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Deawr 2" International Symposium o Chavacterigation atlendees;

We successfully completed the 2nd International Symposiwm ow
Chawacterigation inv the last week of September. We had o great tume inv
Afyonkarahisor witivour participanty and sponsors. We wanted to- send v
thank yow for the wonderful connections made; the good memories and
the momenty shauwred.

Thank yow for all your excellent wovk!

It was av great pleasure to- meet yow face to-face invthe second symposivun.
Despite minor mistokes, we achieved o great success withv 52% foreigw
pauwticipation. Neawly 200 researchers contributed to-this event withv very
interesting presentotions, posters and discussions.

I would like to- thank the international scientific and ovganizing
committees for giving structure to- the progrowm and ovganigzing the
second symposium,

I would like to-thank all the sponsors for their generosity and interest inv
the conference.

Now let me talk about the people who- made great contributions to- the
symposium. Soner Sawvas was very helpful withv his oviginal ideas; logo-
design and knowledge. He designed the graphic style of the symposium.
Ismail Yldug helped with the social mediow contocty and annouwncements.
Special thanks to-the Engineering Faculty studenty at the symposivm table
for their support. They coovdinated the zoom meetings during the
symposiwmn. Ferit Artkun took powrt invthe preparatiov of the prograwm book
and swmmowy book.

As the organiging committee, we thank yow for all your great scientific
contributiony and scientific interaction. We look forwawd to- youwr
pavticipation and support at the symposiwm we will organige next yeawr i
Antalyo/Tiwkiye.

Thank yow to- owr friends who- expressed their satisfaction during and
after the symposiuumn for being so-positive!

Prof. Dr. AtillaEvcinv  Prof. Dr. Ibvahim Giwnes Dr. Yasemin Tabak



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

Degerli 2nd International Symposiwwn o Chavacterigation katilumclary

tylldl ayvuwnv  sonw haftosundo 2. Infernadional Symposivumn  ow
Characterigationw basavryloe  tamamdadik.  Katiumcdorunug,
spovsorlawrvmglos bivlikte Afyonkarahisowdo howikaw gaumonw gecivdik.
Kwudanw hawrikow baglantdar, yasanowv gigel ownwdowr ve paylasdan

Tiun muikemmel calus malawrwwsg icivy tesekkiur ederig!

Sempogyunmuuwy ikincisinde siglerle yugyize karvsdasmakton bivyikk bir
muthuduk duwyduk. Ufak tefek hatodowa ragmen % 52 yaboance katilumuyla
btk bir basawv elde ettik. 200 e yakuv awasturmacey, bw etkinlige cok
dging swmunlow, posterler ve tawtis malowlow katkudo budundu.

Programa yapv kaganduwdiddary ve  sempogywnmummuguny  ikincising
organige eltiklery icinv  uwluslawowasy  bilimsel ve  organigasyovw
komitelerine cok tesekkiuw ederim.

T spovusorlara konferansaw gosterdikleri comertlik ve dgiden dolayv
tesekkiw edervim.

simdi sempogywmar bivyik katkdory olowv kisilerdesn bahsedeyim. Soner
Sowas Szgiwv fikirlery, logo- tasowrvnw ve bilgisi de cok yawrdumer oldu.
Sempogywnmumwy grafik stiling tasorlade. Sosyal medya ide temas ve
duwyuwrwlardavismail Y ddug yowrdumer oldw. Sempogywm masasundaw govevii
Mithendislik Fakidtesi ogrencilevine; destekleri icinv dzellikle tesekkiur
ederig. Sempogywm suwaswnda zoomv toplantlaruw koordine ettiler.
Prograwm kitabv ve dzet kitabuuwnw hagulanmasundar Ferit Artkuv gorev
aldw.

Organigasyov komitesi olavak sizglere, tiun bivyitk bilimsel katkdarvwg
ve bilimsel etkilesimv icinv tesekkiwr ediyorug. Seneye Antalyada
digenleyecegimiz sempogyuwmdar siglerinv katluwmuwnw ve  desteklering
bekliyorus.

Sempogyumv  suasnda  ve  sovwasndo  menmwuwniyeting - bildivesv
dostlowruwmga bw kadow pozitif oldugwng icin tesekkiurler!

Prof. Dr. Atilla Evcinv  Prof. Dr. Ibvahimv Giwnes  Dr. Yasemin Tabak
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INVITED SPEAKERS

Fayaz Hussain joined the department of Materials Engineering in 2007, first as a Lecturer, then
after Assistant Professor in 2010 and promoted as an Associate Professor in 2020. Prior to this,
he worked three years in metal industry. He is also editorial board member of journals of
“Frontiers in Materials” and “Electroactive Materials”. He has completed his PhD from the
University of Sheffield, England, UK, in 2016-2017, worked on “KNN based lead-oxide free
piezoelectric ceramics”. This ABO3 system has been studied from the perspective of optimizing
its performance for multilayer actuators; potentially for energy harvesting applications under
the supervision of Professor lan Reaney at the University of Sheffield. To fabricate the
multilayers, a novel Wet-Multilayer-Method (WMM) was also developed to overcome the
issues of delamination during firing of multilayers actuators. He has authored/co-authored
publications in well reputed journals, around 30 papers including key articles on piezoelectric,
capacitor and microwave dielectric ceramics in bulk and multilayers with 238-citations, h-index
8 and i10-index 6 of last five years. Current research interests: ynthesis of Piezoelectric
Ceramics and their multilayers, Multiferroics, Thermoelectric Ceramics and Microwave
dielectrics. Characterisation Methods: LCR, impedance spectroscopy, d33 meter for
piezoelectric coefficient, Vibrating Sample Magnetometer for magnetic properties, XRD
Analysis, SEM/ EDX, ferroelectric testing, etc.
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Prof. Cenk Aktas earned his BSc and MSc in Materials Science and Engineering from Middle
East Technical University-Turkey and Christian-Albrechts University-Germany, respectively.
He joined Leibniz Institute for New Materials (Leibniz-INM) in 2004. After completing his
PhD with distinction (summa cum laude) he was appointed as the Deputy Head of CVD
Research Division. Between 2010-2015, Aktas acted as the Director of CVD/Biosurfaces
Division at Leibniz-INM, which is situated in Saarbriicken/Germany. In addition to his
academic duties (acting as senior instructor at Saarland University and Applied University of
Kaiserslautern), he gained invaluable experiences at Leibniz-INM since it is a well-known
scientific partner to national and international institutes and a provider of research and
development for companies throughout the world. Aktas also acted as advisor and instructor in
several professional training programs of various institutions including German Chemistry
Society, Korean University of Technology, European Postgraduate School and etc. Currently
he is carrying out research activities on synthesis of functional nanomaterials and their potential
applications in diverse fields including energy, medicine, textile, surface, and composite
technologies at the Institute of Materials Science, CAU-Kiel. In addition, he acts as the Pl at
Cardiovascular Materials Laboratory at UdS-Homburg and is giving lectures in the Medical
Faculty, UdS-Homburg. Aktas has been involved in various projects funded by EU, DFG,
BMBF and similar public institutions. Aktas published more than 70 research papers and 10
patents in different fields (on nanomaterials and nanotechnology). He has several prestigious
awards including Prof. Werner Petersen Award, Prof. Horst Hardt Award, Prof. Baki
Komsuoglu Award, International Nanomedicine Foundation Award and etc.
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Dr. Dawei Wang is a Professor at Shenzhen Institute of Advanced Technology, Chinese Academy of

Sciences, who was a Research Associate at the Department of Materials Science and Engineering of
The University of Sheffield (2014-2020) and a joint PhD student/visiting scholar at the Materials
Research Institute of Pennsylvania State University (2010.9-2011.9/2016.4-6). He received his PhD
degree in Materials Processing Engineering from Beijing Institute of Technology in 2012. He is an
Associate editor for Journal of American Ceramic Society / Frontiers in Materials and an Editorial
board member for Materials Today Communications / Journal of Advanced Ceramics / Journal of
Advanced Dielectrics / Crystals. His research focuses on the advanced electronic ceramics for energy
storage/conversion/harvesting, and translation of new materials to porotype devices/components for
electronic systems. He has published 150+ refereed papers, with a total citation of 5700+ and a google
scholar h-index of 45. Also, he holds 20 issued patents and has given 30+ invited talks on international

conferences.

10
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Zhi Hong Chen is an associate professor from Wuhan University of Technology. He received his B. S.
in 2009 from Central South University, China and Ph. D degree in 2014 from the University of Sheffield,
United Kingdom, with “Ceramic Award” for his high quality Ph.D thesis. His research interest focuses
on the design, fabrication and characterization of novel electromagnetic functional materials, including
electromagnetic absorption materials and metamaterials. He has been a Pl and achieved several funding
support from national grants of China. He has published more than about 30 papers in peer-reviewed
journals, including Adv. Mater., Adv. Optical. Mater., Nanoscale, Phys. Chem. Chem. Phys. and J. Appl.
Crystallogr. etc. He is also the author of 3 chapters in two academic books published by Royal Society
of Chemistry and World Scientific.

Email: z_chen@whut.edu.cn

11
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Dr David Fengwei Xie is currently an EPSRC Fellow and Lecturer at Newcastle University, UK. He
was a Marie Curie Fellow at the University of Warwick. Before moving to the UK, he worked as a
postdoctoral research fellow/research fellow at the University of Guelph (Canada) and The University
of Queensland (Australia). Besides, he had visiting research experiences at Université de Strasbourg
(France) and California Institute of Technology (USA). Dr Xie specialises in polymer engineering and
science. His research particularly focuses on biopolymers (polysaccharides and proteins) for both
materials and food applications. His interest lies in the modification, processing, and characterisation of
biopolymers and the design of biopolymer-based materials and composites with desired application
performance. He has led and involved in multiple research projects with a total research funding of about
£5.9M. His research has led to over 130 refereed journal articles with an h-index of 43 and >6900
citations (Google Scholar), 1 monograph, and 5 book chapters. He is an editorial board member for
several journals such as Carbohydrate Polymers, Polymers, Coatings, and PLOS ONE.

12



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

Dr. Fan Yang obtained her PhD of Materials from University of Manchester, UK. She remained in
Manchester as a Postdoctoral Research Associate (PDRA) before joining the group of Functional
Materials and Devices (FMD) at Department of Materials Science & Engineering at the University of
Sheffield, UK. She was appointed as an associate professor at the Institute of Fuel Cells, School of

Mechanical Engineering, Shanghai Jiao Tong University in late 2018.

Fan’s research covers a wide range of oxide-based functional ceramics, including solid-state
electrolytes, mixed conductors, dielectrics and electrocatalysts. She specializes in probing the defect
chemistry and the composition-structure-electrical property relationships of perovskite, fluorite,
pyrochlore-type oxides, particularly using impedance spectroscopy (couple with finite element
modelling) to study the electrical properties of ceramics, composites, coatings and interfaces. Fan has
published more than 80 peer-reviewed journal papers and was selected by the Royal Society of
Chemistry in the themed collection “Celebrating excellence in research: 100 women of materials
science” in recognition of her work on defect chemistry and electrical properties of sodium bismuth

titanate-based perovskites in 2018.

13
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Dr Zhilun Lu is a Lecturer (Assistant Professor) at Edinburgh Napier University's School of Engineering
and the Built Environment. He obtained his PhD from the University of Sheffield with the High-Quality
PhD Thesis Prize. He then held postdoctoral positions at the Helmholtz-Zentrum Berlin for Materials
and Energy (member of the largest scientific organisation in Germany-The Helmholtz Association of
German Research Centres) and the Henry Royce Institute (The UK's National Institute for advanced

materials research and Innovation).

Dr Lu is a Professional Member (MIMMM) of the IOM3, a Member (MRSC) of the Royal Society of
Chemistry and a Member of the American Chemical Society. He is on the editorial boards 5 prestigious
materials journals. He serves as a peer reviewer for high impact journals, including Nature
Communications, Advanced Functional Materials, Physical Review Letters, Chemistry of Materials,
and Acta Materialia. He has also delivered 10+ keynote speeches at international conferences. Dr Lu
has published 60+ journal papers (H-index=24). One of his papers was selected as a Hot Article (as one
of the top 10% of papers) in Energy & Environmental Science in 2020. And another paper was selected
as a Highly Cited Article by Web of Science in 2021.

Dr Lu's research group focuses on the structure-composition-property relations of a broad spectrum of
advanced functional materials and the translation of novel materials into prototype devices. Dr Lu is an
expert in utilising Impedance Spectroscopy to examine “electrical microstructure™, as well as Neutron
Scattering to analyse atomic and magnetic structures, the dynamic interplay of quasi-particle and charge

transport, including phonon excitations in solids and spin waves in magnetic materials.

14
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Salih Veziroglu received his Ph.D. from the Institute of Material Science at Kiel University- Germany
in 2020. He got the prestigious Thesis Award by Kiel Nano Surface & Interface Science (KiNSIS) due
to his outstanding achievements (co-authorship in more than 19 articles) during his doctoral studies.
Currently, he is working as a young group leader (Nano, Energy, and Surface Engineering Group) at the
same institute. He involves many national (e.g, DFG, etc.) and international (e.g, EU, etc.) projects and
focuses on the fabrication of metal-metal oxide thin films and particles for photocatalysis, energy, self-
cleaning, and sensing applications.

Doktora derecesini 2020 yilinda Kiel Universitesi-Almanya Malzeme Bilimi Enstitiisii'nden ald1.
Doktora g¢aligmalar1 sirasinda gosterdigi iistiin bagarilart nedeniyle (19'dan fazla makalede ortak
yazarlik) Kiel Nano Yiizey & Arayiizey Bilimi (KiNSIS) tarafindan verilen prestijli Doktora Tez
Odiilii'nii kazand1. Halen aym enstitiide geng grup lideri (Nano, Enerji ve Yiizey Miihendisligi Grubu)
olarak calismaktadir. Bir¢ok ulusal (6r. DFG, vb.) ve uluslararasi (6r. AB, vb.) projeye dahil olmakta ve
fotokataliz, enerji, kendi kendini temizleme ve algilama uygulamalari i¢in metal-metal oksit ince film

ve parcaciklarin {iretimine odaklanmaktadir.

15
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Attila Alkan worked as a specialist for 2 years in the electron microscope laboratory, where he completed
his master's degree in Physics Engineering, Faculty of Science, Ankara University. Then, in order; He
worked as a research assistant in the Physics Engineering department for 3 years, as an electron
microscope specialist for 4 years in the Cement Manufacturers' R&D micro-examination laboratory and
for 26 years in the Brisa R&D micro-examination laboratory. He completed his doctorate in Kocaeli
University Metallurgical and Materials Engineering Department in 2019. He took part in EUROSTARS
projects completed in 2017 and EUREKA projects completed in 2019. He retired from Brisa in 2012.
Since 2014, he has been working as an electron microscope specialist in the application department of
Atomika Technical Devices. Atomika Teknik firm is the Turkey representative of TESCAN electron

microscope and micro CT firm.

16
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Associate Professor Havva Kazdal Zeytin was born in Rize Muradiye Village in 1962 and completed
primary school in Muradiye Village Primary School. She completed her secondary and high school
education at Istanbul Nisantas1 Girls' High School, and her university education at Istanbul Technical
University, Faculty of Chemistry and Metallurgy, Department of Metallurgy and Materials (1984). | did
my master's and doctorate in the field of materials at the same university. She worked as an engineer at
PARSAT PISTON A.S and NASAS Aluminum factories between 1987-1991. He is still working as a
chief researcher as the Manager of the Critical Metallic Materials Group at the TUBITAK MARMARA
RESEARCH CENTER Materials Institute, which he entered in 1991. Associate Professor. Havva
Kazdal Zeytin has worked with metal materials as a researcher and engineer in a heavy industry branch
such as metallurgy throughout her career. She carried out studies in areas such as bringing advanced
technologies of materials such as steel industry, aluminum industry, superalloy materials to our country,
and developing materials with high added value that we cannot produce. It has made technology
acquisition and development studies by establishing the infrastructure for the production of Steam
Turbine materials, Gas Turbine materials and Aircraft Engine Turbine materials, which our country is
completely dependent on abroad. He supported the R&D projects of many companies and acted as a
project referee in TUBITAK TEYDEB R&D projects. Since 2012, TUBITAK MARMARA
RESEARCH CENTER-Materials Institute has been continuing its efforts to train human resources and
establish infrastructure in the country for research, development and production on advanced materials
used in aviation, nuclear materials, advanced materials used in automotive. In this context, Assoc. Dr.
Havva Kazdal Zeytin continues to work to develop and expand this infrastructure to serve the country.
In addition, he has nearly 50 papers and articles presented in national and international journals and

conferences.

17
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SCIENTIFIC COMMITTEE

e Prof. Dr. Ilker Bekir TOPCU, Osmangazi University, Tiirkiye

e Prof. Dr. Ahmet UNAL, Yildiz Tecnical University, Metallurgical and Materials Eng.
Department, Tiirkiye

e Prof Dr. Senol YILMAZ, Sakarya University, Metallurgical and Materials Eng.
Department, Tiirkiye

e Prof. Dr. Iskender AKKURT, Siileyman Demirel University, Tiirkiye

e Prof. Dr. Cenk AKTAS, URTEMM (Additive Manufacturing Excellence Centre),
Tiirkiye

e Prof. Dr. Yogendra Kumar MISHRA, University of Southern Denmark, The Mads

Clausen Institute, Denmark

Prof. Dr. Erol KAM, Yildiz Teknik University, Tiirkiye

Prof. Dr. Ender SARIFAKIOGLU, Cankir1 KaratekinUniversity, Tiirkiye

Prof. Dr. Bahri ERSOY, Afyon Kocatepe University, Tiirkiye

Prof. Dr. Mahmut OZACAR, Sakarya University, Tiirkiye

Prof. Dr. Atila Giirhan CELIK, Giresun Universityi, Tiirkiye

Prof. Dr. Rabia ALMAMLOOK, Western Michigan University, USA

Prof. Dr. Michal KULKA, Poznan University of Technology, Poland

Prof. Dr. Nodar LEKISHVILI, Ivane Javakhishvili Thilisi State University, Georgia

Prof. Dr. Alma Gabriela Palestino Escobedo, Universidad Autonoma de San Luis

Potosi, Mexico

e Prof. Dr. Serafettin EROGLU, Istanbul University- Cerrahpasa, Metallurgical and

Materials Eng. Department,, Tiirkiye

Prof. Dr. Karima Akool AL-SALIHI, Al Muthanna University, Iraq

Prof. Dr. Kaveh Ostad-Ali-ASKARI, Isfahan University of Technology (1UT), Iran

Assoc. Prof. Ayse KALEMTAS, Bursa Teknik University, Tiirkiye

Assoc. Prof. Mustafa YAMAN, Istanbul Sabahattin Zaim Univeristy,
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Mikro-sulama Sistemi Lateral Boru Unitelerinin Hidrolik
Tasariminda Analitik ve Niimerik Hesap Metotlarinin
Karsilastirmah Analizi

Giirol Yildirim

Giresun University, Civil Engineering Department, Hydraulics Division, Giresun, Turkey.

Abstract

Mikro-sulama sisteminin temel unsuru olan lateral borular, sistemin tamaminda 6ngériilen {iniformluk seviyesi,
basing yiikii degisimi ve toplam siirtiinme kaybi kriterlerine bagli olarak tasarlanabilen hidrolik yapilardir. Hidrolik
bakimdan lateraldeki akim, mansap yoniinde damlatict debisindeki azalmayla birlikte, yere bagli degisken debi
fonksiyonunun gegerli oldugu diizenli boru akimidir. Mikro-sulama sistemi lateral borularinin
projelendirilmesinde genellikle takip edilen metot, 6ngoriilen damlatict 6zelligi, lateral boru uzunlugu ve boru ¢api
i¢in, damlatici debileri arasindaki degisimin belirli bir sinir degerini agmamasini saglamaktir. Bir baska anlatimla,
damlatici debileri arasindaki degisimin kabul edilebilir bir iniformluk katsayisini saglayacak bigimde
diizenlenmesidir. Diger taraftan, lateral boyunca menba ve mansap noktalarindaki baslangi¢ ve sinir sartlari ile
belirlenen bir projelendirme aralig1 icerisinden, sistemde ongoriilen toplam yiik kaybi ve liniformluk seviyesi
kriterlerini saglayacak optimum giris basing yiikii degerinin belirlenmesi lateral hidroliginin temel problemidir.
Zira lateral boyunca enerji ¢izgisinin degisimi ve ¢ikis akimi dagilimi, lateral girisindeki basing yiikii degerine
bagli olarak farkli profillerde olugsmaktadir. Calismanin ilk kisminda, iniform egimli ve sabit ¢apli bir lateral boru
icin lateral hidroliginin temel prensipleri sunulmaktadir. Caligmanin ikinci kisminda, sabit veya yere baglh
degisken debi yaklagimlarindan hareketle ortaya konan 7 adet hidrolik hesap metodunda, tasarim parametreleri
icin elde edilen baslica denklemlere yer verilerek, optimum giris basing yiikiiniin belirlenmesinde, saglanmasi
gereken hidrolik kriterler degerlendirilmektedir. S6z konusu metotlarin karsilagtirmali analizi igin, farkli egim
kosullar1 ve damlatict karakteristikleri igin drnek bir uygulama segilerek, her bir metottan elde edilen sonuglar,
boyutsuz egriler halinde karsilastirilmaktadir.

Keywords: Sulama sistemleri, mikro-sulama, lateral hidroligi, piiriizsiiz boru akimi, hidrolik tasarim, analiz,
analitik ve niimerik yontemler.

*Author e-mail: gurol.yildirim@giresun.edu.tr
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Mikro-sulama sisteminin basarisi, sistemin 6nemli bir pargasi olan lateral borularin hidrolik prensiplere
uygun bi¢imde tasarlanmasina ve lateral boru iizerindeki damlatict &zelliklerinin iyi bilinmesine baglidir
(Agiralioglu vd., 2000; Agiralioglu ve Yildirim, 2002).

Mikro-sulama sisteminin temel unsuru olan lateral borular, sistemin tamaminda 6ngoriilen tiniformluk
seviyesi, basing yiikii degisimi ve toplam siirtiinme kaybi kriterlerine bagli olarak tasarlanabilen hidrolik
yapilardir. Hidrolik bakimdan lateraldeki akim, mansap yoniinde damlatici debisindeki azalmayla birlikte, yere
bagli degisken debi fonksiyonunun gegerli oldugu diizenli boru akimidir (Yildirim, 2001; Yildirim ve Agiralioglu,
2001). Lateral borunun hidrolik tasarimi igin arastiricilar iki temel kabulden yola ¢ikarak analitik ve niimerik
¢Oziim yontemleri gelistirmiglerdir.

Bu kabullerden birincisi, lateral boyunca {iniform bir ortalama birim boy debisinin gecerli oldugu
kabuliidiir. Ancak, bu basitlestirmeden yola ¢ikilarak elde edilen analitik metotlarin ¢ézlimlerinden elde edilen
sonuglarin dogru niimerik metotlarin ¢oziimlerinden elde edilen sonuglardan dnemli mertebede sapma gosterdigi
ortaya konmustur.

Aragtiricilarin lateral boyunca enerji ¢izgisinin (basing profilinin) dogru bigimde belirlenebilmesi igin
esas aldiklar1 ikinci temel kabul, lateral boyunca boru girisinden itibaren mansap yoniinde damlatici ¢ikis
akimindaki azalma ile birlikte, yere gére degisen bir debi fonksiyonunun gegerli oldugu kabuliidiir.

Son yillarda yapilan calismalarda, lateraldeki degisken debi profilinin belirlenebilmesi igin farkli
yaklasimlardan ve kabullerden yola ¢ikilarak analitik ve niimerik ¢6ziim metotlar1 ortaya konmustur. Lateral
borularin  hidrolik hesaplamalarina iligkin literatiirdeki mevcut calismalar su ana basliklar altinda
gruplandirilabilir:

1. Lateral borulardaki siirtiinme kayiplarinin belirlenmesi (Anwar, 1999a,b, 2000; Scaloppi ve Allen,
1993; Vallesquino ve Luque-Escamilla, 2002; Yitayew, 1989; von Bernuth, 1990; von Bernuth ve Wilson, 1989;
Watters ve Keller, 1978).

2. Damlatici baglantilarindan kaynaklanan yersel kayiplarin belirlenmesi (Howell ve Barinas, 1980; Al-
Amoud, 1995; Bagarello vd., 1995, 1997; Juana vd., 2002a,b; Sinobas vd., 1999; Provenzano ve Pumo, 2004;
Provenzano vd., 2005; Yildirim ve Agiralioglu, 2006; Yildirim ve Agiralioglu, 2004c¢,e; Yildirim, 2006).

3. Lateral boyunca debi ve basing profillerinin belirlenmesi (Anyoji ve Wu, 1987; Wu ve Gitlin, 1973,
1974, 1975; Wu, 1992, 1997; Wu ve Yue, 1993; Keller ve Bliesner, 1990; Warrick ve Yitayew, 1987, 1988;
Yitayew ve Warrick, 1987, 1988; Vallesquino ve Luque-Escamilla, 2001; Yildirim ve Agiralioglu, 2002a;
2003a,b; 2004d; 2005a,b).

4. Lateral borularin hidrolik tasarimi1 (Howell ve Hiler, 1974; Bralts vd. 1993; Kang ve Nishiyama,
1996a,b; Hathoot vd., 1993, 2000; Jain vd., 2002; Saad ve Marino, 2002; Valiantzas, 1998, 2002; Yildirim ve
Agiralioglu, 2002b; 2004a,b,f; 2005c¢).

Ancak, lizerinde ¢ok detayl ¢alismalarin yapildig1 ve halen yapilmakta olan mikro-sulama sistemi lateral
borularinin tasariminda, literatiirde ortaya konan belli baslt hidrolik hesap metotlarinda ortaya konan yaklasimlarin
detayli bir analizine ve ¢oziimlerinden elde edilen sonuglarin kapsamli bigimde karsilagtirilmasina yonelik bir
¢aligma bulunmamaktadir.

Calismanin ilk kisminda, {iniform egimli ve sabit ¢apli bir lateral boru i¢in lateral hidroliginin temel
prensipleri detayli olarak sunulmaktadir. Calismanin ikinci kisminda, sabit ve yere bagl degisken debi
yaklagimlarindan hareketle ortaya konan analitik ve niimerik hidrolik hesap metotlarinda kullanilan denklemler,
ilk kisimda verilen yonetici denklemlerle iliskilendirilerek sunulacaktir. S6z konusu metotlarin uygulamalari igin
farkl: tipte lateral tasarim problemleri secilerek; farkli egim kosullar1 ve damlatici karakteristikleri i¢in elde edilen
sonuglar, boyutsuz egriler halinde karsilastirilmaktadir. G6z oniine alinan hidrolik hesap metotlar1 sunlardir:

1) ileri-adim metodu (Forward-Step Method, FSM) (Hathoot vd., 1993),

2) Diferansiyel Metot (Differential Method, DM) (Warrick ve Yitayew, 1988),

3) Runge-Kutta Niimerik Metodu (Runge-Kutta Numerical Method, RKM)

(Yitayew ve Warrick, 1988),

4) Basitlestirilmis Analitik Yaklasim (Simplified Analytical Approach, SAA) (Yitayew, 1989),
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5) Sabit Debi Metodu (Constant Discharge Method, CDM) (Valiantzas, 1998),

6) Degisken Debi Metodu (Variable Discharge Method, VDM) (Valiantzas, 1998) ve

7) Ardisik Yaklagimlar Metodu (Successive Approximations Method, SAM)  (Vallesquino ve Luque-
Escamilla, 2001).

2. Lateral Boru Akimi Hidroliginin Temel Prensipleri

Uzerinde nokta kaynakli damlaticilar bulunan yatay bir lateral borunun boy kesiti ve akim boyunca
degisken akim parametreleri Sekil 1°de gosterilmektedir. Sekilde goriildiigli gibi, lateral boru iizerindeki 6zdes
tekil damlaticilar lateral {izerine esit mesafelerle yerlestirilirler. Uniform egimli bir lateral boruda damlatici ara
mesafesi, s (m), damlatict katsayisi, ¢ (m®Ys™) ve lateral borunun kesit alani, A (m?) sabittir.

Sekilde, N, lateral tizerindeki toplam damlatici sayisi; Qin, lateral girisindeki menba debisi; Q2, Qs,...,Qn,
damlaticilarin ayirdigi boru dilimlerindeki lateral debileri; Qr, lateral mansabinda son damlaticidan itibaren artik
lateral debisi; gav, lateral boyunca ortalama damlatici debisi; qi, lateral girisinden itibaren ilk damlatici debisi; q2,
03,--., On, mansap istikametinde diger damlatici debileri; Hin = Hi, ilk damlaticiya ait girig basing yiikii; Ha, Ha,...,
Hn, mansap istikametinde diger damlaticilara ait basing yiikleri; sin, ilk damlaticinin lateral girigine olan mesafesi;
s, lateral iizerindeki ardisik tekil damlaticilar arasindaki mesafe ve L, ilk ve son damlaticilar arasindaki lateral
uzunlugudur.

Lateral girisi Hin= H1 H, Hs
(inlet) " -
Qu
(1) C (2) Qs 3) Q (n) Qnit N = (n+1)
Q=0
Qin=Qu= NCIav
i 0 ) 0 0
> 0 0
| BN /

|
!
! g1 qz2 g3 Qdn Qgn+1
|
|
|

|
i
i
i
i
i
I
i
L =(N-1)s !
I

Sekil 1. Lateral boru boykesiti, yere bagl degisken (spatially-variable) akim parametreleri

Damlaticilarin akim karakteristikleri asagidaki bagmti ile tanimlanmaktadir (Howell ve Hiler, 1974;
Keller ve Karmeli, 1974):

y
g, =CH, (1)

Bagintida; n, damlaticinin konumunu gosteren indis; qn, 6zdes tekil damlaticidan hasil olan ¢ikis akimy;
Hn: damlatict basing yiikii; ¢, ampirik damlatic1 katsayis1 ve y, akim rejimine ve damlatic1 tipine bagl akis
iissiidiir.Lateral boyunca ¢ok sayida damlatict bulundugu ve ¢ikig akiminin yere gore siirekli olarak degistigi goz
oniine alinarak, birim boru uzunlugundaki ¢ikis akimi q, asagidaki bagmti ile belirlenebilir (Warrick ve Yitayew,
1988)
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Lateral boyunca kiitlenin korunumu denklemi su genel formda yazilabilir:

dQ_ da_

= 3
o o ®

Denklemde; A: Lateral borunun kesit alani; X ve t, yer ve zaman koordinatlaridir.

Mikro-sulama lateralleri igin diizenli boru akimi sart1 (dA/dt = 0) diisiiniilerek (3) denklemi asagida
formda yazilabilir:

Ayz—q

dx @)

Denklemde; v, lateral borudaki ortalama akim hizidir.
Sekilde gosterildigi gibi, (n) ve (n+1) inci damlaticilar arasindaki lateral debisi, Qn+1, (4) denklemi ile
verilen siireklilik prensibinden hareketle elde edilebilir:
Qn+1=Qn-qn ®)
Mansap yoniinde lateral debisindeki azalmanin sonucu olarak momentumdaki degisim, momentumun
korunumu denkleminin agagidaki formu ile belirlenebilir (Streeter ve Wylie, 1983):

AF = P (Qn+1Vn+1 - ann) (6)

Denklemde; AF | basing kuvvetindeki degisim; P , sulama suyunun yogunlugu; Vn, Vn+1, (n-1)~(n) ve
(n)~(n+1) damlaticilar1 arasinda kalan boru dilimlerindeki ortalama akim hizlaridir.

Ardisik (n) ve (n+1) damlaticilart arasindaki boru diliminde momentum degisiminden dolayr meydana
gelen basing yiikii degisimi, AHn+1, (6) denklemi yardimiyla asagidaki sekilde elde edilebilir.

— & — ﬁ — p(Qn+1Vn+1 _QnVn)

AH

n+l 7 A}/ A]/ (7a)
Vn+l = Qn+l Vn = % =
A A 7 =p9 (7b)
esitlikleri (7a) denkleminde yerlerine yazilip diizenlenerek,
2 A2
AHn+1 — (Q n+1 2Q n)
9 (70)

elde edilir (Streeter ve Wylie, 1983; Featherstone ve Nalluri, 1982). Denklemde; g, yer¢cekimi ivmesidir.
Darcy-Weisbach formiilii, ardisik (n) ve (n+1)’inci damlaticilar arasindaki boru kismi igin asagidaki
sekilde yazilabilir.

s Quy’
H fnel — fn+1 12
D 2gA ®)

Formiilde; fn+1, ardisik (n) ve (n+1)’inci damlaticilar arasindaki boru kismi i¢in Darcy-Weishach
stirtiinme katsayist ve D, lateral borunun i¢ ¢apidir.

Bagarello ve dig. (1997); Juana vd. (2002a), damlaticinin menbasinda biiziilme ve mansabinda genisleme
(Chadwick ve Morfett, 1993) nedeniyle ortaya ¢ikacak yerel kayiplarin Belanger veya Borda-Carnot denklemleri
ile hesaplanabilecegini belirterek, toplam yerel yiikk kaybi i¢in her iki durumun birlikte g6z Oniine alinmasi
gerektigine igaret etmislerdir. Buna gore toplam yerel yiik kaybi, asagidaki esitlikle belirlenebilir:
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2 _ 2 2 2
h +h Z(VC’Vr) +(Vf Vn+l) :( 1 1} Vn+l

hK = ¢ 29 29 cr ) 2g
— KVn+l2
he 29 9)

Denklemde; K, yersel yiik kayb1 katsayisidir.

Enerji denklemi, (n) ve (n+1)’inci damlaticilar arasinda (7), (8) ve (9) denklemleri ile birlikte hiz yiikii de
dikkate alinarak, agagidaki formda yazilabilir:

V2 ' )
H,+—+z +h, '

Ho +Y2 7 L H, +AH_, +h
29

n+1 n+1 fn+1 n+1 kn+1
= (10)
2 2
Denklemde; Vi 129 ,V”+1 l2g , (n) ve (n+1)’inci boru bdlimlerindeki hiz yiikleri; zn ve zn+1: ardigik
(n) ve (n+1)’inci damlaticilarin kiyas diizlemine gore geometrik kotlaridir.

Yukaridaki agiklamalardan goriilecegi lizere, lateral hidrolik problemleri 4 temel denklemle ¢oziilebilir:
1) Damlaticinin debi-basing yiikii iligkisi, 2) Siireklilik denklemi, 3) Darcy-Weisbach siirtiinme kaybi formiilii ve
yerel yik kayiplari igin Borda-Carnot veya Belanger formiilleri, 4) Momentumun korunumu ve enerjinin
korunumu denklemleri.

Neticede, yukaridaki temel denklemlere dayanilarak, lateralin herhangi bir (n+1)’ inci boliimiine ait 4
adet bilinmeyen hidrolik degiskene (Qn+1, qn+1, Hn, Hfn+1), bir 6nceki (n)’inci boliime ait bilinen degiskenlerine
(Qn, gn ve Hn) ve diger tasarim parametrelerine (zn, zn+1, fn+1, D, s, ¢, y, N) bagh olarak, herhangi bir metot
yardimiyla hesaplanabilir.

3. Hidrolik Hesap Metotlar1

Asagidaki boliimde, calismada g6z dniine alinan hidrolik hesap metotlarindan kisaca bahsedilecektir. S6z
konusu metotlarm algoritmalar1 hakkinda detayli bir ¢alisma literatiirde mevcuttur (Yildirrm ve Agiralioglu,
2004b).
Ileri Adim Metodu (FSM: Forward Step Method)

Hathoot vd. (1993), lateral boyunca hidrolik parametrelerin degisken lateral debisine bagli olarak
menbadan mansaba dogru adim adim belirlendigi niimerik bir hesap metodu gelistirmislerdir (Forward-Step
Method, FSM). Bilgisayar destekli bu metoda gore lateral girisindeki basing yiikii (Hin), ortalama basing yiikiine

(Hav) makul bir yiik artig1 (AO) eklenmek suretiyle hesaplanir (Baslangig sarti).

Hin = Hmax = Hl = Hav +A0 (11)

(5) ile verilen siireklilik denklemi ve (9) ile verilen enerji denkleminden hareketle, basing yiikii i¢in asagidaki genel
form denklemi elde edilir.

Hn+1 = Hn + Bli(gn2 _(Qn _qn)2:|_ Efn+l(Qn _qn)2 iSSO (12)

Denklemde; s0, tiniform lateral egimi olup asagi egim halinde pozitif yukar1 egim halinde ise negatif alinir.
Denklemdeki B ve E sabitleri ilgili esitlikler yardimryla hesaplanir.

Arastiricilar, lateral {izerindeki tiim damlatici debilerinin ortalama damlatict debisinden sapmalarinin
degerlendirildigi UC iiniformluk katsayisinin asagidaki esitlik yardimiyla hesaplanabilecegini gostermislerdir.

1 n=N
UC :l_|:N_:| Z|qn _qav|
qav n=1 (13)

Diger taraftan lateralin son geyregindeki ortalama debinin, lateralin tamamindaki ortalama debiye orani olarak
tanimlanan DULQ tiniformluk katsayisi su esitlikle verilmektedir.

n=N
(5o
DU _ n=3N/4

LQ Nqav (14)
Diferansiyel Metot (DM: Differential Method)
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Warrick ve Yitayew (1988) lateral boyunca siirekli ve tiniform olmayan debi yaklagimindan hareketle,

lateral boruda cereyan eden akimin ikinci mertebeden lineer olmayan basit diferansiyel denklem formunda
incelendigi analitik bir ¢6ziim metodu gelistirmislerdir (Differential Method, DM).

(2), (4) ve (8) bagmtilar1 (10) ile verilen enerji denkleminde yazilip, boyutsuz hiz (V = v/v0) ve boyutsuz
mesafe (X = x/x0) i¢in diizenlenerek,

i(—d—vj X, +aVv [d—vj +V"+S,=0

diferansiyel denklemi elde edilir.
Denklemde; m, akim rejimine bagli debi iissiidiir. Karakteristik uzunluk (x0) ile kinetik enerji sabiti (a)
ve tiiretilmis egim sabiti (S0), ilgili formuller yardimiyla hesaplanir.

(15) diferansiyel denklemi i¢in su sinir sartlar1 gegerlidir. Lateralin menba ug noktasinda; X=x/%=0
(x= 0) V=v/v,=1 (v=V,). - ve mansap ug noktasinda; X=L/Ix=X, (x= L); V=v/v,=0 (VZO).
Boyutsuz hiz (V) ve mesafe (X) i¢in verilen bagntilar (2) denkleminde yazilarak ve a = 0 i¢in yeniden
diizenlenerek, lateral boyunca rolatif debi dagilimi i¢in asagidaki denklem elde edilir.
a__ %

qav F (V ) (16)

e -y/(y+1)
FV) :{(y+1)(m+l+sovj+c}
(17)

Denklemde; F(V), boyutsuz hiz fonksiyonu ve C, smir sartlarina bagli olarak belirlenen integrasyon sabitidir
(Y1ildirim ve Agiralioglu, 2004b).
UC ve DULQ iiniformluk katsayilari asagidaki denklemler yardimiyla hesaplanmaktadir.

2
Uc :1_[X_OJ[XO(1_Vdiv) - Xdiv]

(18)

Burada; Xdiv, Vdiv, 4/, =10 noktasina ait boyutsuz koordinat ve hiz degerleridir.
DU, =4V, (19)

X =0.75X, =0.75(L/x)) noktasindaki boyutsuz koordinata tekabiil

Burada; VLQ, lateralin son ¢eyreginde,
eden boyutsuz hiz degeridir.
Runge-Kutta Niimerik Metodu (RKM: Runge-Kutta Numerical Method)

Yitayew ve Warrick (1988), analitik ¢6ziim metodundan elde edilen sonuglarin dogrulugunu kontrol
etmek tizere, Runge-Kutta niimerik ¢6ziim metodunu (Runge-Kutta Numerical Method, RKM) kullanmiglardir.
Runge-Kutta niimerik ¢6ziim metodunda, (18) ve (19) denklemleri ile verilen UC ve DULQ tiniformluk katsayilari

A/Gag =1.0. X =075X,. Vig =V/% boyutsuz parametrelerine ait degerlerin, sz konusu X,V ove g/gavg
parametrelerlnm tablolastlrllmls degerleri arasinda uygun enterpolasyonlar yapilmak suretiyle behrlenmektedlr
Basitlestirilmis Analitik Yaklagim (SAA: Simplified Analytical Approach)
Yitayew (1989), bir onceki ¢alismada (Warrick and Yitayew, 1988) gelistirilen analitik ¢dziim metoduna
dayanarak, egimsiz mikro-sulama lateral borular1 veya yan ana borularda siirtiinmeden dogan toplam enerji
kayiplarinin belirlenmesi icin basitlestirilmis bir analitik yaklagim (Simplified Analytical Approach, SAA)
sunmustur.

Yatay lateral borudaki toplam enerji kaybi AH | menba ve mansap ug¢ noktalardaki toplam enerjilerin
farki aliarak elde edilir.

AH =H'(0)-H'(QD)

2
v Al(a@) (o) |,,
12
2g L qavg qavg
Esitlikte goriilen menba ve mansap u¢ noktalarindaki rolatif debiler q(O)/ang’ q(1)/q"“’9; (16) denklemi

yardimiyla hesaplanir.
Sabit Debi Metodu (CDM: Constant Discharge Method)

(20)
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Valiantzas (1998), enerji ¢izgisi egimi metoduna (Wu ve Gitlin, 1974), dayanarak, boru boyunca siirekli
ve sabit ¢ikis akimi dagilimi kabuliinden hareketle analitik bir yaklasim gelistirmistir (Constant Discharge Method,
CDM).

Sabit debi metodunda, lateralin mansap ug¢ noktasindan itibaren herhangi bir x mesafedeki boliimiinden

gecen toplam debi, QM) , lateral girisindeki toplam debiye (Qin) bagh olarak rélatif mesafenin lineer azalan bir
fonksiyonudur.

Q(X)=Q, (x/L) 21)

Enerjinin korunumu prensibinden hareketle, lateral mansap u¢ noktasindan itibaren herhangi bir x
mesafesindeki basing yiikii, H(x) i¢in asagidaki denklem elde edilmektedir.

H(X)=H, + HfLKETH— 12}+%(5‘X)
(m+1) (m+2) 22)

Denklemde; Hav, ortalama basing yiikii; Hf0, ayni ¢ap ve uzunluk degerlerine sahip damlaticisiz diiz bir borudaki
toplam siirtiinme kaybidir.
UC iiniformluk katsayisi i¢in agagidaki denklem verilmektedir.

H, 2 H..s L 27"
1—0.798L fo - - (s,L)
H, | @2m+3)(m+2)° (m+2)(m+3) 12

uc= (23)

Degisken debi metodu (VDM: Variable Discharge Method)

Valiantzas (1998) caligmasinin ikinci safhasinda, lateral boyunca yere bagli degisken debi temel
yaklagimindan hareketle, sabit debi yaklasimindan hareketle elde edilen analitik denklemlerin gelistirildigi
alternatif analitik bir metot ortaya koymustur (Variable Discharge Method, VDM).

Degisken debi metoduna gore, lateral debisinin rolatif mesafe ile degisimi asagidaki giic formu denklemi
ile verilmektedir.

Q) =Q, (x/ L)’ (24)

Denklemde; ¢ | degisken debi dagilimin karakterize eden iistel bir degerdir. Degisken debi metodu igin, sabit

m, =am degeri gegerlidir.

debi metodu ile verilen tiim analitik denklemlerde m yerine, diizeltilmis
Ardigik Yaklasimlar Metodu (SAM: Successive Approximation Method)

Vallesquino ve Luque-Escamilla (2001), lateral hidrolik hesaplamalar1 igin, ardisik yaklasimlar
yontemine dayanan alternatif bir metot (Successive-Approximations Method, SAM) ortaya koymuslardir.

Bu metoda gore, mansaptan menba istikametine dogru her bir damlaticidan hasil olan degisken ¢ikis akimi1
ayrik formda gbz Oniine alinarak, Taylor polinom serisi formunda ifade edilmektedir.

Buna gore, lateral boyunca damlatici debisi dagilimi, qn i¢in, asagidaki bagint1 gecerlidir.

n(n+1)A +n(n+1)(2n+l) A+

0, =0, +NA, + 2

(25)
Bagintida; q0, mansap u¢ noktasindan itibaren ilk damlaticinin debisi, n, damlaticinin konumunu gosteren indis;
A1, A2, A3, ardigik damlaticilara ait debilerin farkin1 gosteren karakteristik diizeltme parametreleridir.

Lateral boyunca debi dagilimi, Qn igin, (25) denkleminden hareketle asagidaki denklem elde edilir.
Q. = (n+1)q, J{n(n;l)}Al +{n(n +1()3(n+2)}A2

2
{n(n +1i2(n + 2)}% ‘0
(26)
Laminer rejim halinde, toplam siirtinme kaybi i¢in, (27) denkleminden hareketle,
1280l
AH g = —U4 (N+1)
gzD
A A, (2N +3)A
{Qr +(N +2)|:q—0+ N |:—1+(N +3)(—2+—( 9 3]:|j|}
2 6 24 120
(27)
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ve tiirbiilansl rejim halinde,
AH :Z[fo(qo +Q )"+ + Sy + 7y + Sy +§N]
denklemleri elde edilmektedir.

_ 2 5
28) denkleminde; Z =87 90" e hesaplanan sabit; @A Yni xS irbiilansh rejim hali igin toplam
diizeltme faktorleri olup, ilgili formiiller yardimryla hesaplanmaktadir.

(28)

4. Ornek Uygulama

TR 7 3l
Problemin verileri: Ortalama damlatic1 debisi, Oy = 210" =5.555%107 m’s

Ha =7:2M . jamlatici ara mesafesi, S=1-0M ; Jateral boru i ¢ap1 ve uzunlugu, D=14mm L =150m. g;yyn

; ortalama basing yiikii,

6,21
kinematik viskozitesi ¥ =1.01x107"m"s ; damlatici debi iissii, y = 0.2, 0.5, 0.54 ve 1.0; iiniform lateral egimi, sO
=0.0,-0.02, -0.05 (yukar1 egim).

Bilinmeyen parametreler: 7 adet hidrolik hesap metoduna gore, projelendirme araligi icerisinde rolatif

/H H,/H

girig basing yiikii [ Hin /Hy, ] degerlerine bagli olarak rolatif enerji kaybi [ "7, Christiansen tiniformluk

katsay1si [UC ] ve rolatif artik debi [ Q/Qn ] degerlerindeki degisimin grafiksel olarak elde edilmesi.
5. Sonuglar ve Karsilastirmah Analiz

Bilinmeyen tasarim parametreleri, damlatici debi issii, y = 1.0 ve verilen egim degerleri igin 5 metot
(FSM, DM, CDM, VDM, SAM) esas alinarak hesaplanmis, elde edilen sonuglar Sekil 2’de boyutsuz grafiklerle
gosterilmigtir (RKM ve SAA metotlarinin ¢oziimii y = 0.5 ile siurlt oldugundan, y = 1.0 icin yapilan bu

(H,,/H

karsilagtirmada s6z konusu metotlar yer almamaktadir). Sekil 2°de rélatif giris basing yiikii ) degerleri

(H¢/H;)

yatay eksende, buna tekabiil eden rolatif enerji kaybi , Christiansen tiniformluk katsayist Ue) ve

rolatif artik lateral debisi @ /Qy) degerleri diisey eksende gosterilmektedir.

Sekil 2°den goriilecegi lizere y = 1.0 i¢in yapilan ¢éziimlemede, 5 metot arasinda FSM metodundan elde
edilen sonuglar diger 4 metodun (DM, CDM, VDM, SAM) sonuglarindan su yoniiyle farklidir. FSM metodunda,
rolatif enerji kaybi, Christiansen tiniformluk katsayisi ve rolatif artik lateral debisi degerleri, rolatif giris basing
yiikiiniin projelendirme aralig1 igerisinde verilen degerleri ile degisirken, diger 4 metot (DM, CDM, VDM, SAM)

s0z konusu tasarim parametreleri [(Hin /Ha) , (H 7H,) , Ue) ] i¢in sabit degerler vermektedir. Diger taraftan
Sekil 2.a’dan goriilecegi iizere, artik lateral debisinin rélatif giris basing yiikii ile degisimi de ancak FSM
metodu ile elde edilebilmektedir.
FSM metodunda, verilen egim sartlar1 ic¢in rolatif giris basmng yiikiiniin projelendirme araligi

[A<(H,/H,)<B] , baglangi¢ ve smir sartlarina uygun olarak belirlenmistir. Sekil 2.c’de gosterildigi gibi, en
[A=10<(H,/H,)<B=119]

(A=136<H, /H,, <B=168)

.. o . .. s.=0.0 .. ..
uygun girig basing yiikii degerinin tayininde, ™ egim durumu igin
s, =—0.02 . . [A=10<(H,,/H,)<B=1.39] s, =—0.05

icin
projelendirme araliklari belirlenmistir.
Genel tasarim halinde, farkli egim sartlar1 ve damlatici debi {issii degerleri i¢in gerekli projelendirme

araligi degerlerinin, y = 1.0 igin hesaplanan degerlere olduk¢a yakin oldugu goriilmiistir. Karsilagtirma testi
sonucunda, tiim tasarim kombinasyonlari ve egim sartlarinda FSM metodu i¢in su genel sonug elde edilmektedir.

Giris basing yiikii oraninin degeri A’dan B’ye dogru arttikca [A<(H; /H,)<B] , toplam siirtlinme kayb1 ve artik
lateral debisi degerleri gittikce azalmakta buna mukabil {iniformluk katsayisinin degeri gittikce artmaktadir.

Sekil  2.a’dan; rolatif artik  lateral  debisi (Q/Qx) ; 5 =00
[A=10<(H,/H,)<B=119] projelendirme araliginda 0.2°den baslayip 0’a dogru azalan;
[A=1.0<(H; /H,)<B=139 projelendirme araliginda 0.44’den 0’a dogru azalan ve
(A=136<H,/H, <B=1.68)

av —

ve igin

egim sartt igin
s, =—0.02 ..
egim

sart1 igin S =-0.05

egim sart1 igin
almaktadir.

projelendirme araliginda 0.36’dan 0’a dogru azalan degerler

[A=L0<(H, /H,)<SB=119] | ictondirme
[A=1.0<(H, /H,)<B=139]

Sekil 2.b’den; Christiansen tniformluk katsayist

s, =—0.02

araliginda 0.80’den 0.94’e¢ dogru artan; egim sart1 icin

29



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

projelendirme  araliginda  0.56’dan  0.84’¢  dogru  artan ve
(A=136<H,/H, <B=168)

egim sarti  igin
projelendirme araliginda 0.56’dan 0.69’a dogru artan degerler almaktadir.

Benzer halde Sekil 2.c’den; rolatif enerji  kaybi (Hf/H‘”), 5 =00

[A=10<(H,/H,)<B=1.19] projelendirme araliginda 0.34’den 0.22°ye dogru azalan;
(A=136<H /H, <B=168)

egim sarti i¢in
S =-0.02 egim sarti
igin projelendirme araliginda 0.24’den 0.12°ye dogru azalan degerler
almaktadir. Buna gore tiim tasarim kombinasyonlari i¢in projelendirme aralig igerisinde en uygun giris basing
yukiinlin degeri, artik lateral debisi ve toplam siirtinme kayiplarinin minimum; buna mukabil tiniformluk

katsayisinin maksimum oldugu (Hiy /H,, =B) siir degerlerinde elde edilebilmektedir.

Sekil 2.b ve 2.c’den goriilecegi iizere 5 =00 egim durumu igin, (Hi, /H,) , (H; /H) , Ue) tasarim
parametrelerinin belirlenmesinde, FSM, DM, CDM ve VDM metotlar: birbirine yakin sonuglar verirken, SAM
metodu bunlardan ¢ok farkli sonuglar vermektedir.

0.5 -
z 0.4 1
3 \\
g — 0.3 ~ \
s O
=< \\
b= 0.2 . N
= \ "\
< . AN
o \ *
o 0.1 A \
X
0.0 > .
1 1.5 2 2.5
(@)
——————— FSM(a)
5 FSM(b)
= % | = FSM(c)
= o DM(a)
X A DM(b)
] O DM(c)
g o + CDM(@)
=3 x  CDM(b)
f:) A X  CDM(c)
3 - VDM(@a)
& - -  VDM(b)
@ —  VDM(c)
S e SAM@)
0.5 t t t A SAM(b)
1 1.5 2 25 = SAM(O)
(b)
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(Hi/Hin)

Rélatif Strtinme Kaybi

1.5 ©) 2 2.5

Rolatif Giris Basing Yuku (Hin/Hay)

Sekil 2. FSM, DM, CDM, VDM ve SAM metotlarma gore: sO = 0.0, -0.02, -0.05; y = 1.0 i¢in tasarim
parametrelerinin rolatif girig basing yiikii ile degisimi

6. Sonug ve Degerlendirmeler
Calismada elde edilen sonuglar agagidaki gibi 6zetlenebilir:

1. Karsilagtirma testi sonucunda, tasarim parametrelerinin belirlenmesinde damlatici debi {issiiniin

y=10 degeri icin; ileri adim metodu, diferansiyel metot ve degisken debi metodu birbiri ile uyumlu sonuglar
verirken; sabit debi metodu ve ardisik yaklagimlar metodundan elde edilen sonuglar diger metotlarin sonuglarindan
onemli mertebede sapmaktadir. Ardigik yaklasimlar metodu diger metotlara kiyasla, giris basing yiikii ve toplam
stirtiinme kaybi i¢in daha yiiksek degerler verirken, iiniformluk katsayisi i¢in daha diisiik deger vermektedir.

2. Tim tasarim kombinasyonlar1 ve egim sartlari goz oniine alindiginda, iiniformluk katsayisi igin

diferansiyel metot diger metotlara gore en yiiksek degerleri vermektedir. Damlatici debi iissiiniin y=10 degeri
icin Runge-Kutta niimerik metodundan elde edilen sonuglar itiniformluk katsayisinin baglangigtaki sinirli bir
araliginda diferansiyel metodun sonuclart ile uyum saglarken; basitlestirilmis analitik yaklasim {iniformluk
katsayisinin tim degerleri i¢in diferansiyel metotla uyumlu sonuglar vermektedir.

3. Ileri-adim metodunda, rélatif siirtiinme kaybi, Christiansen iiniformluk katsayisi ve rolatif artik lateral
debisi degerleri, rolatif giris basing yiikiiniin projelendirme araligi igerisinde verilen degerleri ile degisirken; diger
metotlarda s6z konusu tasarim parametreleri rolatif giris basing yiikiiniin sabit bir degerine bagl olarak
degismektedir.

4. Projelendirme aralig1 igerisinde en uygun giris basing yiikiiniin, artik lateral debisi ve toplam siirtiinme
kayiplarinin minimum diizeyde; buna mukabil tiniformluk katsayisinin maksimum diizeyde oldugu, maksimum
girig basing yiikii sinir degerinde elde edilmektedir. Sayet, giris basing yiikii i¢in maksimum giris basing ytiki sinir
degerinden biiyiik olacak sekilde bir deger segilirse, lateral boyunca tiim damlatict debileri toplaminin lateral giris
debisinden biiyiik bir degerde ¢ikacagi anlasilir ki bu durum, lateralin mansap u¢ noktasindan menba istikametine
dogru bir geri akimin olustugunu gostermektedir.

5. Cap ve uzunluk degerlerinin sabit olmas1 halinde lateral egiminin tasarim parametreleri iizerindeki
etkisini arastirmak iizere yapilan analiz sonucunda su sonuca varilmaktadir. Egimsiz bir lateral boruya nazaran,
yukar1 egim degeri arttikga giris basing yiikii degeri artarken, tiniformluk katsayisinin degeri azalmakta; buna
mukabil asag1 egim degeri arttik¢a giris basing yiikii degeri azalirken, tiniformluk katsayisinin degeri artmaktadir.

6. Lateral capi, uzunlugu ve egimi degerlerinden bagimsiz olarak, damlatici debi iissiiniin tiniformluk
katsayis1 iizerindeki etkisini belirlemek iizere yapilan analiz sonucunda, damlatict debi {issiiniin kiiciik
degerlerinde liniformluk katsayis1 yiiksek degerler alirken, biiyiik degerlerinde iiniformluk katsayisinin daha kiiciik
degerler aldig1 belirlenmistir. Buradan hareketle, damlatici debi iissii ile tiniformluk katsayisi arasinda ters bir iligki
oldugu sonucuna varilmaktadir.
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Oz

Gelisen teknolojinin beraberinde getirdigi yeni talepler malzemelerin daha saglam, daha ucuz ve daha hafif gibi
ozelliklere sahip olmasi ihtiyacini dogurmustur. Bu ihtiya¢ dogrultusunda yapilan ¢aligmalar sonucunda ortaya
¢ikan kompozit malzemeler siirekli bir gelisim halindedir. Malzemelerin ve iirlinlerin optimizasyonu i¢in gerekli
olan zaman ve maliyet tasarrufunun kritik oldugu bu dénemde en sik kullanilan metotlardan biri sonlu elemanlar
analizidir. Bu ¢alismada Digimat programi kullanilarak POM (Polioksimetilen) malzemesinin %20, %25 ve %30
cam elyaf katki oranlarina gore karakterizasyonun ve bu malzemeden iiretilen sizdirmazlik elemanlariin
davraniginin incelenmesi amaglanmaktadir. Bu amag dogrultusunda ilk olarak yataklama elemanlarinin MSC Marc
ile nonlineer analizleri gergeklestirilmekte, Moldex3D ile plastik enjeksiyon sirasindaki fiber yonelimlerinin tespit
edilerek analizlerin ¢iktilar1 Digimat ortaminda map edilmektedir. Ardindan farkli fiber oranlarina sahip
malzemeler modellenerek analiz sonucu i¢ gerilim ve temas kuvvetleri agisindan degerlendirilip
karsilastiriimaktadir. Calisma boyunca sonlu elemanlar metodunun kullanilmasi gereksiz prototip ve malzeme
imalatinin 6niine gecerek zaman ve maliyet agisindan tasarruf saglamaktadir. Bu c¢alisma 15181inda elde edilen
veriler kompozit malzemelerin modellenmesi ve karakterize edilmesi i¢in farkli takviye unsur ve oranlari
kullanilarak ¢aligma kosullarina uygun iiriin iretimi i¢in ciddi avantaj saglayacaktir.

Anahtar Kelimeler: POM, Cam Elyaf, Kompozit Malzeme, Digimat, Sonlu Elemanlar Analizi

Characterization of POM Material with Different Glass Fiber Ratios with
Digimat and Investigation of its Effect on the Guide Element

Abstract

The new demands brought by the developing technology have led to the need for more robust, cheaper, and lighter
materials. Composite materials, which emerged as a result of the studies carried out in line with this need, are in
continuous development. Finite element analysis is one of the most frequently used methods in this period when
time and cost savings are critical for the optimization of materials and products. This study aims to examine the
characterization of POM (Polyoxymethylene) material according to 20%, 25%, and 30% glass fiber additive ratios
and the behavior of sealing elements produced from this material by using the Digimat program. For this purpose,
firstly, nonlinear analyzes of the bearing elements are performed with MSC Marc, the fiber orientations during
plastic injection are determined with Moldex3D and the outputs of the analyzes are mapped in the Digimat
environment. Then, materials with different fiber ratios are modeled and the analysis result is evaluated and
compared in terms of internal tension and contact forces. The use of the finite element method throughout the
study prevents unnecessary prototype and material production and saves time and cost. The data obtained in light
of this study will provide a serious advantage for the production of products suitable for working conditions by
using different reinforcement elements and ratios for modeling and characterizing composite materials.

Keywords: POM, Glass Fiber, Composite Material, Digimat, Finite Element Analysis.
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1. Giris

Gilintimiizde hidrolik ve pnomatik sistemlerin ¢ogunda kullanilan sizdirmazlik elemani olan yataklama
elemanlarinin iiretimi icin siklikla POM malzemeler kullanilmaktadir. Cam elyaf takviyeli POM kompozit
malzemeler, iyi mekanik o6zellikler, kolay islenebilirlik, hafiflik ve daha diisiik maliyetli olma gibi 6zelliklere
sahiptir (Kastag, 2022).

Parcanin sekli, enjeksiyon parametreleri ve isleme kosulu, malzemenin nihai mekanik &zellikleri ve
dolayisiyla parga ilizerinde biiyiik bir etkiye sahiptir. Bu nedenle ¢aligmanin nihai iiriin iizerinde malzemenin
davranisinin modellenmesi kritiktir.

Ozellikle POM malzemelerin mekanik dzelliklerini en ¢ok etkileyen faktdrlerden biri igerisindeki takviye
orani ve fiber oryantasyonudur. Bu etkiyi incelemek i¢cin MSC Marc, Moldex3D ve Digimat ¢oziiciileri
kullanmaktir,. MSC Marc iiriiniin ¢alisma kosullarindaki davranisini simiile etmek igin kullanilir. Fiber
oryantasyonu, enjeksiyon siirecini simiile eden 6zel Moldex3D yazilimi kullanilarak elde edilir. Fiberler daha
sonra disa aktarilir ve Digimat ile yapisal modele eslenir. Haritalamanin yani sira Digimat yazilimi ile SFRC i¢in
malzeme modeli olusturabilirsiniz. MSC Marc ve Moldex3D arasinda, bir arayiliz yazilimi olarak Digimat
kullanilarak birlestirilmis analizler gegmiste gerceklestirilmistir (Kurkin et al., 2017; Adam & Assaker, 2014;
Pedro, 2017; Lindhult & Ljungberg, 2015.; G. Soni et al.,2014). Sayisal incelemede fiber oryantasyonunu dikkate
almanin O6nemini ve dikkate alinmadigi takdirde hatanin ne kadar oldugunu gosterirler. Dogru tasarim
simiilasyonlar1 igin anizotropik ¢ok 6l¢ekli malzeme modelleri, tasarim siiresini dogrulamak ve azaltmak igin
endiistri i¢in bir zorunluluktur. Bu nedenle, bu ii¢ yazilim paketi arasinda net bir is akigi gereklidir. Ayrica gergekei
olmayan tahminlere yol agabilecek parametrelerin de incelenmesi gerekmektedir. Bu parametrelerden biri hem
MSC Marc hem de Moldex3D'deki agin boyutudur.

2. Materyal ve Metod

Silindirin es merkezli ¢aligmasini saglayarak sizdirmazlik gérevi yapan elemanlarin ezilmesini dnleyen
ve giivenli bir ¢alisma ortami olusturan yataklama elemanlari, yiik altinda diisitk deformasyon ve 6l¢ii kaybina
sahip yiiksek mukavemetli kompozit malzemeden imal edilmektedirler. SFRC malzemeden yapilan yataklama
elemanlarmin davranigmin modellenmesi ve dngoriilmesi, maksimum verim elde etmek icin sonlu elemanlar
analizi kullanilmaktadir. Sonlu elemanlar analizi bir miihendislik yaklasimi olup sonuglarinin deneysel
¢aligmalarla dogrulanmasi gerekmektedir. Bu ¢alismada ilk etapta sonlu elemanlar analizi ile %20, %25 ve %30
cam elyaf katki oranlarna sahip malzemeli {irlinlerin sonlu elemanlar analizi yapilmistir. Ardindan optimum
sonucu veren malzeme i¢in prototip iiriin yapip tizerinde saha testleri gergeklestirilmistir.

Sekil 1. Yataklama Elemanlar Silindirdeki Gériiniimii
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2.1. Sonlu Elemanlar Analizi

Sizdirmazlik elemanlar1 ¢esitli uygulama alanlarinda farklt ve =zorlayici calisma kosullar1 altinda
calismaktadir. Agir hizmet sektoriine hizmet eden yataklama elemanlarmin iizerine gelen yiikleri tasityabilmesi ve
metal metal temasini engellemesi gerekmektedir. Bu nedenle sonlu elemanlar analizi yapmak sistemin saglikli
calismasi icin gerekli olan yataklama elemanlarinin dogru tasarimi ve optimizasyonu i¢in kritiktir. Bu ¢aligmada
ilk etapta tiriiniin MSC Marc programi kullanarak nonlineer analizi ve Moldex3D programi ile plastik enjeksiyon
prosesinin simiilasyonu yapilmustir. Iki ayr1 programdan elde edilen ¢iktilar malzeme modellemesi icin DIGIMAT
programina aktarilmis ve MSC Marc-Digimat arayiizii ile tekrar analiz kosturulmustur.

2.1.1. Nonlineer Analiz

Cam elyaf katkili POM (Polioksimetilen) malzeme nonlineer davranis sergilemektedir. igerisindeki farkli
elyaf oranlarina gore degiskenlik gosteren mekanik dzellikleri gézlemleyebilmek ve karsilastirmak adina MSC
Marc program ile tasarimi yapilan iiriin, ¢alisma kosullarina gore simule edilmektedir. Bu ¢alismada, is makineleri,
vingler, enjeksiyon tezgahlari, tarim makineleri, hafif ve orta hizmet silindirleri kullanima uygun olan ve cam elyaf
katkilt POM malzemeden {iretilen K68 yataklama elemani referans iiriin olarak alinmistir. Misteri talepleri ve test
merkezinde gerceklesen testler sonucunda belirlenen pozisyon ve yiikleme durumlarindaki nonlineer analizlerin
sonuglart Egsdeger Cauchy Stress ve Contact Stress’lerin dagilimi olarak incelenmektedir.

Tablo 1. Simwr sartlar

Simir Sartlan Ozellikleri

%20 Cam Elyaf Katkili POM
Malzeme %25 Cam Elyaf Katkili POM
%30 Cam Elyaf Katkili POM

Sicaklik 25°C

Deplasman 0.2 mm

Bu ¢alismada iiriiniin nominal ¢alisma parametrelerden elde edilen veriler yiikkleme ve sinir sartlar1 olarak
kullanilmistir. Analiz kurgusu ilk adim yataklama elemanin kanala oturtulmasi, ikinci adim milin {irliniin i¢ine
gegmesi ile montaj isleminin tamamlanmasi ve son adim olarak da mile dik yonlii kuvvet verilmesi seklindedir.

2.1.2. Plastik Enjeksiyon Uretim Analizi

Enjeksiyon kaliplama iglemini simule etmek ig¢in kullanilan Moldex3D programi, {iriin tasariminin ve
iretilebilirliginin optimize edilmesi ve {iriin kalitesini en iist diizeye ¢ikarilmasi amaciyla kullanilmaktadir. Bu
calismada, iistiin performansli yataklama elemanlarinin iiretimi i¢in cam elyaf katkili POM malzeme yapisindan
kaynakli kritik olan tiretim prosesinin iiriin tizerindeki etkisini gormek ve optimize etmek amaglanmigtir. Plastik
enjeksiyon makinasindan alinan proses parametrelerine gore yapilan ¢alismanin sonucunda iiriiniin dolum durumu,
¢ekinti degeri ve yarattig1 basing degeri gosterilecektir. Ayrica proses sonucunda meydana gelen fiber yonelimleri
ve mesh yapisi Digimat Programinda girdi olarak kullanilmak tizere MSC Marc programina uygun olacak sekilde
disar1 aktarilacaktir.

2.1.3. Malzeme Modelleme

Gerek igerisindeki malzeme kiitiiphanesini kullanarak gerekse deneysel sonuglarin aktarilmasi ile olusturulan
malzeme modellerinin kesintisiz olarak ve herhangi ek bir ara yiize ihtiya¢ kullanilmadan MSC Software sonlu
eleman ¢oziiclilerine ve diger yazilimlara aktarilmasi i¢in Digimat kullanilmaktadir. Calismada Digimat MSC
Software ve Moldex 3D programindan gelen datalar kullanilarak kompozit malzeme elde edilmistir. Modelleme
calismalar1 yapilirken Marc implict ¢oziiciisii ile birlikte kullanilmak i¢in Digimat yeteneklerini ve gerekli
kiitiiphaneleri i¢ceren Digimat-CAE modiili kullanilmistir.

2.2. Saha Testleri
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Statik & Dinamik Yataklama Eleman1 Test Cihazi ile test {irlinlerinin silindirler igerisindeki ¢alisma kosullari
yaratilip Uriinlerin yiik tasima kabiliyetleri ve yiike bagli olusan deplasman miktart arasindaki iligki
incelenmektedir.

2.2.1 Statik test

Bir yataklama elemaninin uygun 6lgtilerde islenmis diiz veya dairesel kanal aparatlari i¢ine yerlestirilip hedeflenen
test sicakligina ulagildiktan sonra sabit bir atig hizina sahip olan kuvvet uygulanmasi ve bu kuvvet sonucunda
olusan deplasman (ezilme miktar1) arasinda bir iliski kurulmasi ile yapilir.

Sekil 2. Statik Test Aparati
2.2.1 Dinamik Test

Dinamik test yontemi, test edilecek yataklama elemaninin bir test silindirinin piston ve bogaz yataklama
kanallarina takilmasinin ardindan test silindirinin radyal bir yiik altinda ileri ve geri siirekli hareket etmesiyle
gerceklestirilir. Bu yontem sicaklik, yaglama ve asinma gibi etkilerin de test kosullarina eklenmesi ile {irliniin saha
sartlarina daha yakin bir performansta test edilmesini saglar.

Sekil 3. Dinamik Test Cihazi
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3. Sonuclar

3.1. Sonlu Elemanlar Analiz Sonuglar:

Yataklama elemaninin maksimum Egdeger Cauchy Gerilme ve Kontak Gerilme degerleri tabloda verilmistir.

Tablo 2. Analiz sonuglart

Program Degiskenler Durum-1 Durum-2 Durum-3
Moldex3D Yolluk
Digimat Malzeme %20 Cam Elyaf %25 Cam Elyaf %30 Cam Elyaf
Sonuclar
Esdeger_Cauchy Ref. 10% 12%
Gerilme
Deplasman | Kontak Gerilme Ref. 2% -2%
Kuvvet Ref. 5% 1%

Esdeger Cauchy Gerilme, yataklama elemaninin i¢ gerilmesinin incelenmesi ve karsilagtirilmasinda

kullanilmaktadir.

Cqavalert of Cauchy SRress

%
 VANAYAYAT
o TANAYLYAY: -
o AR

Equvalert of Cauchy Stress

Mevcut Model

Optimum Model

Sekil 4. Esdeger Cauchy Gerilmesi

Kontak Gerilme yataklama elemaninin aginma durumunun incelenmesinde kullanilmaktadir.
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Sekil 4. Kontak Gerilmesi
3.2. Test Sonuclari

Yataklama elemanmimn 0,2 mm ezilmesi sonucunda iiriin iizerinde olusan yiikler asagidaki grafikte
belirtilmistir.

Kuvvet & Ezilme Grafigi

Kuvvet

Ezilme Miktari
Moldex & Digimat & MARC - Standart K68

Test Cihazi - Standart K68

Sekil 5. Kuvvet-Ezilme Grafigi (Ref: Uriin Karsilastirma)

Sonlu elemanlar analiz sonucu ile test cihazindan elde edilen sonucun %92 oraninda tutarlilik gostermektedir.
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Kuvvet & Ezilme Grafigi

Kuvvet

Ezilme Miktari

Test Cihazi - Gelistirilmis Uriin Moldex & Digimat & MARC - Gelistirilmis Uriin

Sekil 6. Kuvvet-Ezilme Grafigi (Gelistirilmis Uriin Karsilastirma)

Sonlu elemanlar analiz sonucu ile test cihazindan elde edilen sonucun %90 oraninda tutarlilik géstermektedir.

Kuvvet & Ezilme Grafigi

Kuvvet

0,00 0,05 0,10 0,15 0,20 0,25
Ezilme Miktari
—— Moldex & Digimat & MARC - Standart K68 —— Moldex & Digimat & MARC - Gelistirilmig Uriin

Sekil 7. Kuvvet-Ezilme Grafigi (Ref. Ve Gelistirilmis Uriin SEA Sonuglar: Karsilastirma)
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Kuvvet & Ezilme Grafigi

Kuvvet

0,00 0,05 0,10 0,15 0,20 0,25

Ezilme Miktar
—Test Cihazi - Standart K68 ——Test Cihazi - Gelistirilmis Uriin

Sekil 8. Kuvvet-Ezilme Grafigi (Ref. ve Gelistirilmis Uriin Test Sonuclart Karsilastirma)

Standart {iriin ile iyilestirilmis Girliniin bilgisayar destekli analiz programlarina gore sonuglari ve test cihazi ile
gercgeklestirilen testlerden elde edilen sonuglarin karsilagtirmali deger ve grafikleri Sekil 7 ve Sekil 8’de
sunulmustur

4. Bulgular ve Tartisma

Sonlu elemanlar analizinde 3 programin ve birbirini destekleyen kurgularin kullanilmasi bilimsel agidan
oldukg¢a 6nemlidir. Uriinlerin malzemeden imalata yasam déngiisiiniin simiile edilmesi gelisim ve optimizasyonun
stirekliligini saglamaktadir. Digimat programi kullanilarak malzeme modellenmesi deneysel ¢alismanin zaman ve
mali yliklinii azaltmigtir.

Yapilan ¢alisma sonucunda kompozit malzeme igerisindeki fiber oraninin mekanik 6zelliklerini dogrudan
etkiledigi gdzlemlenmistir. Kompozit malzemelerin mekanik 6zelliklerini incelemede malzeme igeriginin yant sira
artan fiber oraninin islenebilirligi ve iiretebilirligi olumsuz etkileyebilecegi gdzlemlenen sonuglardan biridir. Ote
yandan yapilan malzeme karakterizasyon g¢aligsmasi kompozit malzemenin ve plastik enjeksiyon prosesinin
optimizasyonu i¢in 11k tutmustur.

5. Acknowledge

Test cihazinin tasarlanmasi, test cihazinda kullanilacak numunenin temin edilmesi ve testlerin
dogrulanmasinda maddi manevi destek ve kaynaklarini esirgemeyen Kastas Sizdirmazlik Teknolojileri firmasina
ve emegi gecen AR-GE Test Merkezi Teknisyeni Recai Bigake1’ya tesekkiir ederiz.
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Back-Step Computation Procedure for Evaluating Minor Pressure
Loss Components along Laterals Equipped with Integrated In-Line
and On-Line Emitters

Giirol Yildirim

Giresun University, Civil Engineering Department, Hydraulics Division, Giresun, Turkey.
Abstract

Accurate estimation of trickle (drip) irrigation lateral head losses requires calculation of the combined friction
losses due to pipe and emitters. Minor losses are caused by the protrusion of emitters barbs into the flow. In routine
design applications, assessment of total energy losses is usually carried out by assuming the hypothesis that minor
losses can be neglected. However, experimental studies have shown that these minor losses can become a
significant percentage of total energy losses, especially in the case of closely spaced emitters along the lateral line.
In this study first, simple mathematical expressions for computing three energy loss components -minor friction
losses through the path of an integrated in-line emitter, the local pressure losses due to emitter connections, and
the major friction losses along the pipe- are deduced based on the backward stepwise procedure. These expressions
are quickly implemented in a simple Excel spreadsheet, to rapidly evaluate the relative contribution of each energy
loss component to the amount of total energy losses. Hence, an approximate combination formulation is finally
proposed to evaluate total energy drop at the end of the lateral line. For practical purpose, two design figures were
also prepared to demonstrate the variation of total friction losses (due to pipe and emitters) with emitter local
losses, and the variation of pipe friction losses with emitter minor friction losses, regarding two kinds of the
integrated in-line emitters with varying spacing. Comparison test covering two design applications for different
kinds of integrated in-line and on-line emitters revealed that, the present mathematical model is simple, practical,
but sufficiently accurate in all design cases examined, in comparison with the alternative procedures available in
the literature.

Keywords: Water pipelines, in-line and on-line emitters, friction, analysis, minor loss, emitter barb connection,
steady-state pipe flow, hydraulic networks, turbulent flow, friction coefficient, Reynolds number, flow regime,
design criteria, pressure profiles, hydraulic-grade line (HGL), energy-grade line (EGL).

* Corresponding author e-mail: gurol.yildirim@giresun.edu.tr

1. Introduction

In a trickle irrigation system, water is distributed through small dissipating devices called emitters
installed on polyethylene pipes called laterals [1-4, 6, 7, 9, 10, 12-15]. Lateral pipeline is a hydraulic structure
whose design is limited by the inlet pressure head and water application uniformity that is affected by the total
energy losses, the field topography as well as the emitter hydraulic characteristics [5, 8, 16-25].

The insertion of emitters along a trickle lateral modifies the flow streamlines, inducing local turbulence
that results in additional local pressure losses, sometimes called minor losses, rather than the pipe friction losses
[26, 27].

To accurately evaluate total energy losses in the laterals, these minor losses due to the protrusion of emitter
connections in the pipe wall that must be added to the friction losses occurring in the pipe [8]. On-line emitters
cause the contraction and subsequent enlargement of flow streamlines due to the protrusion of emitter bars into
the flow [17, 24, 26]. The introduction of integrated in-line emitters determines the contraction of the flow paths
at the upstream connection between the emitters and the lateral pipe, and the expansion of the flow paths
immediately downstream from the emitters; because the emitters usually have a smaller diameter than the pipe, an
additional minor friction losses must be considered [12-14]. Fig. 1 presents the lateral-emitter configuration for
(a): integrated in-line and (b): on-line emitters.

In the past, numerous researches have been done on the hydraulic analysis of trickle irrigation pipeline

networks [27-41]. As a matter of fact, a significant amount of these researches [5, 28-30, 31-35] do not taken into
account the effect of local losses in the design procedure, although the importance of minor losses has been recently
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presented in the experimental analysis [3, 4, 6, 7, 9, 10, 12-14, 19, 21], and the alternative analytical and numerical
approaches [6, 8, 11, 24, 26, 31].

Recently, the author [17, 24, 26] presented simple analytical procedures for hydraulic design of trickle
laterals which takes into consideration the effect of minor head losses, expressing the amount of minor head losses
as a fraction of the kinetic head, as well as the effect of the emitter outflow non-uniformity, the kinetic head change,
the number of emitters, and different uniform line slopes, on the lateral hydraulic computations.

For any desired uniformity level, the analytical procedure gives one an opportunity to evaluate the
influence of local energy loss on the pipe geometric characteristics (pipe size and length) and on the corresponding
hydraulic variables (operating inlet and downstream end pressure heads and total energy losses) [18, 22, 23]. This
study showed that in some design cases, neglecting minor losses may lead to erroneous designs of the lateral
diameter and length [42-49].

This paper offers a simple mathematical model based on the stepwise procedure to accurately determine
the pressure head profile along the lateral line. Essentially, the present work extends the earlier discussion [19] on
the experimental analysis of local pressure losses along micro-irrigation laterals [12] to a systematic comparison
of different kinds of in-line/on-line emitters and various design configurations. In this chapter, relative
contributions of each of the energy loss components are calculated with the appropriate mathematical equation.
This procedure is used to evaluate two examples with different types of in-line and on-line emitters; thus the results
are compared with those of obtained from the recent analytical and experimental procedures, for all performed
simulations

A — A = # V

| V. |
\% g 3

Di Dg Di
- — 1

v — e 4
@ ’ >

A Vi A *V

\ 7
(b)

Figure 1: Flow variation (sudden contraction and subsequent enlargement) and

hydraulic variables along lateral with (a): Integrated in-line emitter, (b): on-line emitter

2.1. Minor Frictional Pressure Losses through Integrated In-line Emitters

Integrated in-line emitters cause contraction of the flow path at the upstream connection between the
emitter and the lateral pipe, and the expansion of the flow path immediately downstream from the emitter; thus,
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an additional minor friction loss must be considered [12]. Integrated in-line emitters have an inner diameter, Dg
(m), smaller than the pipe inner diameter, D; (m), and therefore the emitters determine higher frictional head losses
due to the lower cross-section area. Emitter friction loss per unit emitter length, J. (m/m), can also be evaluated by
the Darcy-Weisbach friction formula:

=D 20 )

where fe = friction coefficient for the emitter flow; Dg = internal diameter of an integrated in-line emitter (m); Vg
= flow velocity inside the emitter (ms™); and g = acceleration due to gravity (ms).

The emitter friction loss for an individual in-line emitter, hse), can be evaluated from
ht(e) = Jelyg )
where Lg = longitudinal length of integrated in-line emitter (m).

Using the continuity equation, the following relationships between the pipe and the emitter flow velocity,
V and Vy, can then be written:

2
_y|Pi] _40Q
Y _V{DQJ _”Dgz ©

where V = flow velocity in the pipe section (ms™*); Di= lateral pipe inner diameter (m); and Q = total lateral inflow
rate (m3s?).

For the interval of the Reynolds number, R, 2,000<R<36,000 for the friction coefficient, f, the Blasius
equation is practically used to determine friction losses. For a large range of the Reynolds number, for the flow
into the integrated in-line emitter the following expression can be used:

-0.25
fo = cR, )
where ¢ = coefficient which can be assumed to equal 0.316 and 0.302 [3].
Ry = Reynolds number for the flow occurred in the integrated in-line emitter which can be expressed as:
- VeDy - 4 g (5)
g v v Dg

where v = kinematic viscosity of water at standard temperature, v =1.01x10"° m2s.

Substituting eq. (5) into eq. (4), then yields

0.25 0.25
f = c(ﬂj (&j ©6)
4 Q

Substituting egs. (3) and (6) into eq. (1) then, into eq. (2), the friction loss in the integrated in-line emitter along
its length, Lg, can then be written:
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Q1.75
hf(e) =K : '-g (7)
Dg475
where
0.25 1.75
K=cZ_[24 ®)
29 \r

The value of the constant K is equal to 7.792 10-*if the friction coefficient is determined by using the classical
Blasius formula (c = 0.316) and 7.447 10 if the value of c is taken into account 0.302 [3].

Assuming N emitters are located from the lateral inlet (1% emitter) toward to the downstream closed end
(N™ emitter), using eq. (7), then the sum of friction losses along the integrated in-line emitters, AH,,, can be

practically evaluated from the following mathematical expression

= Q LA 175
—_ —_ n M
AH) = ZI:AHf(e)i =KL, D% ZI:' (9)
1= g =

where Q, = nominal flow rate which assumed equal to the average value of the emitter outflow (Qa) (Lh™); and i
= an integer represents consecutive order of emitters. It can be assumed, the nominal flow rate is approximately
equal to the average emitter outflow when the maximum allowable difference in the extreme pressure heads along
the lateral is approximated by 10% of the average pressure head [14].

2.2. Local Pressure Losses for Integrated In-Line and On-Line
Emitter Barb Coonections

The introduction of an integrated in-line or on-line emitter in a lateral causes a local pressure loss, A, due

to the obstruction of emitter connection into the pipe flow, that can be expressed as an “a” fraction of the kinetic
head [8]:

A= —=a———5 (10)

where o = local loss coefficient due to both the contraction and the subsequent enlargement, can then be expressed
as a function of the diameter ratio Di/Dg, Which is experimentally verified by the following expression [12, 13]:

D 17.83
a = 0.056 [D—'J -1 (11)
g

The amount of local pressure losses due to the presence of integrated in-line and/or on-line emitters, AH,
, can be easily determined by the following mathematical expression (Provenzano et al. 2005):
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2.3. Major Frictional Pressure Losses along Lateral
with Integrated In-Line and On-Line Emitters
Assuming integrated in-line emitters are located at an equal spacing, S then, sum of the friction losses
along the length of the straight pipe sections between the consecutive in-line emitters, (S —Lg), can be computed
from the following expression:

i=N-1 Q 1.75 i=N-1

=2 | D475(S L)Zn”‘*‘ (13)

For the lateral with on-line emitters, eqg. (13) simply transforms to the following:

i=N-1 Ql75|Nl

Hy ) z AH; gy =KS Tz D™ Z i (14)

2.4. Total Energy (Pressure) Losses along Lateral with
Integrated In-Line and On-Line Emitters

Finally, the amount of total energy losses, AH., is a function of three energy loss components given by
egs. (9), (12) and (13) or (14), finally, it can be approximated by the following expression:

i=N
AHT = ZAHTi = AH fi + AH“ = AH f(p)i +AHf(e)i +AH“ (15)
i=1
3. Computational Applications
3.1. For Integrated In-Line Emitter Model

In order to check the practicability of the present procedure, we will try to compute total energy loss
components using the simple formulations deduced in here. An Excel spreadsheet was set up to carry out the
hydraulic calculations.

The analysis was realized by considering two types of integrated in-line emitters B and C which are
characterized by the following experimental relationships given by [12] (please, see Table 1):

B model (Siplast Tandom): QunYy = 0.612 Hm) 2% (16)

C model (Rainbird Goccialin): Qqn™) = 0.667 Hm) ©51 17)
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Table 1. Values of hydraulic characteristics for two kinds of the integrated in-line emitter models (B: Siplast
Tandem and C: Rainbird Gocecialin) for different emitter spacing (S) ranging from 0.2 to 1.5 m, and various
number of emitters (N) for the desired (fixed) level of the Christiansen’s uniformity coefficient, UC = 97%, for
the present mathematical model.

B model (Siplast Tandem) C model (Rainbird Goccialin)
(a=0.671) (a=0.297)
Qin Qin
i=N Hin i=N Hin
=20 = G
S N Le i=1 = Hw) AH, N Le i=1 = Hw AH,
Ha Ha)

m < m (@ () m m ()  m (L) (M) (m  (m)

02 172 342 356.2 10.231 8.165 2.066 188 37.4 402.3  10.154 8.305 1.849

04 153 608 3164 10.203 8.165 2.038 159 63.2 339.3 10.094 8305 1.789

06 140 834 2893 10.190 8.165 2025 143 85.2 3054  10.111 8.305 1.806

08 130 1032 2684 10.169 8.165 2004 132 1048 282.1 10.134 8.305 1.829

1.0 123 1220 2541 10.191 8.165 2026 123 1220 2627 10.125 8.305 1.820

15 109 162.0 2249 10166 8165 2001 109 1620 2333 10.174 8.305 1.869

N = total number of emitters along the lateral line; L. = (N-1) S = length of lateral between the first and last emitters; Qin
= total inflow rate which is accumulated by all emitter outflows; Hin = Hy = pressure head at the first emitter in lateral

inlet; Hpy = downstream closed end pressure head at the last emitter and; AH = the amount of total energy (head) losses
which consist of total friction and local losses.
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The analysis was conducted with the zero slope case and with standard commercial emitter spacing of
0.2,0.4,0.6,0.8, 1.0, and 1.5 m. The specifications of both the emitter models are as follows:

For the B model:

Nominal flow rate of the emitter outflow (as indicated by the manufacturer), Q, = 2.1 Lh' = 5.833 107
mS3s1; nominal diameter and inner diameter of the lateral pipe, ND = 16 mm and D; = 13.29 mm, respectively;
inner diameter and longitudinal length of the integrated in-line emitter, Dy = 11.51 mm and Ly = 67.89 mm,
respectively. The ratio of the pipe diameter to the emitter diameter, Di/Dgy = 1.155 and therefore the local loss
coefficient from eq. (11):

17.83
a=0056 222} _1]_0671
11.51

For the C model:
Qn=22Lh1=6.111 107" m3%; ND = 16 mm, D; = 13.46 mm; Dgq = 12.14 mm; and Lq = 68.22 mm.

Di/Dg = 1.108 and finally the local loss coefficient from Eq. (11), o = 0.297, is computed. Further discussion on
results for this application will be presented in the following section “Results and Discussion”.

3.2. For On-Line Emitter Model

Determine the percentages of total energy losses for two on-line emitter models (labyrinth and orifice-
vortex) by considering the horizontal trickle lateral, for the following input parameters. Inner diameter of the
lateral pipe is 13.4 mm (D; = 13.4 mm), the emitter spacing, S, values are 0.3, 0.6, 0.9 and 1.2 m, respectively,
and the overall Christiansen uniformity coefficient of the system is Uc = 98.8%.

The following relationships with local loss coefficients, a, for both emitter models are experimentally
verified as follows [10]:

Labyrinth on-line emitter model [Qav = 4.1 Lh?; Hay=9.65 m; o= 0.34]:

Qun™y = 1.32 Hm) °° (18)

Orifice-vortex on-line emitter model [Qa = 4.2 Lh'%; Hay = 10.34 m; 0. = 0.67]:

Q(Lh'l) =1.65 H(m) 04 (19)

Detailed analysis of results and discussion on this application will be presented in the following section
“Results and Discussion”.

4. Implementation of Backward Stepwise Procedure

The numerical stepwise procedure in the backward form based on the present mathematical model can be
implemented for the data given in the present applications, starting from the downstream closed end (N emitter),
toward to the lateral inlet (1% emitter).

First, in accordance with the first application (for integrated in-line emitter model), the following
calculation steps are applied, respectively:

1. The outflow of the N™ emitter as a function of the corresponding pressure head, was assumed to equal
90% of that corresponding to the nominal discharge.
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The outflows at the downstream end for the B model: ¢, =0.90x 2.1=1.89 Lh"* and, for the C model:

gy =0.90x2.2=1.98Lh* and the corresponding pressure heads were computed from their outflow-pressure
head relationships;

2. The friction loss along both the N emitter, AHse) vy, by €q. (9) and, the friction loss along the pipe
segment between the consecutive N™ and (N-1)™ emitters, AH¢g) (n-1), by €q. (13) then, the local loss due to insertion
of the (N-1)" emitter, AH (-1, by €q. (12), were individually evaluated;

3. The pressure head for the (N-1)™ emitter, as the pressure head for the N™ emitter plus the sum of total
head losses between the two consecutive emitters then, the corresponding outflow for the (N-1)" emitter, g (-1
were determined, respectively.

4. Using the continuity equation, the lateral discharge along the pipe segment between the consecutive
N and (N-1)™ emitters was computed by assuming the residual lateral flow rate at the downstream closed end
from the last emitter is equal to zero, Qny = gy and; Q- = Quvy + gen-1)- Finally, total lateral inflow rate, Qin,

i=N
must be equal to the sum of whole emitter outflows, Qin = Z qi [46-54].
i=1

5. The uniformity level of the system was evaluated with the well-known Christiansen’s uniformity

i=N
coefficient, UC =1 (1/ NQn)Z:|qi —Qj,|. Noting that in the UC formula, the nominal discharge is taken into
i=1
consideration as the average emitter outflow [25, 36, 41-45]. Finally, the computation steps were improved to keep
to the right the fixed value of UC = 97%. For each computation step, the uniformity coefficient UC was evaluated
and then, the steps 1, 2, 3 and 4, were repeated until the desired value of UC = 97% was finally reached.

5. Results and Discussion
5.1. On Application-I (for Integrated In-Line Emitter Model)

In accordance with the first application (Application-I), Table 1 and Table 2 synthesize the complete
results for the main hydraulic variables regarding two kinds of integrated in-line emitter models B (o = 0.671) and
C (0.=0.297) for the desired level of uniformity, UC = 97%. From Table 1 for both the emitter models, the values
of total inflow rate, Qin (4™ and 10" columns), the inlet pressure head at the upstream end, Hin = Hg) (5™ and 11%
columns) and the pressure head at the downstream closed end, Hy (6™ and 12" columns), the amount of the total
energy losses, AHt (71" and 13" columns) are calculated, respectively, regarding with different emitter spacing, S
ranging from 0.2 to 1.5 m (1% column), various total number of emitters, N (2" and 8" columns) and total length
of the lateral line, L, (3“and 9 columns).

As indicated in Table 1, as the emitter spacing (S) increases and the total number of emitters (N) decreases,
the total length of the lateral line (L¢) increases, in relation to the expression L. = (N-1) S, for both the emitter
models. The total inflow rate (Qin) decreases with decreasing in the total amount of emitter outflows (Qin = g1+ Q2
+ ...+ gn)]. For both the emitter models, the inlet pressure head (Hin = Hi) yields similar values around 10 m,
except for a little deviation.

It is clearly observed from this table [regarding the data sets for S=1.0 m, N =123 L.=122.0 m and
for S=1.5m, N =109, L. =162.0 m], the values of 4H for the B model (o= 0.671) with respect to the C model
(o= 0.297) increases with increasing the amount of local losses caused by the higher local loss coefficient, as also
evaluated in eq. (10). Regarding with different emitter spacing the AH+ yields fixed values; for instance, for the
B model the 4H+ yields values varying from 2.0 to 2.07 m, and for the C model varying from 1.79 to 1.87 m.
Regarding both the emitter models B and C, and different emitter spacing, S, various total number of emitters and

total length of the lateral line, Le, three components of total energy losses (AHi, AHsp) and AHye)) are computed
then the results synthesized, in Table 2.

In Table 2 first, the total energy losses (AHr) are divided by the total friction losses (AHr) and total emitter
local losses (AH), and then, the total friction losses (AHs) are subdivided by the major pipe friction losses (AHs())
and minor emitter friction losses (AHse)). Accordingly, the ratio of emitter local losses to the emitter friction losses

51



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

[ @cq 5y =AH; /AH ], and the emitter local losses as percentage of total energy losses [ @, (%) = AH, / AH

] are computed from the present mathematical model, and the results are compared with the recent experimental
analysis [12].

From this table, the analysis for three energy loss components reveals that, the emitter local losses (AH)
and the emitter minor friction losses (AH¢e)) decrease due to decreasing in the total number of emitters (N) [ie.,
with increasing in the emitter spacing (S)], whereas the pipe friction losses (AHyqp) [ie., the total friction losses
(AHf)] increase due to increasing in the total length of the lateral line (Le). Thus, the amount of total energy losses
(AHr+) does not change more (please see, 7" and 13" columns, in Table 1), since the total increasing in the amount
of AHs is just balanced with the total decreasing in the amount of AH;.
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Table 2: Relative contribution of three energy loss components [ AH, , AH f(p) AH ¢ ()] to the amount of total energy losses ( AH.) with the amount of local losses as percentage

of total energy losses [ @, ] and the range of emitter local losses to the emitter friction losses [ @ ¢y ], regarding two kinds of the integrated in-line emitter models (B: Siplast

Tandem and C: Rainbird Goccialin), for different emitter spacing (S) ranging from 0.2 to 1.5 m and various number of emitters (N) from to 109 to 188, for the desired level of
the Christiansen’s uniformity coefficient, UC = 97%, according to the present mathematical model and the recent experimental procedure (Provenzano and Pumo 2004).

Present Mathematical Model

Recent Experimental Analysis
(Provenzano and Pumo 2004)

AH L (mD AH, (m) AH AH, )
, L AH, AH, AH oy AH, Dy = D, = A AH, AH, At catty = D, =
° AH, / AH AH, / AH * e AH, 7/ AH AH, / AH,
J m) M) M) (Can)) ) (GD) (2©) ) m) M) ) (&) (C<)]
B model (Siplast Tandem) (a = 0.671)
72 34.2 1.031 1.035 0.511 0.520 1.99 50.1 0.969 0.95 o.a82 0.487 1.95 49.5
53 60.8 1.309 0.729 0.932 0.377 1.93 35.8 1.231 0.67 o.878 0.353 1.90 35.2
40 83.4 1.467 0.559 1.171 0.296 1.89 27.6 1.38 o0.514 1.103 0.277 1.85 27.1
30 103 1.556 0.44as8 1.315 0.241 1.86 22.4 1.465 o0.411 1.239 0.226 1.82 21.9
23 122 1.645 0.379 1.438 0.207 1.83 18.7 1.550 0.349 1.356 o.194 1.80 18.4
o9 162 1.737 0.265 1.588 0.149 1.78 13.2 1.636 0.243 1.496 0.140 1.74 12.9
C model (Rainbird Goccialin) (ax = 0.297)

3 37.4 1.226 0.623 O.664 o0.562 1.11 33.7 1.156 0.573 O0.626 0.530 i1.08 33.1

B 63.2 1.412 0.377 1.057 0.355 1.06 21.1 1.33 0.347 0.996 0.334 1.04 20.7

3 85.2 1.531 0.275 1.266 0.265 1.049 15.2 1.444 0.253 1.1949 0.250 1.01 14.9

2 105 i1.6e12 O.216 1.399 0.213 1.01 11.8 1.521 0.199 1.320 O.201 0.99 11.6

3 122 1.644 0.175 1.469 0.175 1.0 9.6 1.551 o.161 1.385 0.166 0.97 9.4

B 162 1.747 o.122 1.e21 O.126 0.97 6.5 1.649 o.112 1.530 0.119 0.94 6.4




Thus, the amount of total energy losses (AHr) does not change more (please see, 7% and 13" columns, in
Table 1), since the total increasing in the amount of AHs is just balanced with the total decreasing in the amount
of AH,.

In Table 2, from the comparison of the energy loss parameters [4™, 5™, 6 and 7" columns], the following
finding can be observed. For both the emitter models B and C, as the total number of emitters (N) decreases and
the total length of the lateral line (Le) increases, the discrepancy between the amount of the AH¢ and the AH,, and
between the amount of the AHyg) and the AHse) more increases. However, as an exceptional case for the B emitter
model, if the smallest value of the emitter spacing (S = 0.2 m) is regarded (N = 172 and L. = 34.2 m), the amount
of emitter local losses (AH; = 1.035 m) is nearly identical to the amount of total friction losses (AH; = 1.031 m);
similarly, the amount of emitter friction losses (AHse) = 0.52 m) closely follows the amount of pipe friction losses
(AHsp) = 0.511 m). For S = 0.2 m, these findings are also confirmed by the recent experimental work (Provenzano
and Pumo 2004) as follows: AHt = 0.969 m with AH; = 0.95 m, and AHsp) = 0.482 m with AHye) = 0.487 m,
respectively.

For the B emitter model, the ratio of emitter local losses to the emitter friction losses [8™ column] generally
yields around 2.0 (for S = 0.2 m, @ 1y =1.99], and little decreases to 1.78 for S = 1.5 m. The emitter local losses

as the percentage of total energy losses [9'" column] reach to the highest range of 50% [for S = 0.2 m, @, =50.1%

], and rapidly decreases to 13.2% (for S = 1.5 m). The recent experimental work (Provenzano and Pumo 2004)
gives similar results as follows: @ ¢yvalues are 1.95 for S=0.2m and 1.74 for S=1.5m; and @; values are

49.5(%) for S=0.2mand 12.9% forS=1.5m.

For the C emitter model with respect to the B model (regarding with 4" — 7" columns) for the smallest
value of emitter spacing, S = 0.2 m, the amount of total friction losses [AH; = 1.226 m] is approximately equal to
two times of the amount of emitter local losses [AH; = 0.623 m], since the amount of emitter local losses decrease
in proportion to the value of the local loss coefficient for the C model (« =0.297 ) which is approximately half of

the value for the B model ( @ = 0-671). As also previously pointed out for the B emitter model (for S = 0.2 m), the
amount of emitter friction losses [AHse) = 0.562 m] nearly approaches to the amount of pipe friction losses [AHysp)
=0.664 m], for the C emitter model, as well. For S =0.2 m, these findings are also justified with those of obtained
in the recent experimental work (Provenzano and Pumo 2004) as follows: AHf= 1.156 m with AH,; =0.573 m and
AHsp) = 0.626 m with AHye) = 0.53 m, respectively.

For the C emitter model, the ratio of emitter local losses to the emitter friction losses [8™ column]
generally yields around 1.0 [for S=0.2 m, @ ¢y=1.11] and little decreases to 0.97 for S = 1.5 m. The emitter

local losses as the percentage of total energy losses [9™" column] approach to the range of 34% [for S = 0.2 m,
@, =33.7%], and rapidly decreases to 6.5% for S = 1.5 m. Hence, there is a good agreement with those of the

experimental analysis as: @ )values are 1.08 for S=0.2 mand 0.94 for S=1.5m; and @, values are 33.1(%)
for S=0.2mand 6.4% for S=1.5m.

As a remarkable result from this table [regarding the data set given for S=1.0m (N =123, L. =122.0 m)
and for S =15 m (N = 109, L. =162.0 m)] for both the emitter models (B and C), the amount of pipe friction
losses for the C model [AH¢) = 1.47 m and 1.62 m] is higher than those of the B model [AHsp) = 1.44 m and 1.59
m]. Because, the C model has a higher nominal flow rate (Q» = 2.2 Lh*) with respect to the B model (Q,=2.1 Lh-
1 even if the C model has higher values of the emitter length (Lg) and inner lateral diameter (D) than those of the
B model, as concluded in eq. (13).

For both the emitter models (B and C) [regarding the data set for S =1.0 m (N =123, L = 122.0 m) and
for S=1.5m (N =109, L. =162.0 m)], the amount of emitter friction losses for the B model [AHse) = 0.207 m and
0.149 m] is higher than those of the C model [AHse) = 0.175 m and 0.126 m]. Because, since the B model has a
smaller inner emitter diameter (Dg = 11.51 mm) with respect to the C model (Dg = 12.14 mm) even if the B model
has smaller values of the emitter length (Lg) and nominal flow rate (Qn) than those of the B model, as concluded

in eq. (9).

For both the emitter models (B and C), to illustrate the variation of three energy loss components to each
other, two figures were also prepared and represented by Fig. 2 and Fig. 3, respectively. For the B model of
integrated- in-line emitter, Fig. 2 illustrates variation of total friction ( AH, ) [premier axis of y] and emitter local

(AH,) losses [secondary axis of y] regarding with different values of emitter spacing (S) [premier axis of x] , and
various number of emitters (N) [secondary axis of x], according to both the mathematical (straight bold line) and
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experimental (dotted line) procedures. For the C model of integrated- in-line emitter, Fig. 3 illustrates variation of
total friction loss components due to pipe (AH, ,, ) and due to emitter (AH, ) with regarding different values of

emitter spacing (S) and various number of emitters (N), according to both the mathematical (straight line) and
experimental (dotted line) procedures. Fig. 2 and Fig. 3 also reveal that, a good justification between the results of
both the mathematical and experimental procedures is observed, for all performed simulations.

5.2. On Application-11 (for On-Line Emitter Model):

The same calculation steps for the backward stepwise procedure clarified-above are repeated (from 1% to
5M) using the related formulations given only for on-line emitters [egs. (12), (14), (15), (18) and (19)] for the
overall desired uniformity level, UC = 98.8%.

Table 3 synthesizes the complete results for the main hydraulic variables for two kinds of on-line emitter
models [labyrinth (o = 0.34) and orifice-vortex (o = 0.67)] in comparison with those of obtained from the previous
analytical procedure [30]. In this table, for both the emitter models, two energy loss components (AHs and AH))

[4™-8™ and 5%-9™ columns], the ratio of total pipe friction losses to the emitter local losses, @ ; = AH / AH,

[6 and 10" columns], and the emitter local losses as percentage of total energy losses, @, = AH,/AH; [7"and

11" columns] regarding with different emitter spacing, S, total number of emitters, N, and total length of the lateral
line, Le, are presented, respectively.

Regarding the values presented in Table 3, the following remarks can be observed. First, the values of
emitter local losses for the labyrinth on-line emitter model [ AH,=0.598, 0.335, 0.241 and 0.192 m] are

approximately half of the values for the orifice-vortex on-line emitter model [ AH,=1.179, 0.657, 0.459 and

0.374 m] since the emitter local losses proportionally increase with increasing the value of local loss coefficient,
a (from 0.34 to 0.67).

Practically, as the length of the lateral increases and the number of emitters decreases with increasing in
emitter spacing, the amount of emitter local losses decrease whereas the pipe friction losses increase; so the
discrepancy between the pipe friction losses and the emitter local losses increases with increasing in the emitter
spacing [1%, 2n9, 314, 4™-8t and 5M-9™ columns].

For the labyrinth on-line emitter model ( « = 0.34), if the smallest value of the emitter spacing, S=0.3
m, is selected, the amount of pipe friction losses is approximately equal to two times of the amount of emitter local
losses whereas for the orifice-vortex on-line emitter model (o = 0.67), the amount of pipe friction losses is
approximately equal to the amount of emitter local losses.

Accordingly, for the labyrinth on-line emitter, the ratio of the friction losses to the emitter local losses (
@ ;) yields around 2, 4, 6 and 8 whereas it yields around 1, 2, 3 and 4, for the orifice-vortex on-line emitter, for

the emitter spacing, S = 0.3, 0.6, 0.9 and 1.2 m, respectively. Moreover, the amount of emitter local losses, @ (%)
expressed as a percentage of the total energy losses, decreases with increasing emitter spacing, then its values can
reach 32.9 and 50.1% (33.5 and 50% according to the previous analytical procedure) with respect to the labyrinth
and orifice-vortex on-line emitters, respectively. It can be concluded from this comparison, a good justification is
observed between the results obtained from the present mathematical and the previous analytical procedures.

6. Concluding Remarks

In this chapter a simplified mathematical model based on the backward stepwise for three energy loss
components (local and friction losses due to emitters and pipe friction losses) to finally evaluate total energy losses
along a trickle lateral line with integrated in-line and/or on-line emitters, is presented. The proposed eq. (9), eq.
(13) or eq. (14) allow one to evaluate the minor friction losses through the path of an integrated in-line emitter,
and the major friction losses along the pipe, and eq. (12) allows one to evaluate the local losses attributable to the
emitters’ connection. Hence, an approximate combination formulation [eq. 15)] which incorporates three energy
loss components allows one to accurately evaluate total energy losses at the end of the lateral line.

The present technique is applied on two numerical applications covering different types of integrated in-
line and on-line emitters to demonstrate its practicability and validity with respect to the recent literature.
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Examination of results for applications confirmed that, the proposed technique is efficient in all design cases
examined, and justifies with the results reported in the recent analytical and experimental procedures.

Based on the present assessment regarding different kinds of integrated in-line and on-line emitters, the
following remarks can be underlined:

1. First, the amount of emitter local losses ( AH, ) increases with increasing in the local loss coefficient,

2. Reducing the length of the lateral (L) and increasing the number of emitters (N) with decreasing the
emitter spacing (S), the amount of local (AH, ) [and friction, AH ] losses due to presence of emitters increase

whereas the pipe friction losses (AH ;) ) (ie., total friction losses, AH ¢ ) decrease. For both the integrated in-line

emitter models B and C (Table 2), the discrepancy between the amount of the AHs and the AHy; and between the
amount of the AHs() and the AHye) more increases as the total number of emitters (N) decreases and the total length
of the lateral line (Le) increases. Therefore, the amount of total energy losses (AHr) (which is combination of total
friction and emitter local losses) does not change more, except for a little deviation (Table 1), since the total
increasing in the amount of total friction losses (AHy) is just balanced with the total decreasing in the amount of
emitter local losses (AH)).

3. For both the B and C integrated in-line emitter models (Table 1), and regarding different values of the
emitter spacing and total number of emitters the inlet pressure head (Hin = H1) yields similar values around 10 m,
since the amount of total energy losses ( 4H+ ) yields fixed values, in all design cases examined.

4. The amount of emitter local losses, @;, expressed as the percentage of total energy losses (AHt)

increases with decreasing in the emitter spacing. As an exceptional case for the smallest value, S = 0.2 m, the
summation of emitter local losses nearly approach to half of the amount of the total energy losses [
(D| :AH| /AHT ESO%]

5. For both the integrated in-line [B-siplast tandem: « =0.671] and on-line [orifice vortex: a =0.67]
emitters (Table 2 and Table 3), and regarding the data set for the smallest value of the emitter spacing (S = 0.2 or
0.3 m), the summation of emitter local losses nearly identical to the amount of total friction losses (due to pipe and
emitters) [AH; = AH, ].

6. For both the B and C integrated in-line emitter models (Table 2), and regarding the data set for the
smallest value of the emitter spacing (S = 0.2 m), the summation of minor friction losses due to in-line emitters
nearly identical to the amount of major friction losses along the pipe sections between successive in-line emitters
[AHf(e) EAHf(p)].

7. Regarding the data set given for different emitter spacing (from 0.2to 1.5m) (Table 2), if the B model
(a=0.671) is selected the summation of emitter local losses is approximately equal to two times of the amount
of emitter minor friction losses [ AH; =2xAH ) ], whereas for the C model (a = 0.297) the

summation of emitter local losses is nearly identical to the summation of minor friction losses due to in-line
emitters [ AH; = AH¢ ) ].
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Table 3: Relative contribution of two energy loss components [ AH; and AH, ] to the amount of total energy losses [ AH ] with the range of total friction losses to the total emitter
local losses [ @ ], and the amount of local losses as percentage of total energy losses [ @ ], regarding two kinds of the on-line emitter models (Labyrinth and orifice-vortex), for

different emitter spacing (S) ranging from 0.3 to 1.2 m and various number of emitters (N) from to 75 to 110, for the desired level of the Christiansen’s uniformity coefficient,

UC = 98.8%, according to the present mathematical model and the previous analytical procedure.

Present Mathematical Model Previous Analytical Method [30]
AH. (m) AH (m)
o, = (ORES O, = ORES
S N Le AH;, AH, AH, / AH, AH, I AH; AH, AH, AH, I AH, AH, I AH,
(m) () (m) (m) (m) @) (%) (m) (m) @) (%)
Labyrinth On-Line Emitter (o =0.34)
0.3 110 32.70 1.215 0.598 203 =20 329 1.108 0.559 198 =20 335
0.6 90 53.40 1.322 0.335 395 =40 20.2 1.277  0.307 416 = 4.0 19.4
0.9 80 71.10 1.421 0.241 589 = 6.0 145 1.386 0.216 6.42 = 6.0 13.5
8.22 = 8.0
1.2 75 88.80 1.578 0.192 10.9 1.548 0.178 870 = 9.0 10.3
Orifice-Vortex On-Line Emiter (o =0.67)
0.3 110 32.70 1.172 1.179 0.99 = 1.0 50.1 1.155 1.156 099 =10 50.0
0.6 90 53.40 1.343 0.657 2.04 = 2.0 329 1.332 0.635 210 = 2.0 323
0.9 80 71.10 1.462 0.459 3.18 = 3.0 23.9 1.446 0.447 3.23 =30 23.6
1.2 75 88.80 1.625 0.374 434 = 4.0 18.9 1.614 0.368 438 = 4.0 18.6

@, = AH, / AH,: the ratio of total friction losses to the total emitter local losses; ®, = AH, / AH, : the amount of total emitter local losses

as percentage of total energy losses.
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Figure 2: For the B model (Siplast Tandem) of integrated- in-line emitter, variation of total friction [ AH; ] and local [ AH, ]

losses versus different values of emitter spacing (S) varying from 0.2 to 1.5 m, and various number of emitters (N), according
to both the mathematical and experimental procedures.
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Figure 2: For the B model (Siplast Tandem) of integrated- in-line emitter, variation of total friction [ AH, ] and
local [ AH,] losses versus different values of emitter spacing (S) varying from 0.2 to 1.5 m, and various number of
emitters (N), according to both the mathematical and experimental procedures.
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Figure 3: For the C model (Rainbird Goccialin) of integrated- in-line emitter, variation of total friction loss components due to

pipe [AHf(p) ] and due to emitter [AHf(e) ] versus different values of emitter spacing (S) varying from 0.2 to 1.5 m, and various

number of emitters (N), according to both the mathematical and experimental procedures.
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Oz

Yazilar Geleneksel monolitik malzemelerin (6rnegin metal, seramik, polimer vb.) farkli uygulamalarda kullanimi,
insan uygarlifinin baslangicindan bugiine kadar yaygin olarak uygulanmaktadir. Giiniimiizde ise kompozit
malzemeler, birkag farkli bilesen malzemenin avantajlarint  birlestirerek malzeme performansinin
optimizasyonunda biiylik bir potansiyel sunan ve en hizli biiyliyen malzeme smiflari arasindadir. Poliiiretan
kompozitler (PUC'ler) diisiik yogunluk, miikemmel esneklik, sekil hafizasi, yiiksek asmnma direnci, korozyon
direnci, kopmada yiiksek uzama, soniimleme yetenegi, hava kosullarina dayaniklilik, yiiksek elastikiyet, yaglanma
onleyici, iyi islenebilirlik, yiiksek darbe dayanimi, mitkkemmel parlaklik gibi takdire sayan 6zelliklere sahiptir.
CNT ile gii¢lendirilmis polimer nanokompozitler hem akademik hem de endiistriyel alanlarda malzeme biliminde
dikkate deger bir donlim noktas1 haline gelmistir. Takviye icin CNT'nin eklenmesi PU kompozitin sertligini, cekme
dayanimini, modiiliinii, egilme dayanimini, 1s1l iletkenligini ve 1s1l kararlili§int arttirdig1 yapilan arastirmalarda
gozlemlenmistir. Yapilan bu ¢alismada PU / MWCNT kompozitlerin {i¢ noktali egilme testleri, agirlik¢a % 0.25
MWCNT igeren PU kompozitin egilme dayanimi, saf PU ile karsilastirildiginda iyilestirildigini ortaya koymustur.
MWCNT takviyeli poliiiretan nanokompozit malzemeler ASTM D790-02 standardina gére hazirlanarak egilme
dayanimi ve birim sekil degisimi degerleri incelenmistir. Saf poliliretanin egilme dayanimi 25 MPa iken %0.25
MWCNT takviyeli politiretanin egilme dayanimi 41.05 MPa olarak olgiilmiis ve %64.2°lik bir artis
gbzlemlenmistir. Birim sekil degisiminde ise saf politiretan 7.76 mm\mm iken %0.25 MWCNT takviyeli
nanokompozit malzemenin birim sekil degisimi 1.31 mm\mm olarak hesaplanmis ve %83.11°lik bir azalma
sergilemistir. Ayrica kirik yiizeylerin hasar davranislari taramali elektron mikroskobu (SEM) ile incelenmistir.

Anahtar Kelimeler: MWCNT, Poliiiretan, Nanokompozit, Egilme dayanimi, Hasar mekanizmalari.

Flexible Strength Of Multi-Wall Carbon Nanotubi Reinforced
Polyurethane Composites

Abstract

The use of traditional monolithic materials (eg metal, ceramic, polymer, etc.) in different applications has been
widely practiced since the beginning of human civilization. Today, composite materials are among the fastest
growing material classes, offering great potential in optimizing material performance by combining the advantages
of several different component materials. Polyurethane composites (PUC) such as low density, excellent
flexibility, shape memory, high wear resistance, corrosion resistance, high elongation at break, damping ability,
weather resistance, high elasticity, anti-aging, good workability, high impact resistance, excellent gloss It has
admirable features. CNT-reinforced polymer nanocomposites have become a remarkable landmark in materials
science in both academic and industrial fields. It has been observed in research that the addition of CNT for
reinforcement increases the hardness, tensile strength, modulus, flexural strength, thermal conductivity and
thermal stability of the PU composite. In this study, three-point bending tests of PU / MWCNT composites
revealed that the flexural strength of the PU composite containing 0.25 wt% MWCNT was improved compared to
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pure PU. MWCNT reinforced polyurethane nanocomposite materials were prepared according to ASTM D790-02
standard, and their flexural strength and strain values were investigated. While the flexural strength of pure
polyurethane was 25 MPa, the flexural strength of 0.25% MWCNT reinforced polyurethane was measured as
41.05 MPa and an increase of 64.2% was observed. While pure polyurethane was 7.76 mm\mm in unit
deformation, the unit deformation of 0.25% MWCNT reinforced nanocomposite material was calculated as 1.31
mm\mm and showed a decrease of 83.11%.

In addition, the damage behavior of the fractured surfaces was investigated by scanning electron microscopy
(SEM).

Keywords: MWCNT, Polyurethane, Nanocomposite, Flexural strength, Damage mechanisms.
1. Giris

Gelencksel metal malzemelere alternatif olarak poliiiretan matriksli kompozit malzemelerin kullanimi
yayginlagmaktadir. Bu malzemelerin temel teknolojik avantajlari, diisiik agirlik, yiiksek 6zgiil mukavemet ve
sertlik, cevresel diren¢ ve uzun Omiirdiir. Metallerle karsilastirildiginda, kompozit pargalar nispeten diisiik bir
takim maliyeti ile kolayca yapilabilir(Ekrem, 2019b). Bilim ve endiistri, avantajli fiziksel ve kimyasal 6zellikleri
ve amaglanan kullanima bagli olarak yapilarini degistirme olasilig1 nedeniyle poliiiretanlarla (PU) ilgilenmektedir.
Poliiiretanlarin bugiin diinyadaki ¢ok yonlii malzemelerden biri olmasi nedeniyle duvar yalitimi, termoplastik
politiretan gatilar ve zemin kaplamalar, otomotivde kullanilan i¢ kaplamalar, yapistiricilar, dolgu maddeleri, tibbi
cihazlar gibi bir¢ok kullanim alani bulunmaktadir (Zia et al., 2007). PU'nun CNT'lerle modifiye edilmesiyle,
mekanik 6zelliklerde, termal stabilitede ve termal iletkenlikte dnemli gelisme, iyi dagilimlarinin ve gii¢lii bir
arayiizey baglarmin bir sonucu olarak elde edilebilir (Szatkowski et al., 2017). MWCNT'ler, miikemmel mekanik
mukavemetleri, nano dlgekli caplar1 ve ¢ok yiiksek en boy oranlari nedeniyle en umut verici dolgu malzemesi
olarak kabul edilir. Arastirmacilar, MWCNT'lerin Young modiiliiniin (1000 GPa) geleneksel karbon
fiberlerinkinden (200-800 GPa) ¢ok daha yiiksek olan miikkemmel bir degere sahip oldugunu kanitladilar (Wong
et al., 2003). Bu nedenle, milkemmel &zellikleri nedeniyle MWCNT'ler, saf polimere gore gelismis mekanik
ozelliklerle sonuglandiklarindan fiber takviyeli polimer kompozitlerin iiretiminde kullanilabilir (Chen et al., 2006).

Polimer kompozitlerde MWCNT'leri etkin kullanimini i¢in, MWCNT'lerin polimer matris igerisinde uygun
sekilde dagitilmasi ¢ok 6nemlidir. MWCNT'lerin polimer matriksi igerisinde homojen dagilim ve dagitim elde
etmek, nanotiipler arasindaki molekiiller aras1 van der Walls etkilesimi nedeniyle zordur, bu da nanotiiplerin
topaklanmasina neden olur (Ekrem, 2019a). Bu nedenle, nanotiiplerin polimer matris i¢inde homojen bir sekilde
dagilmasini saglamak igin son on yilda birkag teknik gelistirilmistir. Tiim iiretim teknikleri arasinda, ¢ozelti
karigtirmanin, karbon nanotiiplerin polimer matriks i¢inde homojen olarak dagilmasi i¢in daha uygun oldugu
bulunmustur (Kumar et al., 2017, Vaithylingam et al., 2017, Mohamad et al., 2020, Yildirim et al., 2020).

Bu caligmamizda agirlikga % 0.25 oraninda MWCNT takviyeli poliiiretan nanokompozit malzemenin egilme
dayanimi, elastiklik modiili, tokluk ve sekil degisimi saf poliliretan malzemeyle karsilagtirilmigtir. Numuneler
ASTM D790 standardina uygun olarak iiretilmistir. Ayrica SEM goriintiilerine bakilarak hasar mekanizmalari
incelenmistir.

2. Materyal ve Metod

2.1. Materyal

Bu ¢aligmamizda poliiiretant sertlestirmek i¢in KLLB 75 kodlu Duratek firmasina ait solvent igermeyen, 2 100
mPa viskoziteye sahip iki bilesenli poliliretan esasli yapistirict kullanilmistir. Poliol iiretan ile izosiyanat
sertlestiricinin agirlik¢a karisim orani 80/20°dir. MWCNTler buhar biriktirme yontemiyle NANOCYL firmast
tarafindan tiretilmistir. Cap1 5-50 nm ve uzunlugu 10 ila 30 pm’dir.

2.2. Metot
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Sekil 1’de goriildiigii gibi farkli agirliklarda MWCNT takviyeli poliiliretan esasli nanokompozitlerin hazirlanisi
sematik olarak verilmistir. Oncelikle poliiiretan malzeme hassas terazide bir beher igerisinde 40 g olarak
tartilmistir. Sonra poliiiretan polimerin agirlik¢a % 0.25 oraninda MWCNT aliiminyum folyo iizerine konularak
hassas terazide tartilmis sonrasinda da poliiiretan beherinin i¢ine dikkatli bir sekilde konulmustur. Hazirlanan bu
karigim1 homojen olarak dagitmak ve viskozitesini diisiirmek amaciyla ¢ozelti karistirma metodunu kullanarak bir
beher icine konulan MWCNT’nin agurliginin 1/100 g/mL oraninda aseton ilavesi eklenmistir.  Problu
homojenizatorle 10 dk. siireyle 3 defa olmak iizere toplam 30 dk karigtirtlmistir. Bu islem nanopargaciklarin ve
polimerin maruz kaldig 1sidan zarar gérmemesi igin belli araliklarla yapilmigtir. Daha sonra karigimin icerisinde
olusan hava kabarciklarindan kurtulmak ve asetonu tamamen ugurmak igin vakum firmi igerisinde 60 °C 10 incHg
basingta 12 saat bekletilmistir. Buharlasan aseton ile basing diigmelerinde vakum tekrar ayni basinca gikarilmistir.
Poliiiretan/sertlestirici 80/20 oraninda ilavesi gergeklesmis ve mekanik olarak hava kabarcigi olmayacak sekilde
en az 15 dk karistinlmistir. Son olarak elde edilen bu karisim, mekanik karistirma islemi sirasinda olusan hava
kabarciklarinin giderilmesi igin tekrar 10 incHg basingta 15 dk vakumlanarak kullanima hazir hale gelmistir.

Aseton
\ Sertlestirici

MWCNT ——»  Kansrma ——» Karistirma

/' Vakuma alma 7
PU

Vakuma alma

l

Kaliba dokme

Sekil 1. Nanokompozit malzemelerin iiretim asamalari

Egilme testleri icin ASTM D790 standardina uygun olarak dnceden hazirlanan g¢elik kaliplara, poliiiretan
polimerin yapigmamasi i¢in vaks yardimiyla ince bir film olusturacak sekilde siiriilmiistiir. Montaj1 yapilan bu
kaliplara hazirlanan poliiiretan nanokompozit katkili/katkisiz karigiminin yavas olarak dokiimii gergeklestirilmistir
(Sekil 2.). Egilme numunesi kalib1 kiirlestirme islemi igin {iretici firmanin tavsiyesi dogrultusunda 168 saat oda
sicakliginda bekletilmistir. Test sonuglarmin giivenilirligini saglamak i¢in ayn1 6zellikteki numuneden 5 adet
iretilmistir.

Sekil 2. Nanokompozit malzeme tiretim kalibi

65



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

2.2.1. Nanokompozit Malzemelerin Egilme Deneyleri

ASTM D790’a gore 125x13x6 mm 6lciilerinde dikdortgen kesitli bir parca halinde olan numuneler
iiretilmistir. Testler 2 mm/dk hizinda uzama kontrollii yapilmistir. Shimadzu AGS-X Universal Cekme Test
Cihaz1 kullanilarak 1kN yiik hiicresinde deneyler gergeklestirilmistir. Test numuneleri ASTM D790 standardi
geregince beger adet iretilmistir. Biitiin testler oda sicakliginda yapilmistir.

Sekil 3. Nanokompozit malzemenin egme testi

Numuneye uygulanan yiik degerleri (P) ve sehim degerleri (0) gekme test cihazinda anlik olarak
kaydedilmistir. Bu degerleri kullanarak egilme gerilmesini Denklem 2.1’e gore hesaplanmuistir.

_ Lx3P;
Taij — 7hhZ

(21)

Burada Pi numuneye uygulanan anlik kuvvet (N), L mesnetler aras1 mesafe (mm), b numunenin eni (mm), h
ise numunenin kalinlig1 ve [ i ise anlik gerilme degeridir.

__ Bhé,
Somax — 2 (2'2)

Numunenin sekil degisimi Denklem 2.2’ye gore hesaplanmistir. Sekil degistirme miktarini (mm/mm), 6 orta
noktadaki sehimi (mm), L mesnetler arasi agikligi (mm) ve h ise numune kalinligini (mm) temsil etmektedir.

A

Ayrica egilme elastiklik modiilii ise Denklem 2.3’e gore hesaplanmaktadir. Elastisite modiilii (E), Young
modiilii olarak da bilinir ve gerilme-birim sekil degisimi egrisinin baslangictaki elastik deformasyon bélgesinin
egimi olarak tanimlanir.
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3. Bulgular

3.1. Nanokompozit Malzemelerin Egilme Deneyleri

Sekil 4’te, PU / MWCNT kompozitinin, PU’nun ve %0.25 MWCNT takviyeli poliiliretanin ii¢ noktali
yikleme sirasinda tipik gerilme-birim sekil degistirme grafikleri temsil edilmistir. Tiim numuneler, yiikleme
sirasinda indiiklenen daha diisiik stresle dogrusal olmayan davranis gosterir. Bu kompozitlerin egilme modiili,
artan MWCNT bilesimlerinin etkisiyle iyilestirilmistir.

as

40
S Py PU+0.25MWCNT

35

30

L T ———

20 .

15 .

10 ' i

Egilme Gerilmesi & (MPal)

0 2 4 6 8 10

% Birim Sekil Degisimi € ([mm/mm)

Sekil 4. Nanokomporzitlerin egilme gerilme-birim sekil degisim grafigi

Saf poliiiretanin egilme dayanimi 25 MPa iken %0.25 MWCNT takviyeli poliiiretanin egilme dayanimi 41.09
MPa olarak 6l¢iilmils ve %64.2 lik bir artig gézlemlenmistir. % Birim sekil degisiminde ise saf poliiiretan 9.60
mm\mm iken %0.25 MWCNT takviyeli nanokompozit malzemenin % birim sekil degisimi 1.31 mm\mm olarak
hesaplanmis ve %86.11 lik bir azalig sergilemistir.

Tablo 1. Mekanik Dayanim Degerleri

Maks Maks & Egilme gerilmesi Elastiklik Tokluk

yiik (N) (mm/mm) (MPa) modiilii (GPa)  (kJ/m?)
PU 63.17 0.096 25.23+0.21 0.541 689.7
PU+0.25 MWCNT 107.72 0.013 41.09+0.16 0.880 302.6

Poliiiretan polimerin maksimum yiikleme, maksimum birim sekil degisimi ve elastiklik modiilii sirasiyla
63.13 N, 0.096 mm/mm ve 0.541 GPa elde edilmistir. Agirlikca %0.25 MWCNT takviyeli poliiiretan
nanokompozit malzemenin maksimum yiikleme ve elastiklik modiilii sirasiyla % 70.5 ve % 62.7 artis ile 107,72
N ve 0.880 GPa degerlerine artmistir. Kirilma hasari incelendigi zaman PU polimeri siinek kirilma goriiliirken
PU+0.25 MWCNT nanokompozit malzemede gevrek kirtlmayla elastik olarak kirilmistir. Boylece toklugunda %
56.5 oraninda bir azalma gozlemlenmistir.
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3.2. Poliiiretan nanokompozitlerin hasar mekanizmalari

Literatiirde bildirildigi gibi, nanokompozitlerin mekanik mukavemeti, MWCNT'lerin polimer matris iginde
homojen dagilimina baglidir. Bu nedenle, MWCNT'lerin matris boyunca dagilimini incelemek olduk¢a 6nemli
hale gelir. Bu baglamda farkli biiylitme oranlarinda (1.0 KX ve 10.0 KX) PU ve PU+0.25 MWCNT malzemelerin
SEM goriintiileri incelenmistir (Sekil 5). Yapilan gozlemler sonucunda ise matris boyunca diizgiin dagilimimn
basariyla saglandigi gozlenmistir. Her iki uzunluk 6lgeginde de ayr ayr tiipler goriilebilir ve bu, matris boyunca
takviye elde edildigini ve agirhikca 9%0.25 kompozit icin MWCNT'lerin toplanmasinin goriilmedigi
gbzlemlenmistir.

AT

5

Signal A = InLens El Signal A = InLens
Mag= 1.00KX I Mag = 10.00 K X
— - s » < = AR

EHT = 2.00 kV Signal A = InLens == EHT = 2.00 kV
WD = 3.7 mm Mag= 1.00 KX ) — WD = 3.2mm Mag = 10.00 KX

Sekil 5. Kirik yiizeylerin SEM goriintiileri; PU malzemesinin a) 1.0 KX ve b) 10.0 KX biiyiitmeleri ile
PU+0.25 MWCNT nanokompozitinin c) 1.0 KX ve d) 10.0 KX biiyiitmeleri

4. Sonuclar

Bu caligmamizda, MWCNT nanopargaciklari poliiiretan polimerin igerisine ilave ederek egilme dayanimini
gelistirmek i¢in bir metodoloji 6nerdik. Nanokompozitlerin iiretiminde, nano boyuttaki milkemmel 6zellikli
MWCNTs takviye maddelerinin kullanilmasi, daha iyi mekanik 6zelliklere sahip poliiiretan esasli nanokompozit
malzemeler elde etmemize olanak saglamistir.
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Oz

Depremlerin yapilar {izerindeki yikici etkileri bilinmektedir. Ayrica gevresel titresimin zararli etkileri ve etkileri
de goz ardi edilmemelidir. Bu gereksinimin yap: tasarimlarinda degisiklik ve gelismelere neden oldugu
bilinmektedir. Yapiy1 etkileyecek etkileri en aza indirmek igin gesitli ¢aligmalar ve uygulamalar mevcuttur.
Tasarimlarda yap1 kiitlesini diisiik tutmak Oncelikler arasindadir. Kompozit yapilar bu ihtiyactan dogmustur.
Kompozit yapilarda amag, daha az kiitle ile daha fazla yiik tasima prensibine dayanmaktadir. Ancak kompozit
yapilarda etkilere bagl olarak giiclendirme ihtiyaci ortaya ¢ikabilir veya tasarim zorluklari olabilir. Bu durumda
daha az kiitle ile daha fazla yiik tasima prensibine bagl kalabilmek icin ¢elik halatlarla giiclendirme yonteminin
kullanilmas1 daha mantikli diisiiniilebilir. Celik halat ile gliglendirme yonteminin yapi iizerine nispeten kiigiik bir
kiitle yerlestirerek yapmin rijitligini arttirdigt bir¢ok ¢alismada kanitlanmistir. Bu ¢aligmada, sonlu elemanlar
yontemi kullanilarak modal analiz yapilarak 6rnek bir kompozit yapida gelik halat takviyesinin etkileri ortaya
konmustur. Ozellikle ilk 5 modun yapr titresim periyotlar1 ve serbest titresim modu sekilleri detayli olarak ele
konmustur. Tiim bu c¢alismalar sonucunda kompozit yapilarda gelik halat ile giiclendirme yonteminin
kullanilabilirligi 6ngorilmektedir.

Anahtar Kelimeler: Kompozit yapilar, Celik halat, Sonlu elemanlar metodu, Dinamik parametreler, Gliglendirme

Determination of Steel Strand Effect on Dynamic Parameters of Composite
Structure

Abstract

The destructive effects of earthquakes on structures are known. In addition, the harmful effects of environmental
vibration and effects should not be ignored. This requirement is known to cause changes and developments in
building designs. There are various studies and applications to minimize the effects that will affect the structure.
Keeping the building mass low in designs is among the priorities. Composite structures were born out of this need.
The aim in composite structures is based on the principle of carrying more load with lower mass. However, in
composite structures, depending on the effects, the need for reinforcement may arise or there may be design
difficulties. In this case, it may be considered more logical to use the reinforcement method with steel strands in
order to adhere to the principle of carrying more load with a lower mass. It has been proven in many studies that
the reinforcement method with steel strand increases the rigidity of the structure by placing a relatively small mass
on the structure. In this study, the effects of steel strand reinforcement in a sample composite structure are revealed
by making modal analysis using the finite element method. In particular, the structure vibration periods and free
vibration mode shapes of the first 5 modes are discussed in detail. Thus, the positive effect of the use of steel strand
the rigidity of the composite structure has been more clearly demonstrated. As a result of all these studies, the
reinforcement method with steel strand can be used in composite structures.

Keywords: Composite structures, Steel strand, Finite element method, Dynamic parameters, Reinforcement
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1. Introduction

The strands produced by the steel strand in a wide range of diameters from 6 mm to 83 mm have been used
in various sectors such as construction, marine, fishing, oil, mining and in elevators, chairlifts, cranes for many
years. Strands produced in accordance with international standards such as BS, DIN and JIS according to federal
specifications and API specifications are increasingly preferred by the world's most developed countries. Steel
strands are often used in oil drilling wells, mines, bridges, constructions, stadiums and similar areas. Some steel
strand Kknitting techniques are used in order to increase the durability of steel strand products, which are resistant
to high weights and are often used with high weights. The steel strand is hamed for the structure in which it is
processed. Specially processed strands can have their own unique names. Extensions such as Filler, Standard,
Warrington Seale, Seale express the thickness, thinness and arrangement of the wires in the veins. Steel strands
are manufactured by helically wrapping at least 4 cores around a core (p.p.c, sizal or steel) formed by braiding the
wires according to various compositions. Strands are generally named in two different ways as cross and straight
winding according to their winding directions. They also have four different configurations: right cross winding
(s/2), left cross winding (z/S), right straight winding (z/Z), left straight winding (s/S). We mentioned in our article
that steel strands have a very strong structure. However, the area where the strand is used and the production
technique are completely different. If steel strand; if it will be used in marine, cranes and as a tow strand; The most
suitable type of strand is nuflex strand. The knitting technique of this wire strand is quite different from the others.
Therefore, it is among the ideal strands for high use. If you are looking for a steel strand that you will use in drilling
works or mining; It would be appropriate to choose Filler steel cored wire strand with thick outer wires. It is very
flexible with its thick outer wires. Therefore, it is a suitable type of strand for pulling operations. If you are looking
for a type of strand that can be used for sand quarries, mining, load pulling, cranes drilling and drilling; Again,
filler fiber core steel strand is suitable for your use. These steel strands; It is brought together with the use of
different knitting techniques in wires of different fineness. It is known as a very durable strand type. Steel strand
cross section is given in figure 1.

Figure 1. Steel strand cross section

Researchers have carried out many studies using both the finite element method and the reinforcing methods.
There are many other studies by the authors using the finite element method before. In this study, studies [1], [2],
[31, [41, [5], [6], [7] on the use of the finite element method were used. With all this knowledge, this new study
has been carried out.

Researchers have conducted studies [8], [9], [10], [11], [12], [13], [14], [15] about steel strands which also
contributing to this study.

The aim of this study is to examine the effects of reinforcement with steel strands on dynamic parameters in
composite structures. There may be a need for a retrofit method without architectural disadvantages or excessive
dead load increments. In such cases, the reinforcement method with steel strands is also known to be an option.
For this reason, it is very important to reveal the effect of steel strands on dynamic parameters.
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2. Material and Method

In this study, A composite structure model was created and modal analysis was carried out with the finite
element method. The composite structure model was reinforced with steel strands and a reinforced model structure
model was created for comparison. In the application of the finite element method, the SAP2000 package program,
which is used in the field of academic and engineering applications all over the world, was used.

2.1. Description of Model Composite Structure

It is a 5-storey composite building with two spans (5 m) in x and y directions, with a floor height of 3 meters.
Columns and beams are 20x20x1 cm steel box profile, slab thickness is 20 cm reinforced concrete.

By designing the building as symmetrical and simple, it is aimed to reveal the result of the reinforcement to
be applied more clearly. The profile and dimensions of the columns and beams are therefore chosen the same.
Also, the spans are therefore taken equal.

The 3D finite element model in SAP2000 package software of the model composite structure is given in
Figure 2.

Figure 2. The model composite structure’s 3D view

2.2. Description of Reinforced Model Composite Structure

Strand element was applied to one opening of the structure in the x and y directions. Strand element has a
diameter of 2 cm and is made of steel. The 3D finite element model in SAP2000 package software of the reinforced
model composite structure is given in Figure 3.
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Figure 3. The reinforced model steel structure’s 3D view

3. Result and Discussion

Model composite structure and reinforced model composite structure were analysed separately. The modal
analysis results of each model are shared under separate headings. The results include the analysis results of the
first five modes. Mode shape and period values are taken into consideration for each mode. The parameters
obtained for both models were compared for each mode separately. During the analysis, the SAP2000 package
software, which is a finite element method software, was used. The steel material used was taken according to
ANSI/AISC 360-10 standards.

3.1. Analysis Results of Model Composite Structure

The model composite structure was analysed without reinforcing. When the first five modes are examined,
the results obtained are presented in figure 4,5,6,7,8 as period values and mode shapes for each mode.

Figure 4. 1. Mode shape (T = 0.95s)
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Figure 5. 2. Mode shape (T =0.715s)

Figure 6. 3. Mode shape (T =0.32s)
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Figure 7. 4. Mode shape (T =0.25s)

Figure 8. 5. Mode shape (T = 0.20 s)

3.2. Analysis Results of Reinforced Model Composite Structure

The model composite structure was analysed with reinforcing by steel strands. When the first five modes are
examined, the results obtained are presented in figure 9,10,11,12,13 as period values and mode shapes for each
mode.
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Figure 9. 1. Mode shape (T = 0.58 s)

Figure 10. 2. Mode shape (T =0.32 s)
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Figure 11. 3. Mode shape (T = 0.26 s)

Figure 12. 4. Mode shape (T =0.22 s)
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Figure 13. 5. Mode shape (T = 0.13 s)

3.3. Comparison of Analysis Results

The comparison of period values of the model composite structure and reinforced model composite structure
is given in Table 1.

Table 1. Comparison of period values

Mode 1 2 3 4 5

Non-Reinforced 0.95 0.71 0.32 0.25 0.20

Reinforced 0.58 0.39 0.26 0.22 0.13

Difference (s) 0.37 0.32 0.06 0.03 0.07

Difference (%) 38.95 | 45.07 | 18.75 | 12.00 | 35.00

The comparison of mode shapes of the model composite structure and reinforced model composite structure
is given in Table 2.

Table 2. Comparison of mode shapes type

Mode 1 2 3 4 5

Non-reinforced Translational | Translational Torsional | Translational | Translational

Reinforced Torsional Translational Torsional | Translational | Translational
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4. Conclusions

In the mode 1, the period difference between non-reinforced model and reinforced model status was obtained
as 0.37 s. The effect of period retrofitting with steel strands as a percentage was determined as 38.95.

In the mode 2, the period difference between non-reinforced model and reinforced model status was obtained
as 0.32 s. The effect of period retrofitting with steel strands as a percentage was determined as 45.07.

In the mode 3, the period difference between non-reinforced model and reinforced model status was obtained
as 0.06 s. The effect of period retrofitting with steel strands as a percentage was determined as 18.75.

In the mode 4, the period difference between non-reinforced model and reinforced model status was obtained
as 0.03 s. The effect of period retrofitting with steel strands as a percentage was determined as 12.00.

In the mode 5, the period difference between non-reinforced model and reinforced model status was obtained
as 0.07 s. The effect of period retrofitting with steel strands as a percentage was determined as 35.00.

When the mod shapes were examined, in the 1st mode, the mode shape has changed from the translational
mode to the torsional mode. Although it is dangerous to see the torsional mode in the 1st mode, this problem can
be solved by changing the places of the strands.

In the light of all these results, it is clearly seen that the rigidity of the structure increases by strengthening the
model composite structure with steel strands. In the 1st mode, in other words, there is a decrease of 38.95 percent
in the dominant period value. In addition, there is a large decrease of 45.07 percent in the period value in the 2nd
mode. A significant increase in stiffness was observed. Of course, it should be taken into account that the design
of the structure and reinforcement is very important in obtaining the data in this way. Incorrect model selection
and faulty retrofit designs can make data more unreliable. In the light of all this obtaining information, the
reinforcement method with steel strand may be used in composite structures.
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Oz

Dogaltas Elemanlar1 Uretim Tesisine gelen granit bloklarmdan yapilan elmas soket kesiminde olusan atik
granit tozunun su ile karisimi sonucu ortaya ¢ikan ¢amur, atik camur olarak bertaraf edilmektedir. Cevreye ciddi
sorunlar olusturan atik granit tozunun etkilerini en aza indirmek ve ekonomiye yeniden kazandirilmasi igin beton
karisiminda kullanilmasi planlanmigtir. Yapilan ¢alismada, atik granit tozu ile {iretilen gevre dostu betonlarin
karigim hesabinda kullanilan atik granit tozu miktari, hacimce toplam karigimin, %0, %2, %4’ seklinde ayni
zamanda iri ve ince agrega yerinde yer degistirerek kullanilmistir. Uretilen betonun dayanim ve dayamklilik
dzelliklerini, taze ve sertlesmis beton iizerine olan etkilerini belirlemektir Uretilen betonlarin ¢imento orani iki
farkl1 (350 kg/m3 ve 425 kg/m3) seklinde ve agrega graniilometrisi ise ii¢ farkli (%65 Ince-%35 Iri), (%55 ince-

%45 Iri), (%45 Ince-%>55 iri) seklinde kullanilmistir. Atik granit tozunun beton karisiminda kullanarak cevre dostu
betonun iiretilmesinin miimkiin oldugunu ve ekonomiye katkida bulunacagini sdylenebilir.

Anahtar Kelimeler: Dogaltas, Atik, Granit Tozu, Beton, Katki Maddesi

Investigation of Usability of Natural Stone Production Facilities Waste
Granite Powder as Concrete Additive

Abstract

The sludge that comes out as a result of mixing the waste granite dust formed in the diamond socket cut made
from granite blocks coming to the Natural Stone Elements Production Facility with water is disposed of as waste
sludge. It is planned to be used in the concrete mix in order to minimize the effects of waste granite dust, which
creates serious problems for the environment, and to reintroduce it to the economy. In the study, the amount of
waste granite dust used in the mixing calculation of environmentally friendly concretes produced with waste
granite dust was used as 0%, 2%, 4% of the total mixture by volume, as well as by replacing the coarse and fine
aggregates in place. It is to determine the strength and durability properties of the produced concrete and its effects
on the fresh and hardened concrete. 55% Thin-45% Coarse), (45% Thin-55% Coarse). It can be said that it is
possible to produce environmentally friendly concrete by using waste granite dust in the concrete mixture and it
will contribute to the economy.

Keywords: Natural Stone, Waste, Granite Powder, Concrete,Additive Matter
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Granit, sert, kristal yapili minerallerden meydana gelen tane goriiniisli magmatik bir kayac tiiriidiir.
Biinyesinde fazla oranda kalsiyum karbonat, az oranda ise magnezyum karbonat ve farkli metal oksitler
bulunduran magmatik kayaclardir (1). Tas ocaklarinda ve dogaltaglarin islem gordiigii alanlar olan fabrikalarda
ebat ve sekil verilmesi i¢in uygulanan kesme, bigme uygulamalarina gore ortalama % 30-60’1 oraninda dogaltas
atig1 meydana ¢ikmaktadir. Dogaltas fabrikalarinda olusan atiklar, dogaltasin formuna, bigimine, ebatina gore
smiflandirilabilir. Biiylik Slgekli, tas ocagindaki uygulama sonrasi tiretimin yaklasik %30’unu olusturur ve
boyutlar1 santimetre ile metre arasinda degiskenlik gosterebilir. Dogaltasin igleme tabi tutularak istenilen seklin
verildigi alanlar olan fabrikalarda dogaltas miktarlarinin yaklasik 1/3’i toz boyutunda olan toz atiklardir. Bu atiklar
su ile birlikte bekleme havuzuna alindiktan sonra kamyon ya da traktor yardimu ile ve bertaraf sahalarina transfer
edilmektedir (2, 3, 4, 5).

Blok haline gelen tag fabrika igine alinarak istenilen {iriiniin elde edilmesi igin isleme alintyor. Dogaltas kesme
islemlerinde kesici elmas soket ile dogaltagin temasi esnasinda fazlasiyla dogaltas tozu ortaya ¢iktig1 ve bu tozun
etrafa ugusmasini

(@) ()
Sekil 1. Dogaltas Sulu Kesim Islemi (a) ve Olusan Atk Camur (b)

Atik Dogaltas atiklar1 (moloz, toz), asfalt zeminlerde agrega (siirtiinme tabakasi ile temel ve sathi tabaka
arasinda bulunan binder tabakalarinda), ince malzeme veya baglayici malzeme niyeti ile kullanilabilir. Dogaltas
atiklarinin siirtiinmeye kars1 dayanmalarinin tespit edilmesi, asfalt yol kaplamalarinda kullanilabilmeleri agisindan
¢ok 6nemli olmaktadir. Olaganiisti siirtinmeyle etkilenen bu alanlarda degerlendirilecek agregalarin cilalanma
dayanimlarmin standardin iistiinde olmasi gerekmektedir (6). Bilindigi iizere, agregalarin iizerindeki piiriizli
katmanlar1 kaplama {izerindeki tozlarla da asindirilabilir. Agreganin yapisindaki minerallerin sertliklerinin yiiksek
olmamasi bu islemler i¢in uygulama vaktini azaltmaktadir. Bu durumdan baska, agreganin yapisinin yumusak ve
sert mineraller tarafindan meydana gelmesi de agrega yiizeyinin piiriizlii olmas1 bakimindan olumlu sonug
vermektedir. Asinim esnasinda, sert olan mineraller ¢ikint1 olarak, diisiik sertlikteki mineraller ise silinip gukur
seklinde kalmaktadir. Bu sekilde meydana gelen piiriizlillik kayma dayaniminin iyilestirilmesine olanak
verilmektedir. Uygun bir agreganin yapisinda hemen hemen yar1 yariya oraninda sert ve diisiik sertlik yapisinda
mineraller olmalidir. Cilali yiizey elde edilmesi i¢in dayanim agisindan agrega olarak degerleme i¢in ideal olan
atik granit, bazalt, diyorit, gibi magmatik ve metamorfik kdkeni olan Dogaltas ocak atiklaridir (7, 8, 9).

Cevre dostu beton, yukarida bahsedilen agsamalarda da ifade edildigi gibi dogal kaynaklarimizin ticari ya

da mimari estetige sahip olan {iriinler olarak elde edilmesi i¢in islenmesi esnasinda ortaya ¢ikan sanayi atiklariin
¢evremize olan olumsuz etkisini azaltmak i¢in beton karisiminda kullanilarak elde edilen beton, gevreci beton
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olarak isimlendirilmektedir. Bu tiir betonlar yesil beton olarak da tanimlanmaktadir. Cevre dostu betonun
bilesiminde degerlendirilen atiklarin sadece ¢evreye olan etkileri dnem arz etmemektedir. Bunun yaninda
dayanimi, direnci, dayaniklilig1 ve ticari olarak da degerli bir iiriin elde edilmesi bakimindan 6nem arz etmektedir.
Beton karisimi igeriginde bulunan ana triinler olan ¢imento ve agrega ile bu Dogaltag atiklar1 belirli oranda yer
degistirilerek degerlendirilmektedir.

2. Materyal ve Metot
2.1. Beton Uretiminde Kullamilan Materyaller
Beton igeriginde tam olarak agrega, ¢imento, mineral katki, kimyasal katki, hava ve su bulunmaktadir.

Agrega, dogada halihazirda bulunan ya da tas ocaklarindan farkli geometrik sekillerde elde edilen parcalanmis
yapt malzemesidir. Agrega, beton {iretiminde en ¢ok kullanilan ve Dogaltas atiklarina nazaran maliyeti ¢ok daha
fazla olan bir malzemedir. Calismada, Samsun Canik il¢esi Kalebogazi mahallesinde bulunan ocaktan elde edilen
ve dane ¢ap araliklar1 0-5 mm, 5-15 mm, 15-25 mm olan agregalar kullanilmstir.

Cimento, dogada dogal olarak bulunan kalker taglari ile kilin karistirilmasindan sonra yiiksek sicaklik ve
basingta 1sitildiktan sonra 6giitiilmesi sonucu elde edilen hidrolik bir baglayici olan inorganik bir toz maddedir.
calismasinda da Portland ¢imentonun CEM 142.5 R tipi kullanilmisti. Fabrika tarafindan bu ¢imentonun 6zellikleri
TS EN 197-1 ‘e gore Uretilmistir.

Kimyasal Katki, Betonun birtakim 6zelliklerini degistirmek i¢in, karma uygulamasindan sonra, ¢cimentonun
agirhig olgiisiinde daha az miktarda ilave edilen malzemelere kimyasal katki denir. Calismasinda da TS EN 934-
2 ‘ye gore elde edilen kimyasal katki maddesi olan CHRYSO® Fluid GT — X su azaltic1 / akigkanlagtirici kimyasal
katki maddesi kullanilmistir.

Mineral Katkilar, Dogal ya da yapay halde bulunan puzolanik maddelerdir. Cimentonun elde edilmesinde
kullanilmalarindan dolay1 dogal olarak betonun iiretiminde de kullanilmis olmaktadirlar. Tek baslarina herhangi
bir baglayiciliklari bulunmamaktadir. Ancak betonun igindeki Kalsiyum Hidroksit Ca(OH)2 ile tepkimeye girerek
baglayicilik 6zelligi kazanan puzolanik maddelerdir. Caligma da mineral katki olarak Dogaltas atik tozu
kullanilmistir. Tesis de olusan toz atik sulu formda oldugu i¢in 6nce etiivde 110 °C’ de 24 saat kurutulmus ve
sonrasinda belirli miktarlarda beton karisimina eklenmistir.

Karisim Suyu, Bunlar ¢imento ile agrega arasinda birlestirerek iglenebilir akigkan bir forma getirmek ve
kimyasal katki ile birlikte ¢imento ile tepkimeye girerek plastik haldeki malzemenin sertlesmesini saglamaktir.
Beton karigiminda kullanilan suyun 6zelligi asidik olmasi gerekmektedir. Bu yiizden pH 7’nin altinda olmasi
gerekmektedir. Caligma da kullanilan su Samsun ilinin sebeke suyudur ve TS EN 1008 standartlarina uygun bir
sekilde kullanilmustir.

Hava, betonun dayanimi ve dayaniklilik 6zelligini negatif yonde etkiledigi i¢in beton hesab1 yapilirken %2
oraninda hava varlig1 kabul edilerek hesaplama yapilmistir.

2.2. Beton Recetesi

Beton regetesi ya da bir baska deyisle karisim hesabi beton igerisinde ¢imento, agrega, karisim suyu ve
kimyasal madde ilavesinin hangi oranda ne kadar olacaginin belirlendigi hesaptir. Hazirlanan numuneler i¢in beton
recetesi 0zeti Tablo 1’ de verilmistir. Goriildiigii tizere kum, su ve katki madde miktar1 her bir numune i¢in sabit
tutulmustur. Cimento miktar1 granit tozuyla ters orantili olarak degistirilmistir.

83



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

Tablo 1. Hazirlanan Numuneler I¢in Beton Regete Ozeti

Eklenen Madde ON-1 Nfr]:lﬁe ON-3 ON-4 ON-5
(kg/m?) N;g:::e Beton Numune | Numune | Numune
Beton Beton Beton
0-5 Kum Agirlik 980 980 980 980 980
5-15 Kum Agirlik 350 350 350 350 350
15-25 Kum Agirlik 700 700 700 700 700
Cimento Agirlik 320 310 300 290 280
Katki Agirlik 4 4 4 4 4
Su Agirlik 175 175 175 175 175
Max Su/Cimento Orani 0,547 0,564 0,583 0,603 0,625
Atik Granit Tozu Agirlik 0 10 20 30 40
Toplam Agirhik 2529 2529 2529 2529 2529

3. Bulgular ve Tartisma

Calisma sonucunda; 7 ve 28 giinliik kiirlenme siireleri sonunda Cokme Testi TS EN 206-1" e gore, Kuru
ve Yas Birim Hacim Agirlik TS EN 206-1" e gore, Kiirleme TS EN 12390-2’ e gore ve Basing Dayanim Testi TS
EN 12390-2’¢ gore Belediyenin Tiirkak tarafindan akredite laboratuvarinda gerceklestirilmistir (10, 11, 12). ilk
numune ON-1, C30/37 standartina uygun olarak tesiste rutin hazirlanan karisim oranidir. Diger On-2, ON-3, ON-
4 e ON-5 ¢imento ve atik granit tozu oranlar1 degistirilen numunelerdir. Beton testlerine ait 6zet bilgi Tablo-2’ de
gosterilmistir.
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Tablo 2. Beton Test Sonuclart

D?ne){ ((éﬁ::le) Kivam Yas Birim Kuru Birim Su icerigi Basing
Numune Siiresi . P v Hacim Agirhk | Hacim Agirhk Dayanim
Miktar: | Simflar (g/m3)* (g/m3)* (%) (MPa)*
(gim) | (cm) g g
7 8620,33+26,18 8595+34,64 0,29 51,73+0,78
ON-1 7 S2
28 8632,17+£36,21 8625+21,79 0,08 67,53£1,14
7 8654,5+40,29 8633,33+18,93 0,25 51,6+1,33
ON-2 5 S2
28 8653,17£17,92 | 8670,33+39,50 -0,20 67,5+0,95
7 8587,33+12,55 | 8563,33+15,27 0,28 47,87+0,83
ON-3 8 S2
28 8625+19,58 8643,33+17,60 -0,21 64,73+0,21
7 8593,67+21,73 8570+20,00 0,28 46,17+0,80
ON-4 6 S2
28 8608,33+25,79 8635+26,46 -0,31 61,27+0,72
7 8602+16,80 8561,67+20,21 0,47 44,03+1,17
ON-5 8 S2
28 8601,17+34,71 8615+31,23 -0,16 59,4+0,78

C30 tavsiye edilen kdy yollarinda slump degerinin 8-11 arasinda olmasi beklenir. Tablo.2’ de slump
degeri ilave granit tozu artig1 ile arttig1 ve uygun araliga geldigi gézlenmektedir. Yas birim hacim agirlig: artik¢a
bosluk orani az olur ki, bu durum basing dayanimini arttirir. Bu durumda standart beton numunesine ilave atik
granit tozu ilave edildiginde basing dayanimlart % 30 granit tozu ilavesine kadar diismekte % 30 dan sonra basing
dayanimlar1 tekrar artmaktadir. Ozellikle 28 giinliik kiirleme neticesinde basing dayanimlar1 daha fazla
artmaktadir. Yani beton yasi arttik¢a basing dayanimi artmaktadir. Granit tozunun ilavesi durumunda olumsuz bir
durum soz konusu degildir. Ancak bu etki miktarinin belirlenmesi i¢in daha diisiik agirlik yiizdeleri ile granit tozu
ilave edilmeli ve % 40 iizerinde granit ilavesinin de incelenmesi gerekmektedir. Granit tozunun basing dayanimina
pozitif etki gosterdigi 6zellikle daha uzun beton yaglarinda daha belirgin oldugu ancak granit tozunun dogrusal
olarak artist durumunda dayanimin negatif etki gostermeye basladigi bu nedenle optimum toz ilave miktarimnin
belirlenmesinin olduk¢a dnemli oldugu goriilmiistir.
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Sekil 2. Farkli Denemeler Neticesindeki Betonun Basing Dayanim Degerleri
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Su ¢imento oranlari artan sekilde en biiyiikk su/¢imento oranlar1 Tablo.1’ de 0,547 ile 0,625 arasinda
degismektedir. TS EN 206 standardinin Cizelge F.1’e gore 0,50-0,55 arasinda degistigi icin secilen su/¢imento
oranlart uygundur (10, 11, 12). Ayni standarta gére beton katkisinin agirlik olarak 280 den fazla olmasi istenmez.
Bu nedenle Beton koy yollart i¢in basing dayanim miktari C30/37 igin 7 giin i¢in 30 MPa ve 28 giin i¢in 37 MPa’
1n iistiinde olmas pratikte uygulanir. Tablo.2’ de verildigi gibi gerek standart numunenin (ON-1) gerekse granit
tozu ilaveli numunelerin basing dayanim miktarlar1 7 ve 28 giinliik test sonuclarinda istenen kriterlerin arasindadir.
Ancak Sekil.2” de goriildiigii gibi ilave granit tozunun orantili artmasi durumunda basing dayanimlari 6nce artis
gosterip daha sonra azalma egilimi gostermektedir.

4. Sonuclar

Cimentonun yogunlugu ile Dogaltas atiginin yogunlugu birbirine yakin oldugu i¢in ¢imento maliyetini
azaltma noktasinda atik Dogaltas tozunu kullanmak uygun olacaktir. Uretilen cevre dostu beton igeriginde
kullanilan atik Dogaltas tozu ¢imento yerine degerlendirilmesinde herhangi bir sakinca tespit edilmemistir.
Dogaltas Elemanlar1 Uretim Fabrikasi ve bertaraf edildigi doga igin ciddi sorun olan Dogaltas atiklarmin geri
kazanimi noktasinda uygun bir ¢alisma sahasi oldugu ortaya ¢ikmaktadir.

Dogaltas Elemanlar1 Uretim Tesisinde sulu kesme isleminde kullanilan suyun iceriginde bulunan
kimyasal atik Dogaltas tozuna karistig1 i¢cin bu kimyasalin betona nasil bir etki edecegi konusu hakkinda farkli bir
¢alisma yapilmasi gerekmektedir.

Donatisiz, kalip kullanilmadan asfalt ekipmanlari ile hazirlanan kdy yollar biitge sikintisi ¢eken yerle
yonetimler igin 6zellikle kdy yollarinda beton yollar 6nemli bir segenek olmustur. Fayda/maliyet analizlerinin
detayli yapilmasi durumunda granit tozu gibi alternatif atiklarin betonda kullanilmas1 dongiisel ekonomi ve atik
yonetiminde dnemli bir 6rnek teskil etmektedir.

5. Tesekkiirler

Calismaya destek veren Samsun Biiyliksehir Belediye Bagkani, Samsun Biiyiiksehir Belediyesi Dogaltas
Elemanlar1 Uretim Tesisi Sube Miidiirii ve teknik personelline tesekkiir ederiz. Bu ¢alisma Ondokuz Mayis
Universitesi tarafindan PYO.MUH.1904.22.002 proje numarali Bilimsel Arastirma Projesi ile desteklenmistir.
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Elektrokimyasal Empedans Spektroskopisi Yontemi ile Cesitli
Malzemelerin Karakterizasyonu
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Oz

Elektrokimyasal empedans spektroskopisi (EIS) korozyon, biyomedikal cihazlar, yari iletkenler, sensorler, piller,
yakait hiicreleri, elektrokimyasal kapasitorler, dielektrik 6l¢iimler, kaplamalar, elektrokromik malzemeler, analitik
kimya, elektrokataliz gibi alanlarda kullanilan genis uygulamalari olan bir analitik tekniktir. Kolay ve hizli bir
teknik olup, 6l¢lim sisteminde kalict kusurlu etkiler birakmayan gii¢lii bir yontemdir. Bu ¢alismada, ¢alisma
elektrodu olarak farkli alanlarda kullanilan karbon nanotiip kompozit malzemeler, ¢elik, titanyum alagimlari, farkl
aktif karbon malzemeler kullanarak elektrokimyasal hiicreler olusturulmus ve EIS ile bu malzemelerin
karakterizasyonu yapilmustir. Platin karsit elektrot ve Ag/AgCl referans elektrot kullanilan hiicrede empedans, 10
mV salinmim potansiyeli ve 100 kHz-10 mHz frekans aralig1 kullanilarak 6l¢iilmiistiir. Olusan empedans cevaplart
esdeger elektrik devresi ile modellenmis ve ohmik direng, yiik aktarim direnci ve kapasitans degerleri regresyon
ile elde edilmistir. EIS, elektrot yilizeylerini de incelemek i¢in giilii bir elektrokimyasal karakterizasyon teknigidir.
Bu calisma elektrotlarinin EIS sayesinde yiizey piirizliliigii ve yiizeyde akim dagilimi hakkinda da bilgi elde
edilmistir.

Anahtar Kelimeler: Elektrokimyasal Empedans Spektroskopisi, Elektroaktif Malzemeler, Calisma Elektrodu,
Esdeger Elektrik Devresi

Characterization of VVarious Materials by Electrochemical Impedance
Spectroscopy Method

Abstract

Electrochemical impedance spectroscopy (EIS) is an analytical technique with wide applications used in areas
such as corrosion, biomedical devices, semiconductors, sensors, batteries, fuel cells, electrochemical capacitors,
dielectric measurements, coatings, electrochromic materials, analytical chemistry, electrocatalysis. It is an easy
and fast technique, and it is a powerful method that does not leave permanent imperfect effects on the measurement
system. In this study, electrochemical cells were created by using carbon nanotube composite materials, steel,
titanium alloys, different activated carbon materials used in different fields as working electrodes and the
characterization of these materials was made with EIS. In the cell using platinum counter electrode and Ag/AgCl
reference electrode, impedance was measured using 10 mV oscillation potential and frequency range of 100 kHz-
10 mHz. The resulting impedance responses were modeled with an equivalent electrical circuit and the ohmic
resistance, load transfer resistance and capacitance values were obtained by regression. EIS is a powerful
electrochemical characterization technique to study electrode surfaces as well. Thanks to the EIS of these working
electrodes, information was obtained about the surface roughness and current distribution on the surface.

Keywords: Electrochemical Impedance Spectroscopy, Electroactive Materials, Working Electrode, Equivalent
Electric Circuit
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Elektrokimyasal empedans spektroskopisi (EIS), malzeme biliminde analitik bir aragtir ve katilarda kiitle
tasinimi, kimyasal reaksiyon hizlari, korozyon, dielektrik ozellikler, kusurlar, mikro yapilar ve iletkenligi
incelemek icin kullanilabilir. EIS ayrica elektrokimyasal sensorlerin ve yakit hiicrelerinin performansinin
degerlendirilmesinde, elektrokimyasal siireglerin ve canli hiicrelerin zar davraniginin incelenmesinde uygulama
alani bulmaktadir [1-3].

Farkli malzemeler iizerinde empedans calismasi yakin zamanda ¢ok¢a yapilmistir. Ornegin, potasyum segici
silikon kauguk membranlar [4], Cr konsantrasyonunun SnO> bazli seramiklerin elektriksel dzellikleri tizerindeki
etkisi [5], CdS nanopargaciklari [6], kursunsuz (NagsBios) TiO3 (NBT) ferroelektrik seramikler [7], manganez civa
tiyosiyanat (MMTC) [8], polikristalin ProgCao2MnOs [9], ZnO tek kristaller [10] ve graniiler tip bariyer manyetik
tiinel baglantilart Co/Cox(Al;03)1.x/Co ti¢ katmanl yapilar [11]. Biyomedikal uygulamalarda, yerlestirilen sinir
implantlari [12] doku tepkilerinin izlenmesi ve viicut sivist hacim dl¢timleri [13] i¢in empedans spektroskopisi
kullanilmstir.

Bu ¢alismada ayni akim yogunlugunda kaplanan iki farkli kaplama korozyon egilimleri EIS &l¢limleri ile
incelenmistir. Bu yontemle metal uygulanan kiigiik genlikli alternatif akim yiizey yapisini fazla degistirmez, bu
nedenle metalin direnci ve ylizey yapisi ile ilgili daha dogru sonuglar elde edilebilir. Sistemde belirlenen direng
polarizasyon direnci olup, ek olarak yiizeydeki kaplama veya film direnci, yiik aktararim direnci, ve iyon
difiizyonuna kars1 gosterilen direngler ile ilgili bilgiler elde edilebilmektedir. Alternatif akim empedans yontemi
ile Nyquist grafikleri elde edildi.

2. Materyal ve Metod

Deneylerde kadmiyum (Cd) ve titanyum-kadmiyum (Ti-Cd) kapli paslanmaz c¢elik (SS) numuneler
¢aligma elektrotlar1 olarak kullanmilmistir. Cd ve Ti-Cd kaplamalarinin 6 M potasyum hidroksit (KOH) ¢ozeltisi
igerisinde, farkli frekans degerlerinde empedans cevaplari incelenmistir. Sekil 1°de deney diizenegi verilmistir.

2.1. Elektrokimyasal empedans spektroskopisi

Potensiyostatik EIS teknigi sabit potansiyelde tutulan elektrokimyasal bir araylizii karakterize etmede
kullanilir. Bu teknik 6zellikle kaplanmig metallerde korozyonun arastirilmasinda kullanilan giiglii bir tekniktir.
Analiz sonucu elde edilen Bode ve Nyquist grafiklerinden polarizasyon direnci, ¢ift tabaka kapasitansi, soliisyon
direnci gibi veriler elde edilebilmektedir. Sistem iizerinde esdeger devre similasyon yazilimi yardimiyla elde edilen
empedans grafikleri kullanilarak ¢aligma hiicresinin karsilig1 olusturulabilir. Daha sonra esdeger elektrik devre ile
alman 6l¢lim sonuglar gakistirilarak (fitting) kesin sonuca ulagilabilir.

| l
-“l T &

Sekil 1. Potansiyostat ve deney diizenegi
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3. Bulgular ve Tartisma

Gecikmesiz (no-delay), ¢ozelti icerisinde 5 saat gecikmeli ve ¢ozelti iginde 24 saat gecikmeli olarak
analizleri yapilan Cd kapli numuneye ait Nyquist formatinda empedans cevabi Sekil 2°de verilmistir. Elde edilen
veriler incelendiginde daldirma siiresindeki artigla, muhtemelen yiizeylerde daha fazla korozyon iiriiniiniin
gelismesinden dolay1, direng degerlerinde hafif artislar olmustur.
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Sekil 2. Cd kapli SS numuneye ait Nyquist diyagrami

Ayni kaplama kalinliklarina sahip Cd ve Ti-Cd numuneleri korozyon dayanimlari agisindan kiyaslanarak eldi
edilen empedans degerleri Sekil 3’de verilmistir. Elde edilen diyagram incelendiginde kadmiyum kapli numune
icin 20.000 ohm, titanyum-kadmiyum kapli numune i¢in 30.000 ohm degerleri {izerinde farkli bir lup olustugu
gozlenmistir. Diyagramda olusan bu ayrilma yeni bir direng bdlgesi olustugunu gostermektedir. Olusan yeni direng
bolgesinin diisiik frekansta uzun siire beklenmesine bagli olarak yeni bir oksit tabakasinin olusumuna baglh oldugu
diistiniilmektedir. Karsilastirmali sonuglar her iki kaplamanin korozyon dayaniminin oldukga yiiksek olmasina
ragmen kapasitansin oksit tabakasiyla ters orantili olmasina bagli olarak Cd kapli numunenin kaplama kalmliginin
Ti-Cd kapli numuneye ait kaplama kalinligindan yiiksek oldugunu diisiindiirmektedir. Bu veriler deney oncesi
yapilan kalinlik 6l¢iim sonuglar ile de uyusmaktadir. Esit hiicre potansiyellerinde Cd kaplamanin empedans: Ti-
Cd kaplamadan daha ytiiksektir ancak kalinlik farkinin yakin olmasi nedeniyle bu farkin ayni zamanda yiizey
piiriizlilligiinden de kaynaklandigi diisiiniilebilir. Kaplama korozyon direncinin Cd kapli numune i¢in kii¢iik bir
farkla daha yiiksek oldugunu goriilmektedir. Ti-Cd kaplamanin gézenekli yapist gevreklik konusunda avantaj
saglarken yiiksek konsantrasyonlu elektrolit ortaminda korozyon dayanimi agisindan olumsuz etkileyebilecegi de
diistintilmektedir.
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Sekil 3. Cd kapli ve Ti-Cd kapli SS numunelere ait Nyquist diyagrami

4. Sonuclar

EIS 6l¢iim sonuglar her iki kaplamanin da korozyon agsindan oldukga direncli oldugunu ortaya koymustur.
Cd ve Ti-Cd numarali empedans numuneleri kiyaslandiginda kaplama kalinlig1 arttik¢a korozyon direncin arttigi
saptanmig ve Ol¢iim sonuglart kaplama kalinligiyla korozyon direnci arasinda ters orantili bir iligki oldugunu
dogrulamigtir.
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Ozet

Bu calismada deniz kabugu ve pencere camlarindan CaO-Al203-SiO2 (CAS) esashi seramiklerin {iretim
imkanlar aragtirilmistir. Deniz kabugu ve atik pencere caminin yani sira A1203, SiO2 ve CaF2’de ilave edilerek
hazirlanan 3 farkl bilesimden ergitme yontemi ile cam fritler elde edilmistir. Cam fritler bilyeli degirmende
ogitiiliip elenmis (<45um) ve hidrolik pres ile sekillendirilerek silindirik ve dikddrtgen numuneler Giretilmistir.
Bu numuneler 850°C, 900°C, 950°C ve 1000°C’de 2 saat sinterlenerek CAS esasli seramikler elde edilmistir.
Sinterlenen numunelerin X-1gin1 difraksiyonu (XRD) ile faz analizleri, taramali elektron mikroskobu (SEM) ile
de mikroyap1 incelemeleri yapilmistir. Ayrica bazi fiziksel ve mekanik testlerle de mekanik ve yapisal
ozellikleri incelenmistir. Elde edilen sonuglar deniz kabugu ve atik pencere camlarindan CAS esash
seramiklerin tiretimlerinin miimkiin oldugunu gostermistir.

Anahtar Kelimeler: Atik malzemeler, cam-seramik, CAS, deniz kabugu, sinterleme
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Abstract

In this study, the production conditions of CaO-Al203-SiO2 (CAS) based ceramics by using sea shell and waste
glass were investigated. Glass frits were obtained by melting method from 3 different compositions prepared
by adding Al203, SiO2 and CaF2 as well as sea shell and waste window glass. Glass frits were ground and
sieved (<45um) in a ball mill and shaped by a hydraulic press to produce cylindrical and rectangular samples.
CAS-based ceramics were obtained by sintering these samples for 2 hours at 850°C, 900°C, 950°C and 1000°C.
Phase analyzes of the sintered samples by X-ray diffraction (XRD) and microstructure examinations were
performed by scanning electron microscope (SEM). In addition, its mechanical and structural properties were
examined by some physical and mechanical tests. The results obtained showed that it is possible to produce
CAS based ceramics from sea shells and waste window glasses.

Keywords: CAS, glass-ceramic, sea shell, sintering, waste materials
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Cam seramikler, uygun bilesime sahip camin belirli 1s1l islemler ile kontrollii kristalizasyonu (devitrifikasyonu) ile
tiretilen ince taneli polikristal bir malzemelerdir [1-2]. Cam-seramik malzemeler, ¢ogu camdan ¢ok daha yiiksek
mukavemete sahiptir. Yiiksek sicaklik mukavemeti iyidir, diisiik genlesme katsayina sahiptir ve termal soka karsi
direnci mitkkemmeldir [3]. Cam-seramikler, 6nceden sekillendirilmis bir camin 1s1l iglemiyle veya sinterleme yolu
ile de elde edilebilir [4].

Giintimiizde arastirmacilar yeni bir {iriin tiretmek i¢in genellikle ya atiklar1 kullanarak geri doniisiimiinii saglamakta
yada dogal hammaddeleri kullanmaktadirlar [5]. Cam seramik hazirlamada yumurta kabugu, ugucu kiil, soda kireg
silikat cam1 ve deniz kabugu gibi atik maddelerin kullanimi aragtirmacilarin ilgisini ¢ekmektedir [6]. Istiridye
kabugu gibi gida atig1 biiyiikk miktarda CaCO3 igerirken, soda kireg silikat cami cam atig1 SiO2 igerir. Saf CaO ve
silikanin, belirli riinler i¢in gerekli olan miktarlar1 ¢ok oldugu i¢in endiistride kullanimi pahalidir. Bu nedenle
ihtiya¢ duyulan saf madde miktarini elde etmek ve iiretim maliyetini azaltmak i¢in atik istiridye kabugu, soda kireg
silikat camui gibi atiklar kullanilmaya baglanmigtir [5].

Bu ¢alismada deniz kabugu ve atik camlardan CaO-Al203-SiO2 (CAS) esasli cam-seramiklerin tiretim imkéanlar
arastirilmigtir.

2. Materyal ve Metod

Calismada atik pencere camlar1 ve Sakarya/ Kocaali sahilinden toplanan dogal deniz kabuklar1 ana malzeme olarak
kullanmustir. Ayrica bilesimlere camlagma 6zelliklerini iyilestirmek i¢in CaF2, Al203 ve SiO2’de ilave edilmistir.
ilk asamada deniz kabuklar1 ve atik pencere cami kabaca kirilmis daha sonra 250 devir/dk. ile dénen aliimina
bilyeli degirmende 1 saat 6giitiilerek 125 um elek altina elenmistir. Elenen deniz kabuklart 3°C/dk. 1sitma hizi ile
wsitilan elektrikli firinda 900°C’de 2 saat bekletilerek kalsine edilmistir. Bilesimleri agirlikga x DK- (69-X) C- 15
CaF2- 5 Al203- 5 SiO2 (x:13,19,25) olacak sekilde ti¢ farkli cam bilesimi hazirlanmigtir (Tablo 1). Deniz kabugu,
atik pencere cami, CaF2, Al203 ve SiO2 igeren cam bilesimleri homojen bir karisim elde etmek igin bilyali
degirmende G6giitme Ve karistirma islemine tabi tutulmustur. Klasik ergitme yontemi ile aliimina pota igerisine
konulan cam bilesimleri 7 °C/dk 1sitma hizinda 1sitilan elektrikli cam ergitme firminda 1500°’de 2 saat bekletilerek
ergitilmis ve suya dokiilerek cam fritler elde edilmistir. Uretilen cam firitler tekrar bilyeli degirmende dgiitiiliip-
elenmis (- 45 pm) daha sonra 198 MPa basing altinda hidrolik pres ile sekillendirerek silindirik ve dikdortgen cam
numuneler elde edilmistir. Camlar 3°C/dk. 1sitma hiz1 ile 1sitilan firinda 850°C, 900°C, 950°C ve 1000°C sicaklikta
2 saat bekletilerek 1s1l ileme tabi tutularak cam-seramik doniisiimii gerceklestirilmistir.

Tablo 1. hazirlanan bilegsimlerin agwrlikca yiizdeleri ve numune kodlar

Numune Kodu % Agirlikga
Deniz Atik pencere .
Kabugu cami CaF2 SI02 AI;O
CS1 13 56 19 6 6
CS2 19 50 19 6 6
CS3 25 44 19 6 6

Ergitme sonrast cam numunelerde X-Isinlar1 Floresans Analizi (XRF) analizi yapilarak kimyasal bilesimleri
belirlenmistir. Cam numunelerde camsi amorf yapinin tespiti, cam-seramiklerde ise kristallenen fazlar1 analiz
etmek igin tarama agis1 (20) 0-90° arasinda, tarama hiz1 2°/dk ve dalga boyu A=1,54056 nm olan CuK¢ 151n demeti
kullanarak X-1ginlar1 difraksiyon (XRD-Rigaku D-Max) analizi gergeklestirilmistir. Cam-seramik numunelerin
kirik ylizeyleri kullanilarak taramali elektron mikroskobunda (SEM Jeol JSM-5410) mikro yapilari incelenmistir.
Ayrica yogunluk, molar hacim, ii¢ nokta egme ve mikrosertlik analizleri ile mekanik ve yapisal 6zellikleri
incelenmistir.
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3. Sonuglar

Ug farkli bilesimde hazirlanarak ergitilen camlarm XRF analizi sonucunda elde edilen kimyasal analizleri Tablo
2’de verilmistir. Artan deniz kabugu ilavesi ile bilesimlerdeki CaO miktar1 da artig gostermektedir.

Tablo 2. Ergitilen camlarin XRF ile yapilan kimyasal analizi (% ag.)
Bilesenler ~ SiO2  CaO Al20 Na20 F MgO K20 TiO2 Fe20

3 3
CS1 4434 2291 17,15 7,010 6,04 2175 0,179 0,110 0,086
CS2 42,15 26,23 17,98 6,469 439 2402 0,174 0,103 0,102
CS3 39,28 31,07 18,97 5264 2,76 2,232 0,194 0,111 0,130

Ug cami da XRD sonuglarindan amorf yapida olduklar tespit edilmistir (Sekil 1). Farkli sicakliklarda 1s1l isleme
tabi tutulan tiim numunelerin XRD analizleri incelendiginde hepsinde kristallenmenin ger¢eklestigi gézlenmistir
(Sekil 2)

Siddet (Degisken skala)
5
3
=}
di |I\‘

C1

10 20 30 40 50 60
260 (Derece)

Sekil 1. Camlarin XRD analizi

CS-1 bilesiminde 850°C ve 900°C’lerde 1s1l islem gorenlerde Nephelin, Cuspidin ve Andesin fazlart mevcuttur,
bu fazlarda iki sicaklik i¢inde ayni 20 agilarinda gozlenmistir. 950°C’de ise Nephelin, Cuspidin, Andesin fazlari
ile birlikte Gehlenit faz1 da goriilmektedir. 1000°C’de Nephelin, Cuspidin, Gehlenit, Albit ve Anortit fazlari
olusmustur ve diger sicakliklarda olusan Andesin fazi olusmamustir. Sicaklik artikga Cuspidin ve Andesin
fazlarinin pik siddetinde diisiis gozlemlenirken Nephelin fazinin pik siddetinde artis goriilmektir. 1000°C’de
Anortit fazina 26=27,54°, 28,16° acilarinda rastlanmistir.

CS-2 cam-seramik malzemede 850°C’de sadece Nephelin, Cuspidin fazlart olusmustur. 900°C, 950°C ve 1000°C
sicakliklarda yapilan 1s1l islemlerde ise ayni Nephelin, Cuspidin fazlarinin yani sira Gehlenit fazinin da olustugu
tespit edilmistir. Bu bilesimde 1s1l islem sicakliklarina gore fazlarmn pik siddetleri incelendiginde Gehlenit fazinin
pik siddetinin artt1g1 goriilmektedir.

CS-3 cam seramiklerin XRD faz analizlerinde Nephelin, Gehlenit ve Cuspidin fazlari belirlenmistir. Bu fazlarn

pik siddetleri incelendiginde Nephelin ve Cuspidin fazlarmmn pik siddetlerinin artan 1sil islem sicakligi ile azaldig:
bununla birlikte Gehlenit fazinin pik siddetinin ise 6nemli 6lgiide artti§1 gdzlenmistir.
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Sekil 2. Cam-seramik malzemelerin XRD analizi. a) CS-1, b) CS-2, ¢) CS-3.

Siddet (Degisken skala)

Cam-seramiklerin yogunluklar1 Arsimet yontemi ile hesaplanmistir (Sekil 3). CS-1 cam-seramik i¢in en yiiksek
yogunluk degeri 950°C’de 1s1l islem sonrasinda 2,49 g/cm3 olarak ol¢tilmiistiir. CS-2 de ve CS-3 de en yiiksek
yogunluk degerleri 850°C ‘de 1s1l islem sonrasinda sirasiyla 2,65 g/cm3 ve 2,67 g/cm3’ olarak tespit edilmistir.
Deniz kabugu miktarinin artmasiyla yogunluk degerlerinin artig1 goriilmektedir. Isil islem sicakligi 1000°C’ye
ulastiginda yogunluk azalmigtir. Bu durum daha 6nce kalsine edilmesine ragmen deniz kabugundaki kalsine
olmamis CaCOg3 ’iin par¢alanmasi sonucunda olusan kapali gézeneklerden kaynaklanabilir [5]. Ayn1 zamanda 1s1l

islem sicaklig1 artikga ylizey c¢atlaklar1 ve porozite artar, bu da yogunlugun azalmasina sebep olabilir [7]. SEM
mikroyapi incelemeleri de bu durumu desteklemektedir.
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Sekil 3. Cam-seramik malzemelerin sl islem sicakligina gére yogunluklar

Molar hacim, yogunluk ile ters orantilidir. Yogunluk artikga molar hacim azalir [6]. Molar hacim degerleri
incelendiginde (Sekil 4) en yiiksek molar hacim ve en diisiik yogunluk 1000°C’de kristallendirilen CS-1 cam-
seramikte gozlenmistir. Molar hacim degerleri incelendiginde yogunluk artik¢a molar hacim degerinin diistiigii
goriilmektedir.

—=—C5-1
—&—C5-2
—d—C5-3

&

2

Molar Hacim (cm’/mol)

20

T T T T
850°C 200°C 950°C 1000°C
Sinterlem e Sicakh@ (°C)

Sekil 4. Cam-seramik malzemelerin 1sil islem sicakligina gére molar hacim degerleri
Cam-seramiklerin 1s1l islem sicakligina bagli olarak ii¢ nokta egme mukavemeti incelendiginde (Sekil 5) artan

deniz kabugu miktar1 ve 1s1l islem sicakligina gore artis gosterdigi goriilmektedir. 1000 °C’de ise yogunluk
diisiistine bagli olarak azalma meydana gelmektedir.
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Sekil 5. Cam-seramik malzemelerin sl islem sicakligina gére 3 nokta egme mukavemetleri

Cam-seramik malzemelerin mikrosertlik sonuglar incelendiginde verilerini incelendiginde (Sekil 6) deniz kabugu
miktarinin atmasiyla mikrosertlik degerlerinin arttigi, 1000 °C de 1s1l islem sonrasinda ise ii¢ bilesim i¢inde de
diigiis egiliminde oldugu goriilmektedir. Cheng ve ark. CAS cam-seramikleri ile ilgili yaptiklari ¢aligmada
kristalizasyon islemi ile ger¢eklesen kristal bilylimenin sonucu olarak malzemenin fiziksel ve mekanik
Ozelliklerinin distiiglinii rapor etmislerdir [7].

1000
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Sekil 6. Cam-seramik malzemelerin 151l islem sicakligina gore mikrosertlik degerleri
Cam-seramik malzemelerin {i¢ nokta egme testinde kirtlan kirik yiizeylerinde 1s1l islem sicakligia gére SEM
mikroyapi incelemesi yapilmistir (Sekil 7-10). Numunelerde gozenekler ve kristal olusumlar géze ¢arpmaktadir.

Yogunluk artisiyla daha yogun yapilar gdzlenirken yogunluk diisiisiiyle artan gdzenekli mikro yapilar
goriilmektedir.
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Sekil 8. 900 °C de is1l islem yapilan (a) CS-1, (b) CS-2 ve (c) CS-3 cam-seramiklerin SEM mikroyapilari

@ B (o N o
Sekil 9. 950 °C de 1s1l iglem yapilan (a) CS-1, (b) CS-2 ve (c) CS-3 cam-seramiklerin SEM mikroyapilart

@ 0 G

Sekil 10. 1000 °C de 151l iglem yapilan (a) CS-1, (b) CS-2 ve (c) CS-3 cam-seramikilerin SEM mikroyapilar
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4. Genel Sonuclar

Bu ¢alismanin amaci, deniz kabugu ve atik camlardan CaO-Al203-SiO2 (CAS) esaslt seramiklerin iiretim

imkanlart aragtirilmasidir ve elde edilen sonuglar deniz kabugu ve atik pencere camlarindan CAS esash
seramiklerin liretimlerinin miimkiin oldugu goriilmiistiir. Elde edilen sonuglar asapida 6zetlenmistir.

a) Deniz kabugu icerigine gore li¢ farkli bilesimde hazirlanan ve 1500°C’de ergitilerek dokiilen cam
numunelerin amorf yapiya sahip olduklar1 tespit edilmistir.

b) TIsil islem ile yapilan kristalizasyon sonrasinda CAS cam-seramiklerde ana faz olarak Cuspidin,
Gehlenit ve Nephelin fazlar1 tespit edilmistir. Ayrica CS-1 cam-seramiginde 900°C ve 950°C’de
Andesin fazina rastlanirken 1000°C’de ii¢ ana faz ile Anortit ve Albit fazlar1 da tespit edilmistir.
Fazlarin pik siddetleri incelendiginde Nephelin ve Cuspidin fazlarinin pik siddetlerinin azaldig
bununla birlikte Gehlenit fazinin pik siddetinin ise 6nemli 6l¢iide arttigi gézlemlenmistir.

c) Deniz kabugu miktar1 artikca mikrosertlik degerleri de artmustir.
d) Cam-seramik mikroyapilarinda gézenekler ve kristal olugsumlar goriilmiistiir.
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Oz

Polimer kopiikk dolgulu sandvi¢ panel yapisi, hafif tasima sistemlerinin tasarimi ve yapimi igin yiiksek
mukavemet/agirlik orani ile yapisal agidan verimlilik saglar. Bu sistemlerin panel bilesenleri, yar statik kosullar
altinda sikigtirma kuvvetlerine maruz kalmaktadir. Viskoelastik malzemenin deformasyon hizina gére daha yiiksek

enerjiyi yiikksek oranda absorbe etmektedir. Bu galismada, poli dimetil siloksan bazli RTV polimer kopiik, ara
dolgu olarak iki aliiminyum panel arasina sikistirilmigtir. Farkli kalinliklarda imal edilen bu sandvig panellerin
farkli deformasyon oranlarindaki sikistirma kuvveti altindaki davraniglari incelenmistir. Sikistirma testleri, kdpiik
dolgulu sandvi¢ panel numunelerin deformasyon direncinin, deformasyon hizindaki ve polimer ¢ekirdek
kalinligindaki artisla 6nemli Sl¢lide arttigini géstermistir. Bu ¢aligmada elde edilen sandvig panel, yari statik
kosullarda calisan yapi elemanlarinda yiiksek deformasyon hizina neden olacak yiiklerin enerjisini absorbe
edebilecektir.

Anahtar Kelimeler: Aliiminyum Sandvig¢ Panel, Polimer Kopiik, Statik Basma Testi, Viskoelastisite

Investigation of the Compression Behavior of Aluminum Sandwich Panels
with Viscoelastic Polymeric Foam (Rtv-2) Core

Abstract

Polymeric foam cored sandwich panel structure provides excellent structural efficiency with a high ratio of strength
to weight for the design and the construction of lightweight transportation systems. The panel components of these
systems are exposed to compression forces under quasi-static conditions. Due to the higher stiffness relative to the
deformation rate of viscoelastic material, the polymeric foam cored sandwich panel composite structure highly
absorbs the energy from the static loading conditions. In this study, poly dimethyl siloxane-based polymeric RTV
foam core was sandwiched between two aluminum panels. The behavior of these sandwich panels produced in
different thicknesses under compression force at different deformation rates was investigated. Compression tests
showed that the deformation resistance of the foam-filled sandwich panel specimens increased significantly with
the increase in deformation rate and polymer core thickness. The sandwich panel obtained in this study will be
able to absorb the energy of loads that will cause a high deformation rate in structural elements operating in quasi-
static and quasi-dynamic conditions.

Keywords: Aluminum Sandwich Panel, Compression Test, Polymeric Foam, Viscoelasticity.
1. Introduction
Polymeric foams are preferred in energy absorption applications with compression and high strain rates [1].

Foam material made of Silicone rubber (SR), one of the elastomers, is preferred in vehicles and equipment for
aviation, light transport, and military use due to its high-excellent flexibility, low compression ratio, high thermal
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insulation, and increased shock absorption [2]. As shown Figure 1 strong chain bonds, a flexible backbone, ease
of side group rotation, and low intermolecular and intermolecular forces are provided by alternating silicon and
oxygen atoms in the main chain of the inorganic compound, as well as two pendant organic groups, typically

methyl. [3]. Since the Si-O bond energy is higher than the C-C bond energy, the Si-O bond in the main chain
structure of the molecule makes the network a molecule with a more flexible and robust bond structure [4]. As a
result, compounds in the C-C chain structure are lighter than those in the Si-O chain structure. However, foaming
the silicon polymer can compensate for the weight problem in the Si-O chain structure.

Figure 1. Poly di methyl siloxane (PDMS) chains showing bond angles in the siloxane skeleton [5]

Typically polymeric foams display high strain rate sensitivity, as seen by the higher elastic modulus, elevated
plateau stress, and reduced densification strain (Figure 2) [1]. Increasing strain rate causes the material to behave
more rigidly until failure occurs. In the linear elastic region, elastic materials have the same elastic modulus, while
in the linear elastic area, the elastic modulus increases further, as seen in Figure 2.

fRereasing sirain rafe
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Figure 2. General compressive stress—strain behavior for polymeric foam [1]

Sandwich panels are designs with a high specific strength. Sandwich panel structures consist of low-density
core material between two high-strength plates [6]. The low-density material is the polymer foam material in this
study. Silicone foams can be used as structural material by confining it between the aluminum panels. The
mechanical properties of panel structures are related to the amount of energy absorption for polymeric foam-cored
sandwich panels [7]. Three main features that determine the mechanical properties of sandwich panels with foam
core structure can be mentioned: foam structure, polymer material, and strain loading conditions [8]. Increasing
the compression speed, scanning the strain rate from semi-static to semi-dynamic conditions, and evaluating
energy absorption performance. The scale of increasing strain ratio evolves from quasi-static to quasi-dynamic

conditions.

102



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

In this study, sandwich panel structures made of poly dimethyl siloxane-based Room temperature
Vulcanization (RTV) polymer foam material with different heights produced in the same process parameters were
subjected to compression tests at different speeds. As a result of the compression tests, the amount of material and
the amount of energy absorption were evaluated. In addition, its physical properties were correlated with the results
obtained from this study.

2. Materials and Methods

Sandwich panel samples were prepared with PDMS-based RTV polymer (Aydin Kompozit, Turkey) and
1002 series, 0.5 mm thick aluminum sheets. The polymeric material monomer solution is provided with 2% by a
mass activator supplied by the company. Pore formation during polymerization is done by adding 0.03% by mass
with the Azodicarbonamide chemical. Since the completion time of the polymerization reaction takes 24 hours at
room temperature, homogenization of the mixture at 100 rpm for 3 minutes is possible. The mixture was poured
into a steel profile mold (91 x 90 mm) with a wall thickness of 4 mm, between the upper and lower aluminum
panels, was ensured. The curing process at atmospheric condition, was carried out in an oven preheated to 175 °C
for 2 hours. The core material thickness specified for the sandwich panel was adjusted by calculating the amount
of mixture poured into the mold and the amount of swelling (Table 1). No external adhesive was used, which
directly adhered to the aluminum panels during the firing of the core material. An example of an aluminum
sandwich panel produced is shown in Figure 3.

Table 1. Amount of core material for related thickness

Core Thickness (millimeter) Weight (gram)
4+0.5 22
8+0.5 47
12+0.5 75

ALUMINUM PLATES f FOAMED CORE
4 MATERIAL

Figure 3. RTV polymeric foam cored aluminum sandwich panels

PDMS-based polymeric foam materials were characterized with Shore F (Loyka, Turkey) for the hardness,
with helium pycnometer (Micromeritics, USA) for the density and dynamic-mechanical analyzes (DMA) in
compression mode (PerkinElmer, USA) for defined elastic modulus. The pore distributions and morphology of
the samples was determined by using pictures of the samples cross-section and image processed software
(KameramGEN, Turkey).

The DMA method, allow to determine the materials' storage elastic modulus and loss elastic modulus under
stress or strain according to a fixed frequency value. Prismatic samples (2 x 3.5 x 5 mm) were used for each foam
core. The mechanical properties were observed for the perpendicular and parallel directions described according
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to the polymer foaming (Figure 5). The measurement was made at a frequency of 1Hz and an amplitude of 0.05

mm.
lParaIIeI

Perpendicular [ Foaming

Direction

Figure 5. Sample cutting direction for preparing to DMA Analysis

The highest energy absorption degree of the compressed polymeric materials can be determined via the tan 6
value which can be defined as the ratio of the loss modulus (E”) and the storage modulus (E’) given by the
instrument (Eqg. 1). Furthermore, the tan 6 value can also be used for determining the glass transition of the
polymer.

tan§ =E"/E' (Eq. 1)

The compression test performance of the sandwich panel groups was carried out on a Shimadzu AG-X model
Universal test instrument. In order to investigate the viscoelastic behavior of the foam structure, the
characterization was done in quasi-static and quasi-dynamic conditions. Therefore, the strain rates parameter were
1 mm/min, 10 mm/min, and 50 mm/min. For each measurement, freshly prepared sample were used to avoid any
effect of previous analysis.

3. Results

3.1. Polymer Foam Characterization

The polymer hardness was measured with Shore F method specified for foam materials via 25.30 mm diameter
cylindrical penetrating tip. Figure 6 shows Shore F results from measuring 4, 8, and 12 mm thick polymer foams
five times from different points. These measurements were compared with the poured non-foam bulk material as
areference. The stiffness of the foam material is lower than that of the bulk material. Furthermore, it was observed
that as the thickness of the foam materials produced under the same recipe and process conditions increased, the
hardness values decreased.
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Figure 6. Aluminum sandwich panel core Thicknesses and Shore F Foam hardness

The density measurement of foam materials was made according to ASTM 3575 standard. The measurements
were repeated five times for each sample. Compared to bulk material, the densities of polymer foams are lower
than expected. However, while the densities of the 4 and 8 mm thickness foams are close to each other, the density
of the foam with 12 mm thickness is lower (Figure 7). This is because the curing of the polymer over 8 mm thick
is delayed, and the pore development continues for a longer time.
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Figure 7. Aluminum sandwich panel core thicknesses and Shore F foam hardness

Prismatic samples were cut for using DMA analysis from RTV polymer foam materials of 4, 8, and 12 mm
thickness to perpendicular (v) and parallel (h) to the foaming direction. The storage and loss modules
corresponding to the samples defined based on thickness and direction are given in Figure 8, and tan ¢ values are
shown in Figure 9. When the DMA analysis results are examined, the polymer samples cut in the direction parallel
to the foaming direction taken from the 8 mm thick core stand out as the sample that absorbs the most energy. In
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the samples with 4 and 12-mm thickness, parallel or perpendicular to the foaming direction did not make a practical
difference. However, the polymer samples produced as 8mm showed a more effective energy absorption

performance.
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Figure 8. Storage modulus (£') and loss modulus (E") of the samples defined based on thickness and
direction
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Figure 9. Tan 0 values of the samples defined based on thickness and direction

Macro structures were photographed from the sample cross-sections cut from 4, 8, and 12 mm thickness
groups, and the distribution and morphology of the cavity structures were examined with the image processing
program.
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Figure 10. Image-processed macrographs of polymeric foam core with described thickness values

When the macro photographs given in Figure 10 are examined, the number of pores increases as the thickness
increases. When the pore morphologies are examined, the pore orientation is different in the direction
perpendicular and parallel to the foaming direction of the polymer. The pores had a spherical appearance in the
foaming direction of the polymer. In contrast, the pore morphology shifted from spherical to elliptical in the cross-
section perpendicular to the foaming direction. Figure 11 shows the variation in pore sphericity depending on the
direction and thickness.
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Figure 11. Sphericity of polymeric foam core with described thickness values
3.2. Compression Test Results

The samples prepared as aluminum sandwich panels, grouped as 4, 8, and 12 mm according to their core
thickness, and were deformed with compression speeds of 1, 10, and 50 mm/min. In compression tests, the core
of the sandwich panel was deformed up to 95% of its thickness. Force-displacement graphs are given in according
to thickness values at Figure 11.
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Figure 12. Compression test charts of polymeric foam-cored aluminum sandwich panels grouped according
to thickness values

When the compression test results are evaluated according to the test speed, the sample shows higher strength
at increasing test speeds with the same thickness. However, the material behaved more rigidly at decreasing
thickness values.

The integration of the force-displacement curves gives the amount of energy absorbed during the compression
test. The energy absorbed on these graphs was calculated numerically and is shown in Figure 12.
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Figure 13. Energy absorption values of polymeric foam-cored aluminum sandwich panels grouped
according to thickness and compression speed values

It has been observed that the deflection and breakage in the force-displacement curves given in Figure 11
cause damage in the samples. When the damage is analyzed, breaks on the curve show delamination damage and
deviations show tearing in the polymer. The damage type and its appearance in the force-displacement graph are
given in Figure 13.
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Figure 14. Failure analysis for compression test results of RTV foam cored aluminum sandwich panel

4. Discussion and Conclusion

Within the scope of this study, RTV polymer foam material produced in 4, 8, and 12 mm thicknesses were
made into a sandwich panel between 0.5 mm thick aluminum sheets. The behavior of aluminum sandwich panels
with viscoelastic RTV polymer foam core in three different thicknesses at compression speeds of 1, 10, and 50
mm/min was investigated. During the thermal foaming of the polymer, the polymer foam material adhered to the

aluminum sheets.

Since the polymerization and foaming processes co-occurred, it was concluded that the amount of substance
that changes with the thickness directly affects the product properties. When the macro photographs are evaluated
together with the density measurements of the RTV foam material, the increase in pore formation explains the

decrease in Shore F hardness measurements.

The change in material hardness is also reflected in other mechanical properties. Therefore, the samples were
analyzed with DMA, and the results were evaluated. When the dynamic-mechanical analysis results are examined,
the polymer foam with a thickness of 4 mm polymerized faster than the samples with a thickness of 8 and 12 mm.
The thickness related to amount of material increasing with the delayed the polymerization, which caused the pores
to form an elliptical geometry in the foaming direction. The decrease in strength can be explained by the pore
number, size, and pore morphology change. While the number of pores increases in direct proportion to the
thickness, the pore size is smaller and more homogeneous in 8 mm core materials than in 4 and 12 mm core

materials. As the pores were directed from the spherical geometric structure to the elliptic geometry in the foaming
direction, the strength decreased, as seen in Figure 8. In silicon-based polymeric structures, intermolecular
interaction causes polymer viscous behavior [9]. Viscosity is a parameter to be considered in process design.

The panel core material exhibits high strength under low thickness and high compression speed conditions in
the compression test results. Furthermore, the amount of energy absorbed by the polymer during the compression

test parallels the DMA results. In light of these results, it is possible to say that there is an optimum thickness value
for the RTV polymer foam production process with the thermal processes under the conditions determined in this
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study. In addition, in the force-displacement graphs in Figure 11, increasing speed with increasing thickness
increased the tendency to damage the polymer foam structure.

As a suggestion, instead of using 12 mm sandwich panels, making 8+4 mm will give more effective results and
will be able to meet both high and low deformation amounts. As another usage area, an adequate amount of
material can be used by designing an 8 mm sandwich panel structure where there is a high-speed impact and a 4
mm sandwich panel structure where there will be a low-speed impact.
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Abstract

This research shows the advantage of using solar energy for the hardening of fresh concrete for the
prefabricated elements of constructions. An experimental program was carried out to study the effect of
the initial hardening time and the environmental conditions, humidity and ambient temperature and
inside the stoving chamber on the compressive strength; the water/cement ratio (E/C) is 0.40 for the
whole year heated by 2 cycles for both hot and cold periods. The results show the beneficial effect of
this type of accelerated hardening and high quality and durability and beneficial for the environment.

Keywords: Solar energy, Prefabricated elements, Hardening, Compressive strength.

1. Introduction

Public and political awareness of environmental and energy security issues have led to the promotion
of solar energy sources [1]. The needs of the modern world require producing more, faster and cheaper,
it's the prefabricated concrete (precast elements). The setting time and hardening of hydraulic concrete,
building materials most used today, is incompatible with the requirements of industrial production. In
order to accelerate the setting and hardening concrete heat treatments prominently among the different
possible methods. The atmospheric steam curing is the way to thermo maturation most used. Steaming
of the concrete in the enclosures continues until the minimum resistance is reached, considered essential
for the good resistance of the element after stripping [2]. This minimum compressive strength should be
around 50 to 60% of the required strength (28 days under natural conditions) [3]. Steam curing is an
important technique for obtaining high strength values at the start of precast concrete [4]. The required
objective is to evaluate through experiments the influence of atmospheric steam curing on the
mechanical strength of concrete.

2. Experimental Program

In this section we present the materials used, formulation of concrete and the preparation of
specimens.

2.1 Materials

02 cements (CEM 142.5 and (CEM 11/B) 42.5 Mpa, the water used is drinking water (NFP 18-404
standard), the sand (0/5 mm) and crushed stones (3/8, 8/15 and 15/25 mm).

2.1.1 Study of the temperature in the steam curing chamber and at ambient air

Our study is first to raise the temperatures in the open air using a thermometer and within the confines of
conservation (Figure 1) by other thermometers hourly and daily same time of 07 h to 21 h for 12 months of the
year, the average of these monthly records are illustrated in figure 2.
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Figure 2. Steam Curing Chamber

2.1.2 Concrete test methods and compositions

From the graphs of the temperature variation with time of 12 months, we can say that for six months
from April to September, the average temperature coefficient (K; = 1.70), and October to March, the
average temperature coefficient is: (K, = 1.40). With: T° is the temperature in °c and K: the average
temperature coefficient (K = 1.55). Based on the findings deduced from the variation curves of
temperature versus time inside the chamber, we select the six months which corresponds to the seasons:
spring and summer as shown in table 1.

Table 1. Steaming cycles and maximum temperatures in the room (spring-summer)

Month Apr May Jun Jul Aug Sept
Cycles X33X8 3x8x3 3x8x3 3x9x3 3x9x%3 3x8x3
Max. T° 38 43 44 46 48 43

We opt for steam curing cyclel: (3x8x3) with a maximum temperature bearing 45 °c. We do the
same for the other six (06) months representing the fall and winter and the pattern of the cycle (table 2)

Table 2. Steaming cycles and maximum temperatures In the room (autumn - winter)

Month Oct Nov Dec Jan Feb Mar
Cycles X33X8 3x7x3 3xTx3 3x7x3 3x7x3 3x8x3
Max. T° 34 32 30 28 23 34

We opt for steam curing cyclez: (3x7x3) with a maximum temperature bearing 29°c.

Table 3. Composition of Concrete (kg/m3)
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Concrete type Cement Sand Gravel (3/8) Gravel (8/15) Gravel (15/25)  wi/c ratio
475 533 0.4
B1 380 613 0.5
317 666 0.6
o 500 290 143 126 909 04
400 575 0.5
333 640 0.6

3. Results and discussions

Maneuverability: The NF P 18-451 slump test, The consistency class of concrete is plastic.

Compressive strength: Are estimated at 1, 2, 3, 7 and 28 days for the 04 curing methods.

After mixing, molding and demoulding, the samples were introduced into the open air steaming

chamber (Figure 3)
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Figure 3. Effects of curing methods, cement type and w/c ratio on the compressive strength development

1. The solar-powered steaming technique in Algeria is an effective technique for hardening concrete for CEM

cement.

2. Water hardening promotes hydration regardless of the wi/c ratio and the type of cement. Air hardening has a

negative effect on the mechanical properties of concrete.

3. This heat treatment by solar energy provides us with time savings and shorter manufacturing times to achieve
compressive strength at 28 days in air after 1 day of baking and 03 days of curing in air.
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Tek Bir Banyodan Elektro Depolama Yéntemi ile Elde Edilen Ni-W
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Oz

Nikelin (Ni) korozyona karsi dayanikliligi, sertligi, manyetik alanda boyut degistirme kabiliyeti ve adezyon
kuvveti oldugu bilinmektedir. Tungstenin (W) sert saglam, yiiksek erime sicaklig1 ve catlak giderme yonteminde
kullanildig1 yapilan incelemelerde goriilmiistiir. Buna ek olarak Hekzegonal Bor Nitriiriin (hBN) yaglayiciligi,
sertligi ve korozyon direncini arttirmasi kullanilarak elektrodepolama yontemiyle Ni-W/hBN alagimli yeni bir
kompozit kaplama malzemesi olusturulmustur. Bu ¢alisgmada elektrodepolama yontemi kullanilarak elde edilen
Ni-W ve Ni-W/hBN kaplamalarinin tek bir banyo igerisinden dort ayrt numune elde edilmesi ve bu numuneler
arasindaki mikrosertlik, yiizey piiriizliligi, korozyon direnci, optik mikroskop ve XRD goriintiileri
karsilagtirilmistir. Yapilan bu karsilagtirmalar sonucunda yapisma testinde ayni banyo igerisinde elde edilen dort
ayr1 Ni-W numunesinden ilk iki numunenin yapismasinin {igiincii ve dordiincii numuneye gore daha iyi oldugu Ni-
W/hBN banyosunda ise ilk ii¢ numunenin dordiincii numuneye gore yapigsma kabiliyetinin daha iyi oldugu

goriilmiistiir. Ayn1 zamanda Ni-W banyosu icerisine eklenen hBN pargaciklarimin sertligi arttirmada da biiyiik rol
oynadig1 gézlemlenmistir.

Anahtar Kelimeler: Elektro depozisyon, Ni-W, Ni-W/hBN, kaplama

Comparison Of Ni-W And Ni-W/Hbn Coatings Obtained By Electro
Deposition Method From A Single Bath

Abstract:

It is known that nickel (Ni) has resistance to corrosion, hardness, ability to change size in magnetic field and
adhesion strength. It has been seen in the examinations that tungsten (W) is used in hard, high melting temperature
and crack removal method. In addition, a new Ni-W/hBN alloy composite coating material was formed by
electrodeposition method, using Hexegonal Boron Nitride (hBN) to increase its lubricity, hardness and corrosion
resistance. In this study, four different samples of Ni-W and Ni-W/hBN coatings obtained by using the electro-
deposition method were obtained from a single bath and the microhardness, surface roughness, corrosion
resistance, optical microscope and XRD images between these samples were compared. As a result of these
comparisons, in the adhesion test, it was seen that the first two samples of four different Ni-W samples obtained
in the same bath had better adhesion than the third and fourth samples, and the adhesion ability of the first three
samples was better than the fourth sample in the Ni-W/hBN bath. It has also been observed that hBN particles
added to the Ni-W bath play a major role in increasing the hardness.

Keywords: electro deposition, Ni-W, Ni-W/hBN, coating
1. Giris

Gelisen teknoloji ile birlikte yeni malzeme iiretme ihtiyaci, ekonomik ve kolay olmasi, katma degeri daha
diistik olan malzemenin daha iyi hale getirilmesi ve malzemelerin istenilen 6zellikleri verebilmesi adina kaplama
yontemine sik¢a bagvurulmaktadir.

Hizla gelisen teknoloji ile beraber malzemelerin g¢evreye karst korunmasi ve gelistirilmesine ihtiyag
duyulmustur. Bu amagla malzemelere alagimlama yapilmis fakat zamanla alagimlamanin oldukca maliyetli oldugu
ve malzemelerin yalnizca dig yiizeylerinin korunmasmin daha dogru olacagi diistiniilmiistiir. Kaplama
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malzemelerin korunmasi ve gerekli 6zelliklerin kazandirilmas: amaciyla iilkemizde ¢ok sik kullanilmaktadir.
Kaplama cesitlerinden birisi de elektro-depolama yontemiyle kaplamadir. Elektrodepolama yontemi ile koruma,
dekoratif, korozyon direnci, manyetik 6zellik, 1s1 direnci, asinma direnci, yaglayicilik, elektrik gecirgenligi ve
miicevher kaplamalar gibi ¢ok cesitli amaglar i¢in kullanilabilir.[1], [2]

Elektrodepolama, bir altlik {izerine elektrolit icerisindeki metal iyonlarinin elektrokimyasal indirgenmesi ile
olusturulan film biriktirme islemidir. indirgeme bir ¢dzelti (elektrolit) icerisinde gerceklesir. Elektrokimyasal
depolama islemi, kaplanacak nesne, elektrolit ve bir karsi elektrodu igeren bir sistemdir. Akimi miimkiin kilmak
icin iki elektrodun harici bir gii¢ kaynagina baglanmasi gerekir. Kaplanacak nesne, gii¢ kaynaginin negatif ucuna
baglanir ve metal iyonlari metal atomlara indirgenir ve bu da sonunda yiizeyde birikinti olugturur[2]

Gilinlimiizde elektrodepolama yontemi kullanilarak kaplama yapilmis bircok calisma bulunmaktadir.
Bunlardan bazilar soyledir:

Farzeneh, Co ve W alasim elementlerinin elektrodepozisyon 6zellikleri iizerine etkileri ve nanokristal Ni
alasimli kaplamalarin &zelliklerini incelemistir. Yapmis oldugu bu calismada elektrodepozisyon banyosu
icerisinde Ni-Co-W elementlerini kullanan Farzeneh 36°C sicaklik ve 13-14 dakikalik bir kaplama siiresi ile
Ni,Co,W,Ni-Co,Ni-W ve Ni-Co-W metallerini biriktirmis 13pum kalinliginda bir kaplama elde etmistir. Elde edilen
bu kaplama Ni-Co birikiminde rastgele piramidal, Ni-W birikiminde rastgele yonelimli yarim kiire piramidal, Ni-
Co-W birikiminde ise koloni benzeri morfoloji gosterdigini gdrmiistiir.[3]

Portela, Antikorozif Ni-W-Co sentezi igin devre dis1 birakilmis bir Ni banyosundan elektrodepozisyon ile
kaplamay1 incelemistir. Elektrodepozisyon banyosu igerisinde Ni-Co-W elementlerini kullanan Portela, 100°C
sicaklik ve 3.8 pH degerleri altinda yiizey morfolojisini korozyon direncini ve biriktirme verimliligini aragtirmistir.
Yapilan bu ¢aligmada altlik olarak kare bakir levha kullanan Portela Ni-Co-W alagimini endiistri atik suyundan
iretmis olup biriktirme verimliligini %86.89 olarak bulmustur. Alasimda %30’a yakin W elementi oldugu
saptanmig ve W’nin ¢atlak azaltmaya katki sagladigt gdzlenmistir. Homojen yuvarlak taneler korunmus, tane
boyutlar kiigiiltiilmiis ve en iyi antikorozif 6zelligi elde etmistir.[4]

Olivera, elektrodepozisyon ile elde edilen Ni-Co-W alagimlarimin sicakligin ve pH’m akim yogunluguna ve
banyo ozelliklerine etkisini incelemistir. Elektrodepozisyon banyosu igerisinde Ni-Co-W elementlerini kullanan
Olivera 55°C sicaklik i¢in 5 pH ve 8 pH ile korozyon direncini, yiizey morfolojisini ve akim yogunlugunu
incelemistir. Yapilan bu ¢alismada pH 8 ile 9.02 igin Ni iist seviyelerde, pH 3.98 ile 5 i¢in Co diisiik seviyelerde
tercih edilmis olup en yiiksek akim verimliligi %71.02 olarak bulunmustur. Piiriizli bir yap1 oldugu ve mikro
modiillerin varliginin oldugu gézlemlenmistir. Kaplamalarin ¢gogunda mikro ¢atlaklar oldugu gézlemlenmistir.[5]

Li, Ni-B’nin mikroyapisal yiizey ve elektrokimyasal 6zellikleri ile birlikte elektrodepozisyon yontemiyle yeni
bir Ni-W/BN dubleks kompozit kaplamasini incelemistir. Elektrodepozisyon banyosu igerisinde Ni-W elementleri
ile BN pargaciklarini kullanan Li 65°C de 8.0-8.5 pH degerleri arasinda 10-30 dakika biriktirme yaparak tek tip
kompakt ve catlaksiz yogun yapilara sahip kaplamalar elde etmistir. Ni-W/BN dubleks nanokompozitinin
kaplamas1 Ni-W kaplamasindan daha yiiksek korozyon direnci sergilemistir. BN pargaciklarinin Ni-W matrisine
dahil edilmesi Ni ve W’nin sertligini arttirdig1 ve dubleks kompozit kaplamanin aginma kaybini da azalttigi
goriilmiisiir.[6]

Yapilan incelemelerin ardindan Ni’in korozyona karsi dayanikliligi, sertligi, manyetik alanda boyut
degistirme kabiliyeti ve adezyon kuvveti W’nin sertligi, saglamligi, yiiksek erime sicaklii ve catlak giderme
ozellikleri ile hBN parcaciklarmin gii¢lii termal dayanikliligi, elektriksel yalitkanligi, diisiik termal genlesmesi ve
yiiksek iletkenligi kullanilarak elektrodepolama ydntemiyle yeni bir kaplama malzemesi olusturmak igin Ni-
W/hBN kompozit kaplamasi yapilmustir.

Bu ¢alismada tek bir banyodan elde edilen Ni-W kaplamalari ile tek bir banyodan elde edilen Ni-W/HBN
kompozit kaplamalar1 arasindaki farklar karsilastirilmis olup ayni zaman da tek bir banyodan elde edilen
kaplamalarin 6zellikleri de karsilastirilmistir. Bu ¢alisma da tek bir banyo igerisinden elde edilen tiim kaplamalarin
ozelliklerinin karsilastirilmasinin yani sira ayni zaman da daha az malzeme ile daha ¢ok kaplama yapilarak ¢evre
kirliliginin 6nlenmesi amaglanmstir.
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Materyal ve Metod

Ni-W ince film kaplamali numuneler 2,5-2 cm olacak sekilde kesilmis olan 2024 Aliiminyum altlikta
depolanmistir. Kesilen 2024 Al altliklar kaplama yiizeyinde kesimden kalan piiriizlii yiizey ve ince parcaciklarin

Tablo 1: Ni-W ve Ni-W/hBN banyo bilesenleri

Bilesen ad1 Kullamlan Miktar
NiSO,.6H,0 9,28 g/l
C¢HsNa30,.2H,0 45 g/l
Na,W0,.2H,0 41,13 g/l
NH,CI 26,74 g/l
NaBr 15,45 g/l
NaOH 40 g/mol
hBN 10 g/l
SDS 0,59/l
PEG 40 g/l

giderilmesi adina P 400 ile P1200 araligindaki zimpara kagitlar ile birer dakika olacak sekilde zimparalanmis olup
Aliiminyum altliklarin yiizeyi parlatilmistir. Yiizey iizerindeki metal tozlar1 6nce alkol ile daha sonra da saf su ile
temizlenmigstir. Daha sonra metal ylizeyi aseton ile yikanmis tekrar saf su ile temizlenmistir. Son olarak
temizlenmis olan 2024 Al malzeme HCI asit igerisine 10 s daldirilarak daglanmig ve saf su ile temizlenmistir.
Boylelikle kaplama yapilacak yiizey kaplama islemine hazir hale getirilmistir. Kaplama yapilacak yiizeyin iist
kismi 0,5 cm olacak sekilde oje ile kapatilmis olup daha sonra Ni-W banyosu igerisine daldirilarak
elektrodepolama yontemi ile kaplanmistir. Deneyler oda sicakliginda ve 3 elektrotlu klasik sistemde yapilmistir.
Elektrokimyasal korozyon hiicresinin tamamlayicisi referans elektrot (RE) olarak Ag/AgCl karsit elektrot olarak
ve ¢aligma elektrotu (WE) olacak sekilde deney numunelerine tanimlanmigtir. Tablo I’de tek bir banyodan elde
edilen Ni-W alagim ve Ni-W/hBN kompozit kaplamalarin bilesen 6zellikleri verilmistir. Tek banyodan 4 humune
¢ekilmis olup numuneler kendi aralarinda karsilagtirilmigtir.

Numunelerin akim yogunlugu,pH , sicaklik, karigtirma hiz1 degerleri Tablo 1I’de gésterilmistir.
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Tablo 2: Ni-W ve Ni-W/hBN banyolarun akim yogunlugu, pH, sicaklik ve karigtirma hizi degerleri

l. 1. 1. V.
Akim Yogunlugu (A/dm2) 0,035 0,035 0,0355 0,035
pH 8 8 8 8
Sicaklik (°C) 70 70 70 70
Karistirma hizi (rpm) 600 600 600 600

Bu ¢aligmada tek bir banyodan elde edilen Ni-W kaplamalart GM olarak adlandirilmis olup yine tek bir banyodan
elde edilen Ni-W/hBN kaplamalari da GMH olarak adlandirilmistir. GMH serisinin banyo bilesenleri arasinda ek
olarak Hekzogonal bor nitriir (hBN), Sodyum Dedosil Siilfat (SDS) ve Polietilen Glikol (PEG) bulunmaktadir.

Calismada elektrodepolama yontemi ile elde edilen Ni-W alasim kaplamalar ve Ni-W/hBN kompozit
kaplamalarinin altlik iizerine yapigsma 06zelligini belirlemek icin VDI 3198 standartlarina goére kaplamalarin
yapisma kalitesi dl¢iilmiistiir. Tyi bilinen Rocwell-C girinti testi ile VDI 3198 normuna gére kaplanmis bilesiklerin
yapisma kalitesi 6l¢iilebilir.

Kaplamalarin mikrosertlik 6l¢timlerinde Vickers sertlik 6lgme yontemi kullanilmis olup, Vickers sertlik 6lgme
yonteminde 136°’lik tepe agisina sahip elmas piramit u¢ kullanilmistir. Vickers testinde elde edilen sertlik HV
olarak gosterilmektedir ve iz koseleri dlgiilerek bulunur. HV degerini asagidaki formiilii kullanarak bulabiliriz:

HV = 0,1897 P. d? (1)

Buradaki P, malzeme fizerine uygulanan yiik olup d ise iz koseleri arasindaki uzakliklarin ortalamasini
gostermektedir. Bu ¢aligmada elde edilen numunelere 0.2 HV yiik her nokta i¢in 5 sn boyunca uygulanmistir.
Deneylerde NOKSEL Celik Boru A.S de bulunan Qness sertlik 6l¢me cihazi kullanilmistir.

2024 Aliiminyum yiizeyinde olusan Nikel-Tungsten fazlarinin varligi Hatay Mustafa Kemal Universitesi’nde
bulunan bilgisayar kontrollii bir RIGAKU Smart LabTM cihazi kullanilarak X-1sin1 kirinimi (XRD) analizleri ile
tespit edilmistir.

Kaplamalarin igerisine eklenen katki maddeleri ve seramik partikiilleri malzeme yiizeyinde degisiklikler
yapmaktadir. 2024 Aliminyum altlik tizerindeki Ni-W ve Ni-W/hBN ince film kaplamalarinin yiizey
puriizliilikleri MMK Metalurji A.S’de bulunan Wave system Hommelweke T8000 marka Yiizey Piiriizliilik
Olciim cihazi kullanilarak tespit edilmistir. Deney parametreleri olarak 0.10 mm/s hiz 2 mm tarama uzunlugu ve
400pum o6l¢iim aralig1 secilmistir.

Ni-W ve Ni-W/hBN ince film kaplamali numunelerin korozyon testleri agik devre potansiyeli (OCP) ve Tafel
Ekstrapolasyon yontemi kullanilarak yapilmigtir. Bu c¢alismada OCP deneyleri agirlik¢a %3,5 NaCl ¢ozeltisi
icerisinde 3600 s olarak yapilmis ve zamanin bir fonksiyonu olarak grafige alinmistir. Tafel ekstrapolasyon deneyi,
numunelerden 6lgiilen serbest korozyon negatifinden ve pozitifinden 250 mV daha biiyiik secilerek 0.001 mV/s
hizla polarizasyon ¢aligmalar1 yapilmistir.

3. Arastirma Bulgular

3.1. Yapisma Testi

118



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

Nikel — Tungsten ve Ni-W/hBN kaplama sonrasi olusan ince film tabakasi VDI 3198 normu ile Daimler Benz
Rockwell-C testi kullanilarak degerlendirilmistir. Rocwell-C girinti testi 62,5 kg yiik altinda her numunenin ¢
farkli yerinden girinti testi uygulamasi yapilmis olup, test sonuglart MMK Metaliirji A$ nin mekanik test
laboratuvarinda Nikon-MA200 mikroskop altinda goriintiilenmistir.

VDI 3198 normu Daimler Benz Rockwell-C yapigma testi prensibi Sekil-1’de gosterilmistir. Sekilde gorildigi
iizere konik bir elmas u¢ kaplanmis yiizeye girinti uygulayarak kaplanmis ylizey ve alt tabakada plastik
deformasyona neden olmaktadir. Tiim girinti testlerinde oldugu gibi 1/10 kurali bu testte de gegerli olup genel
numune kalinlig: girinti derinliginden 10 kat daha biiyiik olmalidir. [ 7] Kaplanmis numune yiizeyi geleneksel optik
mikroskop ile 600 biiyiitme ile goriintiilenmistir.

Acceptable failurc Unacceptable failure VDI 3198 test

microcracks
’—.&: 4}:\63' 2‘;?

delamination

B

Sekil 1: VDI 3198 girinti testi yapisma kalite siniflandirmasi [7]

Temas geometrisi, yogun bir yiik altinda, ara yiiz iizerinde asir1 kayma gerilmelerine neden olur. Iyi yapismis olan
kaplamalar, bu yiiklere dayanmay1 basarir kayma gerilmeleri ve ¢evresel olarak uzatilmis delaminasyonu baskiya
kars1 Onler. Sekil 1°de sol tarafta gériilmekte olan dort girinti yiizeyleri kabul edilebilir yapigmay1 gosterirken, sag
tarafta goriilmekte olan iki girinti ise kabul edilmeyen yapismay1 gostermektedir. Baskinin ¢evresinde uzun siireli
delaminasyon, zayif bir ara yiizey yapismasini géstermekte olup, radyal gatlaklar ve zayif delaminasyon, gii¢lii bir
sekilde yapisan kaplamay1 ama ayni1 zamanda da kirilgan olan kaplamalart géstermektedir [7]

Sekil 2’de Ni-W banyosunda dort ayri numune banyo suyu degistirilmeden kaplanmig olup altlik malzemesi olarak
kullanilan 2024 aliiminyum malzeme iizerine kaplanmis ince filmin yapisma kalitesine etkisi VDI 3198 normu
Rocwell-C girinti testi kullanilarak gosterilmektedir. 1. ve 2. Numuneneler de yapilmis olan girinti testlerinin optik
mikroskop ile incelenmesi sonucunda yiizey iizerindeki plastik deformasyonun 3. ve 4. Numunelere gore daha az
oldugu dolayisi ile 1 ve 2. Numunelerde yapismanin 3 ve 4. Numunelere gore daha iyi oldugu goriilmektedir. 1.
Ve 2. Numunelerin 3. Ve 4. Numunelere gore plastik deformasyonun daha az yapigsmanin ise daha fazla olmasinin
nedeni Ni-W banyosu icerisindeki W miktarinin zamanla azaliyor olmasi gosterilebilir.
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GM SERISIi (Tek bir Ni-W banyosundan 4 numune )

Sekil 2: Ayni Ni-W banyosundan kaplanmuis olan 4 numune
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GMH SERISI (0.025 SDS 2 PEG 0.5 hBN banyosundan 4 numune)
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Sekil 3: Ayni Ni-W/hBN banyosundan kaplanmis olan 4 numune

Sekil 3°te Ni-W/hBN banyosunda dort ayr1 numune banyo suyu degistirilmeden kaplanmis olup altlik malzemesi
olarak kullanilan 2024 aliiminyum malzeme {izerine kaplanmis ince filmin yapisma kalitesine etkisi VDI 3198
normu Rocwell-C girinti testi kullanilarak gosterilmektedir. 1. ve 2. Numuneneler de yapilmig olan girinti
testlerinin optik mikroskop ile incelenmesi sonucunda yiizey iizerindeki plastik deformasyonun 3. ve 4.
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Numunelere gore daha az oldugu dolayisi ile 1 ve 2. Numunelerde yapismanin 3 ve 4. Numunelere gore daha iyi
oldugu goriilmektedir. 1. Ve 2. Numunelerin 3. Ve 4. Numunelere gore plastik deformasyonun daha az yapismanin
ise daha iyi olmasinin nedeni Ni-W/hBN banyosu igerisindeki W miktarinin azalmasi ve ayni zamanda hBN
par¢aciklarinin banyo icerisinde azalmasi ve ¢okelmesi gosterilebilir.

3.2 MIiKROSERTLIK OLCUMU

Sekil 4’de goriildiigl iizere ol¢iimler her numune igin iistten ortadan asagidan olmak tizere ii¢ farkli noktan dort
numune i¢in toplam 12 noktadan alinmistir.

Resim-1: Olgiim yiizeyleri

Tablo-3: Ayni Ni-W banyosundan kaplanmis olan 4 numunenin mikrosertlik degerleri

Numune Ismi | Sertlik g)erl:[fll :ﬁma Numune Ismi | Sertlik g)errtg:ima
278 222

GM1 235 251+19 GM3 244 227412
240 216
245 255

GM2 238 24243 GM4 245 243+10
243 231

Sekil-4 ve tablo-11l te de goriildiigii tizere en yiiksek sertlik degeri 1 numarali numunenin a noktasindadir. Bu
noktada Ni-W banyosundaki W yogunlugunun diger noktalara gore daha ¢ok oldugunu bu yiizden de sertligin
daha ¢ok oldugunu soyleyebiliriz.
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GM SERISi

Sertlik 6l¢iim izleri Sekil 4’teki gibidir.

Sekil-4: Ayni Ni-W banyosundan kaplanmig olan 4 numune
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GMH SERISI (0.025 SDS 2 PEG 0.5 hBN banyosundan 4 numune)

Sertlik 6l¢gtim izleri Sekil-5 de gosterilmistir.

GMH 1

GMH 2

GMH 3

GMH 4

Sekil-5: Ayni Ni-W/hBN banyosundan kaplanmis olan 4 numune
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Tablo 4: Ayni Ni-W/hBN banyosundan kaplanmis olan 4 numunenin mikrosertlik degerleri

Numune Ismi | Sertlik (S)errttal :ima Numune ismi | Sertlik (S)errtta; :ima
234 261

GMH1 256 252+13 GMH3 228 244+13
265 242
248 221

GMH2 244 244+3 GMH4 225 22242
240 222

Sekil-5 ve tablo-IV te de goriildiigii lizere en yiiksek sertlik degeri 1 numarali numunenin ¢ noktasindadir. Bu
noktada Ni-W/hBN banyosundaki W ve hBN pargaciklarinin yogunlugunun diger noktalara gore daha ¢ok
oldugunu bu yiizden de sertligin daha ¢ok oldugunu séyleyebiliriz. Ni banyosuna W ve hBN katilmasi ile
sertlikliginde artmis oldugu goriilmektedir.

3.3 XRD

X-1g1n1 kirinimi kaplamalari yapisal analizini ve karakterizasyonunu belirleyen bir yontem olup, bu yontem ile
kaplama tizerine gonderilen X-1smi1 dalgalari kaplamanin atomik yiizeylerinden yansiyarak algilanmasi ve
anlamlandirilmasi ilkesine dayanir. X-1sinlarinin kristal agdan sagilmasi Bragg yasasi olarak adlandirilmaktadir.
Bu yasaya gore kaplama yiizeyine 6 agisi ile X-15m1 demeti gondererek X-isinlarindan birinin iist atomik
tabakadan, digerinin ise alt atomik tabakadan yansidig diistiniiliirse, ikinci 1§inin birinciye gore 2a kadar daha
fazla mesafe aldig1 goriilecektir. Sonug olarak; 2a mesafesi gelen X-1sinmnin dalga boyunun tam katlarma denk
gelirse iki 151n da ayn1 fazda olur. Bilgisayar iizerinde 260 grafigi cizildiginde belirli agilara karsilik pikler elde
edilmektedir. Her bir pik agisindan Bragg esitligi kullanilarak atomik diizlemler arasi: d mesafesi ve drgii sabitleri
bulunabilir ve boylece malzeme iizerindeki fazlar tanimlanabilir. Bragg esitligi Es. 1.1°de verilmistir.

2a = nA = 2dsiné (1.2)

Burada dalgaboyu sayis1 n, diizlemler aras1 mesafe d, gelen X-151n1 ile kristal diizlem arasindaki a¢1 6 ve dalgaboyu
A dir.

Sekil-6’da Ni-W alasim ve Sekil 7°de ise Ni-W/hBN kompozit kaplamalarinin X-Isinim kirmmim desenleri
verilmistir. Sekil-6 incelendiginde, tek bir banyodan elde edilen 4 farkli numune i¢inde benzer sonuglar elde
edilmistir. Bu durum ile bir banyodan birden fazla numune elde edilmesine ragmen, banyonun islevselligini devam
ettirdigini ve alasim kaplamay1 biriktirme istikrarin1 gosterdigini agiklamaktadir. Kirinim desenlerinin sundugu
tepe noktalar1 ve elde edilen grafiklerin eslestirilmesi sonucunda Ni;7W3alagiminin tepe noktalari olan 26 =44,71°,
51,45° ve 78,16° agilarak denk geldigi goriilmektedir. Bu agilara denk gelen diizlemler sirastyla (111), (200) ve
(220)’dir. Elde edilen bu yapilar literatiir ile uyum gostermektedir. [8]—[10]
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Sekil-6: Ayni Ni-W banyosundan kaplanmis olan 4 numunenin XRD sonuglar
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Sekil-7: Aynit Ni-W/hBN banyosundan kaplanmig olan 4 numunenin XRD sonuglar

Sekil-7’de hBN takviyesi ile elde edilen kaplamalarin X-Isin1 kirinim desenleri goriilmektedir. Elde edilen
kompozit kaplamalarin, alasim kaplamalar ile benzer desenler ¢izdigi goriilmektedir. Ayn1 zamanda tek bir
banyodan kaplamalar elde edilmesine ragmen, banyonun kaplama islevselliginin devam ettigi goriilmektedir.
Bunun yani sira 44° civarlarinda goriilen ve en yogun olan pikin, hBN takviyesi ile birlikte kiriniminin azaldigi ve

tek bir pik goriiniimiine yanastig1 goriilmektedir.

126



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

3.4 YUZEY PURUZLULUGU

Isleyici takimin, islenecek yiizeyin bir ucundan diger ucuna gitmesiyle olusan birden ¢ok ¢izikli ve diizensiz kisa
dalga boyu uzunluklarina piiriizliiliik denmektedir. Yiizey piiriizliligii 6l¢iim cihazlari yiizeyin profilini grafik
olarak cizmektedirler. Yiizeyin uzun dalga boylarinda olmasi, yiizey piiriizliligi 6l¢gme parametrelerini de
etkilemekte olup bu nedenle ¢ok uzun dalga boylarimin etkisi biiyiilk 6nem arz etmektedir. Ra biitiin dl¢ctimlerin
aritmetik ortalamasini, Rz en tepe nokta ile en derin nokta arasindaki farki, Rt tim 6l¢iim uzunlugu i¢in maksimum
yiikseklik ile maksimum derinligin toplamin1 ifade ederken Rq aritmetik ortalama sapmalarin karekokiinii ifade
eder. Standartlarda agiklanmis olan parametrelerden en 6nemli iki parametre Ra ve Rz’dir. [11]

ojeli
Kisim

b

Resim-2: Yiizey piirtizliiliigii 6l¢tim noktalar

Tablo-5: Aymi Ni-W banyosundan kaplanmis olan 4 numunenin orta (b) yataydan alinmis degerlerinin tablo

gosterimi
Ra(pm) | Rz(pm) | Rmaz(pm) | Rt(pm)
GM1 0,05 0,45 0,50 0,63
GM2 0,04 1,04 1,96 1,96
GM3 0,03 0,28 0,31 0,32
GM4 0,06 0,46 0,60 0,60
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Sekil-8: Ayni Ni-W banyosundan kaplanmis olan 4 numunenin orta (b) yataydan alinmis degerleri

Ayni1 Ni-W banyosundan kaplanmis olan 4 numunenin orta (b) yataydan alinmis degerleri Sekil-8’de gosterilmis
olup bu degerlere gore yiizey piiriizliilik siralamasi su sekildedir: GM2>GM4>GM1>GM3. Goriildiigi tizere
birinci ve tigiincli numunenin yiizey piriizliiliik degerleri ikinci ve dordiincli numunelere gore daha diisiik ve daha
az puriizlidiir.

Tablo-6: Aynmi Ni-W banyosundan kaplanmis olan 4 numunenin orta (b) dikeyden alinmis degerlerinin tablo ile
gosterimi

Ra(pm) | Rz(pm) |Rmaz(pm)| Rt(pm)
GM1 0,04 0,32 0,38 0,39
GM2 0,04 1,04 1,96 1,96
GM3 0,05 0,46 0,52 0,57
GM4 0,07 1,07 2,30 2,30
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Sekil-9: Ayni Ni-W banyosundan kaplanmis olan 4 numunenin orta (b) dikeyden alinmis degerleri

Ayn1 Ni-W banyosundan kaplanmis olan 4 numunenin orta (b) dikeyinden alinmig degerleri Sekil-9’da gosterilmis
olup bu degerlere gore yiizey piiriizliilik siralamasi su sekildedir: GM4>GM2>GM3>GM1. Goriildiigi iizere
birinci ve ii¢lincii numunenin yiizey piiriizliiliik degerleri ikinci ve dordiincli numunelere gore daha diisiik ve daha
az plrtizliidiir. Dolayisi ile numunelerin hem yatayinin hem de dikeyinin orta noktalarindan alinan degerlere gore
birinci ve tiglincii numunelerin piirtizlilik degeri ikinci ve dordiincii numunelere gore daha iyidir.

Tablo-7: Ayni Ni-W/hBN banyosundan kaplanmis olan 4 numunenin orta (b) yataydan almmus degerlerinin tablo
ile gosterimi

Ra(um) | Rz(pm) |Rmaz(pm)| Rt(pm)
GMH1 0,04 0,35 0,56 0,56
GMH2 0,05 0,65 1,68 1,68
GMH3 0,05 0,44 0,55 0,55
GMH4 0,04 0,39 0,55 0,55
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Sekil-10: Ayni Ni-W/hBN banyosundan kaplanmis olan 4 numunenin orta (b) yataydan alinmis degerleri

Aynt Ni-W/hBN banyosundan kaplanmis olan 4 numunenin orta (b) yataydan alinmis degerleri Sekil-10’da
gosterilmis olup bu degerlere gore yiizey piriizlilik siralamasi su sekildedir: GM2>GM3>GM4>GM1.
Goriildiigi tizere birinci ve dordiincli numunenin yiizey piiriizliilik degerleri ikinci ve {i¢lincii numunelere gore
daha diisiik ve daha az piiriizliidiir.

Tablo-8: Ayni Ni-W/hBN banyosundan kaplanmig olan 4 numunenin orta (b) dikeyden alinmig degerlerinin tablo
ile gosterimi

Ra(um) | Rz(pm) |Rmaz(pm)| Rt(pm)
GMH1 0,05 0,49 0,60 0,61
GMH2 0,04 0,39 0,48 0,48
GMH3 0,04 0,40 0,49 0,51
GMH4 0,04 0,52 0,63 0,65
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Sekil-11: Ayni Ni-W/hBN banyosundan kaplanmis olan 4 numunenin orta (b) dikeyden alinmig degerleri

Ayn1 Ni-W/hBN banyosundan kaplanmis olan 4 numunenin orta (b) dikeyinden alinmig degerleri Sekil-11’de
gosterilmis olup bu degerlere gore yiizey piiriizlilik siralamasi su sekildedir: GM4>GM1>GM3>GM2.
Goriildiig iizere tiglincii ve ikinci numunenin yiizey piiriizliiliik degerleri dérdiincii ve birinci numunelere gore
daha diisiik ve daha az piiriizliidiir. Dolayis1 ile numunelerin hem yatayinin hem de dikeyinin orta noktalarmdan
alinan degerlere gore yiizey piiriizliilik degerleri degiskenlik gostermektedir.

3.6. KOROZYON TESTi

Kaplamalarin korozyon performanslari agik devre potansiyeli (OCP) ve Tafel ekstraspolasyon (potansiyodinamik
polarizasyon egrisi) yontemleri ile analiz edilmis olup biitiin korozyon deneyleri %3,5 sodyum kloriir (NaCl) sulu
¢ozeltisi igerisinde uygulanmistir.

Yapilan bu ¢alismada elektrodepozisyon yéntemi kullanilarak kaplama ydntemi kullanilmigstir. Oncelikle kaplama
yapilacak olan 2024 Al malzeme 2,5-2 cm olacak sekilde kesilmistir. Kesilen 2024 Al malzemeler kaplama
ylizeyinde kesimden kalan piiriizlii ylizey ve ince parcaciklarin giderilmesi adina P 400 ile P1200 zimpara kagitlar
ile birer dakika olacak sekilde zimparalanmis olup ylizey parlatilmistir. Yiizey lizerindeki metal tozlar1 6nce alkol
ile daha sonra da saf su ile temizlenmigtir. Daha sonra metal yiizeyi aseton ile yikanmis tekrar saf su ile
temizlenmistir. Son olarak temizlenmis olan 2024 Al malzeme HCI asit igerisine 10 s daldirilarak daglanmis ve
saf su ile temizlenmistir. Boylelikle kaplama yapilacak yiizey kaplama iglemine hazir hale getirilmistir. Kaplama
yapilacak yiizeyin iist kism1 0,5 cm olacak sekilde oje ile kapatilmig olup daha sonra Ni-W banyosu igerisine
daldirilarak elektrodepolama yontemi ile kaplanmistir. Deneyler oda sicakliginda ve 3 elektrotlu klasik sistemde
yapilmistir. Elektrokimyasal korozyon hiicresinin tamamlayicist referans elektrot (RE) olarak Ag/AgCl karsit
elektrot olarak ve ¢alisma elektrotu (WE) olacak sekilde deney numunelerine tanimlanmastir.

Tek bir banyodan ¢ekilmis olan dort ayr1 numunenin OCP egrileri Sekil-13 ve Sekil-14’te verilmistir. OCP egrileri
agirlikca %3,5 NaCl ¢ozeltisinde kararli bir potansiyel degerleri elde edebilmek igin 3600 s boyunca analiz
edilmistir. Iyonik bir ¢dzeltide kaydedilen OCP potansiyeli katodik ve anodik reaksiyonlarm bir denge
potansiyelidir. Yani ¢ozelti ortamui i¢in yiikseltgenme ve indirgenme aktivitelerini temsil etmektedir. Eger ¢ozelti
ortam1 korozif bir dzellikte ise kaydedilen bu OCP potansiyelini korozyon potansiyeli olarak kabul edilebilir.
Birbirleri ile mukayese edilen kaplamalarin agik devre potansiyelleri agisindan daha pozitif tarafta olanlarin daha
negatif tarafta olanlara gore korozyona daha direngli olduklar1 séylenebilir [12]
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Sekil-13 incelendiginde tiim numunelerin korozyon potansiyelleri birbirine oldukc¢a yakin bir sekilde siralanmaistr.
Dort numunenin korozyon potansiyelleri yalnizca -0,64 V ile -0,69 V arasinda yer almustir. 3. ve 4. banyodan elde
edilen numunelerin daha iyi korozyon direnci verdigi goriilmektedir. Grafikte sifira en uzak olan birinci banyodan
elde edilen numunenin en diisiik korozyon direnci verdigi anlasilmaktadir. Bir banyodan birden ¢ok defa kaplama
yapilmasi, kaplama o&zelliklerini kaybetmesinden ziyade kaplamanin korozyon direncini daha iyi konuma
getirdigini gostermektedir.
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Sekil-13: Ayni Ni-W banyosundan kaplanmis olan 4 numunenin OCP egrileri

Sekil-14 hBN ilave edilmis banyodan iiretilen numunelerin agik devre potansiyeli grafigini gostermektedir.
Grafiktende anlasilacagi iizere korozyon potansiyelleri olduk¢a dar bir aralikta siralanmustir. Agik devre
potansiyeli dl¢iimlerinin ilk saniyesi ile 3600 sn arasinda elde edilen grafiklerinde kaplama potansiyellerinde
dikkate alinir bir artis veya azalis gozlemlenmemistir. Bu durum kaplamanin korozyona karsi direncini
korudugunu gostermektedir. Ayrica 4 numunenin de birbiriyle benzer karakter gostermesi bir banyodan birden
fazla kaplama yapabilir oldugunu gostermektedir.
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Sekil-14: Ayni Ni-W/hBN banyosundan kaplanmig olan 4 numunenin OCP egrileri

Tafel deneyleri agik devre potansiyelinin 0,25 V altindan, 0,25 V iistiine kadar olan potansiyel araliginda 1 mV/s
tarama hizinda ve %3,5 NaCl iceren ¢o6zelti igerisinde gerceklestirilmistir. Numuneler Tafel o6l¢iimii
gerceklestirilmeden 6nce dengeli bir potansiyel degeri elde edebilmek adina %3,5 NaCl igeren ¢ozelti igerisinde
bir saat siire ile bekletilmistir. Sekil-15 ve Sekil-16 da Tafel ekstrapolasyon grafikleri karsilastirma amaciyla bir
arada gosterilmistir. Sekil-15 ve Tablo-IX incelendiginde en iyi korozyon direncini 1 numarali numune vermistir.
Ayni sekilde Sekil-16 ve Tablo-X incelendiginde en iyi sonucu 3 numarali numune vermistir.
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Sekil-15: Ayni Ni-W banyosundan kaplanmuis olan 4 numunenin TAFEL egrileri
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Tablo 9: Ni-W kaplamalarin elektrokimyasal ézellikleri

Ecorr (mV) Korozyon Oram (mil/yil)
GM1 —669 20,94
GM2 —655 37,66
GM3 —679 22,97
GM4 —643 34,86

log(Current/A)
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Sekil-16: Ayni Ni-W/hBN banyosundan kaplanmig olan 4 numunenin TAFEL egrileri
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Tablo 10: Ni-W kaplamalarin elektrokimyasal ozellikleri

Ecorr (mV) Korozyon Orani (mil/yil)
GM1 —650 45,81
GM2 —648 56,42
GM3 —657 32,23
GM4 —653 71,00

4. Sonuclar

Yapilan deneyler sonucunda;

1.

Yapilan girinti testlerinde Ni-W ve Ni-W/hBN banyolarinin banyo suyu degistirilmeden tekrarli yapilan
numunelerinde zamanla azalan W ve hBN miktarindan dolayi yiizey tizerindeki plastik deformasyonun
1. ve 2. numunede daha az yapismanin daha iyi oldugu goriilmistiir.

Ni-W banyosunda 1 numarali numunenin a noktasinda W yogunlugunun diger noktalara gére daha ¢ok
oldugu bu yiizden de sertligin daha ¢ok oldugunu sdyleyebiliriz. Ni-W/hBN banyosunda ise 1 numaralt
numunenin ¢ noktasinda en yiiksek sertlik degeri goriilmiis olup Ni banyosuna W ve hBN katilmasi ile
sertligin artmig oldugu goriilmektedir.

Yapilan XRD goriintiilemelerinde tek bir Ni-W banyosundan elde edilen 4 farkli numune iginde benzer
sonuglar elde edilmistir. Bu durum ile bir banyodan birden fazla numune elde edilmesine ragmen,
banyonun iglevselligini devam ettirdigini ve alasim kaplamay1 biriktirme istikrarint géstermistir.. hBN
takviyesi ile elde edilen Ni-W kaplamalarindan elde edilen kompozit kaplamalarin, alagim kaplamalar ile
benzer desenler ¢izdigi goriilmiistiir. Ayn1 zamanda tek bir banyodan kaplamalar elde edilmesine ragmen,
banyonun kaplama islevselliginin devam ettigi de goriilmiistiir.

Aynt Ni-W banyosundan kaplanmig olan 4 numunenin yiizey puriizlillik siralamasi gbéz Oniine
alindiginda numunelerin hem yatayinin hem de dikeyinin orta noktalarindan alinan degerlere goére birinci
ve ii¢lincii numunelerin piiriizliiliik degeri ikinci ve dordiincli numunelere gore daha iyidir.

Ayn1 Ni-W/hBN banyosundan kaplanmis olan 4 numunenin yiizey piiriizliiliik siralamasi gbz oniine
alindiginda numunelerin hem yataymin hem de dikeyinin orta noktalarindan alinan degerlere gore yiizey
puriizliilik degerleri degiskenlik gostermektedir

Ni-W kaplamali dort numunenin korozyon potansiyelleri yalnizca -0,64 V ile -0,69 V arasinda yer almig
olup 3. ve 4. banyodan elde edilen numunelerin daha iyi korozyon direnci verdigi goriilmiistiir.
Dolayistyla bir banyodan birden fazla kaplama yapilmasi, kaplama 6zelliklerini kaybetmesinden ziyade
kaplamanin korozyon direncini daha iyi konuma getirdigini gostermektedir.

hBN ilave edilmis banyodan iiretilen numunelerin Tafel ekstrapolasyon grafikleri karsilastirildiginda Ni-
W banyosundan elde edilen kaplamalarin en iyi korozyon direncini 1 numarali numune de verdigi, ayni
sekilde Ni-W/hBN banyosundan elde edilen kaplamalarin ise en iyi sonucu 3 numarali numune de verdigi
goriilmiistiir.

Bu ¢aligmada yapilan Ni-W ve Ni-W/hBN tekrarli banyolarindan elde edilen ince film kaplamali numunelerin
1 numarali numuneler diger numunelere gore yapisma kuvveti daha yiiksek, sertligi daha fazla, korozyona daha
direncli ve W yogunlugu daha fazladir.
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Variation of Design Parameters for Micro-irrigation System Subunit
Laterals by Using LATCAD
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Giresun University, Civil Engineering Department, Hydraulics Division, Giresun, Turkey.
Abstract

Micro-irrigation laterals deliver irrigation water to the plant root zones through emitters in a micro-irrigation (drip,
trickle) system. Adequate analysis of micro-irrigation laterals is very important for the design and evaluation of
micro-irrigation systems. Design of a lateral pipe includes the determination of the pipe length or the inside
diameter, the required operating inlet pressure head and total friction head losses along the lateral assuming that
the total flow rate at the inlet, characteristic of the emitter, and the acceptable level of uniformity are known
previously. In this study, the forward-step method (FSM) that takes into account to the velocity head change and
variation of the Reynolds number, which affects the selection of the proper friction coefficient formula to be
applied along the different reaches of the lateral pipes was presented, and then, a computer program in Visual
Basic 6.0 language named LATCAD was provided for analyzing and designing of micro-irrigation laterals.
This method has the highest accuracy because only the basic equations of the hydraulics of steady pipe flow were
used. In this study, variation of the operating inlet pressure head, total friction head losses and uniformity
coefficients depend on the pipe lengths ranging between 25 and 250 m and the internal diameters ranging between
10 and 21 mm in zero slope condition were evaluated graphically in dimensionless form for practical purposes.
These presented figures could also be used as the design charts.

Keywords: Forward-step method, Smooth pipe flow, Lateral hydraulics, Pipeline network, Software, LATCAD.
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1. Introduction

Adequate analysis of micro-irrigation lateral hydraulic is very important for the design and evaluation of
the irrigation systems. One of the main tasks of the lateral hydraulic calculation, is the total friction head losses
determination. In addition, the variation of the emitter outflows within limited values which defined by the
uniformity coefficients is important. Because it leads to a relatively short variation in the Reynolds number range,
and therefore, in a short run along the Moody’s diagram. The design procedure which is based on the uniformity
coefficients depending on the variation of discharge is accepted or refused. In fact, the real value of these
coefficients, should be just obtained with taking into account all emitter outflows along the lateral line (Y1ldirim,
2001).

The hydraulic design of a lateral or a sub main unit in a micro-irrigation system has been a problem
tackled by many authors. The increasing progress in computer technology has led to the development of analytical
and numerical methods of hydraulic analysis as the differential method (DM), Runge-Kutta numerical method
(RKM), the energy-gradient line method (EGL), and modified EGL method, the finite-element method (FEM),
the forward-step method (FSM), the successive-approximations method (SAM) and others. It has an exact solution,
the forward-step calculation (Hathoot et al., 1993) applied to accurately establish the flow characteristics and also
total head losses caused by friction along the lateral line. In fact, total friction head losses for micro-irrigation
laterals are determined by the forward-step method, exactly, because of the kinematic head (velocity head) is
taken into consideration to obtain accurate results.

Christiansen (1942) introduced the widely used friction correction factor that allows direct computation
of friction head loss in a lateral. The friction correction factor (F) is a function of the number of outlets and the
exponent of the velocity term in the friction formula used. The friction correction factor and its subsequent
improvements were developed for fixed, periodic, or linear displacement laterals. It assumes the discharge through
the lateral decreases linearly with the length of the lateral. The energy line approach is traditionally used for the
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determination of the lateral pressure head profile (Wu and Gitlin, 1975; Wu and Yue, 1993). In this analytical
approach, computations are considerably simplified by assuming that the emitter discharge is constant along the
lateral. However, significant deviations from accurate numerical solutions in hydraulic analysis could be caused
by this basic assumption of constant emitter outflow.

Warrick and Yitayew (1987, 1988), presented an alternative treatment in which the emitters are
considered to be close enough that the lateral can be regarded as a homogenous system of a main tube and a
longitudinal slot. This treatment includes a spatially variable discharge function. It dismissed the assumption of a
uniform emitter discharge along the lateral, as suggested in methods presented by Wu and Gitlin (1975). This
method, however, requires the numerical solution of a nonlinear second-order differential equation (DM).They
showed that the velocity head had no significant effect on micro-irrigation lateral design, and therefore assumed a
hydraulically smooth flow along the lateral pipe and disregarded the laminar flow that occurs at a downstream part
of the pipe. Furthermore, they disregarded the fully turbulent flow that may occur at an upstream reach of the pipe.
In addition Yitayew and Warrick (1986, 1988) presented a chart to design for trickle lateral. When the required
average emitter discharge, the required uniformity of water application, and other conditions are given, a lateral
length or inside diameter with operating inlet pressure head can be designed. Yitayew (1989), presented simplified
approach which extension to the analytical solutions, for the determination of total friction head losses. In this
approach, previously, the relative discharge values at the two boundaries (downstream and upstream end of the
lateral) are computed and then total friction head losses are determined.

Hathoot et al. (1993) presented a stepwise-calculation method in forward form (FSM) for analysis and
design of a micro-irrigation lateral. For the method presented in their paper, a small increment of pressure head is
given at the inlet of the lateral. Based on the required average emitter discharge and the required uniformity of
water application, design charts similar to that presented by Yitayew and Warrick (1988) was developed. In these
charts, the relationship of the lateral length with uniformity coefficient and inlet pressure head and the relationship
of the lateral inside diameter with uniformity coefficient and inlet pressure head for various lateral slope conditions
and emitter characteristics can be calculated. This method has the highest accuracy because only the basic
equations of the hydraulics of steady pipe flow were used. Scaloppi and Allen (1993), assuming constant outflow
(linear total discharge variation along the lateral), derived pressure head distributions taking into account the effect
of velocity head.

Kang and Nishiyama (1996.a) developed a method for designing single lateral and paired laterals on both

flat and sloped fields to meet the required average emitter discharge and the required uniformity of water
application using the finite element method (FEM). In this method the minor head loss due to a fitting (an emitter
connection and riser, barb, or expansion) located at any section of pipe element is taken into account therefore, the
fitting loss factor is expressed as a constant independent of the discharge of the pipe element.

Following this work, Kang and Nishiyama (1996.b) also presented the best sub-main position named “the
Golden section search” is that location where the same minimum pressure exists in uphill and downbhill laterals
for designing of paired laterals. They used a finite-element scheme and a polynomial lateral flow rate equation,
with the inlet pressure head as an independent variable, to determine pressure and flow distribution.

Valiantzas (1998) presented an analytical method which modified the energy- gradient line method (Wu
and Gitlin, 1975; Wu and Yue, 1993) for direct calculation of lateral hydraulics based on the assumption that
emitter outflow is spatially variable. In this study, constant discharge and variable discharge method are compared
for the nine design examples which covering various combinations of design parameters and indicated that the
results of variable discharge method are more accurate than other’s results.

Anwar (1999.a, 1999.b) developed a friction correction factor for laterals with outlets and outflow at the
downstream end of lateral. He demonstrated the application of this friction correction factor to calculate friction
head loss in tapered laterals. Following this work, Anwar (2000), two average correction factors introduced and
demonstrated how these factors can be used to calculate the inlet pressure head for fixed, periodic, or linear
displacement tapered laterals.

Vallesquino and Luque-Escamilla (2001) presented an alternative approach based on successive
approximations scheme (SAM) for solving lateral hydraulic problems in laminar or turbulent flow. In this method

138



ISC'22 2™ International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

minor head losses and kinematic heads are neglected and the emitter outflow is accepted as a discrete and non
constant variable event by means of Taylor polynomials used to calculate flow rates along the lateral. In addition,
total head losses due to friction are calculated with a non constant logarithmic friction factor which includes
relative roughness of the lateral pipe. This algorithm, allows hydraulic computation for a set of connected laterals
(with different pipe line diameter, slope, flow regime, or emitter spacing) if a residual outflow is used. However,
total friction head losses, water application uniformity and inlet pressure head can be hard to calculate because of
the requirement an excessive calculation effort. Following this work, Vallesquino and Luque-Escamilla (2002)
presented an alternative approach based on the previous iterative technique using equivalent friction factor instead
of the variable friction factor along lateral for predicting friction drop and outflow variation in designing single or
multi-diameter sprinkler and micro-irrigation laterals. However, each step of this algorithm was clearly analyzed
and discussed by Yildinm and Agiralioglu (2004.c) from important points of view. They reported that the
algorithm is less efficient for predicting flow variables and it gives some deviation from the accurate numerical
stepwise calculation method for different design cases.

Valiantzas (2002.a), developed a continuously variable outflow approach considering the effect of the
number of outlets. In this approach, analytical expressions for determining the inlet pressure head and global
statistical parameters characterizing the outflow distribution (Christiansen uniformity coefficient, pressure head
variation) are developed for design and evaluation purposes. In the latest study, Valiantzas (2002.b) presented a
new analytical approach based on the two previous basic assumptions for designing multi-diameter irrigation
laterals. In these methods, analytical equations were presented for the case of obtaining general solution by the
direct calculation.

Yildirim and Agiralioglu (2004.a) developed a simplified analytical approach for designing tapered two-
diameter micro-irrigation laterals based on the variable outflow approach. They presented a linear solution of the
simple power equation and compared it with the previous study (Valiantzas, 2002.b) on different ground slope
conditions. They reported that the linear solution yielding more accurate predictions for determining flow
parameters than those of the mentioned literature for different design cases.

In the recent study, Yildirim and Agiralioglu (2004.b) analyzed and classified some lateral hydraulic
design methods based on the assumption of spatial variance of emitter outflow for comparative purposes from
points of view such as solution methods, basic assumptions, used formulations and differences in application
(Yildirim and Agiralioglu, 2003.a; 2003.b). In their study, the comparison test was applied for the seven design
examples with the special limited design conditions of some calculation methods, such as emitter discharge
exponent, flow regime and velocity head consideration to cover various combinations of irrigation parameters,
varying emitter discharge exponents and different ground slope conditions. The results were shown graphically in
dimensionless form, for practical purposes.

In this study, the forward-step method (FSM) was developed by Hathoot et al. (1993) is presented.
Resulting a computer program in Visual Basic 6.0 language named LATCAD is provided for analyzing
and designing micro-irrigation laterals. According to the presented method, for a lateral pipe with equally spaced
individual emitters and uniform slope the comparison test is extended for various combinations of irrigation design
parameters.

Examples will be presented for the smooth pipe case and for the most commonly used values of emitter
exponent (y = 0.2, 0.5 and 1.0), zero slope condition (So = 0.0), and various lengths and inside diameters of the
lateral. For the sake of comparison, the design curves in dimensionless form that relate the required operating inlet
pressure head, the uniformity coefficients, the total friction head losses with the lateral lengths and inside
diameters were developed.

2. Principles of Lateral Hydraulics

A trickle distribution system is a hydraulic structure whose design is limited by the irrigation uniformity
and consequently by the friction head losses (Agiralioglu and Yildirim, 2002). Design of this system depends upon
a good understanding of lateral hydraulics and emitter characteristics. Hydraulically, flow in the lateral pipe is
considered to be a steady, spatially varied flow with decreasing emitter outflow in the downstream direction. With
decreasing discharge along the lateral, the energy gradient line decreases.
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Generally, emitters are usually identical, and installed at an equal spacing on the lateral line. The flow
characteristics of trickle emitters are typically described by a function of the form (Howell and Hiler, 1974; Keller
and Karmeli, 1974)

g, =cH,’ &)

in which g is the outflow from an individual emitter; H, is the pressure head in the lateral pipe at the emitter under
consideration; c is the emitter coefficient that accounts for areal and discharge effects and makes the units correct.
For a lateral, the spacing between successive individual emitters (s), the emitter coefficient (c), and the cross-
sectional area of the lateral pipe (A), are taken as constants. The emitter discharge exponent y characterizes the
flow regime and emitter type. Values of y should range from zero for a pressure-compensating emitter to 1.0 for
an emitter in a laminar flow regime. The value of the discharge exponent should be close to 0.5 for emitters
operating in a turbulent flow regime. The higher value of the emitter discharge exponent, the greater degree of
care is required to maintain the proper pressure distribution along the lateral for the same uniformity of application
(Cuenca, 1989).

Let us consider the lateral stretch as shown in Fig.1. If there are N emitters on the lateral with a common
spacing S, the number of spacing will be (N — 1) and the length of the lateral is the distance between the first and
last emitter, L = S (N - 1).

Asshown in Fig.1, Hy is the initial inlet pressure head, Q1 the initial lateral discharge (Q1 = N gay) upstream
from the first emitter, and q; the outflow of the first emitter, which may be written as

di=cHyY (2)

Hin=H1 H. Hs Hn Hpst

Qu 1) Q. ) Qs 3) Q Qret (n+1) =N
Qir= Q1 =N Qay /‘ )\
N N 0 0 0
a1 (o] as Qn Qn+1
S S S
) I_ = (N'l) S 1

. o L . . o
Figure 1. Drip (trickle) micro-irrigation laterar sirewcn wiwn successive multiple emitters

Assuming that the outflow varies continuously in space along the lateral (the number of emitters is
sufficiently large), the outflow per unit length (q) can then be described by

C
q =(ng¥ @3)

If continuity is preserved along lateral, the conservation of mass is written in the general following form

dQ L 0A _

=_ 4
dx dt q @
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where Q is the lateral discharge; x and t are space and time coordinates. For steady flow condition (dA/ dt = 0) in
irrigation laterals, the continuity equation, Eq.(4), may be rewritten as follows

dv

=V ©®)

dx .
where v is the velocity of flow in the lateral pipe.

As shown in Fig.1, using the continuity equation, Eq.(5), the lateral discharge, Qn+1, at the pipe reach
between successive emitters (n) and (n+1), can be obtained from

Qn+1 = Qn—0n (6)

The lateral discharge between the first and second emitters Q2 can be evaluated from Eq. (6) in the special
form

Q2=0Q1-01= (N ga) — (c HY) (7)
The momentum effect resulting from decreasing the discharge in downstream direction, the conservation
of momentum equation is given by the following form (Streeter and Wylie, 1979)

Z F = ,0 (Qn+1vn+1 - ann) (8)

where SF is the change of pressure force; 0 isthe density of irrigation water; V, and V.1 are the flow velocity
between successive emitters (n-1)~(n) and (n)~(n+1), respectively.

Using the conservation of momentum equation, Eq.(8), the change of pressure head, AHx+1, due to change
of momentum between successive emitters (n) and (n+1) resulting from decreasing the discharge from Qn to Qn+1,
may be written as follows

Qn+ ’ _Qn2
AH n+l = ( 1gA2

9)

where g is the acceleration due to gravity.

Watters and Keller (1978) have shown that for small diameter smooth pipes used in trickle laterals, the
Darcy-Weisbach friction formula can give accurate predictions for frictional losses based on conservation of
energy. Therefore the following expression can be written

H — f i Qn+12
fn+1 n+1 D ngz
where H.q is the friction head loss between successive emitters (n) and (n+1); f.1 is the Darcy-Weisbach friction

coefficient for the pipe reach between successive emitters (n) and (n+1); D is the internal diameter of the lateral
pipe.

(10)

Eg. (10) may be rewritten simplifying

8S
Hi= W fr1Qnat” (11)

If the lateral pipe has a uniform slope S, the difference in levels of points (n) and (n+1) may be given by
(Zn — Zn+]_) = i S SO (12)
The positive sign is for laterals sloping downward and the negative for upward slopes, z, and zn+; are elevations
of successive emitters (n) and (n+1) respectively, above an arbitrary datum.
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Using conservation of the energy principle with Eq.(9) and Eq.(11), between successive emitters (n) and
(n+1), the following form can be obtained

V,2 VA
Hn + 2ng +Z, :Hn+1+ ;;l +Zn+l+an+1+AHn+l (13)
Q' Qui’
where H, and Hn+1 are pressure head for the successive emitters (n) and (n+1); 5 nAz and 2”::2 are velocity
g g

head under consideration.
Solving Eq.(13) for the pressure head at the emitter (n+1), Hn+1 is related to Hy by the following equation

Q| [Qu
Hnit = Ho + {ZQnAZj - [2;_;12] +(Zn— Zns1) — hnsa - AHnn (14)

Combining conservation of mass and momentum principles Eq.(6) and Eg.(9) with Eq.(11) and Eq.(12),
into conservation of energy principle, Eq.(14), and simplifying

8S
Hnet = Ha o2 - (Qu-0n ) forr =5 (Qn-0n )2 SS 15
1 +2gA2 [ Qn® - (Qn-Gn )7 1H2gD5(Qq) 0 (15)
For convenience, Eq.(15) is put in the form
Hner = Hn + B [Qv® (Qn-0n )?] — E frer (Qn-tn)? L S So (16)
in which
B= ’ 17
- 2gA2 ( )
and
ge 5 18
C II°gD’ 1)

As seen from the above hydraulic analysis, there are four basic equations in the lateral hydraulics. These
equations are: 1. the emitter discharge-pressure head relationship as Eq. (1), 2. the continuity equation as Eq. (5),
3. the Darcy-Weisbach friction formula as Eq. (10), 4. the conservation of energy equation coupled with the
conservation of momentum equation as Eq. (13). On the other hand, there are four unknown hydraulic variables
(Qn+1, On+1, Hns1 and Hene1) at any location of lateral (n+1), with the known previous values (Qn, gn, and Hy), and
the other parameters (z,, zq+1, fni1, D, S, ¢ and y). These unknown variables can be estimated using some calculation
method.

3. Water Application Uniformity

One of the main tasks of the lateral hydraulic calculation is to provide a sensitive balance between the
inlet pressure head, the water application uniformity, and the total frictional losses along lateral. In designing
laterals, the variation of the emitter discharge within limited values, which are defined in the uniformity
coefficients, namely the Christiansen’s uniformity coefficient (UC) and the lower-quarter distribution uniformity
coefficient (DULg), is important, because it leads to a relatively short variation in the Reynolds number range, and
therefore, in a short run along the Moody’s diagram.

The design procedure, which is based on the uniformity coefficients depending on the variation of emitter
discharge, is accepted or refused. In fact, the real value of these coefficients should be obtained by taking into
account all emitter discharges along the lateral line (Y1ildirim and Agiralioglu, 2001).

Obviously, individual emitters are convenient to consider expressions for emission uniformity, which is
the relationship between the minimum and average emitter discharge within the system (Agiralioglu et al., 2000).
The Christiansen’s uniformity coefficient and the lower-quarter distribution uniformity are used here to express
uniformity of emitter discharge throughout the system. DU _q is defined as the average discharge for the lower-
quarter of the lateral divided by the overall average gay (Yitayew and Warrick, 1988)
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and

DULQ = (20)
N x gy
where (av: average emitter discharge along the lateral pipe; gn: discharge of emitter (n) and (qiow)n: discharge of

the lower-quarter emitter n = 3N/4.

The uniformity of water application can also be evaluated using the emitter flow variation (Vum). Viwm is
defined by (Bralts et al., 1981; Warrick, 1983)

(Vim) = (Vi + V?) * (21)

where Vy = effective pressure head variation at the emitters; and Vu = manufacturing variation of emitters.

4. Coefficient of Friction (f)

Micro-irrigation laterals are generally made of smooth materials. Flow in laterals is generally turbulent : 3000 <
R <105, sometimes fully turbulent flow : 10° < R < 107, exists at the upstream end of the lateral and flow
becomes laminar at the downstream reach where the velocity decreases to zero. For laminar flow : R < 2000, the
friction coefficient is given (Warrick and Yitayew, 1988; Hathoot et al., 1993)

VD
f = 64 _64v (R:—] 22)
R VD v
or
16I1IDv
fo= 23
on (23)

in which R : the Reynolds number and v : the kinematic viscosity of water.
For turbulent flow: 3000 <R < 10°, the Blasius equation can be used :

f = 0316 RO% 24)
or
s
fo= 0.316( V] (25)
ni
For fully turbulent flow : 10° < R < 107, we have
f = 0.130 R0172 (26)
or
1D 0.172
fa= 0.130 ( VJ @7)
n

5. Software (LATCAD) Development

A flowchart for LATCAD, as given in Fig. 2, can be used to evaluate the flow characteristics along the
lateral pipe and the corresponding uniformity coefficients. In practice the average emitter discharge qav, the
corresponding pressure head Hay, the flow exponent y , the number of emitters n , the spacing between emitters
S, and the slope Sp and inside diameter of the lateral pipe D are assigned in advance for a certain design. The
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following algorithm is taken into account in designing of the computer program:

START
D,A ,4s,8,
L,y yqov., Hev,»
»
Y
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Figure 2. Flowchart for computer program (LATCAD)

6. Steps of Algorithm:

1. The initial pressure head Hmax is first assumed by adding a reasonable head increment Ay to the average
head Hay (Initial condition).

2. The outflow of individual emitters q; is evaluated stepwise starting from the first emitter, and in each
step the corresponding lateral discharge Qi is evaluated.
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3. At each step the Reynolds number is calculated and the proper friction coefficient formula is used to
evaluate the head loss due to friction and therefore the new pressure head by applying Eqg. (16).

4. If Eq. (16) yields negative values of H at any emitter, this would indicate that the assumed

5. As negative values of H disappear, other conditions should be fulfilled.

6. The velocity at any reach of the lateral pipe should be positive (Boundary condition); otherwise, this
would indicate that the sum of emitter outflows is greater than the initial discharge Qmax , which means
that Hmax should be decreased by Aq (Aq, being divided periodically by 10 on increasing or decreasing
Hmax).

7. The discharge in the lateral pipe downstream from the last emitter should be zero, which forms an
important boundary condition.

8. Practically, this condition is satisfied if the relative velocity at that part becomes less than a sufficiently
small quantity, ¢ .

9. As the proper value of Hmax is reached, outflow, pressure head for each emitter, and the velocity at the
corresponding reach of the lateral pipe are evaluated.

10. Finally, uniformity of the system is evaluated by computing UC and DU _q as given by Eq. (19) and
Eg. (20) , respectively.

7. Evaluation of Design Procedure
Design procedures for a lateral pipe can be ordered in the following four steps generally (Kang and
Nishiyama, 1996.a):
1. To give a series of values for the design parameter from smallest to largest.
2. To find the required operating inlet pressure head (Hin) that can create the required average emitter
discharge, and to evaluate the total friction head losses and the uniformity of water application for each
given value.
3. To plot the curves of the uniformity of water application, the required operating inlet pressure head and
the total friction head losses versus the design parameter.
4. To find the solutions of the design parameter the required operating inlet pressure head and the total
friction head losses from the curves plotted in the third step according to the required uniformity of water
application.

8. Determination of Design Interval of the Operating Inlet Pressure Head

As seen from the above considerations, an important objective of this analysis is the proper inlet pressure
head determination which can be varied within limited values in the design algorithms (boundary conditions). It
means, preliminary increase in average piezometric head (Ao) varies ranging from minimum inlet pressure head
toward maximum inlet pressure head. The design phases as follows (Yildirim and Agiralioglu, 2002):

1. Determine inlet pressure head ranges (A, B) where inlet pressure head is located in. In (A, B), A :
minimum inlet pressure head and B : maximum inlet pressure head.

a. Obtain minimum inlet pressure head, according to the 1. and 4. steps in the design algorithms (for Hy,
if the smaller values than A are design, this would indicate that the negative value of the pressure head at any
emitter would be appeared).

b. Obtain maximum inlet pressure head, according to the 1. and 5. steps in the design algorithms (for Hy,
if the larger values than B are design, this would indicate that the sum of emitter outflows is greater than the initial
lateral discharge Q1, which means that, back flow occurs from downstream end toward upstream direction of
lateral).

2. As the proper values of the inlet pressure head (A< H:< B) are obtained, the favorable value of H;
should be investigated. In line with this concept, these following considerations should be taken into account:

a. For Hy, if A'is selected for designing a lateral, the value of residual lateral discharge at the downstream
end from the last emitter larger than acceptable small quantity, &, either zero. Obviously, an important boundary
condition doesn’t keep to the right by the 5. step in the design algorithms. Whereas, the residual lateral discharge
decreases from A toward B, increasingly, and then for B, it has a sufficiently small value, approximately zero.

b. In designing of a lateral, the design parameters should be determined in order to minimize of total
friction drop at the end of lateral. In this respect, if A is selected, the total friction drop have major values and then,
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from A toward B, have minor values, increasingly. However, if B is selected the total friction head losses are
minimized.

c. In the design procedure, the water application uniformity is unknown parameter; other parameter (inlet
pressure head) should be varied have the highest level of uniformity. Obviously, water application uniformity
increases from A toward B, and then for B it has the highest value. As a result, the proper inlet pressure head is
reached at B, total friction drop and residual flow rate are minimized whereas the water application uniformity is
maximized.

9. Design Examples

In designing of the lateral pipe for a micro-irrigation system it is also assumed that the emitter outflow-pressure
head relationship, average flow rate and characteristic of the emitter and acceptable level of uniformity are
known a priori. It often remains to design either the pipe length or the inside diameter, the total discharge at the
inlet, the pressure head at the inlet of lateral, the head loss due to friction along the lateral with the other
variables known. The following are two design examples based on each concept.

Example 1. Design of Lateral Length, Operating Inlet Pressure Head and Total Friction Drop (Head
Losses) Using Design Curves

It is given that the emitter outflow-pressure head relationship: g = 3.58 107 H°5, average flow rate of emitter : ¢av
=41h?t(1.111 10° m371), spacing between successive interior emitters: S = 1.0 m, design uniformity coefficient
: UC = 0.95, the inside diameter of lateral : D = 14 mm, the kinematic viscosity of water at 20 °C v=1.01 10®
m?s. The values that must be determined are : (1) Length of lateral, (2) the pressure head at the lateral inlet, (3)
the frictional head loss along lateral.

Solution: On the basis of the forward-step method discussed, the values of the inlet pressure Hin, the frictional
head loss Hr and the uniformity coefficients UC, DU\q are evaluated for various pipe lengths ranging between 25
and 250 m (D = 0.014 m). In each calculation the values of design parameters are obtained from output of
LATCAD and plotted in dimensionless form for practical purpose which could also be used as a design chart
(Figure 3.a, 3.b, 3.c, 3.d). From Figure 3.b and for design uniformity coefficient UC = 0.95; length of the lateral,
L = 125 mis found. On the other hand, from Figure 3.a and for L = 125 m; we have relative pressure head at the

inlet, Hin/Hay = 1.26. From the emitter outflow-pressure head relationship we find:
1

1 L
v 1.111107°¢ \os
Hoo= [ Lo | o] 2| 9,631 m.
c 3.5810
Resulting: Hin = 1.26*9.631 = 12.135 m is found. From Figure 3.c and for L = 125 m; we have relative friction
drop, He/Hin = 0.326 and then the frictional head

loss along the lateral, Hg =0.326*12.135 = 3.956 m is found. For the second uniformity design parameter DU q
,from Figure 3.d and for L =125 m ; DU = 0.915 is found.

The same example was solved by Warrick and Yitayew (1988.b) using differential method based on numerical
solution of a nonlinear second-order differential equation and also more accurate analytical forward-step method
developed by Hathoot et al. (1993). The results were presented here for the sake of comparison.

Differential method gives L =126 m, Hin=12.49 m, Hr = 3.841 m and DU, = 0.925 whereas Yitayew’s
(1989) head loss equation which extension of the basic analytical solution gives L =125 m, Hi, = 12.536 m and
He= 3.883 m. However, Hathoot et al. (1993) give: L =129 m, and Hi, =12.69 m.

The difference between two basic solution may be attributed to this cause: In the FSM variation of the Reynolds
number along the lateral pipe is considered whereas in DM the Blasius equation is used along of full lateral also
including the last downstream length at the end of lateral in which flow is actually laminar. It is worthy to note
that the results of computer program are in close agreement with those of other researcher’s.
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Example 2. Design of Lateral Inner Diameter, Operating Inlet Pressure Head and Total Friction Drop
(Head Losses) Using Design Curves

Design the following parameters for design uniformity coefficient UC = 0.95 and the lateral length L = 150 m
using the same data given in Example 1: (1) the inside diameter of the lateral, (2) the pressure head at the lateral
inlet, (3) the frictional head loss along lateral.

Solution: The values of the inlet pressure Hi,, the frictional head loss Hr and the uniformity coefficients UC,
DULq are evaluated for various pipe internal diameters ranging between 10 mm and 21 mm (L =150 m). In
each calculation the values of design parameters are obtained from output of LATCAD and plotted in
dimensionless form for practical purpose which could also be used as a design chart (Figure 4.a, 4.b, 4.c, 4.d).
From Figure 4.b and for design UC = 0.95; inside diameter of the lateral, D = 16.4 mm is found. On the other
hand, from Figure 4.a and for D = 16.4 mm; we have relative pressure head at the inlet, Hi,/Ha = 1.195. From
the emitter outflow-pressure head relationship we find,

1 B
v 1.111107° os
Hao= [ do|" o) 217 — 9631 m,
c 3.5810
Resulting: Hin = 1.195*9.631 = 11.51 m is found. From Figure 4.c and for D = 16.4 mm ; we have relative
friction drop, He/Hin = 0.277 and then the frictional head loss along the lateral, Hf =0.277*11.51 = 3.188 m is

found. For the second uniformity design parameter DU, q, from Figure 4.d and for D = 16.4 mm; DU_q = 0.925
is found.
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Figure 3 (a, b) Variation of Relative Inlet Pressure Head and Christiansen Uniformity Coefficient  with Lateral
Length (c, d) Variation of Relative Friction Drop and Lower-Quarter Distribution Uniformity Coefficient with Lateral
Length
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Figure 4 (a, b) Variation of Relative Inlet Pressure Head and Christiansen Uniformity Coefficient with
Internal Diameter of Lateral (c, d) Variation of Relative Friction Drop and Lower-Quarter Distribution
Uniformity Coefficient with Internal Diameter of Lateral

10. Summary and Conclusions

A lateral is a hydraulic structure whose design is limited by the irrigation uniformity, and consequently,
by the friction head losses. These facts are very important because it should be provided that the variation of the
emitter outflows within limited values which are defined uniformity coefficients. In addition, head loss due to
friction at the end of lateral should be estimated, correctly.
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In this study the principles of micro-irrigation lateral hydraulic based on the forward-step method was presented
and a computer program was developed for this purpose. In this method, the design of the lateral pipe with
equally spaced individual emitters and uniform slope is aimed so that hydraulic criteria are suitable and the
uniformity coefficient is desired. In designing of a lateral by computer program, for a lateral length and inside
diameter, firstly, the inlet pressure head is appointed, and then the friction drop along lateral and level of
uniformity of the system are determined.

On the other hand, effects of design parameters on discharge distribution for consistent designing due to various
combinations of the lateral length and the inside diameter can be experienced. In addition, hydraulic design
criteria for lateral pipes in detail are presented. The design examples for verification the design criteria are also
presented. Results obtained from covering various combinations of irrigation design parameters are plotted for
three emitter characteristics and zero-slope condition graphically in dimensionless form for practical purposes.
These presented figures could also be used as the design charts. For different design applications, the results of
computer program based on the forward-step method has the higher accuracy and sensitivity rather than the
results of other analytical and numerical methods, because only the basic equations of the hydraulics of stead
pipe flow were used in each part of lateral which divided by the emitters.
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Insaat Sektoriinde Yeni Bir Yalittm Malzemesinin Gelistirilmesi
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Ozet

Bu ¢alismada; Tekstil kat1 atiklarinin biiylik fiziksel ve kimyasal birikimi ve bozunmasi, atik yonetimi gibi
fikirlerin geri doniistiiriilmesi ve yeniden kullanilmas1 gibi ¢evreci yaklasimlar saglanmistir. Bu nedenle tekstil
kat1 atiklarmin yalitim malzemelerine doniistiiriilerek geri doniisiimiine katki saglanmasi planlandi. Deneysel
calismada 1s1 ve ses iletkenlik degerleri EPS kontrol érnegine gore daha iyi sonuglar vermistir. En ideal yalitim
malzemesi 0.031 (W/mK) en iyi 1s1l iletkenlik degerleri ile iretilmisgtir.

Anahtar kelimeler: EPS, XPS, geri doniisiim, kompozit malzeme, yalitim malzemesi.

Development of a New Insulation Material In the Construction Industry
Abstract

In this study; Environmentalist approaches such as large physical and chemical accumulation and degradation of
textile solid wastes, recycling and reuse of ideas such as waste management have been ensured. Therefore, it was
planned to contribute to the recycling of textile solid wastes by converting them into insulation materials. In the
experimental study, heat and sound conductivity values showed better results than the EPS control sample. The
most ideal insulation material was produced with the best thermal conductivity values of 0.031 (W/mK).

Keywords: EPS, XPS, recycling, composite material, insulation material.

1. Giris

Insaat sektoriinde yalitim; yapinin kendi biinyesi ve disaridan gelecek zararh etkilere karsi korumak icin alinan
onlemlerdir. Bunun yaninda, basta plastik olmak iizere petrol tiirevi maddelerin dogada ¢iiriime dongiisii yavas
gergeklestiginden dolay1 ¢evre kirliliginin de oniine gegilmis olacaktir. Sagladigi bu avantajlar ile geri doniigiim
ve yeniden kullanim diinya {izerinde canli hayatin devam etmesi adina vazgegilmemesi gereken olgulardir. Bu
nedenle birgok bilim adami ve iiretici, mamul malzemelerin yapisinda kullanilan hammaddelerin geri dontigimi
icin stirecler gelistirmekte veya onlarin yeniden kullanimi igin endiistri sahalar1 olusturmaktadirlar. Bu amagla
yapilan caligmalarda, tekstil iiretim ve kullanim atiklarinin, geri kazanimi, ¢evresel ve ekonomik etkilerini
incelemigtir. Tekstil endiistrisinin gida, tarim, hayvancilik gibi alanlarla karsilastirilmasi ve ne kadar biiyiik bir paya
sahip oldugunun tespiti hakkinda sayisal veriler sunulmustur(1). Yapilan diger bir ¢calismada, dokuma kumas
atigimi ve ikincil atigin1 1s1 izolasyonu malzemesi olarak kullanmi arastirilmistir. Sonuglara gore, dokuma kumasg
atiginin ve dokuma kumas ikincil atiginin ¢ift duvar uygulamalarinda 1s1l yalitim o6zellikleri %56 ve %30
destekleyerek fayda sagladigini tespit etmislerdir(2). Paiva ve ark., 1s1 yalitimi malzemesi olarak tekstil alt atiklarini
incelemistir. Kullanilan tekstil alt atiklar1 yatak endiistrisinden elde edilmis malzemelerin kompozit haline
getirilerek 1s1 iletkenlik katsayisinin hesaplanmasi deneylerini basariyla gergeklestirilmis ve %33liik bir termal 1s1
savunmast basarili bir sekilde gergeklestirilen bir kompozit iiriin elde edilmistir (3). Dissanayake ve ark., tekstil
atiklarin1 kullanarak sikistirilmig panel tiretimi ve yalitim 6zellikleri incelemistir, sentetik materyaller (naylon,
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spandex, poliliretan) kullanilarak sikistirilmig kaliplama islemi uygulanarak termik iletkenlik testine tabii
tutulmustur sonug olarak; en iyi 1s1 yalitimini veren kombinasyon %40 poliiiretan parcalariyla karistirilmis %60
naylon kumas parcalar1 olarak gorilmistiir (4). Silika aerojellerin 1s1 ve ses izolasyon malzemesi olarak
kullanilmasi1 amaciyla aerojellerin bulundugu malzemelerin daha kompakt bir biitiin yapi1 olusturduklari i¢in 1s1 ve
ses absorbe iglemlerinin ¢ok daha iyi hatta 0,02W/mK gibi ¢cok ¢cok ufak degerlere sahip iletkenlik katsayilar1 tespit
edilmistir (5). Bu g¢alismada; tekstil kati atiklarmin biiyiik fiziksel ve kimyasal birikimi ve bozulmalari, atik
yonetimi gibi fikirleri geri kazanim ve yeniden kullanim gibi ¢evreci yaklagimlarin dogmasi saglanmistir. Geri
doniisiim, yeniden degerlendirilebilme olanagi olan atiklarin gesitli islemlerden gegerek iiretim siirecine yeniden
dahil edilmistir.

2. Materyal ve Metot

2.1. Materyal
2.1.1. Tekstil Attk Malzemesi

Atik pamuk lifi, atik yiin lifi, kumas parcalar1 ve polyester kumas ana hammadde olarak kullanilmistir. Defibrasyon
yontemi ile iglenerek kullanima hazir hale getirilmistir.

2.1.2. Baglayic
Kompozit malzeme iiretimi i¢in dokiim tipi polyester re¢ine kullanilmistir.
2.1.3. Alev Geciktirici

Alev geciktirici olarak Fire-0 alev almazlik soliisyonu kullanilmistir. Fire-O dogal malzemeden iiretilmis, insan
sagligina zarar1 bulunmayan, ¢evre sagligi bakimindan risk tagimayan ve yasakli malzeme igermeyen bir iirlindiir.
Bunun yaninda duman oksijen ve azot bakimindan %20 -25 daha zengindir. Dolayst ile yangin aninda alev
almazken dumaninin bogucu etkisi yar1 yartya azaltilmistir.

2.2.Metod

Hammaddelerin numunelerin 6ncelikle elle ayrigtirilmasi ve karisim yiizdelerinin agirlik¢a belirlenmesi islemi
gerceklestirilmistir. Numuneler (A1-5) olarak smiflandirilmig ve Fire-0 Alev Almazlik Soliisyonu ve EPOXY
(Kompozit malzeme iiretimi i¢in dokiim tipi polyester re¢ine) ile karistirilmistir. Sem*60cm*120 cm boyuta sahip
kaliplarda sekillendirilmistir. 5 ayr1 iiriin regetesi hazirlanmistir. Numuneler kaliba alinarak 300 bar pres basincina
sahip makineyde sikigtirtlmigtir. Presin ardindan numuneler 24 saat kalibin igerisinde bekletilmistir. Son olarak
iiretilen plaka 80°C firinda 3 saat siireyle bekletilerek kiirleme islemi gerceklestirilmistir. Uriinler {izerinde 1s1 ve
ses yalitim testleri yapilmis ve ticari {iriin olan EPS (Genisletilmis Polistiren Kopiik) ile karsilagtiriimgtur.

3. Deneysel Sonuclar
3.1. Is1 iletim Katsayis1 Deneyi(W/mK)

Deneylerde TLS-100 cihaz1 kullanilmigtir. Elde edilen veriler Sekil 1°de verilmektedir.
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Sekil 1’e gore; gelistirilen {iiriinlerden elde edilen 1s1 iletkenlik degerleri sirayla A1=0,043W/mK,
A2=0,039, A3=0,031, A4=0,052, A5=0,034 olarak bulunmustur. Numunelerden elde edilen 1s1 iletim degerlerine
gore; A3 ve A5 numarali olanlar EPS den daha iyi yalitim sonuglar1 sunmustur. Ayrica tiim regeteler yalitim
malzemesi olarak kullanilabilir degerlere sahiptir.

3.2. Ses Gegirgenlik Deneyi(dB)

Ses Olgiim Cihazi olarak PCE-428-KIT-N model kullanilmistir. Giiriiltii 6lgiim cihazi, test sinyalinin ne kadar
siirdiigiinii kaydeder. Olgiim prosediirii DIN EN ISO 3382'de belirtilen standartlara gére yapilmustir. Calsimadan
elde edilen veriler Sekil 2°de verilmistir.

o

m 80dB de olgiilen deger

dB Degeri
I
o

H 100dB de 6l¢ltlen deger
M 110dB de 6lglilen deger

EPS Al A2 A3 A4 A5
Malzeme

Sekil 2°de goriildiigii tizere, 6l¢lim yapilan tiim yiizeylerde giiriiltii seviyelerinin ortalamasi birbirine yakin olup
A3 ve AS numunelerden en iyi sonuglar elde edilmistir. Kaynak tarafinda giiriiltii seviyesinin 110 dB olmas1
durumunda ise en az dlgiilen ses siddeti 57,6 dB ile A3 malzemede ger¢eklesmistir. Deneyler sonucunda tas
yiinii ve tekstil kat1 atiklarindan iiretilen numuneler gibi lifli malzemelerin ses yalitimi agisindan diger yaliim
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malzemelerinden daha etkin oldugu goriilmektedir. EPS kapali gézenekli ve diisiik yogunluk nedeniyle 6nemli
bir akustik 6zellik gostermez.

4. Sonug ve Oneriler

Caligsmanin sonuglart agagida verilmistir;

e Ses gecirgenligi bakimidan; A3 ve A5 olarak isimlendirilen numuneler agik ara iiretilen ses
siddetini ciddi manada absorbe edebilmistir. Kaynak tarafinda giiriiltii seviyesinin 110 dB olmasi
durumunda ise en az dl¢ciilen ses siddeti 57,6 dB ile A3 malzemede gergeklesmistir. Deneyler
sonucunda tas yiinii ve tekstil kat1 atiklarindan tiretilen numuneler gibi lifli malzemelerin ses
yalitimi agisindan diger yalitim malzemelerinden daha etkin oldugu goériilmektedir.

e 1s1 iletkenlik degerleri sirayla A1=0,043W/mK, A2=0,039, A3=0,031, A4=0,052, A5=0,034
olup endiistriyel kullanilan yalitim malzemelerinin bazilarindan daha yiiksek 1s1 iletkenlik
katsayisina sahiptir.

e EPS ve A3 numuneleri kiyaslanmistir. EPS in 90°C’ye ulastiginda yapisal anlamda tamamen
bozuldugu goriilmiistiir ancak A3 numunesinde bozulmalarin basladigi, ayrisimlarin numunenin
ortasindan kdselere dogru gerceklestigi tespit edilmistir.

e Bucaligma geri doniisiim noktasinda iilkemize fayda saglayacagi, iiriin dogallig1, iretim maliyet

diisiikliigii sayesinde avantajlar sunacagi degerlendirilmektedir.
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Oz

Giliniimiizde betonarme yapilarin kullanimi diinyada olduk¢a popiilerdir. Betonarme yapilarin diger tiim yapi
tiirleri gibi deprem etkilerinden etkilendigi bilinmektedir. Bu duruma ek olarak betonarme yapilar da diger tim
nesneler gibi ¢cevresel titresimlerden etkilenir. Tiim bu etkilerden dolay1 betonarme yapilar zamanla tagima giictinii
kaybedebilir. Bu durumda yapinin ¢ékmesi gibi ¢ok tehlikeli sonuclara neden olmaktadir. Bu tiir sorunlar1 ¢6zmek
icin kanitlanmis cesitli giiclendirme yontemleri mevcuttur. Perde duvarlarin kullanimi da bu gliglendirme
yontemlerinden birisidir. Perde duvar ile giiclendirme yonteminin olduk¢a yaygin kullanildig1 birgok ¢alismada
goriilmistir. Bu c¢alismada, 6rnek bir betonarme binada perde duvarlarn etkileri, sonlu elemanlar yontemi
kullanilarak ve modal analiz yapilarak ortaya konmustur. Ozellikle ilk 5 modun yapa titresim periyotlar ve serbest
tizerindeki olumlu etkisi daha net ortaya konmustur. Tim bu sonuglar 1s1¢inda betonarme yapilarin
giiclendirilmesinde perde duvar ile giiclendirme yonteminin kullanilabilir oldugu goriilmektedir.

Anahtar Kelimeler: Betonarme yapilar, Perde duvarlar, Sonlu elemanlar metodu, Dinamik parametreler,
Gili¢lendirme

Investigation of Shear Wall Effect on Dynamic Parameters of Reinforced
Concrete Building

Abstract

Today, the use of reinforced concrete structures is very popular in the world. It is known that reinforced concrete
structures are affected by earthquake effects like all other building types. In addition to this situation, reinforced
concrete structures are affected by environmental vibrations like all other objects. Due to all these effects,
reinforced concrete structures may lose their bearing capacity over time. In this case, it causes very dangerous
results such as collapse of the structure. Various proven retrofit methods are available to solve such problems. The
use of shear walls is one of these retrofit methods. It has been proven in many studies that the shear walls
reinforcement method is quite common. In this study, the effects of shear walls in a sample reinforced concrete
building are revealed by making modal analysis using the finite element method. In particular, the structure
vibration periods and free vibration mode shapes of the first 5 modes are discussed in detail. Thus, the positive
effect of shear walls on the rigidity of the structure has been more clearly demonstrated. In the light of all this
results, the method of shear walls can be used in the reinforcement of reinforced concrete buildings.

Keywords: RC structures, Shear walls, Finite element method, Dynamic parameters, Retrofitting

1. Introduction
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Shear walls are vertical load-bearing elements whose thickness in the plan is quite large compared to their
height, and their task is to transfer the horizontal and vertical loads from the floors and beams to the ground and
to limit the horizontal drift of the structures, especially under the influence of lateral loads such as earthquakes and
winds. In the Turkish Building Earthquake Code, shear walls are called vertical structural elements with a ratio of
at least 6 to the thickness of their long sides. Vertical loads, that is, constant loads, which are the weight of the
building, and human, machine, etc. occurring in the building. Columns generally provide sufficient strength for
welded live loads. Shear walls, which have large cross-sections compared to columns, of course, greatly increase
the resistance of structures against vertical loads. However, the main purpose in the use of shear walls is to increase
the strength and rigidity of the structure against lateral loads. Shear walls in different country regulations; Planar
vertical elements created in FEMA 356 to serve to meet the horizontal loads in reinforced concrete structures,
elements supported by other structural elements in Eurocode 8 and whose cross-sectional length to thickness ratio
is greater than four, in ACI 318, V, M and N effects caused by earthquake effects on structures. Structural elements
designed to meet the effects of combinations are defined in IBC 2000 as structural elements designed to meet
horizontal loads parallel to its plane. The main task of curtains is to carry horizontal loads and limit the horizontal
displacement of the structure. With its relatively high lateral stiffness, the shear walls are effective in meeting the
moment and shear forces caused by the earthquake and in keeping the storey drifts under control. Shear walls are
very important criteria in earthquake design and they are effective elements in terms of rigidity, strength and
ductility in the structure.

Researchers have carried out many studies using both the finite element method and the reinforcing methods.
There are many other studies by the authors using the finite element method before. In this study, studies [1], [2],
[31, [41, [5]. [6], [7], [8], [9] on the use of the finite element method were used. With all this knowledge, this new
study has been carried out.

Researchers have conducted studies [10], [11], [12], [13], [14], [15], [16], [17], [18] about shear walls which
also contributing to this study.

The aim of this study is to examine the effects of retrofit with shear walls on dynamic parameters in reinforced
concrete building. There may be a need for a retrofit method without architectural disadvantages or excessive dead
load increments. In such cases, the retrofit method with shear wall is also known to be an option. For this reason,
it is very important to reveal the effect of shear wall on dynamic parameters.

2. Material and Method

In this study, A reinforced concrete building model was created and modal analysis was carried out with the
finite element method. The reinforced concrete building model was retrofitted with shear walls and a retrofitted
model building model was created for comparison. In the application of the finite element method, the SAP2000
package program, which is used in the field of academic and engineering applications all over the world, was used.

2.1. The Model of Reinforced Concrete Building

The model 5-storey reinforced concrete building with two spans of 6 meters in x and y directions, and a floor
height of 3 meters. The columns of the model reinforced concrete building are sized as 40x50 cm. The beams of
the model reinforced concrete building are sized as 30x50 cm. The slabs are sized to be 20 cm reinforced concrete.
The concrete class used is C30 in Turkish Standarts. Reinforcement steel used is S420 class in Turkish Standarts.

By designing the building as symmetrical and simple, it is aimed to reveal the result of the retrofit to be applied
more clearly. The spans are therefore taken equal.

The 3D finite element model in SAP2000 package software of the model reinforced concrete building is given
in Figure 1.
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Figure 1. The model reinforced concrete building’s 3D view

2.2. The Model of Retrofitted Reinforced Concrete Building

A 20x150 cm shear wall was added to only two openings of the building. The shear wall was applied
throughout all floors. The shear wall is reinforced concrete. The 3D finite element model in SAP2000 package
software of the retrofitted model reinforced concrete building given in Figure 2.

Figure 2. The retrofitted reinforced concrete building’s 3D view

3. Result and Discussion

Model reinforced concrete building and retrofitted model reinforced concrete building were analysed
separately. The modal analysis results of each model are shared under separate headings. The results include the
analysis results of the first five modes. Mode shape and period values are taken into consideration for each mode.
The parameters obtained for both models were compared for each mode separately. During the analysis, the
SAP2000 package software, which is a finite element method software, was used.
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3.1. Analysis Results of Model Reinforced Concrete Building

The model reinforced concrete building was analysed without retrofitting. When the first five modes are
examined, the results obtained are presented in figure 3,4,5,6,7 as period values and mode shapes for each mode.

Figure 3. 1. Mode shape (T =0.83s)

Figure 4. 2. Mode shape (T = 0.76 s)
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Figure 5. 3. Mode shape (T = 0.64 s)

Figure 6. 4. Mode shape (T =0.25s)

Figure 7. 5. Mode shape (T = 0.23 s)
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3.2. Analysis Results of Retrofitted Model Reinforced Concrete Building

The model reinforced concrete building was analysed with reinforcing by shear walls. When the first five
modes are examined, the results obtained are presented in figure 8,9,10,11,12 as period values and mode shapes
for each mode.

Figure 9. 1. Mode shape (T =0.74 s)

Figure 10. 2. Mode shape (T = 0.58 s)
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Figure 11. 3. Mode shape (T =0.37 s)

Figure 12. 4. Mode shape (T =0.23 s)

Figure 13. 5. Mode shape (T =0.17 s)
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3.3. Comparison of Analysis Results

The comparison of period values of the model reinforced concrete building and retrofitted model reinforced
concrete building is given in Table 1.

Table 1. Comparison of period values

Mode 1 2 3 4 5

Non-Retrofitted 0.83 0.76 0.64 0.25 0.23

Retrofitted 0.74 0.58 0.37 0.23 0.17

Difference (s) 0.09 0.18 0.27 0.02 0.06

Difference (%) 10.84 | 23.68 | 42.19 8.00 26.09

The comparison of mode shapes of the model reinforced concrete building and retrofitted model reinforced
concrete building is given in Table 2.

Table 2. Comparison of mode shapes type

Mode 1 2 3 4 5

Non-retrofitted Translational Translational Torsional | Translational | Translational

Retrofitted Translational | Translational | Torsional | Translational | Translational

4. Conclusions

In the mode 1, the period difference between non-retrofitted model and retrofitted model status was obtained
as 0.09 s. The effect of period retrofitting with shear walls as a percentage was determined as 10.84.

In the mode 2, the period difference between non-retrofitted model and retrofitted model status was obtained
as 0.18 s. The effect of period retrofitting with shear walls as a percentage was determined as 23.68.

In the mode 3, the period difference between non-retrofitted model and retrofitted model status was obtained
as 0.27 s. The effect of period retrofitting with shear walls as a percentage was determined as 42.19.

In the mode 4, the period difference between non-retrofitted model and retrofitted model status was obtained
as 0.02 s. The effect of period retrofitting with shear walls as a percentage was determined as 8.00.

In the mode 5, the period difference between non-retrofitted model and retrofitted model status was obtained
as 0.06 s. The effect of period retrofitting with shear walls as a percentage was determined as 26.09.

When the mod shapes were examined, no mod shape type changes were observed with the retrofit with shear
wall. However, it has been observed clearly that the mode shapes move more rigidly with the retrofit.

In the light of all these results, significant decrease in periods was detected in first five modes. Thus, it is
clearly seen that the rigidity of the structure increases by strengthening the model reinforced concrete building
with shear walls. In the 1st mode, in other words, there is a decrease of 10.84 percent in the dominant period value.
In addition, there is a large decrease of 42.19 percent in the period value in the 3rd mode. It has been observed that
the 3rd mode shape is the torsional mode shape. The fact that this effect is in the form of a torsion mode is an
indication that this retrofitting also reduces the effects of torsion. Of course, it should be taken into account that
the design of the structure and retrofitting is very important in obtaining the data in this way. Incorrect model
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selection and faulty retrofit designs can make data more unreliable. In the light of all this obtaining information,
the retrofit method with shear walls may be used in reinforced concrete buildings.
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Mineral Katkih Betonlarin Fiziksel Ozellikleri
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Ozet

Bu calismada, beton iiretiminde mineral katkis1 olarak silis duman1 kullanilmistir. Unye Cimento Fabrikasinda
iiretilen Portland kompozit ¢imento (PC) iizerinde fiziksel deneyler yapilmistir. Baglayici malzeme olarak
PC(CEM 1 42,5R) ve mineral katkili ¢cimento kullanilarak iiretilen betonlarin performans 6zellikleri aragtirilmisgtir.
Yapilan caligma sonucunda; Katkili betonun hidratasyon 1sis1 ve kilcal gecirgenlik degerleri incelenmistir. Portland
¢imentosu ve mineral katkil1 harglarin fiziksel 6zellikleri karsilastirilmistir.

Anahtar kelimeler: Kolemanit, Basing dayanimi, Hidrasyon, Portland ¢imentosu.

Physical Properties Of Mineral-Added Concretes
Abstract

In this study, silica fume was used as a mineral additive in concrete production. Physical experiments were carried
out on Portland composite cement (PC) produced in Unye Cement Factory. The performance properties of
concretes produced by using PC(CEM 1 42.5R) and mineral-added cement as binder material were investigated.
As a result of the study; The heat of hydration and permeability absorption values of the reinforced concrete were
investigated. The physical properties of Portland cement and mineral-added mortars were compared

.Keywords: Colemanite, Compressive strength, Hydration, Portland cement.

2. Giris

Silika dumani yapisi geregi genellikle piiriizsiiz bir yiizeye, kiiresel ve camsi 6zelliklere sahiptir. Bu fonksiyonlari
sayesinde betondaki (1-2) hava bosluklarini rahatlikla doldurabilir. Silis dumani katkisi, diger puzolanlar gibi yeni
C-S-H jellerinin olusumunu saglarken, ince silika dumani taneleri agrega-macun ara yiizeyini sikilagtirarak ve
giiclendirerek betonun mukavemetini arttirir. Ote yandan, belirli bir islenebilirlik igin su ihtiyacini (3) artirmak
gibi olumsuz etkileri de vardir. Silis dumani ilavesi ile 28 giinliik basing dayaniminda %20-50'ye varan bir artis
elde edilebilir(4). Beton iiretiminde kullanilan silis dumani, ¢imento taneleri arasindaki karigim suyunun yerini
alir, graniilometriyi iyilestirir ve serbest su miktarini artirarak olumlu etki yapar (5-6). Silis dumaninin betonun
islenebilirligi ve basing dayanimi {izerindeki etkisi iki farkli ¢cimento kullanilarak aragtirtlmistir. S/C oranini 0.25-
0.45 arasinda degistirdikleri ¢aligmalarinda, silika dumaninin iglenebilirlik iizerindeki etkisinin, su/baglayict
oranindaki %10 veya daha az silis dumani kullanimi azalmasiyla daha belirgin hale geldigini bildirmislerdir (7).
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2. Materyal ve Metot

2.1. Materyal
2.1.1. Cimento

Calismalarda, gerek cimento kimyasal ve fiziksel 6zelliklerinin belirlenmesi ve gerekse beton deneylerinde Goltas
Cimento Fabrikasi’nda iiretilen BC ve PC(CEM 1 42,5R) tipi ¢cimento kullanilmistir.

2.1.2. Agrega

Bu ¢aligmada kullanilan agregalar 0-2mm, 2-4mm, 4-8mm 8-16 16-22,4 ve 22,4- 32 tane boyutuna sahip olacak
sekilde gruplandirilmiglardir. TS 802’ye uygun olarak maksimum dane boyu 22,4 mm alinmustir.

2.1.3. Karisim Suyu

Yapilan ¢aligmada karisim suyu olarak Giresun ilinde schir sebeke suyu kullanilmistir. Kullanilan suyun ilgili
standartlarda yer alan 6zellikleri saglamasina dikkat edilmistir.

2.1.5. Siiper Akiskanlastiric1 Katki Maddesi

Glenium51'in geleneksel siiperakiskanlik verici katki maddesi kullanilmistir. Bu siiper akigkanlastiricinin en
6enmli 6zelligi ¢cimento dagiliminin etkinligini biiyiik 6l¢iide arttirmasidir.

2.2.Metod

Deneysel calismalar Giresun Universitesi Insaat laboratuvarlarinda gergeklestirilmistir. Uriin olarak Unye
Cimento Fabrikast PC kullanilarak beton numuneleri tretilmistir. Puzolan olarak kullanilan SD, ¢imentoya
agirlikea %15 oraninda ilave edilerek beton iiretimi gergeklestirilmistir. Har¢ karigimlart 150x150x150 mm'lik
kaliplarda kimyasal katki kullanilmadan iiretilmistir. Numuneler 24 saat sonra kaliptan ¢ikarilmis ve musluk
suyunda 20 °C'de (2, 7, 28, 90, 180) kiirlenmistir. Numuneler iizerinde fiziksel deneyleri (hidratasyon 1sisi,
gecirgenlik) degerleri incelenmistir.  Hidratasyon 1sis1 Olgtimleri MC-CAL izotermal Kkalorimetre cihazi
kullanilarak yapilmstir.

3. Deneysel Sonuglar

3.1. Hidratasyon Isisi(cal/gr)

Beton harglarin hidratasyon 1sis1 degeri énemli fiziksel 6zelligidir. Ozellikle kiitle betonlarinda kullanilmasi
gereken ¢imentolarin 7 giinde en fazla 60 cal/g ve 28 giinde de an fazla 70 cal/g civarinda toplam hidratasyon
1s1s1na sahip olmalar1 talep edilir.
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Sekil 1. Har¢larin hidratasyon isist degerleri

Sekil 1’ de %15SD ve PC(CEM 142,5R) iceren ¢imentolarin hidratasyon isilarinin karsilastiriimasi verilmektedir.
Grafikten goriildiigii izere, SD katkili harglarin hidratasyon 1sis1 PC harglara kiyasla %40.5 daha diisiik ¢ikmustir.

3.2. Kilcallik Katsayisi(cm®/s)

Beton harglarinin kilcallik katsayilarini belirlemek i¢in testler yapilmistir. Sekil 2'de goriildiigii gibi 15SD katkil
betonlarin kilcallik katsayi degerleri referans betonlara gore en iyi sonucu vermekte olup, 28, 90 ve 180 giin
sonunda 5.0, 5.43 ve 6.1 cm?/s elde edilmistir. Kiirlenme siiresi arttik¢a kilcallik katsayisi artar.
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Sekil 2. Kiirlenme siiresine bagh olarak farkli ¢cimento harglarmmin kilcallik katsayilart.

4. Sonug ve Oneriler

Caligsmanin sonuglart agagida verilmistir;

e  15SD katkili har¢larin hidratasyon 1s1s1 PC harglara kiyasla %40.5 daha digiik ¢ikmistir.
e  Birim agirlik, PC harglar SD katkili harglara kiyasla daha diisiik bulunmus olup %3.3 oraninda azalmstir.
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e 15SD katkilt betonlarin kilcallik katsay1 degerleri referans betonlara gore en iyi sonucu vermekte olup,
28, 90 ve 180 giin sonunda 5.0, 5.43 ve 6.1 cm?/s elde edilmistir. Kiirlenme siiresi arttikca kilcallik
katsay1s1 artar.

e  Mikroyapi olarak SD katkist ile agiga ¢ikan CH miktarinin azaldig1 degerlendirilmektedir. Ayrica, SD'nin
zamanla kalan CH' 1 bagladigi, gozenekleri tikadig1 gegirimsizligi arttirdig1 diistiniilmektedir.

e  %]15SD harglarindan iiretilen beton, durabilite a¢isindan baraj, beton yol, tiinel vb. olarak kullanilabilir.
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Power Law Friction Factor Equation for Commercial Pipeline

Hydraulic Design Accounting Local Pressure Losses Using MathCAD
Giirol Yildirim

Giresun University, Civil Engineering Department, Hydraulics Division, Giresun, Turkey.
Abstract

The paper presents a design procedure improved by using power law friction factor, which provides accurate
solutions for three types of pipe design problems (Types A, B and C) with considering effect of local losses. The
parameters introduced in the power law are related with the type and size of commercial pipes, thus several
dimensionless physical numbers by a suitable combination of the variables for the solution of Type B and Type C
problems, are also introduced. For solution of the general case of a Type B problem (sloping pipe with pumping
power), user-friendly the MathCAD procedure, which produces a consistent framework for analyzing and solving
common piping-system applications, was also carried out. In order to prove degree of accuracy of the present
technique, several design examples are examined for three types of commercial pipes, and for a wide range of
uniform pipe slope, and the results are shown in the design curves. The curves employed have practical importance
to quickly determine the values of required variables for a given pipe slope. The present technique gives an
opportunity to compare the results of the proposed method with those of obtained from the existent literature, in
profession practice.

Keywords: Water distribution networks; Pipeline design; Commercial pipes; Pipe hydraulics; Pressurized flows;
Steady-state analysis; Software; Power law equation, MathCAD.
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1. Introduction

Analysis and design problem of water distribution networks has been and will continue to be a main
subject of the hydraulic engineering. Three types of design problems of single-lined commercial pipes arise with
the existing solution techniques: optimization of the pump power (Type A), determining of discharge (Type B),
and design of the smallest pipe size or pipe length (Type C) (Yildirim 2006, 2008a,d).

The conventional estimation method requires lengthy iterative process since the friction factor is a
function of relative roughness of the pipe and Reynolds number, even for a single-lined set of pipes and even
without considering local losses. However, with progress in technology and solution techniques, automated
methods which provide accurate and convenient alternatives to the manual methods, have become available for
solving different pipe-flow problems (Larock et al. 2000, Finnemore and Franzini 2002).

The Colebrook-White (C-W) equation (Colebrook and White 1937, Colebrook 1939) has been widely
used to estimate the friction factor for turbulent fluid flow in rough pipes.

However this equation, which relates the friction factor to pipe roughness and Reynolds number (R), is
implicit for the friction factor (f). Recognizing the implicit nature of the CW equation, f versus R charts were
constructed early on (Moody 1944) that allowed for a graphical estimation of f when R and pipe roughness were
known. Since then, several approximations of the C-W equation that are explicit in the friction factor have been
proposed (Moody 1947, Churchill 1977, Jain 1976, Swamee and Jain 1976, Zigrang and Sylvester 1982, Haaland
1983, Keady 1998, Sonnad and Goudar 2004, 2006, Ozger and Yildirrm 2008, Yildirim and Ozger 2009, Yildirim
2008b,c, Yildirim 2009a,b,c¢).

Recently, for practical use and easy manipulation of a simple design of single-lined pipes with neglecting
local losses (Yildirim 2007, 2008a), the friction factor of the power law have been suggested by Yoo and Singh
(2004). Following this work, Yoo and Singh (2005) have also proposed two methods for estimating the friction
factor of commercial pipes; one combining the zero velocity points and the other combining the friction factors of
the smooth and rough parts of the pipe.
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The aim of this paper is to present an accurate design procedure with considering effect of local losses,
for three design cases of commercial pipes, on the basis of the power form friction factor. The proposed technique
is suitable for analysis and design problems of single-lined pipeline networks, and produces simple but exact
solutions for routine engineering applications.

2. Analysis of Commercial Pipeline Design Problems

The design problems of commercial pipelines with uniform slope can be analyzed in three main
categories: In the Type A problems, the required parameters are pump power (Pw) and/or friction or total energy
loss (hy, hr); and initially known parameters are pipe slope (s), pipe diameter (D), pipe length (L), discharge (Q),
and material type of the commercial pipe (galvanized-iron, wrought-iron, tar-coated cast-iron, PVVC, concrete etc.).
In the Type B problems, the values required are Reynolds number (R), velocity (V) or Q and/or h, hr; known
parameters are Py, and pipeline properties (pipe type, s, D, and L); and for the Type C problems, the required
parameters are D or L, and/or hs, hr; known parameters are pipe type, s, Q, and Pw.

Each of three types of design problems can be analyzed in their subclasses depending on the existent/no
existent design cases are: neglecting or considering local losses, hi, horizontal (s = 0) or sloping pipe and, with or
no pumping power, Py. Table 1 synthesizes the three types of design problems (A, B and C) and their subclasses
(A1, Az, As Ars, Aos; By, By, Bz Bis, Bos; Cyi, Cy, Cs, Ci3, Ca.3) with corresponding equations. Note that in this
table, the design parameters; h,, s, and Pw are represented with corresponding dimensionless physical numbers (M,
N and J), respectively, which will be defined in the next section.The problems in the categories A and B are
analysis problems. Analysis of the Type A problems is direct, without iteration, even if any type of friction factor
equation is used. However, iteration may be required for the Type B problems. Type C is a sizing problem, which
normally requires more assumptions and more iterative computations to solve.
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Table 1. General Types of Commercial Pipeline Design Problems with Their Subclasses

Problem Type Known Quantities Required Parameters Related Egs.

A Discharge (Q), pipeline properties Pumping power (Pw) and/or friction/total energy loss (hy, hr) 1)~(9)
Pw, pipeline properties Reynolds number (R), velocity (V) or discharge (Q) and/or hy, hr (10)~(13)

C Pipe slope (s), pipe type, Q, Pw Smallest pipe size (D) or pipe length (L) and/or ht, hy (14) ~(18)

Subclasses: Existent Design Cases: No Existent Design Cases:

A B,C s (N), hi(M), Pw (3) -

A, By, C1 hi (M), Pw (J) s(N)

Az, Bz, C2 p=-1;s(N), hi(M) Pw (J)

As, Bs, Cs3 s (N), Pw(J) hi (M)

Aus, B3, Ci3 Pw (J) s (N), hi (M)

Az3, Ba3, Co:3 p=-1;s(N) hi (M), Pw (J)

Note: Pipeline properties include the pipe diameter or length (D or L), uniform pipe slope (s), and pipe type; p: slope indicator (p =0, -1, and 1; for zero, downhill and
uphill slope, respectively); h;: local loss; M, N and J are dimensionless physical numbers related to the parameters h;, s and, Pw, respectively; the subscripts of subclasses
illustrate existent design cases; (1): horizontal pipe case, (2): attractive pipe flow case (with no pumping power), and (3): design case with neglecting local losses,
respectively.
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In recent years, preprogrammed equation solvers have become available on certain more advanced
programmable scientific calculators and in some spread sheet and mathematics software packages like MathCAD,
Matlab or Excel. Effective instruction in hydraulic design and piping system analysis has been the subject of
several recent publications (Huddleston et al. 2004, Huddleston 2002, Jewell 2001, Gottfried 2000, Hodge and
Taylor 2002, Weiss and Gulliver 2001, Yildirim 2006). Note that, the December 2001 issue of the Journal of
Hydraulic Engineering was devoted to the topic of teaching hydraulic design. Consequently, to avoid tedious trial-
and-error procedure the automated solution techniques can be easily applied for the solution of both the types of
pipe design problems (Types B and C) (Larock et al. 2000, Finnemore and Franzini 2002).

3. Governing Power Law Equation

The governing design formulation of a single-lined pressurized pipe with uniform slope can be expressed
in the general form:

Ry =7QH; 1)

He = hy + psl @

VE. g =tk ©)
hT:hf+hI:(kf+kl)E’ f = D

where Pwkgms ) = pump power in which a unit conversion factor can be applied to this result to express the power,
horsepower (HP) or kilowatts (kW); y = specific weight of fluid (Kgm); Q = discharge (m%?); Hp = total pumping
head (m); hr, hsand h; = total, friction and local energy losses, respectively (m); k: and kj = pipe friction loss and
total local loss coefficients, respectively; V = mean velocity in the pipe cross-section (ms?); D and L = pipe

2
diameter and length, respectively (m); Vv /29 = Kkinetic head (m); s = pipe slope assuming to be uniform along the

pipeline; p = slope indicator which is taken 0, -1 and 1; for zero, downhill, and uphill slope cases, respectively;
and f = Darcy-Weisbach friction factor.

4. Power Form Friction Factor (f) Formula

Yoo and Singh (2004) have developed new sets of pipe friction factor equations with neglecting local
losses in the form of a power law that allows explicit solutions for three types of pipe design problems. They have
compared the results of the power law with those of the Colebrook-White (C-W) and Hazen-Williams (H-W)
equations; thus have reported that the overall error of the power law is 5.89%, while that of the C-W equation is
11.24%, and that of the H-W is 15.25%.

The power law friction factor for commercial pipes is given by (Yoo and Singh 2004):
¢
f =aR?; o= w[RJ 4)

VD_4Q ., _4Q

R: =—, = >
v  aDv 7D

®)

where o, o, B and { = empirical constants of power law friction factor as a function of pipe sizes (small: D < 25
mm; medium: 25 mm < D <1 m; and large: D > 1 m) and pipe type (galvanized-iron, wrought-iron, tar-coated
cast-iron and PVC); R = Reynolds number; Dg = base diameter (= 1 m); and v = kinematic viscosity of water (
=10"°msh).
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5. Methodology
5.1. Head Loss and/or Pump Power Problem (Type A)

Combining Egs. (4) and (5) into Eq. (3) for the pipe friction loss, finally the h: can be deduced in the
power form:

h, =KQ*’ (6)

2+p
K — (4] ) L (7)
2gv”’D," D%/

where K = dimensional unit conversion factor which can be applied to express the hy in meter (s**7 / m**°).

Resulting, general form of a type A problem (considering local losses) can be directly solved by Eq. (1)
with Egs. (2) and (3).

For a simple design case of neglecting local losses (Type As), the Pw can be computed from:

R/ =oyQL (h =0) ®

hf KQ2+ﬁ
=g S s =— =
o +pP L L

)
where 6 = dimensionless constant which is summation of the friction slope, §', and the uniform pipe slope, s; §'=
the friction slope or the slope of the energy-grade line (m/m); p and s = slope indicator and uniform pipe slope,
respectively, defined in the previous section.

5.2. Discharge or Velocity Problem (Type B)

In order to determine the discharge (or velocity) through the pipeline, new dimensionless physical numbers will
be introduced in this section. For the solution of a Type B problem, the general governing equation, Eq. (1) is
restated in terms of the Reynolds number, substituting the power law friction factor given by Eq. (2) into Eq. (1)
then yields:

MR3+aR3+ﬂ+2pN2R—§J3 =0 (10)
T
1/2 ~3/2 213
M:k|2; N:(gs)—D; Jzi Ry 9D (11)
L v v yL

where M, N and J = dimensionless physical numbers (Yoo and Singh 2004). Noting that in Eq. (4), one unknown
is R when the discharge or velocity is the required one parameter; then, the other physical numbers can be
determined depending on the initially known quantities.

For a simple design case of a pumping power on a horizontal pipeline and neglecting local losses (Type
Bi3: s =0, N =0; hy =0, M = 0), the Reynolds number, Ry is directly computed from (Yoo and Singh 2004):

1/(3+)

@) ' %Twg

For the case of a downhill sloping pipe with no pumping power and neglecting local losses (Type Bos: p
=-1,Pw=0,J=0; and h; =0, M =0), the Reynolds number, Ry is given by
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5.3. Sizing (Pipe Diameter or Length) Problem (Type C)

In order to design of pipe diameter, D, a new dimensionless physical number, Sp in relation with the
discharge is also introduced. Rearranging Eq. (1) with Eq. (2), in terms of Sp, then yields (with Do =1 m):

2 B
(%jTSSD“ —‘"(%j S "S5 7 —kS, " =0 (14)
9" ( R,Q? ) vD 4 D vL 4L
W . . .
T=—[—L—pSQJ y SD:EZE, 5002301 SLZEZE (15)

where T, Sp, Sop and S. = dimensionless physical numbers (Yoo and Singh 2004); and g = acceleration due to
gravity (ms?).

For the Type C problems, all physical numbers except for Sp (for this case, S is a known parameter) are
determined using the initially known values; and the Sp can be easily determined by using one of the user-friendly
software packages mentioned above.

As a special case, when the local losses are neglected (Type Cs: hy =0, M = 0), then yields:

5

S= > (16)
[€-G+A]

2\«

; P 1/(5+-¢)
Sp=ATT (h=0); k= —(—j Sop ©

The similar derivative procedure presented above can be followed to determine the pipe length, L (the D
is a known parameter, for this case) by introducing another physical number, S, :

s 4 2J,° -k R? .
"zl aR* +2pN°R 1n
1/3 1/3
1(4gR,D gR, D?
Jo==|——1 ; J == 18
L V[ ]/ﬂ'R ] ’ or L [)/sz J ( )

where J_ = dimensionless physical number. Noting that, Eq. (17) with Eq. (18) can be directly used without needing
iterative procedure.

6. Computational Application

In order to present the practicability the proposed design equations, an original example (Larock et al.
2000), for the Type B problem of a downhill sloping pipe case (with no pumping power), is selected herein.

A tar-coated cast-iron pipe connects two reservoirs having a difference in water surface level of only 6.1
m. Length of the pipeline is 365 m and has a diameter of 0.46 m (= 18 in.). a) determine the discharge when only
pipe friction is considered; b) determine the change of discharge computed when local losses for a sharp-edged
entrance, a fully open gate valve near the pipe exit, and the pipe exit itself are also considered; c) determine the
new discharge for the case of the gate valve in part (b) were only 1/4 open.

a) This is a Type Ba3 problem (p=-1: hy=0, M=0and Pw =0, J = 0); so, Eq. (13) can be directly used
as the following steps:
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The empirical parameters (o, {, ) for tar-coated cast-iron pipe of medium size (25 mm <D = 0.46 m <
1 m): ©=0.071, {=-0.255, and B =-0.13 (Table 1 of Yoo and Singh 2004).

From Eq. (4): a = 0.071x (0.46/1)_0'255 =0.0865

Slope of the pipeline, s = % =0.0167 (p = -1; downhill slope)

1/2 3/2
From Eq. (11): N = (9'8“0'011(?1) 0467 _ 1 263251
From Eq. (13): Ay =| =D o 5.3615; & 2 1.0695
rom Eq. (13): Ay = = 5.3615 __ 2 -4
9 (13): v = 70 0ges N 2-0mm)

Then finally, R, =5.3615x126325.1-%%° = 1,532250 is obtained.

6
From Eq. (5): Q = zDv R— 7x0.46x10

2 x1,532250 = 0.554 m3!

and therefore, V = 3.33 ms™.

From Eq. (4): f =0.0865x1,532250*" = 0.0136

0.071x (4/ 7)1 365
2%9.81x 10501 x1.0 025  0.46® 013025%)

hf =18.425x 0,554 % = 6.1 m (s’ =0.0167), is computed.

From Eg. (6) with Eq. (7): K= = 18.425 then finally,

b) This is a Type B problem (p =-1: h, =0, M #0 and Pw = 0, J = 0); the local loss coefficients for a

sharp-edged entrance and pipe exit; Kent. = 0.5 and kex. = 1.0, and for fully open gate valve, Kyawe = 0.2 (Larock et
al. 2000, Table 2.5). Therefore, the total local loss coefficient, k; = (0.5+1.0+0.2) = 1.7 is found.

0.46

From Eq. (11): M= 1.7x = 2.142 x10°3
365

From Eq. (10): (2.142x10°%)x R® +0.0865x R*®" —(3.189x10)x R =0

Using MathCAD Equation-Solver: R = 1.415 x10° then, Q = 0.511 m3s? and V = 3.1 ms™ are computed.
This result indicates that, the discharge has decreased by 0.043 m3, a bit under 8%, as a consequence of
considering local losses. Using Egs. (3)~(7), one can obtain the following results:

f=0.0137,hf=5.25mand h; = 1.7x 3.1 /(2x9.81) = 0.82 m (hr= 6.1 m).

c) Similar procedure presented in part (b) is repeated except for the gate valve is only 1/4 open. For this
case, the valve loss coefficient has increased from 0.2 to 17.0 (Larock et al. 2000, Table 2.5) since it will cause
more head loss than the pipe friction term. Replacing 0.2 in part (b) by 17.0 (k; = 18.5, M =0.0233), we recomputed
and find the values: Using MathCAD Equation-Solver, R = 9.15x10° then, Q = 0.33 m3!, and V = 1.98 ms?, f =
0.0145, hf=2.32 m and h; = 3.69 m (ht=6.1 m). It is remarkable result from the analysis, a decrease of about one
third from the discharge computed in part (b).
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7. Design Examples in Engineering Practice

In the following, two design examples for different series pipe-flow problems (Types Bs and Cs) with a
general design case (sloping pipe with pumping power) will be presented, respectively.

7.1. Example 1 (Type Bs: Uphill Sloping Pipe)

It is required to supply the water from the reservoir at elevation 410.4 m to another reservoir at elevation 433.2 m
with a pump of effective power 58.5 kW. Length of the line of a tar-coated cast-iron pipe (o = 0.071, { = -0.255,
and p=-0.13) is 1824 m, and has a diameter of 0.46 m (= 18 in.) with neglecting local losses, compute the discharge
in the pipeline.

This is a Type Bs problem, and computation is done in the following steps:

s =(433.2—-410.4)/1824 = 0.0125 (p = 1.0, uphill slope)

From Eq. (11): M =0, N = 109,251.2 and J = 189,328.3 are computed and substituted into Eq. (10), then
finally we obtain: 0.0865R**" +2.387x10°°R—1.728x10'"° =0

Using MathCAD Equation-Solver: R = 5.9x10° then, Q = 0.213 m3tand V = 1.28 ms?, f = 0.0154

and hy = 5.1 m and therefore, s’ =5.11/1824 =2.8x10°°, are computed. It should be noted, in order to check the
accuracy of the results obtained from the computation, Eqs. (8) and (9) can be directly used as follows:
o =8+ ps=2.8x10"°+1.0x0.0125=0.0153; then finally B, =0.0153x1000x0.213x1824/102 =58.5kW (

H, =5.1+1.0x0.0125x1824 = 28.0 m).

On the basis of the algorithm discussed, the computations of Example 1 are also extended to cover three
types of a commercial pipe (tar-coated cast-iron, galvanized-iron and wrought-iron) of medium size (25 mm <D
=0.46 m <1 m), and for various slope combinations; then the results are shown in Figs. 1, 2 and 3. The empirical
parameters of power form friction factor by Eq. (4), for three pipe types are (Yoo and Singh 2004): tar-coated cast-

iron: ® = 0.071, { = -0.255, and p = -0.13 (& = 0.0865); galvanized-iron: w = 0.034, { = -0.282, and = -0.08 (
a =0.0423); and wrought-iron: w = 0.067, { = -0.135, and B=-0.12 (a =0.0744).

The design curves in Figs. 1, 2 and 3 have a practical importance to quickly determine the values of design
parameters for a given pipe slope. It should be noted for Figs. 1 and 2, the slope ranges in percent are indicated on
the axis of x (starting from 0% to + 10%); and the values of the design parameters for different downhill (on dotted
line) and uphill (on straight line) slope ranges, are individually represented on the first axis and secondary axis of
y, respectively.

Fig. 1.a, 1.b and 1.c illustrate the variation of discharge, Q, total pumping head, Hp, and head loss due to
friction, hy, , respectively; whereas Fig. 2.a and 2.b show the values of friction factor, f and Reynolds number, R,
versus different ranges of downhill and uphill slopes. On the other hand, the values of pumping power, Py, for
three pipe types and for different ranges of uphill slope are also plotted in Fig. 3.

As shown in Figs. 1 and 2, for the three pipe types, as the down slope increases the discharge, the Reynolds
number, and the head loss due to friction increase (with decreasing the f); whereas the total pumping head
decreases. In other word, the values of Q, R, and hs decrease (with increasing the f); whereas the values of Hp
increase with increasing the upslope.

Examination of the results indicated that (Figs. 1 and 2) for the three pipe types, variation of the Q, R, hs
, and Hp coincides except for a little change, for a wide range of pipe slope; whereas as the upslope increases more
deviation for the values of friction factor (Fig. 2.a) is observed.
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Figure 1. Results for the Design Variables [(a):Discharge, Q, (b): Total Pumping Head, Hr , and (c): Head
Loss due to Friction, hy] for Different Pipe Slopes (s = 0% ~ s = + 10%), and for Three Types of Commercial
Pipe [G: Galvanized-iron, W: Wrought-iron, and T-c: Tar-coated cast-iron], Using Data of Example 1 (s =
1.25%, uphill slope).
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Figure 2. Results for (a): Friction Factor, f, and (b): Reynolds Number, R; for Different Pipe Slopes (s = 0% ~
s = +10%), and for Three Types of Commercial Pipe [G: Galvanized-iron, W: Wrought-iron, and T-c: Tar-
coated cast iron], Using Data of Example 1 (s = 1.25%, uphill slope).
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Figure 3. Results for Pumping Power (kW), Pw, for Different Uphill Slope Ranges (s = 0%~s =+ 10%), and
for Three Types of Commercial Pipe [G: Galvanized-iron, W: Wrought-iron, and T-c: Tar-coated cast iron],
Using Data of Example 1 (s = 1.25%, uphill slope).

7.2. Example 2 (Type Cs: Uphill Sloping Pipe)

The data of an original design problem presented by Yoo and Singh (2004) are selected herein, for the
sake of comparison: the elevation difference between two reservoirs is 5 m, and the total pipe length including the
equivalent length for secondary loss is 2 km. It is required to supply the water from the reservoir located below to
the reservoir located above with the discharge of 0.2 m3s* with a pump of effective power 10 kwW. Compute the
minimum diameter of tar-coated cast-iron pipe.

This is a Type Cs problem, and the computation steps are presented:

1. s=5/2000=0.0025 (p = 1.0, uphill slope);
2. From Eq. (15):
1/5 2 1/5 —6
7380 (1010202 4 5, 00005x02° | =82.4056; s, =220 5,107,
10 1000x 2000 0.2

3. From Eg. (16):

1/(5-0.13+0.255)

2-013
P 0.07lx(ij « (5x107°)°5 =0.31; 5 = ° =-0.976;
2 = [-0.255—(5-0.13)]

Sy, =0.31x82936.5°9° = 4.94x10°°;

4, Then finally from Eq. (15):
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_S,Q 4.94x107°%0.2
v 10°

=0.99=1.0m;
5. From Eg. (6) with Eq. (7):

K = 1.887 therefore, N =1.887x0.2°" =0.093 m (f= 0.0141); s’ =0.093/2000 =4.65x10°°:

6. To check the results from Egs. (8) and (9):
0 =4.65x10"+1.0x0.0025=255x10"; R, =2.55x10°x1000x0.2x2000/102 = 10 kW.
Moreover, the present example can be restated assuming the pipe length L, is a required parameter, and

the pipe diameter (D = 1.0 m) with the remaining parameters (Q = 0.2 m3, s = 0.0025, Py = 10 kW) are initially
known, for this case. The computation steps by using Eqgs. (17) and (18) are:

3 -0.255
1. R= 4Q = 4x02 — = 254,648 ; a=w R = 0.07lx(£j =0.071;
zDv  7x1.0x10 D, 1.0

(99)"?D¥? _ (9.81x0.0025)"'? x1.0*"2

N = > —156,604.6
v 10
1(4gP. DY 1 (4x981x10x102x1.0)""
T oA R et 21 =36,848.
v R 10 1000 x 7z x 254,648
4 23,3 4 2x36,848°
S, =—| ———Lt—— |=—x : =0.01 (k =0):
; ﬂ[aR” +2pN2Rj ™ [0.071><254,6483°'13+2><l.0><156,604.62x254,648j (k=0
3. LS _001x02 o500

v 10°

On the basis of the algorithm discussed, the data of Example 2 (Type C) are also applied for a wide range
of pipe slope (starting from 0% to +1%), only for a pipe type of tar-coated cast-iron, and the complete results for
the pipe diameter, are shown in Fig. 4.a. Furthermore, the values of the pipe length for different slope ranges, using
the same data except for D = 0.4 m (Q = 0.2 m3, s = 0.0025, Py = 10 kW), with Egs. (17) and (18), are also
shown in Fig. (4.b).

Fig. 4.a illustrates that, as the down slope increases the pipe diameter decreases whereas the pipe length

increases (dotted lines). In other word, the pipe diameter increases and the pipe length decreases (straight lines)
with increasing the up slope (Fig. 4.b).
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Figure 4. Results for (a): Pipe Diameter, D, and (b): Pipe Length, L; for Different Pipe Slopes (s=0% ~s= +
1%), and only for Tar-coated Cast-iron Pipe, Using Data of Example 2 (s = 0.25%, uphill slope).
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8. Summary and Conclusions

An accurate design procedure is developed by using power form friction factor, for three design cases of
single-lined commercial pipelines. General equations improved in this procedure provide accurate solutions for
the general case of three types of design problems with considering effect of local losses. The user-friendly
MathCAD procedure was also carried out for solving general case of a Type B problem.

The proposed technique is applied on several design examples for three types of commercial pipes and
for a wide range of uniform pipe slope, thus the results are shown in the design curves, for practical purpose. The
curves employed give an opportunity to compare the complete results of the proposed method with those of
obtained from the existent literature. It can be concluded that the software based-design technique is simple, easy
to apply but sufficiently accurate in comparison with the traditional trial-and-error procedures, for different types
of design problems of commercial pipelines, in routine hydraulic engineering applications.

9. Notation

The following symbols with dimensions are used in this paper:

D = pipe diameter [L];

Do = base diameter (=1 m) [L];

f = Darcy-Weisbach friction factor;

g = acceleration due to gravity [LT?];

hr = total head losses [L];

ht = head loss due to friction [L];

h = head loss due to localized disruption of the flow [L];
Hp = total pumping head [L];

J = dimensionless physical numbers [Eq. (11)];

Ju = dimensionless physical number [Eq. (18)];

K = dimensional unit conversion factor [Eq. (7)] [T?"? LGP+,
ks = pipe friction loss coefficient;

ki = total local loss coefficient;

L = pipe length [L];

M = dimensionless physical numbers [Eq. (11)];

N = dimensionless physical numbers [Eg. (11)];

Pw = pump power [KLT1];

= slope indicator which is taken 0, -1 and 1; for zero, downhill, and uphill slope cases;
Q = discharge [L3T];

= Reynolds number;
R; = R forthe design case of B13 [Eq. (12)];

Ry = R forthe design case of B2 [Eq. (13)];

183



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

S = uniform pipe slope;
s = the friction slope or the slope of the energy-grade line;
Sp = dimensionless physical number [Eq. (15)];
Soo = dimensionless physical number [Eq. (15)];
St = dimensionless physical number [Eq. (15)];
T = dimensionless physical number [Eq. (15)];
V = mean velocity in the pipe cross-section [LT];
a = empirical constant of power law friction factor [Eq. (4)];
B = empirical constant [EqQ. (4)];
Y = specific weight of fluid [KL™];
® = empirical constant [Eq. (4)];
C = empirical constant [EqQ. (4)];
A, = empirical constant [Eq. (12)];
Ay = empirical constant [Eq. (13)];
A, = empirical constant [Eq. (16)];
o, = empirical constant [Eq. (12)];
6y = empirical constant [Eq. (13)];
o; = empirical constant [Eq. (16)];
o] = dimensionless constant [Eq.(9)];
v = kinematic viscosity of water [L2T™];
€ = absolute roughness of the pipe [L];
¢/D = relative roughness.
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Kiral bilesiklerin segici olarak olusmasini saglayan sentez sekline asimetrik sentez denilmektedir. Asimetrik sentez
organik kimyada beseri ve tarimsal sanayiinde ve gidadaki katki maddelerinin {iretiminde hayati nem
tagimaktadir. Ciinkii organik kimyada asimetrik bir molekiiliin farkli diastereomerleri ya da enantiyomerleri vardir
ve bunlar genellikle farkli biyolojik aktivite gosterirler. Bu ¢alismada feniletilaminin her iki enantiyomerik formu
kullanilarak diazadioksokaliks[2]aren[2]triazin bazli yeni bir organokatalizor sentezlenmis ve katalitik aktivitesini
belirlenmek {izere Michael katilmasi tepkimesinde katalizor olarak denenmistir. Sentezlenen bu katalizor
varliginda asetil asetonun trans-fg-nitrostirene enantiyoselektif katilmasinda optimum sartlar belirlenmistir.
Caligma siiresince reaksiyonlarin tamami ITK (ince Tabaka Kromatografi) ile izlenmis, sentezlenen maddeler
kolon kromatografi ile saflastirilmistir. Saflastirilan {iriinlerin yapilart FTIR, *H NMR ve *C NMR teknikleriyle
aydinlatilmis ve optikce aktif maddelerin ¢evirme acilart 6l¢iilmiistiir.

Anahtar Kelimeler: Organokataliz, Asimetrik sentez, Diazadioksokaliks[2]aren[2]triazin, Stereoselektivite,
Michael katilmasi.

Chiral Diazadioxocalix[2]Arene[2] Triazine-Based Organocatalysts For
Enantioselective Michael Reactions

Abstract

Asymmetric synthesis is an organic synthesis that allows the selective formation of chiral compounds. Asymmetric
synthesis in organic chemistry is vital in the human/agricultural pharmaceutical industry and the production of
nutritional additives. Because in organic chemistry, different diastereomers or enantiomers of a molecule often
have other biological activities. A new diazadioxocalix[2]arene[2]triazine-based organocatalyst was synthesized
using both enantiomeric forms of phenylethylamine. In the presence of this synthesized catalyst, optimum
conditions were determined for the enantioselective addition of acetylacetone to trans-S-nitrostyrene. During the
study, all of the reactions were followed with TLC and the synthesized substances were made pure by column
chromatography. The purified products were illuminated by FTIR, *H NMR and **C NMR techniques and the
rotation angles of the optically active compounds were measured.

Keywords: Organocatalysis, Asymmetric synthesis, Diazadioxocalix[2]arene[2]triazine, Stereoselectivity,
Michael addition
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1. Introduction

Chiral compounds are very important structures found in all living systems, from single-celled organisms to
the most complex ones [1], [2]. Most of the useful chemicals, such as human drugs, pesticides, and nutritional
additives, besides catalysts used in asymmetric synthesis, consist of chiral compounds [3], [4].

Organocatalysis used in the synthesis of chiral materials has emerged as an extremely important method.
Organocatalysts have been used for a long time as chiral tools to support various asymmetric reactions in addition
to enzymes, biocatalysts, and chiral metal complexes. [5], [6].

Organocatalysts provide many advantages such as widespread applicability, environmental compatibility,
reusability, high efficiency, high selectivity and simplicity in use [7], [8]. Therefore, the synthesis and use of
effective chiral catalysts is a rapidly developing research area in synthetic organic chemistry.

The Michael addition reaction between nitroolefins and 1,3-dicarbonyl compounds is one of the most
productive reactions used to form carbon-carbon bonds. Optically active y-nitro carbonyl structures formed as a
result of these reactions are precious resources that can be used to create a variety of pharmaceuticals [9] — [11].

These substances, which play a crucial role as chiral building components in organic and medicinal chemistry,
can be converted into various functional groups such as amines, aldehydes, ketones, nitrile oxides, oximes,
carboxylic acids and hydroxyl amines very easily [12].

Due of growing interest in this field, List and Barbas independently made and reported organocatalytic
studies using L-proline. Then, very high efficiency and enantiomeric excess chiral organcatalysts were obtained
for chiral michael addition [13], [14]. The most common examples are urea and thiourea-derived bifunctional
organocatalysts [15], chiral diamines [16], Cinchona-based catalysts [17], chiral pyrrolidine-type diamines [18],
L-proline derivatives [19], chiral guanidines [20].

As a member of the supramolecules, calixarenes are very good platforms for the synthesis of artificial host
molecules, as they can be used in numerous application areas [21], [22]. Calixarenes are composed of phenolic
structures bonded together by methylene bridges and substituted at the para position. In heteroatom bridged
calixarenes, a new calixarene derivative, the aromatic groups in the structure are connected to each other by
heteroatom bridges, unlike methylene bridges [23]- [25]. These new generation heteroatom bridged calixarenes
may have different chemical and structural properties such as caviyt size, molecular recognition, and host-guest
interaction [26]- [28].

In our previous studies, we synthesized squaramide-based chiral calixarenes, chiral calixarenes containing
different chiral amine groups, and tetraoxacalix[2]arene[2]triazine-based chiral catalysts containing different
chiral amine groups. Then, we tested the catalytic efficiency of these catalysts in various asymmetric addition
reactions [29]- [32].

Herein, we report the synthesis both enantiomeric forms of Diazadioxocalix[2]Aren[2] Triazine-based chiral
catalyst and the optimum conditions of these catalysts in the Michael reaction of acetylacetone to trans-g-
nitrostyrene. To our knowledge, the catalytic application of Diazadioxocalix[2]Aren[2]Triazine-based chiral
catalyst derivatives for stereoselective Michael reactions has been synthesized for the first time.

2. Materials and Methods
2.1. Synthesis and Use of Catalysts
2.1.1. Procedure for the Synthesis of 3a/3b

Heteroatom bridged calix[2]arene[2]triazine was synthesized in accordance with the procedure published by
Wang et al. [33], [34].
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To the obtained solution of diazadioxocalix[2]arene[2]triazine (1) (0.5 mmol) prepared in THF(20 mL) was
added the solution of (R)-phenylethylamine(2a)/(S)-phenylethylamine(2b) (1.1 mmol) and diisopropyl
ethylamine (DIPEA, 2.2 mmol) prepared in THF (20 mL) at room temperature. 24-26 hours were spent to reflux
the mixture. When the reaction was finished, the solvent was removed under reduced pressure. Finally, the impure
product was purified by flash chromatography (hexane/EtOAC) over silica gel. The pure product (3a/3b) was
obtained.

NH, )\ Y

N7 TI H JN\/ |N N)\TI
OJ\NJ\NH ©/\ 0 \N NH OJ\N)\NH

2a 2b

-— —_—

N\rN NYN Nj/
NH Cl NH

Figure 1. Procedure for the synthesis of heteroatom-bridged calixaromatic-based chiral catalysts 3a and 3b

(3a): Crystalline Solid, 72% yield, [a]4® =+11.45 (c=1.0, CHCls), mp.: 219-221 °C; (3b): Crystalline Solid,
74% yield, [a]3° =-11.57 (c=1.0, CHCl3), mp.: 220-222 °C; FTIR (cm™): 3258, 1572, 1484, 1370; *H NMR (400
MHz, CDCls): & 7.41-7.38 (m, 2H), 7.36-7.30 (m, 4H), 7.28-7.25 (m, 2H), 7.15-7.11 (m, 2H), 6.79-6.71 (m, 4 H),
6.58-6.52 (m, 4H), 5.42 (q, 2H, J = 6.9 Hz), 1.63 (d, 6H, J = 6.9 Hz), NH signals were not observed.; 3C NMR
(100 MHz, CDCls): & 165.4, 160.4, 152.2, 142.4, 138.3, 132.3, 129.9, 128.7, 127.3, 125.9, 118.7, 116.5, 111.5,
49.8, 22.7; Anal. Calcd. for C34Hz0N1002 (%): C, 66.88; H, 4.95; N, 22.93. Found(%): C, 66.77; H, 4.81; N, 22.87.

2.1.2. Procedure for the synthesis of analog compound 8a/8b

Analog substances (8a/8b) containing (R)-phenylethylamine(2a)/(S)-phenylethylamine(2b) were synthesized
following the procedure published by Genc et al. [31].

AN NH, NH,

N E ! N
©/\ )\@ DIPEA THF, 1t Cl DIPEA THF, 1t ©/k

Figure 2. Preparation of chiral analogues 8a/8b
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3. Results and Discussion

In order to reach the target molecule, we first prepared Diazadioxocalix[2]Aren[2] Triazine with certain steps
using  suitable  starting  materials [33], [34]. To synthesize the targeted molecule,
Diazadioxocalix[2]Aren[2] Triazine (1) and (R)-phenylethylamine(2a)/(S)—phenylethylamine(2b) (2eq.) and
diisopropylethylamine (DIPEA) reacted efficiently in THF at room temperature. As a result of this reaction, chiral
3a/3b substances shown in Figure 1 were obtained. These obtained materials were characterized by methods such
as FTIR, *H NMR and **C NMR.

Table 1. Michael addition between 5 and 4 catalyzed by 3a to 3b in different solvents

o o
\ NO, o o
©/\/ N M catalyst 3a/3b
solvent NO,
4 5 6

Entry? | Catalyst | Solvent Time (d) | Yield (%)° | ee (%0)°
1 3a Toluene 4 94 95 (R)
2 3b Toluene 4 96 96 (S)
3 3a THF 4 93 87 (R)
4 3b THF 4 92 85 (S)
5 3a CH;CN 4 87 87 (R)
6 3b CH3CN 4 85 83 (S)
7 3a Et.0 4 92 94 (R)
8 3b Et.0 4 93 93 (S)
9 3a CCl,4 2 92 88 (R)
10 3b CCl,4 2 93 91 (S)
11 3a 1,4-dioxane 2 89 83 (R)
12 3b 1,4-dioxane 2 82 82 (S)
13 3a DMF 4 87 87 (R)
14 3b DMF 4 86 86 (S)
15 3a CHCl3 4 94 83 (R)
16 3b CHCl3 4 96 86 (S)
17 3a Acetone 4 93 87 (R)
18 3b Acetone 4 92 88 (S)
19 3a CHCI 4 87 93 (R)
20 3b CHCI 4 85 93 (S)
21 3a i-PrOH 4 92 92 (R)
22 3b i-PrOH 4 93 90 (S)
@Reaction conditions: trans-g-nitrostyrene (1 eq.), acetylacetone (2 eq.) and
3a/3b (10 mol%), 0.25mL solvent.
bYields were obtained after flash chromatography.
¢Results were determined using HPLC. Configuration and retention time
was determined by being compared with the literature data.
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The obtained diazadioxocalix[2]arene[2]triazine-based compounds were used as catalysts in Michael addition,
which is an enantioselective reaction, in order to learn the catalytic efficiency of them. The reaction of trans-g-
nitrostyrene with acetylacetone is shown in Table 1. The synthesized catalysts (3a/3b) were put to the test in this
reaction, and the results are reported in Table 1. The various solvents were tested to determine the most suitable
solvent to be used in Michael addition. The highest yield and enantiomeric excess were obtained in the presence
of toluene (entry 1,2).

Various additives (acid, base, etc.) were added to the reaction at the rate of 10%, and the effect on yield and
enantiomeric excess was observed. However, as seen in Table 2, it was observed that the additives added to the
reaction did not increase the yield or enantiomeric excess in the reactions.

Table 2. Additive effect of the 3a and 3b catalyzed Michael addition of 5 to 4

[¢] (0]

\ NO, o o
catalyst 3a/3b
PR
* M toluene NO,
additive (10 mol%)

Entry? | Catalyst | Additive Time (d) | Yield (%)° ee (%)°
1 3a None 4 94 95 (R)
2 3b None 4 96 96 (S)
3 3a AcOH 4 51 86 (R)
4 3b AcOH 4 55 83 (S)
5 3a DMAP 5 68 79 (R)
6 3b DMAP 5 68 77 (S)
7 3a PhCOOH 4 63 83 (R)
8 3b PhCOOH 4 68 84 (S)
9 3a p-TsOH 4 75 87 (R)
10 3b p-TsOH 4 70 85 (S)
11 3a Pyridine 5 69 76 (R)
12 3b Pyridine 5 71 75 (S)

@Reaction conditions: trans-S-nitrostyrene (1 eq), acetylacetone (2 eq),
additive (10 mol%) and 3a/3b (10 mol%), 0.25mL toluene.

bYields were obtained after flash chromatography.

¢Results were determined using HPLC. Configuration and retention time
was determined by being compared with the literature data.

The same reaction was carried out at -20 °C and 0°C with toluene, as shown in Table 3. But it was seen that
both the yield and enantiomeric excess decreased. The experiments revealed that room temperature was the ideal
temperature for this process (Table 3, entries 1-6).

We then added recycled catalysts (3a/3b) to the Michael reaction and observed the results. The results obtained
showed a decrease in yield and enantiomeric excess (Table 3, entries 7 and 8).
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To investigate the effect of the amount of catalyst on the addition reaction, this time we added 15 mol%
catalyst to the reaction and observed the results. The results indicated that there was no increase in yield and
enantiomeric excess with increasing the amount of catalyst. (Table 3, entries 9 and 10).

We suppose that the heteroatom-bridged, bulky, and chiral amine-bonded calixarene platform is highly
important for generating high yields and high enantiomeric excess in Michael products. To confirm this, we
synthesized the monomeric analog substance using suitable starting materials (Figure 2). We used these
synthesized analog structures as catalysts for Michael addition. The results showed that Michael reactions resulted
in low yields and enantioselectivity in the presence of analogues catalysts (Table 3, entries 11 and 12).

All our experimental studies showed that catalysts containing bulky heteroatom bridged calixarene platform
are highly effective on enantioselective addition reactions.

Table 3. Enantioselective Michael addition catalyzed by 3a, 3b and 8a, 8b in toluene

(6] (0]

\ NO, o o
catalyst 3a/3b
—_—
+ )I\/U\ toluene NO,

4 5 6

Entry? | Catalyst | Temp.(°C) Time (d) | Yield (%0)° ee (%0)°
1 3a -20 5 85 86 (R)
2 3b -20 5 82 84 (S)
3 3a 0 4 89 88 (R)
4 3b 0 4 87 89 (S)
5 3a rt. 4 94 95 (R)
6 3b rt 4 96 96 (S)
7¢ 3a rt. 4 90 93 (R)
8¢ 3b rt 4 88 91 (S)
9¢ 3a rt. 2 95 94 (R)
10° 3b rt 2 84 95 (S)
11 8a rt. 4 40 25 (R)
12 8b r.t 4 35 21 (S)

@ Reaction conditions: trans-g-nitrostyrene (1 eq), acetylacetone (2 eq) and
3a/3b or 8a/8b (10 mol%), 0.25mL toluene.

bYields were obtained after flash chromatography.

¢ Results were determined using HPLC. Configuration and retention time was
determined by being compared with the literature data.

4 Recycled catalyst was used in the reaction.

¢ Reaction was performed with 15 mol% catalyst.

The results showed that were the ideal conditions toluene solvent, 10 mol% catalyst loading, room
temperature, a four-day reaction period, and no additives.
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Studies to determine the catalytic activity of these catalysts continue under optimum conditions obtained in
the Michael reaction of acetylacetone with substituted and unsubstituted aromatic nitrostyrene derivatives. The
yields and enantioselectivities obtained as a result of these experiments will be reported.

4. Conclusion

As a result, a new class of chiral calixarene based on Diazadioxocalix[2]arene[2]triazine was developed, and
optimum conditions for enantioselective Michael addition were investigated. All Michael products obtained in the
study were analyzed by HPLC using chiral columns. Studies are continuing to determine the catalytic efficiency
of these synthesized catalysts in the Michael reaction of acetylacetone with substituted and unsubstituted aromatic
nitrostyrene derivatives under optimum conditions.

5. Acknowledge

The Necmettin Erbakan University Research Foundation provided financial support for this study (BAP-
211451001).

References

[1] M. S. Taylor and E. N. Jacobsen, “Asymmetric Catalysis by Chiral Hydrogen-Bond Donors,” Angew. Chem.
Int. Ed., vol. 45, Feb., pp. 1520-1543, 2006.

[2] X. Yu and W. Wang, “Hydrogen-bond-mediated asymmetric catalysis,” Chem. Asian. J., vol. 3, Mar., pp. 516-
532, 2008.

[3] B. T. Kumpuga and S. Itsuno, “Synthesis of chiral polyesters of cinchona alkaloid catalysts for enantioselective
Michael addition of anthrone to nitroalkenes,” J. Catal., vol. 361, Mar., pp. 398-406, 2018.

[4] B. J. V. Verkuijl, A. J. Minnaard, J. G. Vries and B. L. Feringa, “Chiral Separation of Underivatized Amino
Acids by Reactive Extraction with Palladium-BINAP Complexes, ” J. Org. Chem., vol. 74, pp. 6526-6533, 20009.

[5]1 S. Bertelsen and K. A. Jergensen, “Organocatalysis—after the gold rush,” Chem. Soc. Rev., vol. 36, pp. 2178—
2189, 2009.

[6] H. Pellissier, “Asymmetric organocatalysis,” Tetrahedron, vol. 63, pp. 9267-9331, 2007.

[7] C. Xie, Z. Lu, W. Zhou, J. Han and Y. Pan, “A facile organocatalyzed Michael addition of pyrazolines to a,f3-
unsaturated carbonyl compounds,” Tetrahedron Lett., vol 53, Dec., pp. 6650-6653, 2012.

[8] Z. Yacob, A. Nan and J. Liebscher, “Proline-Functionalized Magnetic Core-Shell Nanoparticles as Efficient
and Recyclable Organocatalysts for Aldol Reactions,” Adv. Synth. Catal., vol. 354, Nov., pp. 3259-3264, 2012.

[9] S. B. Tsogoeva, “Recent Advances in Asymmetric Organocatalytic 1,4-Conjugate Additions,” Eur. J. Org.
Chem., vol. 2007, Apr., pp. 1701-1716, 2007.

[10] S. R. Harutyunyan, T. D. Hartog, K. Geurts, A. J. Minnaard and B. L. Feringa, “Catalytic Asymmetric
Conjugate Addition and Allylic Alkylation with Grignard Reagents,” Chem. Rev., vol. 108, Aug., pp. 2824-2852,
2008.

[11] Y. Zhang and W. Wang, “Recent advances in organocatalytic asymmetric Michael reactions,” Catal. Sci.
Technol., vol. 2, Oct., pp. 42-53, 2012.

193



ISC'22 2™ International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

[12] O. M. Berner, L. Tedeschi and D. Enders, “Asymmetric Michael additions to nitroalkenes,” Eur. J. Org.
Chem., Vol. 2002, pp. 1877-1894, 2002.

[13] N. Mase, K. Watanabe, H. Yoda, K. Takabe, F. Tanaka and C. F. Barbas, “Organocatalytic direct Michael
reaction of ketones and aldehydes with S-nitrostyrene in brine,” J. Am. Chem. Soc., vol. 128, pp. 4966-4967, 2006.

[14] E. Tsandi, C. G. Kokotos, S. Kousidou, V. Ragoussis and Kokotos G. “Sulfonamides of homoproline and
dipeptides as organocatalysts for Michael and Aldol reactions,” Tetrahedron, vol. 65, pp. 1444-1449, 20009.

[15] S. B. Tsogoeva and S. Wei, “Highly enantioselective addition of ketones to nitroolefins catalyzed by new
thiourea—amine bifunctional organocatalysts,” Chem. Commun., vol. 13, Feb., pp. 1451-1453, 2006.

[16] O. Andrey, A. Alexakis and G. Bernardinelli, “Asymmetric Michael addition of a-hydroxyketones to
nitroolefins catalyzed by chiral diamine,” Org. Lett., vol. 5, Jul., pp. 2559-2561, 2003.

[17]J. X. Ye, D. J. Dixon and P. S. Hynes, “Enantioselective organocatalytic Michael addition of malonate esters
to nitro olefins using bifunctional cinchonine derivatives,” Chem. Commun., vol. 35, Aug., pp. 4481-4483 2005.

[18] B. Ni, Q. Zhang and A. D. Headley, “Pyrrolidine-based chiral pyridinium ionic liquids (ILs) as recyclable
and highly efficient organocatalysts for the asymmetric Michael addition reactions,” Tetrahedron Lett., Vol. 49,
Feb., pp. 1249-1252, 2008.

[19] L. Q. Gu and G. Zhao, “4,4'-disubstituted-1-proline catalyzes the direct asymmetric Michael addition of
aldehydes to nitrostyrenes,” Adv. Synth. Catal., vol. 349, pp. 1629-1632, 2007.

[20] M. Terada, H. Ube and Y. Yaguchi, “Axially chiral guanidine as enantioselective base catalyst for 1,4-addition
reaction of 1,3- dicarbonyl compounds with conjugated nitroalkenes,” J. Am. Chem. Soc., vol. 128, pp. 1454-1455,
2006.

[21] C. D. Gutsche, Calixarenes: An Introduction, 2nd edn, Cambridge, UK, The Royal Society of Chemistry,
Thomas Graham House, 2008.

[22] S. B. Nimse and T. Kim, “Biological applications of functionalized calixarenes,” Chem. Soc. Rev., vol. 42,
Oct., pp. 366-386, 2013.

[23] M.-X. Wang, “Heterocalixaromatics, new generation macrocyclic host molecules in supramolecular
chemistry,” Chem. Commun., vol 38, pp. 4541-4551, 2008.

[24] M.-X. Wang, “Nitrogen and oxygen bridged calixaromatics: synthesis, structure, functionalization, and
molecular recognition,” Acc. Chem. Res., vol. 45, pp. 182-195, 2011.

[25] W. Maes and W. Dehaen, “Oxacalix[n](het)arenes,” Chem. Soc. Rev., vol. 37, pp. 2393-2402, 2008.
[26] S. Li, D.-X. Wang, Q.-Q. Wang, Y.-F. Ao, D.-X. Wang and M.-X. Wang, “Oxacalix[2]arene[2]triazine
derivatives with halogen bond donors: synthesis, structure, and halide binding in the solid state,” Cryst. Growth

Des., vol. 16, Aug., pp. 5460-5465, 2016.

[27] S. Pan, D.-X. Wang, L. Zhao and M.-X. Wang, “Synthesis and functionalization of inherently chiral
tetraoxacalix[2]arene[2] pyridines,” Org. Lett., vol. 14, pp. 6254-6257, 2012.

[28] S. Pan, D.-X. Wang, L. Zhao and M-X Wang, “Synthesis and conformational structures of functionalized
tetraoxacalix[2]arene[2] triazines,” Tetrahedron, vol. 68, pp. 9464-9477, 2012.

194



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

[29] U. Vural, M. Durmaz and A. Sirit, “A novel calix[4]arene-based bifunctional squaramide organocatalyst for
enantioselective Michael addition of acetylacetone to nitroolefins,” Org. Chem. Front., vol. 3, pp. 730-736, 2016.

[30] H. N. Genc and A. Sirit, “Novel efficient bifunctional calixarene thiourea organocatalysts: synthesis and
application in the direct enantioselective Aldol reactions,” Tetrahedron Asymmetry, vol. 27, pp. 201-207, 2016.

[31] H. N. Genc, U. Ozgun and A Sirit, “Chiral tetraoxacalix[2]arene[2]triazine-based organocatalysts for
Enantioselective Aldol reactions,” Tetrahedron Letters, vol. 60, pp. 763-1768, 2019.

[32] H. N. Genc, U. Ozgun and A Sirit, “Design, synthesis and application of chiral
tetraoxacalix[2]arene[2]triazine-based organocatalysts in asymmetric Michael addition reactions,” Chirality,
vol.31, Apr., pp. 293-300, 2019.

[33] M.-X. Wang and H.-B. Yang. “A general and high yielding fragment coupling synthesis of heteroatom-
bridged calixarenes and the unprecedented examples of calixarene cavity fine-tuned by bridging heteroatoms,” J
Am. Chem. Soc., vol. 126, pp. 15412-15422, 2004.

[34] H.-B. Yang, D.-X. Wang, Q.-Q. Wang and M.-X. Wang, “Efficient functionalizations of heteroatom-bridged
calix[2]arene[2]triazines on the larger rim,” J. Org. Chem., vol. 72, Apr., pp. 3757-3763, 2007.

195



ISC'22 2™ International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

Comparative study on TiAIN and TiCN Coatings Tribological
Performance for Dental Implant Drills
Seda ATAS BAKDEMIR!?, Dogus OZKAN?, Cenk TURKUZ3, Serdar SALMANZ2#

* National Defence University, Turkish Naval Academy, Tuzla/istanbul, Turkey (ORCID: 0000-0003-1601-
2033), sabakdemir@dho.edu.tr

2 Marmara University, Metallurgy and Materials Engineering, Gdztepe/istanbul, Turkey (ORCID: 0000-0002-
3044-4310), dozkan@dho.edu.tr

3 Titanit Ultrahard Coatings Company, Giingdren/istanbul, Turkey (ORCID: 0000-0002-4447-7287),
cenk.turkuz@titanit.com.tr

4 National Defence University, Besiktas /Istanbul, Turkey (ORCID: 0000-0002-9184-3876),
ssalman@marmara.edu.tr

Oz

Kemik delme, birgok cerrahi proseste kullanilan temel ve yaygin bir islem adimidir. Delme islemindeki termal
ozellikler, kemige verilen termal hasari ve ameliyat sonrasi iyilesme siiresini dogrudan etkilemektedir. Ayni
zamanda, 1s1 olusumuna neden olan sicaklik artis1, implant bolgesindeki kemik dokusunun termal yaralanmasi ile
sonuglanarak implant basarisizligma neden olmaktadir. Implant tedavisinin basarisi, kullanilan malzemelerin
kimyasal, mekanik ve yiizey 6zellikleri, hazirlanma teknigi ve birincil stabilitesi gibi farkli parametrelere bagl
olan osseointegrasyon ile belirlenmektedir. Bu ¢alismada, farkli karakterizasyon yontemleri kullanilarak kortikal
kemik delme islemi sirasinda termal nekrozu azaltmak ve tribolojik 6zellikleri gelistirmek icin alternatif bir
kaplama tiirii sunmak i¢in ilizere deneysel bir aragtirma yapilmistir. Kaplamalar PVD katodik ark yontemi ile
tiretilmis ve XRD analizi, taramali elektron mikroskobu kullanilarak kaplamalarin morfolojisi ve kimyasal bilesimi
incelenmistir. Kaplamalar, kuru kayma durumunda aginma direncinin yani sira sertlik ve yapisma mukavemeti
gibi mekanik 6zellikler agisindan da analiz edilmistir. Elde edilen sonuglar, TICN kaplamanin benzer mekanik
ozellikler sergiledigini ancak siirtiinme katsayist degerinin belirgin sekilde farkli oldugunu ve en yiiksek aginma
direncine sahip oldugunu gostermektedir.

Anahtar Kelimeler: Asinma Direnci, Dental Implant Matkabi, Kemik Sicaklig1, Koruyucu Kaplamalar, Otoklav
Sterilizasyonu.

Comparative study on TiAIN and TiCN Coatings Tribological Performance
for Dental Implant Drills

Abstract

Bone drilling is an essential and common step of procedure in many forms of surgery. The thermal characteristics
in the drilling process directly affect thermal damage to the bone and postoperative healing time. In the same time,
the temperature increment causing to heat generation results in thermal injury of the bone tissue to the implant site
resulting into implant failure. The success of implant treatment is determined by osseointegration, which in turn
depends on different parameters, such as the chemical, mechanical, and surface characteristics of the used
materials, the preparation technique, and primary stability. In this study, an experimental investigation was
conducted to present an alternative coating type to reduce thermal necrosis and enhance tribological properties
during cortical bone drilling using different characterization methods. The coatings were produced by PVD
cathodic arc method and the morphology, chemical composition and phase of coatings were investigated by using
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X-ray diffraction, scanning electron microscopy. The coatings were analysed in terms of mechanical properties
such as their hardness and adhesion strength besides wear resistance at dry sliding condition. The obtained results
show that TiCN coating exhibits similar mechanical properties but their friction of coefficient value is markedly
different and have the highest wear resistance.

Keywords: Wear Resistance, Dental Implant Drill, Bone Temperature, Protective Coatings, Autoclave
Sterilization.

1. Introduction

The endosseous implant applications have grown in importance in dentistry with the advancement of biomaterials
[1]. As a result, there has been an increase in research into implant materials, structures, shapes, surface properties,
and biocompatibility. The most critical factor in implant success is osseointegration, which is defined as the bond
between bone and implant body [2]. The selection of the most appropriate method for drilling the bone and
preventing the formation of thermal necrosis and microcracks during bone drilling is a critical step in minimally
traumatic implant preparation. The preservation of the original bone tissue has a significant benefit for the healing
process following the application. In vivo studies were used to determine the destructive effect of excessive
heating, and the threshold temperature for thermal necrosis is specified as 47°C for 1 minute. The parameters of
the dental drill have a direct impact on the temperature produced during drilling [3]. Heat generation during drilling
is affected by a variety of factors, including drill design, material, diameter, lifetime, surface treatment, drilling
forces, cooling system, sterilization methods, and bone dependent properties such as cortical thickness, bone
density, and patient health [4]. Continuous drilling causes wear and sharpness loss, reducing cutting efficiency and
raising the temperature with each bur application. The drilling system must be designed to avoid thermal
increments without the use of a cooling system in order to prevent bone necrosis [5]. Coating is a common way to
improve the mechanical properties and corrosion resistance of dental drills. Although stainless steel is the most
commonly used material for dental drills, ceramics and coated stainless steels, such as diamond-like carbon-coated
stainless steel, have been researched [6], [7], on the other hand, are appealing for high-speed cutting tools and
rotating parts. Furthermore, previous researches have shown that coated drills produce a better surface finish and
hole accuracy (TiN, TiCN, TiAIN and TiSiN) [8].Dental drills are designed with small details and long kink planes.
The freewheeling of dental drills during the process leaves contaminants (such as saliva, blood, or other biological
fluids) on the surface and channels. The goal of autoclave sterilization is to kill microbes by using saturated water
vapor at high pressure and temperature inside an enclosed chamber. The autoclave is the most common and safest
sterilization method, but it has some drawbacks, including a high corrosion risk and a lengthy process time [9].
Implant site preparation is an important step in determining the successful osseointegration of a dental implant,
and drill wear plays a significant role in this. Using PVD methodology, this study evaluates the tribological
performance of AITiN and TiCN coatings for dental drills. The abrasive wear resistance of these coatings on 440M
steel substrate was investigated for this purpose using alumina balls at various loads. Furthermore, the effect of
autoclave sterilization on corrosion properties is investigated.

2. Material and methods

The metallographic polished 440M stainless steel (5x20 mm diameter) were coated with AITiN and TiCN by using
cathodic arc-PVD deposition system in the Titanit Ultrahard Coating Company. Before deposition, the substrates
were polished to mirror surface and then ultrasonically cleaned in acetone and ethanol. Crystallographic
orientations of the coatings were determined using Bruker X-ray diffraction (XRD) with CuK, radiation. The
overall thickness and chemical composition of the coatings was explored by SEM/EDS analysis. The coating
thickness were determined through the Calotest whereas hardness and elastic modules were measured via
nanoindentation tests. Additionally, scratch and Daim-Benz tests were employed to characterize adhesion behavior
of the coatings to substrates. The diamond Berkovich tip with a 0.2 mm radius were used to generate 10 mm long
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scratches by increasing the load from 0 to 100 N with a 10 mm/min scratching speed. The critical loads (Lc), were
determined by optical microscope examinations of the scratch.

Wear and friction tests were performed by using a commercial tribometer (UTS-10/20) with reciprocating module.
The total sliding distance was 50 meters with a sliding speed of 50 mm/s and stroke was 5 mm under the 1 and 2
N loads. The Alumina balls (Al.O3) with 6 mm diameter were selected as counter surface due to their chemical
inertness. The hardness and elastic modulus of the balls were 16 GPa and 350 GPa, respectively.

Wear scar profiles and wear volumes were obtained through optical profilometer analysis for tested samples. The
wear rates of the samples were found by using Archard’s wear rate formula (see Eq. 1), where V is the wear volume
(mm3), S is the total sliding distance (m) and F is the normal load (N) [10]. Tribometer tests were conducted with
three reputations for each coating.

K=-— 1)

FXS

After autoclave sterilization (OT-12 Niive) at different cycle time, the corrosion resistance of coatings were
evaluated by means of optical microscope examination.

3. Results and Discussion

Fig. 1(a) and (b) show the XRD patterns of TiCN and AITiN coatings, respectively. The XRD pattern of TiAIN
coating shows some weak peaks of AITIN (111) and AITiN (220) phases whereas AITIN (200) peak was
determined in high intensity. XRD patterns confirm that TiAIN coating has both TiN and AIN phases that
isomorphic FCC lattices, with only small differences in the values of their parameters [11]. The XRD data of TiCN
coating shows that the intensities of (111) were high and that it was the dominant reflection beside the (220) plane.
This results can be attributed to that the (111) direction is the fastest growing one in cubic system [12]. Due to the
solid solution model of TiCN coating, the reflections of TiCN coatings are generally in between the TiC and TiN
reflections that belong to an FCC lattice. [13]. The presence of carbon in the TiN structure decreases the angle of
diffraction pattern.
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Figure 1. X-ray diffraction patterns of TICN and AITiN coatings.
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Figure 2 shows the morphology and coating thickness of AITiN and TiCN coatings. The coating thickness was
calculated to be between 1.5 and 2 pm. The coatings have a dense structure, and small droplets can be seen on
the coating surface. Additionally, Figure 2 shows SEM/EDS the chemical composition of the deposited coatings.
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Figure 2. SEM images of surface/cross section and calotest of AITiN and TiCN coatings.

Figure 3 shows optical microscope images of the scratch and Rockwell adhesion results. The first crack in the
AITIN coating occurs at 44 N, and the first crack in the TiCN coating occurs at 48 N, as shown in Figure 3. Both
Lcl and Lc2 of the TiCN coating are greater than those of the AITiN coating, indicating that the TiCN coating has
better adhesion than the AITiN coating. According to the Rockwell adhesion image, TiCN coating has micro-sized
flaking when compared to AITiN coating. However, the level of coating deformation is acceptable for both
coatings as HF1-HF2, and this situation is compatible with the critical load value. The absence of deformation
indicates that the coatings have good properties to resist fractures and deformations, as well as high adhesion to
440M stainless steel [14]. TICN and AITiN coatings have hardness values of 3400 HV and 3300

HV, respectively.

L =96 N Le;=48N

Figure 3. Rockwell indents and scratch track of coatings.

Dry sliding tests with 1N and 2N loads were used to simulate the wear behavior of TICN, AITiN coatings and bare
steel. Figure 4 displays the coefficient of friction regime vs sliding distance curves. The following gradation can
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be achieved by averaging the COFs values at 1N and 2N loads: TiCN (0.21), AITiN (0.95), 440M stainless steel
(1.05). After 20m of sliding distance, the AITiIN coating and bare steel reach a steady state regime with a rapid
increase in value. The cause of the sharp increase during this first period was attributed to wear particles that occur
in the adjacent zone. The higher COFs value of AITiN coating could be attributed to aluminum oxid

which generated in the sliding process and could cause brittle failure [15].
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Figure 4. Friction coefficient of AITiN and TiCN coatings and bare steel as function of sliding distance.
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Figure 5. The sectional morphologies of wear scar and wear rates of the coatings, optical microscope images of
the corresponding balls at 1N and 2N loads.

This situation, however, cannot be said to be valid for TiCN coating because it demonstrated a stable regime with
the exception of a slight fluctuation at the start of the wear test at 2N load. The graphite in the TiCN coating acts
as a lubricant by forming a transfer film on the sliding surface. As a result, this coating has a lower friction
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coefficient and a lower wear volume [16]. Due to the low content of residual graphite in TiCN coatings, its distinct
signal was not obtained in the XRD result.

Figure 5 shows the wear rate and depth of coatings, and the results were consistent with the friction coefficient
regime represented in Figure 4. The wear rates showed that the AITiN coating had lower wear resistance than the
TiCN coating. When the sectional depth and 3D view of wear scars were considered, it is clear that TICN coating
has the smoothest wear scar and micro roughness, whereas AITiN coating had relatively larger grooves. The poor
wear behavior of the AITiN coating was caused by a brittle failure mechanism that produces a third body in the
tribological system [17].

AITiN TiCN

60

Number of Cycle
30

Figure 6. The photographs and optical image of coatings and 440M stainless steel after autoclave sterilization at
30 and 60 cycles time.

The surface examinations were done following the autoclave sterilization (see Figure 6). For dental drills, a high
sterilization resistance surface to autoclave processing is required. Although AITiN and TiCN coatings provided
us with sterilization resistance while also protecting the surface from corrosion, 440M steel is not as successful.
While corrosion initiation was observed in bare steel, it was not observed in coated samples, indicating that both
coatings were resistant to autoclave sterilization.

4. Conclusion

The main wear mechanism observed during drilling was discovered to be a complex combination of abrasive,
adhesive, and thermal wear. These findings demonstrated that surface modification with PVD hard thin film
coatings is an effective method for extending dental implant drill lifetime and reducing necrosis with lower bone
temperature during drilling procedures. The presence of graphite particles in the TICN coating may improve solid
lubricity and source wear resistance. As a result, when compared to uncoated steel, the COFs and wear rates of
coated samples were significantly decreased in dry sliding conditions, with the TiCN coating providing the best
wear resistance. Our findings showed that a new alternative surface coating (TiCN) improved the performance of
dental implant drills by reducing the increase in bone temperature. It is also a promising corrosion resistance
alternative because it can be autoclave sterilized in 60 cycles with no change in the surface.

5. Acknowledge

The authors thank to the support of the Scientific and Technical Research Council of Turkey, for the funded project,
Project no 3200170 and Titanit ultra hard PVVD coatings company in Turkey.

202



ISC'22 2™ International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

References

[1] F.Parnia,J. Yazdani, V. Javaherzadeh ve S. Maleki Dizaj, «Overview of Nanoparticle Coating of Dental
Implants for Enhanced Osseointegration and Antimicrobial Purposes,» Journal of Pharmacy &
Pharmaceutical Sciences, cilt 20, pp. 148-160, 2017.

[2] S.K. Mishra ve R. Chowdhary, «Heat Generated by Dental Implant Drills During Osteotomy—a review:
heat generated by dental implant drills,» Journal of Indian Prosthodontic Society, cilt 14, no. 2, pp. 131-
143, 2014.

[3] G. Marenzi, J. C. Sammartino, G. Quaremba, V. G. Graziano, A. El Hassanin, M. E. Qorri, G. Sammartino
ve V. lorio-Siciliano, «Clinical Influence of Micromorphological Structure of Dental Implant Bone
Drills,» BioMed Research International, 2018.

[4] B.Bullon, E. F. Bueno, M. Herrero, A. Fernandez-Palacin, J. V. Rios, P. Bullon ve F. J. Gil, «Effect of
irrigation and stainless steel drills on dental implant bed heat generation,» Journal of Materials Science:
Materials in Medicine, cilt 26, no. 2, 2015.

[5] S.Li, L. Shu, T. Kizaki, W. Bai, M. Terashima ve N. Sugita, «Cortical bone drilling: A time series
experimental analysis of thermal characteristics,» Journal of Manufacturing Processes, cilt 64, pp. 606-
619, 2021.

[6] D. Tur, K. Giannis, E. Unger, M. Mittlbock, X. Rausch-Fan ve G. D. Strbac, «Thermal effects of various
drill materials during implant site preparation—Ceramic vs. stainless steel drills: A comparative in vitro
study in a standardised bovine bone model,» Clinical Oral Implants Research, cilt 32, no. 2, pp. 154-166,
2021.

[7] N. Ariharan, C. G. Sriram, N. Radhika, S. Aswin ve S. Haridas, «A comprehensive review of vapour
deposited coatings for cutting tools: properties and recent advances,» The International Journal of Surface
Engineering and Coatings, cilt 100, no. 5, pp. 262-275, 2021.

[8] M. Aamir, A. Davis, W. Keeble, U. Koklu, K. Giasin, A. Vafadar ve M. Tolouei-Rad, «The Effect of TiN-,
TiCN-, TiAIN-, and TiSiN Coated Tools on the Surface Defects and Geometric Tolerances of Holes in
Multi-Spindle Drilling of A12024 Alloy,» Metals, cilt 11, p. 1103, 2021.

[9] J. Sazaki ve S. Imazato, «Autoclave sterilization of dental handpieces: A literature review,» Journal of
Prosthodontic Research, cilt 64, no. 3, 2019.

[10] L. Shan, Y. Wang, J. Li, H. Li, X. Wu ve J. Chen, «Shan, L., Wang, Y., Tribological behaviours of PVD
TiN and TiCN coatings in artificial seawater,» Surface and Coatings Technology, no. 226, pp. 40-50,
2013.

[11] F. Komarov , V. Konstantinov, A. Kovalchuk, S. Konstantinov ve H. Tkachenko, «The effect of steel
substrate pre-hardening on structural,mechanical, and tribological properties of magnetron sputtered TiN
and TiAIN coatings,» Wear, cilt 352, no. 353, pp. 92-101, 2016.

[12] K. Kuptsov, P. Kiryukhantsev-Korneev, A. Sheveyko ve D. Shtansky, «Comparative study of
electrochemical and impact wear behavior of TiCN, TiSiCN,TiCrSiCN, and TiAlSiCN coatings,» Surface
& Coatings Technology, no. 216, pp. 273-281, 2013.

[13] J. Caicedo, C. Amaya, L. Yate, M. Gomez, G. Zambrano, J. Alvarado-Rivera, J. Munoz-Saldana ve P.

Prieto, «TiCN/TiNbCN multilayer coatings with enhanced mechanical properties,» Applied Surface
Science, p. 5898-5904, 2010.

[14] Z. Zhang, L. Zhang, H. Yuan, M. Qui, X. Zhang, B. Liao, F. Zhang ve X. Ouyang, «Tribological
Behaviors of Super-Hard TiAIN Coatings Deposited by Filtered Cathode Vacuum Arc Deposition,»
Materials, cilt 15, p. 2236, 2022.

[15] L. Aihua, D. Jianxin, C. Haibing, C. Yangyang ve Z. Jun, «Friction and wear properties of TiN, TiAIN,
AITiN and CrAIN PVD nitride coatings,» International Journal of Refractory Metals and Hard Materials,
cilt 31, pp. 82-88, 2012.

[16] P. Mi, J. He, Y. Qin ve K. Chen, «Nanostructure reactive plasma sprayed TiCN coating,» Surface &
Coatings Technology, 2017.

[17] L. Aihua, D. Jianxin, C. Haibing, C. Yangyang ve Z. Jun, «Friction and wear properties of TiN, TiAIN,
AITiN and CrAIN PVD nitride coatings,» Int. Journal of Refractory Metals and Hard Materials, cilt 31,
pp. 82-88, 2012.

203



ISC'22 2™ International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

2343 Kodlu Celik Dokiimii Sonras1 Atik Haline Gelen Hassas Dokiim
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Oz

Dokiim sektoriinde 6nemli bir yere sahip olan hassas dokiimiin sagladig: biiyiik avantajlarin yaninda hazirlanan
kalibin tekrar kullanilamamasi hem depolama maliyeti hem de c¢evresel problem olusturmasi agisindan
dezavantajlara sahiptir. Hassas dokiim atik kumuna yapilan x-1gsmm1 difraktometre (XRD) analizi sonucu,
malzemenin aliiminasilikat esasli oldugu ve seramikler i¢in degerli bir mineral olan zirkon mineralini icerdigi
tespit edilmis ve samot refrakter tugla tiretiminde kullanilabilirliginin arastirilmasina karar verilmistir. Yapilan bu
¢aligmada, 2343 kodlu ¢elik dokiimiinde kullanilan ve atik haline gelen hassas dokiim kalib1 toz haline getirilerek
%5, %10 ve %20 oranlarinda samot refrakterlere ilave edilmis, refrakterlerin fiziksel, mekanik ve 1s1l sok direnci
testleri yapilmistir. Testler sonucu atik malzemenin i¢indeki zirkon varligi ile birlikte mukavemet ve 1sil
ozelliklerinde iyilesmeler meydana gelmistir. Uretim sonrasi atik girdisinin malzemede yeni bir faz olusturup
olugturmadigini anlamak adina XRD analizi yapilmistir. Ayrica taramali elektron mikroskobu (SEM) ile
malzemelerin mikroyapi analizleri yapilmistir.

Elde edilen veriler dogrultusunda atik girdisinin samot refrakter malzeme {iretimi i¢in maliyet diistiriicii ve aym
zamanda mukavemet ve 1s1l 6zellikleri artirici etkisi oldugu gozlenmistir.

Anahtar Kelimeler: Samot, Hassas dokiim, Atik, Refrakter, Mekanik ozellikler, Isil sok.

Use of Precision Casting Sand, Coded 2343, Which Becomes Waste After
Steel Casting, In the Production of Fireclay Refractory

Abstract

In addition to the great advantages of precision casting, which has an important place in the casting industry, the
reuse of the prepared mold has disadvantages in terms of both storage cost and environmental problems. As a
result of X-ray diffractometer (XRD) analysis performed on precision casting waste sand, it was determined that
the material is aluminosilicate-based and contains zircon mineral, a valuable mineral for ceramics, and it was
decided to investigate its usability in fireclay refractory brick production. In this study, the precision casting mold
used in 2343 coded steel casting and turned into waste was pulverized and added to the fireclay refractories at the
rates of 5%, 10% and 20%, and physical, mechanical and thermal shock resistance tests of the refractories were
carried out. As a result of the tests, there were improvements in strength and thermal properties with the presence
of zircon in the waste material. XRD analysis was performed in order to understand whether waste input creates a
new phase in the material after production. In addition, the microstructure analyzes of the materials were made
with scanning electron microscopy (SEM). In line with the data obtained, it was observed that the waste input had
a cost-reducing effect for the production of fireclay refractory material, as well as increasing the strength and
thermal properties.

Keywords: Chamotte, Precision casting, Waste, Refractory, Mechanical properties, Thermal shock.
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1. Introduction

Investment casting is a casting process used for the production of complex and precision casting products (1).
Although the process always has advantages such as leading to development and innovation, it is a time-consuming
and labor-intensive process (2). The process includes applying a coating layer of ceramic material onto the wax
pattern assembly. Zircon based materials are used as the first layer and silica based materials are used as the
secondary layer. Colloidal silica traditionally has been used as the binder material (3). However, the silica
concentration in the slurry plays an important role in developing the required surface properties (4). In a particular
case, sodium silicate can be used as a slurry as it increases the strength of the shell mold and reduces the overall
production time (5).

Refractories are used for any high temperature production. Due to their stability and chemical inertness at
high temperatures, they are often used in alumina, silica, magnesia, zirconia, chromium, etc. They are produced
from materials in combination or alone (6,7).Among them, alumina-silica group refractories are widely used and
classified as chamotte (fire clay) refractories and high alumina refractories according to their physical and chemical
structures (8).

Fireclay refractories are produced from natural clay (rich in silica) that can withstand temperatures above 19
with a PCE (pyrometric cone equivalent) value without disintegration, deformation, cracking, softening or melting.
Typical compositions of fire clay bricks are SiO; (<78%) and Al.O3; (<44%), these refractories mainly consist of
kaolinite clay minerals (Al203-2Si02-2H20). As a result, these refractories are generally used in power generation
blast furnaces, chimney linings, boilers, glass tank kilns and pottery kilns; and also for production of cast
refractories such as sleeves, nozzles, stoppers and tuyeres (6,7,9).

As a result of X-ray diffractometer (XRD) analysis performed on precision casting waste sand, it was
determined that the material was aluminosilicate-based and contains zircon mineral, which is a valuable mineral
for ceramics, and its usability in the production of fireclay refractory bricks was investigated in this study.

2. Material and Method

The XRF analysis results of Chamotte, Bauxite raw materials and precision casting waste sand (PCWS) used
in experimental studies are given in Table 1. The results of the analysis show that raw materials and precision
casting waste sand are generally composed of Al,O3z and SiO.. Each of the impurities in the raw material are around
3% maximum.

Table 1. XRF data of raw materials and precision casting waste sand

Chamotte
2343- PCWS Chamotte 1-3mm Chamotte 0-1mm Powder Bauxite 1-3mm
Al,O3 37,24 33,67 28,53 33,63 71,81
SiO; 54,16 61,48 66,82 59,96 22,99
Fe20s 1,44 1,66 1,54 2,46 2,09
TiO2 2,44 2,84 2,52 2,99 2,80
CaO 0,33 0,35 0,59 0,96 0,31
ZrO; 3,85 0,00 0,00 0,00 0,00
Na>O 0,26 0,00 0,00 0,00 0,00
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Cry03 0,07 0,00 0,00 0,00 0,00
P20s 0,09 0,00 0,00 0,00 0,00
K20 0,06 0,00 0,00 0,00 0,00
HfO, 0,06 0,00 0,00 0,00 0,00

The phases in the waste material are seen in the XRD analysis results (Figure 1). Generally current phases are
mullite (3Al,03.2Si0y), quartz (Si0O,), cristobalite (SiOy), zircon (ZrSiO4) and corundum (Al>Os) phases.

Table 2. Composition recipes for the production of chamotte refractory bricks

1-3mm 0-1 mm -63 um 1-3mm  -63um  Binding Totanine
Chamotte Chamotte Chamotte Bauxite PCWS Clay

0,

Reference 20 15 20 35 0 10 3
%5 2343 PCWS 20 15 15 35 5 10 3
9610 2343 PCWS 20 15 10 35 10 10 3
20 15 0 35 20 10 3

%20 2343 PCWS

The compositions indicated in Table 2 were mixed in the Necmettin Erbakan University Metallurgical and
Materials Engineering Department laboratory, after mixing in the mixer, i) 125 cm? square prism (Figure 3.1), ii)
35 bar (40 MPa) by applying pressure, refractory materials in the form of rods of 25 mm x 25 mm x 150 mm were
shaped by applying 25 bar (40 MPa) pressure by the Hursan brand press. The shaped materials were sintered at
1250°C for 4 hours by using a heating rate of 5°C/min in the MSE Brand ATM_ELV 1700 12 (CH) model high
temperature furnace. After the sintering process, x-ray diffractometry (XRD) analysis, physical (density and open
pore) and mechanical tests of the materials were performed. Strength, toughness and elastic modulus values of
materials were examined by mechanical tests. Then, the thermal shock test was applied to determine the resistance
of the materials to thermal shock. In addition, the microstructure and fracture surface analyzes of the produced
refractories were carried out by scanning electron microscope (SEM).
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3. Results & Discussion

3.1. Results of Physical Tests

The % open porosity and density values of produced fireclay refractory materials determined by using the
Archimedes principle were shown in Figure 2.
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Figure 2. a) % open pore and b) density graph of reference and chamotte refractories produced by using
2343 steel precision casting waste sand

While the highest density and the lowest open porosity values were obtained in the material with 5% 2343
PCWS, it was observed that the values were close to the reference material when the amount of additive was 20%.
Density values higher than the reference were achieved in 5% and 10% 2343 PCWS added materials. The density
of the zircon mineral in the waste sand is higher than the fireclay material (dzircon: 4.7 g/cm?® > denhamotte: 1.9-2.35

g/cm?®) and the filling of the pores as a result of the use of the waste with a size below 63 microns could be shown
as the reasons for the increase in density (10,11).
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3.2. Results of Mechanical Tests
3.2.1. Cold Crushing Strength (CCS)

The cold crushing strength values of reference fireclay refractory and compositions produced by using 2343
steel precision casting sand wastes were given in Figure 3.
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0,00

R

%52343 PCWS 910 2343 PCWS 2520 2343 PCWS
Material

Figure 3. The cold crushing strength graph of reference and chamotte refractories produced using 2343
precision casting sand waste

The highest CCS value was reached in the 5% PCWS added fireclay material that has the highest density. It
was determined that the CCS values increased with the increase in density and the density value was effective on
CCS. When the studies on this subject are examined, it has been observed that the addition of zircon increases the
density and reduces the open porosity, and the addition of zircon also increases the cold compression strength (11).
The addition of zirconia powder leads to a five-fold increase in mechanical strength at room temperature (12). In
the study in which alumina-silica systems were examined, it was stated that the mullite phase provides strength in
ceramic bodies (13). It is desirable that alkali, alkaline earth oxides and iron oxide-containing compounds (K20,
Na,0, CaO, Fe;03) used for the binding phase in refractories should be used as low as possible. The high amount
of those type of oxides adversely affects high temperature properties such as refractoriness under load, flexural
strength at high temperature-HMOR (14). According to results obtained, it is thought that the increased Fe;O3 and
TiO; percentages came from the investment casting waste sand in the fireclay refractory recipe composition have
a negative effects on the strength of the produced fireclay refractory.

3.2.2. 3-Point Bending Test

The 3-point bending test results for each produced and sintered composition such as a 25mm x 25mm x
150mm (width x length x height) square prism were given in Figure 4-6. When the bending strength results were
examined, it was seen that similar graphics were obtained with the CCS test. It can be said that density has an
effect on strength. Elastic modulus and toughness graphs of the produced materials are given in Figure 5.
According to graphics, the toughness and elastic modulus values of PCWS added materials were also higher than
the reference due to the presence of zircon grains. The toughness increasing mechanism of zircon is a known
method and because of this feature, it has supported the increase of toughness.
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Figure 4. 3-point flexural strength graph of reference and chamotte refractories produced by using 2343
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Figure 5. Elastic modulus and Toughness graph of the reference and chamotte refractories produced by
using 2343 precision casting sand waste
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3.3. Results of XRD Analysis of Produced Fireclay Refractory Materials

When the XRD analyzes were examined, it was seen that the mullite (3Al,03.2Si0y), cristobalite (SiOy),
quartz (SiOy), corundum (Al»O3), titanium dioxide (TiO) and iron oxide (Fe.03) phases were found in the content
of the pure reference material. When PCWS-doped refractories were examined, it could be seen that mullite
(3Al,05.2Si0y), cristobalite (SiO2), quartz (SiO2), corundum (Al,Os), zircon (ZrSiOa), beta cristobalite (B-SiO5),
iron oxide (Fe;O3) and rutile (TiO,) phases appeared. No new phase formation was observed due to precision
casting sand wastes.
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Figure 6. XRD analysis result of reference and PCWS 2343 added chamotte refractory materials

3.4. SEM Microstructure Analysis Results

Figure 7. Microstructure analyzes of a) reference, b) PCWS 2343 doped composition and ¢) mapping of
PCWS 2343 doped composition

The microstructure images of the materials were given in Figure 7. In Figure 7.c, the zircon in the structure
was shown in yellow. When the microstructure image of the PCWS added refractory material was examined, it
was seen that there were smaller grains than the reference material. It is thought that the small grain size compared
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to the reference material, the toughness with the presence of zircon, as well as the presence of microcracks and
porosities cause an increase in toughness, and therefore it has better mechanical properties than the reference
material. However, as the amount of used waste increases, larger cracks form without preventing crack propagation
and then negatively affect the physical and mechanical properties of the material.

3.5. Thermal Shock Test Results

The graphs obtained after the thermal shock test were shown in Figure 8. When the results of CCS and 3-point
bending tests were examined, a general decrease in strength occurred. The reason for this situation could be the
formation of new cracks in the material after thermal shock.
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Figure 8. Graphs of a) CCS and b) 3-point bending tests after thermal shock for reference and chamotte
refractories produced by using 2343 precision casting sand waste

The strength ratio shows how long the strength is preserved after thermal shock test. In chamotte refractory
materials produced by using 5%, 10% and 20% waste, the strength ratio values were generally close and/or high
than this of reference. Strength ratio graphs were shown in Figure 9. The resistance of zircon to thermal shock and
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the energy absorption by crack bridging of microcracks after shock can be explained as the reason for the increase
in the strength ratio.
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Figure 9. Strength ratio graphs of reference and chamotte refractories produced by using 2343 precision
casting sand waste after a) CCS and b) 3 point bending tests.

3.6. Fractured Surface Analysis Results

@ (b)
Figure 10. Broken surface analysis images of the compositions produced as reference a) before and b) after
thermal shock

In Figure 10, fracture surface analysis images of the pure material were given. In the reference chamotte refractory,
while transgranular fracture was dominant in general, it was seen that this situation became more dominant after
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thermal shock. Small grains had intergranular fractures. It was also seen that there were coarser grain structures
than PCWS added material.

@

Figure 11. Broken surface analysis images of the chamotte rafratory produced with PCWS 2343 additive
a) before and b) after thermal shock

In Figure 11, when the fracture surface images of the PCWS added material were examined, both transgranular
and intergranular fractures were observed before and after the shock. It was also seen that the much more
intergranular fracture was observed than this of reference chamotte refractory.

4, Results

According to the results of this study, especially in 5% PCWS added material, the increase in strength was
approximately 20% in CCS and approximately 32% in 3-point bending compared to the reference. And also, the
increase of toughness value of this refractory was an approximately 50% than this of reference. Due to advantages:
i) reduction in production cost with the use of precision casting waste sand, which has become an environmental
problem and has storage problems, as raw material input in fireclay refractory production; ii) an increase in strength
and toughness of refractories with the zircon mineral comes from waste, it can be said that the use of PCWS in
fireclay brick production will be beneficial.

References

[1] A. Sata ve M. Sutaria, “Scope of investment castings supported by survey of foundries in rajkot cluster”,
Indian Foundry J., c. 60, ss. 42-46, 2014.

[2] S. Jones ve C. Yuan, “Advances in shell moulding for investment casting”, J. Mater. Process. Technol.,
c. 135, ss. 258-265, 2003.

[3] P. R. Jhonson ve S. Eliot, “Investment casting and the the method of making the same”, 4966225, 1990.

[4] Y. meng Wei, K. hui Hu, ve Z. gang Lu, “Effect of SiO2 concentration in silica sol on interface reaction
during titanium alloy investment casting”, China Foundry, c. 15, ss. 23-30, 2018.

[5] L. G. Znamenskii, O. V. Ivochkina, ve A. S. Varlamov, “Acceleration of the formation on the sodium
silicate binder in investment casting”, Mater. Sci. Forum, c. 946 MSF, ss. 673-677, 2019.

[6] A. Andrews, E. Nsiah-Baafi, S. K. Y. Gawu, ve P. A. Olubambi, “Synthesis of high alumina refractories
from lithomargic clay”, Ceram. Int., c. 40, ss. 6071-6075, 2014.

214



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

[7] A. Andrews, J. Adam, ve S. K. Y. Gawu, “Development of fireclay aluminosilicate refractory from
lithomargic clay deposits”, Ceram. Int., c. 39, ss. 779-783, 2013.

[8] ASTM, “Standard Classification of Fireclay and High-Alumina Refractory Brick”, 2021. [Cevrimigi].
Available at: https://www.astm.org/c0027-98r18.html.

[9] Materials Handbook. London: Springer London, 2008.

[10] R. Ceylantekin ve C. Aksel, “MgO-Spinel kompozit refrakterlere ZrSiO4 ilavesinin korozyon
davranisina etkisi”, Anadolu Universitesi Bilim ve Teknol. Dergisi-A Uygulamal Bilim. ve Miihendislik,
c. 11, say1 2, ss. 103114, 2010.

[11] W. Meng, C. Ma, T. Ge, ve X. Zhong, “Effect of zircon addition on the physical properties and
coatability adherence of MgO-2CaO-Si02-3Ca0-SiO2 refractory materials”, Ceram. Int., c¢. 42, say1 7,
ss. 9032-9037, 2016, doi: 10.1016/j.ceramint.2016.02.140.

[12] C. Aksel, M. Dexet, N. Logen, F. Porte, F. L. Riley, ve F. Konieczny, “The influence of zircon in a
model aluminosilicate glass tank forehearth refractory”, J. Eur. Ceram. Soc., c. 23, say1 12, ss. 2083—

2088, 2003, doi: 10.1016/S0955-2219(03)00025-6.

[13] D. Michel, L. Mazerolles, ve R. Portier, “Directional solidification in the alumina-silica system:
microstructure and interfaces”, Ceram. Trans., c. 6, ss. 435-437, 1990.

[14] M. S. Baspinar, “Mullit Refrakterlerde Baglayici Fazin Optimizasyonu”, Anadolu Universitesi, 2005.

215



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

An Internet of things for Data security using Artificial Intelligence
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ABSTRACT

Security and privacy of user data become substantial by using Internet of Things (IoT) applications in almost every
aspect of human life. Threats are emerging at an impulsive rate retained the current privacy and security measure
a big question mark. Artificial Intelligence is currently playing an emergent role in enlightening the traditional
cyber security, both the resource limitation and the networking of 10T devices are still great hazards. Several
protective approaches are using in lot application but Machine language caught the attention at most because of
its extensive features make it more appropriate for lot Environment. Machine learning as a subdivision of artificial
intelligence smartly monitors the lot devices and resolve the attack. This paper contributes to a detailed analysis
of attacks and its solution using machine learning on the basis of security and privacy.
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l. INTRODUCTION

Visualize earth a place to live in where our electric kettle synchronized with our timepieces to offer immaculately
fresh Tea as long as u wakeup, and communicate the room blinds when to get unfolded primarily on the basis of
previous inclinations. Our fridges ask a web-based store to deliver us various groceries to be needed with checking
the meal plan calendar, where our vehicles automatically cover up themselves as the rain started based on
forecasted weather. Where the intelligent mirrors which can scan us and tell us about the potential health problem.
Even though a decade ago these are only thriving in technical movies and can be called a product of the intelligent
science fiction authors but the latest development in engineering and technological sector permitting the nightmare
of Internet of thing to turn out to be a reality.

The theory of 10T says that each device can interact with each other through networks and makes an intelligent
decision based on data collected by every device. Internet of Things connects various devices, sensors, data,
processing, and connectivity solutions, as a consequence of actionable intelligence and benefits, from the most
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straightforward to essentially the most advanced application. .In a nutshell 10T needs all potential objects to work
together on the web to offer a secure and comfortable life for humans.

Two devices in each millisecond are associated with the web. This connectivity and the massive explosion of 10T
gadgets have enhanced the volume of data traffic. Because of this connectivity, challenges like Non-trust worthy
connection take place, as Internet connectivity is among the major hurdle. . 10T involves enormous data sharing
between the connecting devices which made the Storage and Security a great concern .another pinching issue is
user privacy. Data verification and authentication of devices makes the data security and information protection at
higher risk.

Particularly for loT data safety and protection with the limitation of conventional approaches highlighted the
necessity to handle the innovative security technologies. Artificial intelligence appeared as a promising
technological solution which has been used in various applications [3]. Machine learning (ML) caught tremendous
attention in the area of artificial intelligence because of Its idea and strategies possess been extensively used to
unravel advanced issues in lots of engineering applications. Machine learning came out as an optimistic approach
to report the attacks in 10T. [1,2]

In this paper, we present a detailed introduction to the Internet of Things (Section 1), classification of 10T threats
based on security and privacy (Section Il) classification of different machine learning algorithms in IoT(Section
I11). Machine learning as a solution for security and privacy threats in 0T (Section IV). Finally, we concluded our
research paper (Section V). The research flow of this paper is depicted in the figurel.

1. THREATS IN IOT

loT signifies to a network where all the physical entities can interact with each other by means of internet[5].
Existing sources of end devices made the 10T attacks different as compared to Traditional Networks[6]As a
tremendous increment in connecting smart devices and gadgets to the network Over the time, safeguarding the 0T
devices from the vulnerable threats is gradually becoming uncovered. Complex attributes and characteristic
versatile landscape of 10T devices forced them to prone to various security threats. An easy access the network
and the Motility of sensitive data are the main contributors which need to be retrenched and monitored which aims
to Completely devastated the Privacy of the network. These circumstances indicate the maturity of 10T deployed
network as being not developed completely.

10T devices have constrained memory and computational control and less protected protocols are used such as
Zigbee.in contrast with the traditional Internet, which contains influential servers with an enhanced multi-layer
security structure which isn't supervised by a real-time 10T framework.loT devices have diverse information and
configurations, make it extremely challenging to form a standard security protocol[7] All these obstacles put 10T
at risk of various security and privacy threats.as the size of the network increases, The chances of an attack in a
network will be increased.

loT devices have limited computational resources that reduce their ability to deal with advanced threats. In short,
IoT susceptibilities are classified as definite and general, vulnerabilities such as discharging of batteries,
regularization, and trustworthy connections are definite to 10T devices, and vulnerabilities inherited to the internet
fall on the general category. We discuss some of the threats mostly encountered in 10T and classify the threats
mainly on the basis of their security and privacy .

217



ISC'22 2™ International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye
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SECURITY THREATS IN IOT

security is basically a state of being protected from any mishap. Security threat targets the inaccessibility of the
network and affects the data integrity by manipulating it, misroute the data packets, and makes wrong decisions.
In 10T, data can be anything, such as user identification, or a multimedia conversation between two individuals
.any unauthorized revelation of sensitive information may end up in a violation of confidentiality, integrity, and
availability of the network. We elaborate on some of the security threat found in 10T.

‘0

% DENIAL OF SERVICE (DOS) THREAT

A Denial-of-Service(DOS) Threat is among one of the notorious cyber-attack strategy referred as Security attack
which is responsible for Inaccessibility of the network for the legitimate user node .As a DOS threat is behindhand
in the network to take the user in the wrong direction by taking an inappropriate decision. The main motive of
DOS attacks in 10T framework is to send excessive request simultaneously to bombarded the server by data
flooding .

% MITM ATTACK

*

Mitm is the abbreviation of Man® in the middle attack, computed as advanced attacks in the history of cyber
security [9]. Spoofing and eavesdropping may be classified as MiTM threats . The accused node camouflages as a
device, by creating a long winded connection to other devices without their consent and Subtly transfers and
conceivably modifies the communication between the two devices who accept that they are having straightforward
connections

% MALWARE

Malware is an acronym for malicious software. Several program planned stealthily to invade and harm the client
security .Malware referred as a collaboration of distinctive attacks such as as spyware key logger, adware and
worms. [10 11].In presence of such attacks, the complex information of 10T communication may be revealed,
transformed, or even may not be available to the users. Many 10T security ruptures have been reported recently,
which have disturbed the access to popular websites

A. PRIVACY THREAT IN IOT
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Privacy refers to a state of mind where an individual is not bothered by others. Attacks on the confidentiality of
the user data are stated as privacy attacks. Sniffing and inference attacks are few of the known privacy threat
witnessed in 10T framework. Hewlett Packard, in his report on Privacy problem in 1oT 2015[24]having an in-
depth research Primarily focus on the privacy contractions faced and reported as a tremendous privacy distress at
the maximal percentage of 80% and least chances of being safe in loT

% DATAPRIVACY ATTACK

the privacy attacks threaten data confidentiality generally categorized as Active Privacy Attacks (APA) and
Passive Privacy Attacks (PPA). Attacks that are responsible for manipulating the data are categories as Active
Privacy Attacks such as Denial of Service (DOS) attacks, jamming, and spoofing. Whereas, Passive Privacy
Attacks caused by re-identification and data leakage such as Eavesdropping and traffic analysis.

% PERFORMANCE BASED ATTACKS

The privacy attack targets on the accessibility of sensitive data such as decryption keys can be categorized into
internal Privacy Attacks (IPA) and External Privacy Attacks (EPA). Attacks that are responsible for misrouting,
packet dropping, eavesdropping, and data alteration is categories as Internal Privacy Attacks. Whereas, External
privacy Attacks caused by network congestion and resource exhaustion .examples are DoS attacks

I1l.  Overview of machine learning Techniques

The machine learning Techniques come forward as a solution to the present safety mechanism in the 10T network.
We further classified the machine learning algorithm to a supervised, unsupervised, and reinforcement learning
algorithm. In this section, we overview some of the significant techniques in detail.

Machine
Learning

ML

Supervised
learning Unsupervised _
algorithm learning Remforc,ement
algorithm learning

algorithm

K-nearest
neighbour

KNN

Support Vector
machine

SVM

Neural Network Principal K- means

AN Component Clustering
Analysis

Figure: 2 Overview of Machine learning Algorithms

A. SUPERVISED LEARNING TECHNIQUES

Supervised machine learning is a method of learning functions where machine learns by training data with
identified outcomes .supervised machine learning further classified on the basis of Classification and regression
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among various groups but mostly classification is being used. Some of the main supervised learning techniques
are stated.

% SUPPORT VECTOR MACHINE(SVM)

SVM s a supervised learning algorithm contributes to one of the highest performance algorithm in term of
accuracy estimation .SVM is utilized in both of the cases of classification as well as regression problems for
solving security issues in loT but primary commitment is for classification model. SVM is broadly utilized for
detection of distinctive patterns and classification in plenty of application as a main ingredient such as
Bioinformatics.

% K-NEAREST NEIGHBOUR ALGORITHM(KNN)

K-Nearest Neighbor is a simple supervised learning algorithm used for both classification cased and regression
problems and give inaccurate results in case of larger datasets. Prediction based on likeliness of the absent node
can be achievable by using Euclidian formula in term of similarity fashion of the neighboring node

% NEURAL NETWORKS (NN)

Neuron network is a combination of input, hidden and output layer is a series of the algorithm that attempts to
recognize the relationship in a data set by replicating the human brain.it is used to solve nonlinear and complex
problems. Neural networks are applied in the industrial sector from financial service to forecasting and in scam
exposure as well.

B. UNSUPERVISED LEARNING ALGORITHM

Unsupervised learning algorithms used unlabeled data to train the algorithm.it is a pattern detection technique and
grouped the data based on their similarities measures as Clusters. Unsupervised learning is more complex and
unpredictable as compared to a supervised learning algorithm. We present some of the unsupervised learning
algorithms

% K-MEANS ALGORITHM

K mean algorithm is an unsupervised learning technique where the Input data collected together in form of clusters

based on their similarities patterns. We represent the mean point or centroid as the Kth term. And classified each
data set to its nearest mean point and revise the mean points by taking their average points of the node in each
cluster accordingly .this process will be repeated for a particular time until the clusters are formed.

% PRINCIPLE COMPONENT ANALYSIS

Principle component analysis is an unsupervised learning algorithm used to decompose the progressive data set
into compact size because of lesser data requirements.it is most commonly used in the area of Image compression,
face recognition, and prediction in machine learning.

C. Reinforcement learning algorithm

Reinforcement learning algorithm is a machine learning practice where agents learn to behave in an environment
by performing actions and found rewards based on their performance .both input and corresponding output are
unknown and predict based on their experience and it's generally called a surrounding friendly algorithm.

V. MACHINE LEARNING AS A SOULTION FOR SECURITY AND PRIVACY IN loT
We summarized this section with the different mechanisms applied to machine learning (ML) as a
solution for securing 10T and keeping their privacy intact in lot environment.

A. SECURITY SOLUTIONS IN IOT
s COUNTER DOS ATTACKS
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Raj and Kulkarni[15] analysis of Dos attacks used to be detected by a supervised learning algorithm named as
Support Vector Machine and Neural Network.SVM and NN are mainly influenced by the rate of collision and the
rate of arrival to training the machines. To calculate the chances of DOS attacks, both rates have been sent by the
nodes. In NN, As a result of a smaller threshold in comparison of the given probability indicates a typical sign of
DOS attack.so in the case, it completely shut down until the attack is terminated. In terms of Accuracy, SVM is
better in contrast to NN to detect the order in a limited period.

Gurulakshmi, A. Nesarani [16] design a systematic approach for Mirai attacks which causes huge data congestion

at the server. He proposed to detach a boundary between a regular and anomalous flow based on classification
model, which is responsible for predicting prior abnormality in traffic flow. Network traffic is distributed among
two distinctive classes on the contrary to the DDoS attack. Two classification algorithms SVM and KNN are used
in this approach.

Kolika et al. [17] conduct a comparative performance assessment of various machine learning techniques in term
of enhancing the safety in 10T networks .severe Supervised and unsupervised learning techniques involved for
instance Naive Bayes(NB), Random Forest(RF), Bagging(B), and Radial Basis Function (RBF). SVM embark the
position in term of highest accuracy achievable among all.

% COUNTER MAN IN THE MIDDLE ATTACK

Cafiedo and A. Skjellum Proposed a strategically solution for the attacks as counter man in the middle utilizing
Acrtificial Neural Network for protection [18]A five layered wise structure consist of three input neurons utilized
with two concealed layers. Input layers hold the sensitive data comprise of device authentication and the sensor
value with the time delay and two hidden neurons in term of Programming. The anticipated Neural Network
structure is responsible for monitoring the strength of the node .they set criteria for predicting false information
that | the targeted data diverge from the data expected an error is occurred

% MALWARE Detection by SVM ALGORITHM

Kim M. & Choi[19], make use of Support Vector Machine (SVM), a supervised learning algorithm for detecting
Malware by reviewing various mechanisms based on signature, behavior, and taint-analysis.SVM compete for the
rest of the techniques in term of malware detection with the highest accuracy. For Instance, in a behavioral
detection system, statistics on the device is observed for detecting anomalous configurations and ML techniques
to evaluate the data.

< MALWARE Detection by using RF ALGORITHM

Alam & Vuong [20], used Random Forest, a supervised learning algorithm for detection of various malware
attacks in android In terms of checking the accuracy for classifying the application based on behavioral changes
and termed as Malicious or Benign accordingly. By taking 48,919 data points as a reference with 42 features each,
observe the detection accuracy of RF elements such as the total no of trees involved, depth of an individual tree,
random features .and resulted in less than one percent of error and the highest accuracy is achieved in that case.
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Security Threats Machine learning algorithm
Dos Attack e Support Vector Machine
[15]
e Neural Network [15]
Mirai attack e  Support Vector Machine
[16]
s K-Nearest Neighbor[16]
Man in the middle attack e Artificial Neural Network
[18]
Malware detection e Support Vector Machine
[19]
¢ Random Forest (20)

Table | : lot Security solutions using ML algorithms

B. PRIVACY SOLUTIONS IN loT
% PRIVACY IN VANET

Zhang et al. [21] highlighted the need for privacy safeguard mechanisms in VANET. Vehicle node generally
adapted a cooperative environment for learning causing privacy problems., it can be an easy target for a malicious
node to obtain sensitive data because of restricted computational and memory resources. In this paper, the author
introduces a solution for the privacy issues in applying the machine learning algorithm by using collaborative IDS
and the concept of dynamic differential privacy for securing data set.

‘0

» ANOMALY DETECTION USING CLASSIFICATION

Jatti, Kannan, Alisha, Vijayalakshmi & Sinha [22]design an 0T device for securing women from any mishap by
a real time transmission of statistics such as physiological data and position of the body specifies either the wearer
is in danger or in safe zone. Input data is transmitted in a form of galvanic skin response and body temperature
to determine the position of the body. The reason is that when an individual is confronted with a risky circumstance,
emission of Adrenalin influences various organs in the human body and resulted in severe sweating and elevated
blood levels measure by an electro dermal response.clasifier investigate the information and decide whether the
person in safe mode or in jeopardy.

« ACCESS CONTROL USING REINFORCEMENT LEARNING

In order to improvise the system and take over the access control issues raised in 10T framework, the
sensitive data has been scattered at the edges instead of being placed at a centralized position which causes the
damage as a whole in case of single malicious node. Machine learning is used extensively to cope up and progress
the access control policy by using Reinforcement Algorithm and introduce a model of “Smart Contract” which is
a code design in order to grant denial or accessibility option upon any request and a token will be issues to the one
who is accessible in the premises of 10T domain.
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Cases Proposed Solutions

VANET privacy Collaborative IDS[21]

Anomaly detection Classification [22]

Access Control Reinforcement Learning Algorithm
[23]

Table 2: |oT Privacy solution using ML algorithms

V. CONCLUDED REMARKS

This research paper has covered an apothegmatic review of Internet of things and the attacks mostly encountered
in 10T in term of security and privacy concern. Being a subset of artificial intelligence and well-known among
network as Machine learning , an encouraging solution to the protection in 10T framework by using its techniques
on a classified scale of privacy and security. As IoT being an irradiated technology with an explosive growth
,security loophole is still an existing hazard. Resource constraint problem of 10T device and limited computation
obstruct the adoption of various solutions profound in lot Networks. A lot of challenges Machine learning have to
deal with in between high level security and lower complexity of 1oT.
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Abstract

A higher-order (three-node) finite element formulation of nonlocal free vibration is studied for
axial nanorods under elastic deformable boundary condition. According to this, stiffness and
mass matrices are obtained by applying weighted residual-based finite element formulation
(NL-FEM) to the equation of motion of rod element. By adding elastic boundary condition to
NL-FEM, nonlocal nondimensional frequency parameters of clamped-axial spring attached
nanorods are presented. Detailed discussions of numerical results are performed.
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1. Introduction

Thanks to advances in nano-electro-mechanical systems technology (NEMS), we
observe important changes in many devices and equipment today. Low weight, low volume,
high mechanical strength, and high durability are examples of this. The reason of development
in NEMS technology is the discovery of important properties of materials such as carbon
nanotube, boron nitride nanotube, silica carbide nanotube, nanorod, nanowire, graphene, etc.

It is very important to accurately analyze the mechanical behavior of structural elements
such as nanobeams, nanorods, and nanoplates that may be involved in NEMS organization.
Because the correct mechanical analysis of these systems allows their correct design. Classical
theories cannot reflect reality about mechanical behavior of nano scaled structural elements. In
order to overcome this problem, different mathematical formulations based on the nano size
effect are presented. The nonlocal elasticity theory [1] is a higher-order elasticity theory
developed in this context.

Vibration analyses of simple [2-5] and shear deformation [6-9] axial nanorods with
various boundary conditions have been studied by nonlocal elasticity theory. Also, the
dynamics of nanorods with different end attachments are investigated [4,8-12]. On the other
hand, Adhikari et al. [13,14] searched the axial dynamics of nonlocal rods via the finite element
method. Numanoglu [15] formulated the free vibrations of nanorods and nanobeams with tip
attachment by employing finite elements. On the other hand, forced [16] and free [17] vibrations
of cracked nanorods have been also examined. A spectral element method in free vibration of
axial nanorods was given by Narendar and Gopalakrishnan [18]. Additionally, studies on the
torsional vibration of nanorods are also available in the scientific literature. For example, a new
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nonlocal stress model has been considered for torsional vibration of circular rods [19].
Numanoglu and Civalek [20] presented a nonlocal finite element formulation for free vibration
of attached circular nanorods embedded in elastic medium. Torsional static and dynamic
behaviors of nanorods embedded in elastic medium were investigated with analytical solution
by Arda and Aydogdu [21].

The development of a finite element formulation for the nonlocal axial free dynamics
of nanorods that have elastic spring attachment is mentioned in this study. According to this,
nonlocal equation of motion is obtained. Then, by solving the nonlocal equation of motion with
a three-node finite element formulation, the nondimensional frequencies of nanorods are
calculated under different parameters. The results are discussed and the importance of the
results in nano mechanics is emphasized.

2. Nonlocal Dynamics of Axial Nanorods

In Eringen's nonlocal theory, the constitutive equation of elastic solids is given as
follows [1]:

_ Zﬁ nl _ ¢
1-(epa) s |0 =0 (1)

OX

where ¢ is nonlocal stress and o¢ defines classical stress. e, is an experimentally determined
constant for atomic material, a is the internal characteristic length of atomic material.

The displacement components of axial rod depicted in Fig. 1 are written as:

u(xt)=u, v(xt)=0, w(xt)=0 )

in which, u is the axial displacement component. Since the Poisson’s effect is neglected in the
simple axial rod, the lateral and transverse displacement components are v =w = 0. On the other
hand, the strain and stress components are defined as follows:

8_18_u+8_u_a_u Egy =Eq =6y =y =&, =0
o2lex ex) ooxt MM

2
au o°u  (epa)” of
o, =E—+ - =
X ox M oxet? A ox

, Oy =0y =0

w=0n =0 (3)

where ¢, and g, are nonlocal axial strain and nonlocal axial stress, respectively.

L X —g y
X

: |
. z

x=0

Figure 1. Schematic representation of axial nanorod with clamped-spring attached boundary

condition.
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The nonlocal equation of motion is obtained via the variational principle. According to
this:

t
S[[U—(T+w)]dt=0 4)
t1
where U is the strain energy, 7 is the Kinetic energy, and # is the work of the external force.
Also, ¢ is the time. ¢ indicates the variation symbol. Energy expressions are as follows:
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where E is modulus of elasticity, 4 is cross-section area, p is mass of unit volume, fis the
external axial excitation. Additionally, &, denotes the stiffness of spring attachment, and V' is
the volume. As seen in Fig. 1, the attachment is assumed at x = L end of rod.

By substituting the first variations of Egs. (5)-(7) into Eq. (4), the following expressions
are attained for ou # 0 and ou(L,t) # 0 boundaries, respectively:

o%u o 2 0% f o%u

2 u
EA—+(ea) pA———(epa) — - pA—+f =0 8
au(Lt d*u(Lt of
EA <(9x )+( ) P #—(%3)25=—kau('—’t) ©)

where Egs. (8) and (9) express the equation of motion and the dynamic equilibrium of the
attached tip, respectively. Since the free vibration problem is examined, f= 0. The solution of
Eqg. (8) is investigated with the following expression:

u(xt)=U(x)e" (10)
Substituting this expression into Eg. (8), the following partial differential equation is obtained:

2
d—U+77 U=0 (11)
dx?

Where,
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The analytical solution of Eq. (11) can be written as follows [4,12]:
U =C, cosnx+C, sinznx (13)

in which, w is natural frequency of free vibration. The boundary condition for clamped end is
as follows:

U(0)=0 (14)

If Egs. (9) and (14) are used in Eq. (13), the frequency equation of a nonlocal axial rod with
clamped-axial spring attached can reached as follows [4]:

nLcotyl = —(1+(e0a)2 nz)ﬂk (15)
Where,
— ka _ kaL
b = . EA (16)

r

where k, defines the axial stiffness of rod. , means stiffness ratio of attachment.

3. Nonlocal Finite Element Method

A nonlocal finite element formulation (NL-FEM) is introduced for the other solution of
size-dependent vibration problem investigated in this study. According to this, the average
weighted residue is formulated as follows:

L 2 4 2
o°u 2 o'u o°u
I=| hl EA—+(e,a A —-pA dx 17
! ( o (BB PR e r 8t2J &

in which, 7 is the average weighted residual and % is the weighting function. L, expresses the
length of finite element. Other expressions for rearrangement of Eq. (17) are defined as follows:

u=¢d,2—i=Dku=Bd,h=(PT (18)

where d is the displacement of axial finite element. Additionally, ¢ explains the shape function.
In this study, three-node finite element is employed and shape function is defined as below [9]:

p=[257-35+1 4% +ag 287 -¢] (19)
where ¢ = x/L, defines the nondimensional longitudinal coordinate. x and L, indicate the

longitudinal coordinate and finite element length, respectively. The three-node finite element is
depicted in Fig. 2.
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Using Eqg. (18) into Eq. (17) yields the following equation:

Lf EA(BTB)ddx + Lf (ea)’ pA(BTB)ddx + Lf pA((pT(o)ddX =0 (20)
0 0 0

This expression is presented as follows in closed matrix notation
(K)d+(M;+M,)d=0 (21)

In which, the following expressions are valid [15]:

7 -8 1
L EA
K:jEA(BTB)dx:— 8 16 -8 (22)
0 1 -8 7
. . 4 2 -1
M, = | pA((aTgo)dX:% 2 16 2 (23)
0 1 2 4
7 8 1
L 2
Mo = | (e2)’ pA(BTB)dx=(e°a)—pA 8 16 -8 (24)
0 1 -8 7

where, K, M., and M,, represent the axial stiffness, classical mass, and nonlocal mass matrices,
respectively. For the displacement of finite element, the eigenvalue problem arising from an
operation as in Eg. (10) is reduced according to the geometric boundary conditions and natural
frequencies of nonlocal rod are reached. For the boundary conditions of rod considered in this
study, the clamped end is the reason for the reduction. On the other hand, the stiffness of axial
spring attachment is added to the stiffness matrix of the last finite element (nth element) in the
finite element mesh of rod [9,15]:

[Ken | =[K]+[KA] (25)

where £k, is the stiffness matrix for axial spring attachment.

¢=0 E=1/2 E=1
— —— —
O— 0 ®

I L,/2 I L,)2 |
S

Figure 2. Demonstration of three-node finite element.
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4. Numerical Results and Discussions

Within the scope of numerical results, the nondimensional frequencies of nonlocal
clamped-elastic spring attached axial nanorods are calculated under the following parameters
[15]: Elasticity modulus £ = 1 TPa, unit volume weight p =2300kg/m?, diameter of circular
cross-section d = 5 nm and length L =20 nm. Nondimensional frequencies are formulated as:

o :a),L\/E (26)
Yo,

A comparison study about the first four modes nonlocal nondimensional frequencies of
clamped-elastic spring attached axial nanorods is given in Table 1. According to this, for the
stiffness ratio 8, = 10, the analytical results from [4] are compared with the calculated NL-FEM

results for four different finite element numbers. Firstly, it should be noted that the values
computed for eya/L = 0 present the classical elasticity results. Generally, the nonlocal
parameter reduces the nondimensional frequencies. As mode number increases, it is understood
that the atomic parameter more decreases the nondimensional frequencies. These reveal that
the atomic size effect on nanoscale axial structural elements is important.

where i is mode number.

As seen in Table 1, the finite element results are in great accordance with the analytical
values. When low finite element numbers are considered, the difference between the NL-FEM
and analytical results rises with the increment of mode number. This difference diminishes by
increasing the finite element number. Moreover, the difference between analytical and NL-
FEM results is lower for the analyses under nonlocal parameter. This inference indicates that
the higher-order shape function based-nonlocal finite element formulation developed in this
study is quite useful.

Table 1. Convergence of NL-FEM for nondimensional frequencies of clamped-spring attached
nanorods (8, = 10).

epa/L Mode Ref. [1] NL-FEM Results
n=100 n=20 n=10 n=2

0 1 2.86277 2.86277 2.86277 2.86278 2.86877
2 5.76056 5.76056 5.76058 5.76093 5.80618
3 8.70831 8.70831 8.70851 8.71128 10.33821
4 - 11.70268 11.70354 11.71562 17.93790

0.25 1 2.37560 2.37560 2.37560 2.37561 2.37967
2 3.34527 3.34527 3.34528 3.34537 3.35162
3 3.67332 3.67332 3.67334 3.67360 3.76741
4 - 3.80829 3.80832 3.80883 6.94186

In Fig. 3, The variations of nonlocal vibration frequencies in response to the increment
of stiffness ratio are plotted for the first four modes of clamped-spring attached nanorod. If the
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stiffness ratio is equal to O, since there is no attachment, nanorod is axial cantilever (clamped-
free). Generally, the nonlocal frequencies increase as the stiffness ratio of attachment increases.
Lower values of stiffness ratio raise more the nondimensional frequencies. If the stiffness ratio
increases further, the vibration behavior of nonlocal axial nanorod approaches the nanorod with
clamped at both ends. On the other hand, it can be said that the nonlocal parameter reduces the
frequencies more as the mode number increases. Also, the nonlocal parameter is more effective
for higher stiffness ratio values. Finally, it should be added that the effect of stiffness ratio on
the nondimensional frequencies is low in high values of mode number and nonlocal parameter.

5. Conclusions

In this study, a nonlocal finite element formulation (NL-FEM) for free vibration analysis
of axial nanorods with clamped-elastic spring boundary condition is presented. By using NL-
FEM, nondimensional frequency parameters of nanorod model are calculated under different
parameters such as nonlocal parameter, attachment stiffness ratio, mode number, and numerical
results are discussed. Since nanorods have a wide range of use in nano-electro-mechanical
systems technology, it is important to understand the mechanical behavior of nanorods. The
results obtained by using NL-FEM developed for this purpose reveal that the atomic size
dependency must be taken into consideration in nanorods. Additionally, the high accuracy of
NL-FEM shows that the formulation can be used to solve many problems in nonlocal structural
mechanics.
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Figure 3. Variation of nondimensional frequencies of clamped-spring attached nanorods
according to the increment of stiffness ratio (a) First mode (b) Second Mode (c) Third mode
(d) fourth mode (-O-: ega/L =0, ~&-:epa/L =0.1,—O-: epa/L =0.2).
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Oz

Bu arastirmada, Cape Town, Gliney Afrika, sokak ¢6p kutusundan toplanan atik kehribar renkli ambalaj sise camu,
farkli teknikler kullanilarak kapsamli bir sekilde karakterize edildi. Bu dogrultuda basarili olmak i¢in, cam tozlari,
ilk olarak yikama (su-sabun karigimi), kurutma (firinda 110 °C'de), kirma (el ¢ekigiyle), 6giitme (aliimina bilyeli
ogiitme) ve eleme (149 mikronun altinda) agamalari takip edilerek elde edilmistir. Bu islemlerden sonra elde edilen
tozlar, X-1s11 floresans: (XRF), X-1s11 kirmimi (XRD), Fourier transform kizil6tesi (FT-IR), spektrofotometre
(UV-Vis) ve Arsimet prensibini iceren karakterizasyon tekniklerinde kullanilarak, fiziksel, kimyasal ve optik
ozellikler anlasildi. XRF sonuglari, atik camin ticari kehribar camina benzer tipik bir kimyasal bilesime sahip
oldugunu gostermistir. Ayrica, XRD desenleri amorf bir yap1 sergilerken, FT-IR spektrumu esas olarak Si-O-Si
baglanma tipini belirledi. Ote yandan, cam yogunlugu 2.5110 g/cm? degerine esit olup, diger ambalaj cam tiirlerine
benzer bir degere sahiptir. Optik Ozellikler baglaminda, iletim spektrumu, geleneksel soda-kireg-silika (SLS)
camina kiyasla 1g1k iletimi igin daha diisiik bir yiizde ortaya ¢ikardi. Bu ¢aligmanin bir sonucu olarak, yazarlar atik
kehribar renkli ambalaj sise caminda genis bir 6zellik yelpazesi ortaya cikardilar.

Anahtar Kelimeler: Atik cam, Kehribar cam, Ambalaj cami, Karakterizasyon, Atik yonetimi

Characterization studies on waste amber-colored bottle glass collected from
Cape Town, South Africa

Abstract

In this investigation, the waste amber-colored container bottle glass collected from Cape Town, South Africa,
street trash box was comprehensively characterized using different techniques. To succeed in this direction, the
glass powders were initially obtained by neatly following the washing (water&soap mixture), drying (at 110 °C in
an oven), breaking (using a hand-hammer), milling (alumina ball milling), and sieving (under 149 microns) steps.
After these processes, the obtained powders were employed in characterization techniques, including X-ray
fluorescence (XRF), X-ray diffraction (XRD), Fourier transform infrared (FT-IR), spectrophotometer (UV-Vis),
and Archimedes' principle (pgiass), to understand its physical, chemical, and optical properties. The XRF results
showed that the waste glass has a typical chemical composition to that of commercial amber glass. Further, the
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XRD patterns demonstrated an amorphous structure while the FT-IR spectrum ascertained mainly Si-O-Si bonding
type. On the other hand, the pgiass equaled 2.5110 g/cm?®, which has an ordinary value compared to other container
glass types. In the context of optical properties, the transmission spectrum revealed a lower percentage for light
transmission when compared to a traditional flint soda-lime-silica (SLS) glass. As a result of this study, the authors
unveiled a wide range of properties in waste amber-colored container bottle glass.

Keywords: Waste glass, Amber glass, Container glass, Characterization, Waste management

1. Introduction

Glass science and engineering have been ever-developing to serve humankind's necessities [1]. From light
bulbs to kitchenware or from optical fibers to smart-technology displays, glass materials have been surrounding
people's daily lives with ultimate satisfaction owing to their significant advantages [2]. Specifically, the
advancements in glassware such as bottles or jars pave the way for safely protecting foods and drinks insomuch
that product shelf-life has been either extended or preserved taste. From this perspective, glass materials will
continue to interest many application areas.

Packaging glass was used commercially at the beginning of the 1900s. In earlier times, flint-colored glass
articles, including bottles or jars, had widely been fabricated. After some time, different colored-glass products
like green, amber, or emerald were developed to serve the needs [3]. In particular to ultraviolet-sensitive foods or
drinks, colored-glass wares were preferred. If one digs into the chemical composition of the mentioned packaging
glass type, one can see that soda-lime-silica (SLS) has been dominantly favored. In this SLS glass, typical glass
composition can be given as follows: (70 - 72)SiO, + (14 — 16)Na,O + (8 — 12)CaO + (2 - 4)MgO + (1 - 2)Al,03
[4]. The stated glass composition may vary company-to-company based on cost, raw material availability, glass
product type, etc.; nevertheless, the intended SLS glass composition has occurred in these ranges. Depending upon
color demand, the coloring agents such as iron oxide, manganese oxide, chromium oxide, or the like may be
modified as a minor constituent.

In view of colored-glass objects, amber-colored ones have extensively been manufactured in the beverage
field. This preference aims to preserve the beverage's taste, gaseous, and texture against ultraviolet (UV) light [5].
In addition to the beverage field, pharmaceutical applications necessitate amber-colored glass packaging articles
to protect medicine. Preventing UV light transmission throughout the glass medium ensures a safe shelf-life for
medical purposes. Therefore, amber-colored glass products take great importance for many essential application
areas.

Based upon the given essentiality of amber-colored glass, the present investigation intends to characterize
waste amber-colored container bottle glass collected from Cape Town, South Africa. This waste glass contained a
milk and beverage mixture with a special domestic plant called marula. The collected waste glass was subjected
to some characterization analyses, including X-ray fluorescence (XRF), X-ray diffraction (XRD), Fourier
transform infrared (FT-IR), spectrophotometer (UV-Vis), and Archimedes' principle. The findings were
thoroughly presented in the below-given parts, accordingly.

2. Materials and Methods
After collecting the waste glass from Cape Town, South Africa, the glass powders were initially obtained
by neatly following the washing (water&soap mixture), drying (at 110 °C in an oven), breaking (using a hand-

hammer), milling (alumina ball milling), and sieving (under 149 microns) steps. Figure 1 shows the waste glass
and the glass powders accordingly.
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Figure 1. Image of waste amber-colored glass (left) and glass powder (right).

After these processes, the obtained powders were employed in different characterization techniques. The
X-ray fluorescence (XRF) technique was used via Rigaku ZSX Primus to determine chemical composition. The
X-ray diffraction (XRD) analysis was performed using Bruker D8 Advance with 30 mA, 40 kV, and 0.02 scan
speed, and 10-80 degrees range conditions to observe structure. For detecting bonds in the glass network, Fourier
transform infrared (FT-IR) method was implemented via Perkin ElImer UATR Two Device between 4000 and 400
cm range. In addition to the physical and chemical property determinations, the optical properties were identified
by performing a UV-Vis spectrophotometer practice using Spectrum Instruments SP-UV-300 device in the range
of 190 and 1100 nm. Lastly, glass density( pgiass ) Was calculated via Equation 1 after applying Archimedes'
principle.

Mair

Pglass = _ Pwater 1
Myir mliquid

where m,ir and miiquia represent the sample's weight in air and demineralized water, respectively, while pyaer is
the density of water used (0.992 g/cm?).

3. Results and Discussions
According to the XRF analysis, the glass's chemical composition was found as given below:

73.76Si0; + 2.08Al,03 + 0.75Fe;03 + 9.69Ca0 + 1.19MgO + 0.36K.0 + 11.97Na,O + 0.03Cr.03 + 0.17SO3

The glass composition we found shows parallelity compared to the literature studies, such as Refs [6] and
[7]. Nothing but minor changes can be seen among the mentioned studies for amber glass composition.

Archimedes’ principle was carried out to calculate the glass density value. The result showed that the
waste amber-colored bottle glass equaled 2.5110 g/cm?, which has an ordinary value compared to other container
glass types [8], [9].

The crystallographic knowledge was gained from the XRD technique, and the patterns are drawn as
revealed in Figure 2. It is apparent that no sharp peak is visible; instead, a hump-like shape is visible between 15
and 35 degrees. Such a finding is very acceptable and can be verified with literature findings [10]. Therefore, one
can say that an amorphous structure was found in the waste amber-colored glass article.
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Figure 2. The XRD patterns for the waste amber-colored bottle glass.

The FT-IR spectrum was recorded to understand the bond types in the waste amber-colored bottle glass, and
the related spectrum is demonstrated as given in Figure 3. The peaks around 3700 and 3600 1/cm can be assigned
to forming O-H bonds. Besides that, the peaks that formed 3000 and 2700 1/cm range may be attributed to the C-
H bonds, this is because the plate on the device was cleaned out using acetone. On the other hand, some peaks
around 1500 1/cm might occur due to Si-OH bonds. In addition to Si-containing bonds, one can observe a sharp
peak around 1100 1/cm, which can be referred to as Si-O-Si and/or Si-O bonds [11], [12]. Lastly, some peaks after
1100 1/cm may be associated with the formations of Si-O-A bonds where A notifies Na, Ca, and K elements. In
conclusion, the FT-IR spectrum revealed bonding types for the intended glass system.
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Figure 3. The FT-IR spectrum for the waste amber-colored bottle glass.

The transmission versus wavelength spectrum is plotted in Figure 4 to display the optical properties. In the visible
light range (400 and 700 nm), one can see a sharp peak, having a transmission value of around 35%. This value is
somehow low, and UV light partially penetrates throughout the glass body.
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Figure 4. The transmission vs wavelength spectrum for the waste amber-colored bottle glass.

On the other hand, Figure 5 graphs the same spectrum for an ordinary flint SLS glass. Apparently, the transmission
percentage is much higher than waste amber-colored glass, namely around 80% between the 400 and 700 nm
range.

80 4

Transmission (%)
B D
o o
1 1

N
o
1

T T T T T 1
200 400 600 800 1000 1200
Wavelength (nm)

Figure 5. The transmission vs wavelength spectrum for ordinary flint SLS glass.

Lastly, Figure 6 shows the comparison among the intended waste amber glass, ordinary amber glass (collected
from Afyonkarahisar, Turkey), and conventional SLS glass. It seems that the intended glass has lower transmission
than those given despite it has been categorized together with the ordinary amber glass. Therefore, we can conclude
that amber-colored glass is more resistant to UV light than flint and ordinary amber color.
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Figure 6. The transmission vs wavelength spectrum for intended waste amber glass, ordinary amber glass,
and flint SLS glass.

4. Conclusions

The below-listed findings can be pointed out:

- The glass's chemical composition was found as 73.76SiO; + 2.08Al,03 + 0.75Fe,03 + 9.69Ca0 + 1.19MgO +
0.36K20 + 11.97Na,0 + 0.03Cr,03 + 0.17S0s

- The result showed that the waste amber-colored bottle glass equaled 2.5110 g/cm?.

- One can say that an amorphous structure was found in the waste amber-colored glass article.

- FT-IR spectrum revealed O-H, C-H, Si-OH, Si-O-Si, Si-O, and Si-O-A (A: Na, Ca, K) bond types in the waste
amber-colored glass.

- In the visible light range (400 and 700 nm), one can see a sharp peak, having a transmission value of around
35%. However, an ordinary flint SLS glass has 80% transmission in the same range. The intended waste amber
glass has lower transmission than those given despite it has been categorized together with the ordinary amber
glass. Therefore, we can conclude that amber-colored glass is more resistant to UV light than flint color.

- Eventually, this investigation may be regarded as an alternative characterization study to highlight the properties
of waste amber-colored container bottle glass collected from Cape Town, South Africa.
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Abstract

In this research, the atomic size-dependent free vibration analysis of nanobeams made of
functionally graded material (FGM) is carried out. The free vibration of nanobeam is formulated
according to the nonlocal Timoshenko beam theory. The classical mixing rule is used as
functionally grading. A finite element formulation based on the atomic size effect (NL-FEM)
is developed to solve the equation of motion. Nondimensional natural frequencies of shear
deformable FGM nanobeams are calculated for different parameters by using NL-FEM and
numerical results are discussed.
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Nonlocal elasticity.

* Corresponding author e-mail : metin_numanoglu@hotmail.com

1. Introduction

Functionally graded materials (FGM) are materials in which physical and mechanical
properties of material (e.g. elasticity modulus, shear modulus, unit volume weight) change
according to a continuous mathematical equation. Materials with different properties form a
new material type that has stronger properties. Since the material properties constantly change,
the stress concentrations are minimized. Therefore, FGMs have superior properties compared
to the conventional laminated composite materials. FGMs have uses in the fields such as
chemical industry, materials engineering, aerospace engineering, mechanical engineering,
automotive engineering [1].

Important results such as the discovery of nano scaled materials and the development of
imaging technology at this scale have accelerated research on nano-electro-mechanical systems
(NEMS) technology. Many of devices used today are the result of NEMS technology. In order
for these systems to have the desired properties and functionality, it is quite important to know
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the strength of nano scaled homogeneous or composite structures that are the members of
system under mechanical forces. The analysis of mechanical characteristics of nano scaled
structures with classical theories gives nonsensical results compared to experimental results. In
addition to this, the demands of experimental approaches such as high cost, high expertise, and
long processes make difficulties to researchers. To overcome these problems, the classical
theory of elasticity has been reinforced with the size effect of nanostructure. The atomic size
dependent elasticity theories provide a great practicality in the investigation of mechanical
characteristics of nano scaled structures.

It can be stated that the nonlocal elasticity theory [2] is the most popular higher-order
elasticity theory in the scientific literature. According to this theory, an experimental material
constant and characteristic atomic length of nano structure should be considered for the
mechanical analysis. The mechanical analysis of nanostructures with nonlocal elasticity theory
have had a wide field of study in the scientific literature. It can be said that the bending,
vibration, and buckling analyses of nanomaterials modelled like bending rods are an important
example in this point [3-9]. Differently from these, free vibration [10] and statics [11] of nano
scaled metallic materials were also investigated. Additionally, the nonlocal dynamics of
discrete structures such as nano scaled frame was focused [13,14]. On the other hand, bending,
vibration, and buckling of nanobeams were analyzed by nonlocal finite element method (NL-
FEM) [15-22].

Various studies have been performed on the nonlocal mechanics of functionally graded
composite nanobeams. Nejad and Hadi [23] formulated the free vibration of Euler-Bernoulli
FGM nanobeams. Ghadiri and Jafari [24] examined the vibration of shear deformable
nanobeams under mass attachment at the tip. Thermal effects in the vibration of FGM
nanobeams were also investigated [25]. Also, vibration, buckling, and bending behaviors in
FGM nanobeams were studied via different nonlocal beam theories [26-28]. Moreover, the
nonlinear vibration of FGM nanobeams was also expressed with nonlocal Euler-Bernoulli beam
theory [29]. Furthermore, finite element formulations were presented to search the nonlocal
mechanical behavior of FGM nanobeams [30-32].

Considering that composite nanobeams may take part in NEMS structures, it should be
expressed that to analyze the nonlocal mechanics of nanobeams made of FGM is important. In
some cases, shear deformations of nanobeams also become important. With this motivation,
this study examines the free vibration behavior of FGM nanobeams formulated with nonlocal
Timoshenko beam theory. Firstly, the equation of motion is obtained by using variational
algebra. The equation of motion is solved by using NL-FEM. Then, the nondimensional
frequencies are computed via NL-FEM and the results are discussed. Finally, the inferences
obtained from discussion of numerical results are given.

2. FGM Model

Two different FGM nanobeam models are given in Fig. 1. It will be assumed that the
nanobeam structure has functionally grading according to classical mixture rule. So that,

P(z) =PV, +R)\, (1a)
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where P(z) is the effective material property. P, and Py are any physical or mechanical
properties of lower and upper surfaces, respectively. Also, V; and V;, denote the volume
diffractions of materials on the lower and upper surfaces, respectively. H is the height of
rectangular section and z is the transverse coordinate. On the other hand, & refers to the
functionally grading index. According to these equations, the mechanical and physical
properties of FGM are formulated as follows:

k

E(z)=(EU—EL)[%+% +E, (2a)
z 1 k
e(ﬂ:{eu_eg(ﬁ+§ +G, (2b)
z 1 k
p(z2)=(ry _PL)(FJFE + oL (2c)
EU EL

%) T 210 (20)

where E, G, p, and v denote the elasticity modulus, shear modulus, volume of unit mass, and
Poisson's ratio, respectively.

(a)

4 Ey, Gur py b
T
h y
¥y

4 Ey, Gy, py k b
T
h y
¥

Figure 1. FGM Nanobeam with different boundary conditions (a) Clamped-simply supported
boundary condition (b) Clamped-Clamped boundary condition.

3. Nonlocal Vibration of FGM Nanobeam

The nonlocal elasticity theory formulates the relationship between the classical stress s;;
and the nonlocal stress o;;:
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in which, ¢ is the experimental material constant and « is the internal characteristic length.

In this study, free vibration of FGM nanobeams is investigated by considering
Timoshenko beam theory, which is the fundamental shear deformable beam formulation. In this
beam theory, the displacement field is defined as:

oW, _
U=-zp=-z2—2,v=0, W=W, +W (4)
OX

where u is the axial, v is the lateral and w is the transverse displacement. w, and w, express
bending and shear displacements, respectively. Additionally, ¢ explains for section rotation. On
the other hand, nonzero strain and stress components can be computed as:

_ op . _lfow_
8XX_ Zax’ XZ 2(8X ¢1

1 ow
o = E(2) & =—E(Z)Zg_f1 0 =G(2)&y :_EG(Z)(&_q’j (5)

In which, while ¢, and ¢,. denote axial and shear strains, respectively, o, and o, indicate the

axial and shear stresses, respectively. Also, the classical bending moment and classical shear
force, which are internal forces consist of classical stresses, are presented as follows:

o%w, oW,
MC:_D].—Zb’VC:kSS]. S
OX

OX ©

where D, and S; mean the bending and shear stiffnesses of FGM nanobeam, respectively. On
the other hand, & is known as the shear correction coefficient.

The nonlocal free vibration equation of motion of FGM nanobeam is obtained with the
help of variational algebra. Accordingly, the first variation of potential energy of nanobeam is
equal to zero the at the time interval (¢, 1,):

5T[u —(T+W)]dt=0 7

b

where d is the variation symbol. U is the internal strain energy, T is the kinetic energy, and W
is the work potential. Energy expressions are written as follows:

1 15 (00 ow )2
U _EJ'(O-XX(QXX+20XZ$XZ)_EJ‘{D1(6_(DJ +Sl(——(p) ]dx
V 0 X

L
_ ;{_Ma_m (a_w_gaﬂdx ®
0 OX OX
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G ORE RS S E R S

W = [ fclx (10)
0

In which,
D, = [E(2)2%dA, S, = [G(2)dA, 1o = [ p(2)dA, I, = [ p(z)2%dA (11)

where [, and /, indicate the zeroth- and second- order mass inertias, respectively. After
substituting Egs. (8)-(10) into Eqg. (7), equilibrium equations are obtained as a result of several
mathematical operations for variations of different deformations as follows:

oM g

op#0; —-V=—-],— 12

[ aX 2 atz ( )
oV o°w

owz0: —=l,—-—f 13
6x 0 atg ( )

On the other hand, the relation between shear and bending displacements in a
functionally graded shear deformable nonlocal beam is given as the following form:

1 [D o%w,

Woo— b 84wb
s kSl 1 aXZ

"‘(eoa)2 P —j (14)

o%w,
atz

- ox2ot?

By using Egs. (3), (6) and (12)-(14), the equation of motion is attained as a result of
several mathematical operation as follows:

o'y loly o'y, 2wy (ed) loly Pw,  2(ega)’lgl, &%w
ot ks, att 0 a? ks, ox*ot? kS,  oxtat*

Dy

2
~(e0a) 14Dy &°w, +(ea) oow, . JoDy o*w, (e2)? | o*w,
kS, ootz V0 Coxdat kS, axdat 0 0 axat?
*w, 2 0% f
%~ (&2)

O Wy LA
2 ox2ot? (15)

+1
ox?

4. Finite Element Formulation

This study focuses on solution of Eq. (15) via finite elements. For free vibration, f'is
equal to 0. Accordingly, first, the average weighted residue is expressed as:
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B[ otw I, 0%, 02w, (€)' Tol, Bw,  2(epd) ol AOwy,
1= [h| D - - +
0

ox* ks, ot ot? kS,  ox‘ot? kS,  ox%ot?
~(ea)" 10D, 2w, (o)l *w, 16Dy o*w, +(ea) 8w,

kS, ox‘at? 7 Poxtat? kS, oxtat? 0 % axlot?

84
+1, 2272 de 0 (16)

where I and / are known as the average weighted residue and weighting function, respectively.
Other equations are given for rearrangement of Eq. (16) as follows:

_ow W T
Wb—(DW,a—)(szkwszw,h:(D (17)

It should be noticed that the equation of motion is formulated only in terms of bending
displacements. Therefore, the known finite element formulation for the beam without shear
deformation can be used in the solution [21,22]:

1-3£2 4 2£8
—Lo(£+282 -8
o ) )
32 283

L (&°-&°)

in which, &= x/L, is called as the nondimensional axial coordinate. x is the longitudinal
coordinate. L, denotes the length of finite element. After Egs. (17) and (18) are used into Eq.
(16), by performed the partial integration process, the eigenvalue formulation is reached as the
following form:

2 0 4 1 —
det([K]nxn—a) [M°] +a[Mm }nxn)_o (19)
where K, M,, and M; denoting the global matrices of FGM nanobeam, define the stiffness
matrix, simple mass matrix, and higher order mass matrix, respectively. Mass matrices are
written as:
M® =M, +M, + M, +M, +M; +M; (20)
M =M, + Mg +M, (21)

The stiffness and mass matrices can be formulated as follows:

r T 1 T Le2eo )" ol BT
K=[D,(B"B)x, My=[1(p (p)dx,Mzzj (B"Bx,
0 0 0
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5. Numerical Results and Discussion

In this section, nondimensional frequencies of free vibration of shear deformable FGM
nanobeams and are presented by using nonlocal finite element formulation for clamped-
clamped (C-C) and clamped-simply supported (C-S) boundary conditions. Discussions of
numerical results are also given. According to this, the nondimensional frequency is formulated
as follow:

— A
wi = o l? Ah
E, |

(23)

It is considered that the FGM nanobeam is consist of fully silicon on the upper surface
and fully aluminum on the lower surface. Material properties are taken as [29]: Modulus of
elasticity, Ey; =210 TPa, E; = 70 TPa; weight of unit volume, p , =2370 kg/m?, p; =2700

kg/m?3; Poisson's ratio: v, = 0.24, v, = 0.3. On the other hand, the height and thickness of
rectangular section are taken as # =1 nm and b = 2 nm, respectively. Finally, the length of the
beam is L =20 nm.

In order to demonstrate the accuracy of nonlocal finite element formulation presented
in the study, the values from a reference study and the nonlocal finite element results are
compared in Table 1 for the first three modes nondimensional frequencies of homogeneous
nanobeams. Firstly, nondimensional frequencies decreases under the nonlocal parameter. Also,
it is observed that the nondimensional frequencies increase as the mode number increases. At
higher modes, the nonlocal parameter is more effective in reducing nondimensional
frequencies. Additionally, the nondimensional frequencies of C-C nanobeams are higher than
C-S nanobeams. Moreover, it is understood that the nonlocal parameter more affects C-C
nanobeams. On the other hand, the comparative results are in great agreement. Therefore, it can
be stated that the finite element formulation is useful.

In Table 2, first three modes nondimensional frequencies of nonlocal shear deformable
FGM nanobeams are compared for three different functionally grading indexes. Accordingly,
when the results of homogeneous nanobeams are considered, the functionally grading index
reduces nondimensional frequencies. As the FG index increases, the atomic parameter more
decreases the frequencies. Therefore, it should be stated that the nonlocal parameter must be
taken into account on the dynamics of functionally graded composite nanobeams.
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Table 1. Convergence of NL-FEM for nondimensional frequencies of homogeneous
nanobeams.

epa/L Mode C-S Boundary Condition C-C Boundary Condition
Ref. [22] NL-FEM Results Ref. [22] NL-FEM Results
n=16 n=14 n=12 n=16 n=14 n=12
0 1 15.34282 15.34286 15.34288 15.34294 22.25679 22.25691 22.25699 22.25717
2 49.07729 49.07858 49.07949 49.08136 60.50259 60.50502 60.50672 60.51023
3 100.34216 100.35361 100.36162 100.37802 116.17257 116.19042 116.20289 116.22840
0.2 1 12.66770 12.66773 12.66775 12.66780 18.12197 18.12208 18.12217 18.12234
2 29.68057 29.68143 29.68204 29.68328 35.39543 35.39721 35.39844 35.40097
3 45.78807 45.79359 45.79743 45.80523 51.59952 51.60895 51.61545 51.62859

Table 2. First three modes nondimensional frequency parameters of functionally graded
nanobeams for different functionally grading indexes (n = 16).

epa/L Mode C-S Boundary Condition C-C Boundary Condition
k=10.01 k=0.1 k=10 k=0.01 k=0.1 k=10

0 1 15.26768 14.64830 9.839333 22.14811 21.24967 14.27276
2 48.86064 46.88422 31.42558 60.23891 57.80291 38.73650
3 99.97721 95.95089 64.10973 115.76121  111.10096 74.21273

0.1 1 14.45090 13.86471 9.31235 20.86960 20.02328 13.44605
2 40.79651 39.14698 26.23149 49.56762 47.56526 31.85137
3 71.50415 68.62701 45.82464 81.32999 78.06235 52.06941

0.2 1 12.60622 12.09496 8.12257 18.03607 17.30509 11.61569
2 29.55371 28.35929 18.99666 35.25309 33.83044 22.63730
3 45.63215 43.79707 29.23286 51.44417 49.37980 32.90875

The variations of nondimensional frequencies of shear deformable FGM nanobeams in
response to the increment in FG index are depicted in Fig. 2. The most important inference
obtained here is that FG index is effective on nondimensional frequencies. Also, while FG index
is low, atomic parameter more reduces the frequencies. The effect of atomic parameter does not
change much at higher values of FG index.

The variations of nondimensional frequency differences of FGM nanobeams according
to the increment of FG index is given in Fig. 3. Here, the difference of frequencies is defined
as the percentage that shear deformation reduces the natural frequency of FGM nanobeam
according to the beam theory without shear deformation (Euler-Bernoulli Beam Theory). The
frequency difference increases at lower values of FG index. Therefore, the shear deformation
effect becomes important here. However, the importance of shear deformation decreases as the
difference parameter diminishes after a certain value of FG index. On the other hand, it is seen
that the difference parameter rises with an increment in atomic parameter. Therefore, it should
be noted that the shear deformation effect at the nanoscale is quite important.
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Figure 2. Variations of first mode nondimensional frequencies of FGM nanobeams according
to the increment of functionally grading index (a) C-S (b) C-C (-O-: eya/L =0, ~A-:
epa/L =0.1,—0: eya/L =0.2).
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Figure 3. Differences of first mode nondimensional frequencies of FGM nanobeams according
to the increment of functionally grading index (a) C-S (b) C-C (-O-: epa/L =0, —Lx-:
epa/L =0.1,—0-: eya/L =0.2).

6. Conclusions

Since nanocomposites as well as nano scaled homogeneous beams can be utilized in
NEMS organizations, mechanical behaviors of nanocomposites must be determined by
performing mechanical analyses according to higher-order elasticity theories. For this purpose,
free vibration of functionally graded shear deformable nanobeams is examined in this study. A
nonlocal finite element formulation (NL-FEM) is developed to solve the equation of motion.
With the help of NL-FEM, the nondimensional frequencies of FGM nanobeams are calculated
and numerical results are discussed. According to this, the atomic size effect must be considered
in the nanostructure, because frequencies calculated by classical theory do not reflect the
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accurate mechanical behavior. Additionally, in nonlocal mechanical analysis, it has been
understood that shear deformation of nanocomposites is more important than classical elasticity
theory.
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Portland Cimentolu Alternatif Polipropilen Elyaf Katkili Beton

Atila Giirhan Celik, ibrahim Giines

1Giresun Universitesi, Miihendislik Fakiiltesi, Insaat Miihendisligi Boliimii, 28200, Giresun/Tiirkiye

Ozet

Bu c¢alismada, polipropilen lif karisimlart hazirlanmis ve betona katki maddesi olarak kullanilan polipropilen lif
ve siiper akigkanlastirici eklenmistir. Polipropilen lifler izotaktik polipropilenden iiretilir. Kalinliklar1 50 mikron
ile 100 mikron arasinda degismektedir. Filamentli lif bir katman olarak kullanilir. 165 °C'de erime 6zelligi gosterir,
ancak malzeme 100 °C'ye kadar kendi 6zelligini koruyabilir. Beton harglarinda genellikle %0.3-1.5 tercih edilir.
Elde edilen numunelerin su emme, yogunluk ve birim agirlik degerleri sertlesmis beton i¢in incelenmistir.

Anahtar kelimeler: Polipropilen, Beton, Su emme, Yogunluk, Birim agirlik
Alternative Polypropylene Fiber Additive Concrete with Portland Cement
Abstract

In this study, polypropylene fiber mixtures were prepared and polypropylene fiber and super plasticizer used as an
additive were added in the concrete. Polypropylene fibers are produced from isotactic polypropylene. Their
thickness varies between 50 microns and 100 microns. The filamentous fiber is used as a layer. It shows melting
property at 165 °C, but the material can maintain its own property up to 100 °C. Generally, 0.3-1.5% is preferred
in concrete mortars. The water absorption, density and unit weight values of the obtained samples were investigated
for the hardened concrete.

Keywords: Polypropylene, Concrete, Water absorption, Density, Unit weight

3. Giris

Beton diinya ¢apinda endiistri olarak en ¢ok tiiketim saglanan ingaat malzemelerinden biridir. Beton tasarimlara
uygulama kolayligi, uzun vadede kullanilabilirligi, saglamlig1 agilarindan oldukg¢a fazla tercih edilen bir yapi
malzemesidir. Ulkemizde de katl yapilarin artis1 ile beton tiiketiminin arttig1 goz ile goriilmektedir. Betonlara
cesitli katki malzemeleri eklenerek beton dayanimi artisi saglanmaktadir. Betonun temel bilesenlerini yani sira
kimyasal katkilara ek olarak farkli miktarlarda liflerin eklenmesiyle elde edilen bir ¢esit giiclendirilmis kompozit
yap1 malzemesine lifli beton denir. Beton igerisinde belirli oranlarda kullanimi birg¢ok fizikomekanik &zelliklerinde
onarim saglayabilmektedir (1). Bu amagla bir ¢ok ¢aligma yapilmistir. Yapilan ¢alismada; ¢imento olarak CEM 1
42.5 R tipte Portland kullanilmistir. 7 ve 28 giinliik numunelerin basing dayanimlar1 ve egilme dayanimlari
incelenmistir. Egilme dayanimi incelendiginde ise lif katkili betonlarda 7. Ve 28. Giinlerde bir artig gézlenmistir.
28. Giinde egilmedeki artig oran1 7. Giindeki artis oranina gore daha az oldugu goézlenmektedir. Egilmede gozlenen
bu artiglar beton icerisinde aderansin ¢ok iyi bir sekilde saglandiginin bir gostergesidir (2). Aghabaglou, ve ark.
yaptig1 bir bagka ¢aligma ise, CEMI 42,5 portland ¢imentosu kullanilmistir. Lif igermeyen sahit numune ve yaninda
%0,4, %0,8 ve %1 oranlarinda polipropilen lif katkil1 lifler ile 4 farkli karisim hazirlanmistir. Tiim bu karigimlarda
su/cimento orani, ¢imento dozaji ve ¢okme degerleri sabit tutulmustur. Cokme miktarmnin istenen miktarda olmasi
i¢in yiiksek oranda su azaltic1 katki kullanilmigtir. Sahit numunede azaltict katki 4 kg/m?® iken diger lifli oranlarda
8 kg/m?® olarak almmustir (3). Kirca, ve ark. yaptiklari galismada; polipropilen lif kullammu ile beyaz ¢imento
harcinda olusan erken yaslardaki biiziilme deformasyonlarina etkisini incelemislerdir. Calismalarinda BPC 42.5/85
¢imentosu kullanmislardir.18mm boyunda propilen lifler 1.29 gram kadar kullanmislardir (4). Diger bir ¢alismada;
lif eklenen betonlarin kirilma tokluguna etkilerini incelemistir. Cimento olarak PC 42,5 kullanilmistir. C20 betonu
hedeflenmigtir. Kullanilacak ve agreganin %60’ 1 micir, %40’ 1 kumdur. Dmax =16 mm alinmistir. Sahit
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numunelerle ayni ortam ve kosullarda polipropilen lifli beton hazirlanmistir. Hacimce %0.5-1- 1.5 oraninda
polipropilen lif eklenmistir. Beton ¢cekme dayaniminda nemli artislar tespit edilmigtir(5).

Bu ¢alismada betona Polipropilen lif katki olarak secilmistir. Polipropilen lif eklemekteki amag betonunun fiziko-
mekanik 6zelliklerini iyilestirmek ve dis etkenlere karsi betona bir savunma sunmaktir.

2. Materyal ve Metot

2.1. Materyal

2.1.1. Cimento

Cimsa fabrikasinin ¢imentolarindan CEM 1 42,5 R - Portland Cimento kullanilmuistir.
2.1.2. Agrega

Bu caligmada kullanilan agregalar 0-2mm, 2-4mm, 4-8mm 8-16 16-22,4 ve 22,4- 32 tane boyutuna sahip olacak
sekilde gruplandirilmiglardir. TS 802’ye uygun olarak maksimum dane boyu 22,4 mm alinmistir ve graniilometri
egrisine uygun olarak karigima eklenmistir.

2.1.3. Polipropilen Lif
Polipropilen olarak M12 tipi kullanilmstir. Ozellikleri Cizelge 1° de verilmistir.

Cizelge 1. Polipropilen Lif Ozellikleri

Ozellik M12
Uzunluk 12
Cap (1) 38
Yogunluk kg/It 0.91
Gerilme Dayanimi 411 N/ mm?
Kalinlik 0,0268 mic

2.1.4. Karisim Suyu

Yapilan ¢aligmada karisim suyu olarak Giresun ilinde sehir sebeke suyu kullanilmistir. Kullanilan suyun ilgili
standartlarda yer alan 6zellikleri saglamasina dikkat edilmistir.

2.1.5. Siiper Akiskanlastiric1 Katki Maddesi

Glenium51'in geleneksel siiperakiskanlik verici katki maddesi kullanilmigtir. Bu siiper akiskanlastiricinin en
denmli 6zelligi ¢imento dagiliminin etkinligini biiyilik dl¢lide arttirmasidir. Bir diger olumlu sonucu ise, belirli
beton islenebilirliginin daha az su Polikarboksilik eter esasli olan bu yeni kusak siiperakigkanlastirici (20°C*“de)
1,07- 1,012 g/cm?® 6zgiil agirliginda olup kahverengi renkte sivi ve homojen haldedir.

2.2.Metod

S6z konusu materyaller kullanarak farkli gruplarda beton numuneleri hazirlanmistir. Sahit (%0 polipropilen) ve
¢imentonun %1, %2, %4 oranlarinda polipropilen lif katkisi eklenerek ana numuneler olusturulmustur.
Polipropilen lif igerigi oranin1 belirtecek sekilde PPO, PP1,PP2 ve PP4 olarak isimlendirilmistir. Beton tasariminda
C18/22 beton iiretmek igin 0-5mm (kum) , 5-12mm (ince taneli) ,ve 12-22,4 mm (iri taneli) agrega gruplari
strastyla %54, %14 ve %32 oranlarinda kullanilmistir. Karigim suyu 180 It, su/¢imento orani 0,70, hava icerigi

255



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

%1,8 ve ¢okme miktarlar1 6 cm olarak belirlenmistir. Her beton grubu i¢in iicer adet 15x15%15 ¢cm boyutunda
toplam 24 adet kiip numune hazirlanmistir.

3. Deneysel Sonuglar
3.1. Mekanik Deneyler
3.1.1. Basin¢ Dayanimi

Kontrol Numunesi olan PPO-4, PP0-8 (%0 polipropilen iceren ve sirast ile %0,4- %0,8 oraninda siiper
akiskanlastirict igeren) serileri ve diger polipropilen katkili numuneler PP1-4,PP1-8, PP2-4,PP2-8, PP4-4,PP4-8
serileri 7,14 ve 28 giinliik kiir siirelerinden sonra pres cihazi ile basing deneyine tabi tutulmustur. Elde edilen
sonuglar karsilastirildiginda, sahit numunelerde %0,4 (PP0-4 serisi) oraninda kullanilan siiper akiskanlastirici katki
maddesi %0,8 oraninda kullanilan numunelere (PP0-8 serisi) gore daha dayanimi yiiksek ¢iktig1
goriilmistir(Sekill).

25

20

PPO-4 PP1-4 PP2-4 PP4-4 PP0O-8 PP1-8 PP2-8 PP4-8
Numune Serileri

1

(63}

1

o

Basing Dayanmim Degeri (N/mm?2)
(6]

m7 giinlik ™14 giinlik =28 giinliik
Sekil 1. Numunelerin basing dayanim degerleri

3.1.2. Cekme Dayanimi

Kontrol Numunesi olan PP0-4, PP0-8 (%0 polipropilen igeren ve sirasi ile %0,4- %0,8 oraninda siiper
akigkanlastiric1 igeren) serileri ve diger polipropilen katkili numuneler PP1-4,PP1-8, PP2-4,PP2-8, PP4-4,PP4-8
serileri 7,14 ve 28 giinliik kiir siirelerinden sonra pres cihazi ile basing deneyine tabi tutulmustur.

Yapilan incelemeler 1s1¢inda sahit numunelerinde 28 giinliik basing dayanim degeri yiiksek oldugundan ¢ekme
dayanim degeri de yiiksek goziikmektedir. Sahit numuneler kendi i¢inde degerlendirildiginde ¢ekme dayanimi
%0,8 oraninda siiper akiskanlagtirict kullanilan numuneler %0,4 siiper akiskanlastirict kullanilan numunelere
kiyasla ¢ekme dayaniminin diistiigii gozlenmektedir. Kontrol numuneleri haricinde polipropilen kullanilan
numunlerde ise siiper akiskanlagtiricinin %0,8 oraninda kullanildigt durumlarda daha iyi sonuglar elde edilmistir.
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En iyi gekme dayanimi sonucu ise PP2-8 olan numune serisinde yani kullanilan polipropilen oran1 %2 ve kullanilan
stiper akigkanlastirict orani %0,8 olan numune serisinde goriilmiistiir (Sekil 2).

=
N

iy
o

oo

[e)]

SN

N

PPO-4 PP1-4 PP2-4 PP4-4 PPO-8 PP1-8 PP2-8 PP4-8

Numune Serileri
m 7 Giinluk m 14 Gunlik m 28 Ginlik

Sekil 2. Numunelerin ¢ekme dayanim degerleri

Cekme Dayanim Degeri (N/mm?)
o

4. Sonug ve Oneriler

Caligmanin sonuglar1 asagida verilmistir;

Kaynaklar

Polipropilen lif katkili ve sahit numuneler incelendiginde ve dayanim sonuglari kiyaslandiginda,
sahit numunelerde (PP0) %0,8 oranindaki siiper akiskanlastirict %0,4 oranindaki
stiperakigkanlastiricinin kullanimina gore daha diisiik dayanimli sonuglar elde edilmistir.
Polipropilen kullanilan numunelerde en yiiksek dayanim PP2 yani %2 oranda polipropilen
kullanim1 s6z konusu olan numunlerde goriilmiis ve en az dayanima sahip olan PP4( %4
oraninda polipropilen igeren) numunesi olmustur. Bu durumda basing dayanimi i¢in en ideal
kullanim %2 oraninda polipropilen lif ve %0,8 oraninda siiper akiskanlastiricinin birlikte
kullanimudir.

Cekme dayanimi; polipropilen lif kullanilan numune gruplarinda %?2 polipropilen igerikli ve
%0,8 siiper akiskanlastirici katkili beton grubu (PP2-8) daha basarili bulunmustur.

Bu calisma sonucunda polipropilen katkisinin betonun basing dayanima ¢ok fazla etkisinin
olmadig1 fakat cekme dayanimini arttirdig1 ve polipropilen lif ve katki dozunun iyi ayarlanmasi

gerektigi tespit edilmistir.

[1] Sanjudn M.A. , Bentur A. ve Andrade C. “Effect of polypropylene fibre reinforced mortars on steel
reinforcement corrosion induced by carbonation” Materials and Structures, 1998. s. 343-349.
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[3] Aghabaglou A. M., “ Polipropilen Lif Kullanimi1 Oraninin Beton Karigimlarmin Dayanima Etkisi”
XX. Ulusal Mekanik Kongresi, Bursa Uludag Universitesi, 2017.

[4] Kirca O. ve Sahin M. “Polipropilen Lif Kullaniminin Beyaz Beton Dayanikliligia Etkisi” IMO.
[5] Bahadir B., “Liflerin Beton Kirilma Tokluguna Etkileri” Sakarya, Sakarya Universitesi, 2007.
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Abstract

The new industrial revolution is changing human life and activities beyond recognition. The development of
digital technologies, the application of cyber-physical systems and the use of artificial intelligence lead to an
increase in the standard of living of certain groups of the population, and economic growth in several areas of the
economy. At the same time, it brings a number of problems.

An important condition for ensuring competitive activity of the enterprise in the environment of Industry 4.0
is human capital - training of qualified personnel with digital skills.

The article examines the advantages and disadvantages of the application of digital technologies in the
industry 4.0 environment, the problems that arise, and ways to overcome these problems. Existing approaches for
defining a list of new skills and habits in terms of the requirements for specialists now and in the near future are
analyzed and summarized. Suggestions and recommendations are given for developing these skills and habits.

Keywords: Industry 4.0, Digital competencies, Human capital

1. Introduction

Artificial intelligence, robotics, internet of things, 3D printing, nanotechnologies, quantum computing, big
data — these are all technological realities that form the basis of the fourth industrial revolution. These technologies
are designed to provide humanity with everything it needs, including ensuring the security of the individual, society
and the state.

The application of digital technologies leads to job losses. According to the forecast of the World Economic
Forum, millions of people in several countries of the world will face the threat of losing their jobs as a result of
the application of robots in the future.

An important condition for ensuring competitive activity of the enterprise in the environment of Industry 4.0
is human capital - training of qualified personnel with digital skills. On the other hand, the content of the most
required skills and habits has changed significantly in recent years, and new training methods have appeared. This
requires constant updating of programs designed for personnel training and skill development.

Application of cyber-physical systems in industrial enterprises, management of production processes and
other processes with computer programs requires ensuring high level of cyber security. Currently, in the modern
digital world, cybercrime is the main threat factor for the development of the world economy. Previously, there
was an opinion that strong software development and technical methods were sufficient to prevent unauthorized
access to information resources. However, it is not possible to ensure information security only with software and
technical means. The solution of information security problems also depends on the culture of people and their
behavior in relation to information.
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Research shows that the majority of security breaches are caused by human error. Therefore, enterprises
should prepare their employees in a better way in order to increase the level of information security of their
resources and increase the resistance of employees to cyber threats.

2. The essence and possible consequences of Industry 4.0

Today we are on the threshold of the 4th industrial revolution. The project Industry 4.0 was one of the 10
“Projects of the Future” identified by the German government as part of the “High-Tech Strategy 2020 Action
Plan [1].

The concept of Industry 4.0 was proposed in Germany in 2011. Its essence lies in the combination of real and
virtual labor organization systems, as well as in the integration of people with digitally controlled intelligent
machines that widely use the Internet and information technologies. Production is characterized by automation,
computerization and robotization. All devices in the production line interact with each other and shape an
intelligent system.

The main components of Industry 4.0 are cyber-physical systems, the Internet of Things, 10S and intelligent
systems. Smart products are sub-components of cyber-physical systems. The intelligent systems are estimated to
be the main components for the successful development of society.

The 4th industrial revolution leads to a strong connection between the real and virtual world in cyber-physical
systems, that is, the new industrial concept called Industry 4.0 means the integration of IT devices and solutions
into production processes to increase production efficiency and flexibility. Industry 4.0 specifies new directions
for changes in production and management, and at the same time affects various aspects of society.

Economic initiatives related to Industry 4.0 are gradually increasing. The propagation of Industry 4.0 is
causing changes in many areas of society and economy. The range of changes is quite wide and it is impossible to
list them all, or even to define them completely. Against the background of ongoing changes, the question arises:
what are the social expectations of the 4th industrial revolution?

The changes taking place are changing the structure of the labor market. This is due to the fact that new
technologies allow the automation of a large part of the processes, resulting in the reduction of jobs [2]. Second,
new technologies create new opportunities for business, which, in turn, means the creation of new jobs.

Industry 4.0. affects the complete transformation of the industry in three directions:

o Digitization of production, i.e., data management systems and production scheduling;
e Automation, i.e., a system of data collection from production lines through multiple machines;
e Integration of production sites in a complex supply chain, i.e., automatic data sharing.

Any industrial revolution is not only accompanied by technical innovations, nevertheless, gradually covers all
spheres of society and leads to fundamental cultural and social changes [3].

As a result of the introduction of new technologies, the automation of labor and the increase of productivity
are expected. Technological development and the possibilities of artificial intelligence can completely destroy a
number of professions and lead to an increase in unemployment.

The new technical reality put forward strict demands on specialists, namely, having knowledge in the field of
ICT, mathematics and finance along with the main profession. The usefulness and efficiency of a person in the
labor market will depend on his/her ability to think critically, creatively approach the problem solving, his/her
initiative, ability to constantly adapt and adopt new skills and approaches in various contests.

3. Digital skills for Industry 4.0

As a result of the impact of the 4th industrial revolution, we are witnessing the changes in employment
conditions and requirements for professional skills. The key component for the successful implementation of
Industry 4.0 technologies in enterprises and the expansion of opportunities for future activity is the employees’
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skills. G20 analyst report predicts the demand for non-standard analytical skills related to creativity, problem
solving, communication, teamwork and entrepreneurship to increase.

The guarantee of successful implementation of Industry 4.0 in enterprises is the acquisition of new knowledge
and skills by employees and their constant self-development. Therefore, each enterprise must define specific digital
skills specific to the enterprise in the future.

Talent and skills are the main driving force behind the successful implementation of Industry 4.0. Advanced
manufacturing concept can be realized with the help of skilled and well-trained workforce. The success of Industry
4.0 depends not only on technologies, but also on people [4].

One of the nine main pillars forming the basis of Industry 4.0 is additive manufacturing. Additive
manufacturing is considered to be one of the most innovative technologies. This is of great interest to industrial
enterprises, educational institutions and public authorities. In this regard, training the workforce and preparing it
for new realities is one of the most central tasks.

EU countries implement numerous projects to increase the qualifications and develop the digital skills of not
only employees, but also the general population, i.e., citizens, teachers, students, and various professions. For
example,  “Digital Competencies for Citizens (DigComp)”, “Digital Competencies for Consumers
(DigCompConsumers)”, “Competencies for Entrepreneurs (EntreComp)”, etc. [5].

The DigComp model of digital competencies envisages competencies in five areas [6]:

1. Literacy in the field of information and data (searching information, extracting and storing the
necessary out of the information found, etc.);

2. Communication and cooperation (interacting, communicating and participating in the life of society
using digital technologies, etc.);

3. Competencies for digital content creation (creating and editing digital content in various formats,
being aware of and applying copyright and licensing);

4. Competencies in the field of security (risks and threats in the digital environment, protection of
devices and data, awareness of security measures, data privacy, knowledge of the impact of digital
technologies on the environment and its prevention);

5. Solving emerging problems (using digital tools to apply innovations to processes and products).

The World Economic Forum analysts believe that the following competencies that are important for successful
operation in the conditions of the 4th industrial revolution are [7]: complex problem solution; critical thinking;
creativity; people management; coordination skills (interaction); emotional intelligence; reasoning and decision
making; service-oriented (customer-orientated); ability to negotiate; cognitive flexibility.

The fundamental skills model of the digital economy developed by Burning Glass [8] includes four blocks.
The model develops a list of fundamental skills.

Table 1. Fundamental skills model of the digital economy

Human Skills Domain Knowledge Digital Building Block | Business Enabler Skills
Skills

Critical thinking, creative | Strategy, economics, | Data analysis, Big Data | Project management,
approach, analytical | marketing, and data management, | decision making, data
analysis, communication | communications/public software  development, | visualization and
and cooperation relations, talent | ensuring information | communication.

development/human security

resource  management,

research and

development/product

development;

In this model, skills are divided into three levels: primary skills; basic skills; special skills.
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4. Conclusion

The introduction of Industry 4.0 technologies leads to a number of changes. Digitization and automation of
production affects the nature of the organization of work in enterprises and the employment of population. As a
result of automation, the following changes are observed:

Reduction of some jobs;

Change in the nature of works performed,;
Creation of new jobs;

¢ Inconsistency between required and offered skills;
e Change of working conditions (remote work).

The importance of the skill mismatch problem is also shown in international studies. Lack of basic skills is
the third most important factor preventing the increase in the enterprise performance [9].

For the successful implementation of Industry 4.0 technologies, employees must have appropriate
qualifications. It is extremely important to have a flexible system capable to perform training, upgrading and
retraining of personnel within the enterprise. For this, enterprises should perform the following activities:

1. Preparing and systematizing the list of digital skills important for the enterprise (general and specific
skills);

2. Employees’ digital knowledge and skills should be assessed and the necessary knowledge and skills
should be determined according to the assessment results;

3. A training program should be prepared and constantly updated, allowing to acquire the required

knowledge and skills;

A budget should be allocated for training and the training process should be managed,;

New training methods (open educational resources, virtual reality, games, etc.) should be applied in

the training process.

o ks

Thus, for the successful implementation of digital technologies, employees must have the appropriate skills.
Retraining and increasing the qualification of the existing labor force is one of the important conditions for future
economic growth and increasing the stability of society.
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Abstract

In recent years, cellulose nano crystal (CNC) can be characterized as an appropriate reinforcement material for
nanocomposites due to its characteristic properties such as lightness and high surface area/volume ratio. In this
study, 1% wt. CNC was introduced into epoxy via conventional casting method to produce composite samples.
Furthermore, CNC was modified with (3-Glycidoxypropyl) trimethoxysilane (GPTMS) and the composites
consisted of that powder were prepared for 1% wt. concentration as well. Structural characterizations of pristine
and silanized CNC were performed using attenuated total reflectance-Fourier Transform Infrared Spectroscopy
(ATR-FTIR). The spectrum clearly indicates that CNC was successfully treated with GPTES. Tensile and flexural
responses of those structures were determined to reveal the effect of silanization. Based on the test results, GPTES
presence led to the increase of tensile and flexural strength values as 16% and 50%, respectively as compared with
unmodified CNC/epoxy composites. However, elastic modulus and flexural modulus parameters of modified
composites were slightly lower (approximately 10.5-11%) than the pristine CNC based structures. Although silane
treatment promoted improved strength values, neat epoxy still exhibited better mechanical properties. This
situation can be attributed to the particle size of modified CNC. It is highly probable that grinded CNC was no
longer a nano-size powder, therefore its positive effects could not be observed in mechanical tests.

Keywords: Cellulose nanocrystal (CNC), CNC/epoxy composite, Mechanical properties

1. Introduction

Cellulose-based nanomaterials are known as environmentally friendly/ecological reinforcement materials
because of easy decomposition in nature, carbon neutral characteristics and recyclability properties. Due to the
aforementioned reinforcement features, it attracts the attention of researchers working in the field of materials
science. Cellulose nanocrystal (CNC) particles contribute to the mechanical and thermal properties at a high level
when used as a reinforcing element in a polymer-based matrix [1]. Since the matrix has a hydrophobic character
and the reinforcement shows a hydrophilic character, the optimum distribution between those components is more
difficult as compared to other nanoparticles. This situation limits the industrial use of cellulose nanocrystals in
commercial applications. The moisture problem caused by the hydrophilic character is a factor that reduces the
reinforcement properties of composite materials [2]. The cellulose nanomaterial additive between 2% and 5%,
which will be reinforced into the epoxy resin, shows comparable properties with the epoxy composites reinforced
with 15%, 20% glass fiber/volume ratio, with its high hardness and specific strength values [3]. In the literature,
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there are many studies on the use of cellulose nanocrystal (CNC) reinforcement in different matrices at different
rates.

Leén et al. investigated the mechanical properties of ABS nanocomposites formed by reinforcing
modified cellulose nanocrystal particles to ABS at certain rates and reached the result of an increase in Young's
modulus and yield stress values when compared to pure ABS. The 1% concentration by mass was determined as
the optimum value and it was seen that the modification of nanoparticles exhibited a positive effect. At 0.25% wt.
concentration, the storage modulus value determined by DMA achieved the highest value, and no change was
observed in the glass transition temperature (Tg) for ABS [4].Nascimento et al. investigated the mechanical and
thermal properties of cellulose nanocrystal reinforced epoxy matrix composites by dispersing 4%, 5.5%, and 7%
wt. CNC particles in epoxy resin. Thermal properties such as thermal stability, glass transition temperature and
degree of conversion were measured by thermal gravimetric analysis (TGA) and differential scanning calorimetry
(DSC). In the microstructural examinations conducted on the fracture surfaces with transmission electron
microscopy (TEM), a decrease in the impact resistance was observed due to the non-homogeneous distribution of
the CNCs. There was no significant change in the tensile and bending modulus when compared to neat epoxy.
Scanning electron microscopy (SEM) analysis revealed a difference in the fracture mechanism of epoxy, revealing
that CNCs increased the elastic modulus with its reinforcement properties. However, CNC also acted as a defect,
which accelerated the fracture. Many researchers have stated that the lack of reinforcement occurs due to the
particle agglomeration. That agglomeration can be attributed to the non-homogeneous dispersion as a result of
hydrophilic behavior of CNCs in the epoxy matrix [5]. Roszowska-Jarosz et al. investigated the effect of low-
doped nanocellulose material on the improvement of the mechanical properties in epoxy composites. They focused
on three different rates as 0.5%, 1.0%, 1.5% wt. As a result of the test results, it was determined that the impact
strength increased between 70-90%, the resistance to brittle fracture improved by 70% and the bending stress at
break increased by 15% when compared to the pure epoxy sample [6].

The primary motivation for our work is to produce composites using eco-friendly CNC as the
reinforcement component. For this purpose, the CNC obtained entirely from bio-based natural resources, was
reinforced with epoxy and its tensile and flexural properties were investigated for 1% wt. concentration.
Furthermore, silane modified CNC was integrated with epoxy for the same percentage and the performance of
resultant composites were compared with the neat CNC based composites and pure epoxy.

2. Materials and Methods

In this study, epoxy supplied from Duratek™ (with DTE 1200 resin and DTS 2110 hardener components)
and cellulose nanocrystal (CNC) purchased from Nanografi™ (10-20 nm width and 300-900 nm length) were used
as the matrix and particle reinforcement constituents, respectively for composite preparation. To improve the
compatibility between hydrophobic epoxy and hydrophilic CNC, silane surface modification was conducted based
on the procedure referred in [7] and [8]. According to this process, a calculated quantity of 3-glicidyloxy-
propyltrimethoxy silane (GPTMS) was added into 100 ml ethanol/water mixture (80/20 V/V). Concentrated acetic
acid was added to the mixture until the pH was 5 and stirred at room temperature for 30 min. CNC (4 wt %) was
added to deionized water and mixing with homogenizator (25,000 rpm) for 5 min. After this process, mixture was
sonicated for 30 min. The CNC dispersion was added slowly into the silane mixture under stirring at room
temperature. The reaction was stirred for 12 h. After the reaction was completed, ethanol was evaporated and the
product was dried in an oven at 50 °C for 4 days. The dired products were grinded using an agate mortar and
washed with ethanol for three times to remove unreacted silane. Finally, the samples were dired in an oven at 80
OC. This product were prepared as GPTMS / CNC with 5:1 wt/wt and 12 reaction time.
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To emerge the silane modification outcomes, Fourier transform infrared spectroscopy (FT-IR)
characteristics were evaluated with Jasco™ FT/IR-6700 equipment over 400-4000 cm™ zone at room
temperature.In order to reveal the effects of silane treatment on the mechanical properties, only 1% wt. CNC
concentration was tested during this study. Experimental preperation steps are given as seen in Figure 1. Epoxy
resin (component-A) was firstly mixed with the required amount of CNC powder manually. Dual mixing, which
is the combination of sonication and magnetic stirring, was applied to that two-phase solution for about 20-30
minutes subsequently. After the addition of DTS 2110 hardener, the resultant mixture were stirred for 5 minutes
and cast into silicon molds for specimen manufacturing. Both tensile and flexural test specimens cured at room
temperature for 48 hours and post-curing process was applied at 80 °C for 8 hours.

Two different groups of samples were produced in the context of this study: 1 % wt. neat CNC/epoxy and
1% wit. silanized CNC/epoxy composites. Neat epoxy samples were also produced to compare its mechanical
performance with modified and unmodified CNC based composites. Tensile and flexural tests of the whole
structures were carried out via Schimadzu™ AG 50 kN universal test system. The crosshead speed of tensile test
was determined as 1 mm/min according to ASTM D638-99 standard. The three-point bending apparatus was used
for flexural test and based on ASTM D790-03 standard, the respective crosshead speed was determined as 1.5
mm/min. Three samples for each category were evaluated and average values were expressed with standard
deviations.

E in (C A) + CNC dual mixing
oxy resin (Comp. A) +
POXy p —
/4 |
i
ms?i?rri]sg;c Hardner (Comp. B) addition

into the solution

v’ tension test samples

casting
v’ flexural test samples

Figure 1. Preparation stages of CNC/epoxy composites

3. Results and Discussions

Structural characterizations of pristine and silanized CNC were performed using attenuated total
reflectance-Fourier Transform Infrared Spectroscopy (ATR-FTIR) and shown in Figure 2. The peaks observed
around 2871 and 2898 cm! corresponds to C-H stretching in the spectra of both CNC and treated CNC. There is
also a peak at 2933 which belong to C-H stretching in treated CNC. The absorbance peaks in the range 3330-3334
cm are attributed to the stretching of the OH groups of cellulose. The decrease in peak intensity indicates that
most of the OH groups are silanized. Generally, the spectrum clearly indicates that CNC is successfully treated
with GPTMS.
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Figure 2. FTIR spectrum of CNC and Silanized CNC

Representative tensile and flexural test graphs of host matrix (epoxy) and prepared composites are shown
in Figure 3(a) and 3(b), respectively. The parameters obtained from those tests are also given in Table 1. It is
appearent that neat epoxy exhibited a ductile characteristic with a particular plasticity. As seen in Figure 3(a),
addition of neat CNC leads to emergence of the brittleness and reduction of ductility while the average ultimate
tensile strength (ours) value of composites decreased. Silane tratment promoted the strength magnitude, which is
the indication of improved stress transfer between epoxy and CNC. When the average elastic modulus (E) values
of three set of samples are compared, it is observed that surface modification negatively influenced that parameter
and declined it. Similar type of behavior was also seen in the flexural test results. The presence of silanized CNC
caused to 13% decrese of flexural modulus while the neat CNC/epoxy composites just led to the 2% reduction for
the same parameter. Flexural strength of silanized CNC/epoxy samples are ~35% higher than the other composite
group. However, none of the composites could attain the strength of pure epoxy under out of plane loading.
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Figure 3. (a) Tension test graph, (b) flexural test graph of neat epoxy and CNC based composites.

Table 1. Mechanical test results of neat epoxy and CNC based composites

Tensile Tensil Flexural Flexural

Sample ID Strength Mod Tnm((e;P ) Strength
odulus a

(MPa) (MPa) Modulus (GPa)
Neat epoxy 60.846.24 3.08+0.22 145.8+16.1 3.58+0.19
%1 neat CNC/epoxy comp. 50.7+10.33 3.05+0.31 83+34.86 3.51+0.24
YERTPPY
C/ Z:n ‘;"an'zed CNClepoxy 58.5+3.30 2774018 | 125241407 |  3.13+0.43
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4. Conclusions

In this study, neat CNC and silan treated CNC based polymer composites were successfully
manufactured. Epoxy was choosen as the matrix material and the composites were prepared with traditional casting
technique. Both tensile and flexural responses of composites were determined and compared with pure epoxy. The
modification effect of silane was verified via FT-IR analysis. Based on the test results, it is observed that tensile
and flexural strength values of silanized CNC/epoxy composites were higher than unmodified CNC based
counterparts. However, modulus values obtained from the same tests decreased with the presence of silane surface
agent. Although stress transfer became more effective in the modified composites, stiffness magnitudes slightly
reduced and none of the composites could achieve the performance of neat epoxy. This situation can be ascribed
to the particle size of modified CNC. It is highly probable that after grinding process, the resultant CNC was no
longer a nano-size powder. For that reason, unexpected results obtained from mechanical tests could be attributed
to this possibility.
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Abstract

An intelligent software system refers to any software using artificial intelligence to analyze and interpret data or
to communicate with systems and people. The article substantiates the relevance of the issue and highlights existing
problems. The following factors are taken into consideration when assessing the problems of intelligent software
system designing: easy data collection, low cost of developing intelligent systems, availability of experts and
necessary resources (computers, program developers, software, etc.). A model is developed for the intelligent
interface. The competency of the expert group is formed and evaluated, and experiments are conducted. The results
obtained are satisfactory. The developed method can be beneficial for everyone.

Keywords: Software system, Intelligent, Intelligent interface, Expert group.

1. Introduction

Intelligent System (IS) is a creative hardware or software system capable to skillfully solve problems related
to a specific subject area, so that knowledge is stored in the memory of such systems. Intelligent systems are
explored by a group of scientists called “artificial intelligence”. However, many researchers, namely psychologists,
educators, point out the negative features (for example, cyber-addiction, etc.) of the application of intelligent
systems; they believe that a different type of personality, i.e., a person belonging to the cyber world, is formed
being affected by intelligent systems [1].

Intelligent systems also suffer from the security issues of a person’s private life and provision of data security.
Based on the above, it is possible to draw appropriate conclusions in accordance with the study of theoretical and
technological intellectual systems. The purpose of this work is to study the stages, components and technological
aspects of intelligent software systems, to analyze the application aspects of intelligent systems. The stages,
components, trends, etc. indicated in the conceptual model for the design of intelligent software systems are studied
and the characteristics of each of them are determined [2].

Synthesis refers to coordination and construction. The term was first introduced in 1845 by the German
scientist Kim Adolf German.

The issue of synthesis in decision-making becomes its part when the alternative variants have a complex multi-
element structure; and in this case, the combination of different subdivisions of certain elements occurs in a single
variant. Synthesis involves procedures for analyzing solutions. These issues can be classified for many traits [3].

Available approaches to the development of decision support software system are grouped as follows:
e  Approaches based on the mathematical methods of decision-making theory and the artificial intelligence;

e  Systems building with expert data, mathematical modeling and data structure based on mathematical
methods [4].
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2. Materials and Method

Creating intelligent systems is a complex process. It consists of many stages. One of the main stages here is
the design of intelligent software systems.

Designing intelligent software systems is an iterative and evolutionary process involving a group of experts.
This includes creating a system on the subject area, involving specialists with knowledge in the field of artificial
intelligence, high-level engineers, analysts and programmers with engineering knowledge. Depending on the size
and complexity of the work, the group may involve three to six people [5].

The following factors should be considered when assessing the problems when designing intelligent software
systems: easy data collection, the cost of developing intelligent systems, the availability of experts and necessary
resources (computers, programmers, software, etc.).

Following the analysis of the problem area and determination of the feasibility of implementing an intelligent
system in this area, the system is designed directly [6].

There are different views on determining the number of stages in the design of intelligent systems. This is
particularly associated to the functions of future intelligent system, the scope of use, the availability of advanced
tools, and so forth.

One of the ways to increase the technical efficiency in solving problems arising when studying the features of
software systems is the use of artificial intelligence methods in the design and synthesis of the Intelligent
Information Measurement System (IIMS). Optimization of the intelligent decision-making procedures in
accordance with the selected criteria to choose the optimal mode parameters of measurements depending on the
measurement situation refers the efficiency and accuracy of measurements [7].

The general theory of the basic methodological systems for solving the synthesis problem of the 1IMS structure
includes the artificial intelligence and fuzzy set methods.

The main goal of solving the synthesis problem of the IIMS structure is to develop a universal structure of the
intelligent system and achieve a reliable result, increase the efficiency of the system functionality [8].

The main issues in the ISS synthesis are as follows (Figure 1):

Key issues in the
ISS synthesis

N,

Development of a Creating a model of Intelligent interface Knowledge base
conceptual mods of the ISS synthesis
the ISS synthesis process
v ¥ v v
Development of Use of artificial Development of Development of
structural chart of intelligence mathematical software
IS5 algonthm methods support
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Figure 1. Key issues in the ISS synthesis

3. Conclusions

Designing intelligent software systems is one of the most important issues. The article developed a conceptual
model for designing intellectual software systems. The novelty of this work was that the stages required for design
and their characteristics were concentrated in the developed model. The synthesis of ISS was concluded to be one
of the most pressing issues. The creation and use of such systems saves costs and makes the program run faster
and more efficiently. In the future, more efficient results can be achieved using newer technologies.

References

[1] Babak, V.F. and Ryzhenko, I.N. 2002. Sovershenstvovaniye metodologii proyektirovaniya
informatsionnykh sistem. Moskva: GOU VPO, 2002

[2] Bourque, P. and Fairley, R.E. Guide to the Software Engineering Body of Knowledge (SWEBOK)). Los
Alamitos: IEEE Computer Society.( http://www.Swebok.org), 2014

[3] Ostroukh, A.V. Intellektual'nyye sistemy. Krasnoyarsk: Nauchno-innovatsionnyy tsentr, 2015.

[4] Dolinina, ON., Kushnikov, VA., Pechenkin, VV. and Rezchikov AF. (2019). “The Way of Quality
Management of the Decision Making Software Systems Development”, Software engineering and
algorithms in intelligent systems, (https://doi.org/10.1007/978-3-319-91186-1 11)

[5] Mahmudova Sh. “Development of a conceptual model for intelligent software system designing”. Review
of information engineering and applications. vol. 9, no. 1, pp. 12-22, 2022.

[6] “Chto takoye baza znaniy” August. 06, 2022. [Online]. Available:

https://www.atlassian.com/ru/itsm/knowledge-management/what-is-a-knowledge-base

[7] T. M. Zubkova, Ye. N. Natochaya. ‘“Proyektirovaniye interfeysa programmnogo obespecheniya s
ispol'zovaniyem elementov iskusstvennogo intellekta”, Software & Systems, tom 30, Ne 1, str. 5-11,

2017
[8] Sovetov, B.Y AModelirovaniye sistem: M.: Vyssh, 2005.

270


https://www.sebokwiki.org/wiki/Guide_to_the_Software_Engineering_Body_of_Knowledge_(SWEBOK)
http://www.swebok.org/
https://doi.org/10.1007/978-3-319-91186-1_11
http://www.scirp.org/journal/Home.aspx?IssueID=5057#48464
https://www.atlassian.com/ru/itsm/knowledge-management/what-is-a-knowledge-base

ISC'22 2™ International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

Susuz Boraks Katkisinin Aliiminyum Malzemelerin Vickers Sertlik
ve Iz Modiilii Degerlerine Etkisinin Incelenmesi ve Eniyilenmesi

Senol SAHIN?, Aysegiil BODUR YILMAZ?, Or¢un YONTEM®

1 Kocaeli Universitesi, Mithendislik Fakiiltesi, Makina Miihendisligi Boliimii, Kocaeli, Tiirkiye, (ORCID: 0000-
0002-7823-2245), sensah@kocaeli.edu.tr

2" Kocaeli Universitesi, Fen Bilimler Enstitiisii, Makina Miihendisligi A.B.D., Kocaeli, Tiirkiye, (ORCID: 0000-
0003-1456-1282), aysequl.bodur@kocaeli.edu.tr

8 Kocaeli Universitesi, Fen Bilimleri Enstitiisii, Makine Miihendisligi A.B.D., Kocaeli, Tiirkiye — Toyotetsu
Otomotiv, (ORCID: 0000-0001-7149-9169), yontemo@toyotetsu.com.tr

Oz

Bu calismada matris malzemesi olarak hafifligi, dayanimi ve fonksiyonel olmasi 6zellikleriyle 6n plana ¢ikan
aliminyum malzemesi (Al) ve katki malzemesi olarak ise bor mineralinin bir ¢esidi olan susuz boraks (SB)
maddesi kullanilarak aliiminyum matrisli kompozit malzeme {iretimi gerceklestirilmistir. Bu kapsamda
aliiminyum malzemenin Vickers sertlik ve 1z modiilii degerlerini artirmak igin farkli agirlik¢a oranlarda susuz
boraks farkli aliiminyum serileri ile karistirilarak toz metalurjisi ydontemiyle iiretilmis ve deney tasarim yontemiyle
kompozit malzemenin sertlik ve iz modiilii degerlerinin eniyilemesi ¢aligmasi gerceklestirilmistir. Taguchi deney
tasarim yontemi kullanilarak gerceklestirilen ¢caligmada kompozit malzeme 6zelliklerine etkisi oldugu diisiiniilen
aliminyum serisi (saf, 1050, 5754), susuz boraks katki orani (%1, %2.5, %5), sinterleme sicakligina 1sitma hizi
(5°C/dak, 10°C/dak, 20°C/dak) ve sinterleme sicakliginda bekleme siiresi (5dak, 10dak, 20dak) kontrol faktorleri
olarak secilmis ve bu faktdrlerin {i¢ seviyesine bagli olarak Taguchi L9 ortogonal deney dizini olusturularak
kompozit malzeme tiretimleri gergeklestirilmistir. A/SB kompozit malzemelerin BS EN ISO 14577-1 standardina
gbre Vickers sertligi (HV) ve 1z modiilii (Eir) degerleri l¢iimleri gerceklestirilerek faktdr ve seviyelerinin etkileri
aragtirllmigtir.

Anahtar Kelimeler: Aliiminyum, iz Modiilii, Susuz Boraks, Sertlik, Toz Metalurjisi

Investigation and Optimization of the Effect of Anhydrous Borax Additive
on the Vickers Hardness and Indentation Modulus VValues of Aluminum
Materials

Abstract

In this study, aluminum material (Al), which stands out with its lightness, strength and functional properties, was
used as the matrix material and anhydrous borax (SB), a type of boron mineral, was used as an additive material
to produce aluminum matrix composite material. In this context, to increase the Vickers hardness and indentation
modulus of the aluminium material, anhydrous borax was mixed with different aluminium series in different
weight ratios and produced by powder metallurgy, and the optimisation of the hardness and indentation modulus
values of the composite material was carried out by the design of experiments method. In the study carried out
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using Taguchi experimental design method, aluminum series (pure, 1050, 5754), anhydrous borax additive ratio
(1%, 2.5%, 5%), heating rate to sintering temperature (5°C/min, 10°C/min, 20°C/min) and waiting time at sintering
temperature (5min, 10min, 20min), which are considered to have an effect on composite material properties, were
selected as control parameters, and composite material productions were carried out by creating Taguchi L9
orthogonal array depending on three levels of these parameters. Vickers hardness and Indentation modulus values
of Al/SB composite materials were measured according to BS EN 1SO 14577-1 standard and the effects of factors
and levels on composite material properties were investigated.

Keywords: Aluminium, Anhydrous Borax, Indentation Modulus, Hardness, Powder Metallurgy
1. Giris

Kompozitler, en az iki farkli malzemenin bir araya gelmesiyle olusan, matris ve takviye olarak adlandirilan
bilesenlerin bir arayiiz olusturarak bir araya geldigi ve tek bir malzeme gibi davrandig: ileri teknolojik malzeme
grubudur. Teknoloji gelistikge malzemelerden beklenen 6zellikler de degismis ve birgok sektdrde yiiksek kimyasal
ve mekanik dayanima sahip ancak hafif malzemelere olan talebin artmasi kompozitlere olan ilgiyi artirmistir [1,2].

Hafifligin giderek 6nem kazandigi otomotiv sektdriinde alternatif malzeme arayislariyla birlikte aliiminyum
malzemelere yonelim baslamis ve mekanik dzellikleri iyilestirmek i¢in aliiminyumun matris olarak kullanildigi
metal matrisli kompozitler tercih edilmeye baglanmistir [3,8]. Metal matrisli kompozitlerin iiretiminde tercih
edilen takviye malzemeleri, iyi mekanik 6zelliklere ve yiiksek sertlik degerlerine sahip seramik malzemelerdir.
Metal matrisli kompozitlerin tiretiminde tercih edilen bir diger 6nemli takviye malzemesi olan bor karbiir (B4C),
elmas ve kiibik bor nitriirden (cBN) sonra bilinen en sert malzemedir [4]. Yiiksek erime sicakligina, kimyasal
kararliliga ve yiiksek sertlik degerlerine sahip B4C minerali, diigiikk yogunluk degerlerine ve iyi mukavemet
ozelliklerine sahip bir aliiminyum matris i¢inde kullanarak yiiksek mukavemet ve iyi asinma &zelliklerine sahip
bir kompozit malzeme gelistirmek amaglanmaktadir [5, 6]. Ozellikle otomotiv, havacilik ve savunma gibi sektdrler
hem hafif hem de rijit malzemelere ihtiyag duymaktadir. Ancak iiretimde kullanilan malzemeler beklenen
performanst gostermediginde tiretim verimsizlikleri, kalite sorunlar1 ve sonug olarak miisteri memnuniyetsizligi
gibi durumlar kagmilmaz olarak ortaya ¢ikmaktadir. Bu kapsamda hem beklenen malzeme 6zelliklerini hem de
tirin kalitesini artirmak i¢in gelistirilen farkli yontemler mevcuttur. 1980'den sonra 6zellikle iiriin gelistirmede
kullanilan Taguchi yontemi, yapilan deneysel ¢alismalar: tasarlayarak en az siire, maliyet ve enerji ile en fazla
bilgiyi elde etmek icin gelistirilmis yontemlerden biridir. Birgok farkli iiretim ortaminda optimum iiretim
kosullarinin yaratilmasinda, 6zellikle de daha az denemeyle daha etkili sonuglar elde edilmesinde etkili bir arag
oldugu kanitlanmigtir [7].

Bu c¢alismada matris malzemesi olarak aliiminyum (Al) ve katki malzemesi olarak ise bor mineralinin bir
¢esidi olan susuz boraks (SB) maddesi kullanilarak aliminyum matrisli kompozit malzeme iiretimi
gerceklestirilmistir. Nihai iirliniin (kompozit malzemenin) mekanik 6zelliklerine, SB katki oraninin ve iiretim
parametrelerinin etkileri birlikte degerlendirilerek, Vickers sertligini ve Iz modiiliinii artirmaya yonelik en etkili
katki oranmin ve iiretim parametrelerinin saptanmasi ve Aliiminyum/Susuz boraks (Al/SB) kompozit malzeme
gelistirilmesi amaglanmigtir. Zaman ve maliyetten tasarruf edebilmek icin ise aragtirmada deneysel ¢aligma tam
faktoriyel deney diizenegi yerine Taguchi deneysel tasarim yontemi ile gerceklestirilmis ve elde edilen Taguchi
ortogonal dizine gore toz metalurjisi yontemiyle Al/SB kompozitlerin iiretimleri gergeklestirilmistir.

2. Materyal ve Metod

2.1. Aliiminyum Serileri

Kompozit malzemelerin iiretimi i¢in matris malzemesi olarak, 2.70 g/cm® yogunluk ve 660°C ergime
sicakligma sahip saf aliiminyum (%99.8 Al), 2.80 g/cm?® yogunluk ve 640°C ergime sicakligina sahip 1050 serisi
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ve 2.66 g/cm® yogunluk ve 568°C ergime sicakligma sahip 5754 serisi Al malzemeler, elek alt1 1.8 mm tane
boyutlarinda kullanilmistir.

2.2. Susuz Boraks

Kompozit malzemelerin {iretimi i¢in katki malzemesi olarak, Eti Maden A.S.’den temin edilen, yogunlugu
2,37 glcm? ve ergime sicaklig1 742,5°C olan ticari ismi Etibor-68 (Na,B4O7) minerali giitiilerek, elek alti 20 um
tane boyutlarinda kullanilmistir.

2.3. Taguchi Deney Tasarim Yonteminin Uygulanmasi

Uretilen kompozitlerin Vickers sertlik ve Iz modiilii degerlerini eniyilemek ve iiretim parametrelerinin
optimum seviyelerini belirlemek i¢in Taguchi deneysel tasarim yontemi kullanilmistir. Toz metalurjisi yontemiyle
tiretilen triiniin kalitesini ve mekanik 6zelliklerini etkiledigi diistiniilen kontrol faktorleri (parametreleri) ve her
bir faktor icin ise ti¢ farkli seviye belirlenmistir. Kontrol faktorii olarak belirlenen tiretim parametrelerine ek olarak,
SB katki maddesinin farkli yiizde agirlik oranlarinin da etkisini arastirmak i¢in, SB katki orani da kontrol faktori
olarak belirlenmistir (bkz. Tablo 1).

Tablo 1. Kontrol faktorleri ve seviyeleri

Faktorler Seviye 1l | Seviye2 | Seviye 3
Malzeme (Al serisi) A Saf Al 1050 5754
SB orant (% agirlik) B 1 25 5
600°C sinterleme sicakligina C 5 10 20
1sitma hiz1 (°C/dak)
600 °C sinterleme sicakliginda D 5 10 20
bekleme siiresi (dak)

Belirlenen faktor ve seviyelerine bagli olarak Taguchi L9 ortogonal dizisi se¢ilmis (bkz. Tablo 2) ve iiretimler
ortogonal diziye uygun olarak gerceklestirilmistir. Her bir deney diizenegi i¢in en az 3 adet numune iiretilmis ve
numuneler iizerinden 5 farkli 6l¢iim alinarak Vickers sertlik degeri ve iz modiilii degerleri belirlenmistir.

Vickers sertligi ve iz modiilii degerlerinin 6l¢timlerinin ardindan elde edilen deneysel veriler kullanilarak bu
degerleri eniyileyen parametreleri belirlemek igin “’en biiyiik en iyi’” (bkz. Denklem 1) yontemine uygun olarak
sinyal/giiriiltii (S/G) oranlar1 incelenmistir.

S/\G=—-10
1w 1
i=1

Burada yi= dlgiilen i. gézlem degerini, n = gézlem sayisini temsil etmektedir.

Ayrica belirlenen faktorlerin her bir yanit degiskeni tizerindeki anlamlilik degeri (P degeri) ve etki ylizdeleri
varyans analizi (ANOVA) ile belirlenmistir.
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Tablo 2. L9 Ortogonal dizi igin deneysel kosullar

Faktorler
m?rir;fzm Malzeme | SBorani | Isitmahizi | Bekleme siiresi
(Al serisi) |(% agirlik) | (°C/dak) (dak)
1 Saf 1 5 5
2 Saf 25 10 10
3 Saf 5 20 20
4 1050 1 10 20
5 1050 2.5 20 5
6 1050 5 5 10
7 5754 1 20 10
8 5754 2.5 5 20
9 5754 5 10 5

2.4. Kompozit Malzeme Uretimi

Uretim &ncesi gergeklestirilen 6n hazirlik asamasinda (bkz. Sekil 1) aliiminyum malzemeler ve SB ayr1 ayri
olacak sekilde dnce tane boyutlarini kiigiiltmek icin RETSCH marka SK100 model cihazda 6giitme, ardindan
numuneleri tane boyutlarina gore ayirmak i¢cin RETSCH marka AS200 model cihazda eleme islemine tabi
tutulmuslardir. Farkli yiizde agirlik oraninda Al/SB kompozit karisimlar, homojen bir karisim elde etmek igin,
MSE-TEC marka karistirma cihazi kullanilarak i¢inde nikel bilye bulunan cam kavanoz igerisinde, devir hizi 250
rpm ve karigtirma siiresi 45 dakika olan karigtirma parametrelerinde hazirlanmistir. Ardindan Al/SB kompozit
malzemeleri, DIEX marka VS50 model indiiksiyon firininda, i¢ ¢ap1 20 mm olan grafit kalipta hem sabit 50 MPa
uygulama basinci (sikistirma) altinda hem de sabit 600°C sinterleme sicakliginda fakat farkli sinterleme sicakligina
1sitma hizlarinda ve farkli sinterleme sicakliginda bekleme siirelerinde elde edilmistir.
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SB: elek altt
20 pm

RETSCH AS200 MSE-TEC Bilyeli karistirma cihazi

Eleme cihazi + 250 Rpm hizin da
* 45 dakika karistirma

RETSCH SK100
Ogiitme cihazi
Kalip
¢ Grafit malzeme

SINTERLEME < c/ @ (20 mm x 8mm

600°C

Sekil 1. Kompozit malzeme tiretimi 6n hazirlik asamalari

2.5. Vickers Sertlik ve iz Modiilii Ol¢iimii

Vickers sertlik ve iz modiilii testleri 1 kg yiik altinda BS EN ISO 14577-1-2015 standardina gére Tiibitak
Ulusal Metroloji Enstitiistinde bulunan Zwick BZ2.5/TS1S marka enstriimente sertlik 6lgme cihazinda, her bir
grup icin 5’er adet tekrarli 6l¢lim olacak sekilde gergeklestirilmistir.

3. Bulgular ve Tartisma

3.1. Vickers Sertlik Degeri

Elde edilen deneysel veriler kullanilarak olusturulan, kompozit malzemelerin Vickers Sertlik degerleri
karsilastirmali olarak Sekil 2’de grafiklestirilmistir. Sekil 2 incelendiginde agirlik¢a %1 SB katkili 5754 serisi
kullanilarak iiretilen kompozit malzemenin sertlik degerinin referans olarak belirlenen agirlikga %1 SB katkili saf
Al malzemeye kiyasla yaklasik %130 daha yiliksek oldugu tespit edilirken SB katki oraninin, farkli aliiminyum
serileri kendi arasinda incelediginde, Vickers sertlik degeri ilizerinde kayda deger bir etki goéstermedigi
goriilebilmektedir.
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Sekil 2. Al/SB kompozit malzemelerin Vickers sertlik degerleri degisim grafigi

S/G orani tablosu (bkz. Tablo 3) ve grafigi (bkz. Sekil 3) incelendiginde Vickers sertligi {izerinde en etkili
parametrenin en biiyiik fark degerine sahip faktdr olan Malzeme (Al serisi) oldugu belirlenmistir. Diger faktorler
incelendiginde ise sirastyla etki sirasina gére SB orani, 1sitma hizi ve bekleme siiresi faktorlerinin etkili oldugu
tespit edilmistir. Vickers sertlik degerini eniyileyen (en yiliksek yapan) faktor seviyeleri ise 5754 serisi, %1 SB
orani, 10°C/dak 1sitma hiz1 ve 5dak bekleme siiresi oldugu belirlenmistir.

Tablo 3. Al/SB kompozitlerin Vickers sertlik degerleri S/G oranlari yanit tablosu

Seviye (I\A/Ila ISZ:::) Susuz bor | Isitma hizt B::rlzse
1 27,20 30,55 30,21 30,17
2 27,43 29,96 30,36 30,14
3 35,42 29,55 29,49 29,75
Fark 8,22 1,00 0,87 0,42
Sira 1 2 3 4
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S/G oranlari igin ana etkiler grafigi

Malzeme (Al serisi) SB orani Istma hizi Bekleme stiresi

S/G oranlarinin ortalamasi

Sf 1050 5754 10 25 50 5 0 20 5 0 20

5/G: En bivik en iyi

Sekil 3. Al/SB komporzitlerin Vickers sertlik degerleri S/G oranlari ana etkiler grafigi

Vickers sertlik degeri i¢in %95'lik bir giiven diizeyi ile gerceklestirilen ANOVA sonuglar1 verilen Tablo 4
incelendiginde bekleme siiresi faktorii (P>0,05) disindaki diger faktorlerin P degerlerinin 0,05'ten kiigiik olmasi
nedeniyle Vickers sertligi iizerinde 6nemli bir etkiye sahip oldugu belirlenmistir. Ayrica malzeme (Al serisi)
faktoriiniin Vickers sertlik degeri tizerindeki toplam etkinin %97.91'ini olusturdugu da tespit edilmistir.

Varyans analizi sonrasi elde edilen regresyon denklemi asagida verilmis olup, modelin R? degeri ise Tablo 5’te
bulunmaktadir. %98.77 ¢ikan R? degeri, secilen kontrol faktdrlerinin kompozit malzemenin Vickers sertlik
degerindeki degisimi agiklamak i¢in uygun ve yeterli oldugunu géstermektedir.

Tablo 4. Al/SB kompozitlerin Vickers sertlik degerleri icin ANOVA

Serbestlik | Kareler Etki
Faktorler Derecesi | Toplami | yiizdesi F-Degeri | P-Degeri
(DF) (SS) (%)
Malzeme (Al serisi) 2 12883,0 97,91 1429,90 0,000
SB Orani (%) 2 59,7 0,45 6,63 0,004
Isitma hiz1 (°C/dak) 2 34,2 0,26 3,80 0,032
Bekleme stiresi (dak) 2 19,6 0,15 2,17 0,129
Hata 36 162,2 1,23
Toplam 44 13158,7 | 100,00
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Vickers Sertlik Regresyon Denklemi = 35,

341 - 12,277 Malzeme (Al serisi)_Saf - 11,649 Malzeme (Al

serisi) 1050 + 23,926 Malzeme (Al serisi) 5754 + 1,589 SB oran1_1,0 - 0,485 SB oran1_2,5 -1,104 SB oran1_5,0
+ 0,317 Isitma hiz1_5 + 0,874 Isitma hizi_10 - 1,191 Isitma hiz1 20 + 0,356 Bekleme siiresi_5 + 0,569 Bekleme

stiresi_10 - 0,925 Bekleme siiresi 20

Tablo 5. Model Ozeti

R-sq

R-sq (adj) | R-sq(pred)

%98,77

998,49 %98,07

3.2. iz Modiilii Degeri

Elde edilen deneysel veriler kullanilarak olusturulan, kompozit malzemelerin Iz modiilii degerleri
karsilastirmali olarak Sekil 4’te grafiklestirilmistir. Sekil 4 incelendiginde %1 SB katkil1 5754 serisi kullanilarak
tiretilen kompozit malzemenin iz modiilii degerinin referans olarak belirlenen %1 SB katkili saf Al malzemeye
kiyasla yaklasik %25 daha yiiksek oldugu tespit edilirken SB katki oraninin, farkli aliiminyum serileri kendi
arasinda incelediginde, iz modiilii tizerinde 6nemli bir etkiye sahip oldugu goriilebilmektedir.

Isitma hizi [ °C/dak ]
5 10 20 . 10 20 5 . 20 5 10
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753 ST 140 __
03 T T 130 2

654 e N 120
60-*"-” B Y S 110 %
55 _i_. Ot PO RSN TU MU NI BN T 100 ,qa)-)
N’g‘ 50_;. L [ 90 g
g 45_;. .......................................... 80 '§
E 40_5 e 70 =
353 [ [ L R o
E 60 :O
= 3040 || [ B o))
H 25 0 2
EIRE . B B . 5
204 B B W e 40 E’
s | dsafAl B P 30 o
o4 | mmmroso arserisi P B B 20 2
5| | I 5754 Al serisi 1 1 e 10 %
0 L o @

1 25 5
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1 2,5 5 1 25

Sekil 4. Al/SB kompozitlerin Iz modiilii degerleri degisim grafigi

S/G orani tablosu (bkz. Tablo 6) ve grafigi (bkz. Sekil 5) incelendiginde iz modiilii iizerinde en etkili
parametrenin en biiyiik fark degerine sahip faktdr olan SB orani oldugu belirlenmistir. Diger faktorler
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incelendiginde ise sirasiyla etki sirasina gére malzeme (Al serisi), bekleme siiresi ve 1sitma hizi faktdrlerinin etkili
oldugu tespit edilmistir. Iz modiilii degerini eniyileyen (en yiiksek yapan) faktor seviyeleri ise 5754 serisi, %1 SB
orani, 10°C/dak 1sitma hizi ve 10 dak bekleme siiresi oldugu belirlenmistir.

Tablo 6. Al/SB kompozitlerin Iz Modiilii S/G oranlart yanit tablosu

Seviye (X?ISZ:::) SB Oranmi | Isitma hiz1 Bs:rleese
1 33,32 35,22 33,78 33,00
2 32,71 34,25 33,85 34,51
3 34,58 31,14 32,98 33,09
Fark 1,88 4,08 0,86 1,50
Sira 2 1 4 3
$/G oranlari icin ana etkiler grafig
Malzeme (Al seris) S8 oran Isttma hizi Bekleme siiresi

S/G oranlarinin ortalamasi

T T T T T T T T
25 50 5 10 20 5 10 20

Saf 1050 5754 10

S/G: En biyik en iyi

Sekil 5. Al/SB kompozitlerin Iz Modiilii S/G oranlari ana etkiler grafigi

[z modiilii igin %95'lik bir giiven diizeyi ile gergeklestirilen ANOVA sonuglari verilen Tablo 7 incelendiginde
1sitma hiz1 faktorii (P>0,05) disindaki diger faktorlerin P degerlerinin 0,05'ten kiiciik olmast nedeniyle iz modiilii
iizerinde 6nemli bir etkiye sahip oldugu belirlenmistir. Ayrica SB oran1 faktdriiniin iz modiilii iizerindeki toplam
etkinin %38.72'sini olusturarak en yiiksek etkiye sahip oldugu da tespit edilmistir.

Tablo 7. Al/SB kompozitlerin Iz Modiilii icin ANOVA

Serbestlik | Kareler Etki
Faktorler Derecesi | Toplami | yiizdesi F-Degeri | P-Degeri
(DF) (SS) (%)
Malzeme (Al serisi) 2 894,00 13,65 8,40 0,001
SB Orani (%) 2 2536,60 38,72 23,83 0,000
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Isitma hizi (°C/dak) 2 176,10 2,69 165 | 0205
Bekleme siiresi (dak) 2 1028,70| 1570 9,66 0,000
Hata 36 |1916,00| 29,25

Toplam 44 |6551,40 | 100,00

Varyans analizi sonrasi elde edilen regresyon denklemi agagida verilmis olup, modelin R? degeri ise Tablo 8’de
bulunmaktadir. %70.75 ¢ikan R? degeri, kompozit malzemenin iz modiilii degerinin degisimi icin secilen kontrol
faktorlerinin yam sira farkl faktorlerin de etkili oldugunu ve/veya yapilan deney sayisini artirmak gerektigini
gostermektedir.

Iz Modiilii Regresyon Denklemi = 50,42 - 2,18 Malzeme (Al serisi)_Saf - 4,04 Malzeme (Al serisi)_1050+ 6,21
Malzeme (Al serisi) 5754 + 7,86 SB oran1_1,0 +2,26 SB oran1_2,5 - 10,11 SB oran1_5,0 - 3,13 Bekleme siiresi_5
+ 6,76 Bekleme stiresi 10 - 3,63 Bekleme siiresi 20 + 1,60 Isitma hizi 5 + 1,18 Isitma hizi_10 - 2,79 Isitma
hiz1 20

Tablo 8. Model Ozeti

R-sq R-sq (adj) | R-sq(pred)
%70,75 %64,26 %54,30

4. Sonuglar

Vickers sertlik degerini ve 1z modiiliinii birlikte eniyileyen parametrelerin sirastyla 5457 aliiminyum serisi,
%1 SB katki orani, 10°C/dak sinterleme sicakligina 1sitma hizi ve 10 dak sinterleme sicakliginda bekleme siiresi
oldugu tespit edilmistir.

Farkli Al serisi malzemeler kullanilarak iiretilen Al/SB kompozitlerin Vickers sertlik degerinin;

flave edilen SB katkisindan kismen etkilendigi,

En etkili faktoriin malzeme (Al serisi) oldugu,

Sinterleme sicakligina 1sitma hizinin ise bir etkisinin olmadigt,

Saf malzemeye kiyasla (%1 SB), 5754 Al serisi ile yapilan iiretimin (%1 SB) Vickers sertlik
degerinin yaklasik %130 daha yiiksek oldugu tespit edilmistir.

Farkl1 Al malzemeler kullanilarak iiretilen Al/SB kompozitlerin Iz modiilii degerinin;

flave edilen SB katkisindan giiglii oranda etkilendigi,

En etkili faktoriin SB katki orani oldugu,

Sinterleme sicakliginda bekleme siiresinin ise bir etkisinin olmadigi,

Saf malzemeye kiyasla (%1 SB), 5754 Al serisi ile yapilan iiretimin (%1 SB) iz modiilii degerinin
yaklasik %25 daha yiiksek oldugu tespit edilmistir.

Ilgili konudaki gelecekte yapilabilecek ¢alismalarda; susuz boraks partikiil boyunun azaltilmasi/artirilmast ve SB
katk1 oranlarinin azaltilmasi/artirilmasi ve farkli tiretim parametrelerinin de etkisinin incelenmesi 6nerilmektedir.

5. Tesekkiir
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Bu c¢alisma Kocaeli Universitesi, Fen bilimleri Enstitiitsii, Makine Miihendisligi Anabilim Dali,
Yiiksekogretim Kurulu (YOK) 611576 tez numaral, “Toz metalurjisi ile iiretilen aliiminyum matrisli
kompozitlerde bor minerali ilavesinin mekanik ozelliklere etkisinin deneysel tasarim yontemleri ile incelenmesi”
isimli yiiksek lisans tezi kapsaminda hazirlanmistir.
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Oz

Depremlerin yapilar {izerindeki yikici etkileri bilinmektedir. Ayrica cevresel etkilerin ve titresimlerin zararh
etkileri de gz ardi edilmemelidir. Bu gereksinimlerinde yap1 tasarimlarinda degisiklik ve gelismelere neden
oldugu bilinmektedir. Yapiy1 etkileyecek etkileri en aza indirmek i¢in ¢esitli caligmalar ve uygulamalar mevcuttur.
Celik yapilar gecmisten giiniimiize popiilaritesini arttirmis bir yapu tiiriidiir. Ozellikle homojen malzeme yapist ile
depreme dayanikli yap1 tasariminda celik yap1t on plana ¢ikmaktadir. Ancak ¢elik yapilarda bu gibi olumsuz
etkilere bagli olarak giiglendirme ihtiyaci ortaya ¢ikabilir veya tasarim zorluklari olabilir. Bu durumda daha az
kiitle ile daha fazla yiik tagima prensibine bagli kalabilmek igin ¢elik seritlerle giiclendirme yonteminin
kullanilmas1 daha mantikli diisiiniilebilir. Celik seritlerle giiclendirme yonteminin yapi iizerine nispeten kii¢iik bir
kiitle artisi ile yapinin rijitligini arttirdigi birgok ¢aligmada kanitlanmigtir. Bu ¢alismada, sonlu elemanlar yontemi
kullanilarak modal analiz yapilarak 6rnek model bir ¢elik yapida gelik serit takviyesinin etkileri ortaya konmustur.
Ozellikle ilk 5 modun yap: titresim periyotlar1 ve serbest titresim modu sekilleri detayli olarak ele almmustir.

bu ¢aligmalar sonucunda ¢elik yapilarda gelik serit ile gliglendirme yonteminin kullanilabilirligi dngoriilmiistiir.

Anahtar Kelimeler: Celik yapilar, Celik serit, Sonlu elemanlar metodu, Dinamik parametreler, Giiglendirme

The Effect of Steel Strip on Dynamic Parameters of Steel Structure

Abstract

The destructive effects of earthquakes on structures are known. In addition, the harmful effects of environmental
vibration and effects should not be ignored. This requirement is known to cause changes and developments in
building designs. There are various studies and applications to minimize the effects that will affect the structure.
Steel structures are a type of building that has increased its popularity from past to present. Especially with its
homogeneous material structure, steel structure comes to the fore in earthquake resistant building design. However,
in steel structures, depending on the effects, the need for reinforcement may arise or there may be design
difficulties. In this case, it may be considered more logical to use the reinforcement method with steel strips in
order to adhere to the principle of carrying more load with a lower mass. It has been proven in many studies that
the reinforcement method with steel strips increases the rigidity of the structure by placing a relatively small mass
on the structure. In this study, the effects of steel strip reinforcement in a sample steel structure are revealed by
making modal analysis using the finite element method. In particular, the structure vibration periods and free
vibration mode shapes of the first 5 modes are discussed in detail. Thus, the positive effect of the use of steel strip
the rigidity of the steel structure has been more clearly demonstrated. As a result of all these studies, the
reinforcement method with steel strip may be used in steel structures.

Keywords: Steel structures, Steel strip, Finite element method, Dynamic parameters, Reinforcement

282



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

1. Introduction

Strip steel or cold rolled strip is a steel product that is produced from a hot rolled strip that has been pickled.
The coil is then reduced by a single stand cold roll steel mill straight away or reversing mill or in a tandem mill
consisting of several single stands in a series. The strip is reduced to approximately final thickness by cold-rolling
directly, or with the inclusion of an annealing operation at some intermediate thickness to facilitate further cold
reduction or to obtain mechanical properties desired in the finished product. High carbon strip steel requires
additional annealing and cold reduction operations. The coil is then slit to the desired width through the process
of roll slitting. Stainless steel strip is the extension product of strip steel, usually long and narrow stainless steel
strips are manufactured to meet the demands of various industrial and mechanical areas. According to the
processing method, the stainless steel strip can be divided into cold rolled stainless steel strip and hot rolled
stainless steel strip. The final product typically consists of cold rolled steel that has been cut into strips of a specific
widths and coiled or oscillate coiled for delivery, frequently interleaved with paper or another material which
protects the surface finish of the material and assists in retaining oil or some other rust prevention solution. This
product is often later stamped to form a part from the strip steel. An example of a steel strip is given in figure 1.

Figure 1. Steel strips

Researchers have carried out many studies using both the finite element method and the reinforcing methods.
There are many other studies by the authors using the finite element method before. In this study, studies [1], [2],
[31, [4], [5], [6], [7] on the use of the finite element method were used. With all this knowledge, this new study
has been carried out.

Researchers have conducted studies [8], [9], [10], [11], [12], [13], [14], [15], [16] about steel strips which also
contributing to this study.

The aim of this study is to examine the effects of reinforcement with steel strips on dynamic parameters in
steel structures. There may be a need for a retrofit method without architectural disadvantages or excessive dead
load increments. In such cases, the reinforcement method with steel strips is also known to be an option. For this
reason, it is very important to reveal the effect of steel strips on dynamic parameters.

2. Material and Method

In this study, A steel structure model was created and modal analysis was carried out with the finite element
method. The steel structure model was reinforced with steel strips and a reinforced model structure model was
created for comparison. In the application of the finite element method, the SAP2000 package program, which is
used in the field of academic and engineering applications all over the world, was used. In addition, the steel
material used was taken according to ANSI/AISC 360-10 standards.
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2.1. Description of Model Steel Structure

The model steel structure is a 6-storey steel structure with two spans of 6 m each in the x and y directions,
with a floor height of 3 meters. Columns and beams are dimensioned as 25x25x1 cm steel box profile. The slabs
are sized to be 2 cm steel plate.

By designing the building as symmetrical and simple, it is aimed to reveal the result of the reinforcement to
be applied more clearly. The profile and dimensions of the columns and beams are therefore chosen the same.
Also, the spans are therefore taken equal.

The 3D finite element model in SAP2000 package software of the model steel structure is given in Figure 2.

Figure 2. The model steel structure’s 3D view

2.2. Description of Reinforced Model Steel Structure

Strip elements were applied to one span of the structure in the x and y directions. The strip element is 10 cm
wide and 1 cm thick and made of steel. The 3D finite element model in SAP2000 package software of the
reinforced model steel structure is given in Figure 3.

Figure 3. The reinforced model steel structure’s 3D view
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3. Result and Discussion

Model steel structure and reinforced model steel structure were analysed separately. The modal analysis
results of each model are shared under separate headings. The results include the analysis results of the first five
modes. Mode shape and period values are taken into consideration for each mode. The parameters obtained for
both models were compared for each mode separately. During the analysis, the SAP2000 package software, which
is a finite element method software, was used.

3.1. Analysis Results of Model Steel Structure

The model steel structure was analysed without reinforcing. When the first five modes are examined, the
results obtained are presented in figure 4,5,6,7,8 as period values and mode shapes for each mode.

Figure 4. 1. Mode shape (T = 0.97 s)

Figure 5. 2. Mode shape (T =0.72 s)
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Figure 6. 3. Mode shape (T =0.31s)

Figure 7. 4. Mode shape (T = 0.24 s)
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Figure 8. 5. Mode shape (T =0.19s)
3.2. Analysis Results of Reinforced Model Steel Structure

The model steel structure was analysed with reinforcing by steel strips. When the first five modes are
examined, the results obtained are presented in figure 9,10,11,12,13 as period values and mode shapes for each
mode.

Figure 9. 1. Mode shape (T = 0.56 )
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Figure 10. 2. Mode shape (T =0.37 s)

Figure 11. 3. Mode shape (T =0.24 s)
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Figure 12. 4. Mode shape (T =0.20 s)

Figure 13. 5. Mode shape (T =0.12 s)

3.3. Comparison of Analysis Results

The comparison of period values of the model steel structure and reinforced model steel structure is given in
Table 1.

Table 1. Comparison of period values

Mode 1 2 3 4 5

Non-Reinforced 0.97 0.72 0.31 0.24 0.19

Reinforced 0.56 0.37 0.24 0.20 0.12

Difference (s) 0.41 0.35 0.07 0.04 0.07

Difference (%) 42.27 | 48.61 | 2258 | 16.67 | 36.84
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The comparison of mode shapes of the model steel structure and reinforced model steel structure is given in
Table 2.

Table 2. Comparison of mode shapes type

Mode 1 2 3 4 5

Non-reinforced Translational Translational Torsional | Translational | Translational

Reinforced Translational Translational Torsional | Translational | Translational

4. Conclusions

In the mode 1, the period difference between non-reinforced model and reinforced model status was obtained
as 0.41 s. The effect of period retrofitting with steel strips as a percentage was determined as 42.27.

In the mode 2, the period difference between non-reinforced model and reinforced model status was obtained
as 0.35 s. The effect of period retrofitting with steel strips as a percentage was determined as 48.61.

In the mode 3, the period difference between non-reinforced model and reinforced model status was obtained
as 0.07 s. The effect of period retrofitting with steel strips as a percentage was determined as 22.58.

In the mode 4, the period difference between non-reinforced model and reinforced model status was obtained
as 0.04 s. The effect of period retrofitting with steel strips as a percentage was determined as 16.67.

In the mode 5, the period difference between non-reinforced model and reinforced model status was obtained
as 0.07 s. The effect of period retrofitting with steel strips as a percentage was determined as 36.84.

When the mod shapes were examined, ho mod shape type changes were observed with the reinforcement with
steel strips.

In the light of all these results, it is clearly seen that the rigidity of the structure increases by strengthening the
model steel structure with steel strips. In the 1st mode, in other words, there is a decrease of 42.27 percent in the
dominant period value. In addition, there is a large decrease of 48.61 percent in the period value in the 2nd mode.
A significant increase in stiffness was observed. Of course, it should be taken into account that the design of the
structure and reinforcement is very important in obtaining the data in this way. Incorrect model selection and faulty
retrofit designs can make data more unreliable. In the light of all this obtaining information, the reinforcement
method with steel strip may be used in steel structures.
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Abstract

The article considers the effect of lithium fluorine compound on the fluidity property of aluminum alloy liquid.
The experiments were carried out by adding lithium fluorine as alloying elements in the mass fraction. In this case,
the lithium fluoride compound is included in the charge during the melting of aluminum in an amount from 5% to
15%. In the experiments, samples were taken using a resistance furnace. Based on the conducted experiments, a
graph of the relationship was drawn up, on which the authors' conclusions were drawn.

Keywords: fluidity, lithium, fluorine, AK7, D16, furnace, temperature

1. Introduction

Currently, a lot of aluminum alloy parts are used in the world in the field of mechanical engineering. One of
the pressing problems in aluminum alloys today is that the alloy does not have sufficient flow properties and is
typical for gas pores in parts[1]. Aluminum alloy parts are made by liquefying aluminum by adding elements such
as Si, Si, Mg, Zn, Mn, Ni, Fe, Ti individually or in a certain combination.Other similar additives to aluminum
alloys, such as Ni, Cr, Sa, Na, Be, Ti, Ce, Nb, Li, are added in small quantities as elements that improve the
properties of the alloy.These elements are physical, chemical and mechanical properties allow to obtain a wide
range of aluminum alloys[2].Aluminum alloys are considered much more durable, but at the same time light. This
has been added to the aluminum alloy as an element that leaches the lithium-fluorine compound in our research
work to enhance its strength and casting properties[3].

2. Materials and methods

Lithium fluoride compound is a binary chemical compound of lithium and fluorine and is a lithium salt of
hydrofluoric acid. Under normal conditions-white powder or transparent colorless crystal, a non-hygroscopic,
insoluble compound in cold water. It is a substance soluble in nitrate and hydrofluoric acids[4-5]. In the research
work, a resistance furnace was used to obtain samples. (Fig. 1). The technical characteristics of the furnace are
given in the table below (Table 1).

The samples were poured into sand-clay molds.The composition of sand-clay forms consists of: 85% quartz
sand, 11% bentadine clay, 4% water.In this composition, a molding mixture was prepared and mixed in a mixer
until the same mass was obtained.The finished mass was placed in pre-prepared flasks, and the molds for namana
were pressed and prepared. Our experiments were carried out by setting the oven to 750 °C.
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Table 1. Technical classification of the oven

1. | Capacity 1400 Vt
2. | Metal mass entering the 3 kg
crucible
3. | Maximum temperature 1100 °C
4. | Dimensions of gabarite 485x700x950
5. | Current voltage 220V

Figure 1.Resistance furnace.
3. Experments

To compare the samples, first of all, an aluminum alloy of the AK7 brand was poured, without the addition
of a lithium-fluoride compound. In order for the samples to be of the same mass, the charges were measured on a
scale before crucifixion and loaded into an equal number of crucibles for the charge. Each sample was taken from
130 grams. In the next step, a lithium fluoride compound was added to aluminum alloy wrapped in aluminum foil.
In this case, a lithium fluoride compound in the amount of 5% of the total mass was added to the first sample, 10%
i was added to the second sample, and a lithium fluoride compound in the amount of 15% was added to the third
sample[6]. To test the fluidity of non-ferrous metals in the first place for casting samples, a spiral sample (Curie
sample) sand-clay molds were prepared [7] (fig.2).

a c

Figure 2. The process of pouring sand-clay mixture into the sample.

a - casting process; b - spiral sample; s - cast sample.
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4, Results

The samples were separated from the molds after they were poured into the molds. Below are examples of
studies of aluminum grade AK7 (Fig.3).

Figure 3. Cast samples.

1-AK 7; 2-lithium fluorine with the addition of 5% of the sample; 3-lithium fluorine with the addition of 10% of
the sample; 4-lithium fluorine with the addition of 15% of the sample.

The second stage of the experiment presented above was carried out. At the next stage, a lithium-fluorine
compound was introduced into the D16 aluminum alloy. The experiments were carried out in the order given
above. At this stage, experiments were carried out with a mass fraction of ham of 5%, 10% and 15%. The cast
samples were separated from the molds and the length of the spiral of the samples was determined. The following
are examples of studies on aluminum grade D16 (Fig.4)

Measurement results for the AK7 brand: measurement results the length of the sample made of AK7Y
aluminum without the addition of lithium fluoride was 354 mm, the length of the sample with the addition of
lithium fluoride 5% 463 mm, the length of the sample with the addition of lithium fluoride 10% 391 mm, the
length of the sample with the addition of lithium fluoride 15% was 298 mm.

Measurement results for grade D16: measurement results the length of the sample made of grade D16
aluminum without the addition of lithium fluoride was 341 mm, the length of the sample with the addition of
lithium fluoride 5% was 434 mm, the length of the sample with the addition of lithium fluoride 10% was 404 mm,
the length of the sample with the addition of lithium fluoride 15% was 273 mm.
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Figure 4. Cast samples.

1- D16; 2-lithium fluorine with the addition of 5% of the sample; 3-lithium fluorine with the addition of 10% of
the sample; 4-lithium fluorine with the addition of 15% of the sample.

Based on the measurement results, a graph of the dependence of the helical fluidity of the lithium fluorine
compound was compiled. (Fig.5).
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Figure 5. Graph of the dependence of fluidity on the amount of lithium fluorine.
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Line 1 is AK7; Line 2 is D16.

4, Conclusion

From the experiments carried out, it can be concluded that the yield strength increases to a certain extent
compared to samples without the addition of lithium-fluoride compound added to aluminum alloys of the AK7
and D16 grades as a leaching element. In this case, it is recommended to add the most optimal amount of the
additive in an amount of 4-5% | of the total mass. As you can see from the graph above, the best result is achieved
by adding 4-5%. Fluorine casting allowed to increase the fluidity of AK7 grade aluminum alloy by a maximum of
30-31%, and the fluidity property of D16 grade aluminum alloy by a maximum of 26-28%.
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Oz

Cimento iiretim sektoriiniin; iklim degisikligi, ekosistem kalitesi, insan saglig1 ve kullanilan kaynaklar tizerindeki
olumsuz etkilerini en aza indirmek i¢in ¢imento iiretim siirecinin ¢evresel etkilerinin degerlendirilmesi oldukga
onemlidir. Ozellikle sera gazi salimminin izlemesinde, 6lciim belirsizlikleri ve kullanilan metotlar énem
kazanmustir. Bu ¢alisma kapsaminda geleneksel hammadde, geleneksel yakit, geri kazanilan alternatif hammadde
ve geri kazanilan alternatif yakit kullanimi1 sonucunda, basta iklim degisimine neden olan karbondioksit gibi
kirleticilerin ortaya ¢ikma potansiyellerinin hesap temelli yontemlerle belirlenmesi ve belirsizlik bilesenlerinin
ortaya ¢ikarilmasi amaglanmistir.

Anahtar Kelimeler: Belirsizlik, Cimento, Sera gazi, Simiilasyon

NEW APPROACHES TO MEASUREMENT UNCERTAINTY IN
CEMENT FACTORY EMISSION MEASUREMENTS

Abstract

It is very important to evaluate the environmental effects of the cement production process in order to minimize
the negative effects of the cement production sector on climate change, ecosystem quality, human health and the
resource used. Measurement uncertainties and the methods used have gained importance especially in monitoring
greenhouse gas emissions. In this study, it is aimed to determine the potentials of pollutants such as carbon dioxide,
which cause climate change as a result of the use of conventional raw materials, conventional fuel, recycled
alternative raw materials and recycled alternative fuels, by computational methods and to reveal the uncertainty
components.

Keywords: Uncertainty, Cement, Greenhouse gas, Simulation
1. Giris

Cimento tiretimi hem dogrudan hem de dolayli olarak karbondioksit (CO2) yayar (CSlI, 2005; Worrell ve digerleri,
2001). Dogrudan CO emisyonlari esas olarak ¢imento iiretim siirecindeki kimyasal reaksiyonlardan (esas olarak
kiregtas1 kalsinasyonundan) kaynaklanan CO2 emisyonlarin1 ve gimento iiretimi i¢in fosil yakit kullanimindan
kaynaklanan CO; emisyonlarini i¢erir (CSI, 2005, 2011; Worrell ve digerleri, 2001). Dolayli CO emisyonlari esas
olarak ¢imento iretimi igin elektrik tiiketiminden veya daha spesifik olarak “cimento iireticileri tarafindan
tiiketilen elektrigin harici tiretiminden” kaynaklanmaktadir (CSI, 2011). Fosil yakit yanmasindan kaynaklanan
dogrudan CO; emisyonlar1 ve elektrik tiikketiminden kaynaklanan dolayli CO, emisyonlari genellikle enerji ile ilgili
CO; emisyonlar1 olarak kabul edilirken, ¢cimento yapimindaki kalsinasyon isleminden kaynaklanan dogrudan CO;
emisyonlar1 genellikle ¢cimento prosesi CO; emisyonlar1 olarak adlandirilir.

Giliniimiizde, sanayilesme ve kentlesme nedeniyle, yogun miktarda enerji kullanan, kaynak tiikketen ve karbon
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emisyonu yiiksek bir sektor olan ¢imento imalatinda 6nemli bir artis meydana gelmistir. Toplam kiiresel insan
faaliyetleri sonucu karbondioksit (CO) emisyonlarimin yaklagik %7'si ve toplam sera gazi emisyonlarinm %3'i
¢imento tiretiminden kaynaklanmaktadir. Cimento {iretiminden kaynaklanan CO, emisyonlarini tahmin etmek i¢in
siklikla kullanilan iki tiir hesaplama yontemi vardir: Girdi (hammadde veya farin miktar1) yontemi ve ¢ikt1 (klinker
iiretimi miktart) yontemi.

Girdi yontemi, ¢imento {liretimi i¢in tiiketilen hammaddelerin hacmine ve karbonat igerigine dayali kalsinasyon
CO; emisyonlarimi hesaplar (CSI, 2005, 2011).

Cimento, agrega, su ve uygulanabilir oldugunda katki maddeleri ve/veya takviye lifleri gibi birgok malzemeden
olusan beton, giiniimiizde sudan sonra insanlar tarafindan en ¢ok kullanilan ikinci malzemedir (Monteiro ve
digerleri, 2017). Cimento ve beton gibi kompozitlerinin mevcut iiretimi, kiiresel antropojenik sera gazi
emisyonlarmin yaklasik %8-9'u (Miller ve digerleri, 2016 ), diinya ¢apinda enerji kullaniminin %2-3'i ve kiiresel
su ¢ekilmesinin %1-2'si ile sonuglanmaktadir (Miller ve digerleri, 2018). Cesitli faktorlerden hareketle, gegmis
caligmalar, hem tesisler arasinda hem de zaman i¢inde ¢imento iiretiminden kaynaklanan CO, ve hava kirletici
emisyonlarinda degiskenlik oldugunu gostermistir (Chen ve digerleri, 2010, Von Bahr ve digerleri, 2003). Beton
ve diger yap1 malzemelerinin {iretiminden kaynaklanan sera gazi emisyonlar1 ve hava kirletici emisyonlarinin,
kullanilan enerji ve hammadde kaynaklarinin giiglii bir fonksiyonu oldugu gosterilmistir (Gursel ve digerleri, 2016,
Su ve digerleri, 2016, Van Den Heede ve De Belie, 2012). Sekil.1’ de beton iiretiminde farkli iretim asamalariyla
iligkili ortak malzeme ve enerji akiglarmi temsil eder. Dikkate alinan prosesler arasinda hammadde alimi ve
hazirlanmasi, ¢imento iretimi, uygun oldugunda nakliye kullanimi, ugucu kiil kullanimi ve bu bilesenler
kullanilarak betonun harmanlanmasi yer almaktadir.

Ulagim igin Yakit

Enerji K: ki N .
ELER I Uretim Igin Yakit
Elektrik icin Yakit .

Y
v

Ham Madde — e Qg Cimento
ve/veya Kirma —) e
—

Uretimi

Beton karistirma ve
— harmanlama

—)
Yan Uriin Malzemeleri [—=4

— | Malzeme Kaynaklari |

—» | Enerji Kaynaklar |

Sekil: 1 Beton tiretiminin siire¢ akis diyagramu.

Betonun ¢evresel etki degerlendirmelerinde, ¢esitli gostergeler, veri belirsizligini ve degiskenligini
karsilastirmalara dahil etme ihtiyacini ortaya koymustur.

Klinkere dayali ¢ikt1 yontemi, tiretilen klinkerin hacmine, bilesimine ve ayrica hammaddelerdeki organik
karbondan kaynaklanan atik toz ve CO, emisyonlarina dayali kalsinasyon CO; emisyonlarini hesaplar (CSI, 2005).
Klinker bazli ¢ikt1 yontemi, Uluslararas: Iklim Degisikligi Paneli (IPCC) tarafindan ulusal sera gazi envanter
hesaplamalar1 i¢in Katman 2 ydntemi olarak benimsenmistir. [PCC Katman 1 yontemi ise ¢imento liretim
verilerinden klinker {iretimini tahmin etmektedir ( IPCC, 2006).
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2. Materyal ve Metod

Belirsizlik tahminleri, CO, emisyon envanterinin 6nemli bir unsurudur. Bu tiir bilgiler, gelecekte envanterlerin
dogrulugunu artirma ¢abalarini kolaylastiran bir arag olarak kabul edilecektir. Cimento klinker iiretim tesislerinden
yayilan CO2 miktarlarmin belirsizlik analizi, Avrupa Birligi Resmi Gazetesinde (29.1.2004) sunulan kilavuza
(IPCC) gore belirli katmanlar dikkate alinarak gelistirilmistir (Commission Decision of 29 January 2004).

Sera gazi envanterleriyle ilgili belirsizlikler (GHG belirsizlik protokolii). Sekil.2.’de goriildiigii gibi
gruplandirilmistir. Bilimsel belirsizlik; emisyon ve uzaklastirma siirecleri hakkinda eksik bilimsel bilgi ile ilgili
belirsizliktir. Ornegin, farkli sera gazlarinin emisyon tahminlerini birlestirmek icin kullanilan kiiresel 1smma
potansiyeli degerleriyle iliskili dogrudan ve dolayli emisyon faktorlerinin ¢cogu, dnemli bilimsel belirsizlikleri
icerir. Tahmin belirsizligi ise miktar belirleme yontemleriyle iligkili belirsizlikleri olusturur ve sera gazi
emisyonlarinin nicellestirildigi her zaman ortaya ¢ikar. Bu nedenle, tiim emisyon veya giderim tahminleri, tahmin
belirsizligi ile iliskilidir.

Tahmin Belirsizligi Bilimsel Belirsizlik
X -

Parametre Belirsizligi Model Belirsizligi
L 4 -

istatiksel Belirsizlik Sistematik Belirsizlik

Sera Gaz Protokoli Kurumsal Sera Gazi
Belirsizlik Araci < " Protokoli

Sekil 2: Sera Gazi Envanterleriyle Iliskili Belirsizlik Tiirleri
(GHG belirsizlik protokolii)

Tahmin belirsizligi; model belirsizligi ve parametre belirsizligi olarak iki sinifa ayrilir. Model belirsizligi cesitli
parametreler ve sera gazi emisyonlarini tahmin etmek igin kullanilan matematiksel denklemlerle iliskili belirsizligi
(yani istatistiksel, stokiyometrik veya diger modeller) ifade eder. Ornegin, model belirsizligi, yanls bir
matematiksel modelin kullanilmasi veya modelde uygun olmayan parametreler (yani girdiler) nedeniyle ortaya
¢ikabilir. Parametre belirsizligi ise bir emisyon tahmininde kullanilan parametrelerin 6rnegin faaliyet verileri,
emisyon faktorleri veya diger parametreler gibi sayisallagtirilmasiyla ilgili belirsizligi ifade eder. Ayrica parametre
belirsizligi de iki belirsizlik yontemi ile kontrol edilir: Bunlardan ilki istatistiksel belirsizlikler olarak adlandirilir
ve drnek verilerin rastgele degiskenliginden kaynaklanan belirsizlik olarak tanimlanir. Tkinci belirsizlik sistematik
Belirsizliklerdir ve tahmin siirecinde meydana gelen sistematik dnyargilarla iligkili belirsizlikleri (6rnegin temsili
olmayan numunelere dayali emisyon faktorleri, hatali 6l¢lim ekipmani, vb.) anlatir.
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Parametre belirsizlik araliklar1 hakkinda yeterli bilgi toplandiginda ve parametre belirsizligi bilgilerini tamamen
nicel bir yaklasim kullanarak birlestirmek istenildiginde, iki ana matematiksel teknik secenegi vardir; birinci
dereceden hata yayilim Yontemi (Gauss Yontemi) ve Monte Carlo Simiilasyonuna dayali yontemlerdir.

3. Bulgular ve Tartisma

Birinci dereceden hata yayilim teknigi kullanilarak Sera gazi muhasebesindeki istatistiksel belirsizliklerin
degerlendirilmesi icin izlenecek siire¢ bes adimdan olusmaktadir.

GHG PROTOKOLU
A
[ \
Calisma sayfalari | ve Il'de Dolayl olarak clgtilen Dogrudan ve dolayh
dogrudan ve dolayh olarak emisyonlar icin otomatik. olarak clgiilen
olctilen emisyonlar igin (birinci dereceden hata emisyonlar igin
belirsizlik verilerini girin yayilimi) otomatiklestirilmistir.
(birinci dereceden hata
yayilimi)
Hazirlik Veri | Tanimlanmig Belirsizligi
Degerlendirmesi Belirsizlik Olgiimii Birlestirilmesi
*Parametreler | » Dogrudan Emisyon * *Faaliyet verileri Ehige e
o ol | Belirsizlik ve
*Belirsizlik kaynagng *Dolayli Emisyon *Emisyon Faktorleri . Hesab Yorumlama

E

Sekil 3: Sera gazi envanterleri i¢in parametre belirsizligini tahmin etme ve toplama siireci

(GHG belirsizlik protokolii)
3.1.Parametre Belirsizligini Tahmin Etme ve Toplama Siireci

3.1.1. Hazirhk Verileri Degerlendirmesi (1. Adim)

Herhangi bir belirsizlik degerlendirmesinde oldugu gibi, sera gazi emisyonlarinin tahmin edilen ile tanimlanan ve
o6lgiilen belirsizliklerin olasi nedenlerinin neler oldugu agikca belirtilmelidir.

Sera gazi emisyonlar1 dogrudan veya dolayli olarak dlgiilebilir. Dolayli yaklagim genellikle bir tahmin modelinin
(faaliyet verileri ve emisyon faktorii gibi) kullanilmasini icerirken, dogrudan yaklasim atmosfere verilen
emisyonlarin bir tiir 6l¢iim cihazi (6rnegin, siirekli emisyon monitorii) tarafindan 6lgiilmesini gerektirir.
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3.1.2. Kaynak Diizeyinde istatistiksel Belirsizliklerin Ol¢iilmesi (2. Adim)

Sera gazi envanterleri baglamindaki istatistiksel belirsizlik, genellikle, emisyonun beklenen ortalama degerinin
yiizdesi olarak ifade edilen bir belirsizlik aralig1 verilerek sunulur. Bu aralik, belirsiz bir miktarin altinda yatan
degerin, belirli bir olasilik i¢in bulundugu diisiiniilen “giiven sinirlar1” hesaplanarak belirlenebilir.

Istatistiksel t-testini kullanarak 6rnek verilerden belirli parametrelerin belirsizlik araliginin hesaplama asamasinda;

Parametre Dbelirsizlikleri, Ornekleme araliklarindan, Ornekler arasindaki varyasyonlardan ve cihaz
kalibrasyonundan bir parametrenin giiven araligini hesaplamak i¢in istatistiksel yontemler kullanilarak da tahmin
edilebilir. Ornek verileri kullanarak belirsizlik araliginin hesaplanmasi igin basit bir istatistiksel ydntemi
aciklarsak; t istatistigi kullanilarak bir giiven aralig1 tahmini, dogrudan 6l¢iilen emisyonlarin belirsizliklerinin yani
sira dolayli 6lciimler (faaliyet verileri ve emisyon faktorleri) ile iligkili belirsizliklerin tahmini i¢in uygulanabilir.

'n’’ 6l¢limlii bir numune i¢in burada sunulan yontem bes asama gerektirir:

1- Giiven diizeyi se¢imi: Emisyonun ger¢ek degerinin belirlenen belirsizlik araligi i¢inde yer alma olasiligini
belirler. Doga bilimlerinde ve teknik deneylerde %95 veya %99,73 giiven diizeylerinin secilmesi genellikle
standart uygulamadir. IPCC, aralik tanimi i¢in uygun bir diizey olarak %95'lik bir giiven diizeyi onerir. Kullanilan
giiven diizeyi her zaman rapor edilmelidir.

2- t faktoriiniin belirlenmesi: Tahmin edilecek standart hata bir “’t’” dagilimini takip eder. Bu, Tablo 1 kullanilarak
yapilabilir.

Tablo 1: %95 ve 299,73 giiven diizeyi igin t-faktorleri (GHG belirsizlik protokolii)

. Giivenlik diizeyi icin t faktorii
Olciim sayis1 (n)
%95 %99,73
3 4,30 19,21
5 2,78 6,62
8 2,37 4,53
10 2,26 4,09
50 2,01 3,16
100 1,98 3,08
0 1,96 3,00

3- Ornek ortalamasinin (x) ve drnek standart sapmasinin (s) hesaplanmast:

n farkli 6l¢lime sahip bir numune igin;

_ 1 1
x= 1'%, &)
N=
B P
s= 2 %) @
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4- §-1 degerinin hesaplanmasi 3)

5- OmeTé cikan araligin hesaplanmast: |:
(T. Dimitris, 2007; E. Sadikhov at al.1995 )

3.1.3. Dolayh Olarak Olgiilen Tek kaynakh Emisyonlar I¢in Belirsizliklerin
Birlestirilmesi (3.Adim)

Dolayli 6l¢iim durumunda, belirsizlikler faaliyet verileri ve emisyon faktori ile ilgilidir. Bu parametrelerdeki
belirsizlik araligin1 6l¢gmenin birkag yolu vardir:

*  Bir veya birkac 6rnek veri seti iizerinde istatistiksel testler yapilmasi.

+  Ogzellikle aktivite verileri i¢in kullanilan herhangi bir 6l¢iim ekipmaninin cihaz hassasiyetini belirlenmesi.
*  Kullanilan verilerin belirsizlik araliginin bir tahminini vermek i¢in uzmanlara danisilmasi.

+  Ugiincii el belirsizlik araliklarmin kullanilmasi.

Dolayli olarak olgiilen emisyonlar tipik olarak bir faaliyet faktorii ile bir emisyon faktdriiniin ¢arpilmasiyla
hesaplanir. Ornegin: Satin alinan elektrik, CO, /kWh iiretim faktérii ile garpalir.

Belirsizligi sayisal olarak karakterize edersek iki veya daha fazla faktoriin carpimi igin giiven araligmin
hesaplanmasinda kareler toplam1 yaklagimi kullanilabilir. Bu yaklagim, yalnizca belirsizliklerin normal bir dagilim
izlemesi ve bireysel belirsizliklerin %60"1n altinda olmasi durumunda gegerlidir. Carpimin goreli giiven aralig
(art1 veya eksi yiizde), her bir faktoriin goreli (yiizde) giiven araliklarinin karelerinin toplaminin karekokidiir.

Belirsizligi ¢arpilmast:

(A +/-a%) X (B +/-b%) =C +/-c%le c=va’ +b’ (5)

3.1.4. Tek Kaynaklarin Toplamlari ve Alt Toplamlar i¢in Belirsizligin Ol¢iilmesi
(4. Adim)

Bir envanterdeki tek kaynaklar icin parametre belirsizligi degerlendirilirse, agirlikli ortalama yaklagimini
kullanarak ara toplamlar ve toplamlar i¢in belirsizlik tahminleri belirlenebilir.

Toplamsal belirsizlik, asagida 6zetlenen bir hesaplama yontemi kullanilarak tahmin edilebilir.

Belirsizliklerin eklenmesi :

e:\/(Cxc)3+(Dxd)2 (6)

(C +/-c%) +(D +-d%) =E +-¢% -

Sayisal belirsizlikler, her parametrenin veya tahminin goreli agirligini ayarlamak i¢in mutlak degerler kullanilarak,
kareler toplami teknikleri kullanilarak birlestirilir (J.Ke ve digerleri, 2013).

Ornek: Bir envanter, 110 + %4 ve 90 + %24 ton olarak hesaplanan iki CO2 kaynagina sahiptir. Envanter toplami,
asagidaki belirsizlikle birlikte 200 tondur:

e V4.4 +21.6°  22.04 @

= ~+11%
110+90 200
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3.1.5. Belirsizlik Degerlendirmesini Belgeleme ve Yorumlama (5. Adim)

Bununla birlikte, toplanan verilerin ve bir biitiin olarak envanterin kalitesinde gergek gelismeleri gostermek igin
siire¢ boyunca bulgulart dikkatli bir sekilde belgelemek ve yorumlamak adina adimlar atilmazsa, tiim bu ¢abalar
¢ok az fayda saglayabilir. Belirsizlik degerlendirme ¢abalarinin, genel kalite yonetim sisteminin uygulanmasiyla
biitiinlestirilmesi, bu sorunun ¢dziilmesine yardimcit olacaktir.

Bir belirsizlik degerlendirmesinin nicel kismindan elde edilen sonuglar belgelenirken, bir 6zet dl¢egi kullanilarak
siralanabilir. Tablo 2'de rastgele olmasina ragmen tipik bir 6lgek verilmistir. Bu degerler, tahmin edilen veya
Olciilen degerin yiizdesi olarak, gercek degerin muhtemelen mevcut oldugu nicel giliven araliklarina
dayanmaktadir.

Tablo 2: Sera Gazi Protokolii belirsizlik aracinda kullanilan Veri Dogrulugu derecesi ve karsilik gelen araliklar

(GHG belirsizlik protokolii)

Veri dogrulugu  Ortalama Deger Yiizdesi olarak arahk

Yiiksek +-%5

Iyi +/- % 15

Orta +/- %30
Kotii % 30’dan fazla

4, Sonuclar

Betona yonelik kiiresel taleplerin yogun olusu, liretimiyle iliskili ¢evresel etkileri de giin gectikge artirmaktadir.
Bu etkilerin farkinda olarak, akademi, endiistri, sivil toplum kuruluglart ve hiikiimetler tarafindan ¢ok sayida
azaltma stratejisi arastirilmaktadir. Yine de, bu dnlemlerden elde edilen ¢evresel faydalarin raporlanmasinda
tutarlilik sorunlar1 ve 6nlemlerin uygulanmasi halinde arzu edilen azalmalarin meydana gelme olasiligi konusunda
netlik eksikligi bulunmaktadir. Beton iiretiminden kaynaklanan sera gazi emisyonlarinin degerlendirilmesindeki
belirsizlik ve degiskenlik, diger bilinen hava kirletici (yani NOx, SOx, VOC, CO, Pb, PMiyy ve PM;s )
emisyonlarindan daha distiktiir. Fakat CO, Pb, PMjoVve PM, s emisyonlari i¢in temel belirsizligin yiiksek diizeyde
olusu, giivenilirlik, tamlik, zamansal, cografi ya da teknolojik korelasyonlardan kaynaklanan smirli veri
degiskenligi oldugu durumlarda bile metrekiip beton basina emisyonlara biiylik oranda katkida bulunur.

Veri degiskenligi ve belirsizligi olsa bile, ortaya ¢ikma olasilig1 yiliksek olan sera gazi emisyonlarinda kayda deger
azalmalara yol agabilecek, karbon yakalama ve dopalama kullanimi ya da miimkiin oldugu 6lgiide yiiksek klinker
icerikli Porland ¢imento kullanimimin smirlandirilmasi gibi yontemlerin kullanilmas1 da miimkiindiir. Porland
¢imento kullaniminin sinirlandirilmasi, diger hava kirletici emisyonlarda faydali azalmalara yol agabilir; ancak
kullanilan enerji kaynaklarina bagli olarak karbon yakalama ve dopalama, hava kirletici emisyonlarda artiglara
neden olabilir.

Hem veri degigkenliginin hem de veri belirsizliginin, beton tiretimiyle iliskili sera gazi ve hava kirletici emisyonlar1
iizerindeki etkilerinin incelenmesinde son yillarda yogun caligmalar yapilmaktadir. Bu veri degiskenlikleri ve
belirsizlikleri i¢in kullanilan en yaygin iki yontemden biri olan Monte Carlo Simiilasyon Yo6ntemi; herhangi bir
olasilik dagilimi, aralig1 ve korelasyon yapisina sahip belirsizliklerin, uygun sekilde nicellestirilmeleri kosuluyla
birlestirilmesine izin verir. Bu yontem, belirli ve kesin olmayan girdilerin olmasi durumunda ve bir fonksiyonla
hesaplanabilecek bir dagilima sahip olundugunda kullanilabilir ve rastgele sayilar1 baz alarak tahmini sistemler
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modellenir. Bu yontemin kullanilabilmesi i¢in teorik egitimin yaninda ornegin C veya C++ gibi bilimsel
caligmalarda siklikla kullanilan programlart iyi derecede bilmek gerekmektedir. Monte Carlo teknigi, tek
kaynaklarmn belirsizligini tahmin etmenin yani sira belirsizlikleri toplamak i¢in de kullanilabilen gii¢lii bir
belirsizlik hesaplama yontemidir. Diger bir yaygin belirsizlik hesaplama yontemi olan Gauss Yontemi’ne Sera
Gaz1 Protokolii Belirsizlik araci olarak birinci dereceden hata yayilimlarini kullanir. Ancak bu yontem yalnizca
belirli varsayimlar yerine getirildiginde uygulanabilmektedir. Bunlardan ilki, her parametredeki hatalar normal
dagilimli olmalidir. Tahmin edici islevinde hicbir yanlilik olmamalidir. Tahmin edilen parametreler korelasyonsuz
olmalidir ve her parametredeki bireysel belirsizlikler, ortalamanin %60'ndan az olmalidir.

Netice itibari ile belirsizliklerin tiim bilesenlerin dogru ydntemlerle belirlenmesi ve bunun 6l¢iim sonuglarina
katkisinin tespit edilmesi Ozellikle sera gazi ve diger kirleticilerin siirekli izlenmesinde kullanilan SEOS
sistemlerinin verimliligini arttirmak i¢in 6nemli bir unsurdur.
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Oz

Giliniimiizde diinyada ¢elik yapilarin kullanimi artmaktadir. Celik yapilarin diger tiim bina tiirleri gibi deprem
etkilerinden etkilendigi bilinmektedir. Bu duruma ek olarak gelik yapilar da diger tiim nesneler gibi gevresel
titresimlerden etkilenir. Tiim bu etkilerden dolay1 ¢elik yapilar zamanla tasima giiciinii kaybedebilir. Bu durumda
yapmin ¢Okmesi gibi ¢ok tehlikeli sonuglara neden olur. Bu tiir sorunlart ¢6zmek ic¢in kanitlanmis gesitli
giiclendirme yontemleri mevcuttur. Dikme duvarlarin kullanimi bu giiglendirme yéntemlerinden biridir. Dikme
duvar giiclendirme yonteminin olduk¢a yaygin oldugu birgok ¢aligmada kanitlanmigtir. Bu ¢alismada, sonlu
elemanlar yontemi kullanilarak modal analiz yapilarak drnek bir ¢elik binada pervazlarin (dikme duvar) etkileri
ortaya konmustur. Ozellikle ilk 5 modun yap: titresim periyotlar1 ve serbest titresim modu sekilleri detayl olarak
ele alinmistir. Boylece dikme duvarlarin yapimin rijitligi iizerindeki olumlu etkisi daha net bir sekilde ortaya
konmustur. Tim bu sonuglar 1s181nda ¢elik yapilarin gii¢lendirilmesinde dikme duvar yontemi kullanilabilir.

Anahtar Kelimeler: Celik yapilar, dikme (pervaz) duvarlar, Sonlu elemanlar metodu, Dinamik parametreler,
Gil¢lendirme

The Effect of Stud Walls on Dynamic Characteristics of Steel Building

Abstract

Today, the use of steel structures is increase in the world. It is known that steel structures are affected by earthquake
effects like all other building types. In addition to this situation, steel structures are affected by environmental
vibrations like all other objects. Due to all these effects, steel structures may lose their bearing capacity over time.
In this case, it causes very dangerous results such as collapse of the structure. Various proven retrofit methods are
available to solve such problems. The use of stud walls is one of these retrofit methods. It has been proven in many
studies that the stud walls reinforcement method is quite common. In this study, the effects of stud walls in a
sample steel building are revealed by making modal analysis using the finite element method. In particular, the
structure vibration periods and free vibration mode shapes of the first 5 modes are discussed in detail. Thus, the
positive effect of stud walls on the rigidity of the structure has been more clearly demonstrated. In the light of all
this results, the method of stud walls can be used in the reinforcement of steel buildings.

Keywords: Steel buildings, Stud walls, Finite element method, Dynamic parameters, Retrofitting

1. Introduction
The wall studs form the vertical upright portion of a wall frame. The top and sole plates of the frame are fitted

to the floor and ceiling and the wall studs are added, evenly spaced along the length of the wall. The vertical
portion of the wall studs forms the top of a rigid frame. Since the wall studs only take up the top portion of the
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wall, any distance between them is purely the physical space needed for the frame. Also called overhead braces,
wall anchors are used to secure the wall studs to the studs of the adjoining wall, thus creating the wall frame. The
development of the stud wall system has improved structures resistance to earthquakes. It is a system that has only
recently begun to be used in the construction industry in comparison to other traditional seismic reinforcement
elements. Bolting holds stud walls to beams that are nailed to the columns. Its purpose is to provide energy
consumption, boost system stiffness, and withstand all lateral loads. It lessens earthquake-related damage.
Conventional steel beams, on the other hand, are made of steel plates with welded-on connections and are
susceptible to buckling and fracture during an earthquake. The stud wall system is generally preferred over
traditional beams as it does not involve a lot of structural elements. In other words, there is very less material
involved. Stud wall system is also preferred by contractors, as they save on building cost. Other systems, such as
tension (wire rope) system and cold-formed steel stud wall system, however, are used widely in structures.

Steel beams and columns are made of steel plates, which are welded together to form steel beams. Steel beams
are not easy to install, as they are brittle. The reinforcements that are placed in between the plate and beam, known
as tension members, help provide a sufficient amount of lateral support to the foundation during an earthquake.
Stud walls are different from the foundation walls, because the stud wall system does not sit on the ground.
Depending on the height of the foundation, various types of stud wall systems can be implemented. Stud wall
schematic drawing is given in Figure 1.

Top Plate

Studs

Base Plate

Figure 1. Stud wall schematic drawing

Researchers have carried out many studies using both the finite element method and the reinforcing methods.
There are many other studies by the authors using the finite element method before. In this study, studies [1], [2],
[31, [4], [5], [61, [7], [8], [9] on the use of the finite element method were used. With all this knowledge, this new
study has been carried out.

Researchers have conducted studies [10], [11], [12], [13], [14], [15], [16], [17], [18], [19] about stud walls
which also contributing to this study.

The aim of this study is to examine the effects of retrofit with stud walls on dynamic characteristics in steel
building. There may be a need for a retrofit method without economical disadvantages or excessive dead load
increments. In such cases, the retrofit method with stud wall is also known to be an option. For this reason, it is
very important to reveal the effect of stud wall on dynamic characteristics.
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2. Material and Method

In this study, A steel building model was created and modal analysis was carried out with the finite element
method. The steel building model was retrofitted with stud walls and a retrofitted model building model was
created for comparison. In the application of the finite element method, the SAP2000 package program, which is
used in the field of academic and engineering applications all over the world, was used.

2.1. The Model of Reinforced Steel Building

Itis a 5-storey steel building with two spans in x and y directions (6 m) and a floor height of 4 meters. Columns
and beams are 20x25x1 cm box profile, floor thickness is 2 cm steel plate.

By designing the building as symmetrical and simple, it is aimed to reveal the result of the retrofit to be applied
more clearly. The spans are therefore taken equal.

The 3D finite element model in SAP2000 package software of the model steel building is given in Figure 2.

Figure 2. The model steel building’s 3D view
2.2. The Model of Retrofitted Steel Building

A stud wall was applied to one of the openings in the x and y directions of the building. Stud wall measures
10x10x0.5 cm at 1m intervals and is made of steel. The 3D finite element model in SAP2000 package software of
the retrofitted model steel building given in Figure 3.
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Figure 3. The retrofitted steel building’s 3D view

3. Result and Discussion

Model steel building and retrofitted model steel building were analysed separately. The modal analysis results
of each model are shared under separate headings. The results include the analysis results of the first five modes.
Mode shape and period values are taken into consideration for each mode. The parameters obtained for both
models were compared for each mode separately. During the analysis, the SAP2000 package software, which is a
finite element method software, was used. The steel material used was taken according to ANSI/AISC 360-10
standards.

3.1. Analysis Results of Model Steel Building

The model steel building was analysed without retrofitting. When the first five modes are examined, the results
obtained are presented in figure 4,5,6,7,8 as period values and mode shapes for each mode.

Figure 4. 1. Mode shape (T = 1.45s)
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Figure 5. 2. Mode shape (T = 1.355)

Figure 6. 3. Mode shape (T = 1.02 s)
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Figure 7. 4. Mode shape (T = 0.46 s)

Figure 8. 5. Mode shape (T =0.42 s)
3.2. Analysis Results of Retrofitted Model Steel Building

The model steel building was analysed with reinforcing by stud walls. When the first five modes are examined,
the results obtained are presented in figure 9,10,11,12,13 as period values and mode shapes for each mode.
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Figure 9. 1. Mode shape (T = 1.38 s)

Figure 10. 2. Mode shape (T = 1.29 s)
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Figure 11. 3. Mode shape (T =0.95s)

Figure 12. 4. Mode shape (T =0.44 s)
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Figure 13. 5. Mode shape (T =0.40s)

3.3. Comparison of Analysis Results

The comparison of period values of the model steel building and retrofitted model steel building is given in
Table 1.

Table 1. Comparison of period values

Mode 1 2 3 4 5

Non-Retrofitted 1.45 1.35 1.02 0.46 0.42

Retrofitted 1.38 1.29 0.95 0.44 0.40

Difference (s) 0.07 0.06 0.07 0.02 0.02

Difference (%) 4.83 4.44 6.86 4.35 4.76

The comparison of mode shapes of the model steel building and retrofitted model steel building is given in
Table 2.

Table 2. Comparison of mode shapes type

Mode 1 2 3 4 5

Non-retrofitted Translational Translational Torsional | Translational | Translational

Retrofitted Translational Translational Torsional | Translational | Translational

4. Conclusions

In the mode 1, the period difference between non-retrofitted model and retrofitted model status was obtained
as 0.07 s. The effect of period retrofitting with stud walls as a percentage was determined as 4.83.

In the mode 2, the period difference between non-retrofitted model and retrofitted model status was obtained
as 0.06 s. The effect of period retrofitting with stud walls as a percentage was determined as 4.44.
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In the mode 3, the period difference between non-retrofitted model and retrofitted model status was obtained
as 0.07 s. The effect of period retrofitting with stud walls as a percentage was determined as 6.86.

In the mode 4, the period difference between non-retrofitted model and retrofitted model status was obtained
as 0.02 s. The effect of period retrofitting with stud walls as a percentage was determined as 4.35.

In the mode 5, the period difference between non-retrofitted model and retrofitted model status was obtained
as 0.02 s. The effect of period retrofitting with stud walls as a percentage was determined as 4.76.

When the mod shapes were examined, no mod shape type changes were observed with the retrofit with stud
wall. However, it has been observed clearly that the mode shapes move more rigidly with the retrofit.

In the light of all these results, decrease in periods was detected in first five modes. Thus, it is seen that the
rigidity of the structure increases by strengthening the model steel building with stud walls. In the 1st mode, in
other words, there is a decrease of 4.83 percent in the dominant period value. In addition, there is a large decrease
of 6.86 percent in the period value in the 3rd mode. It has been observed that the 3rd mode shape is the torsional
mode shape. The fact that this effect is in the form of a torsion mode is an indication that this retrofitting also
reduces the effects of torsion. Of course, it should be taken into account that the design of the structure and
retrofitting is very important in obtaining the data in this way. Incorrect model selection and faulty retrofit designs
can make data more unreliable. In the light of all this obtaining information, the retrofit method with stud walls
may be used in steel buildings.

References

[1] Ziada, M., Tuhta, S., Gengbay, E. H., Glinday, F., & Tammam, Y. (2019). Analysis of Tunnel Form Building
Retrofitted with CFRP using Finite Element Method. International Journal of Trend in Scientific Research and
Development, 3(2), 822-826.

[2] Tuhta, S., Giinday, F., & Pehlivan, N. C. (2019). Investigation of Cfrp Retrofitting Effect on Masonry Dome
on Bending Moment Using Finite Element Method. International Journal of Innovations in Engineering Research
and Technology, 6(6), 18-22.

[3] Tuhta, S., Giinday, F., & Alihassan, A. (2020). The Effect of CFRP Reinforced Concrete Chimney on Modal
Parameters Using Finite Element Method. International Journal of Innovations in Engineering Research and
Technology, 7(2), 1-6.

[4] Tuhta, S., Giinday, F., & Koroglu, E. (2021). The Effect of TMD on The Periods and Mode Shapes of The
Reinforced Concrete Building by Finite Element Analysis. JournalNXx, 7(12), 5-13.

[5] Bakkour, F., Tuhta, S., & Giinday, F. (2022). Determination of Modal Parameters of Reinforced Concrete Box
Culvert Retrofitted with GFRP Using Finite Element Method. International Journal of Innovations in Engineering
Research and Technology, 9(4), 1-9.

[6] Kasimzade, A.A., Tuhta, S., Giinday, F. & Aydin, H. (2021). Obtaining Dynamic Parameters by Using Ambient
Vibration Recordings on Model of The Steel Arch Bridge. Periodica Polytechnica Civil Engineering, 65(2), 608-
618.

[7] Hammoud, M. A., Tuhta, S., & Giinday, F. (2022). Determination of Modal Parameters of Reinforced Concrete

Tunnel Retrofitted with CFRP using Finite Element Method. International Journal of Innovations in Engineering
Research and Technology, 9(4), 10-18.

315



ISC'22 2™ International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

[8] Kasimzade A.A., Structural Design and Analysis Based on FEM with SAP2000 in the Light of Current Codes
(is included education and finite element analysis software on a DVD-QR code), Nobel Publication, December
2021, p. 342.

[9] Kasimzade A.A., Finite Element Method foundation and Application to Structural Analysis (is included
education and finite element analysis software on a DVD-QR code), Nobel Publication, June 2018, p. 818.

[10] Belal, M. F., Serror, M. H., Mourad, S. A., & Saadawy, M. M. E. (2020). Numerical study of seismic behavior
of light-gauge cold-formed steel stud walls. Journal of Constructional Steel Research, 174, 106307.

[11] Serrette, R., & Ogunfunmi, K. (1996). Shear resistance of gypsum-sheathed light-gauge steel stud walls.
Journal of Structural Engineering, 122(4), 383-389.

[12] Restrepo, J. I., & Bersofsky, A. M. (2011). Performance characteristics of light gage steel stud partition walls.
Thin-Walled Structures, 49(2), 317-324.

[13] Moghimi, H., & Ronagh, H. R. (2009). Performance of light-gauge cold-formed steel strap-braced stud walls
subjected to cyclic loading. Engineering Structures, 31(1), 69-83.

[14] luorio, O., Macillo, V., Terracciano, M. T., Pali, T., Fiorino, L., & Landolfo, R. (2014). Seismic response of
Cfs strap-braced stud walls: Experimental investigation. Thin-Walled Structures, 85, 466-480.

[15] Fiilop, L. A., & Dubina, D. (2004). Performance of wall-stud cold-formed shear panels under monotonic and
cyclic loading: Part I: Experimental research. Thin-Walled Structures, 42(2), 321-338.

[16] Fiorino, L., Terracciano, M. T., & Landolfo, R. (2016). Experimental investigation of seismic behaviour of
low dissipative CFS strap-braced stud walls. Journal of Constructional Steel Research, 127, 92-107.

[17] Mpilias, N., Rajabipour, A., Rodeghiero, B., & Bazli, M. (2022). Lateral load capacity of the common steel
stud wall framing braced bays in Australia's Northern Territory, Case Studies in Construction Materials, 17,
e01275.

[18] Ibrahim, Y. E., Hameed, A., Qazi, A. U., Rasool, A. M., Latif, M. F., & Qureshi, M. U. (2021). Experimental
response of cold-formed steel stud shear wall with hardboard sheathing under seismic loading. Case Studies in
Construction Materials, 15, e00574.

[19] Bao, W., Jiang, J., Shao, Y., & Liu, Y. (2019). Experimental study of the lateral performance of a steel stud
wall with a semi-rigid connected frame. Engineering Structures, 183, 677-689.

316



ISC'22 2™ International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

Borlu Cimento Harclariin Fizikomekanik Ozellikleri

Atila Giirhan Celik, ibrahim Giines

1Giresun Universitesi, Miihendislik Fakiiltesi, Insaat Miihendisligi Boliimii, 28200, Giresun/Tiirkiye

Ozet

Bu ¢aligmada, Go6ltag Cimento Fabrikasi'nda (Isparta, Tiirkiye) iiretilen Bor ¢gimentosu ve Portland kompozit (PC)
cimentosu iizerinde mekanik ve fiziksel deneyler yapilmistir. Baglayict malzeme olarak PC (CEM I 42,5R) ve
BC(Borlu ¢imento) kullanilarak iiretilen betonlarin performanslari arastirilmistir. Yapilan ¢aligsmalar sonucunda,
180 giinliik kiir sonunda BC ve PC harc¢larin basing dayanimi ve hidratasyon 1sis1 BA' dan %8,7 ve PC'den %82
daha diigiik bulunmustur.

Anahtar kelimeler: Boron cement, Compressive strength, Hydration, Portland cement.

Investigation Physicomechanical Properties of Boron Cement Mortars
Abstract

In this study, mechanical and physical experiments are carried out on Boron cement and Portland composite (PC)
cement produced in Goltas Cement Plant (Isparta, Turkey). The performances of concretes manufactured by using
PC (CEM 1 42,5R) and Boron cement as binding material are investigated. As a result of the studies performed,
the compressive strength of the mortars with BC and PC mortars at the end of 180 days of curing, respectively,
and the hydration heat is 8.7% lower than BA and 82% lower than PC.

Keywords: Polypropylene, Concrete, Water absorption, Density, Unit weight

4. Giris

Cimento, kalker ve kil karigimmnin yiiksek sicaklikta isitildiktan sonra 6giitiilmesi ile elde edilen hidrolik bir
baglayicidir. Cimento baglayicilik gérevini su ile tepkimeye girdikten sonra kazandigi i¢in hidrolik baglayici olarak
adlandirtlir (1). Normal portland klinkerinde dort ana faz mevcuttur ve klinkerlesme sicakligi yaklasik 1400-
1450°C’dir: Temel faz Alit’in (C3S) yanisira, Belit (B-C.S), Celit (C3A) ve Brownmillerit (C4AF) minerallerinden
olusur. Belit ¢imentolarinin esasini C,S fazi olusturur. Kristal yapilaria gore degisen dort belit modifikasyonu
mevcuttur. y-C,S: pasif hidrolik 6zellige sahiptir ve mukavemet vermez, B-C.S: erken dayanimi diisiik ancak
ileri yaslarda alit ile ayn1 mukavemete ulasir, o’ - C2S: reaktif veya aktif belit olarak adlandirilir ve a - C,S: reaktif
veya aktif belit - yiiksek sicaklik formasyonu olarak bilinmektedir (2-5). Bor atiginin klinkere ilave edilerek elde
edilen ¢imentolarim priz siireleri, basing dayanimlari, gekme dayanimlar1 ve radyasyon gecirgenlikleri dl¢iilmiis ve
portland ¢imentosu ile mukayese edilmistir. Beton 6rnekler iizerinde yapilan mekanik ve fiziksel testler sonucunda
%S5 atik ilavesine kadar mukavemet degerleri portland ¢imentosu ile elde edilen 6rneklerden yiiksek bulunmustur.
%S5 atik katkisindan sonra mukavemet degeri giderek azalmaktadir (6). Yapilan aragtirmalarda, endiistriyel tiretim
sonrasinda elde edilen klinkerler {izerinde yapilan mineralojik analizler sonucunda, borlu klinkerin, %6,5 kolemanit
ihtiva eden hammaddenin firina girmesinden itibaren elde edildigi goriilmiistiir. Optimum kosullara %10 kolemanit
ihtiva eden hammadde ile ulagilmistir[7]. Bu ¢alismada, PC ve BA harg¢lardan imal edilen betonlarin performans
ozellikleri arastirilmistir.
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2. Materyal ve Metot

2.1. Materyal
2.1.1. Cimento

Calismalarda, gerek ¢cimento kimyasal ve fiziksel 6zelliklerinin belirlenmesi ve gerekse beton deneylerinde Goltas
Cimento Fabrikasi’nda iiretilen BC ve PC(CEM I 42,5R) tipi ¢imento kullanilmistir.

2.1.2. Agrega

Bu ¢aligmada kullanilan agregalar 0-2mm, 2-4mm, 4-8mm 8-16 16-22,4 ve 22,4- 32 tane boyutuna sahip olacak
sekilde gruplandirilmiglardir. TS 802’ye uygun olarak maksimum dane boyu 22,4 mm alinmistir.

2.1.3. Karisim Suyu

Yapilan ¢aligmada karisim suyu olarak Giresun ilinde schir sebeke suyu kullanilmistir. Kullanilan suyun ilgili
standartlarda yer alan 6zellikleri saglamasina dikkat edilmistir.

2.1.5. Siiper Akiskanlastiric1 Katki Maddesi

Glenium51'in geleneksel siiperakiskanlik verici katki maddesi kullanilmistir. Bu siiper akigkanlagtiricinin en
oenmli 6zelligi ¢imento dagiliminin etkinligini biiyiik 6l¢iide arttirmasidir.

2.2.Metod

Deneysel calismalar Ulusal Bor Arastirma Enstitiisii laboratuvarlarinda gergeklestirilmistir. Uriin olarak Goltas
Cimento Fabrikasi PC ve BA kullanilarak beton numuneler iretilmistir. Har¢ karigimlart 150x150x150 mm
kaliplarda ve kimyasal katk1 kullanilmadan iiretilmistir. Ornekler 24 saat sonra kaliptan ¢ikarilarak sebeke suyunda
20 0C sicaklikta (2, 7, 28,90 ve 180) kiirlenmistir. Ornekler iizerinde fizikomekanik deneyleri gerceklestirilmistir.
Hidratasyon 1sis1 ile ilgili yapilan dl¢iimler ASTM C17020129(071 standardina uygun olarak MC-CAL izotermal
kalorimetre cihazi kullanilarak gerceklestirilmistir.

3. Deneysel Sonuclar
3.1. Basin¢ Dayanimi

Sekil 1'de BC ve PC harglarinin basing dayanimi1 sonuglari 180 giine kadar sunulmustur. BC sonuglari ilk 7 giin
harig tiim kiirleme ¢aglarinda PC'den daha yiiksek oldugu tespit edilmistir.
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Sekil 1. Harglarin basing dayanim degerleri

318



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

BC karigimlarin erken dayaniminin diisiik ge¢ dayanimlarinin zamanla arttigi goriilmiistiir. BC harglarin
dayanimlari, 28, 90 ve 180 giin kiir siiresine bagli olarak sirastyla 49.9, 65.6 ve 74.7 MPa olarak elde edilmistir.

3.2. Hidratasyon Isisi(cal/gr)

Beton harglarin hidratasyon 1sis1 degeri énemli fiziksel 6zelligidir. Ozellikle kiitle betonlarinda kullanilmasi
gereken ¢imentolarin 7 giinde en fazla 60 cal/g ve 28 giinde de an fazla 70 cal/g civarinda toplam hidratasyon
1s1sina sahip olmalari talep edilir.
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Sekil 2. Harglarin hidratasyon 1sis1 degerleri

Sekil 2’ de BC ve PC(CEM I 42,5R) igeren ¢imentolarin hidratasyon isilarinin karsilastirilmasi verilmektedir.
Grafikten goriildiigii tizere, BA katkili harclarin hidratasyon 1sis1 PC harglara kiyasla %88 daha diisiik ¢ikmustir.

3.3. Birim Hacim Agirhik(kg/m®)

Birim agirlik test sonuglari, 180 giin sonunda iyi ve en diisiik birim agirhgm PC katkili beton harglardan elde
edildigini (2285kg/m®) gostermektedir (Sekil 3). Ayrica, kiir siiresinin artmas: ile beton harglarin BHA
degerlerinin diistiigii belirlenmistir. Hafiflik 6zelligi, beton ve insaat sektorii i¢in en 6nemli 6zelliklerden biridir.
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Sekil 3. Harclarin birim hacim agirlik degerleri
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4. Sonug ve Oneriler
Caligsmanin sonuglart agagida verilmistir;

e  BC katkili har¢larin 28 giinliik hidratasyon 1s1s1 (59.1 cal/g) ve PC (88.2 cal/g) bulunmustur. BC harglarin
hidratasyon 1sis1 degeri PC’ ye gore %88 daha diisiik ¢ikmustir.

e Birim agirlik, PC harglar BA harclara kiyasla daha diisiik bulunmus olup %3.3 oraninda azalmistir.
e BC karisimlarin dayanimlari, 28, 90 ve 180 giin kiir siiresine bagl olarak sirasiyla 49.9, 65.6 ve 74.7

MPa olarak elde edilmistir. Bu har¢larin dayanimlar1 180 giinliik kiirleme sonunda karsilagtirildiginda
BC betonlar PC* ye kiyasla % 38,6 daha yiiksek ¢ikmistir.
e BC harglarindan iiretilen betonlarin durabilite yoniinden kiitle betonu uygulamalarinda kullanilmasinin

avantajli olacagi sonucuna varilmistir.

e Borlu ¢imento harglara farkli miktarlarda puzolan ve mineral katkilar takviye edilerek g¢aligmalar
yapilmalidir.
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Abstract

In this study, researchers were carried out on the production of antibacterial ceramic coatings, which can contribute
to the development of human health and the environment, and also attract the product market in different directions.
The aim of the study was to produce anti-bacterial powders by wet chemical method and to add these powders to
the operating conditions and to test the final products for bacteria. Characterization of the produced powders was
done by XRD. Studies were carried out on the production of tiles with antibacterial properties by adding the
antibacterial powders to the business glaze. As a result of antibacterial tests, it has been seen that the powders have
antibacterial properties.

Keywords:_Antibacterial, hydroxyapatite, silver, cupper, zinc

1. Introduction

The environment we live in is the environment in which we are in contact with microorganisms, which are
among the most important factors that cause diseases. Due to the pandemic in recent years, interest in antibacterial
products is increasing. An increase has been observed in studies on metal-added products, especially with
antibacterial effect. The effectiveness of metals such as silver, copper and zinc against bacteria has been known
since ancient times. Glass, ceramics, polymers and composites containing this metal and its oxides are widely
studied materials [1-11].

This study aimed to examine the preparation and antibacterial activity of glazed ceramic tiles consists of metal
(Ag, Cu, Zn) doped hydroxyapatite powder by sol-gel method. The obtained powders were investigated by X-ray
Diffraction(XRD). The antibacterial activity of the metal-doped glaze was studied against Gram-negative
Escherichia coli.

2. Materials and Method

The experimental study was carried out in three stages. In the first step, silver, copper and zinc ions were
dissolved in water and added to the Ca(OH), (calcium hydroxide) solution for the production of metal ion doped
hydroxy apatite by wet chemical method. HsPO4 (phosphoric acid) solution was dropped on it and mixed with a
magnetic stirrer. The pH values of the suspensions prepared by adding metal salts (0.01 mol) in container was
controlled by continuous mixing. The precipitate formed as a result of mixing and adding phosphoric acid in
stoichiometric ratio was dried at 120 °C. Metal ion doped hydroxyapatite structure was investigated by XRD (X-
Ray Diffraction) analysis of the milled powders. Antibacterial powders prepared in the second stage were added
to the wall tile production glaze in different proportions (1%, 2% and 3% w).
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Figure 1. Experimental setup.

The wall tiles in the size of (20X20X7) mm produced in the ceramic plant are fed to the production line
for engop application after drying in the range of 200°C inlet temperature and 70°C outlet temperature in order to
be resistant to tape applications. The tiles taken from the tape were reduced to 10X10 size before the glaze
suspension was applied. The liter weight of the glaze suspension taken from the enterprise was determined as 1935
g/L. The liter weight was reduced to 1700 g/L so that the antibacterial powder could be thoroughly mixed and
applied easily on the tile. After providing the appropriate liter weight, Cu-Zn-Ag containing antibacterial powder
was added to the glaze suspension at 1%, 2%, 3% and mixed in a jet mill for 30 minutes. Prepared glaze
suspensions were poured 7 grams on each tile with a pistol in the glazing unit. After the glazed tiles were dried in
an oven at 225°C for 30 minutes, they were placed in the oven to be fired for 60 minutes.

Cculr Znl Agl HAp P

Cu2 zZn2 Ag2 HAp P

cu3 2Zn3 Ag3 HAp

Figure 2. Glazed tiles with antibacterial powder..
Antibacterial Test

The number of E. coli (25922) bacteria was determined by the smear plate method using Baird Parker
agar. First of all, E. coli (25922), the bacteria to be used in the analysis, were grown in nutrient broth for 24 hours
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at 37°C. After inoculation of 105 cfu/mL bacteria per cm? on each sample surface, it was spread homogeneously
on the surface with a sterile pipette. The medium to be used in the analyzes was sterilized in an autoclave at 121°C
under 1 atmosphere pressure for 20 minutes and then cooled to room temperature. After incubation, the number of
bacteria in cm2 of the samples was calculated by counting the black colored colonies with a white zone around
them larger than 0.5 mm.

Antibacterial properties of samples prepared using the agar disc diffusion method were also tested. Agar
disc diffusion method, Biswas et al. (2014) from the study by and some modifications were made (Biswas et al.
2014). After the microorganism to be tested was activated on Miller Hinton agar, one lop was taken and planted
in 5 mL Caso broth. Incubation was performed at 37°C at 180 rpm until the McFarland standard of 0.5 was reached.
A bacterial suspension containing 1-1.5x107 cells was prepared with 0.85% w/v NaCl. Add 100 uL of the prepared
bacterial suspension to petri dishes and use a drigalski spatula spread on Miller Hinton agar. It was waited for 15
minutes for the agar to dry. After this process, the prepared membrane with a diameter of 6 mm was placed on
agar. After this process, the petri dishes were incubated flat at 37°C for 24 hours. It was determined whether they
formed a zone or not [12].

3. Results and Discussion

HAp

Cu-HAp

JJ\.WM

Ag-HAp

ol

T T T
40 as 50 55
Theta-2Theta (deg)

-
v T T T T T T T
20 25 30 35

Figure 2. XRD analysis of powder

As can be seen in Figure 2, the xrd diagram of pure and metal-added powders is shown. Metal ion doping is
evident as a result of XRD analysis. When the literature is compared, the results obtained are similar [13-20].

Antibacterial test results are shown in the Table 1. From Table 1, as the metal ion concentration increases, its
antibacterial activity increases. Accordingly, the most effective metal ion is silver, followed by copper and zinc.

323



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

When the zone diameters are examined, it is seen that the antibacterial tendency is the same. There are also studies
with similar results in the literatiire [21-24].

Table 1. Antibacterial tests

Substance Amount | Bacterial amount] Zone diameter
%W (kob/cm?) (mm)

P - 5.10° -

1 2x10* 4

HAp 2 6x10° 6

3 1x103 7
1 1x10? 11
Cu-HAp 2 0.5x102 12
3 10 15

1 1x10° 8
Zn-HAp 2 6x102 10
3 0.4x102 12
1 - 15
Ag-HAp 2 - 17
3 - 19

4. Conclusions

Metal ion added antibacterial powders were produced by sol-gel method. The expected result was obtained in
XRD analysis and Ag-Hap, Cu-Hap and Zn-Hap powders were produced. These produced powders are added to
the wall tile glaze in different proportions to produce tiles for antibacterial properties. Antibacterial test were
examined by the smear plate method and dick diffusion method. As a result of bacterial analysis, its effectiveness
against e-coli was observed. According to these results, it is expected that the use of antibacterial powder-added
glazed tiles will have positive results in terms of health, especially in environments with communal life.
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Abstract

Sol-gel method has attracted the attention of researchers in recent years. There is no alternative to the sol-gel
method in obtaining high purity and correct compositions. The biggest problem seen in coatings is the inability to
provide sufficient adhesion on the substrate. For this reason, studies have focused on the production of durable
films. In this study, silane-based solutions containing high molecular weight carboxylic acid and saturated fatty
acid that adhere well to the glass surface were used. The coating was characterized in terms of its physical
properties and morphology. After coating, a surface with high hydrophobicity was obtained.

Keywords: silane, hydrophobic, glass, coating, sol-gel
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1. Introduction

Sol-gel method is a method of obtaining powder or film by hydrolysis and condensation reactions by using a
compound containing an active ingredient (alkoxide or metal salts) as a starting material, forming a stable sol
system in solution [1-5].

Thin Film coating methods include electrolytic coating, electroless coating, sol-gel process, physical vapor
deposition (PVD), chemical vapor deposition (CVD), chemical deposition, plasma spray, etc. There are many
methods such as These methods have advantages and disadvantages. Thin coatings are very thin layers of metal,
glass or substrate for functionalization such as crystals, ceramics. Generally, it can be oxide-containing (SiO2,
TiO2, MgF2, Au, Al etc.) as well as metallic or metal-based coatings. It can be modified with the thickness and
number of layers so that the surface has properties such as scratching, conductivity, hydrophobicity, color,
reflection, anti-reflection, and dirt-repellent [6-8].

2. Materials and Method

3-(GlycidoxyPropyl) TriMethoxySilane (GPTMS), 1H, 1H, 2H, 2H-Perfluorooctyltrimethoxysilane (FAS),
Calcium stearate were used as precursors. All chemicals were analytical grade and used as received.

QCHs - F RFRF 0" CHj
H3CO-Si—~_ ~ Si.

l Q/\7 F 4 07 “CHs

OCHs o FFFFF F \~CHj

Figure 1. Molecular and structural formula of precursors [9]

The glass substrate was cleaned ultrasonically using acetone, ethanol and deionized water (Fig 2). After
cleaning substrate was dried at ambient temperature.
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Figure 2. Cleaning of glass substrate

The cleaned glasses were dried in a vacuum oven. The prepared sols were sprayed on the surface at 2 bar
pressure with a gun with a nozzle opening of 0.8 mm. It was then kept at 200 °C for 30 min.

The hydrophobicity and surface morphology of the thin films were performed using contact angle measurements
and scanning electron microscopy (SEM), respectively. Water contact angle measurements were analyzed using
static sessile drop method at ambient temperature using Attention theta lite. Morphology was performed by using
LEO 1430 VP model SEM (Fig 3-4).

Detector = SE1 Mag= 10.00KX EHT=15.00kV
AKU TUAM

Figure 3. SEM image of glass surface and cross section

It can be seen from Figure 3 that the coating is homogeneous and the roughness is low. It is clear from the
section that the coating thickness is about 10 microns.

P - .

Figure 4. Contact angle of bare and coated glass

In Figure 4, uncoated glass has a contact angle of 54 degrees, while solution-coated glass containing GPTMS,
FAS and Ca-stearate has a contact angle of 128 degrees.

328



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

3. Conclusion

As a result, the desired hydrophobic coating is obtained. The coating is homogeneous and its thickness is around
10 microns. It can be easily used in applications where a hydrophobic surface is required.
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Abstract

Microstructure studies aim to find optimum heat treatment regimes that provide the maximum possible fine
austenite grain after heat treatment of the tool. For research, samples were prepared from steel U8 (C80U,
European Norm) with a diameter of 20 mm and a height of 5 mm. This ensured the commensurability of the
samples' cross-section with the heat-treated tool's cross-section. Thermal treatment of models, as already
mentioned, consisted of the following: heating in a salt bath to temperatures of 820, 900, 1000, 1100, 1150, 1200,
and 1260 °C; the heating time was 5 minutes. The formation of a martensitic structure after the first hardening and
cooling was carried out in the water with a transfer to quenching oil. Hardened samples had intermediate tempering
at 200, 300, 350, and 450 °C. Some of the pieces were not subjected to intermediate tempering. The point of view
of achieving the minimum grain size of austenite, pre-hardening at 1100 °C, intermediate tempering at 200, 350,
and 450 °C is preferable.

Keywords: Austenite, Heat Treatment, Microstructure, Martensite, Reheating,
1. Introduction

Generally, traditional, accepted methods of heat-treating metal goods provide them with high mechanical
qualities. U8 (C80U, European norm) quality steels are preferred as unalloyed cold work tool steel [1]. U8 quality
tool steels are heat treated to obtain a structure with maximum wear resistance. Therefore, it is essential to minimize
the amount of residual austenite that may exist in the structure during heat treatment or to develop a heat treatment
process to reduce the grain size in the structure. When the transformation graphs are examined in steels containing
more than 0.7% carbon, it does not seem possible to transform martensite below 0 °C completely. (Figure 1) 8[2].

600 4

400 4

200 4

Temperature (°C)

0 02 04 06 08 1 12 14
Carbon Rate (%)

Figure 1. Variation of Ms (start) and M (finish) temperatures depending on the carbon ratio of the steel [2]
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Keeping the presence of residual austenite in the structure to a minimum will reduce strength at a micro scale
and thus the possibility of damage will be significantly reduced. Complete removal of residual austenite is
completely removed by subzero treatment. It is required to lower the temperature to a specific intermediate value,
wait for the part temperature to reach that homogeneity, and then continue cooling to prevent thermal damage
during cooling in high-section parts. Subzero operation is then carried out at the processing temperature and
waiting time chosen under the material's intended qualities [3]. However, depending on the part geometry and size,
distortion and micro-scale crack formation can occur in subzero operations. Therefore, a two-stage heat treatment
regime was investigated to obtain a temper martensite structure containing residual austenite reduced to fine grain
size to impart a certain strength.

2. Materials and Methods

To find the optimum heat treatment regimes that provide the maximum possible fine austenite grain after heat
treatment was selected U8 grade steel to observe the austenitic grains. For research, samples were prepared from
steel U8 with a diameter of 20 mm and a height of 5 mm. This ensured the commensurability of the cross section
of the samples with the cross section of the heat-treated tool. Through heat treatment, a temper martensitic structure
was created.

Thermal treatment of samples, consisted of the following: heating in a salt bath to temperatures of 820, 900,
1000, 1100, 1150, 1200, 1260 °C; the heating time was 5 minutes. To ensure the formation of a martensitic structure
after the first hardening, cooling was carried out in water with transfer to oil.

Hardened samples had intermediate tempering at temperatures of 200, 300, 350, 450 °C. Some of the samples
were not subjected to intermediate tempering.

Reheating of all samples was also carried out in a salt bath to a temperature of 820 °C. The heating time was
5 minutes. Cooling was carried out in the mode of precipitation along the boundaries of the austenite grains of the
troostite network (nitrate bath with a temperature of 180 °C). After etching of thin sections (made from the
indicated samples) with a 4% solution of nitric acid in ethyl alcohol, as well as with a saturated solution of nicranic
acid in ethyl alcohol, as well as with a saturated solution of nicranic acid with additives of detergents, the austenite
grain size was calculated according to GOST 5639-65.

3. Results

The measurement results are shown in the graph in Figure 2. It has been established that, in comparison with
furnace heating, the size of the austenite grain in all cases is 1-2 points finer [4].

331



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

d.p, VKM
0,020
—_ 2
S O 1
S 0,018 ~ 4
E c& ,_l——o
< 0016 : o 45——9 : o
2 o0l >§ : .
% N 3 ;\\ .
S 0,012 \
S 4 © A
g Sta
< 0,010 +
820 900 1000 1100 1200 T,

First hardening temperature (°C)

Figure 2. Change in the average diameter of the austenite grain of steel U8 after final heat treatment
depending on the temperature of pre-hardening and tempering.

Interim leave: 1 —no; 2 —450 °C; 3200 °C; 4— 300 °C; 5 — 350 °C.

It can also be argued that the first hardening from a heating temperature of 1100 °C provides an additional
reduction in grain size by 1-2 points. The optimal intermediate tempering temperature will be 200 °, 350 ° and 450
°C, ensuring the stability of the grain size in the region of the first hardening temperatures of 1100-1150 °C. Thus,
the results of measuring the size of the austenite grain during heating in a salt bath differ significantly from those
obtained during furnace heating [5]. The microstructure was studied on special samples of steel U8 subjected to
the same heat treatment regimes as for studying the size of the austenite grain. The difference was that the second
hardening was carried out with cooling in water with transfer to a saltpeter bath with a temperature of 180 °C.
Thus, for microstructural studies, the heat treatment regimes fully corresponded to the heat treatment regimes of
the tool. The microstructure micrographs are shown in Figure 3 and Figure 4.
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Figure 3. Microstructure of steel U8 after hardening from different heating temperatures
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Figure 4. Microstructure of steel U8 at 500 magnification after the first hardening from different temperatures,
intermediate tempering 450 °C, second hardening from a temperature of 820 °C

4. Discussion and Conclusion

As the result of the study shows that the first hardening and high temperatures contribute to the growth of
austenite grains and martensite needles (up to 1 point at a heating temperature of 1260 °C).

The second quenching from a temperature of 820 °C after an intermediate tempering of 450 °C ensures the
production of fine acicular martensite, and the finest acicular martensite occurs if the first quenching was carried
out from a temperature of 1100 °C (see Fig. 4). No undissolved particles of cement were found, which also indicates
the complete transfer of carbon into a solid solution.

Thus, from the point of view of achieving the minimum grain size of austenite, pre-hardening at 1100 °C,
intermediate tempering at 200, 350 and 450 °C is preferable.
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Abstract

In this study, 304 stainless steel was nanostructured by mechanical alloying from elemental powders. Effect of
severe plastic deformation induced during high energy mechanical alloying on phase transformation and particle
morphology was investigated as a function of milling time from 15 minutes up to 30 hours. The microstructural
evolution of the as-milled powders was characterized by means of X-ray diffraction (XRD) and scanning electron
microscopy (SEM) techniques. A mathematical model adopted from literature was utilized to estimate the
martensite percentage as a function of milling time. It was found that the austenite-to-martensite phase
transformation was triggered in the early stage of milling reaching to about 20% after 2.5 hours milling. The
martensite percentage was determined as around 90% after 7.5 hours of milling and remained above 90% up to 30
hours of room temperature milling. Electron microscopy analysis of the milled powders suggested that average
particle size increased with increasing milling time. That is, as-received particle sizes of Fe, Cr, and Ni were 15
um, 50 um, and 150 um, respectively. Average particle size of milled powders changes with increasing milling
time. The results have revealed that austenite in as-received powder partially transformed to martensite phase
during mechanical milling. Furthermore, while the austenite-to-martensite phase ratio increased with increasing
milling time, the equilibrium structure was not achieved after milling up to 30 hours resulting in dual-phased steels.
Also, result show that while phase transformation was completed before 10 hours of milling grain size reduction
continued up to 30 hours milling.

Keywords: Mechanical alloying, deformation induced phase transformation, martensite, austenite, stainless
steels.

Deformasyona Bagh Martensitik Doniisiimiin Ve 304 Paslanmaz Celigin
Toz Morfolojisinin Ogiitme Siiresinin Bir Fonksiyonu Olarak Incelenmesi

Oz

Bu c¢aligmada, 304 paslanmaz celik, elementel tozlardan mekanik alagimlama ile nano yapilandirilmistir. Yiiksek
enerjili mekanik alasimlama sirasinda olusan siddetli plastik deformasyonun faz doniisiimii ve parcacik morfolojisi
iizerindeki etkisi, 15 dakikadan 30 saate kadar 6giitme siiresinin bir fonksiyonu olarak incelenmistir. Ogiitiilmiis
tozlarin mikroyapisal gelisimi X-151n1 kirinimi (XRD) ve taramali elektron mikroskobu (SEM) teknikleri ile
karakterize edilmistir. Ogiitme siiresinin bir fonksiyonu olarak martenzit yiizdesini tahmin etmek igin literatiirden
uyarlanan matematiksel bir model kullamlmistir. Ostenit-martenzit faz doniisiimiiniin &giitmenin erken
asamasinda tetiklendigi ve 2,5 saatlik dgiitmeden sonra yaklasik %20'ye ulastig1 bulunmustur. Martenzit yiizdesi
7,5 saatlik 6giitmeden sonra yaklasik %90 olarak belirlenmis ve oda sicakliginda 30 saatlik 6gilitme sonrast %90'n
tizerinde kalmigtir. Ogiitiilmiis tozlarin elektron mikroskobu analizi, ortalama partikiil boyutunun artan dgiitme
stiresi ile arttigin1 gostermistir. Yani alinan Fe, Cr ve Ni'nin partikiil boyutlari sirasiyla 15 pm, 50 um ve 150 pm
idi. Ogiitiilmiis tozlarin ortalama partikiil boyutu, artan dgiitme siiresiyle degisir. Sonuglar, mekanik &giitme
sirasinda toz halindeki Gstenitin kismen martenzit fazina doniistigiinii ortaya koymustur. Ayrica, 6stenit-martenzit
faz orani artan 6giitme siiresiyle artarken, 30 saate kadar 6glitme sonrasinda denge yapisina ulagilamamis ve ¢ift
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fazli ¢elikler ortaya ¢ikmustir. Ayrica, sonuglar faz doniisimiiniin 10 saatlik 6glitmeden dnce tamamlanmis
olmasina ragmen tane boyutundaki kii¢iilmenin 30 saatlik 6glitmeye kadar devam ettigini gostermektedir.

Anahtar Kelimeler: Mekanik Alasimlama, Deformasyon Kaynakli Faz Déniisiimii, Martenzit, Ostenit,
Paslanmaz Celik

1. Introduction

Austenitic stainless steels have been widely used in many industries such as chemical, nuclear, petrochemical and
food industries mainly because of their excellent corrosion resistance, high ductility, excellent weldability and
biocompatibility [1-3]. Therefore, it is without a doubt that they are very important as engineering materials.
However, austenitic stainless steels are in general of rather low-yield strength and need to strengthen for more
advanced engineering applications.

Conventionally, there are various reported ways to strengthen stainless steels [4-7]. More recently strengthening
through nanostructuring has been adopted in part due to the success of implementing various severe plastic
deformation techniques [8, 9]. For example, nanocrystallized stainless steels obtained using surface mechanical
attrition treatments (SMAT) [10] have been examined to reveal the grain size of 316L stainless steels can be refined
down to nanometer range (20 nm). A. Etienne et al. [11] have demonstrated that ultrafine-grained 316 and 304
austenitic stainless steels can be prepared by high-pressure torsion. High energy mechanical milling is also a well-
established route for producing nanocrystalline stainless steels at the finest length scale, microstructures consisting
of an average grain size less than 15 nm have been reported [12].

Nevertheless, the drawback of grain refinement is that nanocrystalline materials in general are metastable,
regardless of the technique that they are prepared with [13-17] for the following reason. In nanocrystalline
materials, the total volume fraction of grain boundaries and triple junctions can be greater than 50% [18, 19]. In
addition, severe plastic deformation techniques used to synthesized nanocrystalline steels are characterized by
extremely high strain rate and therefore, creation of a high density of lattice defects such as point defects,
dislocations, interstitials, and stacking faults [14, 20, 21]. This high volume fraction of non-equilibrium defects
leads to a large increase in the total free energy of the material and the reduction of this free energy provides a
strong driving force for grain growth and restructuring of the microstructure [17, 22-26] as observed for many
systems including pure Fe [27-30], binary Fe-Ni [31] and Fe-Cr [32] steels. Knowing that the composition of
stainless steels is optimized by adding substantial amounts of Cr and Ni with regard to strength and/or resistance
to corrosion at elevated temperatures [33, 34] nanostructured stainless steels should be successfully stabilized
against temperature in order to prevent loss of function under application at elevated temperatures. Thus, it is of
interest to study the thermal stability and inherent grain growth of synthesized nanocrystalline steels as a result of
high temperature exposure.

Phase transformation from austenite to martensite during plastic deformation has been studied for differrent
austenitic steels including stainless steels, high manganese steels and nickel alloys [35-40]. Significant ductility
enhancement has been informed in these steels, naming them as ‘transformation induced plasticity’ (TRIP) steels
[41].

The main aim of this work is to study the microstructural evolutions of 304 steels as a function milling time.
Specifically we plan to investigate the martensitic phase transformation and powder morphology. The results have
revealed that after 2.5h milling time martensitic transformation can be rapidly increased. The microstructural
evolution has also revealed that the volume fraction of retained martensite increased with increasing milling time,
the austenite phase did not completely transform to the martensite phase even after 30 hours milling time resulting
in a dual-phase structure with the dominant martensite phase.

2. Materials and Methods

The material used in this study was a commercial iron powder, nickel powder and chromium powder purchased
from Alfa Aesar. For mechanical milling, appropriate masses were mixed with hardened steel balls and sealed in
a hardened steel vial under vacuum prior to milling. A ball-to-powder mass ratio of 10:1 with a powder charge of
5.1g was loaded into the vial and milled 0 to 30 hours. The microstructure was characterized using X-ray
diffraction (XRD). Phase ratio was measured using the formula [11]. Powder morphology was obtained using
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Scanning Electron Microscope (SEM). X-ray diffraction analysis of as-milled powders were performed with a
GNR X-ray diffractometer using CuKa (A = 0.1542) radiation.

0.65(13117 + 122()-,)
Ly, + 0.65(I3, + I, )

fa'=l

[11]
3. Results and Discussion
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Figure 1. XRD analysis of as milled powders

Fig. 1 presents the XRD patterns showing the structure of stainless steels before and after mechanical milling.
The unmilled XRD pattern clearly indicated a mixture of BCC and FCC phases coming from Fe — Cr - Ni. The
BCC and FCC phases appear in mixed and as milled powders. The figure shows that the high-energy ball milling
pattern at a 15m and 45m milling time contained the same BCC and FCC phases. But a high-energy ball milling
pattern at a 2,5h milling time included the same BCC with reduced intensity of peaks, and FCC peaks disappeared,
meaning that deformation-induced phase deformation occurred. A comparison of the spectra before and after
milling shows i) the sharp crystalline diffraction peaks of the mixed powder broadened as a result of refinement
of crystalline size as well as accumulation of internal stress due to the high number of defects and non-equilibrium
grain boundaries, ii) a significant reduction in the intensity ratio of the austenite-to-martensite diffraction peaks
suggests a significant increase in the fraction of martensite phase as a result of the mechanical milling process.
Dual phase consisting of austenitic and martensite were reported for austenitic stainless steels after ball milling
[12, 42] or other severe plastic deformation techniques [10, 43, 44]. It is well documented that during severe plastic
deformation, metastable austenitic stainless steels (i.e., 304 and 316) are susceptible to martensite transformation,
resulting in a dual-phase [45-47]. This is explained by [1] that the structure of the metastable austenite stainless
steel is transformed to only some degree by severe plastic deformation so that a mixed austenite-martensite
structure is developed.
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Figure 2. Phase ratio of as milled powders as a function milling time

Figure 2 can be seen the phase ratio of as milled powders as a function of milling time. Phase transformation
ratio was measured using the formula in the literature [11]. The volume fraction of a’-martensite can be calculated
using the following equation [43]. (311)y, (220)y and (211)a’ reflections were used for calculation [11]. After 2,5
hours milling time transformation can be rapidly increased. As the milling time increases, alpha iron to martensite
transformation increases. Nevertheless, austenite phase did not completely transform to martensite phase after the
milling process is complete. The calculations indicate that the initial martensite percentage in the as milled powder
increased from 0% to around 90% after 30 hours milling time. According to the results shown in Fig. 2, the mixed
powder has around 0% martensite and this percentage increased to 90% after 30 hours mechanical milling due to
incurring extensive plastic deformation. The obtained martensite percentage is consistent but is higher than some
reported steels produced by other severe plastic deformation techniques [4, 48].

Changes in particle size and particle morphology as a function of milling time can be obtained in Figure 3.
Average particle size less than 50 um after 150 minutes milling. Particle size increases as the milling time
increases. This trend could be due to the mechanical attrition mechanism in which particles cold-welded and
fractured during milling. The trend of changing particle size from 0 to 30 h increase with increasing milling time.
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Figure 3. Particle size of as milled powders as a function milling time

4. Conclusion

This study concerns the deformation-induced martensitic transformation as a function of milling time.
For this purpose, different milling times for 304 stainless steels were synthesized by mechanical alloying from
elemental powders at room temperature. The experimental results showed that an almost complete deformation-
induced martensitic phase transformation was obtained after 2.5 hours of milling time. After 30 hours milling is
done, as milled powders have approximately 90% martensite in the microstructure. The austenite/martensite phase
ratio increases for as milled powders as the milling time increases. XRD studies demonstrated that the martensitic
transformation from the initial austenitic phase to the martensitic phase depends on milling time. The reported
research may present an important contribution to a better understanding of mechanically alloyed 304 stainless
steels.
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Abstract

In this study, tiles coated with TiO2 were produced by spraying method for anti-fogging, water-free and
antibacterial applications. At the beginning of the study, the surface of the tiles was cleaned with cleaning
solutions. The tiles were dried at room temperature and calcined at 980°C for 1 hour. The samples were sprayed
with the prepared coating solution and left to dry at room temperature. The coating solution was characterized by
DTA/TG, and FTIR. The coated samples were characterized by contact angle measurement, SEM and antibacterial
test. Antibacterial and hydrophobic tiles were produced successfully.

Keywords : Sol-gel, hydrophobic, antibacterial, photocatalytic effect
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1. Introduction

Nature has revealed the best solutions to problems. The properties of the surfaces are improved by imitating the
lotus flower, which grows in a highly polluted swamp, biomimetic. Lotus leaves have this feature because of the
nanobumps on the surface (Fig 1.). The surface of lotus leaf shows the superhydrophobic effect. Lotus plant (white
water lily) grows in muddy and dirty environments. Despite this, the leaves of the plant are always clean. Because
the plant shakes its leaves and pushes the dust particles towards certain points when the smallest dust particles
come on it [1-5].

Coating is a way of protecting the surface of the different materials as ceramic, glass, metal, clay, wood, and
cementitious from pollutant, dust. self-cleaning coating can be achieved by modifying the surface to have super-
hydrophobic, super-hydrophilic, and photocatalytic properties. This feature of the lotus plant has opened the way
for researchers to design a new building surface [6-8]. Thereupon, the researchers started to work on building
surfaces, such as the leaves of the lotus, that clean the dirt on them by using rain water.
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Figure 1. Lotus effect

Water Repellent Feature Means; The fact that the water does not stay on the surface has a slippery effect on the
surface and means that the water easily leaves the surface without leaving any stains. It has a similar feature to
each other with its self-cleaning feature [9-11]. Self-Cleaning; That is, it means that the dirt disappears from the
surfaces without cleaning it manually, for example, as a result of a chemical or photocatalytic function. “Self-
cleaning” is often mistakenly used in association with Nano technology, but what is really meant is “Lotus result”
or “easy-to-clean” is. Self-cleaning coatings utilized in different diciplines such as the materials, chemistry,
aerospace, medicine, defence, military, physics etc [11-12]. TiO2 coating and TiO2-derived materials have been
discovered to understand the fundamental principles of self-cleaning with hydrophilic and hydrophobic surfaces
[13-17]. The aim of the this study is to show the titania coating obtained films which significantly affect the coating
morphology, hydrophobicity, structural and antibacterial properties.

2. Material and Method

20x20 mm wall tiles were dipped in cleaning solutions before coating. They were immersed in 5% NaOH, 5%
HCI, deionized water, acetone, ethyl alcohol and deionized water, respectively, for one minute. After drying in the
oven, it was taken into a desiccator.

(3-Glycidoxypropyl)trimethoxysilane (GLYMO, C9H2005Si, 236.34 g/mol), Titanium tetrapropoxide (TTIP,
C12H2804Ti, 284,215 g/mol), 3-Aminopropyltrimethoxysilane (3-APTES, H2N(CH2)3Si(OC2H5)3 , 221,37
g/mol), nitric acid (HNO3, 63,01 g/mol), Ethanol (C2H50H, 46 g/mol) Butyl glycol (BG,
CH3(CH2)30CH2CH20H , 118,17 g/mol) and hydrochloric acid (HCI, 36,5 g/mol) were used precursor.

Table 1. Coating solution

Component W, g
GLYMO 2,36
TTIP 2,48
3-APTES 2,21
C2H50H 50
BG 0,12
HCI pH:4

Ceramic substrate surfaces were coated with the obtained solutions using the spray coating technique. Solvents
with low boiling points such as ethanol and isopropanol were used at the beginning of the spray applications. The
nozzle diameter of the spray gun used was 0.8 mm, and the coating process was carried out by spraying the coating
solution at 3 bar pressure on the tile surface at a distance of 20 cm. A homogeneous coating was obtained by
coating the surface in a single layer in a controlled manner.
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Figure 2. DTA/TG analysis of coating solution.

DTA/TG analyzes of the coating solution are given in Figure 2. From the TG analysis of the coating solution, the
weight loss up to 1800C, due to the removal of adsorbed water. and ethanol. The DTA curve shows two exothermic
peaks at approximately 310 £C and 460 +C, respectively. The lower exotherm corresponds to an oxidative
decomposition, while the next one is believed to signify a phase transition from amorphous TiO2 to crystalline
anatase
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Figure 3. FTIR analysis of coating solution.

FT-IR analysis was performed to identify the structure of silane based coating solution by Spectrophotometer
(Perkin Elmer spectrum two). As shown in Figure 2, the band at ~1040 cm-* which is characteristic for -Si-O-C
bond is observed. Sharp bands, at 1500 cm™* which are for -C=(0)-NH-. [18-19]

Figure 4. Contact angles measurement of surface.
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Static contact angle measurement was used to characterizethe hydrophobicity of the coatings (Fig 4.). Contact
angle measurements were determined by using Attention Theta Lite. Contact angle of uncoated tile is 56° and
contact angle of coated tile is 110 °. Contact angles obtained with the new silane coating formulation were
comparable with the literatiire [20-23].

Figure 5. Antibacterial test of coated tiles.

The bactericidal activity of the pure tile and coated tile was evaluated in vitro using a spread plate method. Fig. 5
shows the photos of colony forming units of viable E.coli for control (1x10° kob/cm?) and antibacterial tile (2x10?
kob/cm?). The bactericidal activities of the films were evaluated by the inhibition of growth of Gram-negative
bacteria E. Coli [24-27].

Detector = SE1 Mag= 2.00KX EHT=15.00 kV
AKU TUAM

Figure 6. Cross section SEM image of coated tiles.

Figure 6 shows that the coating thickness is approximately 10 um and its homogeneity is high. As a result of the
study, an antibacterial, hydrophobic homogeneous surface was obtained by sol-gel method.
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Abstract

This study was focused on the beneficiation of raw diatomite ore, characterization, and the drug release
performance of the beneficiated diatomite. For this purpose, first of all, raw diatomite was enriched by calcining
at 550°C for 4 hours. Then, diphenhydramine hydro chloride (DPH) drug, which was used as an active ingredient,
was loaded onto calcined diatomite by adsorption technique. Finally, the DPH release profile of diatomite was
investigated as a function of time. According to the data obtained, it was determined that the surface area of the
diatomite increased from 21.7 m?/g to 75.1 m?/g with the calcination process. In addition, in drug release studies,
it was determined that the obtained formulation showed a release for 60 minutes and released 88% of DPH.

Keywords: Diatomite, Diphenhydramine Hydrochloride, Drug Release.

1. Introduction

The selection of a suitable and effective drug carrier depends on its biocompatibility, loading capacity, release
rate, safety, and cost of production [1]. Micro- and nano-scale drug delivery systems have greatly influenced the
pharmaceutical industry by minimizing the disadvantages such as short plasma half-life, poor stability, and side
effects of the active substance [2]. In the last decade, porous silica-based micro and nanoparticles have received
much attention in pharmaceutical applications. For example, natural nano-porous silicates such as diatomite and
natural zeolite are highly environmentally and cost-effective compared to synthetic porous silica-based materials
[1,3].

Diatomaceous earth, also known as diatomite, is a fossil material of sedimentary origin, formed over centuries
by the siliceous skeleton (frustule) of single-celled micro-algae in water, deposited at the bottom of lakes or found
in marine environments. Diatomite morphology consists of particles of different sizes from 2 pm to 2 mm, and the
structure has a large surface area of up to 200 m?/g [4]. Diatomite, the main component of which is amorphous
silica, is of interest to researchers in many areas due to its widespread availability, and its superior properties such
as high thermochemical stability, low density, high absorption capacity, non-toxicity, and excellent
biocompatibility. For this reason, diatomite may be particularly promising for its use as a drug delivery system.
According to Jelena et al. (2015), in vitro drug release studies in phosphate buffer showed that diclofenac sodium
loaded on modified diatomite released over 8 hours, further indicating the potential safety of diatomite in them in
vivo toxicity test results on mice [5]. Ruggiero et al. (2014) incubated different concentrations of chemically
modified diatomite nanoparticles into cancer cells and observed homogeneous distribution of nanoparticles in the
cytoplasm and nucleus in imaging analysis [6].

In this study, firstly, raw diatomite was beneficiated by calcining and then characterized. Then,
dihenhydramine (DPH) active agent was loaded on calcined diatomite. Finally, the drug release profiles of DPH
were investigated.
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2. Materials and Method

2.1. Materials

The raw diatomite used in this study was collected from the Seydisehir-Konya-Turkey region.
Diphenhydramine hydrochloride (DPH) was used as active agent and purchased from Sigma-Aldrich.
Hydrochloric acid and sodium chloride was used to prepare simulated stomach liquid and purchased from Merck.

2.2. Methods

2.2.1. Characterization

X-ray diffraction (XRD) spectras were obtained using a Shimadzu XRD-6000 instrument with Cu-Ka
radiation at a wavelength of A:1.54184 A. The samples were scanned in the 2-70° angle range. For this, the raw
samples were ground using a ring mill and then dried at 105°C for 24 hours. The specific surface areas of the raw
and calcined diatomite samples were calculated by the Brunauner-Emmett-Teller (BET) equation, which is based
on the calculation of the amount of gas required to cover the sample surface with a single molecular layer. The
size distribution of the pores was obtained from the desorption isotherm data using the Barrett, Joyner and Halenda
(BJH) method. For this, Micromeritics brand Gemini VII 2390t model device based on nitrogen gas adsorption
technique in liquid nitrogen environment at -196°C was used.

2.2.2. Drug Loading

Acetic acid solution (2%) containing 1000 mg/L of active ingredient (DPH) was prepared firstly. Drug carrier
system were prepared by calcining of raw diatomite for 4 hours at 550 °C. The ratio of active ingredient and carrier
material was kept constant as 1/10. For this, 2500 g of calcined diatomite was added in 250 mL DPH solution. The
prepared dispersion was slowly stirred using a magnetic stirrer at 25°C for 24 hours. The resulting mixture was
dried in an oven at 55°C for 24 hours and then ground using a ring mill.

2.2.3. Drug Release

The release study of drug-loaded formulations was performed with the USP apparatus | basket method. Firstly,
the formulations containing 25 mg of diphenhydramine HCI were weighed and filled into hard gelatin capsules.
The working speed was set at 50 rpm and the temperature at 37°C. Vessels were filled with 900 mL of pH 1.2
acidic medium. At the specified time intervals (5. 15. 30. 45. 60. 75. 90. 120. 150. 180. min) 1 mL sample was
taken and transferred to vials by filtering through a membrane filter (pore size of 0.2 pm). Fresh medium and
vessels were made up to the same amount. Samples were analyzed in HPLC device at 227 nm. The study was
performed in triplicate for each formulation.
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3. Results and Discussion

3.1. Characterization of Diatomite

The XRD spectrum was analyzed to investigate the crystal structure of diatomite (Figure 1). The broad
diffraction peak observed at 26=22° was assigned to the amorphous silica of the characteristic diatomite structure.

2 12 22 32 42 52 62 72
26 (°)

Figure 1. XRD spectrum of diatomite.

BET surface area, pore volume, and pore size of diatomite samples were given in Table 1. BET surface area
of raw diatomite was measured as 21.7 m?/g and BET surface area of calcined diatomite was measured as 75.1
m?/g. As expected, the surface area of the diatomite increased by the calcination process. Pore size and pore volume
also varied significantly.

Table 1. BET analysis results of the samples.

Sample BET surface area Pore size Pore volume
(m?/g) (nm) (cmqg)

Raw diatomite 21,7 75,23 0,4079

Calcined diatomite 75,1 91,64 1,7210

3.1. Drug Release

The r? value was calculated as 0.9998 in the HPLC method developed for the determination of
diphenhydramine HCI. It was determined that the method developed by applying validation parameters such as
linearity, reproducibility, recovery, accuracy was appropriate in the determined concentration range. LOQ and
LOD values were determined as 0.241 and 0.072 pg/mL, respectively. The developed method was found to be
highly reproducible and suitable for the quantification of diphenhydramine hydrochloride.

In order to make the prepared product easier to use by the patient, the drug-loaded mixture was filled into a
hard gelatin capsule. Orally used capsule formulations are formulations with high patient compliance, easy use
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and low cost [7]. Basket method (USP Apparatus I) was used in the release studies of formulations filled into
capsules. This method is a frequently used dissolution method for capsule formulations [8-10]. As seen in Figure
2, it was observed that the active ingredient passed into the release medium after the 5™ minute, with the capsule
wall breaking down due to temperature and medium. This indicates that the capsule wall begins to break down
within 5 minutes. At the same time, this situation was observed observationally during the study. The rapid
transition of the active ingredient from the carrier system to the release medium is related to the fact that DPH is
an active substance with high solubility in water [11].
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Figure 2. DPH release profile of calcined diatomite as a function of time.

When the drug release profile is examined, a rapid release occurred in the first 5 minutes. In the following
period, the release rate slowed down a bit. It can be seen from Figure 2 that the drug release occurred during 60
min. At the point where the release was completely over, it was determined that the release rate was 80% in total.

4. Conclusions

BET analyzes were revealed that raw diatomite sample was successfully calcined and advanced properties
such as high surface area and high pore volume were obtained. The calcination process is known to increase the
drug loading capacity as it increases the surface area and porosity. It also causes the carrier system to show a
slower release profile. It was determined that the loading of DPH on calcined diatomite was realized by physical
adsorption, that is, mostly by the effect of electrostatic forces. As a result, it was determined that calcined diatomite
enriched with organic pollutants released DPH for 60 minutes.
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Abstract

The use of fire retardants in order to prevent the occurrence of fire is an application that is becoming more common
day by day. The most effective application area of fire retardants is polymers. fire retardants; Bromine added fire
retardants, melamine-based fire retardants, metal hydroxides, antimony oxide and zinc borate are grouped into five
groups. Zinc borate has gained a large share in the fire retardant market in recent years and this share is increasing
day by day.

In this study, zinc borate and borax decahydrate was mixed into the polymer at different rates and homogenized.
It was then left to dry at room temperature for one day. Then, the UL-94 test was made ready by carefully cutting
our samples to be 3 cm - 9 cm. The samples were characterized by XRD, SEM, EDX, Elemental mapping.

Keywords : Polymer, flame retardancy, zinc borate

Corrsponding Author e-mail : nada.alloush97 @gmail.com

1. Introduction

The use of fire retardants in order to prevent fire formation is becoming more common day by day. The area where
fire retardants are most effective and applied is polymer composites. fire retardants; Bromine added fire retardants,
melamine-based fire retardants, metal hydroxides, antimony oxide and zinc borate are grouped into five groups.
Zinc borate has gained a large share in the fire retardant market in recent years and this share is increasing day by
day. Studies on alternative fire extinguishers are also ongoing. One of these alternatives is borax decahydrate [1-
4].

2. Materials and Method

Commercial zinc borate (Melos Co.) and borax decahydrate (Eti Mine Co., BDH) were used as fire retardant
materials in the study. The matrix part of the composite is silicon rubber (RTV2). The composition of the prepared
mixtures is given in Table 1.
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Table 1. Composite compositions.

Sample Code Polymer Zinchorate BDH Total Composite
PO 209 - - 209
PZ 18 ¢ 29 - 209
PB 18 ¢ - 2g 209
PZB 189 1lg 1lg 209

Fire retardants in powder form were added to RTV 2 silicone and mixed until homogeneous. It was then
molded as 3x9 cm as specified in the UL-94 test. While XRD analysis was performed on the powders used, UL-
94 test and SEM analysis were performed on the composite.

UL-94 Test

The test stick is connected vertically and flame is applied several times for 10 seconds. Between flame
applications, the time until the stick goes out is measured. Afterwards, the burn time characteristic after the
flame is removed is evaluated.

S —

e ——

Figure 1. UL 94 test setup

Table 2 Flammability Ratings to Classify Plastics

Particle Drop Allowed

Orientation Time of Burn
Class of Test Definition plaque Holes
Allowed
Sample

Flaming Non-Flaming

Burning rate of less than 76mm/min for a specimen less than 3mm thick

UL 94 HB Horizontal Slow Burning and burning stops before 100mm

UL 94 V-2 Vertical Burning Stops 30 seconds Yes Yes
UL 94 V-1 Vertical Burning Stops 30 seconds No Yes
UL 94 V-0 Vertical Burning Stops 10 seconds No Yes
UL 94 5VB Vertical Burning Stops 60 seconds No No Yes
UL 94 5VA Vertical Burning Stops 60 seconds No No No
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3. Results and Discussion

UL 94 results

Table 3. 2. UL-94 test results

Sample code PO pZ PZ | PB
Burning image : 3 f s ; =3

Thype of rating NR uL94 v2 uL94 v2 UL 94 v2

UL 94 test results are given in Table 3. According to these results, pure silicone polymer could not be evaluated
because it burned. However, composites containing zinc borate, borax deca hydrate and both are in the UL 94 V2
class. Accordingly, when the added amounts are taken into consideration, it is seen that it improves the

incombustibility.

Silicone polymer

Zinc borate

ALJI L..»L.J MU A MM e e

Zinc borate and
silicone polymer

Figure 2. XRD analysis of samples.
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XRD analyzes of the samples are given in Figure 2. Accordingly, the amorphous structure of the samples
containing polymers is clearly visible. Zinc borate crystals exist in crystalline form.

SEM analyzes of the cross-section of the sample (PZB) with the best results are given in figure 3.
Accordingly, it is seen that the solid phase is homogeneously dispersed in the polymer. Since boron
element cannot be seen in this model of the device, zinc, silicon, calcium and carbon elements were

observed in the edx analysis.

clo [ i a lzn
1

MAG: 1000 x HV:20.0 kVWD:24.7 mm kev

Figure 3 Cross section of polymer PZB composite
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Abstract

In the cement sector, a large amount of energy is consumed in the grinding of clinker. In order to reduce energy
consumption, materials with pozzolanic properties are widely used together with Portland cement. In this study,
the pozzolanic and grindability properties of a natural volcanic diabase rock were investigated for the first time as
a potential clinker replacement material. In order to increase the reactivity of the diabase, mechanical activation
processes were comparatively tested in two different grinding media containing ball and silpeps. The aim here is
to find the best grinding medium at lower costs and to make the diabase more reactive in a shorter time. It has been
observed that the best mechanical activation for the diabase material is done in the medium with silpeps due to the
high particle contact angle. In addition, the microstructures of the diabase particles obtained as a result of
mechanical activation in different grinding media were examined by means of SEM images and the mechanical
activation particle interaction relationship was investigated. Then, the pozzolanic properties of diabase were
determined and cement samples were produced at 10%, 30% and 50% diabase admixtures. It has been observed
that diabase-added cements meet the Turkish standard values (TS EN) in all the replacement ratios tried. An
innovative approach has been presented for the successful use of diabase as a cement additive material in an
environmentally friendly way with an additive ratio of up to 50% as a pozzolanic additive material.

Keywords:
Diabase, volcanic tuff, Mechanical activation, Cement, Pozzolanic activity

Introduction

Energy consumption increases day by day as a result of the increasing trend in technological development in the
World. More attention should be paid on this issue in order to save the energy resources. Cement industry
consumes 2% of the global primary energy and/or approximately 5% of the total global industrial energy. Clinker
production is responsible for 70-80% of the consumed energy while material preparation/blending and size
reduction/grinding are the following intensive energy requiring steps [1]. Therefore, composite cement production
has attracted increasing attention owing to its economical, ecological and energy saving sides [2]. Besides, a very
small gain in grinding efficiency is of great importance in terms of energy reduction [1].

Cement industry has focused on natural pozzolan materials such as volcanic tuff, zeolite, perlite, pumice and
diatomite [4, 5, 6, 7, 8] besides industrial by products such as fly ash, silica fume, slag etc. [9, 10, 11, 12]. As
artificial pozzolanic materials, composite bonding rice ash [13], bamboo leaf ash [14], ground brick waste [15],
sugarcane pulp ash [16], palm oil ash [17], soda sludge [18], activated charcoal washing waste [19], bottle glass
[20], different biomass ashes have become the most popular pozzolans [21]. The common feature of all these
pozzolanic additives is the possible effective partial replacement of clinker. It is widely seen that the grindability
of the belended cements is easier than the sole grinding of the clinker. For example, grinding clinker and trass
blends for cement production may require less energy, especially than separate grinding processes [22, 23].
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Although volcanic pumice is easy to grind in coarse sizes, it is more difficult to grind in fine sizes as in all other
pozzolans. The reason underneath of this phenomena is that the existing pores of the pumice disappear when
grinding size comes closer to the crystal size. In addition, SiO, causes the abrasion problem during grinding. In
dry grinding, the moisture content of the ore is required to be less than 1%. Otherwise, the moist ore is smeared
on both the balls and the liners. It has been seen that the optimal feed size for fine grinding is 1 mm. Sometimes it
cen be fed in greater sizes more 1.0 mm. The grain size of the ore fed in a mill containing 3 cm diameter balls is
approximately 1 mm.

Use of perlite and travertine seems to be suitable in order both to produce composite cements and reduce the energy
costs. When the composite cements produced using Perlite and travertine wastes are evaluated in terms of grinding
time, it is obvious that it will provide savings in terms of grinding time and energy consumption since grinding of
such materials are easier than that of ordinary Portland Cement clinker. Fly ash, on the other hand, increases its
specific gravity and fineness as the grinding time increases [9]. Moreover, the morphology of fly ash was changed
by grinding and the number of spherical particles decreased with increasing grinding. Fly ash only reached the
optimum fineness after about 4 hours of grinding time [24].

Compared to Portland cement clinker, zeolite, which is a softer material, makes the grinding process easier [26].
The energy costs required to grind the clinker containing 20% zeolitic tuff saves 11.19 kWh / ton of energy
compared to to the sole grinding of the clinker to the same grain size. However, this is an expected result when
compared to the Cem I 42.5R Portland cement production. Because it is known that energy consumption duiring
cement production will decrease with the increase in the amount of additives added in cement production. When
the amount of zeolite is increased up to 30%, the grinding time decreases by 30% resulting in lower energy costs
[25].

Turkey is rich in volcanic tuff reserves. It has been observed that the quality of volcanic tuffs varies according to
the region as a result of geological formation characteristics. Therefore, volcanic tuffs have different properties
i.e. pozzolanic characteristics, grindability etc. related to the use of substitution in cement production. For this
reason, volcanic tuffs containing local differences can affect the cost of cement production due to different energy
consumption rates in composite cement production [27].

More than 60% of Portland cement has been produced recently in Turkey using supplemanetary pozzolans [28].
Most of the studies are on the usability of volcanic tuffs as pozzolanic material in cement production. On the other
hand, although there have been many studies on volcanic rocks in Turkey, pozzolanic properties of these rocks has
not been investigated sufficiently, yet [29]. Among these volcanic rocks, diabase is a solid and durable volcanic
rock. However, the pozzolanic properties of diabase have not been discovered and no research has been carried
out to up to date as a cement replacement material. There are few studies on the use of diabase as aggregates only
in concrete production [28]. Since diabase mineral deposits and reserves are high in Turkey in different geographic
regions, the current study is focus on its potential use as a cement substitution pozzolana [28].

In this study, better grindability techniques of diabase and volcanic tuff were investigated as a comparison with
under different grinding media. The product grain size analysis results were compared by using balls and cylpebs
separately as grinding elements in the laboratory type cylindrical mill. With the products obtained, pozzolanic
cements with 10, 30 and 50% admixtures were obtained. Hydraulic and mechanical tests were performed with
blended cement samples. SEM images of cement mortar samples produced with different additive ratios were
examined.

2. Experimental Studies

In the experimental studies, diabase mine residues, Portland cement clinker and gypsum samples belonging to the
quarries of the Camlibel region of Tokat province were used. The samples brought to the Istanbul University
Mining Engineering Mineral Processing Department were first weighed. Coarse sized materials were passed
through a two-stage jaw crusher and then sample reduction. The amount of 15 kg each was used in the Bond work
index test and the remaining amounts were used in the physical, chemical, mineralogical and grinding tests.
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2.1. Chemical and Mineralogical Characterization of the materials

Chemical analyzes of natural diabase, volcanic tuff, Portland cement clinker and natural gypsum were made
according to the TS EN197-1 and TS EN 196-2, and the results are given in Table 1 [31, 32].

X-ray diffraction method was used under a Riguku Ultima IV X-Ray Diffractometer in order to determine the
mineralogical compositions of the materials. Natural volcanic tuff consists of plagioclast (andesine), biotite,
hornblende, quartz and magnetite minerals. It has been observed that the rock is composed of plagioclasts
dominated by more than 40% andesine, 10-15% hornblende and consists of abundant glassy material. [33].

Diabase consists of basic plagioclase, generally consisting of labradorite, and basaltic with a distinctive ophitic
texture, consisting of basic monoclinic pyroxene generally consisting of augite, and containing secondary apatite,
quartz, oligoclase, andean, magnetite, ilmenite, orthoclase, hornblende, biotite and olivine minerals. is a stone.
When Camlibel diabases are examined; diabase, andesine, pyroxene, opaque mineral, less than 2% olivine and
about 1% secondary minerals are found to be composed of plagioclasts.

Table 1. Chemical compositions of the materials

Chemical Diabase Volcanic Tuff Clinker TS25
compounds Pozzolana Standarts

% % % %

SiO, 53.85 54,62 20.58

Al,O3 14.11 19.32 5.34 >70

Fe,03 11.13 8.13 3.29

CaO 6.72 7.33 65.88

MgO 3.48 2.61 1.93 5<

Na,O 5.25 0.42 0.29

K20 0.44 1.57 0.95

Cl 0.02 0.01 0

TiO, 1.15 0.36 0

P>Os 0.66 0.87 0

Cr,03 0.05 0.01 0

MnO 0.10 0.05 0

SOs 0.02 0.35 1.26 <3

Loss on ignition 2.22 3.95 0.15 <5

Total 99.20 99.60 99.67

Moisture 3.1 6.7 0.2

2.2. Pozzolanic activity tests

In the current study, volcanic tuff was used as control/comparison material which is a commonly used pozzolan.
Since one of the influential factor affecting the pozzolanic activity of the pozzolans is the fineness of the materials,
the fineness of diabase and volcanic tuff was set to of about 5500 g/cm? for pozzolanic activity test. Pozzolanic
activity of a potential pozzolan should be more than 4 MPa. In this study, blaine test was performed in accordance
with TS EN 196-6 standard while pozzolanic activity test is conducted according to TS 25 standard. In addition,
reactive SiO; test were performed based on TS 369 standard.

2.3. Specimen preparation and Grinding Procedures

Natural diabase, volcanic tuff, Portland cement clinker and natural gypsum samples were firstly grinded in a
standard Bond mill, and then in a 22 It cylindrical laboratory type ball mill (305 * 305 mm (Q * L); 36 mm, 30
mm 25 mm, 19.05 mm and 12.70 mm in diameter with balls rotating at 70 rpm). The pozzolans were ground in 4
min, 8 min, 12 min, 15 min and 30 min duration. Then, sieving analyses were done.
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The work index (Wi) is determined by simulating the closed-loop dry grinding process in the Bond ball mill until
a 250% cycle load is reached. For this purpose, a sample with a volume of 700 cm? reduced below 3.327 mm (6
mesh) was used. This sample was placed in a Bond ball mill which has a standard ball distribution size and speed,
and is ground at a randomly selected number of turns in the first grinding phase. At the end of each grinding phase,
the whole product is emptied and sieved through the test sieve. For the second grinding phase, the number of turns
is calculated so that the load from 250% cycle is gradually reached. After the second phase, the same sieving and
grinding process continues until the amount of test sieve produced at each number of revolutions becomes constant
in the last three grinding phases. In this case, it will be reached at 250% circuit load. The standard Bond test can
be completed after approximately 7-15 grinding cycles. The product obtained from the final grinding stage is
subjected to sieve analysis and the work index is calculated according to the formula below.

Wi = s 10\ /10
(P10 x (6)°%2 x |(72)- (7))

x1,1 [35]

Wi: Bond work index (kwh/t), P1: selected test sieve size (um), G: standard Bond grindability value (g/rev), P: It
shows the sieve size (um) through which 80% passes.

The same laboratory type ball mill was also used to produce composite cement samples. After the diabase and
volcanic tuff samples were grinded in the laboratory mill for an equal time (45 minutes) by balls, the grinding balls
were replaced by cylpebs in the same mill. Then, the grain size distribution of ground diabase and volcanic tuff
samples for an equal time (45 min) was determined using a sympatec helos model particle size tester. Ball size
distribution is an important parameter in ball mill applications. Depending on the type of grinding elements in the
mill, the grinding performance can be affected significantly. Both balls and cylpebs are widely used in grinding
plants in cement plants in Turkey. In this way, it was aimed to compare the grindability of diabase and volcanic
tuff using two different grinding media (balls and cylpebs) in the same laboratory type cylindrical mill.

2.4. Study on the grindability and energy cost estimation

Using a laboratory-sized horizontal ball mill (in the range of 30-22 mm ball diameter), composite cements were
produced with diabase and volcanic tuff at 30% of replacement ratio.The energy consumptions of each composite
cement sample were calculated and unit energy consumption costs were compared.

The main purpose in determining the Hardgrove grindability index is to obtain an approximate value about the
capacity and energy consumption of the grinding systems of the raw materials. The energy consumed in grinding
is directly proportional to the work index, and the relation between the work index (Wi) and the Hardgrove index
(HGI) is given as follows:

Wi = 88/HGI 0,5

According to the formula, the higher the Hardgrove grindability index, the lower the work index; that is, energy
consumption per ton is reduced.
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2.5. Microscopic Examination under Scanning Electorn Microscope (SEM)

SEM image analyses of composite cements including 30% diabase (Fig. 8a) and 30% volcanic tuff were performed
to under a JEOL JSM 5600 brand SEM device in Adagal Industrial Minerals laboratory.

3. Results and Discussion
3.1. Evaluation of the Pozzolanic Properties of Diabase and Volcanic Tuff

Diabase and volcanic tuff provides sufficient amount of reactive SiO2 which are 26.42 and 28.35, respectively.
Pozzolanic activities of the natural diabase and volcanic tuff were found as 6.4MPa and 6.9 MPa, respectively.
Sum of Si02 + AI203 + Fe203 are 79.09 and 82.07 for diabase and volcanic tuff, respectively. It can be seen
from pozzolanic activity tests that natural diabase provides the required standard values as volcanic tuff.

3.2. Bond Work Indexes of the Materials

The Bond method is the most widely used approach in the design of the grinding circuits of the ore preparation
plants. Using this method, the mill size and power requirement for an ore to be grinded are determined [34]. In the
cement grinding stage, bond work indexes of clinker, diabase, volcanic tuff and gypsum are firstly found,
separately (Table. 2) The main purpose of calculating bond work indexes is to get an idea about the grinding energy
consumption of materials for composite cement production based on the work index of clinker.

As can be seen from Table 2, clinker reveals the highest work index while while gypsum has the least. However,
when comparing volcanic tuff and diabase, the work index of diabase is lower than that of volcanic tuff. These
results provide that composite cements can be produced with diabase replacement with lower energy costs.

Table 2. Bond work indexes of clinker and additives

Clinker Volcanic Tuff Diabase Gypsum
kWh/t kWh/t kWh/t kWh/t
13,71 12,37 11,65 12,18

3.3. Test Results of Grindability of materials and cement samples

Diabase and volcanic tuff samples to be used as additives in pozzolanic cement production were subjected to
grinding times of 4, 8, 12, 15 and 30 minutes using a laboratory scale ball mill, and then the cumulative under-
sieve curves of the products were drawn (Fig. 1 and 2). The d80 size of the cement raw materials, diabase and
volcanic tuff, is required to be thinner than 75 microns. The purpose of grinding is to reduce at least 80% of the
grain size of the raw materials under 75 microns in order to produce pozzolanic cement.
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Fig. 1. Under-sieve curves of products obtained by grinding sole diabase at different times
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Fig. 2. Under-sieve curves of products obtained by grinding sole volcanic tuff at different times
As can be seen from Fig. 1 and 2, size reduction of diabase under 75 microns was reached after a grinding period
of approximately 8 minutes while the duration is at about 15 minutes for volcanic tuff. It simply shows that

diabase raw material is grind ~53% faster than the volcanic tuff in terms of grinding time for cement production.
Therefore, it is concluded that diabase reaches the desired grain fineness in a shorter time than volcanic tuff.
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3.4. Hardgrove Grindability Test and Energy Cost Calculation

In the hardgrove grindability tests, a ball mill was used and the HGI values of the raw materials were determined
separately. Then, using the HGI-Wi conversion formulas, Wi (work index) values were calculated and the
obtained Wi value was compared with the literature data. Considering the faster grinding result (~53%) of the
diabase, the HGI value of diabase is expected to be greater and the work index value to be less in this respect.
When modeling the obtained grinding data according to the formula below;

HGI=13,60+6,93. M
HGI: Hardgrove grindability index

M (9):

The following comments can be made according to the obtained HGI values:
HGI> 70, material can be grinded easily,

HGI = 50-70 is a sample of material with medium grindability,

HGI = 30-50, it is an example of hard-ground material.

As a result of the original Hardgrove test applied to cement raw materials, the results in Table 3 were obtained.
In addition, HGI values were converted into Work index (Wi) values with an equation proposed by Bond in
1954. The formula for the conversion of the HGI value to the work index is given below [35].

Wi =88/HGI°®

Table 3. HGI and Wi values of Volcanic tuff and diabase raw materials

Material M (gr) HGI (-) Wi (kwh/t)
Diabase 16.50 127.95 7.78
Volcanic Tuff 11 89.83 9.29

HGI value of diabase was found to be ~42% higher than volcanic tuff and as a result ~16% less Wi. According
to these results, diabase and volcanic tuff have HGI values above 70 indicating easier grinding process. On the
other hand, if the Bond job indexes are interpreted according to the Table 4, diabase is seen to be easily grinded
than volcanic tuff which is clearly expected to result in lower energy costs during grinding/size reduction
processes.

Table 4. Grindability results according to the work index value [35].

Work index (Wi) 6-9 10-14 15-20 >20

Grindability Easy Middle Hard So hard

3.5. Comparison of the efficiency of the different grinding methods

Determination of the fineness values of cements or pozzolans is evaluated by different methods such as
calculating the amount remaining on the 32 um, 45 um and 90 um sieve or determining the particle size
distribution by laser diffraction. All these methods have some advantages or disadvantages in determining the
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fineness of materials. It is stated that the use of laser diffraction method is a more informative method for the
particle size distribution of the materials [35]. The particle size distributions of diabase and volcanic tuff
subjected to ball and cylpebs grinding environment for 45 minutes in a laboratory type cylindrical mill are given
in Figs. 3 and 4. Considering Table 5 and Fig. 3-4, diabase can be seen to be finer than volcanic tuff for both
grinding media for a given particle size (D10, Dso, Do7) as a result of easier grinding fetures of diabase. Besides,
cylpebs grinding environment seems to be more effective than that of ball grindind media.

Table 5. Particle size analysis results

Grinding element type  Material Dio(um) Dsg(pm)  Doz(pm)
Balls Diabase 0,89 6,93 70,17
Balls Volcanic Tuff 1,25 12,12 86,65
cylpebs Diabase 0,89 6,79 66,57
cylpebs Volcanic Tuff 1,07 9,55 76,61
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Fig. 3. Particle size distribution of the pozzolanic materials by ball grinder
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Fig. 4. Particle size distribution of the pozzolanic materials by cylpebs grinder

For many years, balls in different sizes and different chemical compositions have been used as grinding media in
ball mills. Later, cylindrical grinding media called cylpebs started to be used. cylpebs are cylindrical, slightly
conical for easy removal from the mold or slightly spherical cylindrical on both sides. An important advantage of
cylpebs over balls is that while the balls provide a single point contact with each other, cylpebs provide superficial,
linear and point contact. Therefore, the final product has a narrower/finer granulometric size distribution [36].

Comparisons of ball and cylpebs in terms of shape, density and bulk also show additional advantages for cylpebs.
In a loosely-stacked charge, the bulk density of hardened cast iron cylpebs is 4.9 t/m?, while this value is 4.4 t/m?
for cast iron balls and 4.5t/m? for steel balls. If a mill is loaded with an equal volume of cast iron cylpebs or balls
as grinding media, the cylpebs charge is 12% more by weight than the ball charge.

Mag= 500X
YU WD = 28 mm EHT =20.00 kV

Mag= 500X

W WD = 29 mm EHT = 2000 KV Disbase.

Fig. 5. SEM images of the particle size (ball grinding media)

367



ISC'22 2" International Symposium on Characterization
22-25 September 2022 Afyonkarahisar, Tiirkiye

Mag= 500X
WA wo = 29 mm EHT = 20,00 kV

Mag= 500X
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Fig. 6. SEM images of the particle size (cylpebs grinding media)

3.6. Microscobic Evaluation of the Diabase and Volcanic Tuff Replaced Composite Cements

SEM image analyses of pozzolanic cements including 10%, 30% and 50% diabase (Fig. 9a) and 30% volcanic tuff
additive (Fig. 9b) were performed to better understand the effect of grinding on the cements composite. The
morphology of the volcanic tuff blended cement grains are angular, quite rough and longer while diabase blended
cement grains are round and smooth. In the diabase sample, amount of finer grains seems to be higher than those
of volcanic tuff.

PR Signal A = SE1 Mag= 10.00KX PR signal A = SE1 Mag= 10.00KX

WA WD = 30mm EWT=2000ky  Diabase — W W= 29mm gr=aooky Ul

Fig.7. SEM images of cement samples with 10% diabase (a) and 10% volcanic tuff (b)
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EHT =20.00 kV

Fig.9. SEM images of cement samples with 50% diabase (a) and 50% volcanic tuff (b)

3.7 Hydraulic and mechanical properties of blended cements

In mortars produced with natural diabase-added cement, there was a significant delay in setting time in parallel
with the increase of diabase material. Setting times in Tras-doped Cements have extended as tras-doped rates
increase, which is also expected in this literature. However, final setting times were longer compared to volcanic
tuff blended cements (Fig. 7).
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Fig. 10. The heat of the hydration of the blended cement
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Fig. 11. Water absorption and volume expansion graphics of prepared mortars

Since the hardening speed increases shrinkage, it decreases in shrinkage and cracks that occur due to the concretes
made with doped cement. This situation resulting from the shrinkage of the volume that occurs during drying, is
almost completely eliminated by using cement with additives. The workability of mortars and concretes made with
admixed cements is less compared to the mortars and concretes made with portland cement. To increase the
workability, the water.cement ratio is slightly required, which lowers the strength.

The need for water varies depending on values such as chemical structure, specific surface and porosity in cements
[14]. As the amount of diabase added to the cement increases, there is a relative increase in the amount of water
required for workability, and hence to achieve the same consistency (Figure 7). The volume expansion did not
exceed 2 mm for both trass and diabase-added cements and remained within the standards.
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Fig. 12 Compressive strength of the studied diabase cement compositions.
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Fig. 13 Compressive strength of the studied trass cement compositions.

All diabase-added cements meet the standard strength value requirement specified in TS EN 196-1 standard. If the
main purpose in our use of pozzolanic additives is to meet the compressive strength values given in TS EN 196-1
standard, it can be said that diabase-added cements that meet both early strength and standard strength conditions
can be used instead of CEM 1V 32.5R.
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At the same time, it is observed that 20%, 25, and 30% cement mortars are provided above the lowest strength of
32,5 MPa in TS EN 197-1 [17]. In this case, it indicates that a lower strength standard cement can be obtained in
the first stage by adding relatively high amounts of diabase to especially high strength cements. However, with
this method, it is thought that the durability condition will be provided without compromising the strength due to
the properties of the pozzolanes.

It is expected that the first strength in pozzolanic cements is expected to be low. As can be seen in the figure, as
the contribution rates increase, the initial strengths of both diabase cements and shaded cements decreased. The
main difference here is that the first strengths of diabase cements are higher than the strengths of shaded cements.
Unlike Portland cements, pozzolanic cements increase their durability as their curing time increases. Although the
contribution rates increase at the end of the day, the strength of both trass and diabase cement increases. When the
contribution rate of Em increases, the strength of diabase cements provides higher and standard values compared
to shaded cements. This shows that diabase cements can have the same strength as shaded cements by using more
additives.

SEM pictures were taken to determine the microstructures of Trass and Diabase-added mortars and are given in
Figure 5. When the SEM images of the trab doped and diabase doped pulp on the 28th hydration day were
examined; It is observed that the presence of CSH layered on top of CHs or needle-like crystallized in Tras doped
pulp, and the top of CHs in diabase pulp is covered with cloudy CSH. According to the SEM drawing, it is observed
that CSH layers are formed on the hydrated particles in both cement paste. In addition, since the pozzolanic
property of the diabase-added cement is good as well as the grain size is smaller than that of trass-added cement, It
has been observed that the voids in the diabase cement paste are filled with hydration products and a relatively
more void-free structure is formed and they have a homogeneous size distribution. Also, morphology of
microcapsules in diabase cement paste is global. SEM images of microcapsules also show the presence of large
polymer particles without microcapsules. It is seen that the aggregate grain and the cement bond are surrounded
by hydration products very well around the aggregate. The CSH structure attached to the aggregate surface with
hydrated diabase grains has a significant densit