), 2017. 

[7] Ali, R. A., Nikolić, M., & Zahra, A, "Personnel selection using group fuzzy AHP and SAW 

methods," Journal of Engineering Management and Competitiveness (JEMC), 7(1), 3-10, 2017. 

[8] Stanujkic, D., Karabasevic, D., & Zavadskas, E. K, "A New Approach For Selectıng Alternatives Based on 

the Adapted Weighted Sum and the Swara Methods: A Case of Personnel Selection," Economic 

Computation & Economic Cybernetics Studies & Research, 51(3), 2017. 

[9] Koutra, G., Barbounaki, S., Kardaras, D., & Stalidis, G, "A multicriteria model for personnel selection in 

maritime industry in Greece," in Business Informatics (CBI), 2017 IEEE 19th Conference on (Vol. 1, pp. 

287-294). 

[10] Kundakcı, N, "Personnel selection with grey relational analysis," Management Science Letters, 6(5), 351-

360, 2016. 

[11] Adalı, E. A, "Personnel Selection in Health Sector with EVAMIX and TODIM Methods. Alphanumeric 

Journal, 4(2), 69-84, 2016. 

[12] Salehi, K, "An integrated approach of fuzzy AHP and fuzzy VIKOR for personnel selection 

problem," Global Journal of Management Studies and Researches, 3(3), 89-95, 2016. 

[13] Khandekar, A. V., & Chakraborty, S, "Personnel selection using fuzzy axiomatic design 

principles," Business: Theory and Practice/Verslas: Teorija ir Praktika, 17(3), 251-260, 2016. 

[14] Cheng, S. H, "Autocratic multiattribute group decision making for hotel location selection based on 

interval-valued intuitionistic fuzzy sets," Information Sciences, 427, 77-87., 2018. 

[15] Ben-Arieh, D., & Chen, Z, "Linguistic-labels aggregation and consensus measure for autocratic decision 

making using group recommendations," IEEE Transactions on Systems, Man, and Cybernetics-Part A: 

Systems and Humans, 36(3), 558-568, 2006. 

[16] Xu, Z, "An automatic approach to reaching consensus in multiple attribute group decision 

making," Computers & Industrial Engineering, 56(4), 1369-1374, 2009. 

[17] Chen, S. M., & Lee, L. W, "Autocratic decision making using group recommendations based on the 

ILLOWA operator and likelihood-based comparison relations," IEEE Transactions on Systems, Man, and 

Cybernetics-Part A: Systems and Humans, 42(1), 115-129, 2012. 

[18] Chen, S. M., & Tsai, B. H, "Autocratic decision making using group recommendations based on the OWA 

operator and correlation coefficients.," Information Sciences, 290, 106-119, 2015. 

[19] Chen, S. M., Cheng, S. H., Lin, T. E, "Group decision making systems using group recommendations based 

on interval fuzzy preference relations and consistency matrices," Information Sciences, 298, 555-567, 2015. 

[20] Cheng, S. H., Chen, S. M., & Huang, Z. C, "Autocratic decision making using group recommendations 

based on ranking interval type-2 fuzzy sets," Information Sciences, 361, 135-161, 2016. 

[21] Ze-Shui, X, "Methods for aggregating interval-valued intuitionistic fuzzy information and their application 

to decision making," Control and Decision, 2007. 

[22] Atanassov, K., & Gargov, G, "Interval valued intuitionistic fuzzy sets," Fuzzy sets and systems, 31(3), 343-

349, 1989. 

1112



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*muslimcelebi@ktu.edu.tr 

The Effect of Hex-Boron Nitride Content on the Mechanical and Tribological 

Properties of Al-Based Alloy Nanocomposites  

 
Müslim ÇELEBI*, Aykut ÇANAKÇI, Serdar ÖZKAYA,  

Abdullah Hasan KARABACAK 

 
Karadeniz Technical University, Department of Metallurgy and Material Engineering, Trabzon, 61080, Turkey 

 

Keywords:  

Al2024, 

Hex-boron nitride, 

Mechanical milling, 

Composite, 

wear 

 
Abstract 

The main aim of this study is investigation of the mechanical and tribological 

properties of Al-based alloy matrix and hex-boron nitride reinforced composites. 

Effects of reinforcement content on the physical and mechanical properties of 

composites were determined by investigating microstructure, measuring the density, 

hardness, tensile strength and wear loss values. The composite powders were milled 

for 4 hours with the reinforcing ratio of 0, 0.25, 0.5, 1, 1.5, 2, 3, 4 and 5 (wt %) to 

obtain the mechanically alloyed, homogenously dispersed composite powder. The 

microstructure evolution of composites was investigated using a scanning electron 

microscope and an energy-dispersive X-ray spectrometer (EDS).  The results showed 

that the density of the composite samples decreased with increasing reinforcement 

content. It was observed that while the hardness and tensile strength values of 

Al2024-hBN composites were decreased with increasing reinforcement content, the 

wear resistance was increased.  As a result, it was observed that the hBN 

reinforcement has a positively effect on the wear resistance of Al2024-hBN 

composites fabricated by powder metallurgy. 

1 INTRODUCTION  
 

Particle-reinforced metal matrix composites (MMCs) which provide advanced mechanical and physical properties 

combine the advantages of both the matrix and the reinforcing materials. Although, several metals have been used 

as matrix materials to develop new composites, aluminum alloys are the most common used materials for aircraft, 

automotive and military industries. High strength to weight ratio, high ductility, high stiffness and good wear 

resistance of Al alloy are superior properties which increases their usability in the fabrication of metal matrix 

composites [1]. Aluminum alloys are considered as important structural materials in various applications, 

especially in automotive and aerospace industries, with the high strength alloy Al2024 being the most recognized, 

feasible aerospace alloy [2]. 

 

MMCs have great potential for using in engineering applications in which enhanced mechanical performance are 

required. Aluminum alloy matrix composites reinforced with ceramic particles have been widely accepted as 

structural materials in the design of many components. SiC, B4C, graphite and Al2O3 are the most commonly used 

ceramic particulates as reinforcements in the fabrication of Al alloy-based matrix composites. The most research 

on these materials has been devoted to the properties of aluminum composites reinforced with SiC, B4C, graphite 

and Al2O3 but hex-boron nitride (hBN) have been used as a new reinforcement material in recent years [3-5]. 

 

Mechanical milling (MM) is a ball milling process including plastic deformation, fracturing and cold-welding 

mechanisms. The powder particles become cold welded owing to the mechanical forces and the repeated 

application of stress work hardens the particles. Consequently, the powder particles become brittle and fracture. 

In this technique, powder particles are milled using collisions between powders and milling balls to obtain very 

fine particle sizes and a homogenous distribution of the reinforcement particles. These processes get repeated 

several thousands of times during the operation [5,6].  

 

Consequently, the fabrication method of particle-reinforced Al-based composites and type, size and content of the 

reinforced material in the Al-based composites have a critical effect on the mechanical and tribological properties 

of those composites. Moreover, according to the literature, there is no study about on the mechanical and 
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tribological behavior of Al2024-based composites reinforced with hBN. In the current study, Al2024–hBN 

composite powders were produced by MM. Characterization studies (morphology, density, hardness, tensile 

strength and wear behavior) of the as-prepared powders were performed in detail. The relationship among 

microstructure and properties of the Al2024–hBN composite powders is discussed. 

 

2 MATERIAL AND METHOD 
 

In this study, Al2024 alloy (supplied by Seydisehir Aluminium Co-located in Konya, Turkey) with the theoretical 

density of 2.78 g/cm3 and average particle size of 62µm was used as matrix materials. The chemical composition 

of the as-atomized Al2024 alloy (in wt.%) was shown in Table 1. Hex-boron nitride particles with the theoretical 

density of 2.1 g/cm3 and average particle size of 50µm was used as reinforcements. Al/hBN composites containing 

0, 0.25, 0.5, 1, 1.5, 2, 3, 4 and 5 (wt %) reinforcing particles have been produced by MM technique. Unreinforced 

Al2024 matrix alloy sample was also fabricated by the same technique.  

 

Table 1. Composition of Al2024 alloy in weight percent 

Component Manganese Magnesium Zinc Copper Silis Iron Aluminium 

Percentage 

Composition 
0.6-0.7 1.2-1.5 0.7-0.8 4.5-4.9 0.01-0.1 0.2-0.25 Balance 

 

Al2024 alloy powders and reinforcing particles were milled with tungsten carbide balls (10mm) in a tungsten 

carbide vial using a planet type mill (Retsch PM 200) to produce the composite powders. The milling speed and 

ball to powder weight ratio was chosen as 300 rpm and 5:1 respectively. Mechanical milling was performed for 4 

hours for all compositions. To prevent cold welding and agglomeration of the powders, 2 wt% of stearic acid as a 

process control agent was added to the milling bowls as process control agent. Next, the milling products were hot 

pressed at 500 °C and 600 MPa pressure under argon gas atmosphere to produce bulk test samples. The produced 

nanocomposite samples were coded according to reinforcing type and ratio which are given in Table 2. 

 

Table 2. The properties of as-received materials and milling parameters. 

Material 

Composites designation Milling Parametres 

PCA 

(wt.%) 

Milling 

time (h) 

Sample 

code 
Al2024 

particle size 

(µm) 

hBN 

content (%)  

hBN particle 

size (µm) 

Milling speed 

(rpm) 

BPR 

Al2024 

Al2024-hBN 

Al2024-hBN 

Al2024-hBN 

Al2024-hBN 

Al2024-hBN 

Al2024-hBN 

Al2024-hBN 

Al2024-hBN 

62 

62 

62 

62 

62 

62 

62 

62 

62 

0 

0.25 

0.5 

1 

1.5 

2 

3 

4 

5 

50 

50 

50 

50 

50 

50 

50 

50 

50 

300 

300 

300 

300 

300 

300 

300 

300 

300 

5:1 

5:1 

5:1 

5:1 

5:1 

5:1 

5:1 

5:1 

5:1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

4 

4 

4 

4 

4 

4 

4 

4 

4 

S0 

S1 

S2 

S3 

S4 

S5 

S6 

S7 

S8 

 

Microstructures of each composites sample, distribution of the hBN particles in the Al2024 matrix alloy were 

investigated by using scanning electron microscopy (SEM, Zeiss Evo LS10) equipped with elemental X-ray 

microanalysis (EDS). The density of nanocomposite samples was determined by the Archimedes method. 

Theoretical densities of composites were calculated using rule-of-mixture. The porosity was calculated by using 

the theoretical and experimental densities. Brinell hardness values (HB) were measured on the polished samples 

using a ball with 2.5 mm diameter at a load of 31.25 kg. Each data point of hardness was an average value of not 

less than five measurements. 

 

The tensile tests were conducted in MTS Criterion Universal testing machine (ASTM A370) at room temperature 

with a loading speed of 1 mm/min. The average strength values of three specimens were obtained for the 

composites. Wear behavior of the composites was examined by using a ball-on-disk wear tester. A H11 hot-work 

tool steel ball with diameter of 10 mm and mirror-like surface was contacted on the surface of disk at either 10 or 

20 mm from the disk center under the loads of 5, 10, 20 and 40N.  
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3 RESULTS 
 

3.1. Microstructure 

 

The SEM microstructure images and EDX analyses of Al2024/hBN composites reinforced with containing 0.25, 

3 and 5% by weight hex-boron nitride particles are shown in the Fig 1. In the EDS mapping microstructures, the 

green regions represent the distribution of the hex -boron nitride particles in the Al2024 matrix. The most important 

factor in the fabrication of Al-based alloy matrix composites is the uniform dispersion of the reinforcements. It 

can be seen that the most of reinforcing particles were dispersed throughout the matrix. So, the homogeneous 

distribution of hBN particles in the Al matrix alloy was obtained.  

 

 
Figure 1. The SEM images with EDS mapping analyses of S1, S6 and S8 samples 

 

3.2. Density and Porosity 

 

The density and porosity values of Al2024 metal matrix composite that was reinforced with hex-boron nitride 

particles are shown in Figure 2. The density values of composites decreases linearly with increasing hBN 

reinforcement conten . The density values of Al2024/hBN composites are lower than Al2024 alloy sample. The 

density measurements also showed that some porosities were formed inside the composites. The density of 

composites decreased but the amount of porosity increased with the increasing reinforcement particles. 
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Figure 2. The density and porosity values of Al2024 alloy and Al2024/hBN composites 

 

3.3. Hardness and Tensile Strength  

 

The relation between the particle content and the HBNs of Al2024/hBN composites is plotted in Fig.3. The 

hardness of the composites decreased with increasing hBN content. It can be attributed to soft nature structure of 

hBN particle. The hardness of Al2024/hBN composite reinforced with 0.25% hBN particle content was 86.80 

BHN that was the highest hardness value.  

 

 
Figure 3.  The hardness and tensile strength values of Al2024 alloy and Al2024/hBN composites 

 

The room temperature tensile testing results of Al2024 alloy and its composites are shown in Fig.3. In order to 

evaluate the effect of particle content on the mechanical properties of the material, Al2024 alloy and composite 

specimens of consisting different hBN particle content were tested under uniaxial tension. It can be observed that 

Al2024 alloy (237 MPa) sample have about 300 % higher tensile strength than S8 sample (72 MPa). Moreover, 

the tensile strength values of composites decresed dramatically with increasing hBN reinforcement content.  

 

3.4. Wear Behavior 

 

The wear loss values of Al2024 alloy and Al2024/hBN composites were shown in Fig 4.  The ball on disk wear 

testing was applied for the determination of loss of weight of AA2024-hBN samples under the load of 5, 10, 20 

and 40 N and the sliding speed of 0.5 m/s. According to wear test results, the weight loss of composites decreased 

with the increasing of bHN reinforcement content. In other words, as the hex-boron nitride content increased, the 

wear resistance also decreased. hBN particles slide easily over each other, resulting in increase of wear resistance 

of composites. For the samples applied 40N load, the weight loss of the bHN-free sample (0wt.% bHN) was 

30.3X10-3 gr, while the value of the sample with wt.% 1 bHN decreased to 27.4X10-3gr. For the samples applied 

5N load, the weight loss of the bHN-free sample (0wt.% bHN) was 7.3X10-3 gr, while the value of the sample with 

wt.% 1 bHN decreased to 2,4X10-3gr. As a result, it was observed that the hBN reinforcement has a positively 

effect on the wear resistance of AA2024-bHN composites fabricated by powder metallurgy. 
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Figure 4. The wear loss values of Al2024 alloy and Al2024/hBN composites 

 

4 CONCLUSION 
 

The following conclusions can be drawn from the present investigation: 

 

1. Al2024 matrix reinforced with hBN particles composites were produced by powder metallurgy and hot-

pressing method. 

2. Microstructural examination showed that the hBN particles distributions were generally homogeneous in 

the Al2024 alloy matrix while some particle clustering and the particle-porosity clustering were observed 

at the composites.  

3. The density of composites is decreased with increasing hBN particle content but the porosity is increased 

with increasing particle content. 

4. Decrease in hardness of Al2024/hBN composites was observed with increase in hBN particle content.  

5. A passively effect of hBN particle on the wear behavior of Al2024/hBN composites was observed. 
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Abstract 

In this study, Zn-Al based metal matrix composite reinforced with 1% B4C and %1 

graphene nanoparticles was processed and characterized. The mechanical milling 

and hot-pressing method were used for the fabrication of hybrid nanocomposite 

materials. The powder mixtures were milled from 1h to 8h in a planetary ball mill 

machine. Scanning Electron Microscope (SEM) and Energy Dispersive Spectrum 

(EDS) was used for microstructural evolution of this nanocomposite materials. The 

effects of milling time on the microstructure and particle morphology of 

ZnAl40Cu2/B4C/Graphene hybrid nanocomposites were determined. The results 

showed that more homogenous dispersion of B4C and Graphene powders was 

obtained in the Zn-Al based matrix using the mechanical milling time of 8h.  The 

particle size of hybrid powder was decreased with increasing milling time. 

1 INTRODUCTION  
 

Metal matrix composites (MMC) are materials produced by reinforcing ceramic particles to a metal matrix as 

evenly as possible. Due to the low density/high strength, their ability to be produced in different combinations and 

geometries; high toughness and fatigue strength, high temperature, oxidation and abrasion resistance, the use of 

these materials covers many industrial areas from the automotive industry to the aerospace industry. New 

engineering materials were needed to achieve better performance, especially in the aerospace and defence 

industries, and this demand led to the development of MMCs. Most of the work on composite materials consists 

of composites containing nano-sized matrix and/or reinforcement phases [1]. Researchers are working on ceramic 

particle reinforced composites with aluminum metal matrix. However, in recent years, the production and 

properties of zinc-matrix ceramic reinforced composites has been an area of interest for many researchers. Zinc-

based alloys are now very useful as matrix materials. The main reasons for this are low melting temperatures and 

low cost [2].  

 

These alloys have superior tribological properties because the phases of aluminum oxide (alumina) and zinc oxide 

can easily form on the surface during the wear phenomenon. Alumina that is a hard phase makes the wear 

resistance high while zinc oxide that is a soft phase gives the lubricating properties to the body. The main problem 

of ZA alloys is that their mechanical properties decrease at temperatures above 100 ° C. This problem can be 

avoided by adding ceramic phases such as SiC, Al2O3, TiC and B4C [3]. High stiffness, hardness and small density 

difference between B4C, aluminum, and aluminum alloys make B4C an attractive reinforcement. Its high cost 

compared to SiC and poor wetting by molten aluminum alloys below 1100 0C limits its choice as reinforcement 

[4,5].  Graphene made up of carbon atoms graphene has been attractive due to their extremely high thermal 

conductivity, extraordinarily high stiffness and elasticity, good optical, electrical properties and also has unique 

friction and wear properties  which finds its application in a lot of fields like micro electro mechanical systems, 

wear resistance materials, coatings, additives and, liquid/solid lubricants [6-7]. 

 

Mechanical milling process can be used to refine the microstructure and provide the homogeneous dispersion of 

ceramic reinforcements in the metallic matrix within powder metallurgy[8]. This method can use to produce large 

quantities of materials as inexpensive. Thus, it is a well-known technique to produce advanced materials such as 

amorphous alloys and nanocomposites[9]. 
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The purpose of this investigation is to produce 1wt. % graphene and 1wt. % B4C reinforced hybrid nano composites 

by mechanical alloying and hot pressing and to investigate the effect of milling time on milling on the 

microstructure and particle morphology of ZnAl40Cu2/B4C/Graphene hybrid nanocomposites 

 

2 MATERIAL AND METHOD 
 

ZnAl40Cu2 powders with an average particle size of 65 μm and density of 4.28 g/cm3 were used as matrix 

powders. The chemical composition of ZnAl40Cu2 matrix powders (wt.%) is 57.6 Zn %, 2,01Cu %, 40,3 Al. The 

SEM images of as-received matrix powders were shown in Figure 1. As seen in Figure 1, the morphologies of 

matrix powder are ligamental. 

 

 
Figure 1. SEM images of ZnAl40Cu2 powders at different magnifications a) 500X b) 1000X c) 2000X 

 

B4C particles with the theoretical density of 2.53 g/cm3 and average particle size of 50 nm and Graphene particles 

with the theoretical density of 2.26 g/cm3 and average particle size of 40nm were used as reinforcements. Figure 

2 shows the morphology of as-received B4C and Graphene nanoparticles. 

 

 
Figure 2. The SEM images of powder morphologies of (a) b4C and (b) Graphene  

 

The hybrid nanocomposites powders were produced by mechanical alloying. The ZnAl40Cu2 alloy matrix 

powders, graphine and B4C nanoparticles were milled (for 1, 2,4,6 and 8 h) with tungsten balls (10 mm) and vials 

(125 ml) using high energy  ball-mill (Retsch PM 100). The rotational speed and the ball to powder weight ratio 

were respectively 300 rpm and 5:1. To prevent cold welding and oxidation methanol ( wt 3%) was used as process  

control agent (PCA). Initially, the hybrid nanocomposite powders were consolidated at room temperature under a 

constant pressure of 300 MPa to form green compacts and then green hybrid nanocomposite materials were 

consolidated under a pressure of 300 MPa at 455 ○C.   

 

Microstructures of each nanocomposites sample, distribution of the B4C and graphene nanoparticles in the 

ZnAl40Cu2 matrix alloy and morphologies of nanocomposite powders after the milling process were investigated 

by using scanning electron microscopy (SEM, Zeiss Evo LS10) equipped with elemental X-ray microanalysis 

(EDS). 
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3 RESULTS 
 

3.1. Powder Morphology 

 

The uniform distribution of nano graphene and nano B₄C particles in the ZnAl40Cu2 matrix is an important factor 

affecting the physical and mechanical properties of the final product. The morphology of the hybrid nanocomposite 

powders milled at different times is shown in Figure 3. When the figures are examined, it is seen that while the 

powders initially had a ligament structure, they returned to pulse structure after the first 6 hours of milling process 

(Figure 3 d). This is because nano-graphene has a lubricating effect, reducing breakage and cold-welding 

phenomena. Thus, after 6 hours of grinding time, the powder size decreased from 42 μm to 34.74 μm, which means 

that there was a significant change in the powder size. As the grinding process continued, the powder morphology 

pulse structure was maintained, but reductions in powder size occurred. After 8 hours of grinding, the powders 

have a relatively equiaxial structure and a significant decrease in powder size is observed.  

 

 
Figure 3. SEM images at 500X magnification of hybrid nanocomposite powders a) 1, b) 2, c) 4, d) 6 and e) 8 

hours of mechanical alloying time 

 

In the MA process, the powder particles subjected to the milling process using high energy ball mills exhibit both 

morphological and dimensional changes as a result of high energy collisions between the ball-powder-ball, ball-

powder-mill surface. As a result of the studies on MA, the general opinion is that in the first stages of milling, 

powder size increases as a result of cold welding and in later milling periods it decreases and becomes stable. 

However, this formation also depends on factors such as the initial size, the morphology of the starting powders, 

the amount of process control additive and the manner of administration. Thus, it was found that the stabilized 

HNK powders were reached at a grinding time of 8 hours and the powder size reached its minimum values. 
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Although the average particle size of the starting powders used in the study was ~ 42-43 μm, the powder size of 

the composite powders decreased to 28 μm after 8 hours of grinding. This is shown in Figure 4. 

 

 
Figure 4. The effect of milling time on the particle size of hybrid nanocomposite 

 

3.2. Microstructure 

 

The SEM image of pure ZnAl40Cu2 alloy produced by powder metallurgy method at 1000X magnification is 

given in Fig. 5. The light gray regions in the figure represent aluminum-rich Al6.1(Cu, Zn)1.2 (Figure 4, number 1). 

The areas seen as small white dendritic regions in the figure represent the phase (Figure 4, number 2) with high 

saturated aluminum and a small amount of dissolved copper (Figure 4, number 2), and the small bright white areas 

(Figure 4, number 4) represent the CuZn5 phase. the parts seen as black represent the porosity within the structure 

(number 3). 

 

 
Figure 5. SEM image of pure ZnAl40Cu2 alloy produced by powder metallurgy method at 1000X magnification 

 

SEM images of hybrid nanocomposite samples produced with powders milled with different mechanical alloy 

durations with ZnAl40Cu2 alloy matrix graphene and B4C nano particle reinforcement are given in Figure 6. The 

small black bright spots seen in the figures were found to be B4C particles. When the figures are examined, it is 

seen that these points start to move into the grain at the grain boundaries with increasing mechanical alloy time 

and are distributed more homogeneously. It is also evident from the figures that the grain size decreases with 

increasing mechanical alloying time. 
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Figure 6. SEM images of 1000X magnifications hybrid nanocomposite samples produced with different milling 

time (a) 0h, (b) 1h, (c) 2h, (d) 4h, (e) 6h and (f) 8h 

 

4 CONCLUSION 
 

1. ZnAl40Cu2 matrix graphene and B₄C reinforced hybrid nanocomposite materials can be produced by 

mechanical alloying and hot-pressing method. 

2. The samples produced by the conventional powder metallurgy method; the reinforcing elements are 

generally deposited at the grain boundaries. With MA, nanoparticles are located both within the grain 

boundaries and within the beads. 

3. The particle size of hybrid nanocomposites decreased with increasing milling time. 
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Abstract 

Due to the increasing world population, especially in the last 50 years, there has been 

a tendency to produce more products in the agricultural sector. Since traditional 

methods are not sufficient for this purpose, pesticides have been used in addition to 

technological production methods to combat pests. Pesticides and insecticides should 

be controlled and some of them should be abolished completely due to the negative 

effects of pesticides used on human health. Many methods of analysis have been 

developed to control pesticides, but high costs, long-term analysis and reliability 

problems have led biosensor applications to this area. Having various analysis 

methods, providing low cost and fast measurement, being open to mobile device 

development shows that biosensor applications will be an indispensable analysis 

method of the agricultural sector. 

1 INTRODUCTION 
 

Living beings in nature can survive by recognizing the variables in the environment and taking precautions against 

these variables. For example, an eel can detect a few drops of impurities added to its environment, bees can detect 

their hives among dozens of hives, thanks to their odor selectivity, and the odor sensitivity of dogs can be 100000 

times higher than that of humans. Combining specific biological substances with analysis technologies that enable 

living beings to perceive stimuli in this way has led to the development of analyte-specific biosensor applications. 

Besides the high specificity of biosensors; color and cloudy solutions in a wide range of concentrations to allow 

direct measurement. However, it is a disadvantage that biosensor materials, called receptors, are affected by 

environmental conditions such as pH, temperature and ionic strength, which shortens the lifetime of the 

biosensor[1].  

 

2 BIOSENSORS 
 

Generally biosensor; A device or instrument comprising biological sensing material coupled with a chemical or 

physical transducer capable of converting a biological, chemical, or biochemical signal into a measurable and 

processable electrical signal[2]. Biosensing materials used in biosensors include enzymes, antibodies, nucleic 

acids, whole cells, receptors, tissues, organelles, and more. 

 

Nowadays industries such as food, chemistry, environment, health and biotechnology are showing rapid growth 

and development. The biggest problem in these industries is that periodic analyzes for quality assurance and 

process controls are carried out with traditional techniques that require quite exhausting, time consuming and 

experienced employees. Examples of these conventional techniques are chromatography, spectrophotometry, 

electrophoresis, titration based on the food industry. As a result, it takes a long time to determine the concentrations 

of the many components present in the composition. Therefore, these industries require fast, precise, reliable, 

small, easily portable and cost-effective techniques. At this point, biosensor technology; It is a powerful alternative 

to traditional analytical methods by providing precise and specific operation of biological systems with small and 

low cost devices[3-8]. 

 

Biosensors, like many sensors, are composed of receptors and transforming structures. If the receptor is a 

biomolecular structure, it is called a bioreceptor. It is essential to use an effective fixation technique to bind 

bioreceptor materials to transducers. Bioreceptors are biomolecules that can recognize the analyte. Transducers 

are structures that convert the chemical or physical signal produced by the bioreceptor when it detects the analyte 
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into an electrical signal. Thanks to biosensors, analyzes that normally require long assays can be performed in a 

shorter time. 

 

Reproducibility and reproducibility are important when evaluating biosensors when large variability is expected 

in biological samples and bio-sensing materials. Since biosensing materials are organic materials which are 

deteriorated by heat, humidity, pH and other factors, their lifetime is an important factor in biosensors. The 

response signal of a biosensor to standard sample changes may be expressed in months, days, or hours, depending 

on the biosensing materials used. 

 

The basic properties of biocenes are listed as follows. 

• Sensitivity: means the device responds to the change in analyte. 

• Selectivity: indicates the analyte specificity of the instrument only. The instrument is of no interest to other 

reagents and does not give incorrect results. 

• Measuring range: the range of analyte concentration that the instrument can measure. 

• Measurement time: the time the instrument performs analyte measurement. 

• Consistency: the standard deviation of the measurement results should be low. 

• Measurement limit: refers to the lowest analyte concentration at which the instrument can measure. 

• Life: can be expressed as the service life of the device without loss of performance to the extent that it affects the 

results. 

 

2.1 Biosensor Applications in Agriculture 

 

Biosensor technologies have been developed and applied to agriculture, food and environmental fields. The 

increase in the number of pollutants present in soil, water resources and foods poses a potential danger to human 

health due to the large use of chemicals. As a result of this danger, stricter laws are enacted worldwide to monitor 

and control the release of pollutants. In addition, it has increased the demand for cooked foods that contain less 

preservatives and additives, high nutritional value and no pathogenic microorganisms. For this reason, especially 

in agriculture, medical analysis, food and environmental monitoring and multi-disciplinary applications, an 

extraordinary growth in biosensor development has emerged in recent years. The increasing number of analytes 

that need to be monitored and other analytes that require control, the need for high precision, speed and accuracy 

of analyte measurements has aroused great interest in developing biosensors as diagnostic tools [9]. 

 

Today, the increase in the awareness of organic agriculture, animal husbandry and nature protection and the 

investments made in this field are in the direction of reducing or even ending the use of pesticides and other 

pollutants, especially in agriculture. Due to the fact that agriculture constitutes an important commercial value, it 

increases the need for fast and reliable analysis methods in the control of agricultural products using pesticides. In 

this context, biosensor applications show developments specific to this field. 

 

In agriculture, biosensors are generally used for measuring pesticides, fertilizers, malodors and animal diseases. 

Pesticides are a group of thousands of organic compounds used in today's agriculture. Pesticides are one of the 

important chemical hazards in agriculture due to their widespread use and inappropriate applications. There are 64 

pesticides that are used in large quantities and are considered contaminated with food products and groundwater. 

Due to their high use in agriculture, pesticides are the most important pollutants[10-12]. However, the present 

analytical methods for identifying organophosphate pesticides and N-methyl carbamates are complex or absent for 

some compounds. 

 

Since the pesticide remains stable, high performance liquid chromatography (HPLC) is a suitable method for the 

determination of these compounds. However, several pre-treatment steps are required, which require time and cost 

to adjust the sensitivity to the method. Due to these limitations in traditional methodologies, the development of 

biosensors for direct and indirect pesticide detection is particularly important. 

 

Biosensor applications for agricultural chemicals [10] have been evaluated in field analyzes of pollutants in crops 

and soil, rapid disease detection in crops and live animals, and in monitoring animal fertility [5]. Enzymes, 

antibodies and cell-based biosensors with amperometric, potentiometric, absorption and radiation-labeled optical 

conversion methods have been developed for the detection of pesticides, foreign plant pesticides and fungicides 

used in agriculture. Pesticide and antibiotic residues in agricultural specimens were extensively examined and 

applied using electrochemical enzymatic biosensors [13,14], surface acoustic waveguide (SAW) biosensors [15], 

surface plasmon resonance (SPR) biosensors [16] and biological radiation biosensors [17]. 
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In environmental monitoring, biosensors were used to detect pesticide residues, antibiotic residues, toxins and 

microbes in air, water and soil samples, and to measure biochemical oxygen demand (BOD). Biosensors were 

evaluated by Dennison and Turner [18] for environmental monitoring, while Wang and colleagues [19] studied 

DNA electrochemical biosensors for environmental monitoring. Electrochemical enzymatic biosensors for the 

detection of pesticides in soil and surface waters have been investigated by researchers [13,14,20,21]. In another 

review article, Rodriguez-Mozaz and colleagues [22] pointed to various biosensors for environmental applications 

and discussed their future trends. 

 

3 RESULTS AND CONCLUSION 
 

As a result, the importance of organicity in the agricultural sector, the use of pesticides and other pesticides, and 

the need for reliable food require regular control of foods. These control studies should be performed quickly and 

with low cost with reliable analysis methods. Biosensor applications become an area that is characterized by low 

cost, reliability and rapid measurement methods and is open to improvement. In the coming years, mobile 

biosensor devices will be an indispensable part of the agricultural sector by eliminating the need for laboratories. 
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Abstract 

In this study, Au/In2S3/n–InP/In structure was fabricated by using n–InP substrate 

and the electrical characterıstıcs of this structure were investigated depending on 

sample temperature. In2S3 thin film was deposited on n-InP crystal and glass 

substrates by Chemical Spray Pyrolysis method. The absorption, XRD, SEM and 

EDX methods are used to examine the optical, structural and morphological 

properties of the films. Temperature dependent I–V-T measurements of Au/In2S3/n–

InP/In structure were obtained. Obtained from ln(I)–V curves ideality factors and 

barrier heights were observed that in decrease and decrease with decreasing 

temperature, respectively. For Au/In2S3/n–InP/In structure, activation energies and 

Richardson constants was obtained from linear region of modified Richardson plot 

which exhibits nonlinear behavior. The analysis of I–V data based on thermionic 

emission of Au/In2S3/n–InP/In structure was revealed the existence of double 

Gaussian distribution with mean barrier height values (Ф̅𝐵0) of 0,60 eV, 0,24 eV 

with standard deviation (σ) of 84,1 mV, 26,6 mV, respectively.  

 

1 INTRODUCTION  
 

Metal semiconductor (M/S) contacts are widely used as rectifier contacts in the electronics industry. Schottky 

contacts play an important role in controlling the electrical performance of the devices. Interfacial properties M-

S contacts have a dominant influence on the device performance, reliability and stability. The barrier height is 

likely to be a function of the interface atomic structure and the atomic inhomogeneities at the metal– 

semiconductor (MS) interface which are caused by grain boundaries, multiple phases, facets, defects, a mixture 

of different phases etc.[1-2].  

 

The I-V characteristics of the M/S contacts usually deviate from the ideal thermionic emission (TE) current 

model [3,4]. Especially at low temperatures, a number of researchers [5-7] reported that the examining of the 

forward bias I-V characteristics Schottky barrier diodes (SBDs) on the basis of TE theory mechanism observed 

an abnormal decrease of ФB0 and an increase of n. According to their study such behavior of ФBo and n with 

temperature interpreted on the basis of the existence of Gaussian distribution of the Schottky barrier heights 

(SBHs) around a mean value due to SBH inhomogeneities viable at the M/S interface [8]. 

 

III–V compound semiconductors, especially indium phosphate (InP), is one of the most important 

semiconductors being considered for device applications, especially is promising material for high-speed 

electronic and optoelectronic devices. Because InP has remarkable characteristics such as large direct band gap, 

high electron mobility, high speed and high breaking voltage which are very important parameters in electronic 

circuit elements. However their enforcement is, some inhibited by difficulties in reproducibly controlling their 

surface composition and electrical properties. Especially, these difficulties are caused by interface instability and 

surface recombination velocity [9]. Used the thin film modifies some electrical characteristics of the diodes. Due 

to the suitability and stability of the In2S3 thin film, it is used in barrier modification of metal–n type InP 

semiconductor devices [10-11]. In the literature Wilmsen and co-workers suggested that S fills the phosphorous 

vacancies and replaces the surface P with sulfur. It was suggested that an In2S3 -InP heterojunction structure may 

be formed as a result of the S treatment. The proposed arrangement of S leaves the passivized surface with no 

dangling bonds [12]. In our previous article, two different In2S3 /n-InP junctions have been fabricated by spray 

pyrolysis method and the effects of the growing parameters In2S3 interlayer on electrical characteristics of 

In2S/n-InP junctions have been examined at room temperature [10]. In this work, electrical characterıstic of 
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Au/In2S3/n–InP/In structure has been investigated depending on sample temperature (I-V-T) over the 

temperature range 300-20 K with steps in 10 K. 

 

2 MATERIAL AND METHOD 
 

Firstly, n-InP (1 0 0) crystal was degreased consecutively in trichloroethylene, acetone, and methanol for 5 min 

then rinsed in deionized water of 18 MΩ. The native oxide on the surfaces were etched in sequence with acid 

solutions (H2SO4:H2O2:H2O=3:1:1) for 1 min. Then a blow-dry with N2, ohmic contacts on the back side of the 

sample was formed by evaporating indium metal at a pressure of about 10-5 Torr, followed by annealing at 3200C 

for 3 min in N2 atmosphere. Then as shown in Table 1, the growing parameters of the In2S3 thin films were 

directly deposited on the surfaces of n-InP semiconductor with In ohmic contacts by spray pyrolysis method to 

investigate on the electrical characteristics at various temperatures at the range of 300-20K. The detailed 

structural and morphology properties of the In2S3 thin film on n-InP substrate was investigated with XRD, SEM 

and EDX techniques. We were shown the same experimental steps of deposited the In2S3 thin films in our 

previous article [10]. 

 

Table 1. Chemical spray pyrolysis method growing parameters of In2S3 thin films  

Sample 
InCl3 

Solution 

(NH2)2CS 

Solution 

Precursor Solution 

Molar Ratio  

(In/S) 

Sample 

Temperature 

Thin film 

growing time 

(min) 

Carrier 

gas 

Flow 

rate/flow 

factor 

Glass 0,01 0,01 2/3 300 20 Hava 6/5 

InP/In 0,01 0,01 2/3 200 30 Hava 6/5 

 

3 RESULTS 
 

3.1 Optical Analysis 

 

The optical band gap (Eg) values were determined from the commonly known equation: 

 
(𝑎ℎ𝜈)2– ℎ𝜈                                                                                                                                                             (1) 

 

The band gap energy of film has been determined as 2.90 eV by the extrapolation of the linear region on the 

energy axis (ℎ𝜈) as shown in Figure 1. 

 

 
Figure 1. Plots of (ɑℎ𝜈)2 versus ℎ𝜈 and variation of optical absorbance versus the wavelength of In2S3 thin film 

on the glass substrate 

 

3.2 Structural Analysis 

 

Figure 2 shows the X – ray diffraction data of the In2S3 thin film growing on a glass substrate. It was found that 

reflection peak analysis obtained reflection from the planes (109), (0012), (309), (0024). This shows that the 

structure is polycrystalline tetragonal in the β-In2S3 phase. [13-14]. 
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According to 2Ɵ values of peaks, inter-planar spacing d values and the crystallite size of In2S3 film was 

calculated as shown in Table 2. The d-values of sample coincided with that of β-In2S3 phase in standard (JCPDS) 

data file No: (06-0416). The crystallite size was calculated using Debye-Scherrer formula, 

 

𝐷 =
0,94𝜆

𝛽𝑐𝑜𝑠𝜃
                                                                                                                                                                (2) 

 

 
Figure 2. Caption of figure 

 

Table 2. The structural parameters of In2S3 thin film. 

(hkl) FWHM 
Intensity 

(a.u.) 

2θ 

(Degree) 

d-Value 

(Å) 

Crystal size (D) 

Å  

(109) 0,650 1192,340 28 3,185 126,036 

(00 12) 0,544 8302,292 33,93 2,640 152,779 

(309) 0,650 978,532 44,4 2,039 132,081 

(00 24) 0,727 523,573 71,12 1,325 134,444 

 

SEM image of the In2S3 film on n-InP substrate has been shown in Figure 3. It is observed that the In2S3 thin 

film deposited at substrate temperature has well covered on the substrate. As seen in Figure 3, there are a number 

of the spherical grains in SEM micrograph. The average size of the spherical grains is larger than 300 nm. This 

may be attributed to the nano polycrystalline nature of In2S3 thin film. SEM is equipped with an EDX analysis 

system. The EDX results are shown in Figure 3. Analytical results of EDX show that subsisted expected 

elements in the thin film composition. Also, the film comprises small amounts of N, Al Cl and O. These 

contaminants in the film deposited from solution with the In/S ratio which as we gets all oxygen detected likely 

originates from the substrate or ambient impurities. 

 

 
Figure 3. SEM image and EDX analysis of the In2S3 thin film grown on n-InP substrate 

 

3.3 Temperature depend electrical characteristics of Au/In2S3/n-InP/In structure 

 

The I-V equation unrespect to the thermionic emission theory in the presence of interfacial layer is given by Ref. 

[15]. 

 

𝐼 = 𝐴. 𝐽 =  {𝐴𝐴∗𝑇2𝑒𝑥𝑝 (
−𝑞𝜙𝐵0

𝑘𝑇
)} {𝑒𝑥𝑝 (

𝑞(𝑉−𝐼𝑅𝑠)

𝑛𝑘𝑇
) − 1}                         (3) 

 

where A is the effective area of diode, A* is the effective Richardson constant, 𝜙𝐵0 is the barrier height, T is the 

temperature, q is the elementary charge, k is the Boltzmann constant, Rs is the series resistance and n is the 
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ideality factor. Also, I0 is the saturation current derived from the straight line intercept of lnI at V = 0. The n and 

𝜙𝐵0 values are derived from the Equation 1 and these values calculated as a function of sample temperature. 

 

Temperature dependent I–V-T measurements of Au/In2S3/n–InP/In structure have been obtained. Figure 4 shows 

the semi-logarithmic bias I-V characteristics of Au/In2S3/n–InP/In structure at the rage of 300-20K sample 

temperature. Table 3 presents the forward and reverse semi logarithmic bias I-V characteristics of the 

Au/In2S3/n-InP/In junction at various temperatures. Obtained from ln(I)–V curves ideality factors and barrier 

heights have been observed that in decrease and decrease with decreasing temperature, respectively.  

 

 
Figure 4. The semi-log current voltage characteristics of Au/In2S3/n-InP/In structure at various temperature. 

 

Table 3. Caption of table 
Sample Temperature 

(K) 
  n nap 

ΦB 

(eV) 
Φap(eV) 

300 1,03 1,035 0,543 0,466 

280 1,055 1,048 0,454 0,456 

260 1,065 1,063 0,442 0,445 

240 1,067 1,081 0,424 0,431 

220 1,089 1,104 0,403 0,415 

200 1,112 1,132 0,377 0,397 

180 1,151 1,169 0,352 0,374 

160 1,217 1,218 0,323 0.346 

140 1,397 1,287 0,280 0,309 

120 1,436 1,394 0,265 0,260 

100 1,585 1,575 0,232 0,199 

80 1,852 2,246 0,194 0,189 

60 2,269 2,427 0,152 0,171 

40 3,274 2,892 0,101 0,137 

20 6,483 6,801 0,049 0,034 

 

Abnormal increases in the ideality factor, especially at low temperatures, cannot be explained only by the 

thickness of the interface layer or the presence of the interface states. Gaussian distribution function is the most 

preferred method for explaining abnormal properties of Schottky barrier diodes especially at low temperatures. 

According to Gaussian distribution, Equations (3) and (4) can be derived as follows; 

 

Ф𝑎𝑝 = Ф̅𝐵0 −
𝑞𝜎2

2𝑘𝑇
                (4) 

 

(
1

𝑛𝑎𝑝
− 1) = 𝜌2 −

𝑞𝜌3

2𝑘𝑇
                                           (5) 
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As shown in Figure 5, the analysis of I–V data based on thermionic emission of Au/In2S3/n–InP/In structure have 

revealed the existence of double Gaussian distribution with mean barrier height values (Ф̅𝐵0) of 0,60 eV, 0,24 

eV with standard deviation (σ) of 84,1 mV, 26,6 mV, respectively. These results also show that double Gaussian 

distribution of barrier height occurs depending on temperature. In Figure 5 (nap
-1-1) 1/2kT plots have two 

separate linear temperature zones confirming the existence of double Gaussian distribution. Also, as shown in 

this pilot 𝜌2 and 𝜌3 values for first tempeature zone and second zone are found 0,131 V - 0,086 V and 0,455 V-

0,001 V, respectively. The first zone is represented by the high temperature zone Fit 1 (300–100 K) and the 

second zone by the low temperature zone Fit 2 (100–20 K). Thus, Ф𝑎𝑝 and 𝑛𝑎𝑝 values showed similar behavior 

depending on temperature. 

 

 
Figure 5. Caption of figure 

 

As shown in Figure 6, activation energies and Richardson constants have been obtained from linear region of 

conventional Richardson plot which exhibits nonlinear behavior, are 0,502 eV and 1, 247 AK-2cm-2, respectively. 

The modified Richardson curves of Au/In2S3/n–InP/In structure seen in Figure 6 also have two regions. 

Likewise, the first zone is represented by the high temperature zone Fit 1 (300–100 K) and the second zone by 

the low temperature zone Fit 2 (100–20 K) similar to the results in Figure 5. The values of ФB0 and A* were 

0.583 eV, 0.245 eV and 6.40 A(Kcm)-2, 5,319 A(Kcm)-2, respectively. Also, the calculated Richardson constant 

values are in agreement with the known theoretical value for n-InP. 

 

Thus, the results obtained for Au/In2S3/n–InP/In structure has been successfully explained by Gaussian 

distribution of barrier heights based on the Thermionic Emission (TE) theory of the temperature dependent 

forward bias I – V characteristics. Similar results have been observed in many studies in the literature. [16-18]. 

 

 
Figure 6. Caption of figure 
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4 CONCLUSION 
 

β-In2S3 nano-crystalline thin film was well deposited on n-InP crystal and glass substrates by Chemical Spray 

Pyrolysis method. Band gap value of the film is calculated as 2.90 eV. Au/In2S3/n–InP/In structure fabricated 

and Schottky barrier diode forward bias I-V-T parameters with In2S3 thin film are obtained at the temperature 

range 300-20 K with steps in 20 K. Obtained from the forward bias I-V-T measurement values of n and ФB0 have 

been shown strong temperature dependence. The origin and nature of the increase in the ideality factor and 

decrease in the barrier height with decrease in temperature in the Au/In2S3/n-InP/In structure has been 

successfully explained on the basis of the thermionic emission with Gaussian distribution of the barrier heights.  

This behavior is attributed to Schottky barrier in-homogeneities by assuming a Gaussian distribution of barrier 

heights due to barrier height in-homogeneities. 
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Abstract 

Culverts are art structures that are designed to be embedded in the soil and are used 

to eliminate many needs such as transportation, drainage, and passing of the cables. 

It is known that culvert structures, which are in constant interaction with the soil 

medium due to their nature, can be damaged due to changing in their dynamic 

behaviour under the effect of earthquake. In this context, the study investigates the 

seismic behaviour of the wing walls of the box culvert taking into account the soil 

structure interaction. The interaction system formed with the help of finite element 

is composed of three parts as foundation soil, backfill and structure system. In the 

study, four different foundation soil systems are considered and the seismic 

analyses is performed as full transients in the time domain. HSP000 component of 

the Loma Prieta earthquake is used as a loading record. The damping elements, 

which are located on the boundary faces of the solid model, consider Rayleigh and 

Kuhlemeyer criteria. In addition, Drucker-Prager material model is used to reflect 

the nonlinear behaviour of the soil systems. The material dampings, which are 

exerted with Rayleigh damping, are represented with difference damping 

coefficients for the wall and the soil systems. The results obtained from the wall 

system are discussed comparatively in terms of the peak horizontal displacements 

and the peak stresses. The results clearly reveal the complex effects of the soil 

structure interaction on the wall dynamic response. Also, it is observed that these 

effects cause a general increase tendency in the wall responses  depending  on 

decreasing of the foundation soil stiffness. 

 

1 INTRODUCTION  
 

The culvert structures are hydraulic art structures that are used to cross small streams continuously flowing or 

consisting of as a result of the rains. Furthermore, the culverts generally have an important place in the passage 

of the vehicle or the elimination of any infrastructure requirements. In this context, the culvert structures can be 

constructed under transportation networks such as highways or railways, while permitting direct passage. In the 

design of culverts, materials such as steel, reinforced concrete, aluminium are often preferred depending on the 

engineering solution and these structures can be classified into three main categories according to types: 1) box 

culvert, 2) arch culverts, 3) bridge culverts (deck culverts) which it has maximum 10 m spans between two piers 

or abudments [1]. In this study, the culvert subject to the examination falls within category one. 

 

The culvert structures subject to relatively less inertial forces because they are often designed to be buried in the 

soil. But the 1995 Hyogoken-nambu earthquake revealed that this situation is not always such like this and these 

structures could be severely damaged under medium and large severe earthquakes. During this earthquake, 6 of 

the 21 subway in the Kobe region were severely damaged [2]. Studies have reported that this earthquake caused 

middle column shear failures, which had never been experienced before [3, 4]. Differently from these situations, 

the 1999 Chi-Chi earthquake caused significant structural damage such as spalling of crown, longitudinal cracks 

of crown and inclined cracks of the side wall [5]. Although damages caused by earthquake effects may be similar 

in many respects, it is clear that factors such as duration of loading, magnitude and interaction of soil-structure 

play a major role in the degree of structural damage. More recently, in the tunnel structures under the influence 

of 2008 Wenchuan earthquake (Mw = 7.9) which is considered as one of the greatest disasters in human history 

were observed quite serious irreversible problems such as portal rupture, steel arch distortion, steel bar distortion 

and lining collapses [6-9]. As a result of these studies, it is seen that the seismic behaviour of these structures, 
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which are traditionally thought to be buried under dynamic loads, is quite complex and that the issues to be 

considered in seismic design are still a mystery. In this context, the seismic behaviour of rigid wing walls of a 

reinforced concrete box culvert is examined by considering the soil structure interaction.  

 

The analysis used in the seismic design of wing walls can be grouped under 3 main headings: 1) limit 

equilibrium analyses, 2) analytic solutions which are based on the elastic wave theory, 3) numerical solutions 

which can perform nonlinear analyses for soil-structure systems. Approaches proposed in the first category 

calculate the system forces acting the vertical and horizontal earthquake acceleration to the wedge mass 

supposed to be formed behind the wall, and there are critical contributions made by Okabe [10], Mononobe and 

Matsuo [11], Seed and Whitman [12], Nadim and Whitman [13]. The second category approaches fix the soil 

structure interaction systems from the base and the soil systems take into account either viscoelastic or linear. It 

is represented with valuable contributions made by Arias et al. [14], Veletsos et al. [15-17], Li [18], Younan and 

Veletsos [19], Wu and Fin [20, 21], Papagiannopoulos et al. [22], Vrettos et al. [23], and Beskou et al [24]. The 

two most common methods in the last category are the finite element method used in the creation of this study 

and the finite difference method. It is frequently preferred for solving engineering problems due to its ability to 

produce faster and more sensitive results with the developing technology in both methods. There are many 

studies using these two approaches in the literature [25-36]. 

 

In line of the above-mentioned damages, it is clear necessary to shed light on the dynamic behaviour of soil 

buried structures under severe ground motion effects. The study aims to investigate the dynamic response of the 

rigid wing wall of a box culvert considering the soil structure interaction phenomenon. In this context, the full 

transient analyses are realized in time domain using four different foundation soil systems. The results are 

presented as a style which can reflected time history relations of peak relative horizontal displacements and 

stresses magnitude. Besides, the changing of the horizontal displacements along height of the wing wall is 

compared to different soil conditions. The conclusions emphasize that effects of the soil-structure phenomenon 

can't be ignored in terms of dynamic design of the rigid wing wall. 

 

2 THE SOIL STRUCTURE INTERACTION MODEL AND PROPERTIES 
 

Soil structure interaction system in this study has been prepared by ANSYS 13.0 package program [37] using the 

finite elements method. Fictionalized solid model includes three main systems which consist of the foundation, 

the backfill and the box culvert systems. Considered structural dimensions of the culvert and wing walls are 

shown in Figure 1. 

 

 
Figure 1. Sections of the box culvert and wing wall  

 

The reinforced concrete structure consists of the wing wall, the box culvert and its header beam. The length of 

the structure is 61.7 m and the culvert has 7 m span and base thickness of the culvert is 0.80 m. Also, the height 

of the structure which involves the header beam having 0.45x0.80 m dimensions is H=8.10 m. Header beam has 

been built on both end of the culvert and it has 8.20 m length. The wing wall heights change from 8.10 m to 2.50 

m sizes and its stem thickness is 0.45 m. 

 

Choosing the right element types for the three-dimensional finite element modelling approach is very important. 

In this regard, some solid elements that can reflect the behaviour of the soil and reinforced concrete is used in the 

study. For the reinforced concrete structure system SOLID65 element type is preferred. This element type is 

0.30 m 
0.70 m 

8.20 m 

7.30 m 

0.80 m 

0.60 m 
8.10 m 

2.50 m 

9.60 m 

0.30 m 
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often used to represent the concrete and it has capabilities of cracking in tension and crushing in compression in 

addition to capable of cracking (in three orthogonal directions), crushing, plastic deformation, and creep. 

Furthermore, it can be used with or without rebar and is defined by eight nodes having thee degrees of freedom 

at each node. For modelling both the foundation and backfill soil systems is used SOLID45 element which has 

plasticity, creep, swelling, stress stiffening, large deflection, and large strain capabilities and accommodates 

eight nodes with three degrees of freedom. 

 

 
Figure 2. Schematic representation of soil structure interaction system 

 

The soil structure interaction system is a complex problem due to many reasons such as kinematic interaction, 

earthquake frequency content, soil stiffness, structure geometry. The solid model formed with the help of the 

finite element method offers the possibility to consider these effects in many aspects. Schematic representation 

of the formed soil structure interaction system is shown in Figure 2. The wave propagation effect plays a very 

important role in realistically reflecting such problems. In this context, it is critical to choose sufficient length for 

both the foundation and the backfill soil systems. When the solid model is constructed, the model is formed from 

two parts including the near field (truncated field) which includes non-homogeneity and irregularity of the soil 

system, and the far field which is supposed as a linear and homogeneous soil medium [38, 39]. Viscous damping 

approach proposed by Lysmer and Kuhlemeyer [40] is used to minimize the errors caused by the reflection 

effects at the boundary after truncated field length is selecting 10H for the foundation soil system [41]. 

Furthermore, the value of 5H is taken into account for the backfill soil system [26, 42]. Bonding interface of the 

culvert and backfill is modelled by the common nodes (perfectly bonding). The nonlinear behaviour of the soil 
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systems in the study is reflected using Drucker Prager yield criteria. Rayleigh damping is preferred for the 

hysteretic damping of the materials. 

 

3 PROPERTIES OF CONSIDERED SOIL SYSTEMS AND FOLLOWED SEISMIC 

PROCEDURES 
 

The soil structure system is subjected to the earthquake by full transient analyses. For solutions of these analyses 

performed in time domain, Newmark integration technique is used. After the earthquake record used in the 

analyses is taken as raw from PEER ground motion database [43], it is scaled with 0.05 s time intervals. In scope 

of the study, the HSP000 component of the 1989 Loma Prieta earthquake recorded at Hollister-South & Pine 

station is used. The related earthquake record content has been presented in Figure 3. 

 

 

Figure 3. 1989 Loma Prieta earthquake record 

 

Table 1. The properties of the considered foundation soil systems 

Soil System E, kN/m2 G, kN/m2 c, kN/m2 ν ϕ(°) ψ(°) γ, kN/m3 sv , m/s pv , m/s 

S1 200000 76923 25 0.30 20 0 19 201.21 376.43 

S2 150000 57692 25 0.30 20 0 19 174.25 326.00 

S3 75000 27778 25 0.35 20 0 18 124.23 258.60 

S4 50000 18519 25 0.35 20 0 18 101.43 211.14 

E: Young’s Modulus, c: Cohesion, G: Shear Modulus, ν: Poisson’ s ratio, ϕ: Internal friction angle, ψ: 

Dilatancy angle, γ: Weight per unit volume, sv : Shear wave velocity, pv : Compressional wave velocity 

 

The soil structure interaction is investigated depending on the changing in soil stiffness. Table 1 shows both 

mechanical and physical properties of the foundation soil systems considered in the analyses. It should be said 

that a common backfill system is taken into account for the four different foundation soil systems. Its Young’s 

modulus is 100 MPa, the Poisson’ s ratio: 0.3, the weight per unit volume: 19 kN/m3, cohession: 25 kPa and 

internal friction angle: 20º. Besides, the reinforced concrete structural system is considered as Young’s modulus: 

30000 MPa, Poisson’ s ratio: 0.2, the weight per unit volume: 25 kN/m3. 

 

3.1 Estimation of Material Dampings 

 

The use of system dampings in the finite element model is of great importance in terms of achieving realistic 

results and convergence. Dampings of the soil-structure system consist of the wave radiation dampings of the 

soil systems and material dampings (structural or hysteretic dampings) of both the structure and the soil systems. 

In the common civil engineering applications, the global damping ratio is often used due to the ignorance of the 

foundation soil system. In other words, it is assumed that damping ratio of the soil system which is represented 

with the fixed or direct springs is the same with the structure system. These approaches are generally acceptable 

because of the safe solution option but it is not very effective in examination of the special situations such as soil 

structure interaction. While the classical damping is used for a single material or systems where the same 

damping ratio can be used, non-classical damping is more proper to complex problems such as the soil structure 

interaction systems consisting of two or more materials and with different damping rates. ANSYS allows to 

define both global and separate damping values. In the study, it is utilized from non-classical damping approach 

selecting separate damping values for system dampings. 
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In systems which are thought to have different damping rates, it is generally benefited from laboratory 

experiments for the determination of material damping. Therefore, it is generally difficult to determine the 

damping ratios of the materials separately. However, with the help of half-power bandwidth method, it is 

possible to obtain the damping of the entire soil structure interaction system [44]. The full harmonic analyses, 

where the linear elastic material behaviour is assumed and small deflection theory is used, is performed for four 

foundation soil systems. This method solves directly the matrix equation in nodal coordinates, and does not use 

mode shapes and natural frequency. After harmonic analyses, the half-power bandwidth method is exerted to 

displacements at the top of the box culvert. The obtained amplitude-frequency relations and the calculated 

system damping ratios are shown in Figure 4 and Table 2, respectively. 

 

 
Figure 4. Displacements on the top of the box culvert for the foundation soil systems 

 

Table 2. The peak amplitudes values and calculated damping ratios of the foundation soil systems 

Soil System Peak Amplitude (-)  System Damping Ratio 

S1 0.1427  0.116 

S2 0.1513  0.133 

S3 0.1672  0.222 

S4 0.1848  0.291 

 

Figure 4 shows that damping of the soil-structure interaction systems is highly affected by the foundation soil 

stiffness. In this context, it is clear that the damping of the soil structure interaction system increases due to the 

decrease in stiffness of the foundation soil. According to the analyses results made for estimating the damping 

rates of different materials, the damping ratios of the soil and structure systems are considered as 15% and 5% 

during the study. These damping values are quite realistic and have been stated by many researchers [44-46]. 

 

4 RESULTS AND DISCUSSIONS 
 

The results of the analysis performed in the time domain under the effect of earthquake are presented in Table 3. 

The values presented here consist of the peak displacements at the wall top and the peak stress values obtained 

from the wall critical section and the wing wall-culvert connection section. Also, the realization times of these 

peak responses are presented. The peak stresses of the wing wall are obtained from nodes in corner and middle 

section of the wall front and back faces for x, y, z directions, and is termed according to these sections. 

 

If Table 3 is examined, it can be seen that the soil-structure interaction phenomenon affects the dynamic 

responses of the wing walls. The changing shows generally an increase trend in terms of the peak displacements 

depending on decrease in the foundation soil stiffness. The similar increase trends is possible to be said in point 

of the peak stresses obtained from critical section of the wing wall. 
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Table 3.  The peak stresses and relative horizontal displacements obtained from the wing wall, and realization 

times of these responses 

Soil System S1 S2 S3 S4 

Responses t (s) Value t (s) Value t (s) Value t (s) Value 

ut(m) 11.75 0.0026 11.80 0.0024 9.85 -0.0028 9.50 0.0030 

Sz(back corner) (MPa) 11.40 1.6930 8.00 1.8381 8.30 2.1035 8.35 2.2876 

Sy(back corner) (MPa) 7.80 1.4029 7.85 1.7500 7.80 2.6532 7.85 3.3837 

Sx(back corner) (MPa) 7.80 -4.0035 7.80 -4.8627 7.85 -7.0755 7.85 -8.9451 

Sz(back midpoint) (MPa) 7.80 -2.8924 7.85 -4.0120 7.80 -6.4450 7.80 -8.3720 

Sy(back midpoint) (MPa) 7.65 0.5062 7.70 0.6550 7.75 0.9702 7.80 1.3304 

Sx(back midpoint) (MPa) 7.75 1.4726 7.75 1.9262 7.85 3.2068 7.85 4.2982 

Sz(front corner) (MPa) 9.10 1.2380 7.65 1.2356 7.70 1.3905 8.35 -1.4153 

Sy(front corner) (MPa) 8.60 -2.0113 7.80 2.2603 7.85 3.2024 7.85 3.9894 

Sx(front corner) (MPa) 7.80 3.3845 7.80 4.1631 7.85 6.3163 7.85 8.1318 

Sz(front midpoint) (MPa) 7.70 3.1652 7.85 4.1680 7.80 6.7811 7.80 8.8458 

Sy(front midpoint) (MPa) 11.10 -0.8316 7.70 1.0722 7.75 1.6407 7.80 2.2873 

Sx(front midpoint) (MPa) 7.80 -1.6584 7.80 -2.0816 7.85 -3.0746 7.85 -3.7971 

ut: Maximum lateral top displacement of the wing wall; t: Time; Sz, Sy, Sx (back corner): Stresses estimated 

on the backface (backfill side) of the cantilever wall in z, y and x directions, respectively; Sz, Sy, Sx (back 

midpoint): Stresses estimated on the back face of the wing wall in z, y and x directions, respectively; Sz, Sy, 

Sx (front corner): Stresses estimated on the front face of the wing wall in z, y and x directions, respectively; 

Sz, Sy, Sx (front midpoint): Stresses estimated on the front face of the wing wall in z, y and x directions, 

respectively. 

 

4.1 Interpretation of the Peak Stresses 

 

The forces in critical section and structure connection section of the retaining walls have an important place for 

their dynamic and static design. In this regards, this subchapter is presented some examples to the peak dynamic 

responses taken from both critical section and the box culvert connection section. The peak response-time 

history relations of the selected nodes are shown in Figure 5 and Figure 6. 

 

 
Figure 5. The peak stress-time history obtained from back midpoint of the wall in z direction 
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Figure 6. The peak stress-time history obtained from front corner of the wall in y direction 

 

If Figure 5 is examined, it can be clearly seen that whereas the peak response at z direction of the wing wall in 

S1 foundation soil system realizes at 2.8924 MPa level as tension, these values in S3 and S4 foundation soil 

systems occur respectively in 6.4450 and 8.3720 MPa levels with increases by 123% and 189% as tension. The 

similar trend is shown in Figure 6 where whereas the peak stress value at y direction of the wing wall for S1 soil 

system is 2.0113 MPa as tension, the peak response value for S3 and S4 foundation changes direction as tension 

and it realizes in 3.2024 and 3.9894 MPa level respectively with 59% and 98% increases. Both of two examples 

reveal an increase in terms of magnitude of the wing wall peak stresses depending on decrease in the foundation 

soil stiffness. Additionally, it should be emphasized that the realization times of the peak responses are generally 

around 7.80-7.85 s. 

 

4.2 An Overview of Horizontal Displacements 

 

The retaining walls under the earthquake effects can demonstrate unpredictable dynamic behaviour and this 

trend is probably to be given rise to the critical structural damages. In this context, it is an important indicator to 

examine the dynamic relative displacements. Figure 7 shows the changing of mentioned relative displacements 

along height of the wing wall. The displacement directions in the study are defined as a movement toward 

backfill and movement away from backfill. 

 

 
Figure 7. The horizontal displacements obtained along the wing wall height 

 

When the Figure 7 is examined in detail, it is possible to say that the wall relative displacements under the soil 

structure interaction system have become quite complex due to the changing in foundation soil stiffness. The 

results show that in both directions, the greatest displacements realizes at the wall top as expected and the most 

peak top responses in comparison with other soil systems are obtained from the S4 soil system. 
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Figure 8. Realization times with the horizontal displacement computed in top point of the wing wall 

 

Another method to examine the displacements is to reveal the changings in the peak lateral displacement-time 

history relation.  Figure 8 is shows changings in the horizontal displacements calculated at the top of the wing 

wall, where whereas the peak response of the wing wall on the S2 foundation soil system is 0.0024 m with 

movement away from backfill, the same value in S3 foundation soil system changes the direction as a movement 

toward the backfill and realizes at 0.0028 m with 17% increase. A similar trend can be shown for the S4 soil 

system as compared to the S2 foundation soil system, where the response occurs at a level of 0.0030 m with an 

increase of approximately 25%. Besides, it is seen that there are serious differences in the times of their 

realization as well as the magnitude of these responses. For example, while realization time of the peak response 

in S1 foundation soil system is about 11.75 s, the realization time in S3 and S4 soil systems is about 9.50 and 

9.85 s, respectively. 

 

5 SUMMARY AND CONCLUSIONS 
 

The embedded structures were considered to be safety in terms of the seismic, until some disaster realized. 

Moderate or severe earthquakes caused irreversible damage in various parts of these structures, whether or not 

they were carriers, and rendered its dysfunctional. In this context, the dynamic responses of the wing walls of a 

box culvert which does not have the cover soil are investigated considering soil structure interaction 

phenomenon. The soil structure interaction system is fictionalized combining solid soil systems and structure 

system. Full harmonic analysis is used to predict the system dampings and then, a separate damping value is 

predicted for each material according to the obtained damping values. The dynamic analyses are performed as a 

full transient in time domain and the results is presented as a comparative for foundation soil systems having 

different stiffness. 

 

Harmonic analyses results show that as stiffness in the foundation soil decreases, the system dampings increase 

considerably. In addition, both the peak stresses taken from the wall sections and the peak relative displacements 

at the top of the wall sign that dynamic behaviours of the wing wall on different foundation soil conditions can 

change. It is important to note that even though these changings realize as increases depending on the decrease of 

the foundation soil stiffness in scope of this study, some variances in these conditions can cause decrease in the 

dynamic responses.  This situation, which is thought to have developed due to the soil structure interaction, is 

clearly seen in the displacements examined along the wall height. Briefly, it should be stated that the soil 

structure interaction can affect the dynamic behaviour of the culvert wing walls due to the changing in 

foundation soil stiffness. For this reason, it is of great importance that in design of the wing wall, the type 

projects are not preferred and that site conditions must be taken into consideration especially in weak soil 

systems. 
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Abstract 

The dynamic response of the cantilever retaining wall is affected by many factors 

such as the geometry of the wall section, the content of the earthquake frequency, 

the soil structure interaction. Therefore, the dynamic response of the cantilever 

retaining walls under the earthquake loading in spite of its simple structure is quite 

difficult to predict and it is well known that such unpredictable behaviours may 

impair the balance of the wall. In this context, the study aims to investigate the 

dynamic response of the T type cantilever retaining wall considering soil structure 

interaction. In line of this purpose, the soil structure interaction is considered with 

3D solid model created through the finite element method. The seismic analyses are 

performed in time domain using C-OLC360 component of 1983 Coalinga 

earthquake and the four different foundation soil systems are used in these 

analyses. The elastic plastic behaviour of the backfill and the foundation soil 

systems are represented with Drucker-Prager material model. In order to reflect the 

material damping of the system, Rayleigh damping, which is frequently used in 

proportional or disproportional damping approaches, is preferred. In addition, the 

viscous boundary dashpot elements, which consider the wave damping criteria of 

the Lysmer and Kuhlemeyer, are placed around the environment of the solid model. 

The results are examined in terms of both the stresses and displacements. These 

obtained responses are compared with four different soil conditions. The 

interpretations are made on the magnitude of horizontal displacements along the 

wall height, the time history of the relative displacements at the top of the wall, and 

the time history of the peak stresses. Findings have revealed that the dynamic 

responses of the T shaped cantilever retaining walls are considerably affected by 

the soil structure interaction problem. 

 

1 INTRODUCTION  
 

The retaining walls in the daily life serve many purposes as quay wall, the bridge abutment, wing wall, shear 

wall. These structures, which are used with the purpose of meeting the transportation and infrastructure 

requirements, are expected to fulfil the continuous functional. The studies reported by the many researchers 

show that the retaining walls can subject to heavy damage or failure under the earthquake loads despite of 

designing according to some dynamic criteria [1-7]. In this regard, considering the dynamic behaviour of 

retaining walls, it is clearly seen that the dynamic designs of these structures have many mysteries. 

 

Approaches used for design of the retaining walls are possible to classify into three main categories: 1) limit 

equilibrium analyses, 2) displacement methods, 3) soil-wall interaction methods. The first and second category 

consider the failure moment of the wall and it supposes that the back side of the wall will form a wedge having 

three angles in this moment.  These approaches are based on the limit equilibrium analyses but there is a distinct 

between the first and second methods in terms of considering of the maximum relative displacements resulted 

from earthquake loadings. The first classification contains the contributions by Okabe [8], Mononobe and 

Matsuo [9], Seed and Whitman [10], Nadim and Whitman [11], Ghosh [12]. The second category is represented 

with the contributions by Richards and Elms [13]; Whitman and Liao [14], Steedman and Zeng [15], Zeng and 

Steedman [16], Pain et al. [17]. The last category is divided into two main groups: 1) analytical approaches based 

on the elastic wave theory, which these approaches have a wall fixed from the bottom and viscoelastic or elastic 

backfill soil systems, 2) the numerical solutions such as the finite elements method and the finite difference 
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method, which can reflect optionally the nonlinear or linear behaviour of soil and concrete. As the first group is 

represented with the contribution by Matsuo and Ohara [18], Wood [19], Arias et al. [20], Veletsos et al. [21], 

Wu and Fin [22, 23], Li [24], Younan and Veletsos [25], Papagiannopoulos et al. [26], Vrettos et al. [27], and 

Beskou et al. [28]. For second group the contributions are available provided by Callisto and Soccodato [29], Al 

Atik and Sitar [30], Athanasopoulos-Zekkos et al. [31], Shrestha et al. [32], Osouli and Zamiran [33], Cakir [34], 

Zamiran and Osouli [35], Bakr and Ahmad [36]. The third category, which includes this study, allows to 

examine the values of stress and displacement in the whole system. In addition, the creation of foundation soil 

and backfill systems by the finite element procedures make it possible to consider the propagation effects of the 

earthquake waves moving from the bedrock. Within the framework of these considerations, the authors believe 

that it is appropriate to examine the soil-structure interaction system with finite element method. 

 

This study aims to investigate the dynamic response of the T type cantilver retaining wall considering soil 

structure-interaction phenomenon. In this context, the dynamic analyses have been performed in time domain as 

a full transient and in these analyses four different foundation soil systems have been used. The results have been 

presented depending on time history in terms of both the peak displacements taken from the wall top and the 

stresses obtained from the critical section. Furthermore, the changes of the displacements along the wall height 

have been shown. According to the comments made in this framework, it has been emphasized that the dynamic 

behaviours of T type retaining walls can significantly change especially in weak soil systems depending on soil 

structure interaction. 

 

2 THE SOIL STRUCTURE INTERACTION MODEL AND PROPERTIES 
 

The finite element method can produce very realistic results due to the fact that it permits revision in accordance 

with both field and laboratory tests. Also, it is very useful in terms of considering of the effects such as the 

nonlinear behaviour of the material, the system dampings and propagation of the earthquake wave. These effects 

directly affect the structure dynamic behavior in examine of the soil structure interaction problem. In this 

context, the study was prepared by ANSYS 13.0[37] package software which uses finite element method. 

 

 
Figure 1. Schematic representation of soil structure interaction system 

 

Figure 1 shows the soil structure interaction system consisted of the foundation soil, backfill system and the 

cantilever retaining systems. The cantilever wall has a base slab which it is 0.65x5.35 m dimensions, and widths 

of the front and back console are 1.50 m and 2.80 m respectively. The wall height is 7.65 m from the bottom to 

top. The vertical stem is H=7 m where the section narrows from 1.05 m up to 0.35 m and the backfill width is 6 

m. The whole system is created with the solid elements. For the cantilever wall SOLID65 element is preferred 

which can use with or without rebar and has properties of the cracking under the tension and crushing under the 

 

 0 
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compression. This element includes eights nodes having three degrees of freedom at nodal x, y, z directions. In 

the foundation soil and backfill systems, SOLID45 element is used which can reflect plasticity, creep, swelling, 

stress stiffening, large deflection, and large strain properties. It is defined by eight nodes having three degrees of 

freedom at nodal x, y, z directions. COMBIN39 elements, which can show nonlinear behaviour, are used to 

reflect the discrete behaviour of the interface where the wall and backfill systems meet. The behaviours of 

debonding or bonding of the wall is provided with force deflection relations defined on the nonlinear springs. 

 

One of the most important points in terms of the realism of the results is to accurately reflect the semi-infinite 

soil medium in modelling. Because this soil medium with infinite volume in reality has a limited volume here, 

the dimensions of the soil systems should be adequately sized. If infinite soil medium is not defined as a soil 

volume having sufficient dimensions or a soil volume limited with dampers, the system energy is trapped inside 

the model and the moving waves in the soil medium are reflected back without damping from the boundaries. In 

this regard, the length of both foundation soil and the backfill systems are designed considering the 10H size 

[38]. Moreover, viscous dampers, which takes into account the Lysmer and Kuhlemeyer criteria [39], is placed 

on around of the solid model get rid of reflection effects of the earthquake waves and to imitate the far field 

behaviour. The elastoplastic material behaviour model is provided with Drucker-Prager yield criteria for the 

foundation soil and backfill systems.  

 

3 PROPERTIES OF CONSIDERED SOIL SYSTEMS AND DETAILS OF SEISMIC 

LOADINGS 
 

The seismic analyses are performed in time domain as a full transient and use Newmark method as a time 

integration technique. In these analyses C-OLC360 component of 1983 Coalinga earthquake having 3.63 m/s2 

peak acceleration is used. The record taken from PEER ground motion database [40] is scaled at 0.05 s intervals 

before using. The scaled records are presented in Figure 2. The material dampings in ANSYS can be entered in 

difference value to each material using different damping ratios but damping of the solid system in this study has 

been represented with one Rayleigh damping ratio which it is 5%.  

 

 

Figure 2. 1983 Coalinga earthquake record 

 

Table 1. The properties of the considered foundation soil systems 

Soil System E, kN/m2 G, kN/m2 ν ϕ(°) ψ(°) γ, kN/m3 , m/s , m/s 

S1 500000 192308 0.30 35 0 19 318.14 595.19 

S2 150000 57692 0.30 35 0 19 174.25 326.00 

S3 75000 27778 0.35 35 0 18 124.23 258.60 

S4 35000 12963 0.35 35 0 18 84.86 176.66 

E: Young’s Modulus, G: Shear Modulus, ν: Poisson’ s ratio, ϕ: Internal friction angle, ψ: Dilatancy angle, γ: 

Weight per unit volume, : Shear wave velocity, : Compressional wave velocity 

 

The mechanical and physical properties of the four different floor systems used in the parametric study are 

presented in Table 1. Additionally, it is supposed that there is a common backfill system in all seismic analyses. 

The properties of the wall are as follows: Young 's modulus: 30000 MPa, Poisson’ s ratio: 0.20, weight per unit 

volume: 25000 kN/m3. Same properties of the backfill system is taken as 100 MPa, 0.30 and 18 kN/m3, 

respectively. Furthermore, the internal friction angle and cohesion value of the backfill system are considered as 

35º and 5 kPa. 
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4 RESULTS AND DISCUSSIONS 
 

In Table 2, the wall responses and realization times are shown. While the peak displacements are taken from the 

wall top, the peak stresses are obtained from critical section of the cantilever wall in x, y, z direction. Examined 

these peak responses are found with aid of nodes selected from front and back faces of the wall. 

 

Table 2.  The peak stresses and relative horizontal displacements obtained from cantilever wall, and its 

realization times 

Soil System S1 S2 S3 S4 

Responses t (s) Value t (s) Value t (s) Value t (s) Value 

ut(m) 4.00 -0.0004 3.90 0.0016 3.95 0.0033 3.95 0.0048 

Sz(back corner) (MPa) 4.00 0.1663 2.80 -0.4687 3.90 -0.5598 2.85 -0.4419 

Sy(back corner) (MPa) 4.00 0.0267 2.80 -0.0835 3.90 -0.1047 2.85 -0.0924 

Sx(back corner) (MPa) 4.00 0.0973 2.80 -0.3707 3.90 -0.4941 2.85 -0.4377 

Sz(back midpoint) (MPa) 4.00 0.1287 2.80 -0.4655 3.95 -0.5904 2.85 -0.4839 

Sy(back midpoint) (MPa) 4.00 0.0481 2.80 -0.1876 3.90 -0.2442 2.85 -0.2239 

Sx(back midpoint) (MPa) 4.70 0.0807 3.90 -0.4009 3.95 -0.5557 2.85 -0.5139 

Sz(front corner) (MPa) 4.00 -0.1857 2.80 0.5370 3.90 0.6591 2.85 0.5526 

Sy(front corner) (MPa) 4.00 -0.0086 2.80 0.0215 3.90 0.0259 2.85 0.0226 

Sx(front corner) (MPa) 4.00 -0.0858 2.80 0.2040 3.50 0.2416 2.85 0.2236 

Sz(front midpoint) (MPa) 4.00 -0.1208 2.80 0.4324 3.95 0.5479 2.85 0.4350 

Sy(front midpoint) (MPa) 4.00 -0.0263 2.80 0.0762 3.90 0.0849 2.85 0.0639 

Sx(front midpoint) (MPa) 4.70 -0.0364 2.80 0.1262 3.95 0.1478 3.55 0.1198 

ut: Maximum lateral top displacement of the cantilever wall; t: Time; Sz, Sy, Sx (back corner): Stresses 

estimated on the backface (backfill side) of the cantilever wall in z, y and x directions, respectively; Sz, Sy, Sx 

(back midpoint): Stresses estimated on the back face of the cantilever wall in z, y and x directions, 

respectively; Sz, Sy, Sx (front corner): Stresses estimated on the front face of the cantilever wall in z, y and x 

directions, respectively; Sz, Sy, Sx (front midpoint): Stresses estimated on the front face of the cantilever wall 

in z, y and x directions, respectively. 

 

If Table 2 is examined, it can be seen that the peak displacements and stresses of the wall may considerably 

change depending on the soil structure interaction. In addition, it is seen that this interaction can change not only 

the dynamic peak responses of the wall but also its directions. If the results are generalized, it would be correct 

to say that the interaction of soil structure causes generally an increase in responses due to the decrease in 

foundation soil stiffness. 

 

4.1 Interpretation of the Peak Dynamic Responses of the Cantilever Retaining Wall 

 

The forces that act the critical section of the retaining wall take an important place in evaluating the dynamic 

behaviour of the retaining walls. In this line, some examples are presented in Figure 3 to evaluate the change of 

the peak stresses over time. The results are compared in terms of differences between the peak responses and the 

realized changes depending on soil-structure interaction are highlighted. For example, Figure 3a shows that 

while the peak stress value in the S1foundation soil system is 0.1163 MPa, the same values in the S2 and S3 

foundation soil systems realize respectively in 0.4687 and 0.5598 MPa levels with increases of 237% and 182%. 

It is important to state that while the peak response in the S1 foundation system realize as tension, the direction 

of these responses changes as pressure in S2 and S3 foundation soil systems. 
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Figure 3. The peak stress-time history obtained from a) back corner of the wall in z direction b) back midpoint 

of the wall in x direction 

 

Another example of the change of both magnitude and direction of force is presented in Figure 3b where while 

the peak response of the cantilever retaining wall on the S1 foundation soil system is 0.0807 MPa as tension, the 

same values in S2 and S3 foundation soil systems, as pressure, realize respectively at 0.4009 MPa and 0.5557 

MPa levels with the increases by 396% and 589%. Furthermore, if Figure 5 is examined in terms of the peak 

response times, it can be seen that while the realization time of the peak response in S1 soil system is around 3 s, 

these times in S2, S3 and S4 foundation soil systems are around 2.80 s, 3.90 s, 2.85 s respectively. The 

realization times of the peak responses in Figure 5b exhibit the similar trend under different soil conditions. As 

seen in both examples, the soil structure interaction system affects the peak responses of the wall and realization 

times of these responses significantly. 

 

 
Figure 4. The relative horizontal displacement obtained along the cantilever wall height 

 

The wall can often exhibit unpredictable behaviours depending on many factors in terms of displacements under 

dynamic loads, and these behaviours can greatly affect wall stability. In this context, another way of examining 

the dynamic behaviour of retaining walls is to reveal the change of relative displacements along the wall height. 

This change is shown in Figure 4 where when the peak relative displacements is considered, S1 foundation soil 

system exhibits the most rigid behaviour compared to the weaker foundation soil system. It should be stated 
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clearly that the relative displacements increase due to the decrease in the foundation soil stiffness. This trend can 

also be seen in the time history of the wall top displacement when Figure 5 is examined where while the peak 

displacement value of the peak S1 foundation soil system is 0.0004 m with a movement away from the backfill, 

the peak responses of S2 and S3 foundation soil systems realize as 0.0016 m and 0.0033 m with increase of 

300% and 725% moving toward backfill. The realization time of the peak displacements is about 3.90-4.00 s in 

all of the foundation soil systems. 

 

 
Figure 5. Time relationship of the horizontal displacement computed in top point of the cantilever retaining wall 

 

5 SUMMARY AND CONCLUSIONS 
 

This paper investigates the dynamic response of the T type cantilever retaining wall considering soil structure 

interaction and aims to shed light on the designers and the researchers. In this context, soil structure interaction 

systems are consisted of the foundation soil, backfill and the cantilever wall systems. The full transient dynamic 

analyses are performed under the earthquake record. The stresses on the critical section of the wall and the 

horizontal displacements obtained from the wall top are examined in terms of the response magnitudes and 

realization times. In addition, the relative displacements along the wall height are interpreted depending on the 

change in soil system rigidity. 

 

The results indicate that both stresses and relative displacements of the wall can vary significantly depending on 

the soil rigidity changes. Although these dynamic changes can show differences, in this study general tendency 

occurs as an increase in the wall responses depending on the stiffness decrease of the foundation soil systems. 

For these reasons, it is important to state that these structures, which can be very sensitive under dynamic loads, 

can't be constructed with project types and that design must be carried out with site-specific analyses. 
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Abstract 

Late blowing in cheese; Clostridium tyrobutyricum is one of the main causes of tissue 

and taste defects, including irregular cracks, rancid taste. Bacteriophages or lytic 

enzymes have been proposed as a solution since it is difficult and time consuming to 

detect with traditional methods. An alternative solution is also reliable because 

endolysn has the potential to determine whether a pathogen or degradation organism 

is present. The CTP1 bacteriophage enzyme is a good biomarker for rapid detection 

of Clostridium spores in milk. Therefore, measures can be taken to prevent late 

blowing in cheese, and also examining the development of Clostridium populations 

during cheese ripening will contribute to solving an important problem for the cheese 

industry. In this review, alternative solutions against bacteria causing late blowing in 

cheese have been compiled. 

1 INTRODUCTION 
  

Clostridium tyrobutyricum is known as the main species responsible for the late blowing of harsh and half-harsh 

cheeses [1,2]. Late blowing is the main cause of spoilage in half-harsh and harsh ripened cheeses, which prevents 

tissue and faults, including the formation of irregular cracks in cheese paste and a rancid taste. Late blowing defect 

as a result of butyric acid fermentation is a major problem for the cheese industry. It could cause serious economic 

losses if necessary checks are not carried out [3].  Late blowing arise in the genus Clostridium, it is able to ferment 

lactic acid by the production of butyric acid, acetic acid, carbon dioxide and hydrogen. late blowing problem is 

caused by the development of Clostridium species producing cheese anaerobic, gram-positive spores in cheese 

matrix. The main cause of Clostridium tyrobutyricum has been considered, but it has been shown to contribute to 

different species just as Clostridium sporogenes, Clostridium beijerinckii and Clostridium butyricum [2,4,5]. 

Clostridium spores can be found in all non-food environments such as land, bait, silage, hay, and milk [6,7]. C. 

tyrobutyricum isolated from spoiled cheeses [8] and spoiled fruit extract [9]. Resistant to warmth, chemicals, 

radiation, stress and dehydration. Clostridium species are known to survive for a long time. A very small number 

of spores can even cause food spoilage [10]. Conventional methods for definition clostridiums are based on spore 

germination and vegetative growth. Identifying Clostridium in dairy products is nevertheless a difficult task. The 

most common numberal techniques commonly used require long-term incubation time, are time consuming and 

cannot distinguish between species-level spore formers. Molecular new methods can detect spoilage bacteria in 

milk or milk products within 24 hours. The use of PCR has exceeded the limitations of culture-based approaches. 

In the recent times, real-time PCR protocols have been evolved for the spore counting of C. tyrobutyricum in cell, 

feed, feces and milk exemplar [11] and for contemporaneous definitaion of C. beijerinckii, C. sporogenes and C. 

tyrobutyricum in milk exemplar [12]. PCR-based definitaion was used due to its high susceptibility and its ability 

to avoid enrichment culture. However, DNA extraction efficiency can be reduced by a wide variety of substances 

from within  cheese [13]. In addition, inhibitors may reduce PCR sensitivity, even though DNA yield is high [14]. 

Several other non-cultural methods in the recent time viewed [15] have been recommended to definition C. 

tyrobutyricum. 

 

2 ALTERNATİVE SOLUTİONS 
 

The presence and growth of Clostridial spores in cheese can be checked by the use of nitrate or lysozyme in 

permitted countries [16, 17,18]. Methods of reduction of gas formation during storage in cheese include 

centrifugation, increasing salt concentration, or spore numbers or germination numbers using low temperature 

ripening [10]. 
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The use of bacteriocins has also been shown [19] and polyphosphates have been shown to affect check in processed 

cheese spreads [20]. It has been documented to have safety in the use of bacteriophages to check the development 

of food spoilage bacteria [21, 22]. It also has limitations due to the use of phages as biological control, phage host 

specificity characteristics, and potential development of phage resistance [23]. The development of host 

bacteriophage range and rapid resistance may limiting applications as a control agents. As an alternative approach, 

new antimicrobial agents are to develop bacteriophage proteins. eventually of the lytic cycle, most of the DNA 

bacteriophages loosen their lineage through the fragmentation of the host cell through the activity of the two 

proteins holin and endolysin. Holins disrupt the cell membrane by forming holes. They are small hydrophobic 

proteins that permit endolysins to arrivial the cell wall [24]. Endolysins are peptidoglycan hydrolase enzymes that 

are encoded  the genomes of lytic phages and produced at the end of proliferation cycles to lysis the host cell and 

loosen the phage lineage [25,26]. Endolysins target the bonds within the peptidoglycan, causing cell to be 

destroyed and loosen of only just produced virions.  Though it develops to affect within the cell, it is also influential 

when exogenously implementation endolysins acting on Gram-positive bacteria. it gives potential to be used as 

targeted antibacterial agents [26]. Even though there are a few distinctness in the architecture of endolysin, the 

generality of endolysins from bacteriophages that infect Gram-positive bacteria occur two operational sites [27]. 

An endoliysin of gram-positive phagehost origin is usually characterized by a modular structure comprising 

different enzymatically active domains (C-terminal) and cell wall binding sites (N-terminal). The enzymatically 

active region consist of one or more domains that provide the catalytic activity of the enzyme (eg, muramidases, 

glucosamidates, endopeptidases or amidases). While the specific wall of the peptidoglycan attacks specific 

binding, the cell wall binding site permit the endolysin to bind to specific ligands of the host bacteria in the cell 

wall and thus, it ensure specificity [25,28]. For host pathogens, this property makes ideal anti-infective agents in 

areas such as leads to minimal degradation of normal flora, low risk of bacterial reluctance and inhibition of 

colonized pathogens on mucosal surfaces [26,21]. The last searches have shown the effectiveness of endolysins in 

killing or controlling pathogenic bacteria in animal models [29,30,31,32]; besides on biofilms [33], disinfectants 

[34] and have demonstrated effectiviness as the basis of determination systems for bacteria [35]. A few 

bacteriophage endolysins that produce lytic activity against C. perfringens cells have been identified [36,37, 38, 

39].The specificity of cell wall binding sites has been applied in bacterial determination systems just because it 

permit the direct targeting of bacteria while leaving the frame flora uninfluenced [35,40]. 

 

The capability to target some bacteria permit use in complicated communities where the conservation of the normal 

microflora is acceptable, just as in food fermentations. morever, the study demonstrated that the cell wall binding 

domain could be isolated and used with a capture system for determition or addition of cells [35, 41, 42]. Therefore, 

determination systems based on domains of endolis have the potency to determine whether a pathogen or spoilage 

organism is present [23]. 

 

The endolysin enzyme is a extremely protected target domains and has a resticted number of probably resistance 

mechanisms [28]. The popularity of biocontrol studies is important because of its increasing popularity. It is also 

considered safe due to increased attention in likely food safety implementation. CTP1 bacteriophage enzyme has 

been identified in previous studies as good biomarkers for fast determinition of Clostridium spores in milk, 

therefore, measures can be taken to conservation late blowing in cheese and it is thought that examining the 

development of Clostridium populationsin the course of cheese ripening may contribute to solving an substantial 

problem for the cheese industry. 

 

3 LİTERATURE REVİEW 
 

There is a deficiency of studies on their use as a biocontrol strategy or as a determinition system against spoilage 

bacteria like C. tyrobutyricum. Biocontrol measures related to the use of bacteriophage, microbial safety, especially 

in the presence of records indicating the safe use, relatively easy to implement, as well as high and unique 

antimicrobial activity has a great potency today.  As an innovative strategy for detecting Clostridium spp, cells 

were examined using the property of the high-cell wall binding domains of bacteriophage endolysins [43, 44].  

Bacteriophages are the most abundant self-replicating beings on the planet. Optimized by years with millions of 

evolution to recognize and effectively kill target cells [45]. The use of bacteriophage endolysins, milk and cheese 

spoilage is thought to be an alternative technique to detect Clostridium. The implementations of bacteriophages 

and endolysins in food safety have been reviewed in detail [46, 47]. Many studies have demonstrated the potency 

of bacteriophage endolysins for the control and determition of food-borne pathogens and spoilage bacteria; 

however, very few studies have investigated the effect of phage endolysins in food products compared to reports 

on clinical implementation [47].  Furthermore, there is a shortage few studies on their use as a biocontrol strategy 

or as a determinition system against spoilage bacteria such as C. tyrobutyricum. Isolated the endolysin of CTP1, a 

bacteriophage infecting C. tyrobutyricum, and demonstrated in vitro its ability to lysis C. tyrobutyricum cells and 

control bacterial levels in buffer and in milk [23]. In a recent study, a crystal structure of active endolysin CTP1, 
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which is formed by a complex between a full-length protein and an N-terminally truncated C-terminal cell wall 

binding site, is presented [48]. Recent publications have shown that infection and colonization are effectively 

reduced by treatment of endolysin in a number of bacterial pathogens and biofilms [21, 49, 50] Endolysins are 

promising for the detection and reduction of pathogenic bacteria in milk in the literature [51]. It indicates that 

cutting CTP1 to only the proposed catalytic site (1 to 197 amino acids) eliminates lytic activity, making it necessary 

for full activity or to build up the necessary protein structure due to the presence of cell wall binding motifs that 

are not exactly known to either the C-terminal site [23]. The lytic activity of CTP1 was found to be fast, 1 µg of 

partly purified protein, was determined in studies where frozen cells completely lysis within 10 to 15 minutes [23]. 

Early detection of unwanted condition in milk can compose a bit of an influential control strategy prior to cheese 

production, and exploratory has shown that endolysins can create highly influential and sensitive determinition 

systems using cell wall binding sites or synthetic peptides [35, 42]. Latest publications have shown any innovative 

methods for determining C. tyrobutyricum spore [52, 53]. The endolisin cannot determinition spores in so far as 

differences in cell wall structures, yet it should at fewest identify domains where C. tyrobutyricum levels and in 

this way potentially spore concentrations are high. 

 

It has also been shown that CTP1 is active toward C. sporogenes, the second most common identified cause of 

cheese contamination, providing a potency determinition system added value. Bacteriophages themselves may be 

influential biocontrol agents [22] and have been approved as food additives [21]. In addition to this the restricted 

host range of CTP1 definites that the development of endolysin as a control agent or as a method for fast and 

inexpensive determinition would be a more influential way to reduce cheese spoilage [23]. 

 

The implementation of bacteriophages and endolysins in food safety have been extensively studied [46,47]. In an 

earlier study, the ability of endolysin targeting C. tyrobutyricum to bind to the CTP1 cell wall [23], was described 

by Clostridium spp. It has been described to bind to fluorescent green fluorescent protein bound to milk-related 

plant cells and spores [54]. Latest researhes, have shown the effectiveness of endolysins in killing or controlling 

pathogenic bacteria in animal models [29, 30,31, 32], besides on biofilms [33], disinfectants [34] and have 

demonstrated efficacy as the basic of determinition systems for bacteria [35]. 
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Abstract 

Nanotechnology has the potential application on agriculture such as nano fertilizer, 

nano pesticide, nano biosensor, nano filtration... However, these applications also 

may cause hazards in term of human, animal and environment. Exposure to nano-

sized foreign matter, especially in agricultural workers and animals, can lead to 

serious long-term health problems and ecosystem change. The aim of this review is 

to provide information about the difficulties that can be encountered when working 

with nano-sized materials and to create awareness. 

 

1 INTRODUCTION  
 

The agricultural sector for the food needs of the growing world population is always open to take advantage of 

new technological developments. Nanotechnology is one of these new technological developments. Thanks to 

nanotechnology, unique features such as efficient use of materials, energy conservation, price advantage, ease of 

application and smart applications come to the fore [1, 2]. The use of nano sized materials in the agricultural 

sector has led to the emergence of the concept of nano agriculture. Nano agriculture includes usage of nano 

fertilizer, nano pesticides, nano biosensors, nano filters, nano encapsulates… Nano agriculture aims to maximize 

agriculture output, while minimizing input owing to monitoring environmental variables and applying targeted 

action [3-5]. However, questions about its use and possible human, environmental health and ecosystem balance 

concerns are raised in countries where nano agriculture is becoming increasingly widespread [6, 7]. 

 

The biological accumulation of nanomaterials used in agriculture in the soil and crops, and consequently the 

exposure of the environment and people to these crops are likely increase in the future. It is also not yet clear 

what problems will arise for agricultural workers who may become highly and chronically in contact with these 

nanomaterials [8,9]. Table 1 presents the nano agricultural tools and related practical challenges. 

 

Table 1. The nano agricultural tools and related practical challenges [9] 

Tools Pracical challenge 

Nano fertilizers  Nanomaterial phytotoxicity 

 Variability and reactivity of nanomaterials in the environment 

 Possible adverse effects for exposed workers under real application conditions 

Nano pesticides   Biosafety of nanopesticides 

 Toxicological profile; interactions with co-formulants, environmental fate 

 Long term effect on the environment and chronically exposed workers under 

real application conditions 

Nano sensors   Fabrication and validation of sensitive instruments 

 Environmental and health consequences of nano material released from 

devices 

 No knowledge on nanomaterial large scale application, regenetarion, 

reutilization 

Nano filters and Nano 

coating 
 In vitro studies demonstrated some cytotoxic and genotoxic effect of cellulose 

nanomaterials 

 In vivo exposure via the respiratory tract induced lung inflammatory and 

oxidative stress reactions 

 Concerns regarding nanocellulose high aspect ratio, stiffness, bio-durability 
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There is also little information on the life cycle (entry into the environment-active work-release-removal from 

the environment-ecosystemic effect) of nanomaterials (Fig. 2). The chemical and physical reactions and 

mechanisms that affect the life cycle stages of nanomaterials should be addressed by research on both the in-lab 

and in-field scale [10]. A little studies have provided information about the negative effects of nanomaterials[11-

13]. When this information is considered, it is understood that the risk assessment of nanomaterials is needed. 

 

 
Figure 2. Life cycle of nano material in agriculture 

 

1.1. Risk Assesment 

 

The risk assessment in relation to the use of nanomaterials in agricultural areas is difficult because it depends on 

many factors such as nanomaterial type, nanomaterial dose, exposure time, soil condition and meteorological 

condition[14-16]. In addition, the assumptions, test methodologies, modeling paradigms used for normal 

chemicals, may not be appropriate for nanomaterials-specific risk assessment. 

 

There are stages such as hazard identification, characterization of hazard and exposure assessment for risk 

assessments. The identification of the nano active substance is important in the identification of hazards for nano 

agriculture tools [17]. Determination of physico-chemical (pristine, inorganic, engineered) properties of nano 

active substance in the environment and monitoring of degradability of these materials and their removal from 

the environment should be carried out carefully [18]. For the hazard characterization of the nano-active 

substance, the relationship with biological reactivity should be demonstrated and and dose-dependent impact 

assessments should be performed through long-term, short-term studies. During the exposure assessment phase, 

it is important to identify the markers of the exposure, impact and sustainable status of the nano-active 

component, and to develop strategies to identify, characterize and characterize outdoor exposure [19,20]. 

 

Nanomaterials can form different formulations under different processes such as degradation,  redox 

transformation, dissolution, adsorption, homoaggregation, eteroaggregation and biologigal transformations in 

soil, water and atmosphere. Therefore, hazard assessment that is appropriate for conventional risk assessments 

may be insufficient for nano-materials. The parameters related to many properties of nanomaterials such as 

morphology, surface area, chemical form, functionalization, composition, dustiness, free and active ingredient 

ratio, concentration, particle size distribution, bio-concentration factors, time, aggregation and sedimentation rate 

should be made with high accuracy for this assessment [21, 22]. There is also a view that the relationship 

between nano-active components and multiple stress factors in the ecosystem may lead to a modified toxicity 

[23-26]. 

 

Ag, TiO2, ZnO nano materials used in consumer products may also contaminate agricultural land and water 

resources, and this situation poses risks to be assessed [27, 28].  In addition, toxic effects and risk assessments of 

these materials have not been fully examined because they are evaluated as waste. These materials may act as 

nano nutrients or nano biocidal substances and may interact with nano agriculture tools in the agricultural 

environment. Moreover, these materials can also affect to microbial communities, other soil organisms, toxicity 

to crops in agriculture areas. A little information is available on these issues. Therefore, innovative strategies are 

required for possible negative environmental interactions [29]. 

Proxidant and proinflammatory effects such as endocrine disruptions, problems in the respiratory, cardiovascular 

and nervous systems of animals were observed in the preliminary, short term in the studies on toxicity of nano 

materials. Since these studies are directed to a limited number of nano materials, new standardized approaches 

for toxicological evaluations are needed [30]. 

Human,

Environment,

Ecosystem

Mixing of 
nanomaterial 

with soil

Mixing of 
nanomaterials 

with 
groundwater

Mixing of 
nanomaterials 

with 
atmosphere
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Hazard identification of nano materials is necessary but not sufficient. Nano materials exposure measurements 

(who is exposed?, exposure at which concentration is important?) are an important risk assessment parameters 

[31]. Exposure during the use and application of nano material is affected by many factors. These factors are 

product form, type of packaging, presence of toxic chemical adjuvant employed in the chemical formulation, 

together with weather conditions at the time of application, including air temperature, humidity, and windy 

conditions [32]. Moreover, high sensitivity analytical techniques are required to investigate of quantify the 

exposure concentrations because these materials are nano size materials. It is possible that undesirable organic 

and inorganic compounds are formed as a result of a change in nano formulations of nano materials to be used in 

agriculture during storage under suitable environmental conditions such as such as possible interactions with 

containers/tubing, matrix effects, changes in pH, the effects of impurities, degradation of coatings, 

functionalization. Information should be obtained about the half-life of nanomaterials with high-precision 

analytical methods [33]. NIOSH (The National Institute for Occupational Safety and Health) has showed 

recommended exposure limits (RELs) for nano TiO2, carbon nanotubes and carbon nano fibers, and is regularly 

updated [34]. 

 

1.2. Risk Management 

 

Quantitative estimation of risks is made through risk assessment studies. However, there is a need for a strong, 

constantly updated management including a hierarchy of controls due to the lack of assessments for the large-

scale risks that arise in field studies using nano agriculture tools [35]. Specific control points should be 

established from the storage of nano materials to personal protective equipment and short-term control strategies 

should be developed. The most effective approach to the risk management of nanomaterials is based on 

principles of “prevention through design” and “safety by design” [36]. For risk management to be successful, 

risk assessments should be made, physical-chemical properties and biological reactions of nanomaterials must be 

clearly known. However, risk management in nano agriculture can benefit primarily from primary preventive 

measures due to these still unclear mechanisms. In addition, an environmentalist approach to the design and 

production of nano materials using green chemistry can take part in this management. In the green chemistry 

approach, protection of human environment and ecosystem takes priority [37].  

 

The activity and dose-dependent response of nanomaterials in biological tissues should be demonstrated by in 

vivo and in vitro studies and models should be developed. Also, information about the physical and chemical 

status of nano materials in different pH environments and oxidation status can lead to effective results in risk 

management. High-sensitivity sensors and remote control systems can simultaneously provide information on 

the hazards of nano materials in agricultural areas. Epidemiological studies, occupational health surveillance 

programs, product labels and safety data sheets, exposed worker records, have the potential to increase risk 

management success [38-40]. 

 

1.3. Risk Governance 

 

Due to the rapid increase in the use of nano materials in agriculture, regulatory changes and political practices 

are needed to assess and manage potential risks that may arise nano size. In Europe, nano pesticides are assessed 

by the Plant Protection Products Regulation (EC 1107/2009 (EC, 2009)), while in the US, EPA (Environmental 

Protection Agency) evaluates nano pesticides under FIFRA (U.S. Federal Insecticide, Fungicide, 

and Rodenticide Act), but continuous updating is required based on current hazard identification and 

characterization of nano materials [41, 42]. 

 

Academic, industrial and governmental bodies should cooperate in order to identify nano materials, to know 

their physico-chemical properties, to understand their biological mechanisms, to learn about their degradability 

and to conduct an effective risk assessment and management. Concerns about nanomaterials should not be 

addressed in general, and toxicity tests, characterization of high-potential nano-materials used in agriculture 

should be continued and arrangement should be done according to the findings [43]. 

 

2 CONCLUSION 
 

Nanotechnology offers intelligent, precise nano tools for predictable, sustainable and manageable agricultural 

applications. Despite the positive use of nano materials in agriculture, questions are raised about the risks and 

toxicological effects of these substances. The effects of nano materials to humans, the environment and the 

ecosystem are not fully understood. Therefore, risk assessment, risk management and regulation of nano 

materials used and which have potential for future use in agriculture should be carried out as a whole. In vivo 
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and in vitro studies and providing information on the hazard identification and biological properties of nano 

materials by scientists will contribute to risk assessment and management. 
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Abstract 

Using a numerical searching technique the optimum parameters of non-traditional 

tuned mass damper (NT-TMD) for suppressing the dynamic response of a damped 

main system subjected to external excitation are investigated. The criteria selected 

for the optimality is the minimization of the displacement of the main system under 

external harmonic excitation. The parameters of the NT-TMD that are optimized 

include: the damping ratio, the tuning frequency ratio. The effectiveness of 

optimally designed NT-TMD system is compared with that of the optimum 

traditional tuned mass damper and it is observed that the optimally designed NT-

TMD system is found to be more effective for vibration control than the traditional 

tuned mass damper.  

 

1 INTRODUCTION  
 

A variety of passive, active, and semi-active control devices have been developed and practically implemented. 

Passive control devices have the advantage of providing a cheap and easy-to-maintain solution for reducing 

undesired vibrations. Therefore, there is a potential for further improvement of these devices to be applied in 

civil engineering structures. These devices are called the tuned mass damper (TMD). The TMD without damping 

element is first invented by Frahm [1]. It is only useful in a narrow range of frequencies very close to the natural 

frequency of the TMD. Thus, Ormondroyd and Den Hartog [2] proposed the so-called traditional TMD in which 

both a spring element and a damping element are regulated in parallel between the absorber mass and the 

structure mass. In continuance of this work, Den Hartog [3] found the optimum parameters of the TMD based on 

the fixed-points theory. Studies related to a TMD are then extended to investigate the explicit formulae for the 

optimum parameters and the effectiveness of a TMD to control structural vibrations due to various excitation 

conditions [4-11]. 

 

A non-traditional TMD (NT-TMD) is proposed by Ren [12] and Liu and Liu [13] and they also derived 

analytically the optimum tuning parameters of the NT-TMD for suppressing the resonant vibrations of a primary 

system due to force excitation. Unlike the traditional TMD, the NT-TMD has a damper element connecting the 

absorber mass directly to ground instead of the structure system. Wong and Cheung [14] derived the optimum 

parameters of non-traditional for suppressing vibration of a main system under ground motion. Cheung and 

Wong [15] investigated the optimum parameters of the NT-TMD based on the fixed-point theory for minimizing 

the maximum vibration velocity response of a main system under harmonic excitation. Cheung and Wong [16, 

17] presented solutions of the optimal parameters of the NT-TMD base on the 2H  and H  optimization. The 

criterion selected for optimality is the minimization of the total vibration energy and the resonant vibration 

amplitude of the main structure, respectively. Yuan et al. [18] investigated the effectiveness of the NT-TMD for 

the purpose of simultaneous vibration suppression and energy harvesting. 

 

In the event of the damped main system, there have been very few studies on the NT-TMD. Liu and Coppola 

[19] derived an approximate solution based on Ghosh and Basu’s method [6] and also employed Chebyshev’s 

equi-oscillation theorem and sequential simplex method to obtain the optimum tuning parameter of the NT-

TMD. Chun et al. [20] studied the H  optimal design of the NT-TMD from the view point of suppressing high-

amplitude vibrations of damped main systems. Anh and Nguyen [21] presented a simple approach to determine 

the approximate analytical solutions for the H  optimization of the NT-TMD attached to the damped primary 

structure subjected to force excitation. Anh et al. [22] proposed a global-local approach to give approximate 

analytical solutions of the H  optimization for traditional, three-element and non-traditional TMDs. 
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The specific objectives of the study are: (i) to obtain the optimum parameters of the NT-TMD system which 

reduces dynamic response of the system, using the minimax optimization algorithm, (ii) to compare the optimum 

parameters and the effectiveness of the NT-TMD system with corresponding traditional TMD system. 

 

2 THEORETICAL FORMULATIONS 
 

Consider the traditional and non-traditional TMDs attached to a damped SDOF, which is excited by the 

harmonic force. These two models to be investigated in the present paper are shown in Fig. 1, where m, k, and c 

are the mass, stiffness and damping coefficients, respectively. The subscripts s and t indicate the main system 

and TMD, respectively.  

 

The equation of motions for the main system with the traditional TMD are given as 

 

0
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0 0
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where ms, ks, and cs are the mass, stiffness and damping coefficient of the main system, respectively; mt, kt, and ct 

are the mass, stiffness and damping coefficient of the traditional TMD, respectively; f0 and ω are the amplitude 

and frequency of the external force, respectively; xs and xt are the displacement of the main system and the TMD 

device, respectively. The amplitude of the displacement of the main system or displacement dynamic 

magnification factor (DMF) is expressed in the normalized form as Asami et al. [4] 
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where   is the mass ratio,   is the tuning frequency ratio,   is the forced frequency ratio, t  is the damping 

ratio of the TMD, s  is the natural frequency of the main system and t  is the natural frequency of the TMD.  

 

For the classical system, i.e., 0s  , the optimum design of this absorber reads as follows [3]: 
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Figure 1. Structural models of two systems: (a) TMD system; (b) NT-TMD system 
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The equation of motions for the main system with the NT-TMD are given as 
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where ms, ks, and cs are the mass, stiffness and damping coefficient of the main system, respectively; mt, kt, and ct 

are the mass, stiffness and damping coefficient of the NT-TMD, respectively; f0 and ω are the amplitude and 

frequency of the external force, respectively; xs and xt are the displacement of the main system and the NT-TMD 

device, respectively. The amplitude of the displacement of the main system is expressed in the normalized form 

as Anh and Nguyen [21]  
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where   is the mass ratio,   is the tuning frequency ratio,   is the forced frequency ratio, t  is the damping 

ratio of the NT-TMD, s  is the natural frequency of the main system and t  is the natural frequency of the NT-

TMD. 

 

Liu and Coppola [19] and Anh and Nguyen [21] proposed the optimal parameters of the NT-TMD in Eq. (12) 

and (13), respectively. They are used the same formulate for the optimum damping ratio of the NT-TMD which 

is derived by Ren [12] for undamped primary system. Thus, the optimum values for the damping ratios are not 

obtained by this formulae for damped structures.  
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3 EVALUATION OF OPTIMUM PARAMETERS 
 

In this section, the optimization problem is solved by using the minimax optimization algorithm, which uses a 

Sequential Quadratic Programming (SQP) method and then the optimum parameters of the TMD and NT-TMD 

are obtained for various mass ratios. Minimax optimization algorithm is inbuilt fminimax function in the 

numerical computing software Matlab (Mathworks R2013a). The goal of this algorithm is that of minimizing the 

maximum value of objective function, starting at an initial estimate, limited by lower and upper bounds of the 

optimization variables. Within the present concerns, the optimization problem might be basically stated as 

follows: 

 

min(max DMF( )) b b
q

q l q u    (14) 

 

where q, lb and ub represent the optimization variables, the lower and upper bounds of the optimization variables, 

respectively. The search increment for the variable parameter and objective function set to be 10−6. 
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The parameters include the tuning frequency ratio and damping ratio for both devices. The minimization of the 

maximum amplitude of the displacement of the main system with each model is used as the criterion for 

searching for the optimum parameters of the both devices. Detailed comparison has been made based on the 

optimum parameters. To show the accuracy of proposed optimization method, some numerical results are given 

in the following. 

 

Assume that the mass ratio μ of the control systems and damping ratio of the structure system are known.  Thus, 
opt  and 

opt  are the two assumed free variables of the optimization process for TMD and NT-TMD. These 

variables are defined as follow 

 

, ,
2

opt optt t t

s t t s

m c ω
μ ξ α

m mω ω
     (15) 

 

where 
optα  and  

optξ  are the optimum frequency ratio and damping ratio of TMD or NT-TMD, respectively; μ  

is the mass ratio of the control device. The following ranges are selected for the control parameters for TMD and 

NT-TMD systems.  

 

[ ; ], [0; 0.8], [0.5;1.2]opt opt

b bq l u      (16) 

 

4 NUMERICAL RESULTS 
 

In this section, a analysis based on DMF is performed to investigate the effectiveness of the NT-TMDs in 

controlling the amplitude of the displacement response of structure. In the present study, structural damping ratio 

is assumed to be 2%s  . Careful comparison is made based on the optimum parameters and performances of 

two models (i.e. TMD and NT-TMD) considered. 

 

 
Figure 2. Comparison of the optimum tuning ratios of NT-TMD for different mass ratios 

 

 
Figure 3. Comparison of the optimum damping ratios of NT-TMD for different mass ratios 
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A comparison of the optimum tuning ratios obtained by the minimax optimization algorithm, the fixed point 

theory by Liu and Coppola [19] and H  optimization method by Anh and Nguyen [21] is shown in Fig. 2. As 

seen in this figure, there is a good agreement between the optimum parameters of the NT-TMD system obtained 

by present method and Liu and Coppola [19]. Compared with the other both methods, the maximum error for 

any value is observed to be 0.15%. The relative error is defined as E (%) = [(Present - Ref.) / Ref.]. 

 

A similar diagram has been plotted in Fig. 3, where the comparison has been performed for the optimal damping 

ratio. Compared with the other both methods, the maximum error for any value is observed to be 7.86%. The 

magnitude of error for optimum damping ratio is relatively more. This is due to fact that the values of damping 

ratio obtained by the other methods are not optimal which are obtained to use the formulae derived by Ren [12] 

for undamped structure. 

 

A comparison of the optimum tuning ratios obtained by the minimax optimization algorithm for the TMD and 

NT-TMD is shown in Fig. 4. It is seen that the optimum tuning ratio  of the NT-TMD is found to be more as 

compared to the TMD. It is also observed from Fig. 4 that the optimum frequency ratio of the TMD decreases 

with the increase of the mass ratio whereas the optimum frequency ratio of the NT-TMD increases. Further, Fig. 

4 illustrate that the optimum tuning frequency ratio decreases with the increase in the damping of the main 

structure. 

 

Fig. 5 shows a comparison of the optimum damping ratios obtained by the minimax optimization algorithm for 

the TMD and NT-TMD. As can seen, the optimum damping ratio of the NT-TMD is found to be more as 

compared to the TMD. Fig. 5 also indicates that the optimum damping ratio  increases with the increase of the 

mass ratio for two control devices. Another observation from Fig. 5 is that the optimum damping ratio increases 

with the increase in the damping of the main structure. 

 

 
Figure 4. Comparison of the optimum tuning ratios of NT-TMD and TMD for different mass ratios 

 

 
Figure 5. Comparison of the optimum damping ratios of NT-TMD and TMD for different mass ratios 
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Figure 6. Frequency response curves of the main system with the optimum NT-TMD for 0.05μ   

 

 
Figure 7. Comparison of frequency response curves of the main system with the both optimum systems 

 

Fig. 6 show the frequency response curves of the structure with the optimum NT-TMD. As can seen, the NT-

TMD designed by the minimax optimization algorithm yield approximately the same control performance with 

those of previous works in the literature.  

 

In Fig. 7, the variation of DMF against harmonic excitation frequency is shown for TMD and NT-TMD systems. 

The response DMF is plotted for 5% . As seen, the optimum NT-TMD provides a better performance than 

the optimum TMD. 

 

5 CONCLUSION 
 

Based on the minimax optimization algorithm technique, the optimum parameters and effectiveness of the NT-

TMD for damped main system under external harmonic excitation are investigated in detail. According to the 

results obtained from the research, the following conclusions can be drawn: 

 

 The optimum damping ratio of the NT-TMD is found to be more as compared to the TMD. The 

optimum damping ratio  increases with the increase of the mass ratio for two control devices. 

 The optimum frequency ratio  of the NT-TMD is found to be more as compared to the TMD. In 

addition, the optimum frequency ratio of the TDM decreases with the increase of the mass ratio 

whereas the optimum frequency ratio of the NT-TMD increases. 

 The effectiveness of optimally designed NT-TMD system is compared with that of the optimum TMD 

and it is observed that the optimally designed NT-TMD system provides better effectiveness than the 

TMD. 
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Abstract 

The tuned mass damper (TMD) is a widely used passive control device which is 

attached to a main system to suppress undesired vibration. In this paper, a non-

traditional form of TMD system for undamped system is investigated. Unlike the 

traditional TMD configuration, the considered TMD system has a linear viscous 

damper connecting the absorber mass directly to the ground instead of the main 

mass. The criteria selected for the optimality is the minimization of the 

displacement of the main system under external harmonic excitation. The 

parameters of the non-traditional tuned mass damper (NT-TMD) that are optimized 

include: the damping ratio, the tuning frequency ratio. The effectiveness of 

optimally designed NT-TMD system is compared with that of the optimum 

traditional tuned mass damper and it is observed that the optimally designed NT-

TMD system is found to be more effective for vibration control than the traditional 

tuned mass damper. 

 

1 INTRODUCTION  
 

The traditional tuned mass damper has often been adopted as an effective means for reducing the vibrations 

induced on civil engineering structures due to external excitations. Many control devices have been developed, 

such as passive, semi-active and active. Among these available devices, the TMD is one of the simplest and the 

most reliable control devices. The TMD without damping element is first invented by Frahm [1]. It is only useful 

in a narrow range of frequencies very close to the natural frequency of the TMD. Thus, Ormondroyd and Den 

Hartog [2] proposed the so-called traditional TMD in which both a spring element and a damping element are 

regulated in parallel between the absorber mass and the structure mass. In continuance of this work, Den Hartog 

[3] found the optimum parameters of the TMD based on the fixed-points theory. Studies related to a TMD are 

then extended to investigate the explicit formulae for the optimum parameters and the effectiveness of a TMD to 

control structural vibrations due to various excitation conditions [4-11]. 

 

A non-traditional TMD (NT-TMD) is proposed by Ren [12] and Liu and Liu [13] and they also derived 

analytically the optimum tuning parameters of the NT-TMD for suppressing the resonant vibrations of a primary 

system due to force excitation. Unlike the traditional TMD, the NT-TMD has a damper element connecting the 

absorber mass directly to ground instead of the structure system. Wong and Cheung [14] derived the optimum 

parameters of non-traditional for suppressing vibration of a main system under ground motion. Cheung and 

Wong [15] investigated the optimum parameters of the NT-TMD based on the fixed-point theory for minimizing 

the maximum vibration velocity response of a main system under harmonic excitation. Cheung and Wong [16, 

17] presented solutions of the optimal parameters of the NT-TMD base on the 2H  and H  optimization. The 

criterion selected for optimality is the minimization of the total vibration energy and the resonant vibration 

amplitude of the main structure, respectively. Yuan et al. [18] investigated the effectiveness of the NT-TMD for 

the purpose of simultaneous vibration suppression and energy harvesting. 

 

The specific objectives of the study are: (i) to obtain the optimum parameters of the NT-TMD system which 

reduces dynamic response of the undamped system under harmonic excitation, using the minimax optimization 

algorithm, (ii) to compare the optimum parameters and the effectiveness of the NT-TMD system with 

corresponding traditional TMD system. 
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2 THEORETICAL FORMULATIONS 
 

Consider the traditional and non-traditional TMDs attached to an undamped SDOF, which is excited by the 

harmonic force. These two models to be investigated in the present paper are shown in Fig. 1, where m, k and c 

are the mass, stiffness and damping coefficients, respectively. The subscripts s and t indicate the main system 

and TMD, respectively.  

 

The equation of motions for the main system with the traditional TMD are given as 

 

0
0

sin( )
0 0

s s t t s s t t s

t t t t t t t t

m x c c x k k k x f
t

m x c c x k k x

               
                             

  (1) 

 

where ms and ks are the mass and stiffness coefficient of the main system, respectively; mt, kt, and ct are the mass, 

stiffness and damping coefficient of the traditional TMD, respectively; f0 and ω are the amplitude and frequency 

of the external force, respectively; xs and xt are the displacement of the main system and the TMD device, 

respectively. The amplitude of the displacement of the main system or displacement dynamic magnification 

factor (DMF) is expressed in the normalized form as [3] 
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where   is the mass ratio,   is the tuning frequency ratio,   is the forced frequency ratio,   is the damping 

ratio of the TMD, s  is the natural frequency of the main system and t  is the natural frequency of the TMD. 

 

Based on the fixed-points theory [3], the optimal parameters of the traditional TMD as follows 

 

1 3
,

1 8(1 )

opt opt
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  (4) 

 

The equation of motions for the main system with the NT-TMD are given as 

 

0
0 0 0

sin( )
0 0 0

s s s s t t s

t t t t t t t

m x x k k k x f
t

m x c x k k x

              
                            

  (5) 

 

 
Figure 1. Structural models of two systems: (a) NT-TMD system; (b) TMD system 
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where ms, ks, and cs are the mass, stiffness, and damping coefficient of the main system, respectively, mt, kt, and 

ct are the mass, stiffness, and damping coefficient of the NT-TMD, respectively, f0 and ω are the amplitude and 

frequency of the external force, respectively, xs and xt are the displacement of the main system and the NT-TMD 

device, respectively. The amplitude of the displacement of the main system or displacement dynamic 

magnification factor (DMF) is expressed in the normalized form as [12]  
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where   is the mass ratio,   is the tuning frequency ratio,   is the forced frequency ratio,   is the damping 

ratio of the NT-TMD, s  is the natural frequency of the main system and t  is the natural frequency of the NT-

TMD. 

 

3 EVALUATION OF OPTIMUM PARAMETERS 
 

In this section, the optimization problem is solved by using the minimax optimization algorithm, which uses a 

Sequential Quadratic Programming (SQP) method and then the optimum parameters of the TMD and NT-TMD 

are obtained for various mass ratios. Minimax optimization algorithm is inbuilt fminimax function in the 

numerical computing software Matlab (Mathworks R2013a). The goal of this algorithm is that of minimizing the 

maximum value of objective function, starting at an initial estimate, limited by lower and upper bounds of the 

optimization variables. Within the present concerns, the optimization problem might be basically stated as 

follows: 

 

min(max DMF( )) b b
q

q l q u    (8) 

 

where q, lb and ub represent the optimization variables, the lower and upper bounds of the optimization variables, 

respectively. The search increment for the variable parameter and objective function set to be 10−6. 

 

The parameters include the tuning frequency ratio and damping ratio for both devices. The minimization of the 

maximum amplitude of the displacement of the main system with each model is used as the criterion for 

searching for the optimum parameters of the both devices. Detailed comparison has been made based on the 

optimum parameters. To show the accuracy of proposed optimization method, some numerical results are given 

in the following. 

 

Assume that the mass ratio μ of the control systems and damping ratio of the structure system are known.  Thus, 
opt  and 

opt  are the two assumed free variables of the optimization process for TMD and NT-TMD. These 

variables are defined as follow 

 

, ,
2

opt optt t t

s t t s

m c ω
μ ξ α

m mω ω
     (9) 

 

where 
optα  and  

optξ  are the optimum frequency ratio and damping ratio of TMD or NT-TMD, respectively; μ  

is the mass ratio of the control device. The following ranges are selected for the control parameters for TMD and 

NT-TMD systems.  

 

[ ; ], [0; 0.8], [0.5;1.2]opt opt

b bq l u      (10) 
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4 NUMERICAL RESULTS 
 

The parameters include the tuning frequency ratio and damping ratio for both devices. The minimization of the 

maximum amplitude of the displacement of the main system with each model (i.e. NT-TMD and TMD) is used 

as the criterion for searching for the optimum parameters of the control device. Detailed comparison has been 

made based on the optimum parameters of two models  considered. To show the accuracy of proposed 

optimization method, some numerical results are given in the following. 

 

A comparison of the optimum parameters obtained by the minimax optimization algorithm and the fixed point 

theory [3] is shown in Fig. 2. As seen in both figures, there is a good agreement between the optimum 

parameters of the TMD system by two approaches. The maximum error for any value for 
opt  and 

opt  is 

observed to be 0.01% and 1.53%, respectively. Another observation from Fig. 2 is that with the increase of the 

mass ratio of the TMD system the optimum damping ratio increases whereas the optimum tuning frequency 

decreases.  

 

In Fig. 3, the variation of DMF against harmonic excitation frequency is shown for TMD system. The response 

DMF is plotted for two different approaches with 0.05 . As can seen, the TMD designed by the minimax 

optimization algorithm yield approximately the same control performance with those of previous work in the 

literature.  

 

A comparison of the optimum parameters obtained by the minimax optimization algorithm is shown in Fig. 4. 

The optimum damping ratio of the NT-TMD is found to be more as compared to the TMD. The optimum 

damping ratio  increases with the increase of the mass ratio for two control devices. The optimum frequency 

ratio  of the NT-TMD is found to be more as compared to the TMD. In addition, the optimum frequency ratio of 

the TDM decreases with the increase of the mass ratio whereas the optimum frequency ratio of the NT-TMD 

increases. 

 

 
Figure 2. Comparison of the optimum parameters of TMD for different mass ratios of the TMD 

 

 
Figure 3. Frequency response curves of the main system with the optimum TMD 
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Figure 4. Comparison of the optimum parameters of the TMD and NT-TMD for different mass ratios 

 

In this section, a analysis based on DMF is performed to investigate the effectiveness of the NT-TMDs in 

controlling the amplitude of the displacement response of structures. In the present study, structural damping 

ratio 0s   is taken into account. In Fig. 5 is shown the difference of the amplitude response of the main system 

with the optimum TMD and NT-TMD under the same mass ratio of 0.1. It is seen in Fig. 5 that the NT-TMD can 

render better effectiveness in comparison to the TMD. 

 

 
Figure 5. Frequency response curves of the main system with the optimum TMDs 

 

5 CONCLUSION 
 

Based on the minimax optimization algorithm technique, the optimum parameters and effectiveness of the NT-

TMD for undamped main system under external harmonic excitation are investigated in detail. According to the 

results obtained from the research, the following conclusions can be drawn: 

 

 The optimum damping ratio of the NT-TMD is found to be more as compared to the TMD. The 

optimum damping ratio  increases with the increase of the mass ratio for two control devices. 

 The optimum frequency ratio  of the NT-TMD is found to be more as compared to the TMD. In 

addition, the optimum frequency ratio of the TDM decreases with the increase of the mass ratio 

whereas the optimum frequency ratio of the NT-TMD increases. 

 The effectiveness of optimally designed NT-TMD system is compared with that of the optimum TMD 

and it is observed that the optimally designed NT-TMD system provides better effectiveness than the 

TMD. 
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Abstract 

Routing problems can be divided into two main categories: node routing and arc 

routing. The purpose of arc routing problems,is to determine the shortest path and 

paths which is  returning to the starting node by passing at least once from all the 

lines on a line. Chinese postman problem (CPP) which is one of arc routing 

problems  was first investigated by Chinese mathematician Mei-Ko Kwan in 1962. 

The problem is defined that a postman pick up mails at the post office, delivers it, 

and then returns to the post office. He must cover each street in his area at least 

once. Subject to this situaiton, the CPP is referring to research how to cover every 

street and return to the post office under the least cost. Typical classification of 

CPP is as follows; undirected CPP, directed CPP, mixed CPP, windy CPP, k-CPP, 

Min-Max k-CPP, Capacitated CPP and hierchical CPP [1]. In reality, there are 

many situations in which CPP can be used. For example, a driver of patrol vehicle 

to increase safety or a garbage truck and snow plowing car, he desires to choose his 

route in such a way that traverses as little as possible [2]. There are many studies 

on CPP in the literature. In this paper, the studies that can be reached on this subject 

in the literature are invastigated. 

 

1 INTRODUCTION  
 

The purpose of arc routing problems is to determine the shortest route or routes returning to the starting vertex 

by traversing all arcs or edges on a graph at least once. Arc routing problems may be divided into two as rural 

postman problem (RPP) and Chinese postman problem (CPP). It is required to create the shortest path by 

traversing certain edges on a graph at least once in the rural postman problem, while it is required to create the 

shortest path by traversing all edges on a graph at least once in the CPP [3]. CPP is to create the shortest path by 

traversing each edge on a graph at least once starting from a certain starting vertex [4]. 

 

CPP may be used in several areas such as mail delivery, garbage collection, snow and ice controls on streets and 

highways, road gritting, snow removal and street cleaning operations, school bus and police patrol vehicles 

routing, water and newspaper distribution, effective web site determination [5]. Expenditures of public and 

private enterprises in these areas are increasing day by day and reach to high amounts. Due to insufficient 

planning and faulty investments, a significant amount of resources is extravagantly spent in these areas. 

Therefore, the importance of such problems is increasing and is being the subject of many researches. Studies of 

researchers in these areas help to increase the possibility of implementation by finding more effective solutions 

and thus to provide significant savings [6]. 

 

2 MATERIAL AND METHOD 
 

In this study, CPP from arc routing problems is discussed. First of all, Eulerian path which has an important 

place in the solution of the CPP is discussed. Then, variations and solution methods of CPP are discussed. 

Finally, a literature research was conducted for CPP and its variations which are available and reachable in the 

literature. In the conclusion part, some suggestions are presented considering the deficiencies mentioned in the 

literature. 
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2.1 Euler Tour 

 

The arc routing problems (ARPs) entail determining a minimum-cost traversal of a specified subset of arcs on a 

graph. The earliest study related to the ARPs is the Königsberg Bridge Problem. The problem had been solved 

by the Swiss mathematician Leonhard Euler in 1736, who aimed to determine whether there exists a closed walk 

traversing each of the seven bridges given in Figure 1, once and exactly once [7]. For this reason, if a connected 

graph has a closed walk visiting each node at least once and each arc exactly once, that graph is named as 

Eulerian [8]. 

 

 
Figure 1. The seven bridges of königsberg 

 

As can be seen from Figure 1, the bridges of Königsberg are represented as arcs and each arc joins a pair of the 

four junction points (nodes) which can be considered as islands and shores. The Königsberg Bridge Problem is 

only concerned with the existence and determination of a closed walk [3]. Euler has suggested that for such a 

tour to occur, each zone must be accessed from the other zones and each node must be dual-grade [9]. CPP takes 

its origin from the Königsberg Bridge Problem and deals with situations where such a solution does not exist [7]. 

 

2.2 Chinese Postman Problem 

 

CPP first studied in 1962 by a Chinese mathematician called Mei-Ko Kwan, may be defined as the delivery of 

mails that a postman receives from the post office in the shortest possible path by traversing all streets/roads in 

the city and returning to the post office which is the starting vertex after the delivery is completed [4-10]. 

On a graph G = (V, E); where edge (i, j) establishes a connection between vertices i and j. Mathematical model, 

parameters and variables for CPP are given in Table 1. [11] 

 

Table1.  Mathematical model parameters and variables 

Variables and parameters 

xij The main decision variable which represents the number of times arc (i,j) is traversed in 

each cycle using vehicle starting from node i ending at node j. The variable is integer 

xji Decision variable which represents the number of times arc (j,i) is traversed in each 

cycle using vehicle starting from node j ending at node i. The variable is integer 

Cij The length for traversing arc (i,j) starting from node i, ending at node j 

V Set including all nodes in the network 

E Set including all edges in the network 

n Total number of nodes in network 

 

The entire formulation can be seen in the following, 

Min: ∑ ∑ c𝑖𝑗 𝑥𝑖𝑗
𝑛
𝑗=1

𝑛
𝑖=1                   (1) 

 

Subject to 

 
∑ 𝑥𝑖𝑗 − ∑ 𝑥𝑗𝑖

𝑛
𝑗=1

𝑛
𝑗=1 = 0          ;  𝑖 = 1,2, … , n        ∀𝑖∈ 𝑉                (2) 

 

 

𝑥𝑖𝑗 + 𝑥𝑗𝑖 ≥ 1                              ∀(𝑖, 𝑗) ∈ 𝐸              (3) 

 

𝑥𝑖𝑗 , 𝑥𝑗𝑖  ≥ 0 𝑎𝑛𝑑 𝑖𝑛𝑡𝑒𝑔𝑒𝑟.                    (4) 

 

The objective function (1) minimizes the total length of route R that is covered by track inspection vehicle. Eq. 

(2) is flow conservation at each node constraint which guarantees the creation of a tour of the network for the 
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vehicle. Eq. (3) ensures that each arc that exists is covered at least once during each cycle regardless of its 

direction using the vehicle. Eq. (4) is restriction on the variables. 

 

2.3 Variations and Solution Methods of Chinese Postman Problem 

 

Considering the related literature, CPP is basically divided into three as directed, undirected and mixed CPP 

depending on the directions of the edges on a graph. Directed and undirected CPP can be solved by polynomial 

algorithms. Therefore, they belong to class P. In the mixed CPP, some of the paths are directed, others are 

undirected and this problem belongs to NP-hard problem class [12]. By adding other constraints to undirected, 

directed and mixed CPP, new CPP have arisen [13]. These can be given as Figure 2. 

  

 
Figure 2. Variations of CPP 

 

The solution methods of optimization problems are generally divided into two as exact and non-exact methods 

and non-exact methods are divided into two as approximate and heuristic methods. The best solutions are found 

with exact methods. Non-exact methods do not guarantee the best solution. However, it is clear how close the 

solutions obtained by the approximate methods are to the best solution (they approach the best solution by a 

certain percentage, such as x%). The approach rate of heuristic method to the best solution is unclear [14]. The 

solution methods of CPP can be summarized as in Figure 3: 

 

 
Figure 3. The solution methods of CPP 

 

Metaheuristic algorithms are preferred for NP-hard problem types that cannot be solved in a reasonable time as 

the problem size increases. These algorithms are general algorithmic structures that have highly capable and 

effective methods in solving many complex optimization problems [15]. Metaheuristic methods are algorithms 

designed for the solution of complex optimization problems that cannot be solved in a reasonable time by exact 

solution methods by being inspired from events in the nature [7]. Metaheuristics contain a number of algorithms 

with different properties. In general, determination of an effective metaheuristic is an experience-dependent 

process that requires extensive analysis of different metaheuristics, their key parameters, and their operators. 

There are several studies in the literature where metaheuristic approaches are applied to arc routing problems 

[16]. In this study, studies using different solution methods are discussed and the deficiencies in the literature are 

mentioned 

Undirected Chinese postman problem

Directed Chinese postman problem

Mixed Chinese postman problem

k-Chinese postman problem

Min-Max k-Chinese postman problem

Windy Chinese postman problem

Hierarchical Chinese postman problem

Capacitated Chinese postman problem
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2.4. Literature Research 

 

In this section, the studies related to CPP in the literature are presented in groups according to CPP types. CPP 

was first studied in 1962 by a Chinese mathematician called Mei-Ko Kwan. The problem arose when a postman 

wanted to deliver mails that he received from the post office by walking along all the streets in the city as short 

as possible [4]. 

 

In undirected CPP, it is aimed to find the shortest path by traversing each edge in a network of undirected edges 

at least once [16]. Authors developed a minimum matching algorithm that finds the optimum solution for 

undirected CPP [17]. They formulated the problem that can be solved as a matching problem, which aims to 

transform a graph G to a graph G’ with all vertices being single degree [10]. Author suggested a new model for 

undirected CPP and showed that this model was solved efficiently by Cutting Plane Algorithm in his study [18]. 

Directed CPP requires to find the shortest path by returning to the starting vertex after traversed each edge on a 

directed graph at least once [4]. Algorithms and methods used to solve the problem can be considered as network 

flow methods and integer linear programming methods. In the study [5] complete and executable Java code is 

presented in order to solve directed version of the CPP. 

 

In mixed CPP consisting of directed and undirected CPP convergence, it is required to find the shortest path by 

returning to the starting vertex and traversing all edges on a graph G = (V, E, A) consisting of both directed and 

undirected edges at least once [3]. Authors suggested an algorithm to select the most appropriate CPP solution 

method based on Bibliographic reference analysis (theoretical-conceptual research) in their study [19]. The 

suggested algorithm was used in two logistic problems cases (garbage collection service and post office mail 

delivery) with a population of 200,000 in Brazil. The purpose of the study [20] is to find a minimum cost closed 

walking along each edge and arc at least once, considering an edge-weighted mixed graph G. In the study [21] 

authors developed a formula used to determine CP optimal path length on a directed and undirected planar graph 

in their studies. In the study [22] authors aimed to determine a minimum cost tour by walking along each 

connection within predetermined limits, starting and ending in the warehouse for mixed CPP. In the study, 

solution algorithms are presented for directed and undirected networks. They considered CPP on edge-colored 

graphs (CPP-ECG). Polynomial time of CPP-ECG was proven to be soluble [23]. 

 

In the study [8] she considers a k-CPP with the objective of minimizing total squared workloads. The main 

objective of the study is to balance the workload among postmen, while keeping the total workload low. An 

effective subtour elimination method was developed and included in the model. Moreover, solution methods that 

find exact and approximate solutions, and work in exponential and polynomial time, respectively, were 

developed. Authors gave information about k-warehouse CP games in their studies [24]. They also found that 

global k-CP balanced graphs and locally k-CP balanced graphs were not equivalent to weak Eulerian graphs, 

unlike [25]. Authors studied k-CPP in their studies and proved that k-CPP is really detectable with a fixed 

parameter [26]. In study [27], different variations of K-CPP model under different assumptions were applied to 

the snow plough operations at Atatürk University campus and the results were compared. 

 

Min-max k-CPP is almost the same as k-CPP. Again, k routes are determined. However, the longest route is to 

be minimized. The aim is to reach each edge as soon as possible. In order to make the routes more balanced, it is 

tried to create approximately equal length routes [28]. Authors develop a branch-price-and-cut algorithm to solve 

the MinMax k-WRPP in their study [30]. They use exact and heuristic column generation techniques 

incorporated in their branch and bound algorithm and get satisfactory results. The purpose of the study [29] is to 

provide a taboo search algorithm that performs better than all known heuristic methods for Min-max k-CPP.  

 

Another class of CPP is hierarchical CPP (HCPP) . In this problem, priority relations are defined in directed edge 

set on G = (V, A) and it is predetermined in which order the service will be provided to which directed edges 

[31]. In their study, authors introduced HCPP for the first time and showed that it can be solved in polynomial 

time if the priority relationships are linear and all subgraphs are connected [32]. In their study [33], authors 

discussed a more realistic situation with sub-graphs that are not connected to each other. In their study, they 

presented a heuristic algorithm that solves the rural postman problem and then creates a giant tour that provides 

linear priority relationships. Authors [34] discussed the transformation of HCPP into an equivalent Rural 

Postman Problem (RPP) in their study They suggested a decomposition heuristic for undirected HCPP with 

linear priority relationships. HCPP was optimally solved for both purposes by applying a branch-price-and-cut 

algorithm to the transformed problem. In the study [31], a exact algorithm that requires a lower computational 

effort than previous processes for HCPP is presented and it is supported by examples. The algorithm they 

provided is the first algorithm that provides the exact solution for HCPP. In their study [35], authors suggested a 

different algorithm that finds the minimum cost route according to priority in networks classified by priority. 
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First, the minimum route of the highest priority subnet is found by the algorithm. The process is completed by 

calculating the minimum cost routes of each subnet separately, without ignoring the order of priority [11].In their 

study, they reduced the complexity of the original algorithm to O(kn4) with post-matching optimism techniques. 

In their study [36], authors developed a heuristic method that gave better lower limit values for HCPP compared 

to the solutions of CPP. They showed that the optimum solution was achieved in a shorter time by using exact 

search algorithms with these values. Various problem sizes were discussed with heuristics developed at the same 

time and better results were obtained from previous studies. In the study [37], authors suggested a basic model 

and two heuristic solution approaches for vehicle routing problem in snow ploughing operations in their study. 

This problem can be considered as multiple hcpp (m-HCPP). The suggested method produces more suitable 

routes than the existing routing plan that produces. In the study [38],  is studied HCPP. Previously, is suggested 

an algorithm that eliminates the time complexity of O (kn5) [32].  CPP is considered as a lower limit of HCCP. 

In this study [38], alternative approaches are given by using Kruskal method to reduce the number of O (k2 n2) 

edges.In the study [39], the determination of the shortest length route of a maintenance vehicle used on the roads 

in the assigned area of 12th Regional Directorate of Highways was discussed. The problem discussed is large 

and a nearest neighbor search based heuristic algorithm was developed for its solution. 

 

In recent years, the availability of travel time or travel speed information at different times of the day led 

researchers to develop different routing models using this additional information. Modeling of time-dependent 

travel times has become an important subject in the literature of moment-dependent routing [16]. In the study 

[40], authors suggested two different models to solve CPP with Time Window (CPPTW) in their study. The first 

is constraint programming, and the second is the transformation to an equivalent time-window vehicle routing 

problem. The results show that optimal solutions can be achieved quickly when time windows are tight. Authors 

investigate The Time Dependent CPP (TDCPP) in their paper [41]. They prove that the CPP defined on the time 

dependent network is NP−Hard even if it verifies the Eulerian and First-In-First-Out properties. In their study 

[42], authors  deal with a generalization of the CPPTW involving the added complexity of time dependent 

service times and travel times, which is motivated from hybrid system testing. This paper focus on an exact 

method, transforming the TDCPPTW to a generalized Rural Postman Problem (GRPP) equivalently, and the 

latter problem can be formulated as a linear integer programming without any timing constraints. In their 

study[43], they presented a new linear integer programming formulation for time-dependent travel time CPP. 

There is no unrealistic assumption in this formulation and it can be considered as an extended version of the 

formulation research [1]. The cutting plane algorithm was used in the study. The study [16], a mathematical 

model was developed for the solution of the problem and two metaheuristic algorithms including Genetic 

Algorithm and Hybrid Annealing Simulation were suggested for solving large-scale problems. In the study [44], 

authors first discussed time-dependent transport times for TSP and CPP. They suggested a branch boundary 

algorithm to solve the maximum useful CPP and stated that small size problems could be solved with this 

algorithm. 

 

In their study [45], authors examined maximum benefit CPP (MBCPP) on undirected graph. They showed that 

the problem is NP-hard class type. They suggested a heuristic based on minimum spanning tree algorithm and 

minimum cost matching for the solution. In the study [46], an IP formulation for MBCPP for the first time and 

valid families of inequality were introduced. Moreover, a branch cutting algorithm was suggested for MBCPP in 

the study. In their study [47], authors discussed the problem of guiding patrol vehicles in MBCPP studies and 

presented a new mathematical model that could be used to find the most suitable routes based on different 

situations. The primary purpose of the model is to realize the tour with the shortest distance, and the secondary 

aim is to minimize the difference in distance between vehicles. 

 

In the undirected capacity constrained CPP, it was aimed to find the shortest distance tour by considering the 

capacity constraints of the vehicles [48]. In their study [49], authors discussed CPP under the postman's load 

capacity and working time constraints. GA structure was designed without transforming the arc routing problem 

into a vertex routing problem and a priority-based chromosome coding technique was developed. 

 

In Windy CPP, the length of the edges on a undirected graph may vary according to the direction of passage 

from these edges. The aim is to find the shortest tour by passing through each arc in the graph at least once [10]. 

Windy postman problem (WPP), which was firstly introduced in study [50], consists of finding a minimum cost 

closed walk passing through every arc of G at least once. It is shown that the WPP is NPhard [51]. When the 

graph is unicursal, he shows that the problem can be solved in polynomial time in his study [52]. In the study 

[53], authors also describe the cutting plane algorithm to solve the WPP, which is considered to be the best 

known exact method up to now. 
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In the study [54], authors have been discussed CPP in stochastic networks. they proposed an algorithm for 

solving the problem. Authors present an algorithm to solve a multi objective problem and implements the same 

on a biobjective CPP in their study [55]. In the study [56], he propose a technique to obtain the route plan of a 

test droplet for the purpose of structural testing of biochips. The methodology is formulated using the CPP. In 

their study [57], authors aimed to eliminate the lack of adequate patrol path design procedures by providing a 

taboo search algorithm that can create multiple patrol routes for site security officers. The algorithm presented 

was tested on a real problem in South Africa, and as a result a significant improvement was shown compared to 

the past.   

 

Authors suggested a new map transformation framework (MTF) in their study [58]. MTF, the bridge between 

CPP and multi-target search, makes it possible to use algorithms that conform to CPP to perform route planning 

in multi-target search with a mobile robot. Both simulation results and experiments show that MTF-based 

algorithm is better than several other target search algorithms. In the study [59], they focused on the security 

detection problem that deals with the effects of geographic locations on mutual game-based defense strategy. In 

the study; a game-based model was suggested to determine the best patrol strategy of security assets on the 

network in the case of a strategic enemy presence aiming at creating a nuclear threat on the edges of the network. 

They solved the model with rural CPP.  

 

Authors examined CPP and showed that the integration between an advanced mathematical model and 

Geographic Information System (GIS) technology could be useful by providing a powerful tool for developing, 

testing and implementing advanced heuristic methods for arc routing problems in their study [60]. In the study 

[61], authors have proposed an optimization method to solve the CPP problem using Fleury’s algorithm under 

real-time weighting. The results show that the proposed method is efficient and effective in solving the CPP in 

real-time. In their study [62], they present a road network search path planning algorithm in which more than one 

autonomous vehicle can efficiently visit each path defined on the map in the context of CPP. In the study, multi-

choice multi-period knapsack problem was formulated in order to find an optimal solution that minimizes flight 

time, and then it was solved with mixed integer linear programming. In the study [63], a new algorithm filled 

with random barriers and based on cellular separation technique to effectively cover a known environment. In 

this hierarchical approach, first, the field is fragmented, then CPP is solved to calculate a Eulerian circuit 

circulating these cells. 

 

Authors focused on bimodal CPP. In this “binary search game”, the search for a small or well-hidden object 

(explosive device, predator net, etc.) is modeled in their study [64]. In dual mode CP Tour, it is aimed to 

complete the tour in minimum time by traversing each point of arc at least once in slow mode. In the study [65],  

the task of designing parking permit inspection routes was modeled as revenue collection CPP. In the study; it 

was shown that the designed inspection route maximized expected revenue.  

 

He discussed multi-purpose CPP in his study [7]. A branch and bound algorithm that produces all effective 

solutions according to total cost and total distance criteria is defined. The algorithm uses effective lower and 

upper limits produced using linear programming relaxation methods. In their study [66], authors suggested a new 

strategy for robotic discovery in order to find a specific object in a certain static environment. In this study, the 

problem of directing the robot to search for the object at the calculated search points is modeled as an CPP. In 

their study [67], authors developed a software that graphically shows the additional production process. They 

presented a graphical model of 3D printing process and used CPP solution to optimize the movement of an 

extrusion machine on a particular weave.  

 

Authors examined the performance of Random CP Tour (RCPT) for Gal’s (1979) find-and-bring game on a 

network in their study [68]. Since the time for calculating RCPT in the number of vertices of the network is 

polynomial, this study generally concludes that it is easily applicable to games with complex solutions. In their 

study [11], they used CPP to find the optimal route of the machines that periodically inspect the railway. As a 

result, this method was proved to perform better compared to the existing manual application based on expert 

knowledge. In this study [69], they have proposed an non- exact multi-objective CPP (UMCPP) under the 

framework of uncertainty theory, for an undirected connected network. The proposed model determines a 

postman tour by simultaneously maximizing total profit and minimizing total travel time.  

 

He developed a practical approach for accurate contour deformation in his study [70]. This is the first time CPP 

in graph theory has been used for contour deformation.  In their study [71], authors use the strand displacement 

technology in their paper to solve the CPP. The model calculation shows that the complexity of the problem can 

be reduced by using the molecular beacon strand displacement reaction to solve the CPP. In the study [72],  is 

presented a mathematical formulation for the postman problem with variable service costs. It is assumed that the 
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travel costs of the edges depend on the number of passes and they tend to decrease with each pass. The authors 

consider CPP with variable service costs (CPPVSC), and windy postman problem .with variable service costs 

(WPPVSC). Besides they propose two heuristics for the solution of problems.  

 

3 RESULTS 
 

In this section, the results obtained by literature research are discussed. When the studies included in the research 

are examined, it is seen that the application areas of CPP are gradually increasing (garbage collection, snow and 

ice controls on streets and highways, road gritting, snow removal and street cleaning operations, school bus and 

police patrol vehicles, water and newspaper distribution, robotic discoverydesigning parking permit, mutual 

game-based defense strategy, guiding patrol vehicles). Researchers are especially interested in capacity-limited 

CPP, time-dependent CPP, and hierarchical CPPs. Because these problems are easier to implement in real life. 

 

In the literature, it is seen that heuristic methods are mainly used for CPP solution. In recent years, exact solution 

methods have been applied. The problem is commonly solved by integer linear programming, the exact solution 

method, and branch-bound and branch-cut methods. In NP-hard problems (problems that cannot be solved by 

precise mathematical methods in polynomial time), it has been observed that as the problem size increases, it is 

difficult to obtain the best results and heuristic methods are used. Several heuristic algorithms are developed for 

CPPs and related computational results. When the literature is examined, it is seen that these methods, both alone 

and in combination with other heuristic methods, have achieved very successful results. 

 

According to the results obtained from literature research, CPP types according to problem classes are as 

follows: Undirected CPP, Directed CPP belong to class P. Mixed CPP, Min-Max k CPP and Capacitated CPP 

are known to be NP-hard. And Windy CPP and HCPP belong to NP-hard (some conditions P) class.  

 

4 CONCLUSION 
 

In this study literature research was conducted for CPP and its variations which are available and reachable in 

the literature. Besides some suggestions are presented considering the deficiencies mentioned in the literature.  

 

In future studies, CPP can be solved with different models considering the deficiencies mentioned in the 

literature research. Types of CPPs that overlap with real-life problems can be developed. Studies in the literature 

can be solved with different heuristic methods and methods that provide faster and higher quality solutions can 

be obtained. 

 

When the studies in the literature are examined, it is seen that travel times are ignored and the distances covered 

are considered in most of the problems. In future studies, CPP can be applied by considering travel times in real 

life problems. And CPP can be presented with fuzzy modeling solutions that can be expressed in linguistic 

variables. Besides, it was seen that there is no study about open CPP and stochastic CPP. CPP considering these 

deficiencies mentioned in the literature can be solved with different models to overlap with real life problems. 
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Abstract 

Rutting, cracking, water damage and fatigue problems are the main types of 

deterioration in asphalt mixtures. In cold weather conditions, when the temperature 

drops to very low levels, the asphalt mixture cannot meet the internal tensile stresses 

and low temperature cracking problems may be encountered. Mastic part of asphalt 

mixtures and bituminous binders play an important role in low temperature cracking. 

Therefore, bitumen modification is a frequently applied method for crack resistance. 

The aim of this study is to investigate the low temperature cracking behaviour of 

dense graded and gap-graded asphalt mixtures. Therefore, in addition to pure 

bitumen, nanoclay (NC) and hydrated lime (HL) modified bitumen were also used. 

Cracking behaviour of samples conditioned according to modified Lottman 

procedure was determined by indirect tensile test. It has been found that both HL and 

NC modification improved low-temperature cracking behaviour, gap graded 

mixtures (SMA) exhibited higher cracking resistance than dense graded mixtures 

(HMA).  

1 INTRODUCTION  
 

Fatigue and permanent deformation problems occur in the pavement under repeated loads caused by vehicle traffic. 

Repetition of freeze-thaw events, penetration of water into the pavement, traffic effect and insufficient quality of 

bitumen etc.  reveal cracking, stripping and ravelling problems in the pavement [1].  

 

The thermal environmental conditions to which pavements are subjected considerably affect pavement stability 

and long-term performance. The better assessment of the effect of pavement temperature changes on asphalt 

mixtures is important in determining the behavior of asphalt mixtures under different environmental conditions. 

Another factor related to asphalt mixtures is that it depends on the stress condition, humidity, temperature, 

deformation rate and damage, which complicates its properties [2].   

 

Low temperature cracking of asphalt pavements is attributed to tensile strain induced in hot mix asphalt as the 

temperature drops to some critically low level. Low temperature cracking is a distress type that is caused by low 

pavement temperatures rather than by applied traffic loads even though traffic loads do likely play a role.  It has 

been commonly recognized that the asphalt binder plays the central role in low temperature cracking. Therefore, 

it is necessary to control the low temperature binder properties to minimize HMA cracking at low temperatures 

[3].  

 

Many factors which may contribute to low temperature crackings such as pavement age, granular base layers, 

degree-days of temperature below freezing, the rate of change of temperature, and pavement layer thickness [4]. 

Cold weather expedites the deterioration of the transportation infrastructure system, specially roadways. The 

pavements are exposed to excessive cold weather conditions due to environmental factors such as oxidation, 

thermal cracking, subgrade softening, freeze-thaw damage, spalling and scaling [5].  

 

Various methods are used to minimize these problems encountered in flexible superstructure and to reduce high 

maintenance costs. The use of quality aggregates, changing the aggregate gradation or various additive applications 

are often used to improve pavement performance [1].   
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Due to the increase in traffic loads and volume and increased asphalt costs, the need for increasing the durability, 

safety and efficiency of asphalt pavements has been created with asphalt modification. In general, fibers and 

polymers are the two main materials used in asphalt modification [6].  

 

It is true that traditional modifiers can improve performances of the asphalt and mixture. These performances 

include moisture susceptibility, permanent deformation, fatigue life, anti-aging and so on. However, more and 

more researchers concentrate on the introduction of nanomaterials to modify the asphalt due to the rapid 

development of nanotechnology [7].  

 

Nano materials are widely used in many applications. In recent years, nanotechnology has been proposed as a 

potential solution to improve the performance and durability of construction materials [6]. Various types of 

nanomaterials are available, offering different opportunities to modify and improve asphalt mixtures. Nano 

materials used in asphalt applications; nano tubes, nano fibers, polymerized powders, nano-sized plastic powders, 

nano hydrated lime, nano silica and nanoclay are offered as many different options [8].  

 

The basic unit size of the nanomaterials is between 1 and 100 nm. Due to its small size, large surface area, and 

good physical and chemical properties, nano carbon, nano clay, nano fiber and nano-scale particles are of interest 

to many researchers [7].  

 

Nanoclays are effective in improving the physical and mechanical performance of polymer mixtures. The 

mechanical properties, rheological behaviors of the asphalt mixture modified by Closite, a nanoclay type, have 

shown that polymeric asphalts and mixtures can improve storage stability. Another important feature of nanoclay 

modified asphalt mixtures is fatigue and thermal cracking resistance [9].  

 

Nanoclays can be used as a modifying agent to improve the mechanical properties of asphalt binders. For this, two 

different nanoclay materials were used in the research. According to the direct tension test, Nanoclay A asphalt 

showed better low temperature cracking resistance compared to Nanoclay B asphalt. The blending procedure is 

crucial in achieving well distributed nanoclay asphalt. It is stated that nano modified asphalt can increase rutting, 

cracking and fatigue resistance of asphalt mixtures [10].  

 

Hydrated lime is stated to be an effective additive for increasing water damage resistance and freezing resistance 

of asphalt mixtures. The present test methods demonstrate the beneficial effects of hydrated lime. It is stated that 

hydrated lime significantly reduces the chemical aging of bitumen and the formation of asphaltenes, which are 

viscosifying parts of the bitumen [11].  

Hydrated lime has been added to hot mix asphalt pavements over the years, improving the asphalt concrete 

mixtures in many ways.  Hydrated lime is so effective in asphalt mixtures lie in the strong interactions between 

the main components such as aggregate and bitumen. It generally develops the fatigue properties of the asphalt 

mixture which has an impact on the rutting resistance of the mixtures. Moreover, the resistance to cracking is also 

mentioned to be improved [12].   

 

Laboratory and field performance studies conducted in recent years show that hydrated lime improves the rheology 

of the mastic and produces multifunctional benefits in the mixture. Studies in the United States and Europe have 

shown that hydrated lime can significantly increase the resistance of hot mix asphalt to permanent deformation 

damage at high temperatures. Hydrated lime also greatly improves low temperature cracking hardness without 

reducing the ability of the mastic to dissipate energy by relaxation. Hydrated lime was added to the hot mix asphalt 

mastic to show rheological benefits at high and low temperatures [13].  

 

The stiffness of an asphalt mixture is a significant factor in low temperature crackings. Binder stiffness may reduce 

with aging, hence increasing the chances of forming low temperature crackings. In one study, it was stated that the 

use of polymer modified asphalt aids against thermal cracking performance and contribute to reducing low 

temperature crackings such as the use of lime and aging of the HMA [4].  

 

The aim of this study was to evaluate the low temperature cracking resistance of conventional hot mix asphalt 

(HMA) and gap graded asphalt mixtures (stone mastic asphalt-SMA). The purpose of the study is to make 

comparison of both mixture types by making modification of nanoclay and hydrated lime as well as traditional 

bitumen. 
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2 MATERIAL AND METHOD 
 

2.1 Material 

 

In this study, the effects of low temperature cracking properties of nanoclay and hydrated lime modification of 

HMA and SMA mixtures were investigated.  In this context, in accordance with the Highways Technical 

Specification (2013), the wearing course design of stone mastic asphalt (SMA TYPE-1 A) with gap graded and 

conventional asphalt concrete (HMA TYPE-1) with dense graded were performed. Basalt aggregate was used in 

both designs. The basic physical properties of the basalt aggregate were presented in Table 1. Selected aggregate 

gradation ratios were shown in Table 2 for SMA and Table 3 for HMA. 

 
Table 1. Properties of used basalt aggregate 

Properties Test Value Specification limit in Turkey 

Specific gravity (coarse agg.) ASTM C 127   

Bulk  2.684  

Apparent  2.744  

Specific gravity (fine agg.) ASTM C 128   

Bulk  2.656  

Apparent  2.754  

Specific gravity (filler)  2.821  

Los Angeles abrasion (%) ASTM C-131 12 Max 25 

Water absorption (%) ASTM C-127 0.81 Max 2 

Soundness in NaSO4 (%) ASTM C-88 0.92 Max 8 

 
Table 2. Used SMA gradations and aggregate fraction proportions 

Sieve size Specification limit in Turkey 
Percentage 

passing 

Fraction 

percentage İnch mm 
Lower 

limit (%) 

Upper 

limit (%) 

3/4 19.0 100 100 100 

Coarse aggregate,%70  1/2 12.5 90 100 92 

3/8 9.5 50 75 60 

No. 4 4.75 25 40 30 

Fine aggregate, % 20  
No. 10 2.00 20 30 24 

No. 40 0.425 12 22 16 

No. 80 0.18 9 17 12 

No. 200 0.075 8 12 10 Filler, %10 

 

Table 3. Used HMA gradations and aggregate fraction proportions 

Sieve size Specification limit in Turkey 
Percentage 

passing 

Fraction 

percentage İnch mm 
Lower 

limit (%) 

Upper 

limit (%) 

3/4 19.0 100 100 100 

Coarse aggregate, %53 1/2 12.5 88 100 94 

3/8 9.5 72 90 81 

No. 4 4.75 42 52 47 

Fine aggregate, %41  
No. 10 2.00 25 35 30 

No. 40 0.425 10 20 15 

No. 80 0.18 7 14 11 

No. 200 0.075 3 8 6 Filler, %6 

 

In the study, 50-70 penetration bituminous binder was used. The properties of asphalt cement were illustrated in 

Table 4. 
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Table 4. Asphalt cement properties 

Properties Test method Unit Value Specification limit in Turkey 

Specific gravity (25C) ASTM D-70 gr/cm3 1.025  

Softening point (25C) TS EN 1427 C 52 46-54 

Flash point 

(Cleveland) 
TS EN ISO 2592 C 240 Min 230 

Penetration (25C) TS EN 1426 0.1 mm 63 50-70 

Ductility  (25C) ASTM D-113  100+  

 

Within the scope of the study, modified bitumens were prepared by adding 2% of SKK 80-T type hydrated lime 

and 3% of nanoclay by weight of bitumen separately. Modification was executed using high shear mixer. Both 

modifications were made at 155°C for 20 minutes at a blending speed of 4500rpm. Nanoclay material was 

produced from bentonite clays. Dimethyl, dehydrogenated tallow, quaternary ammonium was used as organic 

modifier. Marshall design method (ASTM D 1559) was designed with SMA and HMA. Designs are based on 

Turkish Highways Technical Specification [14]. Mixture properties obtained from the design results and the 

specification limits of the relevant mixture were presented in Table 5 for SMA and Table 6 for HMA mixture. 
 

Table 5. SMA Marshall design test results 

Design parameter 

Specification 

limit in 

Turkey 

Conventional 

bituminous 

mixture 

Hydrated lime 

modified bituminous 

mixture 

Nanoclay modified 

bituminous mixture 

Compaction amount, blows 50 50 50 50 

Bulk specific gravity, Gmb  2.381 2.375 2.396 

Marshall Stability, kg  3337.8 3638.4 3680.5 

Air voids, Pa, % 2-4 2.983 3.008 2.999 

Void filled with asphalt, Vf, %  85.128 85.117 85.191 

Flow, F, 1/100 in.  3.287 3.528 5.581 

Asphalt cement, Wa Min 5.8 6.65 7.03 6.9 

Voids in mineral aggregate, % Min 16 19.928 20.489 19.982 

Fiber amount, % 0.3-1.0 0.3 0.3 0.3 

Schellenberg binder drainage test, 

% 
Max 0.3 0.19 0.15 0.18 

 

Table 6. HMA Marshall design test results 

Design parameter 

Specification 

limit in 

Turkey 

Conventional 

bituminous 

mixture 

Hydrated lime 

modified bituminous 

mixture 

Nanoclay modified 

bituminous mixture 

Compaction amount, blows 75 75 75 75 

Bulk specific gravity, Gmb  2.436 2.416 2.426 

Marshall Stability, kg Min 900 4466.2 4565.2 4622.7 

Air voids, Pa, % 3-5 4.025 3.992 3.999 

Void filled with asphalt, Vf, % 65-75 73.795 74.396 73.966 

Flow, F, 1/100 in. 2-4 2.309 1.348 2.727 

Asphalt cement, Wa 4-7 5.30 5.63 5.63 

Voids in mineral aggregate, % 14-16 14.859 15.534 15.526 

 

Optimum bitumen content for SMA was determined as 6.65% for pure bitumen, 7.03% for hydrated lime modified 

bitumen and 6.90% for nanoclay modified bitumen. The optimum bitumen content for HMA mixtures was 5.30% 

when pure bitumen was used, and 5.63% when hydrated lime and nanoclay modified bitumen were used 

respectively. 
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2.2 Method 

 

Performance tests are conducted to compare the performance of the mixtures prepared in the laboratory with the 

performances of the pavements produced in the field conditions and to establish meaningful relationships between 

them [1].  

 

In this study, for the evaluation of low temperature cracking properties of HMA and SMA mixtures, firstly 

AASHTO T283 conditioning was applied to asphalt mixture samples and then indirect tensile strength test was 

applied at 0°C. For this, 3 samples were taken from pure bitumen, nanoclay modified bitumen and hydrated lime 

modified bitumen. The conditioned samples were then stored in a 0oC constant temperature cabinet for 18 hours 

and then indirect tensile strength test was performed. Marshall stability test equipment and indirect tensile stress 

test equipment (ASTM D4123) were used as test equipment. 

 

Samples used for the AASHTO T283 method are divided into two groups, unconditioned and conditioned. The 

samples in conditioned group are saturated with water between 70% and 80% with a vacuum pycnometer. Samples 

that reach more saturation are deemed deformed and are not used in subsequent tests. The samples are then tightly 

covered with a plastic film and placed in a plastic bag containing 10±5ml of water. Saturated samples are kept 

frozen at -18±3°C for minimum 16 hours. The samples, which have completed the freezing process, are placed in 

a water bath at 60±1°C for 24± hours without waiting. After water bath plastic bag and film are removed [15].   

 

The conditioned samples were then stored in a 0°C constant temperature cabinet for 18 hours and then indirect 

tensile strength test was performed. During the test, the maximum compressive strength is recorded in the test 

device. Using the recorded values and sample sizes, the tensile strengths are calculated by the Equation 1 [15].  

 

𝑆𝑡 =
2000 ∗ 𝑃

𝜋𝑡𝐷
                                                                                                                                                                           (1) 

 

Where: St: tensile strength, kPa; P: maximum load, N; t: specimen thickness, mm; D: specimen diameter, mm 

 

The indirect tensile strength test characterizes the tensile stresses caused by thermal and fatigue of bituminous 

mixtures. The biggest load that the asphalt sample can withstand is taken as the indirect tensile strength [16].  

 

3 RESULTS 
 

Indirect tensile strength tests performed with conditioned samples at 0ºC test temperatures. For all mixture types 

three samples were used. Test results were given in Figure 1 and Figure 2. 

 

 
Figure 1. ITS values of stone mastic asphalt (SMA) mixtures 
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Figure 2. ITS values of hot mix asphalt (HMA) mixtures 

 
As shown in Figures 1 and 2, identical briquettes in both SMA mixtures and HMA mixtures showed similar 

cracking resistances. However, in HL modified HMA mixtures, a higher difference (35%) occurred between the 

results. The HL modification makes asphalt mixtures stiffer. Compaction of the mixtures becomes difficult, and 

high compaction energies are required. It is thought that the differences between the tensile strengths obtained 

from the samples may be influenced by compaction. 

 

Fig. 3 was prepared to compare the low temperature cracking behavior of SMA and HMA mixtures. Low 

temperature cracking resistance of the stone mastic asphalt mixtures prepared with nanoclay and hydrated lime 

modified bitumen was higher than the mixtures prepared with pure bitumen. Modified bitumens also showed 

higher resistances in HMA mixtures. In this sense, bitumen modification was effective in terms of low temperature 

cracking resistance. 

 

 
Figure 3. Comparison of low temperature cracking resistance of HMA and SMA mixtures 

 
In both SMA and HMA mixtures modified with hydrated lime showed higher tensile strength than nanoclay 

modified mixtures. Moreover, SMA mixtures exhibited higher crack strengths than HMA mixtures. Optimum 

bitumen content for SMA and HMA mixtures was determined as 6.65% and 5.30% respectively for pure bitumen. 

When modified bitumen was used in HMA mixtures, the optimum bitumen content in both modified mixtures (NC 

and HL) increased to 5.63%. Optimum bitumen content for SMA increased to 7.03% for hydrated lime modified 

bitumen and 6.90% for nanoclay modified bitumen. If the mastic part is rich in bituminous mixtures, resistance to 

cracking increases. This may be the reason for increased cracking resistance in modified bitumen. 

 

In a study, it was stated that bitumen is one of the most important components of low temperature cracking in 

asphalt mixture. At low temperatures, the bitumen becomes brittle, and it is stated that the stresses applied cause 

the bitumen to crack due to intolerance [17]. Slight variations in bitumen composition, polymer structure or 

processing history can have effects on a binder’s morphology, may affect the low temperature performance of the 

asphalt concrete [18]. In one research, the asphalt content of the mixture plays an important role in the thermal 
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resistance of the asphalt concrete and based on the studies, it is said that the performance of the mixtures with 

optimum asphalt content can reach the peak strength values [19].  
 

In a study evaluating low temperature cracking of asphalt mixtures, it was stated that the asphalt binder content in 

the pavement can cause low temperature cracking and the lower asphalt binder content would cause less adhesion 

between the aggregate and the binder and thus the bear stress of the pavement could be reduced. Increasing the 

asphalt cement content reduces the stiffness of the asphalt and increases the coefficient of thermal contraction, 

thereby contributing to the low temperature cracking performance of the asphalt pavement. The modification of 

the asphalt is made to improve the performance of the asphalt. The asphalt binder is modified to reduce stiffness 

and to minimize low temperatures cracking by increasing relaxation at low service temperatures [20].  

 

4 CONCLUSION 
 

Gap graded (stone mastic asphalt-SMA) and dense graded (conventional hot mix asphalt) asphalt mixtures were 

evaluated for low temperature cracking resistance. In addition to control bitumen, nanoclay (NC) and hydrated 

lime (HL) modified bitumens were used. Samples conditioned according to AASHTO T 283 system were 

subjected to indirect tensile strength test at 0ºC. 

 

SMA mixtures produced with control bitumen showed higher cracking resistance than conventional asphalt 

concrete. The NC and HL modification increased the cracking resistance in both mix types. However, HL 

modification performed better performance than NC modification in terms of cracking resistance. The higher 

bitumen content of the modified mixtures is considered to be effective in achieving these results. 
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Abstract 

Latex, which is the source of natural rubber and obtained from plants, is used in 

daily life, medicine and defense industry. It is becoming increasingly popular in the 

world to search for new plants that may be an alternative to natural rubber from 

Hevea Brasiliensis trees grown in the equator. In this study, it was investigated 

whether the Goat’s beard (Tragopogon aureus Boiss) grown in Erzurum could be 

evaluated as a rubber source. After harvesting, the plants kept in the freezer were 

extracted with hexane. FTIR result of the obtained extract showed that they 

contained the natural rubber monomers. 

 

1 INTRODUCTION  
 

Most globally used rubber products are petroleum based. Car tires, carpets, swimming goggles, tennis rackets, 

shoe soles, dish gloves, balloons, pacifiers, baby bottles, hot water bottles, erasers and belts; In the field of 

medicine, stethoscopes, gloves, tourniquets, injectors, surgical masks, protective goggles, respirators, anesthesia 

masks, catheters, injection ports and dental materials are some of the products used in latex. 

 

Synthetic rubber (predominantly styrene-butadiene polymer) lacks many desired end-use properties. For this 

reason, synthetic polymers cannot replace completely natural rubber. Fig. 1 is the molecular structure of the 

monomer 1,4 cis isoprene of polymeric natural rubber (NR). Natural rubber products have tensile strength, 

elasticity, abrasion and impact resistance in cold weather, efficient heat dissipation and softness. These features 

are essential for high performance applications such as medical devices and aircraft tires [1,2]. 

 

 
Figure 1.  The molecular structure of the monomer 1,4 cis isoprene of polymeric natural rubber 

 

Imports of rubber and raw materials increased by 22.7% to 95100 tons in 2018, and the wage paid for them 

increased by 25.4% to $ 255.1 million [3]. 

 

Hevea brasiliensis (Rubber tree), which belongs to Euphorbiaceae family, grows mostly in Central America, 

Brazil, Liberia, Sumatra and Java. 40-50% of Hevea latex is rubber. However, when various adversities are 

coupled with increasing demand, alternative NR resources have to be developed. Herbaceous plants containing 

natural rubber are candidates to become promising NR sources [4]. Taraxacum kok-saghyz (dandelion) , hevea 

brisaliensis, guayule, fig tree and prickly lettuce are the mostly examined plants for natural rubber source. 

 

The studies on the goat’s beard (Tragopogon aureus Boiss)  are mostly concentrated in the botanical field. In this 

study, it was investigated whether the Goat’s beard (Tragopogon aureus Boiss) grown in Erzurum could be 

evaluated as a rubber source. 
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2 MATERIAL AND METHOD 
 

2.1 Material 

 

Tragopogon aureus Boiss, a member of the Compositae (Asteraceae) family, is popularly known as a “goat’s 

beard” [5]. Perennial plant length varies between 10-30 cm. The vegetative part of the plant, which has yellow 

flowers, is milky (Fig. 2). It is especially seen in weak pastures and abandoned [6]. The plant, which is 

widespread in Eastern Anatolia, is invasive. 

 

 
Figure 2. Tragopogon aureus Boiss 

 

2.2 Method 

 

After harvesting, the plants were cut to 2 centimeters length and kept in the freezer in the refrigerator. Hexane 

was used to extract natural rubber from the plant. Extraction was carried out by using a soxhlet extractor as 

shown in Figure 3. After extraction, hexane was removed by evaporation as shown in Figure 4. FTIR analysis of 

the  extract was carried out by a FT-IR spectrophotometer with a UATR accessory. 

  

 
Figure 3. Extraction of natural rubber 

 

 
Figure 4.  Evaporation 
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3 RESULTS AND CONCLUSION 
 

The result of the FTIR analysis is shown in Figure 4. 
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Figure 3. FTIR analysis hexan extract of Tragopogon aureus Boiss 

 

When the FTIR analysis of natural rubber given in the literature  [7] compared with the results obtained in this 

study, at wavenumbers of 2950, 2922, 2850, 1640, 1460, 1377 and 883 cm -1, 1.4 cis poly isoprene appears to 

have peaks consistent with the characteristic bands of CH3, CH2, CH2, C=C, CH2, CH3 and C-H, respectively. 

 

This work can be supported by more extensive researches on yield analysis and economic analysis for natural 

rubber production from Tragopogon aureus Boiss. Also different plants can be evaluated for natural rubber 

production. 
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Abstract 

Historical structures, which are the common cultural heritage of humanity, are 

subject to damage or destruction in time as a result of natural disasters or various 

reasons. For this reason, many studies have been conducted for these structures to 

identify real structural behaviour. In order to preserve and repair historical 

monuments, the existing structural behavior must be well known. In the 

determination of the structural behavior, the dynamic characteristics are the most 

important parameters and they should be obtained by experimentally. In this study, 

Ambient Vibration Test, three-dimensional Finite Element Modeling and Model 

Calibration of Ilyasbey Mosque and Minaret were investigated. Experimental 

measurements were carried out by Ambient Vibration Test Method under 

environmental vibrations and the analytical model was developed by Finite 

Element Method. The initial Finite Element model was calibrated according to the 

vibration test. The static analysis of the Ilyasbey Mosque and Minaret was 

performed using the calibrated finite element model. 

 

1 INTRODUCTION 
 

There are many historical monuments that transfer the experiences of the past to the future in our country which 

are located at the earthquake zone. Mosques are undoubtedly one of the leading ones. Mosques can be damaged 

due to earthquakes, time-related damages, ground settlements, fires and wars and may be out of service. 

Damages caused by various reasons must be identified and repaired. In order to repair and protect the damages 

occurring in the historical building, the dynamic behavior of the building must be determined correctly. 

 

In the literature, both experimental and analytical studies are carried out on the historical monuments. 

Operational Modal Analysis and Finite Element Method were widely used, and experimental and theoretical 

dynamic characteristics of historical mosques were determined. Calibrating the Finite Element models of the 

structures by using Operational Modal Analysis data, in other words, it was seen that the Operational Modal 

Analysis Method yields very effective results in order to obtain Finite Element models which could best reflect 

the current behavior of the structures. Bayraktar et al. made the finite element model update of the Şinik Bridge 

in the Akçaabat district of Trabzon province on historical bridges. In order to investigate the effect on earthquake 

behavior, they determined the natural frequency and mode shapes as a result of three-dimensional modal analysis 

with ANSYS program. The dynamic characteristics of the bridge were determined with the Operational Modal 

Analysis Method. Experimental and theoretical characteristics were compared with each other and a Finite 

Element model reflecting the current status of the bridge was prepared [1]. A series of in-situ ambient vibration 

tests were applied to the old minarets of different sizes and the frequencies obtained by numerical modeling of 

the same structures were compared [2]. Türker et al. obtained the dynamic characteristics of the 1/10 scale stone 

arch bridge model they generated in their studies through the Ambient Vibration Test Method and made the 

modal analysis of the model using SAP2000. They compared differences between experimental results and 

modal analysis [3]. Kocatürk and Erdoğan investigated the linear and nonlinear earthquake behavior of historical 

wall minarets [4]. Hacıefendioğlu and Maraş conducted numerical and experimental analyzes and investigated 

the modal parameters of a wall type historical minaret. In order to obtain the modal parameters of the historical 

minaret for the experimental study, they performed the Operational Modal Analysis technique on the Büyük 

Mosque in Samsun and used the Frequency Domain Decomposition (FDD) Method to experimentally define 

natural frequencies and mode shapes. In addition, Photogrammetry Method was used to document the minaret 

and to form a Finite Element model. ANSYS software was used to perform 3D FE modeling of the historical 

minaret and analytically determine the natural frequencies and mode shapes of the minaret. Furthermore, the FE 

model of the minaret was calibrated according to the experimental results using the Response Surface Based FE 

1196



Ilyasbey Mosque Minaret’s Vibration Test and Model Calibration ICADET‘19 

 

 

model calibration technique to obtain more accurate results of the modal parameters of the structure [5]. Çalık et 

al. determined the dynamic properties of Trabzon Ortahisar Molla Siyah Mosque, which was restored in 2015 

within the scope of immovable cultural heritage, by using Ambient Vibration Test before and after restoration 

[6]. Hejazi et al. examined the structural weight, temperature, wind and earthquake behavior of nine historic 

brick wall minarets built in the 11th and 12th centuries in Iran. A nonlinear three-dimensional Finite Element 

model was generated and analyzed to investigate the effect of central columns and spiral staircases on structural 

behavior for full minarets and outer shell only [7]. Türker and Bayraktar studied the effects of construction 

phases on the modal parameters of reinforced concrete buildings. For this purpose, modal test measurements 

were made by using Operational Modal Analysis Method by making a three-storey reinforced concrete structure 

model in 1/2 scale frame, brick walls and plastered cases [8]. Çalık et al. investigated the effect of window 

opening on the static and seismic behavior of Trabzon Fatih Mosque. The Finite Element model of the mosque 

was calibrated by calibrating the experimental dynamic properties obtained from Ambient Vibration Tests and 

the results were verified [9]. Yanık et al. performed experimental and analytical studies to determine the material 

properties of the structural elements and tried to calculate the realistic value of the material property of the 

structural element [10]. Erdil et al., to understand why Van Ulu Mosque Minaret was severely damaged after the 

Van earthquake and the cracks were approximately 10cm wide, six 3D FE models were first created, earthquake 

behavior was investigated and they were determined by Operational Modal Analysis Method [11]. Bayraktar et 

al., examined the restoration effects the dynamic properties of the three historical stone minarets restored by the 

Trabzon Regional Directorate of the Foundation using Ambient Vibration Test data [12]. 

 

In this study, the dynamic characteristics of the Ilyasbey Mosque and Minaret were determined experimentally. 

With the Finite Element Method on the initial analytical model, dynamic characteristics were obtained 

theoretically. Initial analytical model was calibrated with the obtained experimental and analytical values. With 

the calibration process, the difference between experimental and theoretical frequencies could be reduced 

compared to the initial situation. The calibrated analytical model was considered to represent the behavior more 

realistically. The static analysis of the Ilyasbey Mosque and Minaret was performed using the calibrated finite 

element model. 

 

2 AMBIENT VIBRATION TEST AND MODAL CALIBRATION 
 

In the Ambient Vibration Method, the structure is vibrated with environmental effects and the response of the 

structure to the effects is measured [13-14]. In this method, the dynamic characteristics of the structure to be 

measured are evaluated by vibrations from certain points of the structure or element. In this case, the dynamic 

characteristics of the element are obtained by means of algorithms in the frequency and time domain. The 

mathematical bases of these methods are the same, only the data processing and equation solving techniques are 

different from the matrix arrays. The method in the frequency domain depends on the analysis of the signal 

measured at each point and the correlation between these signals. In this method, noise can be easily 

distinguished, and filtering process can be performed easily. In addition, the frequency values close to each other 

can be more easily noticed in this method [15]. The Peaks’ Selection Method, Frequency Domain 

Decomposition Method, Enhanced Frequency Domain Decomposition Methods are the main methods in 

Frequency Domain. In the Time Domain Method, the time history of the signal at each point depends on the 

model fitting with the correlation functions. Random Decrease Method, Maximum Likelihood Methods and 

Stochastic Subspace Identification Methods are the main methods in Time Domain [15]. 

 

2.1 Enhanced Frequency Domain Decomposition (EFDD) Method 

 

The Enhanced Frequency Domain Decomposition (EFDD) Method is an extended state of the Frequency 

Domain Decomposition (FDD) Method, which is easy to use. In this method, modes are determined by selecting 

the peaks in the singular value separation graphs calculated from the Spectral Density function. Since the FDD 

Method is based on the use of a single frequency line from Fast Fourier Transform (FFT), the accuracy of the 

determined natural frequency is based on the resolution of the FFT. Although the damping ratio values of the 

structure cannot be determined in the FDD Method, the accuracy of the determined natural frequencies and mode 

shapes is increased in the EFDD Method, and the damping ratio values can also be determined [16]. In the 

EFDD Method, a single degree of freedom Power Spectral Density function (PSD) defined around a vibration 

peak can be recycled back into the time domain using the Inverse Discrete Fourier Transform. Natural frequency 

can be determined by determining the number of time-dependent zero transitions, and damping can be 

determined by logarithmic decrease of the normalized auto-correlation function with a single degree of freedom 

[16]. In the EFDD Method, the relationship between the unmeasured impact force and the measured behavior 

function; 
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T

G jω =H jω G jω H jωyy xx*               (1) 

 

is like [17]. Here; GXX(jw) referred to the Power Spectral Density function of the effect signal, Gyy(jw) referred 

to the Power Spectral Density function of the response signal, and H(jw) frequency behavior function. 

 

2.2 Stochastic Subspace Identification (SSI) Method 

 

Stochastic Subspace Identification (SSI) Method is a time domain based method that works directly with time 

data without the need for correlation or spectrum. This method is suitable for the determination of dynamic 

characteristics [18-19]. In this method, the dynamic behavior of the structural system is given below as a linear, 

second order differential equation with constant coefficients. 

         
.. .

M U t +C U t +KU t =R t =Bu t               (2) 

 

Here; M, C, K are the mass, damping and stiffness matrix of the system, respectively. R(t) refers to the vibration 

force, U(t), U̇(t), Ü(t) refers to time-dependent displacement, velocity and acceleration vectors. Here, the force 

vector R(t) can be expressed in terms of matrix B and u(t), which represent data in the environment [20]. 

 

3 INFORMATION ABOUT ILYASBEY MOSQUE AND MINARET 
 

Ilyasbey Mosque was located on the ruins of Miletos in Balat Village, Akyeniköy Town, Didim, Aydın. The 

Ilyasbey Mosque had a square plan and one side was approximately 18.30m long (Figure 1). The main carrier 

walls of the mosque continued to a height of approximately 9m. After this level, there was an octagonal 

transition zone and a dome. The top of the dome had a height of about 20m from the ground. The Ilyasbey 

Mosque Minaret was destroyed in the earthquake of 1955. The pedestal and transition zone material of the 

Ilyasbey Mosque Minaret was marble, the cylindrical body and the honeycomb part were bricks. 

 

    
Figure 1. Images of Ilyasbey Mosque 

 

The Ilyasbey Mosque was a square structure and covered with a dome, which was passed through the thromps 

filled with mukarmas. The entrance to the mosque was the north facade. The symmetrical northern facade had a 

pointed arched portal niche extending over 0.7m. There were three openings with flat arches supported by two 

columns in this niche. There were openings with geometric decoration on both sides of the entrance door. On the 

eastern, western and southern faces, there were two windows with iron bars on top and gypsum plaster on top 

(Figure 2). 

 

     
Figure 2. Images of the northern, eastern, western and southern facades of the Ilyasbey Mosque 

 

Geological and geophysical investigations were conducted in the region where the Ilyasbey Mosque was located, 

and soil characteristics were determined. For this purpose, 20 drilling depths, 2 drilling wells, seismic fracture 

measurement MASW and 1 basic observation pit were opened in 2 separate pavements, and the parameters 
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related to foundation and soil structure, soil and static and earthquake calculations were tried to be determined 

(Figure 3). As a result of the examinations carried out, 

 The mosque was 4-5m high above sea level, 

 The foundations of the mosque were 3m below the surface, 

 The foundation of the mosque was approximately 19x19m in size, 

 The foundation system was formed with marble blocks, 

 The soil type was loose dry sand, 

 The cohesion value of the ground was zero and the internal friction angle was 28-30o, 

 Groundwater was 50cm below the surface, 

 Liquefaction potential of the soil was very high in earthquake effect, 

 The soil growth coefficient was 2.88, 

 Ground density was between 1.58-1.80gr/cm3, 

 Soil poisson ratio was between 0.34-0.41, 

 Ground elasticity modulus was between 395-2296kg/m2, 

 Ground safe carrying value was 0.96kg/cm2, 

 Ground bearing coefficient was1980t/m3, 

 Sitting on the ground was complete and no sitting was expected in the future, 

were identified [21]. 

 

    
Figure 3. Images of the foundation investigation of the İlyasbey Mosque 

 

4 AMBIENT VIBRATION TEST 
 

The dynamic measurements of the Ilyasbey Mosque were carried out by Ambient Vibration Test (Operational 

Modal Analysis) under environmental vibrations. A total of 8 seismic accelerometers were used for the 

measurement on the mosque. Accelerometers were placed to measure the movements of the mosque in both 

transverse and longitudinal directions. In the measurements, the accelerometers were connected to the upper 

corners of the mosque walls in both directions. The signals from the accelerometers were transferred to the 17-

channel data acquisition unit. The signals transferred from the data acquisition unit to the computer were 

processed in PULSE and OMA [22-23] software. The behavior of the mosque was monitored under a total 60 

minutes, vehicle load, wind load and other environmental vibrations and natural frequencies, modal damping 

ratio and mode shapes, called dynamic parameters, were determined. Some images of the measurements taken at 

the Ilyasbey Mosque were shown in Figure 4. 

 

 
Figure 4. Ilyasbey Mosque images of Ambient Vibration Test 

 

Considering the results of the modal analysis on the initial Finite Element model of the mosque, the Ambient 

Vibration Test measurement was performed in the 0-25Hz frequency range. Fourier transforms of the vibration 

signals obtained from the measurement were performed and spectrum were obtained. The dynamic 

characteristics of the mosque were determined by the EFDD Method. The Spectral Density functions and 

singular values obtained for each channel signal were given in Figure 5. 

 

1199



Ilyasbey Mosque Minaret’s Vibration Test and Model Calibration ICADET‘19 

 

 

 
Figure 5. The Spectral Density function and singular values of the mosque obtained by EFDD Method 

 

The peak values in these graphs represented the frequencies of the mosque. Figure 5 showed that the first four 

modes were obtained in the 0-25Hz frequency range. Frequency and modal damping ratio values of these modes 

were given in Table 1. 

 

Table 1. Natural frequencies and damping ratios obtained from Ambient Vibration Test measurements 

Mode Number Natural Frequency (Hz) Modal Damping Ratio (%) 

1 7.083 0.456 

2 7.966 1.783 

3 12.03 --- 

4 12.96 1.914 

 

The first four experimental mode shapes obtained from Ilyasbey Mosque’s Ambient Vibration Test were given 

in Figure 6. 

 

    
First Mode (East-West Drift Mode)  Second Mode (North-South Drift Mode) 

   
Third Mode (Torsion Mode)  Fourth Mode (Torsion Mode) 

Figure 6. The first four mode shapes obtained from the Ambient Vibration Test of Ilyasbey Mosque 

 

5 FINITE ELEMENT MODEL AND MODAL ANALYSIS 
 

5.1 Initial Analytical Model 

 

The initial analytical model was modeled in the SAP2000 [24] program to represent the current situation of the 

Ilyasbey Mosque. The dimensions of the drawings obtained as a result of the surveying of the mosque were 

taken into consideration in the creation of this model. The mechanical properties (elasticity modulus, poisson 

ratio and unit weight) used in similar applications and recommended in the literature were considered as material 

properties. Table 2 presented the mechanical properties considered for the materials used in the initial analytical 

model of the mosque and minaret. 
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Table 2. Material properties of each element for the initial analytical model of Ilyasbey Mosque 

Material Elasticity Modulus (N/m2) Poisson Ratio Density (kg/m3) 

Mosque 

Body 2.00x1010 0.20 2400 

Pulley 2.00x1010 0.20 2400 

Dome 2.00x109 0.20 1600 

Foundation 2.00x1010 0.20 2400 

Minaret 

Core 2.00x1010 0.20 2400 

Stair 2.00x1010 0.20 2400 

Outer wall 2.00x109 0.20 1600 

 

Eight nodes 112306 solid elements were used in the modeling of the mosque. The walls, pulley, dome and 

foundation of the mosque as well as the core, stairs and wall of the minaret were modeled using different 

material properties. The modal analysis of the initial analytical model was performed for the case where the 

minaret was destroyed. The natural vibration frequency values obtained from the initial analytical model were 

given in Table 3. 

 

Table 3. Natural frequencies of the initial analytical model 

Mode Number Natural Frequency (Hz) 

1 8.144 

2 9.185 

3 13.258 

4 13.968 

 

5.2 Model Calibration 

 

The initial Finite Element model of the Ilyasbey Mosque, which was designed to represent the current situation, 

needed to be calibrated according to the Ambient Vibration Test on the mosque. For this purpose, the 

assumptions, made both in the material properties and boundary conditions, should be changed within the 

reasonable values in the initial Finite Element model. By the process, it was aimed that the experimental and 

analytical results can be overlapped. 

 

Table 4. Experimental and initial analytical natural frequencies of the Ilyasbey Mosque ruined Minaret 

Mode Number 
Natural Frequency (Hz) 

Difference (%) 
Experimental Initial Analytical 

1 7.083 8.144 +14.98 

2 7.966 9.185 +15.30 

3 12.03 13.258 +10.21 

4 12.96 13.968 +7.78 

 

The differences in the initial and experimental frequencies were given in Table 4. The frequency values and 

differences obtained as a result of the calibration performed by Trial-Error Method on the initial analytical model 

of the Ilyasbey Mosque were given in Table 5. The elastic property of the ground was assumed to be variable in 

the calibration process. The difference between calibration, which was 12.1% in the initial state, could be 

reduced to an average of 3.67% after the calibration process. In this case, it was accepted that the calibrated 

analytical model represents a more realistic representation of the behavior of the existing mosque. 

 

Table 5. Experimental and calibrated analytical natural frequencies of the Ilyasbey Mosque ruined Minaret 

Mode Number 
Natural Frequency (Hz) 

Difference (%) 
Experimental Calibrated Analytical 

1 7.083 6.886 -2.78 

2 7.966 7.862 -1.31 

3 12.03 12.836 +6.69 

4 12.96 13.467 +3.91 

 

In the restoration, the collapsed minaret of the mosque will be completed. The Ilyasbey Mosque Minaret model 

was 2.5m in diameter and 60cm in thickness. While in the body area, at the bottom the minaret diameter was 

2.1m and the wall thickness 40cm, at the top the minaret diameter was 2.0m and the wall thickness 35cm. The 

body diameter of the top of the cheers was 1.65m and the wall thickness 17.5cm. The core of the minaret was 
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30cm in diameter. In the light of these information, the images of the Finite Element model generated for the 

minarets completed were given in Figure 7. In this case, 135487 nodes and 114148 solid elements were used in 

the Finite Element model. The walls, pulley, dome and foundation of the mosque as well as the core, stairs and 

wall of the minaret were modeled separately and using different material properties. 

 

 
Figure 7. The analytical model generated in the SAP2000 program of Ilyasbey Mosque 

 

The natural vibration frequency values obtained for Ilyasbey Mosque with completed minaret were given in 

Table 6 and the first four modes were given in Figure 8. 

 

Table 6. Natural frequencies of the analytical model of Ilyasbey Mosque with completed minaret 

Mode Number Natural Frequency (Hz) 

1 5.023 

2 6.880 

3 7.889 

4 11.769 

 

       
First Mode (North-South Drift Mode) Second Mode (East-West Drift Mode) 

       
Third Mode (Torsion) Fourth Mode (Torsion) 

Figure 8. The mode shapes analytical model for Ilyasbey Mosque with completed minaret 

 

5.3 Dead Load Analysis 

 

The displacement of the minaret and the distributions of tensile, pressure and shear stresses were obtained from 

the analysis under dead load for the completion of the Ilyasbey Mosque Minaret. Figures 9-10 show the 

displacement and stress distribution of the mosque and minaret, respectively. In this case, the maximum 

displacement in the minaret was 1.35mm in the vertical direction at the apex of the minaret. 
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Figure 9. The displacements under dead loads for Ilyasbey Mosque with completed minaret 

 

                   
Tensile Stress   Compressive Stress   Shear Stress 

Figure 10. The stress distribution under dead loads for Ilyasbey Mosque with completed minaret 

 

It was determined that the tensile stresses caused by dead load on the minaret were quite low generally, but it 

was found to be 0.015MPa in some local areas in the core. It was found that the compressive stresses were quite 

low at 0.08MPa level in general of the minaret, but it was higher in the core part in the base region and localized 

at 0.660MPa level. The shear stresses were in the order of 0.015MPa. 

 

6 RESULTS 
 

In this study, a three-dimensional Finite Element model was generated for the Ilyasbey Mosque and Minaret and 

Ambient Vibration Test, model calibration were performed. The Ambient Vibration Test measurement was 

performed using the Operational Modal Analysis Method under environmental vibrations to reflect the current 

state of the mosque and minaret. The initial Finite Element model was calibrated to reflect the current state of the 

mosque considering the experimental measurement results. The results of the experimental measurements and 

analytical studies carried out on the Ilyasbey Mosque and Minaret were presented in the following items: 

 From site investigation, the foundations of the mosque were 3m below and approximately 19x19m in 

size and that the foundation system consisted of marble blocks. It was found that there was underground 

water 50cm below the surface and the liquefaction potential was very high. It was determined that 

density was between 1.58-1.80gr/cm3, the poisson ratio was between 0.34-0.41, the elasticity modulus 

was between 395-2296kg/m2, the safe carrying value was 0.96kg/cm2 and the coefficient of soil reaction 

was 1980t/m3. 

 The first four natural frequencies of the Ilyasbey Mosque, measured by the Operational Modal Analysis 

Method under environmental vibrations, were found to vary between 7.083-12.96Hz and the modal 

damping ratio values were 0.456-1.914%. The mode shapes were found to be transverse and 

longitudinal drift modes and torsion modes. 

 There was an average difference of 12.1% between the initial analytical model and experimental 

frequencies. This difference could be reduced by an average of 3.67% by model calibration. 

 Under dead load, the maximum displacement of the minaret was attained as 1.35mm in the vertical 

direction. The maximum tensile, compressive and shear stresses in the minaret are in the 0.015MPa, 

0.660MPa and 0.015MPa, respectively. 

 It was found that the dynamic behavior of the structures could be obtained more realistically after 

model calibration process. 

 

References 
 

[1] A. Bayraktar, A. C. Altunışık, T. Türker and B. Sevim, “The Effect of Finite Element Model Improvement 

on Earthquake Behavior of Historical Bridges,” Sixth National Earthquake Engineering Conference, 2007, 

pp. 29–37. 

[2] C. S. Oliveira, E. Cakti, D. Stenge, and M. Branco, “Minaret behavior under earthquake load: historical 

1203



Ilyasbey Mosque Minaret’s Vibration Test and Model Calibration ICADET‘19 

 

 

İstanbul case,” Earthq. En.g Struct. Dyn., vol. 41, pp. 19-38, 2012. 

[3] T. Türker, A. Bayraktar, İ. Kocaman and B. Çoruhlu, “Experimental and Analytical Investigation of the 

Dynamic Behavior of a Scale Masonry Stone Arch Bridge Model,” 5th Symposium on Strengthening 

Historical Monuments and Transferring to the Future Safely, 2015, pp. 113–126. 

[4] T. Kocatürk and Y. S. Erdoğan, “Earthquake behavior of historical sultan ahmed mosque M1 minaret,” 

Struct. Eng. Mech., vol. 59 (3), pp. 539–558, 2016. 

[5] K. Hacıefendioğlu and E. E. Maraş, “Photogrammetry in the vibration test and documentation of historical 

wall minarets,” Exp Techniq., vol. 40, pp. 1527–1537, 2016. 

[6] İ. Çalık, A. Bayraktar, T. Türker and A. O. Ayan, “Dynamic Identification of Historical Molla Siyah 

Mosque Before and After Restoration,” 3rd International Balkan Conference on Civil Engineering 

Problems, 2016, pp. 362–372. 

[7] M. Hejazi, S. M. Moayedian and M. Daei, “Structural analysis of Iranian brick wall minarets,” J Perform 

Constr. Facil., vol. 30, pp. 1-9, 2016. 

[8] T. Türker and A. Bayraktar, “Vibration based modal testing of a scaled reinforced concrete building for 

construction stages,” Bulletin of Earthquake Engineering, vol. 5, pp. 1-18, Jul. 2016. 

[9] İ. Çalık, A. Bayraktar, T. Türker, E. Hökelekli and A. O. Ayan, “Trabzon-Ortahisar Fatih Mosque 

Restoration and Strengthening Works,” 6th Symposium on Conservation and Strengthening of Historical 

Buildings, 2017, pp. 69–78. 

[10] Y. Yanik, T. Türker, Ö. Yıldırım and T. Dede, “Determination of material properties of structural elements 

by model updating method,” Eurasian Journal of Engineering Sciences and Technology, vol. 1, pp. 45-53, 

2017. 

[11] B. Erdil, M. Tapan, I. Akkaya and F. Korkut, “The effect of structural parameters on the seismic behavior 

of historical masonry minaret,” Periodica Polytechnic, Civ Eng., vol. 62, pp. 148–161, 2018. 

[12] A. Bayraktar, İ. Çalık, T. Türker T. and A. Ashour, “Restoration effects on experimental dynamic 

characteristics of masonry stone minarets,” Materials and Structures, vol. 51, 2018. 

[13] L. Zhang, R. Brincker and P. Andersen, “Overview of operational modal analysis: major developments and 

issues,” B&K Technical Paper, pp. 152-161, 2002. 

[14] R. Brincker, C. E. Ventura and P. Andersen, “Why Output Only Modal Tests are a Desired Tool for a Wide 

Range of Practical Applications,” 21st International Modal Analysis Conference Paper (IMAC XXI), 2003. 

[15] J. L. F. S. Ramos, “Damage detection in wall structures based on vibration signatures,” Minho University, 

Portugal, 2007. 

[16] N. J. Jacobsen, P. Andersen and R. Brincker, “Use of Advanced Frequency Domain Separation Method as a 

Robust Technique for Harmonic Excitation in Operational Modal Analysis of ISMA2006,” International 

Conference on Noise and Vibration Engineering, 2006, pp. 3129-3141. 

[17] J. S. Bendat and A. G. Piersol, Random Data: Analysis and Measurement Procedures. USA, 2004. 

[18] B. Peeters and G. D. Roeck, “Definition of reference based stochastic subspace in civil engineering,” 

Inverse Problems in Civil Engineering, vol. 8, pp. 47-74, 2000. 

[19] B. Peeters, “System identification and damage detection in civil engineering,” K. U., Belgium, 2000. 

[20] D. J. Yu and W. X. Ren, “Determination of structures from operational vibration measurements of emd 

based stochastic subspace,” Engineering Structures, vol. 27, pp. 1741-1751, 2005. 

[21] Soil Investigation Report, “Ilyasbey Mosque Minaret for the completion of the Foundation and Basic 

Survey Report,” Balat (Aydın), 2017. 

[22] “PULSE, Analyzer and Solutions, Release 11.2.” Bruel and Kjaer, Sound and Vibration Measurement A/S, 

DENMARK, 2006. 

[23] “OMA, Operasyonal Modal Analiz, Release 4.0.” Structural Vibration Solution A/S, DENMARK, 2006. 

[24] “SAP2000.” Computers & Structures, CALIFORNIA, 2008. 

1204



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*zdumlu@atauni.edu.tr 

Importance and Cold Resistance of Perennial Ryegrass (Lolium perenne L.) 

and Bermudagrass (Cynodon dactylon L. (Pers.)) 

 
Zeynep DUMLU GÜL* 

 
Plant Production Application and Research Center, Ataturk University, 25050, Erzurum, Turkey 

 

Keywords:  
Perennial ryegrass, 

Bermudagrass,  

cold tolerant,  

forage crop, 

importance  

 
Abstract 

Perennial ryegrass (Lolium perenne L.) and bermudagrass (Cynodon dactylon) are 

suitable for mixed breeding, high quality grass production and soil surface coverage 

rate is high because of roughage production, pasture breeding studies, soil 

preservation and landscape arrangements are of great importance. However, these 

plants cannot be cultivated in high altitude regions due to their sensitivity to cold. 

The wilds of these species are found in the Eastern Anatolia Region and there are 

no studies on their evaluation. In this article, the importance and cold resistance of 

perennial ryegrass (Lolium perenne L.) and bermudagrass (Cynodon dactylon) 

forage crops are discussed using old and new studies. 

 

1 INTRODUCTION 
 

Bermuda grass (Cynodon dactylon L. (Pers.)) 

 

Bermuda grass, also known as grassland and green areas is one of the important plant species. It protects the soil 

against erosion by carrying both leech and rhizome [1,2]. Dog tooth often forms a strong and dense grass layer, 

and because of its rapid development, it is a plant with high potential for self-renewal and repair of damaged 

areas [3]. Because of the fact that 4 forms can be taken annually to produce dry grass, bermudagrass is an 

important forage plant [2]. 

 

Bermudagrass is a grassy plant adapted to temperate climates, very resistant to hot and drought but low tolerance 

to low temperature and shade [2,4]. Therefore, in winter, the protection system enters the sleep period and 

completely turns yellow, and in the spring the plant growth starts again with the rise of the temperature. 

Therefore, the most important disadvantage of the green areas used in non-canine is the low survival potential in 

winter [5]. Also, during the transition seasons, it quickly turns yellow and its production decreases or stops. 

Although this species is a hot climate plant (C4), it can be seen in ecologies ranging from hot regions to cold 

regions in our country [2]. In the literature, it is reported that bermudagrass can be found even at heights of 

2600-3000 m [6,7]. 

 

Our country is located in the center of origin of the bermudagrass (C. dactylon var. Dactylon) plant. Harlan and 

de Wet (1969) C. dactylon (L.) Pers. var. dactylon there is a Eurasian grass varieties, while the geographical area 

extending from Turkey to Pakistan have reported that evolutionary development center. But trade in Turkey 

made varieties from the USA. Most of these are known to originate in Kenya and Uganda in eastern Africa [8]. 

Collecting genotypes belonging to the genus Cynodon in the world began in the early 20th century [9]. These 

collected materials were used for breeding purposes and many varieties were developed. However, these 

varieties are more resistant to environmental factors such as drought, temperature and salinity. There are no 

studies that collect Cynodon genotypes grown in high altitude sections of our region and use them for the 

development of varieties that are resistant to cold and have longer green residence time. 

 

World renowned researcher in bermudagrass breeding G.W. Burton. Dr. Burton has done numerous researches 

on Cynodon species of African and American origin and developed very important varieties. Burton (1947) 

conducted a breeding program with 5,000 clones of African and American origin between 1939- 1946 and 

selected 147 clones with superior properties [10]. These elite clones formed the infrastructure of the varieties 

developed by the researchers. Burton and Hart (1967) report that this plant is susceptible to cloning and breeding 
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studies [11]. Stefaniak et al. (2009) in the field of clones planted in the field of grass parameters differ so that the 

grass quality is very good and cold-resistant varieties can be developed to draw attention [12]. 

 

The main factor limiting the breeding of bermudagrass is its sensitivity to low temperatures. However, there are 

some genotypes that are less affected by cold. Therefore, the development of varieties resistant to cold and long 

winter conditions has been the main target of many researchers for many years. Zhang et al. (2006) examined the 

freezing temperatures of two cold-sensitive and cold-tolerant bermudagrass varieties, LT50 (50% of the 

temperature at which death occurs) values of sensitive varieties -6.3 ⁰C, tolerant varieties have decreased up to -

8.3 0C determined [13]. The natural variation in the bermudagrass is high [14]. This offers great opportunities to 

develop varieties for different purposes. In a study carried out among the female varieties that suffered from 

winter damage, the varieties grown with seed and vegetatively were examined, the freezing temperature of the 

varieties developed vegetatively and -8.4 ⁰C were found to decrease to -7.6 ⁰C [15].  It is thought that the 

variation between freezing tolerances among the bermudagrass varieties is largely due to distortion of fatty acid 

contents and antioxidant defense system [16]. Anderson and Taliaferro (1995) determined that the most resistant 

cultivars (Gordon's Gift) showed resistance up to -11 degrees in a study investigating the cold resistance of 5 

fodder varieties and pointed out that the freeze tolerance differences between varieties were sought in breeding 

studies [17]. Similarly, Anderson and Taliaferro (2002) examined the cold resistance of 11 genotypes and found 

that the most tolerant genotype (A-12195) did not die up to -10.5 ⁰C. In another similar study, cold resistance of 

6 different genotypes was tried to be determined under controlled conditions and it was shown that iron 

“Midiron” variety survived to -9.6 ⁰C [18,19]. Genotypes in regions where the winter period is cold is an 

important potential for developing cold resistant varieties. 

 

The genus Cynodon is of East African origin, but scattered throughout all the temperate regions of the world 

[20].  There is extensive literature on the degree of kinship of genotypes entering this genus. Wang et al. (2013), 

which examined 22 varieties and 33 accessories from different sources performed genetic characterization with 

SSR markers [21]. The researchers determined that the materials were divided into 3 groups and the 

geographical distribution between the degree of kinship was important. Etemadi et al. (2006) reported that 

RAPD (randomly increased polymorphic DNA) markers have an important potential in Cynodon dactylon 

breeding [22]. 

 

Perennial ryegrass (Lolium perenne L.) 

 

Perennial grass (Lolium perenne L.), also known as English grass, is one of the most widely used cool climates 

in the world [3]. It is used as a grass plant in the green field facility and as a valuable forage crop in agricultural 

lands. In addition to being the most important grass species for temperate climate zones, it is also cultivated 

extensively as forage plants [23]. In addition to the flocculent growth form, because it forms a large number of 

horizontal shoots, it covers the area well and with its large seeds, it can germinate quickly after planting and 

cover the area. The researchers suggest that the mixture to be prepared for the areas with problem of chewing 

should be included in the perennial grass [24]. In pasture areas, under favorable environmental conditions, 3-4 

months after planting becomes available for grazing [1,3]. 

 

Perennial grass is cultivated in large areas in European countries. Although our country is the homeland of the 

agricultural land is not made culture, as a forage crop is located only in natural pasture areas [1]. Although there 

are significant perennial grass (Lolium perenne L.) genotypes in natural flora and have great potential for 

breeding, studies on this plant are quite limited [25]. However, in many countries, the source of perennial grass 

breeding varieties and lines are known to be wild plants [26]. Indigenous genotypes are in danger of extinction 

due to overgrazing, widespread use of herbicides, opening meadows and pastures to agriculture or conversion to 

settlements. Almost all of the grass varieties traded in our country are of foreign origin. These varieties generally 

do not adapt well to the conditions of our country because their economic life is short [25]. Imported Lolium 

varieties are frequently encountered in our country in terms of grass failure, labor and expenses are wasted [24]. 

 

Natural vegetations are rich in perennial grass. It is stated that the cause of this genetic diversity is foreign 

pollination [23]. Elçi (2005), perennial grass in every region of our country grows naturally [1], Bolaric et al., 

(2005) stated that the limits of genetic diversity of this plant is an interesting plant for breeding programs. 

Emphasizing that these differences should be evaluated in breeding projects [23], additionally in Central 

Anatolia Region collected from 49 different locations of perennial grass seeds obtained by examining the plant 

materials, found that there are very important differences between populations [25]. In a similar study, some 

plant characteristics of 568 perennial grass genotypes collected from the natural flora of Ankara province were 

investigated under greenhouse and field conditions [27]. It was underlined that large differences between 

genotypes increased the chances of obtaining plants with the desired characteristics. The measurements and 
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observations obtained from the study showed that 13 of 568 genotypes were pasture type, 10 of them were grass 

type and 14 of them were seed type. In another study, 18 groups of perennial grasses and 2 cultivars were used in 

the Black Sea Region. In another study conducted with live plants sampled from a natural meadow in the 

Kalecik district of Ankara, it was found that genotypes showed large variations in plant bottom covering width, 

leaf length, leaf width, plant height, plant habitus, seed yield and harvest index [28]. 

 

The low environmental temperature is the most important environmental factor that limits the culture of 

perennial grass as in the bermudagrass. Perennial grass dies completely at low temperatures between -5 and -15 ° 

C [29]. Humphreys and Eagles (1988) have determined that the degree of LT50 in this plant is between -3.9 and -

10.9 oC depending on the genotypes [30]. Researchers also emphasized that origin is important in low 

temperature resistance. In a study examining the cold resistance of local populations under Minnesota 

conditions, the cold resistance obtained from the national gene center was used as a registered type of control. As 

a result of the study, 8 of 300 samples were found to be cold resistant and superior to the control variety. As a 

result of the study, it was emphasized that a grass type resistant to winter conditions could be developed in cold 

regions and such a type would be in high demand [31]. Hulke et al. (2008) found that some of the local materials 

could spend the winter without dying under field conditions [32]. It is known that winter deaths in perennial 

grass are reduced with thin snow cover on the plant [33]. Physiologically, intracellular densities and cell wall 

materials reveal resistance to cold [34]. It is stated that although the regions with mild winters are the most 

suitable places for the lawn, they find the chance to spread in the places where there is snow cover and the 

breeding studies to be made on these plants constitute a great potential for the development of winter-resistant 

grass varieties [1]. Varieties in northern Europe are more tolerant to cold than varieties in southern regions, and 

their tolerance varies depending on autumn temperatures, solar radiation conditions and the average of the lowest 

temperature in the coldest month [35]. 

 

Perennial grass is known to be more sensitive to low temperatures than many cool-season wheats of the same 

category. However, some studies are more resistant perennial grass genotypes than species such as red ball and 

peacock [36]. In a study investigating the cold resistance of perennial grass cultivars, it was stated that there was 

a close relationship between the ripeness and cold resistance and survival rates of the cultivars [37]. Perennial 

grass genotypes collected in Romania were subjected to artificial freezing tests and their survival temperatures 

(LT50) were found to be parallel to the average temperatures during the coldest months of the collection [38]. 

 

2 RESULTS 
 

According to the general literature and general opinion, these two species are not very suitable plants for Eastern 

Anatolia Region. However, the presence of wild species in natural vegetation is promising for the varieties to be 

developed. It is clear that there is a need for studies to develop varieties developed from local sources that are 

resistant to cold and can remain green for longer. 
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Abstract:  
In this study, it was aimed to have the desired microstructure at low cost (fine and 

spherical) of aluminum alloys which have a wide usage in engineering materials and 

a wide variety of production methods. Al5Ti1B master alloy was added to A356 alloy 

at 730 °C which was melted using a resistance furnace. Three different melts were 

prepared in such a way that the Ti content in the melt was 0.1, 0.2 and 0.3% by 

weight, after the addition of the master alloy, it was left in the furnace for 20 minutes 

for dissolution to occur. The casting process was carried out on a metal mold with 

cross sections of 20, 10 and 5 mm placed on a vibration table producing mechanical 

vibration of 50 Hz constant frequency and 1.5 mm amplitude. For each Al5Ti1B 

addition ratio, control samples were produced without vibration under the same 

conditions and compared with the vibrated samples. Microstructural investigations 

on the cross-sections of the final casting products were carried out in two stages. In 

the first step, the distance between the secondary dendrite arms (SDAS) and the 

length of the secondary dendrite arms (SDAL) were measured on the images taken 

by optical microscope. In the second stage, EDS analysis was performed by SEM. 

Hardness measurements of the samples were made by Brinell method and the 

relationship between the microstructure and hardness values was tried to be revealed. 

It was observed that the dendrite arms were broken and transformed into a more 

spherical form from the needley structure with the effect of mechanical vibration. 

SDAS and SDAL values were decreased by vibration effect. SDAS and SDAL values 

increased due to increasing solidification time from thin section to thick section. 

Accordingly, hardness values tend to decrease from thin section to thick section. 

 

1 INTRODUCTION 

 

Today, cost, quality, safety and aesthetics are very important in almost all fields, especially in the automotive and 

aerospace industries. Although these parameters are closely related to each other, the need to keep costs to a 

minimum despite the increase in safety and quality forms the basis of engineering research and production methods 

[1]. Along with the superior properties of aluminum and its alloys, the differences between the alloys stand out 

one step further. For example, the A356 (Al7Si0,3Mg) alloy in the group of Al-Si alloys is one of the most 

preferred alloys in casting. Alloy is preferred because of its excellent castability, high thermal conductivity, high 

specific strength and good corrosion resistance [2]. 

 

The chemical, physical and mechanical properties of aluminum casting alloys are directly related to the 

microstructure of the alloy. The homogeneity of the casting product is ensured by the fact that the microstructure 

is fine-grained, the secondary phases are homogeneous and spherical morphology and the micropores are kept at 

the lowest level. Significant improvements in properties such as hardness, toughness, yield strength, surface 

roughness and machinability are observed in casting alloys with fine grain microstructure [3]. 

 

The combined effect of vibration and Al-Ti-B master alloy addition on the casting product, which is one of the 

grain refining methods, is among the subjects worthy of research. The principal vibration effects were found to be 

related to reduction of grain size by supporting nucleation, reduction of shrinkage pores due to improved metal 

feeding, and production of a more uniform casting structure [4]. Mechanical vibration method, which is one of the 
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vibration application methods, has been shown to be relatively less costly than electromagnetic and ultrasonic 

vibration methods [5, 6]. It has been found that mechanical vibration applied during the casting process can provide 

localized cooling by drawing heat from the inside of the molten alloy. In addition, by breaking the needle-like 

dendrite arms by vibration, it has caused the dendrite to become more spherical form in addition to forming a 

nucleus for new grains [7-9]. Thus, a substantially fine-grained microstructure can be obtained depending on the 

amplitude, frequency, and mold wall thickness of the vibration [10, 11]. Master alloys used as grain refiners are 

added to the liquid metal to obtain a finer grain microstructure. Master alloys reduce grain size and increases the 

grain boundaries [12, 13]. The increased number of grain boundaries improves the mechanical properties while at 

the same time decreasing the level of impurity [14].  

 

Al5Ti1B master alloys are widely used as a grain refiner in the form of a rod. Grain refiner master alloys are added 

to the liquid metal in trace amounts. Ti and B react with aluminum atoms to form a large number of Al3Ti and 

AlB2 intermetallic compounds in the liquid metal. Since these compounds have high melting points, they serve as 

solid nucleation centers in liquid aluminum and provide grain refining [15]. In this study, Al5Ti1B master alloy 

was added to the A356 liquid alloy with a Ti content of 0.1, 0.2 and 0.3% by weight, followed by casting into the 

step mold without vibration. In order to examine the effect of vibration, liquid metal was prepared with the same 

procedure, then casting was performed with applying mechanical vibration for 90 seconds at 50Hz frequency and 

amplitude of 1.5 mm. The microstructure and hardness values of step mold sections of the samples were compared. 

 

2 MATERIAL AND METHOD 
 

Al7Si0,3Mg primary aluminum alloy was used in each casting as charging material. Aluminum ingot is present in 

Figure 1 and the chemical composition of this alloy is given in Table 1. 

 

 
Figure 1. Charging material A356 alloy ingot 

 

Table 1. Chemical composition of the aluminum ingot 

Si Mg Ti Mn Fe Zn Al 

7,20 0,392 0,12 0,001 0,18 0,005 Geri Kalan 

 

The melting process was carried out in a SiC crucible at ~ 730 ° C in a resistance furnace. Grain refining master 

alloy was added to the liquid metal and allowed to dissolve for 20 minutes. Figure 2 shows the resistance furnace 

and master alloy. 
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Figure 1. (a) Resistance furnace, (b) Al5Ti1B master alloy 

 

Figure 3 (a-b) shows the vibration device and the metal mold used in the casting process. The metal mold has three 

different cross-section thicknesses of 5, 10, 20 mm. The mold steps are square prism shaped and the surface areas 

are equal and the size of each step is 40x40 mm. Variable cross-sectional thickness allowed the investigation of 

the effects of mechanical vibration and grain refiner at different solidification rates. To increase the solidification 

time, casting mold is preheated to 400 ºC . The preheated mold taken from the furnace was then placed on the 

vibration device producing mechanical vibration at a constant frequency of 50 Hz and amplitude of 1.5 mm shown 

in Figure 3a. The metal in the mold was vibrated on the device for 90 seconds to solidify. 

 

 
Figure 2. (a) Vibration device (b) Casting mold 

 

In order to examine the changes in the micrograph of the casting product seen in Figure 4, the cast specimens were 

cut from the step level and cut in the middle and grinded then polished with 1µm diamond paste. 

 

 
Figure 3. Cast specimen 

 

Firstly, the distance between the secondary dendrite arms (SDAS) and the length of the secondary dendrite arms 

(SDAL) were measured by means of optical microscope images. Then, EDS analysis of the samples was made by 

scanning electron microscope (SEM). In addition, hardness measurements of the samples were made by Brinell 

method and the relationship between the microstructure and hardness values was tried to be revealed. 
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3 RESULTS 
 

Table 2 shows the spectroscopic analysis of the cast specimens. In the sample names, the first numbers (1, 2, 3) 

show% Ti content (0.1%, 0.2%, 0.3%) respectively, and the other figure indicates that they are without vibration 

(0) or vibrated (1). 

 

Table 2. Chemical compositions of the cast specimens 

Element 

 
       Sample 

 
Al 1-0 

 
Al 2-0 

 
Al 3-0 

 
Al 1-1 

 
Al 2-1 

 
Al 3-1 

Si 7,08 6,83 6,73 7.04 7,03 6,85 

Fe 0,0717 0,0292 0,0507 0,0359 0,0339 0,0287 

Cu 0,00384 0,00244 0,00311 0,00330 0,00259 0,00273 

Mn 0,00582 0,00581 0,00595 0,00571 0,00568 0,00593 

Mg 0,0936 0,191 0,188 0,155 0,203 0,209 

Zn <0 <0 <0 <0 <0 <0 

Ni 0,0170 0,0174 0,0191 0,0168 0,0169 0,0171 

Cr 0,00375 0,00582 0,00560 0,00366 0,00302 0,00434 

Pb 0,0129 0,0135 0,0123 0,0120 0,0122 0,0144 

Sn 0,0238 0,0285 0,0268 0,0240 0,0252 0,0335 

Ti 0,170 0,287 0,307 0,177 0,239 0,360 

Na <0 <0 <0 <0 <0 <0 

Sr 0,00016 0,00024 0,00062 0,00013 0,00033 0,00086 

V 0,0194 0,0232 0,0224 0,0196 0,0209 0,0273 

Zr 0,00148 0,00171 0,00128 0,00150 0,00141 0,00185 

Al 92,49 92,56 92,63 92,51 92,41 92,44 

 

SDAS and SDAL values of non-vibrated and vibrated samples were measured depending on the thickness of 

sections. Figures 5, 6 and 7 show the variations of vibrated and non-vibrated micrograph of castings of different 

cross-sectional thicknesses of 0.1%, 0.2% and 0.3% Ti additions respectively. 
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Figure 4. Micrograph images of cast samples with 0.1% Ti added; a, c, e respectively thin, medium, heavy  

section non-vibrated, b, d, f respectively thin, medium, heavy sections of vibrated specimens 
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Figure 6. Micrograph images of cast samples with 0.2% Ti added; a, c, e respectively thin, medium, heavy 

section non-vibrated, b, d, f respectively thin, medium, heavy sections of vibrated specimens 
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Figure 7. Micrograph images of cast samples with 0.3% Ti added; a, c, e respectively thin, medium, heavy 

section non-vibrated, b, d, f respectively thin, medium, heavy sections of vibrated specimens 

 

As shown in Figures 5, 6 and 7 as the titanium content increases, the number of grains in both non-vibrated and 

vibrated samples increases as the cross-sectional thickness decreases. This increase was higher in vibrated samples 

due to the effect of spherical and broken dendrite arms. In addition to the grain refiner, the rate of micro-porosity 

in the vibrated samples decreased. 

 

In Figure 8 (a-b) scanning electron microscopy images are given. All samples were examined and the most 

significant differences were observed in casting samples containing 0.2% and 0.3% Ti. In Figure 8a, it is seen that 

in the samples containing 0.2% Ti, the aggregated Ti element rich regions increased in Figure 8b in samples 

containing 0.3% Ti. Clustering increases with increasing Ti content in the alloy. 
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Figure 5. SEM images (a) %0,2 Ti, (b) %0,3 Ti  

 

Figures 9, 10 and 11 show the SDAS changes with respect to varying Ti ratios for non-vibrated and vibrated 

castings. When Ti ratio was over 0.3%, it had an effect on SDAS. In addition to that, the application of vibration 

caused the further decrease on SDAS. The most significant effect of vibration on the SDAS value was found in 

the casting containing 0.2% Ti. SDAS increases from thin section to thick section due to decreasing cooling rate. 

 

 
Figure 6. Non-vibrated and vibrated SDAS measurement comparison of castings containing 0.1% Ti 

 

 
Figure 10. Non-vibrated and vibrated SDAS measurement comparison of castings containing 0.2% Ti 
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Figure 11. Non-vibrated and vibrated SDAS measurement comparison of castings containing 0.3% Ti 

 

Figures 12, 13 and 14 show the effect of mechanical vibration on the distance  values between secondary dendrite 

arms (SDAL) in grain refined castings. The SDAL value shows a significant reduction in the 0.3% Ti addition 

rate, similar to SDAS. It is seen that the addition of Ti is not effective and the vibration effect decreases SDAL at 

0.1% and 0.2%. Similar to SDAS, as the thickness of section increases, the SDAL value increases with increasing 

solidification time. 

 

 
Figure 12. Non-vibrated and vibrated SDAL measurement comparison of castings containing 0.1% Ti 

 

 
Figure 13. Non-vibrated and vibrated SDAL measurement comparison of castings containing 0.2% Ti 
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Figure 14. Non-vibrated and vibrated SDAL measurement comparison of castings containing 0.3% Ti 

 

Figures 15, 16 and 17 show hardness values for different non-vibrated and vibrated castings with different Al5Ti1B 

additions depending on the section thickness. It can be seen that as the Ti content increases, hardness of the sample 

increases aswell in both casting conditions. It is observed that mechanical vibration increases hardness even more 

in castings with 0.1% Ti added. However, at 0.2 and 0.3% Ti addition rates, the effect of mechanical vibration on 

hardness increase was less than that of the Ti added castings alone. However, it has been found that with increasing 

cross-sectional thickness, hardness values decrease with varying cooling rate depending on cross-sectional 

thickness. In addition to this, hardness values of thick sections have been influenced by the fact that this section is 

the last solidifying zone, which acts as a riser, and hence the formation of shrinkage cavities in this section. It has 

been found that the casting conditions, whether vibrated or not, have no significant effect on hardness values. 

 

 
Figure 15. Non-vibrated and vibrated cross-section hardness changes of castings containing 0.1% Ti 
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Figure 16. Non-vibrated and vibrated cross-section hardness changes of castings containing 0.2% Ti 

 

 
Figure 17. Non-vibrated and vibrated cross-section hardness changes of castings containing 0.3% Ti 

 

4 CONCLUSIONS 
 

This study was carried out in order to improve the properties of Al alloys produced by casting method and to show 

the combined effect of grain refining mechanisms that cause microstructure changes. 

 

In microstructure changes; It was observed that the vibration mechanism, titanium ratio and cooling rate varying 

depending on the thickness of cross-section were effective. 

 

When titanium content was 0.3%, it had a positive effect on SDAS and SDAL. In addition, when Ti ratio is 0.1% 

and 0.2%, mechanical vibration has more effect on SDAS and SDAL. In addition, SDAS and SDAL values 

decreased in both vibrated and non-vibrated conditions with increasing cooling rate. 

 

Although no significant differences were observed in hardness measurements, it was observed that hardness 

increased with vibrations at the rate of 0.1 Ti, whereas the vibration had no effect on hardness at the rates of 0.2 

and 0.3 Ti, or a negative effect was observed. SDAS, SDAL and hardness values decreased due to the reduced 

cooling rate as the section thickened. 
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Abstract 

In this study, as-deposited and Al doped NiCr2O4, NiO thin films were grown under 

30% oxygen partial pressure by Radio Frequency Magnetron Sputtering (RFMS) 

technique. The structural, optical and morphological properties of as-deposited and 

Al dopped NiCr2O4, NiO films were investigated. X-Ray Diffraction (XRD) 

measurements has shown that doping with Al changes the diffraction peak position. 

Again, Scanning Electron Microscopy (SEM) and Atomic Force Microscopy 

(AFM) measurements has shown a significant change of the surface morphologies 

by the Al doping. Gas sensor properties of the films in the relatively high 

temperature (200-300 0C) were performed and comparison has been made by the 

device performances of the  two different kind of films. 

 

1 INTRODUCTION  
 

A gas detector is a device that detects the presence of gases in an area, often as part of a safety system. This type 

of equipment is used to detect a gas leak or other emissions and can interface with a control system so a process 

can be automatically shut down. A gas detector can sound an alarm to operators in the area where the leak is 

occurring, giving them the opportunity to leave. This type of device is important because there are many gases 

that can be harmful to organic life, such as humans or animals. 

 

Gas detectors can be used to detect combustible, flammable and toxic gases, and oxygen depletion. This type of 

device is used widely in industry and can be found in locations, such as on oil rigs, to monitor manufacture 

processes and emerging technologies such as photovoltaic. They may be used in firefighting. 

 

Highly sensitive gas sensors can be produced from semiconductors such as the metal oxides ZnO [1,2], 

SnO2 [3,4], and WO3 [5], which are not only low-cost and simple to produce but also allow for a wide selection 

of possible nanomaterials with different nanostructured dimensions. Gas sensors are used in a wide variety of 

applications for a diverse number of industries from agriculture to environmental monitoring [6]. Among them, 

it is the biomedical sensor industry a market estimated to grow globally to more than 15 billion USD by 2022 

that shows the most promise to take advantage of the benefits of gas sensors [7]. 

 

2 MATERIAL AND METHOD 
 

2.1. Radio Frequency (RF) and Direct Current (DC) Sputtering Technique: Sputtering technique; is the 

process of removing atoms from this target by directing plasma ions to any target with a certain energy in a 

vacuumed environment. The atoms detached from the target subjected to ion bombardment are deposited onto 

the base to form a thin film. The target-directed gas is generally ionized argon (Ar) gas atoms. Argon gas atoms 

have a certain energy and momentum when directed to the target. The Ar gas atoms reaching the target transfer 

their energy and momentum to the atoms in the target, causing the atoms to break off from the target and 

ionization takes place. 
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Figure 1. Shows the system of a simple a) RF and b) DC sputter device. 

 

Some important parameters affecting thin film thicknesses and structura”1l properties of films: Distance between 

target and substrate, sputter strength, total pressure of plasma gas and reactive gas (Ar + O2), magnification time, 

system geometry, surface quality of substrate and is the deflection angle of the oriented atoms. 

 

Table 1. Grown conditions of NiO, Al:NiO and NiCr2O4, Al:NiCr2O4 thin films obtained by RF and DC sputtering 

technique 

Thin Film 
O

2
 Gas  

Rate 

Substrate 

Tempurature 
(

0
C) 

DC Source 
Power 
(Watt) 

Tickness 
(nm) 

RF 
Power 
(Watt) 

Total Growth 
Time 

(Minute) 

NiO      %7,62 300 - 350,67 80  120 

NiCr2O4 %11,36 300 - 606 80 120 

Al:NiO %8,57 300 45 325,97 80  120 

Al:NiCr2O4 %9,54 300 45 544,35 80  120 

 

3 RESULTS 
 

 
Figure 2. XRD diffraction patterns on a) NiO, Al:NiO and b) NiCr2O4, Al: NiCr2O4 semiconductor thin films 

obtained by RF sputtering technique 

 

According to the results obtained from XRD diffraction patterns of Al:NiO thin films and Al:NiCr2O4 thin films; 

2 angle values and peak intensities of the films were observed. 2 angle values of NiCr2O4 and Al doped 

NiCr2O4 thin films have change 1 degree while 2 value of Al doped NiO thin films shifted so much little nearly 

0,25 degree. 
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Figure 3. Shows the plot of (ahγ)2 versus hγ  a) Al:NiO b)Al: NiCr2O4 semiconductor thin films 

 

We can say that the holes in the valence band of the p-type semiconducting material are compensated by the 

donor type defects and impurities. This may mean that the energy gap Al:NiO, Al: NiCr2O4 are larger than NiO, 

NiCr2O4 band gabs.  

 

Table 2. Band gap energy values of semiconductor thin films 

 

 

 

 

 

This may mean that the band gap energy is causing the contraction of the  band  gab  due to the fact that the 

imperfections in the structure constitute the possibility of transition at the band edge. 

 

 
                                                (a)                                             (b) 

Figure 4. SEM images of a) Al:NiO and  b) Al: NiCr2O4 thin films 

 

It was observed that the roughness values of the obtained NiO and Al:NiO thin films and also NiCr2O4 and Al: 

NiCr2O4 thin films were changed. In Table 3. below, Ra is the linear roughness value of the films, Sa: Surface 

area roughness value, Rq / RMS: Average surface roughness values. 

 

 
                                                 (a)                                                               (b)                                                               

Figure 5. AFM images of a)  Al:NiO and b) Al: NiCr2O4 thin films 

NiO 3,53 eV 

Al:NiO 3,58 eV 

NiCr2O4 3,10 eV 

Al:NiCr2O4 3,27 eV 
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Table 3. Roughness values for NiO, Al:NiO and NiCr2O4, Al:NiCr2O4 thin films obtained by RF sputtering 

technique 

Thin Film Ra (nm) Sa (nm) Rq/RMS (nm) 

NiO 4,30 4,742 5,52 

Al:NiO 2,77 3,17 3,466 

NiCr2O4 7,80 7,64 9,80 

Al:NiCr2O4 9,76 9,73 11,9 

 

In Fig.6a. and Fig.6b. , NiO, Al:NiO and NiCr2O4, Al:NiCr2O4 show the time-dependent change in the response 

of the thin film to hydrogen gas, and the measurement is periodically 500 s dry air and 500 s hydrogen+ nitrogen 

gas at 300 ° C. This measurement was made to evaluate the response of the thin film to hydrogen gas, and the 

reaction of the film to hydrogen gas was found to be very high. During the measurement periodically 500 s dry 

air and 500 s hydrogen+ nitrogen gas were supplied to the system at 300 oC temperature. The film, which did not 

react to hydrogen gas at room temperature, reacted at a temperature of 300 oC. Dry air was used as the sweeping 

gas. In the first 500 s 500 ppm dry air swept system, 100 ppm hydrogen+ nitrogen gas was then supplied and the 

amount of current drawn by the system decreased.  

 

When the dry air is swept in again, the current drawn is increased and receded to the previous level. 500 ppm for 

500 s in the second cycle, 1000 ppm for 500 s in the third cycle and the current value decreased with the 

hydrogen+ nitrogen value. This material is a promising material for gas sensor application. The same gauge was 

repeated for NiO, Al:NiO and NiCr2O4, Al:NiCr2O4. The reason that the current values do not reach the same 

level in each repetition is due to the fact that hydrogen atoms are still present in the structure during the sweep, 

in other words, the hydrogen atoms are not fully swept from the surface. This material is a promising material for 

gas sensor application. 

 

When we get the gas sensor measure we see that  NiO, Al:NiO and NiCr2O4 ,  Al: NiCr2O4, are p type 

semiconductor. For NiO, Al:NiO and NiCr2O4 ,  Al: NiCr2O4, thin film, because of the electrons that vanish as a 

result of the reaction (Equation 1-4) decrease the carrier (hole) concentration. Thus resistance is increased. 

 

O2 + e-  →  O-
2                                                                                                                                                  (1) 

 

O-2 +e- →2O-                                                                                                                                                    (2) 

 

2H2  + O-
2(ads)→2H2O + e-                                                                                                                                  (3) 

 

O-
(ads) + 2H → H2O + e-                                                                                                                                    (4) 

 

     
Figure 6. Properties of a) NiO and Al:NiO b) NiCr2O4 and Al:NiCr2O4 gas sensors 

 

4 CONCLUSION 
 

According to the results obtained from XRD diffraction patterns of Al:NiO thin films and Al: NiCr2O4 thin 

films; 2 angle values and peak intensities of the films were observed. 2 angle values of NiCr2O4 and Al doped 

NiCr2O4 thin films have changed 1 degree while 2 value of Al doped NiO thin films shifted so much little 

nearly 0,25 degree. 
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Changes in the band gab energy ranges of NiO and doped NiO semiconductor thin films have occurred. 

According to SEM and AFM images, surface roughness value increased in Al doped NiO and NiCr2O4 thin 

films, while it decreased in Al doped NiO thin films. 

 

It is concluded that the surface roughness value and particle structure of the films are very important parameters 

in gas sensor applications. Among these three semiconductor thin films, the best sensitive gas sensor with the 

best sensor response was found to be Al doped NiO semiconductor thin films. 

 

In our study, NiO and NiCr2O4 semiconductor thin films were grown by using RF scattering technique and Al 

doped NiO and NiCr2O4 semiconductor thin film semiconductors were obtained using the same technique. The 

changes in the structural, optical and gas sensor properties of the additive metals and NiO and NiCr2O4 

semiconductor thin films have been demonstrated. 

 

 This study was supported by Atatürk University Scientific Research Project Unit. 
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Abstract:  
By using Radio Frequency (RF) scattering technique, 30% oxygen partial pressure 

Nickel Chromium Oxide (NiCr2O4) semiconductor thin films and 30% oxygen 

partial pressure Ti doped NiO thin films were grown. The structural and optical 

properties of NiCr2O4 and Ti doped NiCr2O4 films were investigated. In another 

step of the study, X-Ray Diffraction (XRD) patterns of thin films obtained between 

20 and 70 degrees were obtained. It has been observed that the Ti contribution to 

NiCr2O4 thin films changes the (XRD) diffraction patterns Furthermore, as a result 

of Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM) 

measurements with the contribution of different elements, the change in surface 

morphology which is of great importance for thin film gas sensor applications was 

observed.  

In the last stage of the study, H2 gas sensor properties of the films were investigated 

at 200-300 0C. According to the results obtained; The gas sensor properties of 

NiCr2O4 and Ti doped NiCr2O4 thin films were investigated and it was determined 

that titanium added to NiCr2O4 structure caused changes in gas sensor properties. 

Consequently, positive or negative effect of titanium additive on gas sensor 

properties has been demonstrated. 

 

1 INTRODUCTION  
 

Oxide-based semiconductors used in many fields are of great importance in the developing scientific world. One 

of these applications is gas sensor applications. Since oxide based semiconductor materials can be produced in 

nano sizes, gas sensors can also be produced in smaller sizes. The amplification conditions and the amplification 

techniques of oxide based semiconductors significantly affect the optical, electrical and structural properties of 

the films. MBE, MOCVD, CVD, SP… oxide based semiconductor amplification techniques. In the RF (Radio 

Frequency) amplification technique, which we use in our studies, it is a very useful and effective technique 

because of the change of many parameters such as target gas pressure, sputter power, oxygen gas pressure, 

distance between target and substrate, magnification time.  In addition, it is possible to obtain very homogeneous 

films with RF magnification technique. Nowadays, researches on the development of sensors that can work with 

high response in different gases and environments where more than one gas is mixed are continuing rapidly.  For 

the obtained semiconductor gas sensors, certain properties such as selectivity, sensor response, repeatability, 

effective operation at different ambient temperatures, easy and cheap cost are very important parameters. In our 

study, NiCr2O4 semiconductor thin films and Titanium (Ti) doped NiCr2O4 semiconductor thin films were 

obtained by RF scattering technique.  Changes in the structural, optical and gas sensor properties of NiCr2O4 

semiconductor thin films of Ti additive have been observed. NiCr2O4 and Ti-doped NiCr2O4 thin film 

semiconductors obtained under the same magnification conditions have been shown to be more ideal and 

convenient in gas sensor applications. 

 

 

 

 

1226



Determination of the Structural Properties of NiCr2O4 and Ti Dopped NiCr2O4 Thin Films 

Grown by Radio Frequency Sputtering Technique (RF) and Gas Sensor Application 

ICADET ‘19 

 

 

2 MATERIAL AND METHOD 
 

2.1 Radio Frequency (RF) Sputtering Technique 

 

Sputtering technique is generally the process of atomic rupture from the target by sending the ions in plasma in a 

vacuum environment to the target with high energy. The atoms that break off from the target accumulate on the 

base placed on the plasma medium to form a thin film on the base surface. In RF sputtering technique, the gas 

directed to the target with high energy is generally argon (Ar) gas. Ar atoms that hit the target material with a 

certain energy break the target atoms and ionization starts. Ar atoms directed towards the target break the target 

material atoms by transferring momentum to the target material atoms.  The atoms that break off from the target 

collect on the base surface and begin to form a semiconductor thin film. It is also possible to obtain dual and 

triple semiconductor thin films if the Gun-1 and Gun-2 target compartments are active in the RF sputter device. 

The properties of the thin films obtained are strongly dependent on the distance between the target and the 

substrate, the angle of the target material with the substrate, the surface geometry of the target material, the 

sputter strength, the total gas (Ar + O2) pressure, the ambient temperature and the growth time. By changing 

these parameters it is possible to change the structural, optical and electrical properties of the films obtained. 

 

Table 1. Amplification conditions for NiCr2O4 and TiO2:NiCr2O4 thin films obtained by RF sputtering technique 

Thin Film O2 Gas  

Rate 

Substrate 

Tempurature 

(
0
C) 

DC Source 

Power 

(Watt) 

Tickness 

(nm) 

RF 

Power 

(W) 

Total Growth 

Time 

(Minute) 

NiCr2O4 %11,36 300 - 606,7 80  120 

TiO2:NiCr2O4 %4 300 45 210 80  120 

 

3 RESULTS 
 

3.1 XRD Diffraction Patterns 

 

.      

Figure 1. XRD diffraction patterns on a) NiCr2O4 and b) TiO2:NiCr2O4 semiconductor  thin films obtained by 

RF sputtering technique 

 

According to XRD diffraction patterns, Ti-doped NiCr2O4 thin films showed a decrease in peak intensity, while 

2 values were shifting towards low angle values 

 

3.2 SEM Imagines 

 

  
(a)                                                                                            (b) 

Figure 2. SEM images a) NiCr2O4 and b) TiO2:NiCr2O4 thin films 
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3.3 AFM Imagines 

 

  
                                                  (a)                                                                      (b) 

Figure 3. AFM images a) NiCr2O4 and b) TiO2:NiCr2O4 thin films 

 

It was observed that the roughness values of the obtained NiCr2O4 and Ti doped NiCr2O4 thin films were 

changed. In Table 2. below, Ra is the linear roughness value of the films, Rp is the maximum height, Rv is the 

maximum depth. Sa: Surface area roughness value, Rq / RMS: Average surface roughness values. It is observed 

that there is a decrease in the roughness values of Ti doped NiCr2O4 films on AFM images of the semiconductor 

thin films  

 

Table 2. Roughness values for NiCr2O4 and TiO2:NiCr2O4 thin films 

 Ra (nm) Rp (nm) Rv (nm) Sa (nm) Rq/RMS (nm) 

NiCr2O4 7,80 27,49 27,81 7,645 9,8 

TiO2:NiCr2O4 4,866 17,68 17,08 7,27 6,125 

 

3.4 Gas Sensor Aplication 

 

 
Figure 4. Current change versus H2 gas concentration 

 

 
Figure 5. Sensor response to H2 gas concentration change 
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4 CONCLUSION 
 

 According to the XRD diffraction results of NiCr2O4 and Ti doped semiconductor thin films, peak 

intensity changes were observed, while the 2 value of Ti doped NiCr2O4 thin films shifted to a low 

angle value. 

 According to AFM and SEM images, surface roughness value decreased in Ti doped NiCr2O4 thin 

films. 

 It was observed that NiCr2O4 thin films had larger particle sizes and the gaps between the particles were 

larger and deeper than Ti-doped NiCr2O4 films. 

 It is concluded that surface roughness value and particle structure of films are very important 

parameters in gas sensor applications. 

 It is seen that the more stable gas sensor between two separate semiconductor thin films is NiCr2O4 

semiconductor thin films. 

 Ti-doped NiCr2O4 thin films were more stable at low gas concentrations, while pure NiCr2O4 thin films 

were more stable at higher gas concentrations. 

 

*This study was supported by Atatürk University Scientific Research Project Unit. 
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Abstract 

In this study, in order to determine the energy efficiency of the insulated and 

uninsulated building, the energy performance of the insulated and uninsulated 

building was determined and compared. In this study, the energy efficiency of the 

building located in Selcuklu district of Konya was interpreted. The energy 

efficiency of the insulated and uninsulated building was evaluated using the 

Building Energy Performance Program (BEP-TR 2). In addition, the suitability of 

the results obtained from the BEP-TR program according to TS 825 was examined. 

In this context, the project information of the building (building geometry and 

heating, lighting, mechanical and ventilation system information) is entered into 

the BEP-TR2 Program and the net energy amount required by the building for 

heating and cooling is also used. and consumption and carbon dioxide (CO2) 

emissions were determined. According to TS 825, building heat loss calculations 

were made. As a result of the data obtained, the annual heating energy requirement 

of the insulated building has been determined as 92 kWh/m² and energy class 

energy class C with BEP –TR program. The annual heating energy requirement of 

the uninsulated building is 134 kWh /m² and energy class is E class. 

1 INTRODUCTION  
 

The rapid increase in population in our country and in the world, the depletion of fossil fuels and the increasing 

need for energy with the developing technology have revealed the importance of energy efficiency. In order to use 

energy more efficiently and effectively, it has led countries to organize energy policies and carry out studies within 

this framework. Energy efficiency studies for buildings where we spend most of the energy in our country, 

especially the European Union, are among the most up-to-date issues today. Energy Performance of Buildings - 

Turkey (BEP-TR) 1 program and the Energy Performance Certificates (EKB) in studies on the application, 

Gaziantep in the European Union, the creation of standards with Gaziantep Admission and Accommodation Center 

Building energy identity and the direction of the building's energy performance BEP-TR 1 program using 

researches were made in the direction of evaluation. In this context, energy consumption values were determined 

by BEP-TR program using mechanical, heating and geometry information of the building, and how the annual 

energy consumption values would affect the national budget and energy performance of a building made in 

international standards were also found. In addition, the energy value of the building for annual lighting and CO2 

emission were evaluated. At the end of the study, they stated the errors arising from the program and proposed 

solutions for the errors [1]. 

 
In his master's thesis, he examined the properties of international energy certification systems by moaning the 
methods that increase energy efficiency in houses. In addition, it has examined the use of BEP-TR program on 

sample structures. Comparison of BEP-TR program with other certification systems [2]. 

 
In another study, four different provinces of Turkey's different regions, with the BEP-T program by analyzing the 

energy performance of the building they found the energy identity. They stated that the energy identity class of the 

buildings is class C for Istanbul, Ankara and Erzurum and class D for Antalya. They made comparisons using 

energy performance values of buildings in provinces [3].  
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In another study, BEP-TR program determined the energy performance values of the buildings in 6 different 
neighborhoods in Korkuteli district of Antalya and found the energy class of the buildings as C class. Compared 
with each other in terms of energy efficiency for buildings with different locations and different topologies [4]. 

 

2 MATERIAL AND METHOD 
 

Energy performance analysis was carried out with BEP-TR program for the sample building belonging to Selçuklu 

district of Konya. Located in Selçuklu district of Konya province, the building consists of a block of 10 apartments. 

The BEP-TR program image of the sample building is shown in Figure 2.1. As seen in Figure 2.1, the building 

consists of 6 floors including the basement floor and there are 2 apartments on each floor. 

 

 
Figure 1. BEP-TR Image of the building 

 

2.1 General characteristics of the building 

 

The general characteristics of the building examined in the study are given below. 

 

 The building consists of a total of 6 floors as basement and normal floors. The building floor height is 

3m. 

 The external wall and roof structure elements of the building examined in the study are shown in Table 

1. 

 0,1 0.1 m thick insulation is applied to the roof ceiling and 0.05 m thick insulation is applied to the exterior 

walls. Stone wool was used as insulation material. 

 

Table 1. Roof and wall materials of the building 

Building Exterior Wall and Roof Materials      
Wall Materials    Thickness(m) Roofing Materials   Thickness(m) 

Gypsum mortar, chalky gypsum 0,015 Cement mortar screed  0,03 
mortar           

Walls made with horizontal 0,185 Reinforced concrete  0,12 

perforated bricks          

Mineral and vegetable fiber 0,05 Mineral and   vegetable   fiber 0,01 

thermal insulation material (glass  thermal insulation material (glass  

wool, stone wool)    wool, stone wool)    

Plaster made of inorganic 0,015 Plaster made of inorganic 0,02 

lightweight aggregates    lightweight aggregates   

 

2.2. Building Energy Performance Program 

 

BEP-TR software is a national calculation program used by users approved by the Ministry of Environment and 

Urbanization. BEP-TR, our national certification system, was established in 2010. The certificate system evaluates 

the building in the categories of heating, sanitary hot water, cooling ventilation, lighting, cogeneration and 

photovoltaic systems. It determines the energy class of each category as A, B, C, D, E, F, G classes and determines 

the average and building class of these categories. The program, which was originally issued as BEP-TR 1, was 

updated to BEP-TR 2 by eliminating errors. BEP-TR 2 was used in this study. 
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3 EXPERIMENTAL FINDINGS AND RECOMMENDATIONS 
 

In this study, building information consisting of 10 flats and 1 block belonging to Selçuklu district of Konya is 

entered into BEP-TR (Building Energy Performance) Program. The determination of the lighting energy needs 

and consumption amount and the carbon dioxide (CO2) emission of the building have been determined. Firstly, 

all architectural and mechanical information (mechanical, heating, ventilation and lighting information) of the 

building were entered into the program and the amount of energy consumed for heating, cooling, ventilation and 

lighting systems and carbon dioxide emission were calculated. 

 

3.1 Comments 

 

The building's energy performance was evaluated for a building consisting of 10 flats in the Selçuklu district of 

Konya. The data obtained from the BEP-TR program are shown in the following tables. In this study, heating, 

cooling, hot water, lighting and carbon dioxide gas emission values for insulated and uninsulated buildings were 

interpreted in terms of energy efficiency. 

 

In Table2 and 3, it is shown that energy identity certificates for insulated and uninsulated building is prepared 

heating, cooling, ventilation, lighting system and carbon dioxide gas emission data of insulated and uninsulated 

building.  

 

Table 2. Energy identity certificate results for insulated building 

 Systems Final Primary Consumption         Class 

  Consumption Consumption Per M2  

  (kWh/yıl) (kWh/yıl)   

 Heating 141151,71 142800,11 149,74 C 

 Hot water 17494,65 17811,12 18,68 D 

 Cooling 771,61 1598,77 1,68 E 

 Ventilation 0,00 0,00 0,0 D 

 Lighting 1434,27 2971,80 3,12 B 

 Greenhouse Gas Emission   41,09 C 

 Toplam 160852,24 165181,80 173,21 C 

 

Table 3. Energy identity certificate results for uninsulated building 

 Systems Final Primary Consumption Class 

  Consumption Consumption Per M2  

  (kWh/yıl) (kWh/yıl)   

 Heating 215958,96 218205,87 228,81 F 

 Hot water 17725,48 18046,13 18,92 D 

 Cooling 486,81 1008,67 1,06 C 

 Ventilation 0,00 0,00 0,0 D 

 Lighting 1435,77 2974,92 3,12 B 

 Greenhouse Gas Emission   59,55 E 

 Total 235607,02 240235,59 251,91 E 

 

The results of the energy identity certificate obtained are the results of the Energy Identity Certificate calculated 

by the energy identity certificate expert and approved by the Ministry of Environment and Urbanization. The 

results were examined and interpreted. 

 

Looking at the heating values; The primary energy consumption for the insulated building was calculated to be 

142800.11 kWh / year. However, if the building is insulated, it has been observed that in Table 3 it has decreased 

to 218205.87 kWh / year. It has been interpreted that this results in different results from the insulation situation. 
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When the data calculated in hot water systems, it is seen that values varying between 17811,12-18046,13 kWh / 

year were obtained. In general, the results for the hot water system have been observed to be close. It is seen that 

greenhouse gas emission values give different results. It has been interpreted that there is a difference in 

greenhouse gas emission values due to the increase in the heating energy requirement from the insulation. 

 

The results obtained according to TS 825 for uninsulated and insulated buildings are given in Table 4. It was 

observed that the heat lost from the exterior wall decreased from 955.20 W / K to 439.69 W / K and the heat lost 

from the ceiling decreased from 532.53 W / K to 62.43 W / K when insulation was applied to the uninsulated 

building. This ratio affected the total heat loss through conduction from the building elements. 

 

For the uninsulated building, the total heat loss through the transmission of the building elements was 4354 W / 

K, while for the insulated building it was 2820 W / K. As a result of the calculations, it has shown its importance 

in reducing heat loss with insulation application and providing less energy consumption for heating energy. 

According to TS 825, since Q> Q '(80 <92.28), the annual heating energy calculated for the insulated building is 

below the maximum required value, while the building meets the standards, while Q> Q' (120> 92.28) is calculated 

for the uninsulated building. It is determined that it does not meet the standards as the energy need is above the 

maximum value it should have. 

 

Table 4. Results according to TS 825 for insulated and uninsulated buildings 

Results according to TS 825 
For uninsulated 

building 

For insulated 

building 

Outer Wall - Heat Loss 995,20 W/K 439,69 W/K 

Roof-heat loss 532,53 W/K 62,43 W/K 

Total heat loss from building elements 4354 W/K 2820 W/K 

Maximum heat loss (Q ') for zone 3 according to TS 825 
Annex A 2 

92,21 kWh/m² 92,21 kWh/m² 

Annual heating energy requirement per unit area 120 kW/m2 80 kW/m2 

 
TS 825 according to the calculations of the building elements for the U-values of the building elements are 
compared with Table 5 is shown. 

 

Table 5. Comparison of U values for insulated building 

For insulated building 
UD 

(W/m².K) 

UT 

(W/m².K) 

Ut 

(W/m².K) 

UP 

(W/m².K) 

Standard values specified in TS-825 for Region 3 0,5 0,3 0,5 0,4 

Calculated values for insulated building according to TS-825 0,56 0,35 1,88 3,30 

Values calculated with BEP-TR 2 program 0,56 0,35 1,93 3,30 

 

As shown in Table 5, the values calculated according to TS 825 and the values obtained from the energy identity 

certificate are determined to be approximate values to each other. 

 

TS 825 according to the calculations made for uninsulated building U values of the structural elements are 

compared in Table 6 is shown. 

 

Table 6. Comparison of U values for uninsulated building 

For uninsulated building 
UD 

(W/m².K) 

UT 

(W/m².K) 

Ut 

(W/m².K) 

UP 

(W/m².K) 

Standard values specified in TS-825 for Region 3 0,5 0,3 0,5 2,4 

Calculated values for insulated building according to TS-825 1,95 1,26 1,80 3,30 

Values calculated with BEP-TR 2 program 1,26 1,95 1,83 3,30 
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3.2 Suggestions 

 

Energy performance evaluations were carried out for the building consisting of 10 flats and 1 block belonging to 

Selçuklu district of Konya. 

 

The recommendations obtained as a result of the data calculated with the BEP-TR program are as follows: 

- In the scope of the study, energy certificate results were obtained for the insulated and non-insulated state of 

the building located in Selçuklu district and the results obtained in the comparison showed that the energy 

certificate class affected. Particularly in energy efficiency assessments, the energy identification certificate 

was interpreted in the calculations made by the expert. 

- In the direction of the study, it is observed that there are differences in energy efficiency values for the 

insulated and uninsulated form of the same building. It is considered that the building insulation feature is 

the reason for the difference in these results. Especially in terms of heating and cooling results, it is seen that 

Konya is located in the 3rd Region and has a continental climate and when the building energy efficiency 

results are used as an example, insulation application has positive effects. 

 

4 CONCLUSION 
 

The energy efficiency of the building was determined as C Class and the energy class of the uninsulated building 

was "E Class. This result indicates that the Insulated Building's Energy Identity Class is Class C, which is an 

acceptable building in the energy classification, while the Uninsulated Building's Energy Identity Class is Class 

E, i.e. an unacceptable building in the energy classification. 

 

- In addition, it has been observed that there are differences in energy efficiency results for the insulated and 

uninsulated condition of the building. This result shows that the insulation changes the building energy class. 

- The energy identity of the building was determined by the results obtained. In this way, the energy identity 

of the building was determined and it was evaluated that insulating the building would save energy and would 

be beneficial to energy efficiency. It is observed that insulation is important in determining energy identity 

certificate. However, for the BEP-Tr program, the accuracy of the results obtained during the analysis 

evaluation of the building and the conformity of TS 825 are raised. It is seen that the data obtained from BEP-

TR program are approximate values with the calculated values according to TS 825. This is to determine how 

effective the program predicts. 
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Abstract 

The foundations are the fundamental elements of the buildings. They transfer the 

loads of the structural system to the ground. Foundations are mostly designed and 

manufactured as reinforced concrete, because of the component of the concrete is 

abundant and can be supplied cheaply. But the conditions of suitable reinforced 

foundations change as a result of the corrosion of reinforcement steel. High levels 

of corrosion lead to unsafe structures.  

In this study, the use of glass fibers in foundations instead of construction steel 

investigated. The beam is used as reinforcement of the fiber bundles formed by 

combining the glass fibers. On the other hand, the reinforcing beam with structural 

steel was prepared. As a result, it is seen that the use of glass fiber as reinforcement 

in beam elements is about 7 times more efficient than steel. 

 

1 INTRODUCTION  
 

The foundations are the structural elements between structural bearing elements and ground so they transfer the 

loads of the structural system to the ground. The elements of the buildings that will resist the earthquake first and 

meet the effects are the foundations. During the transfer of the structure loads to the ground, depending on the 

design and load condition of the foundation system, additional effects may occur in the carrier system. Today, 

foundations are mostly designed and manufactured as reinforced concrete. Because the aggregate and cement 

that make up the concrete is abundant and can be supplied cheaply [1]. The other reason is the high performance 

of reinforced concrete due to the compatibility of steel with concrete [2]. 

 

In a suitable foundation system, the cross-sectional effects of the reinforced concrete foundation element must be 

met with the appropriate reinforcement arrangement. However, the conditions of suitable reinforced foundations 

change as a result of the corrosion of steel reinforcements where iron is the main component. High levels of 

corrosion lead to unsafe structures. The insecurity level increases in proportion to the corrosion in the 

reinforcement. The steel reinforcement used in the foundation concrete is subject to corrosion especially in long-

term ground water conditions and poses great risks. Corrosion can be detected in the foundation elements buried 

in the ground and reach dangerous dimensions. Corrosion problem has been investigated for a long time not only 

in reinforced steel but also in all steel materials [3,4]. Studies for the prevention of steel corrosion are carried out 

for reinforced concrete steel as in all fields [5]. 

 

In order to prevent the negative effects of structural steel corrosion, researches [6] and alternative solutions are 

under way [7]. First, the idea of mixing glass fibers into concrete is attributed to Biryukovich et al. [8] Especially 

in recent years, research has been increased to improve the properties of concrete by adding synthetic fibers in 

small pieces [9-10]. Synthetic fibers are mostly used in non-structural components in small pieces [11].  

 

Since the effectiveness of glass fiber reinforced polymer (GFRP) rods as reinforcement instead of steel is seen in 

reinforced concrete, its effectiveness in various structural elements is being investigated [12]. GFRP is a good 

alternative to structural steel because corrosion is more effective and cannot be detected in dangerous elements. 

GFRP is used as an innovative solution material which is becoming more and more widespread due to its good 

corrosion resistance, high tensile strength, easy processing and low weight advantage and allows to save time 

and cost on site. Moreover, although there are various ways of excavating the Tunnel Boring Machines (TBM) in 

the excavation shaft, it has been reported that using GRFP rods as reinforcement in diaphragm or pile walls is the 

most competitive solution in many cases [13].  

 

1235

https://tureng.com/tr/turkce-ingilizce/fundamental


Glass Fiber Reinforced Concrete Foundations ICADET ‘19 

 

 

Glass fibers are used in concrete elements either as small particles (clipped) mixed into concrete or as rod 

reinforcement with polymers. In the literature, the use of glass fibers as rope reinforced concrete reinforcement 

has not been found. 

 

2 MATERIAL AND METHOD 
 

This study was carried out since it was considered that using stainless steel reinforcements would be an effective 

solution to this problem. 

 

2.1 Glass fiber 

 

The glass fiber consists of independent very fine fibers obtained by drawing molten glass. Glass wool, now 

called glass fiber, was invented by Russell Games Slayter of Owens-Corning in 1932-1933 as thermal insulation 

material in buildings [14]. Different substances can be added according to the purpose of use. In the construction 

sector, alkali resistant “Alkali Resistant” (AR) glass fiber is used which is suitable for the alkali environment of 

concrete. Other glass fiber types are not recommended for use in concrete production [15]. In this comparative 

study, rod-shaped structural steels and rope-shaped glass fiber bundles from the AR Fiber company [16] were 

used as concrete reinforcement. 

 

 
Figure 1. Glass fiber bundles 

The properties of glass fibers used in Glass Fiber Rope (CEI) are given in Table 1. 

 

Table 1. Physical and mechanical properties of alkali-resistant glass fibers [16] 

Rope tensile strength 3.0-3.5 GN/m2 

Fiber tensile strength 1.3-1.7 GN/m2 

Young Elasticity Modulus 72-74 GN/m2 

Specific density 2.60-2.70 Mg/m3 

 Elongation at break  %2.0-2.5 

 

2.2 Reinforcement Steel 

 

The characteristics of steel bars to be used in reinforced concrete structures are covered in TS 708-2010 standard 

[17]. In this standard, steels; chemical and mechanical properties are given. Steels are divided into various 

classes depending on their mechanical properties and production methods. The most widely used steel grade in 

Turkey is S420. The mechanical properties of these steels with ribbed surface are provided in Table 2. 

 

Table 2. Mechanical properties required for S420 steels [17] 

Minimum  

Yield Strength 

(N/mm2) 

Minimum 

Tensile Strength 
(N/mm2) 

Minimum  

Tensile Strength/  

Yield Strength Rate  

Minimum Experimental Yield 

Strength / Characteristic Yield 

Strength(maximum)  

Minimum  

Break Elongation 

(%) 

420 500 1.15 1.3 10 

 

2.3 Concrete 

 

Concrete is defined as a composite building material; composed of cement, water, aggregate and desirable added 

chemical and mineral additives. The most important properties of concrete are strength and durability.  

The most effective parameter on strength and durability is the water / cement ratio, expressed as the ratio of 

water used in concrete to cement. 
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In terms of the strength and durability of the concrete, the care given to the maintenance of concrete after placing 

is as important as the composition and the quality of the material used, and even more important in some cases. 

Care is taken here at least as much as the composition and quality of the material used, even in some places, in 

the concrete's subsequent strength and durability environment. In the timing of concrete strength, with the 

continuity of the hydration of the existing cement with water. The most important issue in concrete curing is to 

ensure that the concrete does not lose its water, especially in the first times. 

 

The concrete quality is commonly expressed with compressive strength and the concrete inspection is proved by 

obtaining the specified compressive strength value for the concrete in the samples taken from the concrete. 

Compressive strength is used as an indicator of other properties of aged concrete. 

 

2.3.1. Concrete Components 

 

In order to obtain a concrete of the desired quality, first of all, the properties of aggregate, cement, mixing water 

and additives to be used in concrete should be determined and the proportions of these materials to be used in 

concrete mixture should be calculated accurately [18]. 

 

2.3.1.1. Cement 

 

Generally, cements are called ”CEM cement” in TS EN 197-1. [19] Three standard strength classes are specified 

for cements; 32.5, 42.5 and 52.5. These values are the 28-day compressive strengths determined in accordance 

with TS EN 196-1 and expressed as MPa. [20] The values given in TS EN 197-1 are specified as characteristic 

values. In this research, CEM II / A-M (P-LL) 42.5 R class cement, produced by Aşkale Cement Company in 

Gümüşhane Plant, used. Chemical analysis of the cement used is given in Table 1 and mechanical properties are 

given in Table 2. 

 

Table 3. The proportions of the chemical components of the cement used [21] 

Chemical Composition Proportions of Chemical Compounds (%) 

Al2O3 3.99 

Fe2O3 2.39 

CaO 60.59 

MgO 1.72 

SO3 3.02 

K2O 0.90 

Na2O 0.33 

Cl− 0.0159 

Loss of Glow 8.41 

Insoluble Residue 0.9641 

Total 100.00 

 

Table 4. Mechanical properties of the cement used [21] 
Setting time 2 Day 7 Day 28 Day 

Compressive Strengths (Mpa) 26.1  43.1  51.0  

 

2.3.1.2. Aggregate  

 

Aggregate is defined in Turkish Standards (TS) as natural, artificial or recycled type granular material used in 

buildings. Aggregates obtained from mineral resources and not processed except mechanical treatment are called 

natural aggregates. In addition, the aggregate consisting of a mixture of coarse and fine aggregates is also called 

mixed (tuvenan) aggregate [22]. Aggregate is the part with the largest volume and mass among the concrete 

components and forms the skeleton of the concrete. Its cost is quite low compared to other components of 

concrete. Aggregates are generally 70 to 80% of the total concrete volume and have significant effects on 

concrete properties. Aggregates are mostly obtained from natural sources. Some industrial wastes can be 

considered as aggregate by breaking the concrete resulting from the demolition of the building. The aggregate 

grains must be sufficiently stable and suitable for bonding with cement. In addition, aggregates should not 

contain silt, clay and organic substances [1]. In this research, aggregate obtained from natural limestone by 

crushing and sieving was used. Limestone is a very good aggregate source, whether in terms of normal or high 

strength concrete production [23]. 
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2.3.1.3. Mixing water 

 

The amount of mixed water required for concrete construction (w) is the sum of the surface moisture water of the 

saturated aggregate and the additional water to be supplied. The mixing water acts as a lubricating fluid between 

the particles by wetting the aggregate particles and ensures processability during mixing. On the other hand, it 

provides the water required for hydration of the cement during the solidification process of concrete after 

installation (casting) and partially helps to cool [24]. The amount of mixing water should be calculated by taking 

into account the aggregate humidity, since the addition of more water to wet the aggregate surfaces and ensure 

the hydration of the cement will reduce the strength of the concrete. If the amount of water is less than necessary, 

the concrete strength will be low.  

 

All natural water containing no foreign or harmful substances can be used in the production of concrete. 

Drinkable waters are considered as suitable for use in concrete construction. There is no need to experiment in 

this type of water. [25]. In these study drinking water of Gümüşhane City used in the concrete. 

 

2.2.2. Concrete mixture 

 

When calculating the concrete mixture, the dimensions of the element, harmful chemical effects such as sulfate 

and chloride to be exposed to the element, physical external effects such as freezing-thawing, wetting-drying, 

extreme temperature, abrasion, and the environmental impact class where the concrete is to be poured should 

have the element impermeability, strength, durability, density, workability, volume stability, appearance and 

other characteristics should be considered. The grain size distribution of aggregate, water/cement (w/c) ratio, 

water, cement, air and additive amounts can be taken from the tables given in the standards or can be found by 

calculation. [26] In this study concrete was created using the values obtained from the tables 5-7.  

 

2.2.2.1. Selection of water/cement ratio 

 

The water/cement ratio is related to the strength class of concrete (with or without admixture) and the severity of 

the external effects to which it will be exposed. For the concrete exposed to different climatic conditions and 

environmental effects, the environmental impact class in which the concrete will be located should be 

determined and parameters such as minimum cement dosage, lowest characteristic compressive strength and 

maximum w/c ratio should be determined. The target compressive strengths to be used in the mixture design are 

given for the 28-day compressive strengths and the w/c ratios depending on the Table 5. The climatic and 

environmental conditions of the concrete shall be determined first and the concrete should be evaluated for 

durability before the strength class. The strength class of concrete should be considered secondly and the 

requirements of the higher concrete class should be met when necessary.  

 

Table 5. Water/cement ratios according to 28 day concrete compressive strength [22] 

Compression Strength (MPa) Water/Cement Ratio 

45 0.37 

40 0.42 

35 0.47 

30 0.54 

25 0.61 

20 0.69 

15 0.79 

 

2.2.2.2. Selecting slump 

 

The slump of the concrete should be determined according to TS EN 12350-2 and should be of the lowest value 

to ensure efficient casting and homogeneous structure [30]. 

 

In general, the sedimentation values for fresh concrete are predetermined according to the construction technique 

and structure type in which the concrete will be poured. However, the consistency may be increased or decreased 

if necessary, depending on the conditions of placing the concrete. If the concrete is to be poured and placed by a 

pump in a plant as ready-mixed concrete, then the higher consistency value should be determined by using the 

aggregate granulometry curves given for the concrete delivered by the pump. 
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Due to the advances in concrete technology, the use of chemical additives in concrete, the pouring and placing of 

concrete by pumps and the placement of concrete, the collapse values can be brought to desired levels by 

producing concrete that does not decompose with the same w/c ratio or lower w/c ratio, and does not make 

cohesive and excessive sweating. For jobs where slump is not specified in any way, the appropriate precipitation 

values can be taken from Table 6 below. 

 

Table 6. Appropriate collapse values for various structural elements [22] 

Building Element Minimum slump (mm) Maximum slump (mm) 

Reinforced concrete foundation walls and feet, 

unreinforced concrete foundations, caissons, 

substructure walls and floor concretes  

 

30 

 

80 

Beams, columns, reinforced concrete curtains, tunnel 

side and belt concretes 

 

50 

 

100 

Tunnel floor covering concretes and dam mass concrete 20 50 

 

The amounts of the mixture materials used in the research are given in Table 3. The beams are poured with 

concrete with the aim of collapse value in the range of 50-100 mm, considering that they were the foundation 

besides being beams. 

 

Table 7. Amounts used in concrete mixture 

Mixing Ingredients  Unit 1 m3 70 dm3 

Cement gr 333 23.31 

Water lt 230 16.10 

Fine aggregate (0-4) kg 839 58.7 

Coarse aggregate (4-11.5) kg 873 61.1 

Slump cm 8-10  

 

2.3. Concrete Compressive Strength 

 

Concrete strength is defined as the maximum resistance that concrete can show against the deformations and 

fractures due to the loads on it [28]. 

 

Among the mechanical strengths of concrete, with the highest value and in a sense the most important, is the 

compressive strength. Since the compressive strength is directly proportional to the many positive qualities of 

the concrete, it is considered as the most important factor for the mixture calculations.  

 

There are many factors affecting the compressive strength of concrete. The cement type, w/c ratio, aggregate 

properties, chemical or mineral additives, the void structure of the concrete affects compressive strength of 

concrete. In addition, external factors (concrete casting, curing temperature, curing conditions, and experimental 

conditions atc.) affacts it [29].  

 

The chemical and petrographic structure of the aggregate, specific gravity, strength, physical and chemical 

stability, cavity structure and superficial bonding to cement paste depend on the properties of the rock from 

which it is obtained. All these properties have effect on the compressive strength of concrete [1]. In this research, 

aggregate obtained by crushing limestone was used. 

 

2.4. Placing, Compaction and Maintenance of Concrete (Cure)  

 

In order to provide the strength, durability and economy required in concrete, aggregate, cement, water and 

chemical admixtures that form the concrete should be individually conformed to their standards, be calculated 

and combined in accordance with the standards, prepared and poured in accordance with this standard and cured. 

[26] The placement of the concrete is carried out by giving the final form of the concrete quickly, compacting 

and surface treatment. If the voids formed during placing the concrete are not eliminated by compaction, these 

voids will render the concrete permeable and will render the concrete unresponsive to the penetration of water or 

other harmful components. These gaps also weaken the adherence between concrete and reinforcement. In the 

research, concrete was poured to the bottom of the mold up to the upper level of the steel bars placed 

perpendicular to the beam axis in order to equalize the reinforcement axes. When the first layer of concrete was 

poured, the underlying reinforcements were pulled over the first layer and the mold was filled with concrete. 

After the fresh concrete was poured into the mold, it was placed by pressing with surface vibrator.[30] 
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Figure 3. Vibratory clamping of beams 

 

Concrete shows its full performance only when it is effectively cured and protected from premature drying. A 

good cured concrete has a higher strength, more chemical resistance, no cracks and more impermeable to water. 

Wherever possible, a continuous water supply shall be provided and measures shall be taken to ensure its 

continuity in the first hours after installation. [30] In the study, spilled beam samples were kept in curing pool for 

28 days and their compressive strength was determined for 28 days. 

 

2.5. Beams 

 

Since the behavior of the strip foundations was similar to the beam behavior, the samples were poured as beams. 

Elements that do not take axial force or that take little space are called beams. In the reinforced concrete beam 

element, it tries to pull the steel to the concrete pressure. Generally, the beams are in the opening, under the 

beam is the pull zone, and the top of the beam is the pressure zone. The upper concrete block is the pressure 

block. The lower steels try to pull [31]. But for foundation beams the condition is opposite. Although the 

conditions in the foundations are reversed, the tests and calculation can be carried out in the same way. 

 

The beams where prepeart in the study are 20 cm wide, 10 cm thick and 100 cm long. The first beam sample was 

prepared by using 8 mm diameter steel reinforcement and the other was by using 3 mm diameter glass fiber 

bundle. In order to provide rust allowance in the beams, steel bars with a diameter of 16 mm and 12 mm 

thickness are used under the reinforcements. Under steal bars placed 12mm diameter steal bars and under the 

glass fiber bundles placed 16 mm diameter steal bars. So that the axes of the reinforcement reached the same 

point in the vertical section of the beam. After casting and curing, the beams were broken and their strength was 

determined.   

  

2.6. Calculations 

 

For horizontal balance; since Fs = Fc (force pair) condition must be met, moment should be: 

 

𝜎 = 𝐸. 𝜀 . Md = Fs . z = Fc . z               (1) 

 

which; 

 

𝜎 : Strain 

𝐸 : Modulus of elasticity 

z : Torque lever 

Fs : Total tensile force in steel 

Fc : Pressure force in concrete 

M : Moment 

 

In case of P loading in the middle of the beam, the maximum moment occur in the middle of beam; 

 

Mmax = (P . L) / 2                 (2) 

 

α = (As * fyd) / (0.85 * fcd * bw)                (3) 

 

Md = As * fyd * d / 2                 (4) 
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Md : Moment in cross section 

As : Total tensile reinforcement in section 

D : Distance of draw bars to maximum shortened concrete fiber (useful height) 

 

(E s) / (E c) = (d-c) / d                 (5) 

 

Es : Steel or glass fiber unit elongation 

Ec : Unit shortening in the most forced concrete fiber 

c : Depth of neutral axis 

 

The moment Md acting on the beam is equivalent to the force pair Fc and Fs and Fc = Fs. The upper part Fc of the 

beam is influenced by the compressive force and the lower fibers Fs by the tensile force. Since the compressive 

strength of concrete is high, it can carry Fc force. But it can't carry the pulling force because it will crack. Fs must 

meet the entire tensile force of the reinforcement, the total area of which is As. The upper fibers of the concrete 

undergoes unit elongation, steel rods unit elongation, the cross section rotates. The neutral axis is positioned up 

to c less than the shortened fiber. There are neither elongation nor shortening of points on the neutral axis. It is 

assumed that the section remains a plane even after rotation. This assumption means that the deformation 

diagram changes linearly with the cross-sectional height and simplifies the calculations [31]. 

 

3 RESULTS AND DISCUSSION 
 

3.2. Beams Strength Results 

 

The beams loaded on mid-point and loaded until broken [32]. (Figure 4) 

 

 
Figure 4. Beam strength measurement 

 

The Force-Displacement graph obtained during the loading of the steel-reinforced beam is given in Figure 5 and 

the Force-Displacement graph obtained during the breaking of the glass-reinforced beam is given in Figure 6. 

The maximum loads carried by the beams are given in Table 2. 
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Figure 5. Force-Displacement graph of steal-reinforced beam 

 

 
Figure 6. Force-Displacement graph of glass fiber-reinforced beam 

 

Table 8. Maximum load of beams 

Beam Reinforcement Material Load (N) 

1 Reinforcement Steel  3092.0  

2 Glass Fiber 2959.8  

 

3.2. Concrete Compressive Strength 

 

After the beams were broken, concrete core samples were taken and the compressive strength of the beam 

concretes were determined. Since the beams were poured with the same batch of concrete at one time and 

maintained together, their compressive strength was found close values were found (Table 9). Dimensions of the 

sample is not accordance with the literature ratio. In literature Length/Diameter ratio (D/L) must be equal to two. 

In this study, the D / L ratio was determined as 1 because the beam heights were not sufficient to make the D / L 

ratio equal to 2. In these case, the obtained cylindrical compressive strength was considered equal to the 

equivalent cubic compressive strength [33]. The average of the compressive strenght values of beam concrete are 

given in the table.  
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Table 9. Table of average core test results 

Length (m) Diameter (m) Weight (kg) Load (N) Strenght (N/mm2) 

0.096 0.0917 1450 297.2 33.64 

 

By using the core test results beam values should be calculated. Beam values calculated with (1-5) relations and 

the results are given in Table 10. 

 

Table 10. Beam account table 

Beam Type P (N) L (m) Bw (mm) fcd As (mm2) Fyd (N/mm2) Fs (N) 

Glass Fiber 2959.8 0.40 400 17 7.07 74.90 529.54 

Steel 3092.6 0.40 400 17 50.26 12.56  631.27 

 

4 CONCLUSION 
 

In this study, the usability of glass fibers rope on foundations was investigated. The beams with two different 

reinforcement was cast. The beams, which were equipped with structural steel and glass fiber reinforcement, 

were loaded at midpoints and broken after 28 days of curing. The steel reinforced beam was broken at 3092N 

and the glass fiber reinforced at 2960N load. The diameter of the glass fiber bundle was measured as 3 mm and 

the diameter of the steel reinforcement was 8 mm. The cross-sectional area of the glass fiber bundle was 7.07 

mm2 and the cross-sectional area of the steel reinforcement was calculated as 50.26 mm2. As a result of the 

calculations made according to fracture loads, it was determined that the steel-reinforced beam was broken at 

631.27N and the glass fiber bundle at a strength of 529.43N. At the time of fracture, 12.56 N/mm2 tensile for 

glass fiber and 74.90 N/mm2 tensile for structural steel were calculated. As a result of these data, it is seen that 

the glass fiber bundle carries almost as much load as steel reinforcement and thus works about seven times more 

effective than steel reinforcement. These experiments can be repeated again by increasing the glass fiber 

diameter and thus the reinforcements can be brought to equal diameters and their compressive strength can be 

found under equal conditions. Further research is needed to ensure the safe and intensive use of glass fiber as a 

donate when glass fiber prices are reasonable at a later date. 
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Abstract 

Accurate determination of some parameters of the soil is important for the proper 

design of structures and foundations. Due to natural conditions, the water content of 

the soil changes periodically and seasonally. The water content of the soil, which 

can change continuously depending on the natural conditions, affects many 

properties of the soil, especially consistency  and bearing capacity. Some properties 

of the soils, used in the dynamic design of the buildings, can be determined by the 

shear wave velocity. The determination of some properties of the soil by shear 

wave velocity suggests that the effect of water content on shear wave velocity 

should be examined and taken into consideration. 

This study is important in terms of that the seasonal changes in soil water content 

affects the shear wave velocity used in building design. In this research, data 

obtained from 31 boreholes and Seismic Cone Penetration Test (SCPT) in Sakarya 

Central Districts were used. In the study area, the relationships between the water 

content of the water-saturated clay and silt soils and shear wave velocity were 

examined and regression analyses were performed. In the analyzes, correlation 

coefficients indicating higher and meaningful relationship were obtained in silt and 

clay soils. It was seen that the shear wave velocity is affected by the soils water 

content. 

 

1 INTRODUCTION  
 

Soils are generally non-homogeneous materials as they are formed as a result of natural phenomena. Soils do not 

fit the existing models in terms of their behaviour since they contain material in three different phases in varying 

proportions. Due to their complex structure, the relationships between their properties cannot always be 

determined exactly and cannot be explained by mathematical models. The relationships between the properties 

of this complex structure are often explained by empirical formulas. 

 

Geophysical methods for the determination of soil properties are widely used as they save a significant amount 

of time and financial resources because thanks to these methods, some properties of the soil can be determined 

easily and quickly. In fact, geophysical methods can be used to determine the floor period and bed coefficient 

which are important in terms of structural behavior and determine the dynamic behavior of the soil. Therefore, 

researches were carried out to determine soil properties by geophysical methods. Owing to the fact that the 

dynamic properties of the soil are important due to earthquakes, these studies have gained more importance and 

speed. 

 

Since the wave propagation rate depends on the physical properties of the medium, it provides important 

information about the medium in which it propagates. By making use of this feature of wave propagation speed, 

some parameters affecting the dynamic behavior of the soil can be estimated from the velocity value of the wave 

propagating on the soil. In this context, a number of correlations have been determined between the various 

distinguishing features and some parameters of the soil and the shear wave velocity (Vs) of the soil. [1,2] 

 

Determination of dynamic properties of soils, microzonation, estimation of liquefaction potential, calculation of 

stresses and earthquake impact properties of a design earthquake taken from bedrock are based on shear wave 

propagation. Therefore, numerous correlations have been made between shear wave velocity (Vs) and soil data 

obtained from field and laboratory experiments [1-6]. 
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Determining the factors affecting the shear wave velocity used in determining many properties of the soil will 

provide a more accurate determination of the soil properties determined using the shear wave velocity. 

Determining how the water content affecting the structure of the soil and its physical and dynamic properties 

affects the shear wave velocity is important for determining the properties of soils from the shear wave velocity 

accurately. 

 

Sakarya Province is located in Turkey's most active earthquake zones.[7] The fact that the earthquake period is 

low and the intensity is high in the region increases the importance of appropriate geophysical methods and 

information for the soils of Central Districts of Sakarya Province consisting of thick alluvium. 

 

The water content, which alters the composition and therefore the structure of the substrate, affects many soil 

properties. [8] It is thought that the dynamic properties of the soil affected by the soil properties and the water 

content of the soil will be in interaction. 

 

In this study, it is tried to determine the extent to which the seasonal changing water content affects the shear 

wave velocity used in determining the dynamic properties of soils in the central districts of Sakarya. 

 

2 GEOLOGY OF STUDY AREA 
 

Sakarya Province is located in Turkey's most active earthquake zones. The fact that high earthquake risk 

increases the importance of appropriate geophysical methods and information for the soils of Central Districts of 

Sakarya Province consisting of thick alluvium. 

 

2.1 Geomorphological Information 

 

Sakarya Province is the transition area of climates. Sakarya Province Center which has the characteristics of 

Marmara climate; It has a rainy, humid air and a mild climate. Winters are rainy and warm, summers are hot. 

The average annual temperature is 14.4 ° C, the lowest measured temperature is -14.5 ° C, the highest 

temperature is 41.8 ° C. The average annual humidity is 73.9% and the average annual rainfall is 1,016 mm. [9] 

 

2.2 General Geology 

 

Sakarya Provincial Center is located on almost entirely young, partly or not fully consolidated sedimentary soil. 

The general geology map of Sakarya is given in Figure 1. 

 

 
Figure 1. General Geological Map of Sakarya Province  
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Quaternary deposits have a wide distribution in the Sakarya Basin and their thickness exceeds 300 m. It was 

demonstrated by Bol that the upper 50 meters of the soils of Sakarya Central districts are composed of sand-silt-

clay mixed sediments of river origin. [10] Quaternary fillings of this basin consist of lateral and vertical 

transitional river sediments and slope debris and alluvial fans on the edge of the basin. In the southern part of the 

basin, the alluvial fan and sand-gravel-silt and clay alternating braided river sediments are dominant. On the 

other hand, when going north along the basin, the flood plain and its lower sedimentary environment, marshy 

sediments constitute the dominant lithology. 

 

3 LOCATION AND RETRIEVAL OF DATA 

   
3.1 Location of Data 

 

The data used in this study were collected from the archive of Mülga Sakarya Directorate of Public Works and 

settlement (Sakarya Provincial Directorate of Environment and Urbanism), from the results of the SCPT 

experiment carried out for the soil study of Sakarya University in the Central Districts of Sakarya and from the 

results of the laboratory test on the UD samples taken from. All of the data was taken from the SCPT and 

borehole data conducted in the Central Districts of Sakarya province. In the study, UD samples were taken from 

the depths of the drilling wells 2.5-3.0 m and data related to this depth was used. 

 

3.2 Data Collection 

 

In the reports used in the research, the soil test data and the results of the SCPT test for UD samples taken from 

the drilling wells are included. Experiments were conducted to determine the physical properties of the soil. 

These tests are experiments that determine soil natural water content, grain distribution, consistency limits and 

etc. SCPT was performed with mobile CPT. The data of the experiments on the UD sample were directly taken. 

Shear wave velocities were used with the accuracy values greater than the corresponding depth values from the 

SCPT results.  

 

3.3 Determination of Shear Wave Velocity in the Field 

 

Shear wave velocity in the field can be determined by the devices mounted on the CPT device. [11] For shear 

wave velocity measurement, progress is stopped, seismic waves generated by sledgehammer impact on the left 

and right soil surface are recorded separately by the receiver at the end. Shear wave velocities are calculated with 

the help of computer software and accuracy values are determined. In this research, data with high accuracy 

values were used. 

 

4 DATA SELECTION AND ANALYSIS 

 

4.1 Data Selection 

 

In the research, the data of the reports including the measurement of shear wave velocity of the soil were 

recorded on a template. Because of the fact that the soil of Sakarya Central Districts is changing structure even in 

short distances, the data which is more than 30 m distance between the SCPT probe well and the borehole drilled 

are not included in this study. Thus, the Vs values obtained from the SCPT test were aimed to represent the soil 

at an acceptable level with the physical properties determined by taking UD from the borehole. In the same plot, 

the SCPT probe points with a distance of less than 30m between them and the drilling wells were matched to 

form probe-drilling good pairs. All of the data were selected from soils below soilwater level. Thus, water-

saturated soil samples were studied. 

 

4.2 Applied pre-treatments 

 

The mutually necessary data from the paired probe-drilling well pairs are combined in a table. The natural water 

content (wn) values of the soil determined on the UD sample obtained from the borehole corresponding to the Vs 

values obtained from the borehole well were recorded in a format including the soil type. These data are grouped 

according to soil types. A preliminary examination of the data, which was organized in the form of a table and 

divided into groups, was conducted. 

 

4.3 Number of Data 

 

The number of data used in the analysis is given in Table 1. 
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Table 1. Number of data by soil type groups 

Soil Type Number of data pair 

Data pair of high plastisity clay soils 28 

Data pair of low plastisity clay soils 21 

Data pair of low plastisity silt soils 18 

All data 67 

 

4.4 Statistical Analysis 

 

The data grouped according to soil classes and arranged in tables were prepared to form the desired binary data 

sets in Excel program. The edited data is plotted. Trend line and correlation coefficient were added to the 

prepared graphs. In order to obtain better results, trend lines are plotted linearly, logarithmic, exponentially and 

exponentially. When Vs-wn relation was defined as the exponential function, the highest regression coefficient 

values were obtained in all soils. 

 

5 FINDINGS AND DISCUSSION 
 

In statistical analysis between shear wave velocity (Vs) and natural water content ratio (wn) is shown in graph 

Figure 3 for all data, in graph Figure 4 for high plasticity clay (CH) soils, in graph Figure 5 for low plasticity 

clay (CL) soils, and in Figure 5 for low plasticity silt (ML) soils. 

 

 
Figure 3. Relationship between Vs-wn for all data 

 

 
Figure 4. Relation between Vs-wn for plasticity clay (CH) soils 
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Figure 5. Relationship between Vs-wn for low plasticity clay (CL) soils 

 

 
Figure 6. Relationship between Vs-wn for low plasticity silt (ML) soils 

 

When the graphs are examined, it is seen that the regression coefficient is little higher in silty soils than clayey 

soils. As can be seen in Fig. 3, Fig. 4 and Fig. 6; R2 = 0.29 for low plasticity silt soils (ML), R2 = 0.27 for low 

plasticity clay soils (CL) and R2 = 0.28 for high plasticity clay (CH) correlation coefficients were obtained. 

Among these values Vs and wn; It is understood that there is weak relation for all soils. 

 

In the statistical analysis conducted between Vs and wn, the regression coefficient (R2) was slightly higher in silty 

soils than in clay soils. This points to the effect of the soil type on the relationship 

 

Although the water content of the soil influences many properties of the soil [8,12] and the shear wave velocity 

is related to many properties of the soil [3-8], the weak Vs-wn relationship appears to be more than one parameter 

(grain density, gap ratio, etc.) before analysis is thought to  should be standardized. 

 

6 CONCLUSION AND SUGGESTIONS 
 

In this study, the relationship between soil shear wave velocity and natural water content in the conditions of 

Sakarya Central Districts was investigated. Statistical analysis was performed with 67 soil data pairs. 
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In the analysis of the relationship between soil shear wave velocity and natural water content of the soil; 

Correlation coefficients of R2 = 0.29 for low plasticity silty soils (ML), R2 = 0.27 for low plasticity clay soils 

(CL) and R2 = 0.28 for low plasticity clay soils (CL) were obtained. 

 

When the results obtained in the study are examined, under the conditions of Sakarya Central District soils, 

water-saturated state, soil shear wave velocity is partly related to natural water content in soils.  

 

This study shows that the shear wave velocity in Sakarya Province Central soils is less affected by its natural 

water content. The weakness of the relationship was evaluated positively in terms of the accuracy of Vs 

determination by geophysical methods. However, it was found that the shear wave velocity should be corrected 

according to the water content before being used to determine the soil parameters. Furthermore, different relation 

were obtained for low or high plasticity soils (CH and CL) and for silt and clay soils, suggesting that soil shear 

wave velocity is also affected by soil type and plastisity. It is considered that better correlations can be achieved 

by studying partially similar soils in narrower regions. 
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Abstract 

Nowadays industrialization has increased, around 300 million people are struggling 

with asthma. In this study, the risk level for asthma was determined by using fuzzy 

expert system. The developed system allows the determination of the risk level of 

asthma by the available data and as a result of this it allows early treatment. The 

input variables of the designed system were determined as smoking, life quality, 

breathing, age, frequency of coughing, air quality and family history, and the risk 

of developing asthma is handled as output. The output of the system allows people 

to evaluate themselves for asthma. 

 

1 INTRODUCTION  
 

Asthma is a chronic and non-microbial inflammation of the lower respiratory tract. Approximately 300 million 

people in the world struggle with asthma. The research results are seen in 8-18% rate of asthma in children in 

Turkey. Asthma, which can occur at any age, is mostly encountered in childhood and 80% in children younger 

than 5 years. 

 

Genetic and environmental factors play a role in the progression of asthma. Symptoms of the disease are caused 

by exposure to triggering factors such as air pollution, cigarette smoke, exercise, cold weather, infection, or 

exposure to allergens such as pollen, animal hair, medicines and foods to which they are susceptible. This 

condition is manifested by shortness of breath and wheezing, coughing in medicine. These deteriorations in the 

patient's condition are called asthma attacks. The patient becomes hypersensitive to environmental factors. In 

addition, symptoms such as contraction of the respiratory muscles in the bronchi, edema and sputum 

accumulation cause asthma to manifest. Symptoms such as chest congestion and pressure, recurrent wheezing, 

wheezing, shortness of breath, cough often occur in attacks and awaken patients from sleep. Patients may not 

have symptoms during exacerbations. There is also a form of asthma manifested by dry cough without shortness 

of breath [1]. 

 

Considering the presence of asthma in this study, a fuzzy expert system was designed for risk self-assessment. 

The risk assessment of asthma is a complex problem with the various risk factors mentioned above. Due to the 

complexity of this assessment, it is therefore advantageous to systematically evaluate asthma using a fuzzy 

expert system Following the identification of the individual risk of asthma in the report, the system directs the 

person to the hospital. 

 

1.1 Artificial Intelligence and Fuzzy Logic 

 

When computers are considered as a step in the progress of artificial intelligence, it is seen that computer and 

artificial intelligence technology have a common history. There is no agreed definition of artificial intelligence, 

but according to a common definition, artificial intelligence; This is the study of systems that behave in a way 

that observers realize intelligence. 

 

Scientists working in the field of artificial intelligence in the 1960s by mimicking human intelligence and using a 

single general method to solve all problems, but aimed to create systems equipped with the least knowledge of 

the problem. Since these systems are weak in terms of knowledge of the problem, their performance is also 

insufficient. Therefore, such approaches are described as “weak methods”. In the 1970s, significant changes 

were observed in artificial intelligence. In this period, the ambitious approaches that solve the general problems 

have been replaced by the approach of developing systems that solve a very specific problem. 
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When today's technologies are examined, it can be said that human intelligence is too perfect to imitate. 

However, human intelligence can be imitated by artificial intelligence technologies. The most important of these 

technologies are expert systems, fuzzy logic, artificial neural networks. Although each of these technologies has 

different deficiencies, it imitates some of human intelligence. In recent years, new hybrid technologies have been 

obtained by using these technologies and the lack of one technology has been covered by the advantages of 

another technology. In this study, fuzzy expert system which is one of the artificial intelligence techniques is 

used [2]. 

 

The classical material used in real life is often inadequate. For example, when a person asks if the weather is hot, 

answers like “cool” or ”a little warm” can be given. Although the way people think and process information can 

easily process such information containing uncertainty, traditional computer technology cannot cope with such 

information. The first application of fuzzy logic was by a lecturer named Efrahim H. Mamdani in the mid-1970s 

with a steam engine controlled by a fuzzy expert system. 

 

In fuzzy logic, the proposition can be either just right or just wrong, as in classical logic, and additionally can be 

examined in cases where the proposition is partly true and partly false. The degree of accuracy of the proposition 

can range from 0 to 1. 

 

There are many advantages of fuzzy logic.  Fuzzy logic is flexible, can work with uncertain data, is close to the 

natural language, and therefore facilitates the transfer of expert opinions to the computer environment, can also 

be used in traditional ways. For example, it is possible for a fuzzy number to enter algebraic processing with 

normal numbers. The results obtained with fuzzy logic can be monitored and controlled by people how these 

results are achieved. Particularly in artificial neural network technologies, problems such as the fact that the 

model cannot be understood by people do not exist in systems using fuzzy logic. It can be used in solving 

nonlinear problems. 

 

Different membership functions can be utilized to express verbal variables in fuzzy logic. The most commonly 

used membership functions are triangle, trapezoid, gauss (bell), sigmoid, pi membership functions. The most 

common use of fuzzy logic is the fuzzy expert system. Fuzzy logic can be used to evaluate propositions in the 

premise of rules in expert systems and to make logical inferences in the judiciary. In this case, the resulting 

hybrid technology is called a fuzzy expert system. A typical fuzzy expert system performs three functions: 

fuzzification, inference, defuzzification [3]. 

 

Artificial Intelligence which has advantages such as being permanent, copying natural intelligence, being easy to 

document, being stable, being objective and being more efficient. There are also points where Natural 

Intelligence excels from artificial intelligence. Natural intelligence has more advantages such as being more 

creative, being comprehensive and based on perception. 

 

2 LITERATURE REVIEW 

 
Fuzzy logic, which is one of the artificial intelligence techniques, is examined and it is seen that fuzzy logic is 

used for problems in different fields in many studies. 

 

Eğrisöğüt, Tiryaki and Kazan (2007) studied that to increase the degree of cleaning of the dishwasher dishes and 

simultaneously aimed to minimize the total cost. For this purpose, they have developed a fuzzy expert system. 

Developing fuzzy expert system works according to Mamdani inference mechanism. The inputs of the system 

are the amount of dishwashing, type of dishwashing and degree of contamination The output of the system is 

dishwashing time, detergent amount and water temperature. As a results of the study, provided the appropriate 

hardware support and appropriate sensors to the dishwasher, a fuzzy logic-based model, such as the amount of 

dishwashing, type of dishwashing and degree of contamination of the machine can be performed by 

automatically determining parameters such as human intervention [4]. 

 

Kıyak and Kahvecioglu (2003) aimed to find the appropriate control force level during the landing with fuzzy 

logic. In this study, the problem of finding the control force in relation to the desired altitude and vertical 

velocity was discussed.  For the application, the input variables are altitude (h), the vertical speed (v) and the 

output variable is the control force (f) is determined. As a result of the study, it is concluded that the control 

forces calculated with fuzzy logic are suitable calculations in terms of solving the problem [5]. 

 

In the study conducted by Gündoğdu and Yücedağ (2016), a fuzzy based model was designed for the smart oven. 

Thanks to this model, it is aimed to integrate the most accurate and economical cooking conditions according to 
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the cooking level, type of food, and shelf position. The value of parameters such as the input level, the food and 

shelf position, the output temperature and the cooking time can be changed if necessary. Control of the output 

parameters will save time and electricity. This will ensure optimum cooking. As a result of this study, in case of 

providing additional equipment suitable for the smart oven model, the cooking parameters can be determined 

automatically by the oven without human intervention thanks to the fuzzy-based model [6]. 

 

In the study conducted by Arslan and Gürel (2008), a model design was made aiming to select the most suitable 

ship among different types and sizes of ships at different prices. In this study, fuzzy logic and multi-criteria 

decision making were used. Depending on the type of ship; the selection was made according to the criteria of 

operational experience, financing, current risks and long-term commercial expectations. As a result of the study, 

it was seen that the container ship achieved the most compliance with the criteria among the ship types and it 

was concluded to make the investment on this ship [7]. 

 

Siramkaya (2005) aimed to extract meaningful and important information from the textual data in the 

newspapers which can be accessed via internet. The method used in this study is Association Rule Mining 

System in Press and Broadcasting”. Talabaniye, which is the output of the word atbalane as input, has been 

reached by using fuzzy logic and the percentage of similarity has been found as 0.8335. As a result of this article, 

fuzzy logic algorithm is superior to classical algorithm [8]. 

 

In the study conducted by Akıllı, Atıl and Kesentaş (2014), a fuzzy logic based decision support system was 

used in order to separate raw milk into quality classes. The inputs of the system are considered as total somatic 

cell count, bacteria count, and protein values of raw milk samples. The output of the designed fuzzy system was 

raw milk quality evaluation. As a result of the study, the results were compared with expert decisions and the 

system was found to be 80% successful [9]. 

 

Kazu and Özdemir (2009) aimed to determine the individual characteristics of the students and to provide 

education according to these characteristics. Fuzzy logic was used as a method and the learning style of the 

students was studied. A test was prepared for the study and the answers to the questions found in the test were 

determined as frequent, sometimes and rarely. Frequent 5 points, sometimes 3 points, rarely 1 point was 

evaluated.  Input variables of the system; learning style test visual score, learning style test auditory score, 

learning style test tactile score. The output variable was determined as the learning style of the person. As a 

result of the study, the learning style of the test student was found to be related to these factors [10]. 

 

Eleren (2007) deals with the relationship between balance sheet and income items of 10 enterprises operating in 

Cement Industry and registered to ISE between 2003 and 2005 by using financial statements. The financial 

characteristics of the sector are designed using a fuzzy logic based system. In this study, Mamdani inference 

method was used. Input variables of the system are determined as balance sheet values consisting of current 

assets, non-current assets, short and long term liabilities and shareholders' equity. Output variables are 

considered as Net Sales and Net Profitability values in the income statements. As a result of the study, the results 

obtained with fuzzy logic were compared with the actual values and the results were found to be very close to 

each other [11]. 

 

Biçen, Çalhan, and Yücedağ (2016) have designed a gateway selection system which aims to extend the life of 

sensor networks by using fuzzy logic. In this study, results were obtained by using fuzzy logic based clustering 

method. Inputs of the system; the location of the sensor nodes, the amount of energy and bit error has been 

determined, the most appropriate gateway has been selected to be the output. As a result, a fuzzy logic based 

gateway selection study was performed in order to obtain wireless heterogeneous sensor networks and it was 

found that a good result was obtained [12]. 

 

Erkaymaz and Çayıroğlu (2010) have designed a system that aims to control an air conditioning system by using 

fuzzy logic base. Fuzzy Logic Controller is used in this study. Humidity and temperature values were accepted 

as input variables and output variables were considered as heating fans and cooling fans. As a result of this 

study, without user intervention; After checking the entire system, measuring the humidity and ambient 

temperature, the calculations are made with the fuzzy based model system. According to these calculations, it is 

decided which of the cooling or heating systems will be operated according to the condition of the environment 

and the performance of the system to be operated is determined and the system is taken under control [13]. 

Ecer (2006) aimed to determine the importance of the decision criteria to be used in the selection of salesperson 

candidates. Fuzzy Topsis method was used in the study. The inputs of the designed system are; First Impression, 

Physical Appearance, Diction, Politeness, Work Experience, Self Confidence, Smoothness, Using Body 

Language and output were also considered as weights of importance. According to the criteria of the decision-
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makers' opinions; physical appearance, speech, self-confidence, first impression, polite, work experience and 

body language. As a result of the study, Fuzzy TOPSIS method was found to be helpful in evaluating the 

candidates and in deciding the ones to be selected and facilitating group decision making [14]. 

 

Organ (2012) aims to design a fuzzy-based decision support system that aims to select the most suitable bank 

according to various criteria in the use of mortgage loans in order to help individual customers make decisions. 

Fuzzy analytic hierarchy process method was used in the study. The inputs of the system were considered as the 

expenses received from customers, mortgage interest rates, maturity, procedures for issuing loans and the 

attitude of the customer representative and the output was the choice of the most suitable bank. In this study, 

three banks were selected and as a result, the most appropriate bank was chosen in terms of interest, expense, 

maturity, procedures applied and attitude of customer representative [15]. 

 

Aslan, Yıldız and Uysal (2015) have designed a system aiming to select the most appropriate location of disaster 

stations in Düzce province in their study. Fuzzy logic based TOPSIS method was used in the study. Inputs of the 

system Population density, competence of Transportation, Health team were considered as awareness of 

candidate stations by the people of the region and the outputs of the system were accepted as the optimum station 

location chosen among the four settlements according to their importance weight. As a result of the study, 

decision makers found the Small Water Park and Tuberculosis Dispensary campus suitable among the four 

disaster stations designated for Düzce province [16]. 

 

Korukoğlu, Ballı and Korukoğlu (2008) designed a system for the realization of the studies by the pension 

companies and portfolio managers in order to facilitate the preferences of the participants. Fuzzy expert system 

was used in the study. The inputs of the designed system are determined as evaluation criteria and pension fund 

information and output is determined as performance. Mamdani fuzzy extraction is used in the designed system. 

Thanks to the fuzzy expert system, complexities and difficulties are eliminated. As a result of the study, it may 

be possible to rank pension funds in the same class or different class in terms of performance [17]. 

 

Sönmez, Hasıloğlu, Hisar, Mehan and Kaya (2013) designed a system that aims to determine the annual water 

quality of the Karasu river using fuzzy logic based decision support system. In this study, water quality class was 

determined by using a fuzzy based index model.  The measured values of heavy metals such as Copper (Cu), 

Zinc (Zn), Manganese (Mn), Lead (Pb), Nickel (Ni), Cadmium (Cd) and Iron (Fe) were determined as input and 

the output is considered as annual water quality classification. According to the fuzzy model results of the study, 

the stations with the highest quality water and the poor quality water were determined [18]. 

 

3 MATERIAL AND METHOD 
 

A fuzzy expert system was designed using MATLAB program to determine the individual's asthma risk level. 

For this purpose, inputs and outputs were determined. When determining the inputs, the symptoms that play an 

important role in the progression of asthma are considered. Five different parameters were determined. These are 

smoking, quality of life, breathing, coughing number, age, air quality and family history. 

 

Table 1. Parameters and related factors 

TYPE PARAMETERS RELATED FACTOR 

INPUT Smoking 

 

Based on the number of cigarettes smoked per 

day (0-100) 

Age Based on the age of the person. (0-100) 

Air pollution 

 

Pollution of the current weather conditions is 

scored between 0-10. 

Life Performance 

 

Difficulty in performing work or other daily 

activities due to breathing problems (0-100) 

Cough Count Number of daily coughs (0-200) 

Shortness of breath 

 

Duration of shortness of breath that occurs in 

person (0-100) 

Family Story Family history of asthma (0-1) 

OUTPUT Asthma Risk Determination of self-risk level of asthma 

 

Fuzzy sets were determined for each input. Fuzzy sets, 

• Smoking: very low, low, medium, high and very high 

• Number of coughs: low, medium and high 

1254



A Fuzzy Expert System for the Risk Level for Asthma ICADET ‘19 

 

 

• Age: low, medium, high 

• Air quality: low, medium, high 

• Family history: yes, no 

• Quality of life: low, medium, high 

• Breathing: low, medium, high 

 

The output of the system is the ‘Risk of Developing Asthma’. Three clusters are defined as low, medium and 

high for these risks. 

 

The model created using Fuzzy Expert System is given below. 

 

 
Figure 1. Model of using fuzzy expert system 

 

After determining the parameters, membership functions of these parameters were created. Then the rules for 

these parameters are defined. 1458 (3 × 3 × 3 × 3 × 3 × 3 × 2) rules were created according to the number of 

fuzzy sets of inputs. 

 

The figure for the rules is given below. 

 

 
Figure 2. A cross-section of the rules of the fuzzy expert system 
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4 DISCUSSIONS AND FINDINGS 

 
In this study, a fuzzy expert system was designed by using matlab program to determine the individual's asthma 

risk level. The data used to test the system are as follows. 

 

Table 2. Test data of system 

Age 50 

Smoking 80 

Life Performance 50 

Air pollution 5 

Shortness of breath 50 

Cough Count 100 

Family Story 1 

Asthma Risk Level % 81.9 

 

The following results were obtained when the test values were used. 

 

 
Figure 3. Asthma risk level detection with test data 

 

Since the system gives a high value of 81.9, it is found that the program works in accordance with its purpose. 

The individual can be referred to a doctor with this risk level. The relations of the inputs with each other 

(changes depending on each other) are given below. 

1256



A Fuzzy Expert System for the Risk Level for Asthma ICADET ‘19 

 

 

 
Figure 4. Effect of life performance input parameter on air pollution output parameter 

 

 
Figure 5. The effect of air pollution and shortness of breath on the asthma disease risk level 
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5 CONCLUSION 

 
The theory of fuzzy logic has developed rapidly since its inception. As in many areas, there are many 

applications in the field of health. In this study, a fuzzy expert system was designed to address the rate of asthma 

with the most realistic results by using MATLAB. The input variables of this system were cigarette smoking, 

quality of life, breathing, age, frequency of coughing, air quality, and family history and the risk of developing 

asthma is handled as output.  The fuzzy expert system provides a risk ratio by performing the necessary 

calculations according to the importance weights of these inputs. Thanks to the study, it has been reached the 

results that allow early treatment and warn individuals in line with their risk values. A mobile application can be 

designed in future studies to promote and facilitate the ability of individuals to make this assessment. 
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Abstract 

Grain refiner, Al5Ti1B, was added to Al7Si0,3Mg alloy in the form of three 

different addition of wt.0.1, 0,2 and 0,3%. In addition to these additives, castings 

were conducted with vibrational conditions. So, castings were carried out two 

different ways of with and without grain refiner on vibrational casting technique. 

Results were evaluated by means of electrical conductivity with Weibull 

Distribution, and micrographs of SEM. Confidential, reproducible, typically robust 

option is the grain refined with 0,1wt.%Ti in middle section (10 mm) having a 

512,30 of Weibull modulus and 33,73 IACS%. It is demonstrated that vibrational 

casting has no effect scattering of the grain refiners. 

1 INTRODUCTION  
 

In the original paper of Weibull, 1951, he was introduced statistical perspective into materials science, especially 

mechanical properties [1]. Some researchers [2-9] coupled this statistical perspective to the foundry applications. 

Since melt quality is the root cause, hence most of the casting defects are associated with it and its processing, a 

wide range of researchers were focussed on it [2-4, 8]. Dispinar, et. Al [2,3] used Weibull analysis to assess melt 

quality, while Tunçay and Bayoğlu [6], Zahedi, et. Al [7], and Tan, et. Al. [8] were tried to estimate tensile 

properties of different aluminium alloys. Also, Yüksel [9] was handled Weibull analysis from a different point of 

to interpret properties of cast metals, such as fluidity. Timelli, et. Al [10] had characterized pressure tightness of 

the aluminium radiators with Weibull distribution and they have found the probability of the failure under the 

exact pressure. Another application of Weibull Analysis was demonstrated by Ku, et. al. [11]. They were 

investigated the effect of tool rotational speed on 7075 aluminium alloy with 1230, 1450 and 1670 rpm in friction 

stirred welding technique, and were obtained 1230 rpm has the less scattered and is the best choice. Chen and 

Griffiths were inquired effects of four-point bend test to estimate double oxide defects in aluminium alloys. 

Localized double oxide, especially upper side of the casting parts, had huge deteriorated effect of the casting parts 

having low Weibull modulus [12]. 

 

The two-parameter Weibull distribution is used to define any data by: 

 

P = 1 — exp[—(
𝑥

𝐻
)

𝑚

]                (1) 

 

where P is probability or the fraction of samples failed below x, H is a characteristic value of x and m is Weibull 

modulus [9, 13]. 

 

In the literature, there are several methods to determine Weibull parameters. In this study linear regression 

technique is used. If logarithm of Eq. (1) is taken, hence; 

 

ln(ln(1/(1-p))) = m ln(x) — m ln(H)              (2) 

 

Next, Eq (2) becomes a linear plot of ln(x) and ln(ln(1/(1-P))). The slope of this linear plot is m (Weibull Modulus) 

and interception of —m ln(H) is the characteristic value [9, 13]. There are numerous calculations to obtain 

probability, P, in the literature [14-16]. Kirtay and Dispinar [13] is proposed that the most stable technique to 

procure P is the Hazen estimation, and it is determined by; 
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P = 
𝑖 —0,5 

𝑛
                  (3) 

 

where i is ascending order of the rank and n is number of the total specimen number in Eq (3). 

 

Mulazimoglu, et. al [17] reported that electrical conductivity could be useful to quantify eutectic modification for 

non-destructive testing of materials via microstructural evaluations. They have found that Sr-containing alloys 

have higher electrical conductivity vis-à-vis not having Sr. Argo, et.al. [18, 19] were conducted electrical 

conductivity technique to measure dendrite arm spacing (DAS) and modification in aluminium-silicon alloy 

castings. They have often used Al7Si0,3Mg (A356) aluminium alloy to reveal efficiency of the method, and 

demonstrated that electrical conductivity could be operated for aluminium alloys as a NDT [20]. 

 

2 MATERIAL AND METHOD 
 

In casting studies, primary Al7Si0,3Mg aluminium alloy was melted. Table 1 shows chemical composition of the 

alloy. 

 

Table 1. Chemical composition of the aluminium ingot 

Si Mg Ti Mn Fe Zn Al 

7,20 0,392 0,12 0,001 0,18 0,005 Balance 

 

It is endeavoured to produce finer grains on Al7Si0,3Mg alloys to investigate the effects of grain refining on 

electrical conductivity. Thus, Al5Ti1B grain refiner added to main alloy for this purpose. Chemical composition 

of grain refiner is also given Table 2. 

 

Table 2. Chemical composition of Al5Ti1B 

Ti B Fe Si Al 

5,12 1,09 0,10 0,081 Balance 

 

In melting procedures, electrical resistance furnace was conducted melting of alloys on SiC crucible at 730 °C. In 

terms of grain refiner, casting having 0.1, 0.2 and 0.3wt.% with grain refiner and without grain refiner, but all of 

the castings were carried out via vibrational casting with same frequency of 50 Hz and amplitude of 1.5 mm used 

a shaking machine, providing vibration for casting process, shown in Figure 1a. So, three different casting with 

grain refiner and three of without grain refiner procedures, totally six different castings, were operated as casting 

sequence. 

 

Also, a casting mold, in Figure 1b, having three different thickness of 5, 10 and 20 mm, was used to cast alloys. It 

has same dimensions of width and length with 40x40 mm. Mold was preheated to 400 ºC. All castings were poured 

into the preheated mold and carried out in a vibrational casting technique with 90 secs to allow melts solidifiying. 

And casting specimen were rendered in Figure 1c. 

 

 
(a)     (b)     (c) 

Figure 1. (a) Shaking machine, (b) Mold, (c) Cast specimen 

 

3 RESULTS 
 

Eisaabadi, et.al. [21] used Weibull distribution to determine effect of melt quality and filters on tensile strength 

and elongation of Al7SiMg aluminium alloy. They obtained from Weibull analysis of the tensile test datas that 10 

ppi filter has 72% effective for trapping the bifilms with a linear trend. Dispinar, et. al [3], and Dispinar and 

Campbell [4] tried to a novel method, Bifilm Index, to assess melt quality via evaluating Weibull distribution. 
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They have showed the correlation between tensile test results and melt quality using Weibull distribution. An 

increase in bifilm index due to hydrogen level of the melt seems to steeper trend. This is because if the liquid metal 

has enough bifilm, sufficient hydrogen could diffuse into these oxide films to flatten them. But if there are 

insufficient hydrogen levels, bifilms could not be flattened. Thus, results could be scattered and have lots of min 

and max values of tensile test. 

 

 
Figure 2. Weibull distribution of grain refined (GR) with 0,1wt.%Ti and non-grain refined (NonGR) alloys. 

 

Similarly, in this work steeper results could be obtained every three Ti addition values, such as 0.1, 0.2 and 0,3 

wt.%. As can be seen in Figure 2, melt having 0,1wt% Ti has steepest line at grain-refined alloy in middle section 

with 512,30 of Weibull modulus, conversely grain-refined alloy in heavy section has the lowest steep line with 

133,60 of Weibull modulus. 

 

 
Figure 3. Weibull distribution of grain refined (GR) with 0,2wt.%Ti and non-grain refined (NonGR) alloys. 
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Figure 4. Weibull distribution of grain refined (GR) with 0,3wt.%Ti and non-grain refined (NonGR) alloys. 

 

In Figure 3, highest Weibull modulus of the alloys is non-grain refined alloy in the thin section with a value of 

494,69 and lowest is grain-refined in heavy section with a value of 96,60. In addition to these, in Figure 4, alloy 

having highest Weibull modulus is grain-refined alloy in middle section with a value of 899,16 and lowest one is 

grain-refined alloy in heavy section having a 75,61 of Weibull modulus. 

 

In all castings for Weibull distributions most reliable, reproducible and robust option is grain-refined with 0,3wt% 

in middle section (10 mm) having all-time highest value of 899,16. On the contrary, the worst, insecure and 

unreproducible one is the grain-refined with 0,3wt% in heavy section having a 75,61 of Weibull modulus. 

 

 
Figure 5. Characteristic values of grain refined (GR) with 0,1wt.%Ti and non-grain refined (NonGR) alloys. 
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Figure 6. Characteristic values of grain refined (GR) with 0,2wt.%Ti and non-grain refined (NonGR) alloys. 

 

In Figures 5-7, the characteristic values of specimens are shown. In this study, characteristic values are the 

electrical conductivities. Thus, from the figures, it is easily seen grain refinement enhances the electrical 

conductivity of alloys. Also, from graphics of characteristic values, in all castings for characteristic values, it could 

be understood that best choice is the grain refined with 0,1wt.%Ti in thin section having close to 35 IACS%. In 

addition to this, in graphics of Weibull distributions, the grain refined with 0,1wt.%Ti in thin section having 266,53 

of Weibull modulus. Similarly, for Weibull modulus investigation, the best one is the grain-refined with 0,3wt% 

in middle section having 899,16 of Weibull modulus, but this option has 32,21 IACS% of electrical conductivity. 

For this reason, separating the wheat from the chaff, graphics of both characteristic values and Weibull distribution 

should be interpreted together to get the best experimental choice. Thus, optimum, typically, confidential choice 

seems to be grain refined with 0,1wt.%Ti in middle section having a 512,30 of Weibull modulus and 33,73 IACS%. 

 

 
Figure 7. Characteristic values of grain refined (GR) with 0,3wt.%Ti and non-grain refined (NonGR) alloys. 

 

Figure 8 shows an example of SEM micrograph of the specimen. In SEM investigations, all specimens have same 

structures. Practically, in conventional castings, researchers [22] offer that grain refiner addition to alloy not to 

exceed 0,1wt.%Ti to success. In this figure, white phases are Ti-rich regions. Thus, vibrational casting has no 

effect scattering the grain refiners and this study has demonstrated this situation. Çelikaslan, et. al. [23] has shown 

that different amplitude of vibration has an effect on electrical conductivity without any grain refiner. But the 

electrical conductivities of their study never reached to even 25 IACS%. Probably this is the effect of grain refiner. 
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Figure 8. Micrograph of SEM refined (GR) with 0,3wt.%Ti and non-grain refined (NonGR) alloys [24]. 

 

4 CONCLUSION 
 

In aluminium casting practice, molds were preheated to 250-280 °C ultimately, but in this scenario, to achieve 

prolonged solidification time, mold were preheated to 400 °C to reveal effects of casting parameters, such as, grain 

refiner and vibrational casting. It is aimed that cascaded geometry could assist to reveal any differences between 

solidification time to obtain different electrical conductivity values. Variable cross-sectional thickness allowed the 

investigation of the effects of mechanical vibration and grain refiner at different solidification rates. To increase 

the solidification time, casting mold is preheated to 400 ºC. 

 

To conclude; 

 Grain refinement enhances the electrical conductivity of Al7Si0,3Mg. 

 Optimum, confidential, typically option is the grain refined with 0,1wt.%Ti in middle section having a 

512,30 of Weibull modulus and 33,73 IACS%. 

 Vibrational casting has no effect scattering of the grain refiners. 
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Abstract 

Bayburt is rich in Brassicaceae family members. There are 80 taxa belonging to 38 

genera from Brassicaceae. In this study, 31 of the 34 weeds detected in landscaping 

and agriculture areas are in the form of one-year life and 3 of them are perennial 

life forms. In addition, it was determined that 8 weeds were concentrated only in 

landscaping areas, 4 of them were concentrated only in the field and 23 plants were 

concentrated in both areas. All of these 23 plants in both landscaping and 

agriculture are in one-year life form. The most common plants; Sinapis arvensis, 

Boreava orientalis, Neslia paniculata, Sisymbrium altissimum, Camelina rumelica, 

Chorispora iberica and Lepidium draba. The fact that nearly half of the species 

belonging to Brassicaceae family in the province of Bayburt is located in 

agricultural and landscape areas shows that the weed infestation potential in this 

area is high. The fact that the weeds detected have a life form especially for one 

year makes it easier for them to adapt to the continuously cultivated fields and 

constantly changing landscaping areas. Plants grow in these areas and complete 

their life span by tying seeds. It is thought that the seed yields of the species that are 

frequently encountered in the fields are high and that they have small seeds 

constitutes an advantage for these plants. 

 

1 INTRODUCTION 
 

The world is changing rapidly climatic and seasonally. Plants that adapt to this change are spreading rapidly and 

those who cannot adapt cannot sustain their generations. One of the major problems of today is the ecological 

and economic damage caused by rapidly spreading plant species. These types of plants that cause various 

damages are known as invasive plants in the world. Invasive species are generally non-native species that have a 

negative impact on habitats by spreading to natural habitats [1,2,3]. Invasive species [4] generally describe non-

native species as species that are smaller than natural species and tend to produce a large number of seeds. The 

spread of invasive plant species in agricultural and landscape areas is also called için weed için for that area. It is 

very important to know their distribution, density and dominance in order to effectively combat these invasive 

plants. The introduction of weeds in flora is important for combating these species [5].  

 

The Brassicaceae family, as one of the world's largest families of seed plants, has been spread all over the world 

except Antarctica and contains approximately 3,709 taxa belonging to 338-360 genera [6,7,8]. The presence of 

this large family of plants around the world also demonstrates its adaptability. It has been adapted to many 

habitats due to its different seed and fruit structure, diversity of pollination and different fragrance and aroma. 

Therefore, it contains many invasive species [9]. 

 

The aim of this study was to determine the Brassicaceae weeds in cereal (barley-wheat) and legume (alfalfa-

vetch-lentil) fields in Bayburt Province and its districts as well as parks and gardens and to form the basis for 

effective combat studies in the future. 

 

2 MATERIAL AND METHOD 
 

The plant materials of this research consist of 5 fields and 2 parking areas in Bayburt province (Table 1). Nearly 

200 plant specimens collected from these areas have been identified. The plants were photographed during the 

collection and the GPS values of the collected area were reported. The plants collected in the same way were 
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added to the land book and the numbers were given. In the identification of plants, ’Flora of Turkey and the East 

Aegean Island’ [10] was used. The species identified in the study area and the species is endemic and non-

endemic in six categories when determining the danger level of 34 taxa Turkey Plant Red Data Book (Red Data 

Book of Turkish Plants) [11] is used. However, the hazard classes of these taxa have been reorganized according 

to the 2001 IUCN Categories [12]. 

 

Table 1. Working areas and characteristics 

Locations Field features GPS 

1.Field Legume, clover Yoncalı Village, 40’28” 410 N-40’ 34”210 E, 1900 m 

2. Field Grain, corn Sancaktepe Village, 40’10” 400 N-40’ 07”340 E, 1806m 

3. Field Grain, wheat Söğütlü Pond, 40’14” 080 N-40’ 03”080 E, 1689m 

4. Field Cereal, oats Alapelit Village, 40’19” 000 N-40’ 30”150 E, 1653m 

5. Field Legume, clover Yakupabdal Village, 40’05” 360 N-39’ 44”110 E, 1934m 

1.Park Grassland at Yenisehir Park Bayburt city center, on Erzurum road 

2.Park  Grassland at Kaleardi Park Bayburt city center, on the way to Ispir 

 

2.1 Features of the Workspace 

 

Our country is one of the richest land in the world in terms of the number of the Brassicaceae species [13]. 

Bayburt is located between 40 degrees 37 minutes north latitude, 39 degrees 52 minutes south longitude, 40 

degrees 45 minutes east latitude, 39 degrees 37 minutes west longitude in the Black Sea Region of Turkey. The 

city has a surface area of 3741 km², is situated at the Coruh River and has an altitude of 1550 m from the sea. 

Gümüşhane is the neighbors the city to the west, Erzurum to the east,Trabzon and Rize to the north and Erzincan 

to the south. Bayburt has a climate showing the characteristics of both the eastern Anatolian climate and the 

eastern Black Sea climate with terrestrial features. Therefore, in Bayburt, summers are hot and arid, and the 

winters are cold and rainy [14]. 

 

Bayburt Province is an area where agricultural activities are carried out and the agricultural land is 29.8% 

compared to the surface area. This ratio is compared to 0.46% for agricultural land in Turkey. In agriculture, 4.3 

tons of pesticides are used annually throughout the province to combat pests. [15]. 

 

Bayburt Province is rich in members of the Brassicaceae family, 80 taxa belonging to 38 genera and a floristic 

list showing that 9 of these taxa are endemic [16]. 26 taxa of broad-spread plants and 36 taxa of unknown 

phytogeographic region indicate that invasive taxa in the area are high. 

 

3 RESULTS 
 

The plants identified as invasive weeds detected in the fields and parks are shown in Table 2. The 34 plants that 

identified in the landscaping and agriculture areas, 31 are in the form of one-year and 3 are in the form of multi-

year life. Again, it was determined that 8 plants were concentrated only in landscape areas, 4 of them were 

concentrated only in the field and 23 plants were concentrated in both areas. All of these 23 plants in both 

landscaping and agriculture are in one-year life form. The most common plants; Sinapis arvensis, Boreava 

orientalis, Neslia paniculata, Sisymbrium altissimum, Camelina rumelica, Chorispora iberica and Lepidium 

draba. 
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Table 2. The plants identified as invasive weeds detected in the fields and parks 

ID Species Invasion area Life Form Turkish Name 

1.  Sinapis arvensis L. •× * Hardal 

2.  Eruca vesicaria (L.) Cav. •× * Roka 

3.  Raphanus raphanistrum L. subsp. raphanistrum L. • * Eşekturpu 

4.  Calepina irregularis (Asso) Thell. • *-** Tophardal 

5.  Crambe orientalis L. subsp. orientalis var. orientalis  • *** Akyumak 

6.  Rapistrum rugosum (L.) All. • * Kedi turpu 

7.  Conringia orientalis (L.) Dumort. •× * Kocatelkari 

8.  Conringia clavata Boiss. •× * Topuztelkari 

9.  Lepidium perfoliatum L. •× * Gübreotu 

10.  Lepidium draba L. • *** Diğnik 

11.  Lepidium chalepense L. • *** Kormik 

12.  Lepidium campestre (L.) Aiton • *-** Horozcuk 

13.  Thlaspi arvense L. •× * ekin dağarcığı 

14.  Thlaspi ceratocarpon Murray × * yetim dağarcık 

15.  Microthlaspi perfoliatum (L.) F.K.Mey. •× * Giyle 

16.  Capsella bursa-pastoris (L.) Medik. •× * Çobançantası 

17.  Boreava orientalis Jaub. & Spach •× * Sarıot 

18.  Neslia paniculata (L.) Desv. •× * Çıngılhardal 

19.  Euclidium syriacum (L.) Aiton •× * fındık hardalı 

20.  Alyssum linifolium Stephan ex. Willd. •× * Çıplak kuduzotu 

21.  £Alyssum stylare (Boiss. & Balansa) Boiss. • * dallı kuduzotu 

22.  Alyssum desertorum Stapf. •× * Dumanotu 

23.  Alyssum strictum Willd. •× * dik kuduzotu 

24.  Alyssum simplex Rudolph •× * sade kuduzotu 

25.  Draba nemorosa L. × * orman dolaması 

26.  Draba verna L. × * Çırçırotu 

27.  Arabis nova Vill. × * tıfıl kazteresi 

28.  Chorispora tenella (Pall.) DC. •× * Kokar külünk 

29.  Chorispora iberica (M.Bieb.) DC. •× * Sarı külünk 

30.  Erysimum repandum L. •× * çatal zarife 

31.  Sisymbrium altissimum L. •× *-** Ergelenotu 

32.  Sisymbrium loeselii L. •× *-**-*** Bülbülotu 

33.  Descurainia sophia (L.) Webb ex Prantl •× *-** Sadırotu 

34.  Camelina rumelica Velen. •× * Ketentere 

£, Endemic 

•, Landscape 

×, Field 

*, Annual 

**, Biennial 

***, Perennial 

 

 

4 CONCLUSION 
 

The Brassicaceae family is one of the plant families with more species among seed plants. As a large family, 

species are found in almost every habitat. The fact that nearly half of the species belonging to Brassicaceae 

family in the province of Bayburt is located in agricultural and landscape areas shows that the potential for 

invading weeds is high. The fact that the weeds detected have a life form especially for one year makes it easier 

for them to adapt to the continuously cultivated fields and constantly changing landscaping areas. Plants grow in 

these areas and complete their life span by tying seeds. It is thought that the seed yields of the species that are 

frequently encountered in the fields are high and that they have small seeds constitutes an advantage for these 

plants. 
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Abstract 

Our country is very rich in terms of geophyte plant species. In Bayburt, there have 

been no previous studies on geophytes. The aim of this study is to determine the 

spread of the most cultivated geophyte species in the world, which are distributed 

within the borders of Bayburt Province, and to form the basis for geophyte species 

that can be used for landscaping in cold and elevated provinces such as Bayburt.  The 

17 taxa identified in Bayburt, 12 of them belong to the Iridaceae family and 2 of 

them belong to the Liliaceae family. Species of Crocus kotschyanus subsp 

suworowianus, Crocus scharojanii subsp. Lazicus and Crocus vallicola bloom in 

autumn. Five of the 14 taxa were found to be endemic. It is seen that the most 

endemic genus is Iris and then Crocus which has two endemic species. The diversity 

of the geophytes distributed in the nature of Bayburt and the fact that 36% of them 

are endemic makes this area special in terms of taking culture of the geophytes. 

1 INTRODUCTION 
 

The term of geofit, is derived from Greek (ge, soil; phyto, plant) and is used by the famous Raunkiær. Geofits are 

found between both monocotyl and diocotyl taxa [1]. In general, it has a storage organ and facilitates survival at 

high or low temperatures, drought or inappropriate light levels and adverse weather conditions. Geophytes used 

as ornamental plants; It is well known that they show morphological diversity in growth and development cycles 

and depending on the effect of environmental factors [2]. Geophytes, which are ornamental plants, are cultivated 

in temperate climate regions of the world and the Netherlands is the leading producer [3].  

 

Although there are more than 800 cultivated geophytes [4], Tulipa, Lilium, Narcissus, Gladiolus, Hyacinthus, 

Crocus, and Iris are the most cultivated geophytes [5]. Geophytes have been cared and cultured for thousands of 

years long before they are studied and studied commercially or extensively. The main reason for this is based on 

floriculture characteristics; flower color, shape, size and flowering times are due to the diversity of [3]. 

 

The Greek philosopher Theophrastus (371–287 b.c.) wrote that some species of geophytes were regarded as spices 

and dyes (Crocus sativus, “The Saffron Crocus”), and that genera such as Colchicum and Scilla were used as 

medicinal, and genera such as Asphodelus were used as food [6]. There are species and varieties of Crocus 

blooming in autumn, winter and spring, used as potted and horticulture. 

In the fifteenth century, the city in the garden of tulips in the garden and Turkey's Sultan was used [3]. Lodewijk 

(1979), Segal (1992) and Pavord (1999), the tulips from Turkey followed at the entrance to various European 

countries. In the eighteenth century, reported that Turkish imports of Ahmed III tulips grown in the Netherlands 

[7,8,9]. 

The aim of this study is to determine the spread of the most cultivated Geophytes species in the world, which are 

distributed within the borders of Bayburt Province, and to form the basis for Geophytes species that can be used 

for landscaping in cold and elevated provinces such as Bayburt. 

 

 

 

1270



The Distribution of the World's Most Grown Geophytes in Bayburt Region ICADET ‘19 

 

 

2 MATERIAL AND METHOD 
 

The plant materials of this study consist of Tulipa, Lilium, Gladiolus, Crocus and Iris taxa in Bayburt. Nearly 100 

plant specimens photographed from these areas have been identified. Some species that were difficult to diagnose 

were collected. The plants were photographed during the collection and the GPS values of the collected area were 

reported. The plants collected in the same way were added to the land book and the numbers were given. In the 

identification of plants, ’Flora of Turkey and the East Aegean Island’ [10] was used. The species identified in the 

study area and the species is endemic and non-endemic in six categories when determining the danger level of 34 

taxa Turkey Plant Red Data Book (Red Data Book of Turkish Plants) [11] is used. However, the hazard classes of 

these taxa have been reorganized according to the 2001 IUCN Categories [12]. 

 

2.1 Features of the Workspace 

 

Our country is very rich in terms of geophyte plant species. Turkey Flora of 8 skin located petaloid monocots with 

6 Anemone located in Cyclamen and the first volume in the Skin and Eranthis kind of approximately 500 belonging 

to the genus [10] are our country's flora and they almost all are plants which have important economic and medical 

[13, 14]. In Bayburt, there have been no previous studies on geophytes.  

 

Bayburt is located between 40 degrees 37 minutes north latitude 40 degrees 45 minutes east longitude, 39 degrees 

52 minutes south latitude 39 degrees 37 minutes west longitude in the Black Sea Region of Turkey. The city is 

situated at the Coruh River and has an altitude of 1550 m from the sea with a surface area of 3741 km². Erzurum 

neighbors the city to the east, Gümüşhane to the west, Trabzon and Rize to the north and Erzincan to the south. 

Bayburt has a climate showing the characteristics of both the eastern Black Sea climate and the eastern Anatolian 

climate with terrestrial features [15]. 

 

3 RESULTS 
 

The 17 taxa identified as a result of the examinations performed in Bayburt natural flora are shown in Table 1. 

When Table 1. is examined, it is seen that 12 of 17 taxa belong to Iridaceae family and two of them belong to 

Liliaceae family.  Especially it was found that Crocus genus had the highest number, Iris genus had 4 species, 

Gladiolus genus had 3 species, Tulipa genus had one and Lilium genus had one species. 

 

Table 1. Geophytes detected in Bayburt province and locality information. 
Family Species Turkish 

name 

Location Habitat GPS Altitude 

Iridaceae Crocus aerius Herb. Laz 
Çiğdemi 

Soğanlı Gate Meadow 40’31” 370 N 
40’ 13”530 E 

2319m 

Iridaceae Crocus biflorus Mill. subsp. tauri 

(Maw) B.Mathew 

Berfan Aslandağı Steppe 40’14” 110 N 

40’ 14”190 E 

1588m 

Iridaceae Crocus kotschyanus K.Koch 
subsp. suworowianus (K.Koch) 

B.Mathew 

Yayla 
kestanesi 

Soğanlı Gate Steppe 40’31” 370 N 
40’13”530 E 

2319m 

Iridaceae Crocus scharojanii Rupr. subsp. 
lazicus (Boiss.) B.Mathew 

Civden Aydıntepe Plateau Dried Cells 40’27” 210 N 
40’ 07”200 E 

2353m 

Iridaceae Crocus vallicola Herb. Hozmancuk Aydıntepe Plateau Dried Cells 40’27” 210 N 

40’ 07”200 E 

2353m 

Iridaceae  Gladiolus atroviolaceus Boiss. Kıraç süseni Aşağıkop Village Barren slopes 40’04” 210 N 
40’ 25”590 E 

1898m 

Iridaceae  Gladiolus italicus Mill. Kılıçotu Kop Mountain Stream Edge 40’14” 530 N 

40’ 11”270 E 

1677m 

Iridaceae  Gladiolus kotschyanus Boiss. Çayır 
Kılıçotu 

Bahtlı Mountain Meadow 40’02” 370 N 
40’ 28”590 E 

2379m 

Iridaceae Iris caucasica Hoffm. subsp. 

turcica B.Mathew 

Türk 

navruzu 

Bayburt University 

Baberti Campus 

Stony Hills 40’15” 020 N 

40’ 11”480 E 

1705m 

Iridaceae Iris danfordiae (Baker) Boiss. Sarı navruz Söğütlü Village Meadow 40’13” 290 N 
40’ 06”280 E 

1713m 

Iridaceae Iris galatica Siehe Kaba navruz Yakupabdal Village Meadow 40’05” 360 N 

39’ 44”110 E 

1934m 

Iridaceae Iris histrioides (G.F.Wilson) 
S.Arn. 

Amasya 
Navruzu 

Aydıntepe Plateau Melting snow 40’29” 270 N 
40’ 06”280 E 

2570m 

Liliaceae Lilium ponticum K.Koch. Hemşin 

zambağı 

Soğanlı Gate Meadow 40’32” 590 N 

40’ 14”360 E 

2015m 

Liliaceae Tulipa armena Boiss. var. 
armena 

Dağ lalesi Aşağıkop Village Barren slopes 40’04” 210 N 
40’ 25”590 E 

1898m 
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Crocus kotschyanus subsp. suworowianus, Crocus scharojanii subsp. lazicus and Crocus vallicola bloom in 

autumn. Five of the 14 taxa were found to be endemic. The hazard categories of the endemic taxa are given in 

Table 2. It is seen that the most endemic genus is Iris and then Crocus which has two endemic species. 

 

Table 2. Endemic geophytes and hazard categories in Bayburt province 

Taxa Hazard Categories 

Crocus aerius Herb. VU 

Crocus scharojanii Rupr. subsp. lazicus (Boiss.) B.Mathew VU 

Iris danfordiae (Baker) Boiss. LC 

Iris galatica Siehe LC 

Iris histrioides (G.F.Wilson) S.Arn. VU 

 

The images of the geophytes detected in Bayburt are given in Appendix 1. 

 

4 CONCLUSION 
 

In this study, the most cultivated geophyte species in the world [5] (Tulipa, Lilium, Narcissus, Gladiolus, 

Hyacinthus, Crocus, and Iris) (Tulipa, Lilium, Gladiolus, Crocus, and Iris) were found in Bayburt. It can mean 

that it is ideal for growing plants. In particular, 5 endemic taxa in the area are proof that the area has a 

diversification potential. The presence of autumn-flowering Crocus species in the area can provide a basis for 

landscape plants that can bloom under extreme weather conditions. Crocus scharojanii subsp. lazicus has a striking 

yellow color. 

 

The diversity of the geophytes distributed in the nature of Bayburt and the fact that 36% of them are endemic 

makes this area special in terms of taking culture of the geophytes. 

 

Geophytes be rich in our country and have gone abroad from Turkey of certain geophytes traded in the world 

[7,8,9] is a fact. A culture of our country of origin to be geophytes that Turkey will be quite accurate in climate 

and geography. 
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Annex 1. Some geophytes in Bayburt 

   

        
Tulipa armena Boiss. var. armena                                                     Lilium ponticum K.Koch. 

 

 
Gladiolus atroviolaceus Boiss. 

 
Gladiolus italicus Mill. 

 
Gladiolus kotschyanus Boiss. 

   

 
Iris histrioides (G.F.Wilson) S.Arn. 

 
                 Iris galatica Siehe 

 
Iris danfordiae (Baker) Boiss. 

   

 
Crocus vallicola Herb. 

 

 
Crocus aerius Herb. 

 
Crocus scharojanii Rupr. subsp. 

lazicus (Boiss.) B.Mathew 

   

 

1273



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*ngungor@atauni.edu.tr 

 

The Relationship between Lactic Acid Bacteria and Phenolic Compounds 

 
Neva KARATAŞ*1, Hilal YILDIZ2, Özlem ÇAKIR3 

 
1Ataturk University, Faculty of Health Sciences, Department of Nutrition and Dietetics, Erzurum, Turkey 

2Nevsehir Hacı Bektas Veli University, Faculty of Engineering and Architecture, Department of Food Engineering, Nevsehir, Turkey  
3Bayburt University, Department of Food Engineering, Bayburt, Turkey 

 

Keywords:  
Lactic acid bacteria 

Lactobacillus plantarum 

Phenolic compounds 

 

 
Abstract 

Lactic acid bacteria (LAB) are microorganisms that have positive effects on 

human health composing a small portion of the plant microbiota and have been 

used safely in fermented product manufacturing for years.  

LAB and fermentation applications are considered as a basic and valuable 

biotechnological application used to protect and/or improve nutritional value 

and shelf life, the formation of sensory properties such as product safety, 

original texturing, taste, smell and appearance of the product. 

Phenolic compounds are important components of plant-derived food products 

and are effective in the development of sensory properties such as taste, flavor, 

shrivel and color in foods. In addition, phenolic compounds found in foods have 

positive effects on health such as antioxidant, anticancer, antimutagen and 

antimicrobial activities. 

The relationship between phenolic compounds and lactic acid bacteria is a 

notable issue today. This relationship can occur in different ways with the ability 

of the LAB to break down phenolic compounds or in the form of positive-

negative effects of phenolic compounds on bacterial development. In this paper, 

the relationship between lactic acid bacteria and phenolic compounds has been 

tried to be discussed. 

 

1 INTRODUCTION  
 

Today, consumers are becoming increasingly aware about nutrition due to the emergence of many health 

problems in human nutrition and take an interest in tendency on the production and consumption of healthy 

products. The increasing interest of consumers towards products that have a natural, health positive effect and 

that do not contain chemical additives has led to tendency towards fermented foods that provide product 

diversity. Thanks to fermentation technology, many foods change into a different product and gaining distinctive 

sensory properties such as taste, aroma, and texture.  In addition to the raw material and production technology 

used, lactic acid fermentations have a very important role. Lactic acid bacteria (LAB), are one of the most 

important group of microorganisms used in the food industry as they have a Generally Recognized As Safe 

(GRAS) status and used in the fermentation of prevalent consumed products such as yoghurt, cheese, kefir, 

pickle and sausages [1].  

 

Phenolic compounds are significant bioactives which are associated with human health benefits as they have 

antioxidant, antimicrobial, antitumor and cardioprotective properties. LAB have been confirmed to have the 

ability to metabolize phenolic compounds. The bioconversion of phenolics is associated with the strain specific 

decarboxylase and/or reductase activities [2].  

 

1. 1 Lactic Acid Bacteria 

 

LAB used in fermented food production are microorganisms Gram-positive, facultative anaerobic, catalase-

negative, cocci or rod-shaped and, non-spore-forming except Sporolactobacillus inulinus. Bacteria such as 

Lactobacillus, Lactococcus, Tetragonococcus, Vagococcus, Weissella, Streptococcus, Leuconostoc, Aerococcus, 

Oenococcus, and Pediococcus belong to the group of LAB [3,4]. LAB have been known to have positive effects 

on human health and have been safely used  in the production of fermented product for a long time [1, 5, 6]. 

LAB also have positive metabolic properties, such as bacteriosine production. In particular, in fermented 
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products made from milk, meat and vegetables, bacteriocins produced by lactic acid bacteria are used as 

preservatives [1,7, 8]. 

 

1.2 Food phenolics 

 

Phenolic substances are compounds that contain one or more hydroxyl groups in the aromatic ring, more or less 

found in plant-derived foods [9]. Phenolic substances that are particularly effective on the aroma, taste, color, 

flavor, and durability of fruits and vegetables have antioxidant, anticancer, antimutagen, and antimicrobial 

activities. Due to these activities, they display many positive and improving features on human health. In recent 

years, the draw advantage from phenolic substance sources and especially their antioxidant activity has led to 

increased possibilities for use in the food industry [10]. 

 

1.3 Food Phenolics and Lactic Acid Bacteria 

 

The microbiota of the raw material chosen for a quality fermentation and end product is very important [11, 12, 

13, 14]. The presence of LAB in the natural microflora of raw vegetables and fruits is quite important for 

fermentation process. On the other hand, vegetables and fruits are rich in phenolic compounds, therefore the 

existence of an essential relationship between LAB  and  phenolic  compounds is thought. [15]. 

 

The contribution of phenolic compounds to aroma is mainly due to the presence of volatile phenols. Volatile 

phenols can be produced by hydrolysis of superior alcohols or by metabolism of microorganisms such as yeast 

and LAB [10]. 

 

In some studies have been reported that the chemical structures and concentrations of phenolics affected 

bacterial growth and its aliveness in different ways. Low phenolic concentrations have been found to show 

stimulating effects on LAB growth. In addition, high phenolic concentrations have been reported to negatively 

affect the integrity of the cell wall and membrane. Therefore, use of strain showing tolerance to their high 

phenolic concentrations have importance to ensure optimal microbial growth in substrates rich in phenolics [16, 

17]. 

 

1.3.1 Lactobacillus plantarum 

 

The relationship between lactic acid bacteria and phenolic compounds can occur in different ways. Although the 

mechanism of this relationship is not fully understood, it has been determined that the LAB (especially 

Lactobacillus plantarum) is positively/negatively affected by the biosynthesis or degradation of certain food 

phenolic compounds [15, 18]. 

 

Adaptation and metabolism of phenolics has been mostly investigated for L. plantarum [15, 16]. L. plantarum is 

a species of LAB most commonly used in the fermentation of plants rich in phenolic compounds [18, 19]. There 

are still limited information available about impact of phenolic compounds on the growth of L. plantarum and of 

the other LAB [20]. 

 

The studies conducted on L. plantarum have shown that this bacteria can degrade certain food phenolic 

compounds and produce compounds that affect food aroma and exhibit antioxidant activity. Recently, many L. 

plantarum proteins that have played role in the metabolism of phenolic compounds have been genetically and 

biochemically characterized [15, 17]. 

 

In a study investigating the relationship between L. plantarum and phenolic compounds (oleuropein) derived 

from olives,  non-alkaline green olive brine containing phenolic compound, it has been shown to have a marked 

bactericidal effect on  L. plantarum [15, 17, 21]. 

 

In the studies conducted by Ciafardini et al. and Marsilio et al. are reported that  L. plantarum strains break 

down oleuropein, the essential phenolic glucoside of the olive fruit. L. plantarum strains initially hydrolyze 

oleuropein with the enzyme β-glucosidase, in the second stage this derivative is broken down, via an esterase 

reaction, into hydroxy tyrosol and elenolic acid [18]. 

 

In one study was investigated for degradation by L. plantarum of some phenolic compounds in wine. Among the 

ten compounds, only some hydroxycinamic acids, gallic acid and methyl gallate were found to be metabolized 

by L. plantarum. [22]. 
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1.3.2 Other Lactic Acid Bacteria and Phenolic Acid Decarboxylase Enzyme 

 

It has been reported that phenolic acids (especially epigallocatechin galate) in green tea promote the 

development of Oenococcus oeni, but may also inhibit the growth of O. oeni, depending on the concentration of 

the compound [16, 23]. 

 

Alberto et al. investigated the effect of different concentrations of gallic acid and catechin on the development of 

L. hilgardii causing degradation in wines. It was determined that these phenolic compounds only promote 

bacterial development at the normal concentrations presenting in wine [24]. 

 

In a study on the development of L. hilgardii was reported that p-coumaric acid has a strong inhibitory effect and 

caffeic and ferulic acids have positive effects [15, 25]. 

 

Strains of bacteria producing the enzyme phenolic decarboxylase are known to be used in the control of aroma 

formation in foods or organoleptic qualities of fermented foods and beverages. Lactic acid bacteria are known to 

have this enzyme [15, 26].  

 

Lactobacillus plantarum, used as lactic starter in many vegetable fermentation, was able to decarboxylate p-

coumaric and ferulic acid into 4-vinyl derivatives. The analyses indicated the presence of two different phenolic 

decarboxylase enzymes, but since this issue is not fully clarified [26]. 

 

In recent years, interest has increased in the use and development of molecular applications to identify 

microorganisms and analyze their activity, and these applications have become increasingly used to identify the 

LAB, which is specifically involved in fermentation and marketed probiotically. Many of these molecular 

applications are based on polymerase chain reaction (PCR) assay using the 16S ribosomal ribonucleic acid 

(rRNA) gene [27]. 

 

The relationship between LAB and phenolics can be thought of in two ways: LAB can reduce into phenols to 

less complex phenolic metabolites. Bacterial growth and its metabolism can be influenced from these phenolics 

or phenolic metabolites produced by other microorganisms. The concentration of phenolic compounds in these 

two interactions appears to be critical. Bacteria can tolerate this concentration or even metabolize it and/or low 

phenolic concentrations may promote the development of the bacterium, or the presence of high concentrations 

of phenolic compounds may inhibit the bacteria [28]. 

 

In a study investigated ability to be metabolize of 15 food phenolics by Lactobacillus brevis strains isolated from 

various foods. In this study with synnamic acids, L. brevis has been observed to metabolize only p-coumaric, 

ferulic, and caffeic acids [13]. Cavin et al. showed that L. brevis, L. plantarum and P. pentosaceus are able to 

decarboxylate p-coumaric and ferulic acid.  Chatonnet et al.  reported that some strains of L. brevis and P. 

pentosaceus are able to dearboxylate p-coumaric acid to 4-vinylphenol [15]. 

 

Studies to date have shown that phenolic compounds adversely affect the development of LAB and even a 

limited number of phenolic compounds metabolized by lactic acid bacteria [15, 18]. 

 

A number of studies have reported that the LAB can increase the concentration of phenolic compounds, 

metabolize phenolic acids, and convert flavonoid glycosides and tannins [16, 29, 30]. 

 

2 CONCLUSION 
 

Studies have shown that the optimum levels of these compounds should be determined in order for phenolic 

compounds to have a positive effect on the development of LAB species. Many of the phenolic compounds 

studied have been reported to have an inhibitory effect on LAB growth. Most of the research so far has been 

done in have been focused on L. plantarum and its strains. It is believed clear up of this subject through studies 

performed about of metabolic pathways of various LAB and determination of biotechnologically beneficial 

strains are needed further study on this topic. 
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Abstract 

Quinoa (Chenopodium quinoa Willd.) Is known as the plant of the Andes, especially 

at an altitude of 6961. The main reason for this is known to be the cultivation of this 

plant in cold and dry climatic conditions. Since the content of plant seeds is rich in 

many grains and pulses, consumption in human and animal nutrition is rapidly 

becoming widespread. The aim of this study is to emphasize the importance of 

Quinoa plant and to reveal its uses and benefits. 

1 INTRODUCTION 
 

Quinoa (Chenopodium quinoa Willd.) Which is called as “super food” is one of the main nutrients of Ancient 

Aztec and Incas and it is named as ana cereal main”. Quinoa is cultivated in South America, Peru, Bolivia, 

Argentina, Chile, Colombia and Ecuador, USA, Canada, China and India [1]. The European continent was 

introduced to Quinoa in 1970, when it was first raised in England. In our country, quinoa, which has just started 

to be heard, contains all the amino acids necessary for the body. 

 

The United Nations declared 2013 as the year of quinoa [1,2]. The rapid increase of the world population has made 

this plant popular and researched in recent years. In addition, plants such as Quinoa with high adaptability and 

yielding more than one unit area increase their importance as it enables efficient use of decreasing agricultural 

areas. In addition, it is thought that Quinoa can cure many health problems in the world. The general appearance 

of the Quinoa plant is shown in Figure 1 and the ripening Quinoa fruits are shown in Figure 2. 

 

 
Figure 1. Overview of Quinoa plant 
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Figure 2. The appearance of fruit in the Quinoa plant 

 

2 IMPORTANCE OF QUINOA PLANT 
 

Quinoa is recognized as one of the best vegetable protein sources worldwide. There are nine amino acids in the 

grains and antidiabetic, antioxidant and immunomodulatory activities that help in the fight against diseases. 

Cereals such as barley, wheat, rye and triticale and their processed products contain gluten, while quinoa seeds do 

not contain gluten. Celiac disease is a disorder of absorption in the intestine caused by sensitivity to gluten. The 

main factor that causes the disease is the sub-fraction of gluten protein called gliadin, and as a result of the 

consumption of foods containing gluten, the absorption of various nutrients needed by the body, especially 

vitamins and minerals, decreases. [3,4]. When gluten-containing foods are consumed, villuses that provide 

absorption in the small intestine and resemble the shape of a finger become unable to function. The treatment of 

celiac disease is possible only by continuing a lifelong gluten-free diet. Quinoa (Chenopodium quinoa Willd.) Is 

a one-year plant from the family of crowworm (Chenopodiaceae) and is a gluten-free species that has been 

extensively studied in human and animal nutrition in recent years. Therefore, it is attracted by celiac patients and 

is consumed safely. 

 

Drought and salinity are two common environmental problems triggered by faulty agricultural practices and 

climate change, which adversely affect agricultural production. One of the measures that can be taken to carry out 

agricultural production in such areas is to switch to the cultivation of new plants that may develop under such 

unfavorable conditions. Quinoa is an alternative product for agricultural areas or inefficient soils affected by 

salinization and drought with its tolerance to stress and the ability to adapt to different environmental conditions. 

Adapting to different agricultural environmental conditions with its adaptation from sea level to mountainous areas 

increases the importance of quinoa. The chemical compositions of quinoa and some grains are shown in Table 1. 

  

Table 1. Chemical compositions of quinoa and some grains (in g / 100 g dry matter) 

  Protein Oil Fibre Ash Carbohydrate 

Quinoa 16.5 6.3 3.8 3.8 69.0 

Wheat 14.3 2.3 2.8 2.2 78.4 

Rice 7.6 2.2 6.4 3.4 80.4 

Barley 10.8 1.9 4.4 2.2 80.7 

Egypt 10.2 4.7 2.3 11.7 81.1 

Oat 11.6 5.2 10.4 2.9 69.8 

Rye 13.4 1.8 2.6 2.1 80.1 

 
3 HERBAL FEATURES 
 

Quinoa (Chenopodium quinoa Willd.) Is a one-year, seed-growing herbaceous plant. It has an advanced and 

branched pile root that provides drought resistance. Plant height is between 40-150 cm [5]. Leaves are lobed or 

toothed and generally triangular. On young plants the leaves are usually green; however, as the plant matures, they 

become yellow, red or purple. 

 

The cluster of flowers forms bunches and bloom in July-August. The flowers are hermofrodite, usually self-

pollinated, foreign pollination rate is determined as about 10-15%. [6]. Seeds formed in clusters on the cluster are 

rounded to 2-3 cm in diameter. 1000-grain weight varies between 1.99 g and 5.08 g, depending on the varieties 

were determined. [7]. Seeds can be colored in black, orange, pink, red, yellow or white. The seed color is due to 

the saponin content in the shell. [8]. 
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4 QUİNOA BREEDING 
 

Quinoa is the plant of the South American continent. Therefore, it develops in short day conditions and produces 

seeds. But the demand for temperature is not much. Although grown in South America, it adapts to high altitudes, 

so it likes cool seasonal conditions especially for vegetative growth. It can be grown up to 4000 m at high altitudes 

where corn farming is not possible [9]. This plant can be grown easily in arid, low yield and marginal agricultural 

areas. Although it prefers moist soils, the plants are also resistant to drought [10].  Cold resistance is not very good, 

can withstand light frosts. In flowering period, sensitivity to cold increases [11]. Shadow conditions do not like 

the development period of the plant varies between 90-220 days according to varieties. Early varieties are used at 

high altitudes. 

 

Quinoa is a suitable plant for machine farming. It can be cultivated with seeder and can be harvested easily with 

combine harvester. Quinoa responds well to nitrogenous fertilizer. In a study conducted in Austria, seed yields of 

179, 308 and 350 kg / ha were reported at 0, 8 and 12 kg N doses per decare, respectively. [12]. When nitrogen 

dose is increased further, yields decrease due to late ripening and plant laying. Nitrogenous fertilizer application 

increases the production of hay. 

 

Plants grow slowly during the first two weeks, during this period are susceptible to weeds and weed control is 

difficult. Red rooted foxtail (Amaranthus retroflexus), broom grass (Kochia), wild mustard (Sinapis arvensis) and 

vinegar (Chenopodium album) are the most common weeds in quinoa fields. For these weeds, pre-emergence 

herbicides can be usedEarly cultivation and rapid development of quinoa is useful for competing with weeds such 

as red-rooted rooster. When the plants dry and turn pale yellow or reddish and the leaves fall, it is time to harvest 

the seeds. In this period, the seed has reached the hardness that can be drawn with nails. The harvest can be done 

with the help of combine harvesters or by conventional methods. The mature seed germinates within 24 hours after 

exposure to moisture. It should therefore be thoroughly dried and stored in a dry place. Seed yield is between 100-

350 kg / da [12,13, 14]. Hay yield varies between 400-1100 kg / da [15, 16].  

 

5   AREAS OF USAGE 
 

5.1 Use in Human Nutrition 

 

Quinoa seeds are widely used in human nutrition. In human nutrition, the general grain of quinoa is consumed. 

Various soups and bread are made from these seeds. Quinoa is a variety of white and yellow seeds that are sold in 

the USA and are used for rice production. At the same time, beer-like beverages are produced by fermenting with 

millet. Boiled quinoa seeds are used in salads, hot casseroles and meals. Quinoa flour is made with pasta, pancakes, 

bread, biscuits, cakes and crackers. Seeds can be eaten as a snack salad or sprouted. The leaves of quinoa can also 

be eaten as vegetables like spinach [1,6, 17]. It is also suitable for the production of vicious, wrapped, stuffed and 

similar dishes which are consumed in our country. Boiled quinoa seeds are used in salads, casseroles and meals. 

Consumption of boiled seeds of different colors by adding to green salads is common in EU countries. Seed content 

of Quinoa is shown in table 2. 

 

Table 2. Quinoa Seed Content 

Content Amount 

Total Protein 8-22% 

Albumin and Globulins 44-7% 

prolamines 0.5-7% 

Saturated Fatty Acids 12.3-19% 

Monounsaturated Fat 25-28.7% 

acids 58.3% 

Oleic Acid 90% 

Linoleic Acid 33.9-58.4 mg/100 g 

Mineral 81 mg/kg 

Iron 874 mg/kg 

Folic acid 78.1 mg/100g 

C vitamin 16.4 mg/100g 

Vitamin E 0.59-2.6 mg/100 g 

Thiamine 0.4 mg/100g 
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5.2 Use in Animal Nutrition 

 

Quinoa is usually a plant grown for seed, but green parts are also used. It is a feed especially loved by cattle. 

Depending on the varieties, the dry matter yield can exceed 800 kg / da. The dry matter content of the herb is 26-

28% and the crude protein content is 13-22%. Dry matter digestion in harvesting period is 63-69%. Quinoa is a 

fast growing and easy silo plant. But silage quality is not as high as corn. However, it is cultivated as a feed source 

in organic agriculture since it is easy to grow. For proper fermentation, the dry matter content must be high. 3-3,5 

months after sowing, quinoa produces sufficient silage material with a high content of dry matter and high protein 

content [17]. Quinoa is used as a roughage suitable for animal feeding with high protein and low fiber content if 

harvested during flowering. The seeds are an excellent food for birds and poultry. Since it is rich in cellulose, it 

can be used in paper and cardboard production. Since the seed coat is rich in saponins, it is used as a laundry 

detergent in South America and as an antiseptic to contribute to the healing of skin injuries. 

 

5.3 Usage in Industry 
 

Quinoa seeds are made into flour and used in the production of various products consumed by humans. In countries 

where cultivation is widespread, industrial plants based on this have been established. In addition, in some varieties 

of quinoa seed shell is very rich by saponins. Saponin in plant and seed shells is used in soap, detergent, shampoo, 

fire extinguisher, medicine and cosmetic products. It is used as a laundry detergent among indigenous people in 

South America and as an antiseptic to help improve skin injuries. It is also rich in cellulose and can be used in 

paper and cardboard production. As mentioned earlier, quinoa seeds are available in 66 different shades. The color 

matter in the seed shells ranging from white to black is used in the production of organic dyes for dyeing fabrics. 

In recent years, processed quinoa products have been launched in our country. These include quinoa flour, quinoa 

tarhana, quinoa tea, quinoa crackers and cookies. 

 

6 RESULTS 
 

Quinoa (Chenopodium quinoa Willd.) Is an important plant for meeting the nutritional needs of the growing world 

population. Both the useful content of the seeds and the use of green parts increase the importance of this plant. 

The fact that the climate and soil requirements are not very specific in cultivation and that it can be easily cultivated 

even in unproductive soils shows that this plant can be planted in more common areas. Quinoa plant, which is 

cultivated in our country, cannot be produced in the desired amount yet. Therefore, it is thought that Quinoa 

plantation areas can be expanded by increasing the studies on this subject. 
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Abstract 

Quinoa seed protein is very rich in essential amino acids, especially methionine, 

threonine and lysine, which are limited in many grains. Quinoa, which is a new plant 

for our country, is not  enoughly cultivated. In order to obtain high grain yields per 

unit area and for a profitable production, it is thought that it would be beneficial to 

carry out studies such as sowing time, row spacing, row row, sowing norm, variety 

adaptation and fertilizer according to the climate and soil characteristics of the 

regions. Many parameters are taken into consideration during these studies. Seed 

yield is one of the most important factors. In this study, according to the data obtained 

from the researches, the factors affecting seed yield were examined. Sowing 

frequency, sowing time and fertilization are the most influential factors on seed yield. 

It is important to introduce this plant, which is called super food, to our country's 

farmers, to teach its cultivation and to expand the plantation areas. The aim of this 

study is to determine the factors affecting grain yield in Kinoa plant and to contribute 

to the studies aimed at increasing grain yield. 

1 INTRODUCTION  
 

Quinoa, which has nutritious seeds and leaves, is a member of the Chenopodiacea family and it is a double-

dwelling, one-year field plant from the group of physiologically C-3 plants. It has been cultivated in the Andean 

region of the South American continent for thousands of years. Capable of adapting to growing in many climatic 

conditions, the plant can grow even at altitudes up to 4000 m above sea level and can grow up to 2 meters thanks 

to its deep root system [1]. Quinoa is suitable for agriculture by machine. It can be cultivated with seeder and can 

be harvested easily with harvester. 

 

Quinoa seed protein is very rich in essential amino acids, especially methionine, threonine and lysine, which are 

limited in many grains [2, 3]. It is stated that the foods made from quinoa are also called “Astronaut Food tarafından 

by NASA and are used. For this reason, 2013 was declared tarafından Quinoa Year tarafından by FAO (The 

Organization of the United Nations for Food and Agriculture). 

 

The most important feature of quinoa is that its seeds do not contain gluten. Therefore, it is an important food 

source for celiac patients [4]. Quinoa, which is also important in animal production as forage, is an alternative 

plant especially in cattle fattening. On the other hand, it has an important place in poultry fattening as grain feed 

[5]. According to FAO (1994), Quinoa grass and straw have been used for centuries in cattle, sheep, and horse 

nutrition in South America. 

 

Quinoa, which is a new plant for our country, is not  enoughly cultivated. In order to obtain high grain yields per 

unit area and for a profitable production, it is thought that it would be beneficial to carry out studies such as sowing 

time, row spacing, row row, sowing norm, variety adaptation and fertilizer according to the climate and soil 

characteristics of the regions. 

 

The aim of this study is to determine the factors affecting grain yield in Kinoa plant and to contribute to the studies 

aimed at increasing grain yield. 

 

2 SEED CHARACTERISTICS 
 

Quinoa seed size is of great importance for the market value of the product. Seeds are round to 2-3 mm in diameter. 

1000-grain weight varies from 1.99 g to 5.08 g according to the varieties [6]. Very small seeds have low 
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commercial value in the market. Generally, it is desirable for seeds to have a grain weight of more than 2 g in the 

marketed products. Seeds can be colored in black, orange, pink, red, yellow or white [4].  Quinoa seeds are known 

to have 66 different shades. Therefore, Quinoa seed shells are used in the production of organic fabric dye. The 

seed color is due to the saponin content in the shell. There are thousands of local varieties in South America, the 

homeland of Quinoa, and hundreds of varieties developed in different countries. The characteristics of plants and 

seeds vary greatly according to these genotypes. Median longitudinal section of the quinoa seed is shown at figure 

1. 

 

 
Figure 1. Median longitudinal section of the quinoa seed [Arendt and Emanuele 2013] 

 

The optimum soil temperature required for germination of Quinoa seeds is between 8-10 ° C and the optimum 

sowing depth is 1-2 cm. In the presence of sufficient moisture in the soil, germination starts within the first 24 

hours after sowing and seedling formation occurs within 3-7 days after germination. Quinoa seeds need cooling 

as in spinach. Germination problems are seen in seeds that do not meet the cooling requirement or inadequate soil 

temperature during sowing. Vitamin content of Quinoa seeds are given in table 1. 

 

Table.1 Vitamin content of Quinoa seeds (mg/100 g dry matter) 

VİTAMİNS VALUES 

Vitamin A (Carotene) 0.12-0.53 

Vitamin E 4.60-5.90 

Thiamine (B1) 0.05-0.60 

Riboflavine (B2) 0.20-0.46 

Niacine (B3) 0.16-1.60 

Vitamin C (Ascorbic Acid) 0.00-8.50 

 

Quinoa seed is a highly nutritious human food. It is a relatively good source of minerals such as protein, 

calcium, iron and vitamins E and B. All 8 essential amino acids required for tissue development in humans are 

found in the seed of this plant. Methionine amino acids, which are low in lysine, cysteine and other grains, are also 

extremely high [7]. It is known to contain much more protein than wheat, rye, oats, millet corn and rice [6]. Since 

quinoa does not contain gluten, it is a nutritious and delicious food that meets the protein and carbohydrate needs 

of celiac patients and gluten sensitive organs. Seeds are poor in fat content compared to oil plants, but contain 

more oil than cereals. Research shows that Quinoa oil content varies between 1.8% and 9.5% [8,9]. Amino acid 

content of seed in Quinoa and some other plant species are shown at table 2. 

 

Table 2. Amino acid content of seed in Quinoa and some other plant species (Amino acid content g/100g protein) 

Amino Acids Quinoa Wheat Soybean Barley 

Histidine 2.9 2.2 2.5 2.2 

Isoleucina 4.0 3.8 4.7 3.7 

Leucine 6.8 6.6 7.0 9.8 

Lysine 5.1 2.5 6.3 3.7 

Phenylalanine Tyriosin 8.4 7.5 8.2 8.5 

Methionine + Cystine 4.6 3.9 2.8 4.1 

Threonine 3.7 2.9 3.9 3.5 

Tryptophan 1.2 1.3 1.2 1.3 

The Governor 4.8 4.7 4.9 4.9 
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3  YIELD COMPONENTS 

There are some parameters to consider when determining the yield of Quinoa plant. These; plant height, stalk 

thickness, wet yield, hay yield, hay rate, leaf ratio, stem rate, cluster rate, grain yield, harvest index, thousand grain 

weight, hectolitre weight, number of plants in harvest, length of main cluster is the number of branches in the 

cluster. In this study, we will examine grain yield of yield factors. 

 

4 FACTORS AFFECTING SEED YIELD 
 

4.1 Sowing frequency 

 

Seed yield values vary significantly according to the frequency and varieties between rows. Increasing the row  

spacing reduced seed yield by 61%. Mint-2 cultivar was the lowest yield with 231.3 g m-2 and Puno cultivar had 

the highest seed yield with 275.9 g m-2. (70 cm) according to the harvest index increased by 23%. 

 

4.2 Climate 

 

Quinoa plant is a plant that can grow in large areas from the altitudes of 4000 m in the Andes to the sea level on 

the equator. There are many varieties of Quinoa plant with different temperature and humidity requirements that 

can adapt to different ecological conditions. Some varieties can grow in tropical climates, others require humid 

conditions [10]. While the varieties grown in tropical climates are more sensitive to photoperiod and need longer 

growth period, it is stated that Quinoa varieties that can grow at sea level are not high photoperiod sensitivity, they 

require shorter growth period and these varieties are suitable for growing in temperate regions [11, 12]. 

 

4.3 Soil requirement 

 

Quinoa is a plant that can adapt well to unfavorable climatic and soil conditions. It can adapt to any kind of soil. 

It is easily grown in well-drained, light, medium and heavy soils. It makes best development in loamy-sandy soils. 

Resistant to step climate and drought [13]. It is resistant to salinity and can grow in soils where pH is between 4.5-

9 [11, 4]. 

 

4.4 Planting time 
 

The most critical period in Quinoa cultivation is the planting period. Changes in temperature and humidity during 

planting time have significant effects on grain yield. Seed losses are high in late sowing. This may be due to the 

fact that the plants have passed to the generative stage without a sufficient vegetative growth due to the increased 

temperatures in late sowing, and the negative effects of fertilization and seed formation due to the high 

temperatures.  

 

4.5 Irrigation 

 

Studies have shown that although there is a difference according to the growing season and location, seed yields 

between 34 and 240 kg / da can be determined while there is no irrigation, but there may be significant increases 

in yields with limited irrigation. These results show that there may be differences in Quinoa yields, variety, soil 

and climatic characteristics of cultivation area and application amounts of agricultural inputs [14]. 

 

4.6 Fertilization 
 

In a study carried out in the South German ecology, it was found that grain yield increased from 179 kg / da at N0 

to 308 kg / da at N8 and 350 kg / da at N12, but there was no statistical difference between N8 and N12 [15]. They 

studied three different nitrogen (0, 8 and 12 kg / da) levels in two different Quinoa cultivars under the conditions 

of South Germany and stated that there was no significant difference between 8 kg and 12 kg N applications per 

decare in terms of grain yield [16]. 

 

5 CONCLUSION 
 

Quinoa plant is in high demand in recent years due to its nutritional and gluten-free nature. Its use in animal 

nutrition also increases the importance of Quinoa. It is easily cultivated because it has high adaptability to many 

conditions. Although it has been cultivated in the world for many years, it is a new plant in our country yet. For 

this reason, studies to develop Quinoa varieties suitable for our country conditions are not at the desired level yet. 
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Many parameters are taken into consideration during these studies. Seed yield is one of the most important factors. 

In this study, according to the data obtained from the researches, the factors affecting seed yield were examined. 

Sowing frequency, sowing time and fertilization are the most influential factors on seed yield. It is important to 

introduce this plant, which is called super food, to our country's farmers, to teach its cultivation and to expand the 

plantation areas. 
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Abstract 

Food safety is a highly crucial issue in today’s food market. Unexpected presence 

of pathogenic microbial communities in food may cause possible foodborne illness 

on humans and livestock, or may even end up dead. Moreover, microbial 

proliferation can lead to spoilage of the food product and can cause economical 

loss. Several methods have been already proposed to detect low-level microbial 

growth in food products, however laser-based ones can be more advantageous by 

offering more convenient, easy-applicable, low-cost and rapid solutions. By using 

laser-based techniques, food samples can be easily monitored in terms of 

microorganism activities on the food surface in a non-invasive way with sufficient 

sensitivity. Here we review some of the current and promising laser-based methods 

that have been tested for the monitoring microorganisms in food products so far. 

 

1 INTRODUCTION  
 

Using laser-based methods in order to monitor food products have several advantages such as being fast 

responsive and non-destructive probes and requiring minimum human intervention. Other analysing methods are 

generally expensive, complex in their nature and not as rapid as laser-based methods. Also, professional training 

is needed. For example, amines are building blocks of meat products and their instantaneous states are very good 

indicators for the freshness of the food [1]. High performance liquid chromatography (HPLC) method can be 

used to monitor current states of these amines [2]. This method can determine amine levels in the serum with 

high resolution. However, HPLC method requires long pre-preparation and long processing time. Thus, due to 

the advancements in computer technology and laser sources, image processing methods can identify food quality 

and safety problems rapidly with high sensitivity [3]. Spatial information in the acquired data has a crucial 

importance on the performance of the imaging method. That’s why Red-Green-Blue (RGB) coloured digital 

imaging system were extensively preferred among scientists in early stages [4, 5]. 

 

2 CURRENT LASER-BASED METHODS 
 

Laser speckle decorrelation method employs time-variant 2D images of speckle intensity patterns acquired from 

food samples by illuminating food samples with laser [6]. Repeating images are acquired from food sample at 

specific time intervals and decorrelation indicates living microorganisms on the surface of the food sample. 

Contaminated samples tend to yield variation in intensity patterns. Simple correlation function used in the 

method to identify contaminated samples is given as fallowing:   

 

1
( , , ) ( , , ) ( , , )C x y I x y I x y t t

T
   


 

  

(1) 

 

where ( , , )C x y   is the autocorrelation intensity and ( , , )I x y   intensity of the speckle patterns at the image taken 

at time t. This type of approach is very handy tool for imaging studies and identification of variation patterns for 

2D images. 

 

Hyperspectral imaging (HSI) is another approach to determine the food quality by integrating spectroscopy into 

imaging technologies [7]. As a result, both spectral and special data can be acquired simultaneously. The 

schematic view of the components of the hyperspectral imaging is given in Figure 1. Samples are continuously 

illuminated with light sources and images are captured with CCD cameras. The kernel component of the dataset 
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of the HSI is called hypercube [8]. It is a three-dimensional stuffed data consisting of one-dimensional spectral 

data and two-dimensional image data. According to data, similar spectral outcomes indicates similar chemical 

compositions. Images are acquired by changing excitation wavelengths.  

 

 
Figure 1. Schematic view of the test rig of hyperspectral imaging system [7]. 

 

The method suffers from interferences from other sources in the matrix such as absorption by the natural 

pigments [9]. Different multivariate analyses including principal component analyses, multi-linear regression 

(MLR) and even Support Vector Machine can be used at characterization and identification stage [9-11]. 

 

Raman spectroscopy is another option to identify microorganisms on food samples with high accuracy [12]. The 

response from Raman scattering includes lots of information from the target sample where Raman peaks are 

formed based on different vibrational modes of molecular bonds. Fourier Transform Infrared (FTIR) Raman 

Spectroscopy has been previously used to identify gram-negative and gram-positive bacteria [13, 14]. Later, 

Fourier transform (FT) Raman spectroscopy was used to monitor microorganisms on apple samples[12]. 

Generally, 1064 nm excitation is preferred in these studies since it causes less background noises and Raman 

spectroscopy has proven to have sufficiently high signal-to-noise ratio (SNR) value [15]. Latest studies have 

been dealing with Surface Enhanced Raman Spectroscopy (SERS) due to its high magnitude signal yield [16]. 

The summary of the SERS method and advancement in the Raman signal can be seen from Figure 2. The 

dominance of SERS over simple Raman method comes with the usage of active substrates which eventually 

increase Raman signal at high levels. Specifically, prepared nano-particles are used as a SERS substrate [17].  

 

 
Figure 2. Schematic view of SERS method and resulting Raman signal [16]. 

Fluorescence spectroscopy is also potential option to monitor food samples such as monitoring thermal stages in 

meat samples [18]. Fluorescence spectroscopy can be used to detect bacterial pathogens from the sample cultures 

[19]. Fluorescence spectrum is relatively broad signal rather different that Raman signal and it emerges due to 

emissions of electrons while returning from excited states. Some of biological building blocks in the cells such 

as aromatic amino acids have intrinsic fluorescence characteristics [20]. Pre-mentioned multivariate analyses are 

generally used at the classification step. Using fiber optics has a prominent effect on the performance of the 

fluorescence detection [21, 22].  

 

3 RESULTS 
 

Several studies related to the food microbiology and laser-based methods can be summarized in Table 1. As seen 

from Table 1, wide variety of method have been available in the literature. All these methods have their own 

advantages and they generally suffer from unwanted noises from colour pigments, scars on the food etc. 

However, the reported detection sensitivities are relatively high and this makes these methods highly important 

in food monitoring applications. 
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Table 1. Several reference studies for the detection of microorganisms and abrupt changes in food products. 
Number Optical Method Food Product Microorganism Sensitivity Details Reference 

Study 

1 Laser speckle 

decorrelation 

Chicken breast E. coli and B. 

cereus 

 633 nm laser is used as 

an illumination source. 

[6] 

2 Hyperspectral imaging 

(HSI) 

Apple Fecal 

contamination 

High 

sensitivity as 

only first PC 
explains more 

than 99% of 

eigenvalues. 

Reflectance from the 

sample is acquired in 

visible/NIR region. 

[9] 

3 Hyperspectral imaging Cantaloupe Fecal 
contamination 

Sensitivity was 
ranging from 

79% to 96%. 

Fluorescence emissions 
from 425 to 774 nm 

were used. 

[23] 

4 Fourier transform (FT) 
Raman spectroscopy 

Apple Six different 
strains of E. coli 

100% accuracy 
was reported 

for the several 

strains of E. 
coli 

1064 nm excitation was 
used to excite samples. 

[12] 

5 Surface Enhanced 

Raman 

Spectroscopy (SERS) 

N/A S. aureus Detection limit 

was reported as 

10−9 M. 

Au-coated magnetic 

nanoparticles(AuMNPs) 

were used as substrates 
for Raman method with 

785 nm excitation. 

[17] 

6 Fluorescence 
Spectroscopy 

Sample 
Cultures 

E. coli, 
Salmonella, and 

Campylobacter 

LOD was 
reported as 

103–104 

cells/mL 

Fluorescence signal was 
acquired over the range 

of 200–700 nm. 

[19] 

7 Fluorescence 

Spectroscopy 

Agar plates Colonies of 

Pseudomonas 

100% accuracy 

was reported. 

Fiber optic assisted 

study. Excitation 

wavelengths are 
selected at 250 nm and 

340 nm. 

[22] 

8 Fluorescence 

Spectroscopy 

Agar plates S. aureus, P. 

aeruginosa, S. 
typhi and K. 

pneumoniae 

96.2% 

accuracy was 
reported. 

Excitation wavelengths 

is selected at 280 nm. 

[21] 

 

4 CONCLUSION 
 

Laser based methods can easily adapted to implement the food safety and quality detection. All of these methods 

have their own advantages and disadvantages. Throughout the paper we tried to touch on important details about 

the application of these methods. Since the cross-section of the Raman probe is relatively small it may take some 

time to fully investigate region of interest on the food surface. However, data from Raman probe provides 

extensive information about the molecular structure of the food sample. Raman method has a high signal-to-

noise ratio. The method can be affected from unexpected background noise but this problem can be easily 

eliminated by using several tricks. Selection of suitable excitation wavelength and using fiber optics are two 

crucial parameters for fluorescence detection. Fluorescence detection is also vulnerable to unexpected 

background noises. Hyperspectral imaging method is an emerging detection technique for the food industry since 

it includes spatial information into acquired dataset. Nowadays, all surface enhanced Raman spectroscopy is 

recieving more attention since it can overcome many problems of the simple Raman probe. Selection of 

appropriate substrates for the SERS detection is important. Thus, both methods are powerful since they offer fast 

and reliable solutions and they require minimum human contact for the food sample during detection. None of 

them has fully beaten the rest of available methods yet but the research is still going on and emerging studies are 

promising satisfying solutions.  
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Abstract 

For centuries, human beings have faced many difficulties and tried to find solutions 

to these difficulties. One of these challenges was transportation. To meet this need, 

many types of bridges have been designed to the present day. With the 

development of knowledge and technology on bridges that have survived to the 

present day, different types of bridges such as concrete, wooden etc. have emerged. 

Concrete over time; cost was cheap, workmanship and easier to be shaped, high 

resistance to pressure and many other features of the buildings to be built in the 

future has become an important building material preferred. However, as a result of 

the studies carried out over time, although the strength of the concrete under 

pressure was high, it was determined that the strength under the tensile strength was 

low and reinforcement was placed in the concrete and positive results were 

obtained. It was later used in reinforced concrete elements. However, as the 

openness increased, it became unfavorable due to its own weight, and the formation 

of cracks in the elements under low stresses for the structure. In this study, it was 

carried out on the superstructures of prestressed prefabricated girder concrete 

bridges. Two beam types with different heights and seven superstructure cross-

sections with different widths were determined using these beam types. For these 

superstructure cross-sections, calculations were made for bridge superstructures 

with beam length of 25m and studies were made to determine the most ideal beam 

to be used in this opening for the selected superstructure cross-sections and selected 

prestressed beam types. 

 

1 INTRODUCTION 
 

Prestressed concrete bridges, which have an important position in the past to the present, have been formed by 

using high strength concrete and steel materials together. E. Freyssinet was the first person to use prestressed 

technique in bridges today. He even built two arch bridges in the 1920s using this technique. Since 1929, many 

important engineering structures have been designed and built with this technique [1]. 

 

Prestressed concrete bridges were preferred over time due to their long life and aesthetics, low maintenance, and 

fast and easy manufacturing when prefabricated elements were used, as well as their low cost. With the increase 

in the use of prestressed concrete bridges, there had been a significant increase in the published studies on 

prestressed concrete in the literature. Rizkalla et al. emphasized the importance of accurate deflection of 

deflection and resulting prestressing losses in prestressed beams. They explained that the variable concrete 

properties and the variables in production made it difficult to determine the deflection formed in the beams due 

to time dependence of prestressing losses. They developed a method that takes these variables into consideration 

for determining deflection value to be formed in beams [2]. Movarcik stated that most of the motorway bridges 

in Slovakia were produced with prestressed concrete technology. In his study, in order to cross the openings 

between 24m and 42m, I designed the new type I prefabricated prestressed concrete beams according to 

Eurocode. It applied prestressing and post-tensioning to beams consisting of three elements [3]. Yapar et al. were 

on the nonlinear finite element model of prestressed beams. They gave importance to non-linear analysis of these 

beams. They made explanations about cracks in prestressed beams as a result of loading [4]. Toyota et al. 

observed cracks in the prestressed beams of prestressed concrete bridges in Japan and indicated that they may 

cause the bridge to collapse. In their study, they performed vibration tests on a prestressed concrete beam to 

explain how the vibration properties of prestressed concrete beams changed and to check the health of the 

bridge. Thus, they observed that by reducing the prestress force in the prestressed beam, the natural frequency of 

the beam decreases but the vibration damping performance increased [5]. Fuente et al. stated that advances in 
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concrete technology, reinforced concrete systems and manufacturing made it possible to use longer reinforced 

concrete precast beams and this solution would increase the competition for bridge decks. They argued that the 

weight of prestressed beams should be limited, and the width of the prestressed beam flanges should be 

minimized in design to achieve an optimum result between aperture length, transport and replacement costs. In 

their study, they described a study on the lateral imbalance of a prestressed concrete beam of 46m length during 

beam lifting operations and performed a parametric study to understand the boundaries of the observed problem 

[6]. Steensels et al. appraised the existing design models for detailing reinforcement in anchor zones of 

prestressed concrete beams. Different design models in the literature interpreted for a single prestressed element 

with end block and the resulting reinforcement patterns were modeled using a two-stage numerical approach. In 

this approach, the prestressing force was transferred from the prestressing cables to the surrounding concrete and 

the stress area in the anchoring zone was consecutive. They applied nonlinear material behavior to accurately 

model the redistribution of possible stress after cracking. They evaluated the different reinforcement 

arrangements at the end regions of the beams by monitoring the total vertical stresses along the reinforcement of 

the numerical model. They performed a parametric study to further investigate the effect of different end zone 

reinforcement arrangements and to evaluate the variable geometric placement efficiency of reinforcement bars 

[7]. 

 

In this study, analytical studies were carried out on the superstructures of bridges with prestressed prefabricated 

girder bridges. For 25m Type1 and Type2 beams, concrete bridge superstructures with prestressed prefabricated 

girder with different widths were evaluated. It was calculated according to the behavior of internal and external 

influences on concrete bridge superstructures with prestressed prefabricated girder. 

 

2 LOADS EFFECTING PRESTRESSED CONCRETE BRIDGES 
 

Two load types were taken into consideration as dead load and moving load in the design of the deck and 

prestressed beams forming the bridge superstructure 

 

2.1 Dead Loads 

 

Constant or dead loads represent the loads caused by the weight of the bridge elements that make up the 

bodywork and the dead loads to be used in the design of the bridge body are as follows: 

 Prestressed beam weight, 

 Deck weight, 

 Other loads; 

 Weight of asphalt pavement, 

 Curb weight, 

 Railing weight, 

 Weight of precast facade element, 

 Fill weight on superstructure. 

 

It was assumed that these loads would be distributed evenly across each of the prefabricated prestressed beams in 

the cross-section. The load to each beam was obtained by dividing the total weight of these dead loads by the 

total number of beams in the cross-section. Moments to occur in different sections of prestressed beam and 

maximum shear forces to be formed in beam supports; were calculated by considering the loads given above [8]. 

 

2.2 Moving Loads 

 

Moving load; It represented static loads which could be displaced on the superstructure from time to time. The 

moving loads passing over the superstructure consist of standard truck load or lane loads equivalent to standard 

truck train according to AASHTO [9]. The design of a bridge in Turkey loads to be taken into consideration 

while making “Highways General Directorate” was determined [10]. H30S24 design truck represented the moving 

vehicle load to be used in the design of any bridge in our country. Furthermore, the weight of this H30S24 design 

truck, which was defined according to the conditions of our country, was approximately 1.5 times higher than 

the truck loads given in AASHTO. It was assumed that the H30S24 design truck load and lane loads cover a width 

of 3m. 

 

The distance between the axles of the H30S24 design truck which represented the moving vehicle load used in the 

bridge superstructure calculations in our country and the loads affecting these axles were shown in Figure 1. 
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Figure 1. Distance between the axles of the design truck and the loads acting on these axles 

 

Figure 2 showed the H30S24 design truck loading to find the maximum bending moment value on a simple 

supported beam. Figure 3 showed the maximum shear force values. 

 

 
Figure 2. The most unfavorable placement of the H30S24 design truck loading for bending moment 

 

 
Figure 3. The most unfavorable placement of the H30S24 design truck loading for shear force 

 

Figure 4 showed the H30S24 lane loading in such a way that it can find the maximum bending moment value on a 

simple supported beam. Figure 5 showed positioned so as to find maximum shear force values. 

 

 
Figure 4. The most unfavorable placement of the H30S24 lane loading for bending moment 

 

 
Figure 5. The most unfavorable placement of the H30S24 lane loading for shear force 

 

The maximum bending moment values and shear force values that would occur as a result of H30S24 design truck 

loading and lane loading in prestressed beams were calculated separately for these two loads and the larger of 

these calculated values were accepted as the moment and shear force resulting from the action of moving loads 

[8]. 

 

3 CALCULATION OF BENDING STRESSES AND PRESTRESSING LOSSES 
 

For the calculation of bending stresses, the construction stages of prestressed concrete bridges were taken into 

consideration. Since the material properties of the prestressed beams for each stage, cross-sectional dimensions, 

the loads under which they were affected, and the prestress loss values to be formed would be different, different 

stress values occurred in each prestressed beam. These stresses were investigated in four different verifications. 

 

The first verification was carried out according to the situation at the time of the prestressing of the prestressed 

beam. In this verification, the existing loads represented the self-weight and prestress force of the prestressed 

beam. Prestressing losses to occur were at minimum level. In this verification, the stresses that would occur in 

the lower fiber and upper fiber of the prefabricated section, 

1294



Analysis on Prestressed Precast Girder Bridge with Different Span and Widths ICADET‘19 

 

 

Mη Peη P g111 iσ = - - +
sub_p,1 A W W

i sub_p sub_p

Mη Peη P g111 iσ = - + -
top_p,1 A W Wtop_p top_pi

              (1) 

 

In the second verification, it was assumed that the weight of the slab concrete was carried by the prefabricated 

beam in addition to the self-weight of the prestressed beam of the first verification. The prestress losses to occur 

in this verification were at maximum level. In this verification, the stresses that would occur in the lower fiber 

and upper fiber of the prefabricated section, 
 

Mη Peη P g222 iσ = - - +
sub_p,2 A W W

i sub_p sub_p

Mη Peη P g222 iσ = - + -
top_p,2 A W Wtop_p top_pi

              (2) 

 

In the third verification, it was accepted that all loads except moving load were taken into consideration by the 

prefabricated section of prestressed beams and slabs, as well as by additional composite loads such as asphalt 

pavement weight, curb weight, guardrail weight, precast edge element weight, pedestrian and fill weight. The 

prestress losses in this verification were maximum. In this verification, the stresses to occur in the prefabricated 

section lower fiber and upper fiber as well as the stresses to occur in the composite section upper fiber, 
 

M Mη Peη P g2 g322 iσ = - - + +
sub_p,3 A W W W

i sub_p sub_p sub_k

M Mη Peη P g2 g322 iσ = - + - -
top_p,3 A W W Wtop_p top_pi top_k

M
g3

σ = -
top_k,3 W

top_kt

             (3) 

 

The fourth verification was considered to include all loads, including moving loads. It was assumed that the 

beam and slab weights were carried by the prefabricated section and all other additional loads were carried by 

the composite section. The prestress losses to occur in this verification were maximum. In this verification, 

stresses in the lower fiber and upper fiber of the prefabricated section, as well as stresses in the composite 

section upper fiber, 
 

M M + Mη Peη P g2 g3 h22 iσ = - - + +
sub_p,4 A W W W

i sub_p sub_p sub_k

M M + Mη Peη P g2 g3 h22 iσ = - + - -
top_p,4 A W W Wtop_p top_pi top_k

M + M
g3 h

σ = -
top_k,4 W

top_kt

            (4) 

 

Total prestress loss was calculated by the equation in Equation (5). In this relation, SH referred to prestress 

losses due to shrinkage (shrinkage) in concrete, ES prestress losses due to elastic shortening of concrete, CRc 

prestress losses due to creep in concrete and CRs prestress losses due to loosening of prestressing cable. 
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∆fs=SH+ES+CRc+CRs                (5) 

 

As a result of the decrease in the water in the concrete due to physical or chemical reasons, deformation 

(shrinkage) that occurs in time depending on the concrete was called. Prestress loss due to shrinkage in concrete, 
 

SH=11950–(105RH)9.81                (6) 

 

Under the influence of permanent loads, the deformation event that occurs over time in concrete under constant 

stress was called creep. Loss of prestressing due to extinction, 

 

CRc=12fcir–7fcds                 (7) 

 

The shortening that will occur due to the pressure of the prestressing force in the length of the concrete element 

as a result of transferring the prestressing force to the concrete element was defined as elastic shortening. This 

lost, 

 

EsES = f
cirEc

                 (8) 

 

The reduction in stress due to the prestressing cable over time was expressed as the relaxation of the cable. This 

lost, 

 

CRs=34474–0.1ES–0.05(SH+CRc)               (9) 

 

4 MINIMUM REINFORCEMENT CONDITIONS-DEFLECTION VERIFICATION 
 

The total amount of prestressing cable in the prestressed beam cross-section must be such that a resistance to the 

formation of a torque was equal to or greater than 1.2 times the cracking moment value in the critical section. 

 

*
M 1.2Mn cr                 (10) 

 

Sectional cracking moment for prefabricated section, 

 

*
M = W (f + f )cr,p r pesub_p

             (11) 

 

Cross-section cracking moment for composite section, 

 

Wsub_k
( 1)

dnc Wsub_p

*
M = W (f + f ) - Mcr,c r pesub_k

            (12) 

 

According to AASHTO, the maximum deflection due to loadings at the moment of transfer and prestressed beam 

construction should be less than L1/400 of the beam support opening. The final deflection must also be smaller 

than L1/400. In other periods, the maximum deflection of the bridge beams under the dynamic loads caused by 

the moving loads and these loads should be less than L1/800. 

 

4.1 Deflection-First Verification 

 

This verification shall only be carried out in the case where the beam weight is present, and the prestress losses 

shall be deemed to be minimal (Figure 6-7). 

 

 
Figure 6. Deflection caused by beam prestressing force 
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Figure 7. Deflection that occurs when the beam was affected by its own weight 

 

The deflection in this case was calculated by the following equation. 

 

2
Pe L

1if = -
1i 8E Ic i

4 2 2
5g L 24g L C

1 1 1 1f = -
1ii 384E I 384E Ic ci i

f = f + f
1 1i 1ii

             (13) 

 

4.2 Deflection-Second Verification 

 

In this verification, it would be assumed that the weight of the slab concrete was carried by the prefabricated 

section in addition to the self-weight of the prestressed beam and the prestressing losses were at maximum level. 

Deflection in this verification, 

 

2 4 4
Pe L 5g L 5g L1i 1 1 2 1f = - + +

2 8E I 384E I 384E Ic c ci i i

            (14) 

 

4.3 Deflection-Third Verification 

 

In this verification, it shall be assumed that all other loads except movable loads were present and the 

prestressing losses were at maximum level. Deflection in this state, 

 

2 44 4
Pe L 5g L5g L 5g L1 3 1i 1 1 2 1= - + + +

3 8E I 384E I 384E I 384E Ic c c ci i ci ci

f            (15) 

 

4.4 Deflection-Fourth Verification 

 

In this verification, deflection calculation shall be made for the case where the prestressed beam was under the 

influence of moving loads. It would be assumed that prestressing losses are at maximum level. 

 

The deflection amount for the lane loading, taking into account the loading situation was given in Figure 8, 

 

3 4
PL 5qL

1 1f = +
4,1 48E I 384E Ic cci ci

             (16) 

 

 
Figure 8. Maximum deflection placement of H30S24 lane loading 

 

The maximum deflection generated by the weight of the H30S24 design truck occurred when the first of the rear 

wheels of this truck reached the midpoint of the prestressed beam. 
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Figure 9. Maximum deflection layout for H30S24 truck loading 

 

Considering the loading situation given in Figure 9 under these conditions, the deflection amount that would 

occur as a result of truck loading, 

 

y x y x y
1 1 1 2 21+ - 0.25 + y 1+ - 0.25

22 4 L L L LPL 1 1 1 1
f =
4,2 12E Ic y yci 3 3+x 1+ - 0.25

3 L L
1 1

       
                    
 

   
     

    

        (17) 

 

The final deflection value was the sum of deflection resulting from the 3rd verification and the 4th verification 

and the deflection value f should be less than L1/400. 

 

f = f + f
3 4                (18) 

 

5 BENDING CONDITION-ULTIMATE BEARING CAPACITY VERIFICATION 

 

The analysis was carried out separately for the prefabricated section and for the composite section to be formed 

by the work of a certain part of the slab concrete and prefabricated beam concrete. Bending elements; bending 

state carrying power value, the most negative load case would be obtained as a result of the calculation should be 

greater than the bending moment value [8]. 

 

5.1 Calculation of Bearing Moment for Rectangular Sections or (a≤t) Table Sections in Pressure Zone 

 

Calculation of the equivalent rectangular pressure block height (neutral axis depth) according to AASHTO for 

rectangular sections, 

 

*
A fps su

a =
0.85f bc

               (19) 

 

fsu
∗  prestressing steel means reduced account strength and this value, 

 

*
fγ* sf = f 1- ρsu s p

β fc1






 
 
  

              (20) 

 

ρp represented the prestressing ratio, 

 

Aps
ρ =p

bd
               (21) 

 

Carrying force resistance moment for rectangular sections, 
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*
ρ fp su*

M = A f d 1-0.6n ps su
fc

 


  
  

    

            (22) 

5.2 Bearing Force Moment Calculation for (a>t) Table Sections with No Pressure Zone in the Table 

 

Calculation of the equivalent rectangular pressure block height for table sections according to AASHTO, 

 

*
A fsr sua =

0.85f bc w
               (23) 

 

Resistance moment of bearing power in sections larger than the thickness of table section head, 

 

*
A f* sr suM = A f d 1-0.6 +0.85f (b-b )t(d-0.5t)n sr su c w
df bc w

  


    
    
     

         (24) 

 

6 PERFORMED STUDIES 
 

In this study, two beam types with different heights and seven superstructure cross-sections with different widths 

were determined using these beam types. For these superstructure cross-sections, calculations were made for 

bridge superstructures with beam length of 25m and studies were carried out to determine the most ideal beam to 

be used in this opening for selected superstructure cross-sections and selected prestressed beam types. 

 

In this section, the properties of the materials to be used in the calculations, the cross-sectional properties of 

selected prestressed girder types, and the superstructure cross-sections to be used in the study were shown. 

Accordingly, the dead and moving loads to which prestressed concrete bridges were exposed and the cross-

sectional effects of these loads on the beams, determination of the prestress losses in the beams and the stresses 

on the beams were examined. The determination of the longitudinal reinforcement to be placed in the beam, 

bending bearing capacity, shear bearing capacity, minimum reinforcement ratio control and also the deflection of 

the beam deflection were evaluated in order to meet the tensile stresses that will occur after the sheathing of the 

beam. 

 

6.1 Material Properties Used in Calculations 

 

Material properties to be used within the scope of the study were given in Table 1-4. 

 

Table 1. Concrete properties 

Deck concrete class C30 

Characteristic compressive strength of deck concrete (fcs) 30MPa 

Elasticity modulus of deck concrete (Ecs) 31800MPa 

Prefabricated prestressed beam concrete class C45 

Characteristic compressive strength of precast prestressed beam concrete (fc’) 45MPa 

Prefabricated prestressed beam concrete elasticity modulus (Ec) 36057MPa 

 

Table 2. Prestressed cable properties 

Type of cable 270K low relaxation ASTM A416 

Diameter of cable 0.6''=15.24mm 

Cable cross-section 1.4cm2 

Characteristic tensile strength of prestressing rope (fs’) 1860MPa 

Prestressing rope elasticity modulus (Eps) 200000MPa 

 

Table 3. Reinforced concrete reinforcement properties 

Yield strength of reinforced concrete reinforcement (fyk) 420MPa 

Reinforced concrete reinforcement elasticity modulus 200000MPa 
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Table 4. Other parameters 

Moving load vehicle class H30S24 

Railing weight 1.50kN/m 

Pedestrian load 3.00kN/m2 

Unit weight of concrete 25.00kN/m3 

Unit weight of asphalt pavement 23.00kN/m3 

Annual average humidity (RH) 40% 

Stretching ratio 75% 

 

6.2 Selected Prestressed Beam Types 

 

The cross-sectional properties of the prestressed girder types selected were given in Table 5. Prefabricated beam 

cross-section was given Figure 10. 

 

 
Figure 10. Prefabricated beam cross-section 

 

Table 5. Cross-section dimensions of prestressed beams 

Beam Type 
Section Dimensions (cm) 

h b1 b2 b3 a1 a2 a3 a4 a5 a6 

Type1 75 75 20 75 10 12.5 - 30 7.5 15 

Type2 90 94 20 65 10 8 - 46 10 16 

 

6.3 Superstructure Cross-Section Types 

 

Cross-sections of bridge pavements designed using Type-1 prestressed beams with a total height of h=75cm 

were determined as in Figure 11-17. Variable parameters of bridge pavements to be formed by using Type1 and 

Type2 beams were determined as in Table 6. 

 

 
Figure 11. Cross-section A for Type1 beam 
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Figure 12. Cross-section B for Type1 beam 

 

 
Figure 13. Cross-section C for Type1 beam 

 

 
Figure 14. Cross-section D for Type1 beam 

 

 
Figure 15. Cross-section E for Type1 beam 
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Figure 16. Cross-section F for Type1 beam 

 

 
Figure 17. Cross-section G for Type1 beam 

 

Table 6. Variable parameters of bridge superstructures for Type1 and Type2 beam 

Parameters 
Cross-Section 

A B C D E F G 

W (m) 9.50 13.00 16.50 20.00 23.50 27.00 30.50 

Wa (m) 5.50 9.00 12.5 16.00 19.50 23.00 26.50 

L1 (m) 24 24 24 24 24 24 24 

L2 (m) 25 25 25 25 25 25 25 

c2 (m)-Type1 0.85 0.65 0.84 0.64 0.83 0.63 0.82 

c2 (m)-Type2 0.87 0.68 0.98 0.79 1.08 0.89 0.70 

N2 (number)-Type1 11 16 20 25 29 34 38 

N2 (number)-Type2 9 13 16 20 23 27 31 

NL (number) 1 2 3 4 5 6 7 

 

6.4 Loads Effecting on Prestressed Beams and Internal Forces 

 

The loads effecting on prestressed beams in bridge superstructures formed by placing Type1 and Type2 beams 

were given in Table 7. The internal forces effects of these loads were shown in Table 8. 

 

Table 7. Load values and internal forces at each cross-section for Type1 beam, length of beam 25m  

Loads that were the same for each cross-section and internal forces 

g1 

(kN/m) 

g2 

(kN/m) 

Mg1 

(kNm) 

Mg2 

(kNm) 

Mh 

(kNm) 

Vg1 

(kN) 

Vg2 

(kN) 

Vh 

(kN) 

8.563 12.853 616.50 925.38 757.59 102.75 154.23 138.74 

Loads that were the different for each cross-section and internal forces 

 Type1-A Type1-B Type1-C Type1-D Type1-E Type1-F Type1-G 

g3 (kN/m) 4.484 3.334 2.869 2.456 2.256 2.043 1.934 

Mg3 (kNm) 322.85 240.08 206.55 176.83 162.43 147.07 139.22 

Vg3 (kN) 53.81 40.01 34.43 29.47 27.07 24.51 23.20 
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Table 8. Load values and internal forces at each cross-section for Type2 beam, length of beam 25m 

Loads that are the same for each cross-section and internal forces 
g1 

(kN/m) 

g2 

(kN/m) 

Mg1 

(kNm) 

Mg2 

(kNm) 

Mh 

(kNm) 

Vg1 

(kN) 

Vg2 

(kN) 

Vh 

(kN) 

9.453 14.788 680.58 1064.7 942.13 113.43 177.45 171.66 

Loads that are the different for each cross-section and internal forces 

 Type2-A Type2-B Type2-C Type2-D Type2-E Type2-F Type2-G 

g3 (kN/m) 5.481 4.104 3.586 3.070 2.845 2.572 2.370 

Mg3 (kNm) 394.60 295.48 258.19 221.04 204.81 185.20 170.65 

Vg3 (kN) 65.77 49.25 43.03 36.84 34.13 30.87 28.44 

 

6.5 Prestressed Summaries of Prestressed Beams 

 

Prestressed summaries of prestressed beams in bridge superstructures formed by placing Type1 and Type2 

beams were given in Table 9-10. 

 

Table 9. Type1 beam A-B-C-D-E-F-G cross-section 

Section 
L2 

(m) 
N N1 

Aps 

(cm2) 

d' 

(m) 

ei 

(m) 

eci 

(m) 

P 

(kN) 

𝐄𝐒 

(%) 

∆𝐟𝐬 
(%) 

P1 

(kN) 

P2 

(kN) 

A 25 20 9 28.00 0.09 0.27 0.41 3986.4 5.86 21.66 3752.8 3123.0 

B 25 20 9 28.00 0.09 0.27 0.41 3986.4 5.86 21.84 3752.8 3115.8 

C 25 20 9 28.00 0.09 0.27 0.41 3986.4 5.86 21.97 3752.8 3110.6 

D 25 19 9 26.60 0.09 0.27 0.41 3787.1 5.48 20.94 3579.6 2994.1 

E 25 19 9 26.60 0.09 0.27 0.41 3787.1 5.48 21.01 3579.6 2991.4 

F 25 19 9 26.60 0.09 0.27 0.41 3787.1 5.48 21.03 3579.6 2990.7 

G 25 19 9 26.60 0.09 0.27 0.41 3787.1 5.48 21.08 3579.6 2988.8 

 

Table 10. Type2 beam A-B-C-D-E-F-G cross-section 

Section 
L2 

(m) 
N N1 

Aps 

(cm2) 

d' 

(m) 

ei 

(m) 

eci 

(m) 

P 

(kN) 

𝐄𝐒 

(%) 

∆𝐟𝐬 
(%) 

P1 

(kN) 

P2 

(kN) 

A 25 20 8 28.00 0.10 0.36 0.53 3986.4 6.07 22.20 3744.5 3101.4 

B 25 19 8 26.60 0.09 0.36 0.53 3787.1 5.73 21.44 3570.1 2975.2 

C 25 19 8 26.60 0.09 0.36 0.53 3787.1 5.73 21.58 3570.1 2969.9 

D 25 18 8 25.20 0.09 0.37 0.54 3587.8 5.40 20.67 3394.0 2846.2 

E 25 18 8 25.20 0.09 0.37 0.54 3587.8 5.40 20.74 3394.0 2843.7 

F 25 18 8 25.20 0.09 0.37 0.54 3587.8 5.40 20.77 3394.0 2842.6 

G 25 18 8 25.20 0.09 0.37 0.54 3587.8 5.40 20.78 3394.0 2842.2 

 

6.6 Bearing Capacity and Minimum Reinforcement Controls of Prestressed Beams 

 

Bearing capacity and minimum reinforcement controls of prestressed beams in bridge superstructures formed by 

placing Type1 and Type2 beams were given in Table 11-12. 

 

Table 11. Type1 beam A-B-C-D-E-F-G cross-section bearing capacity and minimum reinforcement controls 

Section 
L2 

(m) 

Composite Beam Section Prefabricated Beam Section 

Md Mn 1.2*Mcr Md Mn 1.2*Mcr 

A 25 3289.40 3812.79 548.09 1202.99 2761.80 341.97 

B 25 3181.80 3812.79 532.97 1202.99 2761.80 341.99 

C 25 3138.21 3812.79 547.41 1202.99 2761.80 341.99 

D 25 3099.58 3668.61 530.51 1202.99 2676.23 341.09 

E 25 3080.86 3668.61 545.03 1202.99 2676.23 341.01 

F 25 3060.89 3668.61 529.66 1202.99 2676.23 341.01 

G 25 3050.68 3668.61 544.33 1202.99 2676.23 341.01 
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Table 12. Type2 beam A-B-C-D-E-F-G cross-section bearing capacity and minimum reinforcement controls 

Section 
L2 

(m) 

Composite Beam Section Prefabricated Beam Section 

Md Mn 1.2*Mcr Md Mn 1.2*Mcr 

A 25 3969.78 4696.86 658.87 1384.11 3640.05 445.47 

B 25 3840.92 4515.75 643.12 1384.11 3513.96 444.46 

C 25 3792.44 4515.75 664.00 1384.11 3513.96 444.49 

D 25 3744.15 4331.48 649.42 1384.11 3375.08 443.46 

E 25 3723.05 4331.48 668.51 1384.11 3375.08 443.46 

F 25 3697.56 4331.48 656.73 1384.11 3375.08 443.46 

G 25 3678.64 4331.48 643.01 1384.11 3375.08 443.46 

 

6.7 Tension Analysis of Prestressed Beams 

 

The stress values obtained for the prestressed beams in the bridge superstructures formed by the placement of 

Type 1 and Type 2 beams were calculated as in Table 13-14. Stress marks were taken with inverse signs to fit 

the values in the table. 

 

Table 13. Type1 beam A-B-C-D-E-F-G cross-section stress values 

Section 
L2 

(m) 

1.Verification 2.Verification 3.Verification 4.Verification 

sub_p 

(Mpa)

top_p

(Mpa)

sub_p 

(Mpa)

top_p

(Mpa)

sub_p 

(Mpa)

top_p

(Mpa)

top_k

(Mpa) 

sub_p 

(Mpa)

top_p

(Mpa)

top_k

(Mpa) 

A 25 16.25 4.17 7.48 10.18 4.29 11.80 3.02 -3.19 15.59 10.12 

B 25 16.25 4.17 7.43 10.19 5.06 11.40 2.25 -2.42 15.19 9.35 

C 25 16.25 4.17 7.39 10.20 5.36 11.24 1.94 -2.12 15.03 9.03 

D 25 15.24 4.33 6.72 10.30 4.97 11.18 1.66 -2.54 14.97 8.76 

E 25 15.24 4.33 6.70 10.30 5.09 11.11 1.52 -2.41 14.90 8.63 

F 25 15.24 4.33 6.70 10.30 5.24 11.04 1.38 -2.26 14.83 8.48 

G 25 15.24 4.33 6.68 10.30 5.30 11.00 1.31 -2.20 14.79 8.41 

 

Table 14. Type2 beam A-B-C-D-E-F-G cross-section stress values 

Section 
L2 

(m) 

1.Verification 2.Verification 3.Verification 4.Verification 

sub_p 

(Mpa)

top_p

(Mpa)

sub_p 

(Mpa)

top_p

(Mpa)

sub_p 

(Mpa)

top_p

(Mpa)

top_k

(Mpa) 

sub_p 

(Mpa)

top_p

(Mpa)

top_k

(Mpa) 

A 25 16.88 2.37 8.34 7.49 5.19 8.87 2.49 -2.34 12.17 8.44 

B 25 15.96 2.44 7.69 7.52 5.32 8.55 1.87 -2.23 11.85 7.82 

C 25 15.96 2.44 7.65 7.52 5.59 8.43 1.63 -1.96 11.73 7.59 

D 25 15.03 2.51 7.01 7.55 5.24 8.32 1.40 -2.33 11.62 7.35 

E 25 15.03 2.51 7.00 7.55 5.35 8.27 1.30 -2.22 11.57 7.25 

F 25 15.03 2.51 6.99 7.55 5.50 8.20 1.17 -2.06 11.50 7.13 

G 25 15.03 2.51 6.99 7.55 5.62 8.15 1.08 -1.95 11.45 7.04 

 

6.8 Deflection Values in Prestressed Beams 

 

The deflection of the prestressed beams in the bridge superstructures formed by the placement of Type1 and 

Type2 beams was calculated as in Table 15-16. 

 

Table 15. Type1 beam A-B-C-D-E-F-G cross-section deflection values 

Section 
L2 

(m) 

f1 

(cm) 

f2 

(cm) 

f3 

(cm) 

f4,1 

(cm) 

f4,2 

(cm) 

f4 

(cm) 

fultimate 

(cm) 

A 25 -5.661 -1.723 -0.603 2.265 2.265 2.265 1.662 

B 25 -5.642 -1.706 -0.873 2.265 2.265 2.265 1.392 

C 25 -5.628 -1.694 -0.977 2.265 2.265 2.265 1.288 

D 25 -5.168 -1.481 -0.868 2.265 2.265 2.265 1.397 

E 25 -5.161 -1.475 -0.912 2.265 2.265 2.265 1.353 

F 25 -5.160 -1.474 -0.964 2.265 2.265 2.265 1.301 

G 25 -5.155 -1.469 -0.986 2.265 2.265 2.265 1.279 
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Table 16. Type2 beam A-B-C-D-E-F-G cross-section deflection values 

Section 
L2 

(m) 

f1 

(cm) 

f2 

(cm) 

f3 

(cm) 

f4,1 

(cm) 

f4,2 

(cm) 

f4 

(cm) 

fultimate 

(cm) 

A 25 -5.549 -1.917 -1.033 1.819 1.819 1.819 0.786 

B 25 -5.214 -1.758 -1.096 1.819 1.819 1.819 0.723 

C 25 -5.203 -1.748 -1.169 1.819 1.819 1.819 0.650 

D 25 -4.873 -1.594 -1.099 1.819 1.819 1.819 0.720 

E 25 -4.868 -1.589 -1.130 1.819 1.819 1.819 0.689 

F 25 -4.866 -1.587 -1.172 1.819 1.819 1.819 0.647 

G 25 -4.864 -1.586 -1.204 1.819 1.819 1.819 0.615 

 

6.9 Prestressing Cable, Concrete and Reinforced Concrete Quantities 

 

Quantity calculations for each superstructure cross-section in the bridge superstructures formed by the placement 

of Type1 and Type2 beams was calculated as in Table 17-18. 

 

Table 17. Type1 beam A-B-C-D-E-F-G cross-section bill of quantities 

Section 
L2 

(m) 
N N2 Ü.D. A.D. 

K.U. 

(m) 

K.A 

(ton) 

B.D.U. 

(M) 

B.D.A 

(ton) 

B.M 

(m3) 

B.A. 

(ton) 

Total 

Weight 

(ton) 

A 25 - 11 - - - - - - - - - 

B 25 20 16   8000 10.13 5107.2 5.36 137.00 342.50 357.98 

C 25 20 20   10000 12.66 6384.0 6.69 171.25 428.13 447.48 

D 25 19 25   11875 15.04 7980.0 8.37 214.06 535.16 558.56 

E 25 19 29   13775 17.44 9256.8 9.71 248.31 620.78 647.93 

F 25 19 34   16150 20.45 10852.8 11.38 291.13 727.81 759.64 

G 25 19 38   18050 22.85 12129.6 12.72 325.38 813.44 849.01 

 

 

Table 18. Type2 beam A-B-C-D-E-F-G cross-section bill of quantities 

Section 
L2 

(m) 
N N2 Ü.D. A.D. 

K.U. 

(m) 

K.A 

(ton) 

B.D.U. 

(M) 

B.D.A 

(ton) 

B.M 

(m3) 

B.A. 

(ton) 

Total 

Weight 

(ton) 

A 25 20 9  6 4500 5.70 3364.2 4.06 85.07 212.68 222.44 

B 25 19 13  6 6175 7.82 4843.8 5.19 122.88 307.21 320.22 

C 25 19 16  6 7600 9.62 5961.6 6.39 151.24 378.10 394.11 

D 25 18 20  6 9000 11.40 7476.0 9.03 189.05 472.63 493.05 

E 25 18 23  6 10350 13.10 8569.8 9.18 217.41 543.52 565.81 

F 25 18 27  6 12150 15.38 10060.2 10.78 255.22 638.05 664.21 

G 25 18 31  6 13950 17.66 11550.6 12.38 293.03 732.57 762.61 

 

7 RESULTS 
 

In this study, analytical studies have been carried out on the superstructures of bridges with prestressed 

prefabricated girder bridges. For 25m Type1 and Type2 beams, concrete bridge superstructures with prestressed 

prefabricated girder with different widths were calculated according to the behavior of internal and external 

influences. According to the data obtained depending on the cross-sectional properties and internal forces, the 

number of prestressed ropes, the optimal placement of these ropes in the prestressed beam subheading, the 

number of ropes to be sheathed and the length of the sheath pipe, the longitudinal reinforced concrete 

reinforcement to be used in the construction of the beam and the material quantities and weights which were 

necessary parameters in the construction of the bridge superstructure were obtained. 

 

For the calculation and design of the bridge superstructure, it was largely considered the conditions in the 

“Standard Specifications for Highway Bridges” published by the “Association American Association of State 

Highway and Transportation Officials”. When the bridge superstructures to be formed with Type1 beam and 

Type2 beam were compared for 25m beam length: 
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 When the superstructure with cross-section A was formed by using Type1 beams, it was not appropriate 

to use the Type1 beam for this superstructure cross-section in the fourth verification because the stress 

value σtop_k,4 exceeded the tensile value of the upper fiber of the composite section. Necessary limits 

were provided for other superstructure sections. 

 The number of beams in the superstructure cross-section decreased when using the Type2 beam for all 

cross-sections. As a result, the total prestressing cable length and weights were also reduced. 

 In order to meet the tensile stresses in the prestressed beam, the total length of the reinforced concrete 

reinforcement to be placed in the longitudinal and upper head of the beam decreased when Type2 beam 

is used, and its total weight varied depending on the diameter of the beam. 

 The amount of C45 concrete required for prestressed beams and the weight of the concrete was reduced 

when Type2 beam was used depending on the number of beams in the superstructure cross-section. 

 It was observed that the weight of the superstructures formed using the Type2 beam was lighter than the 

superstructures formed with the Type1 beam. 

 When the final deflection values that would occur after the bridge was constructed, it was seen that the 

deflection in Type2 beam was half less than that of Type1 beam. 

 In general, for the bridge superstructures to be formed with a 25m beam, Type2 beam was more 

appropriate considering the fact that the weight of the superstructure was smaller and deflection values 

were smaller considering both material quantity and earthquake performance. 
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Abstract 

In this study, the locations of the damages that would occur when a historical building 

was exposed to different earthquakes were determined. The selected building is 

Bayburt Ulu Mosque located in the city center of Bayburt and it was built by the 

Anatolian Seljuk Sultan II. Gıyaseddin. This selected historical building was 

modelled according to the macro modelling technique in the SAP2000 program using 

the finite element method. Modules of elasticity, poisson's ratio and weight per unit 

of volume of Bayburt Stone which is used in the mosque were determined by the 

experiment. Also, the properties of the ground on which the building was built were 

determined. As earthquake records which recorded on similar grounds, components 

of DZC180 and DZC270 of 17 August 1999 Kocaeli earthquake, components 

BOL000 and BOL090 of 12 November 1999 Düzce earthquake and components of 

ERZE-EW and ERZE-NS of 13 March 1999 Erzincan earthquake were used. In the 

results of the dynamic analysis made, quantities and locations of the strains that can 

occur in the historic mosque were determined.  

1 INTRODUCTION  
 

Historical buildings have the characteristics of cultural heritage, which have survived from the past to the present, 

have been an important part of Turkish culture. In addition to cultural heritage, these structures guide us in the 

knowledge and construction techniques of past generations. In this respect, we need to protect this cultural heritage 

while preserving this historical structures.  

 

In addition to adverse environmental conditions, physical and chemical deterioration and negative physical actions 

of people to these structures, natural disasters accelerate the destruction of historical buildings. In order to transfer 

these cultural heritages to the future safely, necessary maintenance, strengthening and repair works are required. 

In order to do all of this, the behaviour of the existing historical building against the earthquake should be known. 

In this respect, static and dynamic analyses were carried out by many researchers in historical buildings. Yılmaz 

[1] examined the Rahime Sultan Mosque in Sapanca and performed static analysis under its own load with 

SAP2000 computer program. In the study, free vibration periods of the structure were calculated and performed 

spectral analysis. Akdeniz [2] conducted linear and nonlinear dynamic analyses using the acceleration records of 

the Bingöl earthquake of 1 May 2003 in Malatya Ulu Mosque, which was built as a masonry structure in 1224. 

This historical structure was modelled with macro modelling method in ANSYS program. In this study, 

distribution of maximum and minimum principal stresses in the structure and damage status are given and the 

results are evaluated. In nonlinear analyses, it was observed that the damage caused by cracks was intensified in 

areas where tensile stresses were high in the mosque. Şeker et al. [3] examined the structural behavior of the 

historical Erzurum Lala Paşa Mosque with finite element method. Mutlu [4] modelled the numerical model of 

Bursa Ulu Mosque and Bursa Green Mosque and carried out modal analyses to evaluate the structural behaviour. 

As a result of the analysis, the most difficult sections and regions of mosques were determined. Çal [5] formed the 

numerical model of Ortaköy Grand Mecidiye Mosque and carried out static and dynamic analyses in order to 

evaluate its structural behaviour. In the study, seismic records which suitable for the ground structure of the region 

was used as strong earthquake ground motion. As a result of the study, the behaviour of the building was interpreted 

in general and made evaluations about the regions were forced. Tetik [6] performed static and dynamic analyses 

of Sheikh Süleyman Masjid in Istanbul. The finite element model of the historical structure was modelled in the 

SAP2000 program. In the results of the analysis, he identified weak sections and proposed reinforcement. Anadut 

[7] examined the earthquake behaviour of the Elekçi Bridge and Yozgat Clock Tower in Yozgat. These historical 
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structures were modeled in the SAP2000 program. In the dynamic analysis, the acceleration records of the 13 

March 1992 Erzincan earthquake were used. In the results of the analysis, the mode shapes of the structures, natural 

frequency values, the largest displacement values occurring in the structural elements, displacement time graphs, 

maximum pressure and tensile stress values were evaluated and the earthquake performance of the historical 

structures were evaluated. Dabanlı [8] examined the earthquake performance of Nur-u Osmaniye Mosque and the 

measures to be taken against damage were determined. In the study, the operational dynamic modal analysis of 

the structure was performed and the actual dynamic characteristics of the structure were determined. It determined 

the material properties with the samples taken from the structure. By constructing a finite element model of the 

historical structure, it has examined the static and dynamic analyse in detail and evaluated the results of the analysis 

and the earthquake performance of the structure.  

 

Bayburt Ulu Mosque, one of the most important historical buildings located in Bayburt, has not been found in the 

literature. In this study, dynamic behaviour of Bayburt Ulu Mosque will be observed in possible earthquakes. 

Within the scope of this study, firstly, the properties of Bayburt Ulu Mosque ground and the mechanical properties 

of yellow Bayburt stone were examined and then, considering these results, the model was modelled with macro 

model in SAP2000 [9] program and it was aimed to determine the dynamic performance of three different 

earthquake records. 

 

2 MATERIAL AND METHOD 
 

2.1 Wall Compressive Strength and Elasticity Module 

 

The strength of the masonry building element depends generally on the joint behaviour of the stone and mortar 

combination. Historical masonry structural elements show a very wide strength value. Different approaches have 

been developed to determine the compressive strength and elasticity modulus of the masonry structural element. 

Kocak [10] stated that the modulus of elasticity of mortar used in masonry structures varies between 8000-10000 

Mpa. However, the compressive strength on the brick wall is around 70% and 30% of the compressive strength of 

the brick, respectively, when the thickness of the mortar is 2 cm and 5 cm respectively.  

 

Dabanlı [11] proposed the equation in calculating the modulus of elasticity of composite structures such as 

masonry structures.  

 

Ulukaya and Yüzer [12] indicated that the factors affecting the modulus of elasticity of the masonry structures are 

primarily the stone and the modulus of elasticity of the mortar. They were used equations proposed by Sahlin [13] 

and Cheema ve Klinger [14]. Drysdale et al. [15] proposes the equation takes into account the properties of both 

the masonry unit and the mortar. In this study, the physical properties of the yellow Bayburt stone used in the walls 

of the mosque were determined in the laboratory are presented in Table 1. 

 

Table 1. Mechanical properties of Bayburt stone 

Modulus of 

elasticity 

(MPa) 

Compressive 

strength 

(Mpa) 

poisson's 

ratio 

Density 

(kg/m3) 

16649 26,97 0,12 1820 

 

In the test results of the Bayburt yellow stone, the elasticity modulus (E) was 16649 MPa and the compressive 

strength (fb) was 25.97 MPa. E / fb ratio was obtained as 641. This value corresponds to equation by proposed 

Cheema ve Klinger [14]. In the study, to determine the compressive strength of masonry wall, the approach which 

is the compressive strength of the masonry wall is 70% of the compressive strength of the block was used proposed 

by Koçak [10]. With this approach, the compressive strength of the stone wall was calculated as 18.88 MPa.  

 

In the literature, tensile strength of stone is on average 10% of compressive strength [15-16]. However, Şeker et 

al. [3] reported this rate as 14.8% and 15.3%. In this study, tensile strength of the wall was chosen as 12% of 

compressive strength. Accordingly, the tensile strength of the stone wall was calculated as 2.18 MPa. 

 

2.2 Determination of Soil Parameters 

 

In this study, geotechnical properties of ground of mosque were investigated. In this context, sieve analysis and 

shear box tests were performed to determine the soil type and shear strength parameters. As a result of the test 

performed in accordance with ASTM D 2487, the soil class was determined as well-graded sand (SW) according 

to the Unified Soil Classification System [17].  
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After determining the soil class of the medium dense sand, shear strength parameters of the ground compact sand 

were determined by using the shear box test. As a result of the experiment, the internal friction angle and the 

cohesion were calculated as 420 and 0,105 kN/m2 respectively. In the light of these data, local soil was determined 

as Z2 and the coefficient of soil reaction was calculated as 25000 kN/m3.  

 

2.3 Dynamic Analysis 

 

In the soil analysis of the historical structure, it was determined that the ground group was class C. Therefore, 

earthquake records in type of this soil class were selected. These records are DZC180 and DZC270 components 

of 17 August 1999 Kocaeli earthquake, BOL000 and BOL090 components of 12 November 1999 Düzce 

earthquake and ERZE-EW and ERZE-NS components of Erzincan earthquake of 13 March 1999. 

 

3 RESULTS 
 

As a numerical application, Bayburt Ulu Mosque in the city center of Bayburt was chosen. The finite element 

model of the mosque was created in the SAP2000 program. The historical mosque is modelled with 2956 joints 

and 13051 solid elements. The tensile and compressive values of the mosque and the strength capacity of the wall 

are given in Table 2.  

  

Table 2. Maximum tensile and compressive values and capacity strength in the mosque 

 
 

Dead load 

+Erzincan 

Dead load 

+Kocaeli 

Dead load 

 +Düzce 

Strength  

capacity (%) 

S11 
Tensile (kN/m2) 457 552 884 41 

Compressive (kN/m2) 909 553 1102 6 

S22 
Tensile (kN/m2) 717 557 1038 48 

Compressive (kN/m2) 966 672 1312 7 

S33 
Tensile (kN/m2) 2604 1857 3344 154 

Compressive (kN/m2) 3163 2246 3923 22 

 

As it can be seen from Table 2, the highest pressure and tensile stress values occurred in Düzce earthquake. The 

strength capacity was calculated using the values obtained from this earthquake. It is thought that damage will not 

occur because the compressive stresses do not exceed the compressive stress of the masonry structure in all 

earthquakes. It is thought that the damage will occur because S33 tensile stress is 2180 kN/m2 exceeds the tensile 

stress of the masonry structure subjected to Düzce and Erzincan earthquake. It should be noted that the tensile 

strength capacity of the masonry structure increases up to 85% in case of Kocaeli earthquake. This percentage 

shows that the stone is close to the tensile strength capacity. The greatest tensile stress occurs in the third of the 

left-hand arch feet in the Qibla direction in the structure subjected to three earthquakes. The maximum compressive 

stress occurs at the same location. 

 

4 CONCLUSION 
 

In this study, the dynamic performance of Bayburt Ulu Mosque built in Bayburt province in 11 th century is 

examined. As earthquake records, three different earthquake records were recorded. Also in this study, the physical 

properties of the yellow Bayburt stone used in the construction of the mosque were examined.  

The following observations arise from the research: 

 The greatest stress values in the historical mosque were obtained when the building was subjected to the 

12 November 1999 Düzce earthquake. 

 Since the compressive stresses are not greater than the compressive stresses of the masonry structure, it 

is considered that the mosque will not be damaged due to compressive. 

 The greatest tensile stress occurred on the third of the left-hand arch feet, which may be believed to cause 

damage. These damages are thought to be solved by FRP covering and bracing processes. 
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Abstract 

In this study, it was aimed to determine the physical, chemical and sensory properties 

of hazelnut milk (HM) produced by enriching with Vitamin C. For this purpose, 20%, 

40% and 60% rosehip (Rosa canina L.) pulp (RP) and strawberry (Albion (Fragaria 

sp.)) pulp (SP) and 6% sugar were added to HM. The obtained homogenized mixtures 

were filled into glass jars and pasteurized (15 min at 85oC). As the RP and SP ratio 

increased, the total dry matter (TDM) content, pH value, fat and protein ratio 

decreased, while the water soluble dry matter (SDM), titratable acidity, viscosity, Vit 

C, total phenolic content (TPC), DPPH-RSA (%) and antioxidant activity values 

increased. With the addition of the RP and SP to HM, L * value decreased, +a * value 

increased, + b* value increased slightly as RP% increased in mixture and slightly 

decreased as SP% increased. When the sensory properties of HM were evaluated in 

terms of general acceptability, 20-40% RP and 40-60% SP additive rates were found 

to be the most appropriate. In addition, the panellists stated that rosehip and 

strawberry fruits, which are selected as vitamin C source, are very compatible with 

hazelnut milk and that the product obtained is a cold drink which can be consumed 

with pleasure. 

1 INTRODUCTION  
 

Functional foods include foods that contain biologically active agents such as certain minerals, fatty acids, dietary 

fibers, antioxidants or prebiotics that a healthy body needs. These components may naturally be present in the food 

or may be added later [1].  

 

Hazelnut which is a good energy source (640 kcal / 100 g) contains about 62% fat. Furthermore, it is rich in protein 

(10-24 g / 100 g) and the digestibility value of protein content varies between 73-83%. Daily consumption of 25 

grams of hazelnut meets 24% of vitamin E requirement and 25% of vitamin B6. Hazelnut, on the other hand, is a 

food rich in dietary fiber called complex carbohydrates, phytochemicals (tocopherol, phenolic compounds and 

phytosterols). Among the foods of plant origin, hazelnut is one of the foods that contain the most iron (3.4-5.8 

mg/100 g). Similarly, Ca content is 209 mg / 100 g. For the absorption of these two minerals by the organism is 

recommended to be consumed with vitamin C source foods (rosehip, citrus juices, kiwi, etc.) [2-4]. 

 

Vegetable-derived milks (legumes, cereals and nuts) are recommended as an alternative food for consumers 

affected by lactose intolerance, susceptible to cow's milk and allergic to milk proteins. Demand for these products 

is increasing due to its high digestibility, lack of cholesterol, non-allergic proteins and unsaturated fatty acids, low 

calorie, rich in vitamin E, mineral matter, complex carbohydrate and dietary fiber [5]. 

 

Hazelnut is a very important source of energy for soldiers, athletes, mothers and children in the developmental 

period with its high fat content and consumption of 50 g per day is no problem. However, considering that it 

provides essential fatty acids, the consumption of hazelnuts decreases to 7-8 and the consumption is limited in 

people with weight problems [2]. Dietary hazelnuts can be considered for people in this group, but it is not 

technologically possible to completely remove the fat without damaging the shape of the hazelnut. This can be 

solved by consumption of the products converted into hazelnut milk (HM) either directly or by formulating with 

other additives. 

 

1311



Physical, Chemical and Sensory Properties of Hazelnut Milk Enriched with Vitamin C ICADET ‘19 

 

 

In this study, it was aimed to determine the physical, chemical and sensory properties of HM produced by enriching 

with Vit C. On the other hand, by adding rosehip and strawberry pulps rich in vitamin C to HM, it was aimed to 

improve the drinking properties and to provide functional food properties with the positive properties of ascorbic 

acid. 

 

2 MATERIAL AND METHOD 
 

2.1 Material 

 

The Tombul hazelnut variety used in the research was collected from the previously determined gardens in Öceli 

district of Ordu Province during the 2017 harvest period, dried and brought to the laboratory after the husks were 

separated. Hazelnuts were classified after shells were separated by crushing machine and roasted in oven by 

applying the recommended process (45 min at 155ºC) for sensory properties [6]. Rosehip fruit (Rosa canina L.) 

pulp was obtained from the producer company (Onculer Food Ltd. Corp.,Merzifon/Turkey). Strawberry (Albion 

(Fragaria sp.)) was collected from the Kayabaşı neighborhood of Ordu province and pulped. Rosehip and 

strawberry pulps were kept in refrigerator conditions until they were added to HM. 

 

2.2 Method 

 

2.2.1 Preparation of Strawberry Pulp 

 

The harvested strawberries were selected and washed in the laboratory. After being pulped with a home blender 

(Electrolux ESB 7300S), it was heated at 85ºC for 15 minutes, cooled in a 5 L glass jar and stored under refrigerator 

conditions. 

 

2.2.2 Preparation of Hazelnut Milk 

 

The hazelnuts used in the research were converted into HM as a combination of techniques produced from similar 

products (soy, almond, peanut milk, etc.) and the production flow is shown in Figure 2.1 [7-10]. 

 

 Hazelnut Sorting and Roasting  

(sieve diameter 11-13 mm, 45 min,155 oC) 

 

 

 Cooling and Peeling (deskinning)  

 

 

 Heating (20 min, 100 oC) 

 

Add tap water (2:1,water:nut) 

 Roughing (grinder)  

 

Add tap water (complete 5 L with tap 

water) 

 Homogenization (6500-24000 rpm) 

 

 

  Formulating hazelnut milk 

 

Supplementation of rosehip and 

strawberry fruit pulps (20, 40 and 60 %), 

sugar (6 %) by weight of hazelnut milk 

 Homogenization (6500-24000 rpm) 

 

 

 Filling (jar 200 ml)  

 Pasteurization (15 min, 85 oC)  

 Cooling and Storing 

(4 oC) 

 

 Figure 2.1 Hazelnut Milk Production Flow Chart 
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2.2.3 Preparation of Product Formulation 

 

According to the preliminary test results, 20%, 40% and 60% fruit pulps and 6% sugar were added to HM. The 

obtained samples were homogenized (IKA Ultraturrax-T18) at 6500-24000 rpm and placed in 200 mL glass jars 

and pasteurized at 85ºC for 15 minutes. The jars were turned over the lids, after cooling they were kept in 

refrigerator conditions (+4 ºC) in the dark. Samples were designated as R1(%20 RP+%80 HM); R2(%40 RP+%60 

HM); R3 (%60 RP+%40 HM); S1(%20 SP+%80 HM); S2 (%40 SP+%60 HM); S3 (%60 SP+%40 HM). 

 

2.2.4 Physical and Chemical Analysis 

 

Total dry matter, oBrix, pH, titratable acidity, Vitamin C, total monomeric anthocyanin content, DPPH free radical 

scavenging activity (DPPH-RSA) and antioxidant capacity were determined according to the methods reported by 

Cemeroglu [11]. Total phenolic content was determined following the Folin–Ciocalteu method [12]. Hunter (L*, 

a*, b*) color values of the samples were measured by colorimeter (CR-410, Minolta Corp., Osaka, Japan) 

according to the method given by Mc Guire [13]. The viscosity of the samples was measured using a sine-wave 

vibro viscometer (SV-10, A&D Company Limited, Japan) at 20oC and expressed as cP. Sugar profile (glucose, 

fructose, and sucrose) analysis was conducted using HPLC (Thermo Scientific Dionex UltiMate 3000 Series) 

according to TS 13359 [14]. Fat content was determined using the Soxhelet metod. Protein concentration was 

determined according to the micro Kjeldahl method and calculated as total Nx 6.25 [15]. The absorbance of the 

red color formed by the reaction of HMF with p-toluidine and barbutyric acid was determined in the 

spectrophotometer (UV-VIS Shamadzu UV mini-1240) at a wavelength of 550 nm [16].The samples were 

subjected to precipitation and filtration with Carrez solutions during the preparation stage. 

 

2.2.5 Sensory Analysis 

 

After the pasteurized and cooled, HM supplemented with RP and SP was left for 24 hours in order to balance the 

color, aroma, texture (mouth feeling), structure-consistency (test with spoon) and flavor. Sensory evaluation was 

scored using a hedonic scale (Worst rating: 1, Best rating: 5) by 10 panelists trained in Food Engineering. 

 

3 RESULTS 
 

3.1 Some Physical and Chemical Properties of Rosehip Pulp, Strawberry Pulp and Hazelnut Milk 

 

Some physical and chemical properties of RP, SP and HM are shown in Table 3.1. TDM contents of RP, SP and 

HM were 12.29%, 13.30% and 18.12%, while Brix degrees were 10.00%, 9.85%, 3.00%, respectively. The pH 

values of the samples varied between 3.95-6.89, the highest and lowest pH values were determined in hazelnut 

milk and rosehip pulp, respectively. According to dominant organic acid content, titratable acidity was determined 

as 0.87% (as malic acid), 0.67% (as citric acid) and 0.035% (as oleic acid) for rosehip pulp, strawberry pulp and 

hazelnut milk, respectively. When sugar compositions were examined, the highest amount of glucose was found 

in SP (2.362 g / 100g), followed by RP (1.682 g / 100g) and HM (0.179 g / 100g). SP had the highest fructose and 

sucrose content. In terms of total sugar amount, SP (7.779 ± 0.084 g / 100g), RP (3.523 ± 0.109 g / 100g) and HM 

(0.651 ± 0.033 g / 100g) were ranked from the highest to the lowest amount. Fat content of hazelnut milk was 

2.88% and protein ratio was 3.80%. Protein content of hazelnut varies between 10-24% according to the variety 

[3]. Considering that hazelnut milk samples are diluted with water, it is seen that the data obtained are consistent 

with the literature values. 

 

When the hydroxymethylfurfural (HMF) values of RP, SP and HM were compared, it was seen that the RP (2.90 

mg/kg) and HM (5.05 mg/kg) had a lower average than the SP (10.37 mg/kg).  As expected, the highest and lowest 

amounts of ascorbic acid were determined in RP (47.14 ± 1.15 mg / 100g) and HM (6.63 ± 0.49 mg / 100g), 

respectively.  

 

While the amount of anthocyanin in SP ranged from 9.92-10.88 mg/L, it was not detectable in RP sample. RP, SP 

and HM were rich in total phenolic content (TPC) and RP (775.53 mg GAE/100 g) had the highest value.  As it 

can be seen in Table 3.1, DPPH-RSA values of all samples were ranged 61.25-77.04%.  The highest antioxidant 

activity was found in SP (33.70±0.53 µg TE/mg), followed by RP (27.07±0.21 µg TE/mg) and HM (21.18±0.93 

µg TE/mg), respectively. The highest viscosity was observed in SP sample and the lowest was in HM. When the 

color values were examined, there was a significant color difference between the products. The highest Hunter L* 

and redness (+a*) values were determined in HM and SP, respectively. It was observed that the samples had close 

values (8.15-10.92) in terms of b* values. 
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Table 3.1 Some Physical and Chemical Properties of RP, SP and HM (n=2) 

Properties 
Rosehip Pulp (RP) Strawberry Pulp (SP) Hazelnut Milk (HM) 

Mean ± Std. Dev. Mean ± Std. Dev. Mean ± Std. Dev. 

TDM (%) 12.29±0.81 13.30±2.01 18.12±0.10 

SDM (0Brix) 10.00±0.00 9.85±0.21 3.00±0.00 

pH 3.95±0,01 3.96±0.05 6.89±0.01 

Titratable acidity (%) 0.83±0,007a 0.68±0.04b 0.04±0.00c 

Sugar Composition (g/100g) 

Glucose 1.682±0.004 2.362±0.019 0.179±0.021 

Fructose 1.379±0.086 2.772±0.041 0.220±0.001 

Sucrose 0.463±0.020 2.646±0.024 0.252±0.010 

Total Sugar 3.523±0.109 7.779±0.084 0.651±0.033 

Fat (%) - - 2.88±0.43 

Protein (%) - - 3.80±0.03 

HMF (mg/kg) 2.90±0.09 10.37±1.03 5.05±0.74 

Vit C (mg/100g) 47.14±1.15 28.73±0.67 6.63±0.49 

Anthocyanin (mg/L) - 20.72±0.55 - 

TPC (mg GAE /100g) 775.53±47.89 102.44±18.53 41.98±11.65 

DPPH-RSA (%) 77.04±0.57 74.82±1.17 61.25±2.49 

Antioxidant Activity  

(µg TE/mg sample) 
27.07±0.21 33.70±0.53 21.18±0.93 

Viscosity (cP) 75.40±1.41 163.50±9.19 4.92±0.08 

Hunter Color Values 

L* 31.46±0.13 33.76±0.08 66.06±0.12 

a* 12.82±0.08 21.46±0.06 2.53±0.35 

b* 9.42±0.14 8.15±0.04 10.93±0.08 

 

3.2 Some Physical and Chemical Properties of Hazelnut Milk Enriched with Rosehip Pulp and Strawberry 

Pulp  

 

The results of some physical and chemical properties of hazelnut milk (HM) enriched with rosehip pulp (RP) and 

strawberry pulp (SP) at different ratios (20, 40 and 60%) are given in Table 3.2. The TDM content of the RP-HM 

mixtures ranged from 19.94 to 22.08 and the SDM ranged from 10.35 to 12.65. It was observed that the TDM and 

SDM contents of SP-HM mixtures varied between 21.85-23.56 and 9.95-12.05, respectively (Table 3.2) As the 

ratio of RP and SP increased, the TDM content of HM decreased and the ᵒBrix degrees increased. This can be 

attributed to the high TDM content in HM and high ᵒBrix degrees in RP and SP (Table 3.1).  

 

As the additive rate of RP and SP increased, pH decreased and titration acidity increased in RP-HM and RP-HM 

mixtures. Due to the low pH and high titration acidity of hazelnut milk, pH decreased and titration acidity increased 

in parallel with the decrease of hazelnut milk ratio in the RP-HM and SP-HM mixtures.  

 

As shown in Table 3.2, the initial sugar composition of RP, SP and hazelnut milk and the 6% sugar powder used 

as sweetener were reflected on the sugar composition of the RP/SP-HM mixtures. Sucrose was determined in the 

highest R1 sample, slightly decreased as RP% increased, and increased in SP mixtures due to high sucrose content 

of strawberry. In RP-HM mixtures, the decrease in sucrose as RP% increases can be explained by increasing pH 

values with increasing fruit pulp additive and by conversion of sucrose to invert sugar during pasteurization of 

mixtures. As a matter of fact, when the Table 3.2 is examined, it is observed that the total sugar content and the 

glucose-fructose amounts that form invert sugar increase. The losses caused by the inversion of sucrose in SP-HM 

mixtures were suppressed due to the high glucose, fructose, sucrose and total sugar content of the SP. 

 

The amounts of fat and protein which gave functional properties to RP / SP-HM mixtures decreased with increasing 

RP and SP ratios. SP-HM mixtures had higher fat and protein values than RP-HM mixtures, while the highest 

values were determined in S1 and R1 samples. 

 

No linear effect of initial HMF values of RP, SP and HM on HMF values of KP-FS and FP-FS mixtures was 

observed. The highest amounts of HMF were determined in S2 sample (4.86 ± 0.87 mg/kg) among SP-HM 

mixtures and in R3 sample (2.08 ± 0.28 mg/kg) between RP-HM mixtures. It can be stated that this difference is 

probably caused by the removal of proteins complexed with HMF in the medium by Carrez solutions used for 
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clarification. In a study on honey, it was emphasized that Carrez solutions used reduce the amount of HMF and 

therefore filtration techniques should be used instead. In the same study, it was reported that high levels of fructose 

prevent the decomposition of HMF [17]. 

 

As expected, the vitamin C content of the RP/SP-FM mixtures increased with the addition of RP and SP. The 

highest amounts of vitamin C were determined in R3 (24.96±1.31 mg/100 g) and S3 (17.37±0.47 mg/100 g) 

samples depending increase in vitamin C source concentration. Since the vitamin C content of RP was higher than 

that of SP, the RP-HM mixtures were richer in terms of vitamin C amounts than the SP-HM mixtures. 

 

Unlike RP-HM mixtures, anthocyanin amounts were determined in SP-HM mixtures. The anthocyanin contents 

of S1, S2 and S3 samples (as mg cyanidine-3-glycoside/L sample) were determined as 7.16±0.60, 11.43±0.34 and 

16.75±1.06 mg/L, respectively (Table 3.2). 

 

As seen in Table 3.2, it was determined that TPC of the methanol extracts of the samples increased with the 

addition of vitamin C and the highest increase occurred in RP-supplemented samples. The highest TPC was 

determined in R3 sample (556.78 ± 21.36 mg GAE / 100g) and the lowest TPC was detected in S1 sample (38.99 

± 2.46 mg GAE / 100g). 

 

Table 3.2 Some Physical and Chemical Properties of Hazelnut Milk Enriched with Rosehip Pulp and Strawberry 

Pulp (Mean± Standard Deviation) 

Properties R1 R2 R3 S1 S2 S3 

TDM (%) 22.08±0.22 21.06±0.58 19.94±0.03 23.56±1.08 22.42±1.57 21.85±2.46 

SDM (0Brix) 10.35±0.07 11.70±0.00 12.65±0.07 9.95±0.21 11.45±0.21 12.05±0.07 

pH 5.02±0.01 4.40±0.02 4.12±0.04 5.52±0.12 4.67±0.01 4.32±0.01 

Titratable acidity 

(%) 
0.141±0.006 0.263±0.011 0.400±0.012 0.199±0.040 0.308±0.028 0.520±0.002 

Sugar Composition (g/100g) 

Glucose 0.356±0.021 0.803±0.018 0.930±0.041 2.833±0.047 1.739±0.033 2.024±0.084 

Fructose 0.448±0.028 0.944±0.003 1.076±0.020 0.915±0.024 1.129±0.023 1.914±0.006 

Sucrose 6.574±0.004 5.940±0.036 6.276±0.027 1.158±0.021 4.556±0.004 6.334±0.001 

Total Sugar 7.378±0.053 7.688±0.050 8.283±0.089 4.906±0.091 7.423±0.059 10.271±0.092 

Fat (%) 1.74±0.29 1.06±0.048 0.55±0.30 2.67±0.158 1.63±0.044 0.73±0.029 

Protein (%) 2.84±0.006 2.29±0.042 1.49±0.01 3.15±0.038 2.50±0.017 1.75±0.013 

HMF (mg/kg) 2.06±0.29 1.87±0.02 2.08±0.28 4.10±0.01 4.86±0.87 4.83±0.66 

Vit C (mg/100g) 17.66±0.46 21.80±0.51 24.96±1.31 11.31±0.34 17.19±0.41 17.37±0.47 

Anthocyanin 

(mg/L) 
- - - 7.16±0.60 11.43±0.34 16.75±1.06 

TPC                 

(mg GAE /100g) 
183.48±4.81 364.42±6.95 556.78±21.36 38.99±2.46 60.57±1.93 66.15±0.60 

DPPH-RSA (%) 63.37±0.49 67.24±0.02 73.96±1.18 62.89±0.30 64.98±1.39 65.16±1.37 

Antioxidant Act.  

(µg TE/mg) 
21.97±0.18 23.41±0.07 25.92±0.44 28.25±0.14 29.20±0.63 29.29±0.62 

Viscosity (cP) 11.10±0.42 21.60±0.28 34.20±0.85 28.55±0.64 87.45±0.64 206.50±3.54 

Hunter Color Values 

L* 51.78±0.01 49.37±0.82 43.17±0.32 52.79±0.92 51.21±1.15 46.53±0.15 

a* 6.74±0.03 7.94±1.26 11.11±0.04 5.72±0.03 7.46±0.08 10.50±0.12 

b* 12.98±0.01 14.51±0.57 14.11±0.22 8.10±0.01 8.19±0.11 7.66±0.11 

R1: (%20 RP+%80HM); R2: (%40 RP+%60HM); R3: (%60 RP+%40HM); S1: (%20 SP+%80HM); S2: (%40 SP+%60 HM); S3: (%60 SP+%40HM). 

 

DPPH-RSA (%) and antioxidant activity of methanol-water extracts of RP/SP-HM mixtures increased as the ratio 

of RP and SP added to hazelnut milk increased. The highest DPPH-RSA(%) were determined in S3 sample 

(%65.16±1.37) among SP-HM mixtures and in R3 sample (%73.96±1.18) between RP-HM mixtures. Similar 

results were determined for the antioxidant activity values, and the highest antioxidant activities were determined 

in R3 (25.92 ± 0.44 µg TE / g) and S3 (29.29 ± 0.62 µg TE / g) supplemented with 60% vitamin C source. 

 

It was determined that viscosity of the samples increased with the addition of vitamin C source and the highest 

increase occurred in SP-supplemented samples. The highest viscosity value was determined in S3 sample 

1315



Physical, Chemical and Sensory Properties of Hazelnut Milk Enriched with Vitamin C ICADET ‘19 

 

 

(206.50±3.54 cP) and the lowest value was detected in R1 sample (11.10±0.42 cP). It was observed that the 

viscosity of RP-added hazelnut milk was higher compared to the viscosity values of the SP-added hazelnut milk. 

 

When the color values were examined, there was a significant color difference between the products. Hunter L* 

value (darkness-lightness) decreased and +a * value (redness) increased with increasing RP and SP ratios. Hunter 

+b* value (yellowness) increased slightly as RP% increased and slightly decreased as% SP increased. 

3.3 Sensory Evaluation  

Sensory evaluation results are given in Table 3.3. Among the RP-added hazelnut milks; The R2 sample was the 

most admired by the panelists in terms of color, flavor and general acceptability. RP flavor was dominant in R2 

and R3 samples and it was found to suppress the aroma of hazelnut. Therefore, the R1 product, which is thought 

to have a more balanced aroma, was more appreciated. As a result of the evaluation, it was observed that the 

sensation (texture) in the mouth was not adversely affected, the flow rate from the spoon decreased and the 

consistency increased as the fruit pulp ratio increased in the RP-added product. Due to the consistency increase in 

the product, the viscous product (R3) has the highest score in terms of structure-consistency by the panelists. 

According to the general acceptability scores, the contribution rates in R1 and R2 formulations were found to be 

most appropriate (Table 3.3). 

 

Table 3.3 Sensory Evaluation Results of Hazelnut Milk Enriched with Rosehip Pulp and Strawberry Pulp (n=10) 

Sample Color Aroma Texture  
Structure-

Consistency  
Flavor 

General 

Acceptability 

R1 3.9±0.8 3.9±1.0 3.0±0.7 3.5±0.6 3.6±0.9 3.7±1.0 

R2 4.0±0.6 3.5±1.3 3.4±0.9 3.6±0.9 4.1±1.0 3.8±0.8 

R3 3.8±1.0 3.3±1.1 3.7±0.9 3.8±0.7 3.4±0.9 3.3±0.6 

S1 3.7±0.7 3.3±1.1 3.2±0.7 3.3±0.7 3.2±0.7 3.5±0.8 

S2 3.8±0.4 3.3±0.7 3.5±0.5 3.7±0.7 3.9±0.7 3.6±0.6 

S3 4.2±0.6 3.9±1.2 3.3±0.7 3.6±0.9 3.7±1.2 3.7±1.1 

 

The color of SP-added hazelnut milks was more appreciated with increasing fruit pulp ratio. This was an expected 

result, since anthocyanin colorants provided a red color under acidic conditions. As the fruit content increases, 

anthocyanin colorants pass to the product under the conditions provided by the acidity of the fruit and the color 

appears more red (Cemeroğlu 2004). The S3 sample was more appreciated in terms of both color and aroma among 

SP added groups. However, the S3 sample was found to be very viscous by the panelists and scored low in terms 

of structure-consistency and texture (sensation in the mouth). In texture and structure and consistency evaluation, 

S2 sample obtained the highest score. It is thought that this result is probably caused by the thickening effect of 

pectin in the structure of strawberry. As the total sugar content of SP was higher than RP, it increased the taste 

ratio and therefore the most favorable flavor was found in S2 product. When the general acceptability scores of 

the SP-added groups were examined, the contribution rate in S2 and S3 formulations was found to be most 

appropriate (Table 3.3). In addition, the panelists stated that rosehip and strawberry fruits, which are selected as 

vitamin C source, are very compatible with hazelnut milk and that the product obtained is a cold drink which can 

be consumed with pleasure. 

 

4 CONCLUSION 
 

As a result of the addition of RP and SP to hazelnut milk, the pulp-sourced components (vitamin C, phenolic 

compounds, sugars, organic acids, minerals, colorants (anthocyanins, xanthophylls etc.) and pectins) combined 

with the hazelnut components (vitamin E, sterols, minerals, complex carbohydrates, fat and protein) resulted in a 

functional beverage that could be enjoyed by consumers. 

The new product obtained as a result of enrichment of nut milk with the addition of fruit pulps rich in vitamin C 

will contribute to expanding the usable and evaluable areas of hazelnut in food industry and increasing 

consumption of hazelnut. In this way, it is thought that the market value of hazelnuts will increase as a result of 

preventing the accumulation of hazelnuts every year. It is expected to contribute to the increase of employment 

and economy with an additional branch of industry to be established. 
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Abstract 

A circular cup deep drawing process was investigated in this study using 7449 

aluminum alloy sheet material which is widely used in aerospace applications due 

to its high durability with low density. The drawing ratio (DR) which is defined as 

the ratio of the blank sheet diameter to the punch diameter is investigated with 

varying punch and die radius. By changing the punch radius, the quality of the final 

product was also improved by controlling the material flow and stress distribution. 

Appropriate punch radii were determined via Simufact Forming, a finite element 

plastic forming simulation software. Two dimensional (2D) finite element analysis 

procedure was compared with the experimental results to verify the correctness of 

the established deep drawing simulation procedure. The results obtained from the 

finite element analyses in terms of the deep drawn cup height (h), total deformation 

work (Et) and average deep drawing force (Favg) for various blank sheet diameters 

and punch rounding radii indicated that the increasing punch radius increases the 

deep drawn cup height by decreasing the total deformation work with lower 

average deep drawing force. 

1 INTRODUCTION 

Deep drawing is a common manufacturing method based on the plastic deformation of planar sheet metals, such 

as low alloy steels, aluminum alloys, magnesium alloys, titanium alloys and brass, between molds by stretching 

them. Usage of aluminum alloy sheets in light structural applications increases each passing day due to their high 

specific strength, economy and low density. However, the formability of aluminum alloys depending on 

numerous parameters such as punch speed, drawing ratio (DR), holding period, heat treatment, work part 

dimensions, mold geometry and temperature is poor at room temperature [1]. Experimental characterization and 

computerized numerical modelling come into prominence in increasing the effectiveness of the deep drawing 

process due to the hardship of determining the material behavior because of the significant effects of the 

chemical composition, microstructure depending on the heat treatment and anisotropy related to the rolling 

process used in sheet manufacturing [2]. DR which is an important parameter showing the effectiveness of the 

deep drawing remains low when characterization is not made appropriately and the process parameters are not 

selected correctly [3]. Thus; defects such as tearing, crumpling and earing occurs [4]. Friction coefficient related 

to the lubrication conditions is another important parameter in the deep drawing [5]. There are numerous 

experimental [1, 3, 6-11], analytical [7, 12] and finite element based [10, 11, 13-15] studies on the determination 

of the deep drawability of aluminum alloy sheets in the literature. Formability information is limited especially 

for newly developed aluminum alloy sheets such as 6 and 7 series [6]. Colgan and Monaghan [16] investigated 

the wall thickness variation in the deep drawn cups with punch force via finite element analyses by verifying the 

analysis results with the experimental studies. Duchene and Habreken [17] investigated the deep drawn product 

height depending on the punch force and radius via experimentally verified finite element simulations. Demirci 

et al. [18] investigated the effects of the blank holder force on the wall thickness of the deep drawn cups made of 

Al 1050 using nonlinear explicit finite element procedure and determined possible problems before 

manufacturing of the molds. Gavas and İzciler [19] developed a new application for the deep drawing processes 

to control the flow of the material between the molds using an anti-lock braking system (ABS). 

Competitive environment of present-day requires the manufacturing of correct part as soon as possible with the 

minimum defect ratio which is a hard job for metal deformation techniques such as forging, rolling, sheet 

bending and deep drawing because of the nonlinear nature of the process. Unfortunately, trial and error method 

is a very time-consuming and uneconomical way to determine effective deep drawing parameters. Deep drawn 
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products have wide usage area from automobile and aerospace vehicle bodies, wheel rims, kitchenware, medical 

cups to beverage cans, etc. In this study, experimentally verified 2D finite element simulations of high durability 

7449 aluminum alloy sheets were conducted with various punch radii to obtain higher DR with better material 

flow. 

 

2 THEORETICAL BASICS 
 

Deep drawing process (Fig. 1) is giving a 3D cup shape to a planar sheet by a punch moving normal to the sheet 

plane while sheet is compressed from its skirts between the die and blank holder with a force known as blank 

holder force (Fbh). 

 

 
Figure 1. The deep drawing process 

 

The ratio of the blank sheet diameter (D) to the punch diameter (d) is considered to be low than 2 in normal 

conditions. Effectiveness of the deep drawing operation depends on numerous material, design and process 

parameters due to the nonlinear behavior of huge plastic deformation in the process. The mechanical behavior of 

the material has significant effect in the design of deep drawing molds. For aluminum alloys; die rounding radius 

(rd), punch rounding radius (rp) and mold clearance (c) can be calculated using Eq.’s 1, 2 and 3, respectively; 

 

0.9 ( )*dr D d t                                                                                                                                            (1) 

 

5* 10*pt r t   or (0.1~ 0.3)*pr d                                                                                                         (2) 

 

0.02* 10*c t t                                                                                                                                            (3) 

 

where D is the blank diameter, d is the punch diameter and t is the sheet thickness. In the deep drawing, pressure 

applied to the sheet metal via blank holder determines the effectiveness of the process. Low blank holder force 

leads to wrinkling due to the huge material flow to the clearance between the die and punch while high blank 

holder force leads to tearing in the sheet metal by preventing the material flow in the skirts of the sheet. The 

blank holder force can be calculated as follows; 

 

2 2

0.015* *

4*[ ( 2.2* 2* ) ]

y

bh

d

F
D d t r

 


  
                                                                                                           (4) 

 

where y  is the yield strength of material [20]. 

 

3 MATERIAL AND METHOD 
 

7449 aluminum alloy sheet material which is widely used in aerospace applications due to its high durability 

with low density was used in this study to determine the effect of the punch radius on formability, material flow 

and drawing forces. The chemical composition and mechanical properties of 7449 were given in Table 1 and 

Table 2, respectively. 
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Table 1. The chemical composition of 7449 aluminum alloy [weight%] 

 Catalog material [21] Analyzed material [22] 

Zn 7.5~8.7 8.3 

Mg 1.8~2.7 2.2 

Cu 1.4~2.1 1.9 

Mn <0.2 - 

Fe <0.15 - 

Si <0.12 - 

Others, each <0.05 - 

Others, total <0.15 - 

Al 85.6~89.3 (Residual) 87.6 

 

Finite element analyses were conducted using MSC simufact.forming, a commercial plastic deformation 

software [22]. Analyses were performed in two dimensional (2D) space due to the axisymmetric nature of the 

geometry and because the anisotropic effects were not investigated in the study. 2D simulation procedure 

shortened the processing time considerably with sufficiently small element size and high accuracy results. To 

validate the accuracy of the finite element procedure, the analysis results were compared with the physical tests 

conducted in the same conditions as seen in Figure 2. The comparison of the experimental and simulation results 

at various punch speed and blank holder force conditions indicated an approximation up to 98% in terms of the 

deep drawing force. 

 

Table 2. The mechanical properties of 7449 [22] 

Property Value 

Density [kg/m3] 2850 

Young’s modulus [GPa] 69 

Poisson’s ratio [-] 0.33 

Yield strength [MPa] 460 

Ultimate tensile strength [MPa] 640 

 

The thickness to diameter ratio (t/D) of the blank sheet has to be more than 0.01 to apply the deep drawing 

process without fracture. In the analysis, sheets having 1.5 mm thickness and various diameters from 114 mm to 

132 mm considering t/D < 0.01 restriction. Die and punch rounding radii were determined by considering Eq.’s 1 

and 2. The clearance between the die and punch was calculated as 1.6 mm using Eq. 3 for aluminum sheet. Die 

having 63.2 mm inner diameter, punch having 60 mm diameter and blank holder having 64 mm inner diameter 

were used in the analyses. The die rounding radii were calculated considering the blank sheet diameter and 

various punch rounding radii were used in the analyses changing from 7.5 mm to 15 mm. required the blank 

holder forces were calculated using Eq. 4 for various blank sheet diameters as well. 

 

 
Figure 2. The cups obtained from the experimental and simulation studies 

 

The deep drawing analysis procedure was obtained as given in Table 3 by considering the conditions mentioned 

above. 

 

Table 3. The deep drawing analysis procedure 

Parameter Conditions 

1 2 3 4 

D [mm] 114 120 126 132 

DR=D/d [-] 1.9 2.0 2.1 2.2 

rd [mm] 8.0 8.5 9.0 9.5 

rp [mm] 7.5, 10.0, 12.5, 15.0 

Fbh [kN] 36 43 50 58 
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Die, punch and blank holder were defined as rigid without heat conduction due to the cold forming operation at 

room temperature. The press was defined as hydraulic powered having constant speed of 1 mm/s. The friction 

coefficient between the sheet and molds, namely die, punch and blank holder, was taken 0.1 considering the 

importance of the lubrication in the deep drawing process. The blank holder forces were applied using a 

compressed spring attached to the blank holder for applying the forces determined in Table 3 uniformly to the 

skirts of the sheet contacting with the blank holder. Quadrilateral elements having side lengths of approximately 

0.3 mm were used in all the performed analyses that corresponds to 5 elements in the thickness direction. The 

processing stage of a finite element analysis performed in the above mentioned conditions is seen in Figure 3. 

 

 
Figure 3. The processing stage of the finite element analysis 

 

4 RESULTS AND DISCUSSION 
 

The deep drawing finite element simulations were conducted for the blank sheets having diameters from 114 mm 

to 132 mm using punches having rounding radii from 7.5 mm to 15 mm. The results obtained from the finite 

element analyses in terms of the deep drawn cup height (h), total deformation work (Et) and average deep 

drawing force (Favg) for various blank sheet diameters and punch rounding radii were given in Table 4. 

 

Table 4. The deep drawing analysis results 

D [mm] rp [mm] h [mm] Et [J] Favg [kN] 

114 7.5 50.93 7028 137.99 

10.0 52.06 7018 134.81 

12.5 53.26 7011 131.64 

15.0 54.62 7005 128.58 

120 7.5 57.92 9163 158.20 

10.0 59.01 9155 155.14 

12.5 60.25 9151 151.88 

15.0 61.64 9149 148.43 

126 7.5 66.73 11814 177.04 

10.0 67.33 11697 173.73 

12.5 68.48 11637 169.93 

15.0 70.14 11626 165.75 

132 7.5 22.84 2326 101.84 

10.0 25.40 2597 102.24 

12.5 28.30 2892 102.19 

15.0 30.19 3007 99.60 
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Deep drawn cup height is the height of the final product which varies with the punch rounding radii as well as 

the blank holder force. The total deformation work is the energy transmitted to the work part during the deep 

drawing process which indicates the energy required for the deformation. The average force is the mean value of 

the force which acts on the work part via punch. Figure 4 represents the variation of the punch stroke with the 

punch rounding radius for the blank sheets having 114 mm, 120 mm, 126 mm and 132 mm diameters. It is clear 

from the graph that increasing the punch rounding radius increases the punch stroke and thus the height of the 

drawn cup by expediting material flow. 

 

 
Figure 4. The variation of the punch stroke with the punch rounding radius 

 

Figure 5 represents the variation of the total deformation work with the punch rounding radius for the blank 

sheets having 114 mm, 120 mm, 126 mm and 132 mm diameters. It is seen from the graph and Table 4 that 

increasing the punch rounding radius decreases the total deformation work used for the completion of the deep 

drawing process for the blank sheets having 114 mm, 120 mm and 126 mm diameters. However, the decrease in 

the required energy for the deformation is negligible. But, it should be considered that the deep drawn cup height 

increases substantially with the increasing punch rounding radius. 

 

 
Figure 5. The variation of the total deformation work with the punch rounding radius 

 

Figure 6 represents the variation of the average force with the punch rounding radius for the blank sheets having 

114 mm, 120 mm, 126 mm and 132 mm diameters. It is clear from the graph that increasing the punch rounding 

radius increases the average force substantially. 
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Figure 6. The variation of the average force with the punch rounding radius 

 

5 CONCLUSIONS 
 

2D finite element simulations of the high durability 7449 aluminum alloy sheets were conducted with various 

punch radii to obtain higher DR with better material flow in this study. An experimentally verified finite element 

procedure was used via MSC simufact.forming plastic deformation software to validate the results of the 

analyses. The blank sheets having diameters from 114 mm to 132 mm were deep drawn with DR varying from 

1.9 to 2.2. The deep drawing of the blank sheet with 2.2 DR was failed due to the huge material flow to the mold 

cavity leading to thinning and tearing of the work part. However, it is clear from Figure 5 that increasing the 

punch rounding radius substantially increased the cup height of the blank sheet having 132 mm diameter as well 

as the other blank sheets. Increase in the cup height of the blank sheet having 132 mm diameter is 32% when 

compared to the blank sheet having 114 mm diameter which was obtained with 2.2% decrease in the average 

deep drawing force. Increase in the deep drawn cup height is approximately 5% for the blank sheet having 126 

mm diameter and 7% for the blank sheet having 114 mm diameter. Decrease in the total deformation work is 

negligible with a maximum value of 1.6% for the blank sheet having 126 mm diameter and punch having 15 mm 

rounding radius. However, decrease in the total deformation work was obtained with substantial increase in the 

cup height. Moreover, the average deep drawing force decreased considerably with the increasing punch 

rounding radius up to 7% especially for the blank sheets having 114 mm, 120 mm and 126 mm diameter which 

expedites the material flow during the operation without damage in the work part. 
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Abstract 

The effects of exogenous nitric oxide (NO) treatments on the amino acid and 

organic acid content of chickpea seedlings under salt stress were investigated in this 

study. Chickpea (Cicer arietinum L. cv. Çağatay) was used as a plant material, 3 

different doses of NO (0, 75 and 100 µM) and 3 salt levels (0, 50 and 100 mM 

NaCl) were used. Aspartate, glutamate, asparagine, serine, glutamine, histidine, 

glycine, threonine, arginine, alanine, tyrosine, cysteine, valin, methionine, 

tryptophan, phenylalanine, isoleucine, leucine, lysine, hydroxyproline, sarcosine 

and proline were investigated in chickpea seedling. Also organic acid (oxalic, 

propionic, tartaric, butyric, malonic, malic, citric, maleic, fumaric and succinic) 

content of chickpea was examined in the study. The effect of salt and NO 

applications was statistically significant. As a result of this study, with NO 

applications and salinity has occurred an increase in the amino acid content of 

chickpea seedling. The increased amino acid content with increased salt stress 

increased further with increasing doses of NO treatments. In the study, the effect of 

NO application on organic acid content of chickpea grown under salt stress was 

found to be statistically significant (except for tartaric acid, butyric acid and lactic 

acid). The organic acid content of chickpea generally increased with increasing salt 

stress, and in the highest salt level (100 mM NaCl) decreased again. Generally, 

organic acid content increased with NO treatments. It can be concluded that NO 

applications might have mitigating effect of salt stress by increasing the amino acid 

and organic acid content in chickpea seedling. 

 

1 INTRODUCTION  
 

Plants are exposed to various adverse conditions that restrict their growth throughout their lives. Abiotic stress is 

71% and other stress factors are 29% effective in the decrease of agricultural production [1]. Salinity is one of 

the important abiotic stress factors encountered in agricultural production. Salt stress affects the morphological, 

physiological and biochemical properties of the plant and causes negative effects on growth and development. 

Soils containing high concentration of soluble salt are saline soils and are considered saline when EC ≥ 4 dSm-1. 

The saline soil causes ion toxicity, nutrient constraints, osmotic, and oxidative stress [2]. 

 

It has been mentioned that chickpea (Cicer arietinum L.) is very sensitive to salinity, the tolerance varied 

according to genotypes. The most susceptible genotypes of chickpea can die in 25 mM NaCl and resistant 

genotypes unlikely to can survive in100 mM NaCl, more tolerant with some genotypes can germinate in 320 

mM NaCl [3]. Flowers et al. [3] estimated that annual salt induced yield losses of 8 to 10% globally are likely in 

chickpea. 

 

During the development of plants, the use of some externally applied remedies has been tried in recent years. 

One of them is nitric oxide (NO). It has been observed that NO applications may have an effect on increasing 

stress tolerance in plants. NO has been found to improve seed germination and seedling growth in plants and 

also play a protective role against different abiotic stresses such as metal toxicity, temperature, chilling, drought 

and salinity etc. [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14].  
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NO has been implicated in the regulation of various metabolic pathways under both normal and stressful 

conditions. NO improves antioxidant metabolism, nutrient assimilation and regulation of stress response genes 

and reduces oxidative stress caused by ROS [4, 15]. Excessive ROS accumulation under salt stress may cause 

oxidative damage and is considered a functional molecule in alleviating salt stress in plants through NO 

modifying antioxidant metabolism [4, 16].  

 

In this study, it was aimed to reduce the effect of salt stress on seedling period in chickpea with NO application. 

These effects were determined by changes amino acid and organic acid content in chickpea seedling. 

 

2 MATERIAL AND METHOD 
 

Chickpea (Cicer arietinum L. cv. Çağatay) was used as plant material in this study.  In the study where 3 

different salt doses (0, 50 and 100 mM NaCl) were used as salt stress, 3 different doses of nitric oxide (NO) (0, 

75 and 100 µM) were applied to the plants. The pot experiment was made according to randomized block 

designs with three replications and four plants in the each replicate. Seeds were sown into mixture of soil: sand: 

peat (2:1:1) and NO treatments were sprayed on leaves at intervals of one week after seedling emergence. The 

salt application was made as irrigation water and the salt application was initially started with 25 mM dose and 

gradually increased and fixed at the actual dose.  

 

50 days after seed sowing, amino acid analyzes were performed on fresh leaf samples taken from plants. Amino 

acid analysis: 0.1 N HCl was added in one gram fresh sample, homogenized with ultraturraks, and incubated in 

4ºC at 12 hours. Samples were vortexed. After samples were centrifuged at 1200 rpm for 50 min, supernatants 

were filtered through 0.22 µm (Millex Millipore). Then amino acids were determined by HPLC using Zorbax 

Eclipse-AAA 4.6 × 250 mm, 5 µm column (Agilent 1200 HPLC) and absorbance of 220 nm in UV detector [17, 

18, 19]. 

 

Organic acid analyzes were performed on fresh leaf samples taken from plants. Organic acid content of pea 

seedling was made according to Siddiqui et al., [20]. Deionized water (10 mL) was added to 1 g of fresh leaf 

sample and the solution was homogenized with ultraturraks. After centrifugation at 1,200 rpm for 50 minutes, 

supernatants were filtered through 0.22 µm filters. In vials, supernatants were subjected to HPLC using a Zorbax 

Eclipse-AAA 4.6 × 250 mm, 5-µm column (Agilent 1200 HPLC) and recorded at an absorbance of 220 nm in a 

UV detector. The flow speed was 1 mL·min-1 and the column temperature was 25°C. Organic acid were 

determined using 25 mM potassium phosphate (pH 2.5) as the mobile phase. 

 

The differences between the applications were determined by Duncan multiple comparison test [21]. 

 

3 RESULTS AND DISCUSSION 
 

The effects of NO applications on chickpea seedlings in salty conditions on amino acid content were statistically 

significant (Table 1 and 2). 

 

There were significant differences between NO applications and amino acid contents of increased significantly 

with salinity. The increase in amino acid content was more pronounced with the application of NO.  

 

Generally, the highest increase in amino acid content in the most severe salt stress (100 mM NaCl) was 

determined to occur with the application of 100 µM NO. However, histidine, hydroxyproline and proline content 

were highest with the application of 100 mM NO in 50 mM salt stress. Increases with NO application compared 

to control at the highest salt level were 70% (aspartate), 39% (glutamate), 151% (asparagine), 98% (serine), 57% 

(glutamine), 51% (histidine), 173% (glycine), 73% (theonine), 86% (arginine), 65% (alanine), 70% (tyrosine), 

199% (cysteine), 228% (valin), 84% (methionine), 152% (tryptophan), 63% (phenylalanine), 90% (isoleucine), 

113% (leucine), 265% (lysine), 229% (hydroxyproline), 136% (sarcosine) and 118% (proline). 

 

In the study, the effect of NO application on organic acid content of chickpea grown under salt stress was found 

to be statistically significant (except for tartaric acid, butyric acid and lactic acid) (Table 3). The organic acid 

content of chickpea generally increased with increasing salt stress, and in the highest salt level (100 mM NaCl) 

decreased again. Although the maleic acid content increased with NO in the salt-free medium, a decrease in the 

saline conditions occurred. Oxalic acid increased by 35%, propionic acid by 52%, malonic acid by 62%, malic 

acid by 39%, citric acid by 59% and fumaric acid by 59% in 50 mM salt stress with 100 µM NO. However, 

malic acid increased by 17% with 100 µM NO under salt-free condition. On the other hand, succinic acid content 

was highest in 100 µM NO application at 100 mM salt stress and increased by 41% compared to control. 
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Salinity conditions increase the amount of amino acids in the plant and forms a mechanism against salt stress. 

Similarly, Zhang et al [22] explained that wild soybean have higher amounts of phenylalanine, asparagine, 

citraconic acid, citra-malic acid, citric acid and α-ketoglutaric acid under neutral-salt stress, and higher amounts 

of palmitic acid, lignoceric acid, glucose, citric acid and α-ketoglutaric acid under alkali-salt stress, than 

cultivated soybean. The researchers reported that the ability of wild soybean to salt tolerance was mainly based 

on the synthesis of organic and amino acids, and the more active tricarboxylic acid cycle under neutral-salt stress 

[23, 24]. Mansour [25] stated that the accumulation of nitrogen-containing compounds is generally associated 

with plant salt tolerance. In addition, the researcher reported that salt stress in plants cause the accumulation of 

amino acid (alanine, arginine, glycine, serine, etc.) and amide (glutamine and asparagine). Osmotic regulation of 

compounds (amino acids, proteins, ammonium compounds and polyamines nitrogen-containing compounds etc.) 

deposited under stress conditions, protection of cellular macromolecules, storage of nitrogen, maintenance of 

cellular pH, detoxification of cells and cleaning of free radicals put forward.  It was reported that not much 

known about organic acid changes in legumes subjected to salt stress, and these changes may variable between 

species  [26]. 

 

NO has played an important role in the effectiveness of this mechanism. In this sense, it is thought that 

exogenous NO application has an important effect on reducing the negative effect of salt stress on chickpea 

seedling. Similarly, NO was found to regulate growth by promoting antioxidant metabolism and maintaining 

mineral assimilation in chickpea (Cicer arietinum) in NaCl stress [4]. SNP (NO donor) application in corn 

seedlings and alfalfa grown under salt stress has been reported to increase growth and dry weight [27]. It is 

reported that NO protects tomato plants from NaCl-induced damage by promoting antioxidant metabolism, 

osmolite synthesis and metabolite accumulation [28]. 

 

NO can create a mechanism of tolerance and defense to various stresses with the effect of amino acid and protein 

[29] metabolism in the plant. Similarly, Modolo et al. [30] identified the effects of NO on amino acid content in 

Arabidopsis thaliana and their response to Pseudomonas syringae. Our findings showed that NO may be 

effective in stress tolerance mechanism under salt stress conditions. 

 

Table 1. The amino acid content of chickpea seedling under salt stress with NO treatments 

NaCl NO Aspartate Glutamate Asparagine Serine Glutamine Histidine 

mM     µM pmol µl-1 

 

0 

0 5182,00 f*** 4877,00 def*** 8843,00 g*** 11616,67 h*** 8412,33 c*** 2671,00 e*** 

75 5804,00 e 5267,33 cde 9904,33 fg 12546,00 gh 9085,67 c 2965,00 de 

100 6501,00 d 5688,67 bcd 11092,67 f 13549,67 efg 9812,00 c 3290,67 cd 

 

50 

0 5760,00 e 4207,00 f 13415,00 e 15119,67 def 8109,00 c 3276,33 cd 

75 6451,33 d 4543,67 ef 15024,67 d 16329,00 de 8757,67 c 3636,67 bc 

100 7225,33 c 5816,00 bc 17119,67 c 17635,33 cd 9458,33 c 4036,67 a 

 

100 

0 7046,33 c 5827,00 bc 17702,33 c  19784,33 bc 11339,33 b 3251,33 cd 

75 7892,00 b 6292,67 ab 19826,67 b 21367,00 ab 12246,67 ab 3609,00 c 

100 8839,00 a 6796,33 a 22205,67 a 23076,33 a 13226,00 a 4005,67 ab 

Salt *** *** *** *** *** *** 

NO *** *** *** ** ** *** 

SXNO ns ns ns ns ns ns 

 Glycine Theonine Arginine Alanine Tyrosine Cysteine 

 pmol µl-1 

 

0 

0 2553,67 e*** 6436,33 e*** 9876,33 d*** 7680,33 e*** 1228,33 g*** 968,00 f*** 

75 2757,33 e 6951,00 de 10962,67 d 8294,33 de 1326,33 fg 1045,67 f 

100 2978,33 e 7507,33 cde 12168,67 cd 8958,00 de 1433,00 ef 1129,33 f 

 

50 

0 3956,67 d 7848,33 cde 12574,33 cd 8402,33 de 1463,33 ef 1386,67 e 

75 4273,33 cd 8476,00 b-e 13957,33 bc 9074,67 de 1580,33 de 1497,33 de 

100 4615,33 c 9154,33 a-d 15492,67 b 9800,33 cd 1706,67 cd 1617,33 d 

 

100 

0 5984,33 b 9536,67 abc 14882,33 bc 10888,67 bc 1793,67 bc 2478,67 c 

75 6463,00 ab 10299,00 ab 16519,33 ab 11759,67 ab 1937,00 ab 2676,67 b 

100 6980,00 a 11123,00 a 18336,67 a 12700,33 a 2092,00 a 2890,67 a 

Salt *** *** *** *** *** *** 

NO ** ** ns ** * *** 

SXNO ns ns ns ns ns ns 

ns: p>0,05, *: p<0,05, **:p<0,01, ***: p<0,001, Data followed by a different letter in column were significantly 

different according to the DMRT 
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Table 2. The amino acid content of chickpea seedling under salt stress with NO treatments (continue) 

NaCl NO Valin Methionine Tryptophan Phenylalanine Isoleucine 

mM      µM pmol µl-1 

 

0 

0 468,67 e*** 1901,00 e*** 1183,00 e*** 2839,00 cd*** 1528,33 f*** 

75 506,33 e 2109,67 e 1278,00 e 3065,67 cd 1650,33 ef 

100 546,67 e 2342,00 de 1380,33 e 3311,00 c 1782,33 ef 

 

50 

0 1031,33 d 2637,33 cd 1778,67 d 2651,33 d 1983,67 de 

75 1114,00 cd 2927,67 bc 1920,67 cd 2863,67 cd 2142,33 cd 

100 1203,33 bcd 3249,33 ab 2074,33 c 3092,67 cd 2313,67 cd 

 

100 

0 1319,33 abc 2844,00 bcd 2554,33 b 3955,67 b 2488,67 bc 

75 1425,00 ab 3157,00 ab 2758,33 b 4272,00 ab 2688,33 ab 

100 1539,00 a 3504,00 a 2979,00 a 4613,33 a 2903,00 a 

Salt *** *** *** *** *** 

NO ns ** *** ** ** 

SXNO ns ns ns ns ns 

 Leucine Lysine Hydroxyproline Sarcosine Proline 

 pmol µl-1 

 

0 

0 2308,67 d*** 2103,00 e*** 1221,67 d*** 3922,67 e*** 265,00 e*** 

75 2562,67 d 2271,33 e 1319,00 d 4236,33 e 286,67 e 

100 2844,67 d 2453,00 e 1424,67 d 4575,33 e 309,67 e 

 

50 

0 3789,33 c 4853,67 d 3443,00 b 6163,00 d 496,00 bc 

75 4206,67 bc 5241,67 cd 3718,33 ab 6656,00 d 535,33 ab 

100 4669,00 ab 5661,33 c 4015,67 a 7188,67 cd 578,33 a 

 

100 

0 3984,33 c 6581,67 b 2078,00 c 7947,33 bc 433,33 d 

75 4422,00 abc 7108,33 ab 2244,00 c 8582,67 ab 468,00 cd 

100 4908,67 a 7677,00 a 2423,33 c 9269,33 a 505,00 bc 

Salt *** *** *** *** *** 

NO *** *** * * ** 

SXNO ns ns ns ns ns 

ns: p>0,05, *: p<0,05, **:p<0,01, ***: p<0,001, Data followed by a different letter in column were 

significantly different according to the DMRT 

 

Table 3. The organic acid content of chickpea seedling under salt stress with NO treatments  

NaCl NO Oxalic Acid Propionic acid Tartaric acid Butyric acid Malonic acid Malic acid 

mM µM ng.mg-1 

 

0 

0 5,80 b* 11,69 b* 22,33ns 72,76ns 56,42 c*** 22,94 bcd** 

75 6,44 ab 12,97 b 24,80 78,58 60,93 c 25,47 abc 

100 7,14 ab 14,40 ab 27,52 84,87 65,81 bc 28,27 ab 

 

50 

0 6,40 ab 14,40 ab 22,45 72,16 78,54 ab 25,80 abc 

75 7,10 ab 15,99 ab 24,91 77,93 84,82 a 28,64 ab 

100 7,88 a 17,75 a 27,65 84,17 91,61 a 31,79 a 

 

100 

0 5,99 b 12,54 b 22,90 70,58 58,10 c 17,94 d 

75 6,65 ab 13,92 ab 25,42 76,23 62,74 c 19,91 cd 

100 7,38 ab 15,45 ab 28,21 82,33 67,76 bc 22,10 bcd 

Salt ns * ns ns *** *** 

NO * * * ns * * 

SXNO ns ns ns ns ns ns 

 Lactic acid Citric acid Maleic acid Fumaric acid Succinic acid  

 ng.mg-1 

 

0 

0 94,89ns 68,27 e** 33,42 a*** 23,75 bc* 104,94 cd*  

75 105,32 75,78 de 36,09 a 25,66 bc 113,33 bcd  

100 116,91 84,12 b-e 38,98 a 27,71 abc 122,40 a-d  

 

50 

0 100,51 88,02 bcd 20,76 b 32,01 abc 97,03 d  

75 111,57 97,70 abc 22,42 b 34,57 ab 104,79 cd  

100 123,84 108,44 a 24,22 b 37,34 a 113,18 bcd  

 

100 

0 90,83 81,83 cde 18,68 b 21,34 c 126,93 abc  

75 100,83 90,83 a-d 20,17 b 23,05 c 137,08 ab  

100 111,92 100,82 ab 21,79 b 24,89 bc 148,05 a  

Salt ns ns *** *** ***  

NO * * ** ns ns  

SXNO ns ns ns ns ns  

ns: p>0,05, *: p<0,05, **:p<0,01, ***: p<0,001,Data followed by a different letter in column were 

significantly different according to the DMRT 
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4 CONCLUSION 
 

The negative effect of salt stress on chickpea seedlings causes changes of amino acid and organic acid content. 

However, NO had the effect of reducing damage of salt stress on chickpea seedling. Likewise, the previous 

studies determined the effects of NO against salt stress by arranging the metabolic activity of plants. This effect 

of NO on the seedling will be beneficial in determining the effect of salt stress in the advanced stages of plant 

development and in the fruit attitude period. 
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Abstract 

In this study, the effects of foliar nitric oxide (NO) application on the amino acid 

and organic acid content of pea seedlings under salt stress were investigated. For 

this purpose, 2 pea cultivars (Utrillo and Jof), 3 different doses of NO (0, 75 and 

100 µM) treatments and 3 salt levels (0, 50 and 100 mM NaCl) were used. A total 

of 22 amino acids (aspartate, glutamate, asparagine, serine, glutamine, histidine, 

glycine, threonine, arginine, alanine, tyrocine, cytine, valin, methionine, 

tryptophan, phenylalanine, isoleucine, leucine, lysine, hydroxyprolin, sarcosine and 

proline) and organic acids (oxalic acid, propionic acid, tartaric acid, butyric acid, 

malonic acid, malic acid, lactic acid, citric acid, maleic acid, fumaric acid, and 

succinic acid) were investigated and the effect of salt and NO applications was 

statistically significant. In general, an increase in the amino acid content of both 

cultivars has occurred with applications. Generally, Utrillo cultivar has more amino 

acid content (except glutamate, glycine and tyrocine) than Jof cultivar.  The 

increased amino acid content with increased salt stress increased further with 

increasing doses of NO treatments. As the salt level increased, organic acid content 

decreased in both cultivars (except for propionic acid, citric acid and succinic acid) 

with the NO applications the increase the organic acid content under salt stress.  It 

was determined that NO applications decreased the harmful effect of salt stress by 

increasing the amino acid and organic acid content in pea seedling. 

 

1 INTRODUCTION  
 

Soil salinity has become an important threat to agricultural production and expansion. It is stated that more than 

20% of the agricultural areas in the world are salinity areas [1, 2]. Salt stress is one of the important abiotic stress 

factors that negatively affect the biological, physiological and morphological structure of the plant. The salt 

stress is adverse effect of excess minerals such as Na+ and/or Cl− on plant [3]. Salinity significantly reduces plant 

growth and yield in agricultural production. It has been known that salinity may adverse plant growth for two 

reasons; 1. osmotic or water deficit effect: reduces the ability of the plant to take up water and this leads to 

reductions in the growth rate, 2. salt-specific or ion-excess effect: high amounts of salt enter the plant in the 

transpiration system, there leads to injury of cells in the transpiring leaves and this cause to reductions in growth 

[4, 5]. Salinity causes osmotic stress by reducing water potential and increasing the energy required for the 

uptake of water and nutrients. Salinity increases the formation of ROS and stimulates oxidative stress [6], which 

causes significant damage to membranes and other cellular structures [7]. Salt stress affects plant physiology at 

both plant and cellular levels through osmotic and ionic stress. High salt concentrations can adversely affect seed 

germination, seedling growth, vegetative growth, flowering and fruit set and reduce economic yield and quality 

[8]. 

 

The use of some external applications during plant development has gained importance in recent years and it has 

been observed that applications using nitric oxide (NO) may have an effect on increasing stress tolerance in the 

plant. 

 

NO is a signal molecule that is essential in response to a physiological response in plants under stress conditions  

[9]. NO plays a protective role against different abiotic stresses such as metal toxicity, temperature, drought and 

salinity, as well as regulatory roles in plants such as seed germination and seedling growth when applied 
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externally to plants [10, 11, 12, 13, 14, 15, 16]. NO reduces ROS-induced oxidative stress by improving 

antioxidant metabolism, nutrient assimilation and regulation of stress response genes [17, 18]. 

 

Plants produce organic solutes or osmoprotectants such as ammonium compounds, sugar and sugar alcohols, and 

amino acids [19, 20]. It was pointed that these osmoprotectants detoxify adverse impact of salinity and drought 

in plants by improvement of antioxidant defense system and sustainability in ion homeostasis [21].  

It is important to know the reaction of amino acids that have important effects on salt stress and affect plant 

tolerance mechanism in salt stress. Therefore, in this study, the effects of NO applications on the amino acid and 

organic acid in pea seedlings grown under salt stress were determined. 

 

2 MATERIAL AND METHOD 
 

In this study, we used 2 pea (Pisum sativum L.) cultivars (Jof and Utrillo), 3 nitric oxide (NO) doses (0, 75 and 

100 µM sodium nitroprusside) and 3 salt doses (0, 50 and 100 mM NaCl).  The pot experiment was conducted 

according to randomized block designs with three replications and four plants in the each replicate. Seeds were 

sown into mixture of soil: sand: peat (2:1:1) and NO treatments were sprayed on leaves at intervals of one week 

after seedling emergence. The salt application was made as irrigation water and the salt application was initially 

started with 25 mM dose and gradually increased and fixed at the actual dose.  

 

Approximately 50 days after seed sowing, amino acid analyzes were performed on fresh leaf samples taken from 

plants. Amino acid analysis: 0.1 N HCl was added in one gram fresh sample, homogenized with ultraturraks, and 

incubated in 4ºC at 12 hours. Samples were vortexed. After samples were centrifuged at 1200 rpm for 50 min, 

supernatants were filtered through 0.22 µm (Millex Millipore). Then amino acids were determined by HPLC 

using Zorbax Eclipse-AAA 4.6 × 250 mm, 5 µm column (Agilent 1200 HPLC) and absorbance of 220 nm in UV 

detector as described by Aristoy and Toldra [22], Antoine et al. [23] and Henderson et al. [24]. 

 

Organic acid analyzes were performed on fresh leaf samples taken from plants. Organic acid content of pea 

seedling was made according to Siddiqui et al., [25]. Deionized water (10 mL) was added to 1 g of fresh leaf 

sample and the solution was homogenized with ultraturraks. After centrifugation at 1,200 rpm for 50 minutes, 

supernatants were filtered through 0.22 µm filters. In vials, supernatants were subjected to HPLC using a Zorbax 

Eclipse-AAA 4.6 × 250 mm, 5-µm column (Agilent 1200 HPLC) and recorded at an absorbance of 220 nm in a 

UV detector. The flow speed was 1 mL·min-1 and the column temperature was 25°C. Organic acid were 

determined using 25 mM potassium phosphate (pH 2.5) as the mobile phase. 

 

The differences between the applications were determined by Duncan multiple comparison test [26]. 

 

3 RESULTS AND DISCUSSION 
 

In the study, the effect of nitric oxide applications on amino acid content in pea was found to be statistically 

significant (Table 1, 2, 3 and 4).  

 

In parallel with the increased salt level, an increase occurred in amino acid content of pea seedling. Similarly, 

increasing doses of NO treatments resulted in an increase in amino acid content.  

 

Glutamate, glycine and tyrocine content were high in Jof cultivar than Utrillo. Other amino acid contents have 

found higher in Utrillo cultivar. Aspartate, glutamate, asparagine, serine, glutamine, histidine, glycine, threonine, 

arginine, alanine, tyrocine, cytine, valin, methionine, tryptophan, phenylalanine, isoleucine, leucine, lysine and 

sarcosine contents showed the highest increase in 60%, 44%, 12%, 86%, 62%, 44%, 156%, 78%, 65%, 55%, 

59%, 166%, 239%, 72%, 136%, 52%, 96%, 86%, 242% and %110 and 6% compared to control (0 µM NO and 0 

mM NaCl), respectively, with 100 µM NO application in the most severe salt stress (100 mM NaCl). However, 

the content of hydroxyproline and proline was higher 100 µM NO treatments under 50 mM NaCl conditions by 

increase by 187% and 108% compared to control. Similarly Zhang et al. [27] indicated that wild soybean could 

increase the amino acid content to resist the neutral-salt stress.  

 

In the study, the effects of NO on the organic content of pea seedlings grown under salt stress were found to be 

statistically significant (Table 5 and 6). In this study, organic acid content of pea seedlings decreased with 

increasing salt levels. However, salt stress increased propionic acid, citric acid and succinic acid content in both 

cultivar of pea. In general, organic acid content of Utrillo cultivar was higher than Jof cultivar. Generally, the 

organic acid content of both cultivars increased significantly at 50 mM salt level and started to decrease again at 

100 mM salt level. With NO applications, organic acid content of both cultivars increased and maximum 
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increase was observed in 100 µM NO application. Oxalic acid, propionic acid, malonic acid, malic acid, citric 

acid and fumaric acid contents of both cultivars at 50 mM salt level were the highest with 100 µM NO 

application. The highest content of tartaric acid, lactic acid and maleic acid was obtained by application of 100 

µM NO in salt-free medium. With the application of 100 µM NO at the most severe salt level, the succinic acid 

content was highest compared to other applications. 

 

Amino acids are osmolites and are considered as resistance parameters indicating salt stress. [28]. For example, 

it has been indicated that the glutamate is the main source of proline synthesis in osmotic stress conditions and 

glutamic acid is the precursor of chlorophyll content [27]. Similarly, Gong et al [29] reported that the increase in 

the glutamic acid content in plants under salt stress might be related to photosynthesis. Thus it was explained 

that it made possible to synthesize more photosynthetic pigments by accumulating glutamic acid to increase the 

photosynthetic activity and adapting to salt stress [27]. Excessive ROS accumulation under salt stress may cause 

oxidative damage and is considered a functional molecule in alleviating salt stress in plants through NO 

modifying antioxidant metabolism [30]. Similarly, oxidative damage in rice seedlings grown in salt stress is 

mitigated by NO applications and secondary metabolite accumulation is reported to increase [12, 31].  

 

It has been known that amino acids and organic acids stabilize cellular macromolecules, maintain the osmotic 

balance, and neutralize the free radicals produced under salt stress conditions [32]. Our results showed the 

organic acid content change with salinity. Otherwise, NO is known to reduce the negative effects of salt stress on 

plants. Salahuddin et al. [33] explained that the seeds treated with NO exhibited higher germination percentage 

and germination stress tolerance index (ratio of 80% and 109% respectively) than untreated seeds (control) under 

salt stress conditions.  Also, the researchers reported that the seedlings treatments with NO have 57% higher 

chlorophyll contents than control seedlings. Similarly, NO was reported to increase salt tolerance in early 

seedling period in Jatropha curcas. In addition, it was determined that salinity caused an increase in hydrogen 

peroxide (H2O2) and membrane damage and this damage was less with NO [34]. In another study, it was 

reported that NO protects tomato plants from NaCl-induced damage by promoting antioxidant metabolism, 

osmolite synthesis and metabolite accumulation [35]. We determined that NO application could decrease the 

damage of pea seedlings in salt stress with the increase in organic acid content. NO reduced oxidative damage in 

pea seedlings by increasing the organic acid content in saline conditions, resulting in better plant growth than 

control plants in saline conditions. In this study, it was determined that NO application alleviated the salt stress 

damage by providing amino acid and organic acid accumulation. 

 

Table 1. Effect of nitric oxide on amino acid content of pea seedling under salt stress (continue) 

Cultivar NaCl  NO  Aspartate Glutamate Asparagine Serine Glutamine Histidine 

 mM µM pmol µl-1 

 

 

 

 

 

Jof 

 

0 

0 3409,00 ı*** 3073,67 f-j*** 6383,33 ı*** 7642,67 k*** 5302,00 hı*** 1757,33 h*** 

75 3818,67 h 3319,67 e-h 7149,67  hı 8254,00 jk 5726,33 ghı 1950,67 gh 

100 4277,00 fg 3585,00 c-f 8007,33 gh 8914,00 h-k 6184,00 f-ı 2165,00 efg 

 

50 

0 3630,00 hı 2682,00 ıj 8461,67 fg 9529,00 g-k 5169,33 ı 2064,67 fg 

75 4065,67 g 2896,33 hıj 9477,00 f 10291,33 f-ı 5583,00 ghı 2292,00 c-f 

100 4553,67 e 3707,67 cde 10798,33 e  11114,67 efg 6029,33 f-ı 2544,00 bc 

 

100 

0 4349,33 ef 3795,00 b-e 11405,67 de 12212,67 cde 7385,67 cde 2007,00 gh 

75 4871,67 d 4089,33 abc 12774,67 c 13189,67 bcd 7976,00 bcd 2227,67 d-g 

100 5456,33 b 4426,33 a 14307,33 b 14245,00 ab 8614,67 ab 2472,67 cd 

 

 

 

 

Utrillo 

 

 

0 

0 3825,33 h 3012,33 g-j 7175,00 hı 8498,67 ıjk 5933,00 f-ı 1954,00 gh 

75 4284,33 fg 3253,00 e-ı 8035,67 gh 9178,33 h-k 6407,33 e-h 2169,00 efg 

100 4798,67 d 3513,33 d-g 9000,00 fg 9912,67 f-j 6920,00 def 2407,33 cde 

 

 

50 

0 4073,33 g 2628,33 j 9511,00 f 10596,00 e-h 5784,67 f-ı 2296,33 c-f 

75 4561,67 e 2838,33 hıj 10652,33 e  11444,00 def 6247,33 f-ı 2548,67 bc 

100 5109,33 c 3065,67 f-j 11930,67 cd 12359,67 cde 6747,33 f-ı 2749,67 ab 

 

 

100 

0 4880,00 d 3718,67 cde 12820,33 c 13580,33 bc 8264,33 bc 2231,67 d-g 

75 5466,00 b 4016,33 a-d 14358,67 b 14666,67 ab 8925,33 ab 2477,00 cd 

100 6122,00  a 4338,00 ab 16081,67 a 15840,33 a 9639,67 a 2829,33 a 

***: p<0,001, Data followed by a different letter in column were significantly different according to the DMRT 
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Table 2. Effect of nitric oxide on amino acid content of pea seedling under salt stress (continue) 

Cultivar NaCl NO Glycine Theonine Arginine Alanine Tyrocine 

 mM µM pmol µl-1 

 

 

 

 

 

Jof 

 

0 

0 1680,00 g*** 4056,67 j*** 7129,67 f*** 5052,67 ı*** 808,00 jk*** 

75 1814,33 g 4380,67 ıj 7913,67 ef 5457,00 hı 873,00 h-k 

100 1959,67 g 4731,33 g-j 8784,33 def 5893,33 f-ı 942,67 ghı 

 

50 

0 2493,67 ef 5003,00 f-j 7931,67 ef 5295,67 hı 922,33 hıj 

75 2693,33 def 5403,67 d-j 8804,00 def 5719,33 ghı 996,00 e-h 

100 2909,00 d 5835,67 c-ı 9772,67 cde 6176,67 e-ı 1075,67 c-f 

 

100 

0 3693,67 c 6211,33 b-g 9589,33 cde 6721,33 c-g 1107,33 cde 

75 3989,67 abc 6708,33 a-e 10644,00 bcd 7259,00 b-e 1196,00 abc 

100 4308,67 a 7245,00 abc 11814,67 ab 7840,00 abc 1291,33 a 

 

 

 

 

Utrillo 

 

0 

0 1646,33 g 4510,67 hıj 7928,00 ef 5719,67 ghı 792,00 k 

75 1778,00 g 4871,33 g-j 8800,00 def 6177,00 e-ı 855,33 ıjk 

100 1920,00 g 5261,33 e-j 9768,00 cde 6671,33 c-g 923,67 hıj 

 

50 

0 2444,00 f 5563,33 d-j 8820,00 def 5994,33 f-ı 903,67 h-k 

75 2639,67 def 6008,33 b-h 9790,33 cde 6474,33 d-h 976,33 f-ı 

100 2850,67 de 6489,33 b-f 10867,00 bc 6992,33 c-f 1054,00 d-g 

 

100 

0 3620,00 c 6907,00 a-d 10663,00 bcd 7608,67 bcd 1085,00 c-f 

75 3910,00 bc 7459,33 ab 11836,00 ab 8217,33 ab 1171,67 bcd 

100 4222,33 ab 8056,33 a 13138,00 a 8874,67 a 1265,33 ab 

***: p<0,001, Data followed by a different letter in column were significantly different according to the DMRT 

 

Table 3. Effect of nitric oxide on amino acid content of pea seedling under salt stress (continue) 

Cultivar NaCl NO Cystine Valin Methionine Tryptophan Phenylalanine 

 mM µM pmol µl-1 

 

 

 

 

 

Jof 

 

0 

0 699,00 m*** 295,33 f*** 1250,67 h*** 778,33 m*** 1867,33 fgh*** 

75 754,67 lm 319,00 f 1388,00 gh 841,00 lm 2016,67 e-h 

100 815,33 j-m 344,33 f 1540,67 fgh 908,00 klm 2178,33 def 

 

50 

0 874,67 ı-l 657,33 e 1662,33 efg 1121,00 ıj 1671,00 h 

75 944,33 g-j 710,33 de 1845,33 c-f 1210,67 hı 1804,67 gh 

100 1020,00 fgh 767,33 cde 2048,00 bcd 1307,33 gh 1949,00 e-h 

 

100 

0 1596,67 e 859,33 bcd 1755,33 def 1576,33 de 2441,33 cd 

75 1725,00 d 928,33 abc 1949,00 b-e 1702,67 cd 2637,00 bc 

100 1862,33 bc 1002,00 ab 2163,00 abc 1839,00 bc 2847,67 ab 

 

 

 

 

Utrillo 

 

0 

0 777,33 klm 328,33 f 1390,67 gh 881,33 klm 2076,33 efg 

75 839,67 ı-l 354,67 f 1543,33 fgh 952,00 kl 2242,67 de 

100 906,67 h-k 383,33 f 1713,33 d-g 1028,00 jk 2422,33 cd 

 

50 

0 972,33 ghı 731,33 de 1848,67 c-f 1268,67 gh 1858,00 fgh 

75 1050,33 fg 790,00 cde 2051,67 bcd 1370,67 fg 2006,67 e-h 

100 1134,33 f 853,00 bcd 2277,33 ab 1480,00 ef 2167,33 def 

 

100 

0 1776,00 cd 955,67 abc 1952,33 b-e 1784,67 bc 2715,33 bc 

75 1918,00 b 1032,00 ab 2167,00 abc 1927,67 b 2932,33 ab 

100 2071,33 a 1114,33 a 2405,00 a 2081,67 a 3167,00 a 

***: p<0,001, Data followed by a different letter in column were significantly different according to the DMRT 
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Table 4. Effect of nitric oxide on amino acid content of pea seedling under salt stress (continue) 

Cultivar NaCl NO Isoluecine Leucine Lysine Hydroxyproline Sarcosine Proline 

 mM µM pmol µl-1 

 

 

 

 

 

Jof 

 

0 

0 963,00 j*** 1666,67 ı*** 1383,67 ı*** 881,67 ı*** 2831,33 k*** 174,33 h*** 

75 1040,33 ıj  1850,00 ı 1494,33 ı 952,33 ı 3058,00 jk 188,33 gh 

100 1123,33 hıj 2053,33 ghı 1613,67 ı 1028,33 ı  3302,33 ıjk 203,67 gh 

 

50 

0 1264,67 ghı 2390,33 fg 3059,00 h 2171,67 d 3887,33 ghı 312,33 cde 

75 1365,67 fgh 2653,33 ef 3303,67 gh 2345,33 cd 4198,33 fgh 337,33 bcd 

100 1475,00 efg 2945,00 b-e 3568,00 fg 2533,00 bc 4534,33 d-g 364,33 b 

 

100 

0 1621,00 cde 2567,00 ef 4062,67 de 1339,00 fgh 5120,33 cd 267,67 f 

75 1750,67 bcd 2849,33 cde 4388,00 cd 1445,67 fg 5530,00 bc 289,00 ef 

100 1890,67 ab 3163,00 a-d 4739,00 bc 1561,67 ef 5972,67 ab 311,67 cde 

 

 

 

 

Utrillo 

 

0 

0 1071,00 ıj 1886,67 hı 1538,67 ı 998,00 ı 3149,00 ıjk 194,33 gh 

75 1156,67 hıj 2094,00 ghı 1661,67 ı 1078,00 hı  3400,33 ıjk 209,67 gh 

100 1249,33 ghı 2324,33 fgh 1794,67 ı 1164,00 ghı 3672,67 hıj 226,33 g 

 

50 

0 1406,33 efg 2706,00 def 3402,00 gh 2458,33 bcd 4323,00 e-h 347,33 bc 

75 1518,33 def 3003,33 b-e 3673,67 efg 2655,00 ab 4669,00 def 375,00 ab 

100 1640,33 cde 3334,00 ab 3967,67 ef 2867,33 a 5042,33 cde 405,00 a 

 

100 

0 1802,67 bc 2906,00 b-e 4517,67 bc 1515,33 ef 5694,33 bc 297,33 def 

75 1947,00 ab 3225,67 abc 4879,00 b 1637,00 ef 6149,67 ab 321,00 cde 

100 2102,33 a 3580,33 a 5269,67 a 1767,67 e 6641,67 a 346,67 bc 

Data followed by a different letter in column were significantly different (P≤ 0.001) according to the DMRT 

 

Table 5. Effect of nitric oxide on organic acid content of pea seedling under salt stress 

ns: p>0,05, *: p<0,05, **:p<0,01, ***: p<0,001, Data followed by a different letter in column were significantly 

different according to the DMRT 

 

 

 

 

 

Cultivar Salt NO Oxalic Acid Propionic acid Tartaric acid Bütyric acid Malonic acid Malic acid 

 mM µM   ng.mg-1 

 

 

 

 

 

Jof 

 

0 

0 3,81 cd* 7,37 c** 14,69 c* 52,52ns 37,12 hı*** 15,09 d-h*** 

75 4,23 bcd 8,18 c 16,31 abc 56,72 40,09 f-ı  16,75 b-g  

100 4,70 a-d 9,07 bc 18,10 abc 61,26 43,30 f-ı 18,60 a-f 

 

50 

0 4,03 bcd 9,18 bc 14,15 c 45,52 49,50 c-f 16,26 b-g 

75 4,48 a-d 10,19 abc 15,70 bc 49,16 53,46 b-e 20,04 a-d 

100 4,97 abc 11,31 ab 17,43 abc 53,09 57,74 abc 18,05 a-f 

 

100 

0 3,70 d 8,17  c 14,13 c 45,48 35,86 ı 11,07 h 

75 4,10 bcd 9,07 bc 15,69 bc 49,12 38,73 ghı 12,29 gh 

100 4,55 a-d 10,06 abc 17,41 abc 53,05 41,83 f-ı 13,64 fgh 

 

 

 

 

Utrillo 

 

0 

0 4,24 bcd 8,19 c 16,63 abc 58,40  41,28 f-ı 17,09 b-g 

75 4,71 a-d 9,09 bc 18,46 abc 63,08 44,58 e-ı 18,97 a-e 

100 5,23 ab 10,09 abc 20,49 a 68,12 48,14 d-g 21,05 ab 

 

50 

0 4,48 a-d 10,21 abc 16,01 bc 50,62 55,04 a-d 18,41 a-f 

75 4,98 abc 11,33 ab 17,77 abc 54,67 59,45 ab 20,44 abc 

100 5,52 a 12,58  a 19,73 ab 59,04 64,20 a 22,68 a 

 

100 

0 4,11 bcd 9,08 bc 16,00 bc 50,57 39,88 f-ı 12,54 gh 

75 4,56 a-d 10,08 abc 17,76 abc 54,62 43,07 f-ı 13,91 e-h 

100 5,06 abc 11,19 ab 19,71 ab 58,99 46,51 d-h 15,45 c-h 
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Table 6. Effect of nitric oxide on organic acid content of pea seedling under salt stress (continue) 

Cultivar Salt NO Lactic acid Citric acid Maleic acid Fumaric acid Succinic acid 

 mM µM   ng.mg-1 

 

 

 

 

 

Jof 

0 

0 68,49 bcd* 44,92 g*** 21,99 ab*** 17,15 b-e*** 75,75 c-g** 

75 76,03 a-d  49,86 fg 23,75 a 18,52 b-e 81,81 b-f 

100 84,39 abc 55,34 d-g 25,64 a 20,00 a-e 88,36 a-e 

50 

0 63,40 cd 55,47 d-g 13,07 c 20,19 a-e 61,21 g 

75 70,38 bcd 61,57 b-f 14,13 c 21,81 a-d 66,10 fg 

100 78,12 a-d 68,35 a-d 15,26 c 23,55 abc 71,39 d-g 

100 

0 58,53 d 50,51 efg 11,53 c 13,75 e 81,78 b-f 

75 64,97 cd 56,07 d-g 12,45 c 14,85 de 88,32 a-e 

100 72,11 bcd 62,24 b-f 13,45 c 16,04 cde 95,39 abc 

 

 

 

 

Utrillo 

0 

0 76,17 a-d 50,85 efg 24,45 a 19,07 a-e 84,23 b-f 

75 84,54 abc 56,44 d-g 26,40 a 20,59 a-e 90,97 a-d 

100 93,84 a 62,65 b-f 28,52 a 22,24 a-d 98,25 ab 

50 

0 70,50 bcd 62,79 b-f 14,55 c 22,45 a-d 68,06 efg 

75 78,26 a-d 69,70 abc 15,72 c 24,25 ab 73,50 d-g 

100 86,87 ab 77,37 a 16,97 bc 26,19 a 79,39 b-e 

100 

0 65,08 cd 57,18 c-g 12,82 c 15,29 de 90,94 a-d 

75 72,24 bcd 63,47 b-e 13,85 c 16,51 b-e 98,22 ab 

100 80,19 abc 70,45 ab 14,96 c 17,84 b-e 106,07 a 

*: p<0,05, **:p<0,01, ***: p<0,001, Data followed by a different letter in column were significantly different 

according to the DMRT 

 

4 CONCLUSION 
 

In this study, it was investigated that the negative effect of salt stress on pea seedlings could be alleviated by the 

application of NO. One of the effects of salt stress on the plant is the change in the amino acid and organic acid 

content that has an important role in the internal metabolism. As a result of this study, it was determined that this 

effect may occur due to the tolerance mechanism that occurs with the increase in amino acid content. Some 

organic acids decreased with salt stress, while others showed an effect with an increase. It was determined that 

NO, which is known to have significant effects on tolerance to stress conditions, could alleviate the harm of salt 

stress by increasing amino acid and organic acid content in pea. 
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Abstract 

Nowadays alternative binding materials that can be used against cement are gaining 

importance due to the negative effects of global warming and increased greenhouse 

pollution. For this purpose, artificial or natural pozzolan additives are used in 

various applications of concrete technology. In this study, the mechanical properties 

of the samples produced by adding zinc slag, 10%, 20%, 30% of the cement to the 

mixture in order to use a waste material and to determine its pozzolanic activity 

were investigated. The compressive strength of the samples, which contain 10% 

zinc slag additive, were determined as the most appropriate replacement ratio. As a 

result of this study, it is determined that zinc slag can be considered as a replacement 

material against cement in concrete due to reasons such as recycling of waste 

materials to the industry, adopting an environmentalist approach and economy. 

1 INTRODUCTION  
 

Pozzolans are used to improve workability, permeability and mechanical properties that affect the performance of 

concrete. Of these, silica fume, blast furnace slag and fly ash are artificial pozzolan admixtures which are widely 

used today although they were formerly considered as waste materials. They emerge as by-products of production 

in the industrial industry and are kept in nature in the form of waste. In order to reduce the use of cement in 

concrete, developed countries have made it a state policy to reduce the cost of raw materials, environmental 

pollution, and CO2 emissions by reusing such waste materials in concrete production. 

 

Recycling of waste materials resulting from the development of the industry is of great importance. For example, 

in the study on fly ash (1), which is artificial pozzolan, it was found that it had better interaction with cement and 

showed better strength performance due to its grain size being lower than cement, in addition to using the treatment 

plant sludge in commercial lightweight concrete the compressive strength value was increased from 15 MPa to 17 

MPa (2). In the study of re-use of sand molds used for shaping metals and completing their life, they found that 

this replacement increases the ultrasound pulse velocity and decrease the chloride penetration of the concrete 

specimens (3). In another study, which used 0-100% chemical additive as a chemical additive, it was found that it 

gives better results in compressive strength, flexural strength and chloride permeability than the reference concrete 

mixture (4).  

 

Granular lead-zinc slag was added to the mixture by replacing sand with 25, 50, 75 and 100% by weight and 

compared with the reference specimens (5). It has been found that the samples using slag show better strength and 

increase the attenuation of gamma radiation. According to different grain sizes of waste zinc slag (0-5 mm and 5-

10 mm) and 50% and 100% by weight of standard sand displacement of samples produced in the study of 50% 0-

5 mm zinc slag was found to be close to the compressive strength of the reference specimens. In addition, it has 

been found that it reduces the unit weight and increases the workability of the concrete (6).  

 

Considering the literature, in this study, it is investigated that the use of waste zinc slag obtained from Kayseri 

ÇİNKOM Plant as replacement material against cement in different ratios. Zinc-treated material is taken from the 

furnace outlet as iron calcium silicate and stored in the form of a garbage heap. There are limited studies in the 

literature regarding this zinc ore waste. In this study, it is investigated whether waste zinc slag is an alternative 

material to artificial pozzolans which are frequently used in concrete. It is envisaged that impermeable concrete 

can be obtained by increasing the occupancy of waste zinc slag and thus its resistance against external effects will 
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increase. In this way, the consumption of the relevant waste stock can be reduced by using different waste materials 

in the concrete industry. 

 

2 MATERIAL AND METHOD 
 

2.1 Material  

 

2.1.1 Portland Cement 

 

In mortar specimen production,  CEM I 42.5 R cement which was obtained from Bilecik SANÇİM Ready Mixed 

Concrete Plant in compliance with TS EN 197-1 was used for all concrete mixtures. The mechanical and physical 

properties of the cement are given in Table 1. 

 

Table 1. Physical and mechanical properties of CEM I 42.5 R cement  

Property Value 

Strength class 42.5 

2-day compressive strength   (MPa) 29.8 

7-day compressive strength   (MPa) 39.5 

28-day compressive strength (MPa) 52 

Inıtial setting time (hrs) 2.3 

Final setting time (hrs) 4.8 

Specific surface area (cm2/gr) 3172 

Density (gr/cm3) 3.10 

 

2.1.2 Waste Zinc Slag 
 

Zinc slag was obtained from Kayseri ÇİNKOM plant and its chemical properties with cement are presented in 

Table 2. 

 
Table 2. Chemical properties of the binding materials 

Material SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O Loss on Ignition 

CEM I 42.5 R 18.90 5.15 3.36 63.59 1.57 0.4 0.77 0.91 

Waste Zinc Slag 16.10 8.53 26.47 29.83 3.22 - - 11.10 

 

2.1.3 Sand 

 

Standard CEN sand was used in mortar specimens in order to prepare mixtures in accordance with TS EN 196-1. 

 

2.1.4 Water 

 

Bilecik tap water was used for mortar mixture production in the laboratory. 

 

2.2 Method 

 

2.2.1 Preparing the Specimens 

 

There is limited literature in the literature on the0 use of waste zinc slag in cement paste and concrete. For this 

reason, the use of waste zinc slag as a replacement material for cement was tested by preliminary studies and 

experimental groups were formed by selecting 10%, 20% and 30% by weight. The mix proportions of the mortar 

ingredients are used as prescribed in TS EN 196-1 code. The mix design of the mortars and produced mortar bar 

specimens are given in Table 3 Figure 1, respectively. 

 
Table 3. The mix proportions of mortar specimens 

Mixture Cement Zinc Powder Sand Water 

Reference 1 0 3 0,5 

ZS 10 0,9 0,1 3 0,5 

ZS 20 0,8 0,2 3 0,5 

ZS 30 0,7 0,3 3 0,5 
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Figure 1. Cross-section of the produced 50x50x50 mm mortar specimen 

 

According to the concrete mixing ratios stated in Table 3, the binding materials were weighed precisely and mixed 

with water in the mortar mixing machine until the proper mix was obtained. Then, sand was added sequentially 

and the mixing process was continued until the plastic consistency was obtained. After the mixing process, the 

mortar obtained was put into molds in two layers and each layer was compacted in the jolting table. The mortar 

samples were covered with a damp cover and kept in the molds for one day in order to prevent the water loss. Then 

molds are removed and mortar specimens were cured in lime saturated water at +20 ºC temperature for 7, 14 and 

28 days. 

 

2.2.2 Pozzolanic activity 

 

The pozzolanic activity is determined by the “strength index” test. According to TS EN 196-5 standards, 1 part of 

cement, 3 parts of sand, 0.5 parts of water are used to prepare the reference mixture. Test mixture is formed by 

replacing 25% of pozzolan with the cement for the test mixture. The compressive strength of 7 and 28 days is 

determined. The strength activity index is obtained from Eq. 1. 

 

Strength Activity Index (SAI) = A / B x 100                        (1) 

 

Where, A= Compressive strength of the test mixture 

 B= Compressive strength of the control mixture. 

 According to ASTM C 6118 to shown as puzzolanic properties,  

 SAI  ≥ 75 % (8). 

 

3 RESULTS 
 

3.1 Pozzolanic activity index 

 

The test result of the pozzolanic activity test is shown in Table 4. It is seen that the binding property of zinc slag 

is 71%, which is close to the relative compressive strength of 75%, which is the limit value. From this point of 

view, pozzolanic activity value which is close to the limit value is seen although it cannot catch the value in the 

standards. After this preliminary study, in order to examine the effect of waste zinc slag on the mechanical 

properties of mortars, experiments were carried out on samples produced by replacing slag with cement up to 30%. 

 

Table 4. Pozzolanic activity test results 

Mixture  

Compressive strength 

 (MPa) 

Pozzolanic activity index 

(%) 

7 days 28 days 

 71 Control 26.73 45.30 

Waste zinc slag 17.15 32.28 

 

3.2 Compressive Strength Test Results 

 

Due to the fact that concrete is a brittle material, it is usually operated under pressure in building elements. In 

practice, it is possible to comment on the permeability of concrete and its resistance to external influences 

according to the compressive strength value (9). In order to obtain information about the mechanical properties of 

the samples, compression test was performed on mortar bar specimens. Increases were observed in all the mortar 

specimens at later ages. The compressive strength of the waste zinc slag admixture according to the samples was 
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10.25%, 15.83%, and 29.64%; 14.82%, 23.80% and 33.41% in 14-day samples. On the other hand, a decrease of 

1,71%, 10,62%, and 23,89% was observed in 28 days. It is seen that if the addition of 10% of zinc slag used mortar 

specimens, it is the closest value to the strength of the reference specimen and has the highest compressive strength 

compared to other zinc replaced mixtures (Figure 2). 

 

 
Figure 2. Compressive strength test results of samples 

 

4 CONCLUSIONS 
 

In this study, where waste zinc slag is considered as pozzolanic material, it is observed that the samples used as 

10 % additive material are close to the compressive strength values of the control samples and it can be said that 

it can be considered as an additional additive material in concrete production. The concrete's ability to withstand 

external influences is described as the introduction and transport of water or gas to concrete. If it is used as a fine-

grained material in the mixture, the entry and transport of harmful substances that may enter the concrete by air 

and water can be prevented and a lowered permeability internal structure can be formed. In order to obtain closer 

values to the reference mixture, it is important to perform mechanical and durability tests using zinc slag at less 

than 10% in order to make the best use of this waste material. 
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Abstract 

Thermodynamic analysis of a solar driven trigeneration plant is conducted for 

production of power, cooling and freshwater. Solar source is harvested using 

Parabolic Trough Collectors and generated heat is provided for the thermal storage 

and heat exchangers. Toluene is used for the power cycle and a part of the produced 

power is used for seawater desalination using reverse osmosis technology. Excess 

heat is utilized to run an Absorption Refrigeration Cycle. Overall system energy and 

exergy performances are determined to be 22.3% and 6% respectively. The present 

system is sustainable and affordable while it provides good match for peak 

requirements of freshwater and cooling in summer times.   

1 INTRODUCTION  
 

The steadily growing of the earth’s population is leading to an enormous demand of energy and fresh water. 

Therefore; almost all countries are facing the water and energy challenge. One-third of the world population are 

facing water shortage and this percentage is projected to be increased [1]. Besides, the climate change and the 

pollution are being one of the serious threats for our planet. Nevertheless, the fossil fuels is being almost the main 

source of energy. Therefore, alternative energy sources must be considered.  

 

According to the International Energy Agency (IEA) of Paris (2004), fossil fuels will be the main sources of energy 

until the year of 2030 and more than two-thirds of the available energy will be consumed by that time [2]. The 

relationship between fresh water production and energy is leading to the consumption of more energy to provide 

the needed fresh water. Therefore, dealing with water scarcity will not be effectively solved without addressing 

the energy challenge. Alternative natural sources of energy such as coal has potential problematic issue on the 

climate as it releases high amount of CO2 gas. Also nuclear energy has limited long-term fissionable uranium 

reserves security and concerns by many countries as it can be used in an insufficient way such as weapons 

fabrication [3]. 

 

To mitigate the climate challenge and to meet the need and demand of energy and water, many advanced 

technologies are being applied and tested. One of these technologies is to use renewable energy by integrating 

energy systems to produce multible oupots such as cooling, power and fresh water which is called trigeneration 

system. A huge contribution can be achieved using the mentioned technology due to its high efficiency and low 

cost of operation with the low emissions per unit energy [4].  

 

Various studies were conducted to evaluate the validity and the performance of the  trigeneration system driven 

by renewable energy. Ahmadi et al conducted an exergo-environmental analysis, exergy analysis of an integrated 

ORC based trigeneration system. They conducted parametric study in order to measure the environment impacts 

and the sustainability and to prove the improvement of the efficiency due to trigeneration. Waste heat from gas 

turbine was recovered and used to run the system. The results showed that the efficiency of the trigeneration system 

is much higher than of typical combined heat and power systems and the carbon dioxide emissions are reduced[4].   

 

Trigeneration system based solar energy was optimized and investigated in terms of energy and exergy by Bellos 

and Tzivanidis. the trigeneration consists of parabolic through collector with heat storage tank which is used to 

provide the need heat input for the ORC, the reject heat from the ORC was used to run an absorption heat pump 

to produce domestic heating and cooling. Their study and investigation reported that, the organic fluid used in 
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ORC must be carefully selected in terms of its properties such as the critical temperature, pressure and their 

molecular weight. Therefore, many working fluid was tested and the results showed that the best working fluid is 

the toluene with maximum exergetic output of 29.42%, 28.50% and 28.35% for toluene n-octane and MDM 

respectively [5]. 

 

Many literature review was conducted on combined, cooling heating and power CCHP. Heejin et al have 

performed a literature review included more than 170 papers and discussed the method used to improve the 

performance of the CCHP systems. Besides, the must optimization techniques which used to improve the CCHP 

performance and they discussed the gap in the literature and current CCHP development [6].  

 

Bellos and Tzivanidis investigated an innovative residential trigeneration system to produce heating, cooling and 

electricity. The system utilizes the solar energy using parabolic trough collector coupled with storage tank to run 

absorption heat pump and turbine. The system was evaluated and the results showed that the system can be seen 

as a promising solution to be adopted for residential purpose in building using systems operating in the same 

conditions studied in order to minimize the energy consumption [7]. 

 

Kerme et al have invented solar power system implements the absorption chiller system uses LiBr − H2O working 

pair. They performed comprehensive thermodynamic study in terms of energy and exergy analysis. The effects of 

different parameters on the energy and exergy performance were examined. Different collector types were used to 

specify the suitable collector for the systems’ efficiency and for the useful heat gain. The main source of exergy 

destruction was reported to be within the collector which accounts of 84% of the total exergy loss [8]. 

 

Al-Sulaiman et al presented and studied trigeneration system utilizing biomass using ORC. Energy and exergy 

analysis was conducted for four cases: electrical-power and cogeneration of cooling and heating and trigeneration. 

They have investigated the systems’ performance under variety of the ORC evaporator and pump inlet temperature 

as well as the pressure of the turbines’ inlet. Furthermore, the exergy destruction analysis was conducted. They 

found that the energy efficiency is 75% using trigeneration when it compared to electrical system, while the exergy 

efficiency is 17% gained for the trigeneration compared to electrical system [9].  

 

Bellos and Tzivanidis Performed and examined a trigeneration system driven by solar energy. Parabolic trough 

collector gathered the solar radiation as a source of heat to power ejector refrigeration cycle. Exergy, energy and 

economic analysis were conducted, various optimization were performed for single and multiobjective. The exergy 

and the efficiency of the optimum system were found to be 11.26% and 87.39% respectively. While the it produces 

4.6 𝐾𝑊𝑒 7.1 𝐾𝑊 and 59.4 𝐾𝑊 of electricity, cooling and heating respectively [10]. 

 

Other clean abundance and boundless source of energy should be considered to overcome the energy and water 

shortages in devoloping countries which are dependenig on fossil fuels as the main source of energy. Some reports 

claimed that, Libya is considered as one of the most countries that facing water shortages with a baseline water 

stress score of 4.84 [11].  Libya is endowed with great energy and water resource as seawater source and solar 

radiation are available all around the northern area of the country at the same time. Therfore, it can be used to 

solve the energy and water shortages in the country that will give the opportunity for using the renewable energy 

such as solar to provide energy to produce electricity and to power the desalination plants to produce fresh water 

[12]. 

 

This study aims to invetigate thermodynamic performance characteristics of a trigeneration system with the 

purpose of producing cooling effect, electrcity and fresh water.  

 

2 MATERIAL AND METHOD 
 

2.1 SYSTEM DESCRIPTION 

 

The developed trigeneration system utilizes solar energy to produce cooling, electricity and fresh water as shown 

in figure 1. The system consists of PTC, ORC and ARC, the solar radiation collected by the PTC is used as a 

source of heat to run the ORC. The waste heat from the ORC is used to run ARC by means of the heat exchanger. 

The solar radiation collected is used to heat the heat transfer fluid HTF through the collector. The hot HTF is then 

goes to the heat exchanger to heat the ORC fluid, part of the HTF is stored in a storage tank to be used in order to 

have a continuously operating solar plant at night time or in the time where there is no sufficient solar radiation 

(cloudy times).  
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Thermal oil namely Therminol 66 is used in the solar cycle due to its properties which makes it suitable for short 

term storage. The ORC consists of turbine, condenser, pump and heat exchanger. The organic working fluid used 

is the Toluene due to its thermophysical properties and also has a large working temperature range compared with 

other fluids such as water and other working fluids. The superheated Toluene passes through the turbine to produce 

work to be used to generate electricity then goes to the condenser to be cooled and condensed and then pumped 

back to the heat exchanger. 

  

The electricity generated goes to the grid and part of it is used to run the RO pumps. In the RO system seawater is 

pumped and passes through filter to be filtered and then sent to the chemical treatment container, then pumped and 

sent to the RO unit where the desalination process occurs. The brine is then discharged to the sea and the fresh 

water is collected after adjusting its salinity to the required degree by mixing it with part of the saline water by the 

mixing chamber.  

 

The ARC consists of five main components which are generator condenser evaporator, absorber and solution heat 

exchanger. The LiBr2 − H2O pair is used as working fluid where the H2O is the refrigerant and the LiBr2 works 

as the absorbent. In the generator the source of heat is supplied by the solar cycle, the strong lithium bromide 

working fluid is heated and the water is vaporized and flows to the condenser to be condensed and cooled and then 

moves to the evaporator (to produce the cooling effect) through an expansion valve to reduce its pressure and 

temperature. The absorbent leaves the evaporator and enters the absorber in a partial vapor and liquid state where 

a solution of lithium bromide-water is formed and pumped to the generator through a heat exchanger. The cycle 

then is repeated as the Lithium bromide leaves the generator through the solution heat exchanger and then goes to 

the absorber for absorbing water refrigerant and the vaporized water flows to the evaporator.   

 

 
Figure 1. Schematic diagram for the trigeneration system 

 

2.2 Thermodynamic modeling of the system 
  

The trigeneration system is thermodynamically analyzed and modeled. Engineering Equation solver (EES) is used 

to program the developed mathematical equations. The equations used for modeling the parabolic through collector 

was presented by Sukhatme and Nayak[13]. The assumed input data which is used in analyzing the system is 

presented in Table 1. 
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Table 1. The assumptions 

 Variable Symbol Unit Range 

P
T

C
 S

y
st

em
 

Ambient Temperature and Pressure T0, P0 K, kPa 298.15, 101.3 

Inner and outer absorber tube diameters Di, Dci m 0.13, 0.19 

Tube thickness Dt m 0.006 

Tube surface emissivity 𝜖𝑝 - 0.15 

Glass Emissivity 𝜖𝑐  - 0.88 

Wind speed Vinf m/s 2-6 

Length of one collector L m 12.2 

Width of one collector W m 5.75 

Tilt Factor rb - 1.02 

Global Solar Radiation Is W/m2 700-1300 

Daily sunbathing time SST h 4-14 

Solar Panel Area Asolar m2 40000 

Total Optical efficiency 𝜂𝑜𝑝𝑡 - 0.65 

HTF inlet temperature Tin K 350 

Tape Twist Ratio 𝑅𝑇𝑇 - 4 

Sun Source Temperature Tsun K 5700 

O
R

C
 

Pressure Ratio PR - 40-100 

HEX effectiveness 𝜖𝐻𝐸𝑋 - 0.8 

Pump Isentropic efficiency 𝜂𝑠,𝑝 - 0.8 

Turbine Isentropic efficiency 𝜂𝑡,𝑝 - 0.9 

R
O

 S
y

st
em

 

Product Recovery ratio rr - 0.4-0.7 

Seawater Salinity Ssw ppm 35000 

Product Salinity Spw ppm 450 

Permeate Salinity  ppm 20 

Water Molecular weight MWw g/mol 18 

Salt Molecular weight MWs g/mol 58.5 

RO LP Pump efficiency 𝜂𝐿𝑃 - 0.87 

RO HP Pump efficiency 𝜂𝐻𝑃 - 0.91 

Reference enthalpy of salt ℎ𝑠,0 kJ/kg 21.05 

Reference entropy of salt 𝑠𝑠,0 kJ/kgK 0.07328 

LP pump outlet pressure  kPa 650 

HP pump outlet pressure  kPa 6000 

Brine outlet pressure  kPa 5100 

Permeate outlet pressure  kPa 110 

Permeate volume flow rate �̇�𝑒𝑙  m3 1.5 

Salt permeability coefficient ks - 2.03*10-5 

A
R

C
 

Solution circulation ratio scr - 11 

ARC Pressure Ratip PRarc - 6 

Steam to rich flow fraction fs - 10 

Cooling temperature  K 280 

 

The useful heat gained rate from the collector and the heat loss are defined as 

 

�̇�𝑢𝑠𝑒𝑓𝑢𝑙 = 𝐹𝑅 (𝑊𝑝𝑎𝑛𝑒𝑙 − 𝐷𝑜)𝐿[𝑆𝑆 − (
𝑈𝑙

𝐶𝑐𝑟

)(𝑇𝑓𝑖 − 𝑇𝑎) (1) 

 

�̇�𝑙 = (𝑊𝑝𝑎𝑛𝑒𝑙 − 𝐷𝑜) 𝐿𝑆𝑠 − �̇�𝑈𝑠𝑒𝑓𝑢𝑙  (2) 

 

�̇�𝑙 = 𝜋𝐷𝑜𝐿𝑈𝑙(𝑇𝑝𝑚 − 𝑇𝑎) (3) 

 

Here the heat removal factor is 𝐹𝑅 , the absorber received radiation is 𝑆𝑠 and the concentration ratio is 𝐶𝑐𝑟 and they 

are formed as follows: 
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𝑆𝑠 = 𝐼𝑏𝑟𝑏𝜌𝛾(𝜏𝛼)𝑏 + 𝐼𝑏𝑟𝑏(𝜏𝛼)𝑏(
𝐷𝑜

𝑊−𝐷𝑜
) (4) 

 

𝐹𝑅 =
𝑚 ̇ 𝐶𝑝

𝜋 𝐷𝑜  𝐿 𝑈𝑙

[1 − exp {− 
�́� 𝜋 𝐷𝑜  𝑈𝑙  𝐿

�̇�𝐶𝑝

}] (5) 

 

�́� =
1

𝑈𝑙 [
1
𝑈𝑙

+
𝐷𝑜

𝐷𝑖  ℎ𝑓
]
 

(6) 

 

𝐶𝑐𝑟 =
𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑎𝑝𝑒𝑎𝑟𝑡𝑢𝑎𝑙 𝑎𝑟𝑒𝑎

𝐴𝑏𝑠𝑜𝑟𝑏𝑒𝑟 𝑎𝑟𝑒𝑎
=

(𝑊 − 𝐷0)𝐿

𝜋 𝐷0 𝐿
 (7) 

 

Heat transfer model that determines convective heat transfer coefficients through the tube can be found elsewhere 

[13]. 

  

The thermal and exergy efficiencies of the parabolic through collector can be calculated as follows: 

 

𝜂𝑃𝑇𝐶 =
𝑆𝑠 (𝑊 − 𝐷𝑜)

𝐼𝑏𝑟𝑏 𝑊𝑝𝑎𝑛𝑒𝑙

 (8) 

 

𝜓𝑃𝑇𝐶 =
�̇�𝑋2 − �̇�𝑋1

𝑆𝑠𝐴𝑠  [1 −
3
4

 
𝑇𝑜

𝑇𝑠𝑢𝑛
+ 

1
3

 (
𝑇𝑜

𝑇𝑠𝑢𝑛
)

4

]

 
(9) 

 

For the power cycle the energy and the exergy efficiency can be defined as follows:  

 

𝜂𝑡𝑜𝑙 =
�̇�𝑛𝑒𝑡

(�̇�𝐻𝑇𝐹 − �̇�𝑆𝑡𝑜𝑟𝑒𝑑)(ℎ4 − ℎ5)
 (10) 

 

𝜓𝑡𝑜𝑙 =
�̇�𝑛𝑒𝑡

�̇�𝑥4 − �̇�𝑥5

 (11) 

 

Reverse Osmosis desalination plant  

 

The enthalpy and the entropy of each state point of the RO system is formulated as follow: 

 

ℎ = ∑ ℎ𝑖  𝑦𝑖 = 𝑦𝑤ℎ𝑤

+ 𝑦𝑠ℎ𝑠 
(12) 

 

𝑠 = ∑ 𝑦𝑖𝑠𝑖 =  𝑦𝑤𝑠𝑤

+ 𝑦𝑠𝑠𝑠 
(13) 

 

Here the 𝑠𝑤  and 𝑠𝑠 represents the entropy value of water and salte at each state in molar form  

 

the entropy value of water and salte at each state 𝑠𝑤  and 𝑠𝑠 are formolated in molar form as follow: 

 

�̅� = �̅�𝑝𝑢𝑟𝑒(𝑇, 𝑃) − �̅� ln 𝑥 (14) 

 

İntegrating the previus equation into the total specific entropy formula in the form of mass fraction, by dividing 

by the total molar mass at each specific state yield: 

 

𝑠 = 𝑦𝑤𝑠𝑤,𝑃𝑢𝑟𝑒(𝑇, 𝑃) + 𝑦𝑠𝑠𝑠,𝑃𝑢𝑟𝑒(𝑇, 𝑃) − 𝑅(𝑥𝑤 ln 𝑥𝑤 + 𝑥𝑠 ln 𝑥𝑠) (15) 

 

The enthalp and entropy of salt as a solution at each stae are determined as folw: 
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ℎ𝑠 = ℎ𝑠,𝑜 + ∫ 𝐶𝑝,𝑠𝑑𝑇

𝑇

𝑇𝑜

 (16) 

 

𝑠𝑠 = 𝑠𝑠,𝑜 + ∫ 𝐶𝑝,𝑠

𝑑𝑇

𝑇

𝑇

𝑇𝑜

 (17) 

 

The specific heat of salt is defined as follow: 

 

𝑐𝑝,𝑠 = 0.786 + 0.00279(𝑇 − 𝑇0) (18) 

 

In oreder to have an effective RO desalination system the pressure applied to the desalination must be higher than 

the osmotice pressure change accross the desalination unit components.   

 

∆𝑃𝑜𝑠𝑚 = 0.5 (𝑃𝑓𝑒𝑒𝑑 + 𝑃𝑏𝑟𝑖𝑛𝑒) − 𝑃𝑝𝑟𝑜𝑑𝑢𝑐𝑡 (19) 

 

For each flow the osmotic pressure can be detrmined by the following formulation: 

 

𝑃𝑖 = 75.84 ∙ 103 ∙  𝑦𝑠,𝑖 (20) 

 

Her 𝑖 denotes the seawater, product aand the brine stream. 

 

Apsorption refrigeration cycle 

 

The energetic and exergetic coefficient of performance of the absorption refrigeration cycle are defined as follows: 

 

𝐶𝑂𝑃𝑒𝑛 =
�̇�𝐸𝑣𝑎𝑝

�̇�𝐺𝑒𝑛

 (21) 

 

𝐶𝑂𝑃𝑒𝑥 =
𝐸�̇�𝐸𝑣𝑎𝑝

𝐸�̇�𝐺𝑒𝑛

 (22) 

 

Overall plant energy and exergy efficiencies 

 

𝜂𝒐𝒗𝒆𝒓𝒂𝒍𝒍 =
�̇�𝑔𝑟𝑖𝑑 + ∆�̇�𝑅𝑂 + 𝐸𝑥𝑒𝑣𝑎𝑝

𝑄

𝐴𝑠𝐼𝑠

 (23) 

 

𝜓𝑜𝑣𝑒𝑟𝑎𝑙𝑙 =
�̇�𝑔𝑟𝑖𝑑 + ∆�̇�𝑅𝑂 + 𝐸𝑥𝑒𝑣𝑎𝑝

𝑄

𝑆𝑠𝐴𝑠  [1 −
4
3

𝑇0

𝑇𝑠𝑢𝑛
+

1
3

 (
𝑇0

𝑇𝑠𝑢𝑛
)

4

]

 (24) 

 

Here Δ�̇�𝑅𝑂  corresponds to main energy gain by difference of product and brine minus inlet seawater energy. For 

it is the same with the exergy content. 

 

Here the eveaporater and generater exergy are defined as follows: 

 

𝐸𝑥𝑄
𝑒𝑣𝑎𝑝 = �̇�𝑒𝑣𝑎𝑝 [

𝑇0

𝑇𝑒𝑣𝑎𝑝

− 1] (25) 

 

𝐸𝑥𝑄
𝑔𝑒𝑛 = [1 −

𝑇0

𝑇𝑔𝑒𝑛

] (26) 
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3 RESULTS AND DISCUSSION  
 

In this section, the founding of the thermodynamic analysis of the trigeneration system is outlined. The overall 

thermal efficiency was found to be 22% while the exergy efficiency is 6%. The energetic and exergetic coefficient 

of performance of the ARC is 21% and 67% respectively. Moreover, the PTC thermal performance was found to 

be 65% while its exergy performance is 14%. 

 

Here the effects of some operation parameters are discussed and evaluated. Precisely the effects of the solar 

irradiation, toluene pressure ratio and the recovery ration with different sweater salinity is examined 

 

3.1 The effects of solar irradiation on the exergetic COP and the exergy efficiencies of the ARC and PTC 

 

Changing the solar irradiation from 500 w/m2 to 1200 W/m2 is not affecting the exergetic COP of the ARC. While 

overall exergy efficiency of the Toluene cycle and PTC are changed and effected. The reason that the amount of 

the solar irradiation is equals with the total output. In another words, the amount of the outputs increasing as much 

as the increasing in the inputs. 

 

Figure 2 illustrates the effects of solar irradiation on the exergetic COP and the exergy efficiencies of the ARC 

and PTC. 

 

 
Figure 2. The effects of solar irradiation on the exergetic COP and the exergy efficiencies of the ARC and PTC 

 

3.2 The effects of salinity with recovery ration on the RO exergy efficiency  

 

The effects of the variation of the solar irradiation are presented in figure (3). In order to investigate the 

performance of the RO plant in different places with different seawater salinity. Increasing the recovery ratio is 

affective on increasing the exergy efficiency while the seawater salinity is also the exergy efficiencies values 

slightly change. 

  

 
Figure 3. The effects of salinity with recovery ration on the RO exergy efficiency 
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3.3 The effects of Toluene cycle pressure ratio on the energy and exergy efficiencies  

 

Figure 4 illustrate the significant effects of the pressure ration on the energy and exergy efficiencies, it can be 

noted that, the increasing of the pressure ration results in increasing both of the energy and exergy efficiencies of 

the Toluene cycle. 

 

 
Figure 4.The effects of the pressure ration on the energy and exergy efficiencies 

 

3.4 The effects of solar irradiation on the overall energy and exergy efficiencies  

 

The solar irradiation is slightly affecting the overall energy efficiency while the exergy efficiency is more affected 

and increased by increasing the solar irradiation from 500 𝑊 𝑚2⁄ to 1200 𝑊 𝑚2⁄ . Figure 5 presents the effects of 

solar irradiation on both efficiencies. 

 

 
Figure 5. The effects of solar irradiation n the overall energy and exergy efficiencies 

 

4 CONCLUSION 
 

Trigeneration system based solar energy for production of electricity, cooling and fresh water is developed. The 

main source input for the system is solar energy which is collected by PTC to run a Toluene power cycle for 

electricity production, RO plant for fresh water and ARC for cooling effect. The system is thermodynamically 

analyzed and the effects of some vital operation parametric is examined such as solar irradiation, Toluene pressure 

ratio and the seawater salinity on the system’s performance. The study shows that the overall system thermal 

efficiency was found to be 22% whereas its exergy efficiency is only 6.3%. Moreover, 21% and 67% are the ARC 

energetic and exergetic coefficient of performance respectively. The thermal performance of the PTC is found to 

be 65% and its exergy performance is 14%. 
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Abstract 

Current studies showed that the usage of electronic nose is performed widespread 

in terms of improving industries such as health, food, textile and chemical. Due to 

this reason, researchers in Turkey are also focused on this remarkable technology in 

recent years. A very low cost novel design electronic nose is presented to determine 

the freshness of chopped melon as well as the freshness of other fruits in this study. 

The sensor block is composed of mq branded 11 gas sensor which detects different 

gases. Sensor data is recorded by using the interface program, which is prepared in 

the LabView environment and the sensors’ data is transferred to the computer via 2 

arduino uno. Then the obtained data taken from the sensors was classified by 

utilizing the classification algorithm, which was prepared in Matlab software. In the 

present study, the chopped melon on a plate was smelled via electronic nose 

throughout 5 days at specified room temperature and humidity then the results were 

classified. It was resulted that the accuracy of the date of chopping melon was 

found to be 92.88 % by using the kNN classification algorithm. 

 

1 INTRODUCTION  
 

Electronic nose (e-nose) is a general name given to systems that recognize odors. An e-nose usually consists of 

the following parts; (a) an odor box that the odor which is desired to recognise, will enter, (b) a sensor block 

which exists in this box, composed of gas sensors that they can detect the amounts of gases in the composition of 

the incoming odor, (c) an analog-digital converter unit which converts the changing of electrical signals of these 

electrochemical sensors to digital data, (d) a classification algorithm classifying the collected data, and (e) a 

computer where these operations are performed. 

 

Currently, many scientists are studying on commercial or novel design e-noses in order to use in health, food and 

fragrance industries. The diagnosis of lung cancer [1,2], respiratory system diseases [3,4], Alzheimer's and 

Parkinson's disease [5,6], and diabetes [7,8] were made with high accuracy from the patient's breath via e-nose. 

In addition to this, e-nose studies have been also performed in the cosmetic products in order to differentiate real 

and fake perfume [9] as well as the determining a special perfume [10]. The quality or aroma of many foods such 

as tomatoes [11], peaches [12] and beverages such as fruit juice [13], wine [14] and tea [15] could be determined 

with e-nose in food industry. Moreover, there are many e-nose studies are available on the open literature to 

determine the shelf life of milk [19], freshness of food such as fish [16], peach [17], egg [18], etc. 

 

In this study; daily changes of the smell of chopped melon was observed with electronic nose. For this purpose, 

an electronic nose consisting of the sensor array 11 metal oxide sensor has been prepared. The sensor array has 

been placed in a storage container (odor box), the electrical outputs of the sensors have been converted to digital 

data via an analog-digital converter and recorded to the computer by means of a software that records sensors' 

data. The smell of chopped melon was recorded for 5 days, then the taken data was classified by utilizing the 

kNN classification algorithm by subsracting the attributes.  

 

2 MATERIAL AND METHOD 
 

2.1 Customized Electronic Nose Setup 

 

In the study, primarily the sensor block of the electronic nose was generated by using the gas sensors listed in 

Table1.  
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Table 1. List of gas sensors 

Sensor No Sensor Name Target Gas 

1 MQ-2 Methane, Butane, LPG, Smoke 

2 MQ-3 Alcohol, Ethanol, Smoke 

3 MQ-4 Methane, CNG Gas 

4 MQ-5 Natural Gas, LPG 

5 MQ-6 LPG, Butane Gas 

6 MQ-7 Carbon Monoxide 

7 MQ-8 Hydrogen Gas 

8 MQ-9 Carbon Monoxide, Flammable Gasses 

9 MQ-131 Ozone 

10 MQ-135 Air Quality (CO, Ammonia, Benzene, Alcohol, Smoke) 

11 MQ-137 Ammonia 

 

MQ gas sensors have been used with their kit in this study. These sensors have been placed on a 6x10 cm board 

and turned into a sensor array as shown in Figure 1. In Figure 2, the generated electronic nose system is given. 

The sensor array has been located inside the storage container shown in Figure 2 and the cables are pulled out of 

an airtight hole. The supply voltages of the sensors have been provided from the power supply and the analog 

outputs of the sensors have been connected to the analog inputs of 2 Arduino Uno cards. The sensors' electrical 

signals which are converted to digital data by arduinos, have been transferred to the computer via USB port. 

 

 
Figure 1. Sensor array 

 
Figure 2. Customized electronic nose system 

 

Sensor data have been recorded with the data collection software prepared in LabView. The presence and 

quantity of the relevant gases in the smell of the melon placed in the sample box have been read and recorded by 

the related sensor. The data collecting panel of the software is given in Figure 3. 

 

 
Figure 3. LabView data collecting software 
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2.2 Data Collection and Analysis 

 

In the study, 15 records were taken in each day of a 5-day period. All the records were taken between 20.00-

23.00 hours under conditions of 22-24 oC temperature and 60%-70% humidity. Recording period was 

determined as 120 seconds and 10 data were taken per second from each sensors. 11x1200 data were recorded in 

each sniffing cycle and a 3 dimensional matrix having 15x11x1200 dimensions was obtained daily. 

 

Hilbert transformation was applied to these data and features were obtained by using this application. Hilbert 

transformation is a mathematical conversion and shifts the phase of a signal with a value of π/2 without 

changing it’s amplitude [20,21]. Hilbert Transformation of input signal (sn(t)) is given in Eq. 1. 

 

 

(1) 

 

The signal that formed here includes real and imaginary parts as given in Eq. 2. 

 

 
(2) 

 

Average value of the real part (xmean), standard deviation of the real part (xstd) and standard deviation of the 

imaginary part (ystd) were calculated with Eq.’s 3-5, respectively and they were used as features. 

 

 

(3) 

 

(4) 

 

(5) 

 

Obtained features were classified with kNN (nearest neighbour) classification algorithm. In this method, 

unknown specimen is classified according to nearest k neighbours [22]. In this study, ideal k number was 

determined with random sub-sampling method. 

 

Firstly, total data randomly separated by 67% as training set and 33% as test set in the classification process. A 

total number of 75 smell records were taken from the melon by taking 15 smell records in each day for 5 days in 

a row. Two-third of total data was used as training data and one-third of the data was used as test data as given in 

Table 2. 

 

Table 2. Number of data usage 

  training test 

1. day 10 5 

2. day 10 5 

3. day 10 5 

4. day 10 5 

5. day 10 5 

TOTAL 50 25 

 

3 RESULTS 
 

In this study; smell of chopped melon in a plate was recorded by an electronic nose 15 times in each days of a 5-

day period for 2 minutes. Obtained data were randomly distributed to form training and test clusters as presented 

in Table 2. The features of these clusters were extracted as mentioned above. Classification process was 

performed with kNN classification algorithm by selecting the most effective features from the feature list.  
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In the classification process; 50 different training and test clusters were formed to avert the possibility of 

obtaining high success by selecting appropriate data accidentally. Feature selection and classification processes 

were performed again in each cycle. An average of 92.88 % CA (classification accuracy), 86.80 % SE 

(sensitivity) and 96.4 % SF (specificity) success was obtained at the end of 50 cycles. In Figure 4, extracted 

features graph was given for random one cycle of 50 cycles.  The average of real part of Hilbert Transform of 

MQ-2 gas sensor’s signal feature was used as Feature 1 and the standard deviation of real part of Hilbert 

Transform of MQ-2 gas sensor’s signal feature was used as Feature 2. 

 

 

+  : 1. Day 

♢  : 2. Day 

 : 3. Day 

 * : 4. Day 

 : 5. Day 

 

Figure 4. The graph of extracted features 

 

Table 3. Error matrix 

    Predicted 

    1.Day 2. Day 3. Day 4. Day 5. Day 

A
ct

u
al

 

 

1.      Day  4  0  0  0  0 

2.      Day  0  5  0  0  0 

3.      Day  1  0  5  0  0 

4.      Day  0  0  0  4  0 

5.      Day  0  0  0  1  5 

 

Error matrix of a randomly selected classification among 50 different classifications is given in Table 3. The 

xmean and the xstd features of data of only the MQ-2 gas sensor was used in the performed classification. The data 

have been classified with kNN classification algorithm. 

 

4 CONCLUSION 
 

It has been investigated to determine the days passed after chopping time of a melon by using an electronic nose 

which is composed of 11 metal oxide gas sensors in this study. To this aim, a total number of 75 smell records 

were taken from the chopped melon by taking 15 smell records in each day for 5 days in a row. Afterwards, 10 

of the recorded data were selected as training data and the rests were selected as the test data randomly for each 

day. Features of the data were extracted and the classification algorithm was trained with training data then the 

test data were classified. The average classification success was found to be 92.88% after 50 different training-

test cluster selection and 50 times of classifications performed.  
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Abstract 

Cobalt nanoparticles-graphene hydrogel nanocomposites (Co-GH) were synthesized 

by a facile one-pot method that combines a hydrothermal and polyol reduction of 

graphene oxide and cobalt(II) acetate tetrahydrate using ethylene glycol both as 

solvent and reducing agent. The pH effect on the synthesis process was investigated 

along with the other several reaction parameters. The Co-GH nanocomposites that 

are synthesized by using the optimal synthetic conditions showed a remarkable 

catalytic performance in hydrogen generation from the hydrolysis of ammonia 

borane (AB) under ambient conditions. This is the first example of testing Co-GH 

nanocatalysts in hydrogen generation from AB hydrolysis.  

1 INTRODUCTION  
 

The magnetic nanoparticles are of great interest in various research fields. Among the ferromagnetic elements, 

cobalt nanoparticles (Co NPs) are the most investigated ones owing to their better reactivity and physicochemical 

properties. As the size of Co NPs decreases, they gain new properties that are different from the bulk state. Apart 

from the common changes that affect nanoscale in general like high surface energy and high surface area, 

decreasing the size of Co (particularly around 10-20 nm) greatly enhances the magnetic moment. Each nanoparticle 

becomes a single magnetic domain and shows superparamagnetic behaviour with a fast response to applied 

magnetic fields [1]. Besides their magnetic properties, Fe, Ni and Co NPs are attracting more and more attention 

in the catalysis field owing to their low cost and high efficiency [2]. Moreover, by combining the magnetic and 

catalytic properties of Co NPs, magnetically separable nanocatalysts can be prepared for various applications.  

 

On the other hand, chemical storage materials with low molecular weight and high gravimetric hydrogen density 

are highly promising as a solution to the ongoing hydrogen storage problem. Among chemical hydrogen storage 

materials, ammonia borane (AB, H3N:BH3) is the most used one because it makes possible the hydrogen release 

via a room temperature solvolysis reaction in the presence of a suitable catalyst. Although noble metal (Pt, Ru, 

and Pd) nanocatalysts were reported to have considerable activities toward hydrolytic dehydrogenation of AB, 

nonnoble metals like Fe, Co, Ni, and Cu are recently more investigated to develop of low-cost and highly efficient 

nanocatalysts for hydrogen generation from the hydrolysis of AB [3]. Among non-noble nanocatalysts, Co NPs 

were reported to be the most efficient nanocatalysts in the AB dehydrogenation. For example, Metin et al. prepared 

a polymer-stabilized Co(0) nanoclusters (around 7 nm in size) from the reduction of cobalt(II) chloride in the 

presence of poly(N-vinyl-2-pyrrolidone) (PVP) stabilizer in methanol solution [4]. The catalyst was found to be 

highly active in both sodium borohydride and ammonia-borane hydrolysis at room temperature lowering 

effectively the activation energies. As another example, 6 nm Co(0) nanoclusters embedded in silica were applied 

as catalysts in the AB hydrolysis [5]. They provide an initial turnover frequency of 13.3 min-1 and 24,400 total 

turnovers over 52 h showing a great efficiency and stability. Silica was also a support for cobalt boride NPs 

synthesized by the deposition of cobalt oxide species as ultra-small nanoparticles (<2 nm) on mesoporous silica 

supports then their conversion to active Co catalysts by reduction with SB. The catalyst showed a great catalytic 

activity (258 L min-1 mol(Co)-1) [6]. 

 

Although metal nanoparticles provide higher catalytic activity than their bulk counterparts, they are kinetically 

unstable to agglomerate into the bulk metal in solution. Therefore, they must be stabilized against agglomeration 

if they are wanted to be used as reusable catalysts. In this regard, deposition of metal NPs over suitable high surface 

area materials is the most promising way.  Recently, graphene hydrogel (GH) supported metals NPs are emerging 
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nanocomposites especially when low cost metals are used. Their applications and synthesis methods are widely 

investigated. For the synthesis of GH and its composites, the hydrothermal/solvothermal methods are facile, 

economic and environment friendly in general. For example, our research group has synthesized Pd-GH 

nanocomposites by using one-pot hydrothermal protocol [7]. After obtaining promising activity with Pd-GH 

nanocomposites in the transfer hydrogenation reactions using AB as a hydrogen donor, we have decided to extend 

our one-pot hydrothermal synthesis protocol to prepare other metal-GH nanocomposites as catalysts. Then, as the 

first attempt, we have synthesized Co-GH nanocomposites.  

 

In this work, we report a facile one-pot hydrothermal synthesis of Co NPs-GH nanocomposites and their catalytic 

activity in hydrogen generation from the hydrolysis of SB and AB. This study includes the optimization of 

synthesis protocol for obtaining the Co-GH nanocomposites with the highest activity in the hydrogen generation 

from the hydrolysis of AB.   

 

2 MATERIALS AND METHOD 
 

2.1 Materials 

 

Cobalt(II) acetate tetrahydrate (Co(CH3COO)2.4H2O, 98%), borane ammonia complex (AB, 90%), phosphorus 

pentoxide (P2O5, 99%), potassium persulfate (K2S2O8, 99%), potassium permanganate (KMnO4), hydrogen 

peroxide (H2O2, 30%), sodium nitrate (NaNO3), sulfuric acid (H2SO4, 98%), sodium borohydride (SB) (NaBH4, 

90%), ethylene glycol (C2H6O2, 99%), sodium hydroxide (NaOH, ≥97.0%), ammonia solution (NH3, 25%) and 

ethanol (99%) were purchased from Sigma-Aldrich® used as received. 

 

Natural graphite flakes (average particle size 325 mesh) were purchased from ABCR GmbH & Co. and used 

without any further treatment. Deionized water was distilled by water purification system (Milli-Q System).  

 

The hydrothermal treatment requirements were a stainless steel autoclave with an inner Teflon sealable tube (100 

ml capacity) and an oven.  

 

2.2 Co NPs supported graphene hydrogel synthesis 

 

Graphene hydrogel (GH) was prepared using graphene oxide (GO) as a precursor. Hummer’s method [8] was used 

to synthesize GO following two steps. The first step involves the oxidation of graphite flakes by phosphorus 

pentoxide and potassium persulfate in the presence of sulphuric acid at 80 °C for 6 hours. The as prepared graphite 

oxide undergoes a second oxidation process with a mixture of sodium nitrate and potassium manganite in the 

presence of sulphuric acid. The reaction lasts 3 hours at 35 °C under continuous stirring. Deionized water and 

hydrogen peroxide are added in the end followed by washing with hydrogen chloride and deionized water. 

 

The aimed nanocomposites were synthesized in a one-step procedure. Their application for AB hydrolysis was 

preceded by a SB pre-reduction. Ethylene glycol (EG) amount was higher than metal amount because it is supposed 

to reduce metals and also play the role of surfactant at the same time. The amount of GO was maintained the same 

and a stainless steel autoclave of 100 ml capacity was used to perform the hydrothermal synthesis. 

 

In addition to the common operational conditions (temperature, reaction duration and EG amount), the effect of 

pH and the chemical used to adjust it on the reactional medium were investigated. 

 

In a typical procedure, a suitable amount of GO was sonicated with water in order to achieve a clear brown solution. 

GO is easily dispersible in water due to its hydrophilic hydroxyl and carboxylic groups. The metal precursor was 

added to the mixture and sonicated. Afterward, EG was added under continuous stirring. The mixture was stirred 

then the pH was adjusted (using NaOH or NH3). Finally, the mixture was transferred to a Teflon-lined stainless 

steel autoclave of 100 ml capacity followed by a hydrothermal treatment at a certain temperature for different 

durations (D1-D2). The obtained nanocomposite was filtrated, then washed with water and ethanol. The ethanol 

was evaporated using a rotary evaporator and the nanocomposite was dried at a suitable temperature for a certain 

duration. 

 

The experimental conditions for each synthesis are detailed in the following table. 
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Table 1.  Summary of the performed trials 

Co-GH 

Trial references R16 R17 R20 R23 R25 R26 R27 R29 

Experimental 

conditions 

EG:V1 

D1 

pHa 

EG:V1 

D1 

pHd 

(NaOH) 

EG:V1 

D1 

pH:e 

(NaOH) 

EG:V1 

D2 

pHd 

(NaOH) 

EG:V2 

D1 

pHd 

(NaOH) 

EG:V2 

D1 

pHb 

(NH3) 

EG:V2 

D1 

pHc 

(NH3) 

EG:V1 

D1 

pHc 

(NH3) 

D: Hydrothermal treatment duration 

V: EG volume with V2>V1 

pHe>pHd>pHc>pHb> pHa 

 

2.3     The in situ reduction and the catalytic test 

 

A certain amount of the prepared nanocomposite was dispersed in 7.0 mL of water and placed in the jacketed 

hydrolysis reactor. In the meantime, 1.0 mL of NaBH4 solution was injected to perform a pre-reduction of the 

cobalt ions. After the hydrogen generation from the reaction ceased, 3.0 mL of AB was injected into the aqueous 

mixture. The hydrolysis reactor consists in a jacketed reaction flask containing a Teflon-coated stir bar placed on 

a magnetic stirrer thermostated to 25.0 ± 0.5 °C by circulating water through its jacket from a constant temperature 

bath. A graduated cylinder filled with water was connected to the reaction flask to measure the volume of the 

hydrogen gas to be evolved from the reaction. The volume of hydrogen gas evolved was measured by recording 

the displacement of water level at certain time intervals. The reaction was stopped when no more hydrogen 

evolution was observed. Then, the CO-GH catalysts were separated from the reaction solution via centrifugation 

of the reactional mixture at 7000 rpm, 10 min and purified by washing with water (to remove the SB residuals). 

 

3 RESULTS AND DISCUSSION 
 

3.1. Optimization of the synthesis protocol 

 

In our first trials on the synthesis of Co-GH nanocomposites, we obtained Co-GH nanocomposites with different 

shapes as shown in Fig. 1 and then we noticed that this is related to the pH of the reactional medium basically 

which was also reported in literature [9, 10]. Therefore, we decided to performe optimization experiments to obtain 

Co-GH with the same quality and the highest activtiy in hydrogen generation from the chemical hydrogen storage 

materials.  

 

The catalytic test using SB proved that GH-Co nanocomposites exhibited a good catalytic performance. In fact, 

cobalt seems to be easily reducible compared with the other ferromagnetic metals since it was not reported a need 

for extra reducer for cobalt nanoparticles synthesis in literature. However, the reducing ability of polyols is 

sometimes enhanced by adjusting the pH of the medium [11]. 

 

 
Figure 1. The different aspects of the synthesized Co-GH; thin firm cylinder (a), thick easily breakable cylinder 

(b) muddy solution (c) 

 

The performance of the as-synthesized Co-GH nanocomposites was affected more by the pH and the EG volume 

than by the hydrothermal duration or the chemical used to adjust the pH (Fig. 2). Under the same reaction 

conditions, close pH values (±1) were leading to very similar catalytic performances toward SB. No link could be 

established between the shape of the nanocomposite and its catalytic activity. A considerable variation in the pH 

value had showed a better hydrogen gas generation (three times higher) but didn’t have a noticeable effect on the 

duration of the reaction (R17 and R16). 

 

Changing the amount of EG had an effect on both the hydrogen gas generation and the hydrolysis duration. As it 

is illustrated in the Fig. 2, for the same pH, hydrothermal duration and salt R25 nanocomposite showed a better 

1359



A Facile Synthesis of Graphene Hydrogel Encapsulated Cobalt Nanoparticles as 

Catalysts for Hydrogen Generation from Ammonia Borane Hydrolysis 

ICADET ‘19 

 

 

catalytic performance and for a shorter time compared to R17, doubling the amount of EG had almost shortened 

the hydrolysis reaction time by half.  

 

 
Figure 2. Co-GH reduction by sodium borohydride 

 

The best performances for Co-GH was achieved at pH= 11 using ammonia solution, 60 ml EG and a 

hydrothermal duration of 8 hours. The amount of ethylene glycol was chosen according to literature. It is reported 

that the water in the mixture must be limited to a small extent because the reducibility of polyol would be 

influenced by the addition of water [12]. Using 60 ml of EG was an attempt to get close to the proportions cited in 

literature and it effectively improved the nanocomposite performance. Giving that cobalt based catalyst sample 

number 27 showed the best performance towards SB, it undergone a reduction by AB. The catalytic performance 

was investigated when AB was directly injected in the medium after the end of the reaction with SB and when this 

reduction was preceded by a centrifugation process.  

 

 
Figure 3. GH-Co reduction by AB 

 

As it can be seen in the Figure 3, the catalyst reduction showed an induction duration of around 30 minutes before 

starting an efficient performance.  The slow performance in the start can be explained by the oxidation of the cobalt 

surface in the presence of water. Adding AB immediately after the reduction by SB allowed a similar H2 final 

volume in a shorter time with no induction time. 

 

4 CONCLUSION 
 

Co-GH nanocomposites were successfully synthesized via a pH controlled one-pot hydrothermal method where 

the pH adjustment showed to be a key parameter in the metal cations reduction (during the hydrothermal process) 

and their retention inside the GH network (after the hydrothermal process). The as-prepared nanocomposites 

exhibited an improved catalytic performance for both SB and AB hydrolysis in terms of hydrogen generation and 

reaction duration. This study is the first example of utilization of Co-GH nanocomposites as catalysts in hydrogen 

generation from the hydrolysis of AB.  
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Abstract 

In the study, leachate of Erzurum Metropolitan Municipality Solid Waste Regular 

Storage Facility were used. Leaching waters formed in solid waste storage areas are 

generally waste water in waste and leakage of rainwater falling into the landfill, and 

the contents vary depending on the characteristics of the stored waste. Due to the 

high amount of organic matter it contains, nitrogenous substances, heavy metals, 

high salinity, it causes pollution of underground and surface receiving environments. 

Because of these reasons, leachate must be purified before receiving medium. For 

this purpose, an electrooxidation process was used for the treatment of leachate in 

operation. The effect of the flow rate change on the recovery efficiency in the 

continuous electrooxidation process is investigated. The flow rate was selected 

between 5, 7.5 and 10 ml / min. Constant current was applied with a direct current 

power supply (40 V-250A) at reactor. In a re-actor with a volume of 600 ml at 

constant current intensity of 20 A, the effluent water temperature increased from 15 

°C to 31 °C while the pH value was reduced to a value of 8.2 to 4.8. At the constant 

flow rate of 20 A, approximately 90% chemical oxygen demand (COD) removal was 

obtained at a flow rate of 5 ml / min, which is the best removal efficiency obtained 

from flow rate experiments. It is seen from the same study results that the energy 

consumption value is 55 kW-hr/m3 at 20 A current density and 5 ml/min flow rate. 

The result is that the electrooxidation process can be used for treatment of leachate, 

especially for organic matter removal in the present day light. 

1 INTRODUCTION  
 

Most organic matter in solid waste is biodegradable and can be broken down into simpler compounds by anaerobic 

and aerobic microorganisms. Thus, leakage water is formed [1]. Leachate can be defined as the extracted portion 

of filtered, dissolved and suspended substances from solid waste. Leachate in landfills where solid wastes are 

stored; surface drainage and the degradation of wastes, and rain, groundwater, and water from underground 

sources. Leachate components are grouped under 3 main headings. 

 

1) Leakage from decomposition in airless environment 

2) Leachate consisting of aqueous parts of solid wastes poured and pressed into storage area 

3) If the rainfall in the storage area is not controlled, it is defined as the leakage water generated by the storage 

area [2]. 

 

Characteristics of leachate varies according to solid waste storage height, heat, storage age, solid waste 

components, physical chemical and biological activities in the storage, water content in solid waste, 

hydrogeological status of storage area, pH, operation of storage area, degree of stabilization, redox potential and 

climate conditions. But the most important one is the waste component. Biological, chemical and physical 

processes of organic and inorganic components determine the character of leachate [2]. 

 

The solid waste content affects the leachate composition and hence its treatability. The leachate contains the 

compounds and elements occurring in the solid waste facility. Factors such as the solution between leachate and 

waste, pH of the medium, dissolution, retention, precipitation and redox reactions affect the chemical processes. 
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Redox potential affects the solubility of nutrients and nutrients in leachate. There are 5 different stabilization stages 

according to the age of the waste. Biogas content and content of all these stages vary in leachate parameter. 

Observation of biogas and leachate parameters during this process is important in terms of responding to problems 

that may occur in waste stabilization.  

 

The first stage after burying in the solid waste landfill is the ’acclimation phase’ ’or the environmental adaptation 

process. The solid waste stored in this process starts to accumulate moisture through the bacteria in the aerobic 

environment and the amount of oxygen decreases and consequently deterioration begins. The second phase is the 

transition phase and anaerobic conditions occur in the environment by increasing the moisture content of the waste 

and consuming the amount of oxygen. The increase in chemical oxygen demand and total volatile acid accelerates 

the microbiological effects in the airless environment. In the third phase (acid formation phase), the wastes are 

converted to volatile acids by acidogenic bacteria, where the pH values of the leachate are reduced. COD, BOD 

and high volatile acid values are measured for leachate characterization. The fourth stage is the methane formation 

stage. The acid compounds produced in the preceding stages are converted by the methane bacteria into carbon 

dioxide and methane gas. At this stage, the concentration of volatile organic acid is reduced by methane and the 

acidic leachate is converted to pH conditions. During this phase, the gas production in the storage area reaches the 

highest level. The last stage, the maturation stage, is the stage where perishable substances and nutrients become 

limiting and stable concentrations of leachate content occur due to reduced gas production [3].  

 

Leachate waters are separated into young and old leachates depending on the residence time at the landfill site. 

Young leachate is associated with low nitrogen concentration, volatile fatty acids and COD content greater than 5 

g / L, which are the intermediates of aerobic disintegration at the landfill site [4]. The leachate in aged depots is 

rich in ammonia nitrogen due to hydrolysis and fermentation of the nitrogenous parts of biodegradable substrates 

(Çetinkaya 2013). Organic carbon is mainly based on high molecular weight persistent substances in leaking 

waters of aged landfill sites. Leakage water is affected by methane fermentation, where permanent fulvic and 

humic compounds are formed in anaerobic degradation in older deponi. Humic and fulvic acid, which are depicted 

as humic substances in elderly deponias, are quite high and occur naturally [5].  

 

2 MATERIAL AND METHOD 
 

All chemicals used in the study were commercially available (Merck and Sigma). The leachate used in the study 

was taken from Erzurum Solid Waste Landfill Site and subjected to biological treatment in membrane bioreactor. 

Membrane bioreactor (MBR) effluent water properties are given in Table 1.  

 

Table 1. MBR output leachate characteristics 

Parameters Change Interval  

COD, (mg/L) 2000-2200   

pH 9.5 

Electrical conductivity, mS/cm 40-42 

Temperature, oC 16-21 

 

In this study, the effects of flow rate parameter were investigated to determine COD removal in leachate by 

electrooxidation process. The electrolytic cell used for the treatment of leachate by electrooxidation process is 

made of glass with 10 cm inner diameter and 22 cm depth heat jacketed reactor. Ti / Pt sieve plates were used as 

anode material and Ti sieve plates were used as cathode material. The total surface area of the plates was calculated 

to be approximately 2600 cm2. In order to prevent ohmic losses, the distance between the plates is 3 mm. A total 

of 5 anodes and 5 cathodes were studied with 10 plates. The volume of the actual wastewater used in all 

experiments was determined as 1000 ml. The anodes and cathodes used in the experimental studies are positioned 

parallel to each other. Direct current power supply (Quasar 500 Switch Mode) is supplied to the system using 

electricity. The effect of flow rate was studied in the range of 5, 7.5 and 10 ml / min, and the effect of flow intensity 

in the range of 5, 10, 15 and 20 A. Schematic representation of the system is given in Figure 1. 
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Figure 1. Experimental setup * 1-Constant temperature liquid circulator, 2-Heat jacketed reactor, 3-DC power 

supply, 4-Cathode (Ti), 5-Anode (Ti / Pt), 6-Multiparameter meter (pH and Conductivity) ), 7-Sample container 

 

2.1 Equations for the Calculation of Experimental Data 

 

2.1.1. Calculation of Removal Efficiency 

 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
𝐶𝑜 − 𝐶𝑒

𝐶𝑜

∗ 100                                                                                                                     (1) 

 

Here, Co initially shows the concentration of contaminants in the wastewater (mg/L), and Ce indicates the 

concentration of contaminants remaining in the wastewater at the time t (mg/L). 

 

2.1.2. Calculation of Current Density 

 

𝐽 =
𝐼

𝐴
                                                                                                                                                                                           (2) 

 

Here, J indicates the current density (mA/cm2), I shows the applied current intensity (amperes), and A shows the 

active electrode surface area (cm2). 

 

2.1.3. Calculation of Energy Consumption 

 

𝑊 =
𝐼 ∗ 𝑉 ∗ 𝑡

𝜗
                                                                                                                                                                             (3) 

 

Here, W represents the energy consumption value (kW.hr/m3), I is the current intensity applied (A), V is the 

potential difference (V) in the system, t is the time (h) and v is the total solution volume (m3) in the reactor. 

 

3 RESULTS 
 

The flow rate of the wastewater to the electrochemical reactor is an important parameter that influences the removal 

of pollutants as it determines the hydraulic residence time in the reactor and the duration of the exposure of the 

wastewater to the electrochemical reactions [6]. The results should be clear and concise. In the studies where the 

treatment of leachate treatment was examined, in the experiments where the effects of flow rate of 5, 7.5 and 10 

ml / min for electrooxidation process were examined, without using support electrolyte, at the natural pH value of 

the wastewater and at current flow values of 5, 10, 15, 20 A, at different flow rates was studied. In the experiments 

where the flow rate is 5, 7.5 and 10 ml / min, the time-dependent change of the initial pH value of the leachate is 

shown in Figure 2. 
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Figure 2. Variation of the initial leachate pH value during the reaction at 5 Ampere constant current intensity, 

*Flow rate: 5, 7.5 and 10 ml / min, Reaction time 60 minutes 

 

Figure 2 shows the pH change at 5 Amperes at flow rates of 5, 7.5 and 10 ml / min of MBR effluent. At 5 A 

constant current, the initial pH decreased from 9.49 to 9.13 at 5 ml / min after a 60 minute reaction time. At 7.5 

ml / min, the pH value decreased to 9.24 at the end of the reaction time. At 10 ml / min the pH decreased to 9.32. 

According to the information obtained from the data, there is no rapid decrease in pH values. 

 

 
Figure 3. Variation of the initial leachate pH during the reaction at a constant current strength of 10 Ampere, 

* Flow rate: 5, 7.5 and 10 ml/min, Reaction time 60 min 

 

Figure 3 shows the pH change at 10 Amperes at flow rates of 5, 7.5 and 10 ml / min of MBR effluent. At 10 A 

constant current, the initial pH decreased from 9.50 to 8.95 at 5 ml / min after a 60 minute reaction time. At 7.5 

ml / min, the pH value decreased to 9.07 at the end of the reaction time. At 10 ml / min the pH decreased to 9.20.  
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Figure 4. Variation of the initial leachate pH during the reaction at a constant current strength of 15 Ampere, 

* Flow rate: 5, 7.5 and 10 ml/min, Reaction time 60 min 

 

Figure 4 shows the pH change at 15 Amperes at flow rates of 5, 7.5 and 10 ml / min of MBR effluent. At 15 A 

constant current, the initial pH decreased from 9.50 to 8.83 at 5 ml / min after a 60 minute reaction time. At 7.5 

ml / min, the pH value decreased to 9.04 at the end of the reaction time. At 10 ml / min the pH decreased to 9.16. 

 

 
Figure 5. Variation of the initial leachate pH during the reaction at a constant current strength of 20 Ampere, 

* Flow rate: 5, 7.5 and 10 ml/min, Reaction time 60 min 

 

Figure 5 shows the pH change at 20 Amperes at flow rates of 5, 7.5 and 10 ml / min of MBR effluent. At 20 A 

constant current, the initial pH decreased from 9.50 to 8.76 at 5 ml / min after a 60 minute reaction time. At 7.5 

ml / min, the pH value decreased to 8.93 at the end of the reaction time. At 10 ml / min the pH decreased to 9.01. 

In the experiments where the effects of flow rate on the increase of membrane bioreactor effluent by 

electrooxidation process were investigated, COD data were examined during the reaction depending on the flow 

rate of 5, 7.5 and 10 ml / min. With the help of the obtained data, the graphical results shown in Figure 6 under 5, 

10, 15 and 20 Amperes current intensity were prepared. 
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Figure 6. Change of initial leachate COD removal value during the reaction at different flow rates, 

* Flow rate: 5, 7.5 and 10 ml / min 

 

Figure 6 shows that the MBR effluent COD values are at a flow rate of 5 ml / min for all current intensities. In 

experiments where the flow rate is 5 ml/min at 5 Amps at 60 minutes, COD removal efficiency is 31%, 26% at 

flow rate is 7.5 ml/min and %21 at flow rate is 10 ml/min. The highest removal efficiency at 10 amperes is seen 

in the experiments where the flow rate is 5 ml/min. In experiments where the flow rate is 5 ml/min at 10 Amps at 

60 minutes, COD removal efficiency is 57%, 44% at flow rate is 7.5 ml/min and %37 at flow rate is 10 ml/min. 

The same trend is observed in the experiments carried out under 15 and 20 amperes constant current intensity. As 

can be seen from the numerical data, both the decrease of the flow rate value and the increase of the current 

intensity from 5 Amperes to 20 Amperes significantly increased the COD removal efficiency. 

 

One of the important parameters to be considered in the experiments where the effects of flow rate on COD 

removal efficiency is the energy consumption values resulting from the potential difference applied to the system. 

The mathematical equation given in Equation 3 is used in the calculation. The energy consumption values for each 

flow rate and the current density are shown graphically in Figure 7. 

 
Figure 7. Change of initial leachate energy consumption value at different flow rates during the reaction, 

* Flow rate: 5, 7.5 and 10 ml / min 

 

As can be seen from Figure 7, the increased flow rate has led to an increase in the energy consumption value for 

each current intensity. The data shown in Figure 7 were calculated for a reaction time of 60 minutes. At 5 ml / min 

flow rate, energy consumption values for 5, 10, 15 and 20 Amperes were measured as 9.5, 22, 38 and 55 kWh/m3, 

respectively. At a flow rate of 7.5 ml / min, energy consumption values for 5, 10, 15 and 20 Amperes were 
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measured as 10, 23.5, 39.5 and 57 kWh/m3, respectively. At a flow rate of 10 ml / min, the energy consumption 

values for 5, 10, 15 and 20 Amperes were measured as 11, 25, 42 and 59 kWh/m3, respectively. The energy 

consumption values vary slightly, depending on the difference in shear forces that will emerge in the system at 

different flow rates. It is seen that energy consumption values increase at constant electrical conductivity values 

due to higher shear forces at higher flow rate values. When the equation 3 is examined, it is seen that the potential 

difference values formed in the system have a linear relationship with energy consumption. Increasing the potential 

difference value and reaction time leads to an increase in the energy consumption values generated in the system. 

The change in flow rate changes the hydraulic residence time in the reactor. As the energy consumption changes 

in direct proportion with the hydraulic residence time, the decrease in the flow rate has led to an increase in the 

energy consumption values. This was ignored for the 60 minute reaction time given in Figure 7. When the removal 

efficiencies and energy consumption values are examined together, it is seen that the low flow rate causes both 

COD removal efficiency and decreases energy consumption values. 

 

4 CONCLUSION 
 

The feed rate of the waste water to the electrochemical reactor is an important parameter that affects the expense 

of the pollutants as it determines the residence time of the reactor and therefore the duration of the exposure of the 

waste water to the electrochemical reactions. Increased wastewater flow rate resulted in a decrease in COD 

efficiency, provided that the value of each flow intensity examined was the same. The increase in wastewater flow 

rate resulted in a decrease in COD removal efficiencies, since it prevented the full realization of oxidation reactions 

occurring on the insoluble anode electrode surface in the electrooxidation process. Increased wastewater flow rate 

has led to an increase in shear forces in the system, leading to an increase in energy consumption values. However, 

a suitable flow rate for optimum values of both parameters should be determined by considering the pollutant 

removal efficiency and energy consumption values together. 
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Abstract 

The amount of methane emission is rapidly increasing while increasing of 

municipal solid waste production in landfills due to enormous growth in human 

population. This emission is supposed to be the third-largest human-generated 

source in global warming concept. Therefore, disposal of methane inside landfill 

gas is also an important phenomenon as well as energy production. The utilization 

of landfill gas is a typical process which is composed of gathering, processing and 

treating the methane gas emitted from decomposing garbage to produce energy and 

also various chemical compounds. Landfill gas is created during the anaerobic 

decomposition of organic substances in municipal and industrial solid wastes. 

Herein, as a case study, a municipal solid waste power plant which has an installed 

power capacity of 2.2 MW is investigated in view of thermodynamic aspect. The 

produced landfill gas in the plant has a chemical decomposition of 57.71 % 

methane, 37.53 % carbon dioxide and 46 ppm sulphur by volume. In MSW power 

plant, currently two TCG MWM 2020 V12 gas engines are used for energy 

production. As a result of the thermodynamic analyses, the energy and exergy 

efficiencies of the overall system are found to be 37.30 % and 50.97 %, 

respectively. In order to improve the thermodynamic performance of the actual 

system, the waste heat of the plant should be taken into consideration from the 

point of waste-to-energy concept.  

 

1 INTRODUCTION  
 

Thermodynamic analyses of Malatya Municipal Solid Waste Power Plant (MMSWPP) using actual operating 

data are performed to evaluate the increase in electricity production when unexpected losses are take into 

account. MSW is vitally important issue from the point of the environmental aspect. Besides, the huge amount of 

MSW in all over the world is seen to be a potential for power production in recent years. It is seen that there are 

many studies which have been focused on the MSW management of countries and their MSW policies as a result 

of the literature survey. But, in this paper, MSW disposal methods is taken more place than MSW management 

of countries.  

 

There are many studies conducted on this research field. Bove and Lunghi [1] analysed different landfill gas 

(LFG) energy recovery systems, including traditional and innovative technologies, with technoeconomic and 

environmental comparisons. Xydis et al. [2] investigated the production of electrical power from solid waste in 

Greece. It was emphasized that the biogas production technology was suitable to use instead of the conventional 

sources of energy. Tozlu et al. [3] presented a thermos-economic analysis and assessment of a solid waste power 

plant system in Gaziantep. The results of the thermoeconomic analyses showed that electricity production from 

the LFG was very suitable and profitable investment. There are also many recent studies on municipal solid 

waste (MSW) management and thermoeconomic developments which have become a very critical issue for all 

countries [4-10].  

 

In this paper, a thermodynamic analysis of a municipal solid waste power plant system in Malatya was 

performed utilizing the actual operating data of an existing power plant by means of thermodynamic aspect. 
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2 MATERIAL AND METHOD 
 

In MMSWPP, the LFG is created during the anaerobic decomposition of organic substances in MSW, industrial 

and medical wastes. All wastes which are collected in the landfill area are subjected to mechanical segregation of 

inorganic materials then the rest of wastes are sent to sanitary landfilling site for production of gas. Solid wastes 

which are buried underground in landfilling site are led to produce gas for months. The produced gas from the 

storage area is collected then transferred to the gas collection stations. The LFG is sucked into two identical TCG 

MWM 2020 V12 type gas engines coupled with a generator.  

 

The electrical power production processes are summarized as follows: the produced gas is transferred to the two 

identical gas engines with the mass flow rate of 0.30 kg/s. The gas, which has averagely 55% methane combined 

with air in an air-fuel tank are then delivered to the compressor coupled with turbine which are components of 

the turbocharger unit. The mixture is conducted to the gas engine after its temperature is decreased to the 55-

60oC by using intercooler and heat exchanger (HE 1). In the gas engine part, it is also used two pumps and two 

heat exchangers (HE 2 and HE 3) in order to cool the gas engine. The exhaust gas which has a temperature of 

roughly 490-500oC is discharged to the atmosphere after the turbocharger unit. The schematic of the engine 

room is given in Fig. 1. 

 

 
Figure 1. Schematic layout of the gas engine in Malatya Municipal Solid Waste Power Plant 

 

3 RESULTS 
 

Thermodynamic analyses of MMSWPP in order to the energy production facility from were carried out by using 

the related equations, which are given in Table 1. The details on the thermodynamic analyses can also be seen in 

the related literature [11-13]. 
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Table 1. Thermodynamic equations 
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Energy and exergy analyses of the power plant are carried out by using actual operational data. Exergy rates of 

flow streams in the power plant are calculated. Thermodynamic properties, and exergy rates of flow streams are 

given in Table 2. 

 

Table 2. Thermodynamic properties and exergy rates in the plant 

State 

Number 
Fluid 

P
(bar) 

T  

(℃) 

m  

(kg/s) 

h  

(kJ/kg) 

s

(kJ/kg.K) 
Energy 

Rate (kW) 
Exergy 

Rate(kW) 

1 LFG 0.13 24.80 0.15 -5656.77 7.27 0.90 2654.05 

2 Air 1.00 28.20 2.61 303.20 5.68 25.06 28.88 

3 LFG-Air 0.96 28.01 2.76 -5656.77 7.29 48.31 8.21 

4 LFG-Air 20.00 300.00 2.76 -5608.76 7.61 180.90 -118.30 

5 Water 2.10 37.50 30.00 157.16 0.54 2196.90 74.79 

6 Water 1.50 50.00 30.00 209.38 0.70 3763.35 194.54 

7 LFG-Air 20.00 56.50 2.76 -5616.76 7.38 158.80 45.84 

8 Exhaust 18.00 546.00 2.76 819.15 6.57 1451.57 732.57 

9 Lub-oil 4.38 98.00 0.17 223.50 0.78 23.85 0.44 

10 Lub-oil 5.00 98.00 0.17 304.92 0.79 37.70 13.77 

11 Lub-oil 5.00 95.00 0.17 233.10 0.76 25.49 2.95 

12 Water 1.50 88.10 3.52 370.40 1.18 1008.37 96.39 

13 Water 2.10 90.00 3.52 377.85 1.19 1034.60 110.23 

14 Water 2.10 72.20 3.52 302.33 0.98 768.76 64.19 

15 Air 1.00 28.20 1.40 301.35 5.68 10.85 12.90 

16 Air 1.00 40.00 1.40 313.15 5.69 27.37 25.32 

17 Air 1.00 28.20 0.51 301.35 5.68 3.95 4.70 

18 Air 1.00 75.00 0.51 348.15 5.71 27.82 23.63 

19 Air 1.00 96.00 0.51 369.15 5.74 38.53 29.86 

20 Exhaust 1.00 490.00 2.76 763.15 6.67 1296.90 496.12 

 

In all calculations, the air and the exhaust gases are assumed as ideal gases. Heat transfer rates ( Q ), work (W ), 

exergy rate of fuel (
fEx ) and product (

pEx ), exergy destructions ( dEx ) and exergetic efficiencies ( ) are 

calculated using the governing equations given above for the subcomponents. The energetic and exergetic 

analyses of all subcomponents are given in Table 3. 
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Table 3. Energetic and exergetic analyses of subcomponents 

Component Q (kW) W (kW) fEx  (kW) 
pEx (kW) 

dEx (kW)  (%) 

Compressor - 132.59 132.59 110.08 22.51 83.02 

Intercooler 1566.45 - 164.13 119.75 44.38 72.96 

He 1 1566.45 - 119.75 12.42 107.34 10.37 

Pump 1 - 13.84 13.84 13.33 0.51 96.33 

HE 2 12.21 - 10.82 6.22 4.59 57.54 

HE 3 265.84 - 46.05 18.93 27.11 41.12 

Pump 2 - 26.22 26.22 13.84 12.38 52.78 

Turbine - 154.67 236.45 154.67 81.78 65.41 

Energetic Efficiency 37.30 

Exergetic Efficiency 50.97 

 

4 CONCLUSION 
 

Increase in waste amount which is produced by inhabitants and industrial facilities can be remarked as a vital 

problem for municipalities and also  this waste should be annihilated in order to preserve our environment. In 

addition to this, it is also possible to produce power using the waste as fuel to the power plants. Due to this 

reason, waste disposal methods are improved consistently in Turkey as well as all other countries. Under the 

light of this knowledge, the thermodynamic analyses of Malatya Municipal Solid Waste Power Plant was 

performed in order to reveal the losses in the plant in this study. Thus, improvement of the efficiency of the 

power plant can be achieved. The results are summarized according to energy and exergy analyses as follows: 

 The exergy efficiencies of the components of turbocharger unit which consists of the compressor and the 

turbine are found to be 83.02% and 65.41%, respectively. This shows that a significant exergetic losses are 

shown from the turbocharger. 

 The exergy efficiencies of the heat exchangers (1-2-3) are calculated as 10.37%, 57.54% and 41.12%, 

respectively.  

 The worst and best exergetic performances are evaluated for the heat exchanger 1 (10.37%) and pump 1 

(96.33%), respectively.  

 By the aid of the energy and exergy analyses of all sub-components, the plant exergy efficiency is found to 

be 50.97%. 

 In addition to this, gas engine thermal efficiency is calculated as 37.30%. The value is compared with the 

technical data of the MWM TCG 2020 type gas engine and it is found to be congruent.  

 

The performed analyses are showed that the exergetic losses of all sub-components are dominant on the overall 

efficiency of power plant. As a result of the thermodynamic analyses, the efficiencies of power plant can be 

improved by reducing heat losses in heat exchangers, optimizing the turbocharger unit and re-design the heat 

exchangers. Furthermore, the exhaust gas of the gas engine can be considered as heat source for various power 

generation cycles to produce additional power to the actual power plant and the efficiency of the power plant can 

be increased by this way. 

 

Nomenclature 
 

comp    compressor 

e    exit 

es   irreversibility  

i    inlet 

h    enthalpy, kJ/kg 

dEx   exergy destruction, kW 

fEx   exergy fuel, kW 

heatEx   net exergy, kW 

pEx   exergy product, kW 

m   mass flow rate, kg/s 

fm   mass flow rate of fuel, kg/s 

coldm   mass flow rate of cold stream, kg/s 

1372



Thermodynamic Analyses of an Actual Power Plant ICADET ‘19 

 

 

hotm   mass flow rate of hot stream, kg/s 

P    pressure, bar 

Q    heat addition, kW 

LHVQ    lover heating value, kJ/kg 

s    entropy, kJ/kgK 

T    temperature, oC 

t    turbine 

th    thermal 

aw   actual specific work, kJ/kg 

sw   isentropic specific work, kJ/kg  

revw   reversible specific work, kJ/kg 

W    work addition, kW 

netW    net power, kW 

   exergy efficiency 

    energy efficiency 

    specific flow exergy, kJ/kg 

0   dead state 

 

References  

 
[1] R. Bove, P. Lunghi, Electric power generation from landfill gas using traditional and innovative 

technologies, Energy Conversion and Management 47, 1391 (2006).  

[2] G.Xydis, E. Nanaki, C. Koroneos, Exergy analysis of biogas production from a municipal solid waste 

landfill, Sustainable Energy Technologies and Assessments 4, 20 (2013).  

[3] A. Tozlu, A. Abuşoğlu, E. Özahi, Thermoeconomic Analysis and Assessment of Gaziantep Municipal 

Solid Waste Power Plant, Acta Physica Polonica A 132 (No.3), 513 (2017).  

[4] A.Verbruggen, “The merit of cogeneration: Measuring and rewarding performance,” Energy Policy 36, 

3069 (2008). 

[5] C.G.Carolino, J.P.M. Ferreira, “First and second law analyses to an energetic valorization process of 

biogas,” Renewable Energy 59, 58 (2013).  

[6] A. Tozlu, E. Özahi, and A. Abuşoğlu, Waste to energy technologies for municipal solid waste management 

in Gaziantep, Renewable and Sustainable Energy Reviews 54, 809 (2016). 

[7] Özahi E., Tozlu A., Abusoglu A., Thermodynamic Performance Assessment of Different Fluids in a 

Typical Organic Rankine Cycle for Usage in Municipal Solid Waste Power Plant, Acta Physica Polonica A 

132 (No.3/II), 807 (2017).  

[8] A.A. Jadallah, D.Y. Mahmood, Z. Er, Z.A. Abdulqaedr, Hybridization of Solar/Wind Energy System for 

Power Generation in Rural Aeras, Acta Physica Polonica A 130, 434 (2016).  

[9] M. Imal, A New System Design for Energy Management in HVAC Control Systems for Textile Plants, 

Acta Physica Polonica A 130, 245 (2016).  

[10] R. Karaali, Thermodynamic Analysis of a Cascade Refrigeration System,Acta Physica Polonica A 130, 101 

(2016).  

[11] E. Özahi, A. Abuşoğlu, A. İ. Kutlar and O. Dağcı, A comparative thermodynamic and economic analysis 

and assessment of a conventional HVAC and a VRF system in a social and cultural center building, Energy 

and Buildings, 140, 196 (2017).  

[12] E. Özahi, H. Demir, Drying performance analysis of a batch type fluidized bed drying process for corn and 

unshelled pistachio nut regarding to energetic and exergetic efficiencies, Measurement, 60, 85 (2015). 

[13] E. Özahi, H. Demir, A model for the thermodynamic analysis in a batch type fluidized bed dryer, Energy, 

59, 617 (2013). 

1373



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*gurkan.kaya@erzurum.edu.tr 

Investigation of Temperature Changes in High Speed Milling of Carbide Tools 

Coated with Different Ceramic Films 

 
Y. Murat DURMAZ, Gürkan KAYA*, İlyas HACISALİHOĞLU, Fatih YILDIZ 

 
Erzurum Technical University, Mechanical Engineering Department, Erzurum, Turkey 

 

Keywords:  
CAPVD 

High speed milling 

TiAlSiN 

AlCrN 

TiAlN 

 

 

 
Abstract 

In this study, temperature changes caused by carbide cutting tools coated with 

different ceramic films using cathodic arc physical vapor coating were investigated 

experimentally in high speed milling process. Solid carbide end mills coated with 

TiAlSiN, AlCrN and AlTiN ceramic films were used in the milling process in Plastic 

injection mold steel (Impax steel) as workpiece. Tool paths and G-codes generated 

with SolidCAM i-Machining module were realized in Milling CNC vertical 

machining center. Before milling, thermocouples were placed in the pre-drilled holes 

in the base of the workpiece and temperature changes were continuously measured 

during the milling process. It was found that the TiAlSiN coated carbide tool reached 

a higher temperature on the workpiece than the AlCrN and TiAlN coated. TiAlN 

coating has been found to be the most suitable coating for cutting with i-Machining 

due to the low temperature effect on the workpiece and tool. 

1 INTRODUCTION  
 

Machining is one of the most widely used methods in manufacturing. Machining methods can be used as primary 

production methods or as a final process for the application of materials produced by casting and plastic forming 

methods. In order to give desired geometry to the workpiece to be produced in the machining process, suitable 

tool bench and cutting tools are used to achieve the desired dimension and surface quality [1]. Developments in 

engineering and technology have also had a serious impact on the manufacturing industry. As a result of this, there 

was a need to develop tool materials with better mechanical properties and wear resistance. The materials used as 

cutting tools must be carry high cutting loads and at the same time higher wear resistance. In practice, however, it 

is not possible to obtain these two properties without any modifications to the material. The best way to collect 

these two properties in a material is to apply a suitable surface treatment to the material. As a surface treatment, 

coating is generally applied on cutting tools [2-7]. The renewed hard coatings have a wide range of applications 

for the surfaces have to be resistant to wear. One of these is the cutting tool that usually coated with TiN, CrN, 

TiCN, TiAlN, ZrN, TiZrN, DLC and other hard nitride and carbides. 

 

Cutting temperature is one of the most important parameters to be controlled in machining, 98 % of the total energy 

used in machining is converted to heat. As a result of this heat, the temperature rises to high level (above 600 ° C) 

at the tool-chip interface. The remaining 2% of the energy is stored as elastic energy. Because of the high 

temperature; not only reduces tool life, but also causes the workpiece dimensions to be inaccurate due to thermal 

expansion of the material [8]. In order to keep the temperature low during the chip removal process, it is important 

to select the correct cutting parameters. The cutting parameters selected in standard Computer Aided 

Manufacturing (CAM) programs remain constant at the specified level until the end of the operation for any 

operation. In the new generation of CAM programming, which has recently become widespread, cutting 

parameters are not constant throughout the operation, taking variable values in the critical regions of the processed 

geometry, providing a more effective and short-term cutting in terms of temperature and tool life. The production 

process made with this method is called intelligent machining. 

 

In this study, temperature changes of Tungsten Carbide (WC) milling cutter tools coated with TiAlSiN, AlCrN 

and TiAlN ceramic films by using cathodic arc physical vapor coating (CAPVD) method on the workpiece were 

investigated. There are studies in the literature examining the wear performance of materials coated with TiAlSiN, 

AlCrN and TiAlN ceramic films [9-14]. However, in these studies, the materials were characterized under standard 

test conditions. In this study, the temperature changes caused by cutting tools coated with thin films on the 
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workpiece are handled by using intelligent machining method and with a process where cutting parameters are 

dynamic.    

 

2 MATERIAL AND METHOD 
 

In this study, TiAlSiN, AlCrN and TiAlN ceramic films were coated with 12 mm diameter carbide end mills by 

CAPVD method (İnanCoting Co./İstanbul). The coating parameters used in the study are given in Table 1. 

 

Table 1. CAPVD deposition parameters 

Parameteres    Values 

Bias (V) 100 

Cathode current (A) 100 

Pressure (mbar ) 3.0E-02 

Temperature (°C) 450 

       

Haas VF2 three-axis vertical machining center is used for high-speed milling of 40CrMnNiMo8-6-4 plastic 

injection mold steel (impax steel) with a hardness of 35 HRC. Cutting was performed under dry cutting conditions 

and air was used as coolant. The workpiece used is prismatic and its dimensions are 104 x 102 x 32 mm. The CNC 

programming was carried out using SolidCAM i-Machining 2 axis module. The cutting parameters are shown in 

Figure 1.  The cutting strategy and values given in our previous study were used [15]. 

 

 
Fig. 1. Cutting parameters used in SolidCAM i-Machining process 

 

In Figure 2, pre-holes for the thermocouples to be placed on the base parts of the workpiece have been drilled in 

order to measure the temperature changes instantly during the chip removal process. 

 

 
Fig. 2. Impax steel workpiece 
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Fig. 3. Temperature measurement setup. 

 

A total of 15 thermocouples were used for temperature measurements. Temperature values are taken with Hioki 

LR8402-20 data logger. The experimental setup is given in Figure 3. The operations were also performed for 3 

coated cutting tools and one uncoated cutting tool. 

 

3 RESULTS 
 

The thicknesses of TiAlSiN, AlCrN and TiAlN coatings grown on WC base material were determined according 

to Calotest method. The coating thicknesses obtained by using the geometric quantities obtained from the optical 

microscope images given in Figure 4 and the thicknesses are given in Table 2. Coating thicknesses were in the 

range of 1.2 - 1.4 µm and values were obtained very close to each other. This is of great importance for the accurate 

assessment of temperature changes in coated tools and workpiece. 

 

 
Fig. 4. Calotest thickness measurement images, a) TiAlSiN, b) AlCrN, c) TiAlN coatings 
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Table 2. Coating thicknesses 

Coating Type Coating Thickness (µm) 

TiAlSiN 1.3±0.11 

AlCrN 1.4±0.09 

TiAlN 1.2±0.13 

 

The temperature values measured from the workpiece base during the chip removal process with solid carbide i-

Machining module and carbide cutting tools coated with 3 different coating types are given in Figure 5. During 

chip removal, the energy supplied to the cutting tool is converted to thermal energy due to friction between the 

tool and the workpiece. By absorbing this energy, the internal energy of the part and its temperature increase, 

which is a measure of internal energy as the surface quality and properties of the cutting tools improve, the friction 

efficiency decreases and thus the amount of thermal energy to be produced decline. This limits the increasing 

temperature of the workpiece. When the graph given in the figure 5 is examined, it is clear that the workpiece 

temperatures are higher for coated carbide tools which have not improved surface quality and properties by any 

coating process compared to coated tools. These results are consistent with the wear rate results obtained in a 

previous study [15]. 

 

 
Fig. 5. Temperature values measured during chip removal by TiAlSiN, TiAlN, AlCrN coated and untreated 

carbide tools 

 

4 CONCLUSION 
 

In this study, temperature changes caused by TiAlSiN, AlCrN and TiAlN coated carbide cutting tools on the 

workpiece during high speed milling process were investigated experimentally by using cathodic arc physical 

vapor coating method. According to the results, the temperature value of carbide tool coated with TiAlSiN on the 

workpiece is higher than the tools coated with AlCrN and TiAlN. Although the temperature values of AlCrN and 

TiAlN coated tools in the workpiece are very close to each other, it is determined that TiAlN coating is the most 

suitable coating in i-Machining with the low temperature effect both on the workpiece and the tool. 
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Abstract 

Members of several Lactic Acid Bacteria (LAB) have been identified as probiotic 

microorganisms. Since these microorganisms are very beneficial for health, their 

importance is increasing day by day. LAB are not only important as probiotics but 

also important for the metabolites they produce that result in the production of 

fermented products. Metabolites produced by LAB include lactic acid, acetic acid, 

ethanol, flavoring agents, bacteriocins and exopolysaccharides (EPS). EPS can both 

affect the final product quality of the fermented products as well as play roles for the 

probiotic functions of LAB. EPS protects the cell from external damages and plays 

role for the physicochemical characteristics of foods by providing texture, taste and 

aroma enhancements in fermented products. EPS has also effects on viscosity 

increment, structure improvement, stabilizing effect and water binding properties in 

fermented products. Because of these properties, EPS is used as a commercial 

stabilizer in food industry. In addition to its technological properties, EPS can be 

important for the human health. For instance, it was reported that EPS produced by 

LAB has antioxidant, anticancer, anti-inflammatory, antiulcer, antiviral, antitoxin 

and cholesterol lowering effects. In this paper, the importance of EPS produced by 

LAB in terms of health promotion has been summarised. 

1 INTRODUCTION  
 

LAB produces lactic acid, organic acid, acetic acid, ethanol, flavoring agents and metabolites such as bacteriocins 

and EPS during fermentation process. These metabolites produced by LAB are important for the production of 

fermented food products and increase their shelf life and play an important role in the development of taste and 

aroma in foods [1]. Together with the GRAS status of LAB their role in food production and health promoting 

functions originating from the cells and metabolites is undeniable [2]. One of the important metabolites of LAB is 

EPS and it was determined that the EPS produced by LAB used in food establishments improve the viscosity, 

stabilization, gel structure and emulsion capacity of the final products [3]. Importantly, LAB are important for the 

production of functional foods and EPS has positive effects to produce functional foods [4]. 

 

EPS; are long-chain polysaccharides with or without branched sugar units secreted by microorganisms during their 

growth. EPS production takes place in two different ways: Homopolysaccharides consisting of single 

monosaccharides and heteropolysaccharides consisting of two or more monosaccharides [5]. Homopolysaccharide 

units in the structure of EPS consists of sugars such as glucose, galactose and rhamnose [4]. Among the best known 

LAB producing homopolysaccharide are Leuconostoc mesenteroides and Streptococcus mutans producing 

dextrans and glycans as homopolymeric EPSs (Figure 1). Examples of heteropolysaccharide-producing LAB are 

Streptococcus thermophilus, Lactococcus lactis and Lactobacillus spp. [6].  

 

EPS production is carried out in the form of cell-bound or released into the environment where it develops [7]. 
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Figure 1. The chemical structure of homopolysaccharides; produced from reference [8]. Glucans: dextran, 

alternan and mutan; Fructans: Inulin and levan. 

 

In recent studies, it was determined that the metabolites produced by LAB do not only protect the cell from external 

factors but also have a positive effect on human health [6]. EPS production plays an important role in the 

development of LAB's antioxidant, immunomodular effects and anticancer benefits [3]. Other potential health 

promoting functions of EPS are given in Figure 2.  

 

 
Figure 2. The potential health benefits of EPS production 

 

2 HEALTH BENEFITS OF EPSs 
 

2.1 Antioxidant Effect of EPSs from LAB 

 

The formation of free radicals in the organism causes serious problems on health. Free radicals damage DNA, 

RNA and proteins. Since some methods used to prevent this are unnatural, they have had suspicion of side effects. 

For this reason, the use of natural antioxidants such as EPS to prevent free radicals is more important. Previously, 

Lactobacillus plantarum JLAU103, isolated from hurood cheese, a fermented product produced in China, was 

found to be capable of producing EPS and it was characterized that the EPS produced had antioxidant activity [7]. 

In another study, EPSs produced by LAB species of Lactococcus lactis and Lactobacillus plantarum increased the 

activity of antioxidant enzymes [9]. Antioxidant activity of EPS produced by Lactobacillus acidophilus was 

investigated and it was determined that EPS production resulted in the reduction of free radicals, and the effects 

of cancer on cells [9]. Similarly, the EPS produced by Lactococcus lactic showed strong antioxidant activity[10]. 

1380



Potential Health Promoting Functions of Exopolysaccharides (EPS) from Lactic Acid 

Bacteria (LAB) 

ICADET ‘19 

 

 

2.2 Anticancer Effect of EPSs of LAB  

 

One of the main health problems worldwide is cancer arising from the irreversible damages in cells and tissues 

because of mutations in DNA of the cells. In order to treat these damages, chemotherapy is preferred to stop the 

development of the tumor. However, chemotherapies are performed with drugs that might have detrimental side 

effects. Although the main application to cure the cancer is the chemotherapy applications and other medical 

applications different products are under investigation to help the cure process of cancer and EPS are among the 

investigated components. In a previous report, EPS produced by LAB was shown to have an important putative 

role in cancer treatment due to its antitumor effect [8]. 

In addition to the antimicrobial effect of Lactobacillus acidophilus against harmful microorganisms in the 

intestinal system, it was determined that EPS produced by this microorganism also helps the prevention of colon 

cancer [9]. Similar result was found for the EPS produced by Lactobacillus helveticus MB2 that reduced the effects 

of Caco-2 cells causing colon cancer [11]. EPS from LAB was also shown to induce autophagy in anticancer 

treatments and it was also concluded that it affects the genes associated with cell death [8].  

 

2.3 Anti-inflammatory Effect of EPSs from LAB 

 

Another important functional role of EPS from LAB is the anti-inflammatory effects that would regulate the 

immune system which can be beneficial for health. The most common LAB species with EPS biosynthesis are 

Bifidobacterium, Lactobacillus, Lactococcus and Leuconostoc. These microorganisms are highly effective on 

immunoregulatory [6]. One of these strains Lactobacillus paraplantarum BGCG11, a cheese isolate LAB strain 

was shown to have anti-inflammatory and immunosuppressive effect that was dependant on EPS production ability 

of this strain. Yet the EPS layer was also shown to protect this strain from external pressures. As a result of these 

studies, this strain considered as a probiotic strain and suggested for the use as human functional food in diseases 

such as anti-inflammatory, allergy and immune system regulator and autoimmune disorders [12]. The indirect role 

of EPS on immune modulation is also important as EPS provides important advantages to bind the intestinal 

mucosa that would play roles during the presence of the cells in GIT that was shown in Bifidobacteria [13]. 

 

2.4 Antiviral Effect of EPSs Produced by LAB 

 

Another important health promoting functions of EPS produced by LAB is antiviral effects as viral infections are 

very dangerous problems affecting public health. It should be noted that EPS as immune-stimulatory agents affect 

some ways in immune system that results in the protection against some viruses that affect the human cells. In one 

study, distinct LAB strains isolated from Kimchi were tested for their antiviral characteristics and in this study one 

strain showed good properties. This stain was Lactobacillus plantarum LRCC5310 strain and the EPS produced 

by this stain was found to effective against the danger of rotavirus type Wa. This study was conducted in vivo and 

under these conditions the given EPS to the mice decreased the level of rotavirus infection in mice [14]. 

 

2.5 Role of EPSs on probiotic action 

 

Probiotic bacteria are also among the EPS producers and several characteristics with regards to probiotic action 

are attributed to EPS production by probiotic strains such as colonisation, immune-modulation and protection 

under the harsh conditions of the GIT. The colonisation of the probiotic bacteria to the gut environment is a pre-

requisite for probiotic bacteria to show their health benefits so EPS production affects the health benefits of 

probiotic strains [15]. In the gut environment, EPS also were shown to trigger specific immune-responses via same 

immunological pathways which is also another important health benefits of EPS [16]. Another important indirect 

function of EPS production to health via probiotics is that EPS production provides an important protection to the 

probiotic bacteria during their transition from the GIT. In all parts of GIT EPS production protects the cell from 

the harsh conditions and also EPS production protects the cell from other detrimental factors such as antimicrobials 

[16]. More studies are required to understand the exact mechanism behind the functions of the EPS production to 

the human health.  

 

3 CONCLUSION AND FUTURE PROSPECTIVE 
 

Recent consumer interests are directed food industry to produce functional foods containing functional ingredients. 

EPS produced by LAB is among these important ingredients showing promising functional roles. LAB produces 

a wide range of EPSs and this health promoting functions of EPSs are somehow related with the core structure of 

EPSs. So more studies are required to identify more EPSs structures from LAB and to test their health promoting 

functions such as immune-modulation, antiviral and antioxidant effects. There is a growing knowledge on this 

issue and generally speaking this kind of studies are more popular in some countries such as Japan and China. We 
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should increase the number of studies in all countries as LAB are isolated from traditional foods can be somehow 

novel and can produce novel EPSs. In future EPS will be more likely to be investigated for human health promotion 

and will be the topic of carbohydrate engineering.  
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Abstract 

Piles are the most frequently used foundation systems to build structures on weak 

soils. Piles, which are designed by considering bearing capacity of soil layers, are 

classified as end piles and friction piles according to the load transfer mechanism. 

Super-structural load is transferred to the soil by means of end resistance in end 

piles, while super-structural load is mainly transferred to the soil by side friction in 

friction piles. Comprehensive analytical and experimental studies have been 

conducted to develop reliable design methods for piles over the last 40 years. The 

parameters (relative density, vertical stress increment in soil, strain distribution 

along the pile, etc.) that have to be taken into consideration in the design of a single 

pile in sand were investigated in this study. The model composite (steel and 

concrete) piles with a diameter of 20 mm and a length of 200 mm were used in the 

laboratory experiments. The stress increments in the sand were measured during 

loading of the model pile with the help of the pressure gauges placed at 

predetermined points. The model pile was equipped with strain gauges to measure 

the strain distribution along the pile. Thus, behavior of a single pile was examined 

in detail. Also, ABAQUS/CAE program based on finite element method was used 

for numerical analysis of a single pile and the experimental results were compared 

with the results of the numerical analysis. It was found from the results of the 

experiments that piles transfer structural loads to deep soil layers. Increase in 

relative density of sand rises bearing capacity and reduces settlement of a single 

pile. 

 

1 INTRODUCTION 
 

If there are bearing capacity, settlement, liquefaction or stability problems related to shallow foundations, the 

soil can be improved or deep foundation can be made. The generally preferred deep foundation type is piled 

foundations. When piles serve as foundation, they safely transfer super structural loads to foundation soils. In 

addition, pile rows can be used as retaining structures by reinforcing them with anchors if necessary. They may 

also need to carry tensile forces and lateral loads.  

 

Piles are generally designed in groups and the behavior of a single pile is often different from the behavior of a 

pile group.  However, the behavior of a single pile should be known when determining the behavior of a pile 

group. When a pile in soil is loaded, both the ground and the pile settle a little. Since the pile settles more than 

the surrounding soil, the frictional resistance in opposite direction of settlement is formed between the pile and 

the soil. This is called skin friction. During this movement, the end of the pile compresses the soil below the pile. 

Stresses and shear surfaces occur as in the case of shallow foundations. This is called end resistance. The total 

skin friction around the pile and the end resistance gives the total bearing capacity of the pile.  

 

There are conventional methods for estimation of the pile shaft bearing capacity and end bearing capacity 

[1,2,3].  Pile-load tests in field are costly, difficult and time consuming. Due to this reason, researchers have 

focused to develop reliable empirical, analytical or numerical techniques to estimate the bearing capacity piled 

foundations. Load-settlement behaviors of piles in different soils have been of interest for researchers in the past 

half a century [4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14]. However, there are not enough studies in the literature about 

the stresses in soils and strains along the piles caused by loading of piles. Therefore, vertical stress increases in a 

sandy soil and strains along a pile were investigated in this study. 
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2 MATERIAL AND METHOD 
 

2.1 Experimental Study 

 

2.1.1 Experimental Setup 

 

The main parts of the experimental setup consist of a test tank, a model pile, a loading apparatus, pressure 

gauges, strain gauges, LVDTs, a load cell, a sand surface leveling tool and sand (Fig. 1). A gear driven loading 

press of a triaxial test device was used as the loading apparatus. In addition, a compaction device was used to 

compact the sand in some tests. A digital camera and a computer were used to record data during tests. The tests 

were carried out in the Geotechnical Laboratory of Karadeniz Technical University. 

 

 
Figure 1. A view of experimental setup 

 

2.1.2 Test Tank 

 

The inside of the test tank is a cube prism with a length of 1.00 m, a width of 1.00 m and a height of 1.00 m. The 

tank sizes were selected by considering similar studies and the results of the numerical analysis so that no 

boundary effect occurs. The frame of the tank was made of steel profiles. The steel braces were welded at certain 

points around the tank and supported by bolts to ensure rigidity of the tank. The horizontal lines with 50 mm 

intervals were drawn inner surfaces of the tank to place the sand homogeneously and to obtain desired relative 

density of the sand easily. A steel beam is mounted to the test tank to connect the loading apparatus.  

 

2.1.3 Model Piles 

 

Literature survey and preliminary tests were performed to determine dimensions of the model pile used in the 

laboratory tests. The pile length (L) and diameter were determined as 200 mm and 20 mm, respectively. 

Aluminum molds were prepared to manufacture the model piles (Fig. 2). The model composite piles were 

prepared by using concrete and steel bar to obtain real soil-concrete friction behavior between the model pile and 

the sand. 
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Figure 2. Production of model pile 

 

Diameter (D), length (L), unit weight (), average modulus of elasticity (E) and Poisson’s ratio () of the model 

pile used in the tests are given in Table 1. 

 

Table 1. Properties of model pile 

Material D (mm) L (mm) (kN/m3) E (kN/m2)  

Composite 20 200 38,375 7,25 x107 0,225 

 

2.1.4 Loading Apparatus, Load Cell and LVDTs 

 

The press of a triaxial test equipment was used for application of vertical load during the tests. The press is 

capable of loading at various speeds (0.50 mm/min - 1.50 mm/min) thanks to the electric motor and was 

mounted on the steel frame fixed to the test tank for vertical loading (Fig. 3(a)). A 50 kN load cell was mounted 

vertically at the end of the press to measure applied loads. The load cell was calibrated before the tests. The 

vertically mounted loading knife with a sharp end was used to load the model pile. Time dependent applied loads 

were measured precisely with the help of the load cell. Fig. 3(b) shows the LS-5T model load cell with a 

capacity of 50 kN manufactured by CAS Corporation. The displacement transducers (Linear Variable 

Differential Transformers, LVDT) manufactured by OPKON which can measure displacements up to 150 mm, 

were used to measure the settlement of the model pile due to the vertical loading (Fig. 3(c)). The settlements 

were measured at two different points that were equal distance to the center of the pile. The settlement of the pile 

was determined as the average of the two measurements.  

 

 
Figure 3. Some devices of test setup (a) Loading apparatus, (b) Load cell, (c)  LVDT 

 

2.1.5 Strain Gauges and Pressure Gauges 

 

The strain gauges (Goblet series FLAB-10 type 120) produced by Tokyo Measuring Instruments Laboratory 

were used in the experimental study (Fig. 4(a)). Due to its fragile structure, it is of particular importance to attach 

the strain gauge to the metal surface. For this purpose, the metal surface was cleaned very well, fine dusts were 

removed from the surface with alcohol, the strain gauges were fixed to metal surface by means of glue and thus, 

the strain gauges could synchronize with the metal surface.  

 

One of the methods used to measure the vertical stress increments due to surface loads is to place pressure 

gauges at certain depths. KDE-2MPA model 46 mm diameter pressure gauges produced by Tokyo Sokki 

Kenkyujo Co., Ltd. were used in this study (Figure 4(b)). 
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Figure 4. Measurement devices (a) Strain gauge, (b) Pressure gauge 

 

2.1.6 Data Logger and Gateway 

 

During the experiments, the values measured by the pressure gauges, the LVDTs and the strain gauges were 

transferred to the computer with the aid of  TDG branded data logger of Ai8b model with 8 channels input and 

RS-485 model gateway of the same brand (Fig. 5(a)). These data were converted to numerical values with the 

help of CoDA Locomotive program (Fig. 5(b)). 

 

 
Figure 5. Data transfer devices (a) Data logger, (b) Gateway  

 

2.1.7 Sand 
 

The geotechnical properties of the sand used in tests are given in Table 1.  The sand was classified as well-

graded sand (SW) according to the Unified Soil Classification System (USCS). 

 

 Table 1. Geotechnical properties of sand  

Propery Unit Value 

Grain specific gravity, Gs - 2.64 

Maximum dry density,kmax Mg/m3 1.89 

Minimum dry density, kmin Mg/m3 1.58 

Effective diameter, D10 mm 0.28 

D30 mm 0.73 

D60 mm 1.71 

Coefficient of uniformity, Cu - 6.11 

Coefficient of curvature, Cr - 1.10 

Internal friction angle, Ø (Shear box test, Dr=0.70) Degree 43,92 

 Internal friction angle, Ø (Shear box test, Dr=0.30) Degree 36,99 

 

2.1.8 Conduction of Typical Tests 

 

The sand was placed and compacted in the test tank in layers. For 30% relative density (k=1.58 Mg/m3), the 

sand required for 50 mm layer was poured into the test tank at a close distance to prevent compacting, the 

surface of the sand was made horizontal with a water balance, and thus the sand was homogeneously placed. The 

sand layer was compacted with a vibration device in the case of 70% relative density (k = 1.890 Mg / m3). The 

pressure gauges were placed at the desired locations when the sand was placed. The height of the sand layer was 

controlled by the horizontal lines indicating the layer thickness on the internal surfaces of the tank. After 

placement of the sand into the tank, the model pile was inserted into the sand at a constant penetration rate of 

0.50 mm / min (Gok, 2007; Bajad and Sahu, 2008; Nguyen et al. 2013). While the model piles was inserting into 

the sand, its verticality was checked with water balance. Before starting the test, all measurement devices were 

placed in the experimental setup. The measurement devices consist of LVDTs placed on both sides of the pile 
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head, the load cell mounted to the loading apparatus, the pressure gauges placed in the sand and the strain gauges 

attached to the model pile. The initial values of the measurement devices are reset zero and the load is applied 

vertically and very slowly. A constant loading speed of 0.50 mm/min was applied until the desired settlement 

was achieved. The data were recorded during the experiments with the help of the data logger and the gateway 

and the data were converted to numerical values with the help of CoDA Locomotive program.  

 

2.2 Numerical Simulation 

 

Three dimensional finite element analyzes were performed to compare the model test results and to examine the 

stress distributions caused by the pile in the sand. The numerical simulation was performed by using the 

ABAQUS / CAE v.6.13 package program, which is based on the finite element method [15]. The test tank, the 

loading conditions, the model pile and the material properties were taken into account with the ABAQUS 

computer program (Fig. 6). Mohr-Coulomb (MC) model was used to simulate the sand properties. 3-D 

continuous solid (C3D8R) element type was selected for three-dimensional modelling.  

 

 
Figure 6. Numerical modelling 

 

3 RESULTS 
 

The tests were carried out at different relative densities (Dr = 30%, Dr = 70%) with the model pile (length, L= 

200 mm; diameter, D= 20 mm). The pressure gauges are placed at 2.5D, 5D, 7.5D intervals axially below the 

model pile in the sand. The strain gauges are connected to the surface of the model pile for the determination of 

stresses along the pile. First of all, the model pile in the sand was loaded to cause the desired settlement. 

Experimental and Numerical load-settlement curves for both relative densities (30% and 70%) are shown in Fig. 

7. In the Mohr-Coulomb material model, the load-displacement relationships up to the yield state is linear, so a 

close-to-linear load-settlement relationship was determined for the pile in the numerical model. In model tests, 

the load-settlement relationship was markedly non-linear. In other words, the stiffness decreased with the 

increase of the load and the greater stiffness was detected at the low levels of the vertical load. 

 

 
Figure 7. Load-settlement curve of single pile (D=20 mm, L=200 mm) (a) Dr=%30, (b)Dr=%70 

 

The vertical stress increment-settlement curves of certain points in the sand caused by loading of the single 

model pile (L = 200 mm, D = 20) are shown for different relative densities (Dr = 30% and Dr = 70%) in Figure 

8. The vertical stress increments increased with settlement of the pile and the stress increments reduced 

downward from end of the pile (2.5D=PG-1, 5D=PG-2, and 7.5D=PG-3). However, it is seen that the increase in 

relative density increases the vertical stress increments in sand. 
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Figure 8. Stress-settlement curves caused by a single pile in the soil (a) Dr=%30, (b) Dr=%70 

 

Fig. 9 illustrates the strains along the model pile for different relative densities (Dr = 30% and Dr = 70%) caused 

by loading of the model pile. The strain values increased with increasing settlement of model pile in both relative 

densities. Also, it is seen that the increase in relative density increased the strains along the pile due to higher 

loads corresponding to same settlements in high relative density. The shear stresses at the pile-sand interface 

exhibit a uniform behavior at low load levels, whereas at high load level the shear stress distribution is not 

uniform. As the shear strength increases with depth in granular soils, the greater shear stresses can occur at the 

bottom of the pile. 

 

 
Figure 9. Strain variation along model pile for various settlements (a) Dr=%30, (b)Dr=%70 

 

The vertical stress increments in the sand caused by loading of the model piles are together seen in Table 2. The 

vertical stress increments, which are measured in the experimental studies and determined from the numerical 

simulation, are in agreement and the difference between them is around 12%. The vertical stress increments 

determined experimentally decrease with depth and this decrease are in agreement with the numerical simulation 

for both low relative density (30%) and high relative density (70%). 

 

Table 2. Vertical stress increments obtained experimentally and numerically 

Relative 

Density 

(Dr) 

Model 
Load (kN) 

(Experimental) 

Load(kN) 

(Numerical) 

Settlement 

(mm)  

Vertical Stress 

Increment 

(Experimental, kPa) 

Vertical Stress 

Increment 

(Numerical, kPa)  

Dr=%30 
Single 

Pile 
0,415 0,460 16,0 

PG-1= 84,3 PG-1= 94,5 

PG-2= 56,1 PG-2= 62,4 

PG-3= 30,9 PG-3= 41,2 

Dr=%70 
Single 

Pile 
0,984 1,105 16,0 

PG-1= 165,1 PG-1= 186,5 

PG-2= 97,6 PG-2= 112,3 

PG-3= 51,9 PG-3= 65,2 

 

4 CONCLUSION 
 

In this study, it was aimed to investigate the bearing capacity, and the load-settlement behaviour of single piles 

subjected to vertical load in sandy soils. For this purpose, a test setup was established and loading tests were 

performed for different relative densities of sand (Dr = 30% and Dr = 70%). Additionally, the vertical stress 

increments in the soil and the strains along the pile were measured to determine load transfer mechanism during 
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application of vertical load on the pile. A numerical model of the experimental setup was created in the 

ABAQUS (finite element software) and some simulations were performed for certain loading tests. The main 

results obtained from the experimental and numerical studies are as follows: 

 

 The difference between the bearing capacities of a single pile obtained from Numerical analysis and 

experimental studies was about 12%. That is, the pile-soil system can be simulated with sufficient 

accuracy by the three-dimensional finite element method in which the sand is modelled with the Mohr-

Coulomb material model. 

 As can be seen from the results of the experiments and numerical analyses, the load of the pile is 

transferred to the deep layers. 

 At low load levels, the shear stresses occurring at the pile-sand interface exhibit a uniform behaviour, 

whereas at high load levels the interface shear stress distribution is not uniform and the greater interface 

shear stresses can occur at the bottom of the pile due to high interface shear strength caused by 

overburden pressure. 

 The relative density of the sand increases the bearing capacity of a single pile. Also, the increase of 

relative density increases the strains along the pile for the same settlement.  
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 Abstract 

In this paper, a numerical study is carried out to determine the fatigue behaviour of 

notched beams under the influence of different loading types. Three-point and four-

point loading devices, respectively, are preferred as the loading mode. In addition to 

this study, a numerical parametric study is also conducted to determine the effect of 

distance between load impact points on fatigue behaviour of notched beams. The 

results are evaluated over parameters such as life, damage rate and factor of safety 

which define fatigue behaviour. As a result of the studies, it is seen that under the 

influence of three-point loading, the stress raised around the notch is more severe 

than the four-point loading, besides as the distance between the loads effects points 

decreases, the fatigue behaviour parameters of the notched beam deteriorate and thus 

the fatigue behaviour is negatively affected. 

1 INTRODUCTION  
 

Bending moment, shear force, torsional moment and axial force may occur in the beams depending on the load 

and the way they are supported. Dominant internal force modes for beams subjected to bending under the influence 

of vertical loads; bending moment and shear force pair. This internal force pair causes the beam to behave 

differently depending on the type of vertical load (static, monotonic, repetitive, etc.). When the previous studies 

on the fatigue behaviour of steel beams under the influence of variable-repetitive loads are examined in numerical 

and / or experimental studies, it is seen that the loading situation that exposed the beam to bending is generally 

preferred [1-7]. 

 

The bending test is defined as the calculation of parameters such as bending moment, bending strength, modulus 

of elasticity, displacement and bending stiffness due to the deformation that occurs when a load is applied to the 

center of a prismatic cross-sectional test sample which is freely fitted to the two supports [8]. Bending test 

apparatus can be formed in two different ways according to standards as three-point bending test apparatus and 

four-point bending test apparatus (Figure 1). The basic principle of both test devices is that the sample to be 

subjected to bending is tested under simple beam boundary conditions. 

 

 

 

 

 

 

 

 

Figure 1. Schematic representation of three and four point bending loads 
 

In three-point bending, a vertical load is applied in the perpendicular direction from the middle of the sample 

placed on the two supports. Under such loading and boundary conditions, the maximum moment occurs at a single 

point (center of span, loading point) and the shear force changes direction at that point. In the case of four-point 

bending, two equal load pairs are applied in the vertical direction to the sample placed on two supports. There is 

no consensus regarding the distance between the points where the load is applied, depending on any standard. 

When the studies related to this subject are examined, it is seen that different distances are taken into consideration 

depending on the experimental conditions, the means of equipment and the dimensions of the samples used. 

P 

L 

P/2 P/2 
Li 

L 

Three-point bending Four-point bending 
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However, the most common practice on this subject is the application of a load pair at a gap of 1/3 of the inter-

bearing distance [9-14] (Figure 2). 

 

 
Figure 2. Internal forces under three and four-point bending loads 

 

In this paper, a numerical study is carried out to determine the fatigue behaviour of notched beams under the 

influence of different loading types. The results are evaluated over parameters such as life, damage rate and factor 

of safety which define fatigue behaviour. Three-point and four-point loading devices, respectively, are preferred 

as the loading mode (Figure 3). The results of this study conducted to determine the effect of loading on fatigue 

behaviour are given in the following sections with the help of tables and graphs. 

 

 
 

 
Figure 3. Two different loading modes used in the study 

 

In addition to the above-mentioned study, a numerical parametric study is also conducted to determine the effect 

of distance between load impact points on fatigue behaviour of notched beams. The distance between the pair of 

loads is initially assumed to be 200 mm, then this value is increased up to 1000 mm in 20 mm increments (Figure 

4). The results are evaluated over parameters such as life, damage rate and factor of safety which define fatigue 

behaviour. 
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Figure 4. Four-point loading type 

 

2 MATERIAL AND METHOD 
 

2.1 Determination of Fatigue Behaviour of Structures 

 

There are three commonly used methods for fatigue-free design and analysis of metallic machinery and structural 

elements under the influence of variable-repetitive loads. These methods defined as stress-life method, strain-life 

method and linear-elastic fracture mechanics method are used to estimate the number of load cycles (N) causing 

damage for a certain level of loading. In this study, stress-life method is preferred among these methods. 

The stress-life method is concerned only with the total fatigue life of the metallic machinery and structural 

elements, depending on the stress levels. It does not provide sufficient information about the initiation and 

development of the crack. It is much easier to apply than other methods, therefore, it is used today in a wide range 

of design applications. Although it provides satisfactory results for high cycle fatigue problems, it is a method that 

does not give accurate results, especially for low cycle applications. 

Fatigue is caused by repeatedly varying stress amplitude. The majority of the data in the literature giving the 

fatigue limit or strength of the materials have been obtained for fully reversed fatigue stress. Because fatigue tests 

are generally obtained from fully reversed constant amplitude tests where the mean stress is zero (σm=0). However, 

the actual stress distribution differs from the ideal case. Especially in operating conditions, it is seen that the mean 

stress is affected as well as amplitude of the stress to the material. If the stress state is different from the fully 

reversed then the mean stress is present and must be calculated, since it has a reducing effect on fatigue strength. 

In cases where the mean stress is not zero, standard S-N curves cannot be used to determine the fatigue life of 

metallic machinery and structural elements or to assess their current state against fatigue. Instead, these analyses 

are performed using various fatigue damage criteria determined based on the results of numerous experimental 

studies (Figure 5). 

 

 
Figure 5. Fatigue damage criteria 

 

In this study, Gerber Damage Criteria is preferred because it is the fatigue damage criteria which provides the best 

agreement with the distribution of experimental data (Figure 6). 
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Figure 6. Gerber fatigue damage criteria 

 

The Gerber line is formed by combining the points representing the material tensile strength on the horizontal axis 

and the fatigue strength limit value on the vertical axis. It has similar properties with respect to Modified Goodman 

Damage Criteria in terms of tensile strength limit values. However, while the Modified Goodman line is a straight 

line, the line expressing this damage criterion is parabolic. The Gerber Criteria is the fatigue damage criteria that 

best matches the distribution of experimental data. Points above or outside the line represent fatigue damage, points 

below represent the safe zone. 

Equation of Gerber line; 
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Table 1. Intersection equations and coordinates of Gerber and Yield Damage Criteria 
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2.2 Determination of Geometric and Material Properties of Specimens 

 

In this paper, numerical studies have been carried out on small-scale steel beams (IPN140) made of S235JR steel 

(Figure 7). When similar studies conducted in previous years are examined, it is seen that there are many studies 

on small scale beams because of the low capacity of the test equipment used, economic reasons, labour and time 

saving, appropriate space supply and so on. [15-18]. The normal capped I profile is preferred in this study because 

it is widely used in steel bridge beams since the bending stiffness is higher than other types (medium wide capped 

and wide capped profiles). 

 

 

 
Figure 7. Section characteristics of IPN140 profile 

 

S235JR is a hot-treated, non-alloy structural steel type, known as normal structural steel or mild steel, commonly 

used in metallic machinery and building elements, named according to the European standard (EN 10025-2: 2004). 

Information on the structural characteristics of S235JR is given in Table 2 with reference to TS EN 10025-2 / 2006 

[19]. 

 

Table 2. Material properties of S235JR steel [19] 

Chemical Composition 

Carbon (C) %0,17 

Manganese (Mn) %1,40 

Phosphorus (P) %0,035 

Sulfur (S) %0,045 

Silisium (Si) - 

Copper (Cu) %0,55 

Nitrogen (N) %0,012 

Mechanical Properties 

Density (ρ) 7850 kg/m3 

Modulus of Elasticity (E) 210000 N/mm2 

Shear Modulus (G) 81000 N/mm2 

Poisson's Ratio (ν) 0,3 

Coefficient of Thermal Expansion (αt) 0,000012 1/°C 

Yield Strength 235 N/mm2 

Tensile Strength 360-510 N/mm2 

Tensile Allowable Stress 144 N/mm2 

Shear Allowable Stress 83,1 N/mm2 
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2.3 Determination of Fatigue Load Boundary Values and General Structure 

 

The main aim of this study is to determine the behaviour of steel beam against fatigue effect. However, under the 

influence of both three- and four-point bending loads, different internal forces and therefore different stresses occur 

in the cross-sections of the beam. In order to clearly demonstrate the fatigue behaviour of the beam, the beam must 

not lose its bearing capacity under these different effects. Therefore, various inspections have been carried out to 

check whether the stresses under these effects are at critical levels. Bending elements (beams) are inspected for 

four different critical situations. These; 

 Stress control 

 Deflection control 

 Lateral buckling (stability) control 

 Fatigue control 

 

The first three conditions mentioned above should not have any negative effect on the behaviour of the beam in 

order to accurately determine the fatigue behaviour of the beams. Therefore, the load remaining on the safe side 

for these three cases constitutes the greatest value of the variable-repetitive loading to be applied to the beams. 

After checking the above-mentioned criteria, the maximum load value that will not reduce the IPN140 section 

steel beam to a statically risky state; 1500 N. In determining the smallest value of the variable-repetitive load, a 

ratio called the load ratio (R ratio) is used. This ratio, which expresses the ratio of the maximum load value to the 

smallest load value in the loading curve, also determines the general structure of the fatigue load. In this study, the 

general variable-repetitive load model with a load ratio of 0,1 in fatigue load is preferred. This load model is often 

used in fatigue analysis for parts and components. Considering the load ratio as 0,1, the minimum value of the 

variable-repetitive load is calculated as 150 N. The limit values and the general structure of the load considered 

are given in Figure 8. 

 

 
Figure 8. Limit values and general structure of fatigue load considered in this study 

 

3 RESULTS 
 

In the first part of the study, a numerical study was conducted to determine the fatigue behaviour of notched beams 

under the influence of different loading types. The results are evaluated over parameters such as life, damage rate 

and factor of safety which define fatigue behaviour. Three-point and four-point loading devices are respectively 

chosen as the loading mode. The results of this study conducted to determine the effect of loading on fatigue 

behaviour are given in Figure 9 and Table 3. 
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Figure 9. Fatigue behaviour parameters of notched beam under the influence of three and four point loads 

 

Table 3. Effect of loading type on fatigue behaviour 

Loading Type 
Fatigue Behaviour Parameters 

Life Damage Rate Factor of Safety 

Three point 196730 5,083 0,790 

Four point 106 1 1,085 

 

Under the influence of three-point loading, the stress raised around the notch is more severe than the four-point 

loading.  

 

In the second part of the study, a numerical parametric study is conducted to determine the effect of the distance 

between load impact points on the fatigue behaviour of notched beams. The distance between the pair of loads is 

initially assumed to be 200 mm, then this value is increased up to 1000 mm in 20 mm increments. The results are 

evaluated over parameters such as life, damage rate and safety coefficient which define fatigue behaviour. The 

results obtained from the study are shown in Figures 10-12. 

σmax=224,54 MPa 

 

Life: 196730 

 
Damage rate: 5,083 

 
Factor of safety: 0,790 

 

σmax=163,58 MPa 

 

Life: 106 

 

Damage rate: 1 

 

Factor of safety: 1,085 

 

1396



Effect of Loading Type and Distance between Load Impact Points on Fatigue Behaviour 

of Notched Beam 

ICADET ‘19 

 

 

 
Figure 10. Variation of fatigue life depending on the distance between load effect points 

 

Figure 11. Variation of fatigue damage ratio depending on distance between load effect points 

 

 
Figure 12. Variation of fatigue factor of safety depending on distance between load effect points 

 

When the graphs given in Figures 10-12 are examined, it is seen that as the distance between the loads effects 

points decreases, the fatigue behaviour parameters of the notched beam deteriorate and thus the fatigue behaviour 

is negatively affected.  
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4 CONCLUSION 
 

In this paper, a numerical study is carried out to determine the fatigue behaviour of notched beams under the 

influence of different loading types. In addition to this study, a numerical parametric study is also conducted to 

determine the effect of distance between load impact points on fatigue behaviour of notched beams. The results 

are evaluated over parameters such as life, damage rate and factor of safety which define fatigue behaviour. As a 

result of the studies, the results given below are obtained. 

 As a result of the studies conducted to determine the effect of loading type on fatigue behaviour of notched 

beams, it is seen that the stress accumulation around the notch under the effect of three-point loading 

situation is more severe than the four-point loading situation. This case leads to lower fatigue behaviour 

parameters of the designed notched steel beam. In designs to stay on the safer side in terms of fatigue, the 

three-point loading situation can be preferred because it provides more conservative results. 

 As a result of the studies carried out to determine the effect of the distance between load effect points on 

fatigue behaviour of notched beams, it is seen that the fatigue behaviour parameters of the notched beam 

deteriorate as the distance between the load effect points decreases in the four-point loading device and 

thus the fatigue behaviour is adversely affected. The fatigue life is measured as 233850 cycles when the 

distance between the load pair is 200 mm, and the fatigue life increased to 106 cycles when this distance is 

increased to 1000 mm. In the analytical solution of the notched beam, it is seen that the bending moment 

and the tensile stress remain constant between the two load points. However, in beams with artificial 

notches in the middle span, the tensile strength around the notch increases as the load impact point 

approaches this region. Due to this variable situation, there is no clear consensus on the distance between 

load impact points in four-point loading tests. The most common practice related to this subject is the 

application of the load pair at a gap of 1/3 of the distance between the supports. 
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Abstract 

Assembly line balancing is a production planning strategy that has been widely used 

in industrial applications. And they have different structures and solution 

methodology approaches. In this study, new developed production planning software 

which is called Visual Assembly Line Balancing Software (VALBS) is introduced 

for educational purposes. The aim of software is to support teaching activity for 

assembly line balancing techniques; facilitate understanding characteristics of 

different assembly lines and solution approaches, and enable to compare the results 

of them. The proposed VALBS is easy to use in various manufacturing 

environments, and suitable to be support teaching line balancing procedures in 

undergraduate students. The software was used in classes of industrial engineering 

students and feedbacks of students measured by Likert Scale survey. The results 

show that proposed visual software is an effective method to teach line balancing 

procedures. 

 

1 INTRODUCTION  
 

In recent years, there has been an increasing interest in educational software [1]. Also, several technology strategies 

have been used for many years in order to enhance teaching and learning processes in engineering education [2]. 

Over these years, computer programs, which have different specifications, have been developed for using to get 

attraction of students [3]. Some of these programs are also web-based software [4]. These educational programs 

have been used effectively for teaching activities in many engineering field [5, 6]. 

 

There are lots of complex subjects and methods which must be taught in industrial engineering education and 

visualization of these elements can directly affect the intelligibility of the courses. Production planning is one of 

these courses and includes many scheduling and balancing problems and techniques in industrial engineering 

education. In this study, new developed production planning software which is called Visual Assembly Line 

Balancing Software (VALBS) is introduced for educational purposes. 

 

2 MATERIAL AND METHOD 
 

Visual Assembly Line Balancing Software is designed to teach line balancing and related solution methods using 

different environments. The software is coded on C# programming language for assembly line balancing problems. 

In this software, solution methods based on various heuristic algorithms are used. Also, in visual balancing 

procedure, direct solution approach is proposed. The welcome screen of program is as Figure 1.  

 

With the “Let’s Start To Balance” button, the software is directed the user to problem window. In this part of 

software, there are 25 well known assembly line test problems.  File names, problem names, task numbers, 

minimum, maximum and total task times for these test problems are given in this window. Within this window, 

the user can proceed with selecting any of these popular test problems in the literature. At the same time, in addition 

to these test problems, the user can define his / her own problem in the program as seen in Figure 2. In this way, 

the sample test problems were flexed and new test problems were allowed to be defined. 
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Figure 1. Welcome window of software 

  

 
Figure 2. Problem specifications window of software 

 

After defining the problem or selecting the problem, the solution screen is displayed as seen in Figure 3. In this 

screen, first of all, information about the selected test problem is displayed. The test problem chosen as an example 

in this section is Jackson [7]. In this screen, the priority diagram is shown and the cycle time required for the 

solution is defined. The Solution window contains different types of heuristic solution methods. Some of heuristic 

algorithms commonly used to solve assembly line balancing problems are coded.  
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Figure 3. Problem solution window 

 

 
Figure 4. Line balancing screen for the selected heuristic method. 

 

After the solution method is selected, the solution is started with “Start Line balancing” button as seen in figure 4. 

“Start Line Balancing” performs assembly line balancing according to the selected method and gives Line 

Efficiency (LE) and Smoothness Index (SI). It is also visualized the tasks assigned to workstations. Thus, important 

situations such as capacities of workstations or bottlenecks can be easily detected by the user.  

 

3 RESULTS 
 

Although positive results were obtained with this software, a Likert scale survey was also conducted in order to 

be able to prove scientifically. Likert scale survey was prepared and applied into one department in Bayburt 

University.  19 students in industrial engineering department participated in the survey. The questions of these 

surveys and their results for students are summarized together in Table 1.  

 

Table 1. Summary of Likert Scale Survey Results 

    Industrial Engineering Department   
Mean Std. Dev. 

1 I prefer books or conventional educational tools 1,63 0,68 

2 It is easy to input data and generate problems 4,53 0,90 

3 It is helpful to understand the assembly line balancing 

problems and solution techniques 

5,05 1,03 

4 It helps to increase my interest in the course 5,32 0,89 

5 It would be nice to have such software for more lessons 5,21 0,85 

6 The visuality of the program made me understand the subject 

better 

5,42 0,77 

7 In fact, assembly line balancing problems were not very 

difficult. 

4,79 0,85 

8 The use of the program is very complicated and difficult 1,68 0,58 
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4 CONCLUSION 
 

In this study, new developed production planning software which is called Visual Assembly Line Balancing 

Software (VALBS) is introduced for educational purposes. The aim of software is to support teaching activity for 

assembly line balancing techniques; facilitate understanding characteristics of different assembly lines and solution 

approaches, and enable to compare the results of them. Positive feedback from students indicates that the software 

has achieved its learning objectives.  
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Abstract 

In this study, the discontinuous contact problem of the functionally graded layer 

which is pressed by the distributed load and resting on the elastic half space is 

examined using ANSYS package program based on the finite element method. The 

functionally graded layer is loaded symmetrically by means of uniformly 

distributed load. The layer discussed in the problem is functionally graded (FG) and 

the shear modulus and density vary depending on an exponential function along the 

layer height. In the solution, the body force of the elastic half space is neglected 

while the body force of FG layer is taken into account. The elastic half space is 

considered homogeneous. It was assumed that the Poisson ratios of both the FG 

layer and the elastic half space were unchanged. If the external load exceeds the 

critical load, separation occurs between the functional graded layer and the elastic 

half space. This type of contact problem is called discontinuous contact. This 

problem was modelled and analyzed using ANSYS program. As a result of the 

analysis, starting and ending points of the separation and separation distance at the 

interface were obtained depending on the load parameter and stiffness parameter. 

 

1 INTRODUCTION  
 

Functionally graded materials (FGMs) are inhomogeneous composite materials in which the material and 

mechanical properties change smoothly and continuously from one surface to another. This change can be 

realized in three different ways depending on the exponential, linear and force rule. FGMs are used in many 

different fields such as reactor ships, fusion energy devices, biomedical sectors, space shuttles, defense industry 

and other engineering structures. Functionally graded materials can be used as a coating or as a transition zone 

between two materials, ie as a buffer zone. This wide range of functional graded materials has also spread to 

contact mechanics. In recent years, studies related to contact problems in layered media, layers are handled as 

functionally graded. Studies on the contact mechanics of functionally graded layers are summarized below. 

 

The contact problem for two deformable solids with FGM coatings is considered under the assumption of plane 

strain by [1]. The plane problem of a frictionless receding contact between an elastic functionally graded layer 

and a homogeneous half-space is examined by [2]. Guler and Erdogan [3] studied the frictional sliding contact 

problems of rigid parabolic and cylindrical stamps on graded coatings. Two-dimensional sliding frictional 

contact of functionally graded materials is investigated by [4]. Yang and Ke [5] solved the two-dimensional 

frictionless contact problem of a coating structure consisting of a surface coating, a functionally graded layer and 

a substrate under a rigid cylindrical punch. An axially symmetric contact problem of pressing of an absolutely 

rigid ball into an inhomogeneous half space formed by a homogeneous base and an inhomogeneous surface layer 

is addressed by [6]. Shahzamanian et al. [7] presented an analysis of thermoelastic contact problem of 

functionally graded (FG) rotating brake disk with heat source due to contact friction. The plane strain receding 

frictionless contact problem of two functionally graded layers indented by a rigid cylindrical punch and with 

mismatched material properties at the interface is examined by [8]. Vasiliev et al. [9] investigated an 

axisymmetric contact problem on indentation of a rigid conical punch into an elastic transversely isotropic half-

space with a functionally graded transversely isotropic coating. Analytical solution to continuous contact 

problem for a functionally graded layer loaded through two dissimilar rigid punches is presented by [10]. Çömez 

and El-Borgi [11] considered the frictionless contact plane problem of an infinitely graded layer supported by 

two rigid cylindrical punches and subjected to a concentrated normal force by means of a rigid cylindrical punch. 
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Semi-analytical solution of three-dimensional steady state thermoelastic contact problem of multilayered 

material under friction heating is studied by [12]. An analytical analysis of receding contact between a 

compressible elastic thin film and a rigid substrate due to spherical indentation is examined by [13]. Yan et al. 

[14] investigated a semi analytical and finite-element solution to the unbonded contact between a frictionless 

layer and an FGM coated half plane.  

 

2 FEM SIMULATION 
 

This section includes numerical solution of discontinuous contact problem related to sheets made of functionally 

graded materials by means of ANSYS package program based on finite element method. In the computational 

method, ANSYS [15], which uses the finite element method (FEM), was used. First of all, a function code was 

developed to define the functional graded layers by changing the material properties of the layers along the layer 

and added to the program's log files with the extension of "log". 

 

The problem is assumed as a two-dimensional contact problem. The material properties of the functionally 

graded layer of the model are taken to be elastic and isotropic (Fig 1). The system is physically symmetrical in 

terms of geometrical, material properties and loading. Therefore, half of the problem geometry can be modeled 

because the system is symmetrical. In the analyses, geometric properties are taken as 𝐿 = 50𝑚 (length of the 

layer in x direction), h=1 m (thickness of the lower layer in y direction), the load 𝑞 = 120𝑁/𝑚 and the Poisson’s 

ratio is given as constant for layer 𝜈 = 0.315. The Young’s modulus and density of the element used in layer is 

calculated according to the grade function 𝜇(𝑦) = 𝜇0𝑒
(𝛽𝑦) and  𝜌(𝑦) = 𝜌0𝑒

(𝛾𝑦) respectively. ANSYS does not 

include any specified module to incorporate functional grading of material properties. For this reason, a function 

code was developed to define the functional graded layers by changing the material properties of the layers along 

the y axis and added to the log files of the program. The geometry for FEM analysis is shown schematically in 

Fig. 2. 

  

Figure 1. The geometry and loading of the contact problem 

 

 
Figure 2. The geometry for FEM analysis 

The steps of the contact analysis can be summarized as: (1) Modelling of 2D geometry model; (2) Identification 

of material properties; (3) Meshing; (4) Identification of contact pairs, identification of target surface and contact 
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surface; (5) Application of boundary conditions and load steps; (6) Identification of solution options; (7) 

Solution of contact problem; (8) Obtaining and interpreting of results. 

 

In the analysis, eight nodded rectangular plane element, PLANE82, is chosen as the element type for the creation 

of models for ANSYS software with plane strain option. The PLANE 183 element has 8 nodes and 2 degrees of 

freedom and has 8 nodes-4 corner and 4 mid nodes with 2 translational degrees of freedom in the nodal x, y 

directions. The contact regions are modeled using the Augmented Lagrange Method. The interaction between 

contact surfaces is modeled with surface to surface. CONTA172 and TARGE169 elements is used for contact 

modeling.  
 

 
Figure 3. The finite element mesh in ANSYS 

 
The finite element model of prior to analysis of the problem created in the ANSYS software is shown in Fig. 3. 

The deformed shape that occur after analysis of these model is shown in Fig. 4. 

 

 
Figure 4. Deformed shape of model in ANSYS 

 

3 NUMARICAL RESULTS 
 

In this study, the discontinuous contact problem of the FG layer resting on homogeneous half space was 

analyzed using ANSYS program. As a result of the analysis, the variations of the separation distance, the starting 

and ending points of the separation for various load and stiffness parameter values were examined. All results 

are shown as dimensionless. In the problem, when the amplitude of the uniformly distributed load (a=0.01) 

applied to the layer is taken, the load is assumed to be singular and the values are taken as 𝜈1 = 𝜈2 = 0.315, ℎ =
1 and when calculating.  

1406



A Finite Element Modeling for Interface Separation in Contact Problem of  Functionally 

Graded Layer and Homogeneous Half Space 

ICADET ‘19 

 

 

The discontinuous contact problem for the homogeneous layer resting on a rigid foundation was investigated by 

[16]. In present study, FG layer is transformed into homogeneous layer by giving very close values to zero to 

stiffness and density parameters and compared with the literature [16]. Table 1 presents a comparison between 

the results obtained by Civelek and Erdoğan [16] and the present study for the starting and ending points of 

separation. When the values in the table are examined, it is seen that the values obtained are very close to the 

values in the literature. 

 

Table 1. Comparison of the starting and ending points of separation with Civelek and Erdoğan [16] 

(𝛽 = 0.001, 𝛾 = 0.001, 𝑎 ℎ = 0.01, 𝜇0 𝜇2 → 0⁄⁄ ) 
 b/h c/h 

Civelek and Erdogan 1.23 3.22 

Present Study 1.25 3.25 

Difference Rate (%) 1.63 0.93 

 

For the various load parameter () and stiffness parameter (β) values, the variations of starting-ending points of 

separation and separation distance obtained from FEM solution are given in Figures 5-7. When the figures are 

examined, the starting point of separation decreases as the 𝜆 increases, while the ending point of separation 

increases. For a fixed value of 𝜆, the values of b/h and c/h decrease with increasing 𝛽. Besides the separation 

distance (c-b)/h decreases with increasing 𝛽. 

 

 
Figure 5. Variation of the starting point of separation depending on stiffness and load parameters (β, )  

 20.001, 1, 0.01h a h      
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Figure 6. Variation of the ending point of separation depending on stiffness and load parameters (β, )  

 20.001, 1, 0.01h a h      

 

 
Figure 7. Variation of the separation distance depending on stiffness and load parameters (β, )  

 20.001, 1, 0.01h a h      
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4 CONCLUSION 
 

In this paper, the discontinuous contact problem of a FG layer resting on a elastic half space is investigated using 

ANSYS. The paper successfully highlights the effect of material composition parameter in FG layers. The 

following inferences can be drawn from the numerical simulation solutions: 

 

* Results obtained from FEM solution are in perfect agreements with analytical results in literature.  

* Stiffness parameter (β) and load parameter () have a significant effect on the starting and ending points of 

separation. 

* The effect of the stiffness parameters 𝛽 on the separation distance is investigated using a parametric study. The 

separation distance decreases with increasing 𝛽.  
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Abstract 

In the manufacturing industry, processes often depend on the amount of demand that 

will arise. Therefore, the prediction of demand is important for businesses. In this 

study, a demand estimation study was performed by using artificial neural network 

method by using demand data of yogurt product of a company operating in food 

sector. Using the past five-year demand data, it is aimed to estimate the demand for 

yogurt product accurately in the coming months. An Artificial Neural Network 

(ANN) model was developed using the data determined. It was seen that the 

developed ANN model made demand forecast with high accuracy and the R value 

expressing the forecast performance was 93,669%. 

 

1 INTRODUCTION 
 

In order to adapt rapidly to changing conditions, to meet customer demands and to gain a place in the global 

market, it is very important that the companies producing in stock are able to accurately estimate the demand. If 

the demand forecast is not good, the cost of inventory and the cost of reselling increase, so the company loses the 

customer. In addition, if the product has a short shelf life, these products may cause wastage due to the possibility 

of not being sold. In order to avoid such adverse situations, businesses should make a demand estimate with 

minimum errors. In this study, it is aimed to make a high accuracy demand forecast by using five-year demand 

data of a company operating in food sector. r this purpose, a predictive model has been developed by using 

Artificial Neural Networks (ANN). 

 

2 ARTIFICIAL INTELLIGENCE 
 

Artificial Intelligence is the general name of the study of modeling systems using computer or computer aided 

systems, inspired by human behavior and human characteristics [1]. Artificial intelligence; It is an interdisciplinary 

concept consisting of medicine, psychology, computer, sociology, biology, mathematics and their sub-branches. 

Artificial Intelligence is generally a set of systems that act as human beings, and in the control mechanism, it works 

on how to control a system. Such as Robot control and Traffic control. The decision-making mechanism works on 

a decision-making process in line with the objectives through the necessary data. For example, warfare strategies, 

diagnosis in medicine, law, expert systems, etc. Models that have the ability to predict human-behaving systems 

are another example. In order to make the right decision, this mechanism tries to make the right decision by using 

information obtained from training and test sets. Artificial Intelligence has the ability to solve problems with 

incomplete information after being educated with data different from human in learning and problem solving 

mechanism which is another human ability. However, it can be said that Artificial Intelligence Techniques are 

used to model the behavior of other living things in nature. The ant colony algorithm is an example of artificial 

intelligence that results from the imitation of ants [2].  

 

3 ARTIFICIAL NEURAL NETWORKS (ANN) 
 

Artificial nerve inspired by human brain function networks (ANN), experimental learning and generalization. 

ANNs that simulate the way the human brain works simply can learn from data, make generalizations, number of 

variables and so on. The smallest units underlying the operation of ANN are called artificial nerve cells or process 

elements [3]. The simplest artificial nerve cell consists of five main components: inputs, weights, splicing function, 

activation function and output. Inputs are information that enters the cell from other cells or by external factors. 

These are determined by examples that the network is intended to learn. The weights are values that express the 

effect of the input set or other processing element in a preceding layer on the processing element. Each input is 
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combined by its total function, multiplied by the weight value that connects that input to the processing element 

[4]. 

       

3.1 Artificial Neural Networks Literature Research 

 

In the literature, many studies have been done on artificial neural networks.  

 

Ceylan and Avan (2013) using data from 1970-2000 year of occupational accidents occurred in Turkey that could 

have intended to do with ANN prediction of work-related accidents. In this study, it is observed that the most 

suitable network model is the 2-5-1 network design consisting of 2 input layers, 5 hidden layers and 1 output layer, 

the number of insured and the number of workplaces. As a result of the analysis, it was concluded that ANN could 

be used as a good accident prediction model [5].  

 

Yalçın (2012) developed an ANN model for the diagnosis of epilepsy. Electroencephalography data were collected 

and these data were normalized and feature extraction was optimized. In the ANN process, one of the heuristic 

methods, Particle Swarm Optimization, was used during the processing of training data in accordance with the 

information obtained from the test data and the back propagation algorithm was used to determine the success rate 

of Particle Swarm Optimization performance [6]. 

 

Toraman (2008) aimed to make 22-day stock price estimates of two different companies, Erdemir Iron and Steel 

Company and Kardemir Iron and Steel Company. two different ANN models have been developed. For this study, 

multilayer sensor model is used among ANN models. Neurosolutions 5.06 program was used in the studies. There 

are 15 input variables in the model and these variables are determined by the balance sheet and income statements 

of 2 enterprises. After these procedures, Artificial Neural Networks model was established under the title of 

validation and test sets for 22-day forecast data. Mean absolute percent error and mean absolute error criteria were 

used in the analysis of the model. As a result of this study, the average percentage error results for Erdemir A.Ş. 

are 1.4244% for Kardemir A.Ş. is 1.6901% was observed [7]. 

 

Kaynar, Taştan and Demirkoparan (2011), ANN and Arima Model developed natural gas consumption estimation 

model of Ankara province. Training and test data were determined for both models and different methods were 

used. The first method used is estimation modeling with ANN.  For this purpose, artificial neural cell consisting 

of five main elements, weights, inputs, activation functions, coupling functions and output, are modeled in ANN. 

The second method used; Box-Jenkins Method and Arima Models. This method; model determination, parameter 

estimation, testing of suitability and estimation stages. In these studies, while using ANNs, a software was 

developed by using Matlab ready commands. Thanks to this software, the number of input neurons and hidden 

layer neurons have been changed up to 1-10 and 100 different artificial neural networks have been created.  The 

data obtained were normalized and simplified. In the light of the information obtained from these studies, it was 

observed that ANN gave more accurate results than Arima Model [8]. 

 

Kutlu ve Bodur (2009) aimed to estimate the monthly average returns and portfolio optimization and risk returns 

of 140 stocks included in the BIST INDUSTRY index in 2010. In this study, it is stated that ANN has an application 

in the field of finance and artificial neural networks are used. Risk return estimation is made and the portfolios 

with the lowest risk and highest return tried to be predict for the financial estimation, the widely used Feed Forward 

MPA Network was used and as a result of the study, they estimated 98.3% of the return rate by ANN [9]. 

 

Tolon and Tosunoğlu (2008) are to compare the Regression Analysis and Artificial Neural Networks with the 

analysis of consumer satisfaction data. In this study, ANN which has gained a place in 2000s and Regression 

Method which is used continuously in estimation research is used and the results were analysed comparatively 

with the customer application in Ankamall. As a result of this analysis, it is seen that artificial neural networks 

have less error rate than regression analysis [10]. 

 

Budak and Erpolat (2011) developed a model by using logistic regression analysis and ANN methods to estimate 

whether the loan requesting customers will pay their loans regularly. The aim of the study is to find out which of 

these two methods works better. If the parameters that affect the order in loan repayments are known; ANN method 

can be used as an alternative to Logistic Regression Analysis method in order to predict whether new customers 

requesting credit will pay their future loans regularly. These results may reduce the credit risk undertaken by banks 

[11]. 

 

Yavuz, Şarkaya and Özdemir (2005) developed a model that aims to predict the variable gold prices with artificial 

neural networks. In their studies, a comparison of ANN and traditional method was made and it was seen that more 

1411



Demand Forecasting with Artificial Neural Networks Model in Food Industry                           ICADET ‘19 

 

 

data was needed to make ANN and estimation. The reason why more data is needed is to ensure that the prediction 

gives better results.   As a result, when artificial neural networks and classical estimation methods are compared, 

it is seen that artificial neural networks and gold price estimation give more accurate results for the study [12]. 

Gündoğdu (2006) modeled air pollution based on various meteorological parameters using Artificial Neural 

Networks models and estimated air pollution. Models for SO2, NOX, PM10 and CO pollutant parameters were 

created and the effects of change in meteorological parameters on pollutant concentrations were investigated with 

the help of these models. When the results are examined, the ANN model is well defined with the increase of 

pollutant parameters in winter and fall in spring and summer months [13]. 

 

Çuhadar and Kayacan (2005) established a model that predicts the occupancy rates based on foreign tourism 

demand by ANN propagating error. It was observed that the estimated values obtained in the study were very close 

to the real values and the error rates were low. As a result, they have presented a new model that can be used to 

estimate occupancy rates in hospitality establishments by applying [14]. 

 

Kutlu and Badur (2009) showed that the ISE index value can be found with feedforward artificial neural networks 

as a result of the tests performed with the data shared by T.C Central Bank and other stock exchanges. The results 

showed that the use of artificial neural networks gave better results than the moving averages method [15]. 

 

Doğan, Işik and Sandalci (2007) using the radial based artificial neural network (RTYSA) and feed forward Neural 

Network (IBGYYSA) model; They estimated the daily evaporation amount of Sapanca Lake. They compared their 

results with those obtained with Penman-Monteith (PM) model.  Maximum and minimum temperature, relative 

humidity, wind speed and actual sunshine duration are based on. As a result, when the performances of these 

models were examined, correlation coefficients, mean absolute errors, and average global errors were calculated 

and the daily evaporation amount measured by the NNSS ANN method yielded the most realistic result [16]. 

 

Aslay and Özen (2013) developed a model that can estimate the average monthly soil temperature for the next 

year using the average meteorological parameters of the data obtained from the General Directorate of State 

Meteorological Affairs. They tried to estimate soil temperature by ANN and Regression Models. It has been 

observed that the soil temperature produced by artificial neural network deviates 1-2 degrees with the actual value 

and 3-4 degrees with the regression. As a result, it has been observed that the models created with artificial neural 

network give better results and it is necessary to retrain the artificial neural network model for the desired year 

[17]. 

 

Çelik (2011) aimed to identify palm scans with ANN in order to perform faster and easier identification via 

computer or computer aided systems. In this process, feature determination, training stage and test stage studies 

are carried out by using ANN. Matlab ready commands and Two Dimensional Discrete Wavelet Transform are 

used in feature extraction stage. In the classification stage, Feed Forward Back Propagation ANN is used. As a 

result of this study, 99.6% recognition rate was achieved from the training stage, but 27% error rate was observed 

in the test stage [18]. 

 

Kaya and Zengin (2003) examined the Artificial Intelligence techniques used to improve the factors that negatively 

affect quality. These techniques; ANNs are fuzzy logic and genetic algorithms. As a result, it has been observed 

that Artificial Intelligence studies have been successful with the determined goals. Accordingly, rapid advances in 

computer technology have been concluded that these techniques will positively affect solution performance [19].  

 

It is known that Artificial Intelligence is used to diagnose, treat and predict outcome in many clinical scenarios by 

analysing complex data in line with the information obtained through expert systems by performing clinical 

diagnostic procedures in medicine and making treatment recommendations. Artificial intelligence applications in 

medicine are widely used in ANN, genetic algorithms, fuzzy logic and expert systems studies [20]. 

 

4 DEMAND FORECASTING APPLICATION WITH ARTIFICIAL NEURAL 

NETWORKS IN FOOD SECTOR 
 

The purpose of this application is to perform demand forecasting, which is a critical issue for businesses, using the 

available data. Within the scope of the application, 5-year demand data for the yogurt product produced by a 

company operating in the food sector was estimated using ANN for the next period. Using this demand data, a 

network model was created in ANN. Nonlinear Autoregressive (NAR) system has been used since the demand 

data obtained are in time series form and are uniform variables. The percentages of training, validation and test 

data were 70%, 15% and 15%, respectively. Levenberg-Marquardt algorithm was used as the training algorithm. 

D value and number of intermediate layer neurons were changed and the best predicted ANN model was tried to 
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be determined. As a result of these experiments, it is observed that the d value of the model which gives the best 

predictive performance is 12 and the intermediate layer value is 27. 

 

The topology of the ANN model is given below. 

 

 
Figure 1. ANN model topology 

 

5 RESULTS AND DISCUSSION 
 

In this study, it is observed that the ANN model developed for demand estimation has been made realistic forecasts 

by using artificial neural network method. The figure showing the forecast performance is as follows: 

 

 

 
Figure 2. ANN model performance results 

 

The R value in Figure 2 represents the correlation coefficient. The correlation coefficient is used to express the 

relationship between the variables. The R value is between +1 and -1. When R is equal to +1, there is a positive 

strong linear relationship. When R is equal to -1, there is a negative, weak linear relationship. Where R is equal to 

0, there is no relationship between variables. As a result of the ANN model developed, R value was found to be 

0.93669. The estimated demand data produced by the ANN model developed and the actual demand data are 

compared. 
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Figure 3. Comparison of actual demand data and ANN outputs 

 

When the figure is examined, the test data of the demand forecast is indicated with red dot and the actual output 

values are indicated with red plus. These expressions show the difference between the output values in the artificial 

neural network model. When the difference is examined, it is observed that the biggest difference is between 17000 

-12.200 values and the smallest difference is close to 0. As a result of the demand forecast study, although there is 

a high accuracy estimate, there is a slight margin of error. One of the reasons for this is the seasonality effect in 

the food sector. The seasonal effect is the difference in the demand for food products on a regular and regular 

basis. Demand is high in some periods and low in some periods due to the seasonality effect on the yogurt product. 

These fluctuations adversely affect ANN performance. In the study, due to the lack of data, there is a small margin 

of error in the estimations. When performing demand estimation studies in time series, the number of data must 

be high. However, as the number of data is low, no ANN model has been established for each season. In order for 

the model to yield healthier results, it is necessary to divide the data into seasons. 

 

6 CONCLUSION 
 

Businesses need to make some predictions for the future in order to comply with rapidly changing competitive 

conditions and survive in the market. With this study, it is aimed to estimate demand for the future with high 

accuracy. For this purpose, artificial intelligence techniques using ANN technique, demand forecasting application 

in food sector has been realized. The ANN performance of the developed ANN model was 0.93669. Seasonality 

effect was found to be present in the application studied with ANN. However, since this study did not contain 

much data, it was not possible to divide the data into seasons. In cases where there is too much data, a separate 

ANN model can be designed for each season's demand forecast, taking into account the seasonality effect. 
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Abstract 

Lactic Acid Bacteria (LAB) is the key bacterial group for food industry as they are 

responsible for the production of important numbers of fermented food products. 

Besides their roles for food production, they and their metabolites provide important 

functional roles for food industry. Despite the critical functional roles of LAB during 

food processing, they are facing detrimental conditions during food production that 

results in the decrement of LAB number in food products during shelf life and their 

survival rates should be increased. Researchers explore many techniques to improve 

the survival ability of LAB and one of the emerging technique for the protection of 

LAB during food processing and storage is nanoencapsulation. LAB can be 

nanoencapsulated using different biodegradable nano-sized materials to improve the 

physicochemical and microbiological characteristics of food products in which these 

nanoencapsulated LAB are applied. In this study, recent data on nanoencapsulation 

of LAB is discussed. 

1 INTRODUCTION  
 

Food scientists and food producers have exerted a great effort in order to maintain food safety. However, it may 

be a very challenging issue for particularly perishable food products such as fish and meat. Moreover, chemical 

reactions and microbial growth in food products play an essential role on spoilage [1]. Microbial spoilage in food 

products can be controlled by using conventional preservation methods such as heat processes and addition of 

preservative to the food formulations. However, consumers have preferred the alternative food preservation 

methods because these techniques could have undesirable negative effects on human/consumer health [2]. In this 

sense, food nanotechnology is evaluated as an alternative methodology in order to provide food stability [3] and 

also the technology has been able to be applied in order to extend the flavor and maintain the color as mentioned 

by Chaudhry et al. [4] and Rather et al. [5]. According to the recent studies, the technology can have a significant 

impact on the preservation of special food components such as fatty acids (such as Eicosapentaenoic Acid: EPA 

and Docosahexaenoic Acid: DHA) and vitamins (such as vitamin B) obtained from different products including 

fish meat. In this sense, food nanotechnological applications providing a larger contact area on food surface 

(nanofibers, nanoencapsulation, nanoemulsion, nanotube, and nanoparticule) have been emerged in order to delay 

the chemical deterioration and microbial spoilage of foods [6, 7, 8, 9]. 

 

LAB is the most important bacterial group for food industry as they are responsible for the production of fermented 

food products such as yogurt, cheese, sausages and sourdough. They play roles as starter cultures as well as non-

starter cultures as key tools for food fermentations. In addition to their main role, LAB has also functions to discard 

the pathogenic bacteria from the food environment by producing some antimicrobials or directly by competitive 

exclusion. In competitive exclusion, LAB dominates the food environment due to the metabolic activities which 

also in turn results in the absence of the nutritional elements for the pathogenic bacteria. LAB can also add specific 

characteristics to food products such as increment of the antioxidant properties as well as carrying specific 

components to the host via food consumption. LAB can also be used for the enrichment of food products in terms 

of functional food technology especially for the production of probiotic containing food products. Therefore, the 

improvement of the survival ability of LAB in food environment is critical and recently nanoencapsulation of LAB 

gained special interest to increase the viability of LAB as an emerging technique that can be applied by different 

ways including the electrospinning process. In this study, we aimed to give the recent data on the 

nanoencapsulaiton of LAB to reveal the potential advantages of nanoencapsulated LAB for the food products that 

can be an important tool for future applications.  
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2 LAB AS FUNCTIONAL TOOL FOR PHYSICOCHEMICAL PROPERTIES OF 

FOOD PRODUCTS 
 

LAB is the main bacterial group for the production of fermented food products as mentioned above. In this review, 

rather than role of LAB for food production, concerning functions of LAB to improve the safety and 

physicochemical characteristics of food products, one of the recent ways to improve the viability of LAB will be 

discussed. LAB and its metabolites such as bacteriocins, exopolysaccharides (EPS), organic acids and other 

organic compounds can play roles for the improvement of quality of food products during shelf life. Also 

enrichment of food products with LAB is a technique to produce functional foods in which consumers expect a 

health benefit generally indirectly which is also one of the popular topics of food technology. For both approaches 

the viability of LAB should be improved as food preparation procedures include detrimental technologies such as 

high temperature and also during the shelf life of products the survival rate of the LAB should be improved. LAB 

can grow on food products and due to their metabolic activities certain compounds that might have antioxidant 

and antimicrobial effects are produced in food products which improve their final quality. So in order to obtain 

these technological, organoleptic and microbiological benefits from LAB, the number of LAB in food products 

should be presented at high numbers. Several techniques are being used at the moment such as lyophilisation, 

sprey-drying and encapsulation. Recently nanoencapsulation also raised as a new suitable technique to protect the 

LAB and improve their technological potential, which will be discussed below.   

 

3 FOOD NANOTECHNOLOGY 
 

Recent innovations in nanotechnology applications have transformed many scientific and industrial areas including 

the food products and industry [10]. In this sense, different materials are being tested in order to convert the 

nanomaterials from micro or macro-sized materials. Especially, in food science area, nanoemulsions, 

nanoparticles, nanofibers and also nanoencapsulated materials have been used in different food systems to exert 

specific effects such as protection and delivery of a specific compound which can be a functional material such as 

curcumin or a functional element such as Cobalt and encapsulated compound can also be a bacterial strain which 

is targeted to increase the final viability of this strain which exert special functional roles in the enriched food 

product. In recent years, there is a great attention and interest for the production of functional nanomaterials that 

can exert specific functions such as antimicrobial and antioxidant activities. These nanoparticles are added to the 

food products in order to delay the rapid microbial spoilage, chemical, physical and sensory deterioration in food 

products during the storage period of food products. On the other hand,  the use of biodegradable substances, 

which can be converted into micro and nano-scale materials are getting more important in food research area. 

Therefore not only encapulation of food products is not the target of food nanotechnology but also developing 

nanomaterials for packaging of the food products as well as production of nanomaterial based packaging tecniques 

is the target of the food nanotechnology approaches and studies [7, 8]. During the processing of food products, a 

larger contact area on the surface of the food materials is processed, so a nano-scale material as compared to the 

micro and macro-scale food additives can more successfully prevent the penetration of oxygen and light, which 

cause the rapid spoilage food products such as meat or dairy products. It should be noted that food systems and 

structures are highly complex and as a result production of distinct nanomaterials with different characteristics 

suitable for different food applications is crucial. In this respect, a great deal of effort should be provided to obtain 

nano-scale materials that can be integrated into food systems.  

 

4 NANOENCAPSULATED LAB 

 
Among several strategies such as lyophilisation, sprey-drying and encapsulation to protect LAB strains from the 

environmental conditions that can negatively affect the LAB survival, encapsulation that is the entrapment of the 

LAB cell to the specific compound is a special technique that can be applied in many ways such as using 

electrospinning tecnique [11]. Characterisation of the electrospun nanoparticle contaning the LAB is also critical 

point which includes the determination of the size of the nanoparticle, determination of the morphology and 

topology of the produced nanoparticle as well as its investigation throughout the storage period of the nanoparticle.  

Recent studies applied is situ also showed the importance of the use of nanoencapsulated LAB in food science 

area as a novel approach and these studies are published in recent years showing the novelty of the 

nanoencapsulated LAB applications. For instance, Ceylan et al. [11] reported that coating the fish fillets with LAB-

loaded polymer-based characterized nanofibers having 60.09 nm <diameter of nanofibers<522.1 nm provided a 

better fatty acid stability of fish fillets. The study revealed that nanofibers could be used in order to provide the 

stability of Polyunsaturated fatty acids (PUFA)s such as eicosapentaenoic acid and docosahexaenoic acid in fish 

oil. In addition to PUFAs, the rapid changes in predominant Monounsaturated fatty acids (MUFA) such as oleic 

acid in fish fillets coated with nanoencapsulated LAB were successfully delayed suggesting the importance of the 
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nanoencapsulated LAB application for the protection functional components of fish fillets. In another study, 

Ceylan et al. [12] reported that Lactobacillus reuteri E81 was effectively nanoencapsulated into poly (vinyl 

alcohol)-based nanofibers for its application to the surface of fish fillets. In this study, the antioxidative 

characteristics of fish fillets significantly increased following their coating with nanoencapsulated LAB. This study 

revealed a significant increase in the inhibition of free radicals in the food samples treated with nanoencapsulated 

L. reuteri E81. DPPH activity also significantly increased to 44.97 in mackerel samples treated with 

nanoencapsulated L. reuteri and increased to 21.46% in rainbow samples treated with nanoencapsulated L. reuteri. 

Actually, these results showed that proximate composition especially fat ratio in meat plays a key role in this 

technology. Ceylan et al. [13] also reported that nanoencapsulation of Lactobacillus rhamnosus into poly(vinyl 

alcohol) & sodium alginate-based nanofibers lower than 580 nm were successfully obtained by electrospinning 

technique. Nanoencapsulated LAB was used to inhibit the Total Mesophilic Aerobic Bacteria, Psychrophilic 

Bacteria, and Yeast & Mold growth in the fish flesh. This nanotreatment on fish flesh limited Total Mesophilic 

Aerobic Bacteria, Psychrophilic Bacteria growth, but it was not successfully desreaded the Yeast & Mold growth 

in the fish meat. In fact, the study revealed that the viability of LAB is successfully provided after electrospinning 

process and the use of L. rhamnosus-loaded nanofibers for the limitation microbial growth in the fish fillets is 

evaluated as a novel food preservation technique. In this respect, in addition to L.rhamnosus and L.reuteri, different 

LAB should be tested to be nanoencapsulated into nanostructures and these nanosystems should be used in food 

products in order to improve the overall quality of the food products. 

 

5 CONCLUSION 
 

There is a great attention from comsumers window to receive food products with functional characteristics and 

nanoencapsulation and other nanotechnology applications are growing to provide food products with preserved 

functional characteristics. Among the different nanotechnology applications, nanoencapsulation of LAB is a 

promising technique to improve the viability of LAB during the shelf life of food products and recent studies 

indicated that nano-sized materials produced from L. reuteri and L. rhamnosus could be successfully obtained and 

importantly these nanoencapsulated LAB showed important functional characteristics showing the potential and 

the importance of this application for future studies. The number of LAB for nanoencapsulation should be 

increased to test other potential functional roles of nanoencapsulated LAB such as carrying some therapeutic 

compounds in certain environments such as GIT. Different materials for the encapsulation of LAB should be tested 

to improve the size of the nanoencapsulated LAB with superior viability and other technological characteristics. 

In the near future this technology would evolve for different ways to be used in other biotechnological approaches. 
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Abstract 

Kefir is a fermented milk drink with an acidic, exotic, sour and slightly alcoholic 

flavour prepared by incubation of kefir grains. Kefir grains include natural probiotics 

such as Lactobacillus acidophilus, Bifidobacterium bifidum and a wide and variable 

microorganisms including lactic acid bacteria, acetic acid bacteria, yeasts and molds. 

A wide range of methods are already available to identify the species of origin from 

foods such as chromatographic, electrophoretic and immunological techniques. High 

resolution melting (HRM) analysis is a novel technology on DNA based that provides 

fingerprinting and genotyping by distinguishing. Here in this study, HRM method 

has been applied to determine the microbial diversity in three different kefir grains 

obtained by families owing them traditionally. The obtained HRM results show that 

four different bacterial species in kefir 1, three different bacterial species in kefir 2 

and two different bacterial species in kefir 3 have been found respectively.  

1 INTRODUCTION  
 

Kefir is a traditional fermented milk beverage from Eastern Europe that contains a variety of bacteria and yeasts 

[1, 2]. Kefir, which is produced by fermenting milk with kefir grains [3], has an acidic, exotic sour and lightly 

alcoholic taste [3, 4]. Kefir grains are small, yellowish white, irregularly shaped, hard granules that resemble small 

cauliflower or popcorn [3, 5, 6] having a complex structure consisting of about 30 species of lactic acid bacteria, 

acetic acid bacteria and yeast [7, 8]. In the last decades, DNA based molecular techniques have become popular 

for the identification of bacteria and yeast species [9]. High resolution melting analysis (HRM), which is one of 

these techniques, is a novel technology [10]. The application of HRM is a simple and rapid method [10, 11]. High-

resolution melting analysis (HRM) consists of a real-time PCR with the fluorescent dye EvaGreen which has been 

used to detect homozygous and heterozygous sequence variants for genotyping and variation scanning [10, 11]. 

The method includes the stepwise denaturation (melting) of PCR amplicons and the detection of changes in 

fluorescence by the new generation dyes present in the amplification reaction, such as EvaGreen, SYTO9 and LC 

Green PLUS [11]. The high-resolution melt analysis introduces the use of the melt curve shape as well as the Tm 

to distinguish the different variables [12]. The shape of this curve depends on the amplicon length, melting 

temperature, guanine-cytosine (GC) content and nucleotide composition [13]. Microorganisms can be 

distinguished according to their unique melting curve [13]. This method requires a fluorescently labelled primer 

[14]. The primers successfully amplified DNA isolated from kefir grains and proved a high degree of specificity 

[15]. In this work, the application of HRM analysis was used to determine the microorganism diversity in various 

kefir grains. The aim of this study was to apply HRM analysis to examine microbial diversity of three different 

kefir grains collected in different regions of Turkey. 

 

2 MATERIAL AND METHOD 
 

2.1 Material 

 

For the material, three different types of kefir grains were obtained from families of which two living in Ankara 

and Muş that traditionally consumed kefir. 

 

2.2 Method 

 

Kefir grains were brought to the laboratory and DNA isolation was carried out directly from the kefir grains. PCR 

and HRM analysis were performed on isolated template DNAs. 
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2.2.1 DNA Isolation 

 

10 g of kefir grain and 90 ml of physiological saline (FTS) were mixed and homogenized with Stomacher. 100 µl 

of the mixture was prepared and mixed with 500 µl of sterile purified water in 1.5 mL ependorfs. The suspension 

was washed 3 times with phosphate buffer by centrifugation at 5000×g for 3 minutes. 0.5 mL of 6 M urea and 0.1 

mL of 10% SDS were added to the bacteria obtained as a result of washing and incubated for 20 minutes at 37°C. 

Kefir grains were held at 95°C for 5 minutes, then centrifuged at 8000×g for 25 minutes at 25°C. After 

centrifugation, the supernatant portion was discarded. Next, 0.1 mL of 0.2 N NaOH was added to the pellet and 

incubated at 37°C for 10 minutes. The supernatant was removed after centrifugation at 3000×g at 25°C for 3 

minutes to remove cell debris (debris). In order to purify the DNA, 2.5 volumes of absolute alcohol was added and 

kept at -20°C for 2 hours. Then it was centrifuged at 13200×g at 4°C for 15 minutes and washed with 70% ethanol. 

The DNA pellet was resuspended in 20 µL Tris-EDTA (TE) buffer after drying at room temperature and prepared 

for qPCR processing [16]. 

 

In order to determine the quality of the template, DNA obtained after DNA isolation. The ratios of absorbance 

values obtained at wavelengths of 260 and 280 nm were taken into consideration. For this purpose, Epoch (BioTek) 

device with Take3 apparatus was used. The absorbance values measured at wavelengths of 260 and 280 nm are 

given in Figure 1. 

 

 
Figure 1. Ratio of absorbance values taken at 260/280 nm wavelengths of DNA isolates isolated from kefir 

grains 

 

2.2.2 Polymerase Chain Reaction (PCR) and High Resolution Melting (HRM) Analysis 

 

PCR technique was applied on isolates using 16S rDNA V3F (5′-CCTACGGGAGGCAGCAG-3′) and V3R (5′-

ATTACCGCGGCTGCTGG-3′) primers. The time and temperature cycle used in the qPCR process were 95°C for 

20 seconds (separation), 58.5°C for 60 seconds (binding) and 72°C for 90 seconds (elongation). qPCR mixture 

prepared to total 25 µL. For this purpose, a mixture of 12,5 µl HRM master mixes (Type-it® HRMTM PCR Kit, 

QIAGEN Quality®), 1 µl template DNA, 1 µL primer and 10,5 µl water were mixed and qPCR mixture was 

obtained [17]. 

 

For HRM analysis, the temperature ranges of 70-95°C was selected. The temperature increase was 0.1 ˚C and the 

reading interval was 3 [18]. 

 

3 RESULTS 
 

HRM analysis results of kefir 1, 2 and 3 are given in Figure 2, 3 and 4 respectively. HRM analysis is capable of 

detecting the diversity of two amplicons based on their length, sequence and G+C content [19]. This method gives 

the highest sensitivity when amplicons are ≤ 300 bp in size [20]. The HRM analysis used in this study allowed 

rapid detection and differentiation of bacteria found in kefir grains based on the V3 (̴ 300 bp) region of 16S rRNA.  

2 3

SPL1 SPL4 Well ID

Spectrum

1,136 1,289 260/280

232,896 148,937 ng/µL

SPL2 Well ID

Spectrum

2,006 260/280

780,119 ng/µL

A

B
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Figure 2. Normalized HRM analysis curve of kefir 1 

 

As shown in Figure 2 four different types of bacteria species were detected in kefir 1 by using the melting 

temperature difference. According to HRM curves, Tm temperatures of 1, 2, 3 and 4 numbered peaks were 83.37, 

84.97, 86.60, and 88.25 ˚C respectively.  

 

 
Figure 3. Normalized HRM analysis curve of kefir 2 

 

Figure 3 presents that three different bacterial strains were detected in kefir 2 by using the melting temperature 

difference. According to HRM curves, Tm temperatures of 1, 2, and 3 numbered peaks were 83.03, 83.75, and 

84.75 ˚C respectively.  

 

 
Figure 4. Normalized HRM analysis curve of kefir 3 
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From Figure 4, two different bacteria species were detected in kefir 3 by using the melting temperature difference. 

According to HRM curves, Tm temperatures of 1, and 2 numbered peaks were 83.33, and 85.13 ˚C respectively. 

Our results showed that kefir 1 contains more different bacteria strains than kefir 2 and kefir 3 respectively. Similar 

to our study, Porcellato et al. [21] applied HRM for identification and recognition of denaturing gradient gel 

electrophoresis (DGGE) bands from lactic acid bacteria found in dairy products. In another study, Forghani et al. 

[22] determined the emetic and enterotoxin producing Bacillus cereus in food samples using the enterotoxin genes 

(cytK, entFM, hblD, nheA) and emetic toxin gene (ces) by HRM analysis. 

 

4 CONCLUSION 
 

In this study, it has been shown that real-time PCR followed by HRM analysis can detect the bacterial diversity of 

kefir grains without conventional isolation steps. Kefir grains consist of wide range of microorganisms including 

bacteria, yeasts and molds. It would be useful to use yeast and mold-specific primers in addition to bacteria for 

accurately determine the diversity of microorganisms in kefir. HRM method can easily be implemented for 

detection of wide range of organism/microorganisms including lactic acid bacteria and food borne pathogens. 

However, further studies are needed to improve sensitivity and specificity of the method. 
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Abstract 

Yoghurt, which is a traditional product, is widely consumed in the world with 

different varieties. Yoghurt consists of two different bacteria: Lactobacillus 

bulgaricus and Streptococcus thermophilus. To determine these bacteria, there are 

many techniques and methods. One of them is high resolution melting analysis 

(HRM), which is a novel technology, used frequently in recent years. HRM is a 

simple and fast PCR-based method to detect DNA sequence difference by measuring 

variations in the melting of a DNA duplex. DNA sequence variant consists of small 

insertion and deletions (indels) including single nucleotide polymorphisms (SNPs) 

based on the form of melting transitions (Tm) of real time PCR products. In this 

study, three different commercial yoghurts were purchased and used to determine 

bacteria in these samples by high resolution melting analysis. The obtained HRM 

results show that one bacterial species has been found in yoghurt 2 sample while two 

different bacterial species have been detected in yoghurt 1 and 3 samples.  

1 INTRODUCTION  
 

Yoghurt is a fermented dairy product traditionally produced by allowing milk to sour at 40-45°C. The production 

of commercial yoghurt is a well-controlled process using specific milk, milk powder, sugar, flavours, stabilizers, 

colouring, emulsifiers, fruit and pure cultures of lactic acid bacteria which are Lactobacillus delbrueckii subsp. 

bulgaricus and Streptococcus thermophilus for performing the fermentation process [1]. Although several 

techniques have been used for identification and characterisation of the microbiota of foods, HRM analysis is a 

fast, potent, simple and low-cost tool to identify microbial diversity [2]. High resolution melt (HRM) analysis is a 

sensitive method after real-time PCR that can be used to analyse the sequence to change a single nucleotide 

polymorphism [3]. High resolution melting (HRM) analysis has different applications including single nucleotide 

polymorphisms (SNP) typing, epigenetic differences in double-stranded, the discovery of new SNP and point 

mutation detection [4]. DNA from pure strains or samples can be categorised according to their melting profile 

and specific melting temperature (Tm), which is the temperature where 50% of the DNA duplexes are melted [3]. 

High-resolution melting analysis is required to distinguish between different heterozygotes in the same amplicon 

[5]. This method includes the amplification of a specific DNA sequence using a primer pair that provides annealing 

and DNA amplification in all the species [2]. The real-time PCR technique and intercalating dyes (SYBR Green, 

EvaGreen, SYTO-9) are used as an associative fluorescent dye to produce the amplicons. The full melting 

temperature of the amplicon can be assessed with 0.1°C accuracy by continuously monitoring the fluorescence 

emitted by intercalating dyes,  [2]. The goal of the study was to examine the microbial composition in three 

different commercial yoghurt samples from local supermarkets in Erzurum. 

 

2 MATERIAL AND METHOD 
 

2.1 Material 

 

For the material, three different branded commercial yoghurt samples available in Turkey were purchased from 

different firms from the local supermarket in Erzurum. Samples were quickly supplied and brought to the 

laboratory. The analysis was started immediately. 

 

 

 

1425



Detection of Microbial Diversity in Industrial Yoghurt Samples by HRM Analysis ICADET ‘19 

 

 

2.2 Method 

 

Yoghurt samples were brought to the laboratory and DNA isolation was carried out directly from the yoghurt. 

PCR and HRM analysis were performed on isolated template DNAs. 

 

2.2.1 DNA Isolation 

 

10 g of yoghurt sample and 90 ml of physiological saline (FTS) were mixed and homogenized. 100 µl of the 

mixture was prepared and mixed with 500 µl of sterile purified water in 1.5 mL ependorfs. The suspension was 

washed 3 times with phosphate buffer by centrifugation at 5000×g for 3 minutes. 0.5 mL of 6 M urea and 0.1 mL 

of 10% SDS were added to the bacteria obtained as a result of washing and incubated for 20 minutes at 37°C. 

Samples were held at 95°C for 5 minutes, then centrifuged at 8000×g for 25 minutes at 25°C. After centrifugation, 

the supernatant portion was discarded. Next, 0.1 mL of 0.2 N NaOH was added to the pellet and incubated at 37°C 

for 10 minutes. The supernatant was removed after centrifugation at 3000×g at 25°C for 3 minutes to remove cell 

debris (debris). In order to purify the DNA, 2.5 volumes of absolute alcohol was added and kept at -20°C for 2 

hours. Then it was centrifuged at 13200×g at 4°C for 15 minutes and washed with 70% ethanol. The DNA pellet 

was resuspended in 20 µL Tris-EDTA (TE) buffer after drying at room temperature and prepared for qPCR 

processing [6]. 

 

In order to determine the quality of the template, DNA obtained after DNA isolation and the ratios of absorbance 

values obtained at wavelengths of 260 and 280 nm were taken into consideration. For this purpose, Epoch (BioTek) 

device with Take3 apparatus was used. The absorbance values measured at wavelengths of 260 and 280 nm are 

given in Figure 1. 

 

 
Figure 1. Ratio of absorbance values taken at 260/280 nm wavelengths of DNA isolates isolated from yoghurt 

samples 

 

2.2.2 Polymerase Chain Reaction (PCR) and High Resolution Melting (HRM) Analysis 

 

PCR technique was applied on isolates using 16S rDNA V3F (5′-CCTACGGGAGGCAGCAG-3′) and V3R (5′-

ATTACCGCGGCTGCTGG-3′) primers. The time and temperature cycle used in the qPCR process were 95°C for 

20 seconds (separation), 58.5°C for 60 seconds (binding) and 72°C for 90 seconds (elongation). qPCR was 

performed in a final volume of 25 µL containing a mixture of 12,5 µl HRM master mixes (Type-it® HRMTM 

PCR Kit, QIAGEN Quality®), 1 µl template DNA from yoghurts, 1 µL primer and 10,5 µl water [7]. 

For HRM analysis, the temperature ranges of 70-95°C was selected. The temperature increase was 0.1˚C. The 

reading interval was 3 seconds [8]. 

 

3 RESULTS 
 

HRM analysis results of yoghurt 1, 2 and 3 are given in Figure 2, 3 and 4 respectively. As well as SNP 

characterization, HRM analysis has been successfully used to identify different genus, species and also strains [9]. 

It has been utilized for accurately authentication of animal, plant and microorganism species [9-11]. HRM method 

is fast, relatively cheap, reliable, and simple. In this study, it was aimed to detect the bacteria species in commercial 

yoghurt samples by HRM and partially succeeded.  

2 3

SPL1 SPL7 Well ID
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1,969 1,946 260/280
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Figure 2. Normalized HRM analysis curve of yoghurt 1 

 

As shown in Figure 2, two different species of bacteria were detected in yoghurt 1 by using HRM analysis. Melting 

temperatures of 1, and 2 numbered peaks were 83.23, and 85.02˚C respectively. Strains should be isolated and 

HRM analysis should be performed to determine the peaks related to relevant strain in separate tubes. However, it 

is obvious that yoghurt 1 contains two different strains in Figure 2.  

 

 
Figure 3. Normalized HRM analysis curve of yoghurt 2 

 

Figure 3 presents that one bacterial species was detected in yoghurt 2 by using HRM analysis. Melting 

temperatures of 1 numbered peak was 84.32 ̊ C. Commercial yoghurts contain two different bacteria species which 

are Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus. Although there is a small peak 

at 81.80˚C it seems quite difficult to distinguish it from noises. Therefore, DNA isolation should be checked and 

analysis should be repeated.  

 

 
Figure 4 Normalized HRM analysis curve of yoghurt 3 
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From Figure 4, two different bacterial species were detected in yoghurt 3 by using HRM analysis. Melting 

temperatures of 1, and 2 numbered peaks were 82.07, and 84.57˚C respectively. Similar to the yoghurt 1, both 

bacterial species in yoghurt 3 were determined by HRM analysis. 

 

4 CONCLUSION 
 

As a result of HRM analysis, the following findings were determined: 

 HRM analysis can detect bacterial diversity in yogurt without the need for classical isolation methods or 

sequencing process. 

 Although it is fast (around 3 hours) and simple, further studies are needed to improve the DNA isolation 

and specific primers should be used. 
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Abstract 

Lateral earth pressure distribution has vital role on retaining structure design. In 

large number of studies it is stated that active earth pressure distribution on a 

retaining structure is nonlinear. Despite there are many studies considering earth 

pressure distribution, there are limited number of studies considering effect of heel 

length and wall type on lateral earth pressure distribution. In this study, it is 

intended to determine effect of wall geometry on active failure surfaces and lateral 

earth pressure distribution. Thus, active failure surface and active lateral earth 

pressure distribution of gravity retaining wall and inverted T type cantilever 

retaining wall were examined numerically. Within scope of the analysis a gravity 

retaining wall and an inverted T type cantilever retaining wall with various heel 

lengths were considered and effect of failure surface mechanism on lateral earth 

pressure distribution was examined. As a result of the study it is shown that lateral 

earth pressure distribution varies based on wall type. Additionally, short heel and 

long heel cases are effective on earth pressure distribution. 

 

1 INTRODUCTION 
 

Determination of lateral earth pressure is one of the common problems in geotechnical engineering. Coulomb’s 

and Rankine’s theories are well known methods and they have been widely used even now[1, 2]. Beside these 

theories, there are various studies considering different approaches in determination of lateral earth pressure, 

such as limit equilibrium[3–5], limit analysis [6, 7], numerical methods [7–10] and experimental methods[11, 

12]. Realistic estimation of lateral earth pressure distribution plays vital role in retaining structure design. In 

large number of studies it is stated that active earth pressure distribution on a retaining structure is nonlinear due 

to arching effect [12–16]. 

 
Soil arching was examined analytically [16–19], numerically [20–22] or experimentally [11, 12, 21] by many 

researchers. Arching effect was explained simply by Terzaghi with the trap door experiment [19]. In the granular 

backfill some particles move along the failure surfaces with respect to non-moving adjacent particles. In this 

case, resisting shear stress occurs between the particles through the failure surface. Therefore, active translation 

leads to reduce lateral earth pressure acting on the wall and to increase the pressure on the adjoining gravity 

retaining wall regions. 

 
In some studies, the relation between arching effect and earth pressure distribution was studied [16, 20]. 

Additionally, in some studies lateral earth pressure calculation methods considering arching effect were 

developed [15, 18]. Also, failure surface mechanism occurring behind a retaining wall was determined and 

effect of arching on failure surfaces was examined using image correlation methods [23]. It can be seen from the 

studies that failure surfaces and arching have vital role on earth pressure distribution. 

 
One of the parameters effecting lateral earth pressure is heel length of the inverted T type cantilever retaining 

walls. There are a number of studies considering the heel length in lateral earth pressure calculations [24, 25]. 

The retaining walls can be classified as long heel or short heel based on heel length. In active state, if heel length 

of the wall is not long enough, active failure surface intersects with the wall. This type of wall heel is termed as 

‘short heel’. On the other hand, it is supposed that active failure surface reaches to the backfill surface without 

meeting any obstacle if the wall heel is long enough. As a result of the studies, it can be seen that active failure 
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surface mechanisms occurring behind the wall with long heel and short heel are totally different [26, 27]. In 

addition, various failure mechanisms occur based on wall geometry [24]. 

 

Despite there are many studies considering earth pressure distribution, there are limited number of studies 

considering effect of heel length on lateral earth pressure distribution. Also, gravity retaining walls have mostly 

been considered in experimental or numerical studies about lateral earth pressure distribution. There are very 

few studies about lateral earth pressure distribution of inverted T type cantilever retaining walls. 

 

In this study, it is intended to determine effect of wall geometry on active failure surfaces and lateral earth 

pressure distribution. Thus, active failure surface and active lateral earth pressure distribution of gravity retaining 

wall and inverted T type cantilever retaining wall were examined numerically. The analyses were performed 

using 2D Plaxsis 8.6 [28]. Within scope of the analysis a gravity retaining wall retaining wall and T type 

cantilever retaining wall with various heel lengths were considered and effect of failure surface mechanism on 

lateral earth pressure distribution were examined. In the numerical analyses, the backfill was supposed to be a 

granular material and plane-strain condition was valid. 

 

2 MATERIAL AND METHOD 
 

2.1 Problem Presentation 

 

Arching mechanism has significant effect on lateral earth pressure distribution [15, 16]. Due to the arching 

effect, less lateral earth pressure acts on retaining structures than estimated by conventional methods. Failure 

surfaces play vital role in arching mechanism. From the experimental studies [24, 29], it is seen that various 

failure surfaces occur based on retaining wall geometry. In the study, the gravity retaining wall (Figure 1a) and 

the inverted T type retaining wall (Figure 1b) with different heel length is considered. For each case it is 

supposed that the wall is translated enough to create active state (0.001*H). 

 

2.2 Numerical Model 

 

Numerical analyses were performed using Plaxis 2D 8.6 commercially available finite element software. In 

numerical model gravity retaining wall and inverted T type retaining walls with 3 m height were considered. The 

heel lengths used in the analyses are b= 0.3m, 0.6m, 0.9m, 1.2m, 1.5m and 1.8m. In order to prevent intersection 

between the active failure surface and the vertical boundaries, horizontal and vertical dimensions of the model 

were chosen as 6m (horizontal length is used as 8m for some cantilever retaining walls) and 6m respectively. 

Displacements of the vertical boundaries of the model were constrained in horizontal directions and the bottom 

boundary of the model was constrained horizontally and vertically. The retaining wall was translated 

horizontally away from the backfill to create active state. 

 

   
(a)         (b) 

Figure 1. Typical geometry of retaining walls (a) Gravity wall (b) Inverted T type cantilever wall 

 

In the study, it is supposed that horizontal translation leads to active state is about 0.1% of the wall height. 

Mohr-Coulomb material model and six noded triangular element with three Gauss point were used in numerical 

analyses. In contact surfaces (wall-backfill, wall base-rock), interface elements were used to simulate the contact 

behaviour. Parameters considered for the analyses are shown in Table 1. Strength reduction factors of the 

interface elements are determined as δ/φ value. 
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Table 1. Parameters considered in the FE analyses. 

PARAMETERS BACKFILL ROCK WALL 

Material Model Mohr-Coulomb Linear Elastic Linear Elastic 

Unit Weight,  15.4 kN/m3 24 kN/m3 24 kN/m3 

Friction Angle,  37° - - 

Modulus of Elasticity, E 50 MPa 20000 MPa 20000 Mpa 

Poisson’s Ratio,  0.3 0.2 0.2 

Dilatancy Angle,  7° - - 

Interface friction angle, 

 (wall – the backfill) 
17° - - 

Rinter (wall–backfill) 0.46 - - 

Interface friction angle, 

 (rock - the backfill) 
0° - - 

Rinter (rock–backfill) 0.01 - - 

 

In order to determine ideal mesh size various FE analyses were performed considering different mesh 

dimensions. As a result of the FE analyses active failure surface mechanism and lateral earth pressure 

distributions were compared with other studies. The active failure mechanism occurring behind a gravity 

retaining wall obtained from the FE analysis (Figure 2a) was compared with experimental study performed by 

Altunbaş et al. (Figure 2b) [29]. The finest mesh size that gives the compatible failure surface mechanism with 

the numerical model was determined [28]. The finite element mesh consists of 6857 elements and average 

element size of the model is 59.16 x10
-3

 m. The mesh size of the element is refined locally around backfill and 

the wall, particularly near the contact surfaces between the wall and backfill. 

 

The lateral earth pressure distribution was obtained considering the determined mesh size (Figure 2c). As it is 

seen from the figure, lateral earth pressure distribution is not smooth. Normalized depth-normalized lateral earth 

pressure graph is drawn and ideal curve is fitted. In this way, the smooth curve is obtained (Figure 2d). 

 

      
                (a)                                     (b)                            (c)      (d) 

 

Figure 2 Failure mechanism and earth pressure distribution (a) Experimental results of active failure surface 

behind a  gravity retaining wall [29] (b) Failure surface mechanism obtained with the FE analaysis.  (c) Lateral 

earth pressure distribution for gravity retaining wall (d) Normalized lateral earth pressure-depth relation of  

gravity retaining wall. 

 

2.3 Validation 

 

Lateral earth pressure distribution determined with FE analyses compared with results of experimental [11, 12] 

and numerical studies [15, 16, 20].The normalized pressure (σhorizontal/γH) and normalized depth (z/H) are used 

for verification due to compare different wall dimensions and interface friction angles. Calculated lateral earth 

pressure distribution is compared with field test result of [11] and physical test data presented by [12] in Figure 

3a. In Figure 3b, the results are compared with results of numerical studies [15, 16, 20]. It is seen from the 

Figures that there is good agreement between results of the numeric studies and the experimental studies. 
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Figure 3 Normalized lateral earth pressure (a) Comparison FEM results with experimental data (b) Comparison 

FEM results with other numerical studies 

 

2.4 Determination of Strain Fields Based on Retaining Wall Geometry 

 

In this part of the study active failure mechanism behind laterally translated walls are examined. Inverted T type 

retaining walls with various heel lengths and gravity retaining wall are considered. Features used in the FE 

analyses are shown in Table 1. The total stain fields of the model obtained from the analyses can be seen in 

Figure 4. From the the figures (Figure 4b-4g) it is seen that active failure mechanism obtained with FE analyses 

are compatible with Kamiloglu and Sadoglu [24]. Moreover, strain fields change based on wall type and wall 

dimensions. The gravity retaining wall has the largest contact surface (Figure 4a) and the contact surfaces 

between the inverted T type retaining wall and backfill (line AB) decrease with increased heel length (line CD). 

Differently from the gravity retaining wall, the contact surfaces occur on the stem (line AB) and the foundation 

(line DE) of the T type cantilever retaining walls. 

 

     
(a)                                (b)                                        (c)                                         (d) 

 

   
(e)                                             (f)      (g) 

Figure 4 Active failure mechanism (a) Gravity retaining wall (b) Inverted T type retaining wall (b=0.3m) 

(c) Inverted T type retaining wall (b=0.6m) (d) Inverted T type retaining wall (b=0.9m) (e) Inverted T type 

retaining wall (b=1.2m) (f) Inverted T type retaining wall (b=1.5m) (g) Inverted T type retaining wall (b=1.8m) 

 

2.5 Determination of Lateral Earth Pressure Distribution 

 

The active lateral earth pressure distribution acting on stem and foundation of the retaining walls are shown in 

Figure 5. The stem (line AB) of the gravity retaining wall was considered in the FE analyses (Figure 5a). On the 

other hand, the stem (line AC) and the foundation (line DE) were considered separately for the inverted T type 

cantilever retaining walls (Figure 5b-5g). In order to ensure comparableness, the stem height of the T type 

retaining wall was taken into account. Thus, lateral earth pressure acting on 0 - 2.5 m of the gravity retaining 

wall was considered. 
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In the FE analyses foundation thickness and the stem height of the T type retaining wall is supposed as 0.5 m and 

2.5 m respectively. The normalized height of the stem varies between 0-0.833 and the normalised height of the 

foundation changes between 0.833-1. As the stem height of the gravity retaining wall is considered as 3m, 

normalized depth is varies between 0 and 1. Lateral earth pressure distribution curve of gravity retaining wall 

shown in Fig. 5a consists of two parts. The first part of the curve shows lateral earth pressure distribution 

between z/H=0 and z/H=0.833. The second part of the curve represents the pressure distribution between 

z/H=0.833 and z/H=1. The first parts of the curves are taken into account in Figure 5h. The lateral earth pressure 

distributions of T type retaining walls are given in Figure 5b-5g. The pressure distributions acting on the stem 

(z/H=0-0.833) and foundation (z/H=0.833 -1) are shown separately. The normalised lateral earth pressure 

(σh/γH) distribution acting on the stem of T type retaining walls are compared in Figure 5h. After examining 

Figure 4 and Figure 5 it is seen that scatter pressure distribution obtained from the contact surfaces (line AB and 

DE). On the other hand, smooth lateral earth pressure curves are observed from the wall where strain fields does 

not occur (line BC or line AC for Figure 4g). 

 

  
     (a)                                                                                  (b) 

  
          (c)                                                                                    (d) 

         
         (e)                                                                                    (f)   

         
                                              (g)                                                                             (h) 

Figure 5 Active earth pressure distribution a.  gravity retaining wall b. Inverted T type retaining wall (b=0.3m)       

c. Inverted T type retaining wall (b=0.6m)  d. Inverted T type retaining wall (b=0.9m) e. Inverted T type 

retaining wall (b=1.2m) f. Inverted T type retaining wall (b=1.5m)  g. Inverted T type retaining wall (b=1.8m) 

 h. Lateral earth pressure distribution acting on the stem of the walls 
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Beside lateral earth pressure, vertical earth pressure distribution is considered in the study. Vertical earth 

pressure distribution acting on the heel (line CD) of the T type retaining wall is shown in Figure 6. In the 

analyses six different heel lengths are considered. Contrary to expectations, vertical earth pressure acts on the 

heel increasingly rather than linearly. Another important point is that vertical pressure becomes scatter around 

the end of the heel. 

 

 
Figure 6. Vertical earth pressure distributon acting on stem of the T type retaining walls with various heel length 

 

3 RESULTS 
 

By viewing strain fields shown in Figure 4, it is seen that wall type has considerable effects on failure surface 

mechanism. Heel of the retaining walls shown in Figure 4b, 4c, 4d and 4e can be classified as short heel and the 

walls shown in Figure 4f and 4g can be classified as long heel considering the suggestions of various studies [24 

, 26, 30]. Due to heel length, a triangular soil wedge (BCD) occurs between the stem and the heel of T type 

cantilever retaining walls with short heel (Figure 4b-4e). Dimension of the triangular mass increases with 

increasing heel length. On the other hand, polygonal soil mass (ABDC) occurs on the stem of the wall with long 

heel (Figure 4f and 4g). Due to the soil mass occurring above the heel, contact surface does not occur between 

the stem and the backfill (line BC in Figure 4). 

 

The failure surfaces, friction between retaining wall and backfill are essential factors to constitute arching effect. 

By virtue of arching effect, less earth pressure than suggestions of conventional theories [1, 2] may act on the 

retaining walls. After examining Figure 4 it is seen that gravity retaining wall has the largest friction area and the 

friction area reduces with increasing heel lengths. Correspondingly, due to the friction, less lateral earth pressure 

acts on gravity retaining wall compared to T type retaining walls (Figure 5h) . On the other hand, lateral earth 

pressure acting on the stem of the inverted T type cantilever wall increases up to a certain heel length (b=1.5m, 

b=1.8m). 

 

The factors leading to increase lateral earth pressure are failure surface and reduced friction area. The soil block 

forms above the foundation due to the heel, (wedge BCD and ABDC shown in Figure 4) . Thus, friction between 

wall and backfill does not occur. Increasing heel length leads to reduce friction area between the stem and 

backfill. 

 

Active failure surface occurs above the heel of the inverted T type retaining walls. In active case, soil particles 

move along the failure surfaces. On the other hand, non-moving soil blocks with respect to moving adjacent soil 

blocks occur due to the heel. Shear stress occurs between the particles through the surface. Therefore, as it is 

shown in Figure 6, vertical earth pressure increases as it approaches to the failure surface. After examining 

Figure 4b-4e and Figure 5h it is seen that heel length is effective parameter for the walls with short heel. Lateral 

earth pressure acting on the stem increases with increasing heel length. Nonetheless, heel length has no effect on 

lateral earth pressure for the walls with long heel. As it is shown in Figure 5h, lateral earth pressure distribution 

becomes constant for the walls with long heel. After examining Figure 5b -5g, it is seen that normalized lateral 

earth pressure acting on the foundation varies between 0.02 and 0.8. The reason is that, active failure surface.  

 

4 CONCLUSION 
 

In the present study, effects of different wall dimensions on lateral earth pressure distribution are evaluated 

numerically using finite element method. Within this scope, a gravity retaining wall and inverted T type 

cantilever retaining walls with 3m height were considered. The inverted T type retaining walls with various heel 

lengths were also taken into account. Lateral earth pressure distribution acting on stem and foundation is 
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investigated. Additionally, vertical earth pressure distribution on the stem is examined. Substantial findings of 

the study are summarized below; 

 

• Contact surface and failure surfaces have prime importance on lateral earth pressure distribution. 
• Lateral earth pressure distribution varies based on retaining wall type. 
• Short heel and long heel cases play decisive role in lateral earth pressure distribution. Heel length is 

effective parameter for the walls with short heel. On the other hand, heel length has no effect on lateral 

earth pressure for the walls with long heel. 
• Vertical earth pressure increases as it approaches to the failure surface 

 

References 

 
[1] C. A. Coulomb, “Essai Sur Une Application Des Règles de Maximis & Minimis à Quelques Problèmes de 
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Abstract 

In this experimental study, cobalt ferrite nanoparticles were synthesized by 

microwave assisted combustion method. Glycine was used as fuel in combustion 

reaction. At the end of the process, it was seen that the microwave effect alone was 

not sufficient to convert the reactants into products. Therefore, the powder obtained 

was heat treated at 1000C. Various structural and morphological features of the final 

powder were characterized by X-Ray Diffraction (XRD), Scanning Electron 

Microscopy (SEM) and Vibrating Sample Magnetometer (VSM) techniques. As a 

result of the analyzes, it was observed that the final product consisted of completely 

nanosized cobalt ferrite particle. 

1 INTRODUCTION  
 

Nanotechnology is the biggest technological innovation of the century in which we live. The significant increase 

in the number of scientific studies performed in this area in recent years is to increase increasingly the interest of 

scientists in the nano world. The most important factor what makes the nano world interesting is the fact that 

nanomaterials exhibit unusual physical, chemical, electrical, optical and magnetic properties. Today, one of the 

most important types of nanomaterials are spinel ferrites. Spinel ferrite magnetic materials are an important class 

of composite metal oxides containing iron ions. Spinel ferrites have unique physicochemical properties such as 

excellent magnetic properties, high specific surface area, high chemical stability, adjustable shape and size, and 

the ease with which they can be changed or functionalized.[1]   

 

Today, spinel ferrites with many different types are one of the most important types of nanomaterials. Spinel ferrite 

magnetic materials are an important class of composite metal oxides containing iron ions. Cobalt ferrite 

nanoparticles, a type of spinel ferrite, are among the spinel ferrite particles that are most common in use. These 

particles exhibit very good magnetic properties and are highly stable both mechanically and chemically. 

 

To synthesize cobalt ferrite (CoFe2O4), nanoparticles many different chemical and physical synthesis techniques 

have been developed such as  combustion [2],  modified pechini method [3] precipitation method [4, 5] 

hydrothermal synthesis [6, 7], sol-gel method [8, 9], solvothermal  [10]  microemulsion method [11], 

electrochemical synthesis method [12] mechanical alloying [13] and complexometric synthesis. [14]   

 

In this study, the synthesizability of CoFe2O4 nanoparticles by microwave-assisted combustion method, which is 

known as a simple fast and effective method for the synthesis of metallic nanoparticles was investigated.  The 

various structural morphological and magnetic properties of the synthesized CoFe2O4 nanoparticles have been 

characterized by techniques such as X-ray diffraction (XRD), scanning electron microscopy (SEM)  and vibrating 

sample magnetometer (VSM). 

 

2 MATERIAL AND METHOD 
 

2.1 The Preparation of the Materials 

 

In this experimental study, it was aimed to synthesize cobalt ferrite (CoFe2O4) nanoparticles having a thermal and 

chemically stable structure and microwave-assisted combustion method was applied as synthesis method. Cobalt 

(II) nitrate hexa hydrate (Co(NO3)2.6H2O), iron (III) nitrate nonahydrate (Fe(NO3)3.9H2O) were supplied from 

1437



The Synthesis of Cobalt Ferrite Nanoparticles with Microwave-Assisted Combustion 

Method by Using Glycine as Fuel 
ICADET ‘19 

 

 

Sigma-Aldrich. Glycine (C2H5NO2) was used as fuel substance in combustion reaction it was purchased from 

Sigma-Aldrich. 

 

2.2 Synthesis Method 

 

For the synthesis of cobalt ferrite nanoparticles with microwave-assisted combustion method, a triple reaction 

mixture consisting of Cobalt (II) nitrate hexahydrate (Co(NO3)2.6H2O), iron (III) nitrate nonahydrate 

(Fe(NO3)3.9H2O)  and fuel substance was prepared.  

It is estimated that the possible reaction occurring for the reaction performed using glycine as fuel is as follows. 

 

9Co(NO3)2 + 18Fe(NO3)3 + 40C2H5NO2              9CoFe2O4 + 100H2O + 56N2 + 80CO2                               (1) 

During the reaction, rapid and severe combustion and intense gas output were observed inside the furnace. After 

the necessary time for the reaction was completed, the solid product formed was taken from the system and this 

solid substance were subjected to heat treatment in a muffle furnace for the purpose of improving the crystal 

structure and removing the impurities it contains. Characterization study was carried out in the final products 

obtained. 

 

2.3 Characterization 

 

X-ray analyzes were performed with the Bruker D8 Discover model (Germany) system (CuKα, λ = 1.5418 Å). 

The morphological properties of the synthesized nanoparticles were investigated by FEI NanoSEM 450 model 

Scanning Electron Microscope. A Cryogenic Limited (PPMS) magnetometer system was used for VSM 

measurements performed at room temperature. 

 

3 RESULTS 
 

Morever,   some important  physical properties of the materials such as the crystal structure, average particle size, 

lattice parameters, quantitative and qualitative phase analyzes and lattice stresses can be  determined with X-ray 

diffraction analysis technique. X-ray diffractrograms of the synthesized particles obtained before and after heat 

treatment are given in Figure 1. 

 

 
Figure 1. The X-ray diffractograms measured after heat treatment 

 

When the X-ray diffractograms given in Figure 1 are examined carefully, the positive effect of the applied heat 

treatment on crystal structure and transformation is clearly seen. The obtained diffractograms are fully compatible 

with standard reference diffraction cards (JCPDS # 22-1086) for cobalt ferrite and all reflection peaks are observed. 

 

SEM images of the synthesized cobalt ferrite (CoFe2O4) nanoparticles were presented in figure 2. When SEM 

images are examined, it is seen that the particles are nanoscale. In addition, it is seen that there is sintering due to 

the heat treatment applied at a temperature of approximately 1000°C degrees. The determination of the optimum 

temperature of the heat treatment temperature is very important in order not to increase the particle size. 
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  Figure 2. The SEM images measured after heat treatment 

 

Cobalt ferrite nanoparticles are ferromagnetic materials which exhibit very strong magnetic properties. A vibrating 

sample magnetometer system was used to measure the magnetic hysteresis curves of the synthesized particles at 

room temperature. The measurement data obtained are given graphically in figure 3. 

 

 
Figure 3. The Magnetic hysteresis curve measured after heat treatment at 1000°C 

 

When the graph given in Figure 3 is examined, it is seen that the applied heat treatment is highly effective. Thanks 

to this feature, these particles can be used in various processes such as wastewater treatment, catalytic processes, 

drug delivery. 
 

4 CONCLUSION 
 

Cobalt ferrite nanoparticles were successfully synthesized in this study which magnetic nanoparticles were 

synthesized by microwave assisted combustion method. Glycine was used as fuel in combustion reaction. The 

results demonstrated that microwave assisted combustion method is a simple and effective metod for the synthesis 

of the magnetic cobalt ferrite nanoparticles. Glycine is a suitable fuel for synthesis of the magnetic cobalt ferrite 

nanoparticles by microwave assisted combustion method. However, the microwave effect alone is not sufficient 

to convert the reactants into products. For full conversion, heat treatment must be applied at high temperatures. 

however, the optimum value of the heat treatment temperature must be determined. 
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Abstract 

In this experimental study, Cobalt ferrite nanoparticles were synthesized by 

microwave assisted combustion method. The synthesized nanoparticles were 

characterized by X-Ray Diffraction and Scanning Electron Microscopy techniques. 

The results showed that the obtained powder consists of nano-sized cobalt ferrite 

particles.  Then, synthesized nanoparticles was used as photo-catalyst in the  

photocatalytic degradation of the wastewaters containing Astrazon Red textil dye.  

At the end of the process, it was observed that  dyestuff content in  aqueous  solution 

was almost completely removed. 

1 INTRODUCTION  
 

Dyestuffs are widely used in many industries from past to present. The rapid increase in the world population and 

the development of technology has led to the increase qualitative and quantitative in the number of industrial 

activities. The increase in industrial production leads to a decrease in natural resources and on the other hand to 

water, air and soil pollution. The water used is given back to the natural water environment as contaminated. The 

contaminations originated from industrial wastes affect negatively the ecology of nature at a significant level. 

 

The dyestuffs have high solubility in the aqueous media and this situation leads to highly important a wastewater 

problem. At the same time, the dyes absorb visible light, affecting the photosynthesis of the primary producers 

living in the water and leading to the destruction of the primary producers. Therefore, the ecosystem is affected 

very seriously. 

 

To synthesize cobalt ferrite (CoFe2O4), nanoparticles many different chemical and physical synthesis techniques 

have been developed such as  combustion [1],  modified pechini method [2] precipitation method [3, 4] 

hydrothermal synthesis [5, 6], sol-gel method [7, 8], solvothermal  [9]  microemulsion method [10], 

electrochemical synthesis method [11] mechanical alloying [12] and complexometric synthesis. [13]   

 

In this study, the synthesizability of CoFe2O4 nanoparticles by microwave-assisted combustion method, which is 

known as a simple fast and effective method for the synthesis of metallic nanoparticles was investigated.  The 

various structural morphological and magnetic properties of the synthesized CoFe2O4 nanoparticles have been 

characterized. Then these nanoparticles were used used as photo-catalyst in the photocatalytic degradation of the 

wastewaters containing Astrazon Red textil dye. 

 

2 MATERIAL AND METHOD 
 

2.1 The preparation of the materials 

 

In this experimental study, it was aimed to synthesize cobalt ferrite (CoFe2O4) nanoparticles having a thermal and 

chemically stable structure and microwave-assisted combustion method was applied as synthesis method. Cobalt 

(II) nitrate hexa hydrate (Co(NO3)2.6H2O), iron (III) nitrate nonahydrate (Fe(NO3)3.9H2O) and urea (CO(NH2)2 

were supplied from Sigma-Aldrich.  
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2.2 Synthesis Method 

 

For the synthesis of cobalt ferrite nanoparticles with microwave-assisted combustion method, a triple reaction 

mixture consisting of Cobalt (II) nitrate hexahydrate (Co(NO3)2.6H2O), iron (III) nitrate nonahydrate 

(Fe(NO3)3.9H2O)  and fuel substance was prepared. It is estimated that the possible reaction is as follows. 

 

3Co(NO3)2 + 6Fe(NO3)3 + 20CO(NH2)2                3CoFe2O4 + 40H2O + 32N2 + 20CO2                                      (1) 

 

During the reaction, rapid and severe combustion and intense gas output were observed inside the furnace. After 

the necessary time for the reaction was completed, the solid product formed was taken from the system and this 

solid substance were subjected to heat treatment in a muffle furnace for the purpose of improving the crystal 

structure and removing the impurities it contains. Characterization study was carried out in the final products 

obtained. 

 

 2.3 Photocatalysis Experiments 

 

In the photocatalysis experiments, a solution containing 50 mg/L astrazon red dye was prepared. Chemical 

structure of the astrazon red dye was given in figure 2. A volume of 100 mL of this solution was taken into 

transparent glass baker and then was added catalyst nanoparticle in the predetermined amount to solution. Then 2 

mL hydrogen peroxide solution (WW 0.30%) was added. During the process, the solution was mechanically mixed 

with a constant mixing speed of 300 rpm. Spectrophotometric measurements were made to determine the final 

concentration of organic pollutants. 

 

3 RESULTS 
 

The resulting solid powder was analyzed by XRD to characterize the structural properties of the synthesized 

nanoparticles. The obtained X-ray diffractogram is shown in Figure 1. 

 

 
Figure 1. The X-Ray Diffraction Pattern of the cobalt ferrite nanoparticles 

 

The X-Ray diffractogram shown in Figure 1 shows that all reflection peaks presented on standard diffarction cards 

for cobalt ferrite were obtained in exactly the correct positions. Furthermore, peak of any other phase was not  

observed. Accordingly, the powder obtained consist only of cobalt ferrite as a single phase. In this study, obtained 

Cobalt ferrite nanoparticles were used as photo catalysts in the photocatalytic degradation of astrazon red textile 

dye. For this purpose; Cobalt ferrite nanoparticles were added to 100 mL of solution containing 100 ppm of 

dyestuff. The catalyst dosage was determined as 1 g/L. The experiment was carried out at room temperature and 

the mixture was stirred at a stirring speed of 300 rpm for 90 min under UV irradiation. The dye concentration was 

analyzed at specific time intervals throughout the experimental period. The dye concentration was determined by 

measuring the color change. The experimental data obtained are given in Figure 2 and Figure 3. 
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Figure 2. UV-Spectrums measured at certain time intervals dosages for 0.1 g/L catalyst dosage 

 

 
Figure 3. The change of removal efficiency versus time 

 

When the experimental data given in Figure 3 is examined, it is seen that the dye in the solution is almost 

completely removed at the end of the 90 minutes experimental period. Accordingly, the proposed process may be 

a good alternative method for the treatment of wastewater containing astrazon red textil dye. Furthermore, since 

the particles used exhibit strong ferromagnetic properties, they can be easily magnetically separated from the 

aqueous solution at the end of the process and can thus be reused. 

 

4 CONCLUSION 
 

Cobalt ferrite nanoparticles exhibited highly effective performance in photocatalytic degradation of astrazon red 

textile dye. According to these results, the proposed process can be applied on an industrial scale and can provide 

an effective treatment of wastewaters which it contains dyestuff. 
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Abstract 

Sainfoin (Onobrychis sativa L.) is a very important forage crop for our country and 

the Eastern Anatolia Region because it is resistant to drought and cold and has high 

yield capacity. However, in recent years, insect damage threatening sainfoin 

cultivation has become widespread in our country. Rootworms and healthy sainfoin 

plants are found in the old fields of East Anatolia. In this research, sainfoin samples 

were collected from seven villages in the central and districts of Erzurum, from old 

and rootworms to the contaminated fields. Afterwards, they were tested with 

rootworms for 2 years in the field conditions and in terms of yield, morphological 

characteristics, weed quality characteristics and durability. Endurance studies 

require many years. This study was carried out with the aim of establishing an 

infrastructure for the development of efficient and insect resistant varieties. 

 

1 INTRODUCTION AND GENERAL INFORMATION 
 

It is known that the most important problem in sainfoin agriculture is rootworms. They are larvae of insects 

called Bembecia scopigera (Team: Lepidoptera) and Sphenoptera carceli (Team: Coleoptera), which feed into 

the roots of the plant by opening galleries and causing the death of the plant. Adults of these species have very 

good flying properties and can easily spread. The larvae living in the plant root throat and in the soil make the 

chemical struggle difficult. This kind of chemical struggle is not practical and economical under field conditions. 

In our country and other countries where protection is important, intensive studies have been carried out to 

develop resistant varieties, but successful results have not been achieved yet. Therefore, sainfoin cultivation, 

which is one of the most important forage crop species of our country, is carried out under these risks. Therefore, 

it is a known fact that sainfoin agricultural areas do not increase despite all kinds of supports. Plants that suffered 

from rootworm damage begin to die in the 2nd year, and the field becomes infrequently inferior in the 3rd year. 

Under these conditions, producers do not want to grow many annual forage crops that become infrequent in the 

second or third year. Therefore, the problem must be solved urgently. 

 

In the Eastern Anatolia Region, where sainfoin agriculture is intense, there are healthy plants in some fields 

exposed to insect damage. It is a great opportunity to solve the rootworm problem by determining whether 

genetically insect resistant plants are present in the old sainfoin fields in the region. Healthy sainfoin genotypes 

identified in older fields have great potential to develop resistant varieties. This research was carried out to 

establish the infrastructure for the development of sainfoin varieties resistant to rootworms from the materials 

obtained from the sainfoin fields in our region. 

 

2 MATERIALS AND METHODS 

 

The aim of this study was to determine the plants resistant to rootworms in culture sainfoin (Onobrychis sativa 

L.) and to develop lines from them. 

 

1. Collection of samples from Erzurum center and districts 

The material collection process, which constitutes the first phase of the study, started in June 2016. Samples 

were collected from old sainfoin fields by visiting sainfoin growing villages in Erzurum center and districts. 

Samples were taken from sainfoin fields at least 4 years old. At least two gnarly shoots from the plants showing 

healthy development in the determined fields were taken from the leaves as cleaned steel and transferred to the 
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second stage in a heat regulated transport container. Erzurum center was visited within 2 days and districts 

within 3 days. 

 

Table. 1. Local sainfoin genotypes used in the study and their locations 

Genotype Name Origin 

Genotype-1 Altınbulak-Yakutiye 

Genotype-2 Arıbahçe-Yakutiye 

Genotype-3 Yoncalık-Aziziye 

Genotype-4 Gelinkaya-Aziziye 

Genotype-5 Güneyköy-İspir 

Genotype-6 Öztoprak-İspir 

Genotype-7 Göztepe-Pazaryolu 

  

2. Rooting in greenhouse conditions 

The plants sampled from the region were rooted in the greenhouses of Atatürk University, Plant Production and 

Application Center in the summer of 2016 and turned into seedlings. These studies were conducted using the 

methods proposed and recommended by Özat [1]. For this purpose, firstly the cuttings brought from the field 

were taken to the rooting environments (large crates and cushions) immediately. Cuttings were kept in pure 

water before planting to prevent water losses. The 2-3 cm portion of the shoots cut from 1 cm below the second 

knuckle was dipped into a solution containing 50 mg / l IAA prepared beforehand and was planted in the rooting 

medium after waiting for 8 hours [1]. The rooting medium was filled with large perlite filled cans. After 

planting, the bottoms were carefully pressed and irrigated regularly so as not to allow perlites to disperse. After a 

certain time, the rooted shoots were transferred to small pots containing a mixture of peat: soil: sand (2: 1: 1). 

These applications were made for all genotypes collected and a total of 15 genotype samples were rooting. 

 

3. Field Studies 

At the end of April 2017, the shoots were taken to the rooting under controlled conditions and were surprised to 

the trial land prepared in the Atatürk University Plant Production Application and Research Center. Samples of 

15 genotypes rooted for this were planted at 50x50 cm intervals. The experimental area where the plants were 

surprised to the field was surrounded by wire mesh and irrigated continuously with irrigation tankers. 5 kg N / da 

+ 5 kg P2O5 / da fertilizer was applied to the experimental area as a standard [2]. Nitrogenous fertilizer was 

applied only in the first year and phosphorus fertilizer was applied every year. 

 

The results of the field study were taken in 2017 and 2018 and the measurements and observations made are 

listed below. 

 

1. Flowering period (days): The date of the first flowering in the clusters of plants is recorded as the flowering 

period. 

2. Plant height (cm): It is determined by measuring the part of the plants that reach the flowering period from the 

soil surface to the tip. 

3. Shank thickness (mm): The thickness of the main shank between the 2nd and 3rd knot was measured with 0.1 

mm segmented caliper. 

4. Number of stems (pcs / plant): The main branches of the plant's root throat are counted as the number of 

stems. 

5. Lying status: Lying status was determined according to the habitus of plants by scoring according to 1-5 

scales (1: upright, 5: lying). 

6. Leaf rate (%): The leaves of the plants measured during harvest were separated and weighed and the ratio of 

leaves to the total plant weight was determined. 

7. Number of major (number / plant): It was found by counting the main branches of the 10 plants randomly 

selected for fruit harvest maturity. 

8. Anthosionin content: The color of the stem and leaves are noted separately. 

9. Fresh weed yield (kg / da): The plants were cut from the root throat and weighed in the field to determine 

fresh weed yield. 

10. Dry matter yield (kg / da): The harvested plants were first dried in the greenhouse, then stored in a 70 ° C 

oven for 24 hours and weighed to determine the dry matter yield per plant. 

11. Crude protein content (%): The total nitrogen content of 0.3 g samples obtained from dried and ground plants 

was determined by micro Kjeldahl method and multiplied by 6.25 coefficient [3]. 

12. ADF and NDF ratios (%): Based on the principles stated by Akyıldız [3] and Kılıç  [4]. 

ADF and NDF ratios were determined with the help of ANKOM FIBER device by filling 0.115-0.25 g of dry 

and ground materials in special bags. 
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13. Rootworm damage: At least ten plant roots were removed from each genotype from the first year and the 

infestation status of rootworms was determined. 

 

3 RESULTS 
 

3.1 Land Test 

 

The aim of this study was to conduct preliminary breeding studies for the development of root smear resistant 

sainfoin (Onobrychis sativa L.) cultivars. The effects of different sainfoin genotypes on flowering period, plant 

height, stalk thickness, number of stems, bed leaf ratio, anthionin content and rootworm damage, fresh weed 

yield and dry matter yield were investigated. As it was the year of 2017, the plants did not grow and in the first 

year of the study, no fresh grass and dry matter yield was obtained. 

 

The number of days until the first flowering of the sainfoin genotypes, which we consider as material, is 

considered in 7 genotypes as shown in Table 1. Flowering times varied between genotypes and ranged between 

42-58 days. It is a natural result that different genotypes have different characteristics and flowering times are 

different. Töke [5] found that the first flowering date is 41 days between the last flowering date. As the first year 

of the research was the year of the plant, it was seen that there was later flowering than the second year. Indeed, 

Genotype-5 was the latest flowering genotype with 58 days (2017), while Genotype-3 was the earliest flowering 

genotype with 42 days (2018). In a study examining the morphological characteristics of wild sainfoin 

(Onobrychis sp.) Species, there were 17 days between the first flowering plant and the last flowering plant in the 

Kütahya genotype, while this period was determined as 15 days in Erzurum and Bolu genotypes [6]. 

 

Table 2. Some morphological values of some sainfoin (Onobrychis sativa L.) genotypes (2017-2018) 

Genotypes Years Flowering Time 

(days) 

Plant 

Height (cm) 

Stalk 

Thickness 

(mm) 

Number of 

Major 

(pcs / plant) 

Lodging 

score 

1 2017 56 36 1,68 2 1 

2018 50 110 3,68 5 1 

2 2017 57 35 2,25 3 1 

2018 52 130 4,01 6 2 

3 2017 51 27 1,65 3 1 

2018 42 125 2,95 7 1 

4 2017 57 29 1,28 3 1 

2018 52 105 3,43 6 2 

5 2017 58 27 2,36 2 1 

2018 53 100 3,56 5 2 

6 2017 52 38 1,20 3 1 

2018 47 120 3,02 5 1 

7 2017 53 29 2,17 2 1 

2018 51 130 3,14 4 1 

 

Plant height values of genotypes are presented in Table 2. Plant height taken during flowering showed 

differences between genotypes. The longest length was seen in Genotype-7 with 130 cm. The shortest genotypes 

are Genotype-3 and Genotype-5 with 27 cm. Açıkgöz [7]. the protection can be up to 100-120 cm, he said. Plant 

height in the first year of the study increased significantly in the second year of the study. It is known that 

sainfoin did not develop sufficiently in the first year and showed a rapid development in the spring of the 

following year. As a matter of fact, in the first year, plant height ranged between 27-38 cm and in the second 

year it varied between 100-130 cm. Aygün et al. [8], found in the Eastern Anatolia Region of the sainfoin 

collected from the pasture (Onobrychis sativa) have determined that the plant height varies between 34-122 cm. 

In another study, Manga et al. [9], in Samsun, sainfoin plant boiled up to one meter under normal conditions, 

stated that the types of upright reaching 100-120 cm length. In a study conducted in the sainfoins found in the 

pastures and vegetation of Erzurum region, it was found that the plant height ranged between 35-87.5 cm [10]. 

 

Stem thickness values of different sainfoin genotypes are presented in Table 2. Table 2 shows that the highest 

shank thickness of Genotype-2 (2018) with 4.01 mm and the lowest shank thickness of Genotype-6 (2017) with 
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1.20 mm. Considering the poor growth of plants in the first year, the thin stalk thickness is a natural result. In the 

second year of the study, the thickness of the stalk ranged from 2.95 mm to 4.01 mm. In fact, in similar studies, 

Ünal and Fırıncıoğlu [11].  investigators named sainfoin shank thickness of 3.81-5.26 mm, Tuna [12] 4.18-4.96 

mm and Alibegovic and Gataric [13] 4.51-6.17 they found values ranging from mm. 

 

In 10 plants taken from each genotype, the average number of stems were determined by counting the main 

branches emerging from the root throat (Table 2). In the first year of the study (2017), the number of majors 

varying between 2 and 3 changes between 5 and 7 in the second year of the study (2018). There are differences 

between genotypes in terms of the native number of the plant. This may be due to differences in genotypic 

structures. Especially in the sainfoin studies, the presence of plants with more stems is important for selection. In 

addition, abundant tendency to branching plants that are tolerant to insects that damage the sainfoin is stated 

[14].  Özaslan Parlak et al. [13]  , working in wild sainfoin species, showed that the number of main branches 

was between 5 and 47, and Balabanlı et al. [16]  have determined that it varies between 0 and 6,40. 

 

Table 2 shows that in three genotypes (Genotype-2, 4 and 5, 2018), the bedtime status is 2.00 and all other 

genotypes are 1.00. All genotypes showed generally upright development and showed typical plant 

characteristics of Onobrychis sativa L. As a matter of fact, sainfoin stems are strong, upright plants. Therefore, 

the problem of lying down is rarely seen. In a study examining the morphological and phenological 

characteristics of 16 sainfoin (Onobrychis spp. L.) populations under the Central Anatolian barren conditions, the 

overall mean bed rest value of all populations was 1.03 and showed similarity with our study [11]. 

 

Leaf ratio, which is one of the important elements for the quality and flavor of feed, is forage plants. According 

to the genotypes used in our study, leafiness was different (Table 2). In the second year of the study, the number 

of leaves increased and the number of leaves increased. As a matter of fact, while the highest leaf rate in the first 

year of the study was 29.7% (Genotype-5), the highest leaf rate in the second year increased to 43.6%. Indeed, 

Özaslan Parlak et al. [15] examined the leaf ratios of wild saintae collected from Çanakkale natural pastures and 

obtained values between 23.34% and 45.09%. 

 

Table 3. Some morphological and agricultural values of some sainfoin (Onobrychis sativa L.) genotypes (2017-

2018) 

Genotypes Years Leaf Ratio 

(%) 

Contents of 

Anthosionine 

Rootworm 

Existence 

Wet matter 

Yield (kg 

da-1) 

Dry matter 

yields (kg da-

1) 

1 2017 22,4 0 - - - 

2018 42,7 0 - 3060 725,2 

2 2017 24,1 0 - - - 

2018 39,2 0 - 4780 1252,3 

3 2017 23,3 0 - - - 

2018 40,4 1 - 2180 488,3 

4 2017 27,7 0 - - - 

2018 39,8 0 - 3820 848,0 

5 2017 29,7 0 - - - 

2018 43,6 1 - 4160 898,5 

6 2017 20,1 0 + - - 

2018 39,3 0 + 3940 933,8 

7 2017 20,8 0 + - - 

2018 40,5 0 + 5000 1225,0 

 

The anthocyanin content in the genotypes was determined at 50% fruit binding period (Table 3). It can be said 

that anthocyan content is an important morphological feature for sainfoin. It was determined as anthocyanate and 

anthocyanotic on the basis of the main branches of 7 genotypes. When Table 3 is examined, it is observed that 

no genotype contains anthocyanin in the first year of the study, whereas in the second year it is observed that 

genotypes 3 and 5 have a low rate of anthocyanin (1.00). Cebeci [17] observed that only 2 populations contain 

anthocyan in 20 sainfoin populations and 18 populations do not contain anthocyan. Töke [5] reported that 56.5% 

of the sainfoin genotypes examined by anthocyan were non-anthocyanic. In this research, which is a preliminary 

study for the development of sainfoin varieties resistant to rootworms, genotypes (Genotypes 6 and 7), which 

were rootworms from the first year of the plant, were found (Table 3). In the arid regions of our country, at the 

end of the 2nd year, these rootworms, which caused the cessation of the protection completely towards the end 
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of the 3rd year, open galleries in the developed sainfoin roots, causing a great deal of damage to the roots. 

Rootworm was found in both genotypes 6 and 7 in both genotypes. Hakyemez [18] stated that in the sainfoin 

study conducted for three years, high yield was obtained in the first two years, and in the third year, the yield 

decreased as a result of sparse stemming from root pests. In fact, Erdogan [19] reported that the leaves of plants 

damaged by larvae in the first year turn yellow and curl up to the base, while the plants damaged in the second 

and third years are completely destroyed and killed. Yields of dry grass and dry matter of seven genotypes used 

in the study are given in Table 3. Since the yields are not taken in the year, the results are only for 2018. Due to 

rainfall, the harvest was made in the middle of the flowering period. Wet yields varied between 2180 kg / da 

(Genotype-1) and 5000 kg / da (Genotype-7). These differences between genotypes are an expected result due to 

differences in the maturation rates and morphological characteristics of plants. The dry matter yield varied 

between 488.3 kg / da (Genotype-3) and 1252.3 kg / da (Genotype-2). Similarly, Yılmaz et al. [20] 50% 

flowering period in a study of sainfoin average wet weed yield 4127.2 kg / ha, dry matter yield was determined 

as 972.9 kg / da. In another study, which examined the yields of the mowing in different periods, fresh grass 

yields ranged between 2861.7-3330.0 kg / da between the first form and the last form, while hay yields ranged 

between 333.5-1020.9 kg / da [18]  

 

3.2 Laboratory Test 

 

In the laboratory stage of the study, crude protein, ADF and NDF ratios of genotypes were examined (Table 4). 

The results are from the second year of the study (2018). The rate of crude protein, which is based on the 

determination of nitrogen (N) in plant tissues, is one of the parameters determining the nutritional value of the 

herb. The crude protein ratios obtained from our study showed differences between 15.78% (Genotype-5) and 

19.73% (Genotype-3). Genetic structure and state of development are the defining characteristics of crude 

protein ratios, which may result in differences between genotypes. In a study examining the nutrient contents of 

sainfoin during 5 form periods, the ratio of crude protein, which was 21.62% in the first form, decreased to 

11.60% in the last form [18]. 

 

It is desirable that the ADF and NDF ratios, which are among the criteria of roughage quality and digestibility, 

are low in the grass. In our study, ADF contents ranged between 35.78% (Genotype-5) and 40.68% (Genotype-

6) (Table 4). Genotype-1 and Genotype-5 attract attention with low ADF ratio. The lowest NDF rate was found 

in Genotype-5 with 45.37%. The highest NDF rate was found in Genotype-6 with 50,90%. The results are in 

agreement with the results of Kara and Deniz [19], Özaslan Parlak et al. [15], the ADF values of 25.36-36.80%; 

NDF values were found to be between 32.67-44.93% (Table 4). 

 

Table 4. Raw protein, ADF and NDF ratios of some sainfoin (Onobrychis sativa L.) genotypes (2018) 

Genotypes Crude protein (%) ADF 

(%) 

NDF  

(%) 

1 17,61 35,96 46,75 

2 17,30 36,44 47,82 

3 19,73 38,74 49,33 

4 16,83 40,66 50,43 

5 15,78 35,78 45,37 

6 18,63 40,68 50,90 

7 18,33 36,96 48,76 

 

4 DISCUSSION AND CONCLUSION 

 

In this study, which aims to create infrastructure for developing sainfoin varieties resistant to rootworms from 

the materials taken from the sainfoin fields in our region, the first data were obtained. The yields of genotypes 2 

and 7 were found to be higher than the others in terms of wet and hay yields. In our research, the results related 

to the number of rootworm (or rootworm) plants, which are among the most important parameters, have begun to 

emerge. Rootworm contamination began in some genotypes (genotypes 6 and 7) in the first year and continued 

in the second year. It is pleasing and promising that other genotypes do not have any rootworms at the end of the 

second year. It is clear that the duration of this project is not sufficient to identify lines resistant to rootworms. 

Because endurance breeding studies should continue for many years. In perennial plants such as sainfoin, such 

studies are even longer. However, the existing work will be continued with the infrastructure created and the 

work will continue to develop durable lines and later resistant varieties. At the end of 5-6 years, which is the 

economic life of the sainfoin, the study will be terminated with the presence of plants with high yields and 
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unaffected by rootworms. Healthy plants that have reached the 5th year of the study will be placed in tulle cages 

and dust production will be prevented and seed production will be made. This practice will be continued in the 

following years and the biological life of the genotypes will be determined. This project included the studies in 

the early years forming the infrastructure for the selection of resistant genotypes. In addition, a new project will 

continue to collect local sainfoin ecotypes as seeds and to uncover qualified lines. 
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Abstract 

In this study, the continuous contact problem of a functionally graded (FG) layer 

resting on a homogeneous substrate and loaded by a rigid circular punch was 

investigated according to the theory of elasticity. The shear modulus and density of 

the layer vary depending on an exponential function along the layer height. In the 

solution, the body force of the homogeneous substrate is neglected while the body 

force of the FG layer is taken into account. It was assumed that the Poisson ratios 

of both the FG layer and the homogeneous substrate were unchanged. All surfaces 

are frictionless and only pressure stresses are allowed on the interfaces. By using 

theory of elasticity and integral transformation techniques; the problem is reduced 

to an integral equation where the contact stress under the rigid punch is unknown. 

This integral equation is solved numerically by using Gauss-Chebyshev integration 

formulation for the circular profile of the rigid punch. As the result of the study, 

since the greatest stresses occur in the axis of symmetry, normal stresses in the axis 

of symmetry and shear stresses near the axis of symmetry were obtained depending 

on punch radius, load ratio and stiffness parameter. 

 

1 INTRODUCTION  
 

Materials science is one of the most important pillars of modern technology. Advances and research in materials 

science led to the discovery of materials that form the basis of the 21st century's high technology field. However, 

with these developments, the material requirement of special character increases rapidly. The lack of a 

homogeneous material, especially in space vehicles, which provides high strength and thermal resistance, has led 

researchers to new searches. As a result of these studies, Functionally Graded Materials (FGMs) have emerged. 

We can define FGM as a new material with metal-ceramic composition with graded structural functions. FGMs 

are widely used introduced in engineering applications such as sensor technology, civil engineering, 

nanotechnology, biomechanics, tribology and thermal barrier coatings for turbine blades, because of their 

superior thermal, mechanical, optical and electrical performances. As a result of this increasing interest in 

functionally graded materials in recent years, FGMs have also began to use in contact mechanics. Some of the 

studies on the use of functionally graded materials in contact mechanics are given below. 

 

Choi [1] performed analysis of a crack in a substrate overlaid with a FG material subjected to frictional contact 

loading.  The contact problem for the indentation of spherical punch into a inhomogeneous half-plane is 

examined by [2]. A multilayered model has been developed for frictionless contact analysis of arbitrary elastic 

modulus of functionally graded materials (FGMs) under plane stress-state deformation by [3]. Guler and 

Erdogan [4] investigated the contact problem for two deformable solids with FGM coating under the assumption 

of plane tension, linear inhomogeneous elasticity and friction. The plane problem of a receding contact between 

a FG layer and a homogeneous half-substrate is solved by [5]. Ke and Wang [6-7] presented 2D normal contact 

of a functionally graded coated half-plane with a rigid cylindrical punch under the influence of a normal loading 

and tangential loading. A new method has been developed to solve the axially symmetric frictionless contact 

problem of  FGMs by [8]. Rhimi et al. [9] investigated the axially symmetric problem of a receding contact of a 

functionally graded layer pressed into a homogeneous half-plane. Linear multilayer model is used to analyze 

fretting contact between two different FGM coated elastic bodies by [10]. The axial symmetric problem of 

frictionless double receding contact of a FG layer subjected to a spherical profiled stamp and pressed against a 

homogeneous half plane is studided by [11]. Barik and Chaudhuri [12] investigated the effects of inhomogeneity 
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in FGMs and/or thermal conductivity on thermoelastic contact problems. The frictionless contact problem of a 

functionally graded layer resting on a winkler foundation is solved making use of theory of elasticity by [13]. 

Yaylacı et al. [14] examined a receding contact problem for two elastic layers resting on two elastic quarter 

spaces and loaded by a distributed load. A method for the analysis of axial symmetrical flexibility, 

thermoelasticity and heat conduction problems has been proposed for a inhomogeneous layer with random 

changes of mechanical and thermophysical properties by [15]. Su et al. [16] presented the axially symmetrical 

frictionless contact of a functionally graded piezoelectric layered semi-plane subjected to three typical rigid 

punches. A receding contact problem of elastic layer resting on a half-space and pressed by two rectangular 

punchs which is symmetrically placed is examined by [17]. Thermolastic contact of multi-layer materials with 

different coating designs under friction heating and thermal effect is studided by [18]. Analytical method has 

been developed to investigate the dynamic friction contact mechanics between a FG coating and a rigid moving 

cylindrical punch by [19].  

 

2 FORMULATION OF THE PROBLEM 
 

The continuous contact problem of a functionally graded (FG) layer, which is symmetrically loaded with a 

concentrated load P by means of a rigid circular punch, is solved according to the theory of elasticity. The height 

of the FG layer is h and in contact with a rigid punch having 2a wide contact surface. In the solution of the 

problem, it is assumed that all surfaces are frictionless. Since the problem is symmetrical with respect to the y 

axis, the calculations are made in the range (0, + ∞). Since the problem will be investigated for the plane state, 

the thickness in the z axis direction is taken as unit. The geometry of the continuous contact problem is given in 

Figure 1. The layer numbered (1) is the FG layer, and both the shear modulus and density vary depending on an 

exponential function along the layer height as given in equations (1-2). It was assumed that the Poisson ratios of 

both the FG layer and the homogeneous substrate were unchanged. It is assumed that the homogeneous substrate 

numbered (2) is homogeneous, ie the shear module is constant everywhere.   

 

1 0( ) , ( 0)yy e h y                                                                                                                   (1) 

 

1 0( ) , ( 0)yy e h y                                                                                                                    (2) 

 

where 0  and 0  are the shear modulus and density at the top surface of the FG layer, respectively;   and    

are stiffness and density parameters, respectively. They are different values from zero and each other. A 

concentrated load symmetrically acts on the FG layer by means of a rigid circular punch. The body force of the 

homogeneous substrate was neglected while the body force of the FG layer was taken into account in the 

calculations. There is no adhesion between the FG layer and the homogeneous substrate. 

 

 
Figure 1. Geometry and loading of  the contact problem 
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The boundary conditions for the continuous contact problem can be written as follows: 

 

 1 ,0 0 (0 )xy x x                                                                                                     (3) 
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( )p x  in (4) indicates the unknown contact stress between the rigid punch and the FG layer, while a  indicates 

the half-contact length between the rigid punch and the FG layer. ( )f x in eq. (9) refers to the derivative of the 

function defining the profile of the rigid punch. By using boundary conditions (3-9), symmetry condition and the 

appropriate Gauss-Chebyshev integration formula, after some routine manipulations the integral equation and 

equilibrium condition can be reduced to the following system of algebraic equations [20].  
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( ( / 2) 1n  )th equation in (10) is satisfied automatically because it corresponds to the consistency condition. 

Thus, from eqs. (10-11), n+1 equations with n+1 unknowns depending on the ( )ig    1,...,i n  and half 

contact length ( a ) are obtained. From the solution of this set of equations, contact stress distribution and half 

contact length can be calculated. However, interpolation is required when performing these calculations. First, 

the value of ( )ig   is calculated from the solution of equation (10) for a selected contact length, and the found 

values are substituted into eq. (11) to check whether this equation is achieved. If the equality is not satisfied, the 

above operations are repeated by giving increments to the half contact length ( a ). As a result of the operations 

to be done in this way, the dimensionless contact stresses and half contact length are determined. The normal 

stresses x and y that will occur in the functionally graded layer and homogeneous substrate are examined 

along the axis of symmetry and the shear stresses are examined near the axis of symmetry. If the obtained 

coefficients are substituted into the stress and displacement equations and the necessary middle tiers and 
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simplifications are made; the dimensionless normal stresses along the symmetry axis of the functionally graded 

layer and homogeneous substrate and the dimensionless shear stresses near the symmetry axis are obtained [20]. 

 

3 RESULTS AND DISCUSSION 
 

The aim of this study is to investigate the normal stresses occurring in the axis of symmetry and the shear 

stresses occurring in a section close to the axis of symmetry in continuous contact case between the FG layer and 

homogeneous substrate. As a result of the solution of the problem in continuous contact case; by giving various 

values to punch radius, load ratio and stiffness parameter, the effects of these dimensionless quantities on the 

normal stress occurring in the symmetry axis and shear stress distributions occurring in a section close to the axis 

of symmetry are investigated. 

 

 
Figure 2. Dimensionless normal stress distribution x(0,y)/(P/h) for various values of punch radius 

(1=2=2, 0/(P/h)=100, h=-0.6931, h=-1.0986, λ=20, -h/2=1) 

 

 
Figure 3. Dimensionless normal stress distribution x(0,y)/(P/h) for various values of load ratio 

(1=2=2, R/h=500, h=-1.3863, h=-0.6931, λ=10, -h/2=1) 

 

Fig. 2 shows dimensionless normal stress distributions x(0,y)/(P/h) along the axis of symmetry for the various 

values of punch radius. As can be seen from the figure, as the punch radius increases, dimensionless normal 

stress values decrease. In addition, pressure stresses occur in the upper region of the functionally graded layer,  

the stress value towards the bottom of the FG layer decreases to zero and then increases as tensile stress by 

changing the sign. For the homogeneous substrate, the normal dimensionless stresses get the greatest value at the 

interface of the homogeneous substrate with the FG layer, and as it goes deeper ( y  ), it decreases in such a 

way that there is pressure stress everywhere and approaches to zero.  
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The dimensionless normal stress distributions x(0,y)/(P/h)  for various load ratio values are given in Fig. 3. 

When the figure is examined, it is seen that dimensionless normal stress increases in FG layer and homogeneous 

substrate as load ratio increases. The FG layer acts as a simple beam when changing the load ratio as well as the 

radius change. The dimensionless normal stress distributions x(0,y)/(P/h) are observed for various stiffness 

parameter values in Fig. 4. As it can be seen from the figure, as the stiffness parameter value increases, the 

dimensionless normal stresses increase on the upper surface of the FG layer and decrease on the lower surface, 

while the said stress values decrease on the homogeneous substrate. Figures 5-7 illustrate the variation of 

dimensionless normal stress distributions y(0,y)/(P/h) along the axis of symmetry for various values of punch 

radius, load ratio and stiffness parameter, respectively. The dimensionless normal stresses get the greatest value 

at the contact surface of the punch and FG layer (y = 0) and approach to zero by decreasing away from the punch

( )y  . Stresses at the interface of the FG layer and the homogeneous substrate get same values and it is 

seen that the boundary conditions given in the definition of the problem are satisfied. When the Fig. 5 is 

examined, it can be easily seen that as punch radius increases, the dimensionless normal stress values decrease. It 

is known from the theory of elasticity that the vertical normal stress under the concentrated load goes 

theoretically to infinity. Here too, as the radius decreases, the contact surface of the punch is reduced and it is 

approached to the concentrated load case. As can be seen from Fig. 6, if the load ratio increases, the 

dimensionless normal stresses increase. It can be clearly seen from Fig. 7 that if the stiffness parameter 

increases, the stiffness of the FG layer decreases from the upper surface to the lower surface, which leads to a 

reduction in dimensionless normal stresses. 

 

  
Figure 4. Dimensionless normal stress 

distribution x(0,y)/(P/h) for various values of 

stiffness   parameter (1=2=2, R/h=100, 

0/(P/h)=500, h=-1.0986, λ=100, -h/2=1) 

Figure 5. Dimensionless normal stress 

distribution y(0,y)/(P/h) for various values of 

punch radius (1=2=2, 0/(P/h)=100, h=-

0.6931, h=-1.0986, λ=200, -h/2=1) 

  

  
Figure 6. Dimensionless normal stress 

distribution y(0,y)/(P/h) for various values of 

load ratio (1=2=2, R/h=500, h=-1.3863,h=-

1.0986, λ=200, -h/2=1) 

Figure 7. Dimensionless normal stress 

distribution y(0,y)/(P/h) for various values of 

stiffness parameter (1=2=2, R/h=100, 

0/(P/h)=500, h=-1.0986, λ=150, -h/2=1) 

 

Since the shear stresses along the y- symmetry axis are zero, a cross-sectional study (x/h=0.5) near the symmetry 

axis was performed to see the distribution of shear stresses. The variations of dimensionless shear stress 

distributions xy(0.5,y)/(P/h) depending on various values of punch radius and load ratio are given in Figures 8-9, 
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respectively. These dimensionless shear stresses are zero along the interfaces of the homogeneous substrate with 

the FG layer and it is seen that the boundary conditions given in the definition of the problem are satisfied. As 

can be seen from Fig. 8, as the punch radius increases, dimensionless shear stress values decrease. It is clear 

from Fig. 9 that the increase in load ratio causes an increase in the values of dimensionless shear stresses. 

 

  
Figure 8. Dimensionless shear stress distribution 

xy(0.5,y)/(P/h) for various values of punch radius 

(1=2=2, 0/(P/h)=100, h=-0.6931, -h/2=1) 

Figure 9. Dimensionless shear stress distribution 

xy(0.5,y)/(P/h) for various values of load ratio 

(1=2=2, R/h=500, h=-1.3863, -h/2=1) 

 

4 CONCLUDING REMARKS 
 

The main objective of this study is to present stress analysis for contact problem of a functionally graded (FG) 

layer resting on a homogeneous substrate. The conclusions drawn from the study can be presented as below: 

 

 As the punch radius increases, dimensionless normal stress x values along the axis of symmetry 

decrease while these stress values increase with the increase of load ratio. 

 As the stiffness parameter value increases, dimensionless normal stress x values on the upper surface 

of the FG layer increase while decreasing on the lower surface. For the homogeneous substrate, the 

said stress values decrease. 

 The dimensionless normal stress y values along the y-symmetry axis decrease with increasing punch 

radius and increase with increasing load ratio. 

 If the stiffness parameter increases, the stiffness of the FG layer decreases from its upper surface to its 

lower surface, resulting in a reduction of the dimensionless normal stresses y along the axis of 

symmetry. 

 As the punch radius increases, the dimensionless shear stress xy values along the section near the 

symmetry axis decrease. The increase in the load ratio causes an increase in the values of 

dimensionless shear stresses. 
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Abstract 

Nowadays, companies would like to produce cheap, high quality and timely 

delivered products in order to take a part in competitive environment. In this 

competitive environment, costs have a seminal effect.  Inventory costs have an 

important effect on costs and they must be considered. In decreasing of inventory 

costs, MRP- Material Requirements Planning which is sub function of production 

planning has an important role. In this study, application of Material Requirements 

Planning in a company is realized. The obtained results are evaluated regarding 

viability of the MRP system. 

1 INTRODUCTION  
 

Material requirements planning (MRP) is a plan that considers raw material, material, end product which are used 

in production by business, delivery date of product, politics of order and store management, and other product 

purpose, and also optimization of cost [1]. MRP is a computer-based information system, which on the level of 

production of final product such as raw materials, parts and sub-assembly elements, in order to the inventory and 

production schedules which are designed to achieve. The result of the transition from classical inventory control 

approaches to MRP approach, material flow control came to fore rather than levels of inventory control [2]. The 

first MRP system was applied in 1961 by a project group under the direction of Joseph Orlicky where a tractor 

factory named by J.I. Case Company in Wisconsin – USA. Then, computer package program’s applications were 

seen which name is PICS (product information and control system). PICS improved by IBM (International 

Business Machines) [3]. American Product and Inventory Control System (APICS) worked this subject beginning 

of the 1970s [4]. MRP System Overview is shown in the Figure 1. 

 

 
Figure 1. MRP system overview 
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2 MRP APPLICATION FOR A PRODUCT 

 
The principal activity of the company in the application is manufacture of parts with attracted and drawn vehicles 

on the railways. There some companies that business work with such as bid, subcontractor, etc. The existing 

business encounters many alternative projects at the same period.  Company working in project-based 

manufactures many parts of brake system, wood base, battery box, cable duct of the rail vehicle. Also, it 

manufactures rail vehicle with the sub parts.  

 

Company doesn't have continuous manufacturing so material's supply isn't continuous, too. The amount of 

supplied materials should be enough until the end of the project. That facility is not possible all of the projects yet. 

Towards the end of the project, materials become too much or less.  

 

The company orders the materials when the materials in inventory runner out or before runner out.  In this situation, 

the production has to wait for materials.  The reason of this is that the period of material supply has a long time 

and hence being late of the materials for production.  Because of the delay of the materials production is stopped, 

delivery time of the customer is being late, and for this reason the company have to be punished.  In the company, 

deficiencies were fixed and Material Requirements Planning has done and its results evaluated in order to be a 

sample study in the period of fabrication of cable duct. 

 

2.1 Application of Material Requirements Planning for Cable Duct 

 

Cable duct which used for energy distribution of rail vehicle systems is a system that consists of compatible 

systems which provides moving, fixing and supporting of the isolated power cable. Duct has many specific cables 

and the task of each cable is different. Cable duct allows running the systems such as brake system, lighting, 

locking or opening the doors, control of vehicle, warning lights, etc. on the rail vehicle. There are two types of 

cable ducts in rail vehicles; sub cable duct which provides the working of all of the electrical function except the 

lighting and upper cable duct which provides lighting.  

 

2.1.1 Cable Duct Bill of Material Structure 

 

The Cable duct is formed by combining with aluminium profile, cable, tire, cleat and the main materials label.  

Also, there is a sub material which builds the main materials.  Top duct, sub duct and sub-duct cover profiles are 

the main materials that build profile. These materials are also separated regarding to self-forming profile. The 

difference between profiles is thickness and width.  Top duct profile; composes of P21 profile. 

 

Sub duct profile; forms by the combination of cut parts where P6, P9, P13, P15, P16, P17, P18, P19, P22 profile. 

Sub-duct cover profiles; forms by the combination of cut parts where P5, P8, P12, P14 profile. Purpose of usage 

of profiles in cable duct is that provides the regularly arrangement of cables and prevents from the harm by external 

factor.  AC + DC and SIG sub cable groups build the cable. These cables have different properties regarding to 

purpose of usage.  AC + DC cables; have 1,5 mm2, 2,5 mm2, 6 mm2, 35 mm2 diameters.  SIG cables; the cables of 

WTB, MVB, 2x1, 3x1, 2x0,75, 3x0,75. The purpose of the group of these cables is that is to be easy installation 

of cable duct to vehicle and prevent the risk of error while connecting.  

 

Side, clamp tire and sponge tire form the tire group. The purpose of the tire on the cable duct prevents the damage 

of cable by duct with aluminium profiles. Cleat is a similar material as clamp. It is used outside of the cable duct 

and prevents the slipping of the cables. The label provides an easy connection between cables.  Cable duct bill of 

material structure is shown in the Figure 2. 
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Figure 2.  Cable duct bill of material structure 
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2.1.2 Cable Duct’s MRP Tables 

 

When calculating, supply time includes material supply time and processing time.  Material supply time and 

processing time is given in the Table 1. 

 

Table 1. Material supply and processing times 

Material/Product Supply Times Processing Times 

0.CABLE DUCT  3 Days 

0.1. PROFILE  1 Day 

1.1. Top Duct Profile  1 Days 

1.1.1. P21 15 Days  

1.2. Sub Duct Profile  8 Days 

1.2.1. P6 15 Days  

1.2.2. P9 15 Days  

1.2.3. P13 15 Days  

1.2.4. P15 15 Days  

1.2.5. P16 15 Days  

1.2.6. P17 15 Days  

1.2.7. P18 15 Days  

1.2.8. P19 15 Days  

1.2.9. P22 15 Days  

1.3.Sub Duct CoverProfile  3 Days 

1.3.1.  P5 15 Days  

1.3.2.  P8 15 Days  

1.3.3.  P12 15 Days  

1.3.4.  P14 15 Days  

0.2. CABLE  2 Days 

2.1. AC+DC Cable Group  1 Day 

2.1.1. 1,5 mm2 Cable 20 Days  

2.1.2. 2,5 mm2 Cable 20 Days  

2.1.3. 6 mm2 Cable 20 Days  

2.1.4. 35 mm2 Cable 20 Days  

2.2. SIG Cable  1 Day 

2.2.1. MVB Cable 20 Days  

2.2.2. WTB Cable 20 Days  

2.2.3. 2x1 Cable 20 Days  

2.2.4. 3x1 Cable 20 Days  

2.2.5. 1x1,5 Cable 20 Days  

2.2.6. 2x0,75 Cable 20 Days  

2.2.7. 3x0,75 Cable 20 Days  

0.3. Tire  2 Days 

3.1.Sponge Tire 3 Days  

3.2. Side and Clamp Tire 10 Days  

0.4. Cleat 7 Days  

0.5. Label 29 Days  

 

3 RESULTS 
 

Regarding to agreement with costumer, delivery time of cable duct is definite. According to time, materials which 

use in production are ordered. The required time of materials is determined as supply time and processing time is 

considered from whole to small parts. The main materials generate the cable duct are tire, cable, profile, cleat and 

label. The materials must be in work shop before 3 days from the delivery time of cable so that the materials are 

installed.  These materials come to installation workshop from the other workshop such as weld, cutting and tire 

workshop. Therefore, other workshops are suppliers of the installation workshop.  
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Because of the fact that the same way is applied on all of the materials, Material Requirements Planning of the 

profiles explains. Production delivery time of the cable duct and when latest production of the cable duct starts 

calculated in Table 3. When the final installation process of the cable duct starts calculate in Planned Order. Tire, 

cable, profile, cleat and label must be ready so as to install on the time of Planned Order.  For instance, an order 

of cable duct should be on the day of March 15. Hence, the profile should be ready on the day of March 12. The 

right time of profile and when the profile is started to production were calculated in the Table 4. The process of 

top duct, sub duct and sub-duct cover profiles should be ready on the time of planned order of the profile.  The 

start time of top duct profile is calculated in the Table 5. Top duct profile should be ready on March 11. Profile 

P21 which generates the top duct profile should be ready on the date of Planned Order of top duct profile, that is, 

on March 8. After the supply time of P21 profile is considered, it is ordered. This calculating is shown in Table 6.  

Except for the cable duct, all of the materials (final product) must be carried safety stock for 3 vehicles.  The 

quantities of materials required for a cable duct are shown in Table 2. 

Table 2. The quantities of materials required for a cable duct 

  Material/Product Quantity 

0. Cable Duct 1 

1. Profiles (Vehicle) Kg 1 

1.1.  Tob Duct Profile (Vehicle) 1 

1.1.1.  P21 (Kg) 175 

1.2.  Sub Duct Profile (Vehicle) 1 

1.2.1.  P6 (kg) 97 

1.2.2.  P9 (kg) 24 

1.2.3. P13 (kg) 1089 

1.2.4.  P15 (kg) 595 

1.2.5.  P16 (kg) 126 

1.2.6. P17 (kg) 445 

1.2.7.  P18 (kg) 1337 

1.2.8. P19 (kg) 461 

1.2.9.  P22 (kg) 107 

1.3.  Sub Duct Cover Profile (Vehicle) 1 

1.3.1. P5 (kg) 534 

1.3.2. P8 (kg) 417 

1.3.3. P12(kg) 73 

1.3.4. P14 (kg) 591 

2. Cables (Vehicle) M 1 

2.1. Ac + Dc Cable Group 1 

2.1.1. 1,5 mm^2 (m) 10192 

2.1.2. 2,5 mm^2  (m) 485 

2.1.3. 6 mm^2 (m) 508 

2.1.4. 35 mm^2 (m) 84 

2.2. SIG CABLE GROUP 1 

2.2.1. MVB (m) 68 

2.2.2. WTB (m) 99 

2.2.3. 2X1 (m) 321 

2.2.4. 3X1 (m) 34 

2.2.5. 1X1,5 (m) 504 

2.2.6. 2X0,75 (m) 1303 

2.2.7. 3X0,75 (m) 138 

3. Labels (Grain) 1377 

4. Tires (Vehicle) M 1 

4.1. Side And Clamp Tire (M) 176 

4.2. Sponge  Tire (M) 96 
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Table 3. Cable duct’s MRP table of march 

 

Table 4. Profile’s MRP table for march 
Lead 

Time 

 
0.1. Profile MARCH 2013 

1 Days 
 

Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri 

    
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Safety 

Stock 

 
Gross 

Requirements(Unit) 

0     1 0 0 0 0     0 1 0 0 0 

3 Units 
 

ON HAND 

INVENTORY 
(Unit) 

3     3 3 3 3 3     3 3 3 3 3 

    
 

AVAILABLE(Unit) 3     2 3 3 3 3     3 2 3 3 3 

Order 

Quantity 

 
Planned Order 

Releases (Unit) 

0     1 0 0 0 0     0 1 0 0 0 

1 Units 
 

SCHEDULED 

RECEIPTS (Unit) 

1     0 0 0 0 0     1 0 0 0 0 

 
AFTER PLANNED 

ORDER 
RELEASES  (Unit) 

3     3 3 3 3 3     3 3 3 3 3 

 

Table 5. Top duct profile’s MRP table for march 
Lead 
Time 

 
1.1. Tob Duct 

Profile 
MARCH 2013 

1 Day 
 

Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri 

    
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Safety 

Stock 

 
Gross 

Requirements(Unit) 

1     0 0 0 0 0     1 0 0 0 0 

3 Units 
 

On Hand Inventory 

(Unit) 

3     3 3 3 3 3     3 3 3 3 3 

    
 

Available(Unit) 2     3 3 3 3 3     2 3 3 3 3 

Order 
Quantity 

 
Planned Order 
Releases (Unit) 

1     0 0 0 0 0     1 0 0 0 0 

1 Units 
 

Scheduled Receipts 

(Unit) 

0     0 0 0 0 1     0 0 0 0 0 

 
After Planned 

Order Releases  

(Unit) 

3     3 3 3 3 3     3 3 3 3 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lead 

Time 

 
0. Cable Duct March 2013 

3 Days 
 

Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri 

    
 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Safety 

Stock 

 
Gross 

Requirements(Unit) 

            1               1 

0 Units 
 

On Hand Inventory 

(Unit) 

0     0 0 0 0 0     0 0 0 0 0 

    
 

Available(Unit) 0     0 0 0 -1 0     0 0 0 0 -1 

Order 

Quantity 

 
Planned Order 

Releases (Unit) 

0     0 0 0 1 0     0 0 0 0 1 

1 Units 
 

Scheduled Receipts 

(Unit) 

0     1 0 0 0 0     0 1 0 0 0 

 
After Planned 

Order Releases  

(Unit) 

0     0 0 0 0 0     0 0 0 0 0 
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Table 6. P21 profile’s MRP table for march 
LEAD TIME 1.1.1. P21  

FEBRUARY 2013 
Fri Sa

t 

Sun Mo

n 

Tu W Th F Sat Sa

t 

Su

n 

M

on 

Tu

e 

We

d 

15 Day 15 16 17 18 19 20 21 22 23 2

4 

25 26 27 28 

  
Gross 
Requirements(Unit) 

0     0 0 0 17
5 

0     0 0 0 17
5 

 

Safety Stock 

On Hand Inventory 

(Unit) 

10

00 

    100

0 

10

00 

10

00 

10

00 

82

5 

    82

5 

82

5 

82

5 

82

5 

5

2

5 

Kg 
 

Available(Unit) 10
00 

    100
0 

10
00 

10
00 

82
5 

82
5 

    82
5 

82
5 

82
5 

65
0 

  
Planned Order 

Releases (Unit) 

0           0 0           0 

Order 

Quantity 

Planned Order 

Releases (Unit) 
50

0 

    0 0 0 0 0     0 0 0 0 

5

0

0 

 Kg After Planned Order 

Releases  (Unit) 

10

00 

    100

0 

10

00 

10

00 

82

5 

82

5 

    82

5 

82

5 

82

5 

65

0 

 

Table 6. P21 profile’s MRP table for march (cont.) 
LEAD TIME 1.1.1. P21 MARCH 2013 

Fri Sat Sun Mon Tue Wed Thu Fri 

15 Day 1 2 3 4 5 6 7 8   
Gross 

Requirements(Unit) 

0     0 0 0 0 175 

 

Safety Stock 

On Hand Inventory 

(Unit) 

650     650 650 650 650 650 

525 Kg Available(Unit) 650     650 650 650 650 475   
Planned Order 
Releases (Unit) 

0           0 500 

Order Quantity Planned Order 

Releases (Unit) 

0     0 0 0 0 0 

50

0 

 Kg After Planned Order 
Releases  (Unit) 

650     650 650 650 650 975 

 

4 CONCLUSION 
 

In this study, MRP study for cable duct which provides a rail vehicle manufacture of electrical duct that provides 

all the functionality to perform in a company where caring and repairing of attracted and drawn vehicles are done. 

In this study, duration of processes and the supply of materials were considered. 

Since the company work as project, if any delay in the project the fine is paid. The biggest cause of delay in the 

project is delay in supplying the materials used in manufacturing. MRP study was done in order to prevent this 

delay and use the materials as planned order. 

Company orders for the material in the store at a time towards the end of time or the end of the material. In this 

way, productions have to wait for materials. The reason for this is that too much time for material supply, and 

therefore longer duration for production. Standing due to delay in material production, delivery times of customer 

orders is delayed and therefore company have to pay fine. As a result of the MRP work, a delay caused by the 

supplier does not exist since when given the material from which the material orders can be predicted. 
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Abstract 

The areas which include spreading trees, plants and bushes are called forests. Forests 

are among the most important natural resources with their benefits. In addition, they 

have an important place in the ecosystem in terms of social and environmental 

balance. Prediction of the formation and behavioural characteristics of fires is 

extremely important in terms of combating forest fires. For this purpose, using 

satellite images obtained by means of the developing technology provides great 

convenience in determining the size of a fire area and the intensity of a fire In the 

present study, a forest fire occurred in Zeytinköy region of Muğla province is 

analysed. In the scope of the study, forest fire areas were determined by using object-

based classification technique which gives higher accuracy results in medium and 

high resolution satellite images. For this purpose, when the fire data sheet obtained 

from the Denizova Forest Sub-District Directorate was examined, it was found that 

a total area of 425 ha, including 225 ha forest area and 200 ha agricultural land, was 

destroyed by fire. As a result of the study, according to the object-based classification 

technique applied to Landsat-8 satellite image, an area of 513.15 ha is found to be 

affected by fire. According to the object-based classification technique applied to the 

Sentinel-2 satellite image which is another satellite used in the study, an area of 

431.57 ha is found to be destroyed in the fire. When the results obtained were 

compared with the values obtained from the Forest Management Directorate, 

Sentinel-2 satellite data results were found to be more accurate than the Landsat-8 

satellite data for the studies to determine forest fire areas. 

1 INTRODUCTION  
 

Turkey is under the influence of the Mediterranean climate, where forest fire has the most favorable conditions. 

Forest fires constitute a major risk and a serious danger in Turkey where semi-arid, dry-sub-humid and semi-humid 

climate is mostly dominant [1]. It is not enough to take the necessary precautions in a timely manner in order to 

be successful in the fight against forest fires. In addition, advanced technology should be used very effectively at 

every stage of firefighting [2].  Remote sensing methods have been used for a long time in the detection of damages 

caused by forest fires [3]. The fire risk map of Turkey is shown in Figure 1. 

 

1.1 Literature Review 

 

Image classification in forest areas both in the world and in Turkey is frequently used to detect temporal change. 

Within the scope of the literature review, object-based classification approach in forested areas and different 

studies to determine forest fire area were examined.  

 

Bayburt [4] used different methods for classification methods from high resolution satellite images obtained from 

Ikonos and SPOT 5 satellites belonging to Eastern Thrace Region and examined the land cover and land use maps 

obtained as findings. It is obtained six classes for object and pixel based classification. As a result, it was found 

that object based classification method yielded 17 % better results for Ikonos satellite image than pixel based 

classification method and 18 % for SPOT 5 satellite. Bıyıklı [5] aimed to determine the land cover type and other 

class types determined by object and pixel based classification methods over high resolution GeoEye-1 satellite 

image belonging to the study area in Kastamonu region. After using eCognition Developer 9.1 software for object-

based classification method and Erdas Imagine 2015 for pixel-based classification method, the products were 

vectorised and made comparable in GIS environment. As a result of the accuracy analysis, it was concluded that 
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object-based classification method gives higher accuracy results for the classification studies of forest areas on 

high resolution satellite images. Delen and Şanlı [6] applied the object-based classification method to high-

resolution RapidEye satellite image for the determination of cotton cultivated areas in the agricultural lands in 

Menemen district of İzmir province in a study which is conducted. As a result of the study, it is determined the 

cotton cultivated areas with a high accuracy rate of 98.19 % by object based classification method. As previous 

studies indicated that the object based image classification approach has provided high accuracies, in this study 

this method is chosen for the burned area extraction from Sentinel-2 and Landsat-8 images. 

 

 
Figure 1. Fire risk map 

 

2 STUDY AREA 
 

Zeytinköy District of Menteşe District of Muğla Province, where there are dense pine forests, was chosen as the 

study area (Figure 2). It is surrounded by Aydın in the north, Denizli and Burdur in the northeast, Antalya in the 

east and the Mediterranean Sea in the south and Aegean Sea in the west. Depending on the abundant rainfall and 

appropriate temperature, there is a wide variety of forest cover. Although the dominant vegetation in the region is 

scrub, 65 % of the district is covered with forests [7]. There was a fire in the study area at noon on 6 September 

2017 and it was only possible to control it at noon on 7 September 2017. As a result of the fire, most of the 

Zeytinköy neighbourhood and the surrounding forests were destroyed. 

 

 
Figure 2. Study area 

 

In order to determine the post-fire area, object-based classification method was applied over Landsat-8 satellite 

image after 11 September 2017 and Sentinel-2 satellite image after 7 September 2017. Since the study area was 

chosen as a forest area, the band order was changed and the infrared band where the green areas had the best 

reflection value was brought forward and the study is continued with the new artificially coloured image.  Figure 

3 shows the post-fire status of the Landsat-8 satellite image of the study area, and Figure 4 shows the post-fire 

status of the Sentinel-2 satellite image. 
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(a)                                                                                        (b) 

Figure 3. a) Landsat-8 satellite image (B4, B3, B2), b) artificially coloured Landsat-8 satellite image (B5, B3, 

B2) of the study area after the fire 

  

  
(a)                                                                                   (b) 

Figure 4. a) Sentinel-2 satellite image (B4, B3, B2), b) artificially coloured Sentinel-2 satellite image (B8, B3, 

B2) of the study area after the fire 

 

3 OBJECT BASED CLASSIFICATION 
 

With the developing technology in recent years, it is possible to obtain higher resolution satellite data. In line with 

this, pixel based classification method has started to be replaced by object based classification method [8]. In 

addition, less time spent on computer software was effective on this. Object-based classification is the process of 

assigning pixels to user-defined classes by taking advantage of the reflection and brightness values of all pixels on 

the image.   

 

3.1 Segmentation Process 

 

The first step of the object-based classification method is the segmentation process. The correct selection of 

segmentation parameters is directly proportional to the success of the classification process. Even an object-based 

classification application where only segmentation parameters are correctly selected gives much better results than 

a pixel-based application [9]. In the literature study, eCognition software was generally preferred for segmentation 

and it was found to be successful in many applications [5-6, 8]. 

 

3.2 Scale Parameter 

 

The value of the selected scale parameters directly affects the segmentation of the image by determining the size 

of the objects in the image [10]. That is, the basis of the classification depends on the scale parameter. Using 

different scale parameters, the object images obtained in the desired size are made suitable for the purpose [11]. 
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3.3 Accuracy Analysis 

 

The final process of classification is accuracy analysis. This is the process of determining the accuracy of the 

classification. In order to evaluate the analysis, user accuracy (UA), producer accuracy (PA) and kappa statistics 

should be taken into account [4]. 

 

4 APPLICATION OF OBJECT BASED CLASSIFICATION METHOD 
 

In this study, post-fire changes are shown visually and quantitatively by using object-based classification analysis 

for the identified classes using Sentinel-2 and Landsat-8 satellite images of the fire area. For the object-based 

classification method, eCognition Developer 9.1 software was used. As a result of the classification, the accuracy 

analysis was performed for both images, and the fire area was determined in ha from the vector data obtained by 

using NetCAD 7.6 environment. Figure 5 shows the workflow for object-based classification analysis.  

 

 
Figure 5. Object-based classification method workflow 

 

Since the study area does not consist of small objects as in the settlements and includes forest cover types, the 

scale parameter was not required to be selected too small.  Segmentation was completed after selected values are 

100 for scale parameter, 0.5 for compactness parameter, and 0.1 for shape parameter for both applications made 

in Landsat-8 and Sentinel-2 satellite images. As a result of the selected segmentation parameters, the segmentation 

results of Landsat-8 and Sentinel-2 satellite images are shown in Figure 6 and Figure 7. 
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Figure 6. Segmentation result of Landsat-8 image 

 

 
Figure 7. Segmentation result of Sentinel-2 image  

 

The classes to be created after segmentation are determined. ‘bareland, coniferous, water, burnedArea, deciduous’ 

created according to the study area. The nearest neighbor classification method is homogeneous for each class by 

selecting sample areas from the entire image. Object-based classification according to the selected sample areas 

was carried out by ‘Nearest Neighbor’ method. The classified images obtained are given figures from 8 to 9. 
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Figure 8. Landsat-8 classified satellite image 

 

 

 

Figure 9. Sentinel-2 classified satellite image   

 

Quantitative analysis of classification accuracy was done by software by selecting ‘Static Type Error Matrix based 

on Samples’ method. The purpose of the method is to select the homogeneously distributed sample areas for each 

class over the image and present the accuracy to the user as a percentage. In Table 1, Kappa and accuracy 

evaluation results of classifications are given. 
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Table 1. Accuracy analysis of object based classification method (%) 

Classes 

Object-Based Classification / 

Landsat-8 (%) 

Object-Based Classification / 

Sentinel-2 (%) 

PA (%) UA (%) Kappa PA (%) UA (%) Kappa 

coniferous % 100.00 % 95.80 1.000 % 99.39 % 97.60 0.993 

deciduous % 95.65 % 93.62 0.947 % 99.55 % 99.55 0.994 

water % 91.67 % 100.00 0.909 % 95.38 % 100.00 0.951 

bareland % 96.23 % 97.28 0.941 % 99.62 % 97.79 0.992 

burnedArea % 92.31 % 97.96 0.915 % 90.43 % 99.04 0.894 

coniferous % 100.00 % 95.80 1.000 % 99.39 % 97.60 0.993 

Overall accuracy 

Kappa 

% 96.31 

0.951 

% 98.36 

0.976 

 

The results of object-based classification were converted to vector data and imported to NetCAD software. In 

Figure 10 and Figure 11, the obtained vector data of both images are shown in NetCAD environment.  

 

 

 

Figure 10. Vector data obtained from the classification results of Landsat-8 image 

 

 

 

Figure 11. Vector data obtained from the classification results of Sentinel-2 image 

 

5 CONCLUSIONS 
 

The aim of the study was to investigate the results of object-based classification by using satellite imagery in order 

to determine the fire areas in forest areas. The advantages and disadvantages of the results obtained after the 

research were evaluated and the method giving the appropriate results was determined.  

1471



Determination of Forest Fire Area by Using Satellite Images: Muğla Case ICADET ‘19 

 

 

The fire areas achieved by vectorising the object-based classification results obtained in NetCAD software are 

given in Table 2. As a result of the study, the findings obtained from Table 1 and Table 2 were evaluated and the 

results were listed as items; 

 

Table 2. Fire fields obtained from vector data 

                              
Sentinel-2 

Difference from 

GDoF Data 
Landsat-8 

Difference from 

GDoF Data 

Obj.Bas.Class. ( )Area ha  431.57 6.57 513.15 88.15 

 

When the accuracy analysis of the object-based classification method is analyzed, it is seen that the overall 

accuracy of the classification applied to Sentinel-2 and the Landsat-8 satellite images are found to be 98.36 % and 

and 96.31 %, respectively. In the ‘Static Type Error Matrix based on Samples’ method used for accuracy analysis, 

sample areas were selected from the areas other than the sample areas selected for classification to compare the 

classification results. In this case, selecting segments that are more distinguishable from neighbouring segments 

as the sample area will result in higher accuracy analysis results. The distinguishability of the selected segments 

from the other segments affected the accuracy of the application positively.  

 

As a result of the study, when the object-based classification method used in medium resolution satellite images 

is examined in the forest fire occurring in Zeytinköy region of Menteşe district of Muğla, it is seen that the object-

based classification method applied to Sentinel-2 satellite image gives the highest accuracy. 
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Abstract 

The rim is one of the most important driving components in the area where the 

vehicles are connected to the axle system and rotating for the movement of the 

vehicle to which the tire is mounted. For automobile wheels; rims, which improve 

performance, driving comfort and driving economy positively, are also a vital part of 

safety. The rims are subjected to different forces in structure. Rims are critical 

elements that work statically and dynamically in vehicles. It is important to determine 

the mechanical behavior of the rim. A lot of time is spent on the development of new 

model rims and the cost is high. To reduce these drawbacks, Finite Element Analysis 

(FEA) is often used in the design stage of product development to investigate the 

mechanical performance of prototype designs. In this paper, comparative static 

analysis of rims made of 3 different materials, 356.0 Mold Cast, 2024-T4, 6061-t6 

aluminum alloys of similar sizes, 5, 6, 9 arms and 3 different designs were performed. 

For rims, it was aimed to find the most suitable design and material based on factors 

such as total deformation, Von-Mises stress and weight. SOLIDWORKS 17.0 and 

ANSYS 19 R1 were used for the analysis. Radial load (air pressure) and vehicle 

weight were taken into account for the analysis of the wheel rim. Regardless of the 

rim's production method, the forces to which they are subjected are the same. 

However, different deformations were observed according to the material and design. 

1 INTRODUCTION  
 

Cars cannot function without the wheels running smoothly. Style, weight, reproducibility and performance are the 

four main technical issues related to the design and optimization of a new wheel. Wheels are a vital safety 

component for cars, which positively improves the criteria for performance, driving comfort and driving economy. 

It is important to determine the mechanical behavior of the rim. Research and Development (R&D) studies are 

carried out on this subject in many universities and industry. Many mechanical testing methods are used for the 

tensile analysis of the vehicle wheel rim [1]. However, it is time-consuming and costly to test and examine rims 

models throughout the development process. Much time is spent in the development and testing of new model 

rims. To reduce these drawbacks, Finite Element Analysis (FEA) is often used in the design stage of product 

development to investigate the mechanical performance of prototype designs. After researches and experiments 

on the reliability and practicality of the finite element method, it has been observed that this method also gives 

true results in rim design [2]. Using the finite element analysis, researches were conducted by different groups on 

wheel - rim analysis [3]. Using CATIA and ANSYS programs, rim design and analysis are performed [4]. 

 

Today, rim industry continues to evolve rapidly in Turkey as well as is the world. The first tractors were imported 

to Turkey in the 1950s, to meet the demand of the trailer rims "Eskisehir Wheel & Machinery (EJS)" has been 

established. EJS now produces rims for almost all road vehicles such as automobiles, buses, trucks, forklifts, 

tractors. EJS is the wheel rim supplier of Devrim Project, successful R&D projects. Large companies in the Aegean 

(such as CMS, Maxion Wheels, Jantsa) are attracting attention with their daily production rims and the brands they 

sell. CMS, which has extensive R & D activities, produces approximately four million rims per year [5]. This type 

of company is divided into two areas, one is producing steel rims and the other is producing aluminum rims. 

 

Steel rim production processes are completely different from aluminum rims. The use of aluminum rims is 

increasing in the world. Aluminum rim, although more expensive, because it is lightweight saves fuel. It extends 

the life of tires and pads by rapidly transferring heat formed in tire and brake system [6]. The tubeless rim fits 

perfectly with the tire. Compared to other rims, the model is more diverse. The aluminum rim is aesthetic and 
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gives the vehicle a distinctive appearance. Steel rim is harder and more durable, but lags behind aluminium rim 

because it increases the vehicle's performance and fuel consumption in weight. 

 

Fatigue analysis is important for the life of the aluminum alloy wheel under load. There are many studies on this 

subject in the literature [3, 7]. 

 

The choice of width and diameter rims suitable for the vehicle is important. Figure 1 shows the critical dimensions 

required for rim selection and use. 

 

 
Figure 1. Critical dimensions for rim selection and use [8] 

 

In this study; comparative static analysis of nine rims designed in three different designs, each of which is made 

of aluminum alloy. By considering the effect of weight due to material type and design shape, the total amount of 

deformation on each rim, Von-Mises stress amount is determined and an optimization is aimed. With the ANSYS 

program, it is aimed to obtain the most suitable rim design with minimum material and low production cost by 

identifying critical regions in a short time. 

 

The most accepted procedure for rims is to undergo tests such as radial loads, bend road driving, and fatigue testing 

in the dynamic state [9]. 

 

2 MATERIAL AND METHOD 
 

2.1   Rim Design 

 

There are many important parameters in rim design. The rim also significantly affects the aesthetic appearance of 

the vehicle. In addition, the strength and geometric compatibility of the rim in the design stage are essential features 

to be achieved. The rims are one of the most important parts of the vehicle which are subjected to different forces 

in terms of structure. Regardless of the rim's production method, the forces to which they are subjected are the 

same [10]. 

 

For this study, three different rims of five, six and nine arms of the same dimensions were designed. The rims are 

16 x 7 inches in dimensions in Figure 2, Figure 3 and Figure 4, respectively. The three-dimensional solid model 

of the designed rims was created in the Solidworks program. 

 

On the rim, the edges, pulleys and bolt connection areas are dangerous areas. Therefore, the distribution of the 

meshes in the pulley region may be less frequent, although the meshes in the tension region are dense. The rims 

used for rim deformation are defined as solids in the finite element analysis [4]. 
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Figure 2. 5 arm rim design ( a) Front view b) Sectional view and c) Perspective view ) 

 

 
Figure 3. 6 arm rim design ( a) Front view b) Sectional view and c) Perspective view ) 

 

 
Figure 4. 9 arm rim design ( a) Front view b) Sectional view and c) Perspective view ) 

 

2.2 Rim Analysis  

 

In order to form a finite element model of the rims, the 3D model was transferred to the ANSYS finite element 

analysis software. The static analysis of the three rim constructions designed was carried out separately by the 

ANSYS program according to the finite element method. 

 

In this study, three different aluminum alloys were preferred for three different rims designed. It is aimed to find 

the most suitable design and material for the rims based on factors such as total deformation, Von-Mises stress 

and weight. The properties of the materials are given in the table 1. 

 

Table 1. The properties of the materials 

Properties Al 6061 T6 Al 2024 T4 Al 356.0 T6 

Young's Module (GPa) 69 72.4 72.4 

Poisson Ratio 0.33 0.33 0.33 

Density (kg / m3) 2700 2780 2680 

Yield Strength (MPa) 275 325 228 

 

Finite element analysis was performed using ANSYS19 software. Radial load (air pressure) and vehicle weight 

were taken into account for the analysis of the wheel rim. 

 

Ford-Ranger 4x2 XLT MT model is taken as an example. The weight of the car when it is empty is 2068 kg. The 

weight of the car when it is loaded is 2854 kg [11]. In the static state it is assumed that this radial load is evenly 

distributed between the wheels of the vehicle. It is assumed that an average load of 713 kg corresponds to one 
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wheel and calculated as 713 kg X 9.81 m/s2 = 6994.5 N. In the preferred vehicle, in the case of full loading, the 

preferred test load is taken as 7000 N. The analyses were carried out “Static Structural” module. Isotropic material 

defined for the rims and parametric study was implemented in order to obtain optimum mesh size. Final mesh 

consists of 7215 element and 21589 nodes. It was subjected to radial load and reaction force coming to the rim by 

fixing through bolt holes. (Figure 5) 

 

 
Figure 5. Loads applied to rim 

 

3 RESULTS 
 

Deformation analysis of 356.0 T6, 2024 T4 and 6061 T6 aluminum alloy rims on three different designs are given 

in figure 6. Von-Mises Stresses on 356.0 T6, 2024 T4 and 6061 T6 aluminum alloy rims on three different designs 

are given in figure 7. 

 

   

   

   
Figure 6. Deformation analysis of 356.0 T6, 2024 T4 and 6061 T6 aluminum alloy rims on three different 

designs 
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Figure 6 shows the distribution of deformation of 5, 6, 9 arm rims from three different materials. As expected, the 

deformations occurred in the contact area with the ground, that is, the floor. The red regions are the places where 

the deformation is most intense. The biggest deformation difference caused by material difference is seen on 9- 

arm rim. The deformation of the 9-arm rim for the Al 356.0 T6 material was 0.217 mm, while for the Al 6061 T6 

material the deformation was 0.293 mm. 

 

   

   

   
Figure 7. Von-Mises Stresses on 356.0 T6, 2024 T4 and 6061 T6 aluminum alloy rims on three different designs 

 

Figure 7 shows Von-Mises Stresses of 5, 6, 9 arm rims from three different materials. Von-Mises Stresses are most 

common in the arm directed to the base. In the case of rims with odd-numbered arms, such as 5 and 9, the stress 

distribution was low, whereas the 6-arm rim with the even-numbered arm had high tensile values due to its 

symmetry. It exceeds 2 times the tensile values of 5 and 9-arm rims. 

 

In this study, deformation and tensile profiles of rims were investigated on 356.0 T6, 2024 T4 and 6061 T6 

aluminum alloys on three different designs. Static analysis results are given in table 2. 

 

Table 2. Analysis Results 
Rim Maximum deformation (mm) Maximum Stress (MPa) 

 Al 356.0 T6 Al 2024 T4 Al 6061 T6 Al 356.0 T6 Al 2024 T4 Al 6061 T6 

5 Arm 0.248 0.248 0.260 26.443 26.443 26.443 

6 Arm 0.287 0.288 0.302 65.111 65.121 65.230 

9 Arm 0.217 0.279 0.293 28.057 38.444 38.444 

 

As a result of static analysis, maximum and minimum stress values were determined by determining the critical 

region on the rim models. The maximum equivalent stresses occurred on the pulley base radius on all three rims. 

The edges, pulleys and bolt connection areas on the rim are dangerous areas. It should be stated here that all the 

equivalent stresses obtained are lower than the yield stress of the material. 
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4 CONCLUSION 
 

In this study, 356.0 Mold Cast, 2024-T4, 6061-t6 aluminum alloys were used on three different designs and 

deformation and stresses in nine different rims were investigated. Considering the maximum stresses on the rims, 

it was found that Al 356.0 T6 alloy is safer and usable for three different designs compared to other materials. 

Displacements in the results obtained in the case of full loading support this opinion. The stress distribution was 

low on the rims with odd number of arms, whereas the stress values were high on the 6-srm rim with even number 

of arms due to the symmetry. In the evaluation to be made considering the designs, it is seen that the five arm rim 

design is more useful considering the maximum stresses. At maximum deformations, less displacement was 

observed in the nine arm rim design. However, these displacement results are close to the deformations of the five 

arm rim. It is an undeniable fact that a nine arm rim is heavier than a five arm rim. This difference will have a 

negative impact on the vehicle's performance and savings. 

 

As a result of the analyzes and researches, Al 356.0 T6 alloy was found to be a more suitable material for rim and 

five arm rim designs were more preferable for cars and vans. 

 

The weight reduction in the rims has a great effect on fuel economy [12]. However, it is a sensitive issue to reduce 

weight in the planned changes, since it does not compromise the characteristics of the rim such as passenger safety 

and road noise. 

 

In our later studies, for static and dynamic condition, rim analysis will continue for cases where the wheel turns 

right and left at different angles from the axis of rotation. 
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Abstract 

In this study, it is aimed to estimate demand by using the model developed with 

artificial neural networks (ANN). In addition, the definitions of artificial intelligence 

(AI) and ANN have been made in the study to understand the basis of the study. 

Within the scope of the case study, ANN model was developed by using MATLAB 

software by using five-year production data. With the developed model, demand 

values with high accuracy were obtained after a certain number of trials. The results 

showed that ANN can be used effectively for demand forecasting in production 

companies.  

1 INTRODUCTION  
 

In today's increasing competitive environment, the importance given to production planning by large and medium-

sized companies is gradually increasing. One of the reasons of increasing importance is the position of these 

companies in the global market. There are two types of production on the basis of companies. One of them is make 

to order production and the second is make to stock production. The subject of this study is how production 

companies can achieve a more efficient production plan by using artificial intelligence while planning their 

production. Companies need to maintain their supply and demand balance by preventing overproduction, 

especially for those with shelf life. In today's technology age, intelligent systems used in every field make life 

easier. In addition, companies use smart systems and autonomous systems to achieve their goals. Thus, intelligent 

systems are not only important for real persons but also for legal entities. 

 

2 ARTIFICIAL INTELLIGENCE 
 

Artificial intelligence (AI) is called the ability of computers to apply the phenomenon called as intelligence [1]. If 

it is defined in another way, AI is to comprehend the thinking structure of human and try to develop computer 

processes that will exhibit similar behaviours [2]. In addition, AI is a science that investigates the intelligent 

behaviour of humans, animals and machines and how these man-made devices can exhibit such behaviour [1].  

 

AI has its own characteristics. Examples of these features include using knowledge, processing symbolic 

information, heuristic problem solving, learning with experience, adapting to new situations, and making mistakes. 

The purposes of AI can be listed as interpretation, prediction, design, planning, repair, instruction creation and 

control.  

 

AI has some technologies. Expert systems, artificial neural networks (ANN), fuzzy logic and heuristic algorithms 

are some of them. Examples of heuristic algorithms include genetic algorithms, simulated annealing, particle 

swarm optimization, taboo search, ant colony algorithm [3].  

 

3 ARTIFICIAL NEURAL NETWORKS 
 

ANN has been developed inspired by the structure of nerve cells in the human brain works and the availability of 

an artificial intelligence techniques recognized by many authorities [4]. ANN has many important features. The 

first is the ability to make decisions despite the lack of data. Another feature is that it uses knowledge representation 

techniques. Finally, the feature that can be given is to analyse the relationships between events by examining the 

examples that show that relationship without relying on a particular algorithm. In addition, ANN has advantages 
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such as segmentation, computational capability for any functional dependence, modelling of spatial relationships 

[3].  

 

There are many types of ANN. Examples include single-layer networks, multi-layer networks, LVQ network, 

adaptive resonance theory networks and reversible networks [5]. 

 

4 CASE STUDY 
 

The aim of the study is to make a more efficient demand forecast by using the production data of a company with 

ANN. For this purpose, ANN model was developed by using MATLAB software.  

 

The available data are 60 in total. 42 of these were grouped as training, 9 of them were validation and 9 of them 

were test data. The data available are in the form of a time series and belong to a single variable. Therefore, the 

ANN model to be developed must be suitable for the nonlinear autoregressive structure. Then, the developed 

network begins to be trained. Levenberg-Marquardt algorithm was used for the training of the network. After each 

iteration, the training status is checked and the training of the network is completed when the training level reaches 

the desired value.  

 

The following is the structure of the ANN developed within the scope of the study: 

  

 
Figure 1. ANN model developed within the scope of the study 

 

5 RESULTS AND DISCUSSION 
 

It was seen that the developed ANN model predicted with an accuracy rate of 91%. The data used within the scope 

of the application are 5-year data. Due to the lack of data used for training and testing, an error rate of 9% is 

encountered. The high amount of data used to train and test has a positive effect on forecast performance of the 

ANN. In case of excessive data, a separate ANN model could be established for each season. However, due to lack 

of data, this method is not used here. Another reason for this error rate is the seasonal effect on the products of the 

company. To explain the seasonal effect, this is due to seasonal fluctuations in demand. 

 

Figure 2. shows the prediction performance of the developed ANN model. The best prediction performance was 

obtained by 172 iterations in the ANN model with 18 neurons. The R value in Figure 2 represents the correlation 

coefficient. The correlation coefficient indicates the strength of the relationship between the estimated demand 

value and the actual demand value.  

 

The comparison of the estimated values produced by the developed ANN model with the actual data is given in 

Figure 3. The blue dot shown in Figure 3. represents the actual data used for training the network. The blue plus 

represents the estimated values generated by the ANN model. The green dot represents the actual data used in the 

validation step. The green plus represents the estimated demand values generated by the ANN model during the 

validation step. The red dot icon represents the actual data used in the test phase, while the red plus indicates the 

estimated values generated by the ANN model during the test phase. 
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Figure 2. Forecasting performance of developed ANN model 

 

 
Figure 3. Comparison of estimated values with actual data 
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6 CONCLUSION 
 

Today, demand forecasting is becoming increasingly important for make-to-stock companies. Therefore, it is very 

important to demonstrate that AI can be used in this field. The aim of this study is to make an efficient demand 

forecasting using ANN. A demand forecasting model was developed using ANN. In this model, the performances 

of different network structures were examined by changing the number of neurons in order to determine the best 

network structure. Thus, the best predictive network structure was determined. 

 

There is some deviation between the estimated demand values obtained using the ANN model developed and the 

actual demand values. One of the reasons for this deviation is the limited data, and another is a seasonal variation 

in demand for the product. If excess data are available, a separate ANN models can be developed to estimate 

demands for each season. Thus, it is possible to obtain a more efficient results in terms of demand forecasting. 
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Abstract 

In-car concepts have an indispensable importance because they appeal to the eye and 

the search for comfort increases. In this respect, it is thought that a study should be 

made in order to keep the cup holder in the vehicle constant and not to tip the cup. In 

this study, Arduino was used to achieve this aim. The system, designed using 

Arduino, prevents the cup from tipping by reacting in the opposite angle to the 

imbalances caused by vehicle shaking on rough roads.  

1 INTRODUCTION  
 

Today's technologies aim to increase the welfare of people. Technology has always continued to develop with the 

belief that it can give us more comfort and convenience. Thus, technological developments have led to important 

issues such as transportation. Arduino is used in manufacturing, entertainment, health and defence industries. 

 

This study includes six section. The first section is introduction. In the second part, information about Arduino is 

given. In the third section, information on in-car comfort is given and in-car cup holders are mentioned separately. 

In the fourth section, the implementation part related to the construction of the project is mentioned. In the fifth 

section, research findings and discussion are discussed and finally the study is completed with the conclusion 

section. 

 

2 ARDUINO 
 

Arduino has been identified as the platform that enables the integration of electronic software and hardware in 

order to carry out various studies. It is understood that it has pins for circuit connections and has Atmel AVR 

microcontroller on it. Arduino has an open source architecture and was developed by Italian engineers. Wiring 

based programming language is used in Arduino programming language. Arduino programming language is 

similar to C programming [1].  

 

Arduino is formed by the combination of software and hardware. This open source system provides some 

convenience even for people who are not familiar with the software. Arduino, which is indispensable for students 

and designers, uses Java based programming language. The Arduino microcontroller stores external data and 

directs them to the required boundary conditions. The Arduino IDE is the development environment of Arduino, 

that is where the software code is written, and has been developed with the Java programming language. Arduino 

Bootloader is defined as a component that allows programming of microprocessors. Arduino libraries are defined 

as the place where the codes that should be written are actually ready. If a process's library cannot be found, we 

need to write the codes of that process ourselves. The compiler (AVR-GCC) is a tool that allows to program 

Arduino. Arduino programming can be done with this tool installed on the computer.  

 

It has been found that Arduino can be easily linked to the environment. Open source is one of the biggest 

advantages. Arduino cards have Atmega 8 and 32 bit microcontrollers. It has been found that the Arduino libraries 

make it easier to encode microcontrollers. It is understood that analogue and digital inputs provide convenience 

for users and data from sensors are available. It is seen that sound, movement and light can be given to the 

environment with Arduino. In addition, electrical connections with Arduino can be practically created. [2].  

 

One of the works with Arduino is for smart homes. This study by Özcanhan [3] aimed to provide security and 

energy saving in today's smart homes. In addition, it is aimed to reduce the cost by using Arduino. The system 

tested by the users was found to be positive in terms of security and saving level. 
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The use of Arduino is also found in the military field. An example is the development of tanks. Songül [4] aims to 

focus the target on which the barrel is pointed despite the changes and swings of the tank. Thanks to the project, it 

was possible to lock the tank barrel to the target continuously. In addition to this purpose, the cost of the project 

by using Arduino was also reduced. 

 

Arduino is also used in the health field. The aim of the study in the field of health is to follow up the physiological 

knowledge of the patients without leaving the patient tied to bed and while the people continue their normal lives. 

In this study with Arduino, physiological information was checked with the body-mounted e-HEALT sensor 

platform kit [5]. 

 

3 IN-CAR COMFORT AND IN-CAR CUP HOLDERS 
 

The comfort of the vehicles is examined in two different parts. The first is hardware features and the second is 

design features. Design features are always preferred because they will attract attention. However, it has been 

noticed that the concept of in-car comfort varies from person to person. Therefore, in the newly developed vehicles, 

a common concept design is aimed at all users. Examples of equipment include anti-slip glove pads, heated seat 

cover, car hooks, seat belt support. On the other hand, it is seen that the design part is more appealing to the eye. 

These can be listed as seat designs, steering designs, glove box designs and the design of the car's exterior frame.  

 

In-vehicle cup holders are defined as in-vehicle equipment that ensures that the beverage in the cup is not spilled 

while the vehicle is in motion. It has been seen that this equipment has changed in design. It was understood that 

this equipment aimed to prevent vibration and shaking. However, it was found that although there were cup holders 

that absorb vibration, these cups did not fully prevent shaking. It has been found that cup holders fixed to the 

ventilation, cup holders that can be placed in the gear section and cup holders placed in the vehicle doors are also 

available. 

 

4 MATERIAL AND METHOD 
 

In this study, it is aimed to prevent the spilling of beverages by balancing the cup holder in the vehicle with an 

electronic system. In order to make this system cheap and easy, Arduino was used in the project. The cup holder 

is printed on the three-dimensional printer. At first, the cup holder parts printed on the 3D printer were assembled. 

Then, the motors that will give axial movement are placed in their places as tight fit. The Arduino is located behind 

the cup holder system. Then, the acceleration sensor cables and the motor cables are connected where necessary. 

The system is planned to be powered from the in-car USB port. 

 

Arduino Uno card was used in the project. The Arduino UNO is equipped with an Atmega328 microcontroller. 

 

 
Figure 1. Arduino UNO 

 

The ADLX345 Triaxial Acceleration Sensor provides three axis stabilization and transfers the necessary data to 

the axis motors. 
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Figure 2. Acceleration sensor 

 

Servo motor consists of DC motor, gear unit and potentiometer for checking angle values. 

 

 
Figure 3. Servo-motor 

 

The final version of the designed cup holder is given below. 

  

 
Figure 4. Designed in-car cup holder 
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5 RESEARCH FINDINGS AND DISCUSSION 
 

Although the cup holders inside the vehicle absorb vibration, it was found that they could not prevent spillage. 

Therefore, it is understood that the designed system is needed. The system is intended to prevent shaking with the 

Arduino board and acceleration sensor. Preventing shaking will also ensure that the cup does not tip. A higher 

quality motor can be used to improve system quality. In addition, the designed system can be made more stable 

with software optimizations. 

 

6 CONCLUSION 
 

The main purpose of this study is to design an in-car cup holder system that prevents the cup from falling over. 

Arduino structure was utilized in the designed system. The data from the Arduino and the data from the 

acceleration sensor are correctly guided by the movement of the cup holder motors. It was thought that it would 

be possible to improve the system by improving motor quality and optimizing software. 
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Abstract 

End of life tires (ELTs) and their decomposition are constituted a major 

environmental problem for local region, arising from the economical and technical 

challenges. In this respect, the ELT treatment activities are played a significant role 

in order to solid waste recovery. A fundamental background of ELT management 

can be mainly classified into four groups, which are pyrolysis technology, granulated 

rubber, feasibility and legislation sections. In this study, the related studies on the 

ELT management in the open literature is presented as a review study. Furthermore, 

the current ELT management in Erzincan city is briefly explained by considering the 

existing energy recovery and material treatment activities. 

1 INTRODUCTION  
 

A remarkable growth in tire production has been recorded in recent years, due to the so far continual increase of 

vehicles in the world. As it is obvious from literature [1] that approximately 1.4 billion tires are generated globally 

on an annual base. The phenomenon can be turn into an occasion for a sustainable generate of energy which is 

known as ꞌꞌend of life tires (ELTs) managementꞌꞌ. The efficient and cost-effective management of ELT is 

considered as a valuable resource with a growing potential. European Tyre & Rubber Manufacturers' Association 

(ETRMA) [2] reported that ELT with a calorific value equivalent to that of good quality coal. 

 

The ELT treatment activities are represented by five main methods which correspond to the retreading, 

devulcanization, ambient grinding, pyrolysis and illegal tire oil extraction. During the treatment of end of life tires, 

several sub-products are manufactured in considerable quantities which are namely rubber, textile-fibers, carbon 

black materials, pyrolytic liquid and oil, steel and the other derivate raw materials. In this respect, ELT 

management is one of the most suitable and effective technique for dealing and resolving the major environmental 

problems, arising from the economic and technical issues, in a sustainable production of energy for the long term, 

and to achieve ꞌꞌzero wasteꞌꞌ.   This improvement can be attributed to the ELT being regarded as an opportunity for 

sustainable production of energy which is known as ‘’waste-to-energy’’ (WTE). 

 

There are several categories of WTE technologies [3]: (i) thermal conversion methods (incineration, pyrolysis, and 

gasification), (ii) biochemical conversion, (iii) landfill. Incineration is the mostly method used in thermal 

conversion technology due to its capability to reduce waste mass approximately 70% and total volume by up to 

90%. The process is accomplish by incineration, energy recovery and air pollution like SOx, COx, and NOx which 

may result in health hazards. The process is achieved in a temperature range of 750 and 1000˚C. Pyrolysis is 

another thermal waste treatment type which is occurred in environment without oxygen. It is classified into three 

groups, namely, conventional pyrolysis (550–900 K), fast pyrolysis (850–1250 K), and flash pyrolysis (1050–

1300 K). Gasification is a process that converts organic- or fossil fuel-based carbonaceous materials into CO, CO2 

and H2O. This is performed by reacting the material at high temperatures (>700 °C), without combustion, by 

controlling the amount of oxygen and/or steam [3].  

 

Biochemical conversion is considered as the second main waste-to-energy technology. The process is principally 

based upon the reaction of microorganism enzymes. It can be stated that the biochemical method is more eco-

friendly than that of others. One of the mostly used among the waste treatment techniques worldwide, landfilling, 

which is a soil-based waste disposal technique that reduce it to the lowest allowable volume in sanitary landfill 

[4]. 
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The focus of the present study is to outline an overview about ELT technology in the world. It is obvious from 

below literature review that comprehensive research has been performed so far on ELT management and its wide 

applications. The final objective is to demonstrate that vital current various studies in related to ELT management. 

Moreover, recent ELT management in Erzincan city is briefly introduced with  used current pyrolysis technology 

in the last section of the present paper.   

 

2    RECYCLING STATUS OF WASTE TIRES 

 
The human population increase and the industrial developments are always prompted to researchers to find new 

alternative technologies. The ELT management can be evaluated as an effective and available method due to its 

potential to become valuable raw materials. For the response of the increasing environmental responsibilities, 

waste tires are now being recycled in a manner that not only benefits the environment but also contributes to 

financial growth.  

 

 
Fig 1. Disposal of scrap tires in US (2017) [5] 

 

 
Fig 2. A) Distribution of waste tires in Australia (2016-2017) [6] B) Material recovery from waste tires in EU 

(2016) [7] 

 

As shown in figures above, the pyrolysis technology and the alternative fuel production derived constitute a major 

portion of the waste tire, while the rest become recycled in various ways. On the other hand, 6% and 8% of waste 

tires are being recycled as civil engineering materials, in US and in EU, respectively, but only around 0.4% of 

waste tires are being recycled in Australia.  

 

A B 
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3   RECENT STUDIES ON ELT MANAGEMENT 
 

Due to the increased number of end-of-life vehicles (ELVs), the used tires in the world have developed 

considerably in recent years. End-of life tires (ELTs), a vital portion of the ELV waste, are a major environmental 

problem for local region, arising from the financial and technical challenges. In this respect, disposal of the ELT 

is significantly pivotal to organize the present ELT plants effectively and ecofriendly. The merits and demerits of 

ELT technologies are illustrated in Table 1 in detail. As a consequence of the increasing importance of efficient, 

cost-effective waste treatment technologies, an accurate theoretical/or experimental analysis of the ELT 

managements are being of crucial significance, hence extensive research has been performed data in this area. The 

present study targets to satisfy a fundamental background of ELT management, which is mainly classified into 

pyrolysis technology, granulated rubber, feasibility and legislation.  

 

3.1 Pyrolysis techniques 

 

The pyrolysis is one of the mostly prefered technology among the ELT managements. The reason of that is its 

wide concept and rapidly developing applications such as pyrolysis oil, gas and rubber, carbon black productions. 

Corti and Lombardi [8] compared different improvements of end-of-life tires with LCA. It was claimed that the 

fuel substitution in cement production allow a treatment terms of avoided effects mainly due to the avoided use of 

conventional fuels. Samolada and Zabaniotou [9] analyzed a general overview of ELT management in Greece. 

They indicated that it was requirement to give a remarkable amount of attempt in order to ensure in ELT 

prevention, reduction and recovery. They also clarified that pyrolytic oil, if treated, can be used alternatively to 

replace liquid fuel, and hence a closer collectively of the local scientific community with legislation management 

in Greece should be supported in order to utilize the better ELT disposal. Sienkiewicz et al. [10] presented a 

comprehensive review for modern approaches on ELT management in the European Union member countries. 

They also analyzed the possible uses of waste tires as a source of raw materials or alternative fossil fuels. They 

emphasized that ELT management was playing an important role for recovery and recycling of used tires owing 

to organizational solutions, free market and tax system in Europe. Williams [11] presented a review on the potential 

of tire pyrolysis oil to be used as an alternative to the light fuels. It was emphasized that upgrading tire pyrolysis 

products to high value products is associated with the production of higher quality carbon black and activated 

carbon, and the meaningful advancement in the use of suitable catalysts for this was considered. Athanassiades 

[12] used the microwave pyrolysis technology, an alternative method for conventional pyrolysis methods. It was 

analyzed that carbon blacks from wave pyrolysis and traditional pyrolysis methods. The results indicated that the 

carbon black has similar properties to a semi-reinforcing filler with potential for improvement. Antoniou et al. [13] 

determined which factors were effective in the production of activated carbon from ELTs through pyrolysis 

technology. They proposed the use of pyrolytic gas to maintain pyrolysis operating temperatures and pyro-oil to 

increase the energy balance of the plant. Antoniou and Zabaniotou [14] experimentally presented for technical 

evaluation of ELT pyrolysis by means of a batch rotary kiln reactor. In the work, the temperature, heating rate and 

particle size were investigated with respect to changes in product yields. It was concluded that the gaseous and 

liquid fractions obtained, displaying high calorific values of 23.8 MJ/m3 and 40.8 MJ/kg, respectively. Antoniou 

and Zorpas [15] performed an evaluation of the potential of Tire Pyrolysis Oil (TPO) via pyrolysis technology for 

energy recovery and also contribute to social impact, as new job opportunities. They concluded that TPO can be 

used as an alternative diesel fuel, provided that the sulfur content in it must be reduced. Rowona et al. [16] 

presented a review associated with methods utilized to recover materials and energy from ELT management. They 

concluded that forward processing of the pyrolytic oil and char and having a sustainable market for the derived 

products can significantly improve the economics of the process. Mohan et al. [17] performed an experimental 

study to improve the mechanical properties of crude pyrolysis oil, using a silica gel. It was concluded that the fuel 

properties of the upgraded oils improved vitally and match closely with diesel fuels. Singh et al. [18] 

experimentally analyzed the properties obtained from pyrolysis processing of the three tire wastes with respect to 

changes in the effects of the yield, composition and quality. They produced both crude oil with a high calorific 

value and a significant amount of coal with a high surface area. Muelas et al. [19] experimentally studied the 

analysis combustion properties of the tire pyrolysis liquid (TPL) achieved by end of life tires. They observed that 

the TPO combustion rate was lower compared to traditional heating oil (FO). 

 

3.2 Granulated rubber   

 

The usage areas of the ELT management are not limited with conventional applications such as pyrolytic oil, gas 

and carbon black yields. They are also very promising in granulated rubber and steel and textile fibers processing. 

Lin [20] collected opinions about the driving forces of ELT management from 29 experts working in the area 

(research, private sector and public sector). It was claimed that both in Europe and America material recycling 

percentage of ELTs is expected to rise and energy recovery percentage of ELTs is expected to fall. Sol-Sanchez et 
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al. [21] experimentally studied the design and performance of under sleeper pads, which used to improve vibration 

protection. It was claimed that the pads transmitted loads to a higher ballast field and in augmented the lateral 

resistance of the trace.  

 

Table 1. Advantages and disadvantages of ELT management 

 
 

Landi et al. [22] introduced the comparative study on the end of life of the textile fibers material in order to consider 

the environmental impacts of the tires by creating different scenarios. It was concluded that global reduction of 

impacts in the case of re-use of the fibrous material. Depaolini et al. [23] physically and chemically characterized 

the selected recycled rubber with various properties (type, age, origin etc.). It was claimed that concentrations in 

controlled origin materials could be lower than in uncontrolled samples. Aoudia et al. [24] estimated the potential 

of recycling waste tire rubber to be used as a new composite material using the microwave electromagnetic energy 

technology. It observed that there is a linear relationship between the rubber modules and number of crosslink per 

chain. Sagar et al. [25] investigated the physical and mechanic properties of ethylene propylene diene rubber 

(EPDM) using the scanning electron microscopy (SEM). It was claimed that recycled carbon black (rCB) which 

is the best way to reinforcing performance and low resilient rate and conventional carbon black (N550) were 

compared. It was claimed that the high structural unity and resistance situation were higher for rCB than for N550. 

Gigli et al. [26] introduced a suitable technology, which allows transforming textile fiber into a practical secondary 

raw material for various applications. In the work, the different process for end-of-life tire fiber management is 

analyzed applying the Life cycle assessment methodology. Samarakoon et al. [27] investigated the mechanical 

performance of steel fibers through ELT management. In the work compared the mechanical properties with those 

of recycled fiber reinforced concrete (RFRC) and manufactured fiber reinforced concrete (SFRC) and similar test 

results were obtained. Siddika et al. [28] reviewed the treatments of waste tire rubbers and rubber- ized 

cementations composites as well as their material properties, durability, usages, and serviceability performances. 

They stated that there was a great need to provide safe and reliable strength and durability to prevent accidental 

damage to structural reinforced concrete. Abbaspour et al. [29] investigated reuse of the Waste tire textile fibers 

(WTTF) via design and performance of the various laboratory tests. It was claimed that WTTF may be managed 

as considerably efficient materials in all geotechnical design that requiring no excessive cost. 

 

3.3 Legislation  

 

There is a continuous effort to demonstrate the legislative trends worldwide in order to increase environmental 

responsibility and sustainable development. Ferrão et al. [30] established a case study on environmental 

valorization for processing ELT management in Portugal. It was mentioned that the ELT management dynamics 

are crucially important, in order to predict the ELT production in the future and as a consequence, the costs 

associated with tire ELT processing. Uruburu et al. [31] discussed how the application of Directive 2008/98/EC 

of the European Union affected integrated management system (IMS) for ELT management in Spain. The results 

indicated that it is crucial to emphasize the growing environmental awareness between user and purchaser, thus, 
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facilitates sales of the tires. Islam et al. [32] exhibited the thermochemical analysis of current ELT plant in 

Bangladesh. It is revealed that the properties of fuel of the tire derived pyrolysis liquids comprising density, 

viscosity, carbon and hydrogen contents are established almost comparable to those of the commercial diesel fuels 

but higher sulphur content and lower flash point are problematic. Malijonyte et al. [33] performed a study, which 

is compared the energy recovery processes results with those of the ELT and selected solid waste (MSW), which 

produced in the Baltic States. They found that ELT management had the lowest environmental impact. They 

reported that 30 kg of ELT tire or 183 kg of MSW are required to recover 1 GJ of the fuel energy. Karaağaç et al. 

[34] reviewed the ELT management systems in Turkey. They stated that an ELT corporation organized in Turkey, 

the tire industrialists association (LASDER), was playing a crucial role for ELT recycling, recovery, and storage 

activities are under legislative controls. Park et al. [35] presented a comprehensive research of sustainability of 

choice for ELT disposal in Colombia. They evaluated two approaches of the Extended producer responsibility 

(EPR) system in Colombia, governance organization and the efficiency in the end-of-life management, 

respectively. They concluded that legal regime needs to be established by describing obvious targets and allowing 

flexibility at reasonable level. Sebola et al. [36] established and explained the ELT management, waste tire 

recycling rates, legal regulation, ELT volume and market in South Africa. They stated that the EU tire recycling 

rates are closer to 100% while in South Africa the rate is less than 20%. They also clarified that tire recycling rates 

in South Africa are increasing but still lags behind the European Union and hence continuously evaluating the 

waste management systems will help in closing the gaps and identifying opportunities of improvement. Winternitz 

et al. [37] discussed on environmental assessment of Extended producer responsibility systems (EPRS) for tires in 

Belgium, Italy and the Netherlands. They found that EPRS give a considerable amount of effort in order to reduce 

illegal stocking of ELTs, major challenges to increase resource efficiency in ELT managements.   

 

3.4 Feasibility 

 

Although pyrolysis of ELT is one of the most reliable waste treatment techniques in the world, its successful 

operation at commercial scale depends mostly on achieving economic viability. Li et al. [38] evaluated the four 

different treatment technologies related to ELT management in China by dealing financial and environmental 

trends. They applied Life Cycle Assessment (LCA) for four treatment technologies as well as an investigation of 

their advantages. They concluded that pyrolysis method is much more eco-friendly among the others, while illegal 

tire oil subtraction is the most hazard environmentally. Uson et al. [39] performed a case study on evaluate and 

optimize the location of the ELT plants using the Life cycle assessment and Clarke and Wright's saving algorithm. 

The results showed that the travelled distance could be reduced approximately 15%. Belabdelouahab and Trouzine 

[40] presented a model on the study of a retaining wall supported by end-of-life tires. They claimed that the 

utilization of tires as a layer provides a better distribution of forces in the mass of soil and improve the mechanical 

properties of the soil. Landi et al. [41] presented a feasibility analysis for textile fibers recovered from end-of-life 

tires. They compared the results with those of the Life cycle assessment (LCA) and cost-benefit analysis (CBA) 

and they revealed that the greatest financial benefits are the economic valorization of the rubber powder.  

 

4   CONCLUSION 
 

Rapid industrialization, population explosion, environmental problems, technological changes and increased 

production desire led to a serious threat not only the natural environment but also the human health, as well as the 

effective management. The issues result in the need for increased solid waste managements. For this reason, ELT 

management, which is a successful application of the solid waste technologies, has attracted attention of 

researchers, to achieve ꞌꞌzero wasteꞌꞌ.  

 

In this paper, an overview about ELT management in the world as well as that in Turkey is introduced. Some 

significant present studies in related to ELT management are summarized in 4 sections, in which pyrolysis 

techniques, granulated rubber, legislation and feasibility, respectively. In further works, recent ELT management 

in Erzincan city is expected to illustrate its energy production and technical process with an engineering approach. 

Presently, some physical properties of the ELT plant in Erzincan city are outlined as follows: 

 

 Erzincan, which is located in the Eastern Anatolian region of Turkey, having approximately 200,000 

human population. The territory of Erzincan city is 11,974 km2. Annual electricity consumption per capita 

is 1180 kWh in Erzincan. 

 The main operation plants of existing ELT plant in Erzincan are consisted of three parts which are granule, 

pyrolysis and energy recovery. The operation area is around 43,000 m2. 

 The annual ELT capacity reaches approximately 24,000 tons. In the plant, the electric, carbon black and 

steel fiber are produced from end of life tires, and their capacities are 35 GWh, 8,200 and 4,800 tons, 

respectively. 
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 The waste tires are recycled into pyrolytic oil, carbon black and pyrolytic gas, with the percentage of 

52%, 40% and 8% of respectively, in the plant. 

 The plant produces 12MWh of electricity owing to 4 identical generators each with a production capacity 

of 3MW.  
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Abstract 

Maintenance activities are of crucial importance for production companies. They 

often plan preventive maintenance and corrective maintenance activities for the 

machines available on whole production process. Proper planning will minimize 

downtimes. In this study, Weibull distribution parameters were determined by using 

historical failure data of a machine. The least squares method and maximum 

likelihood estimation method were used to determine Weibull distribution 

parameters. The calculated weibull distribution parameters are expected to contribute 

to maintenance planning activities in the companies.  

1 INTRODUCTION  
 

Since the industrial revolution, maintenance of engineering systems has been a very important task. Despite 

significant improvements in equipment maintenance, complexity, uncertainty, cost and competition still make 

maintenance a difficult process. Every year large amounts of money are spent on maintenance activities in the 

world. This indicates the need for effective asset management and maintenance practices [1]. 

 

To correctly plan a machine's maintenance, it is necessary to know the failure behaviour of that machine. If the 

machine's historical fault data is available, the failure distribution of this machine can be determined. Knowing the 

failure distribution of the machine means knowing the failure behaviour. 

 

2 WEIBULL DISTRIBUTION 
 

The probability density function of the two-parameter weibull distribution is expressed using the following 

equation [2]. 

 

𝑓(𝑡) =
𝛽

𝜂
(

𝑡

𝜂
)

𝛽−1

𝑒
−(

𝑡
𝜂

)
𝛽

 
   (1) 

𝑓(𝑡) ≥ 0,   𝑡 ≥ 0, 𝛽 ≥ 0, 𝜂 ≥ 0,  

  

t is a random variable representing time, f (t) probability density function, η and β weibull distribution parameters. 

These parameters are η scale parameter and β shape parameter. 

 

Weibull distribution is used to determine the failure distribution of a machine in maintenance planning. This is due 

to the ability of the weibull distribution to represent different failure behaviours. When the β parameter of the 

Weibull distribution is less than one, the failure rate decreases with time. When the β parameter is equal to one, 

the failure rate is constant over time. When the β parameter is greater than one, the failure rate increases with time. 

The Bathtub Curve in Figure 1. represents these three different states [3]. 
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 Figure 1. The bathtub curve [4] 

 

3 PARAMETER ESTIMATION METHODS 
 

Two of the parameter estimation methods are least squares method and maximum likelihood estimation method. 

The least squares method requires that a line be matched to a number of data points. Thus, the sum of the squares 

of the distance from the points to the line is minimized. Assume that a set of points (𝑥1, 𝑦1), (𝑥2, 𝑦2), … , (𝑥𝑁 , 𝑦𝑁) 

exists. According to the principle of least squares, the line that best represents this set of points is that the sum of 

the squares of the vertical distances between each point and the line is minimal. For this case where 𝑦 = �̂� + �̂�𝑥, 

the minimization equation is given in the following equation. 

 

∑(�̂� + �̂�𝑥𝑖 − 𝑦𝑖)
2

𝑁

𝑖=1

= 𝑚𝑖𝑛 ∑(𝑎 + 𝑏𝑥𝑖 − 𝑦𝑖)2

𝑁

𝑖=1

 (2) 

  

In the equation above, �̂� and �̂� represent the estimated values of coefficients a and b. N represents the total data 

point, and i = 1,2,…, N. 

 

The maximum likelihood estimation method is based on obtaining the most likely parameter values for a given 

probability distribution. The mathematical formulation of the maximum likelihood estimation method is shown 

below. 

 

𝐿(𝜃1, 𝜃2, … , 𝜃𝑘|𝑥1, 𝑥2, … , 𝑥𝑅) = 𝐿 = ∏ 𝑓(𝑥𝑖; 𝜃1, 𝜃2, … , 𝜃𝑘)

𝑅

𝑖=1

 (3) 

 

where, 𝑥 is continuous random variable, 𝑓(𝑥; 𝜃1, 𝜃2, … , 𝜃𝑘) is probability density function, 𝜃1, 𝜃2, … , 𝜃𝑘 means k 

parameters to be estimated, 𝑥1, 𝑥2, … , 𝑥𝑅 is total number of data, 𝐿 is likelihood function and 𝑖 = 1, 2, … , 𝑅 refers 

to the sequence number [5]. 

 

4 APPLICATION 
 

In the scope of the application, 36 historical failure data of a machine are examined. Using these data, weibull 

distribution parameters were calculated according to both least squares method and maximum likelihood 

estimation method. 

 

Table 1. Machine failure data 

2721 5914 4329 3851 5702 4826 8956 4278 5682 

4032 6129 6145 6823 6289 6257 3701 7521 6023 

8432 4133 4431 4256 5278 5471 6256 3880 2580 

7651 8766 4981 6582 5518 6834 9026 7904 7903 
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Existing data were analysed in Minitab software by using least squares method and maximum likelihood 

estimation method. The analysis results are given below.  
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Figure 2. Analysis results for least squares method 
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Figure 3. Analysis results for maximum likelihood estimation method 

 

5 RESULTS AND DISCUSSION 
 

When the estimation results were examined, weibull distribution parameters were β = 3.87 and η = 6403.51 

according to least squares method and β = 3.79 and η = 6433.46 according to maximum likelihood method. The 

value expressed by AD in the section where the results are, is the Anderson Darling statistical value. The Anderson 

Darling test is used to determine the suitability of a data set for a specified distribution. According to Weibull 
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distribution, Anderson Darling's critical value is 0,752 at 5% significance level. In the parameter estimation using 

both least squares method and maximum likelihood estimation method, the Anderson Darling statistic value was 

lower than the Anderson Darling test critical value. This means that the current data set corresponds to the weibull 

distribution with the calculated parameter values. 

 

6 CONCLUSION 
 

In order to carry out maintenance activities in a planned manner, it is necessary to plan the spare parts, labour and 

equipment to be used in maintenance activities correctly. It is possible to do this for preventive maintenance 

because the times for maintenance are certain. However, it is uncertain when the failure will occur exactly in the 

case of corrective maintenance. 

 

In this study, weibull distribution parameter values according to least squares method and maximum likelihood 

estimation method were determined in Minitab software by using failure data of a machine. In this way, failure 

times can be predicted with high accuracy and corrective maintenance activities will be performed more 

effectively. 

 

References  
 

[1] B. S. Dhillon, Maintainability, Maintenance, and Reliability for Engineers. CRC Press, 2006. 

[2] “The Weibull Distribution,” 2019. [Online]. Available: 

http://reliawiki.org/index.php/The_Weibull_Distribution. [Accessed: 13-Jun-2019].. 

[3] Ç. Teke, “İmalat Sektöründe Uygun Bakim ve Stratejisinin Belirlenmesi İçin Bir Yöntem Tasarimi ve 

Uygulamasi,” Sakarya University, Sakarya, 2018. 

[4] “The Bathtub Curve and Product Failure Behavior Part One - The Bathtub Curve, Infant Mortality and Burn-

in,” 2019. [Online]. Available: https://www.weibull.com/hotwire/issue21/hottopics21.htm. [Accessed: 14-

Jun-2019]. 

[5] “Parameter Estimation,” 2019. [Online]. Available: http://reliawiki.org/index.php/Parameter_Estimation. 

[Accessed: 15-Jun-2019]. 

 

 

1497



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*yhatipglu@bayburt.edu.tr 

Dynamic Behaviour of Adjacent Buildings by Viscous Dampers with The 

Influence of Soil Structure Interaction 

 
Yavuz Selim HATİPOĞLU*1, Oğuz Akın DÜZGÜN2 

 
1Bayburt University, Department of Civil Engineering, Bayburt, Turkey  
2Atatürk University, Department of Civil Engineering, Erzurum, Turkey 

 

Keywords:  
Viscous dampers  

Adjacent building,  

Structural control, 

Soil - structure 

interaction, 

Seismic response, 

Viscous boundary 

 
Abstract 

By applying energy distribution devices or control systems to structures, structural 

control can be provided against natural disturbances such as earthquakes and wind 

and structural vibrations can be reduced. Fluid viscous dampers (FVDs) with a 

passive energy damping device are suitable for this purpose. In this study, 

dynamically similar and dissimilar adjacent structures were investigated under the 

Kocaeli earthquake considering soil structure interaction. Models are created as 

two-dimensional (2D) and analysed. Transmitting viscous boundary model was 

used in the soil model. The FVD effectiveness is investigated to reduce of structural 

responses (displacement, accelerations and base shear force) of the interconnected 

structures. Results show that using viscous dampers to connect the adjacent 

dissimilar structures can effectively reduce earthquake-induced responses of either 

structure. From this point of view, it is necessary to develop different connection 

methods for structures with similar dynamic structures. Further, lesser damper at 

appropriate locations can significantly reduce the earthquake response of the 

adjacent building. The reduction in responses when 1 FVD or 2 FVD at appropriate 

locations is almost as much as when they are connected at all floors, thus the cost 

of the dampers can be minimized. 

 

1 INTRODUCTION  
 

Structural control systems, an advanced engineering technology, minimize the potential for major earthquake 

damages and natural phenomena such as vibrations disturbing human comfort caused by strong winds. In the 

early 1990s, great emphasis was placed on research and development of structural control devices, and energy 

distribution devices or control systems were introduced to reduce excessive structural vibrations of medium and 

high buildings. Energy distribution devices have been developed for structural control. Active, semi-active and 

passive energy distribution devices have been developed. These control systems can dynamically change the 

response of the structure as desired, thus being called protective systems for new structures [1]. The energy 

distribution devices give additional damping to the structure. This damping dissipates some of the vibration 

energy of the structures by converting them into heat or by transferring them directly to any connected structure 

or mass damper. Viscous dampers are the mechanisms used for passive vibration control. 

 

Recently, there has been increasing efforts to provide structural control by connecting two adjacent structures to 

each structure instead of applying structural control system separately. Thus, the two buildings provide damping 

to each other. The available space between the two adjacent structures is sufficient to accommodate the structural 

control devices. No additional space is required for the installation of devices such as viscous dampers. 

Connecting two buildings to structural control systems prevents a collision between two adjacent structures in 

major seismic events such as the 1985 Mexico City earthquake [2]. First, Klein et al. [3] and later in Kunieda [4] 

(1976), proposed the interconnection of structures. Kobori et al. (1988) developed bell-shaped hollow connectors 

for connecting adjacent buildings. Westermo [5] proposed the use of hinged connections to connect two adjacent 

floors in line. Qi and Chang [6] used viscous dampers to connect adjacent blocks in a large entertainment 

facility. Xu et al. [7], earthquake-induced multi-storey buildings connected to fluid damper under earthquake 

excitation under the multi-degree of freedom (MDOF) presented the formulation of motion equations. Yang et 

al. [8] conducted an experimental seismic study with viscous viscous dampers in adjacent buildings. Bhaskararao 

and Jangid [9,10] analyzed adjacent structures connected by viscous shock absorbers and studied the optimum 
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damping damping coefficient for optimum displacement. Kim et al. [11], visco-elastic dampers connected to 

each other with single degree of freedom (SDOF) systems examined under the influence of earthquake. Uz and 

Hadi [12] examined the connected structures of viscous viscous dampers using both response spectrum analysis 

and time history analysis. Uz and Hadi [12] also investigated the optimal placement of dampers to minimize the 

cost of dampers. 

 

Many researchers have examined the efficiency of two structures connected by viscous dampers for structural 

control systems as 2D. However, they neglected the effect of the soil medium. In this study, viscous dampers 

with fluid viscous dampers are examined in terms of structural vibration, taking into account the effect of soil on 

the structure. Kocaeli earthquake record was applied in the analyses. The results were obtained as displacement, 

acceleration and base shear force. 

 

2 MATERIAL AND METHOD 
 

The analyses were made in 2D using ANSYS R19,2 Academic [10] package program using finite element 

method. Transmitting viscous boundary condition is used in the boundary region of the soil model. Building 

models, modelling of Fluid Viscous Dampers and details of all other models are given below. 

 

2.1 Modeling of Adjacent Buildings 

 

The buildings are modeled as 2D in ANSYS. The 12-storey Building A is connected to the peer and to a certain 

extent to the higher Building B. Heights of Building A and Building B are called HA and HB, respectively. The 

planned HB / HA ratios between HA and height of building B are 1, 1.25, 1.5, 1.75, 2. The floor heights of the 

Buildings A and B and the distances between the columns are the same, but in some examples they are different 

in column and beam dimensions (Table 1). The buildings have a storey height of 3 m and have two openings of 6 

m. During the interconnection of dynamically similar and different neighbouring Buildings A and B, a different 

number of FVDs of the same property were used. In order to explain the distribution of the liquid viscous 

dampers to the layers, they are named in Cases 1 to 6 and are shown in Figure 1. 

 

 
Figure 1. Distribution of FVDs in Adjacent Building  

 

All examples shown in Figure 1 will be applied to each of the Buildings A and B which are dynamically similar 

and different. Analyses with the same column and beam dimensions of both buildings are defined by the index 

“(a)”, whereas analyses with different column and beam dimensions are defined by the index “(b)”. Table 1 

provides detailed column and beam dimensions. 
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Table 1. Column and Beam Dimensions 

HB/HA 

Building A Building B 

Beam 

Height (cm) 

Beam 
Width 

(cm) 

Corner 

Column* 

Dimension 
(cm) 

Beam 

Height (cm) 

Beam 
Width 

(cm) 

Beam 
Width 

(cm) 

1 (a) 30 60 50x50 30 60 50x50 

1 (b) 30 60 50x50 35 70 60x60 

1.25 (a) 30 60 50x50 30 60 50x50 

1.25 (b) 30 60 50x50 35 70 60x60 

1.5 (a) 30 60 50x50 30 60 50x50 

1.25 (b) 30 60 50x50 35 70 60x60 

1.75 (a) 30 60 50x50 30 60 50x50 

1.75 (b) 30 60 50x50 35 70 60x60 

2 (a) 30 60 50x50 30 60 50x50 

2 (b) 30 60 50x50 35 70 60x60 

 

2.2 Description of Soil Model 

 

Three different soil types are modeled as 2D homogeneous elastic in ANSYS program. The soil medium is 

modeled as 210 m in width and 90 m in height. Table 2 shows the Poisson's ratio (υ), modulus of elasticity (E) 

and unit weight of the relevant soil type. Viscous boundary is one of the most commonly used boundary 

conditions in practice because it has the appropriate form for linear and nonlinear finite element analysis. In this 

study, viscous boundary condition was applied on the soil boundaries. The ANSYS program defines a velocity 

dependent spring element for all degrees of freedom in order to obtain a viscous limit. The damping coefficient 

(C) of the spring element depends on the effective area (A) of the finite element to which the spring element is 

connected, the density (ρ) and the wave velocity (V), which are the ground properties. Modeled soil dimensions 

are shown in Figure 6. 

 

C=AρV                                                                                                                                                                    (1) 

  

Table 2. Characteristics of Soil Model 

Soil Type 

Modulus of 

Elasticity 

(E) 

Poisson 

Ratio 

Mass Density 

(ρ) kN/m3 

S Wave 

Velocity 

(Vs) m/s2 

P Wave 

Velocity 

(Vp) m/s2 

I 35 0,25 17 90.75 157.18 

II 400 0,3 19 284.56 532.35 

III 6000 0,35 21 1028.69 2141.39 

 

 
Figure 2. Soil Model 
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2.3 Description of FVDs Modeling 

 

FVDs are good energy damping devices commonly used in earthquake protection of buildings. Today, in many 

construction projects, liquid viscous dampers are used to dampen the structural response by damping the energy 

caused by earthquakes or wind [13]. When the literature is examined, it is revealed that the connection of fluid 

viscous dampers and adjacent buildings to each other not only reduces the structural response but also reduces 

the possibility of collision of the structures. 

 

Linear viscous damper behavior can be expressed by the following equation. 

 

𝐹𝑇 = 𝐶𝑉𝑐𝑒𝑥𝑝 + 𝐾𝐷𝐾 = 𝐹𝐷 + 𝐹𝐸                                                                                                                  (2) 

 
where, the total force provided by the damper FT, the damping coefficient C, is the spring constant K. V is the 

speed at the damper and DK is the amount of displacement of the spring at the damper. c exp is the damping 

exponent. Hou [13] and Tezcan and Uluca [14] made studies about the damping exponent. They emphasized that 

the damping base should be between 0.5-2. If the damping base is equal to 1, this means that the device is 

running linearly. FT's consists of two parts. The first is the damping force FD, which is equal to CVc exp. The 

second is FE, which has a restoring force. In the numerical data of this study, since liquid viscous damper will be 

evaluated linearly, c exp = 1. The damping coefficient was taken as Cd=105 N.s/m with the same in all fluid 

viscous dampers. 

 

2.4 Earthquake Acceleration Data 

 

In this study, data Kocaeli earthquake in Turkey in 1999 in the province were used. Earthquake acceleration 

recordings were taken from Yarımca (KOERİ330) recording station of PEER Strong Montion Database data 

center (Figure 8). The 1999 earthquake in Kocaeli was a magnitude of 7.8 Magnitude, which killed 17480 people 

and caused 73342 damaged buildings [15]. The maximum ground acceleration of the earthquake was measured 

as PGA 0.35g. 

 

 
Figure 3. Kocaeli Earthquake 

 

3 RESULTS 
 

The values of the buildings after being connected to each other and the values before being connected to each 

other were proportional. Values under 1 indicate displacement decreases at the top floor and values above 1 

indicate displacement increases at the top floor. Since it is not possible to present all graphs, graphs reflecting the 

general behaviour will be included. The presented graphs will be evaluated in general. 

 

HB / HA building height ratios of building 12 storey A and building B were taken as 1, 1.25, 1.5, 1.75, 2. A 2 m 

clearance was left between buildings A and B and connected to each other by linear FVDs with 6 different cases 

from the floor levels. Examples of fluid viscous dampers connection to floors are shown in Figure 2. In the 

analyses, the structures were positioned on three different soil types and fixed supports and their changes 

according to soil type were examined in detail. Real records of 1999 Kocaeli earthquake data were used in the 
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analyses. In addition, the absolute displacement, acceleration value and base shear force occurring on all floors 

of the buildings were examined. 

 

When analysis of type HB/HA=1 (a) is examined, it is seen in Figures 4-6 that there is almost no change. 

Therefore, there is no advantage in that dynamically similar structures are connected at the floor level. Different 

binding methods should be developed for such similar dynamic character structures. 

 

 
Figure 4.  Floor displacements of analyses HB/HA=1 (a) 
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Figure 5.  Floor base shear force of analyses HB/HA=1 (a) 

 

 
Figure 6.  Top floor acceleration rate of analyses HB/HA=1 (a) 

 

When the HB / HA = 1 (b) analysis is examined, it is seen that viscous dampers are effective. It is seen in Figures 

7-9. Although it has the same number of storey, the efficiency of FVDs has increased due to different dynamic 
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properties. The top floor displacement value has decreased by up to 25% in Building A and up to 3% in Building 

B. 

 
Figure 7.   Floor displacements of analyses HB/HA=1 (b) 

 

1504



Dynamic Behaviour of Adjacent Buildings by Viscous Dampers with The Influence of 

Soil Structure Interaction 

ICADET ‘19 

 

 

 
Figure 8. Top floor acceleration rate of analyses HB/HA=1 (b) 

 

 
Figure 9.  Floor base shear force of analyses HB/HA=1 (a) 

 

In the analysis of HB / HA = 1.5 (a) and HB / HA = 1.5 (b), Figures 10-13, viscous dampers were found to be very 

effective. Fluid viscous damper has increased efficiency in buildings with different storeys due to its dynamic 

properties. The top floor displacement value decreased to 39% in Building A and to 35% in Building B. 
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Figure 10.  Floor displacements of analyzes HB/HA=1,5 (a) 
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Figure 11.  Floor displacements of analyses HB/HA=1,5 (b) 

 

 
Figure 12. Top floor acceleration rate of analyses HB/HA=1,5 (a) 
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Figure 13. Top floor acceleration rate of analyses HB/HA=1,5 (b) 

 

In the analysis of HB / HA = 1.75 (a) and HB / HA = 1.75 (b), Figures 14-15, viscous dampers were found to be 

very effective. Fluid viscous damper has increased efficiency in buildings with different storeys due to its 

dynamic properties. The top floor displacement value decreased to 49% in Building A and to 56% in Building B. 

 

 
Figure 14.  Floor displacements of analyses HB/HA=1,5 (a) 
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Figure 15.  Floor displacements of analyses HB/HA=1,5 (b) 

 

In the analysis of HB / HA = 1.75 (b) and HB / HA = 2 (a), Figures 16-17 show that viscous shock absorbers are 

very effective for the base shear force. For HB / HA = 1.75 (b) analysis, the base shear force value decreased to 

45% in Building A and to 54% in Building B. For HB / HA = 2 (a) analysis, the base shear force value decreased 

to 52% in Building A and 34% in Building B. 
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Figure 16.  Floor base shear force of analyses HB/HA=1,75 (b) 
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Figure 17.  Floor base shear force of analyses HB/HA=2 (a) 

 

4 CONCLUSION 
 

Two adjacent buildings on different soil types were connected to each other with FVDs and investigated under 

the effect of Kocaeli earthquake. In the ANSYS program, the results of loose, medium and dense soil types 

modeled with viscous boundary conditions were compared with the results on fixed support. Real results were 

approached by considering the effect of the soil on the structure. The comparison was based on peak 

displacement, peak acceleration and shear force values. The results of the analyses are summarized below; 
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FVDs, which are connected to suitable places, are very effective in the earthquake behaviour of the structures in 

three different soil types. The performance of both buildings against earthquake increased significantly. 

Significant reductions in peak displacement, peak acceleration, and shear strength of the floor and ceiling 

occurred in the appropriate ground type and attachment patterns. As a result of the analysis, the effectiveness of 

the FVD has been proved. However, the number and type of FVDs may affect the outcome positively or 

negatively. In particular, the effect of soil properties on FVDs is very important. When the results of soil types 

are compared with the results of fixed support, different results up to 3 times have been obtained. Therefore, the 

necessity of taking into account the ground has once again emerged. Another important conclusion that can be 

drawn from the study is that there is no need to connect FVDs to all floors. When the graphs are examined, it is 

clear that 1 FVD (Case 1) or 2 FVD (Case 2) connection types are very effective. Considering the performance 

of the two adjacent structures, FVDs connected to the top floor (1 FVD) and the top and middle floor (2 FVD) 

were effective enough to improve the performance of the buildings. It turns out that it is not necessary to connect 

FVD to all floors. In some cases, it has been seen that FVD binding to all floors leads to negative behaviour. In 

general, the performance of the connected buildings on Soil Type III and fixed support showed similar 

characteristics. No benefit has been made from FVD connecting of structures with similar dynamic properties. 

therefore, there is no advantage in that dynamically similar structures are connected at the floor level. Different 

binding methods should be developed for such similar dynamic character structures. 

 

These evaluations are specific to the data accepted in this study and cannot be generalized. Changes in each 

feature of structures or soil properties will affect the results. When analysing the performance of each structure, 

it is recommended to make analysis considering the issues evaluated in this study. 
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Abstract 

Due to the high population and limited construction areas, there are close and high 

construction in metropolitan cities. Constructions which constructed with 

traditional methods do not respond adequately to earthquake effects. For these and 

similar reasons, it is important to investigate the performance of multi-storey 

neighbouring structures by connecting them to each other with energy dissipation 

devices. Many researchers have not taken into account the effect of the soil medium 

on the structure when investigating the performance of additional damping devices. 

In this study, the effects of fluid viscous dampers (FVD) connected to adjacent 

multi-storey buildings on three different soil types under the effect of 1999 Kocaeli 

earthquake was investigated. With the help of ANSYS R19,2 Academic package 

program, ground and multi-storey building models are modelled as two-

dimensional (2D). Viscous boundary condition is used in the boundaries of the soil 

model. The top floor displacement values, the top floor acceleration values and the 

shear force values to each floor were examined in detail. At the end of the analyses, 

it was found that FVDs were effective in the behaviour of neighbouring buildings. 

It was also found that it is sufficient to connect the FVDs to the top floor (1 FVD) 

or to the lowest floor and the building middle floor (2 FVD). The mechanical 

properties of soil were considerably affect the dynamic behavior of adjacent 

structures than those of the fixed support structures.  

 

1 INTRODUCTION  
 

In many parts of the world, there are metropolitan cities with rapidly increasing population and receiving 

immigration. Due to the limited construction areas in these cities, there is a multi-storey and close construction. 

In order to minimize the painful consequences of a major earthquake in these densely populated cities, our 

structures need to be able to respond to major earthquake impacts. Today, many buildings are still being built 

with traditional construction methods. In traditional building design, the approach to protection of buildings 

against earthquake damage is based on the principles of adequate strength and ductile behaviour. However, the 

failure of this approach emerged when large earthquakes such as the 1999 Kocaeli earthquake. It has been 

observed that traditionally constructed structures do not provide sufficient resistance to the earthquake forces. 

Damages also occurred in buildings without project and material defects. The materials used in the construction 

of buildings have certain strength and damping capacity. It is very difficult to absorb the earthquake energy 

occurring during large earthquakes by improving only the structural material properties. Therefore, researchers 

have begun to adopt aseismic design approach, also known as structural control approach. In order to meet the 

need for additional damping, various damping systems have been started to be investigated. At the end of the 

studies, structural control systems such as active, semi-active and passive damping systems were developed. By 

installing these systems in each structure, they succeeded in absorbing wind and earthquake energy successfully. 

Klein and Healy [1] were the first to introduce the idea of connecting two adjacent buildings together in order to 

absorb the earthquake energy. Klein and Healy [1] developed a semi-active damping system that can be 

compressed or released at any time to achieve the planned control. This system, which is formed by connecting 

adjacent buildings to each other, has received great interest in Japan and the USA and has been developed and 

applied to real buildings [2]. For example, in 2001, three buildings of 45.40 and 35 floors in the Triton Square 

office complex in Tokyo, Japan were connected to the upper floors by active damping system and 35-ton 

actuators [2]. 
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Figure 1. Triton Square office complex in Tokyo  

 

The economic advantage of reinforcing two adjacent structures on a single damping system rather than 

reinforcing each structure within itself is evident. In the literature, various studies have been carried out on 

active, semi-active and passive structural systems for connected neighboring buildings. However, Cimellaro and 

Lopez-Garcia [3] compared active, semi-active and passive damping devices on issues such as cost, stability, 

reliability and power requirements. as a result of comparison they have seen passive damper devices more 

advantageous. Therefore, they preferred passive damping devices during the connection of two adjacent 

structures. 

 

Patel and Jangid [4] examined the effect of damping characteristics and soil properties of dynamically different 

single degrees of freedom adjacent structures connected by viscous dampers. At the end of the study, it was 

emphasized that soil-structure interaction changed the behavior and performance of the connected building 

system. 

 

Patel [5] examined two adjacent structures of similar dynamic structure with viscous dampers under four 

different actual earthquake data. The author investigated the effectiveness of viscous dampers to reduce peak 

displacement, peak absolute acceleration, base shear force, and structural responses in the analyses of the viscous 

damper by keeping the damping coefficient constant. The author emphasized that the earthquake energy of the 

structures with similar characteristics can be effectively damped according to the bonding method determined 

and it is not necessary to connect the damper to each floor for this. 

 

Patel and Jangid [6] investigated the dynamic behavior of two structures connected with Maxwell type viscous 

dampers under the influence of earthquakes. The author concluded that viscous dampers are very effective in 

reducing the dynamic response of adjacent structures under various earthquake effects. In addition, to minimize 

the cost of the dampers, it is recommended to connect the dampers to the appropriate locations instead of 

connecting dampers to all floors. 

 

Farghaly [7] examined the structural effects under the influence of earthquakes by connecting two adjacent 

buildings on different floor types with viscous dampers at different floor levels. He concluded that the soft 

ground type was more critical than the hard ground type. 

 

Xu et al. [8] 1940 El Centro earthquake data using liquid viscous damper connected to adjacent buildings in 

terms of displacement, acceleration and shear force responses examined in terms of reduction. In addition, a 

comprehensive parametric study was performed to find the optimum damping properties for adjacent buildings 

with different rigidity and different heights. 

 

Cimellaro and Garcia [3] conducted a comprehensive evaluation of the connection of two multi-storey structures 

with nonlinear passive devices. The device parameters were fixed and the analyses were made with three 

possible height possibilities for distribution according to the floors. 
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Shobhika [9] investigated the effectiveness of friction dampers by comparing the seismic responses of two 

connected structures and seismic responses of a single unconnected structure in terms of displacement, velocity 

and acceleration. 

 

Many researchers have examined the seismic results of two adjacent buildings under seismic impact, connected 

to each other by various viscous dampers. By comparing the results obtained at the end of the study, they 

examined how viscous dampers affect the seismic behaviour of buildings and their efficiency. However, in most 

of the studies, the effect of the soil medium on the structures was neglected. In this study, considering the effect 

of different soil types on the structure, the connection of two adjacent structures with linear liquid viscous 

dampers was evaluated extensively under the effect of 1999 Kocaeli earthquake. The displacements, acceleration 

values, base shear force values of both structures were examined according to soil types. At the same time, the 

effect of the number and position of linear liquid viscous dampers on the behaviour of the structure was also 

investigated. 

 

2 MATERIAL AND METHOD 
 

The analyses were made in 2D using ANSYS R19,2 Academic [10] package program using finite element 

method. Transmitting viscous boundary condition is used in the boundary region of the soil model. Modeling of 

adjacent structure models and FVDs are given below: 

 

2.1 Modeling of Adjacent Buildings 

 

The buildings are modeled as 2D in ANSYS. Adjacent buildings are named A and B. Building A have three 

different height, i.e., 6, 12 and 18 floors. Building B has 6, 9, 12, 15, 18 and 24 floors. Buildings A and B 

interconnected each other at floor level with FVDs. The floor heights of all buildings and the distance between 

two columns are the same. Floor height is 3 m and distance between two columns is 6 m. Selected column and 

beam dimensions are summarized in Table 1. The direction of columns A and B is shown in Figure 5. The 

distribution of viscous dampers according to the layers is shown in Figure 2-4. 

 

 
Figure 2. Distribution of FVDs in 6 Storey Building  

 

 
Figure 3. Distribution of FVDs in 12 Storey Building 
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Figure 4. Distribution of FVDs in 18 Storey Building  

 

 
Figure 5. Column directions 

 

Table 1. Column and Beam Dimensions 

 Building A Building B 

Number 

of Floors 

Beam 

Height 

(cm) 

Beam 

Width 

(cm) 

Corner 

Column* 

Dimension 

(cm) 

Center 

Column* 

Dimension 

(cm 

Beam 

Height 

(cm) 

Beam 

Width 

(cm) 

Corner 

Column* 

Dimension 

(cm) 

Center 

Column* 

Dimension 

(cm 

6 25 50 25x50 50x25 25 50 25x50 50x25 

9 - - - - 30 60 30x60 60x30 

12 30 60 35x70 70x35 30 60 35x70 70x35 

15 - - - - 35 60 40x80 80x40 

18 35 70 45x90 90x45 35 70 45x90 90x45 

24 - - - - 40 70 55x110 110x55 

 

2.2 Description of Soil Model 

 

Three different soil types are modeled as 2D homogeneous elastic by using ANSYS program. The soil medium 

is modeled as 210 m in width and 90 m in height. Table 2 shows the Poisson's ratio (υ), modulus of elasticity (E) 

and unit weight of the relevant soil type. Viscous boundary is one of the most commonly used boundary 

conditions in practice because it has the appropriate form for linear and nonlinear finite element analysis. In this 

study, viscous boundary condition was applied on the ground boundaries. The ANSYS program defines a 

velocity dependent spring element for all degrees of freedom in order to obtain a viscous limit. The damping 

coefficient (C) of the spring element depends on the effective area (A) of the finite element to which the spring 

element is connected, the density (ρ) and the wave velocity (V), which are the ground properties. Modeled soil 

dimensions are shown in Figure 6. 

 

C=AρV                                                                                                                                                                    (1) 
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Table 2. Characteristics of Soil Model 

Soil Type 

Modulus of 

Elasticity 

(E) 

Poisson 

Ratio 

Mass Density 

(ρ) kN/m3 

S Wave 

Velocity 

(Vs) m/s2 

P Wave 

Velocity 

(Vp) m/s2 

I 35 0,4 17 85,75 210,04 

II 600 0,32 19 345,86 672,23 

III 6000 0,3 21 1048,28 1961,16 

 

 
Figure 6. Soil Model 

 

2.3 Description of FVD Modeling 

 

Fluid viscous damping devices work with the high flow resistance of viscous liquids. The energy is absorbed by 

forcing the high viscosity liquid in the device to pass through the designated holes. They are hydraulic devices 

that absorb the kinetic energy of earthquakes and wind vibrations. Viscous dampers are speed dependent devices. 

At low speeds, almost no damping occurs. They can be designed to allow free movement. Fluid viscose devices 

are advantageous over other damping devices due to their easy installation, maintenance-free, reliable, long-

lasting and no additional power. Fluid viscous dampers consist of oil cylinder, piston, piston rod, liner, center, 

pin head and other main parts (Figure 7). 

 

 
Figure 7. Fluid Viscous Damper [11] 

 

FVDs are good energy damping devices commonly used in earthquake protection of buildings. Today, in many 

construction projects, liquid viscous dampers are used to decrease the structural response by damping the energy 

caused by earthquakes or wind [12]. When the literature is examined, it is revealed that the connection of fluid 

viscous dampers and adjacent buildings to each other not only reduces the structural response but also reduces 

the possibility of collision of the structures. 
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Linear viscous damper behavior can be expressed by the following equation. 

 

𝐹𝑇 = 𝐶𝑉𝑐𝑒𝑥𝑝 + 𝐾𝐷𝐾 = 𝐹𝐷 + 𝐹𝐸                                                                                                                  (2) 

 
where, the total force provided by the damper (FT), the damping coefficient C, is the spring constant K. V is the 

speed at the damper and DK is the amount of displacement of the spring at the damper. c exp is the damping 

exponent. Hou [12] and Tezcan and Uluca [13] made studies about the damping exponent. They emphasized that 

the damping base should be between 0.5-2. If the damping base is equal to 1, this means that the device is 

running linearly. FT's consists of two parts. The first is the damping force FD, which is equal to CVc exp. The 

second is FE, which has a restoring force. In the numerical data of this study, since liquid viscous damper will be 

evaluated linearly, c exp = 1. The damping coefficient was taken as Cd=105 N.s/m with the same in all fluid 

viscous dampers. 

 

2.4 Earthquake Acceleration Data 

 

In this study, Kocaeli earthquake in Turkey in 1999 data were used. Earthquake acceleration records were taken 

from Yarımca (KOERİ330) recording station of PEER Strong Montion Database data center (Figure 8). The 

1999 earthquake in Kocaeli was a magnitude of 7.8 Magnitude, which killed 17480 people and caused 73342 

damaged buildings [14]. The maximum ground acceleration of the earthquake was measured as PGA 0.35g. 

 
Figure 8. Kocaeli Earthquake 

 

3 RESULTS 
 

The values of the buildings after being connected to each other and the values before being connected to each 

other were proportional. Values below 1 indicate displacement decreases at the top floor and values above 1 

indicate displacement increases at the top floor. Since it is not possible to present all graphs, graphs reflecting the 

general behavior will be included. The presented graphs will be evaluated in general. Buildings A and B with the 

same storey numbers were also analysed. For example, 6-storey building A and 6-storey building B were 

connected to each other and analyses were made. However, FVDs had no efficacy because they had similar 

physical and dynamic properties. Therefore, connection graphs of the two buildings on the same floor will not be 

included. 

 

Figure 9 shows the displacement rate graph of the top floor resulting from the connection of the 6-storey 

Building A to the 12, 15, 18 and 24-storey Building B. When the ratio graph is examined, it is generally seen 

that the values of the upper floor displacement decreases below the value 1. However, there are increasing 

displacement values in some soil types and some connection types. When the Figure 9 is examined, it is clear 

that the increase in the number of viscous dampers is not very effective. It can even lead to negative behavior in 

some cases. Soil Type I is the most efficient floor type where the fluid viscous damper is most efficient. Soil 

Type I soil type represents a loose soil type in terms of its properties. When Buildings A and B are considered 

together, it can be said that the most effective connection type is 1 FVD or 2 FVD. The differences between the 

fixed base and other types of ground reveal the necessity of considering the ground. Figure 10 and Figure 11 can 

be examined similarly. 
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Figure 9. Top floor displacement rate graph of Buildings B connected to 6-Storey Building A 
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Figure 10. Top floor displacement rate graph of Buildings B connected to 12-Storey Building A 

 

 
Figure 11. Top floor displacement rate graph of Buildings B connected to 18-Storey Building A 
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If the top floor displacements are examined, it is seen that reductions up to 45%. 

 
Figure 12. Top floor displacement graph of 18-Storey Building B connected to 6-Storey Building A 
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Figure 13. Top floor displacement graph of 18-Storey Building B connected to 12-Storey Building A 

 

Figures 14-16 show the acceleration ratio graph at the top floor. When the ratio graph is examined, it is generally 

seen that the acceleration value decreases and values are below 1 value. However, increasing acceleration values 

are seen in some ground types and some connection types. Figures 14-16 show that the increase in the number of 
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viscous fluid is not very effective. The results show that decreases attained up to 35% in the acceleration values 

of the top floor. It can even lead to negative behavior in some cases. When Buildings A and B are considered 

together, it can be said that the most effective connection type is 1 FVD or 2 FVD. 

 
Figure 14. Top floor acceleration rate graph of Buildings B connected to 6-Storey Building A 
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Figure 15. Figure 14. Top floor acceleration rate graph of Buildings B connected to 12-Storey Building A 

 
Figure 16. Figure 14. Top floor acceleration rate graph of Buildings B connected to 18-Storey Building A 
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Figures 17 and 18 show the changes in the floor shear force on the base, and Figures 19-21 show the shear force 

ratio. When the ratio graph is examined, generally it can be seen a decrease in base shear force values. Decreases 

in base shear force up to 60% have obtained. However, in some soil and some connection types, shear force 

values are seen. Figures 19-21 show that the increase in the number of fluid viscous dampers is not very 

effective. It can even lead to negative behavior in some cases. When Buildings A and B are considered together, 

it can be said that the most effective connection type is 1 FVD or 2 FVD. 

 
Figure 17. Base shear force graph of 18-Storey Building B connected to 12-Storey Building A 
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Figure 18. Base shear force graph of 24-Storey Building B connected to 18-Storey Building A 
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Figure 19. Base shear force rate graph of 18-Storey Building B connected to 6-Storey Building A 

 

 
Figure 20. Base shear force rate graph of 24-Storey Building B connected to 18-Storey Building A 

 
Figure 21. Base shear force rate graph of 18-Storey Building B connected to 12-Storey Building A 

 

4 CONCLUSION 
 

Two adjacent buildings on different soil types were connected to each other with FVDs and investigated under 

the effect of Kocaeli earthquake. In the ANSYS program, the results of loose, medium and dense soil types 

modeled with viscous boundary conditions were compared with the results on fixed support. Real results were 

approached by considering the effect of the soil on the structure. A comparative study was made based on peak 

displacement, peak acceleration and shear force values. The results of the analyses can be summarized as in 

below; 

 

 FVDs, which are connected to suitable places, are very effective in the earthquake behaviour of the 

structures in three different soil types. The performance of both buildings against earthquake increased 

significantly. Significant reductions in peak displacement, peak acceleration, and shear strength of the 

floor and ceiling occurred in the appropriate ground type and attachment patterns. 
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 The soil properties must be taken into consideration when examining the effectiveness of FVDs. For 

example, when the 6-storey Building A and 9 and 12-storey Building B are connected to each other in 

the form of 1 FVD connection on the fixed support, the displacement of the top floor of Building A 

decreased by approximately 10% and 20%, respectively, compared to No FVD. However, the Soil Type 

II soil type increased by 20% and 10% in contrast. Another example showing the effect of the floor on 

the building is the connection of 18-storey building A and 24-storey building B. The 18-storey Building 

A and 24-storey Building B on the fixed support have increased by up to 16% compared to No FVD. 

However, when the 18-storey Building A and the 24-storey Building B were connected in Soil Type I 

and Soil Type II floor types, the displacement value of the top floor decreased by 20%. This is why 

situations where the soil effect is not taken into account can really drive us away. 

 Soil Type I, Soil Type II and Soil Type III soil types differed the results by 4, 3 and 1.2 times, 

respectively, compared to the values of fixed support in adjacent buildings. Similarly, the base shear 

force values of Soil Type I, Soil Type II and Soil Type III soil types differed the results by 2.6, 3.2 and 

1.3 times, respectively. Acceleration values of Soil Type I, Soil Type II and Soil Type III soil types 

differed the results by 2.2, 3.2 and 2.4 times respectively. When the results are examined, it is necessary 

to consider the soil properties. 

 In general, the increase in the number of FVDs has reduced the effect of FVDs in Building A which are 

shorter than Building B. In fact, the increase in the number of FVDs in some cases has even caused 

behavioural disorder. In longer Buildings B, the increase in the number of FVDs contributed to the 

performance, albeit slightly. 

 Considering the performance of the two adjacent structures, FVDs connected to the top floor (1 FVD) 

and the top and middle floor (2 FVD) were effective enough to improve the performance of the 

buildings. It turns out that it is not necessary to connect FVD to all floors. In some cases, it has been 

seen that FVD binding to all floors leads to negative behaviour. 

 In general, the performance of the connected buildings on Soil Type III and fixed support showed 

similar characteristics. 

 No benefit has been made from FVD connecting of structures with similar dynamic properties. 

Therefore, the dynamic properties of the adjacent structures must be different from each other. 

 

These evaluations are specific to the data selected in this study and cannot be generalized. Changes in each 

feature of structures or soil properties will affect the results. When analysing the performance of each structure, 

it is recommended to make analysis considering the issues evaluated in this study. 
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Abstract 

Base isolation system with lead rubber bearing (LRB) is commonly used to prevent 

structure against to damage of earthquake. The isolated building with LRB design 

according to Uniform Building Code (UBC-97) and fixed building were examined. 

The six-storey building with LRB and fixed building were modelled in SAP2000 

with the same dynamic loads. The transverse and longitudinal reinforcement of any 

axis of seismic isolated and fixed building are compared. In addition, internal forces 

of the seismic isolated and fixed building are compared. Analysis result showed that 

using LRB system decreases transverse and longitudinal reinforcement. 

1 INTRODUCTION  
 

Earthquake is inevitable natural disaster which occurs unknown time and place. Detrimental effects of earthquake 

on building and decreasing these effects are most important issues in the world. There is some way to decrease 

these effects. Base isolation system is one of them. Base isolation systems basically are separated two types as 

sliding and rubber isolation system. The laminated rubber bearing system is commonly used isolation system 

among rubber isolation systems. Use of base isolation system is decrease lateral load of earthquake. This give rise 

to less internal forces. So, smaller size elements and reinforcement are sufficed.   

 

Su et al. [1] carried out a comparative study of effectiveness of various base isolation systems. One of them is 

laminated rubber bearing. Analyses results show that base isolators can significantly reduce the acceleration 

transmitted to the superstructure. Tavakoli et al. [2] evaluated the effect of LRB system to increase the resistance 

of structures against progressive collapse. Authors used concrete moment resisting frames in both the fixed and 

base isolated model structures. The analyses results showed that push down analysis is dependent on location of 

removal column and floor number of buildings. Liu et al. [3] carried out a study of seismic isolation performance 

of PC continuous beam bridge using lead rubber bearings. It was pointed out that use of rubber isolation system 

can effectively reduce the seismic damage to the bridge. Abadi and Adhami [4] carried out improving the seismic 

behavior of symmetrical steel structures under near field earthquake using a base isolation system with LRB 

isolator. The analysis results point out a significant reduce in the results of base shear, the acceleration and floors 

drift in the seismically isolated system in comparison with the fixed base structure. Nakhostin and Poursha [5] 

attempted to extend the modal pushover analysis and the extended N2 (EN2) method to medium-rise base-isolated 

building frames with LRB to account for the effect of higher modes in predicting the seismic demands of these 

structures. It was observed from analyses results that N2 method with the PSC load distribution gives better 

estimates of the seismic demands for low rise base isolated frames. Reddy et al. [6] examined effect of base 

isolation with LRB in multi-storeyed reinforced concrete building. Analysis results showed that period of the 

isolated structure longer than that of fixed structure. Base shear is significantly reduced as compared to fixed 

structure by using the isolators. Wu et al. [7] conducted a study included compression shear properties of small 

size seismic isolation rubber bearings. Analyses results show that all the research methods can reveal the 

fundamental properties of the small size bearings. Tanwer et al. [8] studied on different types of base isolation 

system over fixed based. Dynamic behaviour of seismic isolated with LRB and fixed were investigated. Habieb et 

al. [9] compared fixed and isolated a masonry building with fiber reinforced elastomeric isolators. The study 

showed that the isolation system significantly reducing the damage level of the masonry building. Kumar and 

Petwala [10] carried out a study included comparing of secondary system of isolated and fixed building. The 

analyses results showed that the base isolated building gives better performance.  

 

In generally, LRB system is used as an isolation device on building to against harmful of earthquake ground 

motion. There is a couple of study include the cost efficiency of LRB system in the literature. This study may able 

to make a contribution. 
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2 MATERIAL AND METHOD 
 

LRB bearing system was designed for Uniform Building Code (UBC-97) [11] and used for seismic isolation 

system in this study. The UBC-97 regulation is based on the assumption that the displacement remains at the base 

isolation level and that the superstructure behaves rigidly. Therefore, the first vibration mode is important 

according to this regulation. UBC-97 is obliged to spectral analysis when the building was constructed on weak 

ground types of the building, the period of building is longer than 3 sec. under the maximum earthquake load and 

building height is higher than four floors or higher than 19.8 m. It is assumed that the selected building was built 

in Istanbul. Response spectrum analyses is carried out as dynamic analyses in this study.  

 

2.1. Selected building used in analysis 

 

Selected building to examine is given figure 1. The first vibration of the 6-storey building was determined as 0.6 

sec. Targeted period is 1.8 sec. The internal forces of 6-6 axis of seismic isolated building with LRB and fixed 

building are compared (figure 2). Two different LRB isolator are used in this study. These are type A and type B. 

Type A is supported 680 kN axial load and shear modulus is 0,65 MPa. 16 pieces of type A isolator were used in 

building. Type B is supported 1150 kN axial load and shear modulus is 1,00 MPa. 8 pieces of type B isolator were 

used in building. The total weight of the building (g + 0.3q) is 18700 kN. 

 

 
Figure 1. 3D finite element model of the building used in the study 

 

 
Figure 2. The view of 6-6 axis of the building 

 

2.2. LRB isolation system 

 

The total elastomer thickness was calculated as 200 mm, one-layer elastomer thickness was calculated as 10 mm, 

and there are 20 layers of elastomer. There are 19 steel plates with a thickness of 2 mm. There are 25 mm steel 
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plates on the top and bottom of the isolators. Total isolators height was calculated as 288 mm. Type A and type B 

isolators are given figure 2-3 respectively. Mechanical Properties of type A and type B isolator are shown in table 

1. 

 

 
Figure 2. Detail of type A isolator 

 

 
Figure 3. Detail of type B isolator  

   
Table 1. Mechanical Properties of isolators 

 

Direction 

LRB 

Type A (680 kN) Type B (1150 kN) 

Lineer Nonlineer Lineer Nonlineer 

U1 

(Vertical) 

Stifness (kN/m) 846612.81 - 1439646.93 - 

U2/U3 

(Horizantal) 

Stifness (kN/m) 1392.4 5409.23 2478 9770.76 

Yielding stiffness (kN) - 129.3 - 213.96 

K2 / K1 - 0.1667 - 0.1667 

 

3 RESULTS 
 

In this study, transverse and longitudinal reinforcement of 6-6 axis of seismic isolated and fixed building are 

compared. In addition, internal forces of the seismic isolated and fixed building are compared. As a result of the 

analyses, the longitudinal reinforcement for the 6-6 axis of the fixed and isolated building are shown in Table 2-3. 

 

Table 2. Longitudinal reinforcement of fixed building 
 A axis B axis C axis D axis 

1.Floor 16ф25 12ф18 12ф18 16ф25 

2. Floor 12ф22 12ф20 12ф20 12ф22 

3. Floor 12ф22 12ф22 12ф22 12ф22 

4. Floor 12ф20 12ф22+8 ф14 12ф22+8 ф14 12ф20 

5. Floor 12ф18 12ф22+8 ф18 12ф22+8 ф18 12ф18 

6. Floor 12ф18 12ф25+8 ф20 12ф25+8 ф20 12ф18 
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Table 3. Longitudinal reinforcement of isolated building 
 A axis B axis C axis D axis 

1.Floor 16ф22 4ф25+12ф22 4ф25+12ф22 16ф22 

2. Floor 8ф20 4ф25+12ф22 4ф25+12ф22 8ф20 

3. Floor 8ф20 8ф20 8ф20 8ф20 

4. Floor 8ф20 8ф20 8ф20 8ф20 

5. Floor 8ф20 8ф20 8ф20 8ф20 

6. Floor 8ф20 8ф20 8ф20 8ф20 

 

The longitudinal reinforcement overlap zones and reinforcement passages were not calculated in isolated and fixed 

building. For the 6-6 axis, approximately 2800 kg of longitudinal reinforcement is required in the fixed structure, 

while approximately 1800 kg of longitudinal reinforcement is required in the isolated building. 

 

As a result of the calculations, the transverse reinforcement for the 6-6 axis of the fixed and isolated building are 

shown in Table 4-5. 

 

Table 4. Transverse reinforcement of fixed building 
 A axis B axis C axis D axis 

1.Floor 3ф8 / 180 4ф8 / 150 4ф8 / 150 3ф8 / 180 

2. Floor 3ф8 / 180 4ф8 / 140 4ф8 / 140 3ф8 / 180 

3. Floor 3ф8 / 200 4ф8 / 150 4ф8 / 150 3ф8 / 200 

4. Floor 2ф8 / 190 4ф8 / 190 4ф8 / 190 2ф8 / 190 

5. Floor 2ф8 / 190 2ф8 / 190 2ф8 / 190 2ф8 / 190 

6. Floor 2ф8 / 190 2ф8 / 190 2ф8 / 190 2ф8 / 190 

 

Table 5. Transverse reinforcement of isolated building 
 A axis B axis C axis D axis 

1.Floor 2ф8 / 200 4ф8 / 160 4ф8 / 160 2ф8 / 200 

2. Floor 2ф8 / 200 2ф8 / 200 2ф8 / 200 2ф8 / 200 

3. Floor 2ф8 / 200 2ф8 / 200 2ф8 / 200 2ф8 / 200 

4. Floor 2ф8 / 200 2ф8 / 200 2ф8 / 200 2ф8 / 200 

5. Floor 2ф8 / 200 2ф8 / 200 2ф8 / 200 2ф8 / 200 

6. Floor 2ф8 / 200 2ф8 / 200 2ф8 / 200 2ф8 / 200 

 

Transverse reinforcements were calculated without considering column tightening zones in isolated and fixed 

building. The transverse reinforcement of fixed and isolated building was calculated as approximately 670 kg and 

400 kg. respectively.  

The maximum shear forces and moments of the 6-6 axes of the isolated and fixed building are shown in Table 6-

7.  

 

Table 6. 6-6 Axis column of internal forces of fixed building 

Frame 

Text 

Step 

Type 

V2 

kN 

V3 

kN 

M2 

kNm 

M3 

kNm 

6 Max 135.27 126.52 293.09 300.10 

6 Min -126.96 -134.74 -300.98 -292.11 

14 Max 135.27 135.27 300.98 300.10 

14 Min -126.96 -126.96 -293.09 -292.11 

15 Max 145.22 166.66 331.68 309.66 

15 Min -133.30 -162.58 -327.76 -298.21 

16 Max 145.22 162.58 327.76 309.66 

16 Min -133.30 -166.66 -331.68 -298.22 
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Table 7. 6-6 Axis column of internal forces of isolated building 

Frame 

Text 

Step 

Type 

V2 

kN 

V3 

kN 

M2 

kNm 

M3 

kNm 

6 Max 82.13 81.15 245.44 244.42 

6 Min -81.47 -81.81 -243.46 -246.39 

14 Max 82.13 82.13 243.47 244.42 

14 Min -81.47 -81.47 -245.44 -246.39 

15 Max 82.72 83.92 250.77 245.94 

15 Min -81.98 -83.59 -251.78 -248.16 

16 Max 82.72 83.59 251.78 245.94 

16 Min -81.98 -83.93 -250.77 -248.16 

 

The shear forces of 6-6 axis of isolated building with LRB are smaller than fixed building about %44. The bending 

moment of 6-6 axis of isolated building with LRB are smaller than fixed building about %21.   

 

4 CONCLUSION 
 

In this study, the isolated building with LRB and fixed building are examined. LRB isolators used in seismic 

building were designed according to UBC-97. The transverse and longitudinal reinforcement of any axis of seismic 

isolated and fixed building are compared. In addition, internal forces of the seismic isolated and fixed building are 

compared. Comparing the results of this study, the following observations can be made:  

 The shear forces on the 6-6 axis of first floor of isolated building are smaller than that of fixed building 

nearly about %44. It means that the isolation system is effected to increase lateral forces.  

  The bending moment on the 6-6 axis of first floor of isolated building are smaller than that of fixed 

building nearly about %21.  

 The weight of longitudinal reinforcement of 6-6 axis of isolated building is smaller than that of fixed 

building about %36. It is thought that the cost of reinforcement will decrease considerably if the 

comparison is made in the whole building. 

 The weight of transverse reinforcement of 6-6 axis of isolated building is smaller than that of fixed 

building about %40.  

 

This study demonstrated that using seismically isolated building with LRB decrease required reinforcement and 

internal forces. So, it is thought that the using LRB decrease cost of reinforcement.  
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Abstract 

Slaughterhouse wastewaters (SWW) contains high organic matter (906 – 9939.4 mg 

COD L-1), fats, suspended solids (40 – 520 mg L-1), phosphates, nitrates, nitrites and 

sodium chloride. COD removal efficiency of a lab-scale membrane bioreactor 

(MBR) was investigated with using SWW. The reactor used in this study, have five 

double-sided PES (Polyether Sulfone) membrane cassette (a total membrane surface 

area of 0.42 m2), 50 L of volume and a mini blower (max. 70 L min-1 airflow rate). 

MBR achieved 99.57% COD removal efficiency under operating conditions of 1.01 

L h-1 feed flow rate, 6 L h-1 air flow rate, 2055 mg L-1 Mixed Liquor Suspended 

Solids (MLSS) and a loading rate of 4.43 kg COD m-3 d-1. Membrane processes’ 

effluent quality is extremely good in terms of suspended solids, color and odor. 

Aerobic MBR system is an effective and economic solution for treating SWW.  

1 INTRODUCTION  
 

Slaughterhouses are part of a large industry, which is common to numerous countries worldwide where meat is an 

important part of their diet [1]. Slaughterhouse wastewaters (SWW) contains both high organic material and 

chemical cleaning agents. This presence of high concentrations causes SWW to not to be treated easily with 

biological treatment processes.   

 

Biological treatment processes have been utilized in wastewater reclamation for over a century. Out of the many 

different processes employed, the activated sludge system has proven to be the most popular [2]. The 

implementation of membranes within the treatment sequence of a water pollution control facility was initially 

limited to tertiary treatment and polishing. Micro-filtration, ultra-filtration, nano-filtration, or reverse osmosis units 

were utilized in areas where discharge requirement were very restrictive or direct reuse of the effluent was desired 

[2]. 

 

MBRs can be broadly defined as systems integrating biological degradation of waste products with membrane 

filtration. They have proven quite effective in removing both organic and inorganic contaminants as well as 

biological entities from wastewater. Advantages of the MBR include better control of biological activity, effluent 

that is free of bacteria and pathogens, smaller plant size, and higher organic loading rates [3]. There are several 

advantages associated with the MBR which make it a valuable alternative over other treatment techniques. First 

of all, the retention of all suspended matter and most soluble compounds within the bioreactor leads to excellent 

effluent quality capable of meeting stringent discharge requirements and opening the door to direct water reuse 

[4]. The possibility of retaining all bacteria and viruses results in a sterile effluent, eliminating extensive 

disinfection and the corresponding hazards related to disinfection by-products. Since suspended solids are not lost 

in the clarification step, total separation and control of the solid retention time (SRT) and hydraulic retention time 

(HRT) are possible enabling optimum control of the microbial population and flexibility in operation. The absence 

of a clarifier, which also acts as a natural selector for settling organisms, enables sensitive, slow-growing species 

(nitrifying bacteria, bacteria capable of degrading complex compounds) to develop and persist in the system even 

under short SRTs [3]. MBRs eliminate process difficulties and problems associated with settling, which is usually 

the most troublesome part of wastewater treatment. The potential for operating the MBR at very high solid 

retention times without having the obstacle of settling, allows high biomass concentrations in the bioreactor. 
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Consequently, higher strength wastewater can be treated and lower biomass yields are realized [5]. This also results 

in more compact systems than conventional processes significantly reducing plant footprint making it desirable 

for water recycling applications. High molecular weight soluble compounds, which are retained in the MBR, are 

not readily biodegradable in conventional systems. Thus, their residence time is prolonged and the possibility of 

oxidation is improved. The system is also able to handle fluctuations in nutrient concentrations due to extensive 

biological acclimation and retention of decaying biomass [6]. High organic loading rates and very specific and 

difficult to treat compounds are two major characteristics of industrial waste streams that render alternative 

treatment techniques such as the MBR desirable.  

 

In this study a laboratory scale MBR system was used to treat real slaughterhouse wastewater. 

 

2 MATERIAL AND METHOD 
 

2.1 Slaughterhouse wastewater characterization 

 

The SWW used in this study was taken from Bigadiç Municipality Slaughterhouse Wastewater Treatment Plant’s 

equalization tank, 2 or 3 times per week and stored in laboratory. All of the characterization parameters measured 

according to APHA Standard Methods [7]. The characterization of SWW used in this study is shown below at 

Table 1. 

 

Table 1. Characterization of Slaughterhouse wastewater (SWW) used in this study. 

Parameter 
Concentration (mg L-1) 

Min. Max. Avg. Standard Dev. 

Total COD 906 9939.4 2824.50 974.35 

Dissolved COD 742.5 4577.75 2477.92 892.08 

Dis.COD/T.COD 0.57 1.00 0.88 0.1007 

BOD 325 8145 2173 627.12 

Suspended Solids 40 520 155.80 96.086 

Total Solids 44 13635 2689.54 2317.72 

Total Nitrogen 48 632 213.67 163.82 

Total Phosphate 20.3 132.5 54.2 33.76 

pH  5.9 7.8 6.3 1.24 

 

 
Figure 1. Block diagram of MBR 

 

2.2 Membrane Bioreactor setup 

 

The MBR was built by “Biyosis Çevre Teknolojileri Müh. İnş. İmalat Ltd. Şti.” using stainless steel sheets and 

has an automation unit built-in. MBR has five double-sided PES (Polyether Sulfone) membrane cassettes (a total 
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membrane surface area of 0.42 m2), 50 L of volume and a mini blower (max. 70 L min-1 airflow rate). Block 

diagram of MBR is shown at Figure 1. Also, the MBR system and PES membrane cassette is shown at Figure 2. 

The system has 23.0256 h-1 oxygen transfer rate (KLa) at 6 L min-1 air flow rate and 20 °C.   

 

 
Figure 2. Photos of the MBR system and a PES membrane cassette. 

 

3 RESULTS 
 

3.1 Oxygen Transfer Capability of the Reactor 

 

First of all, mass transfer capability of the reactor was studied. Nitrogen (N2) gas was used to strip O2 from the tap 

water in the reactor. Using a multiparameter (WTW Inolab 9430 IDS) with DO probe (FDO 925) change of DO 

concentration with time measured and logged to the computer. Statistica 6.0 used for oxygen transfer rate 

calculations. Figure 3 shows an example of DO concentration change with time. The system has 23.0256 h-1 

oxygen transfer rate (KLa) at 6 L min-1 air flow rate and 21.1392 h-1 KLa at 4 L min-1 air flow rate (20 °C). 

 

3.2 Biological Treatment Results 

 

The MBR system was filled with activated sludge from "Balıkesir İvrindi Wastewater Treatment Plant". After the 

acclimation period for the sludge, system was fed with SWW continuously. The treatment experiments were 

carried out over 350 days. 

 

Figure 4 shows the change of COD removal efficiency and HRT with time. HRT values were ranged between 20 

and 80 hours. As understood from the graph, increase or decrease of HRT did not affect the COD removal rate. 

MBRs can achieve higher treatment efficiencies under lower HRT values. Influent concentrations of 3500 mg 

COD L-1 in average treated in this MBR and resulted as an average effluent concentration of 127 mg COD L-1. 

These values coincide with the studies in the literature on slaughterhouse wastewater treatment [1, 8].  
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Figure 3. DO concentration evaluation with time (6 L min-1 Air Flow Rate, T=20 °C) 

 

 
Figure 4. Change of COD Removal Efficiency and HRT with time 
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Figure 5. The effect of MLSS and SRT values to effluent COD concentrations with time 

 

The effect of MLSS and SRT values to effluent COD concentrations is shown at Figure 5. Stable effluent COD 

concentrations were obtained in all conditions in the system. Although Θc values could be increased, MLSS 

concentrations could not be increased. The reason for this was that the MBR system was able to operate with low 

loads due to the difficulty of wastewater transfer from the slaughterhouse. Since Θc and HRT were kept high in 

the system, the organic fraction of the sludge was removed during the internal respiration phase. DO concentrations 

above 3 mg L-1 were measured under all conditions. 

 

The Organic Loading Rate (OLR) varied with the feed rate of the system and the COD concentration of the 

wastewater. Figure 6 shows the evaluation of OLR and SWW COD concentration to COD removal efficiency over 

time. Even with loading speed of 4 kg COD m-3, COD removal efficiencies of more than 97% were obtained from 

the system. As can be seen from the graph, the MBR system was operated under relatively low loads during the 

acclimation period. After the acclimation period, the change in OLR caused by either fluctuations from the 

concentration of wastewater or changes in the feeding flow rate to keep the volume of the system constant. These 

changes have no significant effect on the COD removal efficiency of the MBR system (Figure 7).  
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Figure 6. Evaluation of OLR and SWW COD concentration to COD removal efficiency over time 

 

 
Figure 7. Change of Effluent COD concentrations and COD treatment efficiency with OLR over time 
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4 CONCLUSION 
 

In our country, SBR (Sequencing Batch Reactor Systems) or conventional systems are predominantly used in the 

slaughterhouses. The desired high treatment efficiencies cannot be achieved due to high input concentrations and 

unstable feeding rates of the wastewater. 

 

In this study, treatment of slaughterhouse wastewater with high concentrations was studied via using a MBR 

system. From the results of the study, COD output concentrations were found to be <200 mg L-1, below discharge 

standards in approximately 1-year study period. The efficiency of the system is calculated over 95%. 

 

The effect of hydraulic retention time (HRT) on COD removal efficiency was investigated and it was observed 

that treatment could be performed with the same treatment efficiency in lower HRTs. With the application of this 

in real sized slaughterhouse wastewater treatment plants, there will be a decrease in energy and labor costs and an 

increase in the service life of the treatment plant equipment. 

 

As the membranes used in the study are self-cleaning PES membranes, there is no need for backwashing. 

 

Due to the high concentration of MLSS in MBR systems, there will be minimal impact from high organic load 

and shock flow changes in the inlet effluent and the treatment efficiency will remain constant. 

 

In all these circumstances, MBR has shown that the system is a highly viable solution for slaughterhouse 

wastewater. 
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Abstract 

Olive brine wastewaters (OBW) are high organic pollution wastewaters. Therefore, 

it must either be treated to discharge limits before being delivered to the receiving 

environment, or if it is to be given to local sewer systems, it must be treated to certain 

values. In this study, the treatment of olive brine wastewater by electrooxidation 

method in batch reactor was investigated. The effect of support electrolyte type and 

concentration was investigated as parameters of the study. As can be seen from the 

results, the purification efficiency obtained when using the NaCl support electrolyte 

type is significantly higher compared to other support electrolyte types. In addition, 

the increased support electrolyte type has also helped to increase the purification 

efficiency.  

1 INTRODUCTION  
 

Wastewater, which is called olive brine water, is a type of wastewater which is still being studied and is very 

difficult to treat. High oil content, high COD, presence of unwanted compounds such as phenol and high Chloride 

etc. other features make it difficult to treat these waters [1]. Table olives industrial wastewater streams from 

Turkey, Spain, is an important environmental pollution problems in Mediterranean countries such as Portugal and 

Greece. Approximately 1 m3 of water is consumed for the production of 1 m3 of table olives [2]. 

 

Because of brine waste water purification in the world and Turkey is not possible with a conventional purification 

method, this situation leads to serious operational costs [1]. On the other hand, various advanced treatment methods 

such as ozonation [3], fenton  [4], electrochemical methods [5], photo catalysis with TiO2 [6], electrocoagulation 

[7] and wet air oxidation [8] can be mentioned. 

 

Electrooxidation of these methods, graphite, boron coated diamond, TiO2, Ti / IrO2, Ti / RuO2, Ti / PbO2 and Ti / 

IrO2 / RuO2, etc. is the dissolution of organic impurities electrochemically into end products or smaller molecular 

diameter organic materials by means of insoluble anode [9, 10]. This fragmentation can be direct or indirect. In 

direct degradation, organics adsorb onto the anode surface. Fragmentation occurs on the anode surface from the 

potential difference with the help of hydroxyl radicals [11]. In indirect electrooxidation, the decomposition of 

organic materials can be caused by ozone, hypochlorite, hypochlorous acid, hydrogen peroxide, etc., which may 

occur in wastewater with the help of intermediate agents [12]. 

 

In this study, electrooxidation process was applied on real wastewater samples. In this study, Ti / IrO2 / RuO2 sieve 

type anodes and uncoated Ti sieve type cathodes were used. The effect of support electrolyte type and 

concentration on removal of pollutant parameters such as Chemical Oxygen Demand (COD), Suspended Solids 

(SS), Turbidity and Color from wastewater was investigated. 

 

2 MATERIAL AND METHOD 
 

1200 mL batch reactor was used in electrooxidation experiments. Digitally controlled direct current power supply 

is used to provide the necessary electrical current during the trials. At the beginning of the experiment, pH, 

conductivity and temperature values of wastewater were measured. In the study, Ti / IrO2 / RuO2 as anode material 
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and titanium coated as Ti electrode as uncoated sieve type electrode were used as cathode material. The elimination 

of pollutant parameters such as COD, SS, Colour and Turbidity from olive brine wastewater (OBW) by 

electrooxidation method was investigated. In these experiments, COD, SS, Colour and Turbidity, such as removal 

of pollutant parameters; the effect of operating parameters such as NaCl, Na2SO4 and NaNO3 types of electrolytes 

and their concentrations were investigated. The experimental setup of the experiments is given in Figure 1. In 

addition, some characteristics of the wastewater studied are given in Table 1. 

 

 
Figure 1. Experimental set up (1-Multi-parameter meter, 2-DC power supply, 3-Magnetic stirrer, 4-Wastewater, 

5-Anode (Ti / IrO2 / RuO2), 6-Magnet, 7-Cathode (Ti uncoated) 

 

Chemical Oxygen Demand (COD), Suspended Solids (SS), Turbidity and Color tests were performed according 

to Standard Methods [13]. The percentage of mineralization was evaluated considering the measurement of 

Chemical Oxygen Demand (COD), Suspended Solids (SS), Turbidity and Color removal. The calculation of the 

removal percentage of the compounds is given below. 

 

0

0

% 100tC C
Removal efficiency

C


               (1) 

 

where; C0: is the initial COD, SS, Turbidity and Color value, Ct: is the COD, SS, Turbidity and Color value at time 

t. 

 

Table 1. Initial values of waste water 

Parameter Value 

pH 7-8 

COD (mg/L) 1000-2500 

SS (mg/L) 1000-3000 

Turbidity (NTU) 800-1000 

Color (Pt-Co) 5000-7000 

 

3 RESULTS 
 

3.1 Effect of support electrolyte type 

 

The effect of electrolyte type in supporting wastewater experiments were performed in NaCl, NaNO3 and Na2SO4 

salts at a concentration of 0.2 M at a current intensity of 15 ampere at a natural pH (≈7.20). The results are given 

in Figure 2. As can be seen from the figure, NaCl, a chlorine-containing support electrolyte type, significantly 
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increased the removal efficiency of the support electrolyte type. COD, SS, Color and Turbidity removal 

efficiencies of 63.62%, 89.19%, 93.12%, and 96.05% in the absence of support electrolyte increased to 84.03%, 

97.30%, 94.03%, and 99.86% in the presence of 0.2 M NaCl, respectively. As can be seen from the graph, NaCl, 

which is the type of support electrolyte, has been found to have the highest purification for all pollution parameters 

examined. For this reason, NaCl was selected as the support electrolyte type in the ongoing studies [14]. 

 

 
Figure 2. Effect of support electrolyte type on treatment efficiency (I: 15 A, pH≈7.2, T: 20°C, Agitation speed: 

200 rpm) 

 

3.2 Effect of support electrolyte concentration 

 

The effect of support electrolyte concentration was carried out at 0.1 M, 0.2 M, 0.3 M and 0.4 M NaCl 

concentrations, 15 ampere current intensity, natural pH value (≈7.20). When COD removal efficiencies were taken 

into consideration, the percent removal efficiencies for 0.1 M, 0.2 M, 0.3 M, 0.4 M and no supporting electrolyte 

were 72.96%, 84.03%, 86.29%, 87.50% and 63.62%, respectively (Fig. 3) [15, 16]. Similar trends can be said in 

SS, Color and Turbidity removal efficiencies. Chlorine in wastewater is converted to oxidant species HOCl and 

OCl- by the effect of current density and ambient pH [17]. 

 

 
Figure 3. Effect of support electrolyte concentration on treatment efficiency (I: 15 A, pH≈7.2, T: 20°C, 

Agitation speed: 200 rpm) 
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4 CONCLUSION 
 

Treatment of olive brine wastewater (OBW) using coated titanium electrodes (Ti/IrO2/RuO2); when the removal 

efficiencies were examined, it was observed that the highest purification efficiency for COD, SS, Color and 

Turbidity was obtained in the experiments using NaCl as the support electrolyte type. In subsequent studies, the 

effect of different concentrations of NaCl on purification efficiency was investigated. According to these results, 

increasing NaCl concentration increased purification efficiency. .  
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Abstract 

In this study, styrene divinylbenzene microspheres were synthesized for use as ion 

exchanger and parameters affecting the sulfonation of microspheres were changed to 

investigate variables affecting the transformation process of the polymer into resin. 

The sulfonation degrees of the ion exchange STY-DVB microspheres were identified 

as percentages and the activity of the resin for ion exchange processes was 

investigated. FTIR analyses were used to investigate the bonding structures forming 

on the polymer after sulfonation, while BET analyses were performed to investigate 

the surface area effect of the sulfonation process on polymeric ion exchange resin. 

1 INTRODUCTION  
 

Along with the rapid development of industry in the present day, many environmental problems have occurred. 

Leading these problems are industrial waste waters containing high content of heavy metal. The use of polymeric 

resins for treatment of waste water with this characteristic feature and reduction of heavy metal content to 

acceptable levels carries great importance. 

 

For exchange of unwanted ions in aqueous solutions with equivalent ions, ion exchange resin which is not soluble 

in water may be used. The functional groups found on exchange resin insoluble in water exchange with ions present 

in water to complete the ion exchange procedure. Scientific studies in recent years have focused on ion exchange 

resins with specific properties. Resins with these specific properties have become material needed more each day 

in many areas like medicine, waste water treatment, industrial activities and the food sector. 

 

Polymers can be produced as rods, films, gel, cylinders, nano or microspheres; however, the most useful in terms 

of production advantages and ease of use are polymer microspheres [1]. As a result of expansion of the areas of 

application for polymer microspheres, their molecular weight distribution, densities, bond structures, porosity, 

grain and size distribution, surface structures, mechanical resistance and compatibility with biological systems 

have gained greater importance depending on aims of use [1]. 

 

Polymer microspheres can be produced by many methods such as drying with spray, solvent evaporation, emulsion 

polymerization and suspension polymerization. The method used plays a role in different factors such as size 

distribution, porosity and surface morphology of microspheres [7]. The most commonly used method to obtain 

microspheres is the suspension polymerization method. 

 

Polymers synthesized with the suspension polymerization technique can be treated with certain anion or cation 

groups to produce polymeric resins. The most commonly used material to synthesize ion exchange resins is the 

styrene divinylbenzene (STY-DVB) copolymer with high chemical stability. The porosity of the prepared particles 

can be controlled with the aid of divinylbenzene with styrene monomer added as crosslinking agent and an 

appropriate chemical initiator. 

 

Transformation of STY-DVN copolymer into ion exchange resin can be performed in two ways. It is possible to 

produce cationic or anionic ion exchange resin linked to which material the resin should separate into. Sulfonation 

of the STY-DVB copolymer with sulfuric acid adds sulfuric groups to the benzene chain in the polymer creating 

cationic ion exchange resin. After chloromethylation of the STY-DVB copolymer with chloromethyl ether in a 

medium with Friedel Craft catalyst, the amination of amines in the polymer allow anionic ion exchange resin to 

be obtained [6]. 

1546



Characterization Studies of Ion Exchange STY-DVB Microspheres ICADET ‘19 

 

 

In this study, firstly STY-DVB microspheres were produced with the suspension polymerization technique and 

later sulfonated with the aim of use as a cationic ion exchange resin for waste water treatment. A previous study 

by Çelik [1] produced the material by noting the optimum temperature and duration determined for the production 

stage. The obtained microspheres are sulfonated with the effects of a variety of parameters affecting this stage 

such as acid concentration, temperature and duration on the sulfonation degree (SD) of the STY-DVB cationic ion 

exchange resin identified. The bond structures formed after sulfonation of the cationic ion exchange resin were 

identified with FTIR, while the effect of the sulfonation process on the surface area of the material was identified 

with BET analysis. 

 

2 MATERIAL AND METHOD 
 

2.1    Material 

 

Styrene (STY) used in preparation of the organic phase was obtained from Sigma Aldrich, while divinylbenzene 

(DVB) and benzoyl peroxide were obtained from Merck. With aim of producing the appropriate determined 

crosslinking degree of 8%, the organic phase contained 81 mL styrene and 19 mL divinylbenzene and as the 

polymerization process would take a long time under normal circumstances, a polymerization initiator of 0.907 g 

benzoyl peroxide, 0.4% of polymer mass, was used to shorten the polymerization duration. 

 

Polyvinyl alcohol (PVA) used as stabilizer within polymerization for preparation of the dispersed phase was 

obtained from Merck. The dispersion phase was prepared with 0.4 g PVA added to 100 mL distilled water stirred 

for nearly one and a half hours at 250 rpm at 75 ˚C. 

 

The ethanol used for the washing procedure for the synthesized polymers was obtained from Merck. The sulfuric 

acid (H2SO4) used for sulfonation of the material had 97% purity and was obtained from Sigma Aldrich. Titration 

was performed with the aim of identifying the degree of sulfonation. Here, the hydrochloric acid (HCl) and sodium 

hydroxide (NaOH) used were procured from Merck. 

 

2.2    Method 

 

Styrene and divinylbenzene monomers were synthesized as styrene divinylbenzene microspheres with the 

suspension polymerization method. The method used to synthesize the microspheres is explained below. 

 

Within the oil phase of the suspension, the percentage of divinylbenzene mole number with the volume percentage 

gives the degree of crosslinking [2]. To ensure 8% crosslinking in the organic phase, 81 mL styrene and 19 mL 

divinylbenzene and 0.907 g of the polymerization initiator of benzoyl peroxide were placed in an Erlenmeyer flask 

and mixed on a magnetic mixer for 2 hours. Care was taken that the benzoyl peroxide within the organic phase 

completely mixed with the STY-DVB in the Erlen. 

 

For the dispersion phase, 0.4 g of the polyvinyl alcohol stabilizer was added to 100 mL distilled water and prepared 

by dissolution over 1.5 hours at 75 ˚C on a heated mixer. When preparing this phase, care was taken that the 

polyvinyl alcohol completely dissolves and that the water does not boil. For the experimental stage, a working 

volume of 120 mL was determined. Within the reactor where polymerization occurred, dispersed phase was added 

so that the monomer/water ratio was 1/4. 

 

The ideal temperature of 75 ˚C was determined as a result of the study by Çelik [1] so the dispersed phase was 

heated to this temperature with a heated magnetic stirrer. While mixing at 200 rpm, the dispersed phase at 75 ˚C 

had organic phase dropped in with a pipette and the mouth of the flask was tightly closed with foil to prevent air 

getting in. For polymerization to complete, it was left for 7 hours. At the end of this duration, the organic phase 

was filtered and separated from the dispersed phase. The filtered organic phase underwent a washing procedure in 

four stages. At the end of the washing procedure, the polymer was dried, dehumidified in a desiccator and packaged 

for storage.  
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Figure 1. Unsulfonated polymer microspheres 

 

For sulfonation of microspheres, 97% pure sulfuric acid (H2SO4) was used. Within a flask, acid solutions with 

25%, 50%, 75% and pure sulfuric acid were prepared with 100 mL working volume. The polymer microspheres, 

washed after synthesis, dried and dehumidified, were added to the prepared acid solutions. Due to the density 

difference of the material added to the flask, the acid solution remained on the surface, so at 5 min intervals it was 

mixed with a glass rod to ensure sulfonation of all microspheres. This procedure continued for 30 min. The material 

treated with acid was filtered and separated. The material taken from the acid was left in an oven with different 

temperature and duration combinations of 80, 90, 100, 120 and 130 ˚C for 3, 4, 5 and 6 hours. 

 

 
Figure 2. STY-DVB polymeric microspheres treated with varying acid concentrations 

 

Then the material sulfonated at the desired temperature and duration was washed with distilled water until pH was 

in the interval 4-4.5 checked with a pH meter. When the pH of the solution comprising distilled water and the 

material reached this pH interval, the washing procedure was ended and the material was filtered and separated. 

The separated material was dried for 1 day in an oven at 100 ˚C, left in a desiccator for 2 hours and then packaged. 

 

For determination of the sulfonation degree of the synthesized cationic ion exchange resin, after sulfonation 0.1 g 

samples were used from each batch. A solution of 0.02 N NaOH was prepared and 10 mL of this solution was 

placed in a 50 mL flask and then 0.1 g of sample was placed in the flask. After the sample was added, it was stirred 

on a stirrer for 30 minutes. The material was removed from the stirrer and filtered. Then 2-3 drops of phenol 

phthalene solution was dropped into the filtrate separated from the material in the flask. As a result, the filtrate 

turned purple in color. 

 

A solution of 0.02 N HCl was prepared and added to this solution with a graded burette. In the graded burette 0.02 

N HCl solution was taken from the stirrer and titrated until the color of phenol phthalene filtrate turned clear and 

the consumption was determined. When calculating the molar mass of the sulfonated polymeric resin, the 

crosslinking degree should be noted. The molar mass of a sulfonated polymer unit with crosslinking degree 

(%CLD) was calculated with the formula (0.26 × CLD +184) g/mol. For a cationic ion exchange resin sample with 

initial NaOH mol number of nₒ and mol number of NaOH nₑ when the resin reached equilibrium, the sulfonation 

degree (SD) can be calculated as follows. 
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                                                                                       (1) 

 

FTIR (Fourier transform infrared spectrometry) is a type of analysis associated with measurement of stimulation 

of vibration and rotation energy levels of molecules with absorption of IR light (0.78-1000 m wavelength or 12800-

10 cm-1 wavenumber). The infrared spectra (absorption, emission and reflection varieties) of molecular material 

are explained by the assumption that transition of molecular vibration or rotation energy level to another occurs 

due to a variety of changes in the energy. 

 

Commonly the medium IR region from 4000 cm-1 to 400 cm-1 is used. The distant IR region contains metal ametal 

bonds and is important in terms of explaining the structure of inorganic compounds (coordination compounds), 

especially. Wave number (1/cm) is directly proportional to both energy and frequency so infrared spectroscopy 

generally uses the proportional wave number scale. Wave number is the inverse of wave length. The reason for 

choosing wavenumber is that the use of vibration frequency is not appropriate for numerical scaling. In this study, 

FTIR analysis was used with the aim of identifying bond structures forming after sulfonation. 

 

Nitrogen adsorption analysis is used to determine physical properties like surface area, pore size, pore volume and 

pore distribution. Nitrogen adsorption and desorption isotherms are used to calculate surface area of a material and 

the adsorption behavior of a material with a method developed by Brunauer, Emmett and Teller (BET). The basic 

working principle of the BET method is as follows; in a liquid nitrogen environment of 77 K, liquid nitrogen gas 

seeps into all pores in a sample based on the adsorption technique for nitrogen gas (N2) and the surface area, pore 

dimensions, pore volume and pore distribution can be determined. With the aim of investigating the effect on 

polymer cavity rate and the changing surface area linked to this for the ion exchange resin, multipoint BET surface 

area analysis was applied in this study. 

 

3 RESULTS 
 

3.1 Investigation of Sulfonation Degree of Cationic Ion Exchange Resin Sulfonated STY-DVB at Different 

Acid Concentrations and Temperatures 

 

Table 1. Performance data about the degree of sulfonation (% SD) of the cationic ion exchange resin sulfonated 

at 80˚C over time  

80˚C - 25% ACID CONTENT 80˚C - 50% ACID CONTENT 

TIME (h) SD (%) TIME (h) SD (%) 

3 10.86708 3 16.22618 

4 12.05798 4 17.86368 

5 15.333 5 18.608 

6 18.31028 6 21.58528 

80˚C - 75% ACID CONTENT 80˚C - 97% ACID CONTENT 

TIME (h) SD (%) TIME (h) SD (%) 

3 18.608 3 18.75686 

4 20.84096 4 21.58528 

5 23.07392 5 23.22278 

6 23.22278 6 24.71142 

  

The performance data for cationic ion exchange resin sulfonated at 80 ˚C are shown in Table 1. Data were obtained 

associating parameters with variable acid concentrations and different durations. 

 

In the obtained data, as the acid concentration and duration increased, the degree of sulfonation was observed to 

increase. The best results for the sulfonation process at 80 ˚C was identified with 97% acid concentration and 6 

hours duration. However, though the material had positive load with 25%, 50% and 75% acid concentrations, it 

was not considered sufficiently sulfonated. The external appearance of the material was observed to turn slightly 

yellow in color from close to clear as the acid concentration and duration increased. 
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Table 2. Performance data about the degree of sulfonation (% SD) of the cationic ion exchange resin sulfonated 

at 90˚C over time 

90˚C - 25% ACID CONTENT 90˚C - 50% ACID CONTENT 

TIME (h) SD (%) TIME (h) SD (%) 

3 21.43642 3 23.52052 

4 23.37164 4 24.11596 

5 25.15802 5 26.79552 

6 26.4978 6 27.24212 

90˚C - 75% ACID CONTENT 90˚C - 97% ACID CONTENT 

TIME (h) SD (%) TIME (h) SD (%) 

3 25.67904 3 26.20006 

4 27.24212 4 27.98644 

5 29.47508 5 36.17396 

6 31.26144 6 36.39724 

 

The performance data for cationic ion exchange resin sulfonated at 90 ˚C are shown in Table 2. Data were obtained 

associating parameters with variable acid concentrations and different durations. 

 

As seen in the performance data, the sulfonation degree reached highest values at highest acid concentration and 

6 hours at 90 ˚C temperatures. The jump in sulfonation degree in the 5th hour shows the capacity may increase 

linked to duration and acid concentration. The appearance of the material had light yellow tones at 25% and 50% 

acid concentrations, while at 75% and 97% acid concentrations clearly visible yellow colors were observed. 

 

Table 3. Performance data about the degree of sulfonation (% SD) of the cationic ion exchange resin sulfonated 

at 100˚C over time  

100˚C - 25% ACID CONTENT 100˚C - 50% ACID CONTENT 

TIME (h) SD (%) TIME (h) SD (%) 

3 28.43302 3 38.8535 

4 32.30348 4 39.44896 

5 35.87622 5 42.87284 

6 41.68192 6 43.46828 

100˚C - 75% ACID CONTENT 100˚C - 97% ACID CONTENT 

TIME (h) SD (%) TIME (h) SD (%) 

3 39.00236 3 40.491 

4 40.34214 4 43.17056 

5 44.80806 5 46.7433 

6 46.59444 6 47.04102 

 

The performance data for cationic ion exchange resin sulfonated at 100 ˚C is shown in Table 3. Data were obtained 

showing parameters were associated with variable acid concentrations and different durations. 

 

When the sulfonation temperature was increased to 100 ˚C, an increase was observed in the sulfonation degree of 

the cationic ion exchange resin. When this data is examined, the highest sulfonation degree was observed with 

97% acid concentration in the 6th hour. At 100 ˚C, as the acid concentration, temperature and duration factors 

increased, the sulfonation degree of the ion exchanger was identified to show a stable increase. The most effective 

parameters for the sulfonation degree are acid concentration, temperature and duration as understood from the 

data. 

 

The external appearance of the ion exchange resin transformed from light yellow to dark yellow as the acid 

concentration and duration increased. It is considered the external appearance of the material provides us with an 

idea about the sulfonation degree of the resin. 
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Table 4. Performance data about the degree of sulfonation (% SD) of the cationic ion exchange resin sulfonated 

at 120˚C over time  

120˚C - 25% ACID CONTENT 120˚C - 50% ACID CONTENT 

TIME (h) SD (%) TIME (h) SD (%) 

3 48.826 3 48.97626 

4 54.33536 4 54.48422 

5 55.22854 5 58.05696 

6 55.67514 6 59.24788 

120˚C - 75% ACID CONTENT 120˚C - 97% ACID CONTENT 

TIME (h) SD (%) TIME (h) SD (%) 

3 49.27398 3 49.57172 

4 55.07968 4 55.3774 

5 58.95014 5 59.39674 

6 59.5456 6 59.84332 

 

Table 4 shows the performance data for cationic ion exchange resin sulfonated at 120 ˚C. The parameters vary in 

association with acid concentration and different duration as obtained in the data. 

 

The sulfonation process at 120 ˚C did not observe any change in the structure of the material with 25%, 50% and 

75% acid concentrations. However, with 97% acid concentration, severe degradation of the structure of the 

material was observed.  

 

Experiments with the undegraded material observed that there was an increase in sulfonation degree for material 

sulfonated with 97% acid. However, as the 97% acid concentration at 120 ˚C temperature was observed to burn 

the material and degrade the structure, it was decided that optimum conditions could not be obtained. The external 

appearance of this material was observed to be dominated by a light orange color. 

 

Table 5. Performance data about the degree of sulfonation (% SD) of the cationic ion exchange resin sulfonated 

at 130˚C over time  

130˚C - 25% ACID CONTENT 130˚C - 50% ACID CONTENT 

TIME (h) SD (%) TIME (h) SD (%) 

3 50.61376 3 52.1024 

4 56.41946 4 56.71718 

5 58.05696 5 60.88538 

6 61.03424 6 61.1831 

130˚C - 75% ACID CONTENT 130˚C - 97% ACID CONTENT 

TIME (h) SD (%) TIME (h) SD (%) 

3 53.14444 3 53.44218 

4 57.31264 4 57.61036 

5 61.03424 5 61.33196 

6 61.33196 6 61.6297 

 

The performance data for cationic ion exchange resin sulfonated at 130 ˚C is shown in Table 5. Data were obtained 

showing parameters were associated with variable acid concentrations and different durations. 

 

The parameters affecting the sulfonation reactions are crosslinking degree of the polymer, acid concentration, 

temperature and duration [2]. The sulfonation degree of a polymer mainly changes as a function of temperature 

and duration [2]. As a result, with the aim of determining how sulfonation degree is affected at higher temperatures, 

experiments were completed under the same conditions at high temperatures of 130 ˚C. 

 

In these experiments, degradations occurred in the structure of the material at all acid concentrations of 25%, 50%, 

75% and 97%. However, data obtained were rescued from the last washing stage of the final cationic ion exchange 

material. Experiments with the extracted material observed highest efficiency from material sulfonated with 97% 

acid at 6 hours. The material loss with the sulfonation process occurring at high temperature was increased by 10% 

compared to the material lost at 120 ˚C. 
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With the increase in acid concentration and duration, it was identified that degree of sulfonation increased in stable 

manner. However, in line with the data obtained, there did not appear to be large differences between data obtained 

with 75% and 97% acid concentrations at 5 and 6 hours.  

 

3.2    BET Analysis 

 

Surface area of the samples were determined from adsorption isotherm data using the Brunauer-Emmett-Teller 

gas adsorption method (BET) and the change in surface area as a result of chemical modification of both pure and 

sulfonated STY-DVB microspheres was investigated. The surface area for samples of unsulfonated STY-DVB 

microspheres and sulfonated cationic ion exchange resin form are given in Table 6.  

 

Table 6. Surface area of unsulfonated and sulfonated STY-DVB microspheres 

SULFONATION 

TEMPERATURE 

(˚C) 

ACID CONTENT 

(%) 

SULFONATION 

TIME 

(h) 

BET SURFACE 

AREA 

(m2/g) 

Unsulfonated 0 0 3.7996 

100 97 3 3.9803 

100 97 5 4.1060 

100 97 6 4.2710 

120 25 5 4.0080 

120 75 5 26.8732 

120 97 3 4.6149 

120 97 5 3.4065 

120 97 6 3.3803 

130 25 5 4.2101 

130 75 5 19.5442 

130 97 3 3.2060 

130 97 5 3.1749 

130 97 6 3.0840 

 

The BET surface area of STY-DVB microspheres in unsulfonated form was measured as 3.7996 m2/g. According 

to the BET results, samples sulfonated at 97% pure H2SO4 were observed to have a reduction in surface area. 

 

The best surface area for samples treated with 97% pure H2SO4 appear to be 4.2710 m2/g, 4.6149 m2/g, and 3.2060 

m2/g for material sulfonated at 100 ˚C for 6 hours, 120 ˚C for 3 hours and 130 ˚C for 3 hours, respectively. At 

sulfonation temperatures of 120 ˚C and 130 ˚C, 97% pure H2SO4 and 6 hours duration, the surface area for the 

material was measured as 3.3803 m2/g and 3.0840 m2/g, respectively. In line with this data, the morphologic 

structure of material treated with concentrated acid for long durations is disrupted and as a result there is a reduction 

in surface area. When the obtained data are examined, the same situation appears to be valid for the sample 

sulfonated at 120 ˚C with 97% acid and 5 hours duration. 

 

The BET surface area of unsulfonated STY-DVB microspheres was measured as 3.7996 m2/g. According to the 

BET results, samples sulfonated with 97% purity H2SO4 were observed to have a reduction in surface area. 

 

The sample sulfonated at 130 ˚C with 25% acid for 5 hours had surface area of 4.2101 m2/g, while the sample 

sulfonated at 120 ˚C with the same acid concentration for 5 hours had surface area slightly reduced, falling to a 

value of 4.0080 m2/g. 

 

With 97% acid concentration at 130 ˚C for 3 hours, 5hours and 6 hours sulfonation time, the samples had surface 

areas found as 3.2060 m2/g, 3.1749 m2/g and 3.0840 m2/g, respectively. However, when compared with the surface 

area data obtained for the raw polymer, degradation of the material structure occurred and as a result it is 

understood the surface area is lower compared to the raw polymer.  

 

The samples treated at 120 ˚C and 130 ˚C in 75% acid for 5 hours had surface areas measured as 26.8732 m2/g 

and 19.5442 m2/g, respectively. The data shows that with sulfonation temperature of 120 ˚C the best surface area 

was obtained in the 5th hour of the sulfonation duration. However, it is understood that this is not valid for lower 

acid concentrations and shorter sulfonation durations at the same sulfonation temperature by examining the other 

data. 
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3.3    FTIR Analysis 

 

Using an FTIR spectrometer the varying IR spectra for chemical structures before and after sulfonation of 

microspheres is given. The dry polymer microspheres were mixed with KBr and pressed into pellet form. 

Measurements were made using an FTIR device operating in the 4000-400 cm-1 wave number interval. As control, 

the wave numbers for peaks on the spectra of microspheres without sulfonation procedures applied and of 

sulfonated microspheres were determined. Comparing these wave numbers revealed which vibrations and 

chemical bonds formed or were broken in the samples. 

 

 
Figure 3. FTIR spectrum of non-sulfonated polymer microspheres 

 

The FTIR spectra of unsulfonated polymer microspheres is shown in Figure 3. The peaks observed at 3000, 3055 

and 3080 cm -1 on the FTIR spectrum of unsulfonated microspheres give the aromatic C-H stress. The peaks for 

C=C stress are observed at 1490 cm-1 and 1580 cm-1 wave numbers. The main chain C-H stress and C-H bending 

vibration peaks are observed at 2890 and 1430 cm-1 wave numbers, respectively. The peaks at 805 and 850 cm-1 

belong to the benzene ring. The peaks observed at 680 and 740 cm-1 are interpreted to be due to C-H bending 

vibration [3,5,6]. 

 

Figure 4. FTIR spectrum of polymer microspheres sulfonated for 5 hours with 75% acid solution at 120˚C 

 

The FTIR spectrum for sulfonated polymer microspheres is shown in Figure 4. The FTIR spectrum for the 

sulfonated polymer with highest surface area (26.8732 m2/g) and considered to have optimum properties was 

investigated. There are new band formations observed due to the contribution of sulfone groups at 560, 605, 990, 

1010 and 1130 cm-1 on the spectrum. The aryl sulfide vibration is observed at 400-500 cm-1. At 560 and 820 cm-1 

the vibrations formed by contribution of sulfone groups to aromatic C-H external bending and internal bending 

bonds are observed. The symmetric SO3 stress is observed along the interval from 1130-1440 cm-1 [2-4]. 
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4 CONCLUSION 
 

In this study styrene divinylbenzene microspheres were observed to be capable of modification for ion exchange 

media for adsorption of heavy metal ions in aqueous solutions and modification was completed. Using the 

sulfonation technique, chemical modification of polymeric microspheres was ensured. With surface modification 

techniques, the interest of polymeric microspheres in water was increased with the aim of using these microspheres 

as ion exchanger for removal of heavy metal ions from aqueous media. With sulfonation reactions, – SO3-H+ 

groups were bonded to the polymeric matrix. Using titration methods, the percentage rate of bonding of – SO3H 

groups to benzene rings was determined as sulfonation degree.  

 

The highest sulfonation degree was identified as 61.6297% with 6 hours duration using 97% acid concentration at 

130 ˚C. However, considering the morphologic structure at high acid concentrations, temperatures and sulfonation 

durations was disrupted in material transformed into cationic ion exchange resin, it is considered that acceptable 

sulfonation degrees were observed for material sulfonated at 120 ˚C with 75% acid concentration for 5 hours.  

 

The highest surface area of 26.8732 m2/g was obtained for sulfonation at 120 ˚C with 75% acid concentration and 

5 hours duration. Sulfonation with high acid concentrations and high temperatures for long durations were 

identified to cause degradation of the morphologic structure of the material and reductions were observed in the 

surface area of the material. Material with preserved sample structure, high surface area and sulfonation degree 

were produced with sulfonation at 120 ˚C temperature, 75% acid concentration and 5 hours duration. It was 

understood that this ensured optimum conditions were present for the cationic ion exchange resin for use in 

accordance with the aims.  

 

FTIR analyses was used on the sample obtained from the optimum conditions and on unsulfonated polymer 

samples. The results of FTIR analyses observed the formation of new bands with the participation of sulfone 

groups in the spectrum at 560, 605, 990, 1010 and 1130 cm-1. At 400-500 cm-1, aryl sulfide vibrations were 

encountered. At 560 and 820 cm-1 vibrations formed by the participation of sulfone groups in aromatic C-H 

external bending and internal bending bonds were identified. Symmetric SO3 stress was observed along the interval 

from 1130-1440 cm-1. Based on the obtained data, FTIR analysis identified that the produced polymeric resin 

contained ions necessary for ion exchange procedure and housed positive ions that may separate cationic ions from 

within waste water. 
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Abstract 

In this paper, a numerical parametric study is carried out to determine the fatigue 

behaviour of notched beams under the influence of loads having different R ratios 

(-1: 0,1: 1). In addition to this study, a numerical parametric study is also carried 

out to determine the fatigue behaviour of notched beams made of different quality 

steels. The results are evaluated over parameters such as life, damage rate and 

factor of safety which define fatigue behaviour. As a result of the studies conducted 

to determine the effect of variable-repetitive load ratio on fatigue behaviour of 

notched beams, positive increase in load ratio, in other words, the presence of an 

mean load in the tensile mode reduces fatigue life and thus negatively affects 

fatigue behaviour. As a result of the studies conducted to determine the effect of 

material quality on the fatigue behaviour of notched beams, it is seen that fatigue 

behaviour is highly dependent on the mechanical properties of the material and 

hence the material quality. As material quality improved, there is a significant 

improvement in fatigue behaviour. 

1 INTRODUCTION  
 

Fatigue is caused by repeatedly varying stress amplitude. The majority of the data in the literature giving the 

fatigue limit or strength of the materials have been obtained for fully reversed fatigue stress. Because fatigue tests 

are generally obtained from fully reversed constant amplitude tests where the mean stress is zero (σm=0). However, 

the actual stress distribution differs from the ideal case. Especially in operating conditions, it is seen that the mean 

stress is affected as well as amplitude of the stress to the material. If the stress state is different from the fully 

reversed then the mean stress is present and must be calculated, since it has a reducing effect on fatigue strength. 

In cases where the mean stress is not zero, standard S-N curves cannot be used to determine the fatigue life of 

metallic machinery and structural elements or to assess their current state against fatigue. 

The mean load value in the load cycle causes a coefficient called load ratio to be taken into account in fatigue 

analysis. The load ratio is expressed as the ratio of the smallest load value to the largest load value in the variable-

repetitive fatigue load cycle. It is a known fact that this ratio has a significant effect on the overall structure of 

fatigue load and therefore affects the fatigue behaviour significantly (Figure 1). 

 

 
Figure 1. Periodic loads with different R ratios and different behavioural patterns in beam 

 

 R> 1: General variable-repetitive load (push-push) 

 R = ∞: Vibrating variable-repetitive load (push-drop-push-drop) 

 R> -1: Variable-repetitive load (pull push-pull push (pressure> tensile)) 
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 R = -1: Fully variable-repetitive load (pull push-pull push (pressure = tensile)) 

 R <-1: Variable-repetitive load (pull push-pull push (tensile> pressure)) 

 R = 0: Vibrating variable-repetitive load (pull-drop-pull-drop) 

 R <1: General variable-repetitive load (pull-pull) 

In this paper, a numerical parametric study is carried out to determine the fatigue behaviour of notched beams 

under the influence of loads having different R ratios (-1: 0,1: 1). The results are evaluated over fatigue life under 

three-point loading type (Figure 2). The results of this study conducted to determine the effect of variable-repetitive 

load ratio on fatigue behaviour are given in the following sections with the help of tables and graphs. 

 

 
Figure 2. Three-point loading type 

 

In addition to the above-mentioned study, a numerical parametric study is also carried out to determine the fatigue 

behaviour of notched beams made of different quality steels. The results are evaluated over parameters such as 

life, damage rate and factor of safety which define fatigue behaviour. S235JR, S275JR and S355JR structural steels 

are used as materials, respectively. Information on the structural properties of the materials is obtained from TS 

EN 10025-2 / 2006. The results of this study conducted to determine the effect of material quality on fatigue 

behaviour are given in the following sections with the help of tables and graphs. 

 

2 MATERIAL AND METHOD 
 

2.1 Determination of Fatigue Behaviour of Structures 

 

There are three commonly used methods for fatigue-free design and analysis of metallic machinery and structural 

elements under the influence of variable-repetitive loads. These methods defined as stress-life method, strain-life 

method and linear-elastic fracture mechanics method are used to estimate the number of load cycles (N) causing 

damage for a certain level of loading. In this study, stress-life method is preferred among these methods. 

In cases where the mean stress is not zero, standard S-N curves cannot be used to determine the fatigue life of 

metallic machinery and structural elements or to assess their current state against fatigue. Instead, these analyses 

are performed using various fatigue damage criteria determined based on the results of numerous experimental 

studies (Figure 3). 

 

 
Figure 3. Fatigue damage criteria 

 

In this study, Gerber Damage Criteria is preferred because it is the fatigue damage criteria which provides the best 

agreement with the distribution of experimental data (Figure 4). 
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Figure 4. Gerber fatigue damage criteria 

 

The Gerber line is formed by combining the points representing the material tensile strength on the horizontal axis 

and the fatigue strength limit value on the vertical axis. It has similar properties with respect to Modified Goodman 

Damage Criteria in terms of tensile strength limit values. However, while the Modified Goodman line is a straight 

line, the line expressing this damage criterion is parabolic. The Gerber Criteria is the fatigue damage criteria that 

best matches the distribution of experimental data. Points above or outside the line represent fatigue damage, points 

below represent the safe zone. 

Equation of Gerber line; 
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Table 1. Intersection equations and coordinates of Gerber and Yield Damage Criteria 
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2.2 Determination of Geometric and Material Properties of Specimens 

 

In this paper, numerical studies have been carried out on small-scale steel beams (IPN140) made of S235JR steel 

(Figure 5). When similar studies conducted in previous years are examined, it is seen that there are many studies 

on small scale beams because of the low capacity of the test equipment used, economic reasons, labour and time 

saving, appropriate space supply and so on. [1-4]. The normal capped I profile is preferred in this study because it 

is widely used in steel bridge beams since the bending stiffness is higher than other types (medium wide capped 

and wide capped profiles). 

 

 

 
Figure 5. Section characteristics of IPN140 profile 

 

S235JR is a hot-treated, non-alloy structural steel type, known as normal structural steel or mild steel, commonly 

used in metallic machinery and building elements, named according to the European standard (EN 10025-2: 2004). 

Information on the structural characteristics of S235JR is given in Table 2 with reference to TS EN 10025-2 / 2006 

[5]. 

 

Table 2. Material properties of S235JR step [5] 

Chemical Composition 

Carbon (C) %0,17 

Manganese (Mn) %1,40 

Phosphorus (P) %0,035 

Sulfur (S) %0,045 

Silisium (Si) - 

Copper (Cu) %0,55 

Nitrogen (N) %0,012 

Mechanical Properties 

Density (ρ) 7850 kg/m3 

Modulus of Elasticity (E) 210000 N/mm2 

Shear Modulus (G) 81000 N/mm2 

Poisson's Ratio (ν) 0,3 

Coefficient of Thermal Expansion (αt) 0,000012 1/°C 

Yield Strength 235 N/mm2 

Tensile Strength 360-510 N/mm2 

Tensile Allowable Stress 144 N/mm2 

Shear Allowable Stress 83,1 N/mm2 
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3 RESULTS 
 

In the first part of the study, a numerical parametric study is carried out to determine the fatigue behaviour of 

notched beams under the influence of loads having different R ratios (-1: 0,1: 1). The results are evaluated over 

fatigue life under three-point loading type. The results of this study conducted to determine the effect of variable-

repetitive load ratio on fatigue behaviour are given in Figure 6. 

 

 
Figure 6. Variation of fatigue life depending on load ratio 

 

When examined in Figure 6, it is seen that the positive increase in load ratio, in other words, the presence of a 

mean load in the tensile mode reduces fatigue life and thus negatively affects fatigue behaviour. 

In the second part of the study a numerical parametric study is also carried out to determine the fatigue behaviour 

of notched beams made of different quality steels. The results are evaluated over parameters such as life, damage 

rate and factor of safety which define fatigue behaviour. S235JR, S275JR and S355JR structural steels are used as 

materials, respectively. The results obtained from the study are shown in Figures 7 and Table 3. 

 

   
 

Figure 7. Fatigue behaviour parameters of notched beams of different grades of steel 

 

Table 3. Effect of material quality on fatigue behaviour 

Types of Steel 
Fatigue Behaviour Parameters 

Life Damage Rate Factor of Safety 

S235JR 3020,000 331,130 0,394 

S275JR 6320,700 158,210 0,402 

S355JR 9580,200 104,380 0,408 

 

When examined in Figure 7 and Table 3, it is seen that the fatigue behaviour of metallic machinery and structural 

elements is highly dependent on the mechanical properties of the material and hence the quality of the material. 

As the material quality increases, a significant improvement in fatigue behaviour is observed. 
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S275JR: 6320,700 
S355JR: 9580,200 
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4 CONCLUSION 
 

In this paper, a numerical parametric study is carried out to determine the fatigue behaviour of notched beams 

under the influence of loads having different R ratios (-1: 0,1: 1). In addition to the above-mentioned study, a 

numerical parametric study is also carried out to determine the fatigue behaviour of notched beams made of 

different quality steels. The results are evaluated over parameters such as life, damage rate and factor of safety 

which define fatigue behaviour. As a result of the studies, the conclusions given below are obtained. 

 As a result of the studies conducted to determine the effect of variable-repetitive load ratio on fatigue 

behaviour of notched beams, positive increase in load ratio, in other words, the presence of an mean load 

in the tensile mode reduces fatigue life and thus negatively affects fatigue behaviour. Particularly in 

laboratory scale studies where optimum use of fatigue testers with a certain cycle capacity and time saving 

is necessary, fatigue loading type with a positive load ratio may be preferred. 

 As a result of the studies conducted to determine the effect of material quality on the fatigue behaviour of 

notched beams, it is seen that fatigue behaviour is highly dependent on the mechanical properties of the 

material and hence the material quality. As material quality improved, there is a significant improvement 

in fatigue behaviour. The fatigue life of the beam made of S275JR type material increased by 52,220% 

compared to the fatigue life of steel made of S235JR type material. When the same comparison is made 

between S235JR and S355JR, it is found that this improvement increased to approximately 68.477%. 
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Abstract   

In most of the construction and roading projects, the natural subsoil layers do not 

meet the mechanical requirements such as stiffness and shear strength and need soil 

improvement. There are several mechanical and chemical soil improvement methods 

that using reinforcement elements such as geotextiles, geogrids, and natural or 

artificial fibers are among the mechanical methods. Because of the ease of 

application, low produce casts and short construction time, the use of randomly 

distributed discrete fibers are increasing in recent decades. In this research, the shear 

strength of silty sand reinforced by randomly distributed discrete glass fibers was 

studied in the laboratory. The study was focused on the effect of the length and 

content of the fibers on the shear strength parameters of the soil such as cohesion and 

internal friction angle. The shear strength of specimens prepared using fibers with 5, 

10, 20 and 30 mm length and 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6% of weight contents were 

investigated using 60*60 [mm] direct shear test device. The results of this study show 

that the inclusion of the fibers increases the shear strengths of the soil. The 

improvement of the shear strength of the soil resulted from improving both cohesion 

and the internal friction angle. Increasing the length and the content of the fibers, 

increases the shear strength of the soil but further increment from optimum length 

and content of fibers reduces the shear strengths of the reinforced soil. The shear 

strength of the fiber reinforced soil is always more than that of unreinforced soil. The 

internal friction angle and cohesion of the fiber reinforced soil in the optimum 

condition increased by about 30% and 40% respectively. The optimum length and 

content of the fibers to achieve the maximum shear strength were 10 mm and 0.4% 

respectively. 

1 INTRODUCTION  
 

Soil is the main material used in construction projects that are used as the subsoil of main structures in buildings 

and also as the main structure itself such as earthen dams, slopes or road subsoil. In most construction and road 

construction projects, the soil of the project site does not have the required technical and mechanical properties 

and improvement of some soil parameters is inevitable. The simplest way to improve the mechanical properties of 

soils is to compress them and increase their specific gravity and reduce their porosity. Since the soil mass is a 

three-phase system, consisting of solid particles, the space between the solid particles and water. So the mechanical 

properties of soil depend on mechanical properties of each these three phases, how they interact, and how solid 

particles interlock. Compressing the soil only reduces porosity and improves the locking of soil particles.  

Therefore, if soil improvement by compaction does not have a favourable effect on soil, other soil stabilization 

techniques will be inevitable. Soil stabilization methods can be divided into two main groups: chemical and 

mechanical stabilization.  Chemical stabilization using cement, lime, gypsum and other chemical additives which 

actually modifies the chemical properties of the solid particles or creates bonds between them that are often caused 

by cementation to enhance soil mass behaviour.  Problems with chemical methods of soil stabilization can be 

attributed to the relatively long time required for these changes and their environmental consequences [1]. 

 

Mechanical stabilization methods of soils create some kind of mechanical bonding between particles or part of the 

soil mass using geotextile sheets, geogrids, composite materials, steel belts, metal or synthetic fibers increase the 

confining stress and thus increasing the strength and decreasing the density of the soil mass. In mechanical methods 

where the reinforcement system consists of continuous reinforcing sheets such as geotextile, geogrid or polymer 
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fibers, the soil mass acts as an inhomogeneous system that creates a distinct intersection between the reinforcing 

material and the soil. In these methods, due to the very high strength of the reinforcing sheets compare to the soil, 

providing the reinforcement length of the reinforcers to prevent them being pulled out from the soil mass is one of 

the most important designs controlling factors [2]. The mechanical behaviour of the stabilized soil which 

reinforcing elements are short and distributed randomly can be considered homogeneous. The history of using 

reinforced fibers with random distribution in construction goes back to ancient times, with the use of thatch mortar 

in many ancient historical heritage [3]. Unlike geotextiles, geogrids and sheet reinforcers, these fibers mix with 

soil mass easily, like as lime and cement do and increase the shear strength and ductility of the soil [4]. In recent 

years, the use of synthetic or natural fibers to strengthen soils has increased dramatically due to their advantages, 

which has led to extensive studies on the characterization of these materials.  

 

Several studies [5-6] have studied the static and dynamic behaviour of sand reinforced with polymer fibers and 

concluded that there were two modes of failure: slipping between fibers and soil particles and fiber breakdown, 

which eventually shear strength of the stabilized soil depends on the tensile strength of the fibers and the friction 

between the soil and the fibers. Yetimoglu, and Salbas [7] evaluated the shear strength of soil reinforced with 

fibers under direct shear conditions and concluded that the effect of this type of reinforcement on loose soil was 

greater than that of dense soil. Consoli et al [8] study the effect of stress path under triaxial conditions on shear 

strength of reinforced sand and concluded that the failure criterion used for these types of soils should be two-line. 

Sadek et al [9] compared the shear strength of fibers reinforced fine and coarse sand and concluded that the results 

of this type of reinforcement and the characterization experiments of these soils are highly dependent on the sample 

size and the method of preparation. Al-Adili et al [10] have investigated the use of natural tobacco fibers to 

stabilize the soil. The results of their studies have shown that a certain amount of fiber is necessary to achieve 

maximum shear strength and elastic modulus of soil. Lirer et al [11] presented an analytical method for estimating 

the strength of soil reinforced with fibers. Krishna Rao and Nasr [12] has investigated the Unconfined Compressive 

Strength and California Bearing Ratio (CBR) of silty sand reinforced with fibers and concluded that the addition 

of fibers increases soil ductility and stiffness. Based on the results of direct shear test on sand reinforced with 

fibers, Anagnostoppulos et al [13] concluded that with increasing soil compaction, the increased strength caused 

by the addition of fibers decreased, but the soil ductility continued to increase. Shahnazari et al [14] investigated 

the effect of adding fibers on shear modulus of the soil and concluded that this effect was only visible at high stress 

levels. Forugi Asl et al [15] investigated the effect of fibers on compressive and tensile strength of roller concrete 

and concluded that adding about 1% of fibers would increase the tensile strength of roller concrete by 20%. Shukla 

et al [16] studied the compressibility and permeability of the soil reinforced with fibers and concluded that the 

compressibility behaviour of these soils depended on the volume percentage of fiber. Noorzad and Zarinkolaei 

[17] compared the behaviour of sand reinforced with fibers under direct shear test and triaxial test. Their results 

showed that the effect of fiber addition on soil shear strength in triaxial test was more pronounced than those of 

direct shear test, the results of which were exactly opposite to those of similar studies by Claria, and Vettorelo 

[18]. Tang et al [19] also examined the tensile strength of cohesive soil reinforced with fiber and concluded that 

adding fibers increased the tensile strength and ductility of the soil. 

 

Investigation of the results of researches on shear strength of soil reinforced with fibers shows that due to the 

random distribution of fibers within the soil mass, many factors that interfere in the relative positioning of the 

fibers and solid particles of soil, affect the mechanical properties of the reinforced soil. It seems that contradiction 

in the result of some research was due to the lack of control over this factor. Therefore, in this study, the effect of 

two important factors of fiber length and content on the shear strength parameters of the soil such as cohesion and 

internal friction angle was investigated. In this laboratory study, a direct shear test machine was used to determine 

the strength parameters of a randomly distributed synthetic fiber-reinforced soil. 

 

2 MATERIAL AND METHOD 
 

2.1 Soil 

 

The soil used in this study was taken from Mohaghegh Ardabili University campus. The soil is classified as silty 

sand (SM) according to the Unified classification system [20], by performing sieve analysis and hydrometer test. 

The particle size distribution for the soil is shown in Figures 1. 
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Figure 1. Particle size distribution of sand 

 

The specific gravity of soils and proctor tests were performed to determine the soil specific gravity, the maximum 

dry density and optimum moisture content according to ASTM D854 and ASTM D1557, respectively [21-22]. 

The results of these experiments are shown in Table 1. 

 

Table 1. Engineering properties of soil used in the study 

 Compaction study Grain size analysis 

Specific 

gravity 

Optimum 

moisture content 

(%) 

Maximum 

dry density 

(kN/m3) 

Gravel 

(%) 

Sand 

(%) 

Silt & 

Clay 

(%) 

2.65 15.3 19.25 0.00 86.9 13.1 

 

2.2 Fiber 

 

The fibers used in this study were of the type of synthetic polymeric glass fiber (GFRP) made by CNBM company. 

These fibers are longitudinal sheets that are cut into the required lengths and then threaded before mixing with the 

soil. The specifications of these fibers based on their manufacturer's information shown in Table 2.  

 

Table 2. Engineering properties of fiber (GFRP) used in the study 
 

Density 

(kg/m3) 

 

Elastic Modulus 

(GPa) 

 

Tensile 

Strength (MPa) 

 

Rupture Strain 

(%) 

1600 70 2200 3 

 

2.3 Sample preparation 

 

In this study, glass fibers reinforced soil samples were prepared with fiber weight percentages of 0.1, 0.2, 0.3, 0.4, 

0.5, and 0.6% to the length of 5, 10, 20 and 30 mm. The weight percent of fibers is the ratio of fiber weight to dry 

soil weight. To prepare the samples, first, completely dried soil moistened with 50% of optimum moisture content. 

The initial moisturization of the sample was due to the fact that mixing the fibers with wet soil and homogenization 

is easier than dry soil. Then the glass fibers were gradually added to the soil to reach the desired weight percent. 

In the last step, soil moisture is increased and optimized. Homogeneity of samples was visually controlled prior to 

testing. Figure 2 shows the status of soil mixed with fibers before and after mixing. 

 

          
a)                                          (b) 

Figure 2. Mixture of soil and glass fibers: a) before mixing, b) after mixing 
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2.4 Direct Shear Test 

 

In this study, direct shear test was used to determine the shear strength of soil reinforced with fibers (figure 3). In 

laboratory work, it is very important to prepare similar samples which are made in the same condition and are 

comparable. The specific dry weight of all samples was kept constant. After preparing the samples and 

homogenizing them, the soil and glass fiber mixture was placed in a shear box and compacted until the specific 

dry weight reached 85% of the maximum dry weight determined in the proctor test. All direct shear tests are strain-

controlled at a shear rate of 0.5 mm/min according to ASTM D 3080 [23]. The vertical stresses applied to the 

specimen were 50, 100 and 200 kPa. The shear strength parameters of the specimens including cohesion and 

internal friction angle of the soil are expressed on the basis of Mohr-coulomb failure criterion. 

 

 
Figure 3. Direct shear test apparatus 

 

3 DIRECT SHEAR TEST RESULTS 
 

3.1 Shear Strength of Unreinforced Soil 

 

The results of the direct shear test on the unreinforced soil is shown in Figure 4. In this figure, horizontal 

displacement diagrams against shear stresses diagram, under vertical stresses of 50, 100 and 200 kPa are shown. 

Also, the soil failure envelope obtained from these three tests is shown in this figure. 

 

          
(a)                           (b) 

 

Figure 4. a) Results of direct shear test on unreinforced soil, b) unreinforced soil failure envelope. 

 

As can be seen in Figure 4, the horizontal displacement against shear stress diagrams of these samples shows some 

decrease in strength after the initial failure, indicating a moderate to high density. This decrease in strength 

decreased with increasing area of vertical stress. The values of cohesion and internal friction angle of the 

unreinforced soil were 73 kPa and 31.3°, respectively. 

 

3.2 Shear Strength of Fiber Reinforced Soil 

 

The results of the direct shear test on fiber glass reinforced soil with 0.5 mm length and different fiber content are 

shown in Figure 5.  
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Figure 5. Results of direct shear test on soil reinforced with 0.5 mm fibers 

 

As seen in this figure, the shear strength of the soil increased and then decreased with increasing fiber content. 

However, the shear strength of soils reinforced with different percentages of fibers is always greater than shear 

strength of the unreinforced soil. Reduced in the shear strength of reinforced soil can be caused by bending and 

torsion of long fibers. Due to the low diameter of the fibers, as the length increases, straightening the fibers in a 

straight line has become more difficult and the fibers get bent and twisted. In fact, in this case, the performance of 

bent fibers is similar to that of straight fibers of shorter length. Another important point to see in these graphs is 

the shift of the diagrams to the right with increasing fiber content. So that the samples with higher fiber content 

are failed into larger shear deformations. 

 

3.3 The effect of fiber on Soil ductility 
 

Figure 6(a), shows the displacement required for the failure of soil specimens with different fiber content and 

constant length of 5mm, under vertical stress of 200 kPa. As can be seen, by increasing the fiber content up to 
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0.4%, the amount of failure displacement initially increased and then decreased. Accurate calculation of soil shear 

stress and shear modulus is not possible in direct shear tests. However, it can be said that the increase in failure 

displacement, may have been due to increased strength or decreased shear modulus of the reinforced soil. 

 

  
Figure 6. (a) Horizontal displacement corresponding to failure and, (b) Strength loss after failure for specimens 

reinforced with 5 mm fiber under vertical stress of 200 kPa 

 

Figure 6(b), shows the displacement required for the failure of soil specimens with different fiber content and 

constant length of 5mm, under vertical stress of 200 kPa. In this diagram, zero fiber content means unreinforced 

soil. As can be seen in this figure, the maximum strength loss is for the unreinforced sample, which as the fiber 

content increased, the amount of strength loss also decreased, but it increased with more increasing fiber content. 

The amount of strength loss can be related to the sample's ductility [13]. Therefore, according to the results of this 

experiment, it can be concluded that by increasing the fiber content to a certain extent, the ductility of the 

specimens increased and then remained constant. The lowest strength loss, or the most ductility during shear 

failure, occurred in specimens reinforced with 5mm fibers at 3% content. Therefore, it can be concluded that the 

maximum ductility of fiber-reinforced specimens occur at a specified content of the fibers. Several studies [10-11] 

have reached similar results. 

 

3.4 Failure envelope of fiber reinforced soil 

 

Figure 7 shows the Mohr-coulomb failure envelope of soil reinforced with different fiber lengths and content. As 

can be seen in this figure, the shear strength of the soil increases and then decreases with increasing fiber length. 

The addition of fibers increases the shear strength of soil by interlocking solid particles [24]. Excessive increase 

in fiber length or high fiber content, causes them to twist, bend and pelletize which causing the fibers to be unevenly 

distributed and to create an inhomogeneous structure in the soil, thereby reducing its strength [25]. The highest 

shear strength of the soil was obtained with 10mm fibers length and 0.4% fiber content. As can be seen in Figure 

7, the addition of fibers causes a change in the slope and height of the failure envelope, indicating the effect of the 

fibers on cohesion and internal friction angle of soil. 

 

 

 

 

 

 

 

 

 

 

0

1

2

3

4

5

0 0.1 0.2 0.3 0.4 0.5 0.6

H
o

ri
zo

n
ta

l 

D
is

p
la

ce
m

en
t 

(m
m

)

Fiber content (%)

0

1

2

3

4

5

0 0.1 0.2 0.3 0.4 0.5 0.6

S
tr

en
g
th

 d
ec

re
as

e 

af
te

r 
fa

il
u
re

 (
%

)

Fiber content (%)

1566



Effect of the Length and Content of Fibers on the Shear Strength of Randomly Distributed Fiber-

Reinforced Soil 

ICADET ‘19 

 

 

 

 
 

 
    Figure 7. Failure envelope of soil reinforced with different fiber lengths and content 

 

3.5 The effect of fiber on soil shear strength parameters 

 

Table 3 summarizes the cohesion values obtained from direct shear test on soil reinforced with 5, 10, 20, and 30 

mm lengths fiber and fiber content of 0.1%, 0.2%, 0.3%, 0.4%, 0.5% and 0.6%. As can be seen in table 3, the 

maximum cohesion was obtained for 10mm fibers with 0.4% content. In this case, the cohesion of the reinforced 

soil is increased by about 38% compared to the unreinforced soil.  

Also table 4 summarizes the internal friction angle values obtained from direct shear test on soil reinforced with 

different lengths and content of fiber. As can be seen in table 4, the maximum internal friction angle was obtained 

for 10mm fibers with 0.4% content. In this case, the cohesion of the reinforced soil is increased by about 33% 

compared to the unreinforced soil. According to the results of the direct shear test on glass fiber-reinforced soil, it 

can be concluded that the addition of fibers increases both the cohesion and the internal friction angle of the soil. 
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Table 3. The effect of fiber length and content on the cohesion of the soil 

      Content 

 

 Length 

 

0.0 % 

 

0.1 % 

 

0.2 % 

 

0.3 % 

 

0.4 % 

 

0.5 % 

 

0.6 % 

0 (mm) 73 - - - - - - 

5 (mm) - 75 76 78 81 80 78 

10 (mm) - 83 82 94 101 97 87 

20 (mm) - 81 85 92 97 95 91 

30 (mm) - 80 82 94 91 92 85 

 

Table 4. The effect of fiber length and content on the internal friction angel of the soil 

      Content 

 

 Length 

 

0.0 % 

 

0.1 % 

 

0.2 % 

 

0.3 % 

 

0.4 % 

 

0.5 % 

 

0.6 % 

0 (mm) 31.3 - - - - - - 

5 (mm) - 32.6 34.6 36.5 38.3 36.8 36.5 

10 (mm) - 32.6 37.9 38.6 41.6 39.7 38.3 

20 (mm) - 34.6 37.2 39.1 39.7 39.3 39 

30 (mm) - 33.2 33.4 33.8 36.5 36.8 35.7 

 

4 CONCLUSION 
 

In this study, the shear strength of silty sand reinforced with glass fiber with random distribution was investigated 

in the laboratory. The laboratory was performed using a direct shear test. The main purpose of this study was to 

investigate the effect of fiber length and content on improving soil shear strength parameters including internal 

friction angle and cohesion. After analyzing the experiments, the following results were obtained: 

 Adding fibers to silty sand increased its shear strength. The results of experiments showed that, in 

optimum condition, the cohesion of reinforced soil increased by about 40% compared to the unreinforced 

soil and the internal friction angle increased by about 30%. 

 The relationship between the amount of fiber added to the soil and the increase in its shear strength is 

firstly incremental and then, after reaching the maximum value, is reduced. Therefore, it can be concluded 

that the optimum amount of reinforcing fibers is required to achieve maximum shear strength of 

reinforced soil. The optimum value of fiber weight percentages in these experiments was approximately 

0.4 percent. 

 The length of reinforcing fibers also has an optimum state for maximum shear strength, which, for 

specified fiber content, by deviating from this optimum length, the shear strength of the soil is also exiting 

the maximum state. The optimum length of the fibers in these experiments is about 10 mm. 

 As the fiber percentage increases, Soil shear strength loss decreases after initial failure. Therefore, it can 

be concluded that adding fibers to dense soils increases their ductility. 

 

References  

 
[1] F. Sariosseiri, B. Muhunthan, “Effect of cement on geotechnical properties of some Washington state soils,” 

Eng. Geolog., vol. 104(1-2), pp. 119-125, 2009. 

[2] A. Ouria, et al., “Finite element analysis of a CFRP reinforced retaining wall,” Geomech. Eng., vol. 10(6), 

pp. 757–774, 2016. 

[3] V. Toufigh et al., “Laboratory study of soil-CFRP interaction using pull-out test,” Geomech. Geoeng., vol. 

9(3), pp. 208–214, 2012. 

[4] J. Li, et al., “Effect of district fiber reinforced on soil tensile strength,” J. Rock Mech. Geotech. Eng., vol. 

6(2), pp. 133–137, 2014. 

[5] T. Al-Refeai, “Behaviour of granular soils reinforced with discrete rendomly oriented inclusions,” Geotext 

Geomemberans., vol. 10(3), pp. 319–333, 1991. 

1568



Effect of the Length and Content of Fibers on the Shear Strength of Randomly Distributed Fiber-

Reinforced Soil 

ICADET ‘19 

 

 

[6] T. Al-Refeai, and A. Al-Suhaibani, “Dynamic and static characterization of polypropylene fiber reinforced 

dune sand,” Geosynth.Int. 5(5), pp. 443–458, 1998. 

[7] T. Yetimoglu, and O. Salbas, “A study on shear strength of sands reinforced with randomly distributed 

discrete fibers,” Geotext. Geomembranes, vol. 21, pp. 103–110, 2003. 

[8] N. Consoli et al.,  “Shear strength behaviour of fiber reinforced sand considering triaxial test under distinct 

stress paths,” J. Geotech. Geoenviron. Eng., vol. 133(11), pp. 1466–1469, . 2007. 

[9] S. Sadek, S. Najjar, and F. Freiha, “Shear strength of fiber reinforced sands,” J. Geotehc. Geoenviron. Eng., 

vol. 136(3), pp. 490–499, 2010. 

[10] A. Al-Adili, R. Azzam, G. Spagnoli and J. Schrader, “Strength of soil reinforced with fiber materials 

(papyrus),” Soil Mech. Found. Eng., vol. 48(6), pp. 241–247, 2012. 

[11] S. Lirer, A. Flora, and N. C. Consoli, “On the strength of fiber reinforced soils,” Soil Found., vol. 51(4), pp. 

601–609, 2011. 

[12] S. V. Krishna Rao, and A. M. A. Nasr, “ Laboratory study on the relative performance of silty sand soils 

reinforced with linen fiber,” Geotech. Geolog. Eng., vol. 30, pp. 63-74, 2014. 

[13] C. A. Anagnostoppulos et al., “Shear strength os sands reinforced with polypropylene fibers,” Geotech. 

Geolog., vol. 3, pp. 401–423, 2013. 

[14] H. Shahnazari et al., “Sand shear module with reinforced carpet trim,” Journal of Seismology and Earthquake 

Engineering (JSEE)., vol. 11(3) , pp. 24–36, 2009 

[15] A. Forugi Asl et al., “Investigation of Polypropylene Fiber Performance in Roller Concrete Structure,” 

Jouuurnal of Civil and Enviromental Engineering, University of Tabriz., vol. 42, pp. 42–69, Jul. 2012. 

[16] S. K. Shukla, M. A. Shahin, and H. Abu-Taleb, “A note on void ratio of fiber reinforced soils,” 2015, Int. J. 

Geosynth. Ground Eng., vol. 1(29), pp. 1–5. 

[17] R. Noorzad, and S. T. G. Zarinkolaei, “Compartion of mechanical properties of fiber reinforced sand under 

triaxial compression and direct shear,”Open Geosci, vol. 1, pp. 547–558, 2015. 

[18] J. J. Claria, and P. V. Vettorelo, “Mechanical behaviour of loose sand reinforced with synthetic fibers,” Soil 

Mehc. Found. Eng., vol. 53(1), pp. 12–18, 2016. 

[19] C. Tang et al., “Tensile strenght of fiber reinforcedsoil,” J. Mater. Civ.Eng., vol. 28(7), pp. 04016031–1-

04016031-13, 2016. 

[20] ASTM D2487-11., “ Standard Practic for Classification of Soils for Engineering Purposes (Unified Soil 

Classification System)”. American Society of Testing and Materials., 2011. 

[21] ASTM D854-14., “Standard Test Methods for Specific Gravity of Soils Solids by Water Pycnometer”. 

American Society of Testing and Materials., 2014. 

[22]  ASTM D1557-12., “ Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 

Modified Effort”. American Society of Testing and Materials., 2012. 

[23] ASTM D3080-04., “Standard Test Methods for Direct Shear Test of Soils Under Consolidated Drained 

Condition”. American Society of Testing and Materials., 2004. 

[24] C. Gumuser, and A. Senol, “Effect of fly ash and different lengths of polypropylene fibers content ontke soft 

soil,” 2014. Int J. Civ. Eng., vol. 12(2), pp. 134-145. 

[25]  Y. Wang et al.,“ Study on the strength influence mechanism of fiber reinforced expansive soil using jute,” 

Geotech. Geolog. Eng., vol. 34, pp. 1079, 2016. 

 

 

 

 

 

 

 

1569



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*yesim.dede25@gmail.com 

The Investigation of pH Value and Current Density Effects on Domestic 

Wastewater Treatment by Electrocoagulation Process in The Batch System 

 
Yeşim DEDE SAĞSÖZ*1, Alper Erdem YILMAZ1, İbrahim CENGİZ2 

 
1Atatürk University Environmental Engineering Department, Erzurum  

2Bayburt University Emergency Aid and Disaster Management Department, Bayburt 

 

Keywords:  
Domestic 

wastewater 

Electrocoagulation, 

Aluminum electrode  

 
Abstract 

In the study, domestic wastewater was obtained from sewage system of Erzurum 

Atatürk University Campus. Domestic wastewaters are a combination of flows from 

the kitchen, bathroom and laundry, toilets, baths, kitchen sinks, garbage grinders, 

dishwashers and washing machines. The wastewater contains suspended, colloidal 

and dissolved organic and inorganic substances. Most of the substances are 

dangerous for public health. Domestic wastewater treatment is a critical issue in 

public health and disease prevention around the world. Treatment of the wastewaters 

by conventional methods has become difficult due to the diversity of the substances 

and the addition of new pollutants each year. Conventional methods cannot achieve 

the desired level of treatment. Because of these reasons, advanced treatment 

technology must be used in the domestic wastewater treatment. Electrocoagulation 

is one of the effective advanced treatment methods for organic and inorganic 

substances in domestic wastewater. Therefore, an electrocoagulation process was 

used for the treatment of domestic wastewater in operation. The effects of initial pH 

value and current density on domestic wastewater treatment efficiency were 

investigated in electrocoagulation process. Experimental batch studies were carried 

out in jacketed reactor having a volume of 1000 ml. Aluminum as anode electrode, 

stainless steel as cathode electrode were used. Experiments were conducted in thirty 

minute periods. The initial pH values were selected as 5, 6, 7 and natural pH. 

Although the highest chemical oxygen demand (COD) removal percentage 

(approximately 73%) was obtained at natural pH, the highest energy consumption 

(53 kW.h/m3) and treated water outlet temperature (36°C) were also observed at 

natural pH. The current density was selected between 5A and 20A. Although the 

highest COD removal percentage (approximately 96%) was obtained at 20A, the 

highest energy consumption (299 kW.h/m3) and treated water outlet temperature 

(51°C) were also observed at 20A. In addition, it was observed that the pH tended to 

increase in each experiment. The result is that the electrocoagulation process can be 

used for treatment of domestic wastewater as effectively. 

1 INTRODUCTION  
 

Domestic wastewater is the water that has been used by a community and which contains all the materials added 

to the water during its use. Thus, the wastewater contains human body wastes. The wastewater is a combination 

of the water used for toilets, kitchens, bathrooms and laundries, baths, kitchen sinks, garbage grinders, dishwashers 

and washing machines [1]. There are many physical, chemical and biological components that determine the 

characteristics of domestic wastewater containing suspended, colloidal, dissolved organic and inorganic 

substances. 

 

Colour, odour, temperature and solids content are the physical properties of a domestic wastewater. The colour of 

suspended colloidal solids in water is usually gray. Other colours seen in wastewater indicate that industrial wastes 

are added to the water [2]. The temperatures of domestic wastewater vary between 10 and 22 ° C depending on 

the geographic location [3].The solid material is combination of faeces, salts, detergents, sand, grit, food particles, 

toilet paper and soap. The solids can found as dissolved (about 70%) and suspended solids (about 30%) in the 

domestic wastewater.  
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Organic and inorganic compounds and gases are the chemical properties of domestic wastewater. Organic 

compounds are combination of carbohydrates, proteins and fats. Inorganic components may consist of  

pH, sulphur, chlorides, alkalinity, toxic compounds, nitrogen, phosphorus, heavy metals etc. Gases  are hydrogen 

sulphide, ammonia, carbon dioxide, methane and nitrogen commonly dissolved in wastewater. Domestic 

wastewater contains diverse microorganisms such as bacteria, virus and algae. The wastewater can also include 

many pathogenic organisms which causes disease in human [4]. 

 

Because of biological, chemical and physical components, domestic wastewater needs to be treated at the desired 

level in accordance with the regulations.  

 

Untreated domestic wastewater causes major damage on the environment and the human health. 

 

Domestic wastewater should be treated in order to: 

 reduce the transmission of diseases 

 reduce water pollution  

 preserve aquatic environment [1]. 

 

Biological oxygen demand (BOD), COD, total organic carbon (TOC), suspended solid matter, pH, nitrogen, 

phosphorus, conductivity and temperature are generally important parameters for determining domestic 

wastewater pollution and monitoring the treatment efficiency of treatment plants. According to the parameters, 

domestic wastewater can be classified as weak, medium and strong according to pollutant concentrations. 

Contaminants and concentrations may vary seasonal, yearly or even hourly.  

 

The variety of pollutants and pollution levels in domestic wastewater have increase with the population increase. 

Thus, treatment of the wastewaters by conventional methods has become difficult. Because of the difficult 

situation, advanced treatment technology must be used in the domestic wastewater treatment. Ion exchange 

processes, adsorption columns, membrane systems, advanced biological treatment, electrochemical methods are 

some of the advanced treatment systems to use domestic wastewater treatment.  

 

Electrochemical treatment processes are a process that can tolerate many disadvantages of conventional treatment 

methods with its limited use of chemicals, short reaction time, simple and easy operating conditions, less sludge 

formation and many other advantages. Nowadays, electrocoagulation process is the most preferred among 

electrochemical treatment methods. This process appears to be effective in removing organic and inorganic 

pollutants, pathogens, hydrocarbons, oils, colloidal substances from water and wastewater, and this process has 

been used in many areas [5,6]. Electrocoagulation consists of metal sheets called electrodes. The electrodes are 

called anodes and cathodes. Using the principles of electrochemistry, while the cathode is oxidized, the water is 

reduced. When the cathode electrode makes contact with the wastewater, the metal is emitted into the reactor. 

When this happens, the particulates are neutralized by the formation of hydroxide complexes for the purpose of 

forming agglomerates. These agglomerates begin to form at the bottom of the tank. The agglomerates are removed 

by filtration and purification is achieved [7].  

 

Conductivity, temperature, pH, current density are the main parameters affecting the efficiency of the 

electrocoagulation system. In this study, the effects of initial pH value and current density were investigated in 

domestic wastewater through COD removal by electrocoagulation process. 

 

2 MATERIAL AND METHOD 
 

All chemicals used in the study were commercially available (Merck and Sigma domestic wastewater was obtained 

from sewage system of Erzurum Atatürk University Campus from a manhole. The wastewater properties are given 

in Table 1.  

 

Table 1. Domestic wastewater characteristics 

Parameters Change Interval  

COD, (mg/L) 250 

BOD,(mg/L) 175 

pH 7,6-8 

Electrical conductivity, mS/cm 1000-1050 

Temperature, oC 15+3 

Suspended solid matter,(mg/L) 80-100 
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In this study, the effects of initial pH value and current density were investigated to determine COD removal in 

domestic wastewater by electrocoagulation process. The electrolytic cell used for the treatment of domestic 

wastewater by electrocoagulation process is made of glass with 10 cm inner diameter and 22 cm depth jacketed 

reactor. Al plates were used as anode material and stainless steel plates were used as cathode material. The total 

surface area of the plates was calculated to be approximately 2400 cm2. In order to prevent ohmic losses, the 

distance between the plates is 5 mm. A total of 7 anodes and 7 cathodes were studied with 14 plates. The volume 

of the actual wastewater used in all experiments was determined as 1000 ml. The anodes and cathodes used in the 

experimental studies are positioned parallel to each other. Chroma brand digital controlled direct current power 

supply (62024P – 40–120 model 0-40V, 1-120A) was used to provide the necessary electrical current in the 

experiments. In order to adjust the pH, conductivity and temperature values of wastewater at the beginning of the 

reaction and to read these values instantly during the reaction, a WTW brand multimeter was installed in the 

system. The effect of initial pH was studied in the range of 5, 6, 7 and 7,6 , and the effect of current density in the 

range of 5, 10, 15 and 20 A. Schematic representation of the system is given in Figure 1. 

 

 
Figure 1. Experimental setup * 1-Constant temperature liquid circulator, 2- Multiparameter meter (pH and 

Conductivity) 3- Wastewater taken beaker 4-Pump 5-Jacketed reactor 6- Anode (Al) 7- Cathode (stainless steel) 

8- Energy power display panel 9- Power supply 

 

2.1 Equations for the Calculation of Experimental Data 

 

2.1.1 Calculation of Removal Efficiency 

 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
𝐶𝑜 − 𝐶𝑒

𝐶𝑜

∗ 100                                                                                                                     (1) 

 

Here, Co initially shows the concentration of contaminants in the wastewater (mg/L), and Ce indicates the 

concentration of contaminants remaining in the wastewater at the time t (mg/L). 

 

2.1.2 Calculation of Current Density 

 

𝐽 =
𝐼

𝐴
                                                                                                                                                                                           (2) 

 

Here, J indicates the current density (mA/cm2), I shows the applied current intensity (amperes), and A shows the 

active electrode surface area (cm2). 

 

2.1.3 Calculation of Energy Consumption 

 

𝑊 =
𝐼 ∗ 𝑉 ∗ 𝑡

𝜗
                                                                                                                                                                             (3) 

 

Here, W represents the energy consumption value (kW.hr/m3), I is the current intensity applied (A), V is the 

potential difference (V) in the system, t is the time (h) and v is the total solution volume (m3) in the reactor. 
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3 RESULTS 
 

The effects of initial pH value and current density are important parameters for the electrochemical treatment to 

remove pollutants [5]. In the studies using aluminum anode, the initial pH value of the wastewater was adjusted 

to the natural pH value, 5, 6, 7 and 7.6 and the reaction was carried out to examine the effect of wastewater initial 

pH on removal efficiency. The effect of the initial pH value of the wastewater on the removal efficiency was 

investigated in the batch system with different current densities such as 5, 10, 15 and 20 Amperes and 1000 mL 

reactor volume without support electrolyte. 

 

In the experiments where the initial pH value  is 5, 6,7 and 7,6 , the output pH value change of the initial pH value 

of the domestic wastewater is shown in Figure 2. 

 

 
Figure 2. pH value of outlet water change of the initial pH value of the domestic wastewater. * Reaction time 30 

min 

 

Figure 2 shows the pH change that when the initial pH of the wastewater was set to 5, the ambient pH increased 

to 8,2  and when the initial pH of the wastewater was set to 6, the ambient pH increased to 9,1 and when the initial 

pH of the wastewater was set to 7, the ambient pH increased to 9,5 and when the initial pH of the wastewater was 

set to 7,6 , the ambient pH increased to 9,9. All experiments were performed for 30 minutes. When the values are 

examined carefully, it is seen that the pH increase rate is higher in the experiments carried out with wastewaters 

having low initial pH values. 

 

In the experiments where the initial pH value is 5, 6,7 and 7,6 , treated water outlet temperature change of the 

wastewater initial conductivity value of the domestic wastewater is shown in Figure 3. 

 

 
Figure 3. Wastewater initial conductivity versus treated water outlet temperature at various initial pH values. 

* Reaction time 30 min 

 

As it can be seen from Figure 3, the increase in the electrical conductivity value causes the ambient temperature 

to be lower in the electrocoagulation reactor. When the initial wastewater pH value is 5, the temperature reached 

at the end of the reaction time is 24 ° C, the ambient temperature reached for pH 6 value is 27 ° C, the ambient 
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temperature reached for pH 7 value is 32 ° C and the end of the reaction time in the experiments the ambient 

temperature reached for natural pH of wastewater value is 36 ° C. 

 

Effects of initial pH value of wastewater on COD removal efficiency is shown in Figure 4. 

 

 
Figure 4. Effects of initial pH value of wastewater on COD removal efficiency. * Reaction time 30 min 

 

When the removal efficiencies of COD values in all pH ranges are examined, it can be said that the highest removal 

efficiency is the natural pH value of wastewater. When the initial pH value of the wastewater was increased from 

5 to pH 6, the COD removal efficiency increased from 38% to 52% at the end of the 30-minute electrochemical 

reaction time. When the pH was increased to 7, COD removal efficiency increased to 62% after 30 minutes 

electrochemical reaction time. COD removal efficiency is 73%, when initial pH value is natural pH. When its 

cause was investigated, it was found that the solubility of aluminum hydroxide was better at this pH. 

 

Effects of initial pH value of wastewater on energy consumptions is shown in Figure 5. 30 minutes reaction time 

was used in these experiments. 

 

 
Figure 5. Effects of initial pH value of wastewater on energy consumptions * Reaction time 30 min 

 

Figure 5 shows that the energy consumption is 32 kW-h/m3 when the initial pH value is 5 and the energy 

consumption is 36 kW-h/m3 when the initial pH value is 6 and the energy consumption is 44 kW-h/m3 when the 

initial pH value is 7 and the energy consumption is 53 kW-h/m3 when the initial pH value is natural pH. The 

highest energy consumption was observed in the natural pH because the natural pH had the lowest conductivity. 

 

In the experiments where the current density is set to 5, 10, 15 and 20, the effects of the current density on the pH 

value of the treated water is shown in Figure 6. Current density experiments were performed at natural pH. 
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Figure 6. Effects of  current density on pH value of treated water * Reaction time 30 min 

 

Figure 6 shows the current density change that when the current density was set to 5A, pH of treated water 

increased to 9,9 and when the current density was set to 10A, pH of treated water increased to 10,15  and when 

the current density was set to 15A, pH of treated water increased to 10,5  and when the current density was set to 

20A, pH of treated water increased to 10,9. All experiments were performed for 30 minutes. When the values are 

examined carefully, it is seen that the pH increase rate is higher at high current density. 

 

In the experiments where the current density is set to 5, 10, 15 and 20, the effects of the current density as a 

function of wastewater initial conductivity on treated water outlettemperature is shown in Figure 7. 

 

 
Figure 7. Effects of the current density as a function of wastewater initial conductivity on treated water outlet 

temperature * Reaction time 30 min 

 

As it can be seen from Figure 7, the increase in the current density increased treated water outlettemperature. When 

the current density is 5A, the temperature reached at the end of the reaction time is 36 ° C, the ambient temperature 

reached for 10A value is 41 ° C, the ambient temperature reached for 15A value is 46 ° C and the end of the 

reaction time in the experiments the ambient temperature reached for 20 A of the treated water outlet temperature 

is 51° C. Since the initial conductivity was close to each other, they did not affect the treated water outlet 

temperature. 

 

Effects of current density of wastewater on COD removal efficiency are shown in Figure 8. 
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Figure 8.  Effects of current density on COD removal efficiency * Reaction time 30 min 

 

When the removal efficiencies of COD values at all current density are examined, it can be said that the highest 

removal efficiency is when the current density is 20A. When the current density was increased from 5A to 10A , 

the COD removal efficiency increased from 73% to 85% at the end of the 30-minute electrochemical reaction 

time. When the current density was increased to 15A , COD removal efficiency increased to 90% after 30 minutes 

electrochemical reaction time. COD removal efficiency is 96%, when current density is 20 A. When its cause was 

investigated, it was found that the solubility of electrodes was better at this. 

 

Effects of current density on energy consumptions are shown in Figure 9. 30 minutes reaction time was used in 

these experiments.  

 

 
 Figure 9. Effects of current density on energy consumptions * Reaction time 30 min 

 

Figure 9 shows that the energy consumption is 53 kW-h/m3 when the current density is 5 A and the energy 

consumption is 130 kW-h/m3 when the current density is 10 A and the energy consumption is 199 kW-h/m3 when 

the current density is 15A and the energy consumption is 299 kW-h/m3 when current density is 20A.  

 

4 CONCLUSION 
 

It was observed that the rate of increase of pH was higher in the experiments carried out with wastewater having 

low pH initial value. The situation is the result of ion balance. The chemicals used for pH adjustment increase the 

conductivity of wastewater. Energy consumption and treated effluent temperature are low in wastewater that has 

high conductivity. Outlet water pH value is high in high current density. It is observed that COD removal efficiency 

is high when electrocoagulation process is used in domestic wastewater treatment. Current density and pH change 

affect the electrocoagulation process. Studies show that the removal efficiency of domestic wastewater is high at 

natural pH and 20A. However, energy consumption values are high in these values. Desired level of treatment is 

provided with electrocoagulation process for domestic wastewater. 
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Abstract 

Assembly lines are a production method used for the assembly of complex 

products. Locating the two lines in parallel helps to improve in terms of line 

efficiency. In this study, we have focused the survey on parallel two-sided 

assembly line balancing research problems. This review examines the parallel two-

sided assembly line balancing problems according to their qualifications such as 

solution algorithms, problem constraints, etc. 

 

1 INTRODUCTION 
 

Assembly line are a form of manufacturing process that is often used for mass production. Assembly line 

balancing (ALBP) relates with the assignment of tasks on the assembly line to meet the required production rate 

for optimization aims. An assembly line uses a series of stations connected to each other by a conveyor belt or a 

similar mechanical material conveying system. Tasks are assigned to an order sequence of stations “in ALB 

problems”, according to precedence relations. It has to be optimized some specific objectives, when assigning 

the tasks to workstations. These can be the minimization of cycle time or workstation.  

 

Generally, due to product and technical operational characteristics, assembly line balancing problems are divided 

into various classes by researchers. For example, Boysen et al, classified the line balancing into general and 

simple types of line balancing problems [1]. In addition, line balancing problem is classified in accordance with 

model number [2].  Also, Lee et al, classified the assembly line balancing problems into two (one-sided, two-

sided) types [3]. Make et al, showed a classification of assembly line balancing problem as seen in Figure 1.  

 

 
Figure 1. Assembly Line Balancing Classification 

 

2 PARALLEL TWO-SIDED ASSEMBLY LINE BALANCING PROBLEM 
 

Two-sided assembly lines are often used in production systems that two workers can perform their tasks on right 

or left side at the same time. Bartholdi first introduced two-sided assembly line [5]. Two-sided assembly line has 

a pair of stations and designed to face each other in almost all operational lines. As shown in figure 2, two station 

facing each other are called mated-station. For example, station 1 and station 2 are mated-stations. One of this 

stations is called companion. Every side of the station performs different tasks. Large product lines such as bus, 

trucks need this type line configurations to assemble the finished product and increase the productivity.  

Two-sided assembly line has advantages as follows [6]; 
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1. Reduce material handling 

2. Shortens the assembly line 

3. Saves space on the line 

4. Reduce the throughput time 

5. Reduce the tool costs  

 

 
Figure 2. Two-sided Assembly Line 

 

The parallel two-sided assembly lines can be designed as a combination of a set of two-sided assembly lines 

arranged parallel to each other. Each two-sided assembly line performs the assembly of the pre-determined 

product by the line manager. Hereby, each line has its own assembly tasks. Example of parallel two-sided 

assembly line is given in Figure 3. 

 

 
Figure 3. Parallel two-sided parallel assembly line 

 

Parallel assembly line was studied by Gökçen et al. [7]. They presented a mathematical model for the parallel 

assembly lines and tested on single assembly line with parallel stations. Parallel two-sided assembly line 

balancing problem was presented for the first time by Özcan et al. [8]. For the solution approaches, they 

presented a Tabu Search algorithm. Some test instances are used in order to show the effectiveness of the 

algorithm. Zhang and Küçükkoç introduced parallel two-sided assembly line balancing problem with mixed 

model [9].  Küçükkoç and Zhang presented a mathematical model for the parallel two-sided assembly line 

balancing problem with model variations. Also, they have introduced an agent based ant colony optimization 

algorithm for the problem [10].  Ağpak and Zolfaghari presented a mixed integer mathematical model for 

parallel two-sided assembly line balancing problems. In addition to this, they have developed the mathematical 

model with several extensions such as assignment restrictions, time and space constraints, cost-oriented model. 

Proposed mathematical models are analyzed on test instances [11].  Küçükkoç and Zhang presented a 

mathematical model for the two-sided assembly line balancing problems. Also, they have proposed a genetic 

algorithm based solution approach and illustrated with example. Solution approaches are tested on tes instances 

and evaluated statistically [12].   Küçükkoç and Zhang introduced the two-sided assembly line balancing type- E 

problem for the first time. A new ant colony algorithm is also proposed to solve the problem [13].  Küçükkoç 

and Zhang proposed a hybrid (agent based ant colony and genetic) algorithm to solve mixed model parallel two-

sided assembly line balancing problems. A solution example is presented for the algorithm building process [14]. 

Tapkan et al., addressed a specific assembly line configuration in two-sided assembly line balancing problems. 

The workers on the line requires a walking time between stations. For this reason, they have analyzed the 

problem with walking times [15].  Sepahi and Naini considered a two-sided assembly line balancing problem by 
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using an approach in a real-world. They have proposed a mixed integer mathematical formulation and a heuristic 

solution algorithm for the problem [16].  Küçükkoç and Zhang proposed an agent-based ant colony optimization 

algorithm to solve the two-sided assembly line balancing problem and a numerical illustrative example to make 

clear the explanation of the method systematically [17]. Yadav and Agrawal proposed mathematical model for 

the parallel two-sided assembly line balancing problem with multi-manned workstations tool sharing approach. 

One of the aim of problem is to reduce the cost of tool in assembly line. Proposed mathematical model is tested 

on industrial application and it is observed that number of idle time and workstations are reduced [18].   

 

3 CONCLUSION 
 

Assembly line are a form of manufacturing process that is often used for mass production. Assembly line 

balancing relates with the assignment of tasks on the assembly line to meet the required production rate for 

optimization aims. Two-sided assembly line has a pair of stations and designed to face each other in almost all 

operational lines.  The parallel two-sided assembly lines can be designed as a combination of a set of two-sided 

assembly lines arranged parallel to each other. When literature studies are examined, it is observed that there is 

an increase in assembly line problems. Assembly line balancing is a major problem, especially for companies 

producing large-scale products. Therefore, assembly lines need to be optimized in order to increase company 

profit.  

 

In future research directions, solution approaches of two-sided assembly line balancing problems should be 

developed to address real-life industrial applications. For the two-sided assembly line balancing problems exact 

and heuristic approaches can be proposed. Also two-sided assembly line balancing problems can be handled with 

specific constraint such as load balance, sequence-dependent setup times etc. 
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Abstract 

Polychlorinated biphenyls (PCBs) are toxic, carcinogenic and mutagenic 

compounds formed by chlorination of biphenyl ring (binding of chlorine ions in 

different positions) and replacement of 1 to 10 hydrogen atoms with chlorine. 

There are 209 types of internal and external atmosphere PCBs do not have natural 

resources and all are synthetically obtained. All PCB types are very stable, non-

flammable, resistant to oxidative processes, resistant to acid and strong base 

hydrolysis, biodegradable, water-insoluble, soluble in organic solutions, 

combustible, explosive and electrically conductive synthetic compounds. Like other 

persistent organic pollutants (POPs components), PCBs are easily biodegradable as 

they are resistant to degradation in the environment. Thus, they cause a wide range 

of health and environmental problems. PCBs are extremely harmful to the living 

environment and habitats by many researchers in terms of their physical and 

chemical properties are investigated and posed threats to the environment and 

human health. In this study, the structure and general properties of PCBs, their 

physical and chemical properties, their sources, atmospheric transports and their 

effects on health have been compiled. 

 

1 INTRODUCTION  
 

Today, important environmental problems are experienced and the effects of these problems are felt seriously. 

Air pollution is one of the major environmental problems with local, regional and global impacts. Air pollutants 

released into the atmosphere as a result of various activities are finally removed from the atmosphere by dry and 

wet deposition mechanisms. It has harmful effects on many living and nonliving environments such as humans, 

animals and plants during their stay in the atmosphere and / or in the environments in which it is deposited. 

Therefore, in recent years, atmospheric concentrations and sedimentation fluxes of various air pollutants have 

been extensively calculated and their environmental impacts discussed in the light of these studies [1]. 

 

Polychlorinated biphenyls (PCBs) are an important species of persistent organic pollutants (POPs) and are 

released into the atmosphere as a result of purely anthropogenic activities and their production is prohibited as a 

result of their toxic effects [2]. However, despite the prohibition of worldwide production and use, their presence 

in the atmosphere continues due to their intensive use in previous years and their long half-life in nature. [3, 4, 

5]. Polychlorinated biphenyls (PCBs) are also each of the 209 species in the form of C12HxCly (x = 0 ~ 9, y = 

10-x) and are carcinogenic. [1, 6]. All PCB types are very stable, non-flammable, soluble in organic solutions, 

flammable and explosive compounds [7, 8, 9]. PCBs started to be produced for the first time in 1929, and until 

1966, no studies were conducted on their concentrations. [10]. PCBs are also easily biodegradable because they 

are resistant to degradation in the environment. Thus, they cause a wide range of health and environmental 

problems [1, 11, 12]. 

 

PCBs do not have a natural source and only anthropogenic activities are the source of these compounds. PCBs 

are mixed into the atmosphere by evaporation in various environments such as evaporation from landfill sites, 

incineration of PCB-containing waste, direct evaporation from water and soil, sludge drying beds and electronic 

devices containing PCBs [13, 14]. PCBs transported to the atmosphere are then subjected to photolytic reactions 

and are removed from the environment by wet or dry precipitation. PCBs exposed to atmospheric deposition can 

be transported to long distances again due to various meteorological effects. Thus, they re-mix into different 

atmospheres, different soil and water surfaces and cause pollution in these environments [15, 16]. In addition, 

PCBs carried to the atmosphere are very important for living beings because they are permanent, tend to 
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precipitate and evaporate continuously between air-soil and air-water environments, relative stability in the 

atmosphere, transport to long distances by atmospheric transport and accumulation in food chain and organisms 

[17, 18]. In this study, the structure and general properties of PCBs, their physical and chemical properties, their 

sources, atmospheric transports and their effects on health have been compiled. 

 

2 POLYCHLORINATED BIPHENYLS (PCBS) 
 

Polychlorinated biphenyls (PCBs) are each of the 209 species in the form C12HxCly (x = 0 ~ 9, y = 10-x), toxic, 

carcinogenic and mutagenic compounds formed by chlorination of biphenyl ring and replacement of 1 to 10 

hydrogen atoms with chlorine [6]. PCBs do not have natural resources and all are synthetically obtained (Figure 

1) [1, 11, 19, 20].  

 

 
Figure 1. General structure of PCBs 

PCBs are composed of 209 different species (Congener) in different positions of the Cl atom ranging from 1-10 

to two benzene rings bonded in one bond [7, 21]. PCBs ranked according to the number or degree of chlorine are 

called PCB homologs and total of 10 [22, 23]. Table 1 shows the molecular structure of 10 PCB homologous 

groups that are formed depending on 209 PCB types [24]. 

 

Table 1. PCB homologous groups according to chlorine number 

PCB homologs Formula Molecular weight 
Number of 

Chlorine 

Number of 

varieties 

Monoklorobifenil C12H9Cl 188,7 1 3 

Dinoklorobifenil C12H8Cl2 223,1 2 12 

Trinoklorobifenil C12H7Cl3 257,6 3 24 

Tetraklorobifenil C12H6Cl4 292,0 4 42 

Pentaklorobifenil C12H5Cl5 326,4 5 46 

Hekzaklorobifenil C12H4Cl6 360,9 6 42 

Heptaklorobifenil C12H3Cl7 395,3 7 24 

Oktaklorobifenil C12H2Cl8 329,7 8 12 

Nonaklorobifenil C12H1Cl9 369,1 9 3 

Dekaklorobifenil C12Cl10 398,5 10 1 

 

PCBs in different countries (USA, Germany, Italy, Japan and France) and different names (Aroclor, Chlorextol, 

Clophen, Dykanol, Fenclor, Inerteen, Kanechlor, Noflamol, Phenoclor, Pyralene, Pyranol, Santotherm, Sovol 

and Therminol) different chlorine are commercially available in the form of multiple isomers [25, 26]. “Aroclor” 

mixtures is one of the most common sources of 209 PCB types manufactured by the USA. [27, 28]. On the other 

hand, 12 PCB congeners (PCB # 77, 81, 105, 114, 118, 123, 126, 156, 157, 167, 169, 189) have been 

systematically investigated by environmental WHO and industrial emissions due to toxicity properties such as 

dioxin and furan compounds by WHO are followed. Their main source is transformers and oil paints used in 

industry [29]. In addition, published in literature studies and generally found in the environment 50 PCBs (PCB 

# 8, 18, 15, 16, 31, 28, 33, 22, 52, 49, 47/48, 44, 74, 66/95, 60, 101, 99, 97, 77/110, 149/123, 118, 105, 141, 137, 

138/163, 187, 171, 156, 180, 200) [1, 6, 30]. 

 

2.1 Physical and chemical properties of PCBs 

 

The physical and chemical properties of PCBs also affect their movement and distribution in the environment. 

Although the compounds with low chlorine content can easily be dissolved in solvents, this property decreases 
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gradually with high chlorine content compounds. All PCB compounds are extremely resistant to environmental 

conditions and heat. In addition, they have a chemically stable molecular structure [16, 31]. The solubility of 

PCB compounds in apolar solvents and their ability to accumulate in biological tissues are quite high. PCBs with 

low vapor pressures and low water solubility are stable compounds with high dielectric conductivity [4, 11]. Due 

to these properties, PCBs can easily be added to the food chain and create toxic effects for living things [12, 32]. 

In addition, even a single PCB type has a half-life of 2 to 6 years [33, 34]. 

 

The main features of PCBs in general; the number of isomers is theoretically 209. At room temperature, most of 

the pure PCBs are colorless, odorless and look like oil. Their solubility in water is low, they dissolve more 

quickly in organic solvents. Flash points vary at high temperatures between 170-380 ° C. Their electrical 

conductivity is low and their thermal conductivity is very high. Their molecular weight varies depending on the 

number of chlorine. They spread throughout the world and complete their half-lives in long periods. Combustion 

gases are volatile organics such as Dioxin and Furan (VOC). Harmful effects such as carcinogenic, toxic and 

mutagenic [1, 4, 22, 35]. Physical and chemical properties of PCBs according to homologous groups are 

described in Table 2. 

 

Table 2. General physical properties of PCB homologous groups [1, 11, 19, 20] 

PCB 

homologs 

Melting 

point (oC) 

Boiling point 

(oC) 

Steam Pressure 

(25oC-Pa) 

Water Solubility 

(25oC- g/m3) 

Evaporation 

(25oC- g/m2sa) 

Log 

Koa 

Biphenyl 71 259 4,9 9,3 0,92 4,3 

1-CBs 25-77,9 285 1,1 4 0,25 4,7 

2- CBs 24,4-149 312 0,24 1,6 0,065 5,1 

3- CBs 28-87 337 0,054 0,65 0,017 5,5 

4- CBs 47-180 360 0,012 0,26 4,2x10-3 5,9 

5- CBs 76,5-124 381 2,6x10-3 0,099 1,0x10-3 6,3 

6- CBs 77-150 400 5,8x10-4 0,038 2,5x10-4 6,7 

7- CBs 122,4-149 417 1,3x10-4 0,014 6,2x10-5 7,1 

8- CBs 159-162 432 2,8x10-5 5,5x10-3 1,5x10-5 7,5 

9- CBs 182,8-206 445 6,3x10-6 2,0x10-3 3,5x10-6 7,9 

10- CBs 305,9 456 1,4x10-6 7,6x10-4 8,5x10-7 8,3 
*CBs: in chlorobiphenyl 

 

2.2 Sources of PCBs 

 

All PCBs without natural sources are anthropogenic and synthetically obtained. Since PCBs were first 

introduced (from 1930), total PCB production in different countries around the world is thought to be 1.3 million 

tons on average [37]. It is estimated that 374,000 tons of this amount is located in the open ocean, land and 

coastal ecosystem (Table 3). While 783,000 tons of PCBs are dense sources of environmental pollutants in 

electrical materials such as transformers and capacitors and various external wastes, 43,000 tons have been 

destroyed or destroyed [1, 28, 35]. 

 

Table 3. Estimated amount of PCB in the atmosphere [28, 35, 38] 

Ecosystem Amount of PCB; ton 

Land and Coast 

Air 500 

Rivers and Lakes 3500 

sea water 2400 

Soil 2400 

Sediment 130 000 

Biota 4300 

Open Oceans 

Air  790 

sea water 230 000 

Sediment 110 

Biota 270 

Total (approximately) 374 000 

 

PCBs are stable compounds with low solubility, low vapor pressure and high dielectric constant values. For this 

reason, it is used in many industries, electrical equipment, commercial applications involving heat transfer and 
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hydraulic equipment (14; 39; 32). Some of these applications; oil-based paints, plastics, adhesives, tapes, 

lubricants, hydraulic and heat transfer fluids, transformers / capacitors, old power tools, fluorescent lamps, cable 

insulation, carbonless copy paper and floor varnish [1, 40, 41]. 

 

On the other hand, due to the basic properties of PCBs such as deposition and late fragmentation, PCB types can 

be found in almost any environment and living organisms [4, 42]. PCBs measured in the atmosphere are usually 

caused by mass transfer in water-air, soil-air intersections, combustion of PCB-containing materials, waste 

storage areas, sludge drying beds, and evaporation in landfills. This often makes important waste disposal sites 

and sanitary landfills important sources for PCB types [43, 44]. herefore, airborne PCB concentrations in urban 

areas are higher than in rural areas [1, 7]. 

 

2.3 Atmospheric transport of PCBs 

 

Atmospheric transport, which is a natural cleaning mechanism, is an important process that causes air pollutants 

discharged from natural and anthropogenic sources to leave the atmosphere and enter other environments [45, 

46]. Dry and wet sedimentation plays an active role in this process. The effects of atmospheric deposition on the 

environment and living things are also very important. Pollutants entering the surface waters and freshwater 

lakes by atmospheric deposition can generally remain in the water by adhering or dissolving to the surface of the 

particles. Aquatic organisms absorb these pollutants into their bodies either by contact or for nutritional 

purposes. Of these, especially toxic and carcinogenic structures accumulate in the living body and can reach up 

to human in increasing concentrations in the feeding chain. In addition, the pollutants in the atmosphere 

precipitate on the structures in wet or dry state and damage them. This destruction is observed in historical 

buildings and various surfaces as well as in buildings [47, 48, 49]. 

 

Atmospheric deposition; dry deposition (deposition of gas or particulate pollutants by their own weight and 

gravity without adhering to any hydrometeor agents), wet deposition (deposition due to hydrometeor agents of 

gas or particle pollutants), and bulk deposition (deposition where wet and dry deposition occur together) 

pollutant removal mechanism [1]. 

 

2.4 Health effects of PCBs 

 

Polychlorinated biphenyls do not pose a direct risk to humans as they are present in low levels in air / water 

environments, but become indirectly harmful as a result of the biological accumulation of these pollutants in 

organisms. In particular, these compounds may accumulate in fat-containing tissues of organisms and may also 

tend to be transferred across terrestrial / aquatic food chains [12]. On the other hand, the harmful effects of PCBs 

occur when food and drinks contaminated with these substances are consumed or when they are smelled, 

swallowed or in contact with the skin [8, 50]. 

 

PCBs are present in both gas and particulate phases in the atmosphere, causing pollution of the distant and clean 

zone atmosphere. In this way, clean water environments, vegetation and soil in those areas are deposited on the 

soil and lead to pollution of the receiving environment [7, 51]. In addition, although PCBs are not produced 

today, they have been used in the past years due to their excessive use, permanent environment, tendency to 

precipitate and evaporate continuously between the air-soil and air-water environments, relative stability in the 

atmosphere, transport to long distances with atmospheric transport and remains a major threat to the health of 

living things [52]. Due to its many harmful effects, PCBs are a global problem for the environment and human 

health [5, 11, 14]. 

 

In addition, PCBs are a growing research topic in recent years because they cause human health and 

environmental problems [9, 17, 20]. PCBs can enter the body's capillaries by inhalation, especially by digestion, 

by ingesting contaminated water and food by PCBs, and even through the skin [26, 53]. Thus, PCBs cause 

serious health problems in humans and animals. On the other hand, health effects of PCBs include; miscarriage, 

developmental disorders, premature births, various carcinogenic effects, congenital genetic disorders in 

mammals, collapse of immune system, destruction of nervous systems and behavioral disorders [27, 54, 55]. In 

addition, prolonged exposure to PCBs at high rates causes weakening of the immune system in humans, making 

it easier to catch diseases, decreasing intelligence level, sterilizing reproductive systems in different structures 

(endocrinological systems), endocrine and gene (mutagenic) disorders [56, 57, 1].  
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3 CONCLUSION 
 

In the literature, various aspects (gas / particle phases) of PCBs are investigated and their effects are discussed. 

They are present in both gas and particulate phases in varying percentages depending on physicochemical 

properties and ambient temperature in the atmosphere. PCBs with semi-volatile properties can be transported 

over long distances and stay in the atmosphere for a long time. They constitute a global environmental threat in 

terms of precipitation of many receiving environments such as soil, snow and clean water surface causing 

pollution of these receiving environments. Polychlorinated biphenyls are an important species of POPs and are 

released into the atmosphere as a result of completely anthropogenic activities and their production is prohibited 

as a result of the recognition of their toxic effects. With the addition of PCBs to the so-called permanent organic 

pollutants by the United Nations Environment Program, more detailed investigations have been started on the 

environmental impacts they create. The use of products containing these compounds has been banned in many 

countries for the last 50 years. However, despite the prohibition of worldwide production and use, their presence 

in the atmosphere is still continuing unfortunately due to their intensive use in previous years and their long half-

life in nature. 

 

Looking at the results of many scientific studies, PCB concentrations vary from region to region. Even the 

results obtained from different sampling points in the same region can vary greatly. This is thought to be due to 

the differences in industrial / industrial capacity in the studied regions, the population density of the regions, the 

incomplete combustion of PCB containing wastes and the different meteorological and topographic 

characteristics of the regions. In order to prevent the harmful effects of PCBs on the environment and human 

health in the future, all the world countries, especially the developed countries, under the United Nations 

Environment Program (UNEP), will reduce or eliminate the emissions of persistent organic pollutants (POPs), 

They must comply with the full Stockholm Convention. Thus, the toxic, carcinogenic and mutagenic effects of 

PCBs on environment and human health can be reduced significantly. 
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Abstract 

Polycyclic aromatic hydrocarbons (PAHs) are cyclic semi-volatile organic groups 

of compounds having two or more benzene rings in their molecular structure and 

forming different functional groups. PAHs are compounds that form an important 

group in PACs (Multi-ring aromatic compounds), which do not contain any 

elements other than carbon and hydrogen in their structure. In addition, PAHs are 

toxic, carcinogenic and mutagenic compounds, which often result from incomplete 

combustion reactions of fossil-containing substances in the absence of oxygen. It 

was found that more than 100 PAH compounds are present in the atmosphere we 

breathe. However, 16 PAH compounds which are thought to have more 

carcinogenic and toxic effects and classified by USEPA have been accepted as 

priority pollutants. In this study, the formation, sources, physical and chemical 

properties, atmospheric transports and effects of PAHs on health have been 

reviewed. 

 

1 INTRODUCTION  
 

The atmosphere, which is one of the most important factors in living life, is rapidly polluted by the rate of 

urbanization and industrialization in the world, especially after the industrial revolution. In parallel with the 

increase in energy use, especially as a result of fossil fuel consumption, many activities such as industrial outputs 

and derivatives, agricultural applications resulting from industrial processes constitute environmental pollution 

problems. Among environmental questions, air pollution is one of the major problems for developing and 

developing countries. Worldwide, emissions from processes reduce air quality and cause this problem to occur. 

In order to solve this problem, it is necessary to identify air pollutants, to investigate the effects on the 

environment and human health, to find emission sources and to examine these pollutants well [1, 2, 3]. 

 

Among the many air pollutants found in outdoor air, polycyclic aromatic hydrocarbons (PAHs) are among the 

major pollutants. PAHs showing carcinogenic, toxic and mutogenic properties are compounds that adversely 

affect the environment and human health. [4, 5]. PAHs adversely affect Air Quality due to these properties. 

Researching the sources of PAHs and determining the possible solution methods is very important at this stage 

[6, 7, 8, 9]. In addition, methods to determine the concentration of PAHs are used to better understand existing 

situations and problems. Sampling techniques (active and passive sampling), which are frequently used in air 

pollution studies, are used to determine air pollutants and to better understand the effects of pollutants on human 

and environmental health. Thanks to the sampling of organic pollutants causing air pollution; explaining the 

relationship between atmospheric air pollutant concentration, pollutant deposition, meteorological parameters 

and other factors has also been an important system. 

 

PAHs are one of the most studied topics in the scientific world in recent years by many researchers because they 

are carcinogenic, toxic and mutagenic, even at very low concentrations [1, 2, 3, 4, 9, 10, 11]. Since PAHs in 

Persistent Organic Pollutants (POPs) group have great damages in the environment where they precipitate (soil, 

snow, etc.), atmospheric concentrations and precipitation amounts are investigated in detail. PAHs are present in 

the form of particles and gases in the atmosphere. The concentration of PAHs in the particle phase on the 

surfaces on which they precipitate as a result of dry or wet deposition is very important. Several studies have 

been carried out in recent years to investigate atmospheric deposition of PAHs. In addition, various collectors 

have been used in the literature to collect dry or wet deposition of PAHs [12, 13, 14, 15, 16]. 
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In determining the effects of air pollutants in a certain area in air pollution, the determination of atmospheric and 

/ or deposited concentrations of pollutants is a very important method. In this way, the deposition of PAHs, one 

of the semi-volatile organic pollutants, after their half-life in the atmosphere and their concentration on these 

surfaces will provide more accurate information on the environmental and human health effects of PAHs. In this 

study, the formation, sources, physical and chemical properties, atmospheric transports and health effects of 

PAHs were reviewed. 

 

2 POLYCYCLIC AROMATIC HYDROCARBONS (PAHS) 
 

Polycyclic aromatic compounds are cyclic semi-volatile organic groups of compounds having two or more 

benzene rings in their molecular structure and forming different functional groups. In addition, PAHs are 

compounds that do not contain carbon and hydrogen other elements in their structure and form an important 

group within PACs. Figure 1 shows the molecular structure that constitutes the basic structure of PAHs. 

 

PAHs, as a result of some chemical reactions (nitration, sulfurination and photooxidation, etc.) structures can be 

transformed into different forms and form more toxic compounds (such as nitro-PAH compounds) [1, 2, 3, 17]. 

 

 
Figure 1. Structure of benzene molecule 

PAHs usually result from combustion reactions of fossil-containing substances where oxygen is insufficient. 

Incomplete combustion or inadequate mixing of fuel and air will cause some of the fuel to escape into the off-

gas. Conversely, if air is missing, thermal decomposition (pyrolysis) occurs. The formation mechanism of PAHs 

is based on the production of reactive free radicals as a result of pyrolysis of the hydrocarbon in the fuel (500-

800 °C) in the chemical reduction zone of the flame, where O2 is insufficient. During the cooling reaction of the 

mixture, the vapor phase PAHs condense on particulate substrates and form products that reflect their 

thermodynamic stability in the missing O2 flame [1, 2, 3, 18]. 

 

2.1 Sources of PAHs 

 

Polycyclic Aromatic Hydrocarbons (PAHs) in the atmosphere have natural and anthropogenic sources [11, 19]. 

The main natural sources of PAH compounds are volcanic activities and forest fires. High PAH concentration is 

spread to the atmosphere from human anthropogenic sources. The main anthropogenic PAH sources are 

industrial processes, fossil fuel consumption, mine refinery operations, coal production and traffic emissions [20, 

21, 22]. 

 

Processes consisting of buildings and similar structures in residential areas of PAHs are formed as a result of 

heating and cooking of various products. Another important source of PAHs is traffic emissions. In addition, 

traffic in diesel and gasoline vehicles, airplanes, railway vehicles, etc. all means of transport are sources of PAH 

emissions. 

 

Industrial sources that give PAH input to the atmosphere; coal production, first aluminum production, waste 

incineration, cement plants, petrochemicals, asphalt industry and rubber factories [5, 23]. 

 

2.2 Physical and chemical properties of PAHs 

 

PAHs are usually colorless, white or pale yellow-green in pure compound, with a weak fragrance. Most PAHs 

have high boiling and melting point [24]. Melting points, boiling points and log Kow (octanol / water 

distribution coefficients) increase with increasing molecular weight. As the molecular weight increases, the 

vapor pressures and solubility decrease. 
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Other than Napthalene, the other components are less volatile and very difficult to dissolve in the water 

environment. As the ring structure of PAH compounds increases, their solubility in water environment decreases 

further [1, 2, 3, 17]. Figure 2 shows the molecular structures of 16 PAH compounds classified by USEPA in the 

list of priority pollutants. 

 

 
Figure 2. Molecular structures of 16 PAH compounds on the US National Environmental Protection Agency's 

list of priority pollutants 

PAHs have a hydrophobic structure and therefore the dissolved PAH concentrations measured in water are very 

low. Compounds containing a greater number of rings have a more stable structure. Their half-life may be 

variable and too much (Between 3-300 weeks). Therefore, PAHs are considered in the group of persistent 

organic pollutants [1, 2, 3, 7, 25]. Table 1 summarizes the physicochemical properties of 16 PAH compounds 

classified in the list of priority pollutants of USEPA. 

 

Table 1. Caption of table 

Compound 
CAS-

Kod 
Formula 

Molecule 

weight 
Color 

Melting 

from °C 

Evaporation 

from °C 

pressurePa 

25°C 

Density 

g/cm3 

Resolution 

25°C  water  
μg/L 

Acenaphthylene (Acy) 
208-
96-8 

C12H8 152,2 - 92-93 265-275 

2,9x10-2 

mm- 

Hg (20°C) 

- 3,93x103 

Acenapthene (Ace) 
83-32-

9 
C12H10 154,2 White 95 279 2,9x10-1 1,024 3,93x103 

Flourene (Flu) 
86-73-

7 
C13H10 166,2 White 115-116 295 8x10-2 1,203 1,98x103 

Anthracene (Ant) 
120-

12-7 
C14H10 178,2 Colorless 216,4 342 8x10-4 1,283 73 

Phenanthrene (Phe) 
85-01-

8 
C14H10 178,2 Colorless 100,5 340 1,6x10-2 0,98 1,29x103 

Fluoranthene (Flt) 
206-

44-0 
C16H10 202,3 

Matt 

Yellow 
108,8 375 1,2x10-3 1,252 260 

Pyrene (Pyr) 
129-
00-0 

C16H10 202,3 Colorless 150,4 393 6x10-4 1,271 135 

Cyclopenta (c,d) Pyrene 
208-

37-3 
C18H10 226 Colorless - - - - - 

Chrysene (Chr) 
218-
01-9 

C18H12 228,3 Colorless 
253,8  

 
448 

8,4x10-5 
(20°C) 

1,274 2 

Benzo(a)anthracene (BaA) 
56-55-

3 
C18H12 228,3 Colorless 

160,7  

 
400 2,8x10-5 1,226 14 
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Table 1 continued 

 

2.3 Atmospheric transport of PAHs 

 

PAHs can be easily transported from miles to live living spaces by long / short range transport, deposition and 

deposition. Compounds can be present in the form of PM and gas in the atmosphere and are converted to wet and 

dry deposition by removal mechanisms (such as photocatalytic and oxidative reactions). PM and gaseous PAHs 

can be removed from the living air with deposition. Accumulated PAHs are transported over long distances to 

settle on land and water surfaces by meteorological factors. Therefore, these compounds can be found in remote 

and deserted areas of the world. 

 

In general, PAHs can be measured at high concentrations in remote and rural areas, although more resources are 

available in industrial and industrial areas and residential areas. This is due to the ability of PAHs to be 

transported over long distances in the form of PM or gaseous and the half-life of PAH particles [1, 2, 26]. On the 

other hand, PAHs can be removed from the atmosphere by various processes [8, 15, 27, 28]. These processes can 

be listed as; 

 

1- Wet deposition; It is the form of PAHs combined with rain in different forms (dissolved or clinging to PM) in 

the raindrop. In this mechanism, pollutants are separated from the air by 3 different methods. In the first 

mechanism, small pollutant particles can naturally settle in water drops during cloud formation, in the second 

mechanism, the particles may collide with the falling hydrometeors by collision, and in the last mechanism, the 

gaseous pollutants dissolve in the cloud drops and descend to the earth with rain [4]. 

 

2- Dry deposition; refers to the transport of pollutants in particulate or gaseous form to land or water surface by 

gravity, in the absence of deposition. Dry deposition is a continuous process and is usually one of the most 

important removal processes of pollutants from the atmosphere [9]. 

 

3- Gas exchange at the air-water interface; It is an additional process to the wet and dry deposition mechanism of 

pollutants. For example, transfer in both directions at the air-water interface takes place on large water surfaces 

[29]. 

 

2.4 Health effects of PAHs 

 

The effects of PAHs on environmental health have been investigated for many years. Most PAH compounds in 

the atmosphere have been found to have harmful effects such as toxic, carcinogenic and mutagenic. PAHs are 

biologically capable of accumulating in human and animal tissues [4, 6]. 

 

PAHs can enter the living body by inhalation and through the skin. According to the International Agency for 

Research on Cancer, certain PAH compounds are classified as carcinogenic and mutagenic. PAHs can damage 

various organs of the body (skin, lungs, bladder, etc.). In addition to the mutagenic and carcinogenic effects of 

these compounds, it has been shown that animal studies have various harmful effects as a result of past research 

[7, 30]. 

Compound 
CAS-

Kod 
Formula 

Molecule 

weight 
Color 

Melting 

from °C 

Evaporation 

from °C 

pressurePa 

25°C 

Density 

g/cm3 

Resolution 

25°C  water  
μg/L 

Benzo(b)fluoranthene 

(BbF) 

205-

99-2 
C20H12 252,3 Colorless 

168,3  

 
481 

6,7x10-5 

(20°C) 
- 1,2 (20°C) 

Benzo(k)fluoranthene 

(BkF) 

207-

08-9 
C20H12 252 Colorless 215,7 480 5,2×10- - 0,8 

Benzo(e)pyrene (BeP) 
192-

97-2 
C20H12 252 Yellowish 

178,1  

 
496 7,3x10-7 1,351 3,8 

Benzo(a)pyrene (BaP) 
50-32-

8 
C20H12 252,3 Yellowish 

178,1  

 
496 7,3x10-7 1,351 3,8 

Benzo(g,h,i)perylene 
(BgP) 

191-
24-2 

C22H12 276,3 

Matt 

Yellow - 

Green 

278,3 545 1,4x10-8 1,329 0,26 

Dibenzo(a,h)anthracene 
(DahA) 

53-70-
3 

C22H14 278,4 Colorless 262 - 

1x10-10 

mm- 

Hg (20°C) 

1,282 0,5 

Indeno (1,2,3-c,d) pyrene 

(Ind) 

193-

39-5 
C22H12 276,3 Yellow 163,6 536 1,3x10-8 - 62 

Anthantrane 
641-

13-4 
C22H10 306 - - - - - - 
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Considering these negative effects of PAHs on environment and human health; In our country, a number of 

existing regulations regarding PAHs have been made and limit values have been determined. In the Air Quality 

Assessment and Management Regulation (HKDYY) published in the Official Gazette on June 6, 2008, 34 

conventional pollutants were included for the first time in the context of PAH (Benzo (a) pyrene (BaP), and were 

subject to limitations [31]. This value is shown in Table 2. The Air Quality Assessment and Management 

Regulation does not restrict any other PAH compounds. 

 

Table 2. The Air Quality Assessment and Management Regulation [2, 30] 

Polluting Target value 

Top evaluation threshold 

as a percentage of the 

target value 

Sub-evaluation threshold as 

a percentage of the target 

value 

Date to reach 

target value 

Benzo(a)Piren 1 ng/m3 
%60 

(0,6 ng/m3) 

%40 

(0,4 ng/m3) 

January 1, 

2020 

 

According to the Regulation, “Target value” is defined as seviy the level that should be reached where possible 

at the end of the prescribed period in order to avoid, prevent or reduce long-term harmful effects on the 

environment and human health. ’’ In this sense, the target value determined for BaP, which is included in the list 

of pollutants in HCJPY, is 1 ng / m3 per year and it is planned to reach this target by January 1, 2010. 

 

3 CONCLUSION 
 

In recent years, despite the high rate of natural gas usage in urban areas, pollution caused by domestic heating 

(burning of fossil fuels) has not been prevented. In addition, since motor vehicles, which are observed as an 

important source in atmospheric PAHs, will have a significant share in the environmental risk that will occur, the 

necessity of encouraging public transportation will be positive in the pollution to be exposed. In this respect, in 

recent years, an important progress has been made by the Municipalities in terms of the provision of direct 

natural gas vehicles instead of gasoline or diesel fueled public transportation vehicles. The rapid replacement of 

all diesel / gasoline vehicles with natural gas vehicles in the following years will also contribute to the significant 

reduction of PAH pollution in cities in order to prevent uncontrolled combustion of fossil fuels. 
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Abstract 

The first numerical analysis of the adhesively bonded joints was done using the 

Multilinear Isotropic Hardening (MISO) material model with the ANSYS package 

program. In this material model, experimental and numerical analysis results of the 

joint were compared by using the stress-strain data obtained from both the bonded 

material and the bulk sample test of the adhesive. However, the damage caused by 

the adhesively bonded joints is due to the peel stresses in the overlap region and this 

event does not fully meet the non-linear material model. Therefore, in recent years, 

the Cohesive Zone Model (CZM) is used in numerical analysis of adhesively bonded 

joints.In the present study; the experimental force-displacement curves obtained 

under the tensile load of the three step lap joint types were compared with the curves 

obtained from the finite element analysis.In the finite element analysis, ANSYS16 

package program was used and the adhesive layer was modeled with Cohesive Zone 

Model (CZM). As a result, when the data obtained from the finite element analysis 

and experimental data of the three step lap joint types were compared, it was 

observed that the results of experimental and numerical analysis were quite 

compatible with the Cohesive Zone Model (CZM) in the adhesive region. In addition, 

the use of a fast cage in the overlap region and displacements with the video 

extensometer during the tensile test of the three step lap joint is very important for 

the detection and analysis of the damage in joint. 

1 INTRODUCTION 
 

The first numerical analysis of adhesive bonded joints were made with ANSYS package program using Multilinear 

Isotropic Hardening (MISO) material model. In this material model, the experimental and numerical analysis 

results of the joint were compared using the stress-strain data obtained from both the bonded material and the bulk 

sample test of the adhesive. However, it has been found that the damage caused by the adhesive bonded joints is 

caused the peel stresses occurring in the overlap region, and this event does not fully meet the non-linear material 

model. Therefore, in order to simulate this phenomenon occurring in the adhesive region in numerical analysis, 

the adhesive region should be modeled with Cohesive Zone Model (CZM). Numerous studies have been conducted 

in the literature with numerical analyzes using CZM [1-6]. Some of these studies are summarized as follows. 

 

Demiral et al. In a study by [7],conducted by Performance of single acting overlap joint geometry obtained by 

using composites having four different stacking angles as bonded material under tensile load was investigated 

numerically. In the numerical analysis of the study, Cohesive Zone Model was used and when the stacking angle 

of the composites used in the joint changes, the stress distribution of the joint changes. In addition, the use of CZM 

in numerical analysis seems to simulate the damage occurring in the overlap region very well. Silva et al. In a 

study by [8], the load-bearing capacity of the in stages joint combined with adhesive with different lap lengths was 

investigated experimentally and numerically.In the numerical analysis of this study, bilinear CZM was used 

andthat experimental and numerical studies were seen to be quite compatible with each otherin terms of force-

displacement. 

 

Also, Machado et al. In this study, was performed numerical analysis by using expanded finite element method 

for step lap joint joints combined with adhesive having different overlap length. In expanded finite element 

method, adhesive layer is modeled with cohesive zone model. Using this method, they concluded that the damage 

occurring in the overlap region would be better understood. 
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In the present study; the experimental force-displacement curves obtained under the tensile load of the three step 

lap joint types were compared with the curves obtained from the finite element analysis.In finite element analysis; 

was used AA2024-T3 aluminum alloy as bonded material and was used DP460 structural adhesive with two 

components as adhesive, and adhesive layer the was modeled with Cohesive Zone Model (CZM) with ANSYS16 

package program. 

 

2 MATERIAL AND METHOD 
 

AA2024-T3 aluminum alloy material, which is frequently used in aerospace and automotive industries due to its 

light weight, machinability, physical and mechanical properties and high corrosion resistance, was used as bonded 

material. The two-component DP460 produced by the hard adhesive 3M (St. Paul, MN, USA) was used as the 

adhesive. Table 1 shows the mechanical properties of the bonded material [10]. 

 

Table 1. Mechanical properties of the bonded material used in the study [9]. 

 AA2024-T3 

E (MPa) 70410 
±615 

 0.33 

t (MPa) 476 
±17 

t (%) 16 

E: Young‟s modulus; : Poisson‟s ratio; t: Ultimate tensile strength;t: Ultimate tensile strain 

 

The path followed in the preparation of the three step lap joint (TSLJ) is the same as that used in the study by 

Akpinar et al. [10]. In the present study, the force-displacement data of the three step lap joint (TSLJ) with two 

different step lengths were investigated experimentally and numerically. The parameters of these samples are given 

in Table 3 and Figure 2. 

 

Table 3. Parameters for step lap joints bonding with adhesive 

Sample Joint Type Overlap-Step Length (mm) 

Three step lap joints Type 2-21-2 2-21-2 

Three step lap joints Type 4-17-4 4-17-4 

 

 
a) 

 
b) 

Figure 2. a) Geometric parameters of the three-stage overlap joint connected with the adhesive 

b) loading and boundary conditions. 

 

The excess adhesive that is released during the curing of the joint samples has been cleaned from the samples,in 

order to better detect crack propagation and axial displacement, a thin film was formed with spray paint on the 

surface of the sample (Figure 3). 
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Figure 3. Spraying the three-stage joint sample surface 

 

Three pieces of each type of three-stage overlap joint sample are producedall experiments were carried out at 

Instron 100 kN (USA) universal drawing device at a deformation rate of 1 mm / min at 20˚C and 25% humidity. 

Dual cameras were used for the test of the joint samples (Figure 4). Camera-1 (video extensometer) is used to 

obtain the displacement data between the two points shown in Figure 4, while camera-2 (quick camera) is used to 

capture the crack and its progression in the overlap region.10 images per second were taken during the test with 

the fast camera. 

 

 
Figure 4. Video extensometer, high-speed camera and loading applied in experiments. 

 

The sample used in finite element analysis was modeled in 3D using ANSYS 16 [11] package program (Figure 5). 

The bonded material was modeled using elements with three degrees of freedom and 20 nodal point (Solid 186). 

 

 
Figure 5. Finite element model of the stepping lap joint 
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In finite element analysis, the adhesive layer was modeled as Cohesive Zone Model (CZM). The dominant bilinear 

CZM law was used in this analysis and the CZM parameters of the adhesive are given in Table 3. Here GIC (the 

tensile critical strain energy release rate) is the value obtained from the test of the double cantilever beam joint and 

GIIC (the shear critical strain energy release rate)is obtained from the thick material shear test joint. 

 

Table 3. Adhesive properties for CZM model [12-13] 

 (MPa) GIC (N/mm) (MPa) GIIC (N/mm) 

32.6 2.56 28.5 11.71 

 

3 RESULTS AND CONCLUSION 
 

In the type of step lap joint coupled with the adhesive, the peel stresses occurring at the ends of the overlap region 

form a crack at the ends of the overlap region and damage is caused by the sudden advance of this crack towards 

the center of the overlap region. When the images obtained from the superimposed area with the fast camera were 

examined during the experiment given in Figure 6, When the crack starts at both ends of the overlap region and 

the crack exceeds the first stage and reaches the maximum level in the second stage, it suddenly moves towards 

the center and the damage occurs. 

 

 
Figure 6. Damage image of the three step lap joint obtained with the quick camera during the experiment a) 

Type 2-21-2, b) Type 4-17-4 

 

When the damage photograph of the joint type with 2-21-2 step length given in Figure 7 is examined, it is seen 

that the crack starts at the ends of the overlap region (F = 10.47 kN) and the crack starts at the second stage after 

passing the first stage. The crack starts in the second stage (F = 12.62 kN) and proceeds suddenly towards the 

center. In fact, it is understood that if there was no step, the damage would occur by starting in the crack 

overlapregion and proceeding suddenly towards the center. However, the first stage prevents the sudden 

progression of the crack to the center, and the damage occurs after the crack starts in the second stage. This 

increases the damage load of the joint. 

 

 
Figure 7. Damage view of type 2-21-2 three step lap joint according to force 
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When the force-displacement curves of the two joint types given in Figure 8 are examined, it is seen that the change 

of the step length in the joints with the same overlap length significantly changes the damage load of the joint.  

Increasing the step length from 2 mm to 4 mm increases the load carrying capacity of the joint and reduces the 

displacement capacity. 

 

 
Figure 8. Comparison of the force displacement curves of the three step lap joint. 

 

Comparing the experimental and numerical analysis image at maximum damage load (F = 14.46 kN) of 2-21-2 

three step lap joint type, it is seen that the experimental and numerical analysis are quite compatible with each 

other in terms of both the opening formed at the ends of the overlap region and the rotation occurring in the joint 

due to the eccentric loading (Figure 9). 

 

 
Figure 9. Experimental and numerical analysis image of the overlap region of the 2-21-2 three step lap joint type 

 

In the numerical analysis of the three step lap joints, one end of the joint was held constant and the other end was 

displaced in the x direction. During this displacement, peel force (causing damage) are generated at the ends of 

the overlap region of the joint in the y direction (Figure 9). These forces attempt to release the adhesive at the ends 

of the overlap region. Considering that the cohesive zone model analysis depends on the force and displacement 

of the fracture energy, damage occurs when the fracturing energy of the three step lap joint at the ends of the 

overlap region reaches the fracturing energy of the adhesive. 

 

When the damage loads obtained from the experiments and numerical analysis given in Figure 10 are examined, 

it is seen that the results of the experimental and numerical analysis are quite compatible with each other. This 

demonstrates the accuracy of using a cohesive region model in the numerical analysis of the three step lap joint. 

In addition, to obtain the displacement data in the experiments with video extensometer, it is extremely important 

in terms of the compatibility of experimental and numerical analysis. Otherwise, the displacement data is obtained 

from the stroke of the traction device,the numerical analysis and experimental data do not coincide because the 
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friction between the jaws of the drawing device and the material and the gaps between the connecting elements of 

the device affect the displacement data during loading. 

 

 
Figure 10. Experimental and numerical comparison of three step lap joint types,a) Type 2-21-2, b) Type 4-17-4 
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Abstract 

There is positive correlation between serum cholestrol level and risk of coronary 

heart disease. Cardiovascular diseases are very common in developed countries and 

cause deaths. Animal foods are significant source of cholestrol. But, animal foods is 

source of proteins that biological values are high too. We must eat animal foods at 

sufficiant levels for our health. Consumers started to consume less milk and dairy 

products due to their high cholesterol content and expected the production of low 

cholesterol milk and dairy products. Therefore, physical, chemical and biological 

methods have been developed to reduce the cholesterol risk of foods high in 

cholesterol without changing consumers' preferences in animal foods along with milk 

and dairy products. Chemical methods are more advantage than other methods 

respect to economical. At phsical remove method of cholestrol, cholestrol is 

vaporized in water or carbon diokside and thus cholestrol was removed at maximum 

95% ratios. In this method,The texture of butter produced from cholesterol reduced 

milk was found to be harder than normal butter. Enzymes and microorganisms at 

method named as biological are used for remove of cholestrol. Lactic acid bacteria 

commonly used as probiotics are Lactobacillus and bifidobacteria that can survive in 

the intestine. For the first time, a study showed that milk fermented with 

Lactobacillus may have cholesterol-lowering effects in humans. The use of probiotic 

bacteria to remove cholesterol is very important. It has been shown that lactic acid 

bacteria as probiotic bacteria have important effects such as lowering cholesterol 

levels, strengthening the immune system, preventing cancer and reducing diarrhea. 

Nocardia and Rhodococcus species of microorganisms destroy cholestrol. In this 

method, the fragmentasyon products of cholesterol may be toxic and kanserogenic. 

In the chemical remove method of cholestrol, generally β-cyclodextrin treatment is 

used. The cholesterol removal level in this method can be increased to 92,1%. 

1 INTRODUCTION 

 
The name cholesterol comes from the two Greek words kolle (meaning bile) and stereos (meaning solid). 
Cholesterol is found in all body tissues, especially located in the brain and spinal cord [1]. Cholesterol oxidation 

products are similar to cholesterol. additional functional groups include a hydroxyl, ketone or an epoxide group.   

Cardiovascular diseases are very common in developed countries and cause deaths. High cholestrol in human 

blood is a important risk factor for coroner heart disease [2]. High blood cholestrol level is resulted coronary heart 

disease, hypertansion, atherosclerosis, and strokes. WHO reports that cardiovascular diseases will affect 23,6 

million people by 2030 [3]. Consumption of foods rich in saturated fatty acids and cholesterol  increases the risk 

of heart disease Hence, high fat and colestrol containing foods must  be consumed low level. [4]. Consumers began 

to consume less milk and dairy products due to their high cholesterol content and hoped to find low-cholesterol 

milk and dairy products without changing the food consumed by consumers. The food industry has also explored 

ways to remove cholesterol from milk and dairy products to reduce high cholesterol risk and meet consumer 

expectations [5]. For this, several methods for reducing cholesterol from food have been developed. Cholesterol, 

an unsaturated alcohol, undergoes oxidation resulting in the formation of toxic products.  Various analytical 

approaches have been described in the literature. For example, colorimetric, gravimetric, chromatographic, 

infrared, etc. methods are available for the determination of cholesterol in dairy and food products. For cholesterol 

estimation in dairy products, two main methods have been developed as direct and indirect. In the direct method, 

color is developed in anhydrous milk fat dissolved in chloroform to a suitable dilution [6]. However, in the indirect 
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method, non-saponification matter is used in coloring. Other methods like Fourier transformed, infrared 

spectroscopy, high-performance liquid chromatography (HPLC) are also reported.[7].  

 

2 THE METHODS OF CHOLESTROL REMOVİNG 

 
Milk and dairy products containing low cholesterol are produced by a variety of methods based on the removal of 

cholesterol from milk and dairy products. The simplest way to remove cholesterol is to remove fat globules 

containing cholesterol from foodstuffs. However, in this way, essential fatty acids and fat-soluble vitamins are 

separated too. For this reason, it is possible to remove only cholesterol without extracting the fat from the food. 

Cholesterol removal methods can be examined in three groups as physical, biological and chemical removal of 

cholesterol. 

 

2.1 Physical removal method of cholesterol 

 

In this process, approximately 95% of cholesterol can be removed by vaporizing milk oil under a sudden vacuum.  

However, by this method, phospholipids and other emulsifying components found in the cell membranes of fat 

globules are also separated. With this method, it is more difficult to remove cholesterol from butter, and the flavor 

of this butter is weaker than normal butter [8] . Cholesterol can also be removed by supercritical carbon dioxide 

extraction method.  About 90% of cholesterol can be removed with this method. Cholesterol-reduced butter is 

produced by a company in New Zealand using the supercritical carbon dioxide extraction method. It has also been 

reported that two-thirds of the cholesterol in egg yolks can be removed by supercritical carbon dioxide method 

[9]. In this method, the effect of removing cholesterol is very high. Also no toxic effect, but operating costs are 

very high [10]. 

 

2.2 Removal of cholesterol by biological methods 

 

Enzymes and microorganisms are used in biological cholesterol removal method. There are many microorganisms 

in nature that break down cholesterol In particular, cholesterol oxidase and reductase enzymes produced by 

Nocardia and Rhodococcus species have the property of break down cholesterol [11]. In the studies, milk fat was 

incubated with Nocardia type microorganisms at 28 °C for 12 hours and it was reported that cholesterol decreased 

by 86-89%. Another study with Rhodococcus equi reported a 7% reduction in cholesterol in  cream [12,13]. 

However, the use of bacteria for this purpose has brought about some problems. First, consumers regard the use 

of bacteria with suspicion. In addition, some species have been found to be important pathogens. Therefore, it was 

recommended that cholesterol reductase enzymes be identified and transferred to bacteria used as starter cultures 

in cheese production. Another problem is the formation of oxidized products of cholesterol when these 

microorganisms are used. These products are known to have toxic and carcinogenic properties [14, 15]. Genetic 

studies are also being do to producet enzymes that reduce cholesterol [16]. lactic acid bacteria commonly used as 

probiotics are Lactobacillus and bifidobacteria that can survive in the intestine [17]. For the first time, some 

investigators have shown that milk fermented with Lactobacillus may have cholesterol-lowering effects in humans 

[18-19].The use of probiotic bacteria for removing of cholestrol is very important [20]. Researchers have 

demonstrated that as probiotic bacteria, lactic acid bacteria have important effects such as reducing cholesterol 

levels, strengthening the immune system, preventing cancer and reducing diarrhea [21].Some species of 

Lactobacillus acidophilus have been reported to reduce cholesterol [22]. It was found that the blood cholestrol 

level of the rats eating L. reutery decreased 38% ratios. As the orotic acid was formed by fermentation of dairy 

products, it was found to lower cholesterol levels. [23].  

 

2.3 Removal Of cholesterol by chemical methods 

 

The Australian Dairy Institute reported that  chemical method to reduce cholesterol from milk is cheaper than other 

methods. only conventional cooking equipment is sufficient to implement this method. This method is based on 

the extraction of cholesterol with β-cyclodextrin (β-CD), which has a physical attraction to cholesterol. β-CD 

forms an insoluble structure with cholesterol. This complex can be removed by centrifugation or filtration process. 

This method does not remove other essential fatty acids and fat-soluble vitamins from milk fat. Microbial 

contamination with this method is minimal level because the process is performed in a single stage and at low 

temperatures.The method can be applied on whole milk, cream and eggs. Unlike other cholesterol reduction 

procedures,it is not necessary to separate the fat first and then add it again [16]. The optimal homogenization norm 
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was found to be 70 kg/cm2 pressure and β-CD concentration of 1% at 70 oC. In this conditions 78.21% of 

cholesterol was reduced. As a result of the study, it was determined that the appearance and aroma of cheeses were 

better than the control samples, but their textural structure was weaker. However, cheese with reduced cholesterol 

has lower melting degree and higher elasticity [24].Homogenization process, β-CD interaction with cholesterol is 

found to be more efficient in removing cholesterol. Milk that was not homogenized was treated by mixing 1% β-

CD at 7 0C for 10 minutes and was found to be able to remove cholesterol around 30% [25]. In the study on 

reducing cholesterol from cream using β-CD, the effect of different β-CD concentrations and mixing speeds was 

investigated. In this research, It was stated that β-CD concentration is more effective than mixing speed in reducing 

cholesterol and 97.99% of the cholesterol in 36% fat cream can be reduced by 15% by mixing for 20 minutes at 

1200 RPM using β-CD. [26]. It has been reported that the properties the ice- cream  cholestrol reduced with   β-

CD and found that cholestrol level was removed 90%, ice cristal size decreased and viscosity of mix increased 

[27]. But, melting occurred in less time[28]. In another study, it was reported that goat milk cheese cholesterol can 

be reduced by β-CD and cheese with reduced cholesterol has a cooked taste. The researchers found that 90% 

cholesterol was removed when cross-linked to remove cholesterol from β-CD and adipic acid in homogenized 

milk and mixed at 400 rpm. [29]. It has been examined properties of cholesterol-reduced butter by β-CD and 

gamma linoleic acid on blod cholesterol. İt was found that cholesterol removal rate reached 93,2% by β-

cyclodextrin in butter before GLA addition [30]. The researchers concluded that fermented milk can help reduce 

LDL cholesterol levels in hypercholesterolemic women [31]. Other study, anhydrous milk fat was prepared and 

removed cholesterol from anhydrous fat by β-cyclodextrin. Researchers have found that D-vitamin reduces 

cholesterol by about 75%  and β-cyclodextrin may result from binding both vitamin D and cholesterol [32]. The 

researchers added β-cyclodextrin in three different concentrations (0,5%, 1% and 1,5%)  to remove cholesterol 

from raw and homogenized milk, and found that the addition of 1% β-CD reduced cholesterol. It was reported that 

the addition of more than 1% β-CD did not remove more cholesterol from milk [33]. 
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Abstract 

Food is an essential important factor for human growth, development and living. 

On the other hand, foods can also contain a large number of harmful compounds 

such as microbial contaminants, toxins or various chemicals that occur during food 

processing and/or cooking. In the light of this issue, bisphenol-A (BPA, 4-

hydroxyphenyl) migration from packaging material to food is one of the major 

problems. Many factors such as storage temperature, food temperature and pH, 

contact surface and time, physical and chemical properties of the packaging 

material could affect the migration of BPA even at very low doses from packaging 

material to food. In the present study, some properties, importance, the legal limits 

of BPA have been reviewed. 

 

1 INTRODUCTION  
 

Plastics are chemical substances that human beings are exposed to for the majority of their lives. The most 

important of these plastics is bisphenol-A (BPA, 2,2-bis- (4-hydroxyphenyl) propane). BPA is one of the 

industrially used chemicals that is the monomer of polycarbonate plastics and epoxy resins used as raw materials 

in food and beverage packaging [1]. BPA, firstly synthesized by the Russian chemist A.P. Dianin in 1891 [2], is 

an organic compound and consists of two phenol rings connected to each other by a methyl bridge. 

 

 
 

BPA has a solid, colorless and odorless structure under normal conditions. It is stated that bisphenol-A, which 

can be produced industrially in 99.5% purity and in crystal form, gives plastics important properties such as 

hardness, transparency, durability, and compatibility with other polymers in packaging industry [3,4]. 

 

Although it is rapidly degraded under aerobic conditions, it is reported that BPA is detected in food and in the 

aquatic environment as a result of food production process or due to the leach from the final product as a result 

of either the hydrolysis of the polymers at high temperature and/or under the acidic/basic conditions [1]. Some 

properties of BPA are given in Table 1.  
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Table 1. Some physical and chemical properties of BPA [5] 

General name Bisphenol -A 

IUPAC designation 2,2-bis(4-hidroksifenil)propane 

Other names 4,4'-dihidroksi-2,2-difenilpropane 

CAS number 80–05–7 

Chemical formula C15H16O2 

Structural formula (CH3)2-C - (C6H4-OH)2 

Molecular weight 228,29 g/mol 

Specific weight 1,060-1,195 g/cm3 

Melting temperature 155°C 

Boiling temperature 398°C (101,3 kPa) 

İnflammation temperature 270°C 

Volatility 193°C (1 atm) 

Solubility in water  (25°C) 300 g/m3 (25°C) 

 

It is stated that humans are exposed to high levels of BPA in everyday life due to the widespread use of BPA in 

baby feeding bottles, toys, food and storage containers, protective coatings for metal cans, thermal paper, 

adhesives and paints, electronic components, personal computers, CDs and DVDs, sports equipment, medical 

devices, eyeglass lenses and various materials for dental treatments [6]. On the other hand, it is reported that the 

most common source of human exposure to BPA is the migration from packaging material to food [1]. It is 

stated that canned foods have the most important role in the case of exposure through migrations [7] and the 

migration level can reach up to approximately 2000 µg/kg [8]. On the other hand, it is stated that BPA has also 

been found in various non-canned food such as bread, cereals, cheese, and fast food, probably as a result of the 

BPA migration from the unit packaging paper or the contamination during the production [9,10]. 

 

It is stated that 70% of BPA produced in the world is used in the production of polycarbonate plastics and 25% is 

used in the production of epoxy resins. While polycarbonates are used in the production of various plastic 

products such as baby bottles and water bottles; epoxy resins are used for coating the inner surfaces of metals 

used in the packaging of food such as seafood, vegetables, beer, soft drinks, and milk powder and for the 

construction of various types of food carriers and large storage containers with beverages such as water and 

wine. On the other hand, it is stated that during the production of these packaging materials, when the process is 

not fully applied, BPA-type resins and different reaction products are migrating into food, and even in some 

cases these substances and food components may form new compounds [11,12]. 

 

Migration is defined as the transfer of the components in the plastic package from the plastic to the food product 

[13]. Many substances such as plastic additives from the packaging material to food can be passed through 

migrations [14]. It is stated that migration is affected by factors such as an area of a contact surface of food and 

packaging material, type and concentration of migrant in packaging material, contact time, physical and 

chemical properties of packaging material, temperature and properties of food [15]. In addition, it is also stated 

that the movements of the chemicals in the packaging material vary according to the structure and size of the 

molecule, the interaction with the food and the resistance shown by the foodstuff [16]. 

 

The World Health Organization (WHO) estimates that the international exposure limit to BPA varies between 

0.4 and 4.2 µg/kg/bw/day [17]. The European Commission and USA have completely prohibited the use of BPA 

in baby bottles and children's toys aged 0-3 years [18]. On the other hand, the amount of daily intake that can be 

tolerated by the European Food Safety Authority is stated as 5 µg/kg/body weight/day [19]. 

 

Due to the potential risks of BPA's adverse effects on human health, international authorities have made risk 

assessments. BPA was first evaluated in 1986 by the Scientific Committee for Food of the European Union. In 

order to protect the consumer against harmful compounds that can pass from packaging material to food, several 

directives have been established by the European Committee for plastic packaging materials in the European 

Union. In the European Commission's 90/128/EEC Commission Directive, the total migration limits were 

determined, the use of BPA as a monomer or starting material in the construction of plastic materials was 

permitted and it was stated that the specific migration limit should be 3 mg/kg [20]. On the other hand, in 

accordance with the studies conducted in 2002, a list of monomers, starting materials and additives used in 

making food contact materials was published in 2002/72/EC directive and specific migration limits were 

reorganized. The use of substances not listed has been prohibited and the specific migration limit of BPA has 

been reduced to 0.6 mg/kg [21]. In our country, the legal regulations related to the BPA are in compliance with 
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the directives of the European Union. In the Turkish Food Codex Communiqué on Plastic Materials and Articles 

in Contact with Food (Communiqué No: 2013/34), it is prohibited to use of BPA 13480 for the production of 

polycarbonate materials and articles used for the consumer group identified as infants in the TGK - Baby 

Formulas and TGK - Attendance Formulas Communiqués, and the specific migration limit of BPA is 0.6 mg/kg 

[22]. 

 

2 CONCLUSION 
 

World population is growing rapidly. Due to this increasing population, the amount of food consumed increases 

and the production areas decrease. For this reason, the packaging used for preserving and preserving foodstuffs 

gains importance. Due to the increasing world population and industrialization, it has become obligatory for food 

to be preserved for a longer period of time and this necessitates food packaging industry. Migrant can migrate 

from packaging material to food depending on storage conditions and processes applied. For this reason, care 

must be taken both in the production of packaging material, in the processes applied to the food and in the 

packed storage of the food. However, migrant can migrate from packaging material to food depending on storage 

conditions and processes applied. 
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Abstract 

First and second order phase transitions are very important for the storage stability 

of foods. At the first order transitions, such as crystallization or melting, the 

physical state of a material changes isothermally from one state to another by 

release or absorption of latent heat, however a second-order transition, such as glass 

transition, characterized by a discontinuity in physical, mechanical, electrical, 

thermal, and other properties of a material. In this study, the effect of sucrose or 

sorbitol addition on glass transition and melting properties of turkey breast meat 

was investigated. The glass transition temperature (Tg) and the melting peak 

temperature (Tm) of turkey breast meat were detected as -16.45±0.11℃ (midpoint) 

and -1.34±0.16℃ respectively, by using Differential Scanning Calorimetry (DSC). 

It was observed that Tg and Tm of turkey breast meat was significantly affected by 

the addition of sucrose or sorbitol (P<0.01). While sucrose addition increased Tg 

(midpoint) to -16.15±0.09℃, sorbitol addition decreased it to -16.72±0.08℃. On 

the other hand, Tm and latent heat of melting (ΔHm) were significantly decreased 

with either sucrose or sorbitol addition. It is thought that these results are quite 

meaningful for the stability of turkey meat stored in frozen conditions.  

 

1 INTRODUCTION  
 

Phase transitions in foods can be divided into two groups: first and second order phase transitions. Glass 

transition is a second-order and time-temperature dependent transition, which is characterized by a discontinuity 

in physical, mechanical, electrical, thermal, and other properties of a material [1]. The hypothesis has recently 

been stated that this transition greatly influences food stability, as the water in the concentrated phase becomes 

kinetically immobilized and therefore does not support or participate in reactions [2, 3].  

 

Freezing is one of the most important preservation methods for meat and meat products since, compared with 

other methods, it leads to a minimal loss of quality during long-term storage. However the stability of frozen 

meat depends on the state of water in the product and the stability of ice crystals during frozen storage [4, 5]. 

Hence the formation of glassy state, and glass transition concept are very much relevant during frozen storage 

[6]. 

 

The poultry industry performed tremendous growth in the late 20th century, and this growth has continued in the 

recent years. Its popularity can be partially attributed to relatively low production costs, low fat content, high 

nutritional value, low lipid content and a high content of polyunsaturated fatty acids [7]. Turkey meat is highly 

appreciated by both producers and consumers due to its relatively easy production and a good yield important 

from the producers’ point of view, and easy preparation and good sensory properties valued by the consumers 

[8].  

 

There are several published values for glass transition temperature (Tg) of beef and various fish species [9-19]. 

However there are only few studies about the Tg of poultry meat [5, 20] and no studies about the Tg of turkey 

meat. The objectives of this study were: (1) to determine the Tg value of turkey meat and, (2) to determine the 

effect of sucrose and sorbitol addition on Tg and melting properties of turkey breast meat. 
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2 MATERIAL AND METHOD 
 

2.1 Sample preparation 

 

Boneless turkey breast meat was bought from a local market in Erzurum, Turkey. After all trimmable fat and 

connective tissue were removed, the meat was ground once through a 3-mm plate and then mixed separately 

with sucrose (T1) or sorbitol (T2) at the level of 8% (w/w) for 2 min using a laboratory type mixer (Waring 8011 

EB Blender, Stamford, USA). Each sample (100 g) with and without the addition of sucrose or sorbitol were 

vacuum packaged in PA/PE bags and stored for 24 h at 4°C to allow diffusion process and then frozen at −40°C. 

Before the DSC measurements, the meat samples were thawed in a refrigerator at 4±1°C for 12h. 

 

2.2 DSC measurement 

 

Measurements were carried out with Differential Scanning Calorimetry (DSC-60, Shimadzu Corporation, Kyoto, 

Japan). The DSC was calibrated for temperature and heat flow with indium (Tm=156.60℃, ΔHm=28.45J/g), 

distilled water (Tm=0℃, ΔHm=335J/g) and heptane (Tm=−91℃, ΔHm=140J/g). Meat samples (approximately 

10mg) were weighed into aluminum DSC pans, hermetically sealed, and then loaded onto the DSC instrument at 

room temperature. An empty pan was used as reference, liquid nitrogen poured into the cooling can of the DSC 

instrument was used as coolant, and nitrogen gas at a flow rate of 50ml/min was employed in the purge line to 

control the local environment around the sample. The samples were then cooled at 5℃/min to −80℃, held for 

15min, warmed up to the annealing temperature, held for 1h, re-cooled to −80℃ at 5℃/min, held for 15min and 

then scanned at 5℃/min to 20℃. The analysis of the glass transition reports the onset, midpoint and endset 

temperatures of the step once the start and stop points of the transition are provided. The melting temperatures 

(peak, onset and endset) and enthalpy values were also detected from the obtained thermograms. 

 

2.3. Statistical Analysis 

 

The study was conducted according to completely randomized design with three replicates. A one-way analysis 

of variance (ANOVA) was performed to test significance among treatments. Data was analyzed with the IBM 

SPSS Statistics 20 packed program. The Duncan’s multiple comparison tests were used to separate mean 

differences. 

 

3 RESULTS 
 

A glass transition is observed as an endothermic step change (i.e., baseline shift) in a DSC heat flow curve 

during heating [21]. Such an endothermic step change was observed just before the melting peak in heat flow 

curves and it was regarded as the glass transition (Fig 1).   

 

 
Figure 1. Representation of Tg region in DSC heat flow curve 

The temperature and enthalpy values obtained from the DSC curves about the glass transition and melting were 

summarized in Table 1. Tg of the turkey breast meat was in the range of −17.40±0.06℃ (onset) to −15.55±0.26℃ 

(endset) and determined as −16.45±0.11℃ (midpoint). Similar results were reported by Sunooj et al. [4] and 
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Delgado and Sun [20] for chicken breast meat as −16.63℃ and −16.83℃ respectively. It was reported that Tg is 

an important factor for stabilization of frozen foods because it limits the diffusion of water within a frozen food 

[22].  

 

Table 1. Effect of sucrose or sorbitol on glass transition and melting properties of turkey breast meat 

  Control T1 T2 Significance 

Glass 

Transition 

Onset (℃) -17.40±0.06a -16.64±1.13a -17.49±0.00a ns 

Endset (℃) -15.55±0.26ab -14.96±0.35c -15.98±0.40a * 

Transition (mW/mg) -0.11±0.01a -0.08±0.01b -0.08±0.01b * 

Midpoint (℃) -16.45±0.11b -16.15±0.09c -16.72±0.08a ** 

Melting 

Peak (℃) -1.34±0.16c -2.22±0.18b -3.14±0.19a ** 

Onset (℃) -4.26±0.27c -6.13±0.80b -7.45±0.25a ** 

Endset (℃) 1.30±0.13c 0.16±0.09b -0.87±0.19a ** 

Heat (J/g) 729.31±25.66b 516.01±3.53a 492.31±31.38a ** 

T1: samples with 8% sucrose, T2: samples with 8% sorbitol 

Means with different superscript letters in the same row represent values significantly different (P < 0.05). 

± Standard deviation 

ns: not significance, *: P<0.05; **: P<0.01 

 

The results of variance analysis showed that the sucrose or sorbitol addition were significantly affected the 

midpoint temperature of glass transition (P<0.01). While sucrose addition increased this temperature, sorbitol 

addition decreased it (Table 1). Because it has recently become evident that the Tg of a food influences its shelf 

life, increasing the Tg leads to an important technology for extending this period [23]. Also it was observed that 

sucrose or sorbitol addition had a significant effect on melting temperatures and enthalpy change (ΔHm) 

(P<0.01). Samples with sucrose or sorbitol had lower melting temperatures (peak, onset and endset) and ΔHm 

value than control. On the other hand sorbitol decreased these values more than sucrose. 

 

4 CONCLUSION 
 

Tg is regarded as an important factor to protect frozen foods from deteriorative reactions. In this study the Tg and 

Tm values of turkey breast meat was detected as −16.45±0.11℃ (midpoint) and -1.34±0.16℃ respectively. These 

results are quite meaningful for the fabricated turkey meat products stored at subfreezing temperatures. Also, it 

was observed that sucrose or sorbitol addition to turkey breast meat effected Tg, Tm and ΔHm values very 

significantly (P<0.01). Since sucrose addition increased Tg and decreased Tm and ΔHm, it is concluded that 

sucrose can be used as an protective agent for further processed turkey meat products stored in frozen conditions. 
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Abstract 

Various factors as well as changes in people’s lifestyle have changed dietary, health 

and welfare life understanding of consumers. Accordingly, the interest and demand 

for functional foods, which have become important in recent years and also have been 

studied intensively, has increased day by day. Among functional foods considered as 

the foods of present and future, dairy products are considerably significant. Dairy 

products are quite convenient in producing functional products because of their 

positive effects on health and being included in daily diet. Ice cream, which presents 

a wide product variety in this group, is advantageous in the market of functional 

products because its nutritional value is high, its composition can be easily adjusted 

and it is consumed by individuals of all ages fondly. This increases the number of 

studies performed to make ice cream functional. When examining the related studies, 

it was determined that probiotic, prebiotic and synbiotics, antioxidant and phenolic 

compounds, bioactive protein-based components, whey and its products, various fatty 

acids like omega-3 and omega-6, some sweeteners such as stevia, honey and sugar 

alcohols, dietary fibers, some vitamins and minerals were used. In this review, 

nutraceutical components commonly used in functional ice cream production 

technology have been grouped and studies related to functional ice cream have been 

discussed. 

1 INTRODUCTION 
 

As a result of changing lifestyles, health and dietary understanding of people, as well as their standards of living 

has changed [1]."Outliving" concern has caused significant changes in behavior of food consumers over the last 

twenty years. On the other hand, the interest for the relationships among food-health and welfare-standard of living 

has increased [2]. Epidemiological and clinical studies clearly indicate the relationship between diet and health 

status [3]. Association of using food additives with increased health problems recently, as well as increased 

demand in the sector due to preferences of consumers for "natural", "organic", and "free of synthetic additives" 

food has directed researches to study bioactive components and their use in functional food production [4]. 

Moreover, the interest for functional foods has increased because of numerous critical factors, such as awareness 

of personal health problems, intensive lifestyle including malnutrition and insufficient physical exercises, 

uncontrolled drug use, briefing on dietary provided by health authorities and media, scientific developments about 

nutrition surveys and free and competitive food market [5]. 

 

Functional foods are defined as the foods that achieve basic nutrition and positively affect health of consumer [3; 

6; 7]. One of the most important reasons that consumers prefer functional foods is that they can be consumed 

without changing dietary habits, regardless of dose of use and duration unlike medicines [8]. In this regard, 

functional foods include synthetic additive free and nutritious natural foods that are consumed with daily diet in 

its food form and also have positive impacts on people’s health, bioactive food components, as well as various 

products enriched with these components [9]. Functional foods can be natural foods including a functional 

parameter (such as tomato-lycopene, fish-walnut-omega fatty acids, dark fruits-antioxidant-anthocyanin 

compounds) and obtained by adding a functional component (iodized salt, polyunsaturated fatty acids, omega-3 

fatty acids, various vitamins and minerals, phenolic substances, antioxidants, dietary fibers, oligosaccharides, 

probiotics, prebiotics) or removing a harmful component (sodium-reduced salt). In addition, it is possible to 

produce functional foods by modifying some compounds (yoghurt-protein-bioactive peptide, processed tomato-
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lycopene) in the food [7; 8; 9; 10]. Acceptance and attitude of consumer to functional foods determines the size 

and success of the market. The largest functional food market consists of Japan, Korea and USA, followed by 

European countries. In the European Union, Spain, Finland, Cyprus, Holland and Sweden consume functional 

foods in larger amounts [11]. Functional food consumption has important functions in many human physiologies, 

such as early development and growth, organization of basic metabolic processes, defense against oxidative stress, 

cardiovascular and gastrointestinal diseases, cognitive and mental performance, physical performance and health 

[11]. 

 

Dairy products are important in the nourishment of Turkish public. They include various functional food 

components (serum proteins, peptides, essential fatty acids etc.) naturally in their structure [4] and beside those, 

some components like vitamins, minerals, antioxidant and phenolic are also used to enrich dairy products. 

Therefore, healthier and useful products are obtained for consumers by increasing functional characteristics [8;10]. 

Functional ice cream has a significant place among functional dairy products [1]. This review groups nutraceutical 

components commonly used in functional ice cream production technology and presents various studies performed 

about functional ice cream. 

 

2   FUNCTIONAL ICE CREAM PRODUCTION TECHNOLOGY 
 

Ice cream is defined as a dairy product having a complex physiochemical system with various forms obtained by 

traditional and industrial methods, which includes milk, skimmed milk, cream, sugar, stabilizer, emulsifier as well 

as fresh and dried fruits, dietary fibers, probiotic microorganisms, prebiotic components and sweeteners based on 

its composition [12]. Because ice cream has a convenient structure that can be varied and also it is consumed by 

people fondly, the number of studies about its functionalization has increased [1]. 

 

Nowadays, ice cream production is very common all around the world and consumption amounts vary among 

countries [13]. It has been determined that the ice cream production in Turkey increased to 353.000 tons by 

approximately 4% in 2015 when compared to that impervious year [14].  As of 2015, ice cream consumption per 

person in Turkey increased from 1.1 liters to 4.2 liters over the last decade. Moreover, the distribution in the ice 

cream market, which shows a growing trend every year, consists of 70% immediate consumption, 21% home 

consumption and 9% catering sector [15]. It has been reported in studies that Marmara Region is responsible for 

44% of total ice cream consumption while Aegean Region for 23%; 80% of ice cream consumers are aged between 

6 and 25; ice cream is perceived as seasonal and it is consumed in summer with by 85% [14; 15]. 

 

In the process of improving dietary and functional properties of ice cream, various phytochemicals, vitamins, 

minerals, bioactive peptides, dietary fibers, probiotics, prebiotics [16], whey and its products [17; 18] various fatty 

acids and vegetable oils [19; 20; 21], spices [22] are widely used. In addition, various components like fruits, wild 

fruits, vegetables, medicinal-aromatic plants, bee products (such as honey, pollen and propolis) and various sugar 

substitutes (vegetable sweeteners such as sugar alcohols and stevia) can also be potentially used with those 

components. Nutraceutical components widely used in functional ice cream production technology are grouped 

and presented below. 

 

2.1    Probiotics, Prebiotics and Synbiotics 

 

Probiotic dairy products constitute one of the most important and developed sections of functional food industry 

[7]. Probiotics are defined as living microorganisms providing beneficial effects on the host by balancing microbial 

flora of intestinal system [7; 23]. To achieve desired therapeutic effect in the body, foods with probiotics should 

be consumed regularly and the number of probiotic microorganism in the product should be minimum around 106-

108cfu/g [24]. Lactic acid bacteria constitute the most important group of probiotic microorganisms and 

Bifidobacterium and Lactobacillus species are commonly used bacteria [7]. In addition, it has been observed that 

various Saccharomyces species have also been used as probiotics [8; 25]. 

 

Prebiotics, which has gained popularity after understanding the importance of probiotics, are defined as 

indigestible food substances that increase the activity of limited number of bacteria in colon selectively and thereby 

positively affect the host by improving its health [26]. The majority of prebiotics is composed of oligosaccharides 

and polysaccharides and it is known that some sugar alcohols, modified carbohydrates and sugar polyols show 

prebiotic characteristics [27; 28]. Consumption of prebiotics is beneficial in decreasing the risks of some disease 

formations, such as prevention of diarrhea due to intestinal infection, prevention of osteoporosis as a result of 

increased calcium intake, reduction of obesity risk and type-2 diabetes, reduction of colon cancer risk as a result 

of neutralization of toxic products, regulation of immune system and protection of urogenital system [29]. It has 
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been reported that prebiotics should be taken in amounts between 8 and 40 g daily to show desired physiological 

effects [30]. 

 

Synbiotics are defined food substances that include both probiotics and prebiotics [30; 31]. Synbiotics are known 

to be effective in preserving viability of probiotic microorganisms while they are passing through stomach and 

small intestine and thus promote selectively probiotic development and reproduction in large intestine [32]. 

 

Many functional ice cream formulations were developed by using probiotics and prebiotics separately or in 

combination and the products were analyzed in terms of various quality features. Turgut and Çakmakçı [33] 

produced probiotic ice cream samples by using L. acidophilus and B. Bifidum to increase functionality and 

therapeutic effect and determined that the number of probiotics was at a desired level (>106 cfu/g) during storage 

for achieving therapeutic effect. In another study, synbiotic ice cream samples with L. acidophilus and S. boulardii 

were produced and analyzed in terms of some quality parameters. It was found out as a result of the research that 

the number of S. boulardii in the samples with S. boulardii was between 6.37 and 7.26 log cfu/g while the number 

of L. Acidophilus in the ice cream samples with L. acidophilus varied between7.05 and 8.95 log cfu/g. Moreover, 

it was determined that fructo-oligosaccharide (FOS) used as prebiotic component had a significant effect on 

viability of those probiotic microorganisms [25]. Hashemi et al. [6] prepared low-calorie probiotic, prebiotic and 

synbiotic functional ice creams by adding 5% inulin and lactulose into sugar and fat as a substitute. As a result of 

the study, they determined that the number of B. lactis in all samples during 90-day storage varied between 6.13 

and 7.86 log cfu/g. Akalın et al. [34] determined that the number of L. acidophilus and B. lactis during storage 

period varied between 6.60 and 7.58 log cfu/g, and5.15 and 7.10 log cfu/g, respectively, in probiotic ice cream 

samples prepared by using apple, orange, oat, wheat and bamboo fibers. In another study, it was found out that 

white and dark blue blueberries had prebiotic potential on L. casei in the functional probiotic ice cream production. 

The number of L. casei showed high viability and changed between 7.31 and 8.93 log cfu/g [35]. 

 

2.2 Antioxidant and Phenolic Compounds 

 

Oxygen, which is vital for people’s life, causes the formation of free radicals during normal metabolic phenomena. 

Free radicals are molecules that have one or more unpaired electrons. In living systems, free radicals are very 

important in numerous metabolic functions and severe oxidation occurs in biological molecules as a result of high 

amount of these compounds; causing various diseases such as tissue damage, cell death, early ageing, cancer, 

anemia, cardiovascular diseases and neurological disorders [11; 36]. Antioxidants play significant roles in 

preventing disorders and reactions caused by oxygen-bound free radicals in the body or absorbing active oxygen 

atoms. Vitamins E and C, carotenoids and phenolic compounds are prominent in terms of human health because 

of their antioxidant characteristics [37]. 

 

It has been found out as a result of literature review that fruits, wild fruits, vegetables, spices and medicinal 

aromatic herbs, which can be substituted with compounds showing antioxidant and phenolic characteristics, have 

been commonly used to increase the antioxidant activity in ice cream. Hwang et al. [38], in their study performed 

to determine the effect of grape wine deposit on rheological and antioxidant properties of ice cream, found out that 

grape wine deposit increased the antioxidant activity at increasing concentrations and antioxidant compounds 

remained stable during production. In a study carried out by Sun-Waterhouse et al. [39], green, golden and red 

kiwis with high amount of Vitamin C and antioxidant characteristic were used in the production of ice cream. The 

highest total phenolic content (in terms of gallic acid), antioxidant capacity and Vitamin C content values were 

determined in the ice cream sample with red kiwi while the lowest values were found in the ice cream sample with 

green kiwi. Limsuwan et al. [40] studied antioxidant properties and nutritional values of sugarless, fat-reduced 

milk-based ice creams enriched with some selected vegetables. In the study, total phenolic content and antioxidant 

activity of the ice cream produced with centella extract + green tea addition was found to be higher than other 

samples. Çakmakçı et al. [41] used oleaster flour and crust to produce functional ice cream at different levels (1%, 

2%, and 3%). They concluded that oleaster flour and crust affected quality properties of ice cream and could be 

used as a natural antioxidant source for food supplement. Gabbi et al. [22] used processed ginger products in 

various forms (ginger juice, candy, paste and powder) at different ratios to produce ice cream with functional 

qualities. According to the results of the study, it was determined that antioxidant activity increased with increasing 

ginger product concentration and DPPH antioxidant activity varied between 4.1 and 51.9% while total phenolic 

contents (in terms of gallic acid) changed between 0.47 and 1.93 mg/100g. In another study, it was determined 

that the consumption of lycopene-enriched ice cream had beneficial antioxidant effect on volunteers at both 

systemic and facial skin levels [42]. 
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2.3   Bioactive Proteins, Peptides and Amino Acids 

 

It is known that protein, peptide and amino acids provide energy and basic foods in nutrition and also have various 

biological functions such as growth, antihypertensive, antimicrobial and antioxidant. For example, milk proteins 

like lactoferrin, lactoperoxidase and immunoglobulin are known to have antibacterial, antiviral, antiparasitic and 

antifungal characteristics and they have important functions on people’s immune system [43]. Serum proteins, 

which are important for nutrition physiology, as well as peptide fractions obtained as a result of the hydrolysis of 

these proteins, are commonly used to increase nutritional values of foods and improve their structural properties 

and give functionality to foods [4]. Shaviklo et al., [44] used fish protein powder at different levels (10%, 20%, 

30%) to enrich ice cream in terms of protein. Researchers concluded that this practice was effective in nutritious 

and functional ice cream production. In another study, the effect of using soya protein isolate and hydrolysate on 

physicochemical and melting properties of ice cream was determined [45]. 

 

2.4 Whey and Its Products 

 

Whey, which is the most important side product of cheese technology, is a rich and nutritious food in terms of 

serum proteins, lactose, fat, mineral substances and water-soluble vitamins (particularly riboflavin) [1; 46] Today, 

by means of various techniques (such as ultrafiltration, microfiltration, reverse osmosis, ion exchange), whey 

powder, whey protein concentrations, whey protein isolates, whey with low lactose, demineralized whey and 

hydrolyzed whey can be commercially obtained [46; 47]. Whey proteins, which have the highest food quality 

among all food proteins, are optimal source for functional food components [4; 48].  

 

Whey and its products are used in ice cream to provide dry matter standardization, enhance flavor and aroma, 

increase protein amount and improve textural properties. Innocente et al. [49] determined an increase in emulsion 

capacity in ice cream samples produced with the addition of proteose-peptone whey fraction. Patel et al. [50] 

reported that the addition of whey protein concentration milk protein concentration into ice cream mix at different 

ratios increased the protein amount and improved textural properties of ice cream. Puangmanee et al. [51], in ice 

cream samples produced with the addition of glycated whey protein isolate, determined that this protein isolate 

had significant effects on quality properties and antioxidant activity of the ice cream. Tsuchiya et al. [18] aimed 

to produce reduced-lactose ice cream enriched with whey powder. To achieve that purpose, they used β-

galactosidase enzyme for the hydrolysis of lactose. It was determined as a result of the study that lactose hydrolysis 

changed between 86.59 and 97.97% and the product with lactose content decreased by 91% could be consumed 

by individuals with lactose intolerance. 

 

2.5   Fatty Acids 

 

Milk fat is an important nutrient in terms of nutrition physiology because it has fatty acids with high physiological 

values; its digestion capability is high and it includes various vitamins (A, D, E and K) [4]. In the composition of 

milk fat, there are short- or medium-chain fatty acids with high functional properties such as phospholipids, 

polyunsaturated fatty acids, cholesterol, gangliocytes and glycolipids [4; 52]. Of polyunsaturated fatty acids, which 

are very important in term of nutrition physiology, linoleic [C18:2 (n-6 omega)], linolenic [C18:3 (n-3 omega)] 

and arachidonic fatty acids [C20:4 (n-6 omega)] are essential fatty acids that cannot be synthesized by human 

organism. Therefore, these fundamental fatty acids should be taken with foods [4; 53]. In addition to these fatty 

acids, other polyunsaturated fatty acids such as eicosapentaenoic acid (EPA) [C20:5 (n-3 omega)], 

docosahexaenoic acid (DHA) [C22:6 (n-3 omega)] and conjugated linoleic acid (CLA) are crucial for people [4; 

43; 54]. It was reported in some studies that omega-3 fatty acids are abundant in marine species such as fish, 

mussels, clams and shrimp while omega-6 fatty acids are present in various herbal sources such as nuts, walnuts, 

sesame seeds, flaxseeds, soybeans, canola and olives [54]. In epidemiological studies, essential fatty acids play 

key roles in prevent many diseases such as heart attack, cardiovascular diseases, depression, migraine, joint 

rheumatism, diabetes, high cholesterol, blood pressure, allergy and cancer [55]. 

 

It has been observed that some marine species and oilseeds have been commonly used to enrich ice cream with 

various fatty acids, primarily omega-3 and omega-6. Corradini et al. [19] used the milk obtained from cows fed 

by palm oil and coconut oil for the production of ice cream enriched with omega-3 fatty acids. Analysis results 

showed that milk-obtained from cows fed by palm oil-included higher amount of omega-3 fatty acid compared to 

that fed by coconut oil; and this was also observed in ice cream samples. Nadeem et al. [20] reported that milk fat 

fractions with low melting point could be used in functional ice cream formulation. Ullah et al. [21] determined 

that the addition of chia oil olein fraction at different concentrations (5, 10, 15, 20%) significantly affected the 

concentration of omega-3 fatty acids in ice cream samples and increased total phenolic, and flavonoid contents 
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and DPPH free radical scavenging activity. In another study, microencapsulated silver carp oil was used in the 

production of ice cream flavored with vanilla and cacao [56]. 

 

2.6  Sweeteners 

 

Increase in the interest for low-calorie foods recently has made the products with alternative sweeteners more 

popular. It was reported in some studies that the possibility of incidence of metabolic diseases like diabetes, 

cardiovascular diseases, obesity increased, depending on excessive sugar consumption [57]. Ice cream is a dairy 

product with high amount of sugar. Thus, researchers have begun using various sweeteners to improve functional 

properties of ice cream and decrease its calorific value [58]. Various sweeteners can be used in ice cream 

production: sucrose, glucose, fructose, maltose, lactose, invert sugar, high fructose corn syrup, high maltose corn 

syrup, brown sugar, honey, sugar alcohols (such as sorbitol, maltitol, mannitol, lactitol and xylitol) and high-

intensity sweeteners (aspartame, acesulfame K, saccharin and stevia) [12]. 

 

Özdemir et al. [57] investigated the possibilities of using stevia in ice cream production as a natural sweetener and 

determined that stevia improved some quality properties of ice cream and it could be used in ice cream production 

for diabetic patients. Fuangpaiboon and Kijroongrojana [59] produced low-glycemic coconut oil ice creams by 

using low-glycemic sweeteners (xylitol, erythritol, inulin and fructose) as an alternative to sucrose. They 

determined that the mixture including 4% erythritol, 7% inulin and 2.15% fructose could be used as a sugar source 

in low-glycemic coconut oil ice cream production as an alternative to 12% sucrose. Moriano and Alamprese [58] 

investigated various quality properties of ice cream samples produced by using honey, trehalose and erythritol as 

an alternative to sugar and indicated that these sweeteners could be used as an alternative to sugar. Moreover, it 

was reported in the study that trehalose and erythritol should be used with other sweeteners in ice cream to adjust 

hardness and melting behaviors. Kalicka et al. [60] investigated the effect of some polyols (xylitol, erythritol, 

maltitol and isomalt) on physical and sensory properties of probiotic ice cream and survival of Bifidobacterium 

BB-12. In another study, low calorie ice cream was produced by using dried mulberry powder as a substitute for 

sucrose and walnut paste as a substitute for milk fat. It was determined as a result of the study that the addition of 

these substitution substances had positive effects on physiochemical and sensory properties of ice cream. It was 

also reported that an alternative ice cream formulation was developed for consumer who prefer natural and low-

calorie products for healthy nutrition [12]. 

 

2.7  Dietary Fibers 

 

Dietary fibers are defined as food components, which are commonly available in herbal sources, primarily, cereals, 

fruits and vegetables, very resistant against digestion enzymes, cannot be digested in intestine but totally or 

partially fermented in large intestine [61]. They are usually classified into two classes in terms of simulated 

intestinal solubility, as water-soluble (various non-digestible oligosaccharides such as pectin, mucilage, loosely 

bound hemicelluloses, beta-glucans and inulin) and water-insoluble (cellulose, lignin and tightly bonded 

celluloses) [61]. Dietary fibers contribute to modify and improve textural, sensory properties and shelf life by 

being used in food formulations because of their numerous functional properties such as water binding capacity, 

gel formation ability, oil substitution, texture formation and thickening (Soukoulis et al., 2009). Moreover, these 

components constitute the basic component of low energy-dietary products, which have been increasingly 

consumed recently and also, they are widely used in functional foods because of their many positive effects on 

health [1; 43; 61]. Some epidemiological studies have revealed that there is a direct relationship between the 

consumption of high-fiber foods and the risk reduction of some chronic diseases such as colorectal cancer, 

cardiovascular disease, obesity, diabetes, constipation [61]. In addition, these components have fundamental 

bioactive functions like cholesterol-lowering, bioavailability of calcium and strengthening of immunological 

system [62]. It has been reported in studies that recommended daily intake amount of total fiber is 38 g for adult 

men and 25 g for adult women [61; 62]. 

 

There have been various studies about functional ice creams produced by using herbal dietary fibers and fruits and 

vegetables substituted with these components. Soukoulis et al. [62] investigated rheological and thermal properties 

of ice cream samples produced by using various dietary fibers (oat, wheat, apple and inulin) at different ratios (2% 

and 4%). They concluded that fiber addition increased viscosity values of ice cream mixtures and using 2% fiber 

was more effective on the melting point of the mixture. Crizel et al. [63] used orange fiber as an oil substitution in 

lemon ice cream production and reported that orange fiber could be used to decrease oil amount and increase the 

content of various bioactive components (fiber and carotenoids). Salem et al. [17] used whey protein, modified 

starch, oat and wheat fiber at 1% and 2% ratios as an oil substitute to produce functional ice creams. It was 

concluded as a result of the study that an increase in fiber amount increased viscosity and the highest viscosity 

value was found in the ice cream sample with modified starch. It was indicated in another study that the addition 
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of peach fiber could be used as an optimum natural source in ice cream production to increase nutritional value 

and the sample produced by using 1% peach pulp fiber was the most liked one in terms of sensory [64].  

 

2.8. Vitamins and Minerals 

 

Vitamins and minerals, which are grouped in micronutrients, are one of food components essential for the body in 

small amounts [65]. Because the majority of vitamins cannot be synthesized in the body, they should be taken with 

foods. Vitamins are basically examined under two groups, namely fat soluble (A, D, E and K) and water soluble 

(group B and C) [66]. Minerals, which are abundant in nature, are crucial nutritional elements that play key roles 

for the growth, and development of organism and protection of its health. They are classified as macro (Ca, Mg, 

K, Na, Cl, P and S) and micro (I, Zn, Se, Fe, Mn, Cu, Co, Mo, F, Cr and B) [65]. Dairy products, which are 

included in daily diet, are rich in Ca and P; moreover, they are significant sources for many nutritional elements, 

primarily for Mg, Vitamins A, B1, B2, B3, B12, D, E and K [65]. It is recommended that these products be consumed 

in all age groups, especially children [4]. 

 

It has been seen in the literature that usually herbal sources, particularly fruits, were used to enrich ice cream with 

vitamins and minerals. Çakmakçı et al. [67] determined that the amounts of vitamin C and Mg and K increase in 

ice cream samples with the addition of kumquat (Fortunella margarita) fruit. It was determined in another study 

that the amount of vitamin C increased with the addition of oleaster flour and crust [41]. Akın and Dasnik [68] 

determined in symbiotic ice cream samples produced by using ascorbic acid and glucose oxidaset hat the addition 

of ascorbic acid positively affected the growth of L. acidophilus and Bifidobacterium BB-12. Kavaz Yüksel et al. 

[69] determined in ice cream samples produced by using green tea powder at different concentrations (1%, 2%) 

that the amounts of Ca, Cu, Mg, K, Zn and Na minerals increased. Góral et al. [70] used lactic acid bacteria 

enriched with Mg ions as carrier for probiotic ice cream production. For this purpose, Lactobacillus rhamnosus 

B442, Lactobacillus rhamnosus 1937 and Lactococcus lactis JBB500 strains were used and prepared cultures were 

enriched with Mg ions through pulsed electric field. After this treatment, probiotic strains were directly used in 

ice cream production. It was reported as a result of the study that the strains used were potentially good carriers 

for Mg. 

 

3 CONCLUSION  
 

In recent years, changes in people’s lifestyle and various factors (awareness of people, explanations of health 

authorities on nutrition, scientific developments and doubts about synthetic food additives etc.) have increased the 

interest for functional food sector due to the increase in demand for healthy and natural foods. When examining 

the related studies, it has been observed that the "functionality" concept has been well understood in Turkey and 

Europe and the number of studies on the functionalization of ice cream by integrating this concept have increased 

day by day. The studies performed on functional ice cream in Turkey have remained at academic level and varieties 

of functional ice cream have been limited in the market because studies could not be transferred to the industry. It 

is necessary to increase functional ice cream variety in the market with new practices to be introduced to milk 

technology. To make functional ice cream producible in industrial facilities by increasing its variety, it is necessary 

to increase the number of projects to be performed with university-industry cooperation. In R&D units to be formed 

by means of these projects, effective coordination of specialist academics working on functional ice cream, 

nutrition and health professionals, marketers and ice cream producers may be possible. Therefore, the market share 

in functional product market will be globally increased and functional, healthy, nutritious and high commercial 

value original products will be introduced as a result of the development of functional ice creams, their transfer to 

the industry and marketing. Considering the fact that ice cream consumption per capita and number of modern 

enterprises producing ice cream in Turkey have gradually increased, it is expected that studies to be conducted in 

this field will gather momentum and cooperation will be provided. 
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Abstract 

Polyphenols are the secondary metabolites of plants and has an important role in 

human nutrition as the leading antioxidants. According to the carbon number-based 

classification of polyphenols, resveratrol is a natural polyphenol in the stilbene group 

with antioxidant and anticarcinogenic effects. Its beneficial effects on cardiovascular 

diseases have also been reported. It was first identified in 1940 and has recently 

gained importance especially in medicine and pharmacy. Researchers have carried 

out various studies on resveratrol and its time-honored use in traditional eastern 

medicine has also been reported. The study focuses on resveratrol’s physical 

properties, effects on health and use in foods as a functional component. 

1 INTRODUCTION  
 

When facing a stress factor, plants synthesize a type of secondary metabolite with low molecular weight called 

phytoalexin as a defense mechanism. Trans-resveratrol is a polyphenolic phytoalexin from the stilbene group [1]. 

Polyphenols are secondary metabolites of plants and the most common antioxidants in human nutrition [2, 3]. 

Resveratrol is in the stilbene group according to the carbon number-based classification of polyphenols [4, 5]. It 

is a natural polyphenol with reported antimicrobial, antioxidant and anticarcinogenic effects in addition to its 

beneficial effect on cardiovascular diseases; it joins the structure of various plants, is formed by the bonding of 

two aromatic rings with the methylene bond, contains three hydroxyl groups and can be found both in cis and trans 

configurations [5, 6]. It was first identified in 1940 in the roots of white hellebore and then, was found in the roots 

of Polygonum cuspidatum, also known as Kojo-kon in Japan. It was identified in the leaf epidermis and pericarp 

of grape berries in 1976 [7, 8]. 

 

2 THE PHYSICAL PROPERTIES OF RESVERATROL  
 

Table 1 shows the chemical and physical properties of resveratrol. 

 

Table 1. Physical properties of resveratrol [9] 

Molecular Formula C14H12O3 

Structural Formula 

 
Systematic Name 5-[(E)-2-(4-hidroxyphenyl)-ethenyl]benzene-1,3-diol 

Other Names Trans-resveratrol 

Trans-3,5,4’-trihydrozystilbene 

3,4’,5-stilbenetriol 

(E)-5-(p-hydroxystyryl) resorcinol 

3,5,4'-trihydroxy-cis-stilbene 

3,5,4'-trihydroxy-trans-stilbene 

Molecular Weight 228.25 g/mol 

Boiling Point 253 -255 ̊C 

Physical Structure White – Solid 

Solubility Easily dissolves in water, methanol and acetone.  
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Resveratrol is formed by the combination of 3 molecules of CoA and 1 molecule of 4-cuamoryl CoA. Here, it is 

important that the enzyme needed for the synthesis of resveratrol is not normally active and activated when the 

plant is faced with a stress factor [10]. Figure 1 shows the biosynthesis of resveratrol. 

 

 
Figure 1. Resveratrol biosynthesis from phenylalanine [11, 12] 

 

Resveratrol is a secondary metabolite synthesized as a defence compound against various external factors and 

found most abundantly in the product obtained by the drying of the roots of Polygonum cuspidatum (Konjo-Kon 

or Itadori tea), a plant traditionally used in Japan and China [13, 14]. Studies on resveratrol and its derivative 

stilbene compounds have revealed that it can also be found in other herbal sources, mostly in grape and grape 

products. High amounts of resveratrol were also found in peanut, peanut oil, blueberry and strawberry [5] 

Moreover, in addition to fruits, resveratrol was detected in dark chocolate, chocolate liqueur and the hop plant 

used in beer production [15]. 

 

3 THE EFFECTS OF RESVERATROL ON HEALTH 
 

Free radicals are chemical structures that contain one or more unpaired electrons in their outer orbitals. Although 

the reactive chemical compounds are formed in organisms due to oxidation and reduction reactions, they can also 

be formed due to external factors such as radiation, UV lights, air pollution, combustion products of fossil fuels, 

some insecticides, pesticides, viruses, infections and drugs. In the case where they are not eliminated in an 

organism, free radicals cause pathological disorders and aging. Antioxidants reduces the effects of free radicals in 

the body and foods and/or alter their structures so that the oxidation reactions are significantly inhibited or delayed 

[16]. 

 

Various studies have emphasized the cardiovascular protective, antithrombotic, antioxidant, anti-inflammatory, 

blood sugar reducing and anticancer activities of resveratrol. It naturally has two different isomeric forms and its 

trans form has been reported to be more important and stable and, thus, more widely used in studies. Trans-

resveratrol has different biological properties and has been reported to have stronger antioxidant and 

cardioprotective effects [17]. Preventing the cancer development in the body is possible with sufficient levels of 

antioxidant enzymatic activity.  

 

Recent studies have shown that resveratrol had protective effects against neurodegenerative diseases such as 

Alzheimer’s disease and obesity in addition to its effectiveness in the treatment of osteoporosis in postmenopausal 
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women with low breast cancer risk [18]. Resveratrol inhibited lipid peroxidase in linoleic acid emulsion at a higher 

rate (89.1%) when compared with synthetic antioxidants at the same concentration [19]. Its antiaging effect and 

enhancing effect on insulin sensitivity, the enzymatic activity of the sirtuin gene (SIRT 1-7) and mitochondria 

number were associated with its antioxidant activity [20]. 

 

The current literature suggests that resveratrol prevents cancer through various mechanisms including anti-

proliferative, anti-inflammatory and anti-angiogenesis mechanisms by initiating apoptosis [21]. Apoptosis 

induction is the key mechanism in the inhibition of the formation of many tumors. Resveratrol induces p53-

mediated apoptosis in cancer cells, including prostate cancer, colon cancer and breast cancer [22].  

 

Resveratrol may inhibit enzymatic activity in another mechanism through which resveratrol is believed to inhibit 

the development of cancer cells. Cyclooxygenase and decarboxylase are included in the cancer-causing enzyme 

groups. Epidemiological studies have shown that long-term cyclooxygenase inhibition reduced the development 

of various cancer types and cancer caused by the enzyme was prevented with the deletion of the cyclooxygenase-

II (COX2)-coding gene [22, 23]. Its effect on tumor formation stems from its inhibitory effect on the antimutagens 

and free radicals in animal models and antioxidant properties. The inhibition of COX-1 reduces tumor progression 

and resveratrol have been reported to substantially inhibit the COX-1 enzyme [24]. 

 

Although French people consume fat and cholesterol-rich foods, they are 40% less likely to develop cardiovascular 

diseases than the rest of Europe. This is associated with the consumption of resveratrol in red wine and referred to 

as the “French Paradox” [22, 25]. Plaque formation in veins leads to thrombosis and consequently embolism. The 

main cause of cardiovascular diseases is embolism. Atherosclerosis is a result of the impairment of the reactions 

between the normal cell elements of the artery-related wall and blood. Atherosclerosis can be prevented by 

consuming anti-atherogenic foods. As a polyphenol, resveratrol has a good protective effect on different parts of 

atherosclerosis [26, 27]. The protective mechanism of resveratrol against cardiovascular diseases was suggested 

to operate by blocking the thrombocyte aggregation and reducing cholesterol through its anti-inflammatory effects 

[27]. 

 

Alzheimer’s disease (AD) is not only a growing health issue but also a social and economic load. AD occurs due 

to the accumulation of β- amyloid plaques on the nerve cells in brain and its cause is still not known. Its severity 

increases over years and currently, there isn’t a cure for AD [28]. Of the affected individuals, 15% are in the 65-

74 age group and 44% are in the 75-84 age group [29]. Aging and genetic disposition are classically considered 

the unavoidable risk factors for AD. On the other hand, environmental factors, insulin resistance, obesity and 

metabolic syndromes are avoidable risk factors for AD [29]. Factors such as regular physical activity, 

Mediterranean diet (fruits, vegetables, hazelnut, beans, olive oil, etc.), calorie restriction and maintaining the ideal 

body weight (or intermittent fasting), reducing smoking, controlling diseases such as diabetes and hypertension 

and lifelong learning can delay or prevent aging-related cognitive decline [29]. Preclinical studies support the 

potential role of resveratrol in the treatment and prevention of neurodegenerative diseases such as Huntington’s 

disease, Parkinson disease and AD [30]. Resveratrol can protect against neurodegenerative diseases by eliminating 

reactive oxygen species (ROS), hydrogen peroxide and free radicals, NO, Aβ and other intra- and extracellular 

toxins through the SIRT1 activation mechanism [31, 32]. 

 

4 THE USE OF RESVERATROL AS A FUNCTIONAL COMPONENT IN FOODS  
 

A detailed investigation of the effects of resveratrol on humans and determination of how the resveratrol 

concentration especially in foods and beverages that are biologically related to resveratrol can be increased are 

needed [33]. A review of the literature revealed that the use of resveratrol as a food component was not common. 

 

Acar (2011) investigated the effects of the interaction between resveratrol and milk proteins on the Maillard 

reaction and found that around %80 of resveratrol cross-linked with milk proteins, but the concentration of 

resveratrol did not have a significant effect on the Maillard reaction [34]. 

 

Emirdağ (2014) investigated the effects of the interaction between resveratrol and milk proteins on the textural 

properties and water-holding capacity of yoghurt, which are among important parameters in yoghurt production. 

To determine the interaction of resveratrol with milk proteins and how the interaction occurs, resveratrol was 

analyzed with RP-HPLC and the results showed that around 85% of resveratrol interacted with milk proteins [3]. 

 

In a pilot study investigating the addition of resveratrol instead of sulphur dioxide, an antioxidant, during wine 

production, Pastor et al. (2015) reported that the addition of two different concentrations of resveratrol ((150 mg/L 

and 300 mg/L) did not have any negative effect on the organoleptic and sensory properties of the products. 

1624



Resveratrol ICADET ‘19 

 

 

Researchers have also suggested that the negative effects of sulphur dioxide on health can be prevented with the 

addition of resveratrol [35]. 

 

In their study on the production of a functional yoghurt that is suitable for the consumption of all age groups, 

Türkoğlu (2019) added 25mg/100g, 50mg/100g, 75mg/100g and 100mg/g resveratrol to the set-type traditional 

yoghurts produced with Lactobacillus bulgaricus+Streptococcus thermophilus and probiotic yoghurts containing 

Lb. bulgaricus+S. thermophilus: Lb. acidophilus (1:1). The results of the study revealed that, considering all 

parameters in terms of the physicochemical and microbiological properties and sensory scores at the end of day 

28, 50mg/100g resveratrol-added traditional and probiotic yoghurts were new functional products suitable for 

consumption (36). 

 

5 CONCLUSION 
 

As a natural polyphenol, resveratrol has various biochemical and physiological effects such as anti-inflammatory, 

antioxidative, antiproliferative and chemopreventive effects. Recent studies have shown its positive effects 

especially on cardiovascular diseases, cancer, type 2 diabetes and neurological disorders. As our understanding of 

the positive effects of resveratrol on health grows, the antioxidant will continue to be the subject of many scientific 

studies. 

 

References  

 
[1] L. Fremont, "Biological Effect of Resveratrol", Life Sciences, vol. 66/8, pp. 663-673, 1999. 

[2] L. Bravo,"Polyphenols: Chemistry, Dietary Sources, Metabolism and Nutritional Significance", Nutrition 

Reviews, vol. 56, pp. 317–333, 1998. 

[3] H. Emirdağ, "Resveratrolün Yoğurtta Tekstürel Nitelikleri Geliştirme Olanakları", Graduate School of 

Natural and Applied Sciences, Hacettepe University, Ankara-TURKEY, 2014. 

[4] J. B. Harbourne, Methods in Plant Biochemistry 1: Plant Phenolics. London: Academic Press, 1989.  

[5] M. Athar, J. H. Back, X. Tang, K. H. Kim, L. Kopelovich, D. R. Bickers, and A. L. Kim, "Resveratrol: A 

review of Preclinical Studies for Human Cancer Prevention", Toxicology and Applied Pharmacology, vol. 

224, pp. 274-283, 2007.  

[6] Ö. Tokuşoğlu, M. K. Ünal, and F. Yemis, "Determination of the Phytoalexin Resveratrol (3,5,4’-

trihydroxystilbene) in Peanuts and Pistachios by High Performance Liquid Chromatographic Diode Array 

(HPLC-DAD) and Gas Chromatography-mass Spectrometry (GC-MS)", Journal of Agricultural Food 

Chemistry, vol. 53, pp. 5003-5009, 2005.  

[7] B. Aggarwal, S. Shishodia, “Resveratrol: A Polyphenol for All Seasons” in Resveratrol in Health and 

Disease, CRC Press, Taylor & Francis, 2006, pp. 1–16. 

[8] A. Göçmez, and G. Seferoğlu, "Asmalarda Resveratrol İçeriğini Etkileyen Faktörler ve İnsan Sağlığına 

Faydaları", Adnan Menderes Üniversitesi Ziraat Fakültesi Dergisi, vol. 11/1, pp. 31-38, 2014. 

[9] K. E. Haneke, "Review of toxicological literature, trans-resveratrol (501-36-0)", Integrated Laboratory 

Systems, P.O. Box 13501, Research Triangle Park, North Carolina 27709, March, 2002.  

[10] G. J. Soleas, E.P. Daimandis, and D. M. Goldbeng, "Resveratrol: A Molecule Whose Time Has Come and 

Gone", Clinical Biochemistry, vol. 30/2, pp. 91-113, 1997.  

[11] V. W. Becker, G. O. Armstrong, M. J. Merwe, M. G. Lambrechts, M. A. Vivier, and I. S. Pretorius, 

"Metabolic Engineering of Saccharomyces Cerevisiae for the Synthesis of the Wine-Related Antioxidant 

Resveratrol", FEMS Yeast Research, vol.4, pp. 79-85, 2003.  

[12] L., Huang, L. Lixuan, Z. Zhixiong, and Q. Quinn, "Method for The Production of Resveratrol İn A 

Recombinant Bacterial Host Cell", United States Patent, vol. 20070031951, 2007.  

[13] S. Nonomura, H. Kanagawa,and  A. Makimoto, "Chemical Constituents of Polygonaceous Plants. I. Studies 

on the Components of Ko-jokon (Polygonum Cuspidatum SIEB et ZUCC)", Yakugaku Zasshi, vol.83, pp. 

983-8, 1963. 

[14] J.F. Savouret, and M. Quesne, "Resveratrol and Canser: Areview", Biomed Pharmacother, vol. 56, pp. 84-

87, 2002.  

[15] R. Alkan, “Doğal Bitki Antibiyotiği: Resveratrol", Gıda, vol. 2/5, pp. 259-262, 2006. 

1625



Resveratrol ICADET ‘19 

 

 

[16] F. Shahidi, and P. Ambigaipalan, "Phenolics and polyphenolics in foods, beverages and spices: Antioxidant 

activity and health effects –A review", Journal of Functional Foods, vol.18, pp.820–897, 2015.  

[17] L. Gliemann, M. Nyberg, Y. Hellsten, "Effects of exercise training and resveratrol on vascular health in 

aging", Free Radical Biology and Medicine, vol. 98, pp.165–176, 2016.   

[18] L. Kuršvietienė, I. Stanevičienė, A. Mongirdienė, J. Bernatonienė, "Multiplicity of effects and health benefits 

of resveratrol", Medicina, vol. 52, pp.148-155, 2016.   

[19] İ. Gülçin, "Antioxidant properties of resveratrol: A structure–activity insight", Innovative Food Science and 

Emerging Technologies, vol. 11, pp. 210–218, 2010. 

[20] Ö. Kındır, A. Güvenç "Investigation of Process Parameters on Recycling of Black Grape Pulp as Antioxidant 

Source”. M.Sc. Thesis. Department of Chemical Engineering, Graduate School of Natural and Applied 

Sciences, Ankara University, Ankara-TURKEY, 2010.  

[21] C. K. Singh, M. A. Nadiaye and N. Ahmad, "Resveratrol and Cancer: Challenges for Clinical Translation", 

Biochimica et Biophysica Acta, vol. 1852, pp. 1178-1185, 2015.  

[22] W. Yu, Y. C. Fu, and W. Wang, "Cellular and Molecular Effects of Resveratrol in Health and Disease", 

Journal of Cellular Biochemistry, vol. 113, pp. 752-759, 2012.  

[23] M. Oshima, J. E. Dinchuk, S. L. Kargman, H. Oshima, B. Hancock, E. Kwong, J. M. Trzaskosa, J. F. Evans 

and M.M. "Take to Suppression of Intestinal Polyposis in Apc Delta 716 Knockout Mice by Inhibition of 

Cyclooxygenase 2 (COX-2)", Cell, vol. 87, pp. 803–809, 1996.  

[24] J. F. Savouret, and M. Quesne, "Resveratrol and Cancer: A review", Biomed Pharmacother, vol. 56, pp. 84-

87, 2002.  

[25] P. Kopp, "Resveratrol a Phytoestrogen Found İn Red Wine a Possible Explanation for the Conundrum of the 

'French Paradox?”, European Journal of Endocrinology, vol. 138/6, pp. 620-20, 1998. 

[26] S. Das and D. K. Das, "Resveratrol: A Therapeutic Promise for Cardiovascular Diseases", Recent Pot 

Cardiovasc Drug Discov, vol. 2(2), pp. 133-8, 2007.  

[27] N. Keskin, T. Noyan,ve  B. Kunter, "Resveratrol ile Üzümden Gelen Sağlık", Turkiye Klinikleri J Med Sci, 

vol. 29/5, pp. 1273-1279, 2009.  

[28] A. Granzatto, and P. Zatta, "Resveratrol and Alzheimer’s Disease: Message in a Bottle a Red Wine and 

Cognition", Frontiers in Aging Neuroscience, vol. 6/95, pp. 1-7, 2014.  

[29] C. Sawda, C. Moussa, and R. S. Turner, "Resveratrol for Alzheimer’s Disease", Annals of the New York 

Academy of Sciences, vol. 1403, pp. 142-149, 2017.  

[30] A. Y. Sun, Q. Wang, A. Simonyi, and G. Y. Sun, "Resveratrol as a Therapeutic Agent for Neurodegenerative 

Diseases", Mol Neurobiol, vol. 41, pp. 375–383, 2010.  

[31] D. Albani, L. Polito, and G. Forloni, "Sirtuins as Novel Targets for Alzheimer’s Disease and Other 

Neurodegenerative Disorders: Experimental and Genetic Evidence", Journal Alzheimer’s Disease, vol. 19, 

pp. 11–26, 2010.  

[32] J. Graff, M. Khan, A. Samiei, J. Gao, K. T Ota, D. Rei, and L. H. Tsai, "A Dietary Regimen of Caloric 

Restriction or Pharmacological Activation of SIRT1 to Delay the one Set of Neurodegeneration", Journal of 

Neuroscience, vol. 33, pp. 8951–8960, 2013. 

[33] R. F. Pastor, P. Restani Di C. Lorenzo, F. Orgiu, P. L. Teissedre Stockley, J.C. Ruf, C.I. Quini, N. G. Tejedor, 

R. Gargantini, C. Aruani, S. Prieto, M. Murgo, R. Videla, Penissi, and R. H. Iermoli, "Resveratrol, human 

health and winemaking perspectives", Critical Reviews in Food Science and Nutrition, vol. 59:8, pp. 1237-

1255, DOI: 10.1080/10408398.2017.140051759, (8), 1237–1255, 2019. 

[34] F. Acar, “Effects Of Resveratrol on Milk Proteins and Maillard Reactio” Hacetepe University, M.Sc. Thesis. 

Department of Food Engineering, Graduate School of Natural and Applied Sciences, Ankara-TURKEY, 

2011. 

[35] R. F. Pastor, M. R. Gargantini, M. Murgo, S. Prieto, H. Manzano, C. Aruani, C. I. Quini, M. I. Covas, and R. 

H. Iermoli, "Enrichment of resveratrol in wine through a new vinification procedure", Journal of Life 

Sciences, vol. 9, pp. 327–333, 2015. 

[36] Z. Türkoğlu, “Resveratrol İlavesiyle Üretilen Probiyotik Yoğurtların Bazı Kalite Niteliklerinin Belirlenmesi” 

Graduate School of Natural and Applied Sciences, Bayburt University, Bayburt-TURKEY, 2019. 

 

1626



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*fatihoz@atauni.edu.tr 

Deep-Fat Frying Process 

 
Elif EKİZ, Adem SAVAŞ, Fatih ÖZ* 

 
Department of Food Engineering, Faculty of Agriculture, Ataturk University, Erzurum, Turkey 

 

Keywords:  
Deep-fat frying 

Frying oils 

Hydrolysis 

Oxidation 

Polymerization 

 

 
Abstract 

Fats are consumed in different forms and have an important place in terms of the 

flavour, juiciness, and appetite enhancer. The frying process, which is one of the 

cooking processes used in the preparation of foods, has become widely used both in 

home and catering industry after the demand for fast-prepared foods has increased. 

Fried foods are often consumed because of the aroma and taste desired by 

consumers. During the frying process, various chemical and physical changes occur 

in both food and frying oil. Depending on the environmental conditions and the 

structure of the frying oil, hydrolysis, oxidation and polymerization reactions occur 

during the frying process. As a result of these reactions, undesirable compounds 

occur as well as volatile compounds that form the flavour of frying oil and fried 

food. In the present study, the properties of frying oils, deep-fat frying process and 

reactions during the frying process were reviewed. 

 

1 INTRODUCTION  
 

Fats have a special place in human nutrition. During cooking of foods, fats not only act as an additional heat 

transfer medium but also contribute some functions such as flavour, juiciness, appetite enhancer and digestive 

accelerator. In addition, fats, provide much more energy than carbohydrates and proteins, are among the 

important building blocks of the diet due to essential fatty acids and fat-soluble vitamin contents of them. For all 

these reasons, fats have become an essential substance of both our kitchens and food production facilities [1]. 

 

After proving that fat consumption causes various health problems as a result of the studies, various health 

organizations (WHO, FAO, etc.) and nutrition authorities recommend that the consumption of fats should be 

reduced in daily energy level [2]. Recently studies indicate that fatty acid compositions have a more important 

effect on health rather than the amount of fat in foods [3] For these reasons, studies about reducing the fat 

content of food products and improving the fatty acid composition of foods have accelerated worldwide [4]. 

 

It is stated that most of the fats and oils that can be consumed in different forms are used in frying process 

worldwide [5]. Due to the reasons such as the rapid increase of the world population, the entry of women into 

working life, the increase of family income level, spending more time for resting and entertainment, the demand 

for economic and quick prepared foods has increased and at the same time frying process has started to be used 

more frequently [5]. Frying process, which is one of the earliest cooking methods in the preparation of nutrient, 

is stated that history of it dates back 1600 B.C. [6]. Deep-fat frying, one of the type of frying processes, is 

defined as a cooking method based on the principle of immersion of foods in edible fats and oils at 150-200 °C. 

[5,7].  

 

Heat transfers in deep-fat frying process are formed in two ways: convection in oil and conduction in food. 

Furthermore, in deep-fat frying process, since the surface of the food is completely covered with oil, the heat 

transfer is equal to the food at every point and therefore the cooking process is uniform. For these reasons, deep-

fat frying can be applied to all types and forms of food [5]. 

 

At the beginning of the substances entering the system in the frying process, frying oil and food are present. It is 

known that heat energy that increases oil to frying degree and free oxygen in the air is included in the system in 

the second degree. It is stated that fried food, vapour, volatiles substance, food crumbs and some amount of fat 

absorbed by food are removed from the system [8]. 
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                  Figure 1. Frying Process [8] 

 

Fats are not stabilized products and undergo various changes depending on the conditions. It is stated that several 

factors such as temperature, light, oxygen availability, degree of unsaturation, and the presence or absence of 

antioxidants have been implicated in changes occurring in fats [9]. It is known that during deep-fat frying, 

various physical and chemical changes occur both in food and frying oil and these changes depend on the 

duration of frying [9]. During deep fat frying, water and fat content, pH, colour and textural changes can be 

observed in foods, and finally, flavour that is a specific characteristic in deep fat frying and generally preferred 

by consumers occurs. On the other hand, during frying, hydrolysis, oxidation and polymerization reactions are 

observed in fat and/or oils [9]. 

 

 
Figure 2. The reactions that occur in the oil during the frying process [10] 

 

By frying process, the moisture of the foods disappears, the surface becomes a darker colour, hard crust 

formation can be seen, a more firm texture is formed and the unique flavour of the frying is formed [6,10-12]. In 

frying oils, in addition to these chemical reactions, the viscosity of oil increases, the oil darkens, the interfacial 

tension decreases, the density increases, and the specific heat increases and undergoes various physical changes 

[12]. Because of the frequent consumption of fried products and/or increased health concerns, the beginning 

quality of fats used as frying is desired to be high and the fats are expected to have various properties. The 

properties of frying oils were given Table 1. 

 

Table 1. The properties of frying oils [5] 

Qualifications Values 

Colour Light yellow in oil, white in viscous oil containing solid phase 

Smell  No bitter taste and smell caused by oxidation 

Free Acidity (%) Must be less than 0.1% 

Peroxide Value (meq O2/kg) Must be less than 1 

Polymer Compounds Load (%) Must be at most % 1 

Smoke Point (°C) Must be above 200 °C 
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The Hydrolysis of Oils 

 

When the nutrients are fried in preheated oil, the nutrient moves away and the moisture content gradually 

decreases depending on the frying time progresses. The water, vapour and oxygen in the system cause to start 

chemical reactions in the frying oil and in the nutrient. As a weak nucleophile, water attacks the ester bond of the 

triglycerides, forms mono- and diglycerides, glycerol and free fatty acids. Thermal hydrolysis usually occurs in 

the oil phase. It is stated that hydrolysis occurs more easily in oils having short and unsaturated fatty acids than 

in oils having long and saturated and this situation is connected that short and unsaturated fatty acids are 

dissolved better than long and saturated fatty acids in water and for occurring hydrolysis, water in nutrient reach 

much easier to short-chain solid fats and liquid oils [12]. It is known that the increase in the water content of the 

nutrient increases the hydrolysis of the oils more rapidly and the increase in the contact surface between the oil 

and the water phase of the nutrient increases the hydrolysis of the oils [12]. 

 

The Oxidation of Oils 

 

In deep-fat frying process, oxygen reacts with oil. It is stated that the chemical mechanism of thermal oxidation, 

basically is the same with the mechanism of autoxidation, the speed of thermal oxidation is faster than 

autoxidation and thermal oxidation consists of three stages beginning, diffusion and resulting [12]. It is known 

that in the event of exposing lipids to temperatures above 60 °C, hydroperoxides occur decreasing selectivity of 

oxidative reactions, quickly split to radicals alkoloxy and hydroloxy and because of being very active of new 

occurred products, even saturated fatty acids, bind themselves by pulling hydrogen ion and cause formation of 

new active radicals, in this formation just like autoxidation because there is no proximity to allyl bond, variety 

active radicals of products increase which can not be counted [13]. 

 

It is known that it consists of three different stages, starting, spreading and finalization and causes highly 

complex chemical changes. In the presence of initiating factors such as heat, light/ionizing radiation and metal 

ions/metaloproteins, the unsaturated lipid molecules lose one hydrogen atom to form free radicals. The lipid 

radicals then react with oxygen to form peroxy radicals. These peroxy radicals act as chain carriers of the rapidly 

developing reaction by attacking a new lipid molecule. This reaction may continue thousands of times until there 

is no hydrogen source left in the diffusion step, or until this chain is interrupted by substances such as 

antioxidants. Therefore, it is stated that lipid oxidation is a self-expanding and accelerating process [14]. 

 

The Polymerization of Oils 

 

Polymerization of unsaturated fat molecules (triglycerides), which is expressed as cross-linking between two 

carbon atoms and formed during high temperature hydrolysis of oils [15], it is known that fragmentation and 

new molecules are formed by the progress of various chemical reactions such as autoxidation in oils [16]. 

Although very low levels of volatile compounds are present in the total decomposition products of frying oils, 

the volatile compounds are very important for the aroma quality of frying oils and fried foods. The main 

decomposition products of frying oils are non-volatile polar compounds and triglyceride dimers and polymers 

[12, 17]. 

 

2 CONCLUSION  
 

During deep-fat frying, hydrolysis, oxidation and polymerization reactions take place. Hydrolysis occurs in the 

presence of water vapour and produces free fatty acids, mono and diglycerides. In oxidation, aldehydes, ketones 

and hydroxyl acids are formed which will cause negative changes in the structure of oil in the presence of heat 

and oxygen, while non-volatile polar compounds and triglyceride dimers and polymers are formed in 

polymerization. As a result of these reactions, the structure of the oil changes and can have negative effects on 

human health. On the other hand, the characteristic aroma and taste of the food is fried. 
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Abstract 

Polycyclic aromatic hydrocarbons (PAHs) are widespread environmental 

contaminants posing a great risk to human. PAHs can be found in industrial 

emissions, agricultural sources, air, and water. However, diet is the main source of 

PAHs for human. Foods can be contaminated with PAHs in different ways. Smoking 

is a preservation method used to improve the sensory properties of meat products and 

extend the shelf life of the product. However, the smoke can contain undesirable 

substances, such as PAHs. In the present review, the occurrence, structure and 

toxicity of PAHs, PAH contamination in smoked meat products and effects of 

smoking conditions on PAH contamination are reported and discussed. 

1 INTRODUCTION  
 

Polycyclic aromatic hydrocarbons (PAHs) are a large group of persistent organic pollutants that contain two or 

more fused aromatic rings [1]. PAHs are non-polar compounds showing high lipophilic nature [2, 3]. They are 

produced through incomplete combustion or pyrolysis of organic matter and geological processes [4].  

 

PAHs are common environmental contaminants in the global biogeochemical cycle due to their long-range 

transport and bioaccumulation [1]. The industrial emissions (burning of coal), agricultural sources (wood 

combustion, stubble and straw), air (exhaustion gases, domestic solid fuel burning), water (industrial effluents, 

soil leaks), soil (airborne fallout) and foodstuffs are main sources of PAHs released into the environment [5, 6]. 

Food can be contaminated with PAHs through deposition from air, transfer from soil and water during industrial 

food processing [7]. On the other hand, PAHs may also occur due to some cooking processes in foods [8]. 

 

Smoking, roasting, baking, frying, or grilling are important processes that cause PAH formation in processed foods 

[7]. The technological processes involving direct contact with combustion gases are an important source of this 

contamination. Contamination levels from processes depend on the time and temperature of processing, the 

distance from the heat source, the type of fuel used, and the amount of fat in the food [4].  

 

2 THE STRUCTURE AND TOXICITY OF POLYCYCLIC AROMATIC 

HYDROCARBONS 
 

To date, about 660 different PAH have been detected in the nature [9], some of them identified as carcinogenic, 

mutagenic, and teratogenic [1, 10]. PAHs undergo metabolic activation in mammalian cells to form diol-epoxides 

that then bind covalently to the nuclear DNA to form adducts that can lead to errors in DNA replication, resulting 

in mutations that can potentially initiate the carcinogenic process [11, 12]. PAHs can be divided into light PAHs 

(2–4 rings) and heavy PAHs (more than 4 rings) according to their relative molecular weight and the number of 

benzene rings [13]. Heavy PAHs have higher stability and toxicity than light PAHs [3, 14]. Because of the harmful 

effects of PAHs on human, scientists needed a standard to evaluate the degree of pollution. In 1976, the United 

States Environmental Protection Agency (US EPA) selected 16 PAHs, named the “16 US EPA priority PAHs” 

[13]. The chemical structures of the 16 PAHs listed by the US EPA were given in Table 1. 
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Table 1. The chemical structures of the 16 PAHs listed by the US EPA 

 

 
  

Naphthalene 

 

Acenaphthylene Acenaphthene Fluorene 

 
 

 
 

Anthracene 

 

Phenanthrene Fluoranthene Pyrene 

  

 

 

Chrysene 

 

Benz[a]anthracene Benzo[b]fluoranthene Benzo[k]fluoranthene 

 

 

 
 

Benzo[a]pyrene Indeno[1,2,3-cd]pyrene Benzo[g,h,i]perylene Dibenz[a,h]anthracene 

 

 

Benzo[a]pyrene (BaP) is classified by the International Agency for Research on Cancer (IARC) as a Group 1 

carcinogen, while the majority of other high molecular weight PAHs are largely classified in the Group 2A 

(probably carcinogen) or 2B (possibly carcinogen) [15]. BaP and PAH4 [Benzo[a]pyrene (BaP), benz[a] 

anthracene (BaA), chrysene (Chry), and benzo[b]fluoranthene (BbF)]  have been widely used as markers for the 

occurrence of PAHs in food [16, 17]. According to European Commission, the legal limits of BaP and PAH4 were 

2 and 12 µg/kg for smoked fishes, respectively [18].  

 

3 PAH CONTAMINATION IN SMOKED MEAT PRODUCTS 
 

In non-smokers, diet is the main source of PAHs for human [19]. PAHs are found in many different food categories 

including water, vegetables, oils, fruit, cereals, smoked meat and fish [20]. However, special attention has been 

paid to smoked meat products because the highest levels of total PAH have been detected in these products [19].  

Smoking is one of the oldest food preservation technologies [21]. Smoking procedure includes the exposure of 

meat products to the smoke generated by burning of woods [7]. Up to 1100 chemical compounds have been 

identified in wood smoke that is including by over 400 volatile components such as acids, alcohols, carbonyls, 

esters, furans, lactones, and phenols [22]. Quality of the smoke depends on the type and humidity of the wood, the 

combustion temperature, the amount of oxygen supplied to the smoking chamber [20, 21]. Wood generally consists 

of approximately 50% cellulose, 25% hemicellulose and 25% lignin. The pyrolysis of cellulose and hemicelluloses 

significant amounts of carbonyl compounds, which produce the brown color on the surface of smoked meats, while 

the pyrolysis of lignin forms some phenolic compounds which give the desirable flavor and act as antimicrobial 

and antioxidative compounds for smoked meat products [14]. On the other hand, the smoke can also contain 

undesirable substances such as PAHs [21]. The formation and amount of PAHs depends on the specific conditions 

of the smoking process [7, 22]. The PAHs content of smoked food depends on various technological factors such 

as the type of wood and its humidity, the temperature of combustion and oxidation, and smoking technique, the 

humidity and size of the product surface [21, 23]. Stumpe-Viksna et al. [20] reported that PAH content of meat 
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smoked with softwood have higher than that of hardwood probably due to the chemical compounds in the woods 

and nature of wood types. Stolyhwo and Sikorski [9] reported that hardwoods such as beech, cherry, oak are 

common types of wood chips for meat smoking process. Hitzel et al. [24] reported that beech woodchip is an ideal 

commercial heat source for smoking meat products due to the fact that they produce good quality smoke and are 

providing smoked meat products with highly acceptable color, aroma and flavor. Wretling et al. [8] declared that 

meat products smoked by an indirect technique using external smoke generators have low PAH and BaP levels. 

On the other hand, they also reported that meat samples smoked by traditional ‘‘sauna’’ method, where the food 

is directly exposed to hot smoke from a burning fire, have high BaP levels ranging from 6.6 to 36.9 µg/kg. 

Pöhlmann et al. [25] reported that PAH contents of hot smoked Frankfurter-type sausages increased with smoke 

density and ventilator velocity while decreased with a decrease of smoke generation temperature. Furthermore, 

they reported that the low smoke production temperature (below 600 °C) is a promising approach to lower PAH 

contents in hot smoked sausages but the smoke production temperature should not be lower than 500 °C because 

of the desired sensory properties (odor and flavor). Hokkanen et al. [26] reported that indirect smoking technique, 

a shorter smoking time, an optimized smoke generation temperature, and a longer distance from the smoke source 

generated lower PAH concentrations in meat products. 

 

4 CONCLUSION 
 

Smoking is one of the oldest food preservation technologies that commonly used in meat and meat products. The 

smoke components improve the specific sensory properties of meat and meat products as well as chemical 

compounds of the smoke act as preservatives. On the other hand, the smoke can also contain undesirable 

carcinogenic substances such as polycyclic aromatic hydrocarbons (PAHs). Smoking process in meat products 

should be applied, however much more attention should be paid for the beneficial effects of smoking and 

preventing PAH contamination. One of the ways of minimizing exposure to PAHs from smoked foods is to prevent 

the smoke from the combustion of wood or fossil fuels to come into direct contact with the food. In the light of the 

data in the literature, it is recommended that the smoke production temperature should be below 600 °C to prevent 

PAH formation. In addition, factors such as wood type, smoking time and fat content of food should also be 

controlled to reduce the PAH content in food. 
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Abstract 

In this study, the amount of biomass, lipid production and lipid yield of three 

different Yarrowia lipolytica (Y. lipolytica Y-1094, Y. lipolytica YB 423 and Y. 

lipolytica IFP29) strains were investigated in a nitrogen- limited medium. In 

addition, the fatty acid composition of the lipids produced by the strains was 

determined. The highest mean biomass value was determined as 7.14 ± 0.26 g/L in 

Y. lipolytica Y-1094 strain. The highest values of lipid production amount and lipid 

yield were 1.31 ± 0.18 g/L and 23.72 ± 1.70 (%, g/g) in Y. lipolytica YB 423 strain, 

respectively. Myristic (C14:0), palmitic (C16:0), palmitoleic (C16:1), stearic 

(C18:0), oleic (C18:1n9c) and linoleic acids (C18:2n6c) were determined in the 

lipids produced by all strains. In the lipids obtained from the strains, oleic acid was 

the dominant fatty acid. 

 

1 INTRODUCTION  
 

Microorganisms have properties such as spore formation and deposition of storage compounds to maintain 

viability under changing environmental conditions. All living microorganisms must produce lipids for their 

membranes and other structural and functional roles. However, some microorganisms can accumulate lipids 

(more than 20% of the dry cell weight)[1]. 

 

Microbial oils are produced by lipid-producing microorganisms as a supplementary source of conventional oils 

and fats and are consist mainly of  triacylglycerols (TAGs) [2]. In addition, free fatty acids, neutral lipids 

(monoachylglycerol, diacylglycerol and sterile esters), sterols and polar fractions (phospholipids, sphingolipids, 

glycolipids) are also defined in this oil [3]. The content and composition of the lipid produced by the 

microorganisms may vary depending on the type of process applied and the substrate used. Intracellular lipid 

accumulation is mainly specific to yeast, mold and microalgae [4-6]. Many lipid-producing yeasts can 

accumulate up to 40% of their biomass, while they can accumulate up to 70% under limited nutrient conditions. 

The best known lipid producing yeasts are Candida, Cryptococcus, Rhodotorula, Rhizopus, Trichosporon and 

Yarrowia [7]. Yarrowia lipolytica, formerly known as Candida, Endomycopsis or Saccharomycopsis lipolytica, 

is an aerobic and dimorphic yeast of the Dipodascaceae family. With its ability to produce several important 

metabolites, it is crucial for industry, molecular biology and genetic research [8]. This non-pathogenic 

microorganism is recognized as safe (GRAS) by the Food and Drug Administration (FDA) [9]. The ability of Y. 

lipolytica to growth in hydrophobic carbon sources such as n-alkanes, 1-alkenes, fatty acids, animal and 

vegetable oils, and paraffin and its safety status have made this microorganism an important biotechnological 

yeast. It has been reported that Y. lipolytica can be isolated from sources such as meat, poultry, dairy products 

(cheese, yogurt and kefir), shrimp salads and soy sauce [10]. 

Y. lipolytica is an aerobic yeast that is tolerant to salt, low temperature and pH values. Organic acids (citric, 

isocitric, α-ketoglutaric, purivic and succinic), enzymes (proteases, lipases, esterases and phosphatases), 

emulsifiers and surfactants, single cell protein and oil, polyalchol and γ-decalactone are the major products 

obtained from Y. lipolytica [11,12]. Y. lipolytica can accumulate lipid up to 40% of dry cell weight. The fatty 

acid composition of the lipid produced by this yeast consists of palmitic (C16:0, 11%), palmitoleic (C16:1, 6%), 

stearic (C18:0, 1%), oleic (C18:1, 28%) and linolenic acid (C18:3, 1%). It is reported that more than 50% of 

fatty acids are composed of linoleic acid (C18:2; 51%) [13]. The aim of this study was to determine the biomass, 

lipid and lipid yield values of three strains of Y. lipolytica and the fatty acid composition of the lipids produced 

by these strains. 
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2 MATERIAL AND METHOD 
 

Materials: Three different Y. lipolytica strains (Y. lipolytica Y-1094, Y. lipolytica YB 423 and Y. lipolytica 

IFP29) were obtained from the American culture collection.  The chemicals used in the experimental studies 

were supplied from Merck (Darmstadt, Germany). 

 

Methods:   
1. Microorganism and Culture Conditions: Experiments were performed in 250 ml conical flask 

containing 50 ml growth medium. Each flask was inoculated with 1 ml of 24h exponential pre-culture 

and incubated at 28 ֯C at 180 rpm in an incubator (JSR, Korea) for 5 days [14,15]. Composition of the 

growth medium is as follows:(g/L) glucose 30.00; yeast extract 0.50; KH2PO4 7.00; Na2HPO4 2.50; 

CaCl2•2H2O 0.15; (NH4)2SO4 0.50; MnSO4•H2O 0.06; ZnSO4•7H2O 0.02; FeCl3•6H2O 0.15; 

MgSO4•7H2O 1.50. 

 

2. Determination of Biomass: After incubation, cells were separated from the medium by centrifuging at 

16,000 x g for 15 min at 10 °C (Thermo Fisher MR23, Germany) (Figure 1).  The cells were washed 

twice with distilled water and dried to a constant dry weight at 95 °C. Biomass (g/L) was calculated as 

the dry cell weight produced in liters of liquid medium [14]. 

 

 
Figure 1. The obtained biomass after incubation 

 

3. Lipid Content and Lipid Yield: Lipid extraction from dry biomass was performed as done by 

Enshaeieh et al. [2] (Figure 2). Lipid content was calculated as the lipid weight (g) produced in liters of 

liquid medium and lipid yields were calculated on the basis of dry cell weight [16].  

 

 
Figure 2. Lipid extraction 

 

4. Determination of Fatty Acid Composition: Lipids were converted to methyl esters for further fatty 

acid composition analysis [17]. The fatty acid composition of the samples was determined using 

GC/FID (Agilent Technologies 6890N). In the analysis, CPSIL 88 (100 m x 250 μm x 0,20 μm) was 

used as the column and helium with a flow rate of 1 ml/min was used as the carrier gas. A fatty acid 

methyl ester mixture (Supelco, FAME-mixture, 4-7801, Bellefonte, PA, USA) is used as standard and 

the results are given as percentages.  
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3 RESULTS 
 

The biomass, lipid and lipid yield values of Y. lipolytica strains in growth medium (limited-nitrogen and initial 

glucose concentration: 30 g/L) are shown in Figure 3. As a result of the examination of the biomass, lipid and 

lipid yield values of Y. lipolytica strains, the highest mean biomass value was determined in Y. lipolytica Y-1094 

strain. In a study conducted by Yılmaz [18] using the same strains, it was found that the amount of biomass 

decreased when tarragon, coriander seed and orange peel essential oils were added. It has been suggested that 

this result was due to the antimicrobial properties of essential oils. In the present study, the highest mean lipid 

production and lipid yield were determined in Y. lipolytica YB 423 strain. 

 

Figure 3. Biomass, lipid, and lipid yield values of Y. lipolytica strains 

 

The results of the fatty acid composition of the strains are given in Figure 4. As it can be seen from Figure 4, the 

fatty acid composition of lipids of Y. lipolytica strains consisted of myristic, (C14:0), palmitic (C16:0), 

palmitoleic (C16:1), stearic (C18:0), oleic (C18:1n9c) and linoleic (C18:2n6c) acid. Oleic acid showed the 

highest mean value in all strains (Figure 4). It was determined in another study that the amount of this fatty acid 

increased slightly as the level of essential oil added to the medium increased [18]. In this present study, amoung 

the fatty acids, myristic acid showed the lowest mean value. (Figure 4).  

 
Figure 4. Fatty acid composition of lipid produced by Y. lipolytica strains  

 

4 CONCLUSION 
 

According to the results of the study,  the content of oleic acid in the composition of lipids in Yarrowia lipolytica 

strains is very high. The economic production of this lipids, which may be used in food supplements, cosmetic 

additives, oleochemicals and biofuel production, should be the target of future studies. The production and yield 
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of this lipid can be increased by optimizing the medium, controlling the fermentation process, using inexpensive 

carbon resources, genetic manipulation and metabolic engineering techniques. 
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Abstract 

Maillard reaction products that contribute to specific aroma and color are formed 

by Maillard reaction during heat treatment or storage. The reaction is one of the 

important reactions in cooked, grilled, roasted or baked foods.The development of 

the reaction is affected by temperature, pH, water activity, storage time and 

reducing sugar types. It involves a complex sequence of reactions. Amadori 

compounds are the first relatively stable intermediate product of Maillard reaction. 

They are precursors in the formation of color, aroma and flavor compounds in 

processed foods. Furosine, a good indicator of the Maillard reaction, is formed by 

the acid hydrolysis of Ɛ-N-deoxyfructosyl-L-lysine (Ɛ-fructose-lysine) and Ɛ-N-

deoxylactulosyl-L-lysine (Ɛ-lactulose-lysine). It is also evaluated as an important 

indicator of thermal damage in foods. Furosine is used in particular to assess the 

quality of heat-treated milk and cereal products. In this study, the formation of 

furosine and its occurrence in food are reviewed. 

 

1 INTRODUCTION  
 

Maillard reaction is one of the most common non-enzymatic browning reactions occurring between reducing 

sugars and amino compounds [14]. Maillard reaction is a complex sequence of reactions [10, 1]. In the first step 

of the reaction, the carbonyl group of the sugar and the free amino group of the protein form Schiff base 

(glycosylamine). Especially in aqueous solutions glycosylamine is easily hydrolyzed due to the reversibility of 

this step of the reaction [4]. At this stage, two different intermediates, Amadori and Heyns compounds are 

formed [31]. Amadori compounds are known precursors of color, aroma and flavor compounds of processed 

foods [7].  

 

This first part of the Maillard reaction is a first order reaction and it leads to nutrient loss in food. Because amino 

acid and protein that react with sugar are no longer usable for human metabolism [14]. Amadori products are 

then converted to dicarbonyl compounds and then to AGE (Advanced Glycation End Products)’s within weeks. 

The part up to the formation of Amadori products is recyclable, while the later stages are irreversible [22]. Also 

the second step is the step where the color change starts [32]. At the final stage of the reaction, furfural 

compounds are formed with dehydration of sugars. As a result of a complex series of reactions leading to aldol 

condensation and polymerization, colloidal and insoluble melanoidine compounds are formed [15]. Maillard 

reaction products formed as a result of reactions are generally low molecular weight volatile compounds of 

hydrocarbons, alcohols, ketones, aldehydes, esters, ethers and heterocyclic compounds. In addition, less volatile 

compounds with medium to high molecular weight (polyphenols, peptide polymers and complex brown 

pigments)  may also be formed [18].  

 

The formation of Maillard reaction is influenced by temperature, pH, water activity and reducing sugar type [17, 

15]. Applied heat treatment temperature and time increase the formation of these products [2]. As well as high 

temperature storage  long term storage at low temperatures can also lead to the formation of the starting products 

of this reaction [17]. Maillard reaction is important for nutritional value of foods, loss of essential amino acids 

and some other nutrients, formation of different toxic compounds, antioxidant properties of Maillard reaction 

products in addition to the color and flavor properties of foods [21, 18, 6]. Furosine (Ɛ-N- (2-furoylmethyl-L-

lysine), the most distinct and most important indicator of Maillard reaction, recommended as an index of heat 

treatment density and loss of lysine in various foods [5, 24]. In this study, the formation of furosine and the 

current situation in foods were reviewed in the light of the literature. 
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2 FORMATION OF FUROSINE  
 

Furosine, is the result of acid hydrolysis of Ɛ-N-deoxyfructosyl-L-lysine (Ɛ-fructose-lysine) and Ɛ-N-

deoxylactulosyl-L-lysine (Ɛ-lactulose-lysine) and shows the property of the initial Maillard reaction product [17] 

(Figure 1). It is also one of the first identified compounds from Maillard reaction products [11]. This compound 

was first found in the overheated milk hydrolyzate by Erbersdobler and Zucker [12] and then by Finot et al. [13] 

observed that Ɛ--deoxyfructosyl--lysine was formed as a result of acid hydrolysis [7, 5].   

 

 
Figure 1. Initial stage of Maillard reaction with the formation of furosine [11] 

 

Different chromatographic techniques such as gas chromatography, ion exchange chromatography, reverse phase 

HPLC and ion pair reverse phase HPLC can be used to determine furosine in foods [17, 24].  

 

3 OCCURRENCE AND IMPORTANCE OF FUROSINE IN FOODS 

 

Furosine is considered a good marker for the initial phase of Maillard reaction. It is  especially used in the 

evaluation of heat treatment and control of technological processes in dairy products. Furosine is also used in 

foods such as eggs, cooked raw, honey, cheese, marmalade, dough products and tomato products, as a suitable 

indicator for the course of the initial Maillard reaction and also for process parameters [19].   

 

Many factors are effective in the formation of furosine. Chiang [7] stated that storage temperature and time is an 

important factor in the formation of furosine in different foods during storage and found that long-term and/or 

high temperature combinations increase the furosine content. The effects of various internal and external factors 

such as process temperature, storage conditions and fat content on furosin are investigated in dairy products.  

 

In a study on buffalo milk concentrate (Khoa), the effects of two different storage temperatures and duration (7 

days at 30°C and 21 days at 5°C) were examined and an increase in furosine value was found with the 

progression of storage time [8]. In another study conducted to determine the effects of different production 

processes and storage conditions on furosine content in sterile dairy products, furosine content was found to be 

affected by different production processes, storage time and storage temperature. Higher storage temperature and 

longer  storage cause an increase of the furosine content in dairy product. In addition, it was emphasized that the 

degree of heat treatment and storage temperature and time are important parameters to be controlled [33]. The 

effect of fat content on furosine formation was investigated in another study and it was found that the fat content 

did not have a significant effect on furosine formation [9].  
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In a study on milk powder, it was  reported that the amount of furosine increased by storage of milk powders 

produced from concentrated and non-concentrated milk. Furosine was also found to be positively correlated with 

both protein content and storage time, whereas there was no correlation between the moisture content of milk 

powder and furosine [28]. UHT milk has an important share in drinking milk technology. In a study, it was 

found that furosine concentration increased significantly with storage time and temperature of UHT milk stored 

at constant temperatures of 20°C and above. In the same study, it was reported that there was no difference 

between whole milk and skimmed milk in terms of furosine formation and also the increase in temperature 

caused a significant increase in the reaction speed [29]. Smith et al. [27] reported that the amount of protein in 

milk, storage time and storage temperature are important factors on furosine formation. However, in the same 

study, it was emphasized that storage temperature had a greater effect on furosine concentration than protein 

level.  

 

The amount of furosine is an important criterion in determining the shelf life of egg [24]. Indeed, in a study by 

Hidalgo et. al., [17], the effects of different temperatures on furosine formation in fresh eggs (5, 20, 30 and 38oC) 

were investigated. Furosine, which is present in fresh egg albumin at a protein level of about 10 mg/100 g, 

increased during storage and reached to about 100 mg/100 g after 40 days at 20°C. In conclusion, furosine has 

been reported to be a highly reliable index providing information on egg freshness. 

 

The number of studies on the determination of furosine content in cooked meat products is quite limited. In a 

study examining the effect of different temperature and time combinations on the amount of furosine on cooked 

ham, furosine formation was not observed in raw meat while furosine was detected as a result of cooking. Thus, 

it was confirmed that the amount of furosine is an indicator that gives an idea about the degree of heat treatment 

in meat products [24]. Bayrak Kul [3] reported that oil and salt ratios had a significant effect on furosine content 

in roasting and furosine content increased after 4 months of storage (at 4oC). On the other hand, furosine content 

increased during storage in tomato paste and furosin content was reported to be a reliable index for the 

determination of heat damage [16].  

 

It has also been investigated whether furosine is a good index for evaluating the quality and freshness of royal 

jelly. It has been reported that the amount of furosine increased significantly after storage of royal jelly at room 

temperature for 10 months, but no increase in furosin value was observed at 4oC during the same period. The 

results showed that furosine is a good index for evaluating the quality and freshness of royal jelly [19]. Furosine 

content was investigated as an indicator of Maillard reaction in jam and fruit based infant foods. It was found 

that all of the samples examined contained furosine, but the lowest furosine levels were found in fruit based 

infant foods and the maximum furosine content was found in jams containing more than 60% sugar [25].  

 

Roasting is an important process step in hazelnut and similar products. Taş [30] reported that furosine content 

reached the highest value as a result of 15 minutes roasting process at 160 and 170oC in hazelnut and furosine 

value decreased with increasing roasting time. It was also emphasized that furosine can be used as an indicator of 

early glycation of Maillard reaction in hazelnut. 

 

Perez-Burilloa et. al. [23] tea, one of the most consumed beverages in the world, analyzed whether indicator of 

the product quality and process control of furosine during processing and storage. It was concluded that furosine 

is a good indicator for controlling of tea processing and storage, regardless of the type of tea, and can be used to 

control the initial drying stages, particularly in tea processing. 

 

Although corn proteins have a low lysine content, reducing sugars in corn flour can cause glycation of lysine 

during heat treatment. In a study of corn irradiation treated with infrared irradiation, corn samples dried at 38°C 

for 48 hours prior to infrared heating showed relatively high furosine (21.83 mg/g). On the other hand, it was 

observed that the concentration of furosine with infrared radiation increased rapidly (34.96 mg/g) and decreased 

during the subsequent heating [34]. 

 

Maillard reaction can take place during the drying and frying of the flours (soybean, corn, whole wheat-wheat, 

oat-rice) used in the grain industry. In a study conducted in this context, it was reported that furosine detection is 

more suitable for flours with low or high reactivity due to heat treatment sensitivity and furosine value increases 

with increasing thermal damage. In the same study, it was observed that whole wheat contains higher furosin due 

to its higher protein content compared to wheat or other flours. [26]. In a study on breakfast cereals, it was stated 

that breakfast cereal formulation, along with processing conditions, played a key role in the formation of 

furosine because it precisely influenced the concentration of the precursors [20].   
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4 CONCLUSION 
 

Furosine, which is an indicator of lysine loss in the initial stages of  Maillard reaction, has been identified as an 

important parameter in the evaluation of the heat treatment and storage process in foods. It has been found that 

that increasing the degree of heat treatment and prolonger storage increase the level of furosin in food. Based on 

all these results, it is thought that furosine can be used as an important indicator in determining the degree of heat 

treatment and monitoring of the storage process in many foods.  
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Abstract 

In this study, stabilization with silica fume was investigated within the scope of  

soil stabilization.  The aim of this study is to investigate the changes in engineering 

properties of soil as a result of using silica fume as an additive in soil stabilization. 

The test samples were prepared by adding 5%, 10%, 15% and 20% of silica fume 

to the natural soil which is a high plasticity clay (CH) according to the Unified Soil 

Classification System. The curing times for unconfined compressive strength tests 

were determined as 7 and 28 days. Durability behavior of the samples were 

examined by applying wetting-drying cycles and freeze-thaw tests to the prepared 

samples. As a result of the study, it was determined that silica fume increase the 

strength values after curing periods and has positive effects on the soil durability in 

terms of freeze-thaw test.  It was observed that silica fume has insignificant effect 

in wetting-drying cycles. 

 

1 INTRODUCTION  
 

The main purpose of soil improvement methods is to improve the properties of soils which are weak in terms of 

engineering properties such as strength, durability and permeability. The methods to be used to solve the 

problems of the soils which are insufficient in terms of engineering properties are as follows; 

 

 Scraphing the unwanted soil and replacing it with a suitable soil, 

 Increasing the quality of the material used in the superstructure project and changing the dimensions of 

the structural elements, 

 Stabilization engineering properties of the soil [1]. 

 

Puzolans are materials containing a large amount of colloidal elements and silica in their structure. The 

pozzolans, which poor binding properties alone or have no binding properties, gain binding properties when 

combined with another binder, lime or cement. 

 

The puzolans take their name from the town of Pozzuoli in Italy. BC The ancient Romans added glassy volcanic 

soil into lime with this material and they have obtained a material with a hydraulic property. In our country, there 

are many natural puzolan sources in the Black Sea, Central Anatolia, Mediterranean, Marmara and Aegean 

regions [2]. 

 

Silica fume is an industrial by-product with puzolanic properties, which is caused by the reduction of silicon 

metal alloys or silicon metal to quartz with a high purity of 2000 °C temperature. Very high amount of SiO gas 

occur during this process. SiO gas passes into amorphous SiO2 state by contacting with cold air and condensing. 

This exposed material is called "silica flour", "microsilika" or "silica fume".  

 

Silica fume has great pozzolonic properties because it is a very fine-grained, amorphous material and contains 

high amount of SiO2 [3]. Silica fume is usually gray in color. As the carbon content increases, the color darkens. 

when mixed with water the color turns black [4]. The aim of this study is stabilization of high plasticity clayey 

soil with silica fume in different ratios and curing periods. 
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2 MATERIAL AND METHOD 
 

2.1 Material 

 

The materials used in this study are natural soil and silica füme. Samples were prepared by adding silica fume in 

5%, 10%, 15% and 20% ratios to the soil. The class of the soil used during the study was determined as high 

plasticity clay (CH) according to USCS system. The notation of test samples is given in Table 1. 
 

Table 1. The notations of test samples 

Mixing ratios of test samples                        Notation 

Natural soil        S 

Natural soil and 5% silica fume                   SS/5 

Natural soil and 10% silica fume                   SS/10 

Natural soil and 15% silica fume                                 SS/15 

Natural soil and 20% silica fume                    SS/20 

 

2.2 Methods 

 

Sieve analysis was conducted to determine soil class. In accordance with the Unified Soil Classification System, 

the soil class is specified as high plasticity clay (CH). The different behavior of the soil depending on the water 

content has been expressed experimentally by Atterberg. Atterberg limits are mainly liquid limit and plastic limit 

[5]. In the scope of this study, cone penetrometer method was used for liquid limit test. 

 

Compaction is a mechanical process that makes the soil tighter if the soil is laid down in layers. The purpose of 

the compaction is to obtain the maximum density in the minimum air space. In this study, the optimum water 

content value corresponding to the maximum dry density value of the sample was determined by applying 

standard compaction test. Previously dried amount of soil is used for this test. A certain amount of water is 

added to this soil and mixed well.  The prepared sample is compressed into a cylindrical steel mold in 

accordance with the standards by hitting 25 mallet strokes on each layer in the form of three stages. The 

compressed soil is then removed from the mold without losing its volumetric stability. After the extracted 

sample is divided into 3 equal parts, water content test is performed on one part. This process is repeated at least 

five times by adding water to the sample. The data obtained from the experiment are indicated on the graph ρk–w 

and the compaction graph is drawn. From the peak of this graph, wopt and ρkmax are found [6]. 

 

After compaction test, the unconfined compressive strength test was performed. This test is mostly used to 

determine the strength of clayey soils. Within the scope of this study, cylindrical samples of 50 mm diameter and 

100 mm height were prepared. The prepared samples were cured in desiccator for 7 and 28 days and then 

subjected to unconfined compressive strength test. Samples were subjected to 12 wetting-drying cycles at the 

end of 28 days. Firstly, the weight of the test specimens in the dry state at the end of curing was weighed. Then, 

the samples were left into the water filled tank prepared for this test. The next day the samples were taken from 

inside the water and left to dry in a dry place and 24 hours later, the samples which were left to dry were 

weighed. This process was completed in the form of 12 wetting-drying cycles. At the end of the test, it was 

determined whether the samples were able to maintain their volumetric stability or not by examining the mass 

losses in the samples.  

 

Cylindrical samples with a diameter of 50 mm and height of 100 mm were prepared for freeze-thaw test. These 

samples were cured in a desiccator for 28 days and placed in a freeze-thaw cabinet and subjected to 12 freeze-

thaw cycles. There were 12 cycles to be 1 day at -20 and 24 °C in the freeze-thaw cabinet. After the completion 

of this cycle, the samples were subjected to unconfined compressive strength test and their strength was 

determined. 

 

3 RESULTS 
 

In consistency limits tests, the lowest liquid limit value was determined from the SS/20 sample and the highest 

plastic limit value was observed in the SS/15 sample.  While the highest liquid limit value was observed in SS/5 

sample, it was found that the liquid limit value decreased in increasing rates. 

 

When compaction parameters were examined, the highest maximum dry density was determined in the SS/10 

sample. Silica fume added to S samples caused a reduction in maximum dry densities. When the unconfined 

compressive strength test results of the samples prepared for 7 and 28 days were examined, it was determined 
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that there were an increase up to SS/15 sample. The ratios of silica fume added to S samples caused an increase 

in unconfined compressive strength test values. Unconfined compressive strength test results of the samples were 

given in Table 2. Unconfined compressive strength test graphs after 7 and 28 days of curing period are given in 

Figure 1 and Figure 2, respectively. 

 

Table 2.  Unconfined compressive strength test results of S and SS mixtures 

 

 

Sample 

Unconfined Compressive Strength (kPa) 

Curing Time 

7 days 28 days 

S 115,2 120,3 

           SS/5 118,3 127,0 

SS/10 124,7 192,2 

SS/15 167,5 267,5 

SS/20 159,5 221,5 

 

 
Figure 1. Unconfined compressive strength test graph of test mixtures after 7 days of curing. 

 

 
Figure 2. Unconfined compressive strength test graph of test mixtures after 28 days of curing. 

 

When the freeze-thaw test results were examined, an increase up to SS/15 sample was observed as in the 

unconfined compressive strength test values but it decreased in higher ratios. The strength values after freeze-

thaw test were lower than the 28-day unconfined compressive strength values. Unconfined compressive strength 

results after freeze-thaw tests are given in Table 3. The unconfined compressive strength results graph of SS 

mixtures after freeze-thaw test is given in Figure 3. 
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Table 3.  Unconfined compressive strength results of S and SS mixtures after freeze-thaw test 

Sample Unconfined Compressive Strength (kPa) 

S 96,3 

SS/5 99,2 

SS/10 153,2 

SS/15 181,0 

SS/20 152,1 

 

 
Figure 3. The unconfined compressive strength results graph of SS mixtures after freeze-thaw. 

 

In the light of wetting-drying cycle test results, it was determined that SS/5, SS/10 and SS/15 samples lost their 

volumetric stability at the end of the second cycle and SS/20 lost its volumetric stability at the end of the first 

cycle. Wetting-drying cycle test results and illustration of the samples are shown Figure 4 and Figure 5, 

respectively.  

 

 
Figure 4.  Wetting-drying cycle of the samples. 
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Figure 5. Illustration of wetting-drying cycle samples. 

 

4 CONCLUSION 
 

As a result of this experimental study, it was concluded that the silica fume, which is an additive, has a positive 

effect on the strength behaviour. It was seen that silica fume was not effective for wetting-drying cycles, the 

samples were lost their volumetric stability. Finally, it was concluded that silica fume increases the strength data, 

does not have a significant effect on wetting-drying cycles and has a positive contribution to the strength data 

after freeze-thaw cycle compared to natural soil. 

 

References  
 

[1] İ. Balta, "Doğu Karadeniz Bölgesi topraklarının çimento ve kireçle stabilizasyonu," Blacksea Technical 

University, Institute of Science, Trabzon, 1984.  

[2] A. Okucu, "The Puzzolanic characteristics of the zolitic and perlitic tuffs in Bigadic and Turnatepe 

(Balıkesir) areas," Balıkesir University, Institute of Science, Balıkesir, 1998. 

[3] T. Y. Erdoğan. Beton, Ankara: The Middle East Technical University Press, 2003. 

[4] Malhatra, V. M. (1997). "Mineral admixtures. concrete construction engineering handbook," New York: 

Nawy Edward G.CRC Press, 1997, 27-36.  

[5] A. Atterberg, "The behaviour of clays with water, their limits of plasticity and their degrees of plasticity," 

Kungliga Lantbruksakademiens Handlingor Och Tidskrift, 50(2), 1911, 132-158. 

[6] B. A. Uzuner, With Solved Problems Fundamentals of Soil Mechanics, Derya Bookstore, Trabzon, 2007. 

1648



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*fyilmaz@bayburt.edu.tr 

Stabilization of Clayey Soil under Freeze-Thaw Effect with Lime and 

Marble Powder  

 
Fatih YILMAZ*, Ersin DEMİR 

 
Bayburt University, Civil Engineering Department, Bayburt, Türkiye 

 

Keywords:  
Soil stabilization, 

lime, 

marble powder, 

freeze-thaw cycle 

 
Abstract 

The aim of this study is to investigate the changes in engineering properties of the 

soil as a result of the use of marble powder and lime in soil stabilization.. The test 

samples were prepared by adding lime in optimum ratio (6%) and 5%, 10%, 15% 

and 20% of marble powder to the natural soil which is a high plasticity clay (CH) 

according to the Unified Soil Classification System. The curing times for 

unconfined compressive strength tests were 7 and 28 days. Durability behavior of 

the samples were examined by applying freeze-thaw cycle to the prepared samples. 

The use of lime and marble powder together increased the strength values 

compared to the use of lime only and natural soil. It was concluded that the co-use 

of lime and marble powder had a positive effect on durability behaviour of high 

plasticity clayey soil. 

 

1 INTRODUCTION  
 

The use of lime improves the engineering properties of soils, especially clayey soils. Lime stabilization is one of 

the most applied methods in airport and highway pavement [1]. In the light of literature studies, it was found that 

lime reduces the plasticity index of the soil when applied to clayey soils [2]. As the ratio of lime increases, the 

liquid limit value decreases and the plastic limit value increases [3]. In the literature, it was determined that the 

addition of more than 10% lime to the soil had no significant effect on strength values [4]. In the study 

conducted by Bell (1996), the optimum lime ratio was found to be between 4-6% [5]. Marble is rock with a high 

amount of CaCO3 in its structure. The marble, which is a pure calcium carbonate composition, is white and 

translucent [6]. Due to the very small structure of marble powder particles and similarity with lime, it can be 

preferred instead of lime for the stabilization of fine-grained soils. [7]. In this study, the usability of marble 

powder and lime under freze-thaw effect in soil stabilization were investigated. 

 

2 MATERIAL AND METHOD 
 

2.1 Material 

 

The materials used in the study are high plasticity clayey soil, lime and marble powder. In this study, the index, 

strength and durability properties of the soil with these additives were examined. The soil used in this study was 

taken from a research pit located in Demirözü District of Bayburt Province. Material taken from this region with 

an altitude of 1975 m was brought to Bayburt University Geotechnical Laboratory. The material was taken from 

a depth of approximately 2 m from the soil surface. Samples were prepared by adding 5%, 10%, 15% and 20% 

marble powder and 6% lime (optimum lime ratio) to the soil. Notation of test samples is given in Table 1. 

 

Table 1. The notations of test specimens 

Test specimens                     Notation 

Soil        S 

Soil and lime      SL 

Soil, lime and %5 marble powder    SLM/5 

Soil, lime and %10 marble powder    SLM/10 

Soil, lime and %15 marble powder                 SLM/15 

Soil, lime and %20 marble powder    SLM/20 
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2.2 Methods 

 

Sieve analysis show that the soil class is high plasticity clay (CH). Atterberg limit tests were conducted in the 

scope of this study. Atterberg limits are mainly liquid limit and plastic limit [8]. Cone penetrometer method was 

used for liquid limit test. In addition to sieve analysis and Atterberg limit tests, other experiments performed in 

this study were compaction, unconfined compressive strength and freeze-thaw tests. The dimensions of the 

samples used in the experiments were 50 mm in diameter and 100 mm in height. 

 

3 RESULTS 
 

The lowest liquid limit value was determined in SLM/20 sample and the highest plastic limit value was observed 

in the SLM/10 sample as a result of liquid limit tests. When marble powder was added to SL samples, decrease 

in liquid limit values was detected and increase in plastic limit values were observed. In the light of compaction 

test results, the highest maximum dry density was determined in the SLM/20 sample. According to the results of 

the unconfined compressive strength test, there were increases in strength values up to SLM/10 mixture. SLM/10 

is the sample with the highest compressive strength. After 7 days and 28 days curing times, the strength values 

obtained were consistent with each other. Unconfined compressive strength test results were given in Table 2. 

Graphs of unconfined compressive strength test results are given in Figure 1 and Figure 2, respectively. 

 

Table 2.  Unconfined compressive strength test results of SL and SLM mixtures 

 

Sample 

Unconfined Compressive Strength (kPa) 

Curing Time 

7 days 28 days 

SL 560,2 657,0 

SLM/5 621,0 672,0 

SLM/10 778,3 981,2 

SLM/15 710,4 937,5 

SLM/20 685,3 861,2 

 

 
Figure 1. Unconfined compressive strength of SLM mixtures after 7 days of curing. 
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Figure 2. Unconfined compressive strength of SLM mixtures after 28 days of curing. 

 

When the freeze-thaw test results were examined, an increase up to SLM/10 sample was observed as in the 

unconfined compressive strength test values but it decreased in higher ratios. Compared with the unconfined 

compressive strength values, the strength values after freeze-thaw tests were lower than the 28-day unconfined 

compressive strength values while higher than 7-days of curing period. Unconfined compressive strength results 

after freeze-thaw tests are given in Table 3 and Figure 3, respectively. 

 

Tablo 3.  Unconfined compressive strength results of SL and SLM mixtures after freeze-thaw test 

Sample Unconfined Compressive Strength (kPa) 

SL 640,2 

SLM/5 649,0 

SLM/10 822,5 

SLM/15 800,0 

SLM/20 770,1 

 

 
Figure 3. The unconfined compressive strength results graph of SLM mixtures after freeze-thaw test. 
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4 CONCLUSION 
 

In the light of this experimental study which investigated the effect of lime and marble powder on soil 

stabilization under freeze-thaw effects, it was determined that the use of lime and marble powder as an additives 

increase the strength data compared with specimens containing only lime. A similar behavior was observed as a 

result of the freeze-thaw test.  
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Abstract 

With the rising of the population in the world, consumption of cooking oils increases, 

too. Thus, the problem of removing waste cooking oils (WCO) occurs. In this paper, 

a solution for this problem were investigated. To that end, usage of the WCO in 

asphalt pavements have been studied. In asphalt pavements, the coating layer is 

subjected to various damages such as cracking and rutting, along with an increase in 

traffic load throughout its service life. Many researchers are trying to improve the 

physical, mechanical and rheological properties of the asphalt binder by replacing 

asphalt binders with various additives to prevent this degradation. Recently, Styrene-

Butadiene-Styrene (SBS) used commonly to enhance the properties of the bitumen 

by other researchers and companies. It is well known that SBS has a high mixing 

temperature and causes more energy consumption than traditional binders in the 

mixing process. In this study new bitumen was produced by adding different amounts 

of vegetable waste oil (%1, %3, %5, %7, %9) as additive to SBS modified bitumen. 

The effect of the WCO on the physical and rheological properties of SBS modified 

bitumen were investigated in the laboratory by Penetration, Softening Point, 

Ductility, Nicholson Stripping, Trichlorethylene Solubility, Rotational Viscometer 

(RV) experiments. According to the test results, the workability of bitumen 

increased, and the mixing and compaction temperatures decreased. As a result, it has 

been determined that the additive used makes the SBS modified bitumen more usable 

also saves energy in the asphalt plant. 

1 INTRODUCTION  
 

With the increasing population in the world from past to present, highway transportation is of great importance. 

With the rise of living standards and economic development, the traffic volumes on the roads and the continuous 

increase in traffic loads, together with the effects of climate and environment, deformations in asphalt pavements 

lead to rutting and cracks. For this reason, the service life of the pavement is shortened, road comfort decreases 

and maintenance and repair work increase. This creates a serious economic disadvantage and it is very important 

to improve the material properties and performance of asphalt pavements [1]. Modifications are made by adding 

many different types of additives to bitumen or asphalt concrete in order to reduce these deformations. Various 

polymers, carbon-based materials and waste materials are used for these modifications [2]. Eventually, lots of 

modifiers such as styrene-butadiene-styrene (SBS) [3,4], waste cooking oil [5,6], ethylene-vinyl-acetate (EVA) 

[7], crumb rubber [8], used to improve performance of asphalt.  

 

Since recycling of waste materials is important for sustainability in recent studies, there is a tendency to turn to 

such additives. In this scientific study, bitumen modification has been realized by adding waste cooking oil additive 

to SBS modified bitumen which is used frequently in recent years. It is a common fact that the workability of SBS 

modified bitumen is difficult and it is aimed to improve the workability performance of bitumen with this additive. 
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2 MATERIAL AND METHOD 
 

2.1 Materials 

 

In order to improve mechanic properties of asphalt pavements, waste cooking oil with five different ratios (%1, 

%3, %5, %7, %9) is added to binders that modified with SBS additive. PG 76-16 SBS modified asphalt binder 

was obtained from Habipler construction area of İSFALT A.Ş. Waste Cooking Oil additive was obtained from 

DEGEM YAĞ ve KİMYA SAN. LTD. ŞTİ. Company. 

 

2.2 Preparation of Modified Binder 

 

SBS modified bitumen was heated in an oven at 180°C until it becomes liquefied. 400 gr heated bitumen for each 

beaker poured into 6 beakers with 600 ml volume. Waste Cooking Oil added by weight of the bitumen (w/w) to 

each of beakers. The ratios were %1, %3, %5, %7 and %9, so that 4 g, 12 g, 20 g, 28 g and 36 g WCO added to 

beakers, respectively. Modified asphalt binder was produced by mixing for 1 hour at 1000 rpm and 150ºC by 

means of a mechanical four-armed mixer (Figure 1).  

 

 
Figure 1. Preparation of the modified binder by means of a mechanical four-armed mixer. 

 

2.3 Conventional Tests 

 

In order to determine asphalt consistency, solubility and stripping resistance, penetration test, softening point test, 

ductility test, Nicholson stripping test and Trichlorethylene solubility test were used. 

 

2.3.1 Penetration Test 

 

In penetration test (Figure 2), a needle penetrates asphalt sample under 100 g loading at 25 °C for 5 s according to 

ASTM D-5 test standard and the depth of the needle inside asphalt sample is measured. The measured value refers 

the penetration grade of asphalt sample. Increasing penetration value means decreasing and softening of the asphalt 

samples, whereas decreasing penetration value means the hardness and consistency of the asphalt samples. 

 

 
Figure 2. Penetration Testing Apparatus 
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2.3.2 Softening Point Test 

 

In softening point test (Figure 3), according to ASTM D-36, a steel ball on a ring filled with bitumen sample is 

cooled in a water bath oven with 5°C ice water. After kept for 15 min, the sample is heated with a heat-up rate of 

5°C/min. When the ball falls 25.4 mm, the temperature is the softening point of the sample. It has direct influence 

on the required mixing temperature when incorporating the binder into a bituminous mixture.  

 

 
Figure 3. Softening point test apparatus. 

 

2.3.3 Ductility Test 

 

In ductility test (Figure 4), according to ASTM D113, bitumen strip stretched in 10°C ice water bath oven and 

stretching velocity is 5 cm/min in ductility rheometer. When the sample is broken up, the length is the ductility. 

This value gives an idea about the bonding capability of the bitumen. 

 

 
Figure 4. Ductility test apparatus. 

 

2.4 Rotational Viscosity Test 

 

In Rotational Viscosity (RV) test, according to ASTM D-4402, a Brookfield viscometer DV2T (Figure 5) was 

used on the modified bitumen. By measuring the torque required to maintain a constant rotational speed (20 rpm) 

of a cylindrical spindle while submerged in bitumen maintained at a constant temperature (at 90ºC, 105ºC, 135ºC, 

165ºC and 180ºC) the rotational viscosity value was determined. The viscosity-temperature relationship was 

developed to determine the mixing and compaction temperature. When the viscosity value increases, resistance 

against rutting, mixing and compaction temperatures increase. 
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Figure 5. Rotational viscosity test apparatus. 

 

3 RESULTS 
 

3.1 Conventional Tests Results 

 

The results of penetration test and softening point test on the modified bitumen samples are shown graphically in 

Figure 6 and Figure 7, respectively. 

 

 
Figure 6. Penetration values of modified asphalt binders with SBS and WCO. 

 

 
Figure 7. Softening points of modified asphalt binders with SBS and WCO. 

 

From the Figure 6, adding WCO to SBS modified bitumen increased the penetration value of SBS modified 

bitumen without WCO additive. This result indicates there is a softening effect of WCO on bitumen. Adding WCO 

to SBS modified bitumen at ratios of %1, %3, %5, %7, %9 increased penetration values %48.5, %125.7, %240, 

%322.9, %414.3, respectively. 
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From the Figure 7, adding WCO to SBS modified bitumen decreased the softening point of SBS modified bitumen 

without WCO additive. This result also indicates there is a softening effect of WCO on bitumen. Adding WCO to 

SBS modified bitumen at ratios of %1, %3, %5, %7, %9 decreased softening point values %5.1, %6.7, %10.7, 

%14.2, %17.3, respectively. 

 

Results of ductility tests are shown in Figure 8. From this figure one can see for all the modified binder ductility 

values are over 100 cm and this means that modified binders ensured specification limits. Also increasing WCO 

ratio did not changed ductility value of the SBS modified binder. It is seen that as the amount of additive increases, 

the ductility values remain the same, in the other words, the additive does not change the cohesion property of the 

asphalt binder. 

 

 
Figure 8. Results of ductility tests. 

 

3.2 Rotational Viscosity Test Results 

  

Viscosity values of modified binders at 90 °C, 105 °C, 135 °C, 165 °C and 180 °C are shown in Table 1 and Figure 

9.  

 

Table 1.  RV test results, Cp. 

Modified Bitumen 90 °C 105 °C 135 °C 165 °C Z 

SBS 40750 17500 1850 450 250 

SBS+%1 25100 7950 1100 275 150 

SBS+%3 19150 6000 800 250 125 

SBS+%5 12000 4200 700 225 100 

SBS+%7 8000 3400 550 200 100 

SBS+%9 5900 2500 400 150 75 

 

100+ 100+ 100+ 100+ 100+ 100+

60

80

100

SBS SBS +

%1

SBS +

%3

SBS +

%5

SBS +

%7

SBS +

%9

Ductility, cm

1657



Effect of Waste Cooking Oil Use in the Modification of SBS Modified Asphalt Binder ICADET ‘19 

 

 

 
Figure 9. Viscosity values of modified bitumen. 

 

From Figure 9 one can see that as temperature increased viscosity of modified bitumen decreased, as expected. 

The reason behind that expected behaviour is the viscoelastic property of bitumen. In this study, changes in the 

viscosity values depending on the additive WCO amount have greater importance. From Figure 9, as the additive 

amount of the WCO increases, viscosity values decrease. This result indicates there is a softening effect of WCO 

on the SBS modified bitumen. 

 

Viscosity values are related with the mixing and compaction temperatures. High viscosity value refers high mixing 

and compaction temperature, thus causes more energy consumption in facilities. The mixing and compaction 

temperatures were determined for each binder by using the 170 ± 20 and 280 ± 30 cP viscosity values, respectively. 

The values are given in Table 2 and Figure 10. It has been recommended for the modified bitumens that the mixing 

and compaction temperatures must not exceed 180 °C in order to prevent damage in binder resulting from the 

excessive heating [12]. 

 

Table 2. Mixing and compaction temperatures of modified bitumens. 

Modified 

Bitumens 
Mixing Temperatures (°C) Compaction Temperatures (°C) 

SBS 187.5 184.5 180 175.5 

SBS + %1 180 175.8 168 163.8 

SBS + %3 177 172.2 165 161.7 

SBS + %5 174 169.2 163.4 159.6 

SBS + %7 172.5 166.5 161 156.2 

SBS + %9 165 160.2 153 146 
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Figure 10. Viscosity-Temperature graphic of modified bitumen. 

 

4 CONCLUSION 
 

Considering the penetration test, the penetration value of the modified bitumen increased with the increase of the 

additive ratio, and the softening point temperature values decreased in the softening point test. These values 

indicate that the modified bitumen consistency decreases and the temperature sensitivity increases. The cohesion 

property of modified bitumen did not change and the cohesion property of SBS modified bitumen was not affected 

despite the increased additive rate as a result of ductility test. As a result of RV test, the viscosity of bitumen 

decreases with increasing oil contribution. It has been observed that the workability of SBS modified bitumen, 

which is difficult to process, is increased. 

 

When the test results are evaluated collectively; Waste Cooking Oil (WCO) Additive, improves the workability of 

bitumen, thus facilitating the production of asphalt mixtures energy saving in mixing and compaction results were 

reached. 
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Abstract 

In this study, stabilization with lime was investigated within the scope of clayey soil 

stabilization. The main aim of the study is to examine the grindability of the lime, 

which is additive and investigate the effect of grinded lime on strength properties of 

the soil. The grindability of the lime was examined and ungrinded lime, 90% of 

which is below 48 microns, was reduced to less than 20 microns levels. The test 

samples were prepared by adding 2%, 4%, 6%, 8% and 10% of grinded and 

ungrinded lime to a low plasticity clay according to the Unified Soil Classification 

System. Curing times for unconfined compressive strength test were 1, 7, 14 and 28 

days. The properties of the prepared mixtures were investigated by their geotechnical 

properties such as index and strength and. As a result of this study, it was found that 

the strength data obtained with grinded lime was 24% higher than that of ungrinded 

lime. 

1 INTRODUCTION  
 

Chemical and mechanical improvement methods are generally used in soil stabilization. Mechanical stabilization 

is the modification of the hydraulic, physical and mechanical properties of soils by physical processes [1]. 

Stabilization with lime is one of the stabilization method in the scope of chemical stabilization. It was used by 

ancient Babylon, Egypt, China, Persians and Hittites. The Romans used lime for road construction and in-water 

construction. It is known that the volcanic ash extracted from Pozzuoli near Rome reacts with lime and gains more 

stability [2]. 

 

Water must be present in the environment for necessary reactions of lime stabilization [3]. In the stabilization 

applications with lime,  the chemical structure of clayey material deteriorates and the material cannot return to its 

original state [4]. Stabilization with lime can be performed after determining the optimum lime ratio. This 

stabilization method which applied in cohesive soils reduces the plasticity index [5]. 

 

With lime stabilization; cation exchange, flocculation, aggregation and cementation occur [6]. Eades and Grim [7] 

added different amounts of lime to the soil and made compressive strength tests. According to the results of the 

study, it was observed that there was an increase between 200-1000% with the increase in the amount of lime and 

proved that the contribution to the soil strength of the stabilization made with the addition of lime to the soil 

continued even after 10 years [8]. 

 

Generally, lime stabilization is not effective on soils containing organic matter [9]. The presence of more than 5% 

organic matter in the soil can stop the reactions in clayey soil stabilization [10]. Organic matter and sulphate ions 

do not foresee that it affects the stabilization negatively at the beginning, but during the wetting-drying periods, 

the soil crumbles and dissipates [10]. 

 

Although there are many studies in the literature about lime stabilization, no studies have been found on the lime 

fineness effect of strength values. Therefore, in this study, soil stabilization with grinned and natural lime was 

examined. 
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2 MATERIAL AND METHOD 
 

2.1 Material 

 

Clayey soil used in this study were obtained from an area in Demirözü district of Bayburt province at an altitude 

of 1975 and at a depth of approximately 1.5 m from the surface. Lime used in the experiments is hydrated lime 

produced by Karsan Kireç Sanayi ve Ticaret A.Ş. 

In order to determine the fineness effect of lime, the hydrated lime was subjected to grinding process. The type of 

the soil used in the study was determined as low plasticity clay (CL) according to ASTM D 2487 [12]. The notation 

of test samples is given in Table 1. 

 

Table 1. The notation of test samples 

Test samples                     Notation 
Natural soil        S 

Natural soil and lime       SL 

Natural soil and grinded lime      SGL 

Natural soil and 2% lime (Group 1)*      SL2 

Natural soil and 4% lime (Group 1)      SL4 

Natural soil and 6% lime (Group 1)      SL6 

Natural soil and 8% lime (Group 1)      SL8 

Natural soil and 10% lime (Group 1)      SL10 

Natural soil and 2% grinded lime (Group 2)*     SGL2 

Natural soil and 4% grinded lime (Group 2)     SGL4 

Natural soil and 6% grinded lime (Group 2)     SGL6 

Natural soil and 8% grinded lime (Group 2)     SGL8 

Natural soil and 10% grinded lime (Group 2)     SGL10 
* Group 1: Ungrinded lime 

* Group 2: Grinded lime at 650 rpm for 5 minutes with ball mill  
 

Sieve analysis and laser diffraction method were applied to the undisturbed soil. In the determination of the grain 

size distribution under the No. 200 sieve, the percentage of the clay determined in the laser diffraction method is 

more reliable than that determined by the hydrometer and pipette method. The most important reason for this is 

the shape of the grain. The clay grains are generally platy and leafy. They collapse slowly in water. According to 

Stokes' law, the oval grains are calculated as smaller grains. The advantages of the laser diffraction method are 

shorter measurement times, the storability of the test results and the ability to measure the suspended and non-

collapsing material [13]. For these reasons, laser diffraction method was applied in experimental studies.  

 

2.2 Methods 

 

In this study, firstly, the grindability of the lime was examined. According to the results of laser diffraction test 

performed with the Mastersizer Hydro 3000, 90% of the lime grains not subjected to any grinding were found to 

be under 48 microns and specific surface area was determined as 266.5 cm2/g. 

 

In the grinding process of lime grains, coarse grinding was carried out by trial and error method for optimum 

grinding process. 400 g lime were mixed with the ball of 3200 g and 7000 g in 5, 10 and 20 minutes in the Los 

Angeles abrasion machine. As a result of the mixing, there were differences between the grinded lime and the 

ungrinded lime but since the lime could not be brought to the desired size, the process was changed to grinding 

process with nano grinder. 

 

After the grinding at 250, 500 and 650 rpm for 5, 15, 30 and 45 minutes in nano grinder, which has two bowl and 

contains 25 pieces of ball in it and each of balls which weighs about 4 grams, the optimum result was obtained 

with 5 minutes of grinding at 650 rpm.  

 

After the grinding process completed, the mixtures was prepared by adding 2%, 4%, 6%, 8%, and 10% grinded 

and ungrinded lime to clayey soil and consistency limits were tested according to the standard of ASTM D 4318 

[14].  

 

After the consistency limits experiment, 66 compaction test was carried out to obtain optimum water content and 

maximum dry density. 
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After determining the optimum water content of the prepared mixtures, the unconfined compressive strength test 

was started. In order to perform the unconfined compressive strength, test samples were prepared. The experiment 

was carried out in 3 main stages. Prepared samples are cylindrical samples of 50 mm diameter and 100 mm height 

and subjected to 1, 7, 14 and 28 day cures.  

 

3 RESULTS 
 

The results of the unconfined compressive strength test of the samples are given in Table 2. Figure 1 shows the 

unconfined compressive strength test values after 28 days of curing. 

 

Table 2.  Unconfined compressive strength test results of SL and SGL mixtures 

Sample/Curing 

Time 
Unconfined Compressive Strenght (kPa) 

1.day 7.day 14.day 28.day 

S 143,5 145,8 146,4 146,9 

SL2 381,5 451,4 551,4 663,1 

SL4 529 1049,1 1422,05 1865,5 

SL6 587,2 1286,2 1537,9 2073,4 

SL8 576,4 1185,4 1469 1804,5 

SL10 514,5 872,3 1472,6 1610,8 

SGL2 420,9 488,8 516,3 579,7 

SGL4 442,2 1199,4 1610,8 1705,2 

SGL6 572,9 1490,0 1850,5 2562,3 

SGL8 581,2 1083,4 1554,4 1745,6 

SGL10 527,5 746,5 1381,1 1472,0 

 

 
Figure 1. Unconfined compressive strength values of SGL and SL mixtures after 28 days of curing period 

 

At the beginning of this experimental study, 90% of the lime grains that were not subjected to any grinding process 

were under 48 micron. After grinding process 90% of the materials decreased under 20 micron as a result of a 5 

minute grinding at 650 rpm and specific surface area increased more than 11 times up to 3135 cm2/g. 

 

In general, the liquid limit values of SL mixtures containing ungrinded lime were less than SGL mixtures 

containing grinded lime. As the percentage of lime increases in SL and SGL mixtures, there have been decreases 

in liquid limit values.  
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The highest maximum dry density value was observed in SL2 sample while the lowest in SL10 sample. By 

increasing the ratio of grinded lime, maximum dry density decreased and optimum water content increased. 

Generally, maximum dry density of samples ranges from 1.59-1.64 mg/m3 and optimum water content is between 

21.5-22.5%. With the addition of lime to the natural soil, there were increases in the optimum water content while 

the maximum dry density values decreased. It was seen that there were similar results between normal lime and 

grinded lime added to natural soil. The grinding process of lime did not cause significant differences in optimum 

water content and maximum dry density values. 

 

After 24 hours of curing period, strength value of SL6 sample reached the highest level. This value is 4 times 

greater than the natural soil sample. In the samples prepared by adding grinded lime, the highest value after 24 

hours of curing period was seen in SGL8 sample. After 7 days of curing period, strength value of SL6 sample 

increased approximately 9 times compared to the natural soil. Fineness effect became apparent and SGL6 sample 

showed 10 times more strength than the natural soil sample. At the end of 14-days curing period, strength value 

of SL6 sample increased 20% and SGL6 sample increased 25% compared to 7 days unconfined compressive 

strength test values. After 28 days unconfined compressive strength test result of SL6 sample was reached 2073.4 

kPa value and showed 14 times more strength than natural soil sample. The SGL6 sample was reached 

approximately 18 times more strength than natural soil and the strength value of this sample was 2562.3 kPa. 

 

4 CONCLUSION 
 

As a result of this experimental study in which the effect of the additive in soil stabilization was investigated, it 

was concluded that the lime which is additive can be grinded up to 20 micron sub-materials. The use of grinded 

lime in stabilization of low plasticity clays has a positive and significant effect on the strength behavior.  
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Abstract 

Turkey is home of a very rich geography and cultural heritage which is seen in the 

contemplation of its history. As in every society, efforts are being made to protect 

the existing cultural heritage in our country. It is our responsibility to protect, 

maintain and strengthen this heritage. Most of the buildings representing the richness 

of our culture are masonry structures. In the performance examination of these 

structures, there are difficulties in determining and interpreting their performances 

due to the properties’ variabilities of materials used in their construction. In this 

study, a masonry building located in Bayburt a western city of Turkey built between 

1941-1942 using Bayburt stone was examined, information about construction 

technique, soil properties and material properties as well as existing problems of the 

structure were compiled and observed.  The values obtained as a result of a survey 

study performed on the structure were moved to AutoCAD program and modeled 

with StatiCAD-Masonry Program. It was aimed to compare the earthquake 

performance analysis of the structure according to Old (DBYBHY-2007) and New 

TBDY (2018). In the light of the analyzes, the structural performance of Bayburt 

stone was examined and analyzed according to regulations. 

1 INTRODUCTION  
 

It is an undeniable fact that our country is highly prone to earthquakes. 93% of Turkey's territory is located in an 

earthquake zone. there have been 182 major earthquakes in Turkey since 1900 [1]. We must be aware of 

earthquakes in order to be prepared to survive one. Among the major reasons for buildings to be non-earthquake 

resistant are, the non-usage of known earthquake resistant engineering techniques in buildings, the non-application 

of any building control mechanisms and the inadequacy of engineers [2]. In our country, masonry structures 

constitute a significant part of buildings. Mostly masonry structures emerge in rural areas, in urban areas after 

1980s and in central settlements that are growing as a result of migration. Most of these structures are non-

compliant with earthquake standards, have not received any engineering services, furthermore these structures are 

vulnerable to earthquake impacts and people dwelling in them face possible loss of property and lives [3]. In order 

to design structures that are resistant to earthquakes, the forces that are formed during the earthquake must be 

known and the behavior of the structures under these forces must be well examined [4-5]. The earthquake 

regulation codes of 2007, is almost identical to that of 1997, with the exception of small-scale changes and an 

annexed section. This shows that new technologies do not reflect studies in the field of earthquake engineering. In 

the light of current needs, DBYBHY 2007 was largely reserved and TBDY 2018 was realized. To know the 

structural behavior of a structure; it is very important to understand the consequences of existing earthquake 

damages under existing loads. Certain steps to be followed in determining these structural behaviors are; 

 

 First, information about the structure to be examined should be collected. The historical development 

process of the building should be investigated and the effects that the building may be exposed to should 

be determined by evaluating the data obtained. 

 The second stage should be a detailed survey study for numerical modeling and structural analysis of the 

structure. These surveys should include material qualities as well as architectural details. 

 Third, the values of the loads and environmental influences on the structure being examined must be 

calculated exactly, so that the analysis values are correct. 

 The fourth stage, the interaction of the superstructure system elements, load transfer should be examined 

carefully. 
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 In the fifth stage, the modeling of the structure should be determined according to the data obtained in 

previous stages. According to the obtained datas, load condition of the structure and environmental effects 

should be calculated. Thus, the analysis of the structure can be easily obtained [6]. 

 

In this study, it is aimed to compare the earthquake performance analysis of a masonry structure made with Bayburt 

stone according to Old (DBYBHY-2007) and New (TBDY-2018). For this purpose, a technical Vocational High 

School for Girls building located in the city centre of Bayburt was handled and the survey work was carried out. 

After moving the measurement to AutoCAD program, the modeling was done with the help of StatiCAD-Masonry 

Program and performance analyzes were obtained and results were compared. 

 

1.1 Bayburt Vocational High School For Girls Building 

 

According to local elders the building registered as parcel 9 of Tuzcuzade 481 Quarter  in Bayburt province was 

built between 1941-1942 as a state enterprise for the purpose of accommodating passengers of road transport and 

served till 1960s as a hotel under the name of transit hotel. Over the years it was used as an educational facility 

under different names, more recently it was used as an educational building under the name of Çoruh Vocational 

and Technical Anatolian High School up to September 2017 when the building was evacuated as students moved 

to the new educational building which was Afterwards named as Girls' Vocational High School [7]. The Vocational 

School for Girls is located on Cumhuriyet Street, which is still the main street of Bayburt Province today as it was 

when it was built. Yellow Bayburt stones were used for the exterior cladding of the building and the top cover is 

covered with a roof. , The corridors extend from the main entrance of the two-storey building and rooms are lined 

up both on sides (right and left) of the corridors. The upper floor was applied as a repetition of the lower floor and 

the rooms were arranged on the corridors leading to both directions. The rooms are generally small in size and 

have been made into sections over time due to their function. Throughout the history of the building repair works 

have been made in the interior of the building from time to time. In the middle of the building, there is an inner 

courtyard and it is thought that its purpose is to illuminate the interior. 

 

 
Figure 1. Left View of the Girl's Vocational High School Building (2019) 

 

2 MATERIAL AND METHOD 
 

2.1 Materials and Properties 

 

Previously performed studies have determined that natural stones have lower compressive and tensile strengths, It 

is also stated that the strength, durability and other material properties of masonry structural elements depend on 

the stone, mortar, and the texture of the stone depend to the way of its processing. In general, when it is not possible 

to determine the properties of the materials used in ancient masonry constructions, the properties of these materials 

can be obtained from past studies or from the 2007/2018 Earthquake Code Regulation for strength and physical 

properties of materials [6-8-9]. The average physical and mechanical properties of natural building stones were 

used in masonry structures. The values used in the analysis calculations for the stone wall were 450 N / mm² for 

Elasticity Modulus,  24 kN / m Specific Gravity ³and 0.2 Poisson Ratio [10-11].  

 

2.2 Modeling of Bayburt Girls’ Vocational High School Building 

 

For the modeling process of Girls’ Vocational High School building, firstly, a survey work was performed. 

Although the first purpose of the building was to rest and accommodate passengers, the quality of the building did 

not lead to any change in the façade, although, small restoration works were observed. 
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Figure 2. Survey Examples of Girls Vocational High School Building 

 

StatiCAD-Yığma Program, was used to model the historical structure in accordance with the existing 

dimensions,due to its performance analysis ability.  

 

The ground (soil) values subject to our study were determined by examining the ground survey reports of the 

recently constructed buildings in the vicinity. As the ground survey report values examined were close to each 

other, the ground survey report of the building closest to the Girls Vocational High School building was taken as 

reference. While dimensioning, the most suitable material for the actual material was worked on. The floor of the 

building is reinforced concrete. The beams in the structure were modeled according to their actual dimensions. 

Concrete class C16 and reinforcement class S220 were selected. Some of the walls on the ground floor are built 

with vertical perforated bricks while some of the walls on the first floor are built with blended bricks.  

 

Table 1. Required Values Transferred to the StatiCAD-Masonry Program [12,13,14,15]. 

Floor Group D 

σground (Ground Safety Tension t / m²) 18 

Local Ground Class ZC 

Spectrum Characteristic TA=0.07 (s) TB=0.35 (s) 

Ao (Effective Ground Acceleration Coefficient) 0.2 

R (Carrier System Behavior Coefficient) 2.5 

S (T) (Spectrum Coefficient) 2.5 

 

Table 2. Load Combinations Transferred to the StatiCAD-Masonry Program [13,14]. 

Load Combinations G  (Dead Load) Q (live Load) E  (seismic Load) 

Load Combination for Pressure Stress 1.0 1.0  

Load Combination Used for slab 
Reinforced Concrete Calculation 

1.4 1.6  

Load Combination Used for Shear 

Stress Calculation 
1.0 

HYKK (live Load 

Participation Coefficient) 
1.0 

 

 
Figure 3. Three Dimensional View of Girls Vocational High School Building 
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When the analysis stage is reached in StatiCAD program, some of the parameters to be entered are the same while 

some of them differ. Calculations for earthquakes with a 10% occurrance probability in 50 years were selected for 

two regulations. By entering the parameters of building level coefficient 0,75 with limited level of knowledge, 

2018 Earthquake Code, minimum information level and building level coefficient of 0.9 parameter were entered 

and the following results were obtained by analyzing 2007 Earthquake Regulation;  

 

 According to the 2007 Earthquake Regulation, it was determined that the Girls' Vocational High School 

building was ‘Risk-Free’. 

 According to the 2018 Earthquake Regulation, it is determined that the Girls' Vocational High School 

building is in a state of Immigration. 

 Table 6 and Table 7 summarize the analysis of the regulations separately. 

 

For both regulations, elements that do not yield enough pressure and shear stresses are shown in Figure 9 and 

Figure 10. 

 

Table 3. StatiCAD-Masonry Program analysis results (1) 
2007 DBYBHY EARTHQUAKE PERFORMANCE REPORT 2018 TBDY EARTHQUAKE PERFORMANCE REPORT 

Floor 

Name 

Earthquake 

Direction 

Qi 

(ton)  

e 

(m) 
Mbi (tm) ΣWa ΣWn 

Floor 

Name 

Earthquake 

Direction 
Qi(ton) e(m) Mbi (tm) ΣWa ΣWn 

Ground 

Floor 

X-X 560.66 2.17 828.18 71.36 46 Ground 

Floor 

X-X 807.23 3.06 1660.49 71.36 46 

Y-Y 560.66 1.48 1216.1 1 46 55 Y-Y 807.23 2.06 2470.59 58.5 55 

1st Floor 
X-X 338.39 -0.32 89.5 50 50 

1st Floor 
X-X 487.21 1.04 1345.2 66.47 50 

Y-Y 338.39 0.26 -106.88 38.5 35 Y-Y 487.21 0.15 742.06 38.5 35 

 

Table 4. Load Combinations Transferred to the StatiCAD-Masonry Program [12] 
2007 DBYBHY EARTHQUAKE PERFORMANCE REPORT 

Floor Name 
Earthquake 

Direction 

ΣInsufficient 

Wn 
ΣWL 

ΣInsufficient    

Vr(ton) 

ΣInsufficient 

Ve (ton) 

Insufficient 

∑Ve/Qi 

(%) 

Ground Floor 
X-X 0 151.64 0 0 0 

Y-Y 2 155.23 36.99 46.25 8.2 

1st Floor 
X-X 0 143.61 0 0 0 

Y-Y 3 108.25 35.45 41.41 12.2 

2018 TBDY EARTHQUAKE PERFORMANCE REPORT 

Floor Name 
Earthquake 

Direction 

ΣInsufficient    

Wn 
ΣWL 

ΣInsufficient    

Vr(ton) 

ΣInsufficient 

Ve (ton) 

Insufficient 

iz ∑Ve/Qi 

(%) 

Ground Floor 
X-X 36 151.64 1494.39 802.59 99.4 

Y-Y 36 155.23 955.63 785.85 97.4 

1st Floor 
X-X 41 143.61 1208.58 477.22 98 

Y-Y 9 108.25 444.11 447.81 91.9 

 

    
                                    TBDY-2018      DBYBHY-2007 

Figure 4. Elements that do not yield pressure and shear stresses on the ground floor as a result of the analysis 
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                                    TBDY-2018      DBYBHY-2007 

Figure 5. Elements that do not yield pressure and shear stresses on the first floor after analysis 

 

3 RESULTS AND DISCUSSION 
 

In this study, we have worked on obtaining the performance of the Girls’ Vocational High School building 

constructed by using Bayburt stone against the expected earthquakes in 50 years with 10% occurrance probability. 

The results of the analysis made with the help of StatiCAD Masonry Package Program were evaluated according 

to the old and new earthquake regulations. As it is in the case of masonry structures, mechanical properties of the 

building material were determined by taking as reference similar studies in the literature.  

 

 As a result of the analysis of the structure, according to DBYBHY 2007, 46 walls were found sufficient 

in the X-X direction and 6 out of 55 walls in the Y-Y direction were found insufficient. On the 1st floor, 

all 50 walls in X-X direction were found sufficient and in Y-Y direction, 4 out of 35 walls were found to 

be insufficient. According to TBDY 2018, 36 of the 46 walls in the X-X direction were found insufficient 

in the ground floor, 36 of the 55 walls in the Y-Y direction were found insufficient.  

 In the first floor, 41 out of 50 walls in the X-X direction were found insufficient, and 9 out of 35 walls in 

the Y-Y direction were found insufficient. While 6% of the 101 walls on the ground floor of the building 

were found insufficient compared to DBYBHY 2007, this value corresponds to approximately 72% 

compared to TBDY 2018. 

 While 85% of the 85 walls on the first floor of the building are insufficient compared to DBYBHY 2007, 

this value corresponds to approximately 60% compared to TBDY 2018. 

 While the earthquake force acting on the ground and first floor of the building was 560.66 - 338.39 (ton) 

according to DBYBHY 2007, this value was found to be 807.23 - 487.21 (ton) according to TBDY 2018. 

 When the effect of the insufficient walls on the ground and first floor of the building on the shear force 

was examined, it was observed that the values were below 13% according to DBYBHY 2007, whereas 

this value was above 91% according to TBDY 2018. 

 The deficiencies in the walls are shown in different colors in Figure 11 and Figure 12. In the walls 

indicated with orange color, no pressure stress is provided. Shear stress was not provided on the walls 

indicated with purple color.  Both the pressure and shear stress were not provided on the walls indicated 

with red color.  

 When the walls of the building are examined, it is seen that they have been subjected to repairs in time. 

Of course, this situation brings some problems and lack of information in the stages of data acquisition. 

In the present study, due to the fact that the actual mechanical properties of Bayburt natural stone and 

other materials used are not known, the results of the analysis are handled with a rough approach. 

 In the analyzes, the importance of the hazard arising from the earthquake was further emphasized in the 

new regulation. 

 In general, it is seen that the values determined in the new earthquake regulations are higher. 

 

4 CONCLUSIONS 
 

The analyzes applied at the Girls’ Vocational High School building were performed according to DBYBHY 2007 

and TBDY 2018 with the help of StatiCAD Masonry program for modeling.  
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When the results of pressure and shear stresses in the structure are examined; According to DBYBHY 2007, it has 

been observed that the safety stresses taken in the literature are above the values and although the structure is 

considered as a risk-free building, when the available data are examined according to TBDY 2018, it is observed 

that the safety stresses taken in the literature are below the values and this situation indicates that there may be a 

collapse of the structure. Therefore, the structure is considered to be insecure.  

 

Due to the fact that the structure is a cultural heritage, it is thought that the reinforcement should be made in the 

superstructural elements while keeping the building true to its original materials used in the structure, thus 

preventing the collapse. 
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Abstract 

The main purpose of this study is to examine the usability of Bayburt Green Stone 

(BYT) in soil stabilization, which is mainly in the tuff/tuffite group. In other words, 

it is aimed to examine whether the industrial wastes produced by the processing of 

Bayburt Green Stone can be used in soil stabilization. For this purpose, the necessary 

soil mechanics experiments were made by preparing specimens in stabilization 

studies and the results were interpreted. As a result of the computed tomography 

method, a relationship between unconfined compressive strength (UCS) and HU 

values was determined. 

1 INTRODUCTION  
 

Soil stabilization studies are generally divided into two main groups: mechanical and chemical stabilization [1-5]. 

While mechanical stabilization methods are used to change the soil properties without using additives, chemical 

stabilization means that these processes are carried out with the help of various additives for the same purpose [1]. 

Computed tomography is a radiological imaging technique developed by Godfrey Hounsfield and Allan Cormack 

in the 1970s [6]. Although computed tomography imaging has been invented for medical purposes and has been 

widely used in this field, it has been used especially in petroleum engineering applications and different 

engineering sectors since the 1980s [7].  Morgan et al. [8] have benefited from the computed tomography technique 

in order to work on concrete. Martz et al. [9] have made a study about the use of computed tomography in 

reinforced concrete. 

 

The aim of this study is to investigate the unconfined compressive strength and computed tomography data 

obtained from the use of Bayburt Green Stone, a pozzolanic additive, in soil stabilization with lime. 

 

2 MATERIAL AND METHOD 
 

It is possible to evaluate the experiments carried out within the scope of the study in three main stages. The detailed 

description of these steps is summarized below. 

 

In the first stage of the study, natural material and BYT wastes were obtained and index properties of natural 

materials were determined. In addition to the sieve analysis of the soil, liquid and plastic limit values and optimum 

lime ratio of the soil were obtained.  

 

In the second stage, the behavior of waste BYT with lime in soil stabilization was determined. In this context, after 

the sub-75 micron grinding process of waste BYT was completed, standard proctor tests were started and the waste 

BYT was mixed with lime to natural soil at the optimum lime ratio (6%) and standard proctor samples were 

prepared with optimum water content and maximum dry density. The notation of test samples is given in Table 1. 
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Table 1. The notations of test samples 

Mixing ratios of test samples                        Notation 

Natural soil        Z 

Natural soil and %6 lime       ZK 

Natural soil, %6 lime and 5% BYT                    ZKY5 

Natural soil, %6 lime and 10% BYT                   ZKY10 

Natural soil, %6 lime and 15% BYT                                 ZKY15 

Natural soil, %6 lime and 20% BYT                    ZKY20 

 

The samples were kept in desiccator for 28 days and cured. As a result of the curing period, unconfined 

compressive test was performed. At the end of 28 days of curing period three different specimens were subjected 

to freeze-thaw effect and after the completion of the cycle, the unconfined compressive strengths were determined.  

In the last stage, the computed tomography data of all the test samples were examined. HU values and strength 

values were compared. 

 

Samples with heights of 76 mm and diameters of 38 mm were imaged using an image area of 95 mm. The scans 

were performed at 100 kV energy level, 200 mA current and 0.5 mm cross-sectional thickness. The energy levels 

used in the scans were determined by taking into account the energy levels at which concrete samples were drawn 

since there is no energy level value for the soil in the literature. The most important factor in determining the 

sensitivity of the analysis is the determination of the section thickness. The small cross-sectional thickness 

increases the sensitivity of the analysis [10]. Tomography at a section thickness of 0.5 mm to a 76 mm long sample 

means scanning 152 sections for each sample.  

 

3 RESULTS 
 

Compaction parameters, unconfined compressive strength test results after 28 days of curing period and after 

freezing-thawing cycle are shown in Table 2, Table 3 and Table 4, respectively. 

 

Table 2. Compaction parameters of ZKY specimens 

Specimen Maximum dry density, Mg/m3 Optimum water content, % 

Z 1.446 24.2 

ZK 1.417 27.8 

ZKY5 1.441 25.1 

ZKY10 1.446 24.9 

ZKY15 1.459 24.1 

ZKY20 1.467 23.9 

 

Table 3. Unconfined compressive strength results of ZKY specimens 

Specimen Strength (kPa) 

Z 118.46 

ZK 1072.23 

ZKY5 1540.29 

ZKY10 1463.93 

ZKY15 1472.84 

ZKY20 1363.02 

 

Table 4. Unconfined compressive strength results of ZKY specimens after freezing-thawing cycle 

Specimen Strength (kPa) 

Z 88.77 

ZK 675.42 

ZKY5 1380.49 

ZKY10 1382.05 

ZKY15 1372.48 

ZKY20 1270.76 

 

According to Table 2, the maximum dry density value increased with the addition of lime to the natural soil. It 

was re-increased by adding BYT to ZK samples. Optimum water content ranges from 24-28%. When Table 3 is 

examined, it can be seen that the highest strength data is obtained from ZKY5 sample. According to the results of 

Table 4, it can be said that BYT wastes are very strong in terms of durability. 
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The main purpose of analyzing the specimens prepared by computed tomography method is to determine whether 

there is a relationship between unconfined compressive strength data (UCS) and tomography values (HU). 

Accordingly, firstly tomography images of the mixtures were obtained, then these images were analyzed in 3D 

Doctor program and finally, whether there was a relationship between HU values and UCS values was determined. 

The samples placed on the computed tomography device are presented in Figure 1 and the top and side 

tomographic images of these samples are presented in Figure 2. 

 

 
Figure 1. Insertion of samples into computed tomography device 

 

 
Figure 2. Top and side view of computed tomography samples 

 

Table 5. HU and UCS test values 

 Specimen Strength after 28 

days of curing period 

(kPa) 

HU Strength after 

freezing-thawing 

cycle (kPa) 

HU 

ZK 1072.23 1645 675.42 1612 

ZKY5 1540.29 1667 1380.49 1650 

ZKY10 1463.93 1654 1382.05 1650 

ZKY15 1472.84 1654 1372.48 1650 

ZKY20 1363.02 1651 1270.76 1649 

 

Table 5 shows that HU and UCS values change with the same behaviors. According to this data, it is possible to 

say that there is a significant relationship between HU values and UCS values. HU values did not show any change 

in small variations of UCS values. However, in general, HU values gave results parallel to the increase-decrease 

tendencies of UCS values. 

 

4 CONCLUSION 
 

As a result of the statistical analysis between computed tomography (HU) and unconfined compressive strength 

(UCS), it was found that there was a significant relationship between these values and tomography values could 

be a significant predictor for unconfined compressive strength value. 
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Abstract 

The green apples were selected as drying material for this study and they were 

chopped to the same dimensions. They were washed with distilled water to wipe 

out all contaminants that can be affected negatively the results of experiment. The 

length, width and thickness of each apple piece were adjusted as 65 mm, 37 mm 

and 12 mm, respectively. The apple particles were weighed with precision scales 

and they were grouped into 50 g, 100 g and 200 g. Then the particles were placed 

in the tray dryer for each set of experiments. Thereafter, drying process was carried 

out at different weights of green apple particles (mp), drying air velocity (U) and 

drying temperatures (Td). Herein, the moisture content (MC) is considered as the 

significant parameter in order to express the drying characteristics of drying 

materials. Due to this, during the experiments this parameter was evaluated and the 

results are presented.  

 

1 INTRODUCTION  
 

In recent years, the energy and exergy analyses are commonly used in the open literature in order to improve the 

efficiency of the all-thermal systems. The results are taken significant place for reducing inefficiencies in all 

engineering applications especially in thermodynamic fields. The energetic performance of food systems is 

widespead performed, on contrary to exergetic performance of these systems. Whereas, most studies showed that 

the energy analyses can be more considered as more valuable by combining with exergy analyses in the past 

decade. For this purpose, exergy analyses in addition to energy analyses should also be considered for food 

drying process just as in all thermal processes. Therefore, the recent studies in the open literature on the exergy 

analyses of food drying processes are summarized as follows: 

 

It was concluded, in the study on green olive drying process in a tray dryer, that the exergy analyses of food 

systems can be handled in two sections, which are exergy analyses of various food processes in general and 

exergy analyses of food drying [1]. A prediction for determining of required energy in solar dryer to drying 

process of mulberry was carried out by utilizing the thermodynamic relations. The exergy analyses of the system 

was evaluated in order to achieve the exergy losses in the solar drying system for the ranges of mass flow rate of 

0.014 kg/s and 0.036 kg/s. It was stated that the the increase in mass flow rate was affected the energy usage 

ratio and the exergetic losses positively [2]. Another solar drying study was handled experimentally to beef 

drying in order to estimate the related parameters. Herein, five drying models were carried out and they were 

observed taking into account the thermal relations. It was concluded that the dried beef in solar tunnel dryer has 

more merits that that of sun dried beef [3]. A batch type fluidized bed dryer was performed to analyze the 

performance of drying for the drying process. Wet corn and unshelled pistachio in different mass, temperature 

and air velocity, were dried in the system and the energy and the exergy analyses were carried out in that novel 

design system. The results were compared with the other fluidized bed dryer. The crucial parameters for the 

thermodynamic performance of bed dryers were claimed as particle mass and moisture content of the particle 

[4]. A tray drying process was performed for cassava starch in terms of energy utilization, and its ratio and 

efficiency, exergy inflow and outflow, exergy loss and exegetic efficiency. It was revealed that the exergy 

performance of a tray dryer system can be increased by increasing the drying air temperature [5]. The energy and 

the exergy analyses were carried out at different cabinet temperatures of onion pieces chopped at different 

thicknesses in a batch dryer. It was concluded that the enhancement on exergetic efficiency could be possible 

with the higher sustainability index, which was defined as the relationship between the input and the lost exergy 

of the system [6].  
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Considering the open in the literature, there can be seen many studies on different types of drying systems. The 

energy and the exergy analyses performed in drying systems are extremely important in order to make the 

systems more efficient. As mentioned above, there are many dryer types such as fluidized bed, batch, tray and 

solar. In this study, drying process of chopped apple pieces of different weights in a tray dryer was performed. 

 

2 MATERIAL AND METHOD 
 

2.1 Material and experimental procedure 

 

The green apples were selected as drying material for this study and they were chopped to the same dimensions. 

They were washed with distilled water to wipe out all contaminants that can be affected negatively the results of 

experiment. The length, width and thickness of each apple piece were adjusted as 65 mm, 37 mm and 12 mm, 

respectively. The apple particles were weighed with precision scales and they were grouped into 50 g, 100 g and 

200 g. Then the particles were placed in the tray dryer for each set of experiments. Thereafter, drying process 

was carried out at different weights of green apple particles (mp), drying air velocity (U) and drying temperatures 

(Td). Herein, the moisture content (MC) and moisture ratio (MR) should be considered as the significant 

parameters in order to express the drying characteristics of drying materials. Due to this, during the experiments 

these two parameters were evaluated. MC can be calculated by dividing weight of water by weight of dry 

material. MR is the ratio of moisture contents at given time divided by the MC of initial time. The experimental 

study is performed with the range of 50 g ≤ mp ≤ 200 g, 18 % ≤ MC ≤ 614.29 %, 59 oC ≤ Td ≤ 99 oC and 0.992 

m/s ≤ U ≤ 1.488 m/s.  

 

2.2 Experimental setup 

 

The experimental setup mainly consists of a radial fan, two plate heat exchangers, channel type resistance, 

drying trays and the base structures. In addition to this hardware, there are 7 thermocouple and relative humidity 

sensors at the each point from A to G. There is a speed control unit in order to control the radial fan and also a 

touch operated screen for collecting data and controlling the drying process. The experimental test setup is 

shown in Figure 1. 

 

 
Figure 1. Experimental setup 

 

3 RESULTS 
 

In this section, the factors affecting the drying performance of green apple in tray dryer are obtained. The mass 

of green apple articles, the drying air velocity, the drying temperature are considered as important parameters for 

evaluation of drying performance in tray dryer.  
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The effect of particle mass with regards to moisture content in the matter of the elapsed drying time at constant 

U=0.992 m/s in the range of 59 oC ≤ Td ≤ 99 oC for green apple is given in Figure 2. The experiment continued 

until the moisture content of the green apple particles decreased to 25% at U=0.992 m/s. It is seen from the 

Figure 2 that the apple mass increases the duration of the experiment. Therefore, it can be said that the increases 

of the particle mass adversely affects the drying time. 

 

 
Figure 2. Effect of mp on drying performance at U = 0.992 m/s 

 

In the Figure 3 and the Figure 4, the same temperature ranges given in Figure 2 are evaluated in terms of 

different drying air velocities. When all figures are considered, it is clear that the moisture content decreases 

during the drying period. This phenomenon can be indicated as a nature of drying. The increase of the drying air 

velocity has a positive effect on the drying time. It is possible to see this from all the figures. However, it should 

be emphasized that the effect of drying temperature on drying time more pronounced. For example, it is seen that 

the drying time of same weights green apple particles is shortened by about 40-60 minutes depending on the 

drying air velocity. However, the effect of increasing the drying temperature in the same case is seen to be about 

120-160 minutes. Therefore, it should be emphasized that the drying temperature is a more effective parameter 

than the drying air speed. 
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Figure 3. Effect of mp on drying performance at U = 1.24 m/s 
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Figure 4. Effect of mp on drying performance at U = 1.488 m/s 

 

4 CONCLUSION 
 

In this study, the green apple particles with the mass of 50 g ≤ mp ≤ 200 g are dried with the range of 59 oC ≤ Td 

≤ 99 oC drying air temperature and 0.992 m/s ≤ U ≤ 1.488 m/s drying air velocity. The results of the study are 

summarized as follows: 

  

 The green apples are selected as drying material for the study and they are chopped to the same 

dimensions. 

 In some studies, the effect of drying air velocity is found to be negligible when compared with the 

effect of drying air temperature. Contrary to this, the significant effect of drying air velocity on drying 

performance is observed, especially for the higher velocity. 

 It is concluded that an increase of particle mass causes in increase of required drying time. This result is 

already expected. Herein, it can be stated as the importance of the study that the mass increases is not 

linearly increasing throughout the experiment.  

 Required drying time decreases when both drying air temperature and drying air velocity are increased. 

But the drying air temperature is observed to be more significant than other parameters. 

 It is found that more efficient drying process occurs at higher values of drying air temperature, drying 

air velocity and particle mass. 
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Abstract 

Thermodynamic and economic analysis of a solar plant to produce electricity has 

been conducted. Water is used as fluid in the power cycle since storage in parabolic 

collectors is not considered. In general, the energy and exergy efficiency of the 

system are indicated as 16.3% and 17% respectively. Since the system does not use 

storage, it operates only during the day and the panel area is calculated as 12581 m2. 

The cost of electricity generated in the system is estimated to be approximately 

0.2625 $/kWh. 

1 INTRODUCTION  
 

Energy services, which are a basic input for economic activities, illuminate our homes and schools and provide 

comfort by promoting economic activity for production and consumption. Using energy resources to replace 

human and animal power is a fundamental branch of the Industrial Revolution, which constituted an unprecedented 

period of economic and social development. The twentieth century witnessed increases in the global population 

and fossil fuel consumption [1,2]. However, this increase is a danger of degradation of natural resources, inability 

to meet the needs of the growing population and preventing economic activity. Only renewable energy can cope 

with these challenges. Solar energy is the mother of all renewable resources when it comes to renewable energy. 

About 70% of sunlight is reflected back into space, and only 30% of sunlight reaches Earth to meet our energy 

demands [3]. 

 

Jones et al. by SEGSVI for a detailed performance model of the parabolic trough facility in the TRNSYS software 

program, it is determined that 10% error occurs due to clouds in the solar cycle performance [4]. Yamaguchi et al. 

worked on solar energy-assisted energy efficiency for the generation of electrical energy and compound thermal 

energy using supercritical CO2 as the fluid in the Rankine cycle. As a result, energy production efficiency and 

heat recovery efficiency were found to be 25% and 65%, respectively [5]. 

 

García-Rodríguez et al. They have worked on the analysis of distributed solar generation systems to carry out 

desalination with reverse osmosis based on solar energy heated Rankine cycles. The results suggest that 

desalination systems combined with solar organic Rankine cycles show lower specific solar energy consumption 

than solar distillation and solar photovoltaic reverse osmosis systems [6].Poullikkas conducted a feasibility study 

to investigate whether it is economically feasible to install a parabolic corrugated solar power plant for energy 

production in the Mediterranean region. In order to determine the most cost-effective option for the installation of 

the parabolic corrugated solar thermal power plant, various parameters were studied [7]. 

 

Zhai et al. For a hybrid solar system, Trigeneration system has been proposed. It is observed that the system studied 

has a higher energy efficiency than the conventional solar power generation system. Energy efficiency can be 

increased from 10.2% to 58% and exergy efficiency can be increased from 12.5% to 15.2% [8]. 

 

In the study conducted by Nafey and Sharaf, flat plate solar collector (FPC), parabolic corrugated collector (PTC) 

or compound parabolic concentrator (TBM) were used for thermal input of solar energy supported organic Rankine 

cycle. Different working fluids such as butane, isobutane, propane, R134a, R152a, R245ca and R245fa were 

investigated for FPC. R113, R123, hexane and pentane were investigated for CPC. Dodecane, nonane, octane and 

toluene were investigated for PTC. Minimum results were found for total solar collector area for toluene and water, 

specific total cost and exergy destruction rate [9]. 

Wang et al. In the study conducted by the organic Rankine cycle used R245fa as a fluid and efficiency evaluation 

was made in the system. As a result, when used in a solar collector system, the total efficiency of electricity 
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generation was found to be 4.2% and about 3.2% with the flat plate solar collector. As a result of this study, it is 

shown that the use of R245fa as working fluid in low temperature solar energy system is applicable and 

performance is acceptable [10]. 

 

Giostri et al. Reviewed various parabolic corrugated collector technologies in terms of performance under design 

conditions and annual energy generation. Giostra et al., By comparison analyzes formed utilizing Patton software 

in different parabolic collector technology in terms of performance and annual energy production of the design 

conditions incelemiştir.neva optical data is connected to the collector technology, when using oil system cycle 

efficiencies in case of 15% and dissolved salt usage 17% [11]. 

 

In the study of Alzahrani and Dinçer, the energy and exergy yields of the parabolic corrugated collectors were 

examined and the heat obtained in the parabolic corrugated collector model was used with the S-CO2 power cycle 

to convert the obtained heat into energy. The effect of beam opening angle on exergy and energy efficiency was 

observed. The S-CO2 cycle increased the system efficiency by 2% and calculated a yield of around 85% at 0 ℃ 

[12]. 

 

In a study conducted by Fahad, exergy analysis of parabolic collectors was examined. Energy and exergy analysis 

were carried out by using different fluids in the system, which was combined with ORC cycle. The highest exergy 

efficiency for R134a fluid was 26%. The lowest exergy efficiency is given by the R600a fluid and is between 20-

22%. Based on this study, it is determined that the increase in solar intensity affects the thermal efficiency 

positively. Exergy efficiency of the whole system is 75% [13]. 

 

2 MATERIAL AND METHOD 
 

The thermal demand of an Organic Rankine Cycle generating 1 MW net power is obtained from the PTC system 

at the desired temperature. The system consists of PTC and ORC. First, the turbine inlet temperature is assumed 

to be 200 ° C and the mass flow rate of the system is calculated for the known amount of power. In the Organic 

Rankine system, the power of the pump and the thermal values of the heat exchanger are calculated. The flow rate 

entering and exiting the PTC collector is determined by the temperature the PTC collectors provide to the heat 

exchanger. R600a was used as fluid in the ORC system, and water was used instead of thermal oil in the parabolic 

corrugated collector system because storage was not considered. 

 

2.1 System description 

 

The change of the reference values assumed in the system has an effect on the main outputs of the system. Here it 

is possible to determine the operating conditions of the system optimally by parametric optimization with the 

change of reference values. Therefore, the effects of the change of reference values, which are expected to have a 

high effect on system efficiency and costs, on the system outputs have been studied parametrically. 

 

 
Figure 1. Schematic diagram 
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Table 1. Assumptions 
Parameter  Symbol Unit  Value range 

Cooler liquid - - R600a Su 

Ambient reference temperature T0 K 293 

Ambient reference pressure P0 kPa 100 

Turbine inlet temperature T4 K 473 

Turbine inlet pressure P4 kPa 2300 

The work of the turbine Wt kW 1000 

Isentropic yield ɳis - 0.85 

Emissivity heat exchanger ϵhex - 0.8 

Pressure ratio BO - 4 

Radiation Intensity I W/m2h 500 

Temperature difference1 ΔT1 K 25 

Temperature difference2 ΔT2 K 20 

Temperature from the sun Tsolar K 5700 

Width of collector W m 2 

Inner diameter of absorber tube Di m 0.125 

Collector efficiency factor F’  0,93 

Heat removal factor FR  0.9 

Condenser output degree of dryness x6 - 0 

Heat exchanger output degree of dryness x4 - 1 

Heat exchanger outlet temperature T2 K 373 

Economic analysis capacity v  0.1 

Duration of use n year 20 

Capacity - - 0.3 

 

2.2. Thermodynamic modelling of the system 

 

The reference values of the parabolic corrugated collector were selected with reference from the source [14]. 

Assuming that the power generated in the turbine is 1 MW, the equilibrium equation required to obtain the 

generated power is written as follows. 

 

The calculation of the required area in the parabolic trough collector is essential for thermodynamic and economic 

analysis. For this reason, modelling can be done in a simple way considering the flow characteristics and collector 

geometry. The amount of useful thermal energy expected to be generated by the system according to the default 

collector outlet temperature is as follows: 

 

�̇�𝑓 = �̇�𝑝𝑡𝑐(ℎ1 − ℎ3)                                                                                                                                              [1] 

 

�̇�𝑓 = 𝐹𝑅(𝑊 − 𝐷0)𝐿(𝐼𝑠 −
𝑈𝑙

𝐶
Δ𝑇)                                                                                                                            [2]                                                                                                              

 

Here, F is the efficiency factor of the collector, FR is the heat Removal factor, and the focusing ratio is expressed 

as C.  

 

𝐹 =
1

𝑈𝑘(
1

𝑈𝑘
+

𝐷𝑖+0,005

𝐷İℎ𝑓
)

                                                     [3] 

 

𝐹𝑅 =
�̇�𝐶𝑝

𝜋𝐷0𝑈𝑘𝐿
(1 − 𝑒

−
�̇�𝐶𝑝

𝜋𝐷0𝑈𝑙𝐿𝐹)                [4] 

  

𝐶 =
𝑊−𝐷0

Π D0
                      [5] 

 

The energy and exergy efficiency of the parabolic collector are calculated as follows: 

 

𝜂𝑝𝑡𝑐 = �̇�𝑓/�̇�𝑝𝑡𝑐                    [6] 
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𝜓𝑝𝑡𝑐 =
�̇�𝑓(1−

𝑇0
𝑇1

)

�̇�𝑝𝑡𝑐(1−
𝑇0

𝑇𝑔ü𝑛𝑒ş
)

                                        [7] 

 

Energy and exergy efficiencies of the whole system can be defined as follows: 

 

𝜂𝑠𝑖𝑠𝑡𝑒𝑚 =
�̇�𝑡−�̇�𝑝−�̇�𝑠𝑝

�̇�𝑝𝑡𝑐
                        [8]                                                                      

  

𝜓𝑠𝑖𝑠𝑡𝑒𝑚 =
�̇�𝑡−�̇�𝑝−�̇�𝑠𝑝

�̇�𝑝𝑡𝑐(1−
𝑇0

𝑇𝑔ü𝑛𝑒ş
)

                       [9] 

 

Exergy destruction of the components of the system is calculated as indicated in the table below. 

 

Table 2. Exergy balance equations 

Component Main Equation 

Turbine 𝐸�̇�4 = 𝐸�̇�5 + �̇�𝑡 + 𝐸�̇�𝑑𝑒𝑠,𝑡                                            [10] 

Condenser 𝐸�̇�5 = 𝐸�̇�6 + 𝐸�̇�𝑄𝑘𝑛
+ 𝐸�̇�𝑑𝑒𝑠,𝑘𝑛                                   [11] 

Pump �̇�𝑋 + �̇�𝑋𝑑𝑒𝑠,𝑝
= 𝐸�̇�6 + �̇�𝑝                                             [12]                                           

Heat Exchanger 𝐸�̇�2 + 𝐸�̇�4 + �̇�𝑋𝑑𝑒𝑠,ℎ𝑒𝑥
= 𝐸�̇�1 + 𝐸�̇�3                          [13]                                           

Recirculation pump 𝐸�̇�3 + �̇�𝑋𝑑𝑒𝑠,𝑠𝑝
= 𝐸�̇�2 + �̇�𝑠𝑝                                       [14]                                          

PTC 𝐸�̇�3 + �̇�𝑋𝑔ü𝑛𝑒ş
= 𝐸�̇�1 + �̇�𝑋𝑑𝑒𝑠,𝑔ü𝑛𝑒ş

                             [15]                                            

 

2.3. Exergoeconomic analysis 

 

CRF is the capital recovery factor.The factors that make up the CRF, the CRF, depend on the interest rate (i) and 

the overall lifetime of the system (n). The equation is as follows: 

 

𝐶𝑅𝐹 = (
𝑖(1−𝑖)𝑛)

(1+𝑖)𝑛−1
)                      [16]      

                                                                                                              

The investment cost (�̇�) of the component is calculated as follows. 

 

�̇� =
(�̇�𝑘(𝐶𝑅𝐹)𝜑)

3600𝑁
                    [17]                                                                                                         

                                                                                                              

The electricity generation cost of the system is calculated using the equations in the table depending on the 

purchase and investment costs. 

 

Table 3. Exergy cost ratio and corresponding auxiliary equations for system components 

Component  Cost Balances  Auxiliary Equations  

Turbine 𝑐4�̇�𝑥4 + �̇�𝑡 = 𝑐𝑒𝑙𝑒𝑘�̇�𝑡 + 𝑐5�̇�𝑥5                                                                            �̇�4

𝐸�̇�4
=

�̇�5

𝐸�̇�5
                                              [18] 

Condenser 𝑐5�̇�𝑥5 + �̇�𝑘𝑛 + 𝑐8�̇�𝑥8  = 𝑐6�̇�𝑥6 + 𝑐9�̇�𝑥9                                                                                         �̇�6

𝐸�̇�6
=

�̇�5

𝐸�̇�5
                                              [19] 

Pump 𝑐6�̇�𝑥6 + �̇�𝑝 + 𝑐𝑒𝑙𝑒𝑘�̇�𝑝 = 𝑐7�̇�𝑥7                                                                                                                                       [20] 

Heat Exchanger 𝑐1�̇�𝑥1 + 𝑐7�̇�𝑥7 + �̇�ℎ𝑒𝑥 = 𝑐2𝐸�̇�2 + 𝑐4𝐸�̇�4                                                               �̇�1

𝐸�̇�1
=

�̇�2

𝐸�̇�2
                                   [21] 

Recirculation 

pump 
𝑐2�̇�𝑥2 + �̇�𝑠𝑝 + 𝑐𝑒𝑙𝑒𝑘�̇�𝑠𝑝 = 𝑐3�̇�𝑥3                                                                                                                          [22] 

PTC 𝑐3𝐸�̇�3 + 𝑐𝑝𝑡𝑐𝐸�̇�𝑝𝑡𝑐 + �̇�𝑝𝑡𝑐 = 𝑐1𝐸�̇�1                                                                      𝑐𝑝𝑡𝑐 = 0                                     [23] 

 

The exergoeconomic factor is expressed as follows: 

 

𝑓𝑖 = �̇�𝑖 /(�̇�𝑖 + �̇�𝐷𝑖
)                      [24]                                                                                                                                                                    
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3 RESULTS 
 

In this section, the thermodynamic and economic results of the system are explained. Energy and exergy efficiency 

of the system is calculated as 13% and 17%. The electricity production cost of the system is $ 0.2625 / kWh. 

 

 
Figure 2. Effect of solar radiation intensity on efficiency and cost of electricity generation. 

 

Figure 2, radiation represents the efficiency of the system and the effect on the cost of electricity production.  When 

the intensity of solar radiation is high, the yields increase and the cost of electricity generation decreases by more 

than 100%. At the estimated maximum solar radiation intensity, the cost can be reduced by as much as $ 0.13 / 

kWh. 

 

 
Figure 3. Effect of pressure ratio on efficiency and electricity production cost. 

 

 
Figure 4. Effect of turbine inlet temperature on efficiency and electricity production cost. 
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Figure 3 and 4, examines the effects of changes in ORC pressure ratio and turbine inlet temperature values on the 

system's energy and exergy yields as well as cost Although the power to be produced in the turbine at low pressure 

ratio decreases, the efficiency decreases, but because the turbine load decreases, its cost decreases and it also 

benefits the cost less. However, since this decrease is not high, it is more beneficial to have the pressure ratio as 

high as possible due to the high yields. The fact that the toluene fluid works at high pressure rates can be 

advantageous in this respect. An increase in turbine inlet temperature has the potential to provide high energy 

output in the field of the same panel and in the direction of the decrease of the cost of the product will have an 

effect. However, system efficiencies tend to decline. 

 

When economic parameters are evaluated, it is useful to evaluate major factors such as assumed interest rates and 

working life. The potential increase in facility life and the decrease in interest rates reduce electricity generation 

costs. The increase in the capacity of the plant also contributes to the downward trend in production costs. In this 

study, the size of the system is taken quite low. The system size increases from 1 MW to 10 MW, contributing to 

a reduction in production costs of about 2-5%. Corresponding graphs in Figure 5 and 6 are given below. 

 

 
Figure 5. Cost of electricity generation based on system facility life and interest rate. 

 

 
Figure 6. The effect of turbine power on electricity generation cost. 

 

Finally, cost performance of the present configuration according to the monthly solar irradiation and insolation 

values of Ankara Kızılcahamam region was examined under real conditions. When the sun's radiation intensity 

and sunbathing time are maximum, the cost of electricity generation is the lowest in May, July and June. December 

is the month when solar radiation intensity is lowest and electricity generation costs are highest. Due to the 

excessive use of energy-intensive systems such as air conditioning in the summer months, it is thought that this 

solar system will be cost-effective in meeting peak requirements proportionally. A correlation between cost and 

months is given in Figure 7. 
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Figure 7. Cost of electricity generation due to changes in radiation intensity by months. 

 

In Table 4., exergoeconomic factor values, exergy destruction rate, and component costs are given for the system. 
Looking at the table, the component cost of the circulation pump, where the exergoeconomic factor is large, is the 

lowest expense. The lowest exergoeconomic factor values belong to heat exchangers, while the highest exergy 

destruction is in the PTC system.The reason for low exergoeconomic factor values of heat exchangers can be 

evaluated as high cost and low contribution to system cycle. 

 

Table 4. Component-based thermodynamic and economic analysis results for the system. 

Component �̇�𝑥𝐷𝑖
 

[kW] 

�̇�𝑘 

[$/ℎ] 

𝐶𝐷𝑖
 

[$/h] 

𝑓𝑖 

 

Turbine 454.6 0,002336 0.02959 0.07317 

condenser 2598 0.05878 0.003117 0.9496 

Pump 320 0.007298 0.009896 0.4245 

Heat Exchanger 617.8 0.0003961 0.01161 0.033 

Recirculation pump 6.068 0.00004043 0.0000114 0.2618 

PTC 0.009838 0.000006733 1.118*10-8 0.05576 

 

4 CONCLUSION 
 

The analyses were completed with the help of thermodynamic and thermoeconomic tools and modeled with the 

help of the Engineering Equation Solver (EES) program. Even though it has a low working capacity, the cost of 

electricity generation of the system which works without storage and only works during the day is lower than 

storage systems. High solar radiation values reduce the need for panel space and provide economic contributions 

and increase efficiency. Therefore, the geographical and meteorological conditions of the region where the 

installation is made are important. Since the system does not have thermal storage, it operates only during the day 

and has the smallest panel area of 12581 m2. The energy and exergy efficiency of the system are 16.3% and 17% 

respectively. Under similar conditions, the cost of electricity generated from the non-storage system is calculated 

as 0.2625 $/kWh. 

 

Nomenclature 

 
�̇�𝑒𝑙𝑒𝑘   : elektrik üretim bağıl maliyeti [$/kWh] 

ℎ𝑝𝑐  : emici tüp ve cam arasındaki ısı transfer katsayısı [W/m2-K] 

ℎ𝑤  : rüzgârın ısı transfer katsayısı [W/m2-K] 

�̇�  : birim ekserji maliyeti [$/h] 

𝐸�̇�  : ekserji [kW] 

𝐹′  : kolektörün verim faktörü 

𝐼𝑏   : beam şiddeti [W/m2] 

�̇�  : termal enerji [kJ/kg] 

𝑈𝑘  : kayıp katsayısı[W/m2-K] 

�̇�  : güç [kW] 

�̇�  : yatırım maliyeti (işletme ve bakım maliyeti) [$/h] 

𝑒𝑥𝑖  : birim kütledeki ekserji hesabı [kW/kg] 
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c  : birim ekserji maliyeti [$/kWh] 

C  : maliyet oranı [-] 

Cp  : sabit basınçta özgül ısı [kJ/kg-K] 

h  : entalpi [kJ /kg] 

m  : kütle[kg] 

P  : basınç [kPa] 

Q  : ısıl enerji [kJ] 

s  : entropi [kJ /kgK] 

S  : Işınım Şiddeti [W/m2] 

T  : sıcaklık [K] 

𝐷  : çap [m]  

𝐸Ü𝑀  : elektrik üretim maliyeti [$/kWh] 

𝑊  : panelde güneş alan bölge [m2] 

𝑧  : ekipman satın alma maliyeti (birim maliyet) [$] 

𝛼  : emici yüzey geçirgenliği 

Β  : tesis ömrü 

η  : enerji verimi [-] 

ρ  : yoğunluk 

ψ  : ekserji verimi [-] 

𝜎  : boltzmann sabiti 

𝜏  : camın geçirgenliği 

a  : emici 

dest : yıkım 

elek : elektrik 

ex : ekserji 

f : faydalı 

g : giriş 

hex : ısı değiştirici 

i : emici tüpün iç çapı 

is : izentropik 

kn : kondanser 

o : emici tüpün dış çapı  

orc : Organik Rankine Çevrim 

p : pompa, 

ptc : kolektör 

sp : sirkülasyon pompası 

t  : türbin 

tot  : toplam 
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Abstract 

In this system, the effect of solar energy on the cost of electricity generation and 

system efficiency of storage is examined. In the system, considering the cogeneration 

of electricity and heat, thermal energy storage was also utilized. The plant, which 

produces 1 MW of electricity, was primarily optimized with parametric studies and 

thermoeconomic analysis was carried out under optimum thermal conditions. The 

cost of generating electricity for the system is calculated as $0.4358/kWh and the 

heating cost for cogeneration is $0.0023/MWh. 

1 INTRODUCTION  
 

Today, the need for energy, which is a big problem, can be solved with renewable resources and clean energy 

sources. There are 116 billion tons of CO2 emissions in the world. Although oceans and forests consume 113 

billion tons, CO2 accumulation has reached approximately 750 billion tons. This increase has caused the global 

temperature to rise by 0.5 ° C in the last century. Due to the formation of greenhouse gases, countries have started 

to search for energy sources that are least harmful to the environment. Renewable resources are those that can be 

used repeatedly as soon as possible. Solar energy is one of the leading renewable energy sources. Solar energy is 

both a renewable and clean source of energy. Solar energy can be converted into both thermal energy and electrical 

energy [1]. 

 

Nguyen et al. developed a small-scale system for generating electricity from solar energy using a low-temperature 

Rankine cycle and using n-pentane as the working fluid. The maximum efficiency for this heat machine system, 

which operates between boiler saturation temperature 81°C and condenser saturation temperature of 38°C, is 

calculated as 12% and thermal efficiency is approximately 4% [2]. 

 

Hermann and Kearney's work provided information about the importance of solar energy storage and how much 

the material used in storage affects efficiency. It is stated that if storage is not done, fossil fuel should be used to 

increase the turbine power and this will decrease efficiency. The study provides detailed information about storage 

techniques and types [3]. 

 

Patnode et al. In the study conducted by 1998-2005, the results of electricity generation of synthetic oil use in the 

SEGS IV model parabolic collector were evaluated by years. A 9°C decrease in panel output temperature was 

observed. When energy production is examined compared to the seasons, it is usually 4% less on winter days. [4]. 

 

Zhang et al. investigated the performance of the solar collector and Rankine system using supercritical CO2 as a 

fluid. As a result, heat collection efficiency for CO2 was calculated as 65-70%. Energy efficiency of the system 

was found in the range of 8.78-9.45% [5]. Gang, et al. regenerative cycle has positive effects on ORC efficiency, 

but the first stage has shown that collectors adversely affect collector efficiency due to increased average operating 

temperature. It is calculated that the electrical efficiency of the regenerative ORC system is approximately 8.6% 

higher for radiation intensity of 750 W/m2 [6]. 

 

In the study carried out by Baghernejad and Yaghoubi, thermoeconomical analysis was carried out using an 

algorithm for the optimization of the Integrated Solar Combined Cycle System (ISCCS), which produces 400 MW 

of electricity. In the optimum design of ISCCS, the cost of electrical power generated by the steam turbine and gas 

turbine is calculated approximately 1.17% lower than the reference situation [7]. 
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Reddy et al. energy and energy analysis was carried out for the components of the solar power thermal power plant 

system consisting of a parabolic trough collector and Rankine heat engine. Energy and energy losses were 

evaluated with the efficiency of parabolic trough solar thermal power plant (PTCSTPP) under specific operating 

conditions. In the study, which achieved maximum efficiency in the Rankine heat cycle, the energy and exergy 

efficiency of PTCSTPP increased by 1.49% and 1.51%, respectively. The progression of the solar thermal power 

plant from variable load to full load conditions increased the average energy efficiency throughout the year from 

22.01% to 22.62% for jodhpur city. In the parabolic trough system, Therminol VP-1 heat transfer fluid operating 

between 285 K - 673 K and having thermal stability is used in this study, maximum energy and exercising 

efficiency were obtained in April, May and June. Energy efficiency can rise from 22.02% for Jodhpur to 22.62% 

according to seasonal conditions [8]. 

 

Mokheimer, et al. In their study, by improving the code, the optical and thermal efficiency of the panel area of the 

parabolic trough corrugated collectors has been evaluated considering the average hourly, daily, monthly or annual 

meteorological data. As the size of the panel area increases, the cost is seen to decrease significantly. The higher 

the optical efficiency, the better the thermal efficiency and therefore the overall efficiency of the system. The 

maximum optical efficiency achieved by the system is 73.5% [9]. 

 

Ehtiwesh et al. In the study conducted by 50 MW parabolic groove, the impact and cost of the plant on the 

environment were evaluated during the entire period of use. In the results of the study, the contribution of the panel 

area to the environment was calculated as 79%. The cost of the solar collector was calculated as 17,695 $/s in the 

system [10]. 

 

In the study conducted by Desai and Bandyopadhyay, the support of parabolic corrugated solar collectors with 

organic Rankine cycles was investigated. In this study, a simple selection methodology based on thermoeconomics 

analysis and a comparison was made for the operating fluids of power-generating turbines. The highest energy 

efficiency of Toluene-based ORC as fluid was calculated to be 31.2% [11]. 

 

2 MATERIAL AND METHOD 

 

2.1 System description 

 

In this configuration, cogeneration is considered in order to increase the energy efficiency of the system and to 

benefit from waste heat. At the same time, thermal energy storage is planned for night use using thermal oil instead 

of water for storage purposes in the solar system cycle. Terminol66 fluid as thermal oil and Toluene fluid which 

is known as dry fluid with similar properties as the water used in ORC system were evaluated. In this system, it is 

aimed to produce 1 MWe net power of the ORC system by transferring thermal oil energy heated in solar collectors 

from the heat exchanger. While sufficient solar radiation is available throughout the day, the system provides 

energy for both the ORC system and thermal storage. At night, energy is used only between hot and cold thermal 

stores, with the solar panels disabled. In this system, firstly, some of the thermal oil exiting from the parabolic 

collector is given to hot storage and some of it to the system. The fluid given to the system passed through the heat 

exchanger and transferred heat to the ORC system. Although the temperature of the fluid in the heat exchanger 

output in the ORC cycle is not suitable for power generation applications, it is suitable for applications such as 

domestic heating and hot water supply. The fluid exiting the central heating system is fed back to the collector. 

 

 
Figure 1. Schematic diagram 
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2.2 Thermodynamic and economic modeling of the system 

 

Table 1 gives reference values for the system. The reference temperature value is 292 K and the pressure is taken 

to 100 kPa. The reference values of the parabolic trough collector [12] are taken from the source. The radiation 

intensity for the system was calculated by taking 705 W/m2 and supported by parametric studies. 

 

Table 1. Assumptions 

Parameter Symbol  Unit  Value range 

Ambient temperature Ta K 298 

Average absorber tube temperature Tpm K 486 

Temperature Tsky K 292 

Temperature of glass surface Tc K 3263 

Central heating system inlet temperature T16 K 315 

Output temperature to central heating system T17 K 345 

Inlet pressure to the central heating system P16 kPa 200 

Output pressure to central heating system P17 kPa 200 

Wind speed V m/s 4 

Length of collector L m 12.2 

Inner diameter of glass pipe Dci m 0.19 

Outer diameter of glass pipe Dco m 0.196 

Absorbent surface εp - 0.15 

Glass Surface Emissivity εc - 0.88 

Ambient reference pressure (Toluene) P0 kPa 100 

 Inlet temperature Ti K 323 

Output temperature To K 600 

The net work of the system Wt kW 1000 

Isentropic yield ɳis - 0.85 

Width of collector W m 5.75 

Inner diameter of absorbent tube Di m 0.13 

Diameter through which fluid passes rb m 1.002 

Collector efficiency factor F’ - 0.93 

Heat removal factor FR - 0.9 

Temperature from the sun Tsolar    K 5700 

Sunbathing rate - - 0.3 

Radiation Intensity I W/m 705 

Condenser output degree of dryness x6 - 0 

Heat exchanger output degree of dryness x4 - 1 

Economic analysis capacity v  0.1 

Duration of use n year 20 

Capacity - - 0.85 

 

The total heat loss (�̇�𝐾) and useful temperature of the collector is calculated using the following equations: 

 
𝑞𝑘

𝐿
= ℎ𝑝𝑐(𝑇𝑝𝑚 − 𝑇𝑐)𝜋𝐷𝑜 + (𝜎𝜋𝐷𝑜(𝑇𝑝𝑚

4 − 𝑇𝑐
4)/(

1

𝜀𝑝
+

𝐷𝑜

𝐷𝑐𝑖
(
1

𝜀𝑐
− 1))                                              [1] 

 
𝑞𝑘

𝑙
= ℎ𝑤(𝑇𝐶 − 𝑇𝑎)𝜋𝐷𝑐𝑜 + 𝜋𝜎𝐷𝑐𝑜𝜀𝑐(𝑇𝐶

4 − 𝑇𝑠𝑘𝑦
4 )              [2] 

 

�̇�𝐾 = 𝜋𝐷𝑜𝐿𝑈𝑙(𝑇𝑝𝑚 − 𝑇𝑎)                  [3] 

 

�̇�𝑓 = 𝐹𝑅(𝑊𝑝𝑎𝑛𝑒𝑙 − 𝐷𝑜)𝐿[𝑆𝑆 − (
𝑈𝑙

𝐶𝑐𝑟
)(𝑇𝑓𝑖 − 𝑇𝑎)                 [4] 

                                                 

The solar radiation radiation, yield factor, heat removal factor and concentration ratio of the parabolic trough  

collectors are calculated using the following relations. 

 

𝑆 = 𝐼𝑏𝑟𝑏𝜌𝛾(𝜏𝛼)𝑏 + 𝐼𝑏𝑟𝑏(𝜏𝛼)𝑏(
𝐷𝑜

𝑊−𝐷𝑜
)                                                                [5]             
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𝐹′ =
1

𝑈𝑘[
1

𝑈𝑘
+

𝐷𝑜
𝐷𝑖ℎ𝑓

]

                   [6]                                                                                                      

 

𝐹𝑅 = (
�̇�𝐶𝑝

𝜋𝐷𝑜𝐿𝑈𝑘
)[1 − exp{−(𝐹′𝐷𝑜𝑈𝑘𝐿)/(�̇�𝐶𝑝)}]                        [7]                                         

 

𝐶 =
𝑊−𝐷𝑜

𝜋𝐷𝑜
                              [8]                                                                                                  

 

The efficiency of the parabolic trough collector may vary depending on the intensity of radiation, the angle of 

incidence of the light, and the area of the collector. 

 

𝑛𝑝𝑡𝑐 =
𝑆𝑠(𝑊𝑝𝑎𝑛𝑒𝑙−𝐷𝑜)

𝐼𝑠𝑟𝑏𝑊𝑝𝑡𝑐
                 [9] 

 

The overall yield of the Rankine cycle is given as follows. 

 

𝑛𝑡𝑜𝑙 =
�̇�𝑛𝑒𝑡

�̇�3(ℎ3−ℎ4)
                                      [10]  

 

𝜓𝑡𝑜𝑙 =
�̇�𝑛𝑒𝑡

�̇�3(𝑒𝑥3−𝑒𝑥4)
                       [11]                                                                                        

 

The equation of energy of hot and cold storage in seconds is written as follows: 

 

𝑄𝑠𝚤𝑐,𝑑𝑒𝑝 = �̇�𝑠𝚤𝑐,𝑑𝑒𝑝3600 ∗ 𝑔ü𝑛𝑒ş𝑙𝑒𝑛𝑚𝑒𝑠ü𝑟𝑒𝑠𝑖                          [12] 

 

𝑚𝑠𝚤𝑐,𝑑𝑒𝑝 = �̇�23600𝑔ü𝑛𝑒ş𝑙𝑒𝑛𝑚𝑒𝑠ü𝑟𝑒𝑠𝑖              [13]  

         

When considering the overall efficiency of the system, energy and exergy efficiency is calculated, day and night. 

 

𝜂𝑔ü𝑛𝑑ü𝑧 =
�̇�𝑛𝑒𝑡+�̇�𝐵𝐼+�̇�𝑠𝚤𝑐,𝑑𝑒𝑝

𝑆𝑠
1000

𝐴𝑝𝑡𝑐
                                                         [14] 

 

𝜂𝑔𝑒𝑐𝑒 =
�̇�𝑛𝑒𝑡+�̇�𝐵𝐼

�̇�𝑠𝚤𝑐,𝑑𝑒𝑝−�̇�𝑠𝑜ğ,𝑑𝑒𝑝
                                              [15] 

 

𝜓𝑔ü𝑛𝑑ü𝑧 =
�̇�𝑛𝑒𝑡+𝐸�̇�𝐵𝐼+𝐸�̇�𝑠𝚤𝑐,𝑑𝑒𝑝

𝐸�̇�𝑝𝑡𝑐
                                                                                 [16]                                                                           

 

𝜓𝑔𝑒𝑐𝑒 =
�̇�𝑛𝑒𝑡+𝐸�̇�𝐵𝐼

�̇�𝑥𝑠𝚤𝑐,𝑑𝑒𝑝−𝐸�̇�𝑠𝑜ğ,𝑑𝑒𝑝
                   [17] 

                                                                                                                                  

Exergy calculation of the system is calculated separately for each component.                                           

 

�̇�𝑥𝑖 = 𝑒𝑥𝑖𝑚𝑖                  [18] 

                                                                                                             

Exergy degradation due to the exergy of the components is calculated by the following links: 

 

Table 2.Exergy balance equations 

Component Main Equation 

Turbine 𝐸�̇�𝑑𝑒𝑠,𝑡 = 𝐸�̇�11 + �̇�𝑡 − 𝐸�̇�10                                       [19]                                          

Condenser 𝐸�̇�𝑑𝑒𝑠,𝑘𝑛 = 𝐸�̇�12 + 𝐸�̇�𝑄𝑘𝑛. − 𝐸�̇�13                                [20]                                        

Pump �̇�𝑋𝑑𝑒𝑠,𝑝 = 𝐸�̇�13 + �̇�𝑝 − 𝐸�̇�14                                      [21] 

Heat Exchanger-1 �̇�𝑋𝑑𝑒𝑠,ℎ𝑒𝑥1 = 𝐸�̇�15 + 𝐸�̇�3 − 𝐸�̇�4 − 𝐸�̇�10                    [22] 

Heat Exchanger-2 �̇�𝑋𝑑𝑒𝑠,ℎ𝑒𝑥2 = 𝐸�̇�15 + 𝐸�̇�12 − 𝐸�̇�11 − 𝐸�̇�14                 [23] 

Heat Exchanger-3 �̇�𝑋𝑑𝑒𝑠,ℎ𝑒𝑥3 = 𝐸�̇�4 + 𝐸�̇�16 − 𝐸�̇�5 − 𝐸�̇�17                    [24] 

PTC 𝐸�̇�9 + �̇�𝑋𝑝𝑡𝑐 = 𝐸�̇�1 + �̇�𝑋𝑑𝑒𝑠,𝑝𝑡𝑐                                   [25] 
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2.3. Exergoeconomic analysis  

 

The capital recovery factor (crf) depends on the interest rate (i) and the total life expectancy (n) of the system: 

 

𝐶𝑅𝐹 = (
𝑖(1−𝑖)𝑛)

(1+𝑖)𝑛−1
)                                        [26]    

                                                                                                            

The investment cost (�̇�) of the component is calculated as follows. 

 

�̇� =
(�̇�𝑘(𝐶𝑅𝐹)𝜑)

3600𝑁
                  [27] 

     

The electricity generation cost of the system is calculated using the equations in the table depending on the 

purchase and investment costs. 

 

Table 3. Exergy cost ratio and corresponding auxiliary equations for system components 

 

The exergoeconomic factor of the systems is calculated as follows: 

 

𝑓𝑖 = �̇�𝑖/(�̇�𝑖 + �̇�𝐷𝑖)                   [38]                                                                                                                                                                      

 

3 RESULTS 
 

Three different fluids were used in this system. What should be noted here is the need for a system design that 

ensures that the amount of energy stored by thermal energy storage systems is enough to produce the necessary 

power at night. Therefore, the mass flow from the energy stored in the thermal storage depending on a certain 

sunbathing rate and intensity of radiation should be the same as the flow given to heat exchangers during the day. 

In order to achieve this, the number of PTC panels that need to be added to the system must be increased and 

additional costs. In addition, the costs of thermal warehouses increase the total cost of the system. Nevertheless, 

in this high-capacity system, there is continuous energy output and therefore continuous supply. In this system, 

capacity increase can also be expected to significantly reduce the cost. 

 

 

 
Cost Balances 

Auxiliary 

Equations 

Turbine 𝑐10�̇�𝑥10 + �̇�𝑡ü𝑟𝑏 = 𝑐𝑒𝑙𝑒𝑘�̇�𝑡ü𝑟𝑏 + 𝑐11�̇�𝑥11 
�̇�10

𝐸�̇�10
=

�̇�11

𝐸�̇�11
      [28] 

Condenser 𝑐12�̇�𝑥12 + �̇�𝑘𝑜𝑛𝑑 = 𝑐13�̇�𝑥13 
�̇�12

𝐸�̇�12
=

�̇�13

𝐸�̇�13
      [29] 

Pump 𝑐13�̇�𝑥13 + �̇�𝑝 + 𝑐𝑒𝑙𝑒𝑘�̇�𝑝𝑜𝑚𝑝 = 𝑐14�̇�𝑥14                         [30] 

Heat Exchanger 𝑐3�̇�𝑥3 + 𝑐15�̇�𝑥15 + �̇�ℎ𝑒𝑥 = 𝑐10𝐸�̇�10 + 𝑐4𝐸�̇�4 
�̇�3

𝐸�̇�3
=

�̇�4

𝐸�̇�4
         [31] 

Heat Exchanger-2 𝑐11�̇�𝑥11 + 𝑐14�̇�𝑥14 + �̇�ℎ𝑒𝑥2 = 𝑐12𝐸�̇�12 + 𝑐15𝐸�̇�15 
�̇�11

𝐸�̇�11
=

�̇�12

𝐸�̇�12
      [32] 

Heat Exchanger-3 
𝑐4�̇�𝑥4 + 𝑐16�̇�𝑥16 + �̇�ℎ𝑒𝑥3 = 𝑐5𝐸�̇�5 + 𝑐17𝐸�̇�17 

�̇�4

𝐸�̇�4
=

�̇�5

𝐸�̇�5
   [33] 

𝑐16 = 𝑐17 

PTC 𝑐3𝐸�̇�3 + 𝑐𝑝𝑡𝑐𝐸�̇�𝑝𝑡𝑐 + �̇�𝑝𝑡𝑐 = 𝑐1𝐸�̇�1 𝑐𝑝𝑡𝑐 = 0          [34] 

Hot storage 𝑐2𝐸�̇�2 + �̇�𝑠𝚤𝑐𝑎𝑘 = 𝑐7𝐸�̇�7 
�̇�2

𝐸�̇�2
=

�̇�1

𝐸�̇�1
         [35]  

Cold storage 𝑐6𝐸�̇�6 + �̇�𝑠𝑜ğ𝑢𝑘 = 𝑐8𝐸�̇�8 
�̇�5

𝐸�̇�5
=

�̇�8

𝐸�̇�8
         [36] 

 𝑐5𝐸�̇�5 + �̇�𝑠𝑜ğ𝑢𝑘 + �̇�𝑠𝚤𝑐𝑎𝑘 + �̇�𝑝𝑡𝑐 = 𝑐1𝐸�̇�1 
�̇�9

𝐸�̇�9
=

�̇�1

𝐸�̇�1
         [37] 
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Figure 2. Effect of solar radiation intensity on total efficiency and cost of electricity generation. 

 

 
Figure 3. Effect of solar radiation intensity on daytime yields and electricity generation costs. 

 

Figures 2 and 3, show daytime efficiency and total efficiency of solar radiation intensity, as well as the effect on 

the cost of electricity generation. The reason for the low-efficiency expressions is that the energy stored by the 

thermal storage system in the system is not considered as useful energy output. Given the daytime efficiency, 

energy efficiency is higher than exergy efficiency, whereas, in total yields, this situation is the opposite. When 

daytime efficiency is taken into consideration, energy efficiency is higher than exergy efficiency, whereas this is 

the opposite in total yields System efficiencies are below 10% when storage is taken into account and the stored 

energy is not considered as output. 

 

 
Figure 4.Effect of change in net power on electricity generation cost. 

 

In Figure 4, the effect of increasing the capacity of the system on the cost of electricity generation is given. When 

the amount of power produced by the system is increased from 1 MW to 10 MW, there is a tendency to decrease 
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even if the costs are small and it can be seen that these values are much more sensitive to solar radiation intensity. 

As the system size increases, product costs are lowered as expected, resulting in higher and more economical 

systems. This requires strong investment resources. 

 

 
Figure 5.Cost of electricity generation due to changes in radiation intensity by months. 

 

In the summer, the energy output costs of the system are very low and the potential to meet peak needs is also 

supportive, while in winter the production costs are high due to low radiation and high cloudiness. 

 

Table 4. Component-based thermodynamic and economic analysis results for the system. 

Component �̇�𝑥𝐷𝑖 

[Kw] 

�̇�𝑘 

[$/H] 

𝐶𝐷𝑖 

[$/H] 

𝑓𝑖 

Turbıne 183 0.002642 0.013 0.1688 

Ptc 22182 0.1144 0.003055 0.97 

Heat Exchanger-1 296 0.0008772 0.04866 0.01771 

Heat Exchanger-2 233.8 0.0000868 0.039 0.002201 

Heat Exchanger-3 135.9 0.000222 0.001329 0.1334 

Pump 5.56 0.0002139 0.0007514 0.2216 

Condenser 1.28 0.000001342 0.00002598 0.049 

 

The exergoeconomic factor indicates the ratio between the component price and the exergy destruction cost made 

by the component. A low exergoeconomic value indicates a component with a low initial cost and high exergy 

destruction cost. More money can be spent on a low-cost component to increase the overall cost-effectiveness of 

the system. On the other hand, a component with high exergoeconomic value has a very high component cost and 

low exergy demolition cost. 

 

4 CONCLUSION 
 

High solar radiation values contribute economically by reducing the need for panel space and increase efficiency. 

Therefore, the geographical and meteorological conditions of the region where the installation was made are 

important. The cost of generating electricity is calculated at 0.4358$/kWh. The panel area of the system was 

calculated as 68358 m2. 

 

Because the cloud rate reduces the capacity of the systems, geographical conditions have a positive/negative 

impact on both economic and thermodynamic data of the systems.  The increase in the need for system panel space 

used in storage is considered to be the variable that contributes the most to the cost of investment. In addition, 

investment costs of high-volume warehouses increase the cost of electricity generation. 

 

Nomenclature 

 
�̇�𝑒𝑙𝑒𝑘   : elektrik üretim bağıl maliyeti [$/kWh] 

ℎ𝑝𝑐  : emici tüp ve cam arasındaki ısı transfer katsayısı [W/m2-K] 

ℎ𝑤  : rüzgârın ısı transfer katsayısı [W/m2-K] 

�̇�  : birim ekserji maliyeti [$/h] 

𝐸�̇�  : ekserji [kW] 

𝐹′  : kolektörün verim faktörü 

𝐼𝑏   : beam şiddeti [W/m2] 

�̇�  : termal enerji [kJ/kg] 
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𝑈𝑘  : kayıp katsayısı[W/m2-K] 

�̇�  : güç [kW] 

�̇�  : yatırım maliyeti (işletme ve bakım maliyeti) [$/h] 

𝑒𝑥𝑖  : birim kütledeki ekserji hesabı [kW/kg] 

c  : birim ekserji maliyeti [$/kWh] 

C  : maliyet oranı [-] 

h  : entalpi [kJ /kg] 

k  : ısı geçiş katsayısı[W/m-K] 

L  : panel uzunluğu [m] 

m  : kütle[kg] 

P  : basınç [kPa] 

Q  : ısıl enerji [kJ] 

s  : entropi [kJ /kgK] 

S  : Işınım Şiddeti [W/m2] 

T  : sıcaklık [K] 

𝐷  : çap [m]  

𝐸Ü𝑀  : elektrik üretim maliyeti [$/kWh] 

𝑁𝑢  : Nuselt sayısı 

𝑅𝑎  : Rayleigh sayısı [-] 

Re               : Reynolds sayısı [-] 

𝑊  : panelde güneş alan bölge [m2] 

𝑧  : ekipman satın alma maliyeti (birim maliyet) [$] 

𝛼  : emici yüzey geçirgenliği 

Β  : tesis ömrü 

𝜀𝑐  : cam yüzey emisivitesi [-] 

𝜀𝑝  : emici tüp yüzeyi emisivitesi [-] 

η  : enerji verimi [-] 

ρ  : yoğunluk 

ψ  : ekserji verimi [-] 

𝜎  : boltzmann sabiti 

𝜏  : camın geçirgenliği 

a  : emici 

c : cam yüzey 

ci : cam yüzeyin iç çapı 

co : cam yüzeyin dış çapı 

cr : ısı iletim oranı 

Cp  : sabit basınçta özgül ısı [kJ/kg-K] 

dest : yıkım 

elek : elektrik 

ex : ekserji 

f : faydalı 

g : giriş 

dest : yıkım 

hex : ısı değiştirici 

i : emici tüpün iç çapı 

is : izentropik 

kn : kondanser 

o : emici tüpün dış çapı  

orc : Organik Rankine Çevrim 

p : emici yüzey 

p : pompa, 

pc : emici tüp ve kapak arasındaki sıcaklık 

ptc : kolektör 

sp : sirkülasyon pompası 

t  : türbin 

t,66  : therminol_66 

tol : tolüen 

tot  : toplam 

w : rüzgar 
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Abstract 

This paper presents a parametric analysis of cogeneration systems that fueled with 

natural gas. Cogeneration is one of the best ways to use the energy of fuels 

efficiently. In this study, the evaluation criteria that is used for evaluation of 

cogeneration cycles such as electric and heat powers, artificial thermal energy 

efficiency, rate of heat increment, exergy efficiency, and fuel energy saving ratio 

(five criteria) are studied with two parameters that are the compression ratio and the 

excess air rate for two different cogeneration cycles.  Results are compared and 

discussed. 

 

1 INTRODUCTION 
 

The production in one operation of electricity and useful thermal energy is called cogeneration. By this operation 

the fuel energy can be used efficiently. The advantage of cogeneration can be said as reliable operation, safe and 

compact size, lower weight and higher efficiency than conventional separate systems, more economic and less 

emissions [1].  Obtaining high efficiency depends on some factors such as reduced auxiliary power consumption, 

fuel preheating, inter-cooling, hydrogen cooled generators, and better HRSG design [4, 5].  

 

The performance of gas turbines depends on the height at which they are installed, ambient temperature, ambient 

pressure and turbine pressures. Every 10 K increase in the inlet temperature reduces the electrical power by 

around 9%. An increase of 300 meters in height reduces the electrical power by 3.5%. The reduction in inlet air 

pressure in filters, silent devices and ducts in each kPa pressure reduces mechanical power by around 2% [1, 2, 

3]. Each kPa pressure loss in flows, combustion chamber, sound breaker and ducts reduces mechanical strength 

by 1.2%. The maximum temperature of the cycle should be kept under a certain temperature because of 

metallurgical reasons. That can be achieved by using approximately between two to four times of the air that is 

theoretically required for complete combustion of the cycles. The air properties have major impacts on the 

exhaust gas properties, and thus the temperatures decrease [6, 7, 8].  

 

Many publications have been based on to find out better evaluation criteria and the most effective parameters on 

efficiency for gas turbine cogeneration cycle. These studies generally contain fewer criterions, parameters and 

cycles therefore they are not satisfactory as generally. There is a need in design and optimization process to 

improve and to have the detail knowledge of the factors that affect the performance of cogeneration systems. 

From this reasons as much as possible competitive cycles, evaluation criteria and parameters must be included 

this evaluation and compared each other at the same time.  

 

2 MATERIALS AND METHOD 
 

At simple and air preheated cycles compressed air (figure 1-2) enter the combustion chamber. Hot exhaust gas 

which are then expanded in the turbine. After the turbine, hot gas is the source of HRSG [9, 10]. Thermodynamic 

analysis of the two cycles, their components is done, and the mathematical modeling will be explained in this 

section.  

 

The assumptions are: the total pressure losses are known as 5%. The ambient conditions are as T0 =298.15 K and 

P0=1.013 bars. The main capacity of the air compressors are m1=91.4 kg/s air, HRSG ms=14 kg/s sat. steam, gas 

turbine electricity power 30 MW (net electric power is equal to the mechanic power obtained from the gas 

turbine minus mechanic power used by compressor), the fuel of combustion chamber mf=1.64 kgfuel/s.  Kinetic 

and also potential energy are ignored. Exhaust outlet temperature of the HRSG is 400 K. Air and exhaust 
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properties is calculated by using specific entropy expressions for CO2, N2, H2O and O2 from the reference [12]. 

The thermodynamic model of the cycle and the calculation are as follows (for air preheated cycle) [12]. 

 

 In Table 1 and in Table 2 the mass, the energy, the entropy, exergy, exergy efficiency equations of components 

of the air-fuel preheated cycle are given. 

 

                
     Figure 1.The simple cycle cogeneration.                  Figure 2.The air preheated cycle cogeneration. 

 

Table 1. The entropy, energy and mass equations of the components. 

Component Mass Equation Energy Equation Entropy Equation 

Compressor �̇�1 = �̇�2 �̇�1ℎ1 + �̇�𝐶 = �̇�2ℎ2 �̇�1𝑠1 − �̇�1𝑠2 + �̇�𝑔𝑒𝑛,𝐶 = 0 

Recuperator �̇�2 = �̇�3 

�̇�5 = �̇�6 

�̇�2ℎ2 + �̇�5ℎ5 = �̇�3ℎ3 + �̇�6ℎ6 �̇�2𝑠2 + �̇�5𝑠5 − �̇�3𝑠3 − �̇�6𝑠6
+ �̇�𝑔𝑒𝑛,𝑅 = 0 

Combustion 

Chamber 
�̇�3 + �̇�10 = �̇�4 �̇�3ℎ3 + �̇�10ℎ10 = �̇�4ℎ4

+ 0.02�̇�10𝐿𝐻𝑉 
�̇�3𝑠3 + �̇�10𝑠10 − �̇�4𝑠4 + �̇�𝑔𝑒𝑛,𝐶𝐶 = 0 

Turbine �̇�4 = �̇�5 �̇�4ℎ4 = �̇�𝑇 + �̇�𝐶 + �̇�5ℎ5 �̇�4𝑠4 − �̇�5𝑠5 + �̇�𝑔𝑒𝑛,𝑇 = 0 

HRSG �̇�6 = �̇�7 

�̇�8 = �̇�9 

�̇�6ℎ6 + �̇�8ℎ8 = �̇�7ℎ7 + �̇�9ℎ9 �̇�6𝑠6 + �̇�8𝑠8 − �̇�7𝑠7 − �̇�9𝑠9
+ �̇�𝑔𝑒𝑛,𝐻𝑅𝑆𝐺 = 0 

Overall 

Cycle 
ℎ̅𝑖 = 𝑓(𝑇𝑖) 
�̅�𝑖 = 𝑓(𝑇𝑖 , 𝑃𝑖) 

�̇�𝑎𝑖𝑟ℎ𝑎𝑖𝑟 + �̇�𝑓𝐿𝐻𝑉𝐶𝐻4 − �̇�𝐿𝑜𝑠𝑠,𝐶𝐶 − �̇�𝑒𝑥.,𝑜ℎ𝑒𝑥.,𝑜 − �̇�𝑇 − �̇�𝑠𝑡𝑒𝑎𝑚(ℎ𝑊,𝑖 − ℎ𝑠𝑡𝑒𝑎𝑚,𝑜) = 0 

�̇�𝐿𝑜𝑠𝑠,𝐶𝐶 = 0.02�̇�𝑓𝐿𝐻𝑉𝐶𝐻4 

 

  Table 2. The exergy and exergy efficiency equations of the components. 

Component Exergy Equation Exergy Efficiency 

Compressor �̇�𝐷,𝐶 = �̇�1 + �̇�𝐶 − �̇�2 
𝜂𝑒𝑥,𝐾 =

�̇�𝑂,𝐶 − �̇�𝑖,𝐶

�̇�𝑖

 

Recuperator �̇�𝐷,𝑅 = �̇�2 + �̇�5 − �̇�3 − �̇�6 
𝜂𝑒𝑥,𝑅 =

�̇�𝑜,𝑎𝑖𝑟,𝑅 − �̇�𝑖,𝑎𝑖𝑟,𝑅

�̇�𝑜,𝑒𝑥,𝑅 − �̇�𝑖,𝑒𝑥,𝑅
 

Combustion 

Chamber 
�̇�𝐷,𝐶𝐶 = �̇�3 + �̇�10 − �̇�4 

𝜂𝑒𝑥,𝐶𝐶 =
�̇�𝑜,𝐶𝐶

�̇�𝑖,𝐶𝐶 + �̇�𝑓𝑢𝑒𝑙
 

Turbine �̇�𝐷,𝑇 = �̇�4 − �̇�5 − �̇�𝐶 − �̇�𝑇 
𝜂𝑒𝑥,𝑇 =

�̇�𝑛𝑒𝑡,𝑇 + �̇�𝐶

�̇�𝑖,𝑇 − �̇�𝑜,𝑇
 

HRSG �̇�𝐷,𝐻𝑅𝑆𝐺 = �̇�6 − �̇�7 + �̇�8 − �̇�9 
𝜂𝑒𝑥,𝐻𝑅𝑆𝐺 =

�̇�𝑠𝑡𝑒𝑎𝑚,𝐻𝑅𝑆𝐺 − �̇�𝑊,𝐻𝑅𝑆𝐺

�̇�𝑖,𝑒𝑥,𝐻𝑅𝑆𝐺 − �̇�𝑜,𝑒𝑥,𝐻𝑅𝑆𝐺
 

Overall Cycle �̇� = �̇�𝑝ℎ + �̇�𝑐ℎ 

�̇�𝑝ℎ = �̇�(ℎ − ℎ0 − 𝑇0(𝑠 − 𝑠0)) 

�̇�𝑐ℎ =
�̇�

𝑀
{∑𝑥𝑘�̅�𝑘

𝑐ℎ + �̅�𝑇0∑𝑥𝑘 𝑙𝑛𝑥𝑘} 

𝜂𝑒𝑥 =
�̇�𝑛𝑒𝑡,𝑇 + (�̇�𝑠𝑡𝑒𝑎𝑚,𝐻𝑅𝑆𝐺 − �̇�𝑊,𝐻𝑅𝑆𝐺)

�̇�𝑓𝑢𝑒𝑙
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The chemical reaction in the cycle is as follows [12]. 

 

    OHXCOXOXNXOHCOONCH OHCOON 2222222222224 1019.00003.02059.07748.0           (1)                                                                                          

 

Artificial thermal efficiency is that the fuel supply to the cogeneration plant is to be reduced by it, which the heat 

loads in separate boiler efficiency. However, the artificial thermal efficiency accepts equal weight of useful heat 

in different temperatures so that is not a very reasonable criterion which should be used carefully [2, 3].  
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Fuel energy saving ratio is a comparison of the fuel required for the given loads of heat and electricity in the 

cycle with conventional system. Fuel energy saving ratio measures the extent of fuel savings in a cogeneration 

plant. Increase in the rate of the fuel energy saving ratio provides information about the electric energy increases 

of the cogeneration system according to the first law. For the conventional system boiler efficiency ηB = 0.9 and 

the electrical efficiency  ηel = 0.4 are taken [2, 3]. 
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3 RESULTS AND DISCUSSIONS                                                                   
 

The rate of heat increment of electric energy of the cogeneration system provides information about the fuel 

energy. As can be seen the Figure 3 below, compressor compression ratio decreases, with increasing the rate of 

heat increment of electric energy criteria. Increasing excess air rates increases the rate of heat increment of 

electric energy. Simple cycle is better than the air preheated cycle according to the rate of heat increment of 

electric energy criteria.  

 

 
Figure 3. Variation of heat increments rates with different excess air rates for three compressor rates. 

 

In Figure 4 variation of electric and heat power with compressor rates for the two cogeneration cycles are given. 

Increasing compressor ratio increases the electric power, and decreases the heat power. For simple cycle heat 

power is high, however electric power is low than air preheated cycle. Electric power increases about 24%, 

however heat power decreases about 17% for the two cycles.  

 

In figure 5, increasing compressor ratio increases the exergetic efficiency for the cycles. The cause of it is 

increasing the compressor ratio increases the outlet temperature of the combustion chambers which increases the 

exergetic efficiency. For the simple cycle maximum efficiencies are at between 2 and 2.5 excess air rates.  
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Figure 4.Variation of heat and electric power with three compressor rates for different cogeneration cycles and 

variable combustion temperature. 

 

 
Figure 5. Variation of exergetic efficiency with different excess air rates for three compressor rates. 

 

It can be seen in this figure 6 that, increasing the compressor ratio increases the work obtained from the systems 

and thus increases the artificial thermal efficiency. By the view of the artificial thermal efficiency air preheated 

cycle is the better than the simple cycle. Increasing excess air rates decreases the artificial thermal efficiency for 

the two cycles. Increasing compression rates increases the artificial thermal efficiency for the two cycles. These 

decreases are about 13 % for simple cycle and about 10% for air preheated cycle at 6 compression rate. 

 

In Figure 7 variation of the fuel energy saving ratio with excess air rates for different compressor ratios are 

given. In the Figure it is seen that increasing compressor ratios increase the fuel energy saving. The maximum 

values of the fuel energy saving ratio for the simple cycle are obtained in the excess air ratios of 2-2.5. These 

ratios are about 2.5-3.5 for the air preheated cycle. Fuel energy saving ratio increases about 10% for air 

preheated and decreases about 25% . 
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Figure 6.Variation of artificial thermal efficiency with different excess air rates for three compressor rates. 

 

 
Figure 7. Variation of fuel energy saving ratio with different excess air rates for three compressor ratios.  

                         

4 CONCLUSION 
 

There is a need in design and optimization process to improve and to have the detail knowledge of the factors 

that affect the performance of cogeneration systems. In this study, the evaluation criteria that is used for 

evaluation of cogeneration cycles such as electric and heat powers, rate of heat increment, exergy efficiency, 

artificial thermal energy efficiency and fuel energy saving ratio (five criteria) are studied with two parameters 

that are the compression ratio and the excess air rate for two different cogeneration cycles.   

As can be seen in the figures given above increases in the compressor ratio, results in higher electrical power that 

means slight increase in the fuel causes more electricity production. It appears that the air preheated cycle have 

much better performance than the simple cycle. Increases in the excess air rate increase the amount of the fuel 

for per unit electricity, which these increase are more for the simple cycle.  

 

Adding a recuperator decreases the energy efficiency however increases the exergy efficiency of the cycles. 

Increasing the compressor ratio of the two cycles increases the energy efficiency, however decreases the exergy 

efficiency for the constant outlet temperature of the combustion chamber. Increasing the excess air rates 

increases the net work, the compressor work and the exhaust energy loss but decreases the heat energy, the 

combustion chamber outlet temperature and the energy efficiency. The simple cycle is suitable for obtaining 

more heat power and less electric power. 
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Abstract 

In this study, thermodynamic optimization of inlet air cooling cogeneration systems 

has been performed. The analysis and optimization of these conditions are carried 

out according to the first and second laws of thermodynamics, and economic 

parameters were not taken into consideration. For this purpose, objective functions 

and constraints are determined separately, decision variables and parameters are 

defined, and the program is written by the authors in the FORTRAN programming 

language to calculate dependent variables. Compressor compression ratio, the 

maximum values of combustion chamber outlet temperature, isentropic efficiency 

of the compressor and turbine are taken as constraints and the optimum operating 

conditions are obtained in which maximum efficiency is obtained through the 

change of air flow, fuel flow and recuperator outlet temperature. The results were 

compared with the values in the literature and their accuracy is observed. 

 

1 INTRODUCTION  
 

In the conventional system, heat is produced in two separate systems in order to produce power and heat. In this 

case, while the total energy efficiency of the conventional system is around 60%, the energy efficiency of the 

cogeneration plant can reach up to 90%. In other words, it is seen that there is about 30% more benefit from the 

energy of the fuel in the cogeneration plant. Furthermore, when a cogeneration plant is installed in systems that 

require heat and electrical energy at the same time, the costs of the system can be significantly reduced [1, 2]. 

The efficiency, operating method and other characteristics of the main engine (gas turbine) of cogeneration 

systems determine the characteristics, efficiency and operating style of the whole system. According to the 

working methods cogeneration systems can be classified as; gas turbine cogeneration, steam turbine 

cogeneration, gas-steam turbine combined cogeneration, motor cogeneration and fuel cells. 

The most critical step in the design of a thermal system is to determine the design characteristics, that is, what is 

required of the system and to provide them numerically. The design that meets all the required specifications is 

workable design and the best of the workable designs is called optimal design. This means applying the best of 

various alternative considerations (such as optimal cost, weight, reliability). Generally, the system that 

minimizes the cost is considered optimal. Depending on the complexity of the systems and the uncertainty in the 

data and information, it is often impossible to determine the right optimum, but the design closest to the 

optimum can be determined. The design that provides the greatest return (or yield) from the fuel supplied for the 

thermal system is called better design. In thermal systems, since each device is complexly affected by the other, 

these systems are complex, and the maximum efficiency of one device can minimize the efficiency of another 

device, which can reduce the efficiency of the entire system. Therefore, taking into account the whole system, 

the optimization of the entire system is performed instead of individual devices optimization [4, 5, 6]. 

Since the solution of design problems of thermal systems will reveal many alternatives, it can bring effective and 

different solutions. The best design is usually obtained from the most accurate and well selected and constructed 

devices. Mathematical optimization of a design reveals the conditions under which that design works best, but 

mathematical optimization must be made and compared in other designs, as it does not demonstrate the 

superiority of the solution that other designs bring to the problem. Avoiding unnecessary processes, using heat 

and power in the form of cogeneration, avoiding throttle valves as much as possible, using turbines with more 

than 100 kW power generation, avoiding mixing of different pressure, temperature and chemical compositions in 

combustion are crucial. It is recommended to reduce the use of or avoid unnecessary combustion, preheating 

before combustion, the use of the most efficient devices, reducing the heat transfer to the cold environment or 

environment. The second law of thermodynamics is applied to process-specific design paths, but this is not 
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sufficient because it does not indicate unnecessary investments, so thermoeconomic analysis must be performed 

[6].  

2 MATERIAL AND METHOD 
 

As shown in Figure 1, the high pressure compressed air from the compressor is burned with natural gas in the 

combustion chamber and the resulting high temperature exhaust gases are released from the gas turbine to 

convert some of its energy into electrical energy, leaving most of the remaining energy in the waste heat 

recovery device to the water. In this way, mechanical energy (converted to electrical energy in the generator) is 

obtained from the gas turbine at the same time, while hot water or steam is obtained from the waste heat 

recovery device. The combustion equation is taken as follows. 
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Figure 1.Inlet air cooling cycle 

 

    OHXCOXOXNXOHCOONCH OHCOON 2222222222224 1019.00003.02059.07748.0         (1) 

       

Table 1. The mass, the energy and the entropy equations of the components of the inlet air cooling cycle [7, 8]. 

 
 

The resulting hot water or steam is used in heating, drying, process heat supply, electricity production using 

steam turbine, district heating, absorption cooling, and similar processes. Different cycles are obtained by adding 

other devices such as recuperator, steam injection, heat exchangers, absorption cooling, steam turbine to the 

main machine. It is also available in cycles where different fluids such as CO2 are used as the working fluid 

instead of air. 

 

Cogeneration plants consist of different devices and temperature, pressure and chemical composition changes 

occur in these devices. In addition, a chemical reaction takes place in the combustion chamber. In this study, the 

assumptions made in the analysis of the systems are as follows [6]. The cogeneration system operates in a 

continuous regime, the ideal gas mixture laws are valid for air and exhaust, methane is chosen as the ideal gas 

and the combustion is complete combustion, no NOx formation and the heat loss in the combustion chamber is 

2% of the fuel upper thermal value. There is no heat loss in other elements and kinetic and potential energy 
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effects are not taken into consideration. In addition, environmental conditions are taken as follows; T0 = 298.15 

K and P0 = 1,013 bar, pressure loss in combustion chamber, and 5% for heat exchanger and capacities m1 = 91.4 

kg / h for compressor, ms = 14 kg / h saturated steam pressure for heat exchanger at 20 bar, gas turbine net 

electrical power 30 MW, combustion chamber fuel flow mf = 1.64 kg / h methane was taken. The 

thermodynamic model and calculation procedure are given in Table 1 and Table 2 for the inlet air cooling cycle. 

 

Table 2. The exergy and the exergy efficiency equations of the components of the inlet air cooling cycle [7, 8]. 

 
 

Since there is no specific general method for finding the optimum value, there are certain methods available for 

each type of problem and can be classified as follows. One dimensional (univariate) unconstrained, 

multidimensional (multivariable) unconstrained and multidimensional (multivariable) constrained optimization 

problems. One-dimensional (univariate) unconstrained optimization problems are solved with methods that are 

analytical method, region elimination (equal spacing region elimination, half, gold region, fibonacci) methods, 

polynomial approximation (quadratic, cubic) methods, derivative evaluation (derivative half, steeping descent), 

Newton Ralphson, finite differences Newton, secant). Multidimensional (multivariate) unconstrained 

optimization problems are solved by random search, green search, simplex (flexiblepolyhedral), univariate 

search, steeping descent, Newton, conjugate directions (conjugate directions) methods. Multidimensional 

constraint optimization problems are solved by linear programming, simplex, NLP programming, penalty, 

Lagrange multipliers, integer programming (enumeration), branch and bound. Apart from all these methods, 

many other methods are available in the literature [4, 5, 6] Design optimization of thermal systems is the most 

frequently occurring and examined case of multivariate constrained nonlinear programming. There are n 

independent variables and m constraints, and the objective function consists of these variables. If the equality of 

constraints m can be eliminated or expressed in the objective function, then the derivative of the objective 

function can be optimized by equalizing to zero. Since only a few simple problems can be solved with this 

simple method, other methods are used in complex systems [4, 6]. 

 

Lagrange, iterative quadratic, iterative linearization, penalty function, and direct search methods are used in 

constrained nonlinear programming problems. In general problems, iterative quadratic, iterative linearization and 

penalty function are better than the other methods. In the Lagrange method, the constrained optimization 

problem is transformed to the unconstrained problem by obtaining the extended objective function by 

multiplying it with the Lagrange multiplier and adding it to the objective function. The resulting extended 

objective function is derived from the variables, Lagrange multiplier and redundancy variable, and then 

equalized to zero and solved. Most of the time, nonlinear equations of thermal systems are complex and 

numerous, and cost equations make them even more complex, so there are no values that equalize derivatives to 

zero [6]. 

 

The iterative quadratic programming method is the minimization of the constrained second order function, linear 

equality or inequality. Iterative linearization method is the method of solving nonlinear equations by converting 

to linear equations by one of the linear programming methods. The penal function method is a method of 

minimizing the constrained equation. Among the direct search methods (random search, sequential simplex and 
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cyclic coordinate methods are the most important), the Box’s complex method, which is a kind of simplex direct 

search method, is one of the most effective methods and in reference [6] was used accordingly. 

 

The first stage, the system and the sub-systems that affect the performance of the system, needs to be clearly 

defined. Accurate determination of the boundaries of subsystems by dividing complex systems into subsystems 

is important for subsystem optimization. The optimization criterion is characterized by minimum or maximum as 

it can be economic (such as minimum cost), technological (such as maximum efficiency) or environmental (such 

as minimum pollution). In practice, multiple optimization criteria are identified and the best design and operating 

conditions are sought. When more than one criteria are identified, these criteria may contradict or match each 

other. In case of contradictory criteria (such as minimum pollution, maximum power or efficiency), one and the 

most important one is selected and the others are considered as parameters or constraints of the problem and 

optimization is performed [4, 6]. 

 

In the optimization problem, the variables are four types: dependent, independent, decision variables and 

parameters. The independent variables should include all variables that affect performance and cost, should not 

include insignificant and detailed variables, and should be chosen to ensure that the independent variables 

subject to change are separate from each other. In the optimization study, only the decision variables can be 

changed, and the parameters and independent variables cannot be changed for the model being compared or for a 

particular model. Dependent variables are the variables obtained as a result of the mathematical model 

calculation. The mathematical model is the definition of the system as functions and equations, and includes and 

identifies all independent variables and relationships that affect performance criteria. It also includes objective 

function, equality and inequality constraints to be maximized or minimized. The objective function can be linear 

or nonlinear, with one or more decision variables, continuous or with discontinuity in some parts [4, 7]. The 

constraints may be linear or nonlinear, but have nonlinear properties in the cogeneration systems studied herein. 

The objective in optimization is to get ideas for improving the cycle rather than finding the mathematical global 

maximum or minimum. As the demand for steam and electricity changes, it is not practical to use the global 

maximum or minimum to be found in a constant production quantity, since there are varying quantities of 

production rather than production, and also because the temperature, pressure and humidity of the air constantly 

change. However, finding the optimum points in thermoeconomic optimization is important in terms of giving an 

idea for improvement as it will indicate the optimum working area. 

 

There are many advanced computer programs in the market for the analysis and optimizations. In sequential 

module approach programs, the devices are combined by selecting from the menu, the program is run by giving 

input values and the results are obtained. The user cannot see the mathematical and thermodynamic models, 

equations, and relationships between the devices. Programs such as ASPEN PLUS, PROCESS, CHEMCAD are 

such programs. The mathematical model of each device is established in hundreds of equations by solving each 

system in equations approaching programs and these are solved for common variables. SPEED UP is an example 

of such programs. Here, mathematical and economic models of the systems have been developed and solved in 

VISUAL FORTRAN programming language by using hundreds of linear and nonlinear equations as separate 

sequential modules and synthesis of these two types. Conventional optimization methods can be used to optimize 

very simple cycles (for example according to the first law), but complex systems cannot be optimized with these 

methods. If the cost and performance calculations will be involved in optimization, even the simplest cycle is 

impossible to do with traditional optimization methods [6]. 

 

3 RESULTS 
 

Figure 2 shows the variation of the electrical and thermal power of the inlet air cooling cogeneration cycle with 

the compressor compression ratios. Increasing compressor ratio decreases the heat power, however increases the 

electric power. The reason for this is that as the compressor compression ratio increases, since the combustion 

chamber outlet temperature is not taken constant, the turbine outlet temperature decreases at high pressure, 

which reduces the amount of heat obtained in the waste heat recovery device (HRSG).  It can be understood 

from the slope of the obtained curves that the net work to be obtained will decrease as the higher values are 

reached. This is more clearly seen in Figure 3 that the variation of exergetic efficiency with excess air rates for 

different compression rates is given.  In Figure 3 can be seen that the exergy efficiency of the system increases as 

the compressor compression ratio increases. The inlet air cooling cycle reaches maximum efficiency at excess air 

rate coefficient of 2–2.5 and then decreases with increasing excess air rate. As the compressor compression 

ratios of the inlet air cooling cycle increase, it is seen that the exergy efficiency will be maximum at lower air 

excess coefficient ratios. 

 

In Figure 4, the variation of fuel energy saving ratio with excess air rates for different compression ratios are 

given. Fuel energy saving ratio is a comparison of the fuel required for the given loads of heat and electricity in 
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the cycle with conventional system. Fuel energy saving ratio measures the extent of fuel savings in a 

cogeneration plant. Increase in the rate of the fuel energy saving ratio provides information about the electric 

energy increases of the cogeneration system according to the first law. For the conventional system boiler 

efficiency ηB = 0.9 and the electrical efficiency  ηel = 0.4 are taken [2, 3]. 
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                 (2) 

 

As can be seen in Figure 4, increasing compressor ratio increases the fuel energy saving ratio. The inlet air 

cooling cycle reaches a maximum of fuel energy saving ratio at excess air rate coefficient of 2–2.5 and then 

decreases with increasing excess air rate. 

 

 

Figure 2. Variation of electric and heat power with compression rates for inlet air cooling cogeneration cycle 

and variable combustion temperature where mfuel=1,64 kg/s, mair=91,3 kg/s, ex.air rate=2,5, ηisC=ηisT=0,86, 

Trec.out=850 K,  Tsteam=485,57 K, Teg.=426 K. 
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Figure 3. Variation of exergetic efficiency with excess air rates for different compression rates. 

 

Since the efficiency increases rapidly as the compression ratio for the compressor is increased, but because it can 

be maximum 16, the compression ratio is maximum 16 because of this limitation. Since the increase in the 

isentropic efficiency of the compressor and turbine increases the efficiency, they should be close to the 

maximum values of ηsc <0,90 and ηst <0,92. For this, these values will be taken as ηsc = 0.88 and ηst = 0.90. As 

the combustion chamber outlet temperature increases, the efficiency of the system will increase and at the same 

time this temperature is the gas turbine inlet temperature and the temperature that the gas turbine blades can 

4 6 8 10 12 14 16
20000

25000

30000

35000

40000

45000 (Trec.out=850 K)

E
le

ct
ri
c 

A
n

d
 H

e
a

t 
P

o
w

e
r 

(k
W

)

Compression Rates

Qnet in.air cool.(Tcom.in=278 K)

                      

                   

                 

Wnet in.air cool.(Tcom.in.=278 K)

1708



Local Optimization of a Cogeneration System ICADET ‘19 

 

 

withstand is 1550 K, the combustion chamber outlet temperature will be maximum around 1550 K. Parameters 

for local optimization can be listed as follows [6, 7, 8]. (These values are also taken in this study.) 

 

1-Obtained net power (turbine power and thermal power), 

2- Temperature, pressure and flow rate of the obtained saturated steam. 

3-Air compressor inlet temperature T1 = 298,15 K (25 0C) and pressure P1 = 1,013 bar (1atm) and air molar 

components 77.48% N2, 20.59% O2, 0.03% CO2, 1%, 9 H2O (g). 

 

As dependent variables, exhaust products are the energy used by the compressor, the power and pressure from 

the turbine and the pressure and temperature in the flow lines. These are air compressor outlet pressure and 

temperature, combustion chamber outlet pressure and temperature, gas turbine outlet pressure and temperature 

and waste heat recovery device exhaust outlet temperature [7, 8]. 
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Figure 4. Variation of fuel energy saving ratio with excess air rates for different compression ratios.  

 

The maximum yield values obtained are local values when the modified non linear simplex direct search method 

is applied to achieve this power by taking the net power constant (30 MW and 14 kg / s steam). If this search is 

performed in all operating conditions where the power is constant and the cycles can operate, the values obtained 

are global maximums and the maximum efficiency value that the cycle can output. These maximum efficiency 

values should be sought for all compressor compression rates in which the systems can operate. The iteration 

steps of the thermodynamic local optimizations of the inlet air cooling cycle are given in Table1. 

 

Table 3. Iteration for local maximum efficiency values for constant power (30 MW and 14 kg/s steam) 

Air Mass Rate 

(kg/s) 

T4 

(K) 

Energy 

Efficiency 

Exergy 

Efficiency 

Steam Mass 

Capacity  

(Kg/s) 

Electric 

Power 

(kW) 

Fuel Mass  

Rate 

 (kg/s) 

91.31 1272 0.7074 0.4609 14.17 26212 1.641  

91.32 1334 0.7074 0.5032 12.16 31628 1.64 

91.33 1334 0.7365 0.5137 13.15 31628 1.64 

86 1373 0.7446 0.5143 13.53 31322 1.64 

82 1405 0.7507 0.5142 13.85 31025 1.64 

78 1440 0.7568 0.5135 14.19 30657 1.64 

78 1422 0.7538 0.5139 13.68 30094 1.6 

78 1426 0.7545 0.5138 13.81 30236 1.61 

76 1445 0.7577 0.5134 13.98 30037 1.61 

75.7 1447 0.758 0.5133 144 30000 1.609 
1 ηsc=0.86 and ηst=0.86 and r=10  
2 ηsc=0.88 and ηst=0.90 and  r=16 is taken 
3 For exhaust outlet temperature 400 K  
4 Steam mass rate 14 kg/s  

 

The global maximum yields are the values found when the power is not taken constant and all the operating 

conditions in which the cycles can work are taken into consideration. The efficiency decreases when the 

combustion chamber outlet temperature is increased. This is due to the fact that the maximum efficiency is 
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achieved at a certain air fuel ratio, which decreases when the air fuel ratio value is reduced to increase the 

combustion chamber outlet temperature. 

 

4 CONCLUSION 
 

As the compressor compression ratio increases in the specified conditions and range, the work obtained 

increases, but the heat energy obtained decreases. As the excess air coefficient of the inlet air cooling 

cogeneration cycle is higher than 3.5, the net work starts to decrease. As the compressor compression ratio 

increases, the heat power of the system decreases (as more electrical power is obtained). Since the increase in the 

air excess rate decreases the combustion chamber outlet temperature, the temperature of the exhaust at the 

turbine outlet decreases and the amount of heat to be transferred in the waste heat recovery device decreases. The 

exergy efficiency of the system increases as the compressor compression ratio increases. The inlet air cooling 

cycle reaches maximum efficiency at a rate of the excess air rate of 2–2.5 and then decreases with increasing the 

excess air rate. As the compressor compression ratios of the inlet air cooling cycle increase, it is seen that the 

exergy efficiency will be maximum at lower excess air ratios. When the change in the electric power of the cycle 

with the excess air coefficient is examined in the changing compressor inlet air temperatures, the power obtained 

from the turbine increases as the work spent in the compressor decreases as the inlet air temperatures decrease. 

In the literature, cycles are optimized for a given power, which gives local optimizations. However, the global 

optimum is obtained when the optimum search is made considering all operating conditions in which the cycle 

can operate.  

 

References  
 

[1] ASHRAE, Cogeneration Systems And Engine And Turbine Drives, ASHRAE Systems And Equipment 

Handbook (SI), Chapter 7, American society of Heating, Refrigerating and air conditioning Engineers New 

York 2000. 

[2] M.P. Boyce, Handbook for Cogeneration and Combined Cycle Power Plants, Asme Press, 42-220, New 

York, 2002. 

[3] J.H. Horlock, Cogeneration-Combined Heat and Power (CHP), CRİEGER Pub.,Florida 1997. 

[4] Yogesh Jaluria, Design and Optimization of Thermal Systems, Second ed. CRC Press, New York, 2008. 

[5] Rabi Karaali, Thermoeconomic Optimization of Cogeneration Power Plants, PhD Thesis, Kocaeli Univ. 

2010. 

[6] A. Bejan, G. Tsatsaronis, M. Moran, Thermal Design and Optimization, Wiley Pub, New York, 1996. 

[7] J.M. Moran, G. Tsatsaronis, The CRC Handbook of Thermal Engineering, CRC Press LLC., 15-109, 

Florida 2000. 

[8] M.A. Rosen, I. Dincer, Exergy-Cost-Energy-Mass Analysis of Thermal Systems and Processes, Energy 

Convers. Mgmt., 44 (2003), 1633-1651. 

 

1710



 

 
3rd International Conference on Advanced 

Engineering Technologies 
 

19-21 September 2019 

 

 

 

*balim@bayburt.edu.tr 

Radiation Protection Features of Some Important Ternary Carbide Ceramics 

 
Bünyamin ALIM* 

 
Technical Scientific Vocational School, Department of Electricity and Energy, Bayburt University, Bayburt, Turkey 

 

Keywords:  
Mass attenuation 

coefficient, 

Effective atomic 

numbers, Mean free 

path, Carbide, 

Ceramic 

 

 

 

 
Abstract 

From the point of radiation protection, the photon interaction data of the potential 

shielding materials, for which a lot of progress has been made day by day particularly 

in the fields of radiation protection, have become very important. These data are also 

called photon-shielding parameters and are dependent on incident photon energy and 

chemical composition of the medium in which photons interact. In this study, the 

photon-shielding parameters such as mass attenuation coefficient (MAC), mean free 

path (MFP), half-value layer (HVL), total atomic cross-section (ACS), total 

electronic cross-section (ECS) and effective atomic number (Zeff) of ternary carbide 

ceramics with different forming carbides (Al4SiC4, Ti3SiC2 and Ti3AlC2) were 

calculated at the energy range of 1.00 keV-100 GeV by using WinXCom computer 

code in order to evaluate their possibility for utilization as radiation shielding 

ceramics. The results obtained were discussed in relation to the chemical 

composition of the samples. The results obtained for MAC, ACS and ECS 

parameters are highest in low energy region and lowest in the energy range of 10 to 

50 MeV. The ranking of the investigated ceramics according to their shielding 

capacities was determined as Ti3SiC2 > Ti3AlC2 > Al4SiC4.  

1 INTRODUCTION  
 

Electromagnetic radiation (especially X- and gamma rays) is used for numerous application areas such as radiation 

physics [1], nuclear power plants [2], agriculture field [3], food technology [4], radiation dosimetry [5], drug 

delivery [6], cancer diagnosis [7] etc. Therefore, the radiation protection is becoming more and more important 

day by day. Thus, the determination of radiation shielding capabilities of new materials for radiation protection 

and the design of new shielding materials has become the point of interest of researchers. There are many studies 

in the literature for materials such as alloys [8], glasses [9], ceramics [10], concretes [11] and compounds [12] for 

this purpose. In order to determine the radiation shielding capacities of the investigated materials, these studies are 

based on calculating the parameters such as mass attenuation coefficient, linear attenuation coefficient, mean free 

path, half value layer, quarter value layer, tenth value layer, atomic and electronic cross-sections, effective atomic 

numbers and effective electron numbers of the materials of interest depending on the incident photon energy. The 

aforementioned parameters are the most important parameters that demonstrate the radiation shielding property of 

a material. Therefore, they are the preferred parameters for selecting the best radiation absorbing material among 

materials in many technological applications.  

 

In radiation shielding, materials are expected to have superior properties such as high melting point, high strength, 

easy accessibility, cheapness, good corrosion resistance, etc. besides high density. Therefore, ceramics can be 

preferred in radiation shielding among many different materials as they meet these specified properties. The 

carbide ceramics examined in this study are of interest for many application areas because of superior mechanical 

features, high melting point, good corrosion resistance, and high compressive strength [13]. Therefore, in this 

study, it was aimed to investigate the radiation protection properties of the three different forming carbides 

(Al4SiC4, Ti3SiC2 and Ti3AlC2) in order to evaluate their possibility for utilization as radiation shielding ceramics 

and to expand the application areas of these carbide ceramics. For this purpose, in this research, the mass 

attenuation coefficient (MAC), mean free path (MFP), half-value layer (HVL), total atomic cross-section (ACS), 

total electronic cross-section (ECS) and effective atomic number (Zeff) were calculated at the energy range of 1.00 

keV to 100 GeV using WinXCom software[14].  
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2 THEORETICAL PROCEDURE 
 

When the photons enter the material, some are absorbed, some transmit without interaction, and some are scattered 

in different directions from the primary photon as with low-energy photons. The probability of occurrence of these 

processes depends strongly on incident photon energy, shield material [15].  The radiation interaction parameter 

which includes all of these interaction possibilities is the mass attenuation coefficient (MAC). The MAC is the 

probability of interaction per unit volume in an absorber material. The MAC with units cm2/g is calculated by the 

following equation [16]:  

 

   m i i
i

MAC w      
 

(1) 

 

where 𝜇 and 𝜌 are the linear attenuation coefficient and density of material, respectively, 𝑤𝑖  and (𝜇/𝜌)𝑖 are the 

weight fraction ( Wt. %) and MAC of the ith constituent element, respectively.  

 

The mean free path (MFP with units cm) is the average distance between two successive interactions during photon 

travels in matter [15]. The MFP can be calculated using the following equation: 
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The half value layer (HVL with units cm) is defined as the material thickness required reducing the initial counts 

of mono-frequency photons by one-half. It is calculated by the following formula: 
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The total atomic cross-section (ACS with units barns/atom or cm2/g) is a parameter indicating the probability of 

interactions between incident photons and atoms of absorber material. It can be calculated from the determined 

MAC values using the following formula: 
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(4) 

 

where NA is the Avagadro’s number, ∑ 𝑓𝑖𝐴𝑖𝑖  is the atomic mass of the absorber material, Ai is the atomic mass of 

the ith constitute element in the absorber material, 𝜇𝑖 is the calculated MAC value of absorber material in the 

interest energy using WinXCom software and fi denotes mole fraction of the ith constitute element of absorber 

material.  

 

The total electronic cross-section (ECS with units barns/atom or cm2/g) a parameter indicating the probability of 

interactions between incident photons and electrons of absorber material. It can be calculated by the following 

formula: 
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(5) 

 

Where Zi and (𝜇𝑚)𝑖 are the atomic number of ith element and the MAC value of ith element in the energy of 

interest, respectively.  

 

Just like a pure element atom, there are a need for a unique atomic numbers, which symbolizes a composite that 

contains multiple elements at a given energy value. The numbers called as effective atomic numbers symbolized 
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by Zeff for absorber materials. The Zeff are directly related to ACS and ECS values. It can be calculated by the 

following equation: 

 

T
eff

e

Z





 

(6) 

 

Details regarding the theoretical calculation for photon attenuation parameters have been reported in our previous 

paper [15].  

     

3 RESULTS AND DISCUSSION 
 

In the present study, the MAC values of present samples were theoretically calculated at the wide energy range of 

1.00 keV-100 GeV by using WinXCom computer code [14] based on mixture rule. In order to better observe the 

variations in MAC values with the incident photon energy for present ternary carbide ceramics is shown in Figure 

1. 

 

 
Figure 1. The variations of MAC values versus photon energy for ternary carbide ceramics examined. 

 

According to Figure 1, it is obviously seen that there is a sharp decrease with the increase of incident photon energy 

followed by a slight increase after the energy value of 10 MeV. The lowest MAC values for present samples were 

indicated results obtained of MAC values in the energy range of 10 to 50 MeV. Furthermore, in the low energy 

region (photoelectric effect predominant region), although the MAC values show an exponential decrease with 

increasing photon energy, a sudden increase in MAC values is observed when the photon energy arrives at the 

absorption edges of the element atoms in the carbide ceramics. Moreover, it was observed that the sample with the 

highest MAC values was generally Ti3SiC2 and the sample with the lowest MAC values was Al4SiC4, among the 

ceramics examined.  
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Figure 2. The variations of MFP values versus photon energy for ternary carbide ceramics examined. 

 

 
Figure 3. The changes of HVL values versus photon energy for ternary carbide ceramics examined. 

 

The MFP and HVL, which are useful parameters in evaluating of radiation protection features of composites, were 

calculated using the linear attenuation coefficient and the variation of these parameters versus incident photon 

energy are shown in Figure 2 and Figure 3, respectively. From these Figure, it was observed that the variations of 

MFP and HVL values versus incident photon energy are similar. Namely, the photon energy dependence of these 

two parameters is similar. 
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The MFP is the average distance between two successive interactions during photon travels in matter. Furthermore, 

the MFP is also called the relaxation length.  Furthermore, the HVL, also called the half-value thickness, is a 

parameter that shows half-thickness exponential attenuation of the incident photons [15]. As can be seen from 

Figure 2, the lowest HVL and MFP values for investigated samples were obtained in the low energy region where 

the photoelectric effect is dominant, while the highest MFP values were obtained in the middle energy region 

where the Compton scattering is dominant. Moreover, from these Figures, it was clearly seen that the Ti3SiC2 

carbide ceramic has the lowest HVL and MFP values over the entire photon energy range. This situation indicates 

that the Ti3SiC2 carbide ceramic has better photon shielding capabilities than the others ceramics under 

examination.  

 

On the other hand, the theoretically calculated results of ACS and ECS for present ternary carbide ceramics at 1.00 

keV-100 GeV wide energy range are exhibited in Figure 4 and Figure 5, respectively. As can be seen from these 

Figures, the changes of ACS and ECS values versus incident photon energy are similar and these values decrease 

with increasing incident photon energy from 1.00 keV to 100 GeV. The highest ACS and ECS values for present 

samples were obtained in the low energy region where the photoelectric effect is dominant. Although ACS and 

ECS values show similar behavior with increasing photon energy, the differences between ACS values of samples 

was found to be greater with respect to the differences between ECS values (especially in the high energy region 

where the pair production is dominant). Compared with other ceramics investigated, this situation indicates that 

the atomic interactions with the incident photons of the Al4SiC4 ceramic have more probability than the electronic 

interactions.  

 

 
Figure 4. The changes of ACS values versus photon energy for ternary carbide ceramics examined. 
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Figure 5. The changes of ECS values versus photon energy for ternary carbide ceramics examined. 

 

 
Figure 6. The variations of Zeff values versus photon energy for ternary carbide ceramics examined. 

 

The effective atomic numbers (Zeff) for any material is a very useful parameter for technological applications such 

as space physics, plasma physics, industry, medicine, etc. [15]. In this study, Figure 6 displays the variations of 

Zeff values versus incident photon energy for ternary carbide ceramics under examination. As can be seen from 

Figure 6, in the whole energy range, while the Zeff values of the Ti3SiC2 and Ti3AlC2 ceramics are almost the same, 

the Zeff  values of the Al4SiC4 ceramic are quite different from the corresponding values of other present ceramics. 

This result indicates that the radiation shielding capacity of the Al4SiC4 ceramic is quite poor compared to the 
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others and the Zeff values depend on the chemical structure of the present material. The Zeff  values obtained for the 

examined samples showed a sharp increase and then a sharp decrease, respectively, with increasing photon energy, 

and then increased again. Furthermore, the highest and lowest Zeff values for present ceramics were calculated in 

the low e and middle energy region, respectively. This indicates that the Zeff values depend on the incident photon 

energy for ternary carbide ceramics under examination. 

 

4 CONCLUSION 
 

In this study, the photon interaction parameters such as mass attenuation coefficient, mean free path, half value 

layer, total atomic cross-section, total electronic cross-section and effective atomic number of three ternary carbide 

ceramics (Ti3SiC2, Ti3AlC2 and Al4SiC4) were calculated at the wide energy range of 1.00 keV-100 GeV. It was 

aimed to determine radiation protection features of the present ceramics. It was observed that the investigated 

parameters depend upon the chemical composition of the element in the ceramics and incident photon energy. 

Among the three carbide ceramics under examination, the Ti3SiC2 ceramic has the highest mass attenuation 

coefficients as well as effective atomic numbers. The results obtained for MAC, ACS and ECS parameters are 

highest in low energy region and lowest in the energy range of 10 to 50 MeV. The ranking of the investigated 

ceramics according to their shielding capacities was determined as Ti3SiC2 > Ti3AlC2 > Al4SiC4. According to the 

results obtained, the radiation protection capability of Ti3SiC2 was determined to be quite good in the low energy 

region. Therefore, it can be said that the Ti3SiC2 carbide ceramic can be used an shielding material in the low 

energy radiation application areas. 
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Abstract 

Yttrium-stabilized tetragonal zirconia (YTZP) ceramic have superior features in 

biomedical applications such as dentistry. It is important to determine the radiation 

interaction parameters of YTZP ceramic used in medical applications because 

electromagnetic radiation, especially X-rays called as Röntgen rays, are used in 

imaging in many medical fields. The effective conductivity, which is one of the 

radiation interaction parameters, is important to determine the characteristics of a 

material and may vary depending on the energy of the interacting radiation with 

matter. This dependence may change the limit of use of the material used in various 

applications. Therefore, the current study aimed to determine the dependence on 

photon energy of the effective conductivity of YTZP ceramic for biomedical 

application such as radiation imaging. For this purpose, the effective conductivity of 

YTZP, Zirconia and Yttrium (III) Oxide ceramics were calculated at the wide photon 

energy region from 1.00 keV to 100 GeV. According to the results obtained, it was 

observed that the effective conductivity of present samples are strongly dependent 

on photon energy. This dependence may change the limit of use of the present 

material used in various applications. Therefore, this results is evidence that some 

important properties of the material used in medical imaging are unstable due to 

photon energy , and it has been demonstrated that the new materials used in medical 

imaging should be designed with consider of effective conductivity. 

1 INTRODUCTION  
 

Zirconium dioxide (ZrO2), called as Zirconia, is a polymorphic material and have many crystalline structure 

because of environmental conditions such as temperature and pressure. The change of crystalline structure causes 

change of the some important physical properties of material such as density. These changes precludes the use of 

pure Zirconia in medical applications. Therefore, many oxides such as CaO, MgO, CeO2 and Y2O3 may be added 

to the pure zirconia as stabilizers. Among the ceramics formed by the addition of oxides as stabilizer, Yttrium-

stabilized tetragonal zirconia (Y-TZP) ceramic, which occurs with the addition of Y2O3 to ZrO2, is the most 

suitable ceramics for dental applications. YTZP ceramic consist of about %97(mol) ZrO2 and %3 (mol) Y2O3 and 

has superior properties mechanical properties [1-3]. Many researchers have focused on determining some 

properties of YTZP ceramics [4-8].  

 

All the specific physical, chemical and mechanical properties of materials are associated with their electronic and 

atomic structures. The atomic parameters such as lattice structure, crystal structure, radius and electron affinity of 

atoms constituting the materials are directly related to valence-structure of materials. Therefore, the change of 

density of valence electron states is directly affected the material properties [9]. The density of valence electron 

states is directly related to the change of number of un-bonded (free) electrons in material. For this reason, the all 

characteristic properties of materials are directly related to number of free electrons in material. When photons (γ-

rays or X-rays) interact with material through dominant interaction processes such as Photo-electric effect, 

Compton scattering, and Pair production, the number of free electrons in the material changes [10]. Therefore, 

electromagnetic radiation (especially X- and gamma rays) is directly affected the some important properties of 

materials.  
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The dependence on electromagnetic radiation of free electron numbers in material can be determined by the change 

of effective conductivity of material because the effective conductivity of materials is directly related to number 

of free electron in material. Thus, the change in properties of the materials used in medical applications during the 

interaction with radiation can be determined by the effective conductivity value and the usability of any material 

for a selected application can be tested.  

 

In this research, for the reasons aforementioned, we aimed to determine of the dependence on photon energy of 

the effective conductivity of YTZP ceramic for biomedical applications such as radiation imaging. For this 

purpose, , the effective conductivity of YTZP, Zirconia and Yttrium (III) Oxide ceramics were calculated at the 

wide photon energy region from 1.00 keV to 100 GeV. The results obtained were evaluated in terms of both 

chemical composition of the materials and photon energy. 

 

2 THEORY 
 

Materials are a need for a unique electron numbers such pure element atom. This unique electron number is called 

as effective electron number (or effective electron density) and characterizes a composite that contains multiple 

elements at a given energy value. The effective electron number (or electron density) with units electrons/g can be 

defined as number of electrons per unit mass. The effective electron number symbolized by Neff can be calculated 

by the following equation [10]:  
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where NA is the Avogadro’s number, ∑ 𝑓𝑖𝐴𝑖𝑖  is the atomic mass of the composite, Zeff is the effective atomic number 

of material, Ai is the atomic mass of the ith element in the composite, µm (calculated using WinXCom software 

[11]) is the mass attenuation coefficient of composite in the energy of interest, ∑𝑛𝑖 is the total number of element 

in the material, σe is the total electronic cross-section of materials and fi denotes mole fraction of the ith element 

with respect to the number of atoms such that 𝑓1 + 𝑓2 + 𝑓3+. . . +𝑓𝑖 = 1. If the sum of the weight fractions of the 

elements in the composite is 1(𝑤1 + 𝑤2 + 𝑤3+. . . +𝑤𝑖 = 1), fi  is given by the following formula: 
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The effective conductivity symbolized by eff  is given by following equation: 
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where the unit of Neff should be considered electrons/kg, ρ with units g/cm3 is the density of composite, e 

(Coulomb) and me (kg) are the charge and mass of electron, respectively.   with units second is the average life 

time or relaxation time of the electron at the Fermi Surface and is defined by the following formula [12]:  
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h
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   (4) 

  

where h (J.s), kB (J/K) and T (K) are the Planck constant, Boltzman constant and ambient temperature of the 

composite, respectively. Details regarding the theoretical calculation for photon attenuation parameters have been 

reported in our previous paper [10].   
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3 RESULTS AND DISCUSSION 

In this research, firstly, the mass attenuation coefficients of present materials (Zirconia, Yttrium (III) Oxide and 

YTZP ceramics) were calculated by using WinXCom software based on mixture rule [11]. Then, the effective 

electron density and effective conductivity were calculated by using Eq. (1) and Eq. (3), respectively. The results 

obtained as a function of photon energy are shown in Figures 1-4. Figure 1 displays the variation of the effective 

electronic numbers (or effective electron densities) versus photon energy for present samples.  

Figure 1. The variations of total electronic cross-section versus photon energy for ceramics examined. 

As can be seen from Figure 1, the total electronic cross-section values of ceramics under examination decreases 

as exponential with increasing of photon energy. Furthermore, the some results of total electronic cross-sections 

of present samples showed sudden increases in certain photon energies. These sudden increases are due to the 

absorption edges of the element atoms in the structure of materials examined. The absorption edges of Y (Z=39) 

and Zr (Z=40) elements in the structure of ceramics examined are given in Table 1.  

Table 1. Absorption edges of Y and Zr metals in ceramics examined. 

Shell Y (Z=39) Zr (Z=40) 

K 17.03840 keV 17.9976 keV 

L-I 2.3725 keV 2.5316 keV 

L-II 2.1555 keV 2.3067 keV 

L-III 2.08 keV 2.2223 keV 

According to Figure 1, the values of total electronic cross-section of present samples are approximately equal. This 

situation was indicated that the total electronic cross-section values of the YTZP ceramic are less dependent on 

mole fraction of compounds in the ceramic because the atomic number of the elements in its structure are close to 

each other. Moreover, it was observed that the total electronic cross-section values of present samples are strongly 

dependent upon photon energy.  
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The variations of effective electron numbers of ceramics examined as function of photon energy is shown in Figure 

2. As can be seen from this Figure, the effective electron numbers of materials under examination varies regionally 

according to photon energy. In the low energy region where photoelectric effect is predominant, the total electronic 

numbers of Zirconia and YTZP ceramics are almost equal to each other and are quite different from the 

corresponding values of Yttrium (III) Oxide. In the middle energy region where Compton scattering is 

predominant, the values of total electronic cross-section of all ceramics examined are approximately equal. In the 

high energy region where Pair production is predominant, the total electronic numbers of Zirconia and YTZP 

ceramics are almost equal to each other and are quite different from the corresponding values of Yttrium (III) 

Oxide.  

 

 
Figure 2. The variations of effective electron numbers (Neff) versus photon energy for ceramics examined. 

 

On the other hand, it was observed that the Neff values of present ceramics are strongly dependent on the frequency 

of incident radiation. Generally, the ranking of the investigated ceramics according to their Neff values was 

determined as ZrO2 > YTZP >Y2O3. However, as can be seen from Figure 2, the Neff values of YTZP ceramic are 

much closer to the Neff values of Zirconia. Furthermore, while the highest Neff values for present ceramics were 

obtained in the low energy region, the lowest Neff values for investigated ceramics were obtained in the middle 

energy region. 

 

In this study, the effective conductivity of present samples were calculated using the results obtained of Neff values. 

The changes of effective conductivity of ceramics examined as a function of photon energy is given in Figure 3. 

As in the Neff values, the effective conductivity values of present samples showed different orientations according 

to the increasing photon energy. According to the results obtained, the σeff values of ceramics under examination 

are quite different from each other in the whole energy region. These differences indicates that the effective 

conductivity are strongly dependent on both photon energy and chemical composition of materials.  
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Figure 3. The changes of effective conductivity (σeff) versus photon energy for ceramics examined. 

 

As can be seen from Figure 3, the effective conductivity values of present samples in low energy region showed 

sudden increases in certain photon energies because of the absorption edges of element atoms (Y and Zr) in 

ceramics examined. Furthermore, it was observed that the effective conductivity values of YTZP ceramic are 

highest in the whole energy range compared to the Zirconia and Yttrium (III) Oxide. As in Neff values, for all 

investigated ceramic, the highest effective conductivity values were obtained in the low energy region while the 

lowest effective conductivity values were obtained in the middle energy region. Unlike the ranking in Neff values, 

the ranking of the investigated ceramics according to their σeff values was determined as YTZP > ZrO2 > Y2O3. 

 

The changes of effective conductivity of investigated ceramics as a function of Neff values is shown in Figure 4. 

According to this figure, it is clear that there is a linear relationship between effective conductivity and effective 

electron number. Namely, the values of effective conductivity of present samples increase linearly with the 

increase of Neff values of investigated ceramics. We would also like to state that the ambient temperature outside 

the research area of this study strongly influences the effective conductivity and the ambient temperature is 

constant and room temperature in this study.  

 

When all the results obtained were evaluated together, it was observed that the effective conductivity values, which 

determines the characteristic of present YTZP ceramic commonly used in dental applications, are strongly 

dependent on both the radiation energy it interacts and its chemical composition. This dependence may change the 

limit of use of the present ceramic used in various applications. Therefore, this results is evidence that some 

important properties of the material used in medical imaging are unstable due to photon energy. 
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Figure 4. The changes of effective conductivity (σeff) versus the effective electron numbers for ceramics 

examined. 

 

4 CONCLUSION 
 

In this study, it was aimed to determine dependence on radiation energy of effective conductivity of YTZP 

ceramics commonly used in biomedical application such as dentistry. For this purpose, the total electronic cross-

sections, effective electron numbers, effective conductivity of Zirconia, Yttrium (III) Oxide and YTZP ceramics 

were calculated in wide radiation energy range from 1 keV to 100 GeV. The results obtained were evaluated as a 

function of photon energy. According to the results obtained, it was observed that the effective conductivity of 

YTZP ceramic examined are strongly dependent on both photon energy and its chemical composition. Therefore, 

this results is evidence that some important properties of the material used in medical imaging are unstable due to 

photon energy , and it has been demonstrated that the new materials used in medical imaging should be designed 

with consider of effective conductivity. 
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Abstract 

In this study, performance of the In and Pt metal contacts has been investigated to 

obtain ohmic contact to the p-GaP semiconductor. The In/p-GaP junction was formed 

by thermally evaporation and annealed at 700 K. The Pt contact was deposited on 

the p-GaP by DC magnetron sputtering. Before and after post-annealing (at 600 K 

and at 700 K), the current-voltage characteristics of In/p-GaP/Pt diode structure as 

function of measurement temperature (40K-400K) was investigated. The current-

voltage characteristics have showed that the device has high series resistance (from 

108 Ω to 104 Ω), low forward-bias current (10-5 A) and strongly temperature depend 

threshold voltage (from 0.3 V to 1.5 V), lead to poor performance. The poor 

performance have been attributed to the formation of (InxGa1-x)P interface layer with 

In contact diffusion. 

1 INTRODUCTION  
 

For many decades, effective material, suitable structure and easy fabrication of devices have been investigated for 

various micro- and opto-electronic applications. Therefore, Gallium Phosphide (GaP) is one of the most suitable 

III-V compound semiconductor materials due to its stability at high temperature and radiation conditions (high 

ionization energy) [1]. Additionally, wide indirect band gap (2.25 eV at RT) and high charge carrier velocity of 

the GaP allows to use in the fabrication of advanced technological device such as photo-detectors, light emitting 

diodes (LED) and transistors [2].  

 

Therefore, metal-semiconductor (MS) and metal-interlayer-semiconductor (MIS) junctions are crucial part of the 

micro- and opto-electronic devices. Therefore, rectifier and non-rectifier metal contacts are one of the fundamental 

structures in these applications.  

 

On the other hand, both n- and p-GaP based devices require stable ohmic contacts with low resistance for optimum 

device performance as like other (opto)electronic devices. However, preparation of effective ohmic contact to p-

GaP semiconductor is difficult and stills a technological drawback. 

 

The GaP based junctions have been reported for investigation of various metal contact performance in recent years. 

For example, Shiwakoti et al. have reported capacitance-frequency and conductance-frequency characters of the 

Ni/n-GaP Schottky diode structure with its tolerance for the Au8+ ion radiation [3]. In this study, the bias voltage 

depend series resistance (Rs) has been shown. Interestingly, Lin et al. have reported that annealing temperature 

depend contact behaviour of PdIn metallization on n- and p-GaP and it attributed to the formation of an (InxGa1-

x)P phase at the contact interface [4]. Furthermore, this phase has caused the ohmic behaviour for the PdIn/n-GaP 

junction and low Schottky barrier height for the p-GaP. In another study, for stable and low resistance ohmic 

contact to the p-GaP, Pd/Zn/Pd metallization has been fabricated and analyzed with heat treatment [5]. The results 

showed that low resistance ohmic contact has been obtained with formation of p+-GaP interface layer between the 

metal and semiconductor is which consist of tunneling diode with narrowed potential barrier width. 

 

In this study, (InxGay)P/p-GaP junction diode has been obtained with annealing based diffusion of  In contact. The 

current-voltage (I-V) characteristics of In/(InxGa1-x)P/p-GaP/Pt junction has been comparatively analyzed for basic 

electrical parameters before and after post-annealing.      
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2 MATERIAL AND METHOD 
 

The p-GaP (100) wafers were used as a substrate. The GaP wafer was cleaned in solutions of trichloroethylene, 

acetone and methanol for 15 min, respectively, and then kept in the acid solution of H2SO4:H2O2:H2O = 3:1:1 for 

1 min and HF:H2O = 1:10 for 1 min, respectively. Between each cleaning step, the wafer was rinsed in deionized 

(DI) water and dried with nitrogen gas, respectively.  

 

For In metal contact having minimized contact resistivity, the In metal was evaporated onto the GaP at high 

vacuum (10-6 Torr) and annealed at 700 K under N2 atmosphere for 1 min. On the other hand, the Pt metal target 

was used to obtain Pt contact. The Pt metal contact was deposited by DC magnetron sputtering at power of 75 W. 

For investigation of post-annealing effect, the In/p-GaP/Pt diode was post-annealed at 600 K and 700 K.  

Before and after post-annealing, the I–V measurements of the device were carried out by using a Leybold Heraeus 

closed-cycle helium cryostat with KEITHLEY 487 Picoammeter/Voltage Source in the temperature range of 40–

400 K. 

 

3 RESULTS 
 

Figure 1 shows the I-V curves of the pristine and post-annealed In/p-GaP/Pt devices on a lin(I)-lin(V) and log(I)-

lin(V) scale in the temperature range from 40K to 400K. The log(I)-V characteristics are clearly shown that the 

devices have rectification performance with low forward-bias current. Additionally, the devices have very low 

leakage current. Interestingly, all the devices have threshold voltage more than 0.3 V and also this value increases 

until around 1.5 V with decreasing measurement temperature. Furthermore, while the post-annealing process has 

not changed shift of threshold voltage with temperature, the forward current has affected than post-annealing. This 

result can be attributed to the Pt metal contact because post-annealing temperature is lower than annealing 

temperature of the In contact.      

 

     

  
Figure 1. In(I)-V characteristics of the diodes: (a) the pristine, (b) the post-annealed at 600 K and (c) the post-

annealed at 700 K. Insert figures show log(I)-V characteristics of the diodes, respectively. 
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According to the thermionic emission (TE) theory, the relation between current and voltage of a rectifying junction 

can be expressed as [6]: 

 

I = Ioexp (
qV

nkT
) [1 − exp (−

qV

kT
)]                                                                                                                                    (1) 

 

where Iois the saturation current and it is given as following; 

 

Io = AA∗T2 exp (−
qФap

kT
)                                                                                                                                                     (2) 

 

In these equations, the term Фap is apparent barrier height at zero bias; A∗ is the Richardson constant 72 Acm-2K-

2 for p-GaP; q is electron charge; V is bias voltage; A is effective diode area 7.85x10-3 cm2; k is the Boltzmann’s 

constant; T is temperature in Kelvin; and n is ideality factor. The n is determined from the slope of linear region 

of the forward bias log(I)-V characteristic and can be written as following relation. 

 

n =
q

kT
(

dV

dlnI
)                                                                                                                                                                           (3) 

 

The ideality factor is key parameter for determining the quality and its value equals to unity for an ideal diode. 

However, the value of n is greater than one due to a non-ideal behaviour. As given in Table 1, n value of the 

devices has dramatically increased with decreasing measurement temperature. The variation of the ideality factor 

with temperature obtained by both methods is close to each other at high temperatures and quite different at low 

temperatures. This difference can be attributed to effect of the device series resistance which is depending to the 

temperature. Normally, the series resistance decrease with decreasing temperature due to increasing carrier 

mobility with decreasing lattice scattering. Thus, the resistance due to the bulk semiconductor thickness decreases 

[7].  

 

Figure 2 shows In(I)-In(V) characteristics of the devices before and after the post-annealing process. Clearly, the 

post annealing process is dominantly affected forward bias region until around 300 K but the revers bias is changed 

at temperatures more than 300 K.   

 

      
Figure 2. Iog(I)-V characteristics of the pristine and post-annealed diodes: (a) at 300K, (b) at 400K.  

Determination of the ideality factor, Schottky barrier height and series resistance values of the diodes has been 

suggested by Mikhelashvili et al. [8] starts from the function α(V): 

  
α(V) = d(InI)/d(InV)                                                                                                                                                           (4) 

 

The ideality factor, Schottky barrier height and series resistance values deduced by  
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n =
qVmax(αmax − 1)

kTαmax
2

                                                                                                                                                             (5) 

 

Φb =
kT

q
[αmax + 1 − In (

Imax

AA∗T2
)]                                                                                                                                     (6) 

 

Rs =
Vmax

Imax αmax
2

                                                                                                                                                                        (7) 

 

where 𝛼𝑚𝑎𝑥and 𝑉𝑚𝑎𝑥 are x and y coordinate points of maximum peak level in the plot 𝛼  versus V. The 𝐼𝑚𝑎𝑥  value 

is value is the current value corresponding to the 𝑉𝑚𝑎𝑥  value. 

On the other hand, Norde functions can be used to calculate barrier height and series resistance. The F(V) function 

is defined as [6]: 

 

𝐹(𝑉) =
𝑉

𝛾
−

𝑘𝑇

𝑞
𝑙𝑛 (

𝐼(𝑉)

𝐴𝐴∗𝑇2
)                                                                                                                                                  (8) 

 

where I(V) is current obtained from the I-V and γ is a the first integer greater than n. The parameters values 

deduced by 

 

Ф𝑏 = 𝐹(𝑉𝑚𝑖𝑛) +
𝑉𝑚𝑖𝑛

𝛾
−

𝑘𝑇

𝑞
                                                                                                                                                   (9) 

 

𝑅𝑠 =
𝑘𝑇(𝛾 − 𝑛)

𝑞𝐼𝑚𝑖𝑛

                                                                                                                                                                      (10) 

 

where 𝐼𝑚𝑖𝑛 is current value corresponding to 𝑉𝑚𝑖𝑛 value  where the function F(V) exhibits a minimum. 

As seen in Figure 3 (a) and (b), the 𝛼𝑚𝑎𝑥 constant and F(𝑉𝑚𝑖𝑛) values have been identified by plots of α versus V 

and F(V) versus V. Figure 3 shows the plots of the pristine In/p-GaP/Pt device.         

 

 
Figure 3. Graphs of (a) α(V) and (b) F(V) as function of forward bias voltage for the pristine diode. 

 

Figure 4 shows the characteristic parameters obtained by using TE and Mikhelashvili methods as function of the 

temperature. As seen in Figure 4(a), the ideality factor of the pristine diode has changed from 1.03 to 24.48 with 

decreasing temperature. However, in Figure 4 (b) and (c), the increase of the ideality factor of the post-annealed 

devices has shown a slight increasing behavior with temperature in comparison with that of the pristine device. 

Furthermore, while the ideality factor values depend the temperature is consist with the both methods for the 

pristine and post-annealed at 600 K diodes, the values for the post-annealed device at 700 K have different rise 

ratio. On the other hand, the barrier values and its alteration are comparable until temperature of 250 K. However, 
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for the values after room temperature, while the barrier height determined by using the TE method has increased 

to around 1.5 eV, the value raised to around 1.2 eV for the Mikhelashvili. As seen in Figure 4(d), the devices have 

a high series resistance of greater than mega-ohm. This high series resistance may cause low current in the forward 

bias region. On the other hand, as reported by Fu and Hung [9] and Lin et al. [4], diffusion of In metal contact in 

GaAs and GaP may be caused formation of an (InxGa1-x)As and (InxGa1-x)P phase at the interface, respectively. 

Additionally, the new phase has a lower band gap than that the pristine [10]. Interestingly, the (InxGa1-x)P interface 

layer improves tunneling probability with decreasing contact resistance in the n-type semiconductor. However, the 

In diffusion in the p-type GaP has caused a rise of the barrier height with decreasing temperature, and also a 

rectifier contact behaviour. This result leads to increase of device series resistance. Additionally, Figure 5 shows 

multi-linear regions having different slopes due to the barrier inhomogeneity. The properties of metal contact 

interface are dominant on barrier height and its homogeneity. The multi-linear regions have been decreased with 

the post-annealing process, as seen in Figure 5(c).      

 

 
 

 
Figure 4. Plots of ideality factor, barrier height and series resistance as function of temperature: (a) the pristine, 

(b) the post-annealed at 600 K and (c) the post-annealed at 700 K. 
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Figure 5. Temperature dependence plots of the zero-bias apparent barrier heights and experimental ideality 

factors for (a) the pristine, (b) the post-annealed at 600 K and (c) the post-annealed at 700 K. 

 

4 CONCLUSION 
 

In this study, the In/p-GaP junction was prepared by thermal evaporating technique and annealed at 700 K to obtain 

ohmic contact. Additionally, the Pt metal contact (suitable ohmic contact with work function value of ~5.6 eV) 

was deposited by magnetron sputtering technique to form device structure of In/p-GaP/Pt. I-V characters of the 

pristine and post-annealed devices have shown that while the devices have rectifier behaviour, the value of forward 

bias current is lower than mA with high device series resistance more than mega-ohm. This poor performance is 

attributed to In diffusion in the p-GaP and formation of (InxGa1-x)P interface layer. 

 

In the following process, depending on the annealing temperature of In metal diffusion will be examined and 

characterization of the (InxGa1-x)P interface layer will be performed to improve device performance.       

 

Table 1. n, Фb and Rs values determined from the TE and Mikhelashvili methods for (a) the pristine (D1), (b) the 

post-annealed at 600 K (D2) and (c) the post-annealed at 700 K (D3). 
 

Temp. (K) 

Mikhelashvili method Thermionic emission method 

n Фb (eV) Rs (108 Ω) n Фb (eV) 

D1 D2 D3 D1 D2 D3 D1 D2 D3 D1 D2 D3 D1 D2 D3 
40 20.526 17.039 16.911 0.219 0.219 0.195 4.30 6.12 5.83 24.481 21.958 56.392 0.158 0.167 0.122 

60 13.322 11.689 11.042 0.289 0.305 0.284 1.62 2.67 2.21 14.261 15.878 44.320 0.252 0.244 0.183 

80 9.399 8.997 8.843 0.358 0.370 0.311 1.34 0.69 0.59 10.664 12.127 23.758 0.327 0.319 0.261 

100 6.975 7.365 7.401 0.430 0.444 0.379 1.13 0.59 0.44 7.0825 7.1217 19.819 0.413 0.439 0.306 

120 5.421 5.081 4.988 0.489 0.517 0.485 0.74 0.52 0.41 6.6267 7.047 17.992 0.476 0.479 0.373 

140 4.045 3.875 3.756 0.569 0.593 0.538 0.56 0.49 0.39 6.0804 4.860 15.112 0.529 0.594 0.430 

160 3.347 3.473 3.344 0.632 0.645 0.612 0.51 0.44 0.36 5.3321 4.681 11.411 0.593 0.639 0.499 

180 2.787 2.975 2.951 0.694 0.691 0.674 0.37 0.27 0.31 4.2488 4.056 9.924 0.676 0.710 0.555 

200 2.337 2.596 2.467 0.776 0.776 0.759 0.29 0.25 0.25 3.8113 3.536 8.475 0.740 0.781 0.595 

220 2.090 2.518 2.502 0.848 0.802 0.799 0.21 0.22 0.21 2.9657 2.865 4.808 0.864 0.883 0.740 

240 1.891 2.322 2.299 0.898 0.865 0.857 0.24 0.16 0.15 2.9225 2.513 3.145 0.890 0.959 0.864 

260 1.721 2.091 2.106 0.945 0.911 0.889 0.18 0.17 0.12 2.3556 1.964 2.588 0.985 1.086 0.944 

280 1.627 1.746 1.732 0.999 0.988 0.967 0.16 0.14 0.11 1.8821 1.601 1.649 1.139 1.200 1.117 

300 1.421 1.821 1.789 1.037 1.039 1.003 0.16 0.13 0.11 1.7168 1.380 1.268 1.178 1.325 1.356 

320 1.295 1.509 1.478 1.103 1.074 1.044 0.14 0.081 0.072 1.2807 1.280 1.118 1.307 1.346 1.399 

340 1.199 1.200 1.198 1.129 1.133 1.083 0.0087 0.015 0.0056 1.1594 1.224 1.115 1.365 1.399 1.421 

360 1.289 1.184 1.125 1.092 1.186 1.126 0.0028 0.0051 0.0030 1.0657 1.168 1.068 1.400 1.431 1.465 

380 1.071 1.092 1.081 1.147 1.219 1.149 0.0009 0.0003 0.0006 1.0572 1.125 1.068 1.401 1.455 1.468 

400 1.030 1.081 1.063 1.125 1.282 1.192 0.0002 0.0003 0.0002 1.0253 1.075 1.032 1.406 1.558 1.491 
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Abstract 

Elaeagnus umbellata Thunb. is a species of deciduous plant from the Elaeagnacea 

family. The plant is used as ornamental plants with its dense shrub-like structure, 

fragrant flowers and silver leaves, and its fruits are consumed fresh, dried or in the 

form of jams. E. umbellata plant can easily adapt to adverse climatic conditions and 

survive. Its flowers and fruits are rich in healthy phytochemicals (vitamins, 

flavonoids, essential oils, lycopene, β-carotene and other bioactive compounds). 

The most remarkable aspect of the fruit is related to its lycopene content. In this 

review it was aimed to evaluate the E. umbellata Thunb. considering its content of 

lycopene. 

 

1 INTRODUCTION  
 

Turkey is situated at the intersection of three phytogeographical regions. With this feature, it acts as a bridge 

between South Europe-South West Asia flora and contains a great variety of habitats. With nearly 10,000 natural 

flowering plants and ferns, it is the richest flora in the temperate climate zone [1]. In our country, which is rich in 

plant population diversity, in addition to the fruits that are cultivated, most of the fruit recognized by our 

producers are wild fruits that are not cultivated. Wild fruits are rich in nutrients and have high phytochemicals, 

especially antioxidants, and thus have important and positive roles for a healthy and balanced diet. Many studies 

have shown that wild fruits have different biological activities such as various antioxidant, anti-inflammatory, 

antimicrobial and anti-cancer activity. Therefore, wild fruits have the potential to be used as functional food or 

medicines to prevent and treat various chronic diseases. The biggest challenge is the lack of interest in wild fruits 

and even their neglect as well as problems with acceptability and accessibility. In this regard, it is important to 

carry out studies to bring the wild products from where they grow to our table and to inform people about their 

nutritional and health advantages [2]. 

 

Elaeagnus umbellata Thunb. 

 

This plant which was taken from China, Korea and Japan to the US in order to fight againt erosion in the 1800s, 

is used as a traditional food source in the Far East. Later, it was expanded and started to be grown in many 

places. This fruit called as “E. umbellata" in China, Japan and Asian countries is known as the" sacred olive, 

autumn olive and japanese eleagnus" in Turkey [3,4]. The E. umbellata which is of a high interest and economic 

return in the countries where it is cultivated, has received increasing interest in our country and is cultivated as a 

landscape plant [3]. 

 

E. umbellata is easily spread by the seeds of fruits consumed by birds and other mammals, if it is not controlled, 

it can invade the area where it grows. This fruit is beneficial to ecology, soil and wildlife but it also has a 

considerable aspect when used pharmacologically.  It is used as a protection of slopes on highways, ornamental 

plant on the sides of the road, hedge plant, windbreaking, blocking transitions in landscaping, field separator or 

used in the rehabilitation of mining areas. Its fruits can be consumed fresh, dried or in the form of dried layers of 

fruit pulp (called pestil in Turkey), fruit juice, jam, jelly and sauce [5].   
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Figure 1. E. umbellata tree and its fruit [6] 

 

The deciduous E. umbellata plant is a aculeatus plant with an increasing density of leaves. It can reach a height 

of 3.5-10 m and a width of 3.5-5.5 m (Figure 1). The flowers of E. umbellata can be classified under 4 groups, 

yellow, white and fragrant [7]. The fruits of the plant ripen in September-October [8]. It is resistant to adverse 

climatic conditions in the places it is grown. Since Elaeagnus umbellata can store atmospheric nitrogen through 

actinomycetes in its roots, it has the ability to survive even in the most inefficient soils. So, it increases the yield 

of the soil [9-12].  

 

Biochemical properties of E. umbellata 

 

The E. umbellata which is of a high interest and economic return in the countries where it is cultivated, has 

received increasing interest in our country and is cultivated as a landscape plant [3]. Studies have shown that E. 

umbellata fruits have high nutritional properties. E. umbellata have been reported to be rich in vitamins A, C and 

E, proteins, essential fatty acids, flavonoids, β-carotene and lycopene, which are essential for the organism 

[4,13]. Its fruits can be consumed fresh or processed into jams or marmalades. Since the plant is found to be an 

important source of healthy compunds, the leaves, roots and flowers have been used in the pharmaceutical 

industry. It is known to reduce cancer risk, strengthen heart muscles and have cholesterol lowering effect. It has 

also been shown to have cell regenerating effect [4,14]. It has significant potential for lycopene, which is known 

to be effective on many types of cancer and good for heart health. Lycopene is a type of pigment from the class 

of the naturally occurring carotenoids in fruits and vegetables. It has been determined that lycopene actively 

prevents lung cancer, prostate cancer, breast cancer and heart tissue degeneration according to many research 

works. Lycopene is found in watermelon and pink grapefruit as well as being high in tomato [15-17]. Lycopene 

was reported to be 17 times higher in Elaeagnus umbellata than tomatoes. Many studies have demonstrated that 

lycopene protects against various types of cancer, including myocardial infarction and prostate cancer 

[14,18,19]. 

 

Lycopene 

 

Lycopene is a very strong antioxidant carotenoid. Carotenoids are oil-soluble natural color pigments. There are 

over 600 different carotenoids identified in the literature and the most important of them in terms of health is 

lycopene. Lycopene was first isolated in 1910 and its molecular structure was revealed in 1931. It is an aliphatic 

hydrocarbon composed of 40 carbon and 56 hydrogen atoms with a molecular weight of 536 Daltons and a 

symmetrical plane of isoprene units. It contains 11 conjugated and 2 non-conjugated 13 double bonds in its 

structure (Figure 2). The color of carotenoids in foods is caused by the conjugated C = C double bonds in their 

structure and the color darkens with increasing conjugate double bonds [20]. 

 

 

 
Figure 2. Structure of lycopene [21] 
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2 LİTERATURE 
 

According to a research work, fruit and leaf samples of E. umbellata were extracted with ethanol, methanol, 

ethylacetate, acetone and hexane solvents and lycopene content was determined as mg / 100 mL. The obtained 

results are summarised in the Table 1 [5].  

 

Table 1. The amount of lycopene in E. umbellata leaves and fruits extracts [5] 

Sample (Fruit) Amount (mg/100 

mL) 

Sample (Leaf) Amount (mg/100 

mL) 

Acetone Extract 8.34   

Ethanol extract 2.27 Ethanol extract 5.7 

Ethylacetate Extract 8.48 Ethylacetate Extract 9.07 

Water Extract 36.39 Water Extract 22.09 

Methanol Extract 0.12 Methanol Extract 4.66 

Water Extract 0.2 Water Extract 0.2 

 

In a study that determined the amount of lycopene in 5 varieties and 6 natural E. umbellata, it was found that the 

amount of lycopene in 100 grams of E. umbellata was between 15-54 mg depending on the intensity of red color 

in the species taken from the natural environment and between 17-48 mg in other varieties. The lycopene content 

in yellow fruits was reported to be only 0.47 mg / 100 g [23]. 

 

In a study conducted in 2004, the content of lycopene in the fruits of E. umbellata was determined and compared 

with tomato and watermelon. It was found that lycopene content ranging from 10-17 mg / 100g in light coloured 

E. umbellata increased up to 58 mg / 100 g in dark coloured fruits [24]. 

 

In a study that examined the morphological and biochemical differences between the types of E. umbellata 

grown in the mountains of Pakistan, the amount of lycopene in the flowers and fruits of the E. umbellata from 5 

different ecologies was determined. It was reported that E. umbellata grown in natural environment contain 

lycopene between 10.09 and 53.96 mg per 100 g and lycopene in yellow varieties was 0.82 mg per 100 g [25].  

 

In another study, it was reported that the phytochemical content of high lycopene E. umbellata varied between 

genotypes and the lycopene content varied between 30.00 and 69.90 mg per100 g and total phenolics ranged 

between 2115 and 3552 µg per 100 g fresh weight [26]. As a result of another study, 100 grams of E. umbellata 

grown in the natural environment was found to be containing 53.96 mg of lycopene [27].  

 

Red fruits were reported to contain high concentrations of lycopene by another study, it was found that the 

lycopene content of mature tomatoes was 7.85 mg / 100g and the lycopene content of Elaeagnus umbellata was 

53.96 mg / 100g [28]. 

 

3 RESULTS 
 

In this review, the content of lycopene in the leaves and fruits of Elaeagnus umbellata Thunb. was evaluated 

based on literature. E. umbellata, which belongs to the elaeagnaceae family and started to spread in Turkey in 

recent years, is a very good ornamental, wind-breaking and erosion fighting plant. It is of great importance for 

the rehabilitation of mining areas and for afforestation of unproductive areas with its soil protective and 

nutritious properties. It has the remarkable ability to bind the free nitrogen of air to the soil. E. umbellata 

contains 17 times more lycopene than tomato, which is known to be quite high in lycopene content which make 

it have considerable antioxidant and antimicrobial properties. E. umbellata can reduce the risk of developing 

various cancers, regulate cholesterol and minimize the effect of cholesterol on heart muscles. It also strengthens 

the immune system and contribute to cells regeneration. E. umbellata, which has an important place as a 

functional food today, has started to attract attention with its new varieties and high income.  
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Abstract 

Soil biological properties and living organisms directly influence boron content of 

soil. The objective of this study is to determine the effects of different levels boron 

fertilizer (0, 1, 2, 4 and 6 kg ha–1 B) on soil microbial properties (microbial 

population, basal CO2 respiration, and some soil enzyme activities) in different soil 

types (clay texture and sandy texture) in cultivated winter wheat (Triticum vulgare 

cultivar Dogu-88) soils. 

According to the experiment results; between B applications and microbial 

population and B applications and microbial respiration in different soil types were 

shoved a significant (p<0.01) differences as statistically. The highest population of 

bacteria and fungi and basal CO2 respiration were observed at 2 kg ha-1 B level in 

different growing periods of the plant in clay soil texture. The highest population of 

bacteria and fungi and basal CO2 respiration were observed at 2 kg ha-1 B level in 

different growing periods of the plant in clay soil texture. 

Urease, phosphatase and dehydrogenase enzyme activities showed a significantly 

(p<0.01) positive correlation with B applications in both soil textures. The highest 

urease, phosphatase and dehydrogenase activities were observed in 2 kg ha-1 B 

level in different growing periods of the plant and in clay soil texture. The highest 

urease, phosphatase and dehydrogenase activities were observed in 4 kg ha-1 B 

level in different growing periods of the plant and in clay soil texture. 

Research results have shown that in sandy soils lower level B fertilization may be 

suggest, on the other hand, as B fertilization may be slightly higher dose in clay 

soils than sandy soil as B may be adsorbed in the organic and inorganic fraction. 

 

1 INTRODUCTION  
 

Boron (B) is an essential micronutrient required for growth and development of vascular plants, diatoms and 

species of marine algal flagellates, while bacteria, fungi, green algae and animals apparently do not require B [1]. 

Boron plays an important role in the movement and metabolism of carbohydrate in the plant, synthesis of plant 

hormones and nucleic acids [2]. Boron management is challenging because the optimum B application range is 

narrow and optimum B application rates can differ from one soil to another [3]. Tolerable B concentration in 

soils is approximately 25-30 ppm. Depending on the main rock, B content in the soil exhibits a large variation. 

Consequently, plants need trace amounts of B but it becomes toxic at 2 ppm or greater for most plants [4].  

 

Boron availability is dependent on several factors existing in the soil-plant system such as; soil organic matter, 

soil texture, cultivation, soil moisture, temperature, soil pH and liming, soil fertility and microbial activity. 

Microorganisms break down soil organic matter, which allows the release of B from organic complexes. 

Microbial activity is lowest under drought conditions, or in cold, wet soils. It is highest when soils are moist and 

warm. Where microbial activity is highest, B release is highest [5]. Total B content in the soil, an important 

fraction is associated with organic matter and is released through microorganism activity [6].  

 

The range between deficient and toxic B concentration is smaller than for any other nutrient element [7]. Boron 

deficiency resulted reduces growth of soil bacteria and poor movement of sugar and carbohydrates in the plant 

[8]. High concentrations of B in soils cause to toxicity and promote diseases and enzyme problems. Wheat has a 

low B demand [9]. Wheat and barley belonged to semi-tolerant category and could not stand more that 2.0 ppm 

B in irrigation waters [10]. Barley grain yield was significantly increased up to 4 ppm B level, but decreased 

higher added B levels [11]. 
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The objective of this study is to determine the effects of different levels of B fertilizers on soil microbial 

population, basal CO2 respiration, and some enzyme activities in different soil texture in cultivated winter wheat 

soils. 

 

2 MATERIAL AND METHOD 
 

2.1. Experimental site 

 

This study was conducted at the Agricultural Research Station of Ataturk University located in Erzurum, Turkey 

(lat. 41o16’ E, long. 39o55’ N) during the summer (late May to late September) of 2012. During the growing 

period in 2012, the minimum and maximum temperature was 11.4 and 26.5oC respectively. The predominant soil 

was an Aridisol with parent materials mostly consisting of volcanic, marn, and lacustrin transported material 

[12]. 

 

2.2. Experimental design 

 

The experiment was conducted following a randomized block design with different levels of B fertilizer as 

subplot treatment in triplicate. Winter wheat (Triticum vulgare cultivar Dogu-88) was sown in October 2012, at a 

seeding rate of 165 kg ha-1 with 22 cm row spacing, using a combined fertilizer and seed drill. Before planting, 

N, P, K and B were broadcast in each plot at the rates of 300 kg (150 kg at sowing and 150 kg in May 2012) N 

ha-1 as ammonium nitrate (33% N), 95 kg ha–1 P as diamonium phosphate (18% N, 46% P2O5), 150 kg ha–1 K as 

potassium sulfate (50% K2O), and 0, 1, 2, 4 and 6 kg ha–1 Na-Borax (11% B) (Na2B4O7.10H2O), respectively 

[13].  

 

2.3. Soil sampling and laboratory analysis techniques 

 

Sowing (October 2012), flowering (August 2013) and harvest period (September 2013) soil samples were 

collected for analysis of microbial population, basal CO2 respiration and enzyme activities of soils. All soil 

samples taken from clay and sandy soils were composited and sieved through a 2 mm mesh. After sieving, some 

physical and chemical analyses were determined [14, 15]. Selected soil physical and chemical properties are 

given in Table 1. 

 

2.4. Soil biological analysis 

 

Culturable bacteria, fungi and actinomycetes cells were enumerated by using spread soil dilution plate method. 

Soil extract agar (SEA) was used for bacterial incubation at 30ºC for 7-d, dextrose-peptone agar (DPA) was used 

for fungal incubation at 25oC for 7-d [16]. After the incubation, colony forming units (CFU) per gram of oven-

dried equivalent (ODE) of field-moist soil was calculated by using an automated colony counter [17]. 

 

Basal CO2 respiration (BR), as a measure of soil biological activity, was determined by using in vitro static 

incubation of unamended field-moist soil [18].  

 

Urease enzyme (UE) activity was assayed by using urea solution and expressed as µg NH4-N per g soil and 

incubation time (2h). Alkaline phosphatase activities (Alk-P) were assayed by using substrate (para-nitrophenyl 

phosphate (pNPP)) and expressed as l µg pNPP per gram soil and incubation time (hours). Dehydrogenase (DH) 

activity was assayed with TTC (triphenyl tetrazolium chloride) and expressed as µg TPF per gram soil and 

incubation time (24h) according to Tabatabai [19]. 

 

2.5. Statistical analysis 

 

Statistical analysis for soil microbial population and basal CO2 respiration were used repeated measures analysis 

of variance (ANOVA). Comparison of means was performing, using Duncan’s multiple means tests. In addition, 

the impact of different levels B application on soil enzyme activities were evaluated by calculating regression 

equation and simple linear correlation coefficient (r) procedures with SPSS 17.0. 

 

3 RESULTS 
 

Some physical and chemical analyses of the experiment soil are given in Table 1. Most soils had alkaline 

reaction and contained sufficient N and organic matter content ranged from 21-34 g kg-1. The soils did not 

exhibit any salinity problem but there was enough lime present in the soil to be classified calcareous soils. There 
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were sufficient Ca and K in the soils. However, the availability of P and Mg was slightly less than optimum level 

[20]. 

 

Table 1. Some Chemical and physical properties of the experimental soils before sowing. 

Soil properties Units Clay Soil (CS) Sandy Soil (SS) 

pH (1:2 soil:water)  8.0 7.9 

Organic matter, g kg–1  34 21 

CaCO3, g kg–1  19.0 0.8 

Total N, g kg–1  0.83 0.51 

Available P2O5, mg kg–1  5.48 3.90 

Cation exchangeable capacity, cmolc kg–1   48.1 28.7 

Exchangeable Cations, cmolc kg–1 

 

Ca+2 25.9 15.2 

Mg+2 18.3 8.3 

K+1 2.4 3.1 

Na+1 0.8 0.3 

Microelements, mg kg–1 Fe+2 3.36 2.46 

Mn+2 1.74 1.34 

Zn+2 1.75 1.28 

Cu+2 0.78 0.51 

B 0.16 0.09 

Electric conductivity, dS m–1  1.44 0.97 

Soil particle size distribution Clay % 46.6 17.8 

Silt %  38.4 23.3 

Sand %  15.0 58.9 

Soil textural class  C S 

Total bakteri koloni sayısı, cfu ml-1  3.3x107 3.0x107 

Total mantar spor sayısı, spor ml-1  4.2x105 3.3x105 

Toprak CO2 miktarı, mg CO2 m-2 h-1  18.82 15.85 

Üreaz Aktivitesi, µg NH4-N g-1 toprak 2h-1  13.3 12.55 

Asit Fosfotaz Akt., µg pNPP g-1 toprak h-1  28.1 23.52 

Alkalin Fosfotaz Akt., µg pNPP g-1 toprak h-1  60.6 55.37 

 

3.1. Effects of boron fertilization on microbial population 

The quantitative analysis of soil bacteria and fungi population under different levels of B application has been 

presented in Table 2. According to the results of ANOVA, the effects of B fertilization on the number of bacteria 

and fungi were statistically significant (p<0.01) in all growing periods and in both soil textures. 

 

Table2. Effect of boron applications on soil microbial population and basal respiration in different soil textures 
Soil Boron Microbial population  Basal respiration 

Texture Rate Bacteria, (x10-6 CFU g-1 soil) Fungi, (x10-4 spor ml-1) (CO2-C mg C m-2 h-1) 

 kg ha-1 SP FP HP SP FP HP SP FP HP 

Clay  
Soil 

0 (Control) 24.70 b 36.75 b 28.61 ab 35.16 b 56.03 b 45.77 b 6.38 b 9.84 ab 7.68 b 

 1 30.42 ab 41.00 ab 29.36 ab 41.75 ab 66.30 ab 52.26 ab 7.69 ab 11.42 ab 8.30 ab 

  2 33.67 a 46.50 a 36.60 a 45.91 a 71.64 a 60.25 a 8.47 a 12.57 a 10.10 a 

  4 24.37 ab 46.00 a 23.80 b 39.48 ab 71.00 a 58.12 a 7.23 ab 12.45 a 8.16 ab 

  6 12.34 b 29.40 c 15.90 c 24.44 c 42.63 c 34.68 c 4.86 c 7.60 b 4.84 c 

Ave.   26.10 b 39.93 a 26.85 b 37.35 c 61.52 a 50.22 b 6.93 b 10.88 a 7.82 b 

Sandy  
Soil 

0 (Control) 12.20 b 18.27 b 14.03 ab 51.10 b 75.29 b 58.67 b 2.61 b 4.05 b 3.32 b 

 1 13.36 a 22.56 a 15.81 ab 59.14 ab 88.12 ab 62.98 ab 3.02 a 4.95 a 3.92 ab 

  2 14.27 a 23.15 a 20.05 a 64.21 a 94.80 a 78.70 a 3.57 a 5.65 a 5.50 a  

  4 13.00 a 23.00 a 18.79 a 56.37 ab 94.00 a 63.38 ab 3.13 a 5.11 a 3.82 ab 

  6 7.34 c 13.57 c 10.23 b 38.02 c 58.54 c 38.36 c 2.35 b 3.19 b 2.64 c 

Ave.   12.03 c 20.11 a 15.78 b 53.77 c 82.15 a 60.42 b 2.94 c 4.56 a 3.87 b 

SP : Sowing Period,    FP : Flowering Period,     HP: Harvest Period 
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The highest number of bacteria was observed in 2 kg ha–1 B application in soil clay and sandy soil in sowing, 

flowering and harvest periods (33.67x106, 46.50x106 and 36.60x106 CFU g-1in clay soil; 14.27x106 23.15x106 

and 20.05x106 CFU g-1 in sandy soil, respectively). The number of bacteria decreased at B levels at than 2 kg ha–

1 B levels in all growing periods and both soil textures. The highest bacteria numbers were observed in flowering 

period in two soil textures (46.50x106 CFU g-1 clay soil, 23.15x106 CFU g-1 sandy soil) (Table 2). 

 

According to Table 2 the highest number of fungi were also observed in 2 kg ha–1 B level and in all growing 

period of plant in both soil textures (45.91x104, 71.64x104 and 60.25x104 fungal spore g-1 clay soil; 64.21 x104, 

94.80 x104, 78.70x104 fungal spore g-1 sandy soil, respectively). The highest number of fungi was observed in 

flowering period in both soil textures (71,64x104, 94,80x104 fungal spore g-1 soil) (Table 2). 

 

3.2. Effects of boron fertilization on basal CO2 respiration 

 

The quantitative analysis of basal CO2 respiration under different levels of B application has been presented in 

Table 2. According to the results of ANOVA, the effects of B fertilization on the basal CO2 respiration were 

statistically significant (p<0.01) in all growing periods and in both soil textures.  

 

Basal CO2 respiration was significantly (p<0.01) affected both by soil textures and the different levels of B 

fertilizer. The highest basal CO2 respiration was observed in 2 kg ha–1 B application level in both soil textures 

and for all growing periods (8.47, 12.57 and 10.10 mg C kg-1 h-1 in clay soil; 3.57, 5.65 and 5.50 mg C kg-1 h-1 in 

sandy soil, respectively). Basal CO2 respiration increased with B application up to 2 kg ha–1 level but decreased 

at levels higher than 2 kg ha–1 B levels in all growing periods. The highest basal CO2 respiration was observed in 

flowering period for both soil textures (12.57, 5.65x106 mg C kg-1 h-1) with higher basal CO2 respiration in clay 

soil texture (Table 2). 

 

3.3. Effects of boron application on some soil enzyme activities 

 

We also monitored the activities of three enzyme groups: urease, acid and alkaline phosphatase in different 

boron fertilizer levels and different texture of the soils. Urease and phosphatase enzyme activities showed a 

significantly positive correlation with B applications levels in different growing periods and in different soil 

textures.  

 

The highest urease activity was observed in 4 kg ha-1 boron application at harvest period in both of soil textures 

(136.52 µg NH4
+-N g-1 clay soil 2h-1, r2= 0.80, p<0.01; 83.28 µg NH4

+-N g-1 sandy soil 2h-1, r2= 0.89, p<0.01, 

respectively). 

 

The lowest urease enzyme activity was observed in 6 kg ha-1 B application level at sowing period in clay soil 

texture (31.14 µg NH4
+-N g-1 soil 2h-1) and 6 kg ha-1 B application level at sowing period in sandy soil texture 

(17.12 µg NH4
+-N g-1 soil 2h-1). Urease enzyme activity increased up to 4 kg ha-1 B application level and 

decreased with further addition of B for all growing periods and in two different soil textures (Figure 1). 

 

 
Figure 1. Effects of B application on urease enzyme activities of the soil in different soil textures. 
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The highest phosphatase enzyme activity was observed in 2 kg ha-1 boron application and harvest period in both 

of soil textures (74.0 µg pNP g-1 clay soil h-1, r2= 0.99, p<0.01; 40.96 µg pNP g-1 sandy soil h-1, r2= 0.99, p<0.01, 

respectively). The lowest phosphatase enzyme activity was observed in 0 kg ha-1 B application level at sowing 

period in clay soil texture (23,12 µg pNP g-1 soil h-1) and 0 kg ha-1 B application level at sowing period in sandy 

soil texture (14.56 µg pNP g-1 soil h-1). Phosphatase enzyme activity increased up to 2 kg ha-1 B level and then 

decreased with more B additions in all growing periods and in both soil textures (Figure 2). 

 

 
Figure 2. Effects of B application on phosphatase enzyme activities of the soil in different soil textures. 

 

Similarly, dehydrogenase enzyme activities (DH) of the soils also showed a significantly positive correlation 

with B application levels in different growing periods and in different soil textures. The highest DH enzyme 

activity was observed at 2 kg ha-1 B application level and at in harvest period in both soil textures (265.31 µg 

TPF g-1 clay soil 24 h-1, r2= 0.97, p<0.01; 168.90 µg TPF g-1 sandy soil 24 h-1, r2= 0.99, p<0.01, respectively). 

The lowest was observed in 0 kg ha-1 (control) boron application and at sowing period in clay soil texture 

(122.23 µg TPF g-1 soil 24 h-1) and sandy soil texture (75.83 µg TPF g-1 soil 24 h-1). DH enzyme activity 

increased up to 2 kg ha-1 B level, and decreased with higher levels of B additions (Figure 3). 

 

 
Figure 3. Effects of B application on dehydrogenase enzyme activities of the soil in different soil textures. 

 

4 CONCLUSION 
 

According to our results, applied B fertilizer were also helpful in creating a better soil biological environment of 

cultivated wheat soil, and were well evidence in the present study by the increased microbial population and 

enzymatic activity. The population of bacteria and fungi significantly increased with B application level. 

Increasing B application has rapidly changed soil microbial biomass and the biologically active C fraction in 

soil. The availability of readily mineralized C and N and improvement in the physico-chemical properties of the 

soil might have improved the microbial population of the soil [21]. Higher levels of B levels over the 2 kg ha-1 B 
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decreased soil microbial populations and CO2-C production. High concentrations of B in soils cause to toxicity 

for microorganisms [9]. Total boron content of the soil, an important fraction is associated with organic matter 

and released through microorganism activity. Microorganisms break down soil organic matter, which allows the 

release of B from organic complexes [6]. Changes in B level also induce changes in soil CO2-C production. 

Where microbial activity and CO2-C production are highest, boron release is highest [5].  

 

Phosphatase enzymes are a good indicator of the organic phosphorus mineralization potential [22] and have a 

significant role in the biological oxidation of soil organic matter [23]. We observed that urease and phosphatase 

enzyme activities showed a significantly positive correlation with boron applications levels in different growing 

periods and in different soil textures. Depending on increasing B fertilizer level, urease, phosphatase and 

dehydrogenase enzyme activities of the soil increased. Mineralized C and N and improvement in the physico-

chemical properties of the soil and depending on the application of boron the microbial population and enzyme 

activities of the soil improved [21]. Increase in the soil enzymatic activity may be ascribed to the easily 

biodegradable organic matter imposed in the soil, which stimulated the growth of soil microorganisms and soil 

enzyme activities [24]. Higher levels of B levels decreased soil enzyme activities. High concentrations of boron 

in soils have caused toxicity and promoted enzyme problems [9]. 
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Abstract 

Wild fruits are used as food, have medical values, processed and evaluated in 

different ways and contribute to tourism in terms of agrotourism. Wild fruits have an 

important place in nutrition with aromatic substances, fruit acids, carationoids, 

flavonoids and mineral substances they contain. emission from floods, erosion, etc. 

they help to protect. Today, the world and in our country, grown in natural 

conditions, some important functions in terms of health is increasing interest in wild 

fruits. Wild fruits are mostly consumed fresh in the region. together, pickles, jams, 

marmalade, fruits and leaves are processed as foods such as tea. Wild animals living 

in the valley are also injured from the nutritive fruits of these fruit trees. They also 

serve the beekeepers in the valley with flowers to obtain delicious and healthy 

honeys. 

1 INTRODUCTION 
 

Due to the rocky areas, steep terrain, and the abundance of rivers in our country, wild fruits come to the forefront 

rather than cultural fruits in some regions [1]. Wild edible fruits form an extremely valuable group of fruits with 

their unique flavors, textures and colors. In recent years, wild edible fruits, high antioxidant content, vitamins, 

minerals, fiber, folic acid, and so on. It has been shown to provide important health benefits due to its richness. 

Wild edible fruits are widely used in beverages, ice cream, yogurt, jam, jelly and many other food products in 

addition to fresh consumption [2]. 

 

Our country is one of the most important countries in terms of biological diversity with its endemic species. rich 

biological diversity in the world, three of the 34 hot spots across the border to be taken under the immediate 

protection of the three hosting countries (Turkey, China, South Africa) as one of our country. The geography where 

European Siberian, Iranian Turan and Mediterranean biogeographical regions meet, constitutes the reason of the 

great biodiversity and fauna richness of our country. Wild edible fruits are also an important component of 

biological diversity. Anatolia is one of the most important regions of the world in terms of the richness of 

vegetation. Many wild fruits are naturally present in this region. These fruits and the foods produced therefrom are 

also of interest in the foreign market. In nutrition, fruits and vegetables are important as a source of vitamins, 

minerals and food pulp. These substances are of great importance to the human body and must be taken with diet. 

Especially after revealing the positive effects of some substances in the structure of wild fruits on health, these 

substances are getting more and more interest and this interest is expected to increase gradually [3]. 

 

2 Wild Fruits Grown in Manisa and General Properties 
 

2.1. Jujube 

 

Jujube is a temperate climate plant and can reach 1700 meters above sea level. It is resistant up to -20ºC. The plant, 

which is resistant to excessive rainfalls in the soils and soils, is not affected by drought. The body of the jujube is 

cylindrical and its bark is dark and prickly. Ripe fruits of the plant, which has been cultivated in enclosed gardens 

in recent years, are red in color and contain sugar and mucilage [5]. 

 

Because of its high medicinal value, jujube fruit is used in the treatment of many diseases such as liver and 

cardiovascular disorders, cholesterol disorder in the blood, and also it is used as a breast softener, sputum and 

diuretic, constipating, vigorous and a good toxin remover against cough. Jujube fruits are consumed as fresh as 

well as collected after being fully ripened and dried in the sun. Jujube has found its use as fresh or dried fruit for 
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breakfast, after meals, and guest hospitality. Fresh and dried fruits as well as jujube, processed fruit; Jam, vinegar, 

fruit candies, fruit juice, tea, jujube mixed herbal powder drinks and tablets can be consumed in the form [6]. 

 

2.1.2 Elder-Berry 

 

There are two types of elderberry that concern our subject and have very similar medical effects. Of these, the 

elder elder tree or the Patlat tree (S. nigra), which is seen especially in Western and North Anatolia in our country, 

can grow up to 4-10 meters and covers its trunk with gray colored and long cracked bark. Black elderberry, which 

loves the shrub soil of forested areas, multiplies with the seeds it sheds. The fruit of the plant contains natural 

sugars, fruit acids, tannins, vitamin C and P, dye pigments and trace oil. Ripe elderberry berries are edible. Its 

bark, fruit and leaf have separate laxative, desiccant, urine and expectorant, sweating effect. It also has breast 

softening properties and good for colds. To take advantage of these effects, the flowers and leaves of black 

elderberry are collected in early spring and early summer and dried as quickly as possible in a canopy. Stems of 

the plant with fruits are collected in late summer and autumn season. From the fruits of elderberry, marmalade for 

food purposes, jam; flowers and jam are also made. Traditionally used in Manisa for boils, hemorrhoids, mumps 

and shortness of breath. It is used in cosmetics as softening, revitalizing and firming. The extract obtained from 

the fruit has taken its place as a natural preservative in order to extend the shelf life of the product [7]. 

 

2.1.3 Oleaster 

 

Oleaster is a kind of tree that can grow in many climates and soils. It is a tree that is famous for its healing fruit, 

or eating it. In addition to its fruit, even its leaves and flowers are used. Known with its prickly branches, the 

oleaster is among the rare strong trees that can resist erosion. Because of this feature, it is preferred especially in 

areas with vertical elevation where there is a risk of landslide [8]. 

 

Oleaster, which contains many healing, has multiple usage areas. It can also be consumed as dried from the branch 

and dried for later use. The tea is very tasty and smells good. Flowers such as leaves and fruit are also used. It is 

recommended to eat with honey. Because of its healing properties, pastes are made. Oleaster flower can be used 

by removing the water. False oleaster (Hippophae rhamnoides L.) contains high concentration of volatile oil 

content in the fruit, especially for cancer, as an anti-inflammatory, used in the treatment of skin, stomach and 

intestinal diseases, as well as vitamins A, B, C and E and P It has been brought to the forefront in afforestation 

studies because it contains a rich content in terms of vitamins necessary for its development [9]. 

 

2.1.4 Medlar 

 

Medlar is a brown multi-seeded fruit that can be grown in every province of our country. Since it is a shrub plant, 

the plant is not affected by weather events like frost and can be grown easily in every province. Since the fruits of 

the tree contain some useful products such as minerals, carbohydrates, carotene, pectin, vitamin C, vitamin B2 and 

vitamin B1, its consumption is of great benefit to health. Medlar optional; tea, marmalade, jam, molasses, pickles, 

vinegar and dessert can be consumed by preparing a variety of fruit. It is used as a mouthwash for sore throat by 

boiling the leaves or roasted seeds among the people. It contains high amount of tannin and dyestuff in its semi-

ripe fruit. Therefore, it is used as a hardening agent in the public and in stomach and intestinal disorders. Ripe fruit 

is recommended for inflammation of the kidneys and urinary tract. High levels of organic acids in medlar have 

positive effects on blood circulation, nervous system, gall bladder and liver [10]. 

 

2.1.5 Mulberry 

 

There are several mulberry species that are widely cultivated in our country. Among these, white mulberry, black 

mulberry and purple mulberry varieties are outstanding. Mulberry, which stands out with its nourishing aspect, 

shows a friendly feature for heart and bone health. Since it is a fruit with high antioxidant value, it is recommended 

that mulberry be eaten in order to be protected from diseases and to have a strong body [11, 12]. 

 

Mulberry is an important vitamin and energy source. Mulberry is consumed as fresh and dried and processed to 

pekmez (molasses), pestil (dried layers of pulp), vinegar, alcohol etc. in Manisa. In other countries, ripe fruits are 

eaten raw or made into pies, wine and jams; dried fruits can be added to bread, cookies, or puddings like raisins. 

Most of the sporting goods are made of mulberry bark [13]. Mulberry, which is friendly to the digestive system, 

prevents problems such as constipation and bloating. Because of its vitamin C content, it is possible to overcome 

winter diseases such as influenza easily. It is known to have a protective effect on eye health. Diabetics have the 

ability to help keep blood sugar at a regular level. It also has an effect on preventing cancer cells [11].  
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2.1.6 Cranberry 

 

There are about 40 varieties of cranberry plant. The flowers are generally seen in yellow and white colors. In our 

country, yellow-flowered species are generally grown. A harbinger of autumn is an antioxidant effect of flavonoid, 

melatonin and carotenoids and contains vitamin C, vitamin D and proteins. The fruit shells and stems of the 

cranberry plant are utilized. It is used in many fields such as cranberries, marmalade, fresh fruit, dried fruit and 

sherbet. Cranberry contains sodium, potassium, calcium, iron, copper, magnesium and zinc as well as vitamin A 

and C content [13]. 

 

Cranberry; In addition to fresh consumption, it can be used for jam, compote, marmalade, fruit pulp and medicinal 

purposes. The antioxidant feature of cranberries, which taste sour, is due to the vitamin C it contains. Cranberry 

juice; It contains about 10 times higher levels of calcium compared to fruit juices from plum, pear and apple. In 

addition, cranberry juice contained K, Na, Fe, Zn and Mn [14]. 

 

2.1.7 Blackberry 

 

Blackberry is a red or purple fruit and it is grown in Black Sea, Mediterranean, Aegean and Marmara regions. 

There are many varieties of blackberries that grow in heathlands, gardens, shrubs or roadside. It is mostly fruit in 

August and September. Blackberry prevents cancer, protects brain health and has a memory-enhancing effect. It 

is anti-inflammation. It protects cardiovascular health. Strengthens digestion. Oral health benefits. Protects eye 

health. It is effective in maintaining bone health. Protects skin health and prevents wrinkles. Protects skin from 

harmful rays. Provides normal blood clotting. It has the effect of regulating the immune system. Helps to lose 

weight [15]. 

 

While the fruits of blackberries contain fixed and essential oils, fruit sugar, organic acids, citric acid, vitamin C, 

pectin and iron, the leaves contain tannin and organic acids. Blackberries are eaten raw as fruits, and are used in 

the production of jam, syrup, confectionery, pastry, liquor and vinegar [15]. 

 

2.1.8 Wild Strawberry 

 

It called the Arbutus or strawberry Mountain among the people in Turkey. Under the conditions of our country, it 

usually blooms in November-March and since it can ripen its fruits for a long period such as 12 months, its fruits 

can be collected from nature in the autumn period. Arbutus is rarely consumed as fresh fruit, but it is of great 

importance in local agricultural communities because it is used for the production of alcoholic beverages, jams, 

jellies or marmalades. It is also a known fact that the leaves, fruits and roots of this tree are used in traditional 

medicine. Fruits are considered to have antiseptic, diuretic and laxative effects, while leaves are used as 

vasoconstrictor, diuretic, urinary antiseptic, antidiarrheal and depurative. Recently, studies on the use of leaves in 

the treatment of hypertension, diabetes and inflammatory diseases are continuing [16]. 

 

Fruits can be consumed as fresh as well as marmalade, jam, jelly and can be used in perfume making in cosmetic 

industry. Commonly used as laxative, antiseptic and diuretic, the leaves of the plant have a beneficial effect on 

urinary tract antiseptic, diabetes and hypertension. It contains a rich antioxidant structure, vitamins C and E and 

carotene [16]. 

 

2.1.9 Rosehip 

 

Rosehip fruit, shrub form, is a long-lasting plant, rich in vitamin C content. A good source of minerals, flavones, 

vitamins, sugar and tannins, the plant is a complete source of healing. As a result of scientific studies, it has been 

proved to be an excellent source of antioxidants [17]. Rosehip fruits and seeds prevent fatigue, colds and flu-like 

infections, gastric ulcers and gastric mucosal inflammation, strengthen the immune system, provide benefits for 

arthritis, sciatica and diabetes, as a tonic for intestinal diseases such as diarrhea, diuretic for uric acid metabolism 

disorders and gout. It is reported to be effective, astringent (blood stopper), mouth, teeth, headaches and ear pain 

is said to be a therapeutic feature [18]. 

 

Rosehip fruit can be prepared and consumed in the form of tea as well as jam and marmalade. Rosehip fruit is used 

in many cosmetic products. Scars, fruit useful for the treatment of acne, renews the skin cells, the skin becomes 

more elastic and vivid appearance leads to [18]. 
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2.1.10 Juniper 

 

It manifests itself as a short shrub and sometimes 6-10 m high trees on dry and barren ground, marshes and slopes, 

meadows and open forests from lowlands to high mountains. It is an evergreen plant with blackish purple round 

fruits and blooms in April-May. When the water obtained from the crushed fruit is taken as tea, strengthening of 

the stomach and intestines, increasing body resistance, reinforcing metabolism, uric acid and salt from the body in 

rheumatism and gout are eliminated, hydropysis (water stroke), edema, swelling and slimming cures in large 

quantities. it is a useful fruit [19]. 

 

2.1.11 Hackberry 

 

Hackberry (Celtis) is a deciduous tree species that hosts about 60-70 species. They are usually medium-sized trees 

and they are 10-25 meters long. However, it is known that it rarely reaches 40 meters in length. The fruit, leaves, 

seeds and chewing gum of the hedgehog tree can be extracted from the oil. For stomach ulcers, gum of the plant 

is made with honey paste and one teaspoon is eaten on an empty stomach. For other effects, the seeds are eaten by 

pounding the paste with honey. The leaves are boiled and sweetened with honey. A very delicious coffee is made 

from the seeds of the hedgehog. Fruits, leaves, seeds and gums are used among the public and in the medical field. 

In recent years, due to the increasing interest in fragrances, pitlembikler has begun to attract interest in cosmetics 

[20]. 

 

2.1.12 Wild Plum 

 

Fruit is also known as coyote plum or wild black plum and it is a kind of fruit that grows in natural environment 

in our country. Coyote plum; April begins to bloom and in the spring, the fruits return to ripening. Ripe fruits are 

collected and marmalade, jam, etc. While it is used in production, it does not contain any pesticide residues since 

the plant grows spontaneously in nature. The fruit cleans the blood and is very beneficial to the liver. It has the 

property of balancing blood sugar. It is effective against mouth sores and sore throat. Coyote plum is a kind of 

fruit with a calming feature. It is a kind of fruit that has an effect on the prevention of kidney stones and elimination 

of spasms. The fruit of moth is an edema shooter [21]. 

 

2.1.13 Mahlep 

 

It grows naturally, does not need any irrigation, fertilization and spraying, and has a fruit containing effective 

antioxidants. Fruits are very small, spherical and have a flat surface, but when they are fully ripened, they become 

dark red or black. The taste is sour and bitter fruit smelling [22]. 

Mahlep paste or puree from mahlep fruit meat, mahlep wine, mahlep grain, mahlep flour and mahlep oil are 

produced from mahlep kernel. Outside the food industry; It is used in perfumery industry (cosmetic products such 

as perfume, lotion), paint industry (varnish, lacquer making), furniture, pharmaceutical industry and horticulture 

as rootstock. When the mineral content of mahlep seed is examined, it is seen that calcium, potassium and 

magnesium are major components. Calcium, which is important in terms of bone structure and function, meets 

16% of our daily needs. Potassium plays an important role in human physiology; kidney disease, obesity, diabetes, 

hypoglycemia and heart disease. In terms of magnesium mineral, it meets 28.9% of our daily needs [22]. 

 

2.1.14 Fig 

 

There are close to 1000 varieties of figs. Turkey also has a plant consumed in abundance. Fruits are highly 

nutritious, but are often preferred because of their healing properties. Fig leaves have been found to pass warts. 

Turkey is the country with the largest production figs market share in the world. Fig fruits, which are grown in 

Aydın and İzmir regions, can be consumed as fresh and dried, but also can be consumed by making butter, jam, 

compote and molasses. It has a high fiber content and is rich in vitamin B1, B2, B3, B6, vitamin C and folic acid 

[23]. 

It is a very important fruit for bone and dental health in terms of containing high amounts of calcium and 

phosphorus. It has expectorant and softener properties. It is very useful against anemia problem because it is rich 

in iron. It provides energy to the body since it is a store of vitamins and minerals, it is perfect for mental and 

physical fatigue. It increases the body's resistance to many diseases such as colds, flu and bronchitis by increasing 

the body's resistance to diseases in winter. Flour can be produced from dried fig seeds. Fig powder is used in the 

production of food with nutritious vitamins. It is possible to make the best quality vinegar, marmalade and cream 

in the world. Rotten figs can also be used in drink production when the alcohol content is 24 percent [23]. 
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3 RESULTS 
 

In some cases, the edible wild plants may be cultivated, at least in home gardens. He should not forget; most of 

the herbal food products emerged from the domestication of wild species. However, wild plants eaten are not yet 

included in national nutrition strategies in any country. In many cities and towns of Turkish Aegean Coast, seasonal 

vegetables and fruits are collected from wild plants and placed on the street or in the market. In the countryside, 

the villagers gather wild plants grown around them and eaten by acquaintances for the purpose of eating raw or 

consuming in their homes. In Turkey, of edible wild plants nationwide trade is unsettled; however, well-known 

wild plants appear in the market during their growing season. 

 

4 CONCLUSION 
 

Promoting the consumption of edible wild plants; it also requires the implementation of environmental protection 

and management systems that enable the equal and sustainable use of all. Identify wild plant species eaten in each 

country; local names should be compiled, nutritional values of each should be determined and possible changes 

observed each year. Wild plants identified as important for nutrition should be included in biodiversity 

conservation strategies. 
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Abstract 

Robotic systems are technological equipment based on artificial intelligence and 

computer based activities that require high levels of manpower. Robotic systems, 

computer technology, R & D studies, construction, hazardous environment studies, 

health sector, as well as agriculture and animal husbandry sector is a shining future 

of science with a wide network. 

Livestock is a key sector in the problem solution of increasing food demand and 

reliable food production due to the increasing world population. However, as in all 

sectors, labor saving, healthy, quality production, productivity and performance 

improvement issues are important issues that will enable the livestock sector to gain 

momentum for the future of the livestock sector on a global scale as in our country. 

It is one of the most vulnerable periods to diseases due to the lack of development. 

In this respect, robotic technology in calf feeding, robotic technology used in 

fertilizer cleaning and feed preparation and feeding of animals which provide great 

advantages in calf feeding are important examples of robotic systems in the 

livestock sector. In addition, our country's stockbreeding has an important potential 

with a rapid growth perspective in the world conjuncture. 

In this context, it is aimed to examine the effects of robotic systems and health on 

animal husbandry which have great effects on herd health and protection. 

 

1 INTRODUCTION  
 

Rapid population growth in the world together with the essential essential nutrient of human nutrition animal 

food needs and meet the problem also increases. Robotic systems are an important livestock important 

management model due to their impact on health and productivity, increasing welfare, lowering costs depending 

on workload. 

 

Robot is a multifunctional system with parts, tools or special devices designed for programmable and moveable 

purposes [1]. 

 

 
Figure 1. General structure of robotic systems [2] 
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Robotic systems include mechanisms such as sensors, routers, positioning problems, algorithms and artificial 

markers, which are designed to perform indefinite motions, motion and all this. Therefore, there are real-based 

algorithms that allow the robot to recognize the environment [1]. Some important historical development process 

of robotics and robotic systems is given in Table 1 below. Robot technology provides many in-house robotic 

solutions including in-house cleaning, milking, feed and calf food preparation, treatment cabin and lighting 

system. In addition, reducing veterinary costs by making early diagnosis of diseases with the data obtained 

allows to make the herd healthier [1,2]. The convenience, advantages and advantages of robotic systems is one 

of the most important issues in the livestock sector.  

 

Table 1. Some important historical development process of robotics and robotic systems [2] 

                
In this study, in the light of recent literature data, it contains information about the investigation of robotic 

systems and their effects on health in livestock which have great effects on herd health and protection. 

 

2 THE EFFECTS OF ROBOTIC SYSTEMS ON HERD HEALTH AND 

PROTECTION IN LIVESTOCK 
 

Robotic milking systems have become widespread all over the world with the first use in animal husbandry in 

the Netherlands. Milking robots, which are important technology, offer the possibility of feeding before milking 

and massaging, milking during milking for ease of milking, as well as analyzing the milk of each animal and 

even the teat of each nipple to prevent the mixing of the milk of the sick animals into the other milk. Thus, the 

milking robot cleans itself completely after each milking, thus preventing any contamination [3]. 

 

When the calves are born, they are most vulnerable to diseases because their immune systems have not 

developed.n addition, due to the placenta structure of the cows, maternal antibodies pass only to the calves by 

colostrum. Therefore, for passive immunization of calves, it is absolutely necessary to remove colostrum from 

calve [4].Automated milking systems, Automatic sensors, especially breast health, milk production, reproductive 

status, feed intake and BW changes provide detailed information about each cow  [5]. 

 

When the calves are born, they are most vulnerable to diseases because their immune systems have not 

developed.n addition, due to the placenta structure of the cows, maternal antibodies pass only to the calves by 

colostrum. Therefore, for passive immunization of calves, it is absolutely necessary to remove colostrum from 

calve [4].Automated milking systems, Automatic sensors, especially breast health, milk production, reproductive 

status, feed intake and BW changes provide detailed information about each cow  [5].Therefore, it provides 

convenience to the farm manager as it provides relief from the daily milking routine [6]. It also has the potential 

for greater functionality rather than labor and equipment. Therefore, the monitoring of the health of the animals 

in detail and the production and yield parameters can be monitored in more detail [7]. The most time spent on a 

farm in terms of labor is feed preparation and feeding animals. In each compartment, it should be formed 

according to different age and period and even according to the condition and different feed rations should be 

formed accordingly. This can be a long-term feeding process for a worker, and animals can be stressed in this 

sense [8]. 
 

1921 The word robot was found. Karel Capek 

1947        
An article about clever machines has been 

published. 
Turing, M. 

1948 
Turtle (control system can not be programmed 

moving robot) was made.  
Grey Walter  

1960 First commercial robot production. Joseph Engelberger ve George Devol 

1961 Eye-Hand robot arm production was realized. Ernst H.A. 1972 

1992 Pointer-based navigation was used. Lazanas, A. ve Latombe, J.C 

1993 
The robot Cob, which was trained and trained 

like a human, started to be built.. 
Brooks R. A. 

2000 
3 humanoid robots were made for the first 

time. 
RoboCup 2000 

2002 Found robotic mapping. Thrun, S. 
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Figure 1. Dairy Cows On Milking Machine [9] 

 

 
Figure 2. Calf Rail System [9] 

  

 
Figure 3. Automatic Feeding Belt Feeder [9] 
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Robotic Technology in Calf Feeding, The efficiency and performance of the calf are shaped according to this 

period, the more prosperity and good conditions the calf is raised in this period, which is our starting period. 

Again, this period is the most vulnerable period against diseases [7,8]. 

 

3 CONCLUSION 
 

Robotic systems, construction, mining and agriculture, transportation works, hazardous work, R & D studies, 

health sector, personal services sectors are important as well as the livestock sector has undeniable effects. Along 

with the technological developments, changes are taking place in many branches of the livestock industry to gain 

significant momentum. 
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Abstract 

The Mediterranean sea region has been recognized as one of the most vulnerable 

climate change hotspots due to the water scarcity, rapid demographic change and 

concentration of economic activities in coastal areas. Hydrological modelling has 

been proven to be a beneficial prediction tool for discharge and testing the efficiency 

of different water scarcity adaption measures. Morphometric analysis has become, 

also, an advantageous method connecting the river basin characteristics with its 

generated discharge. In this study, the relationship between the discharge and 

morphometrical characteristics of the Sorgun River Basin in Turkey was 

investigated. First, the river basin was divided into 15 sub-basins using Geographic 

Information Systems. Second, different morphometric parameters (basin area, basin 

perimeter, stream order, stream number, total stream length, drainage density and 

length of the overland flow) were calculated for each sub-basin. Then, the HYPE 

hydrological model was calibrated using measured discharge data between the years 

2003-2006 at the gauging station located at the outlet (Alata) of the Sorgun River 

Basin. The calibrated model was evaluated successfully against the measured 

discharge for the period 2009-2013. Besides, the model was recalibrated, spatially, 

using another internal gauging station (B. Sorgun) located inside the basin. The 

average discharge rates at the outlet of the 15 sub-basins were estimated using the 

best-optimized parameters. Finally, the relationship between the estimated 

discharges and the morphometric parameter values of the sub-basins were compared. 

Results showed that there is a good correlation between discharge rates and some 

morphometric parameters (stream number, stream order, drainage density and length 

of the overland flow). Combination of hydrological modelling and morphometric 

analysis are very usefull to improve our physical understanding of river basin 

hydrology and design the most efficient water scarcity adaption options. 

1 INTRODUCTION  
 

The water is considered as one of the most precious and limited resources, particularly in the dry environment. 

The Mediterranean region has been recognized as one of the most sensitive water scarcity region, due to the rapid 

demographic change and concentration of economic activities in coastal areas. Additionally, it became 

increasingly known that the Mediterranean region is also a hot spot of climate change, which is characterised by 

heterogeneous rainfall patterns spatially and temporally. Therefore, there is an urgent need for appropriate 

management of soil and water resources in the Mediterranean region [1].  

 

Morphometry analysis of drainage basin or channel network has become widely used worldwide as an important 

approach to understanding the geo-hydrological behaviour of the catchment by connecting the river network 

characteristics with the geological features, geomorphology and structural development of the catchment [2-6]. 

Morphometry was defined as the measurement and mathematical analysis of the earth surface configuration with 

the shape of its landforms [2, 7] and was firstly initiated by [8, 9]. In other words, the morphometric analyses may 

give detailed information about the physical properties of the river network [10, 11] and how much are controlled 

by the landforms characteristics. The beneficial aspects of using the morphometry analysis through the 
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combination of various drainage basin parameters and their influencing factors (such as climate) are well 

recognized by numerous studies [1, 3, 5]. The development of a drainage network and the flowing pattern over the 

space and time are the results of interactions of different factors [8, 12]. Thus, the morphometry analysis merges 

the knowledge of different influencing factors, which are important aspects for understanding the hydrological 

functioning of a catchment. In hydrology, there has been an increase of attention in morphometric analysis, 

especially in the catchment with limited available data (ungauged basin), benefiting from the fast-emerging of the 

spatial information technology and increased open-access of spatial information data with high resolution. 

However, this method also has some limitations. For instance, the morphometric analysis is not able to capture the 

change inside of the analyzed object. Also, it is not capable of giving further explanation of the obtained results 

over the course of the time and distinguish between the different seasons effects (e.g., winter and summer). So, the 

explanation of the hydrology of a catchment-based on unique static geographical information is not enough to 

extract good conclusions to formulate efficient management strategies.  

 

On the other side, the hydrological modelling has proven to be a good water resources management tool, where 

the interactions of long term records of climate data are merged with different soil properties and land use 

characteristics as well as the anthropogenic pressures to explain the catchment functioning better in a sound manner 

[13, 14]. Similarly to the morphometric analysis the hydrological modelling needs information about the soil type, 

land use and digital elevation model where the whole catchment is divided into sub-basins which are further 

discretized into hydrologic response units (HRUs) based on unique soil-land use combinations. Then the runoff is 

estimated separately for each HRU and routed together following the river network to give the total runoff at the 

catchment outlet. This gives a better physical representation of the hydrological processes and improves the runoff 

prediction accuracy.  

 

It is clear that the hydrological modelling requires spatially distributed climatic time series data (such as 

precipitation and temperature) as inputs and also needs measured discharge rate at some gauging stations for the 

hydrological model parameters calibration [15]. Among the commonly-used hydrological models, there are SWAT 

(Soil and Water Assessment Tool) model [16], SWIM (Soil and Water Integrated Model) [17], HSPF 

(Hydrological Simulation Program-Fortran) model [18], HYPE (HYdrological Predictions for the Environment) 

model [19].  

 

The HYPE model was developed by SMHI (Swedish Meteorological and Hydrological Institute), which is revised 

from HBV model [20]. The HYPE model simulates the discharge and other water quality parameters such as 

dissolved organic carbon and transport and turnover of nutrients (nitrogen and phosphorus) on catchment scale at 

daily time interval [19]. The HYPE model was tested in different catchments with deviating climate conditions 

and soil and land use properties, and has been shown to reproduce measured discharge in a consistent manner [21-

23].  

 

Thus, in this study, the HYPE model was used to predict the discharge of the nested coastal Sorgun River Basin 

(SRB) in Turkey (449 km2). This catchment is located in the east part of the Mersin province and characterized by 

extremely heterogeneous topography, land use, and population density from the upstream to downstream. First, 

the HYPE model was calibrated and validated using two discharge gauging stations (one at the catchment outlet 

and another internal station). Then, watershed quantitative morphometric analysis of specific surface hydrological 

features was conducted were conducted at different sub-basin level where the local discharge of each sub-basin 

were simulated by the HYPE model.    

 

The main objective of the current study was to merge the morphometric analysis and hydrological modelling to 

better understand the functioning of a coastal nested catchment in Mersin province (Southeast of Turkey). The 

combination of both approaches allowed us to investigate the complex interactions and linkages between the 

catchment features such as drainage network, stream order and length of overland flow with the local generated 

discharge (at the sub-basin scale) in a catchment characterised by heterogeneous rainfall distribution in time and 

space. 

 

2 MATERIAL AND METHOD 
 

2.1 The study area and data 

 

The study area (SRB), consisted of  Sorgun river and its branches, is situated in the north part of the Mersin 

province in Turkey and located between latitudes 36°34’ and 37°07’ N and longitudes 34°20’ and 34°02’ E, 

covering an area of almost 449 km2 (Fig. 1). The SRB, situated between Aksıfat plateau on the central Taurides 

and the Mediterranean Sea, has two gauging stations (Büyük Sorgun and Sarılar), where the discharge was 
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measured at daily time interval. The elevations in the basin range from 0 m (sea level) to 2418 m (Taurus Mountain) 

in the most upstream part of the basin, which has a rugged relief and widely covered by mountainous terrain. 

 

 
Figure 1. Location map of the Sorgun River Basin. 

 

Land use is dominated by natural grassland, which represents 77% of the Sorgun basin and the arable land is the 

second most dominant land use class that covers 14% of Sorgun basin (Fig. 2a). The rest of land use classes are 

forest, bare rock and urban areas with a share of 9% of the whole catchment. The most dominant soil classes are 

brown forest soils, which lies on the upstream part of the basin, while limeless forest soils lies on downstream part 

of the basin (Fig. 2b). The shares of brown and limeless forests soils in the Sorgun basin are 62% and 30%, 

respectively. The rest of the soil classes are bare rock and rubble, red-brown Mediterranean soils, colluvial soils, 

red Mediterranean soils and river flood areas together with a share of about 8%. 

 

 
Figure 2. a) Land use map of the Sorgun basin, b) Soil map of the Sorgun basin. The underlying geology of the 

Sorgun basin is characterized mostly by carbonat rocks, which lies on the upstream part of the basin and the 

ophiolitic rocks that lies on the downstream section of the basin. 

 

The SRB has a Mediterranean climate, which is characterised by hot and dry summer and mild and rainy winter. 

There are three precipitation and three climatic stations within/close to the Sorgun basin, which were used as inputs 

in the setup of the HYPE model. The mean annual precipitation is about 598.5 mm in the Alata station where is 

located close to outlet gauging station of the SRB. The mean monthly precipitation is 48.8 mm with a minimum 

average monthly precipitation of 2.4 mm observed in July and high precipitation of 129.7 mm in recorded in 
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December, approximately 75 % of which occurs in the period November-March of the hydrological year. 

According to the data of Alata station the mean monthly temperature is computed as 18.3 °C, with lowest average 

monthly temperature of 9.7 °C measured in January, while the hottest monthly temperature is recorded in July 

with 27.6 °C. 

 

2.2 HYPE model 

 

The semi-distributed process-based hydrological HYPE model was used as basis for discharge simulation in this 

study. The HYPE model was developed in 2010 by the Swedish Meteorological and Hydrological Institute (SMHI) 

[19]. The HYPE model was developed based on the former well-known hydrological water nutrients HBV-NP 

model [e.g., 20, 24]. The detailed description of the HYPE model and its governing equations are given elsewhere 

[19], thus here a brief summary is reported. The HYPE model considers the spatial heterogeneity of the studied 

catchment by dividing it into sub-basins based on the river network and digital elevation model. Then, each sub-

basin can be divided in turn into different classes, where more spatial heterogeneity are represented. These classes 

are the smallest hydrological computational spatial units and correspond to the commonly used Hydrological 

Response Units (HRU) in other semi-distributed hydrological models (such as the SWAT model [e.g., 25, 26]). In 

the HYPE model (likely any other hydrological models) the classes are not coupled to a specific geographic 

locations, but rather is given as a fractions of a sub-basin area. These classes are generated from the combination 

of Soil and Land use Classes (SLCs) existing in the studied catchment. Also, the HYPE allows to consider different 

soil profiles using several (up to three) soil layers, which maybe be defined with different thickness and 

characteristics. The HYPE model parameters are either general (lumped values for the whole catchment) or land 

use-dependent or soil-type dependent parameters. Simulations are computed on daily time step on the user-defined 

period, and a warming up period (typically one year) is needed which is later excluded from the model performance 

evaluation. In addition to the discharge, the HYPE model can simulate the nutrient concentrations (nitrogen and 

phosphorus) in water in different forms (inorganic or organic).   

 

2.3 Model setup and parameters calibration 

 

The HYPE model was setup at Sorgun catchment for discharge simulation during 2003-2006 (calibration period) 

and 2009-2013 (validation period) followed the same procedure as explained in former HYPE model applications 

[13, 22, 23]. Stream network was generated from 15 m resolution of the Digital Elevation Models (DEM) using 

the geographic information system (ArcGIS 9.3) software combined with the Archydro 9.3 software. River 

threshold that represents 1% of the maximum flow accumulation was used to approximate the location of flow 

initiation in the study catchment. Flow direction was determined using D-8 method [27] and the generated streams 

matched well with the observed stream network in this lower mountainous catchment. Based on soil type and land 

use maps, eighth types of soil and five types of land use were categorized. The whole Sorgun catchment was 

divided into 48 sub-basins and therefore 177 SLCs were defined. The driving data of daily precipitation and daily 

mean temperature for runoff simulation in each sub-basin were prepared based on measurements from respective 

rainfall and climate stations within/close to the concerned sub-basin. Then the model was run and, the runoff values 

was computed at the outlet of the each subbasin. 

 

2.4 Geomorphologic Characterization 

 

The basis of the morphometric analysis is the digital elevation model of the basin. The digital elevation model may 

create by digitizing the isohips from topographical maps. The present study is based on 1/25K scale topographic 

map sheets (Mersin O31-a2, a3, b1, b2, b3, b4, c1, c2, c3, c4 and O32-a1, a2, a3, a4, d1, d2, d3, d4) which are 

published by Turkish Ministry of National Defense, General Command of Mapping. These topographical maps 

were rectified geographically and whole study area was delineated in Gographical Information System (GIS) 

environment by means of ArcGIS 9.3 software assigning Universal Transverse Mercator (UTM), World Geodetic 

System (WGS 1984) and 36N Zone Projection System. The isohips of the whole study area was digitized on 

ArcGIS and the Digital Elevation Model (DEM) was created using digitized isohips of the basin. Then, the created 

DEM has been reconditioned by Fill tool using Hydrology tool set in ArcGIS for clear off the errors as sinks. Then 

flow direction, flow accumulation, stream order (according to Strahler’s method), stream to feature, snap pour 

point and watershed  tools has been used respectively to create the needed layers to compute basic morphometric 

parameters values. The snap pour points are selected on joining points of main Sorgun river and the outlet of the 

SRB to delineate the boundary of subbasins and then the whole basin. The Sorgun basin was divided into 15 

subbasins (Fig. 3) and the basic morphometric parameters such as basin area, basin perimeter, total stream length, 

stream number and stream order have been calculated for all subbasins and whole basin using suitable tools in 

ArcGIS. Characteristic parameters such as drainage density and length of the overland flow have been calculated 
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for all subbasin and whole basin using basic parameters. All morphometric parameters formulas and method are 

shown in Table 1. 

 

Table 1. Methodologies perceived for computations of morphometric parameters. 
Basic Parameters 

Morphometric Parameter Method and Formula Reference 

Basin Area (A) Area of the basin Arc measurment tools 
Basin Perimeter (P) Perimeter of the basin [28] 

Total Stream Length (Lu) Total channel length of the stream  [8] 

Stream number (Nu) Number of the stream [8] 
Stream Order (U) Hiearchical rank [9] 

 Characteristic Parameters  

Morphometric Parameters Method References 

Drainage Density (Dd) Lu/A [8] 
Length of the Overland flow (Lg) Lg=1/2Dd  [8] 

 

 
Figure 2. Satellite image (a) and hillshade map (b) of Sorgun basin and its subbasin.  

 

3 RESULTS AND DISCUSSION 
 

3.1 Model calibration and validation 

 

In order to evaluate the model performance, both graphical observations and statistical performances are 

recommended [29] and used. Two quantitative statistical metrics are chosen: A Nash-Sutcliffe Efficiency (NSE) 

[30] and the Percent BIAS (PBIAS). The NSE is a metric to quantify the relative magnitude of the residual variance 

(“noise”) compared to the measured variance, which reflects the water balance error (%). The NSE varies between 

- ∞ and 1 (being the optimal value), while the optimal value of PBIAS is 0 (positive value reflects model over-

prediction and negative value indicates model under-prediction).   

 

Model performance at the catchment outlet (Sarilar) 

 

The HYPE model could reproduce well the measured discharge for daily and monthly time steps (lowest NSE and 

highest PBIAS are 0.68, -4.31%, respectively, Table 2) at the catchment outlet (Sarilar gauging station). Results 

showed that the model performance is slightly better for calibration than validation periods (NSE for calibration 

[daily, monthly] = [0.78, 0.92] > [0.68, 0.83] for validation period, Table 2). Also, the results show that the HYPE 

model represents better the monthly simulations compared to daily simulations ((NSE, PBIAS) for daily validation 

= (0.68,-4.31) < (0.83, -3.53) compared to monthly validation). The water balance, which is reflected by the 

PBIAS, was almost closed during the calibration period for both daily and monthly simulations (Table 2). 

However, the HYPE model underestimates the measured discharge during the validation period, which is reflected 

by PBIAS of about -4.31 and -3.53 for daily and monthly simulations, respectively (Table 2).  
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Model performance at the internal gauging station (B. Sarilar)  

 

First, the model best-optimized parameters obtained during the calibration of measured discharge at the catchment 

outlet gauging station (Sarilar) were used to predict the discharge at the internal station B. Sarilar. Results showed 

that the HYPE model could represent only the dynamic behaviour of the discharge reflected by slightly reduced 

NSE compared to the calibration at the catchment outlet (0.65 and 0.79 for daily and monthly simulations, 

respectively). However, the model parameters spatial transferability (from outlet to internal station) failed in terms 

of water balance (PBIAS is about -16.58 for both daily and monthly simulations). The model less performance in 

representing the measured discharge at the internal station using the calibrated parameters of catchment wide can 

be explained by distinct dominant land uses and soil types between the whole catchment and sub-catchment at B. 

Sarilar. This suggests that calibrating a hydrological model only at the catchment wide scale leads to 

overconfidence in its optimized parameters than at the sub catchment level.   

 

Second, the model was recalibrated again at the internal station, where its capability to reproduce the measured 

discharge was remarkably increased (NSE = 0.73 and PBIAS = - 0.03%, at daily time step, while NSE = 0.86 and 

PBIAS = - 0.03% at monthly time interval). Internal calibration of the HYPE model at sub-catchment level 

improved model accuracy and allowed to reach closed water balance, due to reducing spatial heterogeneities of 

the concerned sub-catchment. 

 

Table 2. Statistical evaluation of the model for daily and monthly discharge simulations for the gauging stations 

Sarilar (Outlet) and B. Sorgun (Internal) during the calibration (2003-2006) and validation (2009-2013) periods. 
Time step Criterion Formula Outlet Internal 

Calibration Validation Validation  Re-calibration 

Daily 
NSE (-) 1 −

∑ (Ysim
i − Yobs

i )2n
i=1

∑ (Yobs
i − Yobs

̅̅ ̅̅ ̅)2n
i=1

 
0.78 0.68 0.65 0.73 

Monthly 0.92 0.83 0.79 0.86 

Daily 
PBIAS (%) 

∑ (Ysim
i − Yobs

i ) × 100n
i=1

∑ (Yobs
i )n

i=1

 
0.31 -4.19 16.58 -0.03 

Monthly 0.31 -3.53 16.58 -0.03 

 

After the calibration and the validation for outlet and internal station of the SRB, the discharges values are 

estimated at the outlet of 15 subbasin of SRB. The values are shown in Table 3. 

 

Table 3. Results of discharges of the outlet and morphometric parameters values of SRB subbasins. 

Subbasin ID Discharge (m3/s)* A (km2) P (km) Lu (km) Nu U Dd Lg 

1 0.5892 48.98 57.63 31.12 13 3 0.64 0.79 

2 0.1036 15.35 30.12 11.37 7 3 0.74 0.68 

3 0.0001 18.98 27.57 16.13 7 2 0.85 0.59 

4 0.2275 57.65 75.15 42.99 19 3 0.75 0.67 

5 0.0962 45.09 44.52 31.56 16 3 0.70 0.71 

6 0.0975 33.62 51.75 28.02 14 3 0.83 0.60 

7 0.0265 23.22 49.05 17.14 13 3 0.74 0.68 

8 0.1069 25.36 38.49 16.67 9 2 0.66 0.76 

9 0.0817 30.80 39.57 22.00 13 3 0.71 0.70 

10 0.1585 17.36 30.66 13.32 4 3 0.77 0.65 

11 0.0438 14.09 32.22 11.80 4 2 0.84 0.60 

12 0.3879 47.28 52.14 27.67 16 3 0.59 0.85 

13 0.2003 50.36 59.76 33.15 15 3 0.66 0.76 

14 0.0043 15.26 39.12 15.40 6 2 1.01 0.50 

15 0.0001 5.77 21.87 7.08 1 1 1.23 0.41 
* Mean daily discharges (m3/sn) estimated for the period between 2009 and 2013.  

 

3.2 Hydromorphic analysis 

 

In the present study, the Sorgun basin was divided 15 subbasins and the morphometric analysis has been carried 

out about parameters such as basic parameters (basin area, basin perimeter, total stream length, stream number, 

stream order) and characteristic parameters (drainage density, length of the overland flow) using mathematical 

formulae as given in Table 1 and the results are summarized in Table 3. 

 

Basin area (A) value represents the area covered by the basin.   In this study, while the lowest area belongs 15th 

subbasin as 5.77 km2, the highest area belongs 4th subbasin as 57.65 km2. The Sorgun basin covers 449.17 km2. 

Basin perimeter (P) value represents the length of the basin boundary. In the present study, lowest basin perimeter 
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value belongs to 15th subbasin as 21.87 km, while the highest basin perimeter value belongs to 4th subbasin as 

75.15 km. As a whole Sorgun basin, the basin perimeter value is 649.62 km. Total stream length (Lu), is the total 

length of each stream in a basin, is the one of the most important parameter in terms of hydrological features as it 

represents the runoff characteristics of stream. In the present study, as a whole Sorgun basin, the total stream length 

value is 352.42 km. The lowest value of total stream length is 7.08 km for 15th subbasin whereas the highest value 

of total stream length is 42.99 km for 4th subbasin.  

 

Stream order (U) is based on the hierarchical relation between stream segments. There are many stream order 

system in the literature. Strahler’s method [8] has been selected in this study. According to Strahler’s method, first 

stream segments are called first order. The second order is created by the meet of two first order and where two 

second-order meets the third order is created and so forth. In the present study, the stream order has been 

determined as fifth-order as a whole basin but for the subbasins stream order changes from one to three. 

 

Stream number (Nu) is the count of each stream segments. The stream number highly influenced by permeability 

and infiltration of the soil. The higher value of stream number is an indication that the infiltration and permeability 

is lesser. In the present study, the highest value of stream number is 19 for 4th subbasin while the lowest value of 

stream number is 1 for 15th subbasin. As a whole, the sorgun basin has 157 stream segment. 

 

Drainage Density (Dd) is the ratio of total length of the each stream within a basin to basin area. Drainage density 

of a basin in a relationship directly with porosity, permeability, climate, pedology, vegetation and landform of the 

basin. The value of drainage density in this study ranges from 0.59 km-1 to 1.23 km-1. The lowest value belongs to 

12th subbasin whereas the highest value belongs to the 15th subbasin. Whereas the low value of the drainage density 

may indicate that the subsoil material in the region is highly permeable and the covered vegetation is dense and 

the texture of drainage is coarse, high drainage density coars fine drainage texture and it shows that the subsoil 

materials may weak or impermeable, infrequent vegetation.   

 

Length of the overland flow (Lg) is the one of the most important parameters affecting the physiologic and 

hydrologic development of a basin. The flow of water occurs on the surface as thin film and it may clear away in 

a few minutes after end of precipitation because of infiltration, absorption and evapotranspration. The length of 

the overland flow is the length of rainfall water over the surface before it has reached into stream channels. It 

significantly depends on geologic, podologic characteristics of basin, rainfall volume in the region and the 

vegetation. Length of the overland flow of Sorgun basin is 0.690 km and the lowest value of length of the overland 

flows belong to 15th subbasin as 0.41 km, whereas the highest value of length of the overland flow belongs to 12th 

subbasins as 0.85 km. 

 

3.3 Relation between discharges and morphometric parameters 

 

The discharges estimated with HYPE hydrologic model at the outlet of each subbasin is correlated with the 

morphometric parameters for each subbasin. It shows and highly correlated with the stream order, drainage density 

(R2 = 0.59) and length of the overland flow (R2 = 0.57) while it shows moderately correlation with the stream 

number (R2 = 0.32). All this morphometric parameters are directly related to surface runoff.  
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Figure 3. Relation between discharge and some morphometric parameter for each subbasin of Sorgun basin.  

 

4 CONCLUSION 
 

In this study, the main objective was to merge the morphometric analysis and hydrological modelling to better 

understand the functioning of the Sorgun River Basin in Mersin province (Southeast of Turkey). With this aim, 

the HYPE model was used to predict the discharge of the nested coastal Sorgun River Basin (SRB) and its 

subbasins. Then, the morphometric parameters, which are directly related with the hydrological properties of the 

soils and may affect the surface runoff, such as basin area, basin perimeter, drainage network, stream order and 

length of the overland flow are computed using the ArcGIS 9.3. The results showed that there is a good correlation 

between the estimated discharge with HYPE model and some morphometric parameters (Stream number, stream 

order, drainage density and length of the overland flow), which are related to the surface runoff according to the 

literature. In addition, the hydrological prediction models such as HYPE are very effective to estimate discharge, 

especially, in ungauged river basins.  
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Abstract 

Sucuk and heat treatment sucuk are two different types of fermented sausages 

commonly consumed in Turkey. While nitrate and nitrite are used as curing agent in 

the production of sucuk, a dry fermented sausage, nitrite is used in the production of 

heat-treated sucuk, a semi-dry fermented sausage. Both fermented sausages are 

usually cooked before consumption by cooking techniques such as frying and 

grilling. Taking into account the process conditions and pre-consumption cooking, 

the use of nitrate / nitrite is of great importance for the presence and formation of 

nitrosamines in both products. Various nitrosamines such as N-

nitrosodimethylamine (NDMA), N-nitrosopyrolidine (NPYR), N-nitrosopiperidine 

(NPIP), N-nitrosodiethylamine (NDEA) and N-nitrosodibutylamine (NDBA) have 

been identified in sucuk and heat treated sucuk. However, the nitrosamine content in 

these products varies considerably. In this study, the presence of nitrosamine and 

effective factors on formation of nitrosamines in sucuk and heat treated sucuk are 

evaluated in the light of literatures. 

1 INTRODUCTION  
 

Sucuk and heat-treated sucuk, two different types of fermented sausages, are widely produced in Turkey. The 

process of sucuk production is based on fermentation and drying (ripening) and does not include smoking and heat 

treatment. In the production of heat-treated sucuk, another type of fermented sausage produced in Turkey, a heat 

treatment is applied after a short fermentation and then the product is dried. This product belongs to the group of 

semi-dry fermented sausages [5]. 

 

Depending on the formulation and process conditions applied, nitrate and / or nitrite as curing agent are used in 

the production of sucuk and heat-treated sucuk [5, 12]. Nitrate and nitrite are important additives that are effective 

in delaying oxidative rancidity and inhibition of spoilage and foodborne pathogens microorganisms, in particular 

Clostridium botulinum, as well as their positive contribution to the formation of the characteristic red color and 

flavor in meat products. However, in processes where nitrate is used, it is necessary to convert nitrate to nitrite in 

order to observe these effects [10, 9].  

 

Although nitrite and nitrate have many positive effects on the quality and microbial safety of the product, they are 

known to be involved in the formation of nitrosamines [2, 23]. Nitrosamines are carcinogenic, mutagenic and 

teratogenic N-nitroso compounds [16]. The International Agency for Research on Cancer [8] states that N-

nitrosodimethylamine (NDMA) and N-nitrosodiethylamine (NDEA) are potentially carcinogenic compounds, and 

other nitrosamines such as N-nitrosodibutylamine (NDBA), N-nitrosopiperidine (NPIP), N-nitrosopyrolidine 

(NPYR), N-nitrosomorpholine (NMOR), which are commonly found in meat products, are potential carcinogenic 

compounds [3]. These compounds are generally formed by the reaction between a nitrosating agent and a 

secondary amine. It has been reported that nitrosamine formation is closely related to nitrite level and factors such 

as processing and storage temperature, pH value and the presence of secondary amine also play important role in 

this process [15]. In this study, the presence of nitrosamines and factors affecting formation of nitrosamines in 

sucuk and heat-treated sucuk were investigated in the light of the literature. 

 

2 NITROSAMINES IN SUCUK AND HEAT-TREATED SUCUK 
 

The number of studies on the presence of nitrosamines in sucuk is quite limited [13, 7, 17, 14]. There is only a 

study on heat-treated sucuk [24]. The first study for determination of nitrosamines in sucuk in Turkey, was 
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conducted by Özdemir [14]. In the study, sucuk samples taken from different firms were analysed in terms of 

nitrosamine content before and after frying, and six samples were found to contain nitrosodimethylamine 

(NDMA), nitrosodiethylamine (NDEA), nitrosopyrrolidine (NPYR) and nitrosopiperidine (NPIP) and one sample 

contained NDMA and NDEA. As a result of the research, it was stated that frying process and residual 

nitrite/nitrate amount are important in the formation of nitrosamine. The amounts of nitrosamines determined by 

Pirinçci et al. [7], Özel et al. [14] and Polat [24] in sucuk and/or heat-treated sucuk are summarized in Table 1. 

 

The amount of NDMA, a volatile nitrosamine, varies considerably in sucuk. Pirinçci et al. [7] detected NDMA in 

19 of 21 sucuk samples and found that NDMA content in positive samples was over 100 g/kg in 4 samples. As 

can be seen in Table 1, the highest NDMA content was 370 g/kg. However, Özel et al. [14] reported that NDMA 

content in sucuk was lower than stated content. On the other hand, Ata [17] found the average NDMA content of 

10 samples as 2.21±0.82 µg/kg. In the same study, NDMA content in fried sucuk samples was determined as 6.60 

± 3.23 µg/kg. According to these results, NDMA in sucuk is an important nitrosamine as that of other fermented 

sausages [20, 21, 3]. In a research on heat-treated sucuk, NDMA content in the 30 samples examined ranged from 

0.91 to 5.66 µg/kg and the mean value was 2.52 µg/kg. 

 

NPYR is another important nitrosamine found in fermented sucuk and proline and prolidine are precursor in its 

formation [5]. The degree of cooking in sucuk and heat-treated sucuk is an important factor in terms of NPYR [18, 

19]. As can be shown in Table 1, NPYR content was determined in all sucuk and heat-treated sucuk samples. 

However, the values are quite different. In particular, in the study conducted by Pirinççi et al. [7], the maximum 

NPYR content was reported as 200 µg/kg (Table 1.). On the other hand, Ata [17] found the mean NPYR content 

as 3.84±0.88 µg/kg. In the same study, higher NPYR values were found in fried sucuk samples.  

 

In the formation of nitrosopiperidine (NPIP), piperine and piperidine orginated from black pepper play a role in 

sucuk and heat-treated sucuk [4]. Piperidine, necessary for the formation of nitrosopiperidine, forms as a result of 

alkali hydrolysis of piperine in spices [22]. NPIP content in sucuk can vary considerably as in other nitrosamines. 

NPIP content in heat-treated sucuk also varied between 1.63 and 20.62 µg / kg (Table 1.). Ata [17] found that the 

content of NPIP was 3.07±0.89 µg/kg in sucuk and 6.33±2.27 µg/kg in fried sucuk. 

 

In addition to NDMA, NPYR and NPIP, low levels of NDBA (N-nitrosodibutylamine), NDEA (N-

nitrosodiethylamine), NDPA (N-nitrosodipropylamine), NMOR (N-nitrozomorpholine) and NEBA (N-

nitrozoethylbutylamine) were also determined in sucuk [14, 7, 17]. 

 

Table 1. Nitrosamines in sausage and heat treated sausage 
Nitrosamine Fermented 

sausage 

Sample 

number 

Number of 

positive 

sample  

Min. 

Content 

(µg/kg) 

Max. 

Content 

(µg/kg) 

Reference 

 

NDMA 

 

Sucuk 21 19 5.1 370 [7] 

6 5 0.11 0.78 [14] 

Heat- treated sucuk 30 30 0.91 5.66 [24] 

NPYR 

 

Sucuk 

 

21 21 6.5 200 [7] 

6 6 0.11 1.36 [14] 

Heat- treated sucuk 30 30 0.57 8.81 [24] 

NPIP 

 

Sucuk 21 19 1.4 125 [7] 

6 6 0.16 2.71 [14] 

Heat- treated sucuk 30 30 1.63 20.62 [24] 

NDEA Sucuk 21 19 3 600 [7] 

6 4 0.10 0.95 [14] 

NDBA Sucuk 6 4 0.15 1.68 [14] 

NDPA Sucuk 6 5 0.27 1.35 [14] 

 

3 SOME FACTORS AFFECTING NITROSAMINE FORMATION IN SUCUK AND 

HEAT-TREATED SUCUK 
 

Secondary amines are the most important amines in nitrosamine formation in meat products. Amines, which are 

found in very small amounts in fresh meat, may increase during fermentation and ripening [11]. Since it is difficult 

to control the level of endogenous factors such as free amino acids and amines in meat products, nitrite level added 

to the products need to be reduced [3]. In Turkish Food Codex Food Additives Regulation, maximum amount of 

nitrite that can be added to sucuk and heat-treated sucuk batters is limited to 150 ppm [1]. Many compounds that 

can replace nitrate and nitrite have been investigated in meat products, but no substance has been found to perform 

the functions of these compounds [2]. 
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In addition to the presence of nitrite/nitrate and secondary amines, factors such as temperature, pH, redox potential, 

presence of nitrosation catalysts and inhibitors, storage conditions, cooking method, cooking time and use of spices 

are effective in the formation of nitrosamines [3, 18, 19]. On the other hand, biogenic amines are considered as an 

important source of amine precursors in meat products. Secondary amines such as dimethylamine, which results 

from protein degradation, can be directly involved in the reaction [3]. 

 

Cooking is a very important factor in the formation of nitrosamines in sucuk and heat-treated sucuk [13, 17, 18,19]. 

In a study conducted to determine the effects of different levels of pepper (5 g/kg, 10 g/kg or 15 g/kg), the use of 

sodium ascorbate (0 or 568 mg/kg) and the degree of cooking (raw, under, medium or overcooked) on nitrosamine 

formation in sucuk, three different volatile nitrosamines, NDMA, NPYR and NPIP, were determined in the 

samples. In the same study, NDMA and NPIP levels increased depending on the degree of cooking and, it was 

reported that increase in black pepper levels caused a decrease in NDMA and NPIP contents of non-heat treated 

(non-fried) sucuk samples [18]. 

 

In a study conducted on heat-treated sucuk, the effects of factors such as nitrite level (0, 50, 100 or 150 ppm), use 

of sodium ascorbate (0 or 500 ppm), addition of starter culture (control or Lactobacillus plantarum GM77 + 

Staphylococcus xylosus GM92) and degree of cooking (0, 1, 3, 5 or 7 min) on nitrosamine formation were 

investigated. As a result of the analyzes, four compounds were determined as nitrosodimethylamine (NDMA), 

nitrosopyrrolidine (NPYR), nitrosopiperidine (NPIP) and nitrosodibutylamine (NDBA) in heat-treated sucuk. It is 

also found that the starter culture factor had a very significant effect on NPYR and NPIP. The use of sodium 

ascorbate had very significant effect on NDMA, NPYR and NPIP, while cooking degree has been reported to have 

very significant effects on NDMA, NPYR, NPIP and NDBA. And also, the interactions between factors have been 

reported to have significant or very significant effects. In addition, while NDMA could not be detected in most 

samples of heat-treated sucuk groups produced without nitrite, this compound (0.11-0.47 µg / kg) was found in 

some samples. In contrast, both NPYR and NPIP were detected in all samples without nitrite [19]. 

 

4 CONCLUSION 
 

Fermented sausages have an important share in meat products worldwide. Similarly, sucuk and heat-treated sucuk 

are widely produced and consumed in Turkey. In the production of these cured products, nitrate and nitrite play 

an important role in the formation of such extremely important criteria as the desired flavour and colour. However, 

nitrate and nitrite are also known to play a role in the formation of nitrosamines, which are highly dangerous to 

human health. The levels of nitrosamines change depending on the factors such as residual nitrite level, applying 

of heat treatment, types and amount of spices used and process conditions.  On the other hand, these factors do not 

have the same effect on all types of nitrosamines. Indeed, while some types of nitrosamines are more affected by 

heat treatment, others are more affected by the amount of spices or process conditions used. Nitrosamine types are 

affected by different parameters at different rates. However, the differences in the production processes used in 

the studies also cause the amounts of nitrosamines to be quite different from each other. Further research is needed 

to prevent the formation of nitrosamines and determine the amount and types of nitrosamines in sucuk and heat-

treated sucuk. 

  

References  
 

[1] Anonymous, "Türk Gıda Kodeksi Et ve Et Ürünleri Tebliği. Tebliğ No: 2012/74," Sayı: 28488, Ankara, 2012. 

[2] B.L. Krause et al., “Incubation of curing brines for the production of ready-to-eat, uncured, no-nitrite-or-

nitrate-added, ground, cooked and sliced ham,” Meat Sci., 89, pp. 507-513, 2011. 

[3] E. De Mey, H. De Maere and H. Paelinck, “Volatile N-nitrosamines in meat products: Potential precursors, 

influence of processing and mitigation strategies,” Crit. Rev. Food Sci. Nutr., 57, 13, 2909-2923, 2017. 

[4] E. De Mey et al., “Evaluation of N-Nitrosopiperidine formation from biogenic amines during the production 

of dry fermented sausages,” Food Bioprocess Technol, 7, pp. 1269-1280, 2014.  

[5] G. Drabik-Markiewicz et al., “Evaluation of the influence of proline, hydroxyproline or pyrolidine in the 

presence of sodium nitrite on N-nitrosamine formation when heating cured meat,” Analytica Chimica Acta, 

657, pp. 123-130, 2010. 

[6] G. Kaban, “Sucuk ve pastırma: Microbiological changes and formation of volatile compounds,” Meat Sci., 

95, 2013.  

[7] İ. Pirinçci, H.A. Acet and Batı, B, “Sucuklarda n-nı̇trozamı̇n bileşiklerı̇nı̇n gaz kromatografı̇k yöntemle tayı̇n 
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Abstract 

Reactive oxygen metabolites such as superoxide anions (O2
-), hydrogen peroxide 

(H2O2) and hydroxyl radicals (-OH), create through metabolic processes. The 

excessive amounts of reactive oxygen molecules can cause cellular damage 

(neurodegenerative diseases, cardiovascular diseases, cancer and chronic diseases 

such as atherosclerosis, arthritis, diabetes). However, the antioxidant supplements 

and foods containing antioxidants may reduce the cellular damage that may occur. 

On the other hand, some lactic acid bacteria, used in fermented food for many 

purposes as starter culture, protective culture and functional culture including also 

probiotic culture, may show antioxidant effect and may reduce the damage caused 

by oxidation. In this study, the antioxidant properties of 87 lactic acid bacteria 

isolated from pastırma were investigated. The antioxidant activity of cell-free 

supernatant was analyzed by DPPH method. The antioxidant activities of lactic acid 

bacteria were between 1,13% and 10,17%. The highest antioxidant activity was 

detected in Lactobacillus sakei K103 (10,17%). 

 

1 INTRODUCTION  
 

Reactive oxygen metabolites such as superoxide anions (O2-), hydrogen peroxide (H2O2) and hydroxy radicals 

(OH) occur during normal biological processes. In addition, environmental pollution, ionizing radiation, UV 

radiation and smoking cause high levels of reactive oxygen metabolites. Proper oxidation is crucial for energy 

production in many organisms. However, the imbalance between the antioxidant defense system and reactive 

oxygen metabolite production leads to excessive oxidative stress, which can cause oxidative damage [1]. These 

metabolites can cause damage to proteins, DNA mutations, oxidation of membrane phospholipids, and 

modification of low-density lipoproteins. Excessive amounts of reactive oxygen metabolites can lead to cellular 

damage, atherosclerosis, arthritis, diabetes, neurodegenerative diseases, cardiovascular diseases and cancer [2, 3, 

4]. 

 

Reactive oxygen metabolites are modulated by an endogenous antioxidant defense system in the body. However, 

in some cases, endogenous antioxidant defense systems may not fully prevent oxidative damage. Antioxidant 

additives can prevent increase of oxidative stress levels by removing free radicals and reactive oxygen 

metabolites. Antioxidants are divided into two categories as synthetic and natural antioxidants. Doubts about the 

toxicity and adverse effects on health of synthetic antioxidants have limited the use of this antioxidant group. 

Therefore, researchers  focused on obtaining safe natural antioxidants [5, 6, 7, 8]. On the other hand, in recent 

years, it has been shown that some lactic acid bacteria have high antioxidant activity. [1]. 

 

Lactic acid bacteria contribute to the aroma, microbial safety,  shelf-life,  texture and sensory profile of the final 

product [9] Today, most of the lactic acid bacteria have attracted the attention of researchers because of their 

probiotic properties in addition to their essential roles in fermented foods and their ability to produce various 

antimicrobial compounds [10]. It is also stated to have anti-mutagenic, anti-carcinogenic, hypocholesterolemic, 

antagonistic activity and immunomodulation effects of lactic acid bacteria, which are known to be beneficial on 

health [2]. These microorganisms are now widely used as starter cultures. Technological characterization of 

strains, especially examining in terms of growth, acidification and proteolytic activity, is of great importance in 

the selection of strains to be used as starter cultures [11]. Although lactic acid bacteria generally have low 
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proteolytic activity, they have a comprehensive proteinase/peptidase system that is capable of hydrolyzing  to 

small peptides and amino acids to oligopeptides. [11, 12]. 

 

Nowadays, interest in the relationship between diet and health has been increased by increasing consumer 

awareness. It is also suggested that a diet with rich antioxidant can be beneficial to health. Many strains of lactic 

acid bacteria are used as probiotic supplements in functional foods. Although many probiotic lactic acid bacteria 

strains with antioxidant activity are marketed worldwide, many researchers are still investigating new strains 

with high antioxidant activity derived from various traditional fermented foods [1]. In this study, the antioxidant 

capacities of lactic acid bacteria strains isolated and identified from pastırma were investigated. 

 

2 MATERYAL AND METHOD 
 

In the present research, 87 lactic acid bacteria strains isolated from pastırma and genetically identified were used. 

[13]. Strains were stored at -80 °C in MRS broth (De Man Rogosa Sharpe) containing glycerol. Strains were 

activated three times in MRS broth before use and incubated at 37 °C for 18 hours. 

 

2.1 Determination of antioxidant activity by DPPH (2,2-Diphenyl-1-picrylhydrazyl) method 

 

The DPPH (2,2-Diphenyl-1-picrylhydrazyl) radical scavenging capacity of lactic acid bacteria was determined 

according to the method given by [3]. Each strain was incubated at 37 ° C for 18 hours, then 1 ml of culture (108 

cfu/mL) was taken and 2,0 mL of ethanolic DPPH radical solution (0,05 mM) was added. The mixture was 

stirred and incubated at room temperature in the dark for 30 minutes. Deionized water and DPPH were used as 

controls and, ethanol and cell were used as blind. After centrifugation (10 minutes at 8000 g), the absorbance at 

517 nm was read in three parallel. Antioxidant activity of the strains was calculated according to the following 

formula: 

 

Radical Scavenging Activity (%) = [1- (Asample- Ablind) /Acontrol] *100 

 

3 RESULTS AND DISCUSSION 
 

In this research, the antioxidant properties of 87 lactic acid bacteria isolated from pastırma were investigated. 

The antioxidant activity of the 68 Pediococcus pentosaceus strains was between 1,33% and 8,06% and the 

antioxidant activity of most strains was above 4,0%. Pediococcus pentosaceus is used as a starter culture in 

fermented sausages. Another species used as starter culture in meat products is P. acidilactici. In this study, 13 

P. acidilactici strains were examined for antioxidant activity. P. acidilactici generally showed similar results in 

terms of antioxidant activity. The highest activity was detected in P. acidilactici K98 strain with 6,05% and the 

lowest activity was detected in P. acidilactici K64 strain with 2,39% (Table 1). In a study on 16 lactic acid 

bacteria isolated from meat and dairy products, antioxidant and antimicrobial activities of culture supernatant 

and cell-free extracts were examined and it was determined that only culture supernatants of the isolates had 

antioxidant activity [14]. 

 

Pediococci, homofermentative microorganisms, are important microorganisms for food microbiology in terms of 

being tolerant to salt. They can also growth in a wide temperature range [15, 16]. However, the optimum growth 

temperature of pediococci varies between 25 and 40°C [17]. These lactic acid bacteria strains were also isolated 

from pastırma by other researchers [18, 19]. 

 

 Another species found in pastırma is Lactobacillus sakei [13, 18, 20]. In the study conducted by Çinar et al. 

[13], 4 of 87 isolates were identified as L. sakei. These four strains were examined for antioxidant activity in the 

present study. As can be seen in Table 1, L. sakei K103 strain showed the highest antioxidant activity (10,17%). 

This strain  was followed by L. sakei K108 (5,0%), L. sakei K 111 (2,98%) and L. sakei K 109 (1,13%), 

respectively. L. sakei is a homofermantative species and is among the lactic starter cultures commonly used in 

fermented meat products. This species shows a good growth at a fermentation temperature of 20-24°C and 

significantly preserves viability during ripening [21]. In a study conducted on kefir grains by Leite et al. [22], it 

was reported that lactic acid bacteria (Lactobacillus paracasei and Lactococcus lactis) showed strong antioxidant 

activity. In another study, it was found that L. plantarum DM5 strain had good antioxidant properties [23].  

 

Lactobacillus plantarum is another lactic acid bacteria species isolated from pastırma microbiota [18, 24]. In a 

study conducted on pastırma, it was reported that this species was the dominant species according to the result of 

phenotypic identification [19]. It was also commonly identified in fermented sausages such as sucuk [25, 26, 27]. 

In this research, 2 L. plantarum strains were tested for antioxidant activity. The antioxidant activity of L. 
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plantarum K72 was determined as 8,94%. Antioxidant activity value of the other strain (L. plantarum K73) is 

5.43%. 

 

In the study conducted by Wang et al. [1], it was stated that four of 53 lactic acid bacteria strains showed high 

DPPH scavenging activity. In a study on the isolation of strains with probiotic properties, it was reported that L. 

paraplantarum SC61 cells exhibited higher antioxidant activity including DPPH radical scavenging activity, β-

carotene bleaching inhibition, reducing power, superoxide anion radicals scavenging activity and ABTS radical 

scavenging activity [4]. In another study, antioxidant activity of culture supernatant and cell extract of 

Enterococcus durans LAB18 were examined by ABTS * + and DPPH methods and it was reported that culture 

supernatant gave the highest antioxidant activity in both methods [28]. 

 

Table 1. Antioxidant Activities of Lactic Acid Bacteria (%) 

Strain % Strain % Strain % 

P.pentosaceus K4 4,60 P. acidilactici K53 5,14 P.acidilactici K100 5,72 

P.pentosaceus K5 3,85 P.pentosaceus K54 4,75 P.pentosaceus K101 6,58 

P.pentosaceus K6 4,91 P.pentosaceus K55 7,55 P.pentosaceus K102 3,09 

P.pentosaceus K7 5,06 P.pentosaceus K56 4,46 L. sakei K103 10,17 

P.pentosaceus K8 6,12 P.acidilactici K57 5,87 P.pentosaceus K104 6,27 

P.pentosaceus K9 5,79 P.acidilactici K58 4,57 P.pentosaceus K105 9,86 

P.pentosaceus K10 4,93 P.acidilactici K59 5,65 P.pentosaceus K106 5,62 

P.pentosaceus K13 5,36 P.acidilactici K60 2,46 P.pentosaceus K107 5,64 

P.pentosaceus K14 6,23 P.pentosaceus K61 6,22 L. sakei K108 5,00 

P.pentosaceus K15 3,61 P.acidilactici K62 3,06 L. sakei K109 1,13 

P.pentosaceus K21 1,90 P.acidilactici K63 5,84 P.pentosaceus K110 6,30 

P.pentosaceus K22 4,34 P.acidilactici K64 2,39 L. sakei K111 2,98 

P.pentosaceus K23 3,53 P.pentosaceus K66B 5,08 P.pentosaceus K112 5,66 

P.pentosaceus K24 4,52 P.pentosaceus K66S 5,80 P.pentosaceus K113 5,96 

P.pentosaceus K31 5,28 P.pentosaceus K67 5,61 P.pentosaceus K114 4,75 

P. acidilactici K32 6,50 L.plantarum K72 8,94 P.pentosaceus K115 4,94 

P. acidilactici K33 5,13 L.plantarum K73 5,43 P.pentosaceus K116 5,00 

P.pentosaceus K34 4,45 P.pentosaceus K74 5,22 P.pentosaceus K117 5,92 

P.pentosaceus K35 5,35 P.pentosaceus K75 3,28 P.pentosaceus K118 3,50 

P.pentosaceus K36 4,40 P.pentosaceus K76 2,45 P.acidilactici K119 4,57 

P.pentosaceus K37 5,98 P.pentosaceus K79 2,53 P.pentosaceus K120 5,19 

P.pentosaceus K38 5,78 P.pentosaceus K81 3,11 P.pentosaceus K121 3,68 

P.pentosaceus K39 5,88 P.pentosaceus K82 1,33 P.pentosaceus K123 2,07 

P.pentosaceus K40 4,42 P.acidilactici K83 4,91 P.pentosaceus K124 3,39 

P.pentosaceus K41 8,06 P.pentosaceus K85 3,27 P.pentosaceus K127 5,37 

P.pentosaceus K42 4,53 P.pentosaceus K86 3,62 P.pentosaceus K128 2,54 

P.pentosaceus K44 2,80 P.pentosaceus K87 1,60 P.pentosaceus K129 3,02 

P.pentosaceus K45 2,87 P.pentosaceus K97 6,55 
  

P.pentosaceus K51 4,57 P.acidilactici K98 6,05 
  

P.pentosaceus K52 3,34 P.acidilactici K99 5,47 
  

 

4     CONCLUSION 
 

Lactic acid bacteria are microorganisms that play an important role in the production of fermented meat 

products. Among these microorganisms, P. pentosaceus, P. acidilactici, L. plantarum and L. sakei are widely 

used as starter cultures. Lactic acid production ability, antagonistic activities and probiotic properties as well as 

antioxidant properties of lactic acid bacteria strains have been on the agenda in recent years. In this research, it 

was observed that the antioxidant activity of lactic acid bacteria isolates isolated from pastırma can increase from 

1% to 10%. Lactobacillus sakei K103 strain showed the highest antioxidant activity. However, it was concluded 

that in vivo tests should be performed in order to use this strain in functional foods. 
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Abstract 

In this study, physicochemical properties and fatty acid profile of 30 butter samples 

were studied and the relationship of these parameters with the colour of butter was 

investigated. Statistically significant correlations were found between colour of 

butter and dry matter, fat, salt ratio, peroxide value, polenske value and C6:0, C8:0, 

C10:0, C14:0, C14:1, C18:0, C18:1 and C18:2 fatty acids. 

 

1 INTRODUCTION  
 

The natural yellow colour of butter, mainly results from carotene dissolved in the fat, which originates from the 

feed and together with the characteristic microstructure of well-worked butter [1]. Yellow color of butter carries 

consumer perceptions of “fresh grass feeding” [2, 3]. Previous studies [1, 4-9] have suggested that many factors 

such as vitamin A, vitamin E content, season, processing, storage time and conditions can affect the colour of 

butter. Although there are not enough studies colour of butter in the literature, this study examined whether 

relationship between some other properties of butter and colour. Thus, the usability of colour as a measure for 

different parameters of butter was questioned. 

 

2 MATERIAL AND METHOD 
 

2.1 Material 

 

30 butter samples collected from town regions of Trabzon province, Turkey. Samples were transported in cold 

chain to the laboratory at Food Engineering Departments at Ataturk University immediately. Butter samples 

were stored in sterile closed plastic containers at 4°C until further analysis. To determine butter fatty acid 

composition, some sample was taken from each butter sample and stored at -20oC until analysis. 

 

2.2 Methods 

 

Dry matter, fat and salt contents, melting point, peroxide value, iodine value, saponification value, Reichert-

Meissl number and polenske value were determined according to the methods of  Kurt et al. [10].  pH values of 

the samples were measured using a digital pH meter (pH 211, Hanna Instruments, Italy) according to method of 

Kosikowski [11].Titratable acidity (lactic acid %) was determined according to method of Metin [12]. The water 

activity (aw) of the butter samples was measured using LabMaster-aw (Novasina AG, Switzerland).  

 

Colour measurement of the butter samples was performed using a Minolta Colorimetre using the Hunter scale 

according to method of Elgün et al. [13]. 

 

Fatty acid methyl esters (FAME) were prepared as described by Erkaya et al. [14] and Metcalfe and Schmitz 

[15]. 50 mg of each butter samples weighed and placed into glass tubes. 1.5 mL of NaOH (2M) solution was 

added and the tubes were filled with nitrogen gas. The Tubes were heated at 80oC for 1 h. 2 mL of BF3 (%25, in 

methanol w/v) solution was added to the tubes after cooling and heated again at 80oC for 30 min. 1 mL of 

hexane and 1 mL ultra distilled water added to the tubes and vortexed. Upper layers were transferred to GC vials. 

These esters injected into a GC system (Agilent 6890N, HP, USA) equipped with flame ionization detector 

(Agilent Tech. Inc.) at 200oC and DB-23 column (60 m x 0.25 mm x 0.25 mm).  Helium was used as carrier gas 

and C19:0 was used as internal standard.  
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Correlation analysis were performed with SPSS statistical software program version 17.0 (SPSS Inc., Chicago, 

IL, USA). 

 

3 RESULTS 
 

The statistical relationship between some properties of butter and colour values are given in Table 1. Pearson 

correlation coefficients between colour values (L*,a*,b*) and different properties of butter revealed that some 

statistically significant correlations.   

 

Table 1. Relationship between some quality parameters and colour values in butter samples 

   L* a* b* 

pH Pearson Correlation 0,045 0,217 -0,033 

Sig. (2-tailed) 0,812 0,250 0,863 

N 30 30 30 

% Acidity Pearson Correlation 0,160 -0,105 0 

Sig. (2-tailed) 0,399 0,582 0,996 

N 30 30 30 

Water activity (aw) Pearson Correlation -0,309 -0,082 0,127 

Sig. (2-tailed) 0,096 0,669 0,504 

N 30 30 30 

Melting point  (°C) Pearson Correlation 0,597** 0,595** -0,205 

Sig. (2-tailed) 0 0,001 0,278 

N 30 30 30 

Salt (%) Pearson Correlation -0,479** -0,478** 0,223 

Sig. (2-tailed) 0,007 0,008 0,236 

N 30 30 30 

Fat (%) Pearson Correlation -0,393* -0,376* 0,103 

Sig. (2-tailed) 0,032 0,041 0,589 

N 30 30 30 

Dry matter (%) Pearson Correlation -0,529** -0,414* 0,06 

Sig. (2-tailed) 0,003 0,023 0,752 

N 30 30 30 

Peroxide value Pearson Correlation -0,417* -0,337 0,055 

Sig. (2-tailed) 0,022 0,069 0,772 

N 30 30 30 

Iodine value Pearson Correlation -0,349 -0,21 0,051 

Sig. (2-tailed) 0,059 0,264 0,789 

N 30 30 30 

Saponification value Pearson Correlation 0,116 0,056 0,075 

Sig. (2-tailed) 0,541 0,767 0,694 

N 30 30 30 

Reichert-Meissl number Pearson Correlation -0,276 -0,299 0,156 

Sig. (2-tailed) 0,140 0,109 0,410 

N 30 30 30 

Polenske number Pearson Correlation -0,411* 0,141 0,581** 

Sig. (2-tailed) 0,024 0,456 0,001 

N 30 30 30 

*Correlation is significant at the 0.05 level (2-tailed) 

**Correlation is significant at the 0.01 level (2-tailed) 

L* = brightness from 0 (black) to 100 (white);  

a* = scale of axis from red (positive value) to green (negative value);  

b* = scale of axis from yellow (positive value) to blue (negative value). 

Statistically significant correlations were found between colour of butter and dry matter (L* P<0.01, a* P<0.05), 

fat (L* P<0.05, a* P<0.05) and salt ratio (L* P<0.01, a* P<0.01), peroxide value (L* P<0.05), melting point (L* 

P<0.01, a* P<0.01) and polenske number (L* P<0.05, b* P<0.05).  
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The statistical relationship between fatty acids of butter and colour values are given in Table 2. Statistically 

significant relationships were found between C6:0 (P<0,01), C8:0 (P<0,05) and C10:0 (P<0,05) fatty acids and L* 

value in accordance with the statistical relationship between the Polenske number and L* value. 

 

Table 2. Relationship between fatty acids and colour values in butter samples 

  

L* a* b* 

C4:0 

Pearson Correlation -0,036 -0,182 0,044 

Sig. (2-tailed) 0,848 0,335 0,816 

N 30 30 30 

C6:0 

Pearson Correlation -0,474** -0,229 0,374* 

Sig. (2-tailed) 0,008 0,223 0,042 

N 30 30 30 

C8:0 

Pearson Correlation -0,409* -0,183 0,327 

Sig. (2-tailed) 0,025 0,334 0,077 

N 30 30 30 

C10:0 

Pearson Correlation -0,429* -0,134 0,327 

Sig. (2-tailed) 0,018 0,479 0,078 

N 30 30 30 

C12:0 

Pearson Correlation -0,336 0,059 0,319 

Sig. (2-tailed) 0,070 0,756 0,086 

N 30 30 30 

C14:0 

Pearson Correlation -0,428* -0,263 0,209 

Sig. (2-tailed) 0,018 0,161 0,268 

N 30 30 30 

C14:1 

Pearson Correlation -0,359 -0,464** -0,082 

Sig. (2-tailed) 0,051 0,010 0,665 

N 30 30 30 

C16:0 

Pearson Correlation 0,264 0,279 -0,099 

Sig. (2-tailed) 0,159 0,136 0,604 

N 30 30 30 

C16:1 

Pearson Correlation 0,045 -0,159 -0,167 

Sig. (2-tailed) 0,812 0,400 0,377 

N 30 30 30 

C18:0 

Pearson Correlation -0,582** -0,455* 0,278 

Sig. (2-tailed) 0,001 0,012 0,137 

N 30 30 30 

C18:1 

Pearson Correlation 0,401* 0,129 -0,268 

Sig. (2-tailed) 0,028 0,498 0,153 

N 30 30 30 

C18:2 

Pearson Correlation 0,434* 0,468** -0,127 

Sig. (2-tailed) 0,017 0,009 0,505 

N 30 30 30 

CLA 

Pearson Correlation 0,173 -0,019 -0,061 

Sig. (2-tailed) 0,361 0,919 0,748 

N 30 30 30 

C4:0: Butyric acid, C6:0: Caproic acid, C8:0: Caprylic acid, C10:0: Capric acid, C12:0: Lauric acid, C14:0: Myristic acid, C14:1: 

Myristoleic acid, C16:0: Palmitic acid, C16:1: Palmitoleic acid, C18:0: Stearic acid, C18:1: Oleic acid, C18:2: Linoleic acid, CLA: 

Conjugated linoleic acid 

 

On the other hand, C18:0, C18:1 and C18:2 fatty acids were also found to be statistically significant with L* and a* 

values. As a matter of fact, Gonzalez et al. [16] stated that the butter sample having high C18:1 value had higher 

L* value than the control butter sample. 

 
O’Callaghan et al. [3] mentioned that no significant difference was observed in the L* and a* values of the butters at 

different cow feeding system and different trans-β-carotene content, however, significant differences were recorded 
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for the b* value of the butters. In this study, we found significant relationships between fatty acids and L* and a* 

values.  

 

4 CONCLUSION 
 

In this study, as expected, dry matter, fat, salt content of butter and peroxide number were found to be 

statistically related to colour values. Interestingly, the number of polenske and fatty acids were also significantly 

correlated with the colour values of butter. These results show that fatty acids can affect the colour of butter. 

However, further research is needed. 
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Abstract 

The research was established in 2016 with 3 replications according to the factorial 

arrangement in the randomized completely parcels design in order to determine the 

silage made with the straw contribution of different apple varieties.  Different 

varieties of apples (Starkrimson Delicious, Starkspur Golden and Sakı local variety) 

and different ratios of straw (0, 10, 20 and 30%) were used to make silage. The dry 

matter rate, pH, Flieg score and physical properties of silages were determined in the 

research. 

As a result of research, it was determined that silage properties and quality classes 

differed depending on apple varieties and straw contribution rates. The dry matter 

content of the Starkspur variety was higher and the silage pH of the Starkrimson 

variety was lower than others. As the straw additive ratio increased in silages the dry 

matter rates of silages increased and silage pHs decreased. On the other hand, the 

physical evaluation scores of the silages made without additive were found to be 

higher. The silages of Starkspur and Sakı apples without additives had the highest 

physical quality score (14-Good). As a result, it is concluded that different additives 

can be used in various proportions and some more extensive studies are necessary to 

obtain a good quality apple silage of desired quality. 

1 INTRODUCTION  
 

The use of silage in animal nutrition has become an indispensable technique and widespread in today. Plants which 

are privately cultivated on agricultural land and easy to ferment are preferred for silage making. However, one of 

the most important advantages of silage is that worthless feeds ensilaged in the summer becomes a very valuable 

feed in the winter. Thus, alternative plants and products remaining from vineyard-orchard agriculture can be very 

valuable silage materials. These may be beet leaves, fruit and vegetable residues, non-market value products, 

weeds growing spontaneously in the fields and field edges, or residues in the food industry. These materials, which 

do not have much forage value in the summer months, can be turned into a very valuable forage in the winter 

months if they are evaluated by making silage. Such a method also prevents to cause environmental pollution of 

agricultural wastes [1]. Because these materials are by-products of agricultural activities, their costs are very low. 

These feeds offer great opportunities in terms of protein and energy for livestock feed when there are no fresh and 

nutrients with high nutritional value. However, the properties of these products may not be suitable for silage 

making. Generally, the rest of products remaining from the field and horticultural productions have medium-high 

nutritional value and the dry matter ratios is insufficient [2]. 

 

Since fruit residues are rich in soluble carbohydrates, they have been used generally as additives in silage making. 

For this purpose, pulps of fruits such as apples, oranges and grapes remaining from fruit juice factories have been 

preferred. The use additives that increase the ratio of dry matter is common in the silos of fruit pulps. Therefore, 

the most suitable material used for silage is straw. In a research were applied straw and urea additives to ensile 

easier of different fruit pulps and there were acquired more successful silages [3]. Apple is a fruit that grows in 

every region of our country. Sometimes manufacturers have large quantities of non-market value products. For 

this reason, searches should be made on making silage of apple directly. This study was planned to make silage of 

different apple varieties with straw additives at different ratios. 
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2 MATERIAL AND METHOD 
 

This study was carried out using non-market value apples produced in orchards of Department of Horticulture of 

Faculty of Agriculture of Atatürk University in the year of 2016. Three different varieties of apples (Starkrimson 

Delicious-SD, Starkspur Golden-SG and Sakı local variety-SE) and three different ratios of straw (0, 10, 20 and 

30%) were used to make silage. The study was planned as randomized completely parcels design with three 

replications. The chopped materials were compressed by filling into 2,5 kg glass jars without waiting and there 

were made thirty-six silages. Straw amounts filling a jar were determined according to weight of apples. Silages 

made in September of 2016 opened after 45 days and the dry matter ratios, pH, Flieg score and physical properties 

were investigated. Dry matter ratios were determined by drying until they reached a constant weight in the drying 

oven adjusted to 65 °C after samples were dried in open air. Samples taken from opened silages were dewatered 

and silage pH was determined with the help of pH meter. After the silage samples were opened, physical evaluation 

was made by using the scale proposed by [4]. In the evaluation, the scent, structure and colour of the silage were 

scored and the qualitative class was determined by adding the obtained values.  

 

The results obtained from the study were subjected to variance analysis with the help of MSTAT-C package 

program and the differences between the averages that were significant were demonstrated by LSD test. 

 

3 RESULTS 
 

The data belonging to the dry matter ratios, pH and flieg score of apple silages were given in Table 1. In this study, 

average dry matter ratio of silages was found as 22.51%. There were significant differences in dry matter ratio 

depending on varieties and the highest value was determined in SG variety with 26.27%. The dry matter ratios of 

SD and SE varieties were similar (20.61%). The dry matter ratio of silage without additive was 13.66%. The dry 

matter ratios by adding 10%, 20% and 30% straw increased to 2068%, 22.65% and 33.09% respectively. The 

highest dry matter ratio (40.81%) in study was found in SG variety added 30% straw and followed to this SE 

variety added 30% straw (30.59%). 

 

Table 1. The dry matter ratios, pH and flieg scores of silages made from some apple varieties with straw additive 

Varieties Straw (%) Dry Matter Ratio (%) Silage pH Flieg Score 

Starkrimson Delicious (Red) 

0 9.72 4.02 63.2 

10 22.57 3.91 89.6 

20 22.28 3.84 85,91 

30 27.87 4.05 99.9 

Average  20.61 B 3.96 B 84.6 

Starkspur Golden (Green) 

0 15,79 4.24 71.9 

10 23.48 4.03 90.8 

20 24.98 3.91 98.5 

30 40.81 4.94 87.1 

Average  26.27 A 4.28 A 87.1 

Sakı Local Variety (Cheeked 

red) 

0 15.48 4.18 65.5 

10 15.98 4.16 77.5 

20 20.69 3.87 96.4 

30 30.59 4.08 107.0 

Average  20.61 B 4.07 B 86.6 

As average of varieties 

0 13.66 C 4.15 AB 66.8 C 

10 20.68 B 4.03 BC 86.0 BC 

20 22.65 B 3.87 C 93.6 AB 

30 33.09 A 4.36 A 97.9 A 

Average  22.51 4.10 86.11 

LSD Variety 

         Additive 

   V x A 

 2.05** 

2.36** 

4.09** 

0.14* 

0.22** 

0.37** 

Non-

significant 

9.70** 

16.81** 

*: 0.05, **: 0.01 significance level. The averages marked with different letters are statistically different 

 

Silage pHs of apple varieties showed significant differences. Silages pH (4.28) made from SG variety were found 

significantly higher from other silages (Table 1). While the pH of silages without additives were found as 4.15, 

pH in silages added 10% and 20% straw decreased (4.03 and 3.87) and silages added 30% straw increased 
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significantly (4.36). The lowest pH level (3.84) in this study was found in SD silage with 20% additive, followed 

by SE (3.87), SG (3.91) and SD silage (3.91) with 10% additive. 

 

Flieg scores of silages in study did not change significantly depending on apple varieties. But the effect of the 

additive was very important. Flieg score was increased with additive application and it was found respectively 

66.8, 86.0, 93.6 and 98.9 in silages added 0, 10, 20 and 30% additives. 

 

In the research, the highest silage physical score value (14) was determined in silages without additives made from 

SG and SE apples (Table 2). 

 

Table 2. Physical evaluation of silages made from some apple varieties with straw additive 

Varieties Straw (%) Color Smell Structure Total and Quality Class 

Starkrimson Delicious (Red) 

0 1 8 3 12- Medium 

10 1 8 2 11- Medium 

20 1 4 2 7- Lower 

30 1 3 1 5- Lower 

Average  1 6 2 9- Low 

Starkspur Golden (Green) 

0 2 8 4 14- Good 

10 1 5 2 8- Lower 

20 1 3 2 6- Lower 

30 1 3 2 6- Lower 

Average  1 5 3 9- Low 

Sakı Local Variety (Cheeked red) 

0 2 8 4 14- Good 

10 1 7 2 10- Medium 

20 1 5 2 8- Lower 

30 1 4 2 7- Lower 

Average  1 6 3 10- Medium 

As average of varieties 

0 2 8 4 13- Medium 

10 1 7 2 10- Medium 

20 1 5 2 8- Lower 

30 1 3 2 6- Lower 

Average  1 6 3 10- Medium 

 

4 CONCLUSION 
 

The dry matter ratio is important for healthy fermentation of silage. [5] recommends that materials to be ensiled 

contain at least 30% dry matter. In this respect, the dry matter ratio of apple as silo material is insufficient. 

 

The silage pH must be low so that the silage does not spoil and the saprophyte microorganisms do not active. [6] 

reported that silages with pH above 4.2 is not suitable. [4] reported that pH should be 4.0-4.2 for good fermentation 

in aqueous materials with a dry matter content below 20%. From this perspective, it is seen that most of the silages 

made in this study have suitable pH. This may be due to the high content of soluble carbohydrates and organic 

acids in the apple. Wet apple pulps have a pH between 3.2-4.1 [1]. [3] determined pH as 3.91 in pure apple pulp 

silage also determined that pH increases with the addition of straw. 

 

In the study, the highest Flieg score (107.0) was determined in SE silage added 30% straw. [1] also reported that 

the nutrient value of apple pulp silage decreased with the addition of straw. These silages were included in “good” 

class as quality. Additive application reduced the silage quality class. Pure silages produced good silage and as 

long as additive is increased, silage quality score and grade decreased. The local variety SE among the apple 

varieties produced medium quality silages, while others produced low value silages. [3] determined that the apple 

pulp ensiled as pure produced good quality silage. [7] found that the quality score value of pure apple pulp silage 

was 13. 

 

In this research, it was determined that waste apples without market value could be stored in silos and their pH 

decreased to the desired levels. However, silages of very good quality could not be obtained. The low dry matter 

content of the apple may have played an active role in this. When straw additives were made at low rates, some 

improvements were supplied. Although high straw additive increased dry matter ratio, it increased silage pH and 

reduced silage quality class. The results revealed that silage quality showed difference according to apple varieties. 
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In order to obtain healthier results on apple silage, researches are needed on various subjects, especially different 

additives.  
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Abstract 

The research was carried out in 2018 in the trial areas of Atatürk University Plant 

Production Application and Research Center. In this study, 14 varieties of 5 

perennial cool-season grass species (Lolium perenne, Poa pratensis, Festuca rubra, 

Festuca arundinacea and Agrostis tenuis), which are widely used to create green 

areas in our country, were used. The research was established with four replications 

in a randomized complete block design. Dry biomass production, number of 

clipping, regeneration power, coating degree, color and turf quality were 

determined. The obtained data were subjected to variance analysis in the 

randomized block design, and the varieties with different parameters were grouped 

according to LSD multiple comparison test. In the research, Lolium perenne and 

Festuca arundinacea varieties have taken the leading positions in terms of many 

features. In some parameters, some varieties of Festuca rubra have good 

performance. 

 

1 INTRODUCTION  
 

The fact that people gather in big centers and live together brought some problems along with the advantages. 

The living and working areas consisting of concrete increase the longing for nature and natural in people, and 

heavy traffic and work life cause social problems. For this reason, people in cities spend time in green areas 

created in parks and gardens at every opportunity. As a matter of fact, a certain amount of green space is 

required by law for the needs of the people living in the cities. In Turkey, according to the 6785 Zoning Law it is 

envisaged minimum of 7 square meters of green space per capita in cities. Nowadays, the importance of green 

spaces in cities is well understood and the relevant institutions allocate large funds for the establishment of these 

areas. 

 

Conscious efforts towards the creation of green areas in our country started in the 90s. Previous studies have 

been conducted in the form of trial and error due to lack of research on the subject. For this reason, it has been 

forced to create green areas with cool seasonal plants in the holiday places which are used extensively in the 

Mediterranean climate belt for many years [1]. As the studies carried out by universities and agricultural research 

institutions became more widespread, species selection started to be made healthier. The Eastern Anatolia 

Region is one of the regions where the developments in this area are the slowest. However, in recent years, we 

see that the establishment of green areas has become widespread in this region, especially in municipal activities. 

Roll grass (cut grass) facilities established in our province were born in response to this need. However, there are 

almost no basic studies on grass plants in our region. In our province, there are no studies to determine suitable 

grass species. This creates a huge gap in the selection of the species to be used and leads to the failure of some 

projects. 

 

Eastern Anatolia Region and Erzurum, which is the highest altitude province of this region, is a geography with 

its own ecological characteristics. Therefore, it is not possible to adapt the turf adaptation studies carried out in 

the western and southern regions of our country to this region. The winter period in the region is quite long and 

cold. In contrast, the summer months are relatively cooler and shorter than in other regions. For this reason, the 

preferred species in our region are the cool seasonal plants and winter resistance. The varieties proposed in each 

ecology vary more or less. While recommending Cynodon dactylon for the summer season in the Mediterranean 
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coastal belt [2]; Arslan [3] proposed Lolium perenne for Tekirdag. Even the performances of varieties within the 

species may vary depending on the regions [4].  

 

There are 5 types of grasses used to create green areas in cool seasonal regions in the world. The most prominent 

of these is perennial ryegrass (Lolium perenne L.). The main disadvantage of the turf is that it is not very 

resistant to low temperatures, it does not spread and has a short life span. Another type of red fescue (Festuca 

rubra L.), which has been used frequently in recent years to create a green field. There are three different 

subspecies of red fescue on the market: rubra, commutata and trichophylla. However, turf quality deteriorates 

under high temperature and lighting conditions [5]. Kentucky bluegrass (Poa pratensis L.) is a very valuable 

green field plant that forms a very common and fine green area. Leaves glabrous, blue-green color. The facility 

is quite difficult due to the slow rate of germination and riding. Tall fescue (Festuca arundinacea Schreb.) is a 

plant that has been used in the establishment of green areas in recent years. This plant's durability properties and 

low maintenance are the most important advantages. One of the most valuable plants of the green areas is the 

colonial bentgrass (Agrostis tenuis L.). It spreads with rhizome and stolon to form a common grass texture. It is 

an indispensable type of quality mixtures because it is based on short form. It provides fine textured surfaces 

with its fine and soft texture. It is preferred in private areas such as golf courses. However, since it is a plant of 

cool and rainy climates, its importation is restricted since it cannot adapt to arid-continental regions of our 

country 

 [1]. 

 

Grass species are known to have different characteristics and different adaptation capabilities. Therefore, 

identification of suitable species and varieties in a region is one of the main priorities. This study was carried out 

to determine suitable grass species and varieties for Erzurum. 

 

2 MATERIAL AND METHOD 
 

The research was carried out in the experiment areas of Atatürk University Plant Production and Application 

Center in 2018. In the trials, 5 species and 14 varieties of these species were used which are used in cool season 

regions (Table 1).   

 

Table 1. Species and varieties of grass plants to be used in the research 

English Name Latin Name  Variety Name Company 

Perennial ryegrass Lolium perenne L. Allstarter Çim-Art 

Perennial ryegrass Lolium perenne L. Jackento Ulusoy Tohumculuk 

Perennial ryegrass Lolium perenne L. Cutter2 İstanbul Tohumculuk 

Perennial ryegrass Lolium perenne L. Neruda Çimsan 

Kentucky bluegrass Poa pratensis L. Miracle Çim-Art 

Kentucky bluegrass Poa pratensis L. Volt Akademi Tohum 

Kentucky bluegrass Poa pratensis L. Evora İstanbul Tohumculuk 

Kentucky bluegrass Poa pratensis L. Bluechip Çimsan 

Red fescue Festuca rubra L. var. trichophylla  Pinafore Çim-Art 

Red fescue Festuca rubra L. var. rubra Sergei Ulusoy Tohumculuk 

Red fescue Festuca rubra L. var. commutata Longfellow Ulusoy Tohumculuk 

Tall fescue Festuca arundinacea Schreb. Olimpus Ulusoy Tohumculuk 

Tall fescue Festuca arundinacea Schreb. Brigantine İstanbul Tohumculuk 

Tall fescue Festuca arundinacea Schreb. Master Piace Çimsan 

Colonial bentgrass Agrostis tenuis L. Denso Çim-Art 

 

The research was carried out with four replications in a randomized completely blocks design. Planting was 

sown in April 2018 and 30 g of perennial grass, 25 g of Tall fescue, 22 g of red fescue 15 g of Kentucky 

bluegrass and 10 g of colonial bentgrass were used for meter square [1,5]. After the seeds were spread 

homogeneously on the parcels, 1 cm thick pre-prepared mortar (2/3 garden soil, 1/3 barnyard manure) was laid 

and pressed with roller. 
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Standard fertilization was performed with 50 kg N ha-1 and 50 kg P2O5 ha-1 during sowing and then nitrogen was 

given with 4 g m-2 every month [1,5,6]. Irrigation processes started in the form of sprinkling after cultivation and 

were carried out every day or every three days depending on the rainfall. Clippings are made from 4-5 cm high 

with lawn mower when plants are 7-8 cm tall [3]. After the forms, the cylinder was pulled to suppress the 

loosening plant roots. The following observations and measurements were made in accordance with the scoring 

and methods reported by [1,3,6,7,8]. Coating degree, density, color, turf quality, number of clipping, dry 

biomass production and were determined. The obtained data were subjected to variance analysis in the 

randomized completely blocks design, and the varieties with different parameters were grouped according to 

LSD multiple comparison test. 

                  

3 RESULTS 
 

1. Dry Biomass Production: The variance analysis results of the dry biomass production determined by drying 

the plants obtained from the forms made during the year from the parcels are given in Table 2 and the results are 

given in Table 3. Biomass production of the species examined for green field plant in Erzurum conditions 

showed a significant difference statistically.  

 

Table 2. Variance analysis results of some characteristics of different turfgrass varieties in Erzurum conditions 

Variation 

Sources 

 

Degree of 

freedom 

F Values1 

Dry Biomass 

Production 

Number of  

Clipping 

Density 

Replications 3 0.7 1.0 0.6 

Varieties 13 2.2* 1.0 5.5** 

Error 26 - - - 

General 41 - - - 
1 *, F-test significant at P ≤ 0.05; **, F-test significant at P ≤ 0.01 

Among the 14 turfgrass varieties used in the research, the Cutter2 of Lolium perenne was the highest dry 

biomass production (378.7 g m-2). This was followed by the Jackento variety of the same species and the Master 

Piace variety of Festuca arundinacea. As a matter of fact, forage crops studies conducted in our region indicate 

that these two plants have high grass production per unit area. However, the biomass production of Volt of Poa 

pratensis and Denso varieties of Agrostis tenuis was found to be very low. These are also delicate species that 

are very slow to develop (Table 3). As a matter of fact, Karakurt [9] described colonial bentgrass as a plant with 

high turfgrass quality but low output power. 

 

Table 3. Dry biomass production, number of clipping and regeneration power of different turfgrass species and 

varieties in Erzurum conditions1 

Species Varieties 
Dry Biomass 

Production (g m-2) 

Number of 

Clipping 

Density 

1: Low, 9: High 

 

 

L. perenne 

Allstarter 198.9 bc 3 7.3 abc 

Jackento 334.3 ab 3 8.3 ab 

Cutter2 378.7 a 3 7.6 abc 

Neruda 196.9 bc 3 7.6 abc 

 

P. pratensis 

Miracle 188.4 bc 1 6.6 bc 

Volt 107.8 c 1 5.6 c 

Evora 212.6 abc 1 5.6 c 

 

F. arundinacea 

Olimpus 203.9 abc 3 7.6 abc 

Brigantine 243.1 abc 3 7.6 abc 

Master Piace 309.9 ab 3 7.6 abc 

F. rubra var. tricophylla Pinafore 202.0 abc 3 8.0 ab 

F. rubra var. rubra Sergei 242.7 abc 3 9.0 a 

F. rubra var. commutata Longfellow 201.9 abc 3 8.3 ab 

Agrostis tenuis Denso 105.8 c 1 7.0 abc 

1 Values followed by different letters in a column represent significant differences. 
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2. Number of Clipping: In the research, some varieties were cut once, while some varieties were cut three times 

(Table 3). There was no statistical difference in terms of this feature. It is important that this is the data of the 

facility year and it is expected that greater differences will occur in the next year. Because the plants will settle in 

the plant in the second year and show their real performance. 

 

3. Density: The density of plants in the plots was determined according to 1 (low) and 9 (high) scale. The 

density of cultivars was statistically different (p> 0.01) (Table 2). Volt and and Evora had the lowest density 

with 5.6 point (Table 3). On the other hand, Sergei scored 9 point and were determined to have the highest 

density value. Jackento and Longfellow also had high density values (8.3).   

 

4. Covering Degree: The results of the variance analysis regarding the degree of coating, quality of grass and 

color values of the varieties belonging to grass species are given in Table 4. Accordingly, varieties were found to 

be very important in all 3 parameters. 

 

To determine the degree of coverage, immediately after the second clipping, the area where the parcel was 

covered with the plant was determined, 1: Very low (20%), 3: Low (20-40%), 5: Moderate (40-60%), 7: High 

(60-80%, 9: Very high (80-100%) is rated as. According to the data obtained, covering degrees of the parcels 

ranged from 4.3 (low-medium) to 9.0 (very high). The parcels with lowest covering degree were Miracle and 

Evora. On the other hand, Jackento and Longfellow varieties are the most covering degree ones. In addition, 

Cutter2, Neruda, Olimpus and Master Piace varieties were also high and very high with 8.3 points (Table 5). In a 

study conducted in Italy, Poa pratensis showed lower values in winter, spring and autumn, and Festuca rubra 

subtypes in spring and summer compared to Lolium perenne and Festuca arundinacea species in terms of grass 

quality, color and degree of coating [10]. 

 

Table 4. Variance analysis results of some characteristics of different turfgrass varieties in Erzurum conditions 

Variation Sources 

 

 

Degree of 

freedom 

F Values1 

Covering Degree Turf Quality Color 

Replications 3 3.2 0.3 3.3 

Varieties 13 5.1** 9.8** 6.0** 

Error 26 - - - 

General 41 - - - 

*, F-test significant at P ≤ 0.05; **, F-test significant at P ≤ 0.01  

 

5. Color: 1-9 scales were used to determine the color of the leaves in the parcels. 1: Yellow, 3: Light yellow-

green, 5: Green, 7: Dark green, 9: Very dark green. The color determination of the parcels in the first year was 

made in September and the results obtained are given in Table 5. Accordingly, the color values of the varieties 

used ranged from 3.6-9.0 to yellow-green to dark green. The Denso variety of colonial bentgrass was the lightest 

material. Neruda variety of perennial ryegrass was found to be very dark green color with 9.0 points. Other 

varieties of perennial ryegrass have the lowest score of 8.0. Already this plant leaves are bright, glabrous and 

dark green color is preferred because of the green areas (Table 5). In a study conducted at Ege University 

Faculty of Agriculture, grass performance of 12 different cool climates belonging to 3 different genera (Lolium 

sp., Poa sp., Festuca sp.) was investigated. Many characteristics (coating degree, leaf texture, leaf color, 

regenerative power) in terms of the best results [11]. 

 

6. Turf Quality: Turf quality is a parameter determined by evaluating the effects of color, density, homogeneity, 

texture and environmental factors together. For this purpose, 1-9 scales were used again: 1: Very bad, 3: Bad, 5: 

Medium, 7: Good, 9: Very good. Data obtained from F. rubra var. commutata`s Longfellow cultivar showed a 

very good turf quality with 9.0 points. In addition, other species of Lolium perenne, Festuca arundinacea and 

Festuca rubra also received high scores. Evora and Denso had the lowest values in terms of turf quality (Table 

5). In a similar study [12]. They examined 15 varieties of Lolium perenne, Poa pratensis, Festuca rubra and 

Festuca arundinacea under Van conditions. In terms of turf quality, the Delawery and Ovation varieties of 

Festuca rubra and the Suzette variety of Festuca rubra trichophylla were found to be high-performing. 
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Table 5. Covering degree, color and turf quality values of different turfgrass species and varieties in Erzurum 

conditions1 

Species Varieties 

Covering Degree 

1:Very sparse 

9: Very dense 

Color 

1:Yellow 

9: Very dark green 

Turf Quality 

1:Too bad 

9: Very good 

 

 

L. perenne 

Allstarter 7.6 abc 8.0 ab 8.3 ab 

Jackento 9.0 a 8.0 ab 8.6 ab 

Cutter2 8.3 ab 8.3 ab 8.6 ab 

Neruda 8.3 ab 9.0 a 8.6 ab 

 

P. pratensis 

Miracle 4.3 c 6.0 bc 5.6 cd 

Volt 5.0 bc 6.3 abc 6.6 bcd 

Evora 4.3 c 6.0 bc 5.3 d 

 

F. arundinacea 

Olimpus 8.3 ab 8.0 ab 7.6 abc 

Brigantine 7.6 abc 8.0 ab 8.3 ab 

Master Piace 8.3 ab 7.6 ab 8.6 ab 

F. rubra var. tricophylla Pinafore 7.0 abc 7.0 ab 8.3 ab 

F. rubra var. rubra Sergei 7.6 abc 7.6 ab 8.3 ab 

F. rubra var. commutata Longfellow 9.0 a 6.6 ab 9.0 a 

Agrostis tenuis Denso 6.3 abc 3.6 c 5.3 d 

1Values followed by different letters in a column represent significant differences. 
 

4 CONCLUSION 
 

In this study, 14 varieties of different species were evaluated in terms of green area criteria under Erzurum 

conditions. In these perennial species, the results of the plant year may be misleading in making a final decision. 

Therefore, the results of the second year should be taken. Moreover, the rate at which the used species will 

survive the winter period in Erzurum is of great importance. Therefore, final decisions will be made at the end of 

the second year. 

 

The data obtained in the facility year showed that the species performances in different conditions. It is 

noteworthy that the Denso variety of Agrostis tenuis is at the last place in many aspects. In the trial year, this 

variety grew slowly and the turfgrass quality, coating degree, color, number of clipping and biomass production 

was low in terms of values. In fact, this type of golf course is a very valuable green field plant is very preferred. 

However, it may not be able to adapt to the dry climate of Erzurum because it loves humid environments. It was 

also observed that Volt and Evora varieties of Poa pratensis had low values in some parameters. 

 

In the research, Lolium perenne and Festuca arundinace varieties have taken the leading positions in terms of 

many features. In some parameters, some varieties of Festuca rubra also showed good performance. Already 

Festuca rubra turf quality, Lolium perenne leaf color, Festuca arundinacea are indispensable plants of green 

areas in terms of durability. According to the results of the one-year research, Cutter2, Longfellow and Jackento 

took the first place in biomass production and Longfellow took first place in turfgrass quality. Nevertheless, the 

results of the second year of the research should be expected for the final recommendation. 
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Abstract 

Corn is a wonderful plant for making silage. However, in order to obtain high yield 

from corn, it is necessary to use a large amount of nitrogen fertilizer. This can lead 

to environmental pollution and also to some nutritional disorders in animals. 

Therefore, techniques for reducing the use of chemical fertilizers in silage corn 

farming should be identified and implemented. The aim of this study was to 

determine the optimum combination of vermicompost and chemical nitrogen in 

silage corn production under the conditions of Erzurum. The study conducted 

according to the Randomized Complete Blocks experimental design, 5 doses of 

vermicompost (0, 2.500, 5.000, 7.500 and 10.000 kg ha-1) and 4 doses of chemical 

nitrogen (0, 50, 100 and 150 kg N ha-1) in combination with 3 replications was 

applied. The increase in silage yield was determined up to 100 kg ha-1 of nitrogen 

and 5.000 kg ha-1 of vermicompost. The highest silage yield (105,3 ton/ha-1) and 

crude protein yield (2,18 ton/ha-1) were taken from 100 kg N + 2.500 kg/da 

vermicompost application. 

 

1 INTRODUCTION  
 

Although our country has a great potential in terms of the number of animals, the desired animal yield cannot be 

obtained. One of the most important problems of our stockbreeding is the high quality roughage deficit (30-35%) 

[1]. Forage is a plant material that is fed to livestock freshly, dried or made by silage [2]. Forage has an 

important place in animal feed. Regardless of the genetic capacity and environmental conditions of our animals, 

it is not possible to obtain the desired yield unless maintenance and feeding are good. In order to close the gap of 

quality roughage in animal husbandry and to make the animal feeding conscious, forage crops sowing area and 

production should be increased. In this context, plants such as corn with high yield and nutritional value should 

be spread. In Turkey, corn takes the first place in silage production. 27% of the corn produced in the world is 

used in human nutrition and 73% is used as animal feed. Today, corn is regarded as animal feed by making 

silage to a great extent in many countries of the world. It is a feed obtained by fermenting the fresh forages rich 

in soluble carbohydrates, dry matter and water and finely chopped and compressed. Among the silage plants, the 

most important is corn. Corn plant is one of the important fresh roughages in animal nutrition both as green and 

as silage. Seed supply is easy and suitable for mechanization from sowing to harvest. It is easy to store and use, 

low loss amount. It contains high dry matter and soluble carbohydrate in its structure and makes it easy to 

ferment. The corn can be stored in silo without the need for any additives. It has a unique and pleasant aroma; 

therefore, it produces a delicious silage that is loved by animals. Because of all these, it is the most used plant as 

silage both in the world and in our country. Today, silage feeding has become an indispensable technique and 

silage maize cultivation has become widespread in Eastern Anatolia. Erzurum-Kars plateau is a disadvantageous 

area for silage maize cultivation due to short development period. However, yields of 74.2-91.5 ton ha-1 can be 

obtained from silage maize in the studies conducted in the region [3,4,5]. The yield of silage maize is largely 

dependent on soil fertility and nitrogen fertilization. Studies show that the recommended amount of N for corn 

farming is between 80-300 kg ha-1, but the optimum dose is concentrated around 100-200 kg N ha-1 [6,7,8,9]. 

Recommended fertilizer doses vary depending on varieties and environmental conditions. The amount of 

nitrogenous fertilizer used is greatly influenced by the vegetation period of the region and variety. Tan et al. [9] 

reported that the most suitable nitrogen dose in silage maize is 100-150 kg N ha-1 in places like Erzurum due to 

short development period. Nevertheless, the amount of fertilizer used in corn farming is high. Economic losses 

and environmental pollution increase as high nitrogen fertilizer is used. 
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The use of vermicompost in crop production has been a subject of great interest in recent years. Production and 

trade of this manure, which is obtained by the separation of farm manure and some organic wastes by 

vermicompost, is becoming more common day by day. In order to reduce environmental pollution and to 

implement sustainable agriculture, the use of organic fertilizers and compost is gaining more importance every 

day. In this way, the effects of vermicompost on the yield of silage maize will be tried to determine the most 

suitable combination of nitrogen fertilizer. 

 

2 MATERIAL AND METHOD 
 

The research was carried out in Atatürk University Plant Production Application and Research Center in 2018 

summer growing season. In the study, Reserve variety suitable for silage production of corn (Zea mays L.) was 

used [10]. This variety, belonging to Syngenta, is known to be tall, broad-leaved, resistant to lodge and disease, 

coming to harvest of silage in 105-110 days. Ammonium sulphate (20-21% N) and triple superphosphate (43-

45% P2O5) were used as chemical fertilizers. The research was carried out in Erzurum province which is located 

on 39° 511 north latitude and 41°611 east longitude. The altitude of Erzurum province is 1869 m and winters are 

cold and snowy and summers are cool and dry. Soil samples taken from 0-30 cm depth before sowing and 

fertilization of the research area were analyzed in the laboratories of Atatürk University, Faculty of Agriculture, 

Department of Soil and Plant Nutrition. According to these results, the soils of the experiment area are salt-free, 

slightly alkaline, less calcareous, poor in organic matter, insufficient phosphorus and rich in potassium. The 

research was carried out with 3 replications according to factorial arrangement in the experimental design of 

Randomized Complete Blocks in the irrigated conditions of Erzurum. Five doses of vermicompost (0, 2500, 

5000, 7500 and 10000 kg ha-1) and 4 doses of nitrogen (0, 50, 100 and 150 kg N ha-1) were repeated in 

combination in each block. When the soil pan in early May, the seed bed was made ready for planting. After 

parceling before planting, vermicompost and nitrogen fertilizer were weighed to each parcel in the planned 

amount and mixed with rake. In the same period, phosphorus fertilizer was applied to all parcels as standard (75 

kg P2O5 ha-1). All of the nitrogen applied to the parcels is not given with sowing, half of it is applied before 

planting and the other half is applied when the plants are 40-50 cm tall [11]. Silage corn sowing period for 

Erzurum is the middle of May [10]. For this reason, planting was carried out on 16 May 2018. Planting was done 

by hand to the seed bed which was 70 cm row spacing and 15 cm row spaced [11]. After the exits were 

completed, the first weed control was carried out in the form of hoeing. The second hoeing was made in the form 

of throat filling when the plants were 40-50 cm tall and the other half of the nitrogen fertilizer was applied in this 

order. Considering the precipitation and morphological structures of the plants, irrigation was made 4 times. The 

silage maize harvest was carried out on September 21, 2018, which is the beginning of the period of milk death 

of the plants. During the harvest, 10 plants were taken from each plot and used to determine the plant 

characteristics and then dry matter ratio. After these measurements, the plants were separated into stem, leaves 

and cobs. They were kept in the open air for 1 week and then kept in a 70 oC drying oven until they reached 

constant weight and weighed. At the time of harvesting, after weighing, 5 plants taken from each parcel were 

shredded by silage machine and bagged. These shredded samples were filled into 2.5 kg glass jars on the same 

day and silage was made. In this research, plant length (cm), silage yield (kg ha-1), dry matter ratio (%) and crude 

protein ratio (%) were investigated to determine the effects of nitrogen fertilizer and vermicompost. The 

obtained data were subjected to variance analysis in MSTAT-C package program. The differences between the 

applications were identified and written according to the LSD Multiple Comparison Test. 

                

3   RESULTS 
 

1. Plant Height 

 

Nitrogenous fertilizer and vermicompost applications had no significant effect on plant height individually. The 

shortest plant height (150.0 cm) is observed in control parcels without nitrogen and vermicompost application 

(Table 1). On the other hand, the highest plant heights were determined in 7500 kg and 10000 kg vermicompost 

application and 50 kg ha-1 nitrogen in parcels where no vermicompost was applied. Plant height is significantly 

affected by environmental conditions as well as genetic structure [4]. The vermicompost improved the soil 

structure and provided the plant with nutrients, thus increasing the length of the plant. This application was more 

pronounced with nitrogen fertilization. Numerous studies have reported that nitrogen increases plant height in 

corn [12,13,14]. 
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Table 1. Plant height of silage corn with nitrogen and vermicompost in different doses (cm) 

Nitrogen 

(kg N ha-1) 

Vermicompost (kg ha-1) 
Average 

0 2500 5000 7500 10000 

0 150.0 183.3 189.5 193.0 190.4 181.2 

500 190.6 180.6 178.6 155.0 185.5 178.1 

1000 177.4 184.2 184.9 182.2 174.8 180.7 

1500 171.8 180.1 173.5 172.7 168.0 173.2 

Average 172.5 182.1 181.6 175.7 179.7 178.3 

LSD Vermicompost: not significant, Nitrogen: not significant, Vermicompost x Nitrogen: 2.9  

 

2. Silage Yield 

 

Nitrogen and vermicompost doses had a significant effect on silage yield at 5% probability limits, while their 

interaction was very important at 1% probability limits. The silage yield amount increased due to the increase in 

nitrogen doses applied in the study. The minimum yield was found to be 82908 kg ha-1 from the control parcel 

without any nitrogen, while the highest yield was taken as 94717 kg ha-1 from the parcels where the nitrogen 

dose was applied 100 kg ha-1). At the highest nitrogen dose application (150 kg N ha-1), silage yield was 

decreased to 88356 kg ha-1. According to the multiple comparison test, the difference between the control 

application and the application of 100 kg N ha-1 is significant, while the differences between the other 

applications are insignificant. 

 

Table 2. Silage yield of silage corn with nitrogen and vermicompost in different doses (kg ha-1) 

Nitrogen 

(kg N ha-1) 

Vermicompost (kg ha-1) 
Average 

0 2500 5000 7500 10000 

0 57867 82477 97953 93330 82913 82908 b 

500 86687 89547 95777 88750 97823 91717 ab 

1000 89003 105333 99070 89430 90750 94717 a 

1500 90733 89830 80670 80843 99703 88356 ab 

Average 81073 b 91797 ab 93368 a 85080 ab 92797 a 88424 

LSD Vermicompost: 9030, Nitrogen: 9080,  Vermicompost x Nitrogen: 24170  
 1 Averages marked with different lowercase letters differ by 5%. 

 

As seen, the lowest silage yield in control parcels increased up to 5000 kg ha-1 dose of vermicompost At higher 

doses, it showed small variations. The difference between the control and 5000 and 10000 kg ha-1 applications is 

statistically significant (Table 2). Similar results were found in most of the studies on fertilization in Egypt. 

[15,16]. 

 

3. Dry Matter Ratio 

 

In the study, dry matter content of silage maize was negligible between 20.8% and 21.7% in nitrogen 

applications and 20.0% and 22.3% in vermicompost applications (Table 3). The dry matter content is important 

for successful silage production. In order to ensure good fermentation and low losses in the silage, the dry matter 

content should be high. Filya [17] states that the material used in silage production should contain more than 

20% dry matter, and even the dry matter ratio is better to be around 35%. In this study, the average dry matter 

content of 21.3% was due to late planting due to crow damage. Sowing and harvesting at different dates affects 

the rate of development and the degree of development of dry matter changes [10]. Tosun [18] stated that the 

rate of dry matter in the silage maize varies between 16-43% compared to the varieties and this rate is higher in 

early varieties. 

 

Table 3. Dry matter content of silage corn with nitrogen and vermicompost in different doses (%). 

Nitrogen 

(kg N ha-1) 

Vermicompost (kg ha-1) Average 
0 2500 5000 7500 10000 

00 20.3 22.3 20.0 24.0 22.0 21.7 

500 19.3 23.0 21.0 22.7 22.3 21.7 

1000 20.3 21.0 19.3 21.0 22.3 20.8 

1500 25.3 20.3 19.7 21.3 19.3 21.2 

Average 21.3 21.7 20.0 22.3 21.5 21.3 

Vermicompost: not significant,, Nitrogen: not significant,  Vermicompost x Nitrogen: not significant, 
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4. Crude Protein Ratio 

 

In Vermicompost applications, crude protein ratio increased linearly. While the rate of crude protein was found 

to be 7.7% in the parcels where no vermicompost was applied, the crude protein ratios were found to be 8.6%, 

9.2%, 9.4% and 9.9% in parallel with the applied doses (Table 4). Statistically, the control is different from the 

applications of 5000 kg ha-1 and above. It is seen that the proportion of crude protein increases due to nitrogen 

doses. However, this increase continued up to the dose of 100 kg N ha-1, the change in subsequent doses was not 

statistically significant. Among the nitrogen doses, the highest crude protein content (9.7%) was determined in 

100 kg N ha-1 application. Researchers such as Şahar et al. [19] and Koç and Çalışkan [20] have also determined 

that nitrogen increases the crude protein content in corn. 

 

Table 4. Crude protein content of silage corn with nitrogen and vermicompost fertilizer in different doses (%) 

Nitrogen 

(kg N ha-1) 

Vermicompost (kg ha-1) 
Average 

0 2500 5000 7500 10000 

0 7.3 8.0 9.0 9.0 10.0 8.7 b 

500 7.7 8.7 8.6 8.6 9.1 8.5 b 

1000 8.2 9.6 9.9 10.4 10.2 9.7 a 

1500 7.4 8.1 9.1 9.4 10.2 8.8 ab 

Average 7.7 B 8.6 AB 9.2 A 9.4 A 9.9 A 8.9 

LSD Vermicompost :1.4, Nitrogen: 0.9, Vermicompost x Nitrogen: not significant, 
1 The averages marked with different lowercase letters are 5% different, and the averages marked with uppercase letters are 

1% different. 

 

4 CONCLUSION 
 

Reducing the use of high amounts of chemical fertilizers, which has become an important problem nowadays, 

replacing them with organic fertilizers such as vermicompost is very important for sustainable agriculture. 

Nitrogenous fertilizer and vermicompost fertilizer were used together and in combination in this study it was 

determined that both materials had significant effects on plant properties and chemical composition. According 

to these results, yield is very low when corn is grown without silage application. There is an increase in yield up 

to 100 kg ha-1 of nitrogen fertilizer and 5000 kg ha-1 of vermicompost. When these two applications are 

performed together, higher yields are obtained compared to the control. The highest yield was obtained from 

vermicompost application with 105333 kg ha-1 and 100 kg N + 2500 kg ha-1. However, lower doses of 

nitrogenous fertilizer at the same dose of vermicompost yielded statistically similar yields. Therefore, it may be 

possible to make nitrogen fertilization recommendations at lower doses by conducting research for at least one 

more year and performing economic analysis. 
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Abstract 

This paper is aimed at developing a ground slotted microstrip patch antenna for x-

band applications. The proposed antenna has been designed using Roggers RT5880 

(lossy) substrate of dielectric constant of 2.2 sandwiched between copper patch and 

ground plane. The propounded antenna has been devised and simulated in CST 

Microwave Studio 2016. This antenna resonates at frequency of 10.54 GHz with the 

return loss of -24.54 dB, high gain of 7.86 dB and directivity of 8.31 dBi. The 

proposed antenna works for all frequencies from 8 – 12 GHz resulting in a huge 

bandwidth of 1.09 GHz (10.076 GHz - 11.166 GHz). Bandwidth enhancement of 50 

percent is observed in the proposed antenna as compared to the existing antenna. The 

proposed antenna provides this huge bandwidth with a compact size. The designed 

antenna can be suitably employed for all X-Band (8-12 GHz) applications including 

Radar and satellite communications, weather monitoring, military communications, 

satellite to earth downlink, earth to satellite uplink, radio determination and ultra-

wide band applications.   

1 INTRODUCTION  
 

In recent years, wireless communication has been gradually developing and involving innovative wants in antenna 

technology. Wireless communication has so many applications like WLAN, WIFI, mobile phone, satellite, traffic 

radar, GPS, military, biomedical and aerospace area that antenna structure is vital part of these systems. Antenna 

plays the key role of wireless communication from point to the other; it acts as the transducer where it transforms 

the electrical signal to radio waves, which also helps in conveying the information. 

 

The microstrip antenna (MPA) has been said to be the most innovative area in the antenna engineering. The idea 

of microstrip antenna was first presented in year 1950s but it only got serious attention in the 1970s. The 

exceptional features that made the microstrip antenna prominent are relatively easy to construct, light in weight, 

low in cost and extremely thin protrusion from the surface. These MPAs have a popular frequencies range of above 

100MHz. This patch antenna is actually fabricated on a dielectric substrate. The advantage of having this 

conformable structure is to integrate into various telecommunication systems [1]. 

 

The principle of wide bandwidth or bandwidth enhancement of MPAs may be achieved by several efficient 

approaches such as: Increasing the substrate thickness, Optimizing impedance matching, Reduce substrate 

effective permittivity, incorporating multiple resonances. In this work a slot creation on the ground elements is 

utilized to achieve wider bandwidth. Some recent works has been summarized in the Table 1 so as to review the 

literature and highlight research gap. The summary was presented based on the performance indicators for 

characterization in terms of antenna gain and bandwidth.  Generally, the main limitation of microstrip patch 

antenna includes low gain and narrow bandwidth. However, some of the already published works in this field 

include [1-15].  

  

In 2014, a wide band microstrip antenna is designed for Ku band applications with defected ground structure; a 

circular shape defect is integrated in the ground plane [1]. In the same year, a paper investigate the dependency of 

antenna parameters designed for 10 GHz inset fed rectangular microstrip patch antenna (RMPA) on varying inset 

width and inset gap for proper impedance matching so as to have minimum return loss and achieve efficient 

operation [2]. Also in 2014, a comparative performance study of rectangular and circular shape microstrip patch 
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antennas at an X band frequency, circular patch antenna offers about eight percent higher bandwidth and nearly 

2.0dB less side lobe power than that of rectangular patch antenna [3]. Later in 2015, a coaxial probe feed modified 

swastika shape patch antenna is designed and analyzed to obtain the broadband frequency range in X-band (8-12 

GHz) [4]. Also in the same year, a slotted fan shaped microstrip patch antenna with three operating frequencies 

for radar application is presented; the design model is made to resonate at three frequencies in X-band [5]. In the 

same year, a Microstrip Patch antenna for radar application is presented, in this paper, conventional shapes like 

rectangular, triangular and circular microstrip Patch antenna are designed and analyzed at X-band frequency [6]. 

Also in 2016, a design of a high gain and directivity blind hole substrate slotted microstrip patch antenna for X-

band applications was done, the anticipated antenna resonates at frequency of 7.94 GHz with the minimal return 

loss of -81.25 dB, high gain of 8.5 dB and directivity of 8.12 dBi with a limited bandwidth; this thesis is aimed at 

improving [7, 8]. In the same year, a method has been proposed to simultaneously enhance the gain and bandwidth 

of a microstrip patch antenna [9]. In the same year, a design of both planar ultra-wide band (UWB) antenna and 

UWB antenna with two rejected bands are given, the rejected bands are the WLAN and X-bands, achieved by 

inserting slots in the patch and the feed [10]. Also in 2016, Also, a novel design of multiband microstrip patch 

antenna which resonate at 7 unique frequencies between 4 GHz and 14 GHz by inserting a rectangular slot in the 

ground plane of the patch antenna [11]. Later in 2017, a design of Microstrip Patch Antenna (MPA) using hybrid 

fractal slot (Koch-Minkowski and Koch-Koch) along with partial ground plane for wideband applications with 

two resonant frequencies, good gain and bandwidth [12]. In the same year, a combined and compact double H-

shaped X-band microstrip patch antenna is designed for bandwidth enhancement [13]. Also the same year, a 

Hexagonal Patch Microstrip antenna for C Band, X Band and Ku Band Applications with partial and slotted ground 

plane resulting in a huge bandwidth enhancement of 504 percent [14]. In the same year, a Multiband rectangular 

shaped Microstrip patch antenna is designed using coaxial feeding techniques which for C and X Band applications 

[15]. Table 1 presents a summary of the related works reviewed. It shows clearly the substrate employed for each 

research work, the resonant frequency, methodology employed and the findings which are presented based on the 

performance indicators that includes bandwidth, gain and the size of the antenna. Based on the literature reviewed 

it is identified that most of the research works have limited bandwidth. Therefore, in this paper a ground slotted 

antenna with a wider bandwidth is proposed. 

 

Table 1. Summary of related Works 
Author Substrate Type / 

Software 

Resonant 

Frequency (GHz) 

Bandwidth 

(MHz / %)  

Gain(dB) Antenna Size(mm3) 

Mukesh et al, 2014 [1] FR4 / HFSS 9.8 56.6 5 – 12.88 36x36x0.762 

Vinayak et al, 2014 [2] FR4 10 5 – 8 5.5 – 6 48x18.12x1.5 

Tahsin et al, 2014 [3] DUROID 10 1.04 7.7 – 7.9 8.8x9.95x1.57 

Vivek et al, 2015 [4] FR4 / HFSS 9.5 16.4 – 17.89 4.22 – 4.6 30x30x3 

Kiruthika et al, 2016 [5] FR4 / HFSS 9.9 9.5 1.17 – 3.33 31.31x28.33x1.6 

Kiruthika et al, 2016 [6] FR4/HFSS 9.5 453 – 488 3.67 – 4.31 18.72x16.02x1.6 

Divesh et al, 2016 [7] FR4 / CST 7.9 560 8.5 17.15x33.97x1.57 

Divesh et al, 2016 [8] FR4 / CST 7.9 560 8.5 17.15x33.97x1.57 

Muhammad et al, 2016 [9] DUROID / FR4 60 384 – 1228 13.53 – 13.9 4.44x5.54x0.13 

Noor et al, 2016 [10] FR4 / HFSS   6.1 30x35x1.6 

Prema et al, 2016 [11] FR3.5 / CST 4.5 – 12.6  6.76 55x40x25 

Narinder et al, 2017 [12] FR4 / CST 3.2 2440 – 2660 5.6 – 6.1 45x39x1.6 

Jubear et al, 2017 [13] FR4 / CST 10  5.29 18 x20 x1.6 

Shailendra et al, 2017 [14] FR4 / CST 3.68 – 18.3 504% 4.5 15x20x1.6 

Angelin et al, 2017 [15] FR4 / HFSS 4.4 – 8.4   33.7x38.8x3.2 

 

2 MATERIAL AND METHOD 
 

Technique for bandwidth enhancement: 

 

On the processes to improve the various characteristics of a microstrip patch antenna, different techniques have 

been used like cutting slot in patch, fractal geometry and cutting slot on ground plane - Defective Ground Structure 

(DGS) [6]. In order to increase bandwidth Defective Ground Structure (DGS) has been used. These may be realized 

by cutting shape from ground plane. The shapes can be simple or complex. When DGS has been applied to antenna 
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equivalent inductive part due to slots on the ground plane increases and this cause high effective dielectric constant 

hence bandwidth enhances [12]. It can also be noted that within particular area of ground different slots can 

produce different resonant frequencies and different bandwidth. 

 

Design of the Antenna: 

 

The design of this microstrip patch antenna based on the equations 1 to 5 of the transmission and the cavity model 

of microstrip patch antenna. The substrate that was used is RT 5880 and the dimensions of the substrate and the 

patch are presented in Table 2. 

 

Mathematical Formulation of Patch Antenna: 

 

A microstrip patch antenna can be conventionally designed using the following equations given empirically by 

[16] as: 

∆𝐿 = 0.412ℎ
(𝜀𝑒𝑓𝑓+0.3)(

𝑊

ℎ
+0.264)

(𝜀𝑒𝑓𝑓−0.258)(
𝑊

ℎ
+0.8)

               (1) 

 

Where h is the substrate thickness and W is the width of the patch. The effective length of the patch Leff  now 

becomes: 

 

𝐿𝑒𝑓𝑓 = 𝐿 + 2∆𝐿                     (2) 

 

Where, L is the patch length. 

 

For a given resonance frequency, 𝑓𝑜the effective length of the patch is given by as: 

 

𝐿𝑒𝑓𝑓 =
𝑐

2𝑓𝑜√𝜀𝑒𝑓𝑓
                 (3) 

 

For a rectangular patch antenna, the resonance frequency is given by [17] as: 

 

𝑓𝑜 =
𝑐

2√𝜀𝑒𝑓 𝑓
[(

𝑚

𝐿
)

2

+ (
𝑛

𝑊
)

2

]
2

               (4) 

 

The m and n are modes along L and W while W is the width of the patch given by [17] as in equation 5. 

 

𝑊 =
𝑐

2𝑓𝑜√
𝜀𝑟+1

2

                  (5) 

                           

Parameters: 

 

The antenna design parameters we’re obtained based on the use of equations 1 to 5 and are summarized in Table 

2. 

 

Table 2. Antenna Design Parameters 

S/N Parameters Dimensions(mm) 

1 Ground thickness 0.02 

2 Patch thickness 0.02 

3 Substrate thickness 1.57 

4 Feed length 2.00 

5 Patch length 7.73 

6 Substrate length 17.15 

7 Slot length 6.00 

8 Feed width 5.58 

9 Slot width 2.00 

10 Patch width 24.55 

11 Substrate width 33.97 
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Figure 1(a). Design of microstrip patch antenna in CST view (front) 

 

 
Figure 1(b). Design of microstrip patch antenna in CST view (back) 

 

3 RESULTS 
 

The antenna was modeled and simulated using CST studio wave 2016 and each layer of the proposed design was 

assigned with its respective physical and electrical properties. The result of the return loss, VSWR (Voltage 

Standing Wave Ratio), gain, directivity and the radiation pattern of the array patch elements obtained is shown in 

Figure 2 - 5. The patch antenna resonates at 10.54 GHz with a return loss of -24.54 dB as seen in Figure 3 below. 

The acceptable level of VSWR for wireless application should be less than 2 and as seen in Figure 4, the VSWR 

of the single patch antenna is 1.13. The antenna achieved a high gain of 7.86 dB with bandwidth of 1.09 GHz that 

span from 10.076 GHz to 11.166 GHz of mm-wave band which is considered excellent in terms of a compact 

microstrip patch antenna as shown in Figure 2. Also as shown in table 2, the antenna size is very small of the 

precise dimension of 17.15 mm by 33.97 mm by 1.57 mm. The overall comparison of different performance 

parameters of the improved work on this paper and the existing work of the patch antennas have been summarized 

in Table 3. 

 

Table 3. Summary of results 

S/N Performance parameter Improved Work Existing Work 

1 Return Loss (dB) -24.54 -55.30 

2 Bandwidth (GHz) 1.09 0.56 

3 VSWR 1.13 < 2 

4 

5 

Gain (dB) 

Directivity (dBi) 

7.86 

8.31 

8.5 

8.19 

 

 
Figure 2. Gain of microstrip patch antenna 
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Figure 3. Directivity of microstrip patch antenna 

 

 
Figure 4. Return loss of microstrip patch antenna 

 

 
Figure 5. VSWR of microstrip patch antenna 

 

 

4 CONCLUSION 
 

The proposed antenna shows good results in terms of bandwidth. A huge increment of 100% is observed in the 

proposed antenna as compared with existing works. The proposed antenna covers the X- band satellite 

communication applications. The specified frequency ranges can also be employed for military satellite, military 

and government institutions for weather monitoring, air traffic control, maritime vessel traffic control, radio-

determination purposes, defense and tracking vehicle speed detection for law enforcement. Further work will be 

the fabrication of the simulated design to validate the results. 
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Abstract 

This paper proposed an octagonal microstrip patch antenna array (1x2) for wimax 

and wlan applications. The proposed antenna is designed using Rogers RO3006 

(lossy) substrate which has a dielectric constant of 6.15 and a loss tangent of 0.002, 

coppers is used as the patch material and also as the ground material. The structure 

will fit the purpose of WIMAX and WLAN applications within the frequency range 

of 4.6GHz - 5.1GHz . The four edges of a rectangular microstrip patch antenna is cut 

in order to obtain an octagonal shaped antenna, coaxial probe feed is used in feeding 

the antenna. This antenna is designed on a small substrate board of 

42.5x24.5x1.6mm3. The proposed antenna resonates at five different frequencies-  it 

resonates at 4.7GHz, 6.3GHz, 6.7GHz, 7GHz and 7.5GHz  with  corresponding  

bandwidths of 500MHz(4.6-5.1GHz), 30MHz (6.32-6.35GHz), 100MHz (6.6-

6.7GHz),100MHz (7-7.1GHz) and 200MHz (7.4-7.6GHz)  and corresponding 

returns loss of -23.5dB, -13.4dB,-14.7dB, -26.4dB and -16.8dB respectively.CST 

Microwave studio 2016 was used for simulation. 

1 INTRODUCTION  
 

Now a days there is high demand of  portable  wireless devices for users. These wireless devices will therefore 

require small antennas that will fit in less space and volume. Microstrip patch antennas are known for their light 

weight, ease of fabrication, low profile and low cost [1] which makes it suitable to be employed in these portable 

devices. The main problem of  the microstrip patch antenna is low gain and narrow bandwidth. Researchers have 

been looking for solutions to overcome these problems of the antenna. A slotted microstrip patch antenna [2] with 

caoxial probe feed has been proposed for wimax applications which achieved a gain of 4.03dB. [3] presents a 

double L shaped microstrip patch antenna for WIMAX and WLAN applications. In [4] a U- shaped microstrip 

patch antenna for WiMAX communication applications was modified by introducing stubs of different substrate 

material, the design uses 4-4.45GHz frequency band with a maximum gain of 8.9dB. An octagonal microstrip 

patch antenna was proposed in [5] which achieved a maximum gain of 5.4dB. High gain antennas  are becoming 

an important area of research. Several researches have been done towards gain enhancement using array 

configuration and other techniques [6-10]. Large antenna size is the major challenge of these designs. 

 

In this proposed design, the authors present a gain enhanced octagonal microstrip patch antenna array (1x2)  for 

WLAN and WIMAX applications. The paper is organized as follows; section 2 discusses the antenna design, 

methodology and simulation procedures, section 3 discusses the results obtained, section 4 concludes the paper 

and section 5 presents the references. 

 

2 METHODOLOGY 
 

Step1: 

 

A conventional rectangular patch antenna is designed using the  followings equations [11] 

The width of the rectangular patch can be determined using equation 

 

 𝑊 =
𝑐

2𝑓𝑜√
𝜀𝑟+1

2

                 (1) 
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where: 

 

W, is the width of the patch element 

c, is the velocity of light= 3x10^8 m/s 

fo, is the centre frequency = 5.15GHz 

Er, is the dielectric constant of the substrate = 6.15 

 

The change in length of  the patch is given by equation  

 

∆𝐿 = 0.412ℎ
(𝜀𝑒𝑓𝑓+0.3)(

𝑊

ℎ
+0.264)

(𝜀𝑒𝑓𝑓−0.258)(
𝑊

ℎ
+0.8)

               (2) 

 

Where h is the substrate thickness, 𝜀𝑒𝑓𝑓 is the effective dielectric constant and W is the width of the patch. The 

effective length of the patch Leff  now becomes: 

 

𝐿𝑒𝑓𝑓 = 𝐿 + 2∆𝐿                 (3) 

 

Where, L is the patch length. 

 

For a given resonance frequency 𝑓𝑜 the effective length of the patch is given by as: 

 

𝐿𝑒𝑓𝑓 =
𝑐

2𝑓𝑜√𝜀𝑒𝑓𝑓
                 (4) 

  

From the values of the above equations we designed a single rectangular  patch antenna with the following 

parameters  Wps= 15.4mm , Lps= 11.92, ts= 1.6, tg= 0.02 and tp=0.02. 

 

Step2:  

  

In this step, we cut a small triangular shape in the four angles of the rectangular  microstrip patch antenna in order 

to have an octagonal patch antenna. An array of 1x2 octagonal patch antenna designed and a coaxial probe feeding  

technique was used in feeding the antenna. 

 

Table 1. Design Parameters  

PARAMETERS/UNITS   VALUE   

Single Patch Length, Lps (mm)   11.92 

Single Patch Width, Wps (mm)   15.4  

Patch Thickness, tp (mm)   0.02 

Substrate Length Ls(mm)   24.5 

Substrate Width Ws(mm)   42.5 

Substrate Thickness Ts(mm)   1.6   

Length of ground plane, Lg (mm)   24.5 

Width of ground plane, Wg (mm)   42.5   

Thickness of ground plane, tg (mm)   0.02 

 

The geometry of the proposed antenna is shown in the figure below 

 

   
Figure 1. a) Octagonal shaped microstrip patch antenna array, b) Rear view of the antenna 
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3 RESULTS 
 

(a)  S- PARAMETERS (S11) 

 

The S- parameters obtained for the proposed antenna are shown in figure below. It can be observed that the return 

loss for all the resonant frequencies are within the reference base point which is -10dB. 

 

 
   Figure 3(a). S- Parameter plot of the proposed antenna 

 

(b) BANDWIDTH 

 

The bandwidth plot of the proposed antenna is shown below, it can be seen from the figure that bandwidths of 

500MHz(4.6-5.1GHz), 30MHz (6.32-6.35GHz), 100MHz (6.6-6.7GHz),100MHz (7-7.1GHz) and 200MHz (7.4-

7.6GHz) were obtained. This shows that we have a total bandwidth of 930MHz(0.93GHz). 

 

 
Figure 3(b). plot showing bandwidth of the proposed antenna 

 

(c) VSWR 

  

The voltage standing wave ratio of the antenna is shown in the figure below. It can be seen the VSWR for all the 

resonant frequencies is lessthan the value of 2. 

 

 
Figure 3(c). VSWR of the antenna 

 

(d) Gain 

 

The gain of the proposed antenna is shown in the figure below. It can be seen that a gain of  7dB is obtained at 

the resonant frequency of 5GHz. 
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     Figure 3(d). gain of the antenna 

 

Also, comparison of the proposed antenna with different antennas[12,13,14] for WLAN and WIMAX applications 

is illustrated in table 2. From the table it will be seen that our structures has a miniaturized design with the highest 

gain  

 

   Table 2.  Comparıson of the proposed antenna to other  

Ref.  Dimension 

(mm2) 

Size 

(cm2) 

Bandwidth 

(GHz) 

Gain 

(dB) 

[6] 56x60 33.6  5.9 

[12]  45*35 15.75 

2.4 to 2.48 

5.7 to 5.9 

3.4 to 3.7 

2.2 to 2.3 

2 to 2.3 

0.4 to 1 

[13]  20*20 4 

2.3 to 2.51 

3.35 to 3.75 

4.95 to 5.53 

-1 to 0.7 

-1 to 1.4 

-0.8 to 1.8 

[14]  40*40 16 
3.28 to 3.51  

5.47 to 6.03 

0.6 to 2.2 

0.5 to 1 

[5] 46*40 18.4 
2.24 to 2.57 

3.25 to 6.04 

0.7 to 1.7 

1.8 to 5.4 

Our work 42.5x24.5 10.4 

4.6 to 5.1 

6.32 to 6.35 

6.6 to 6.7 

7 to 7.1 

2.9 to 7 

-2.37 to 3.93 

  

4 CONCLUSION 
 
An octagonal microstrip patch antenna array with gain enhancement is presented which can be used in WLAN and 
WIMAX applications the antenna gain enhancement of 7dB was obtained which will be suitable for 4.6-5.1GHz  
applications.  The antenna has a small size of 10.4cm^2 which makes it easy to be installed in portable devices. In 
the next work, fabrication  and measurement should be made to validate the simulated results. 
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Abstract 

In this study, hardness and abrasion behavior of grader blades made of boron steels 

were investigated. The grader blades are coated with tungsten carbide with a 

coating thickness of 200, 300 and 400µm. Coating processes were performed by 

plasma spray method. Abrasion tests were applied to the samples with 30, 60, 90 

and 120 minutes, 90, 180 and 355 rev/min. rotation speeds, without additives and 

with a coating thickness of 200, 300 and 400µm. As a results of the study, it was 

determined that the weight losses increased with the increasing turning time and 

turning speed. 

 

1 INTRODUCTION  
 

Grader blades are used in areas where road maintenance work is expected to resist abrasion and high impact in 

demanding jobs. Curved and straight dozer blades are available to provide the necessary plunge and rolling 

action required for detailed trimming. Made to unload and straighten difficult-to-process materials. They are 

made of carbon steels and boron steels. Various alloy element additions are used to improve their properties. 

Various studies have been conducted in the literature to increase the abrasion resistance of materials requiring 

high abrasion resistance such as grader blade. In order to summarize some of the studies required in the study; 

 

Bindal (1991) study (AISI 1020, 1040 and 1050) boron boron as 3 different commercial carbon steel by 

examining the chemical properties. It determined that the thickness of the layer decreased and hardness increased 

depending on the boronization time. It found that fracture toughness depends on boronization time. Akgündüz 

(1991) made boronizing steel in his study. It stated that boronizing provides extreme abrasion resistance, reduces 

friction, reduces corrosion in acidic environments and maintains its hardness at high temperatures. Bhatia (1999) 

applied the thermal spray coating method in the study prepared by the impinging particles on the substrate 

prepared by the accelerated particles to take the shape of the flat particles and observed that the bonding with 

each other. It was found that the microstructure was unchanged and it was possible to coat various materials, 

since it was not possible to expose the litter to excessive heat despite the extreme temperature. 

 

The plasma spray method is known as a method commonly used in coating methods in which metallic or non-

metallic coatings can be applied. (Davis 2004) Plasma spray-coated material, the interaction of plasma with the 

environment, particles formed by the feed powder; flow form, layers and coating form and temperature effect is 

considered as the important factor. (Fauchais P.2004) It is used because of its superior properties in ceramics 

because it protects hardness and toughness in coating made by plasma spray method (Evcin 2009). 

 

Thermal spray method can be coated with different techniques and methods. They were divided into two groups 

as electric method spray and chemical method as combustion methods, thermal spray method was chosen 

because spraying provides early adhesion at high temperature. (Vicenzi 2011) Boron element can bond between 

metal and nonmetal, so its use is wide. (Önen 2012) The purpose of coatings with thermal spray coatings is to 

prevent corrosion and increase thermal insulation and conductivity. In addition, it can be used effectively for 

renewable coating purposes. (Dorfman 2012) reduces the cost of coating due to the development of systems if air 

is used instead of using oxygen in spray guns in their studies. Petaccia et al. (2019) stated that tungsten will be 

widely used in today's technology in a new class of high strength nuclear material as an intermediate coating 

material as a result of coating on steels. 
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The grader blades are coated with tungsten carbide with a coating thickness of 200, 300 and 400µm. Coating 

processes were performed by plasma spray method. The effect of coating thickness was investigated of coated 

grader blades. 

 

2 MATERIAL AND METHOD 
 

In this study, boron steels were coated with tungsten carbide by plasma spray coating method. Coating thickness 

was determined as 200, 300 and 400 µm. Table 1 shows the chemical composition of boron steel with a hardness 

of 470-490HBN. Boron was used as cooling fluid to minimize heating-related errors during cutting. 

 

Table 1. Chemical composition of boron steel (wt%) 

Element C Mn Si B Fe 

% 0,28-0,35 0,8-1,25 0,15-0,4 0,0005 – 0,003 Balance 

 

Boron steel was cut to a size of 15x10x5mm and coated with tungsten carbide after grinding. Roc-A, Brinell and 

Vickers methods were used for hardness measurements. The coated samples were sanded with 180-400-1200-

2500 grit SiC sandpapers. It was then polished with 3 µm and 1 µm alumina solution, respectively. After 

polishing, samples were etched. Optical microscope examinations were performed with Clemex Vision Lite 

analysis software. The surface images of the samples were also examined with (FEI Nova Nano SEM 450) 

Scanning Electron Microscope (SEM). 

 

The abrasion tests were performed with the apparatus illustrated in Figure 1. Abrasion tests were applied to the 

samples with 30, 60, 90 and 120 minutes, 90, 180 and 355 rev/min. rotation speeds, without additives and with a 

coating thickness of 200, 300 and 400µm. Wear amounts were calculated by weight loss. The weights of the 

samples before and after the experiment were measured. A 0.0001 g balance was used for weight loss 

measurements. Figure 2 shows the abrasive SiC powder used in abrasion wear tests. 

 

  
Figure 1. Abrasion wear test 

 

 
Figure 2. SiC powder 

 

3 RESULTS AND DISCUSSION 
 

Table 2 shows the Roc-A, Brinell and Vickers hardness results of uncoated and tungsten carbide coated grader 

blades. It was observed that the hardness increased with increasing coating thickness. This increase was 17% for 

Roc-A, 72.5% for Brinell and 73% for Vickers. Microstructure photographs of boron steel are given in Figure 3. 

As it can be seen from the figure, it was observed that the martensite structure was formed. Scanning electron 

microscopy (SEM) images of tungsten carbide coated boron steel are given in Figure 4. As can be seen from 

SEM images, tungsten carbide coated samples have similar morphology.  
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Table 2. Hardness results 

 Roc-A Brinell Vickers 

Uncoated 61,04 226 238 

200µm 71,42 390 412 

300µm 70,73 381 412 

400µm 70,65 371 402 

 

 
Figure 3. Microstructure images of boron steel (100x) 

 

 
Figure 4. SEM images of tungsten carbide coated boron steel, a)200µm, b)300µm, c)400µm 

 

Figure 5 shows the weight losses of the grader blades material with and without tungsten carbide coating with 

the turning speeds of 90, 180 and 355 rpm. As seen in the graphs, it was determined that the weight losses 

increased with the increasing turning time. At 180 rpm, the weight loss of the uncoated sample increased by 

88.8% by increasing the turning time from 30 to 120 minutes, while the weight losses increased by 75%, 125% 

and 85%, respectively, depending on the coating thickness, respectively. At 355 rpm, the weight loss of uncoated 

grader blades was 0.0025g, while the coating thickness of 200µm was 0.0019g, the coating thickness of 300µm 

was 0.0014g, and the coating thickness of 400µm was 0.0013g. Weight loss was reduced by 31%, 78% and 92% 

by coating the uncoated grader blades material with tungsten carbide of different thicknesses, respectively. 
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Figure 5. Weight loss change with turning time 
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Figure 6. Weight loss change with turning speed 

 

Figure 6 shows the weight losses of uncoated and tungsten carbide coated samples at turning times of 60 and 120 

minutes, depending on the speed. As seen in the figures, it has been determined that the weight losses increase 

with the increasing turning speed. When the weight loss in 60 minutes was examined, the weight loss in the 

uncoated sample increased by 38%, the weight loss by 200µm tungsten carbide coating thickness was 216%, the 

weight loss by 300µm tungsten carbide coating thickness was 180% and the weight loss by 400µm tungsten 

carbide coating thickness was increased by 225%. When the effect of coating thickness at 120 minutes and 180 

rpm was examined, it was determined that weight loss decreased with increasing coating thickness. This 

reduction was 61%, 88% and 161% compared with the uncoated sample. 

 

4 CONCLUSION 
 

 The Roc-A, Brinell and Wickers hardness increased with increasing coating thickness.  

 The weight losses increased with the increasing turning time. At 180 rpm, the weight loss of the uncoated 

sample increased by 88.8% by increasing the turning time from 30 to 120 minutes, while the weight losses 

increased by 75%, 125% and 85%, respectively, depending on the coating thickness, respectively. 

 The weight losses increase with the increasing turning speed. 

 The weight loss decreased with increasing coating thickness. This reduction was 61%, 88% and 161% 

compared with the uncoated sample. 
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Abstract 

Adhesive bonding is one of the most preferred bonding methods due to its great 

advantages in combining composite or different types of materials used in aerospace 

and automotive industries. The type of connection commonly used in adhesive 

bonding is the single-lap joint (SLJ) type. Peel stresses in the ends of the overlap area 

due to eccentric loading have a significant effect on the joint failure in SLJs coupled 

with the adhesive which is subjected to the tensile load. Different methods are used 

to reduce these peel stresses at the ends of the overlap area. In the present study, the 

tensile failure loads of the SLJs obtained by roughening (roughness average, 

Ra=100µm) three different overlap areas were investigated experimentally. In the 

experimental study, AA2024-T3 aluminium alloy which is frequently used in 

aerospace and automotive industries and dual component DP460 structural adhesive 

were used. As a result, when the overlap area of the adherend is roughened, the failure 

load of the SLJ increases. However, this increase in the failure load of the joint varies 

depending on the roughening portion of the overlap area.  The roughening of the 

entire overlap area gives the best result in terms of the failure load of the joint.  

1 INTRODUCTION  
  

Bonding joints are of increasing importance in joining technologies, and with the rapid developments in composite 

materials, they are widely used in industrial sectors such as aerospace and automotive industries where bonding 

reliability is required [1]. In addition to this, the performance of bonding joints used for structural purposes depends 

on many parameters such as joint configuration, adhesive, adherends, loading status and environmental conditions. 

This situation has led many researchers to focus on determining the mechanical behaviour of adhesives and 

adhesively bonded joints. When the literature is searched, there are many types of joints bonded with adhesive, 

and because of their simple geometry, the most common type of bonded is the SLJ type. Analysis for this type of 

jointed has shown that peel stresses occur at the ends of the overlap area due to eccentric loading in SLJs and these 

peel stresses cause joint failure.  

 

There are many methods for reducing the effect of peel stresses in adhesively bonded joints and increasing the 

strength of the joint. One of these methods is to fill the ends of the overlap area. It is seen that the failure load of 

the joints obtained using this method increases [2-6]. Another method to increase the strength of adhesively bonded 

joint is to increase the overlap length [7-9]. The effect of overlap length on the strength of film-type adhesive was 

evaluated in a study performed by Ozel et al. [8].  As a result of their study, it was reported that the increasing of 

the overlap length increased the failure load of the joint. However, it has been found that this increase in failure 

load is valid up to a certain overlap length and that the increase in overlap length after this length does not affect 

the failure load [9]. 

 

The thickness and stiffness of the bonded material in bonding joints significantly affect the strength of the joint 

[10-12]. In the study of Gültekin et al. [12], geometries of single-lap joints which have constant thickness of lower 

and variable thickness of upper components and same thickness of lower and upper components were 

experimentally and numerically investigated. As a result, they stated the change of the thickness of the adherend 

affects the failure load of the joint and this is caused by the thickness and bending stiffness of the adherend. In the 

studies carried out by da Silva [13], Campilho [14], das Neves [15], Fitton [16] and Temiz [17], the effect of using 

adhesive having two different characteristics (mixing adhesive) in the overlap area of the adhesively bonded joints 
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on the failure load was investigated experimentally and numerically. In the studies, it has been observed that the 

joint bonded with mixing adhesive carries more load than the bonding joint obtained by using single adhesive and 

stress concentrations at the ends of the overlap area are decreased. 

 

One of the methods used to increase the failure load of adhesive bonded joints is stepped bonded type. In a study 

by Ichikawa [18], the behaviour of the gradual overlap joint obtained by using as the adherend under static tensile 

load was investigated experimentally and with three-dimensional finite element analysis. As a result of the 

examination, the maximum value of principal stresses at the ends of the overlap area decreases with increasing 

number of steps, decreasing the adhesive thickness and increasing modulus of elasticity of the adhesive [19]. In 

the study of da Silva [20], the effect of the overlap length on the tensile strength of the three-step lap joint obtained 

by using three different adhesives (flexible, moderately flexible and rigid) was investigated experimentally and 

numerically. In the study, it was concluded that both the adhesive type and the length of overlap area affect the 

bond strength. It was observed that there was a gradual break in flexible adhesives and a sudden break in hard 

adhesives.  

 

In the present, the tensile failure load of the joints obtained by roughening the three different overlap areas 

(roughness average, Ra=100µm) of the SLJs was experimentally investigated. In the experimental study, AA2024-

T3 aluminium alloy which is frequently used in aerospace and automotive industries, and two component DP460 

structural adhesive was used as adhesive.  

 

2 MATERIAL AND METHOD 
 

In this study, the samples were produced by using AA2024-T3 aluminium alloy components which are frequently 

used in aerospace and automotive industries due to their light weight, machinability, physical and mechanical 

properties and high corrosion resistance. Two component liquid epoxy (DP460) was used in bonding process. 

3MTM Dp460 is a liquid adhesive which is formed by mixing epoxy(B) and accelerator(A) according to the volume 

ratio B:A=2:1. It is used for joining metals, ceramics, glass and many composite materials.  

 

In the presented study, the mechanical behaviours of SLJs of adhered samples were experimentally investigated 

in the case of fully smooth of the overlap area (SLJ), 3-mm rough at the both ends of the overlap area (SLJ-3), 6-

mm rough at both ends of the overlap area (SLJ-6) and fully rough of the overlap area (SLJ-25) on each component 

having constant thickness, width and overlap length. Experimental and geometric parameters of these samples are 

given in Figure 1 and Table 1.  

 

 
Figure-1. Single-lap joint (TTB) geometry 

 

Table 1. Experimental parameters for adhesively bonded joints. 

Specimen Type 

Smooth Single-Lap Joint SLJ 

Rough Single-Lap Joint-3-3mm SLJ-3 

Rough Single-Lap Joint-6-6mm SLJ-6 

Rough Single-Lap Joint-25mm SLJ-25 
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The high strength of adhensively bonded joints depends on the surface preparation methods to be used. For this 

reason, the surface preparation method described below was applied to the AA2024-T3 sample pieces which were 

brought to the desired dimensions before the bonding process.    

   

 The overlapping areas of the samples that were brought to the desired dimensions were roughened on average 

100µm (Ra=100µm) with the insert. Then, wastes such as oil, grease and dirt on the samples were cleaned by 

sanding with 600 SiC sandpaper. 

 After sanding, the samples were washed with dust scrubber in tap water. 

 Following the washing process, the samples were kept in acetone for 20 min. and the samples the sample pieces 

were dried in a 60oC oven for 30 min. and the surface preparation process before the bonding completed (Figure 

2). 

 

 
Figure 2. AA2024-T3 aluminum alloy adherends 

 

Adhesives used in this study can be cured by applying pressure and temperature. It is possible to maintain the 

position of the adherend, to adjust the adhesive layer thickness and to apply uniform pressure by the use of a well-

designed mold (Figure 3a). By using this mold, a very thin film was formed by spraying the silicone lubricant onto 

the mold for easy separation of the samples to be used in the tensile tests after curing. Additionally, liquid adhesive 

was applied to the overlapping areas of the joint samples and spread to the surfaces with the help of a gauge (Figure 

3a). 3 + 0.20mm thick metal pieces were placed on the free ends of the samples to make the adhesive thickness 

0.20mm. Aluminium mold apparatuses with sample thickness are placed to maintain uniform overlap length of 

specimens and ensure uniform pressure, then the mold was placed on the hot press. The curing conditions for the 

adhesives were achieved by using a hot press and after curing, the samples were cooled under room conditions 

and removed from the mold. During curing, the protruding parts were cleaned and the bonding process was 

completed (Figure 3b). 

 

 
Figure 3. a) Single-lap joint production mold, b) Joint samples after curing. 

 

All tensile tests were performed on a computer-controlled Instron-5982-100kN (USA) universal tensile device at 

a draw speed of 1-mm/min at 22oC and 32% humidity. The boundary conditions and forces applied to the samples 

are shown in Figure 4. The overlap length and adhesive layer thickness of each sample were measured and recorded 

for use in the pre-test calculations. During the experiments, each sample was closely observed and the failure area 

was examined. At the same time, the maximum load the samples can bear is recorded. 
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Figure 4. Tensile load applied to joint samples 

 

3 RESULTS 
 

Three samples were tested for each parameter of the SLJ, SLJ-3, SLJ-6 and SLJ-25 joint types obtained using 

DP460 structural adhesive. The failure load and type of failure of the joint were obtained by averaging these three 

samples (Figure 5). The failure types of the adhesive bonded joints are defined in ISO 10365 [21]. According to 

this definition, adhesion failure occurs where separation occurs at the interface of the adhesive-bonded material 

and the adhesive remains in both adherend, failure to the adhesive is defined as cohesion failure and the absence 

of an equal amount of adhesive on both adherend is defined as special cohesion failure.   

 

 

 
Figure 5. The maximum average failure loads and failure surfaces of the single-lap joint, a) SLJ, b) SLJ-3, c) 

SLJ-6, d) SLJ-25. 
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When the average failure loads given in Figure 5 are taken into consideration, the failure load of connection 

increases when the overlap area of the single-lap joint is roughened by 100µm on average. According to fully 

smooth of the overlap area (SLJ), once the 3-mm portion of the both ends of the overlap area is roughened (SLJ-

3), the failure load of the joint is increased by approximately 17% and when the 6-mm portion of both ends of the 

overlap area is roughened (SLJ-6), the failure load of the joint is increased by approximately 20%. However, when 

fully rough of the overlap area (25mm-) is roughened (SLJ-25) the failure load of the joint increases by 

approximately 25%. 

 

These increases in the failure load of joints are associated with the failure mechanism of the single-lap joint. In 

single-lap joints, the failure progresses towards the centres starting from both ends of the overlap area due to 

eccentric loading. If both ends of the overlap area are roughened and the surface area is enlarged, failure to the 

ends of the overlap area is prevented slightly. This increases the failure load of the connection. Furthermore, one 

of the important results of this study is that the rate of increase of the width of the portion roughened from the ends 

of the overlap area towards the center and the increase in the failure load of the connection are not same. Because 

the failure in the connection starts at the ends of the overlap area and proceeds suddenly towards the center. On 

the other hand, when the failure surfaces of the connections given in Figure 5 are examined; while adhesion failure 

occurs in SLJ connection types, special cohesion failure type occurs in other connection types. 

 

4 CONCLUSION 
 

The results obtained from this study can be summarized as follows; 

 

 If the overlap area of the joints joined with the adhesive is roughened, the failure load of the joint increases.  

 The rate of increase of the width of the portion of the adhesive bonded joints roughened from the ends of the 

overlap area to the center is not the same as the rate of increase in the failure load of the joint. Therefore, 

roughening of a certain part of both ends of the overlap area gives better results in terms of the failure load of 

the connection. 

 

The presented study; there is a preliminary study on this subject, and according to the results of this preliminary 

study, detailed studies of the subject are carried out in several different ways. 
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