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Hatay ili Antakya Merkezde Yar1 Kirsal Bolgede 6 ve 20 Subat 2023
Depremlerinin Etkisi

Selen AKTANY®, Fatih YONAR?

YUnsaat Miihendisligi Boliimii, Miihendislik Fakiiltesi, Canakkale Onsekiz Mart Universitesi, Canakkale, Tiirkiye

Gelis: 29.04.2024, Kabul: 07.06.2024, Yaymnlanma: 03.10.2024

0z

6 Subat 2023 tarihinde Dogu Anadolu Fay: lizerinde meydana gelen merkez iissii Kahramanmaras ve
Gaziantep olan depremler, genis bir alani etkileyerek ¢ok biiyiik bir yikima yol agmistir. 20 Subat 2023
tarihinde ise Hatay’da gergeklesen deprem mevcut hasar1 daha da arttirmistir. Bu ¢alismada Mart 2023
tarihinde Hatay ili Antakya merkeze bagl yar1 kirsal iki bolgesinde yapilan hasar tespit g¢aligmasinin
gozlemsel verileri incelenmistir. Hasar tespiti yapilan yapilarda yaygin olarak donati hasarlari, beton
kusurlar: ve yapilarin diizensizlik durumlarindan dolay1 olusan hasarlar gozlemlenmistir. Ozellikle etriye
araliklarinin uygun olmadigi, siklagtirma yapilmadigi, ¢iroz donatisinin hig kullanilmadigi, donatilarda ciddi
oranda korozyon olustugu ve tasiyici sistemlerde bazi diizensizlik durumlarinin bulundugu goriilmiistiir. Bu
yapilarin birgogunun miihendislik hizmeti almamis oldugu ve bundan dolay1 ¢ok temel kurallarin dahi
yapilarda uygulanmamis oldugu tespit edilmistir. Ulkemizde 1975 yilindan itibaren giiniimiize kadar
yiirtirliige girmis olan deprem yonetmeliklerindeki bu parametreler incelenerek yapilarda gozlemlenen
durumlar ile karsilastirilarak degerlendirilmistir. Sonu¢ olarak, yiiriirliige girmis son 4 deprem
yonetmeligindeki incelenen parametrelerin sinir degerlerinin oldukca yeterli oldugu ancak bu kurallarin
uygulanmamis oldugu ve bu yapilarda hasar olustugu gorilmiistiir.

Anahtar Kelimeler: Deprem; Hasar tespit; Hatay; Deprem yonetmelikleri

The Effect of the 6 and 20 February 2023 Earthquakes in the Semi-Rural
Region in Hatay, Antakya

ABSTRACT

The earthquakes occurred on the Eastern Anatolian Fault on February 6, 2023, with the epicenter in
Kahramanmaras and Gaziantep, affected a wide area and caused huge destruction. The earthquake that
occurred in Hatay on February 20, 2023 further increased the existing damage. In this study, the
observational data of the damage assessment carried out in two semi-rural regions of Antakya, Hatay in
March 2023 were examined. Reinforcement damages, concrete defects and damage caused by irregularities
of the structures were commonly observed in the structures. In particular, it was observed that the lateral
reinforcement was inappropriate, serious corrosion occurred in the reinforcement, and there were some
irregularities in the load-bearing systems. It has been determined that many of these structures have not
received engineering services and therefore even very basic rules have not been applied in the structures.
These parameters in the seismic codes that have been in force in our country since 1975 have been examined
and evaluated by comparing with the situations observed in the buildings. As a result, it was seen that the
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limit values of the examined parameters in the last 4 seismic codes were quite sufficient, but these rules
were not implemented and damage occurred in these structures.

Keywords: Earthquake; Damage assessment; Hatay; Seismic codes
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Aktan & Yonar / Hatay Ili Antakya Merkezde Yart Kirsal Bélgede 6 ve 20 Subat 2023 Depremlerinin Etkisi
1. GIRIS

6 Subat 2023 tarihinde saat 04.17’de merkez iissii Kahramanmaras-Pazarcik olan My=7.7 biiyilikliiglinde,
saat 04.28’de merkez lissii Gaziantep-Nurdag1 olan My=6.6 biiyiikliigiinde ve ayni1 giin saat 13.24’te merkez
iissii Kahramanmarag-Elbistan olan M,=7.6 biyiikliigiinde yikici depremler meydana gelmistir. Bu
depremlerden 2 hafta sonra 20 Subat 2023 tarihinde saat 20.07°de merkez iissii Hatay-Samandag olan
M,,=6.4 biiyiikliigiinde bir deprem daha yasanmistir. Bu depremler Adana, Adiyaman, Diyarbakir, Elazig,
Gaziantep, Hatay, Kahramanmaras, Kilis, Malatya, Osmaniye, Sanliurfa illerini kapsayan genis bir bolgede

cok biiyiik can ve mal kaybina neden olmustur.

Meydana gelen depremler sonucu inceleme yapmak ve hasar tespit calismalart gergeklestirmek iizere
bolgede ¢ok sayida Insaat, Jeofizik, Jeoloji Miihendisi, insaat Teknikeri ve Mimar bulunmustur. Bu
kapsamda 6zellikle istanbul Teknik Universitesi (ITU, 2023), Orta Dogu Teknik Universitesi (ODTU,
2023), Gebze Teknik Universitesi (GTU, 2023), Bursa Teknik Universitesi (BTU, 2023), Kandilli
Rasathanesi ve Deprem Arastirma Enstitiisii (KRDAE, 2023), Afet ve Acil Durum Yo6netimi Bagkanligt
(AFAD, 2023) ve insaat Miihendisleri Odas1 (IMO, 2023) tarafindan hazirlanan raporlar; kuvvetli yer
hareketlerini incelemeleri ve yaganan depremleri biitiin yonleriyle detaylica analiz etmeleri bakimindan ¢ok
onemli kaynaklar olmustur. Bu raporlarin yani sira bolgede gergeklestirilen hasar tespit caligmalartyla ilgili
cesitli caligmalar da mevcuttur. Mertol (2023), yikilan yapilarin yapildiklar1 dénemde yiiriirliikkte olan
deprem yonetmeliklerinin sartlarinin yerine getirilmedigini belirtirken, betonarme binalarda yikilmaya
neden olan sorunlari hiyerarsik bir liggen seklinde aktarmigtir. Vapur vd. (2023), Antakya ve Samandag
ilgelerinde yapilan gbzlemler sonucu deprem yonetmeliklerine uygun yapilan yapilarin yikilmadigini ve
diger binalara oranla daha az hasar aldiklarmi belirtmislerdir. Senol (2023), Antakya ve Iskenderun’da
yaptig1 incelemelerde yapisal diizensizlikler, uygulama yontemleri ve kullanilan malzeme o6zellikleri
acisindan olusan hasarlar1 degerlendirmistir. Ekinci (2024), Malatya’da gerceklestirdigi saha ¢aligmasi
sonucu gozlemledigi en temel sorunlari, tagima giicli diisiik zeminlerdeki insa faaliyetleri, is¢ilik ve tasarim
hatalar1 ve ¢ok diisiik beton kalitesi olarak siralamistir. Ustiin vd. (2024), Malatya’da donatisiz yigma yapilar
iizerine yaptiklar c¢aligmayla mimarlarin hasar tespit siirecindeki kritik roliine odaklanmuslardir. Giileg
(2023), Kahramanmaras’taki yigma yapilarin hasar durumlarini inceleyerek kiiltiirel degerlerinden dolay1
yigma yapilarin hasar tespitleri ve onarimlarimin biiyiik 6nem tagidigini belirtmistir. Kili¢ (2023) tarafindan
yapilan ¢alismada ise, depremin etkiledigi 10 ilde dnceden hazirlanan il risk azaltma planlarindaki mevcut

yap1 stokunun durumu ile afetten sonraki yapisal hasarin boyutu karsilastirilmistir.

Bu ¢alisma 6 ve 20 Subat depremleri sonrasinda Canakkale Valiligi tarafindan 9 Mart 2023 tarihinde yapilan
gorevlendirme ile Hatay ilindeki hasar tespit calismalari sirasinda yapilan gézlemleri igermektedir. Bu

makalede, ilk depremden yaklagik 1 ay sonra bolgede 10 giin boyunca yapilan incelemeler sonucunda tespit
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edilen sorunlar ele alinmistir. Caligma, genel olarak 1 ila 3 katli betonarme yapilar ve tek kath kargir
yapilarin bulundugu bolgelerde yogunlagmistir. Sekil 1’de 6 Subat 2023 teki ilk ana soktan hasar tespitlerin
yapilmaya baglandig1 9 Mart 2023 tarihine kadar gergeklesen depremler goriilmektedir.
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Sekil 2: Bolgenin deprem tehlikesi (AFAD, 2023).

Hatay ili bu depremlerde en ¢ok hasar alan bolgelerin baginda gelmektedir. Hatay ili Antakya - Samandag
grabeni i¢inde yer alir. Graben, tektonik agilma hareketi sonucunda ¢evresine nazaran asagi dogru ¢coken
yerkabugu parcasi olarak tanimlanmgtir (IBB, 2024). 10 - 20 km genisligindeki bu graben Asi Nehri’nin
Amik Ovasi ile Akdeniz arasindaki vadisini olusturur. Sehirdeki yerlesimlerin biiylik bir boliimii graben

tabanindaki dolgu alanlar tizerinde yer almaktadir (Engin, 2010). Yapilan bir ¢aligmaya gore Hatay ve
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cevresinde zemin biiyiitme degerleri 4 ile 5 arasinda degismektedir (Perk ve Ozer, 2019). Hatay ili, AFAD
Tiirkiye Deprem Tehlikesi Haritasina gore yaklasik 0.4g-0.5¢g yer ivmesi degerine sahiptir (Sekil 2). Hasar
tespit caligmasi yapilan bolge Sekil 2’°de gerceve icinde gosterilmektedir.

Inceleme yapilan binalarin yogunlastifi Alazi ve Pagakdy mahallelerine en yakin deprem istasyonlar1 3126
ve 3141 numarali istasyonlardir. Antakya Hatay’da yer alan 3126 ve 3141 numarali deprem istasyonlarinda
6 Subat 2023 Pazarcik depremine ait Olciilen periyota karsilik gelen spektral ivme degerleri Sekil 3’te
verilmistir. Depremin merkez {issiinden 125 km uzaklikta yer alan 3141 numarali istasyonda zemin sinifi
ZD (Vs30=338 m/s) ve 144 km uzaklikta yer alan 3126 numarali istasyonda zemin sinift ZD (Vs30=350 m/s)
olarak siniflandirilmaktadir. Sekil 3’te ZD zemin siniflari i¢in Tiirkiye Bina Deprem Y 6netmeligi (TBDY,
2018)’de tanimlanan tasarim spektrumlari tekrarlanma periyotlar1 2475 yil (DD-1) ve 475 yil (DD-2) olan
deprem yer hareketi diizeyleri i¢in sirastyla diiz ¢izgi ve kesikli ¢izgi seklinde verilmistir. Sar1 ve mavi
egriler ise istasyonlarda kaydedilen ivme kaydina ait hesaplanan davranig spektrumunun kuzey ve dogu
bilesenlerini gostermektedir (GTU, 2023). Depremin davranis spektrumlart TBDY2018’de verilen
tekrarlanma periyodu 475 yil olan deprem yer hareket diizeyi igin verilen elastik tasarim spektrumunu

asmaktadir. En yiiksek yer ivme degerleri ise sirasiyla 0.98g ve 1.23g olarak 6l¢iilmiistiir (Sekil 4).

Istasyon Kodu : 3126

—— 2018 TBDY-DD1 ZD

=== 2018 TBDY-DD2 ZD

—— HNE (999.1 gal)
HNN (1186.8 gal)
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Sekil 3: Pazarcik depremi davranis spektrumlar (a) 3126 (b) 3141 numarali istasyonlar (GTU, 2023).
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Sekil 4: Hatay ili ivme-zaman grafikleri (KRDAE, 2023).

Calismada, 6 ve 20 Subat 2023 depremlerinden sonra Hatay merkeze bagli yar kirsal mahallelerdeki
yapilarda yapilan gozlemsel inceleme sonucu tasiyici ve tasiyici olmayan elemanlardaki hasar durumlari
aciklanmistir. Ayn1 zamanda bolgenin genel 6zellikleri ve o bolgede yaygin olarak yapilan uygulamalarin
yapilarda ne sekilde hasarlar olusturduklar1 da ele alinmistir. Yaygin olarak hasar olusturan durumlar ile
tilkemizde 1975 yilindan itibaren giiniimiize kadar yirtrliige girmis olan deprem yonetmeliklerindeki bu

parametreler incelenerek degerlendirilmistir.

2. YAPILARIN GENEL DURUMU

Bolgede incelenen binalarin biiyiik ¢ogunlugu miihendislik hizmeti almamistir. Bolgedeki yapilarin
ozellikleri; genelde usta ve kalfalarin insa ettigi tasiyici elemanlar1 betonarme, duvarlari briket 1-3 katli ya
da tek kathi kargir insaatlardir. Calisilan iki mahalle son donemde merkez sinirlari i¢ine alindigindan ve

tanimlanan mevcut binalarin 6zellikleri nedeniyle yar1 kirsal olarak tanimlanmustir.

Miihendislik ve denetim hizmeti almayan ¢ogu binada temelin, kolonun, kirisin ve désemenin ayri
dokiildiigi alinan bilgiler dahilindedir. Bir bagska durum ise katlarin birbirinden ¢ok ayri zamanlarda insa
edilmesidir. Bu farklilik 10 y1la varan siirelerle ifade edilmistir. Bu durumun nedeni olarak ekonomik durum
gosterilse de evlenen ¢ocuklar i¢in yapiya kat ¢ikma olarak tanimlanan durumun o bélgelerde hala siirdiigii

anlasilmistir. Yapinin insa siirecinin bu kadar uzun olmasi, deprem yoénetmeligindeki degisikliklerden
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haberdar olan ustalarin her katta yeni ¢ikan deprem yonetmeligini uygulamaya g¢aligmalar1 kimi zaman
ikinci ve tiglincii katlarda beklenmedik hasarlara neden olmustur. Bunlara ek olarak, bina olmas1 gerektigi
gibi kisa bir siirede insa edilmis olsa da binaya sonradan yapilan miidahalelerin ¢ok fazla oldugu durumlar
da mevcuttur. Duvar kaldirma, oda biiyiitme, cesitli eklentiler ve degisiklikler yapinin tasiyici sistemini

bozan durumlar olmus ve miidahale yapilan kisimlarda hasar olusumuna neden olmustur.

Bolgede, yapilar tek katli olsa dahi oturma alanlarinin gok biiyiik oldugu dikkat ¢ekmistir. Bunun deprem
davranisini etkiledigi cok net gdzlemlenmistir. incelenen kiiciik oturma alanma sahip (50-60 m?) yigma

yapilarda dahi hasarin minimum seviyede kaldig1 goriilmiistiir.

3. HASAR TESPIT CALISMALARI

Hasar tespit ¢alismalari, T.C. Canakkale Valiligi Cevre, Sehircilik ve Iklim Degisikligi Il Miidiirliigiinden
yapilan gorevlendirme kapsaminda Hatay merkeze bagl Alazi ve Pagakdy mahallelerinde 2023 Mart ay1
igerisinde yapilmistir. 6 Subat depremlerinin yol agtigi hasarlarin tespit ¢aligmalar1 bagladiktan sonra
meydana gelen 20 Subat 2023 tarihli My=6.4 Samandag depremi sonrasinda, Hatay i¢in o tarihe kadar
yapilmig olan degerlendirmelerdeki hasar durumlarinda degisiklikler oldugu i¢in hasar tespitlerinin yeniden
yapilmasina Cevre, Sehircilik ve iklim Degisikligi Bakanlig tarafindan karar verilmistir. Bu kapsamda, ilk
yapilan tespitlere gore yikik ya da agir hasarli karar1 verilen binalara yapilarin kullanim durumunu
degistirmeyecegi igin tekrar bakilmamustir. ilk yapilan tespitlerde hasarsiz, az hasarli ya da orta hasarl
olarak degerlendirilen binalar tarafimizca incelenerek, 20 Subat depreminin olusturdugu hasarlar
degerlendirilmistir. Bununla birlikte o tarihe kadar heniiz hi¢ degerlendirme yapilmamis binalara da

girilerek hasar tespiti yapilmistir.

3.1. Taswyict yapt elemant hasarlar

Bolgede, kolon ve kirislerdeki donatilarla ilgili gézlemlenen en yaygin uygulamalar etriye siklagtirmalarinin
yapilmamasi, ¢iroz donatisi kullanilmamasi, nerviirlii donati yerine diiz donati kullanilmasi ve donati
ucundaki kancalarin yetersiz yapilmasidir. Bunlarin yani sira, pas payinin yetersiz birakilmis olmasiyla dis

etkilere maruz kalarak ciddi derecede korozyona ugramis donatilar tespit edilmistir.

Nerviirlii yerine diiz donat1 kullanilmas1 durumunda beton ile donati arasindaki aderansin saglanmadigi ve
deprem esnasinda donatinin betondan kolayca siyrilabilecegi bilinmektedir. Kesme kuvvetlerini karsilayan
etriye ve ¢iroz donatilarinin konmamasi veya yetersiz konmasi durumlarinda, deprem sirasinda kesme
catlaginin biiylimesi ¢cok daha hizlanmakta, betonun kabuk atmasiyla boyuna donatilarin burkulmasi ve

enine donatilarin kopmasi sonucu kolon agir hasarli duruma gelmektedir. Sekil 5a ve b’de ¢iroz bulunmayan
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ve etriye siklagtirmasinin yapilmadigi kolon 6rnekleri goriilmektedir. Sekil 5c’de ise belli bir bolgede hig
etriye bulunmayan bir kolon tespit edilmistir. Donatilarin korozyon durumu hem kesit kaybina ugrayip
tagima kapasitesini kaybetmesi acgisindan hem de beton ile aderansini kaybetmesi agisindan son derece
tehlikelidir. Bolgedeki hasar goren yapilarda ¢ok sayida korozyon olusmus donati goriilmiistiir (Sekil 6).
TS500’e (2000) gore hava kosullarina acik kolon ve kiriglerde en az 25 mm net beton ortiisii bulunmasi
gerektigi belirtilmektedir. Ozellikle Sekil 6d’de donatilardaki korozyonu 6nlemesi amaciyla birakilmasi

gereken pas payinin neredeyse hi¢ bulunmadigr goriilmektedir.

(a)
Sekil 5: Kolon hasarlari.

Miihendislik hizmeti gérmemis olan binalarda donatilarin genel yerlesimleri dogru olsa dahi donatinin
betona kenetlenmesini saglayan kanca ve gonye uygulamalarimin neredeyse hi¢ uygun yapilmadigi
gbzlemlenmistir. Boyuna donatiy1 saran etriyelerin ucuna yapilan kancanin deprem sirasinda ¢ekirdek
betonu sargilamaya devam etmesi beklenmektedir. Kancanin 90° yapilmasi durumunda distaki kabuk beton
dokiildiikten sonra etriye uglar1 kolaylikla agilmakta ve etriyenin betonu sargilama etkisi sonlanmaktadir.
Kancanin 135° yapilmasi ancak kanca boyunun yeterli birakilmamasi1 durumunda ise artan yiikler etkisinde
benzer davranis olusmaktadir. Gonye uygulamasi ise, kiristeki boyuna donatilarin kolon iginde biikiilerek
ankrajmin saglanmasini amaglamaktadir. Bu uygulamanin yapilmamasi durumunda birlesim bdlgesinde
ankraj saglanamamakta ve donatilarin siyrilarak ayrilmasi daha kolay gerceklesmektedir. Sekil 7a’da kanca
boyunun yetersiz oldugu, Sekil 7b’de ise konsol kiristeki ¢ekme donatilarinda 90° kivrilmayarak diiz
kesildigi goriilmektedir. Sekil 7¢’de ise yikilmig bir binadaki diiz donatilar goriilmektedir.
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Sekil 6: Korozyon hasarlar.

(b)

Sekil 7: Hatali donat1 uygulamalari.
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Cizelge 1: Deprem yonetmelikleri donat1 kosullar.

DONATI TBDY2018 DBYBHY2007 ABYYHY1998 ABYYHY1975
KOSULLARI
Kiriste siklastirma <hy/4 <hd/4 <hd/4
mesafesi (sk) <8¢ <8¢ <8 <d/4
<150 mm <150 mm <150 mm
Kolonda siklastirma >50 mm
Mesafesi (s) <150mm  =oomm =50 mm > 50 mm
< bin/3 <100 mm <100 mm <100 mm
< 601 < bmin/3 < bmin/3 -
Kolon sarilma bolgesi  >1,5 bmax >bmax >bmax >1.J6
>500 mm >500 mm >500 mm -
g?:;: r(r)::SZlPe(;lig(eso) <200 mm <200 mm <200 mm i iOO /r;lm
< bmin/Z < bmin/2 < bmin/2 lemax
<12¢
Etriye kollar1 ve/veya a = mesnetlenmemis en
cirozlarin arasindaki max ai=25 ¢ max ai=20 ¢ max ai=25 ¢ biiyiik etriye kenar
mesafe boyu olarak
tanimlanmig ancak sinir
deger belirtilmemistir.
Kanca ¢ap >5detr cap >Sdetr cap >5derr
ozellikleri boyu>6¢ boyu>6¢ boyu>6¢ boyu>10d
boyu>80 mm  boyu>80 mm boyu>80 mm

Ulkemizde su an vyiiriirliikte olan TBDY2018 6ncesinde sirastyla Deprem Bélgelerinde Yapilacak Binalar
Hakkinda Yonetmelik (DBYBHY, 2007), Afet Bolgelerinde Yapilacak Yapilar Hakkinda Yonetmelik
(ABYYHY, 1998) ve Afet Bolgelerinde Yapilacak Yapilar Hakkinda Yonetmelik (ABYYHY, 1975) deprem
yonetmelikleri yiiriirliige girmistir. Bu yonetmeliklerde kolon ve kirisler i¢cin uygulanmasi gereken etriye,
ciroz ve kanca detaylar1 Cizelge 1°de verilmistir. Kiriglerde sarilma bolgesi boyunca olmasi gereken
siklagtirma mesafesi, ¢ en kii¢ciik boyuna donati ¢ap1 olmak {izere 1998 yonetmeliginden beri ayni sinir
degerlerdedir. 1975’te ise maksimum faydali yiiksekligin dortte biri olacak sekilde belirtilmistir. Kolonlarda
sarilma bolgesi boyunca olmasi gereken siklastirma mesafesi, bmin kolonun kisa kenari ve ¢ boyuna donati
cap1 olmak iizere Cizelge 1°de verilmistir. Degerler bir miktar farklilagsa da 1975 yonetmeliginden beri bu
degerin en fazla 100-150 mm arasinda olmasi gerektigi goriilmektedir. Kolon sarilma boélgesinin uzunlugu
ise, ln ve Ls kolon serbest yiiksekligini ifade etmek iizere 1975 yonetmeliginden beri var olan bir
parametredir. Kolonun orta bolgesi igin etriye mesafesi 2018 yonetmeligi ig¢in kolon bmin degeri 300 mm
oldugu i¢in 150 mm-200 mm arasinda degismektedir. 2007 ve 1998 yonetmeliklerinde bmin degeri 250 mm
oldugu i¢in 125 mm-200 mm arasinda bir deger almaktadir. 1975 yonetmeligine gore ise 200 mm’den,
kolonun uzun kenarmnin yarisindan ya da 12¢’den fazla olamaz seklinde tanimlanmistir. Etriye kollar
ve/veya ¢irozlarin arasindaki mesafe ¢=enine donati ¢cap1 olmak tizere 1998 yonetmeliginden beri 20¢-25¢

arasinda degismektedir. Etriye ve ¢irozun kanca boyu ise 1998 yonetmeliginden itibaren en az 6¢ ya da 80
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mm olacak sekilde tanimlanmustir. 1975 yonetmeliginde ise, d enine donati capini ifade etmek iizere en az

10d olarak belirtilmistir.

Bu degerlendirmelerle birlikte iilkemizde neredeyse son 50 yildir yiiriirliige giren son 4 yonetmelikte donati

kosullarinin oldukga net belirtildigi ve smir degerlerin oldukga yeterli oldugu goriillmektedir.

Kirsal bolgedeki binalarda genellikle tekil temel uygulamalart mevcut olup, tabanda déseme olmadigi
gozlemlenmistir. Temel yapilirken ilk olarak binanin briit alanindan daha biiyiik derin olmayan bir bahge
hazirlandig1, sonrasinda bunun etrafini duvarla cevirip arkasindan bahge tabanina grobeton dokiildiigii,
ardindan temel kaliplariin c¢akilip donatilarinin baglanip betonunun dokiildiigii belirtilmistir. Son olarak
tekil temelin filizleri yiizeyde kalacak sekilde temelin icinde bulundugu bahgenin toprakla dolduruldugu ve
filizlerin baglanacagi kolonlarin bu islemden ¢ok sonra da imal edilebildigi belirtilmistir (Sekil 8). Bu
sekilde temelleri yapilmis binalara girdigimizde tekil temellerin deplasman yaptig1 ve yapidan ayrildigi
gozlemlenmistir. Tek katl1 yapilarda ya da ¢ok katli yapilarin giris katlarinda désemenin bulunmadigi bunun
yerine 5 cm civarinda briit beton dokiildiigii yapilarda ise bu désemenin kirilarak zemine gomiildiigi,

ozellikle odalarin orta bolgelerinde goriilmiistiir.
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Sekil 8: Tekil temel uygulamasi.

ABYYHY1975’ten itibaren deprem yonetmeliklerimizde tanimlanmis olan kisa kolon diizensizliginin
olusturdugu hasar durumuyla da karsilagilmistir (Sekil 9). Kisa kolon durumu olusturacak bant pencere vb.
bulunmasi durumunda s6z konusu kolon i¢in kesme hesabinin yonetmelikteki formiillerle yapilmasi,
kolonun kat yiiksekligi boyunca sik etriye ile sarilmasi, kolon ile duvar arasina ezilebilir bir malzeme
konulmasi gibi dnlemler bulunmaktadir. Ancak bunlar yapilmadig: takdirde kisa kolona ¢ok daha biiyiik

kesme kuvvetinin gelmesiyle kolonun hasar almasi kaginilmaz olmaktadir.

109



Aktan & Yonar / Hatay Ili Antakya Merkezde Yart Kirsal Bélgede 6 ve 20 Subat 2023 Depremlerinin Etkisi

Sekil 9: Kisa kolon hasari.

ABYYHY1998’den itibaren deprem yonetmeliklerimizde bulunan yumusak kat durumu depremlerde
yapinin yikilmasina yol acan veya agir hasar olusturarak yapiy1 kullanilamaz hale getiren diizensizliklerin
basinda gelmektedir. Yumusak kat diizensizligi, giris katlarimin diikkan, magaza vb. olarak kullanilmasi
durumunda dolgu duvarlarm bulunmayis1 veya iist katlara gére daha az bulunmasiyla ve ayrica bu katin
yiiksekliginin diger katlardan daha fazla olmasiyla katlar arasinda olusan rijitlik farki nedeniyle meydana
gelmektedir. Sekil 10a ve b’de goruldigi gibi, giris kat ve iist katlar arasindaki rijitlik farki zemin kat
kolonlarinda ¢ok ciddi 6telenmelere sebep olarak yapilari kullanilamaz hale getirmistir. Sekil 10c’de ise
zemin kat yiiksekliginin diger katlara gore fazla olmasi kolon uglarinda hasar olusturarak yapiy1 agir hasarli

hale getirmistir.

Betonarme elemanlarda beton dokiiliirken yeterli yerlestirme/vibrasyon yapilmadigi igin olusan
segregasyon ornegi Sekil 11°de goriilmektedir. Segregasyon, betonun i¢indeki malzemelerin yogunluklari
ve boyutlart dogrultusunda ayrismasina neden oldugu igin tehlikeli bir durumdur. Ayrica betonarme
elemanlarin kesilerek iginden tesisat veya boru gegirilmesi gibi durumlarla da karsilasilmigtir (Sekil 11).
Yapisal elemanlarda olusturulan bu bosluklar o bolgeyi zayiflatarak dayanim ve rijitlik azalmasina neden

olmaktadir.
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Sekil 10: Yumusak kat hasart.

Sekil 11: Segregasyon olusmus kiris.

3.2. Taswyict olmayan yapt elemant hasarlar

Bolgedeki yapilarda evlerin daha serin olmasi i¢in duvar malzemesi olarak biiylik oranda briket
kullanilmistir. Yerel halktan alinan bilgiler 1s18inda, bazi can kayiplarinin bina duvarlar1 nedeniyle olustugu
ogrenilmistir. Ozellikle binanin digma gikilip giivenli oldugu diisiiniilen durumda duvarlarin diizlem dig1
hareketi sonucu agir briket duvarlar disari dogru hareket etmis ve can kayiplari olusturmustur. Bazi
binalarda kullanildig1 goriilen siva filelerinin zorunlu hale gelmesi ile duvarlari bir arada tutarak can

kaybinin énlenmesinin saglanabilecegi diisiiniilmektedir.

Kolon ve kirigin ayr1 zamanlarda dokiildiigii uygulamalarda, kolonlar dokiildiikten sonra duvarlarin

oriildiigii, oriilen duvarin iist yiizeyinin ise kiris kalibinin alt yilizeyi olarak kullanildig1 belirtilmistir (Sekil
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12). Bu durumdan dolay1 deprem sirasinda duvar kiris altinda daha fazla sikismakta ve duvarin hasar

gormesi daha kolay gerceklesmektedir.

Sekil 12: Duvar 6rme teknigi.

Kimi binalarin ¢ati katinda (yliksek c¢ati ya da c¢ati uygulamasi yok), parapet gibi (yaklasik 1m
yiiksekliginde) duvar kullanildigi ve bu duvarlarin da yaralanma ve can kayiplarina neden oldugu

belirtilmistir (Sekil 13).

Sekil 13: Duvar hasari.

112



Aktan & Yonar / Hatay Ili Antakya Merkezde Yart Kirsal Bélgede 6 ve 20 Subat 2023 Depremlerinin Etkisi

Bolgede tavan siislemesinin oldukca fazla oldugu ve deprem sirasinda diisen kartonpiyerlerin kagisa engel
oldugu ve yaralanmalara sebep oldugu 6grenilmistir. Yine asma tavan baglantisinin uygun yapilmamasi ile

asma tavanin tamamen ¢okerek ciddi hayati tehlike olusturdugu gézlenmistir (Sekil 14).

Sekil 14: Asma tavan hasari.

Sekil 15: Kalin siva uygulamasi.
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Bolgede genel bir uygulama olarak sivanin kalin kullanilmasi yaygindir. Yaklasik 4-5 cm’e varan siva
uygulamasina siklikla rastlanmigtir (Sekil 15). Hasar tespiti yapilirken bazi tasiyict elemanlardaki

catlaklarin siva kaldirildiginda betonarme elemanda bulunmadigi gézlemlenmistir.

4. SONUC

Bu ¢alisma 6 ve 20 Subat 2023 tarihlerinde meydana gelen depremler sonrasinda Hatay ili Antakya merkeze
bagli yar1 kirsal iki mahallede yapilmis olan hasar tespit ¢alismalari sirasinda yapilan gozlemler neticesinde
hazirlanmistir. Yapinin tasarim ve uygulama sirasinda yapilan hatalarin, deprem performansi iizerinde
olumsuz etkiye sahip olacagi bilinmektedir. Yaygin olarak gzlemlenen ve hasar olusturan durumlar; etriye
yerlesimlerinin uygun olmamasi, c¢irozlarin hi¢ kullanilmamasi, kanca boylarinin yetersiz yapilmasi,
donatilarda korozyon olugmasi, yapilarda kisa kolon ve yumusak kat diizensizliklerinin bulunmasi ve
betonun iyi yerlestirilmemesi olarak siralanabilir. Gozlemlenen bu parametrelerin iilkemizde yliriirliige
girmis olan deprem yonetmeliklerindeki karsiliklar1 incelenmis ve sinir degerleri karsilastirilmistir. Sonug
olarak, yurtirliige girmis son 4 deprem yonetmeligindeki incelenen parametrelerin sinir degerlerinin oldukga

yeterli oldugu ancak bunlarin uygulanmamis oldugu gorilmiistir.

Bolgede incelenen binalari biiyiik ¢ogunlugu miihendislik hizmeti almamigtir. Yapilarin inga agamasinda
bolgeye Ozgii yapilan uygulamalar ve bu uygulamalarin yapilarda nasil hasarlar olusturduklari da
aciklanmigtir. Miihendislik hizmeti alinmamis kimi binalarda ise binayir yapan ustalarin bilingli olma
durumlarina bagl olarak tasiyici eleman boyutlarinin yeterli oldugu, donatilarin uygun ve iyi bir sekilde

yapildigi belirtilmis ve bu yapilarin depremleri az hasarli ya da hasarsiz olarak atlattigi gézlemlenmistir.

Yapisal hasarin sinirli diizeyde kalarak can kaybi olugturmamasi igin tiim yapilarin miithendislik ilkelerine
ve ilgili yonetmeliklere uyularak yapilmasi ve yapinin her asamasinda yeterli ve uygun denetimin

gerceklestirilmesi gerektigi aciktir.

CIKAR CATISMASI BEYANI

Yazarlar arasinda ¢ikar ¢atigmasi1 bulunmamaktadir.

TESEKKUR
Bu saha calismas1 T.C. Canakkale Valiligi Cevre, Sehircilik ve Iklim Degisikligi 11 Miidiirliigiinden
09.03.2023 tarihinde yapilan gorevlendirme ile gergeklestirilmistir.
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YAZARLARIN KATKILARI

S.A.: Aragtirma, yontem, orijinal taslak hazirlama, yaz1 yazma, kaynaklar, gézden gecirme ve diizenleme

F.Y.: Aragtirma, yontem, orijinal taslak hazirlama, dogrulama, gézden gecirme ve diizenleme
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ABSTRACT

In this review study, the potential for the use of molasses in civil engineering work was investigated in
detail. Molasses material is used in a wide range of industries, such as pharmaceuticals, chemicals, paper,
and fertilizers. The increasing population and growing construction sector gradually increase the demand
for raw materials. In addition, molasses produced during the sugar production process increases
environmental pollution and operating costs. The aim of this study is to explain that molasses material can
be used as an alternative raw material source in the construction industry. In this study, literature studies
on molasses-containing asphalt, construction materials, ground works, and cementitious materials were
reviewed. As a result of the study, it was found that molasses was generally used as a replacement
material in place of synthetic and petroleum-based materials. Accordingly, molasses material can be a
valuable source of raw materials for the construction sector of countries that are foreign-dependent,
especially in terms of crude oil and chemical materials. In addition, molasses has been found to reduce
construction costs and improve material properties. This situation provides a significant competitive
advantage to the construction sector. Additionally, sustainable environmental protection can be achieved
by using molasses in the production of eco-friendly construction materials. Molasses is suggested to be
used in civil engineering works in terms of cost and material performance.

Keywords: Molasses, Construction Materials, Ground Work, Asphalt, Cementitious Materials

Melasin insaat Miihendisligi islerinde Degerlendirilmesi: Bir Inceleme

0z

Bu inceleme caligmasinda, melasin ingaat miihendisligi islerinde kullanim potansiyeli detayli olarak
arastirilmistir. Melas malzemesi; ilag, kimya, kagit ve gilibre gibi ¢ok cesitli sektorlerde kullanilmaktadir.
Artan niifus ve biiyliyen insaat sektorii hammadde ihtiyacim1 giderek arttirmaktadir. Ayrica seker {iretimi
siirecinde ortaya ¢ikan melas, ¢evre kirliligini ve isletme maliyetlerini de arttirmaktadir. Bu ¢aligmanin
amaci, melas malzemesinin insaat sektoriinde alternatif bir hammadde kaynagi olarak kullanilabilecegini
aciklamaktir. Bu caligmada, melas iceren asfalt, yap1 malzemeleri, zemin c¢aligmalar1 ve ¢imentolu
malzemeler ile ilgili literatiir caligmalar1 incelenmistir. Caligma sonucunda, genellikle melasin sentetik ve
petrol esasli malzemelerin yerine ikame malzemesi olarak kullanildig1 tespit edilmistir. Buna gore, melas
malzemesi Ozellikle petrol ve kimyasal malzeme agisindan disa bagimh {ilkelerin insaat sektorii icin
degerli bir hammadde kaynag: olabilir. Ote yandan, melasin ingaat maliyetini azalttigi ve malzeme
ozelliklerini arttirdigi belirlenmistir. Bu durum, insaat sektoriine, rekabet agisindan olduk¢a Gnemli bir
avantaj saglamaktadir. Ayrica, ¢evre dostu yapi malzemesi iiretiminde melasin kullanilmasi sayesinde
stirdiiriilebilir bir ¢gevre korunumu saglanabilir. Melasin, insaat miihendisligi islerinde maliyet ve malzeme
performansi agisindan kullanilmasi 6nerilmektedir.

Anahtar Kelimeler: Melas, Yap1 Malzemeleri, Zemin Calismasi, Asfalt, Cimentolu Malzemeler
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1. INTRODUCTION

Molasses is a fluid and dark-brown colored industrial by-product consisted during the evaporation of
concentrated sugar cane or sugar beet juice during the raw sugar manufacturing process (Mordenti et al.,
2021; Eliodério et al., 2023). Generally, ~40 kg of molasses is obtained from 1 ton of processed sugar beet
and ~45 kg from 1 ton of sugar cane (Nguyen & Gheewala, 2008; Isler-Kaya & Karaosmanoglu, 2022).
The main chemical components of both cane molasses and beet molasses are ~30~35% sucrose, ~10~25%
fructose and glucose, ~2~3% non-sugar components (minerals and moisture), and ~45~55% fermentable
sugar (Jamir et al., 2021). Sugar purification process, plant type, and boiling temperature are the basic
factors affecting molasses components and characteristics (Zhang et al., 2021). Molasses is used in various
sectors because it is cheap and has a high sugar concentration (Kabeyi & Olanrewaju, 2022). Generally,
molasses is used as an additive in the production of ethanol, citric acid, alcohol, baker's yeast,
pharmaceuticals, sweeteners, animal feed, fertilizers, paper, biogas, bioplastics, and cement additives
(Jamir et al., 2021; Mustafa et al., 2023; Acharya & Gyawali, 2024). Industrial use of molasses is
increasing due to its low-cost and easy storage (Geremew Kassa et al., 2024). Figure 1 shows the total

amount of molasses production worldwide between 2019 and 2025.

World production of molasses

Million tons
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Figure 1: The total annual molasses production amount worldwide (OECD Report, 2024).

Upon reviewing Figure 1, it is seen that the annual production amount of molasses is gradually increasing.
In 2023, ~71.7 million tons of molasses were produced worldwide. In addition, it is predicted that ~74.1
million tons of molasses will be produced worldwide in 2025. On the other hand, ~2% of the sugar
produced globally is produced in Tiirkiye. In Tiirkiye, depending on the climatic conditions, sugar beet is

mostly grown in Konya, Eskisehir and Yozgat provinces (TEPGE Report, 2023). Figure 2 shows the
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molasses silo and molasses material of the Eskisehir Sugar Factory. Figure 3 shows the total annual

molasses production amount in Tiirkiye.

Figure 2: a) Sugar factory molasses silo, b) Molasses material.
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Figure 3: Tiirkiye's annual sugar beet molasses production amount (Thousand tons) (TEPGE Report, 2023).

According to Figure 3, the annually molasses production amount varies in Tirkiye. However, it is
understood that the amount of molasses production has generally increased. Although the amount of
molasses is increasing both globally and in Tiirkiye, molasses also has some disadvantages. These are the
risks of contamination of underground water, high storage operating costs, and high disposal costs
(Wynne & Meyer, 2002; Klaver et al., 2023). In order to reduce the effects of these disadvantages of
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molasses, its use on a global or local scale is very important in terms of environmental conservation and

economic factors (Parascanu et al., 2021; Stephen et al., 2024).

The aim of this paper is to use molasses in the construction industry and to establish a relationship
between the construction industry and different industries, such as the sugar industry. In this respect, our
study has an original subject. There is a gap in the literature regarding the use of molasses in the
construction sector. In the light of the studies investigated in this study, researchers can use molasses
material in the production of bituminous materials and asphalt pavements, construction materials, ground
works, and cementitious materials. In addition, disposing of molasses in the construction sector will be

very beneficial for the Tiirkiye's economy and the protection of the natural environment.

2. METHODOLOGY

Agricultural wastes (Agro-wastes) and by-products are used as alternative raw material sources in various
sectors. One of these alternative raw material sources is molasses. In the introduction section, information
is given about the definition of molasses, chemical components, its use in different sectors, and the annual
production amount in the world and in Tirkiye. For this literature review, various theoretical and
experimental papers related to molasses and construction have been reviewed. The evaluation of molasses
in the construction sector is explained in four main sections. In this study, firstly, papers on the use of
molasses in bituminous materials and asphalt works were reviewed. Accordingly, the use of molasses for
highway works in the construction industry has been evaluated. Secondly, the use of molasses in the
production of various construction materials has been investigated. In the construction sector, molasses
material can be considered to be used in the production of composite construction materials, especially for
interior and exterior areas. Thirdly, different papers have been investigated regarding the use of molasses
in ground-work to strengthen the ground by civil engineers. It has been explained that ground problems
and construction costs can be reduced thanks to molasses. Fourthly, the use of molasses material in
cementitious materials is examined. The effect of molasses on the characteristics and production costs of

cementitious paste, mortar, and concrete is explained.

3. RESULTS AND DISCUSSION
3.1. Asphalt

Asphalt concrete is produced by appropriately combining aggregate grains with hot-bitumen binder
material. Bitumen binder can be defined as a viscous Newtonian fluid obtained from the distillation
process of crude oil. Bitumen material is mainly used in asphalt production (Caputo et al., 2020). The
properties of the binder in asphalt mixtures directly affect the physical and mechanical properties of

asphalt, such as creep, stability, void structure, and tensile strength (Gambalonga et al., 2023). Civil
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engineers and scientists are constantly improving the performance of asphalt concrete and asphalt
pavements. Generally, the binder material is modified in asphalt mixtures (Abtahi et al., 2010).
Additionally, scientists have been working to modify asphalt concrete due to the instability of crude oil
production and oil prices. Figure 4 shows the global production amount and price of crude oil between
2017 and 2023.
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Figure 4: Globally, the amount of crude oil produced and the price of crude oil (between 2017 and 2023)
(Businessinsider, 2024).

When Figure 4 is examined, the amount of crude oil production and the price of crude oil in the energy
market vary considerably from year to year. Scientists are developing different methods to mitigate the
impact of oil on asphalt production. One of these methods is to replace the traditional bitumen binder with
molasses in asphalt mixtures. In this section, different experimental literature studies using molasses in

asphalt production are investigated.

Prakash et al. investigated the characteristic properties of bitumen mixtures by adding up to 15% cane
molasses to the bitumen mixtures. The highest Marshall Stability value was determined in bitumen
mixtures containing 13% molasses. In addition, it has been stated that molasses reduces moisture

absorption and oxidation by reducing the void rate of mixtures (Prakash et al., 2014).

Giirii et al. experimentally determined the effects of beet molasses and boron oxide on bitumen properties.
In the study, it was found that when 5% molasses was added to bitumen mixtures, the viscosity and
softening point of the bitumen mixture decreased. On the other hand, they observed that molasses

increased the ductility and penetration of bitumen materials. Additionally, it has been explained that
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rutting resistance improves when bitumen mixtures are modified with molasses and boron oxide (Girii et
al., 2017).

Mose and Ponnurangam investigated the effect of cane molasses on bitumen performance. Asphalt
mixtures were prepared by adding different amounts of molasses instead of bitumen. As a result, as the
amount of molasses in the mixtures increased, the specific gravity, tensile strength, and ductility of the
mixtures decreased. In addition, it was determined that the softening point values decreased in parallel
with the increase in molasses content in all mixtures. The highest performance was obtained from
mixtures containing 20% molasses. Additionally, a cost reduction of approximately 17% was calculated

for 20% molasses-based bitumen mixtures (Mose & Ponnurangam, 2018).

Rangan et al. examined the use of cane molasses in asphalt concrete produced with coarse or fine
aggregate. In the study, bitumen material was replaced with 4%, 8%, and 12% molasses in asphalt
concrete prepared with 60/70 penetration. As a result, the highest Marshall value was obtained for the
asphalt prepared based on 4% molasses in accordance with the relevant standards. It has been determined

that the strength of asphalt concrete prepared with coarse aggregate is lower (Rangan et al., 2019).

Harerua and Ghebrab examined the rheological properties of hot asphalt mixtures modified with molasses.
In the study, 5%, 10%, 15%, and 20% molasses were replaced instead of bitumen. As a result, it has been
stated that water content of molasses negatively affects the rheological properties of bitumen mixtures.
Additionally, it was determined that as the molasses ratio increased in bitumen mixtures, the carbonyl

index decreased and the shear modulus value increased (Harerua & Ghebrab, 2020).

Le investigated the use of cane molasses as an alternative binder material in asphalt concrete mixtures. In
the study, cane molasses was replaced in the bitumen mixture at a rate of 5%~25% of the asphalt weight.
As a result, the most suitable molasses rate in the mixtures was determined as 10%. The highest tensile
strength and rutting resistance were obtained in asphalt concrete prepared at this ratio. Additionally, it was
emphasized that molasses could be a suitable alternative raw material source to reduce the cost of asphalt
production (Le, 2021).

Saboo et al. investigated the addition of cane molasses at various rates (5%, 10%, 15%, 20%, 25%, and
30% by weight) as a replacement material to asphalt-based bitumen binder material. Due to the oil crisis
and increasing environmental pollution problems, they suggested the use of waste materials in traditional
bitumen mixtures. In the study, it was determined that 25% molasses was the most suitable ratio.
According to the plain sample, it was stated that the moisture damage, permanent deformation, and fatigue
resistance of the 25% cane molasses-based bitumen mixture comply with the relevant standards. They also
calculated that the binder cost was reduced by 21% (Saboo et al., 2023).
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Arslan et al. examined the use of beet molasses and fly ash (FA) in modifying bituminous mixtures. It has
been stated that molasses components can improve the characteristic properties of bituminous mixtures
due to their high sugar content. In the study, in bituminous mixtures modified with 3% molasses, the
stability of the mixture increased by ~11%, peeling resistance by ~85%, and rutting resistance by ~42%.
In addition, the produced molasses-fly ash-based bituminous mixture has been recommended to be used in
regions with heavy rainfall (Arslan et al., 2024).

Mehta and Saboo examined the physical and rheological properties of molasses-based bio-asphalt. Bio-
asphalt mixtures were prepared by modifying the molasses ratios to 10%, 20%, and 30%. As a result, the
penetration of the mixtures decreased as the molasses content increased. It has also been stated that
molasses content has no effect on the workability of asphalt concrete. On the other hand, it has been
determined that all molasses-based asphalt mixtures have suitable thermal storage stability for
transportation, storage, and laying. In addition, in the cost analysis, it was calculated that a 30% molasses
additive reduces the cost of asphalt by approximately 20~30% (Mehta & Saboo, 2024).

Based on the various literature studies reviewed, it has been concluded that molasses can be an alternative
raw material source in asphalt production. In addition, it appears that the molasses-based asphalt material
produced complies with the relevant standards. On the other hand, it was stated that the properties of the
bituminous mixture improved thanks to the sugar content of molasses. It has been reported that the
stability, peeling resistance, rutting resistance, ductility, penetration, tensile strength, and shear modulus of
asphalt increase when bitumen is replaced by molasses in the asphalt mixture. On the other hand, molasses
decreased the void ratio, moisture absorption, oxidation, carbonyl index, penetration, specific gravity, and
softening point values in asphalt mixtures. Scientists and civil engineers have also found that

environmental pollution and asphalt costs are reduced by using molasses in asphalt production.

3.2. Construction materials

Agro-wastes are widely used in the production of construction materials. Researchers are investigating the
use of agro-waste in construction materials to improve the properties of materials or reduce the cost of
production. In this section, the effect of molasses on the properties of construction materials was

investigated through various experimental studies.

Benk and Coban studied the usability of pumice and molasses in the production of lightweight thermal
insulation bricks. In the study, brick materials were produced with 82.5% and 95% doses of pumice and
12.5% molasses at temperatures between 200 °C and 850 °C. As a result, it was determined that the

density and tensile strength values of molasses based brick samples produced with high heat treatment at
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850 °C increased. In this case, it has been stated that molasses could potentially be an alternative binder

material to cement or plaster in brick production (Benk & Coban, 2012).

Cuervo studied the effects of gypsum and beet molasses on the compressive strength of adobe bricks. In
the study, bricks were produced with a combination of molasses and gypsum at the ratios of 2.5%, 5%,
10% and 15%. As a result, it has been reported that the compressive strength values of adobe bricks
produced with 2.5% molasses and 2.5% gypsum increased by ~9% compared to the control brick.
Furthermore, it has been determined that if high amounts of molasses are used in brick production, the
compressive strength of the bricks decreases significantly. Additionally, it has been stated that agro-wastes
such as molasses can be used to improve the mechanical properties of construction materials (Cuervo,
2020).

Chantit et al. examined the usability of bagasse, bagasse ash and molasses in earth block production. In
the study, earth blocks were produced by adding 4%, 8%, and 12% molasses and different amounts of
bagasse and bagasse ash (15% and 25%) to the samples. According to experimental results, the highest
compressive strength (~4.60 MPa) was obtained in 12% molasses-based 14, 21, and 28-day earth blocks.
In addition, it has been stated that the thermal properties of bloks improve as the molasses and bagasse
content in the blok increases. Additionally, it has been explained that cheaper and more eco-friendly
construction materials can be produced if the sugar industry and the construction industry merge (Chantit
etal., 2022).

Syahfitri et al. investigated the physical and mechanical properties of lightweight composite tiles produced
with sorghum bagasse and molasses. Composite tile samples were produced with 5%, 10%, 15% and 20%
molasses content. As the molasses content increased in the tile samples, the water absorption and
thickness swelling values of the samples decreased, while the internal bonding and screw holding capacity
values increased. The density of all samples was determined to be below 0.8 g/cm3. In addition, 20%
molasses composite tiles were determined to be the most suitable samples in terms of relevant standards
(Syahfitri et al., 2024).

Dabakuyo et al. studied the mechanical properties of metakaolin and cane molasses-based geopolymer soil
blocks. In the study, soil blocks were produced with 5% metakaolin and different amounts of molasses
(2~8%). As a result, they determined that the most suitable molasses ratio was 4%. As the molasses ratio
increased in soil block mixtures, the compressive strength of the blocks increased. The compressive
strength of 4% molasses-based soil blocks was determined to be ~4.20 MPa. In addition, it has been
explained that since molasses reduces the porous structure of soil blocks, the water absorption ratio also

decreases. The produced soil blocks are suggested for use in wall applications (Dabakuyo et al., 2022).
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Sahinoz et al. investigated the usability of beet molasses as a binder material in the production of polymer
composite panels. In the study, panel samples were prepared by adding molasses up to 35% by weight
instead of synthetic adhesives. As a result, the flexural strength of 35% molasses-based composite panels
was determined to be 16 MPa. It was therefore declared that the composite panels produced comply with
the load-bearing wood board standards. The molasses-based panels produced can be considered to be used
as construction materials such as fences, wall coverings, concrete moulds, and office dividers (Sahinéz et
al., 2022).

Sutiawan et al. examined the use of non-toxic citric acid, maleic acid and molasses instead of synthetic
binder materials in wood panel production. They stated that panel construction products such as plywood
have negative effects on humans and the environment because synthetic binders contain formaldehyde
gas. In the study, plywood panels could be produced with these three types of binders. However, since
acid-based binders contain higher cross-links than molasses, the highest physical and mechanical

performance was achieved in acid-based panels (Sutiawan et al., 2023).

Cai et al. investigated the production of composite wood panels with a binder mixture prepared only with
molasses and curing agent. In the study, shear strength of 1.20 MPa was obtained from panel samples. In
addition, it has been stated that molasses-based panel materials can be produced more easily with the hot-

pressing method. The panels produced are suggested for use in humid environments (Cai et al., 2023).

Sahindz et al. examined the physical and mechanical properties of eco-friendly composite construction
panels produced from plant waste and beet molasses. It has been stated that the panels are both safe for
human health and low-cost because they are made from waste materials. In the study, it is expressed that
molasses has a good binding performance by creating cross-linking due to its sugar content. In addition,
they suggested that the produced construction panels be used indoors and outdoors for general use
(Sahindz et al., 2023).

Djonga et al. researched the production of a new composite rice husk and molasses binder-based
insulation panel. In the study, different amounts of cane molasses (12~30%) were used instead of
thermoset synthetic resin in the production of composite insulation panels. In the results obtained, it was
determined that as the molasses content of composite panels increased, the volumetric mass, thermal
conductivity, flexural and compressive strength values of the panels increased, and the density and water
absorption ratios decreased. Additionally, it has been stated that it is possible to produce panels in

accordance with standards by substituting cane molasses instead of synthetic resin (Djonga et al., 2024).

According to the literature reviewed, molasses is generally used in the production of bricks, tiles, soil
blocks, and composite panels. It has been determined that molasses added to construction materials at the

most suitable ratio increases the density, thermal properties, internal bonding, flexural and compressive
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strength values of the materials. In addition, it has also been determined that molasses reduces the water
absorption rate, pore amount, and thickness swelling values of construction materials. Especially in
composite panel production, cheap and eco-friendly materials are produced by using molasses instead of
toxic synthetic binders. In addition, thanks to molasses, some construction materials can be produced at
lower temperatures for indoor and outdoor environments. This is very important in terms of reducing the
production costs of the material in the construction sector. Additionally, the protection of the natural

environment can be achieved by disposing of waste materials in the production of construction materials.

3.3. Ground work

Weak soil strength of the ground of the engineering structure is a very important problem for geotechnical
or civil engineers. Mechanical methods or chemical stability methods (additives such as cement, lime, and
mortar) are applied to increase soil stability (Archibong et al., 2020). Recently, organic-based materials
have been commonly used to increase soil stability (Raheem et al., 2020; Shivhare & Mohanan, 2023). In

this section, the effect of molasses on soil stability was investigated.

Ndegwa examined the effect of cane molasses on the stability of expansive clay soil. In the study,
molasses was added to clay soil at ratios ranging from 4% to 14% by weight. As a result, the highest
California bearing ratio (CBR) value was obtained from 8% molasses-based samples. It has been stated
that molasses increases the load bearing capacity of expansive clay soil and reduces the swelling ratio.
However, segregation of clay grains was observed when high amounts of molasses were used in clay soil.

Accordingly, they suggested using molasses combined with lime for soil stability (Ndegwa, 2011).

Taye and Araya investigated the use of cane molasses and Portland cement combinations to improve the
stability of clay soil. In the study, 4%, 8%, and 12% molasses and the same ratios of cement were added to
the clay soil. As a result of the study, it was determined that swelling and plastic index values decreased in
soil samples containing only molasses. Compared to the control sample, the CBR value of 4% molasses
and cement-based soils increased from 1% to 64%, while the swelling value decreased by ~10% and the
plastic index decreased by ~30% (Taye & Araya, 2015).

Mamuye et al. studied the improvement of the properties of low-quality gravel used in the foundation sub-
base layer with the combination of molasses and lime. In the study, molasses was added to gravel-based
samples at different ratios (2~10%). As a result, it was determined that as the molasses percentage
increased in gravel-based mixtures, the CBR value increased from 28% to 37%, and the swelling ratio
increased by ~2%. However, they found that samples prepared only with molasses did not comply with

the relevant standards. On the other hand, it was detected that gravel samples blended with 50% molasses
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and 50% lime met the limit values of the relevant standards. The 3-day CBR value of molasses-lime based

samples was determined to be 81% (Mamuye et al., 2018).

Vinodhkumar et al. studied the effect of molasses on the properties of expansive clay soil called black
cotton soil. In the study, molasses was added to the soil at the ratios of 5%, 7.5%, 10%, 12.5% and 15%.
The samples were kept under fixed curing conditions for 0, 7, and 14 days. As a result, the highest
unconfined compressive strength was obtained in 14-day-old samples based on 12.5% molasses. On the
other hand, it was stated that the liquid limit value decreased from 40% to 32%. They also suggested using
molasses material for soil modification (Vinodhkumar et al., 2018).

Nabeel et al. examined the effect of ground granulated blast furnace slag (GGBS) and cane molasses on
clay soil stability. The experimental studies were continued with the combination of clay soil, GGBS, and
molasses in the ratio of 0~15%. In the study, 8% molasses was determined as the most suitable ratio. It
has been stated that in clayey soil, the Atterberg limit, specific gravity, and plastic index values decrease
with increasing molasses content up to 8%. On the other hand, the highest triaxial test result value in 8%
molasses-based soils was determined to be 380 kPa, and the CBR value was ~15%. Additionally, it has
been stated that environmental protection can be achieved by using waste in soil stabilization applications
(Nabeel et al., 2019).

Bhardwaj and Sharma attempted to construct the subgrade design of flexible pavement with molasses,
lime and foundry sand. Clay soil was blended with 5%, 10%, 15% and 20% molasses and different
amounts of lime and foundry sand. According to the test results, it was determined that the differential free
swell and consistency limit values of the clayey soil decreased and the CBR value increased with the
optimum ratios of 10% molasses, 20% foundry sand and 9% lime. They determined that the designed
subgrade met the required standards and the total construction cost is reduced by ~36% with the optimum
mixture (Bhardwaj & Sharma, 2022).

Karimi et al. examined the effect of sugar cane molasses on the shear strength of plastic loamy soils. In the
study, different amounts of molasses (2~12%) were mixed into soils containing 10%, 15% and 20% clay.
As a result, it was observed that molasses addition in all mixtures improved the engineering properties of
the soil, and the clay grains absorbed the molasses significantly. According to shear test data, the highest
shear strength was obtained from samples containing 10% molasses. In addition, it has been analyzed that
as the ratio of molasses in the soil mixture increases, the cohesion coefficient and internal friction angle

curves increase (Karimi et al., 2022).

Jiménez et al. investigated the production of composite soil with cane molasses, waste rubber fiber and
kaolin clay. In the study, soil samples were prepared with clay soil containing different amounts of

molasses (0~12%), 0.1% fiber and 35% water. As a result, a more ductile fracture behaviour was observed
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in the soil samples as the percentage of molasses in the soil increased. The highest unconfined
compressive strength (~2.1 MPa) was obtained in samples produced with 2% molasses. In addition,
according to SEM analysis, it was observed that molasses and fiber formed a good link in 2% molasses-
based samples. On the other hand, they explained that a very high ratio of bacteria occurred in the
composite soil due to the molasses material (Jiménez et al., 2022).

Sadique and Sivanarayana studied the reinforcement of the expansive clay soil-based coating subgrade
layer with molasses and jute fiber. Different amounts of jute fiber and molasses, ranging from 5% to 15%
were added to the soil. As a result, the most suitable mixture ratio in the samples was determined as 12%
molasses and 1.5% jute fiber. At this ratio, the plastic limit decreased by ~21% and the moisture content
decreased by ~30% compared to the control sample. On the other hand, it was stated that the CBR value
increased by 62%, and in addition, the cost of road construction could be reduced thanks to industrial

wastes such as molasses (Sadigue & Sivanarayana, 2023).

Ouedraogo et al. examined the use of the combination of laterite plastic clay and sugarcane molasses in
the road sub-base layer. In the study, experimental studies were continued by mixing laterite clay with 0%,
2%, 4% and 6% molasses by weight. As a result, it was determined that CBR values increased as the
molasses ratio increased in the samples after 24 hours, and the compressive strength values of the 21-day
samples increased in parallel with the increase in molasses. It has been explained that a 2% molasses ratio
can be used in the road sub-base layer as the most optimum value. In addition, they suggested the use of a
molasses-based laterite clay road sub-base layer in areas not exposed to precipitation (Ouedraogo et al.,
2023).

According to the experimental studies reviewed, molasses material is generally used to increase soil
stability. The bearing capacity, compressive strength, cohesion and shear strength values of soil containing
a certain amount of molasses increase. On the other hand, molasses reduces the swelling ratio, consistency
limits, specific gravity and moisture content of the soil. Additionally, construction costs can be reduced by
using molasses in ground works. However, in some studies, it is suggested to use molasses combined with
materials such as lime, cement, and GGBS to increase the strength of the soil. There are not many studies
on the effect of molasses on increasing soil stability. It is estimated that the use of molasses to improve

soil stability in the construction sector will increase in the future.

3.4. Cementitious materials
In the construction sector, chemical additives are widely used for the production of cementitious materials
and ready-mixed concrete. Thanks to chemical additives, desired physical and mechanical properties can

be obtained in cementitious or concrete materials (Pekmezci & Atahan, 2014; Tulga & Kiling, 2018).
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Figure 5 shows the annual production amounts of concrete chemical additives in Tiirkiye between 2015

and 2021.
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Figure 5: Tirkiye concrete chemical additive production (Thousand tons) (2015~2021) (THBB Report, 2022).

When Figure 5 is examined, 565 thousand tons of concrete chemical additives were produced in Tiirkiye
in 2021. Approximately 80% of the concrete chemical additives produced are water-reducing chemical
additives. In Tiirkiye, the annual concrete chemical additive production amount varies. Additionally,

Tiirkiye is Europe's largest concrete additive producer (THBB Report, 2022).

The production of chemical additives is both harmful to the environment and increases the cost of material
production. In this study, it is suggested to use molasses in the production of cementitious materials
instead of chemical additives. In this section, the effect of molasses on the properties of cementitious

materials was investigated.

Acharya and Gyawali compared the effects of molasses and superplasticizer additives on the physical and
mechanical properties of cement mortar. In the study, molasses and superplasticizer additives were added
to the mortar mixtures at different ratios (0~1.2% by cement weight). As a result, the most suitable
molasses ratio in the mortar was determined to be 87% less than in the superplasticizer. In addition, higher
viscosity, compressive strength, and splitting tensile strength were detected in molasses-based mortars.
Furthermore, it has been analyzed that molasses can reduce the use of cement in mortars, and thus cheaper

and more eco-friendly concrete can be produced (Acharya & Gyawali, 2024).

Ali et al. examined the effect of cane molasses on the properties of recycled aggregate concrete (RAC)

prepared at a w/c ratio of 0.45, 0.50, and 0.55. It has been explained that in concrete production, recycled
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aggregate has a higher water absorption capacity than natural aggregate, and therefore, the strength of
concrete with recycled aggregate is generally lower. In addition, it has been stated that molasses can be
used to reduce the water needs of concrete containing recycled aggregate. As a result, maximum
compressive strength was obtained from concretes produced at 0.50 w/c and 0.25~0.50% molasses ratio.

It has also been analyzed that molasses improves the workability and fresh density properties of concrete
and that the cost of concrete can be reduced by using molasses as a plasticizer additive in concrete (Ali et
al., 2020).

Rashid et al. investigated the effect of molasses ratio on fresh properties of cement paste. In the study,
concrete samples were prepared with recycled aggregate and 0.25~0.75% molasses by weight. As a result,
the most suitable molasses ratio for cement pastes was determined as 0.25. It has been determined that up
to this rate, the water need of the paste decreases and the setting times are increased, and also, the
compressive strength of 365-day samples of 0.25 molasses-based concrete increases by ~15%.
Furthermore, it is mentioned that using molasses and recycled aggregate combined can be a very

important solution for a sustainable environment (Rashid et al., 2019).

Weifeng et al. researched the effect of cane molasses on the physical and hydration reaction properties of
conventional Portland cement. In the study, molasses was added to cement paste and mortar samples at
different ratios (0~0.05% and 1%). As a result, they determined that the setting time and fluidity of low-
molasses-based samples increased. Additionally, it was determined that the formation of ettringite was
rapid and the hydration of CsS was delayed in samples containing high ratios of molasses (Weifeng et al.,
2014).

Akar and Canbaz examined the effect of beet molasses on the properties of concrete in fresh and hardened
states. In the study, concrete mixtures were prepared with 0.5% and 1% molasses and formaldehyde
molasses additives. As a result, it was determined that the molasses additive increased the setting time of
concrete samples and also increased the 28-day compressive strength of concrete by 20%. On the other
hand, it was detected that the compressive strength of molasses-based concrete decreased by
approximately 30% in sulphate and acidic environments. Additionally, they calculated that the cost of

concrete could be reduced by ~3% by using molasses as a plasticizer in concrete (Akar & Canbaz, 2016).

Huang et al. investigated the usability of molasses as a plasticizer and retarder for calcium sulfoaluminate
cement. In the study, molasses was added to cement pastes and mortars at the ratios of 0%, 0.25%, 0.5%,
0.75% and 1% by weight of the cement. As a result, it was determined that the initial 2-hour and 28-day
unconfined compressive strengths of molasses-based samples were close to each other, and also, molasses
increased the initial and final setting times of cementitious mortars. In addition, it has been observed that

molasses delays the hydration reaction of mortars and increases the amount of porosity. Furthermore, they
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emphasized that molasses is a sustainable and suitable retarder/plasticizer additive for calcium

sulfoaluminate cement (Huang et al., 2020).

Mohammed and Kadhim studied the usability of pumice stone and molasses in the production of
lightweight concrete. In the study, molasses at the ratio of 0.2% of the cement weight and pumice stone at
different ratios were added to the concrete samples. As a result, high-strength lightweight concrete was
produced in accordance with the standards with 100% pumice stone and molasses. Thanks to molasses,
the amount of mixing water and the production cost of concrete were reduced. Additionally, it is stated
that molasses material improves the interface matrix between the aggregate and the cement (Mohammed
& Kadhim, 2023).

Abalaka examined the effects of molasses and starch on the physical and mechanical properties of C35
concrete. In the study, concrete mixtures were prepared by adding both starch and molasses in different
proportions (0~1%). As a result, it was determined that the compaction factor, workability, and initial
setting time values of molasses-based concrete samples were lower than those of starch samples. In
addition, although the early compressive strength was higher in molasses-based samples, it was stated that
the compressive strength of starch-based samples was higher in 28 days samples. Furthermore, it is
explained that the sugar content of molasses is very effective in improving the properties of concrete
(Abalaka, 2011).

Jumadurdiyev et al. investigated the use of molasses as a water-reducing and retarder additive in concrete
production. In the study, concrete samples were produced with three types of beet molasses (containing
different ratios of sugar) and lignosulfonate additives. As a result, the setting time and workability of
molasses-based samples were determined to be higher. It has been stated that the sugar content of
molasses has little effect on setting time and workability. On the other hand, the compressive strength of
molasses-based samples was determined to be higher at later ages. In addition, it has been determined that
the shrinkage, carbonation, freeze-thaw, and expansion values of both molasses and lignosulfonate-based

concretes are close to each other (Jumadurdiyev et al., 2004).

Kavas et al. investigated the effect of beet molasses on the setting time and compressive strength of
borogypsum and FA based cementitious mortars. In the study, mortar samples were prepared with 2~10%
borogypsum, FA and 0~0.1% molasses. As a result, it was determined that both molasses and borogypsum
mortars increased the initial setting times, and the compressive strength values of 6% borogypsum and
0.1% molasses-based mortars after 7 days were higher than those of only borogypsum-based samples. In
this case, it is suggested to use borogypsum and molasses combined in the production of cement mortar
(Kavas et al., 2005).
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Gao et al. examined the effect of beet molasses on the performance of blended cement containing high
volumes of minerals. In the study, the blended cementitious mixture was prepared with 0.01~0.05%
molasses and 41% mineral additive (FA+GGBS). As a result, according to SEM analysis, they observed
that as the molasses ratio in the paste increased, the pore structure decreased and the microstructure
improved. In addition, higher compressive strength was obtained in the 0.03% molasses-based paste
compared to the control sample. Furthermore, it was mentioned that the negative effects of the sugar
industry on the environment can be reduced by using molasses in the cement sector (Gao et al., 2011).

Zhang et al. investigated the usability of waste glycerin, lignin and molasses in the cement grinding
process. In the study, glycerin, lignin and molasses were separately added to the blended cement at the
ratios of 0~0.04% by weight of the cement. As a result, it was found that these three materials increased
the mechanical properties, specific surface area, and density of the cement compared to the control
sample. The highest mechanical strength was obtained in molasses-based paste. On the other hand, they
determined that the 28 days compressive strength of 0.02% molasses-based paste was 10 MPa higher than
the control sample. On the other hand, they determined that the 28 days compressive strength of 0.02%
molasses-based paste was 10 MPa higher than that of the control sample and also explained that molasses

improved the quality of cement (Zhang et al., 2016).

Li et al. examined the usability of cane molasses as an aid material in clinker production. In the study,
molasses was added to the mixture containing ~97% clinker at the ratios of 0.01%, 0.02%, 0.04%, 0.08%
and 0.1% (by clinker weight). As a result, according to the experimental data obtained, 0.04% was
determined as the most suitable molasses ratio. It was determined that the setting time, compressive
strength, density and workability of the samples increased up to 0.04% molasses ratio. On the other hand,
it was stated that molasses is very effective in the clinker grinding process, provides energy savings, and

reduces production costs in cement production (Li et al., 2015).

Al-Mamoori et al. studied the prevention of cold joint formation in the production of concrete elements
with molasses material. It has been explained that the workability of concrete decreases due to evaporation
in hot regions and that the long vibration process in concrete causes segregation. In the study, molasses
was added to the concrete mixture at the ratios of 0%, 0.05%, 0.1%, 0.2% and 0.3% by weight of cement.
As a result, they found that 0.2% molasses increased the compressive strength of concrete samples by
~11% and delayed the hydration reaction, increasing the setting time by 277 minutes. In this case, it is
assessed that molasses can reduce the formation of cold joints in concrete, especially in hot regions (Al-
Mamoori et al., 2018).

Mashtakov et al. investigated the production of a new plasticizer material based on beet molasses. In the

study, molasses and alkali based fluid samples were prepared. The mechanical properties of concrete
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samples produced with this molasses alkali based mixture and two different commercial chemical
plasticizers were compared. As a result, the highest compressive strength was obtained in concretes
prepared with molasses-based plasticizer. It has been reported that the sugar content and pH value of
molasses have an impact on the properties of concrete and that molasses can have a high potential to
produce high-performance plasticizer (Mashtakov et al., 2018).

Jaramillo et al. demonstrated the effects of molasses dosage on the characteristic properties of concrete. In
the study, molasses and a commercial plasticizer chemical material were added to the concrete samples
separately at the ratios of 0%, 0.2%, 0.4%, 0.6%, 0.8% and 1.0% by volume. As a result, the 0.4%
molasses ratio was determined to be the most suitable ratio compared to both control and plasticizer
chemical-based samples. It was reported that at this ratio, the setting time, 28 days compressive strength,
and workability of the samples increased. Additionally, according to SEM analysis, it was observed that
microcrack formation was less in molasses-based samples. Moreover, they assessed that molasses could
be a suitable alternative chemical material instead of retarder and plasticizer chemical materials (Jaramillo
etal., 2022).

Pathan and Singh researched the combined use of cane molasses and treated waste water in concrete
production. In the study, 0.40%, 0.60% and 0.80% molasses by weight of cement was added to the
cementitious samples. As a result, 0.40 molasses ratio was determined as the most suitable ratio. It was
detected that as the molasses content increased in the mixture, the setting time, workability, and splitting
tensile strength values increased, and the amount of mixing water significantly decreased. In addition, it
was explained that the use of molasses combined with treated waste water in concrete production is

suitable and considerably reduces the concrete production cost (Pathan & Singh, 2017).

It has been found in the literature that molasses material increases the setting time, workability, fresh
density, splitting tensile and compressive strength values, and reduces the water ratio, pore volume, and
microcrack ratio in cementitious samples. According to the literature reviewed, molasses is used
compatible with normal plasticizer, superplasticizer, and water-reducing additives. The sugar content of
molasses positively affects the performance properties of plasticizers and water-reducing concrete
admixtures. Thus, thanks to molasses, higher-quality cementitious materials can be produced with a low
wi/c ratio. In the construction industry, the production cost of cementitious material can be reduced by
adding molasses as a replacement material to normal plasticizer, superplasticizer, and water-reducing
chemical additives. In addition, compared to commercial chemical additives, molasses has a more positive
effect on the properties of cementitious materials. Moreover, by using molasses as an aid grinding material
in the production of cement clinker, energy savings can be achieved and environmental pollution resulting

from cement production can be reduced. Additionally, it is suggested to use molasses material in the
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production of RAC and lightweight concrete. On the other hand, usability molasses combined with
mineral-based materials such as pumice, FA, GGBS, and borogypsum is an important advantage. In the
construction sector, the use of molasses in the production of cementitious materials can provide both an
environmentally friendly building material and a sustainable environment. In this case, a strong

commercial relationship can be established between the construction sector and the sugar sector.

In summary, the findings obtained from the literature studies investigated are given in Table 1. According
to Table 1, the most suitable molasses ratio varies in different literature studies. Firstly, the most suitable

molasses ratio in construction materials and construction works should be determined.

Table 1: Briefly, literature findings on the effect of molasses on construction materials and construction works.

Determined most

Reference Year suitable molasses Remarks
ratio
Prakashetal. 2014 13% The Marshall stability value of bitumen mixtures increased.

Molasses and boron oxide improved the rutting resistance of

Giirii et al. 2017 5% o X

bituminous material.

Mose et al. 2018 20% The cost of bituminous mixtures decreased by ~17%.
Ranganetal. 2019 4% The Marshall value of asphalt concrete increased.
Hareruaetal. 2020 5% Hot-mix asphalt improved the rheological properties.

Le 2021 10% Molasses improved the tensile strength of asphalt concrete.
Saboo et al. 2023 25% The binder cost of the bitumen mixture decreased by ~21%.
Arslan et al. 2024 3% The stability of bitumen mixtures increased.

Mehta et al. 2024 30% Total asphalt costs decreased by ~20~30%.

Benk et al. 2012 12.5% It was used as a binding material in brick production.

Cuervo 2020 2.5% The compressive strength of adobe brick increased by 9%.
Chantitetal. 2022 12.5% Earth block's thermal properties improved.
Syahfitrietal. 2024 20% Lightweight composite roof tile was produced.
Daba;(Iuyo et 2022 4% The mechanical properties of the soil block improved.
Sahinoz et al 2022 35% It was used as a binder material in the production of composite

panels.

59% (concentrate

Sutiawan etal. 2023 .
ratio)

It was used in the production of eco-friendly wood panels.
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Determined most

Reference Year suitable molasses Remarks
ratio
Caietal 2023 211 . Composite panel production cost decreased
' (molasses/binder) '
Sahinoz etal. 2023 35% Composite panel production cost decreased.
Djonga et al, 2024 12-30% It was used instead of_ synth_etlc binders in the production of
insulation panels.
Ndegwa 2011 8% The CBR value of clay soil increased.
Taye etal, 2015 4% The combination of molasses a_nd cement reduced the swelling
of clay soil by 10%.
The combination of molasses and lime increased the base
0,
Mamuye etal. 2018 50% layer CBR value by 81%.
Vlnoghaliumar 2018 12.5% The liquid limit value of the expansive clay soil decreased.
Nabeel etal. 2019 8% The highest triaxial test result value was obtained in clay soil.
Bhardwaj et The mixture of molasses, lime and foundry sand reduced the
2022 10% .
al. construction cost by 36%.
Karimi et al. 2022 10% The soil shear strength value increased.
Jiménez etal. 2022 204 Molasses and rqbber fiber increased the unc_onflned
compressive strength value of clay soil.
Sadique etal. 2023 1204 Molasses and jute fiber red_uced the plastic limit value of clay
soil by 21%.
Oued;a:ogo et 2023 2% The CBR value of laterite clay soil increased.
Ali et al. 2020 0.25-0.50% RAC's water ratio has decreased.
Rashid et al. 2019 %0.25 The compressive strength of concrete increased by 15%.
Weifeng etal. 2014 1% It delayed the hydration reaction of cement paste.
Akar et al. 2016 0.50-1% Concrete cost decreased by ~3%.
Acharyaetal. 2024 0.40% It was used as a superplagumzer additive in the mortar
mixture.
Huang et al. 2020 Unspecified It was used as a retarder/plasticizer additive in cement
mortars.
Mohammed et The combination of molasses and pumice was used to produce
2023 0.2% . ; .
al. high-strength lightweight concrete.
Abalaka 2011 0.05% The physical and mechanical properties of concrete improved.
Jumfgl;rldlyev 2004 0.2% The setting time and workability of concrete increased.
Kavas et al. 2005 0.1% The combination of molasses and borogypsum increased the

compressive strength of concrete.
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Determined most

Reference Year suitable molasses Remarks
ratio
Gao et al. 2011 0.03% The combmatlo_n of molasses and FA increased the
compressive strength of cement mortar.
Zhang et al. 2016 0.02% It was used as a grinding aid material in cement production.
Lietal 2015 0.04% It was used as a grinding aid r_naterlal in cement clinker
production.
Al—hélta;?oorl 2018 0.2% The setting time of concrete increased.
Mash;a:kov et 2018 Unspecified It was used as a high performance plasticizer for concrete.
Jaramilloetal. 2022 0.4% It reduced the formation of microcracks in concrete.
Pathan et al. 2017 0.4% It reduced the mixing water of concrete.

4. CONCLUSION

According to the literature studies reviewed, the evaluation of molasses in civil engineering works;

Due to unstable oil production and prices, molasses is an excellent alternative raw material source to
reduce the cost of asphalt production.

Molasses improves the mechanical properties of asphalt material, such as stability, peeling resistance,
rutting resistance, ductility, penetration, and tensile strength.

When modifying asphalt, it is more suitable to use molasses combined with mineral-based binder
materials such as fly ash and boron oxide.

Molasses can be used as a binder in place of toxic synthetic binders used in the production of
construction materials.

Molasses improves the mechanical properties of construction materials (such as bricks, tiles, and
composite panels), such as thermal properties, internal bonding strength, flexural and compressive
strength.

Thanks to the sugar content of molasses, the production of construction materials becomes easier.
Molasses can be used to increase soil stability and road base load-bearing capacity.

Molasses increases the bearing capacity, compressive strength, cohesion and shear strength of the soil
and reduces the swelling ratio, consistency limits, specific gravity and moisture content.

Molasses reduces the cost of road construction.

Molasses should be used as a plasticizer, water reducer and retarder additive in cementitious materials.
Compared to commercial chemical additives, molasses has a more positive effect on the properties of

cementitious materials.
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e |t is more suitable to use molasses in RAC in combination with various mineral additives.
e It can be used as an aid grinding material in cement clinker production. Thus, energy savings can be

achieved in cement production.

As a result, it is proposed that molasses be used in civil engineering, both to improve the properties of
construction materials and to reduce costs. Molasses can contribute to the economy by being recycled in
the construction sector. Thus, an economic relationship can also be established between different sectors,
such as construction and the sugar sector. Molasses is a suitable raw material source for the production of
cheap and eco-friendly construction materials for the construction sector and for reducing construction
costs. By disposing of molasses in civil engineering works, CO, emissions can be reduced, and natural

resources and the environment can be protected.
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Kamusal alanlar; estetik, rekreasyon, miras degerleri ile kentsel kimlik ve kalitenin temel bilesenidirler.
Kamusal alanlara yonelik kimlik ve kalitenin degerlendirilmesinde de gorsel algiya dayali mekansal
tercihler belirleyici olmaktadir. Bu kapsamda ¢aligmada “Kamusal alanlarda gorsel kimlik ve mekansal
kalite iliskili olup, gorsel algiya dayali olarak memnuniyet diizeyinin analiz edilmesi mekansal kalitenin
belirlenmesinde etkilidir" hipotezi ¢ercevesinde Istanbul/Maltepe Ilgesi 6zelinde kamusal alanlarin gegmis
ve glinliimiiz goriintiilerine dayal1 olarak gorsel peyzaj kalitesinin belirlenmesi amaglanmistir. Bu amagcla;
“Kamusal alanlarda mekansal kaliteye dayali parametreler ile gorsel peyzaj nasil iligkilendirilebilir?” ve
“Kamusal alanlarda mekansal kalite unsurlarinin tanimlanmasina dayali olarak gorsel kalite nasil
degerlendirilebilir?” sorularina yanit aranmistir. Calisma, mekansal kalite parametrelerine dayali olarak
gelistirilen gorsel kalite degerlendirmesi ana ydntemi kurgusu cercevesinde Likert Olgegi kullanilarak bir
fotograf anketi yaklasim esasma dayandirilmistir. Bu gergevede Istanbul/Maltepe Ilesi 6zelinde kamusal
alanlarin gegmis ve giiniimiiz goriintiilerine dayali olarak uzman grubu tarafindan gorsel agidan diisiik-orta-
yiiksek nitelikli peyzajlar belirlenmis, mekansal kalite parametreleri ile gorsel algiya dayali tercihler
arasindaki iligkiler saptanmustir.

Anahtar Kelimeler: Kamusal alan; Mekansal kalite; Gérsel peyzaj; Istanbul/Maltepe

Determination of Visual Landscape Value of Public Spaces Based on Spatial

Quality Parameters: Istanbul/ Maltepe Case

ABSTRACT

Public spaces, with their aesthetic, recreational and heritage values, are fundamental components of urban
identity and quality. Spatial preferences based on visual perception are also decisive in the evaluation of the
identity and quality of public spaces. In this context, within the framework of the hypothesis “Visual identity
and spatial quality are related in public spaces, and analyzing the level of satisfaction based on visual
perception is effective in determining spatial quality”, the study aims to determine the visual landscape
quality of public spaces in Istanbul/Maltepe district based on past and present images. For this purpose;
“How can spatial quality-based parameters and visual landscape be related in public spaces?” and “How
can visual quality be evaluated based on the definition of spatial quality elements in public spaces?”. The
study is based on a photo survey approach using a Likert scale within the framework of the main method of
visual quality assessment developed on the basis of spatial quality parameters. In this framework, low-
medium-high quality landscapes were identified by the expert group based on past and present images of
public spaces in Istanbul/Maltepe district, and the relationships between spatial quality parameters and
preferences based on visual perception were determined.

Keywords: Public space; Spatial quality; Visual landscape; Istanbul/Maltepe

* Sorumlu Yazar: Tugba KIPER 142
tkiper@nku.edu.tr


https://orcid.org/0009-0008-4025-9988
https://orcid.org/0000-0003-3396-5661

Cosaner Tonyali & Kiper / Kamusal Alanlarin Mekansal Kalite Parametreleri Temelinde Gorsel Peyzaj Degerinin Belirlenmesi:
Istanbul/Maltepe Ornegi

1. GIRIS

Kamusal alanlar; Ringas vd, (2011) tarafindan; tarihsel siiregte toplumsal bellegin fiziksel olarak tiretildigi
alanlar olarak tanimlanmaktadir (Ringas vd., 2011). Kamusal alanlar; sokak, cadde gibi ¢izgisel alanlar ile
meydan, park alanlar1 gibi geometrik bigimli bosluklar da dahil olmak iizere bireylerin giinliik ve sosyal
yasamlarinda erisebilecekleri acik alanlardir. Bu alanlar, kentsel peyzajin bir parcasi olup; estetik,
rekreasyon, miras degerleri ile kentsel kimlik ve kalitenin temel bilesenidirler (Nadal, 2000; Kiirkgiioglu ve
Ocaket, 2015; Guan, 2023). Kamusal alanlara yonelik kimlik ve kalitenin degerlendirilmesinde gorsel algiya
dayali mekansal tercihler belirleyici olmaktadir. Bununla birlikte, modern Diinyada yasam kosullarindaki
iyilesmelerle birlikte bireylerin kamusal alan kalitesine iligkin beklentileri de degisim gostermistir.
Mekansal kalite degerlendirmeleri, anket ile giizellik degerlendirmesi gibi yontemlerle dlgiilerek, 6znel
duygulara dayandirilmistir (Zhou vd., 2021; Hu vd., 2023). Lynch (1984)’in bir kentin deneyim ve algi
yoluyla anlamaya y6nelik unsurlarini (yollar, kenarlar, bolgeler, diiglimler ve isaretler) ortaya koydugundan
beri de, bir¢ok calismada kullanicilarin kente iliskin gorsel faktorlere yonelik 6znel algilari arasindaki iliski

konu alinmustir (Lynch,1984; Ivanov, 2017; Ai vd., 2024).

Subiza-Pérez vd. (2019) ile Ebenberger ve Arnberger (2019) da; kentsel peyzaj ¢alismalarinda, gérsel algi
ve gorsel tercihin daha fazla ilgi ¢ektigini belirtmislerdir. Peyzajin algilanan ¢evreyi temsil etmesinden
kaynakli peyzaj kalite degerlendirmelerinin genellikle gorsel algiya dayali oldugunu vurgulamislardir
(European Council, 2000; Gavrilidis vd., 2016). Algilamada gorsel algiya vurgu yaparak, insanin gorme
duyusunun baskin oldugundan ve gdzlerin gevresel uyaranlari algilayan sensorler oldugunu belirtmistir
(Misthos vd., 2023). Gorsel algi, manzaralarin (tercih) deneyimlenmesi ve takdir edilmesinin temeli olup,
mekansal ozelliklerin tanimlanmasinda ve degerlendirilmesinde Gnemli bir ara¢ olarak tanimlanmigtir
(Nijhuis ve Reitsma 2011). Vlad (2009); peyzaj giizelliginin degerinin insanlarin gorsel algisina bagh
oldugunu belirtmistir. Perovic ve Folic (2012) de; kaliteli kentsel alanlarin gelistirilmesi i¢in ¢ok boyutlu
algisal analizlerin gelistirilmesinin 6nemini vurgulamistir. Qi vd. (2023) de c¢alismalarinda; gorsel
faktorlerin, gevresel memnuniyet ve kentsel peyzaj kalitesini etkileyen en kritik faktorler oldugunu
belirtmislerdir. Bununla birlikte Perovic ve Folic (2012) ile Dai (2021)’in ¢alismalarinda; kentsel ¢evrenin
onemli bir yansimasi olarak gorsel alanin, bireylerin kentsel peyzaja iliskin gorsel algisini belirttigi ve gorsel
alginin, insanlar ve kent arasinda etkilesim yarattig1 vurgulanmistir. Gorsel peyzaj arastirmalarinin, peyzaj
mekanmin mekansal-gorsel yonlerine iliskin bilginin gelistirilmesinde onemli bir ara¢ oldugunu
vurgulamistir (Nijhuis vd., 2011). Asur (2022) da ¢alismasinda; kullanicilarin gorsel peyzaj tercihlerinin
belirlenmesinin, kentsel alanlarda mekan kalitesinin 6l¢iilmesindeki dnemli gostergelerden biri oldugunu
belirtmistir. Sharma (2020) de; kamusal alanlarin gorsel kimligi ile mekansal kalitesinin iligkili oldugunu
vurgulamistir. Bununla birlikte bir ¢ok ¢alisma da, gorsel peyzaj temelli ¢alismalarin, mekansal tercihlerin

temelini olusturdugunu vurgulanmustir (Nijhuis vd., 2011; Zhou vd., 2021; Asur, 2022; Hu vd., 2023). Oyle
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ki; insanlar hos olarak algiladiklar1 ortamlarda iyi yasarlar ve insan refahi kentsel mekanin fiziksel
ozelliklerinden etkilenir. Dolayisiyla da, gorsel faktorler ile gevresel memnuniyet ve kentsel peyzaj kalitesi
arasinda iligki bulunmaktadir (Nasar, 1990; Jana ve De, 2015; Gavrilidis vd., 2016; Wartmann vd., 2021).
UNESCO Tarihi Kentsel Peyzaj Tavsiye Kararinda da peyzajin gorsel karakterini koruma ve gelistirme
amacini iceren stratejiler ve planlama politikalar1 kapsaminda, manzara-algisal bakis agisi yaklagimi
hedeflenmistir (UNESCO, 2011; Cassatella, 2011). Birgok iilke de; peyzajin gorsel algisina yonelik
gostergeler gelistirmistir (Tudor ve England, 2014; Fairclough vd., 2018).

Jin vd. (2023), calismalarinda; goérsel algi temelli ¢alismalarin, farkli kentsel tasarim stratejilerinin
gelistirilmesinde etkili oldugunu belirtmislerdir. Vukomanovic vd. (2018) de; insanlarin g¢evre ile
kurduklar1 gorsel baglantilarin, peyzaj planlama ve yonetiminde énemli oldugunu vurgularken Swietek ve
Zumwal (2023) de; gorsel peyzaj kalitesinin, kentsel gelisim ve mekansal planlama i¢in rehber niteligi
tasidigini ortaya koymustur. Carmona vd. (2010) ise; aywrt edici fiziksel ve/veya gorsel Ozelliklerin
taninmasinin, yer kimliginin daha ileri diizeyde degerlendirilmesinde ara¢ oldugunu belirtilmistir. Zulestari
vd. (2018) de gorsel kaliteyi, kent estetigi, karakteri ve kimligi ile iliskilendirmistir. Bununla birlikte bir ok
calismada; gorsel peyzaj kalitesi ile memnuniyet diizeyi ve yasam kalitesi iliskilendirilmistir (Falihin ve
Hanita 2016; Kerebel vd., 2019). Oyle ki Stamps (2004) de; gorsel peyzaj kalitesinin, bireylerin kentsel
cevreye yonelik begenilerini 6nemli Olciide etkiledigini belirtmistir. Mohamed vd. (2012) de; gorsel
kalitenin, olumlu ya da olumsuz tercihlerle iligkili oldugunu belirtmistir. Ayn1 zamanda, toplumun gorsel
gevreye iliskin izlenimi; mekanin anlamini giiglendirerek aidiyet hissinin olusumunda 6nemli bir etki
olusturmaktadir (Sottini vd., 2018). Diger taraftan Yun ve Malek (2024) gorsel kimligin, bir sehrin
farkindaligini ve etkisini artirdigin1 belirtmis olup, Johansson vd. (2015) ile Tang ve Long (2018) de kentsel

imaj ile algilanabilirligi iliskilendirmislerdir.

Ulkemiz 6zelinde hazirlanan “Kentsel Tasarim Rehberleri’nde de; algisal ve gorsel boyutun, tasarim
stirecini olusturan boyutlar arasinda yer aldigi vurgulanmistir (Kentsel Tasarim Rehberi, 2016). Ulusal
kalkinma plan yaklasiminda da; yasam kalitesi-mekéan iligkisi ¢ergcevesinde kentsel doniisiim hedefleri
icerinde estetik boyut dikkate alinmistir (Onuncu Kalkinma Plani, 2013). Foster (2003) de siirdiiriilebilir

tasarimda estetik duyarliliga atif yapmustir.

Bu dogrultuda ¢alismada kamusal alanlara yonelik kimlik ve kalitenin degerlendirilmesinde de gorsel algiya
dayali mekansal tercihler belirleyici olmaktadir. Bu kapsamda ¢alismada ”Kamusal alanlarda gorsel kimlik
ve mekansal kalite iligkili olup, gorsel algiya dayali olarak memnuniyet diizeyinin analiz edilmesi mekansal
kalitenin belirlenmesinde etkilidir" hipotezi ¢ergevesinde istanbul/Maltepe ilgesi zelinde kamusal alanlarin
gecmis ve giinlimiiz gorlintiilerine dayali olarak gorsel peyzaj kalitesinin belirlenmesi amaglanmistir. Bu

amagla; “Kamusal alanlarda mekansal kaliteye dayali parametreler ile gorsel peyzaj nasil
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iligkilendirilebilir?” ve “Kamusal alanlarda mekansal kalite unsurlarinin tanimlanmasina dayali olarak
gorsel kalite nasil degerlendirilebilir?” sorularma yamit aranmistir. Ilgili sorular cercevesinde gelistirilen
mekansal kalite parametreleri temelinde, Maltepe Ilgesi kamusal alanlarma iliskin gecmis ve benzer
acilardan giiniimiiz fotograflarmin gorsel peyzaj kalite degerinin belirlenmesine yonelik olarak, uzman

gruplarin gorsel algi ve tercihleri ortaya konulmustur.

2. MATERYAL VE YONTEM

2.1. Materyal

Calisma alami Istanbul ili, Maltepe Ilgesi kiy1 bandinda yer alan D 100 karayolunun sinir olusturdugu
Altintepe, Baglarbasi, Kiiclikyali, Yali, Feyzullah mahallerinde yer alan kamusal alanlar1 (sokak, cadde,
meydan) olusturmaktadir. Maltepe Ilgesi, Kocaeli Yarimadasi’nin giiney batisinda, Istanbul ili’nin
Marmara Denizi kiyisinda yer almakta olup, Kadikdy, Atasehir, Sancaktepe ve Kartal ilgelerine siniri

bulunmaktadir (Sekil 1).

Sekil 1: Caligma alan1 konumu
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Calisma alani, genel olarak yiikselti farkliliklarin goriilmedigi, diize yakin bir egimin hakim oldugu bir
goriiniime sahiptir (Uzun, 2021). Alan, se¢iminde; D-100 karayolunun yapay esik olusturmasi, deniz ve
kiyisinin dogal esik olusturmasi, toplumsal-mekansal-tarihsel-kiiltiirel yapisinin gesitlilik géstermesi ve

niifus yogunlugu durumu etken olmustur.

Calisma kapsaminda; gecmis ve glnlimiiz gorsellerini iceren fotograflar, gorsel peyzaj analizi
degerlendirme parametreleri ve alt Olgiitlerinden olusan anket formlar: ile verilerin analiz edilmesi ve
gorsellestirilmesinde kullanilan Excel, SPSS istatistik programlari ile ArcGIS ve Photoshop programlari da

ikincil materyaller olarak kullanilmstir.

2.2. Yontem

Gorsel kalite degerlendirmeye dayali olarak gelistirilen calisma ana yontem siireci; mekénsal kalite
gostergelerine dayali olarak gegmis ve giiniimiiz gorselleri ile uzman grubunun mekansal tercihlerine
yonelik algisini belirlemeye yardimct olan gorsel anket teknigi cergevesinde olusturulmustur. Gelistirilen
yontem siireci; gegmis ve glinlimiiz gorsellerini iceren fotograflarin ¢ekimi ve secilmesi, mekansal kalite
odakli parametrelerin belirlenmesi, uzman grubun belirlenmesi, gorsel anket tekniginin uygulanmasi,
verilerin istatistiki ac¢idan analiz edilmesi ile sonu¢ ve Onerilerin gelistirilmesi olmak iizere alti temel

asamada yuriitilmistir.

Mekansal algiya iligkin bir¢ok ¢alismanin ana materyalini fotograflar olusturdugu i¢in (De Lucio vd., 1996;
Dodman, 2004; Alani, 2009), ilk asamada; alanin ge¢mis ve giiniimiiz gorsellerini igeren fotograflarin
cekimi ve secilmesi gergeklestirilmistir (De Lucio vd., 1996; Alan, 2009). Ozellikle ge¢mis ve giiniimiiz
fotograflarinin bir arada kullanilmasi; uzmanlarin ¢aligma alanin siireg i¢indeki degisimini de gdzlemleri ve
fikir edinmelerini saglamak igin tercih edilmistir. Gegmis gorsellerin segiminde ¢aligma alanin tarihi siireg
icerisindeki degisim donemlerine iliskin Maltepe Ilge Belediyesi arsivlerinden ve yayinlarindan, cesitli
internet kaynaklarindan elde edilen fotograflar etkili olmustur. Giiniimiiz gorsellerinin se¢iminde ise 2022
yil1 bahar déoneminde ge¢cmis gorsellerin bulunduklar yerlerden ¢ekilen fotograflar etkili olmustur. Bunun
paralelinde, gorsel anket tekniginde kullanilmak tizere 15 adet eski ve yeni fotograf secilmistir (Cizelge 1).
Fotograflarin seciminde; gecmis ve giiniimiiz fotolarinin ayni veya yakin lokasyonda olmasi, kullanim

farkliliklar1, genis bakis agis1 ve goriintii kalitesi gibi faktorler etken olmustur.

Temel gostergelerin secimi gorsel kalite degerlendirmesinin temel belirleyicisidir (Lange ve Legwaila,
2012). Bu dogrultuda ikinci asamada; mekansal kalite odakli parametreler belirlenmistir. ilgili
parametreler, PPS (Project for Public Spaces) ve Gehl’in gelistirdigi mekansal kalite gostergeleri temelinde

yeniden ele alinarak ulusal ve uluslararasi 6lgekli ¢alismalardan yararlanilarak, dort ana baslik (sosyallik,
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kullanim, baglanti, konfor) ve sekiz alt olgiit gergevesinde gelistirilmistir (Gehl, 1989; Project for Public

Spaces, 2000) (Cizelge 2).

Cizelge 1: Gorsel peyzaj degerlendirilmesinde kullanilan fotograflar.

G. 1: Altintepe Mahallesi, Bostanci basi kopriisii
1900 yili (Maltepe Belediyesi, 2022) ve giiniimiiz

G. 2: Baglarbas1 Mahallesi, Maltepe Tren
istasyonu 1900 yih (Maltepe Belediyesi, 2022) ve
giiniimiiz

G. 3: Kiiciikyali Mahallesi, Camlik Gazinosu
1936 yili goriiniim (Url 3, 2022)

G. 4: Feyzullah Mahallesi, Mimar Sinan Caddesi

1940 yih (Maltepe Belediyesi, 2022) ve giiniimiiz

G.5: Feyzullah Mahallesi, Bagdat Caddesi

G.6: Kiiciikyall Mahallesi, kayahklar
1940 yihi (Url 1,2022) ve giiniimiiz

1940 yih (Unker,2013) ve giiniimiiz

G.7: Yalh Mahallesi, Siireyya Plaji
1955 yili (Maltepe Belediyesi, 2022) ve giiniimiiz

G.8: Bakireler Tapinag:
1955 yili (Url 2,2022) ve giiniimiiz

G.9: idealtepe Mahallesi, Yerlesim alam
1964 yih (Url 4, 2022) ve giiniimiiz

G.10: Yali Mahallesi, Maltepe sahili
1970 yili (Unker,2013) ve giiniimiiz
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Cizelge 1: Devami

G.11: Yah Mahallesi, Feyzullah Efendi Cesmesi
1970 yih (Maltepe Belediyesi, 2022) ve giiniimiiz

G.12: Baglarbas1 Mahallesi, Atatiirk Caddesi
1975 yih (Maltepe Belediyesi, 2022) ve giiniimiiz

G.13: Calisma alan simir1 E-5 yolu

1980 yili (Url 5, 2022) ve giiniimiiz

G.14: Feyzullah Mahallesi, Merkez camii ¢evresi
1980 yih (Url 6, 2022) ve giiniimiiz

G.15: Yah Mabhallesi, Turgut Ozal Bulvar
1990 yih (Unker, 2013) ve giiniimiiz

Cizelge 2: Gorsel peyzaj analizi degerlendirme parametreleri ve alt dlgiitleri

Alt
Parametreler

Parametreler

Agciklama

Kaynak

Fiziksel Konfor

Kentsel donatilarda insan 0lgiisiine

(Carmona, 2010; Project for Public

Konfor uygunluk durumu Spaces, 2000; Gehl, 1989; Carr,
Manzara Estetik agidan g¢ekici (Renk, malzeme, 1992; Mehta, 2014; Cengiz Tash
Giizelligi doku, form ol¢ii acisindan hosnut vd., 2023)
olma) olma durumu
Alanin bulundugu ¢evresiyle, yapisal (Clifton vd., 2018; Inceoglu ve
Kullanim Uyum Ogelerin  birbiriyle uyumlu bir Aytug, 2009; Ewing ve Clemente,
birliktelik gostermesi ve mevcut 2012; Kirkik Aydemir vd., 2022)
Ogeleriyle birlikte kimlik kazanmasi
Diizen Alanin gorsel agidan diizenli unsurlara
sahip olmasi
Cesitlilik Kullanim gesitliligi (Ewing ve Clemente, 2012;
Sosyallik Etkilesim K'an}u'sal alanlar ile ozel alanlarin %(;.lél;e:n (\)/r?lr’n,ZZOC:)IfS', g:;g:; T\:;ﬂ
iligkili olmasi vd., 2023)
Algilanabilirlik Ayt edici 6gelerin ve alanda bulunan  (Moulert vd., 2013; Tak, 2018;
Baglanti odak &gelerin varligi Kirkik  Aydemir vd.,, 2022;
Kiitle/Bosluk Yapili ve bos alanlarin oransal agidan  Ardigoglu, 2024)
Oram uyumlu bir biitiinliik gdstermesi
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Uzman grubunun belirlenmesi asamasinda; Istanbul Biiyiiksehir Belediyesi ve Maltepe Ilce Belediyesi’nde
gorev yapan alani yakindan taniyan planlama ve tasarim disiplinlerinden ilgili kisilerin olusturdugu 21 kisi

secilmistir. Uzman grubuna iliskin profil Cizelge 3. de verilmistir.

Gorsel anket tekniginin uygulanmasi agamasinin temelini; uzman grubunun belirlenen fotograflar (Cizelge
1) ile mekansal kalite parametreleri (Cizelge 2) dzelinde gorsel tercihleri sorgulanmistir. Oyle ki gorsel
tercih; insanin ¢evresiyle gozlenen etkilesiminin psikolojik bir degerlendirmesi ve onceliklendirilmesidir
(Stamps, 2004; Fathi ve Masnavi, 2014). Farkli meslek gruplarindan olusan 21 adet uzman grubu tarafindan,
gecmis ve giiniimiiz goriintiilerinden olugan 15 er fotograf 4 ana parametre ile 8 alt 61¢iitten olusan mekéansal
kalite bilesenleri dogrultusunda 5°li Likert 6lgeginde 1 ile 5 (en diisiik 1, en yiiksek 5 olacak sekilde)

araliginda ¢evrimi¢i ortamda degerlendirilmistir.

Cizelge 3: Uzman grubu profili

Ana ve Alt Degisken Say1 Ana ve Alt Degisken Say1 Ana ve Alt Degisken Say1
Cinsiyet Kadin 16 Yas 30-35 12 Uzmanhk Peyzaj Mimari 14
Erkek 5 36 —40 5  alam Mimar
Yas 41 -50 2 i¢c Mimar 2
51 ve + 2 Sehir Bolge 2
Planlama

Verileri analiz etmek i¢cin Excel ve SPSS istatistik yazilimi kullanilmis olup, uzman gruplarinin uygunluk
degerinin belirlenmesinde aritmetik ortalama degerleri temel alinmistir. Aritmetik ortalamalar her bir
fotografta kullanilan parametre ve alt parametre i¢in ayri ayr1 hesaplanarak uzman grubunun sayisal ifadeler

iizerinde uygunluk degerleri analiz edilmistir.

Sonu¢ ve Onerilerin gelistirilmesi asamasinda; ankette yer alan her goriintiiye iliskin parametreler
gergevesinde verilen sayisal verilerin toplami 840 puan iizerinden yiiksek (560-840), orta (280-559), diisiik
(1-279) olacak sekilde kademelendirilerek gorsel peyzaj analizi gerceklestirilmis ve ArcGIS ve Photoshop

programlar1 kullanilarak ¢izelge ve harita seklinde sunulmusgtur.

3. BULGULAR
3.1. Uzman Grubuna Uygulanan Gérsel Anket Teknigine Iliskin Bulgular

Uzman grubu, alan 6zelinde belirlenen 15 adet gegmis ve glinlimiiz gorsellerini 8 alt parametre temelinde
5°li Likert 6l¢egi gercevesinde puanlandirmustir. Elde edilen veriler 15 adet goriintii igin her parametreye
iligkin olarak aritmetik ortalama, standart hata ve standart sapma degerlerine yonelik tanimlayici istatistiki
analizler gergevesinde analiz edilmistir. Ilgili gorsellerde en yiiksek puan alan parametreler koyu siyah, en

diisiik alan parametreler kirmizi ile gosterilmistir (Cizelge 4).
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Cizelge 4 degerlendirildiginde; en yiiksek puani (4, 20) 13 nolu gorselin olusturdugu konfora yonelik
manzara glizelligi alt 6lgiitli parametresi almistir. En diisiik puani ise 3 nolu gorsel ile uyum (1,43) ve 3 ve

7 nolu gorsel ile manzara giizelligi (1,43) alt ol¢iitleri almustir.

Cizelge 4: Uzman grubuna iliskin parametrelerin tanimlayic1 analizi

Parametreler | Alt Parametreler Min Maks Aritmetik Ort. | Std. Hata | Std.
Sapma
Fiziksel Konfor 1 3 2,33 0,126 0,577
Konfor Manzara Giizelligi 1 4 1,95 0,189 0,865
Uyum 1 4 1,76 0,181 0,831
Kullanim Diizen 1 4 1,95 0,201 0,921
j; Cesitlilik 1 4 2,43 0,177 0,811
'*E Sosyallik Etkilesim 1 5 2,1 0,238 1,091
= Algilanabilirlik 1 5 2,38 0,32 1,465
O | Baglant1 Kiitle/Bosluk Oram 1 5 2,33 0,333 1,528
Fiziksel Konfor 1 5 2,86 0,287 1,315
Konfor Manzara Giizelligi 1 5 2,33 0,279 1,278
Uyum 1 5 2,38 0,271 1,244
Kullanim Diizen 1 5 2,76 0,257 1,179
~ Cesitlilik 1 5 2,71 0,23 1,056
’FE“ Sosyallik Etkilesim 1 5 3,1 0,248 1,136
2 Algilanabilirlik 1 5 3,1 0,257 1,179
3 | Baglanti Kiitle/Bosluk Oram 1 4 1,57 0,202 0,926
Fiziksel Konfor 1 3 1,43 0,163 0,746
Konfor Manzara Giizelligi 1 3 1,43 0,163 0,746
Uyum 1 3 1,43 0,13 0,598
Kullanim Diizen 1 4 1,52 0,178 0,814
e Cesitlilik 1 3 1,52 0,178 0,814
’E‘ Sosyallik Etkilesim 1 4 1,67 0,211 0,966
= Algilanabilirlik 1 4 2,67 0,222 1,017
& | Baglanti Kiitle/Bosluk Oram 1 4 2,05 0,253 1,161
Fiziksel Konfor 1 4 2,10 0,168 0,768
Konfor Manzara Giizelligi 1 5 2,57 0,254 1,165
Uyum 1 5 2,95 0,271 1,244
Kullanim Diizen 1 5 2,86 0,261 1,195
< Cesitlilik 1 4 2,43 0,245 1,121
:E Sosyallik Etkilesim 1 3 2,33 0,126 0,577
2 Algilanabilirlik 1 4 1,95 0,189 0,865
& | Baglanti Kiitle/Bosluk Orani 1 4 1,76 0,181 0,831
Fiziksel Konfor 1 4 2,38 0,189 0,865
Konfor Manzara Giizelligi 1 4 1,90 0,168 0,768
Uyum 1 4 2,19 0,203 0,928
Kullanim Diizen 1 3 2 0,195 0,894
w Cesitlilik 1 4 2,43 0,202 0,926
‘FE’ Sosyallik Etkilesim 1 4 2,52 0,178 0,814
2 Algilanabilirlik 1 4 2,24 0,217 0,995
& | Baglanti Kiitle/Bosluk Oram 1 4 2,67 0,159 0,73
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Fiziksel Konfor 1 5 2,14 0,242 1,108
Konfor Manzara Giizelligi 1 5 1,81 0,214 0,981
Uyum 1 5 2,19 0,225 1,03
Kullanim Diizen 1 5 2,57 0,245 1,121
= Cesitlilik 1 5 2,81 0,264 1,209
£ | Sosyallik Etkilesim 1 5 2,19 0,281 1,289
S Algilanabilirlik 1 4 2,38 0,189 0,865
O | Baglanti Kiitle/Bosluk Oram 1 4 1,86 0,221 1,014
Fiziksel Konfor 1 4 1,43 0,202 0,926
Konfor Manzara Giizelligi 1 3 1,43 0,177 0,811
Uyum 1 4 1,81 0,225 1,03
Kullanim Diizen 1 4 2,14 0,199 0,91
= Cesitlilik 1 4 2,14 0,27 1,236
£ | Sosyallik Etkilesim 1 5 2,14 0,21 0,964
S Algilanabilirlik 1 4 2,38 0,161 0,74
O | Baglant: Kiitle/Bosluk Orani 1 4 176 0,181 0,831
Fiziksel Konfor 1 4 1,81 0,19 0,873
Konfor Manzara Giizelligi 1 4 2,29 0,197 0,902
Uyum 1 5 2,48 0,255 1,167
Kullanim Diizen 1 4 2,52 0,19 0,873
= Cesitlilik 1 3 2,1 0,153 0,7
£ | Sosyallik Etkilesim 1 4 2,38 0,189 0,865
S Algilanabilirlik 1 4 1,90 0,168 0,768
O | Baglant: Kiitle/Bosluk Orani 1 4 2,19 0,203 0,928
Fiziksel Konfor 1 4 2,38 0,129 0,59
Konfor Manzara Giizelligi 1 3 1,9 0,181 0,831
Uyum 1 3 2,05 0,129 0,59
Kullanim Diizen 1 3 2,19 0,148 0,68
2z Cesitlilik 1 5 2,67 0,187 0,856
£ | Sosyallik Etkilesim 1 5 2,86 0,221 1,014
5 Algilanabilirlik 1 4 2,57 0,224 1,028
O | Baglant Kiitle/Bosluk Orani 1 3 2,33 0,144 0,658
Fiziksel Konfor 1 3 2,10 0,168 0,768
Konfor Manzara Giizelligi 1 4 2,10 0,217 0,995
Uyum 1 4 2,29 0,197 0,902
o | Kullamm Diizen 1 4 2,29 0,171 0,784
= Cesitlilik 1 5 2,76 0,206 0,944
£ | Sosyallik Etkilesim 1 4 2,90 0,168 0,768
5 Algilanabilirlik 1 4 2,67 0,199 0,913
O | Baglant: Kiitle/Bosluk Oran 1 5 3 0,218 1
Fiziksel Konfor 1 5 2,52 0,19 0,873
Konfor Manzara Giizelligi 1 5 2,76 0,206 0,944
Uyum 1 5 3,14 0,278 1,276
— | Kullanim Diizen 1 5 3,19 0,29 1,327
= Cesitlilik 1 5 2,95 0,271 1,244
£ | Sosyallik Etkilesim 1 5 2,76 0,181 0,831
= Algilanabilirlik 1 5 2,9 0,228 1,044
O | Baglant: Kiitle/Bosluk Oram 1 5 2,48 0,245 1,123
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Cizelge 4: Devami

Fiziksel Konfor 1 5 3 0,258 1,183

Konfor Manzara Giizelligi 1 5 2,57 0,281 1,287

Uyum 1 5 3,1 0,292 1,338

« | Kullanim Diizen 1 5 3,29 0,294 1,347

= Cesitlilik 1 5 2,95 0,305 1,396
£ | Sosyallik Etkilesim 1 4 2,38 0,129 0,59

S Algilanabilirlik 1 3 1,90 0,181 0,831
© | Baglant Kiitle/Bosluk Oram 1 3 2,05 0,129 0,59

Fiziksel Konfor 1 5 3,52 0,264 1,209

Konfor Manzara Giizelligi 1 5 3,29 0,277 1,271

Uyum 1 5 3,19 0,264 1,209

Kullamm Diizen 1 4 3,14 0,261 1,195

= Cesitlilik 1 5 3,52 0,281 1,289

£ | Sosyallik Etkilesim 1 5 3,57 0,263 1,207

£ Algilanabilirlik 1 5 3,71 0,25 1,146

O | Baglanti Kiitle/Bosluk Oram 1 5 3,14 0,261 1,195

Fiziksel Konfor 1 5 3 0,229 1,049

Konfor Manzara Giizelligi 1 5 2,95 0,212 0,973

Uyum 1 5 3,19 0,264 1,209

<« | Kullamm Diizen 1 5 3,24 0,292 1,338

= Cesitlilik 1 5 3,10 0,33 1,513
£ | Sosyallik Etkilesim 1 5 3,19 0,273 1,25

S Algilanabilirlik 1 5 3,19 0,264 1,209

O | Baglanti Kiitle/Bosluk Orani 1 4 2,10 0,238 1,001

Fiziksel Konfor 1 4 2,10 0,217 0,995

Konfor Manzara Giizelligi 1 4 1,90 0,238 1,091
Uyum 1 5 2,81 0,273 1,25

v, | Kullamm Diizen 1 5 2,90 0,3 1,375

= Cesitlilik 1 5 2,52 0,29 1,327

E Sosyallik Etkilesim 1 4 2 0,195 0,894

S Algilanabilirlik 1 5 3,52 0,264 1,209

O | Baglanti Kiitle/Bosluk Orani 1 5 3,29 0,277 1,271

Cizelge 5 de ise; uzman grubunun foto anket sonuglarinin parametrelere gore belirlenen en yiiksek ve en

diisiik puanh goriintiilere iliskin aritmetik ortalama degerleri verilmistir.

Cizelge 5 incelendiginde, uzman goriislerine gore parametre bazinda alt Olciitler agisindan yapilan
degerlendirmelerde; fiziksel konfor, manzara giizelligi, uyum, cesitlilik ve algilanabilirlik agisindan en
yiiksek puani alan goriintii 13 nolu gorsel olmustur. Fiziksel konfor, manzara giizelligi, uyum, diizen,

cesitlilik ve etkilesim agisindan en diisiik puani alan goriintii ise 3 nolu gorsel olmustur.
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Calismada; uzman grubunun Maltepe Ilgesi 6zelinde gegmis ve giiniimiiz gorsellerine dayali tercihleri

kapsaminda gorsel kalite derecelendirilmesi olusturabilmek i¢in, Likert 6lgiitleri kapsaminda elde edilen

puanlar, yiiksek ve diisiik olmak iizere parametre biitliniinde toplanarak, toplam 840 puan iizerinden (yliksek

(560-840), orta (280-559), disiik (1-279)) kademelendirilmistir. Cizelge 6. da uzman tercihleri

dogrultusunda elde edilen sonuglara iliskin genel degerlendirmeler yapilmaistir.

Cizelge 5: Temel ve alt parametrelere gore en yliksek ve en diisiik alan goriintii degerleri

Temel ve Alt Parametreler

Konfor Kullanim Sosyallik Baglanti
£ €18 5|5 2 : |z |E |2
N 5| 8 = | 3 = & = 20 5 <
P ¥ | =2 0|5 a o = < ¥ O
Goriintii 1 En diigiik
En yiiksek
Goriintii 2 En diigiik
En yiiksek
Gorintii 3 | En disik |
En yiiksek
Goriintii 4 En diigiik
En yiiksek
Goriintii 5 En diigiik
En yiiksek I
Goriintii 6 En diigiik
En yiiksek _
Goriintii 7 En diigiik
En yiiksek -
Goriintii 8 En diigiik
En yiiksek
Goriintii 9 En diigiik
En yiiksek
Goriintii 10 En diigiik
En yiiksek
Goriintii 11 En disiik
En yiiksek
Goriintii 12 En diigiik
En yiiksek
Goriintii 13 En diisiik
En yiiksek
Goriintii 14 En diisiik
En yiiksek
Goriintii 15 En diisiik
En yiiksek
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Cizelge 6: Gorsel peyzaj kalitesi degerlendirmesi

Mabhalle/ Kamusal Alan Goriintii No | Puan Bulgu
Kiigiikyali Mabhallesi, Camlik | Goriintii 3 256 Tarihsel degerinin korunmamasi,
:_% Gazinosu kamusal alan 6zelligini kaybetmesi
5
(=]
Maltepe Ilgesi, Calisma alan simir1 | Goriintii 12 488 Gorsel degisimin yasanmasi
Baglarbas1 Mahallesi, Atatiirk Goriinti 11 483 Tarihsel degerinin/dokunun
Caddesi korunmamast, kimlik 6zelligini
Baglarbasi Mahallesi, Maltepe Goriintii 2 473 yitirmesi
Tren Istasyonu
Feyzullah Mabhallesi, Mimar Goriinti 4 416

Sinan Caddesi
Yal1 Mahallesi, Feyzullah Efendi | Goriinti 10 413

Cesmesi
Yal1 Mahallesi, Sahil Gortintii 9 398
Yal1 Mahallesi, Siireyya Plaji Gorlintii 6 390

Feyzullah Mahallesi, Ilce merkezi | Gériintii 15 380
Feyzullah Mahallesi, Mezarlik Goriinti 5 385

ORTA
GORSEL PEYZAJ KALITESI

Caddesi

Altintepe Mahallesi, Bostancibagi | Goriinti 1 362

kopriisii

Idealtepe Mahallesi, Yerlesim Gorlintii 8 360 Gorsel degisimin yagsanmasi

alant

Yal1 Mahallesi, Bakireler Goriintii 7 308 Tarihsel degerinin korunmamasi

Tapinagi

Feyzullah  Mahallesi, Merkez | Goriintii 13 569 Estetik ve islevsel agidan mekansal
E Camisi kalitenin gegmise kiyasla artmasi
g Yal1 Mahallesi, Turgut Ozal Goriintii 14 | 527
‘E Bulvari

fgili parametreler cercevesinde uzman grubu acisindan yapilan tercihlerde, diisiik peyzaj degerine sahip
olan goriintii 13 nolu gorsel olmustur. lgili gdrsel, tarihi dneme sahip Camlik Gazinosu’nun yakin zamanda
isletmesinin yikilarak mekan 6zelligini kaybettigi goriintiiyli igermektedir. Bu durum, ge¢miste bireylere
rekreasyonel aktivite olanagi saglayarak, tarihi kimlik degerine de etki eden kamusal alanlarin zamanla
islevini yitirmesi sonucu gorsel kimlik degerini de azalttigin1 gostermektedir. Toplam 12 adet goriintiiniin

(12,11,2,4, 10,9, 6, 15, 5, 1, 8, 7 nolu gorseller) gorsel degeri ise orta diizeyde ¢ikmustir (Sekil 2).

Gegmis-giiniimiiz gorsellerinde gerek tarihsel doku ve kiiltiirel 6gelerin eski degerini yitirmesi gerekse de
yapilasmanin getirdigi degisim gorsel peyzaj degerinin degisimine neden olmustur. Ayrica ilgili gorsellerde
yer alan tarihi dokunun nispeten korunarak degisim gosterdigi goriilmiistiir. 13 ve 14 nolu gorseller ise
yiiksek peyzaj degerine sahip alanlar olarak degerlendirilmistir. Feyzullah Mahallesi’nde halihazirda
yenilenen ilge meydan1 galismasi ve Yali Mahallesinde Turgut Ozal Bulvari deniz hatt1 boyunca kesintisiz

devam eden yolun estetik ve islevsel acidan glinlimiize kiyasla olumlu degisim gdstermesi uzman grubuna
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gore gorsel acidan yiiksek kalitede degerlendirilmistir. Ayrica ilgenin deniz manzarasi etkisi de gorsel

unsuru giiclendirmistir (Sekil 2).

Gériintii 12 Goriintii 8 Goriintii 4 Giriintii 5 Goriintii 11 Gériintii 13 Giriintii 15 Goriintii 2
Calisma Alam Suurt -1980 Yerlegim Alani <1964 Mimar Sinan Caddesi-1940  Eski Mezarlik Caddesi-1940  Aratiirk Caddesi- 1975 Merkez Cami ye Cevresi-1980  llce merkezi-2000 Maltepe Tren Istasyonu-1900
1 -2022 Alimn-2027 A ddesi-2022  Eski Mezarlik Caddesi-2022 5 & i e S

-
== Cahyma Alam Simri
~— Mahalle Simirlari

BI Aluntepe Mahallesi

B2 Kiigiikyalt Merkez Mahallesi

B3 Cinar Mahallesi

B4 Idealtepe Mahallesi

BS Altaygesme Mahallesi
B6 Feyzullah Mahallest

B7 Baglarbast Mahallesi
BR Cevizli Mahallcsi
B9 Yal Mahallesi

S Konut Alanlari
Ticari Alanlar
BN Yegil Alanlar

Gorsel Peyzaj Kalitesi
© Diisik Olan Alan
" 0 orsel Peyzaj Kalitesi
§ ) Orta Olan Alan
Gorsel Peyzaj Kalitesi
Iyi Olan Alan

1 N - 2 ui e
Bostancibasi K X I 1 e bl Ll L 12 2 |im Ouzal il\ an-2022

Sekil 2: Gorsel peyzaj kalite analizi

Sonug olarak, kamusal alanlarda gorsel kimlik ve mekansal kalite iligkili olup, gorsel algiya dayali olarak
memnuniyet diizeyinin analiz edilmesi mekansal kalitenin belirlenmesinde etkili olmustur. Bu durum birgok
caligmada da vurgulanmustir (Nijhuis, 2011; Perovic ve Folic 2012; Sharma, 2020; Dai vd., 2021; Asur,
2022). Bu cercevede Istanbul/Maltepe Ilgesi 6zelinde kamusal alanlarin gegmis ve giiniimiiz goriintiilerine
dayali olarak uzman grubu yardimyla goérsel acidan diisiik-orta-yiiksek nitelikli peyzajlar belirlenmis,
mekansal kalite parametreleri ile gorsel algiya dayali tercihler arasindaki iligkiler saptanmistir. Maltepe
Ozelinde en az ve en ¢ok tercih edilen goriintiiler ile en diisik ve en yiiksek puan alan parametreler
belirlenmistir. Caligma kapsaminda kamusal alanlara yonelik mekansal parametreler temelinde tanimlanan

gorsel peyzajlar, kentsel plan ve tasarim siireglerinde yol gosterici bir nitelik tagiyacaktir.

CIKAR CATISMASI BEYANI

Yazarlar arasinda ¢ikar ¢atismasi1 bulunmamaktadir.

YAZARLARIN KATKILARI
M.C.T. : Arazi ¢alismalari, yontem, bulgular, aragtirma

T.K. : Kuramsal temeller, yontem, arastirma, kaynaklar, yazi yazma - gézden gecirme ve diizenleme
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Not: Bu calisma, Tekirdag Namik Kemal Universitesi Fen Bilimleri Enstitiisii Peyzaj Mimarlig1 Anabilim

Dalinda yiiriitiilen Doktora tezinden yararlanilarak hazirlanmustir.
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0z

Bir hava aracinin inig takimi en 6nemli pargalarindan birisidir. U¢agin inis aninda ugak iizerindeki yiikleri
dengelemesi, tekerleri araciligiyla darbeleri soniimleyip, ucagin giivenli bir sekilde yere inip taksi
yapabilmesi icin gerekli gorev elemanlarinin basinda gelmektedir. Inis takimlar1 bir ugagin émrii boyunda
en ¢ok yiikke maruz kalacak parcalarindan birisidir. Diisilk hacim, yiliksek dayanim, uzun omiir ve iyi
performans saglayabilmesi i¢in dogru analiz edilmis ve tasarlanmis olmasi gerekmektedir. Inis takimlari
burun inis takimi ve ana inis takimlari olmak {izere ikiye ayrilir. inis takimlari tipine gore farkli alt
parcalardan meydana gelmektedir. Bu ¢alismada CATIA V5 programinda tasarlanan burun inig takimi
parcalarindan olan tork iletim pargasi i¢in farkli malzemelerdeki dayanimi hesaplanan yiikler ile analiz
edilmis olup sonuglardaki farkliliklar incelenmistir. ANSYS Workbench programinda tamamlanan analiz
calismasinda farkli malzemeler kullanildiginda olusan gerilme ve deformasyon sonuglar1 karsilastirilarak
tasarim i¢in uygun olan malzemeler belirlenmistir. Analizlerde PH13-8 Mo ¢eligi, Titanyum Ti-6Al-4V,
Aliiminyum 7075 alagimi, 15-5 PH celigi ve AISI 4340 ¢elik malzemeleri kullanilarak elde edilen
sonuglardaki deformasyon ve gerilme degerleri incelenmistir.

Anahtar Kelimeler: Burun Inis Takim; Statik Analiz; Deformasyon; ANSYS, Yapisal Malzemeler

Structural Analysis and Material Selection of Nose Landing Gear Part of an
Aircraft

ABSTRACT

The landing gear of an aircraft is one of its most crucial components. It plays a vital role in balancing the
loads on the aircraft during landing, absorbing shocks through its wheels, and enabling the aircraft to safely
touch down and taxi. Landing gear is one of the components that undergoes the highest levels of stress
throughout an aircraft's lifespan. To ensure low volume, high strength, long lifespan, and optimal
performance, it must be accurately analyzed and designed. Landing gear is typically divided into nose
landing gear and main landing gear, each composed of various sub-components depending on the type of
landing gear. In this study, tork link parts of the nose landing gear, designed in the CATIA V5 program,
was analyzed using loads calculated for different materials, and the differences in results were examined. In
the analysis completed in the ANSYS Workbench program, stress and deformation results under different
material conditions were compared to determine suitable materials for design. Materials including PH13-8
Mo steel, Titanium Ti-6Al-4V, Aluminum 7075 alloy, 15-5 PH steel, and AISI 4340 steel were used in the
analysis, and displacement and stress values were examined.

Keywords: Nose Landing Gear; Static Analysis; Deformation; ANSY'S, Structural Materials

* Sorumlu Yazar: Emre SAHIN 160
1sahinemre@gmail.com


https://orcid.org/0000-0001-5567-0835
https://orcid.org/0000-0001-6652-7452

Sahin & Eldem | Bir Ug¢agin Burun Inis Takim Parcasimin Yapisal Analizi ve Malzeme Secimi
1. GIRIS

Glnlimiizde havacilik endiistrisi siirekli olarak gelismekte ve yenilik¢i teknolojilerle donatilmis ugaklar,
daha giivenli ve verimli seyahat imkani1 sunmaktadir. Bu teknolojilerden biri de inis takimlaridir. Ugaklarin
temel pargalarindan birisi olan inis takimlar1 mekanik bir sistemdir. Bu sistem ucaklarin inis ve kalkis
sirasinda statik ve dinamik yliklere maruz kalmaktadir. Bu sebepten inis takimi parcalar1 bu yiikleri
karsilayabilecek kadar saglam olmalidir. Inis takimlar1 bu yiikleri karsilayamaz ise ugakta felakete sebebiyet
verecek yapisal hasarlar meydana gelebilecektir. Bu nedenle inis takimi tasarimi ve malzeme se¢imi oldukg¢a

onemlidir (Yaylaci, 2021).

Inis takimi tasarimi ugagin kullanim amacina, ucak tipine, agirligia gore degismektedir. Tasarim siirecinde
inis takim1 icin minimum agirlik, maksimum dayanim, yiiksek miir, diisiik maliyet hedeflenmektedir. Inis
takimi tasariminin en 6nemli kriteri yliksek dayanim, minimum agirliktir. Bir ugagin 6énemli parcalarindan
birisi olan inis takimi agirlik yoniinden ugak iizerinden biiyiik paya sahiptir. Bu nedenle inis takimlarinda
kullanilan malzemelerin analizi ve karsilastirilmasi, havacilik endiistrisindeki miihendislik ve tasarim
uygulamalar1 agisindan biiyiik 6nem tagimaktadir. Bu sebepten 6tiirii ugak tizerinde agirlik azaltmak inis

takimi malzemesinin degistirilmesi ile miimkiindiir (Aydin, 2023).

Bu makalede inis takimi pargalarindan birisi olan ve inig takiminin yiik tagima kapasitesini artirarak inis ve
taksi sirasinda olusan kuvvetlerin diizgiin bir sekilde dagitilmasina yardimci olan tork iletim pargasina
yapisal analiz yapilarak tasarim giincellemeleri yapilmasi hedeflenmistir. Bu hedef dogrultusunda inis
takimi pargalari lizerinde yapilan ¢alismalar incelenmistir. Gliniimiizde en yayin olan ti¢ tekerlekli bisiklet
tipi inis takimi belirlenmigtir. Tasarim igin gerekli olan Slgiiler ve degerler hesaplanmistir. CATIA V5
programinda tasarlanan inig takimi parcasi ANSYS Workbench programinda yapisal analiz sonuglar

gergeklestirilmistir.

Makale i¢in incelenen literatiirde Currey (1988) tarafindan yazilan "Aircraft Landing Gear Design:
Principles and Practices" kitabi, inis takimlarmin tasarim prensiplerini ve uygulamalarini kapsamli bir
sekilde ele almaktadir. Currey, inis takimlarinin ugak agirliginin %3 ila %5'ini olusturdugunu ve bu nedenle
agirlik optimizasyonunun kritik bir 6neme sahip oldugunu belirmektedir. Raymer (2012) "Aircraft Design:
A Conceptual Approach" adli eserinde, inig takimlarmin ugak performansi iizerindeki etkilerini
vurgulamakta ve yapisal analizlerin 6nemini agiklamaktadir. Raymer, inis takimlarimin maruz kaldig
yiiklerin dogru analiz edilmesi gerektigini ve bu yiiklerin dayanikliligi etkiledigini belirtir. Caputo ve
digerlerinin (2018) yaptig1 ¢alismada, tek boyutlu ve {i¢ boyutlu olarak modeli olusturulan inis takiminin

sonlu elemanlar analizi (SEM) ile sonuglar1 kargilagtirilmustir.
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"Design And Strength Analysis of Nose Landing Gear" (Raju M ve digerleri, 2017) baslikli makalede burun
inis takiminin farkli malzemelerle yapilan sonlu elemanlar analizinde deformasyon, gerilme, yorulma ve

titresim degerlerini kiyaslamiglardir.

"Advanced Materials in Aerospace” (Mair, 1996) baslikli ¢alismada, hafif ancak yiiksek mukavemetli
malzemelerin inis takimi tasariminda nasil kullanildigimi incelemistir. Ozellikle aliiminyum alagimlari,

titanyum malzemelerin inig takimi tasarimda sikea tercih edildiginden bahsetmektedir.

2. GEOMETRI

Inis takimi birgok yapidan meydana gelmektedir. Inis takimu tiplerine gore parcalar degismektedir. Bu
makalede {i¢ tekerlekli bisiklet model inis takimi iizerinde analiz uygulanacaktir. Sekil 1’de burun inig
takimi geometrisi gosterilmektedir. Tork iletim pargasi inis takiminin doniis hareketlerini kontrol etmeye
yarayan 6nemli bir parcadir. Inis takimmin stabilitesini artirarak, inis sirasinda veya taksi yaparken
olusabilecek titresimleri ve sallantilar1 azaltir. Ayrica inis takim iizerindeki yiikiin dagitilmasini saglayarak
denge saglamaya yardimei olur. Tork iletim pargasi, inig takiminin giivenligi ve etkinligi agisindan kritik
bir bilesendir. Inis sirasinda veya taksi yaparken olusabilecek mekanik sorunlar1 ve asir1 yiiklenmeleri

onleyerek, ugak operasyonlarinin giivenligini artirir (Smith ve John, 2021).

Yan Destek Kollar1

Ana Dikme

Ust Tork fletim Parcas1
Sok Séniimleyici Silindir

Alt Tork letim Parcast

Catal

Sekil 1: Burun inis takimi geometrisi.
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3. SONLU ELEMANLAR METODU

Sonlu Elemanlar Metodu, karmasik yapilarin davraniglarini matematiksel olarak modellemek ve analiz
etmek i¢in kullanilan bir miihendislik aracidir. Bu yontem, bir yapiy1 veya malzemeyi kiigiik pargalara boler,
her bir elemanin davranisini diferansiyel denklemlerle ifade eder ve sonugta genis bir sistem olusturur. Bu
metodun temel amaci, bir yap1 veya malzemenin gerilme, deformasyon, sicaklik dagilimi gibi 6nemli
parametrelerini belirlemek ve bu parametrelerin ¢esitli ¢alisma kosullarinda nasil degisecegini tahmin
etmektir. Bu sayede, bir yap1 veya malzeme tasariminin optimize edilmesi, dayanikliligin artirilmasi ve

glivenlik faktorlerinin belirlenmesi saglanir (Giiler ve Sen, 2016).

3.1. Geometrinin Modellenmesi
Inis takimi tork iletim parcasi, bir inis takimimin en dnemli alt elemanlarindan birisidir. Inis takiminin yiik
tagima kapasitesini artirarak inis ve taksi sirasinda olusan kuvvetlerin diizgiin bir sekilde dagitilmasina

yardimci pargasidir. Tork iletim par¢ast CATIA V5 programu ile tasarlanmustir (Sekil 2).

Sekil 2: Burun inis takimu tork iletim pargalart.

3.2. Mesh

Inis takimu tork iletim parcasinin analiz edilebilmesi i¢in en dnemli kisimlardan biriside mesh yapisinin
dogru olusturulmasidir. Olusturulan mesh yapisi analiz sonuglarini dogrudan etkilemektedir. Yeterince iyi
bir mesh yapisi olusturulamazsa analiz sonuclarinda ¢ikan degerler saglikli olmayacaktir. Bu durum
dogrudan tasarim etkileyebilmektedir. Kalite parametrelerine dikkat edilerek mesh yapis1 olusturulmustur

(Sekil 3). Mesh islemi yapildiktan sonra mesh kalite parametrelerinden aspect ratio (boyut orani) ve
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skewness (carpiklik) degerleri kontrol edilmistir. Skewness degeri 0 ile 1 arasinda degismektedir. ideal
ortalama deger 0,25’ altinda olmalidir fakat 0,5’in altinda olmas1 genellikle kabul edilebilir olarak kabul
gormektedir. 0,9’un lizerindeki skewness degerleri ise ¢oziim dogrulugunu ciddi sekilde etkilemektedir
(Aydin ve Ozkol, 2022). Analizde uygulanan mesh yapisinin skewness degeri ortalama 0,24’diir. Bu deger
ideal bir ¢arpiklik degerine sahip oldugunu bizlere gostermistir. Aspect ratio degeri bir elemanin en uzun
kenarinin en kisa kenarma oranidir. Ideal ortalama deger 1’e yakin olmalidir. Fakat 1 ile 5 arasindaki
degerlerde kabul edilebilirdir (Aydin ve Ozkol, 2022). Analizde uygulanan mesh yapisinin aspect ratio

degeri ortalama 1,87°dir. Bu deger ideal bir boyut oran1 degerine sahip oldugunu bizlere géstermistir.

00 50,00 mi,oc (mm) %

25,00 75,00

Sekil 3: Mesh yapist.

3.3. Yiik ve Sinir Sartlart

Yapilacak analizin sonuglarini ve dogrulugunu etkileyen bir bagka 6nemli noktada analiz yapilirken girilen
sinir kosullar1 ve yiiklerdir. Bu sebepten sinir sartlari analiz yapilirken dogru tanimlanmalidir. Burun inisg
takimu tork iletim pargasinin analizi igin ugagin maksimum kalkis agirlhigi referans alinmistir. Burun inis
takiminin tagiyabilecegi yiik inis takimi tasarimi i¢in gerekli olan mesafelere gore hesaplanmaktadir
(Cizelge 1). Bu ¢izelgeye gore maksimum ucak agirligt W, 166700 Newton’dur. Burun inis takimina
gelecek yiikler asagida verilen Denklem 1 ve Denklem 2 esitlikleriyle hesaplanmaktadir. Denklem 1’e gore
burun inis takimi {izerine gelen maksimum statik yiik 54100 Newton olarak hesaplanmistir. Denklem 2’¢
gore dinamik yiik 10354 Newton olarak hesaplanmistir. Denklem 3’e gore ise burun inis takimina gelen net
dikey yiik 64454 Newton’dur (Cizelge 2).

W(F-L
Fstatik = (F ) @
10w
Fainamix = 5357 )
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Fburun net dikey yik = Fstatik + Fdinamik (3)
! |
|
| . |
! i : |
: i |
I F | | !
. ] J
I ' { i
i .. !
! N | On CG ! Mo
: © & !
! i Arka CG |
: - !
: L | |
I ! !
|
Burun inis Takimi Ana inis Takimi

Sekil 4: Inis takimlar1 yerlesimi.

Cizelge 1: Inis takin tasarim icin gerekli olan mesafeler.

Burun inis Burun inis Burun inis takimi Ana inis Ucak govdesi ile
takimu ile ana takimu ile 6n ile arka agirhk takim ile inis takimlar
inis takim agirhk merkezi merkezi arasindaki  arka agirhk arasindaki
arasindaki arasindaki mesafe (N) merkezi mesafe (J)
mesafe (F) mesafe (L) arasindaki

mesafe (M)
5m 3,378m 3,62m 1,38m im

Cizelge 2: Burun inig takimi {izerine uygulanan yiik ve parametreler.

Parametre Deger
Ugak kalkis agirhigi 17000 kg
I:statik 54100 N
Fdinamik 10354 N
Fuet dikey yiik 64454 N

Tork iletim parcasina uygulanacak dikey yiik iki kola esit olarak boliinmiis sekilde uygulanmistir. iki tork
iletim parcasi arasinda pim baglantisi olacagi i¢in silindirik destek tanimlanmistir. Donme hareketi serbest

birakilmigtir (Sekil 5).
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z\<
000 50,00 100,00 (rm) X

25,00 75,00

Sekil 5: Sinir gartlar1 ve yiikler.

3.4. Malzeme Tanimlanmast

Burun inis takimi tork iletim par¢asina malzeme se¢imi yapilirken malzemelerin mekanik ozellikleri,
fiziksel ozellikleri, korozyon dayanimi gibi kriterler incelenerek segilmistir. Havacilik sektoriinde yaygin
olarak kullanilan PH13-8 Mo ¢eligi, Titanyum Ti-6Al-4V alasimi, Aliminyum 7075 alasimi, 15-5 PH ¢eligi
ve AISI 4340 celik malzemeleri kullanilmistir. Analiz sonuglarina gore yiiksek dayanim, hafiflik gibi
kriterler incelenerek uygun malzeme belirlenecektir. Analizde kullanilacak malzeme bilgileri ¢izelgeye

islenmistir (Cizelge 3-4).

Cizelge 3: Malzeme 6zellikleri (Aydin ve Ozkol, 2022).

Malzeme Yogunluk Elastisite Poisson Oram Dayanim (MPa)
(kg/m?) Modiilii (MPa)
Cekme Akma
Dayanim Dayanim
PH13-8 Mo 7.8 221000 0,28 1480 1415
AISI 4340 7,7 200000 0,29 1792 1496
Ti-6Al-4V 4,43 113800 0,37 960 880
Al 7075 2,81 70960 0,33 572 503

Cizelge 4: 15-5 PH malzeme 6zellikleri (Aircraft Materials, 2021).

Malzeme Yogunluk Elastisite Poisson Orant  Dayamim (MPa)
(kg/m?3) Modiilii (MPa)
Cekme Akma
Dayanim Dayanim
15-5 PH 7.8 190000 0,28 1200 1140
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4. SONUCLAR VE TARTISMA

Gerilme analizi, montajlarin yapisal gilivenligi ve biitiinligiinin degerlendirilmesinde kritik bir rol
oynamaktadir. Onceden tahmin edilen gerilme degerleri, uygun malzeme se¢imi ve geometrik boyutlarin
belirlenmesine yardimei olur. Giivenlik faktorlerinin hesaplanmasiyla birlikte, gerilme tahminleri yapilarin
boyutlarinin optimize edilmesini saglar. Giivenlik faktorii, tasarlanan yapinin giivenlik marjin1 yansitarak,
yapinin ne kadar saglam tasarlandigini ve bilesenlerinin ne kadar giivenli oldugunu belirler. Bu ¢alismada,
belirli bir yiikii tagiyabilecek farkli malzemelerin kapasiteleri analiz edilmistir ve ayrica yer degistirme
analizleri de bu degerlendirmede incelenmistir. PH13-8 Mo ¢eligi (Sekil 6-7), 15-5 PH ¢eligi (Sekil 8-9),
Al 7075 alagimu (Sekil 10-11), Ti-6Al-4V alasimi (Sekil 12-13), AISI 4340 geligi (Sekil 14-15) malzemesi

kullanildiginda olusan gerilme ve deformasyon miktarlar1 gorsellestirilmistir.

10042
86,070
71,732
57,386
3,0

23,603 2
14,347 @,
0,00049598 Min

X

0,00 100,00 200,00 {mrm)
50,00 150,00

Sekil 6: PH13-8 Mo malzeme VVon-Mises gerilme analiz sonuglari.

030573
0,22929
0,15286
0,076431
4,3574e-10 Min

0,00 100,00 200,00 (mm)
50,00 150,00

Sekil 7: PH13-8 Mo malzeme deformasyon analiz sonuglari.
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94,15
80,701

67,252
53,302 7T

40,353

26,903 Z ¢
13,454

0,0040985 Min .

0,00 100,00 200,00 (mm)
50,00 150,00

Sekil 8: 15-5 PH malzeme Von-Mises gerilme analiz sonuglari.

0,01674
001116
0,0055801
2,8461e-7 Min

0,00 100,00 200,00 (mm)
50,00 150,00

Sekil 9: 15-5 PH malzeme deformasyon analiz sonuglari.

86,149
71,791
57,433
23,075
28,717
14,359 ax e ©
0,0011111 Min
X
0,00 100,00 200,00 (mm)
50,00 150,00

Sekil 10: Al 7075 Von-Mises gerilme analiz sonuglar.
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09163

0,68722
045815
0,22907

0,00 100,00 200,00 (rm)
50,00 150,00

Sekil 11: Al 7075 malzeme deformasyon analiz sonuglari.

7,
Ma;

57,56
217 ¥
2878
14,301 z L]
0,0007784 Min
0,00 100,00 200,00 (rarr)
— =
50,00 150,00

Sekil 12: Ti-6Al-4V malzeme Von-Mises gerilme analiz sonuglart.

1,1513e-9 Min

0,00 100,00 200,00 (mm)
=5
50,00 150,00

Sekil 13: Ti-6Al-4V malzeme deformasyon analiz sonuglar.
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71,733 M ‘ )
57,387 y

43,04

28,634
14,347 z ®
0,0006308 Min

X

0,00 100,00 200,00 (rim)
[ — ]
50,00 150,00

Sekil 14: AlSI 4340 malzeme Von-Mises gerilme analiz sonuglari.

5,4796e-10 Min dax o
%X

0,00 100,00 200,00 (rmim)
50,00 150,00

Sekil 15: AISI 4340 malzeme deformasyon analiz sonuglari.

Yapilan analiz sonucunda elde edilen gerilme degerlerinin anlamlandirilabilmesi i¢cin emniyet faktorii
hesaplanir. Emniyet faktorii malzeme akma dayaniminin analiz sonucu okunan maksimum gerilmeye
boliinmesi ile bulunur. Emniyet pay1 ise emniyet faktériinden bir g¢ikartilmasi ile bulunur. Elde edilen
sonuglara gore emniyet faktoriiniin 1’den, emniyet payinin ise 0’dan biiyiik olmasi beklenir (Smith ve Jones,

2010).

Akma Dayanimi
4)

Emniyet Faktori = - -
Maksimum Gerilme
. Akma D
Emniyet Payt = maZayanm 1 (5)

Maksimum Gerilme
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Cizelge 5: Analizde kullanilacak malzemelerin &zelliklerinin kargilagtirilmasi.

Malzeme Yogunluk Agirhk Deformasyon Max.Dayammim  Emniyet
(kg/m?) (kg) (mm) (MPa) Faktorii

PH13-8 Mo 7,8 3,306 0,917 215,2 6,575

Al 7075 2,81 0,922 2,749 215,37 2,335

15-5PH 7,8 3,306 0,067 215,2 5,297

Ti-6Al-4V 4,43 1,875 1,612 215,85 4,076

AIlSI 4340 7,7 3,260 1,008 215,2 6,951

5. SONUC

Bu c¢alismada bir inis takimi iizerinde bulunan tork iletim pargalarmmin sonlu elemanlar analizi
gerceklestirilmistir. Burun inis takimi {izerine uygulanacak kritik inis kosullar1 belirlenmis ve yiik
hesaplamalar1 yapilmigtir. Tork iletim parcalart arasindaki temas iligkileri tanimlanmis ve analiz
gerceklestirilmistir. Gerilme analiz sonuglar1 incelendigini bes farklt malzemede de benzer sonuglar ¢iktigi
gbzlenmistir (Cizelge 5). Fakat deformasyon sonuglari incelendiginde en ¢ok Al 7075 malzemesinde 2,749
mm deformasyon gerceklesirken, en az 15-5 PH ¢elik malzemesinde 0,067 mm deformasyon
gerceklesmistir. Yogunluk parametresine gore inceleme yaptigimizda en hafif malzeme Al 7075 olurken,
en agir malzeme PH13-8 ve 15-5PH olarak tespit edilmistir. Emniyet faktorii degerleri incelendiginde ise
biitiin malzemeler havacilik emniyet katsayilarina gore emniyetli bulunmustur. Biitiin bu sonuglar ve
parametreler incelendiginde havacilik alaninda malzemelerdeki dayanim ve deformasyon dnemli oldugu
icin burun inig takim tork iletim parcalarinin malzemesine en uygun 15-5 PH oldugu tespit edilmistir.
Parcalarin agirligini azaltmak icin gelecek calismalarda topoloji optimizasyonlar1 uygulanarak parcalar
iizerinde bosaltmalar yapilabilir. Ayrica Al 7075 malzemesi kullanildiginda olusan deformasyonu 6énlemek
icin tasarim iizerinde iyilestirmeler yaparak deformasyon miktar1 azaltilirsa agirlik yoniinden Al 7075

kullanim1 uygun olacaktir.

CIKAR CATISMASI BEYANI

Yazarlar arasinda ¢ikar ¢atigmasi1 bulunmamaktadir.

YAZARLARIN KATKILARI

E.S.: Yontem, yazilim, dogrulama, arastirma, kaynaklar, yazi yazma.

C.E.: Yontem, yazilim, dogrulama, arastirma, kaynaklar, gézden gecirme ve diizenleme.
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ABSTRACT

This study investigates sustainable material selection in industrial design and sustainable design, focusing
on electric vehicle (EV) charging stations to address emissions. Through an extensive literature review and
market analysis, the research highlights the critical importance of sustainable practices amid evolving
environmental concerns. The study identifies polycarbonate (PC) as the primary material used in AC
charging stations and explores alternatives to reduce emissions. Acrylonitrile butadiene styrene (ABS)
emerges as a promising alternative, given its compatibility with PC and established industrial usage.
Utilizing the rule of mixture approach, various ABS-PC combinations undergo thorough analysis to assess
their impact on emissions, density, mass, mechanical properties, and safety factors. Optimal mixtures are
identified based on safety factor values, which determine the part's lifespan under environmental conditions.
Implementation of these identified mixtures has the potential to significantly reduce emissions per product,
thereby advancing sustainability goals within the EV charging station domain. This study offers a
comprehensive framework for designers and engineers to navigate sustainable material selection,
advocating for the integration of sustainability considerations into design processes to promote
environmental stewardship and sustainable development in the manufacturing sector.

Keywords: Sustainability; Industrial Design; Sustainable Design; Safety Factor; Rule of Mixture

Siirdiriilebilirlik ve Endiistriyel Tasarim: AC Elektrikli Ara¢ Sarj Cihazlar
Malzeme Se¢imi Uzerine Calisma

0z

Bu c¢alisma, elektrikli ara¢ (EV) sarj istasyonlari1 kaynakli emisyonlara odaklanarak endiistriyel tasarim ve
stirdiiriilebilir tasarim {izerinden siirdiiriilebilir malzeme se¢imini aragtirmaktadir. Kapsamli literatiir
taramas1 ve pazar analizi yoluyla, gelisen ¢evresel kaygilar karsisinda siirdiiriilebilir uygulamalarin kritik
oneminin alt1 ¢izilmektedir. AC sarj istasyonlarinda kullanilan baslica malzeme olarak polikarbonat (PC)
ele alinmig ve emisyonlari azaltmak icin alternatifleri arastirilmugtir. Akrilonitril biitadien stiren (ABS),
polikarbonat ile uyumlulugu ve endiistriyel kullanimiyla dikkat ¢eken bir alternatif olarak ortaya ¢ikmistir.
Karisim kurali yaklagimi kullanilarak, ¢esitli ABS-PC kombinasyonlari olusturulmus, emisyon, yogunluk,
kiitle, mekanik 6zellikler ve giivenlik faktorleri iizerine detayl analizlere tabi tutulmustur. Giivenlik faktorii
degerlerine dayanarak, parcanin ¢evresel kosullar altinda omriinii belirleyen optimal karigimlar tespit
edilmistir. Belirlenen karigimlarin uygulanmasi, iirlin basma emisyonlart onemli Olglide azaltma
potansiyeline sahip oldugu ve bu sayede EV sarj istasyonlari alaninda siirdiiriilebilirlik hedeflerine
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yaklasilabilecegini gostermistir. Calisma, tasarimcilar ve miihendisler igin siirdiiriilebilir malzeme
seciminde rehberlik saglayan kapsamli bir gergeve sunmus olup, endiistrinin ¢evresel yonetim ve imalat
tarafinda siirdiiriilebilir kalkinmay1 tesvik etmek amaciyla tasarim siireglerine siirdiiriilebilirlik
diisiincelerinin entegrasyonunu savunmaktadir.
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Karigim Kurali

*Corresponding Author: Mustafa CANBULAT 174
E-mail: canbulatmustafa@hotmail.com



Canbulat & Savag | Sustainability and Industrial Design: A Study on AC EV Chargers’ Material Selection

1. INTRODUCTION

In this study, research is conducted on sustainable material selection at the design stage in relation to raw
material emission analysis, industrial design and sustainable design for electric vehicle charging stations,
whose supply and demand have accelerated with the transition to electric vehicles. As a result of literature
and market research, material data will be obtained, emissions from AC electric vehicle charging stations
will be determined, material mixtures for a long product lifetime and sustainable use and solutions to reduce
emissions will be revealed as a result of analysis. Basic geometric calculations and the rule of mixture
approach will be used for this part. Also, it is an exemplary study to facilitate the material selection of
designers with thermal stress analysis and to make selections according to the emission and durability

relationship through design constraints.

With the increase of environmental disasters in the 20th century, the concept of sustainability has gained its
current meaning and importance with the definition of the WorldWatch Institute and has taken its place in
the international arena (Barbosa et al., 2014). As a result of this journey, which started with the increase in
mechanization and the Industrial Revolution, production accelerated and supply and demand increased in
direct proportion to each other. With easier access to products, the population growth rate has accelerated
(Lucas Jr., 2004). An increasing population has brought with it increased demand and therefore supply. For
this reason, mass production technologies have improved day by day and more efforts have been made for
high-capacity production. These situations mean that the linear economy is getting stronger, and resource
consumption has increased with the motto of “take, make, throw away” and therefore the demand for energy
has increased (Sterev, 2019). Increasing energy demand has increased global warming by directly triggering
greenhouse gas emissions, which is the world's biggest problem (Letcher, 2021). These events have required
technological innovations to reduce emissions, and an environment has been created in which these
problems can be overcome by making the policies and technologies developed by countries mandatory for

other countries.

In line with the Sustainable Development Goals, the United Nations has shared specific targets with the
global community to reduce emissions, encompassing political, human, and industrial aspects (United
Nations, 2023). On the other hand, the European Union has introduced concepts such as carbon taxes,
regulations, and emissions trading systems to reduce emissions, to prevent producers in its region from
suffering financial losses when producing green products, to reduce emissions, and to spread the concept of
sustainability all over the world. In this context, the O emission target, called "Net Zero" in line with the
European Union emission targets, has concerned and affected the countries that export products to Europe
(European Commission, 2023). If companies within the European Union are above a certain economic size,

it is mandatory to reduce the damage they cause to nature, and it has become an obligation to pay carbon
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taxes according to the emissions they create. In this context, the sectors and scopes affected by the relevant
regulations will continue to increase every year as of 2024. Along with these regulations, the fact that
companies from other countries that will export products to Europe will also pay carbon tax has raised
emission awareness all over the world and various regulations are being made to pay less carbon tax and

cause less damage to nature (Andersen and Ekins, 2009).

In addition to the policies developed to reduce emissions, technologies have also had to adapt to this
situation. In energy production, which is the sector that causes the most emissions globally, fossil fuel energy
production was intended to be reduced, and renewable energy production from the sun and wind is
encouraged. Since vehicles are one of the sectors where fossil fuel is used the most, electric vehicles have
been developed and launched under alternative fuel vehicle technologies. With the support and incentives
of policies in the global market, the conversion of vehicles to electric has been much faster than expected,
and supply and demand have grown rapidly (Thompson, 2023). On the one hand, steps are being taken to
reduce emissions, on the other hand, the world is struggling with the concept of sustainability with the
emissions of transformation brought about by change. While producing electric vehicles, plastics and metals
that are harmful to nature are produced, and the supply is trying to keep up with the demand, and continues
to increase emissions. In addition, due to battery technologies, production is limited in mines, which are
among the world's limited resources (Jones et al., 2020). Under the circular economy, the linear economy is
again applied. In order to be a fully circular economy, resources must be recycled instead of being depleted,
or must be destroyed without harming nature and produced without harming nature (Morseletto, 2020).
Implementing a 100% circular economy model among product manufacturers has become very difficult.
Due to issues such as water, energy and emissions, the models applied cannot be fully circular, but efforts

are made to be more circular.

The industrial design discipline has a wide range, from market research to data collection for product needs,
from design constraints and concept drawing to computer-aided design and prototype making, from product
life cycle services to machine-human interface design, from material selection and analysis for the product
to after-sales support and data collection (Industrial Designers Society of America, 2024). Within the scope
of this study, three design strategies will be investigated due to their global impact and importance in terms
of sustainability. These strategies are European Union Ecodesign, dematerialization, and green product

design.

1.1. Sustainable Design Strategies
The EcoDesign strategy has evolved over time, aiming to express product design that minimizes harm to
ecological life through various definitions. However, the multitude of approaches proposed by different

sources has made it challenging to measure the effectiveness of the EcoDesign approach, leading to
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discrepancies in the understanding of what EcoDesign entails. In response, the European Union Commission
has established regulations and defined specific criteria for EcoDesign, ensuring that products adhere to
measurable standards of environmental friendliness (European Commission, 2024). The EcoDesign
approach has also been given to the products of manufacturers and designers as an incentive label, thus
increasing the emphasis on studies in this field. Today, with the European Commission EcoDesign
approach, the product's reproducibility is examined in terms of how durable it is, its reusable features, the
ability to increase its features without changing the product, its repairability, the presence of non-cyclical
materials, energy and resource efficiency, recyclable content, reproducibility, carbon and other footprints in
the environment, and the damage it causes to nature is comprehensively determined. Based on these results,
it is determined whether the product will receive the EcoDesign label or not. Since it is defined that each
product will have a digital product passport within the framework of the relevant regulations of the European
Commission, it is known that such sustainability parameters of the products will also be recorded in this
passport (European Commission, 2024). In this sense, the EcoDesign strategy is not only an environmentally
friendly product design strategy, but also one of the design strategies that should be followed in order to be

least affected by the European Commission carbon tax regulations.

It is known that different sources have different approaches to sustainable product design strategies, and
another strategy that meets in a typical cluster and is known globally in terms of its widespread use is the
dematerialization strategy (Watkins et al., 2021). This strategy involves reducing the materials that need to
be used on the basis of product design and reducing the use of materials, including the packaging prepared
for the sale of the products (Mouéllic et al., 2023). In this strategy, where simplicity is prioritized in terms
of service design, the manufacturer will be able to reduce carbon tax, reduce emissions, and reduce material
and production expenses because it uses fewer materials. Since this strategy is also directly related to the
material focus used in the production of the products, it also includes designing the product with a
completely different material that will create fewer emissions, instead of the material determined in direct

proportion to emission reduction.

The green product design strategy involves designing new products within the framework of the circular
economy and the unsustainable damage that products cause to the environment. It includes the direct use of
green materials and the creation of environmentally friendly products (Xue et al., 2021). In this context, a
sustainable supply chain constitutes one of the important points of the green product design strategy. In
these cases, where indirect emissions such as scope-2 and scope-3 are also calculated and added to the
business in the emission calculations determined by the European Commission, the size of the emissions
occurring at the stages in the supply chain is also critical (European Commission, 2019). However, the green
product design strategy encompasses more than just minimizing the environmental impact of a product. It

also has social effects, which in turn contribute to increased profits. When a product is manufactured using
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a green product design strategy, both its sales price and quantity tend to rise, leading to higher profit margins
due to its popularity. The global increase in the number of environmentally conscious consumers, often
referred to as green consumers, further boosts the sales and profitability of green products. Therefore, the
green product design strategy involves not only calculating indirect emissions such as those from the supply
chain alongside direct emissions within the product life cycle but also adding the monetary equivalent of
these emissions to the product.

1.2. European Market and Known Brands for EV Chargers

Electric vehicles and electric vehicle charging stations, which stand out worldwide within the scope of
developing alternative fuel vehicles and reducing fossil fuel-based emissions, show today's new supply-
demand increase trend (Agamloh et al., 2020). This change in all vehicles used worldwide is accepted as a
market target, and in this sector, fossil fuel vehicles are being replaced by vehicles called electric vehicles,
which work by storing electrical energy. As the change occurred faster than expected, problems such as
emissions, supply and demand imbalances began to emerge. Due to various factors such as uninterrupted
mass production, cost and time, vehicles are not renewed and converted to electric, but are replaced by
electric vehicles produced from scratch. This situation has brought about the question of how sustainable
electric vehicles are (lonnides and Wall-Reinius, 2015). The fact that the demand for electric vehicle
charging stations has increased dramatically has enabled various products to be produced in various parts
of the world and sold in both regional and global markets.

When we look at what is happening, the mass production craze continues in the face of these moves made
by the world to get rid of emissions, and the consumption of finite resources, especially the mines required
for the production of energy storage units, is accelerating (Jones et al., 2020). The amount of thermoplastic
used outside of recycling also increases due to the market size. Reducing emissions is not a legal regulation
everywhere in the world, such as in the countries within the European Union (Baer, 2002). In those with

legal regulations, deterrent penalties are unavailable in all countries.

Charging at electric vehicle charging stations is carried out in two types: AC and DC. AC stands for
alternating current, while DC stands for direct current (Schwarzer and Ghorbani, 2015). However, due to
differences in infrastructure, cost and internal parts, AC and DC electric vehicle charging stations are quite
different in terms of price differences, materials and design (Kieldsen et al., 2016). While AC charging

stations are cheaper, smaller and portable, DC charging stations are larger and consist of metal structures.

According to International Energy Agency data, by the end of 2022, 600.000 AC electric vehicle charging
stations have been installed in public areas (International Energy Agency, 2023). While 360.000 of these

were installed in China, it was observed that China had more than 1 million stocks in terms of global market
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stock. It has been stated that by the end of 2022, more than half of the AC electric vehicle charging station
product stocks in the world market are in China. According to the International Energy Agency 2022 year-
end data, it is stated that there are more than 117.000 stock AC electric vehicle charging stations in the
Netherlands, 74.000 in France, and more than 64.000 in Germany.

Within the scope of market research, research was conducted on the products available in the market and
the technical features and optional features of these products. According to the research, the main AC
electric vehicle charging stations operating within the European Union countries were selected (Sevdari,
2020). The reason for this selection was the European Union, which has a remarkable goal of reducing
emissions when viewed globally. The European Union wants to reduce greenhouse gas emissions by around
55% which is in line with its 2030 targets (European Commission, 2020). Accordingly, the products selected
within the scope of market research are; ABB- Terra, EVBox- BusinessLine, Kempower- AC Satellite,
Schneider Electric- EVIink ProAC, and Siemens — VersiCharge.

ABB-Terra product has single-phase and three-phase features and can provide products up to 22 kW in the
AC electric vehicle charging station category (ABB, 2022). It has the IP54 standard. The EVBox —
BusinessLine product has been introduced to the market with up to 22 kW per socket (EVBox, 2023). The
product’s IP rating is 45. The Kempower-AC Satellite product appears as a floor-mounted product with an
aluminum frame (Kempower, 2024). Apart from the protection standard of IP 54, the product is also
marketed as a DC Charger with a similar design. The Schneider Electric- EVIink Pro AC product is
produced with polycarbonate material with IP55 protection standard (Schneider Electric, 2023a). The
Siemens — VersiCharge product is an AC electric vehicle charging station, which has single phase AC output
upto 11.5 kW (Siemens, 2023). The IP standard is a protection rating called “Ingress Protection”. According
to this rating, the deterioration of electrical and electronic products due to sand or water ingress was intended
to be bound to a certain standard. Accordingly, it is stated to what extent the products can withstand water

or sand (International Electrotechnical Commission, 2024).

Table 1: Selected Products and General Specifications.

Product Names Product Dimensions (Width x Length Body Material Net Weight
X Height (mm))
ABB- Terra 195 x 320 x 110 * 4.1 KG
EVBox- BusinessLine 205 x 255 x 600 Polycarbonate 10 KG
Kempower- AC Satellite 300 x 300 x 1518 Aluminium 33KG
Schneider Electric-

EVIink ProAC 317 x 153 x 529 Polycarbonate 7.2 KG
Siemens — VersiCharge 181 x 96 x 409 ** 7.7 KG

The information obtained from researching the products determined within the scope of market research

and extracting their technical data is given in Table 1. Accordingly, it has been observed that companies in
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the European Union market use thermoplastic material in the outer body in the production of AC charging
stations. When looking at these materials in general, polycarbonate comes to the fore, while ABS, namely
acrylonitrile butadiene styrene and various mixtures are also used, varying according to the usage and
performance demands of the companies (Greco, 1996).

2. METHODS AND ANALYSIS

A literature review was conducted on the selected AC electric vehicle charging station products to select
sample materials for the product to be designed industrially under sustainable design. With the data obtained
from this, the materials used in the AC electric vehicle charging station were determined. As a result of the
literature review, detailed material usage data for sustainability was obtained for one of the products
researched. Within the scope of the study, in order to select the material used on the body of the product in
accordance with the European Commission EcoDesign parameters, the raw material emission of the
product, whose data is available, is calculated with the CCaL.C 2 software and constitutes the constraint in
this study. With this constraint, the optimum material that will reduce emission values and provide a longer
product lifetime according to the design features will be determined at the design stage. According to the
physical properties of the materials, the optimum mixture is calculated by a theoretical calculation called
the "Rule of Mixture" (Wongpajan et al., 2016). According to the resulting optimum material and emission
values, it is aimed to conduct a theoretical study that will guide designers on sustainable material selection
before mass production or engineering design. The target will be achieved by using the Autodesk Fusion360
software in the material properties to be analyzed in the study and parameters such as mass and volume to

be obtained based on the geometric features of the design.

Two main software programs were used in this study. One of them is Computer aided Design (CAD)
software for engineering and design, and the second is for emission calculations. Autodesk Fusion360 is
CAD software that allows for basic static and dynamic analyses. It has an embedded and expandable
material library. While the software offers free usage for academic studies, it is a paid software for industry.
The CCaLC 2 open-source software was used for material emission calculations and access to the Ecolnvent
Material Database based on material sources. This software was developed by the University of Manchester
and does not charge any fees. However, the Ecolnvent Material Database is a paid database, and access to
it through the CCaLC 2 software is limited and free.

In Autodesk Fusion 360, which facilitates the definition of materials and submission for analysis on the

designed part, material selection is done as shown in Figure 1.
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Figure 1. Autodesk Fusion360 Material Selection

When defining the material for the designed part, click on the 'Physical Material' section, select the desired
material from the opened material library, and then drag and drop it onto the part to be defined, as shown in
Figure 1.
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Figure 2. Autodesk Fusion360 Material Properties
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As shown in Figure 2, by right-clicking and selecting the edit button, the properties of the desired material
can be modified or its details viewed. Additionally, a new material not available in the library can be
manually added, allowing for the definition of a new material by changing its name and all its mechanical
and thermal properties.
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Figure 3. Autodesk Fusion360 Material Editor

Figure 3 displays the basic mechanical and thermal properties of the ABS material defined for calculations
and obtained from the Autodesk Fusion 360 Material Library. New materials can be defined by performing

the edit operation from this screen.
While raw material emission calculations are made with the CCaLC 2 software,
Y. C0,(kg) = Emissions per Kg x Used Raw Material (Kg) Q)

Equation is used to find results (Canbulat and Savas, 2023). Using this equation (1), the emissions caused
by the use of raw material will be revealed according to the amount and type of material used. The Rule of
Mixture equation is (Wongpajan et al., 2016),

BY =V, B + VB, )
13¢ refers to the predicted property of the mixture, V¢ and V;, indicate the percentage ratios of the mixtures,

3¢ and f3,,, indicate the values of the desired properties of the materials to be mixed (2). Apart from the

products in the literature review, the volume will be determined based on the material used, and this will

strengthen the estimation aspect of the study as a parameter in terms of the weight and lightness of the
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material in the optimum material selection. The equation to be used for the material density (d), mass (m),
volume (V) relationship (Hawkes, 2004),

m=Vxd 3)

In this equation, m stands for mass, V stands for volume, and d stands for density (3). In choosing the
optimum material, the mixture ratios will be evaluated in terms of density, weight, CO? emissions, tensile
strength, yield strength and safety factor, and the safety factor value will be analyzed with the material to
be defined on plates with 3 mm wall thickness and 1000 mm width, according to the working coefficient
under atmospheric conditions. Since the load on the part will not be defined, only atmospheric conditions
will be defined and analysis will be made by establishing a relationship between how much it can be used
under these conditions and the safety factor.

Safety factor value calculations are of critical importance in Computer Aided Design (CAD) and analysis
software. It shows the state of the part under load or stress according to a certain score by calculating the
time when disintegration will begin. The equation used on the basis of the calculations is (Niklas, 2000),

Breaking Stress

Safety Factor = 4)

Load Capability

With given equation (4), safety factor values will be calculated. The product for which detailed information
was obtained in terms of material and emission values in the literature research is Schneider Electric-EVIink
ProAC.

According to the information obtained for the AC electric vehicle charging station product, the mass of the
product, including its accessories and carrying box, is given as 8674 grams, approximately. The product
transport box, made of 100% cardboard, weighs 1480 grams, according to the information given. In addition
to the total mass of the product, 2.5 grams of battery, 555 grams of electronic card, and 25 grams of
electrolyte capacitor masses are given. According to the information given, it is understood that the product
tries to comply with EcoDesign design criteria and that the company wants to complete the design with a
more environmentally friendly approach. The relevant sustainability information, the recycling potential is
given as 76%, and this calculation is based on the “ECO’DEEE recyclability and recoverability calculation
method, version V1, 20 Sep. It was stated that it was made within the scope of “2008 presented to the French
Agency for Environment and Energy Management: ADEME” (Schneider Electric, 2023a; 2023b; 2023c).
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Schneider Electric- EVlink ProAC
Materials

B PC Polycarbonate
W PA Polyamide
M PE Polyethylene
HPVC
M Cardboard
M Electronic Parts
M Paper
B Other Parts

Steel

N Copper

W Brass
0107 Stainless Steel
Iran Alloys

Aluminium

Figure 4. Materials and Percentages of the Selected Product (Schneider Electric, 2023a)

Figure 4 shows the material percentage distribution for the product for which detailed material data is
available.

Table 2. ABS and PC Material Specifications

Materials Density | Overall  Emissions | Tensile Yield Strength
(g/cm?) (Kg/CO? Strength

ABS 1.06 4.40 29.6 MPa 20 MPa

PC 1.2 7.79 68.9 MPa 62.01 MPa

As a result of the literature review, Table 2 is made according to Autodesk Fusion 360 material library.
While the emission per kilogram of the ABS material is lower than the PC material, it is understood that the
PC material is much superior in performance criteria. This means that a mixture between the two materials
will be effective in finding the desired properties. By mixing two opposite features, it will be possible to

achieve optimum results.

3. FINDINGS

According to the research and information obtained, polycarbonate is generally chosen as the material used
in the shell structure of the electric vehicle charging station. According to the material distribution given in
Figure 4, it was concluded that 3878.62 grams of polycarbonate was used. Including parts such as battery,
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electronic card, electrolyte capacitor, the total mass of the product is 9256.85 grams. When we look at the
general thermoplastic usage, it is seen that 944.19 grams of polyamide, 64.79 grams of polyethylene, 9.25
grams of PVC and 3878.62 grams of polycarbonate are used, and the total thermoplastic usage is 4896.85
grams. In the situation where polycarbonate usage is 3878.62 grams,

3878.62 =1.2xV (5)

With this calculation, V will be resulted as 3232.183 cm?® (5). The material mixtures to be used to obtain
this geometry and their density ratios are given in table 3. The mass was determined according to the density
of the mixture, and total emissions were calculated according to this mass. With the Rule of Mixture
approach, calculations were made for tensile and yield strength values according to the mixture, and finally,
the stage of creating safety factor values with thermal stress analysis was started. At this stage, definitions
were made under room temperature conditions of 25°C as a restriction to the study. 25°C is also a standard
reference point for the International Organization for Standardization (ISO) and ASTM Standards
(Shackelford, 2014).

Within the framework of the restrictions, in order for the volume value of the plate with a thickness of 3
mm and a width of 1000 mm to reach 3232.183 cm?,

0,3 cm x 100 cm = 30 cm?
3232.183 /30 = 107.739 cm (6)

The third measure can be found using this equation (6).

© PROPERTEES

Bodies (1)

Area 2.167E+06 mm"2
Density 0.001 g/ mm"3
Mass 3878604 g
Volume 3.232E+06 mm"3

Physical Material  Polycarbonate, Clear

Appearance Polycarbonate (Clear)

» Bounding Box
Center of Mass 450.00 mm, 1.50 mm, 458.695...
» Moment of Inertia at Center of Mass (g m...

P Moment of Inertia at Origin (g mm*2)

Figure 5. Part Form to be Analyzed Under Atmospheric Conditions
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The form, based on the measurements specified in the calculations, is provided in Figure 5.

' .
Max: 1500 T~

800+
Load Casel

700
Safety Factor -

fo

6.00

500

400

3.00

Max

Figure 6. Plate Included in Safety Factor Analysis

The plate shown in Figure 6 was mounted on the wall on a single surface and subjected to a temperature of
25°C. The plate in the image belongs to the part made of 100% ABS material and shows the distribution of

thermal stress.

Table 3. Rule of Mixture Results for ABS and PC

ABS PC (Rate of | Density Overall Overall Tensile Yield Min.
(Rate of Mixture) (g/cmd) Weight (g) Emissions Strength Strength | Safety
Mixture) (Kg/ CO?) Factor

0 100 1.2 3878.6196 30.214 68.9 62.01

10 90 1.186 3833.369038 28.561 64.97 57.809

1.172 3788.118476 26.94 61.04 53.608

1.158 3742.867914 25.349 57.11 49.407

1.144 3697.617352 23.789 53.18 45.206

50 50 1.13 3652.36679 22.26 49.25 41.005

60 40 1.116 3607.116228 20.761 45.32 36.804

70 30 1.102 3561.865666 19.294 41.39 32.603

80 20 1.088 3516.615104 17.856 37.46 28.402
90 10 1.074 3471.364542 16.45 33.53 24.201 2.772
100 0 1.06 3426.11398 15.074 29.6 20 2.312

In Table 3, While calculating the minimum safety factor value, not only mechanical properties but also
thermal conductivity (W/(m.K), specific heat (J/(g.°C), thermal expansion coefficient um/(m+°C)
parameters were included in the calculations. In addition, young's modulus (GPa) was added to the

mechanical parameters and safety factor results were obtained.
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4. CONCLUSIONS

An example study on material selection in sustainable industrial design was carried out by making it easier
for designers to choose materials and by making it possible to select these materials within the scope of their
emission values. In this study, comprehensive literature research was conducted to analyze AC Charger
products widely used in Europe in 2022. The analysis aimed to ensure that the material selection for the
industrial design of the AC Charger was sustainable. According to the literature, polycarbonate emerged as
the most common material. To effectively reduce emissions associated with polycarbonate, ABS, another
widely used and mixable material in the industry, was chosen as an alternative. ABS and PC materials were
mixed with the rule of mixture approach, and analysis was carried out on all possible mixtures with 10-point
changes, and emission, density, mass, tensile strength, yield strength and safety factor results were
determined for each mixture. According to the analysis results provided in Table 3, materials with safety
factor values between 1 and 3 were found to be inadequate. Safety factor values between 3 and 6 were
deemed optimal, while values of 6 and above were considered excessive in terms of price-to-performance
ratio, indicating that they are overly robust and costly selections, hence unnecessary for the application.
Since safety factor points and colors vary depending on the CAD software, part dimensions and materials,
the colors that the software gives to the points are more important than the numerical values of the points.
This situation can also be seen in Figure 6.

Since the basis of the study is to make it easier and more accurate for designers to choose the optimum
material, the elimination stage should be started after the mixture tables are prepared, as in Table 3. At this
stage, it has been shown that when proceeding with the safety factor, only mixtures with green values can
be selected, and when it is desired not to be below specific durability values, the options can be reduced by
making eliminations colored in yellow in the table. For example, if tensile strength requirements of 50 MPa
and above and yield strength requirements of 45 MPa and above were a constraint for AC Charger product
design, it is seen that only three mixtures meet these conditions and these are expressed in green color in
the mixture percentages. Considering these three mixture options, if one of these three mixtures is used
instead of a product produced entirely from PC material, the emission per product body can decrease from

30.214 kg/CO? to 23.789 kg/CO?, that is, the emission per product can decrease by approximately 21.5%.

With this approach, a solution that requires basic physics and mathematics knowledge, which can be applied
to the work of all industrial designers, designers and engineers who will design concept industrial products,
has been presented to the literature. In this study, the method was used only for thermoplastic materials due
to the external body materials of the AC Chargers, and they should not be used in application studies without

researching the availability of the mixtures in the market.
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RECOMMENDATIONS

The application stages are given as suggestions to designers and engineers in the industrial or academic
world who will implement this study. From this point on, the text continues by naming designers and

engineers as practitioners.

Practitioners should determine the mechanical and thermal property constraints of the product for which
they will define the material selection approach before starting the analysis. Then, the thermoplastic
materials they will use or can be used should be determined, and their supply availability in the market
should be examined. While the rule of mixture approach can be applied to both mechanical and thermal

properties, it can also be used for industry as it can be applied to the price per kilogram.

Raw material emissions should also be determined by the CCaLC2 software, and the mixtures and their
properties should be clearly revealed in the table to be created. Since safety factor analysis is required for
each mixture, the safety factor value for each mixture must be determined by defining it on the designed

part and performing thermal stress analysis under atmospheric conditions (25 °C and defined gravity).

It should be kept in mind that taking a safety factor analysis directly from the CAD form for the designed
product will bring the results closer to reality.

ACKNOWLEDGEMENTS

We thank Rudis F&E GmbH for their technical assistance with the key features of electric vehicle charging

stations.

CONFLICT OF INTEREST

The author stated that there are no conflicts of interest regarding the publication of this article.

CONTRIBUTIONS OF AUTHORS

M.C.: Conceptualization, Methodology, Formal Analysis & Writing, Investigation, Resources.
A.F.S.: CAD & CAS Analysis, Validation, Draft Preparations.

REFERENCES

ABB. (2022). Terra AC Wallbox [Brochure]. Retrieved from https://library.abb.com/d/9AKK107680A2257

Agamloh, E., Jouanne, V. A., Yokochi, A. (2020). An Overview of Electric Machine Trends in Modern Electric
Vehicles. Machines, 8(2): 20. doi: 10.3390/machines8020020

Andersen, M. S. & Ekins, P. (2009). Carbon-Energy Taxation: Lessons from Europe. Oxford University Press, 241-

188



Canbulat & Savag | Sustainability and Industrial Design: A Study on AC EV Chargers’ Material Selection

260.

Baer P. (2002). Equity, Greenhouse Gas Emissions, and Global Common Resources. Part V. Development And Equity,
Stanford University, 393-408. Retrieved from
https://stephenschneider.stanford.edu/Publications/PDF_Papers/15-Ch15(393-408).pdf

Barbosa, G. S., Drach, P. R., Corbella, O. D. (2014). A Conceptual Review of the Terms Sustainable Development
and Sustainability. International Journal of Social Sciences, 111(2), 01-15.

Canbulat, M. and Savas, A. F. (2023). Siirdiiriilebilir Tasarim ve Elektrikli Arac Sarj istasyonlar1, A. Bilgig, S. Balbay
(eds.), Endiistriyel Siirdiiriilebilirlik ve Dongiisel Ekonomi Uygulamalari: Diinyadan ve Tiirkiye'den Yesil
Déniisiim Ornekleri, Ankara: Detay Yayincilik, 1-16.

European Commission. (2024). Ecodesign for Sustainable Products Regulation. Retrieved from
https://commission.europa.eu/energy-climate-change-environment/standards-tools-and-labels/products-
labelling-rules-and-requirements/sustainable-products/ecodesign-sustainable-products-regulation_en

European Commission. (2023). Carbon Border Adjustment Mechanism. Retrieved from
https://www.eeas.europa.eu/sites/default/files/documents/2023/Carbon%20Border%20Adjustment%20Mechan
ism.pdf

European Commission. (2020). 2030 Climate Targets. Retrieved from
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2030-climate-targets_en

European Commission. (2019). Guidelines on reporting climate-related information. Retrieved from
https://ec.europa.eu/finance/docs/policy/190618-climate-related-information-reporting-guidelines_en.pdf

EVBox. (2023). BusinessLine CE G4 Product Datasheet [Brochure]. Retrieved from
https://branding.evbox.com/web/6605d986cfha05ef/website---evbox-businessline-product-brochures-all-
languages/?mediald=49F209D6-864A-496F-871B7D7B685AE581&viewType=grid

Greco, R. (1996). Polycarbonate Toughening By ABS, E. Martuscelli, P. Musto, G. Ragosta (eds.), Advanced Routes
For Polymer Toughening, Netherlands: Polymer Science Library, 10, 469-526.

Hawkes, S. J. (2004). The Concept of Density. Journal of Chemical Education, 81 (1), 14. doi: 10.1021/ed081p14

Industrial Designers Society of America. (2024). What Is Industrial Design? Retrieved from
https://www.idsa.org/about-idsa/advocacy/what-industrial-design

International Electrotechnical Commission. (2024). IP Ratings. Retrieved from https://www.iec.ch/ip-ratings

International Energy Agency. (2023). Trends in charging infrastructure. Retrieved from
https://www.iea.org/reports/global-ev-outlook-2023/trends-in-charging-infrastructure

lonnides, D. and Wall-Reinius, S. (2015). Sustainable mobility in the periphery: Are electric vehicles the answer?
ETOUR, Mid Sweden University, 2015; 3.

Jones, B., Elliott, R. J.R., Nguyen-Tien, V. (2020). The EV Revolution: The Road Ahead For Critical Raw Materials
Demand. Applied Energy, 280, 115072. doi:10.1016/j.apenergy.2020.115072

Kempower. (2024). AC Satellite, Technical Datasheet [Brochure]. Retrieved from
https://mediabank.kempower.com/lI/65mpVmfijQGmZ

Kieldsen, A., Thingvad, A., Martinenas, S., Serensen, T. M. (2016). Efficiency Test Method for Electric Vehicle
Chargers, In Proceedings of EVS29 - International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium,
19-21 June, Montréal, Québec.

Letcher, T. M. (2021). 1 - Global warming-a complex situation. Climate Change (3rd Edition) Observed Impacts on
Planet Earth, 3-17. doi: 10.1016/B978-0-12-821575-3.00001-3

Lucas Jr., R. E. (2004). The Industrial Revolution: Past and Future. Economic Education Bulletin, American Institute
for Economic Research, XLIV (8), 1-8.

Morseletto, P. (2020). Targets For A Circular Economy. Resources, Conservation and Recycling, 153, 104553. doi:

189



Canbulat & Savag | Sustainability and Industrial Design: A Study on AC EV Chargers’ Material Selection

10.1016/j.resconrec.2019.104553

Mouéllic, M. L., Ventura, A., Heller, K., Loh, A., Roch, R., Spitzbart, J., Zanotelli, P. (2023, March 27). Six Strategies
for Designing Sustainable Products. Boston Consulting Group. Retrieved from
https://www.bcg.com/publications/2023/six-strategies-to-lead-product-sustainability-design

Niklas, K. J. (2000). Computing factors of safety against wind-induced tree stem damage. Journal of Experimental
Botany, 51 (345), 797-806. doi: 10.1093/jexbot/51.345.797

Schneider Electric. (2023a). Charging station, EVIink Pro AC/AC Metal [Brochure]. Retrieved from
https://www.se.com/uk/en/product/EVB3S22N4/charging-station-evlink-pro-ac-ac-metal-22kw-32a-3p+n-t2s-
socketoutlet-rdcdd-6ma-mnx-aux-

Schneider Electric. (2023b). Product Environmental Profile, EVlink ProAC 7.4 kW [Brochure]. Retrieved from
https://download.schneider-
electric.com/files?p_enDocType=Environmental+Disclosure%20&p_File_Name=PEP+ecopassport+SCHN-
00768-V01.01-EN_1.pdf

Schneider Electric. (2023c). Product End of Life Instructions, EVIink ProAC 7.4 kW [Brochure]. Retrieved from
https://download.schneider-
electric.com/files?p_Doc_Ref=ENVEOLI12202024&p_enDocType=Circularity+Profile&p_File_Name=EoLlI _
ENVEOLI2202024_5.pdf

Schwarzer, V. and Ghorbani, R. (2015). Current State-of-the-Art of EV Chargers. Electric Vehicle Transportation
Center, University of Central Florida. Retrieved from
https://www.hnei.hawaii.edu/wp-content/uploads/Current-State-of-the-Art-EV-Chargers.pdf

Sevdari, K. (2020). Electric Vehicle Chargers Market Outlook. DTU, Department of Electrical Engineering, Denmark,
2020. Retrieved from
https://backend.orbit.dtu.dk/ws/portalfiles/portal/246855622/Electric_vehicle_chargers_
market_outlook 2020.pdf

Shackelford, J. F. (2014). Introduction to Materials Science for Engineers, 8" Edition. Pearson.

Siemens. (2023). VersiCharge AC series [Brochure]. Retrieved from
https://assets.new.siemens.com/siemens/assets/api/uuid:03a863c4-306e-46b0-80h43-2831fac37a93/versicharge-
gen-3-datasheet-si-ep-1683.pdf

Sterev, N. (2019). New Industrial Business Models: From Linear To Circular Economy Approach. Trakia Journal of
Sciences, 17 (1), 511-523. d0i:10.15547/tjs.2019.5.01.082

Thompson, M. (2023, September 25). EV Growth Is Surging Faster Than Expected & Could Hit Two-Thirds Of Sales
By 2030, Studies Say. RepairerDrivenNews. Retrieved from
https://www.repairerdrivennews.com/2023/09/25/ev-growth-is-surging-faster-than-expected-could-hit-two-
thirds-of-sales-by-2030-studies-say

United Nations. (2023). Sustainable Development Goals. Retrieved from
https://www.un.org/sustainabledevelopment/news/communications-material

Watkins, M., Casamayor, J. L., Ramirez, M., Moreno, M., Faludi, J., Pigosso, D. C. A. (2021). Sustainable Product
Design Education: Current Practice. She Ji: The Journal of Design, Economics, and Innovation, 7 (4), 611-637.
doi: 10.1016/j.sheji.2021.11.003

Wongpajan, R., Mathurosemontri, S., Takematsu, R., Xu, H. Y., Uawongsuwan, P., Thumsorn, S., Hamada, H. (2016).
Interfacial Shear Strength of Glass Fiber Reinforced Polymer Composites by the Modified Rule of Mixture and
Kelly-Tyson Model. Energy Procedia, 89(2016), 328-334. doi: 10.1016/j.egypro.2016.05.043

Xue, K., Sun, G., Wang, Y., Niu, S. (2021). Optimal Pricing and Green Product Design Strategies in a Sustainable
Supply Chain Considering Government Subsidy and Different Channel Power Structures. Sustainability, 13(22),
12446. doi: 10.3390/su132212446

190



Kirklareli Universitesi Kirklareli University

Miihendislik ve Fen Bilimleri Dergisi Journal of Engineering and Science
Cilt 10, Say1 2, 191-206, 2024 Volume 10, Issue 2, 191-206, 2024
Arastirma Makalesi DOI: 10.34186/klujes.1562185

Hidrofilik As1 Kopolimer Membranlarin Sisme Davramisimin Kinetik
Incelenmesi

Fatma KURSUN BAYSAKY®, Giilcan GEYIK?

Kimya Béliimii, Fen Edebiyat Fakiiltesi, Kirklareli Universitesi, Klrklgreli, Tiirkiye
2Miilkiyet Koruma ve Giivenlik Béliimii, Alaca Avni Celik Meslek Yiiksekokulu, Hitit Universitesi, Corum, Tiirkiye

Gelis: 06.10.2024, Kabul: 24.10.2024, Yayinlanma: 02.12.2024

0z

Son yillarda, ¢evreyle uyumlu malzeme ve siireclerin kullanimi, biyolojik ¢esitliligi koruma, su, toprak ve hava
kirliligini azaltma ve yenilenebilir kaynaklar1 tesvik etme hedefleri dogrultusunda biiyiilk 6nem kazanmistir. Yeni
cevresel sorunlarin ortaya ¢ikmasini engellemek ve mevcut problemlere ¢6ziim bulmak da bu ¢abalarin temel amaglari
arasinda yer almaktadir. Bu ¢alismada, yesil kimya malzemelerinden biyolojik olarak uyumlu polimer olarak bilinen
poli (vinil alkol) (PVA), hazirlanan membranlarda destek polimer olarak tercih edilmistir. Destek materyeli olan PVA
icerisine konulan as1 kopolimerler yine biyolojik uyumluluk gosteren polivinil alkol-asi-poli(etilen glikol dimetakrilat)
(PVA-asi-ED) ve sodyum aljinat-agi-poli(etilen glikol dimetakrilat) (ALG-as1-ED) as1 kopolimerleri kullanilarak
hazirlanmistir. Termal ¢apraz bagli membranlarin sisme davranisi pH 6°da galisilmis, en iyi sisme orant membrang’da
%3528,8 olarak bulunmustur. Membranlarin sigme davranislari Fick difiizyon kanunu ve Schott’un ikinci derece kinetik
modeli kullanilarak incelenmis ve sonuglarindan yararlanilarak kinetik parametreler hesaplanmustir.

Anahtar Kelimeler: Poli(vinil alkol); Sodyum aljinat; Membran; Sisme

Kinetic Investigation of Swelling Behavior of Hydrophilic Graft Copolymer
Membranes

ABSTRACT

In recent years, the use of environmentally compatible materials and processes has gained great importance in line
with the goals of protecting biodiversity, reducing water, soil, and air pollution, and promoting renewable resources.
These efforts' main objectives include preventing the emergence of new environmental problems and finding solutions
to existing problems. In this study, poly (vinyl alcohol) (PVA), known as a biocompatible polymer from green
chemistry materials, was preferred as a support polymer in the prepared membranes. The graft copolymers placed in
the support material PVVA were prepared by using the biocompatible polyvinyl alcohol-graft-poly(ethylene glycol
dimethacrylate) (PVA-graft-ED) and sodium alginate-graft-poly(ethylene glycol dimethacrylate) (ALG-graft-ED)
graft copolymers. The swelling behavior of the thermally cross-linked membranes was studied at pH 6 and the best
swelling ratio was found to be 528.8% at membranes. The swelling behavior of the membranes was investigated using
Fick's diffusion law and Schott's second-order kinetic model, and Kinetic parameters were calculated using the results.
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1. GIRIS

Membranlarin sisme davraniglarinin anlagilmasi, ¢esitli endiistriyel, biyomedikal ve ¢evresel uygulamalar
acisindan kritik oneme sahiptir. Sisme c¢aligmalari, polimer bazli malzemelerin su veya diger ¢oziiciileri
absorplamasiyla ortaya ¢ikan fiziksel ve kimyasal degisimlerin analizini saglar. Sisme mekanizmalarinin
anlasilmasi, biyomedikal cihazlarda ve ilag salim sistemlerinde polimer bazli materyallerin performansini
optimize etmek i¢in hayati bir rol oynar. Ozellikle hidrojel membranlar, biyouyumluluklar1 ve yiiksek su
tutma kapasiteleri nedeniyle ilag tasima sistemleri, yara ortiileri ve doku miihendisligi gibi uygulamalarda
kullanilmaktadirlar (N. A. Peppas, Bures, Leobandung, & Ichikawa, 2000). Membranlarin su tutma
kapasiteleri ve sisme 6zellikleri, atik suyun icindeki kirleticilerin filtrelenmesini saglar. Su gecirgenligi ve
mekanik dayaniklilik gibi faktorler, membranin sisme 6zellikleriyle iliskilidir. Iyi optimize edilmis bir sisme
kapasitesi, membranin gozenekliligini artirarak filtrasyon verimliligini yiikseltir (Baker, 2023).
Membranlarin gisme davranmisini agiklamak icin ¢esitli kinetik modeller gelistirilmistir. Bu modeller,
genellikle bir polimer membran ya da jel fazina su veya ¢oziiciiniin difiizyonunu ve polimerin bu siviy1

absorbe etmesiyle gergeklesen sisme siirecini agiklamaya odaklanir.

Membranlarin sisme davranigini Fick difiizyon modeli ile agiklamak miimkiindiir. Polimerik membranlarin
bir ¢oziicii veya su ile etkilesimi sirasinda meydana gelen kiitle taginim siireglerini agiklamaya calisir. Sisme,
polimer yapisinin ¢oziicliyll absorplamasi ile olusur ve bu siire¢ genellikle zamana bagli olarak gergeklesir.
Fick'in yasalari, bu siirecte polimer i¢indeki ¢6ziicliniin difiizyonunu ve buna bagli olarak membranin sisme
davranigin1 modellemekte kullanilir (Korsmeyer, Gurny, Doelker, Buri, & Peppas, 1983; Nicholas A Peppas
& Brannon-Peppas, 1994; Ritger & Peppas, 1987). Polimerik membranlarin sisme dinamikleri iizerinde
Fick’in difiizyon yasalar1 kullanilirken, bu difiizyon davranigini daha iyi anlamak igin n sabiti ile temsil
edilen bir kinetik model kullanilir. Bu yaklasim, 6zellikle Fickian ve non-Fickian (anormal) difiizyon
stireclerinin ayrimmi yapmada onemli rol oynar (Geyik & Isiklan, 2021). Sigme kinetikleri Peppas-
Korsmeyer modeli adi verilen bir denklemle tanimlanir ve bu denklem Fick'in n sabitini igerir (Bal,
Ozkahraman, Gok, & Acar, 2014);

F= Z—Zktn 1)
F: Sisme kesri,

Qi Membranin t aninda absorpladigi su miktari

Q.: Membranin denge durumunda absorpladigi maksimum su miktari

k: Fick sabiti,

n: Diflizyon mekanizmasini tanimlayan iistel.
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Bu denklem, polimerik membranlarin sigme davramigini agiklamak igin kullanilir ve n degeri, sisme
sirasinda hangi tip difiizyon mekanizmasiin etkili oldugunu belirler. Diflizyonun tiirline bagh olarak,
membran i¢inde suyun emilim hiz1 ve miktar1 degisiklik gosterir. Difiizyon siireci tamamen kontrol altinda
oldugunda, su molekiillerinin membrana girig hiz1 bu siireci yonlendirir. Ancak, relaksasyon kontrollii bir
durumda, suyun membranin molekiiler yapisini degistirmesi ve membranin bu degisim esnasinda genisleme

kapasitesi onem kazanir. Esitlik 1, lineer bir bi¢imde yeniden diizenlendiginde, Esitlik 2 ortaya ¢ikar.

InF = Ink + nint 2

Eger n sabiti 0,5 veya daha kiiglikse, sisme tamamen Fick difiizyonu ile kontrol edilir. Bu durumda, ¢6ziicii
molekiillerinin difiizyonu membran yapisindaki polimer zincirlerinin hareketinden ¢ok daha hizlidir. Yani,
diftizyon hizi, polimerin fiziksel sisme hizini belirleyen temel etkendir. n sabiti 0,5 ile 1 arasindaysa,
difiizyon siireci Fick olmayan (anormal) difiizyon olarak adlandirilir. Bu durumda, difiizyon hizi ve polimer
yapisinin gevseme hizi birbirine benzer hizlardadir. Yani hem ¢oziicii molekiilleri hem de polimer
zincirlerinin hareketi sisme siirecini etkiler. Eger n sabiti 1'e esitse, bu durum Case-II difiizyon olarak
adlandirilir. Bu durumda, polimer zincirlerinin gevseme hizi, ¢oziicii molekiillerinin difiizyon hizindan ¢ok
daha yiiksektir. Bu tiir diflizyon, genellikle polimer zincirlerinin gevsemesinin ve ¢dziiciiniin polimer
yapisina girisinin sinirli oldugu durumlardir. Burada polimer yapisinin degisimi (8rnegin, polimerin

hidrolizi veya ¢oziilmesi) daha baskindir (Geyik & Isiklan, 2021).

Membranlarin sisme davranigini inceleyen diger denklem Schott’un ikinci dereceden kinetik modelidir.
Polimerik materyallerin sisme kinetiklerini agiklamak i¢in kullanilan bir modeldir. Bu model, sisme
strasinda polimerin ¢oziicli molekiillerini nasil emdigini ve polimerin nasil genisledigini tanimlar. Schott’un
ikinci dereceden kinetik modeli, sisme hizinin ¢6ziicliniin polimer tarafindan emilmesi ve polimerin
genislemesiyle baglantili oldugunu 6ngoriir. Bu modelde, sigme oraninin zamanla degisimi, mevcut sisme
ile denge sismesi (Seq) arasindaki farkin karesi ile iligkilendirilir. Schott’un kinetik formiilii Esitlik 3’te

sunulmustur.
ds
a kz(seq - S)Z 3)

Bu denklemde, S sisme oranini, Seq denge sisme oranini ve k2 sisme hiz sabitini temsil etmektedir. Bu model,
bir polimerin belirli bir siire sonra suyu ne kadar hizli emdigini ve ne kadarinin dengede kalacagini
aciklamak i¢in kullanilmaktadir. Baslangi¢ kosullari olarak, t = 0 aninda sisme oran1 S = 0 olarak alinmugtir.
Ayrica, t siiresi sonunda sisme orani S = S¢q’ye ulasmaktadir. Bu baslangi¢ kosullartyla birlikte, Esitlik 3°iin

integrali alindiginda, Esitlik 4’e ulagilir.
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t 1 1

=4 = 4
S kzSeq® + Seq t (4)
S: Membranin t zamanindaki sisme oranini

ka: Sisme hiz sabiti,

Seq: Denge sigme orani, membranin su absorpsiyon siirecinde maksimum ulastigi sisme orani

1/(k2 Seq?): Baslangi¢ sisme hizi (ro)

Esitlik 4°te t/S orani ile zaman (t) arasinda dogrusal bir iliski goriilmektedir. Dogrusal grafigin egimi, sigme
hiz sabiti olan k»’nin bir fonksiyonudur. Buna gore, egimin biiyiikliigii, polimerin suyu ne kadar hizli emdigi

hakkinda bilgi verirken, y-eksenini kestigi nokta ise polimerin denge sisme oranini (Seq) gostermektedir.

Membranlarin sisme Ozellikleri, atik suyun igindeki kirleticilerin filtrelenmesini sagladigindan, su
gecirgenligi ve mekanik dayaniklilik gibi faktorler, membranin sisme 6zellikleriyle iligkilidir. Bu baglamda,
dogal polimerler zay1f stabiliteleri nedeniyle dar kullanim alanlarina sahip olduklarindan, polimerlerin hem
dogalliklarint koruma hem de sahip olduklart kisitli 6zellikleri maksimum diizeyde kullanma olanagi
saglayan ag1 kopolimerizasyon yontemi hayat kurtarict olmaktadir (Geyik & Isiklan, 2023; Meimoun et al.,
2018; Pourmahdi, Abdollahi, & Nasiri, 2023; Rahman, Islam, & Maniruzzaman, 2023). Polimerlerin
asilama ile modifikasyonu, bu yolla elde edilen kopolimerlerin gesitli kullanimlarina giden yollar1 agarak
yeni bir umut dogurmustur (Jayakumar, Prabaharan, Reis, & Mano, 2005). As1 kopolimerizasyon, polimerin
morfolojisini, fiziksel ve kimyasal oOzelliklerini iyilestirmek icin kullanilan bir yontemdir. Asi
kopolimerizasyonu, genellikle ilgili polimerlerin 6zelliklerinin bir kombinasyonuna sahip malzemelere
erisim saglayan c¢ok yonlii bir fonksiyonellestirme yolu olup, ana polimerin ¢oziiniirliigiinii, nano boyutlu
morfolojisini, biyouyumlulugunu, mevcut iletkenligini ve 6zelliklerini iyilestirme potansiyeline sahiptir
(Meimoun et al., 2018; Purohit, Bhatt, Mittal, Abdellattif, & Farghaly, 2023).

Dogal polimer olan sodyum aljinat, deniz yosunlarindan elde edilen bir polisakkarittir. Ozellikle kahverengi
deniz yosunlarindan (Phaeophyceae sinifi) elde edilen bir biyopolimer olan aljinat, sodyum tuzu formunda
yaygin olarak kullanilir. Kimyasal yapisi, B-D-mannuronik asit ve a-L-guluronik asit monomerlerinin
birbirine baglanmasindan olusan bir yapiya sahiptir (Geyik, Glinciim, & Isiklan, 2023). Sodyum aljinat,
hidrojel olusturma yetenegi, biyouyumluluk ve biyobozunurluk gibi ozellikleri sayesinde genis bir
uygulama alanma sahiptir. Biyouyumlulugu ve biyobozunurlugu nedeniyle yara iyilestirme, doku
miihendisligi ve ilag tagima sistemlerinde hidrojel formunda kullanilmaktadir (Nuran Isiklan & Kiigiikbalci,
2012). Gida sanayisinde, gida katki maddesi, emiilgator, stabilizatér ve kivam arttirici olarak islev
gormektedir. Jellestirici 6zelligi ile yenilebilir filmler ve kapsiiller i¢in de kullanilmaktadir. Su aritma

stireglerinde agir metallerin uzaklastirilmasinda etkili oldugu kanitlanmistir (Gao et al., 2020). Bu
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avantajlarinin yani sira mekanik dayanimi sinirli olmasi ve hizli sekilde pargalanmasi gibi 6zelliklerini

bertaraf etmek i¢in as1 kopolimerizasyon yontemi tercih edilmektedir (Geyik, 2023; Lee & Mooney, 2012).

Suda ¢oziiniir sentetik bir polimer olan PV A ¢esitli endiistriyel ve biyomedikal uygulamalarda yaygin olarak
kullanilmaktadir. PVA, yiiksek kimyasal dayanikliligi, milkemmel film olusturma kapasitesi,
biyouyumlulugu ve ¢evre dostu olmasi nedeniyle bir¢ok farkli alanda kullanilmaktadir (Kursun, 2020). PVA
bazli hidrojeller, ilacin kademeli ve siirekli bir sekilde salinmasini saglamasi kontrollii ilag salimi igin
kullanimini genisletmektedir (Jadoun & Nirmala Kumari, 2019). Nem tutma yetenegi, jel formunda yaraya
uygulandiginda nemli bir iyilesme ortami sundugu i¢in yara Ortiilerinde yaygin olarak kullanilmaktadir.
Ayrica gevre dostu uygulamalar icin PV A bazli hidrojel ve membranlar su aritma sistemlerinde filtrasyon,
agir metallerin uzaklastirilmasi ve kirleticilerin tutulmast igin kullanilmaktadirlar (Wang et al., 2021). PVA,
yiiksek sicakliklarda kararliligini yitirebilmektedir ve mekanik o6zellikleri degisebilmektedir. Bu
dezavantajlarin tstesinden gelmek i¢in as1 kopolimerizasyonu kullanilmaktadir (Nikolaos A. Peppas &
Merrill, 1976).

Etilen glikol dimetakrilat (ED), ¢apraz baglayici 6zelliklere sahip bir vinil monomeridir. Kimyasal formiilii
Ci0H1404 olan bu bilesik, iki metakrilat grubuna sahip bir yapidir ve polimerizasyon siireclerinde zincirler
arasi baglar olusturarak ¢apraz bagli ag yapilarinin meydana gelmesini saglar (Ayhan & Ayhan, 2014; Lin,
Tai, Ou, & Don, 2012; Sen Karaman & Pamukc¢u, 2022). ED, dis hekimligi, biyomedikal malzemeler,
kaplamalar, kompozitler ve c¢esitli polimer iiretimlerinde yaygin olarak kullanmilmaktadir. ED, dis
hekimliginde kullanilan akrilik bazli dolgu malzemelerinde, protezlerde ve dis yapistiricilarinda ¢apraz
baglayici olarak kullanilmaktadir (Moszner & Salz, 2001). Bu sayede malzemelerin dayanikliligi ve sertligi
artirilir. Polimerizasyon siirecinde, metakrilat gruplari diger dis regineleriyle etkilesime girer ve daha giiglii

ve kararli yapilar olusmasini saglamaktadir (N. A. Peppas et al., 2000).

Bu ¢alisgmada PVA membranin sudaki zayif stabilitesini azaltmak ve ayni zamanda membranin hidrofilik
yapisin1 korumak amacglanmigtir. Bu amagla, yine hidrofilik karakter gosteren ve ayrica biyouyumluluk
sergileyen ALG ve ED kullanilarak as1 kopolimerizasyon yapilmistir. Serbest radikalik katilma
polimerizasyonu ile PVA ve ALG iizerine ayri ayrt ED monomeri CAN, APS ve BPO bagslaticilari ayr1 ayr
kullanilarak agilanmistir. Elde edilen PVA-asi-ED ve ALG-as1-ED kopolimerleri, PVA ile karigtirilarak

membranlar hazirlanmig ve bu membranlarin PVA membrana gore hidrofilitesi karsilagtirilmstir.
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2. MATERYAL VE METOD

2.1. Materyal

Poli(vinil alkol) (PVA), sodyum aljinat (ALG), etilen glikol dimetakrilat (ED), seryum amonyum nitrat
(CAN), amonyum perstilfat (APS), benzoil peroksit (BPO), N,N,N',N'- tetrametil-etilendiamin (TEMED),
potasyum dihidrojen fosfat, sodyum hidroksit, asetik asit, aseton, etanol ve metanol Sigma firmasindan

temin edilmistir.
2.2. As1 Kopolimerlerin Sentezleri

As1 kopolimerlerin sentezleri literatiirde mevcut olan yontemler {izerinde birkac¢ degisiklik yapilarak
gerceklestirilmistir (Geyik & Isiklan, 2020; N. Isiklan & Kursun, 2013; N. Isiklan, Kursun, & Inal, 2009,
2010; Kursun & Isiklan, 2016, 2020). Kisaca; PVA ve ALG’1n ayr1 ayri ¢ozeltileri hazirlanarak, azot gazi
atmosferi altinda ve sabit sicaklikta, ED monomeri, CAN, APS ya da BPO baslaticisi ve TEMED
hizlandiricist ilave edilerek as1 kopolimerizasyon gergeklestirilmistir. Olusan asi kopolimerler, soguk
asetonda ¢Oktiiriilmiis ve etanolle yikandiktan sonra vakum etiiviinde kurutularak muhafaza edilmistir. As1

yiizdesi ve agilama verimi asagidaki esitlikler yardimiyla hesaplanmugtir.

Ast Yiizdesi = (mg’ m") x 100 (5)

mp

mg—Mp

Astlama Yizdesi (%) = ( )x 100 (6)

(mg—mp)+my,
mg: as1 kopolimer kiitlesi
mp: polimer kiitlesi

My homopolimer kiitlesi
2.3. Membranlarin Hazirlanmasi

As1 kopolimer ¢ozeltileri %50 (v/v) oranlarinda PV A ¢6zeltisi ile karigtirilarak petri kaplarina dokiilmiistiir.
Karigim membranlar 30 °C’de vakum etiiviinde kurutulduktan sonra 1 saat boyunca 150 °C’de etiivde termal
olarak ¢apraz baglanmistir. Membranlarin kalinliklar1 mikrometre yardimu ile Slgiilerek belirlenmis ve 50
um kalinliga sahip membranlar kullanilmistir. Calismada kullanilan membranlara ait bilgiler Cizelge 1°de

sunulmustur.
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Cizelge 1: Caligmada kullanilan membranlara ait bilgiler.

Kisaltma Birinci Bilesen Ikinci Bilesen As1 Kopolimer Baslatict Tiirii

Membrang PVA - -

Membran; PVA PVA-as1-ED; Seryum Amonyum Nitrat
Membran; PVA PVA-as1-ED, Amonyum Persiilfat
Membrans PVA PVA-asi-ED; Benzoil Peroksit
Membran, PVA ALG-as1-ED; Seryum Amonyum Nitrat
Membrans PVA ALG-as1-ED, Amonyum Persiilfat
Membrang PVA ALG-as1-ED3 Benzoil Peroksit

2.4. Sisme Oranlarinin Belirlenmesi

Membranlarin gsisme deneyi, oda sicakliginda pH 6 tamponunda her 30 saniyede bir 6l¢iim alinarak

gergeklestirilmistir. Sisme derecesi asagidaki denklem kullanilarak hesaplanmustir;
_ (Ms—Mmg
SO = (—md )x 100 @)

SO: sisme orani
Ms: sigsmis membran agirlig

Mg: kuru membran agirlig
3. BULGULAR VE TARTISMA
3.1. Ast Kopolimerizasyon Mekanizmalart

Bu calismada, serbest radikal as1 kopolimerizasyon yontemi kullanilmis ve asilama reaksiyonunun etkili bir
redoks baslatici sistemi olarak CAN, APS ve BPO olmak iizere ti¢ farkli baslatici se¢ilmistir. ED gruplarinin
PVA ve ALG iizerine asilanmasinin kesin mekanizmasi tam olarak bilinmemekle birlikte, onerilen
mekanizmalar Sekil 1 ve 2’de verilmistir. Bu redoks sistemlerinde, baglaticilar birer oksitleyici madde iken,
PVA ve ALG ise indirgeyici maddedir. TEMED, baslaticilarin homolitik par¢alanmasini hizlandirarak
serbest radikalleri olusturur. Bu birincil serbest radikaller, PVA ya da ALG ana zincirindeki OH grubundan
H’yi soyutlar ve Sekil 1 ve 2’de gosterildigi gibi PVA-O ya da ALG-O makro radikallerini olusturur. Bu
radikaller, ED yapisinin ¢ift bagimi (C=C) agar ve monomerle kovalent bag olusturur. Boylece ilk
monomerin makromolekiile asilanmasi gergeklesir. Ote yandan, poli(ED)’nin homopolimer zincirleri,

baslatici radikallerin ED monomerine saldirmasi ve ardindan bir bag ile baska bir ED ile baglanan ve
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Baslama (Benzoil Peroksit)
PVA-OH + CH;—COO* —  » PVA-O*
M + CgH;—COO* ——» M
Baslama (Amonyum Peroksit)

PVA-OH + SO, ——» PVA-O*

M + SO —» M

Baslama (Seryum Amonyum Nitrat)
PVA-OH + Ce* —> PVA-O*

M + Cet ———> M*

PVA-OH : Polivinil Alkol

M : Etilen Glikol Dimetaktilat (ED)

Blytime

PVA-O* + M —» PVA-OM;*

PVA-OM;* + M —————» PVA-OM;’

PVA-OM,,* + M ———» PVA-OM,’

M + M > My
M,,* +M @ — M/
Sonlanma

PVA-OM," + PVA-OM," — » PVA-OM,,O-PVA
(As1 kopolimer)

PVA-OM,* + M ——» PVA-OM,,
(Ast kopolimer)

M, My > M,
(Hopolimer)

Sekil 1: PVA-asi-ED’nin as1 kopolimerizasyon mekanizmasi.
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Baslama (Benzoil Peroksit)
ALG-OH + CgHs—COO* —— ALG-O"
M + CgHs— COO* —» M
Baslama (Amonyum Peroksit)

ALG-OH + SOy~ ——» ALG-O°

M + SO —» M

Baslama (Seryum Amonyum Nitrat)
ALG-OH + Ce* ——»  ALG-O’

M + Cegt ——» M*

ALG-OH : Sodyum Aljinat

M : Etilen Glikol Dimetaktilat (ED)

Buyume

ALG-O* + M —» ALG-OM,"*

ALG-OM,* + M — 3  ALG-OM,’

ALG-OM,, + M ——» ALG-OM,’

M M ——» My
M, " M —— M
Sonlanma

ALG-OM,* + ALG-OM,” —» ALG-OM,,0-ALG

(Ast kopolimer)
ALG-OM,* + M.* —  » ALG-OM,,

(As1 kopolimer)
M,* + My —> My

(Hopolimer)

Sekil 2: ALG-as1-ED’nin as1 kopolimerizasyon mekanizmasi.
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poli(ED) makro radikallerinin yayilmasina yol agan ED serbest radikallerinin olusmasi nedeniyle olusabilir.
ED veya poli(ED) makro radikalleri, PVA-asi-ED ya da ALG-as1-ED kopolimerini olusturmak i¢in PVA
ya da ALG makro radikalleriyle birlesebilir (N. Isiklan & Kursun, 2013; N. Isiklan et al., 2009, 2010; Kursun
& Isiklan, 2020).

3.2. Sisme Oranlart

Bir saf polimerin ya da karisim olarak hazirlanan polimerik malzemenin sisme performansi ilag tasiyici
sistemler, atik su aritma sistemleri, kontrollii salim yapan sistemler gibi bircok uygulama i¢in dnemli bir
parametredir. Calismada hazirlanan membranlarin atik su aritiminda kullanilabilirligi i¢in ortalama atik su
pH’s1 olan pH 6 tamponunda sisme deneyleri gergeklestirilmistir. Membranlarin pH 6 tamponunda, 25°C’de
gerceklestirilen sisme oranlarinin zamana bagli degisimleri Sekil 3 ve 4’te gosterilmistir. Sekillerden,

membranlarin sisme oranlarinin as1 kopolimer igerigi arttik¢a arttigi agikga goriilmektedir.

Membran igerisindeki PVA ya da ALG igeriginin varlig1 kiyaslandiginda ise membran igerisinde ALG
igeren as1 kopolimer varliginin membranin sigsmesine olumlu katki sagladigi bulunmustur. PVA asir1
hidrofilik karakterde olmasina ragmen, membran haline getirildiginde siki istiflenmesi nedeniyle daha
kristalin bir yap1 sergilemektedir. Buna karsin, ALG-as1-ED as1 kopolimeri, PVA membrana kiyasla daha
fazla dallanmig fonksiyonel gruplara sahip oldugundan membran igerisinde fazlaca serbest hacim
olusturarak daha fazla sisme sergilemesine olanak sunmaktadir. Baska bir deyisle, bu durum, asilama ile
yapiya ekstra fonksiyonel CO ve OH gruplarinin dahil edilmesi nedeniyle membranlar ile su arasindaki

afinitenin artisina bagli olarak zamanla degisimine atfedilebilir.

225 da

200

\————————v
175 4 —v— Membran,

S 150
5“125_ f;.;;_g—;——é—é—é—é i
S 1004 PO——8—8—0—0——t ————
g ;’§,§§§ e —o—|\/|embran§1
w 754 f

AN !

| —1h
[ —m— Membran,

50
97

25 A

0 —r7/

T T
8 9 800 900 1000
t, dk

—A
—A— Membran,

o
-
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w
g
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o
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ekil 3: Membranlarin siire ile % sisme oranlar1 degisimi.
g
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600 7/
B P—p—P—p—P—b—p—) —————»
500 —»— Membrang
(=]
S 400 4
c
© 3 Membrang
O 300
£
o 17
& 200 Membran,,
100
gifii—i——0—0——0—] ———1&
/.’ —m— Membran,
O T T T T T T T T T /// T T
012 3 456 7 89 800 900 1000
t, dk

Sekil 4: Membranlarin siire ile % sisme oranlari1 degisimi.

Ayrica, calismada ALG-asi-ED as1 kopolimeri CAN, APS ve BPO olmak iizere li¢ farkli baslatici
kullanilarak sentezlenmis ve her bir PVA/ALG-as1-ED membranlarinin gsisme davraniglari incelenmistir.
Kullanilan her bir baslaticinin as1 kopolimer karisim membranda farkli sisme sonuglari gdsterdigi, sisme
degerinin membrans’ten membrans’ya dogru arttigt bulunmustur. Bu durum, baslaticilarin ast
kopolimerlesme sirasinda polimerik zincirlerinin dizilimlerinde farkliliklar olusturmasina, bu farkliliklar
nedeniyle membran i¢i istiflenmenin etkilenerek sisme davranislarinin degismesine atfedilebilir. Membran
ici siki istiflenmenin sisme oraninin, rastgele istiflenmeye kiyasla daha diisiik oldugu goriilmektedir. Sonug
olarak, membrans, PVA membranina kiyasla yiiksek sisme performansi sergilemistir. Bununla birlikte
membranlarin denge sisme derecesine 2 dakikada ulastigi ve en iyi sisme oranin membrane’da %528,8

oldugu bulunmustur.
3.3. Kinetik Hesaplamalar

Membranlarin sigme davranisi Fick diflizyon ve Schott’un ikinci dereceden kinetik modelleri ile
aciklanmigtir. PVA/PVA-asi-ED ve PVA/ALG-as1i-ED membranlarinin Fick difiizyon kanununa gore
cizilen Int’ye kars1 InF grafigi Sekil 5’te sunulmustur. Cizelge 2’deki verilere gore, PVA membrani hari¢ n
degerlerinin 0,5 ile 1 arasinda oldugu tespit edilmistir. Bu araliktaki n degeri, suyun polimer zincirlerine
niifuz etme hizinin, polimer zincirlerinin gevsemesinden daha hizli oldugunu gostermektedir. Bu durum,
sisme hizin1 kontrol eden temel faktoriin, polimer zincirlerinin gevseme siireci oldugunu isaret eder. Yani,
su molekiilleri membrana hizli bir sekilde girerken, polimerin genislemesi daha yavas gergeklesir. Bu tip

davranisa “Fick olmayan” (Non-Fickian) diflizyon adi verilir. Non-Fickian difiizyon, suyun polimer
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matriksine yayilmasi sirasinda hem diflizyon siirecinin hem de polimer zincirlerinin yapisal gevsemesinin
ayni1 anda etkili oldugu durumlarda ortaya ¢ikarmaktadir. Polimer zincirlerinin gevseme hizi, suyun matriks

icine girig hizina gore daha yavas oldugunda, bu siire¢ sisme hizin1 sinirlayan ana faktor haline gelmektedir.

Cizelge 2: Fick yasasina ait kinetik parametreler.

Kod n Ink kx108 R? Difiizyon
(min™) Mekanizmast
Membrano 0,4937 -2,7584 63 0,9423 Fick tipi
Membran; 0,9945 -13,247 1,76 0,9997 Fick olmayan
Membran, 0,9899 -13,463 1,42 0,9994 Fick olmayan
Membrans 0,9886 -13,922 0,89 0,9995 Fick olmayan
Membrana 0,9891 -13,986 0,84 0,9995 Fick olmayan
Membrans 0,9908 -14,541 0,48 0,9996 Fick olmayan
Membrans 0,9591 -14,887 0,34 0,9858 Fick olmayan
24 —=— Membran,
—e— Membran,
Membran,
41 —v— Membran,
Membrang
64 —¢ Membrang
L
£
-8 -
_10 -
-12 T T T T T T T T T
3 4 5 6 7 8 9 10 11 12
Int

Sekil 5: ‘Int’nin ‘InF’ye kars1 dogrusal grafikleri.

PVA/PVA-asi-ED ve PVA/ALG-as1-ED membranlarinin t zamanindaki % sisme oranini, Schott’un ikinci
dereceden kinetik modeli kullanilarak incelenmis ve pH 6’da ‘t/S’nin ‘t’ye kars1 dogrusal grafikleri Sekil
6’da sunulmustur. Sekil 6’daki sonuglar, membranlarin sisme yiizdelerinin ikinci derece kinetik denkleme

uydugunu gostermektedir. Bu kinetik model, membranlarin sisme oranlarinin, su molekiillerinin membran
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zincirlerine difiizyonu ve ardindan zincirlerin gevsemesi tarafindan yonetildigini 6ne stirmektedir (Kursun
& Isiklan, 2020). Ayrica ayrintili sisme kinetik faktorleri Cizelge 3’te sunulmustur. t/S’nin ‘t’ye karsi
dogrusal grafiklerinin egiminden bulunan teorik Seq, deneysel Seq sisme yiizdesine yakindir ve beklendigi
gibi membranlarda kullanilan as1 kopolimerlerin hidrofilik karakteri arttikga teorik Seq Ve ko degerleri

Cizelge 3’de goriildiigii gibi PVA (Membrano) membranindan daha yiiksektir.

16
—&— Membran,

14 4 —®— Membran,
—A— Membran,
12 4 —%¥— Membran,
Membran

4
10 4 Membran,

—>— Membrany

t/S
o
1

T
0 200 400 600 800 1000
t, dk

Sekil 6: ‘t/S’nin ‘t’ye kars1 dogrusal grafikleri.

Cizelge 3: Membranlarin sisme kinetik faktorleri.

Membran Deneysel Teorik k2 (min™%) R? ro(min™)
Seq (%0) Seq (%0)
Membrang 63,37 63,29 12,01 1 333
Membran; 98,28 98,03 23,06 0.999 416
Membran, 128,04 128,20 26,29 1 625
Membrans 204,93 204,08 41,64 1 1000
Membrana 217,53 217,09 28,35 1 1666
Membrans 362,19 357,14 63,77 1 2000
Membrans 528,92 526,31 83,10 1 3333
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4. SONUC

Bu calisma, PVA membranin sudaki zayif stabilitesini azaltmak ve ayni zamanda membranin hidrofilik
yapisint korumak amacryla gerceklestirilmistir. Serbest radikalik katilma polimerizasyon yontemi
kullanilarak PVA ve ALG iizerine ayri ayri ED monomeri CAN, APS ya da BPO bagslaticilar1 kullanilarak
astlanmistir. Elde edilen PVA-asi-ED ve ALG-asi-ED kopolimerleri, PVA ile ayri ayr karistirilarak
membranlar hazirlanmis ve bu membranlarin PVA membrana gore hidrofilitesi karsilagtirilmistir. Sonuglar
incelendiginde PVA destek polimerinin igerisine ast kopolimer girmesi ile membranin daha hidrofilik
karaktere sahip oldugu tespit edilmistir. Bununla birlikte, {i¢ farkli baslatici kullanilarak baglaticinin ast
kopolimerlesme tlizerindeki etkisi incelendiginde BPO baglaticisi kullanildiginda as1 kopolimer zincilerinin
daha ¢ok hidrofilik 6zellik gosterdigi ve bu sayede daha ¢ok sisme sergiledigi gdzlenmistir. En iyi sisme
orani PVA membrandan yaklasik 8,3 kat fazla olan membrans’da %528,8 olarak bulunmustur. Kinetik
sonuglar incelendiginde membrany’in Fick tipi difizyon gosterdigi, as1 kopolimerlerden elde edilen
membranlarin ise Fick olmayan (Non-Fickian) difiizyon davranisi sergiledigi goriilmiistiir. Ayrica
membrang ve asi kopolimerlerden elde edilen diger membranlarin sisme yiizdelerinin Schott’un ikinci

derece kinetik modeline uydugunu goriilmektedir.
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Tag tastyic1 sistemler ve lipozomlar, farmasétik alanda son yillarda nemli bir arastirma ve gelistirme alani
haline gelmistir. Bu sistemler, ilaglarin hedeflenen bolgelere daha etkili bir sekilde taginmasi ve bu sayede
tedavinin etkinliginin artirilmasi amaciyla tasarlanmigtir. Geleneksel ilag formiilasyonlari, ilag
molekiillerinin viicutta hizla metabolize edilmesi veya dagilmasi gibi sorunlarla karsilagabilmektedir. Bu
nedenle, ilag tasiyici sistemler ve o6zellikle lipozomlar, ilaglarin biyolojik sistemlerde daha uzun siire stabil
kalmasin1 saglayarak terapotik etkinliklerini artirma potansiyeline sahiptir. Bu makalede, ilag tasiyict
sistemlerin temel prensipleri, lipozomlarin yapist ve oOzellikleri ile ilag tasiyict sistemlerin kullanim
alanlarma odaklanilacaktir. Bu c¢alisma, ilag tasiyici sistemlerin modern tipta sagladigi avantajlar1 ve
gelecekteki potansiyel uygulama alanlarini ele alarak, bu alandaki arastirmalarin énemini vurgulamayi
amaclamaktadir.

Anahtar Kelimeler: Lipozom; Ilag tastyic1 sistemler; Nanoteknoloji; Farmasotik

Drug Delivery Systems and Liposomes

ABSTRACT

Drug delivery systems and liposomes have become an important research and development area in the
pharmaceutical field in recent years. These systems are designed to deliver drugs to targeted areas more
effectively and thus increase the effectiveness of treatment. Traditional drug formulations may encounter
problems such as rapid metabolization or distribution of drug molecules in the body. Therefore, drug carrier
systems, and liposomes in particular, have the potential to increase the therapeutic efficacy of drugs by
allowing them to remain stable in biological systems for longer periods of time. In this article, we will focus
on the basic principles of drug delivery systems, the structure and properties of liposomes, and the areas of
use of drug delivery systems. This study aims to emphasize the importance of research in this field by
discussing the advantages of drug carrier systems in modern medicine and their potential future application
areas.
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1. GIRiS

Hastaliklara karsi insanlar ilag olarak bitki bazli dogal {iriinleri siklikla kullanmiglardir. Giintimiizde mevcut
olan baslica farmasdtik bilesiklerin ve tiirevlerinin yaklasik %25'i dogal kaynaklardan elde edilmektedir
(Swamy ve Sinniah, 2016; Zengin vd., 2022). Dogal bilesikler kanser, diyabet, kardiyovaskiiler, inflamatuar
ve mikrobiyal hastaliklar dahil olmak {izere ¢esitli hastaliklarin tedavisi i¢in arastirilmaktadir. Bunun baslica
nedeni, dogal ilaglarin daha diisiik toksisite, yan etkiler, diisiik fiyat ve iyi terapodtik potansiyel gibi
avantajlara sahip olmasidir (Thilakarathna ve Rupasinghe, 2013). Farkli molekiiler ge¢mislere sahip dogal
bilesikler, yeni ilaglarin kesfi i¢in bir temel olusturmaktadir. Bunlar onlar1 yeni ilaglarin kesfinde olumlu
onciiler haline getirmektedir. ilag dagitiminda biiyiik boyutlu malzemelerin kullanimi, in vivo instabilite,
zay1f biyoyararlanim, zayif ¢6ziiniirliik, viicutta zayif emilim ve ilaglarin olasi yan etkileri dahil olmak iizere
biiyiik zorluklar ortaya koymaktadir. ilaglarm icerisindeki etken maddenin dokuya ulasip etkinlik
gbstermesi gerekmektedir. Ilacin iceriginde bulunan etken maddenin islevini gdstermesi biiyiik 5nem arz
etmektedir (Armagan vd., 2024). ilacin etki edecek yere varmasi ve belirli bir siire kalmasi o bdlgede
kalmas1 gerekmektedir. Fakat ilaglar hedef bolgeye ulagamayabilmekte ya da istenmeyen bolgelerde
birikerek dokuya hasar verebilmektedir. Bu da ilag tedavilerinde istenilmeyen bir durumdur (Ihlamur vd.,
2024; Marangoz & Yavuz, 2020). Bu nedenle, ilaclar1 viicudun belirli bolgelerine hedeflemek igin yeni ilag
dagitim sistemlerinin kullanilmasi, bu kritik sorunlar1 ¢dzebilecek bir secenek olabilmektedir.
Nanoteknoloji, gelismis ilag formiilasyonlarinda, hedefleme alaninda ve bunlarin kontrollii ilag salinimi1 ve
dagitiminda 6nemli bir rol oynamaktadir. Bu istenmeyen durumlarin olusmamasi i¢in ilag tasiyici sistemler

gelistirilmistir.

2. ILAC TASIYICI SISTEMLER

flag tastyici sistemler, ilaglar1 ya da tanisal goriintileme maddelerini hedeflenmis doku ya da hiicreye
saglam, giivenli ve etkin bir sekilde tagimimini saglamaktadir (Ihlamur vd., 2024). Nanopartikiiller iki
boliimden meydana gelmektedir. Bunlar, tasiyict boliim ve tasiyict boliime bagli olan ilagtan meydana
gelmektedir. Tasiyict boliim dogal makromolekiil ya da sentetik yapili olabilmektedir. Bu sistem sadece tani
icin kullanilacak ise fizyolojik ortamda parcalanmasi beklenmemektedir. Ancak tedavi i¢in kullanilacak ise
fagositoz ile girdigi hiicreye ya da dokuya enzimsel aktivite ile pargalama yapmaktadir. Kontrollii salim
meydana gelmektedir (Kelleci vd., 2023). Nanopartikiiller, nanokiireler, nanokapsiiller, lipozomlar,
niyozomlar, polimerik sistemler, dendrimerler, kolloid altin, nano boyutlu yari iletken kristal yapilar
(kuantum noktaciklari- QDs), miseller, sfingozomlar, mikrobaloncuklar, mikrokiireler ve stipermagnetik

partikiiller, ilag tasiyici sistemlerin bazilaridir (Kelleci vd., 2024). Bu ¢esitli tastyici sistemler arasinda hem
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tanisal goriintilleme hem de tedavi i¢in en dikkat ¢ceken ve en uygun 6zelliklere sahip olanlar lipozomlardir

(Tiiylek vd., 2017).
2.1. Nanopartikiillerin Tla¢ Tasima Sistemlerinde Kullanimi

Nanoteknoloji, organik ve inorganik maddeler iizerinde atomik seviyede yeni tasarimlar ve iiretimler
yapilmasina olanak taniyarak, tiim alanlarda temel bilimsel kuramlar1 ve iiretim teknolojilerini kokten
degistirmistir. "Nano" kelimesi teknik bir 6l¢li birimi olarak kullanilmakta olup, herhangi bir birimin
milyarda biri anlamina gelmektedir. Bir nanometre (nm), bir milimetrenin milyonda birine esit bir uzunluk
birimidir. Nanoteknolojinin yapi tagin1 nanopartikiiller olusturmaktadir (Kelleci vd., 2024). Nanopartikiiller,
kimyasal kompozisyonlarina gore karbon nanomalzemeleri, metal oksitler, metal nanomalzemeleri, yar1
iletkenler ve polimerik nanomalzemeler olarak smiflandirilmaktadir. Bu partikiiller, essiz fizikokimyasal
ozellikleri, yiiksek penetrasyon yetenegi, genis yiizey alani ve kimyasal aktivite gibi nitelikleri ile dikkat
cekmektedir. Bu ozellikler, endiistriyel ve tibbi teknolojilerin biiyiik ilgisini ¢ekmistir. Su ana kadar
nanomateryallerle liretilmis 1000'den fazla {iriin piyasaya striilmiistiir. Grand View Research'e gore, kiiresel
nanotip pazarinin 2024 yilinda 344 milyar dolara ulasmasi beklenmektedir (Ashfag vd., 2023). Bunun
nedeni, nanoteknoloji temelli yeni ilaglar ve tedavilerin gelistirilmesiyle geleneksel yontemlere gore daha
uygun maliyetli ve daha az yan etkiye sahip tedavi ve ilaglarin olusturulmasidir. Bu durum, biyiik 6l¢ekli
miihendislik nanomateryallerinin kullanimi ve iiretimiyle ¢evre ve insan sagligi lizerinde potansiyel olarak

etkilemekte ve gevreye salimi konusunda endiseleri arttirmaktadir (Ozkan vd., 2016).

Nanopartikiiler ilag tasiyici sistemler, diisiik toksisite, giivenli ve etkili kontrollii salim saglama yetenekleri,
aktif veya pasif hedefleme imkanlar1 ve ilag direncine karsi tedavi etkinligini artirabilmeleri nedeniyle
kanser tedavisinde yaygin olarak kullanilmaktadir. Ancak, birgok avantajina ragmen, nanopartikiil tabanli
anti-kanser tedavilerin sistemik uygulamalari sinirli tedavi etkinligine sahip olabilmektedir. Bu sinirlamalar,
ila¢ tasiyici sistemlerde karsilasilan ilk c¢ikis etkisi ve spesifik olmayan etkilesimlerin yani sira, timor
heterojenitesi ve doku bariyerlerinden kaynaklanabilmektedir. Ozellikle lokal kanser tedavileri
diisiiniildiigiinde, kemoterap6tik ajanlarin kiiciik boyutlari nedeniyle hedef bolgeden hizli bir sekilde elimine
edilmeleri ve uzatilmis lokal etki saglama kapasitesinin sinirli olmasi dezavantaj olusturmaktadir. Bu
noktada, hidrojel bazl ilag tasiyici sistemler, etkili bir lokal tedavi saglama potansiyeli ile 6n plana
¢ikmaktadir. Ug boyutlu ag yapilari, yiiksek su tutma kapasiteleri, gdzenekli ve gecirgen yapilar ile
biyouyumlu ve biyopargalanabilir 6zellikleri sayesinde farmasotik uygulamalarda umut vaat etmektedirler
(Konca vd., 2023). Ilag dagitiminda nanobiyoteknolojilerin arastirilmasi igin birincil hedefler sunlardir;
daha spesifik ilag hedefleme ve dagitim, terapétik etkileri korurken toksisitenin azaltilmasi, daha fazla

giivenlik ve biyouyumluluk saglanmasi, yeni glivenli ilaglarin daha hizli gelistirilmesidir.
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[lag dagitim sistemleri olarak uygun tasiyicilarin aranmasinda dikkate alinmasi gereken ana konular, yeni
malzemelerin tasarimi igin temel on kosullardir. Bunlar; ilacin dahil edilmesi ve salinmasi, formiilasyon
stabilitesi ve raf omrii, biyouyumluluk, biyodagitim ve hedefleme, islevselliktir. Ayrica tasiyici olarak
kullanildiklarinda, ilag dagitimindan sonra kalan materyalin olasi olumsuz etkileri de g6z Oniinde
bulundurulmalidir. Bu baglamda, terapdtik olarak ihtiyag duyulan simirhi bir 6mre sahip biyolojik olarak

parcgalanabilen nanopartikiiller optimal olacaktir.

Nanoteknolojinin nanotipta kullanilmasi, giivenlik ve toksikolojik konulara tam dikkat edilmesini
gerektirmektedir. Spesifik ila¢ dagitim formiilasyonlari, klinik etkinlik icin gereken doz ile olumsuz yan
etkilere neden olan doz arasindaki marj olan terapétik orani artirabilmektedir. Ancak, bu formiilasyonlar
icin de toksikolojik bir degerlendirme gerekmektedir. Bu durum, 6zellikle ila¢ dagitimi i¢in kullanilan
nanopartikiiller i¢in gecerlidir. Bu nanopartikiiller kasitli olarak insan viicuduna ve ¢evreye dahil edilmekte
olup, saglik hizmetlerinde 6nemli gelismeler saglamasi beklenmektedir (Bayda vd., 2019). Toksikologlar,
yeni bilim, yontem ve protokollere ihtiya¢ oldugunu belirtmislerdir. Bu ihtiyacin alti, birka¢ uzman

raporuyla ¢izilmistir ve 6zellikle su kavramlarla vurgulanmistir:

Nanomalzemeler: Dokme malzemelere kiyasla benzersiz yiizey oOzelliklerine sahiptir. Bu benzersiz

ozelliklerin toksikolojik agidan arastirilmasi gerekmektedir.

Reaktif Ozellikler: Nanopartikiiller benzersiz reaktif dzellikleri i¢in kullamldiginda, bu 6zelliklerin toksisite

uzerinde de etkisi olmasi beklenmektedir.

Test ve Prosediirler: ilag ve cihaz degerlendirmesindeki testler ve prosediirler nanopartikiillerin kullanimiyla
iligkili riskleri tespit etmekte yeterli olsa da tiim potansiyel riskleri tespit edemeyebilir. Ek testler

gerekebilmektedir.

Viicut Dagilimi: Nanopartikiiller, mikron boyutlu par¢aciklardan farkli fiziko-kimyasal 6zelliklere sahiptir,
bu da viicut dagilimini, kan beyin bariyerini gegisini ve kan pihtilagsma yollarini etkileyebilmektedir. Bu

nedenle, farmakokinetik ve dagilim ¢alismalarinda nanopartikiillere 6zel vurgu yapilmalidir.

Klinik Oncesi Degerlendirme: Saglikli hayvanlar ve goniillillerde yapilan klinik oncesi taramalar,

nanopartikiillerin risklerini tespit etmekte yetersiz kalmaktadir.

Nanopartikiillerin ilag tastyicis1 olarak kullanilmasi, dahil edilen ilacin toksisitesini azaltabilmektedir.
Ancak, tiim formiilasyonun toksisitesi arastirilirken, nanopartikiillerin toksik etkileri genellikle ayr1 olarak
incelenmez. Bu nedenle, bos (ilag yiiklii olmayan) nanopartikiillerin toksisitesine 6zel dikkat gosterilmelidir.
Bu durum, 6zellikle yavas veya parcalanamayan nanopartikiillerin kullanildig: ilag dagitim sistemlerinde

onemlidir. Ciinkii bu tlr partikiiller viicutta birikerek kronik enflamatuar reaksiyonlara neden
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olabilmektedir. Sonug olarak, giivenlik degerlendirmesi ve risk-fayda analizi vaka bazinda yapilmalidir (De

Jong & Borm, 2008).
3. LIPOZOM

Lipozomlar, fosfolipid temelli nanovezikiiller olup, i¢ kisminda ve tabakalar arasinda sulu faz barindiran
yapilardir. Es merkezli lipid tabakalarin kiiresel yap1 olusturmasiyla meydana gelmektedir ve hiicre zar1 ile
aynt malzemeden yapilmis kiiclik keseciklerdir. Bu kesecikler ilaglarla doldurularak hastaliklarin
tedavisinde kullanilmaktadir. Hem hidrofilik hem de lipofilik ilaglarin tasinmasinda etkin olan lipozomlar,
biyolojik olarak parcalanabilmekte, biyouyumlu ve immunolojik etki gostermektedir, bu nedenle ¢ok yonlii

ilag tasima sistemleri olarak kullanilmaktadir (Tiylek vd., 2017).

Lipozomal formiilasyonlar, klinik olarak biyolojik olarak aktif molekiiller ic¢in tasiyict olarak
kullanilmaktadir. Ozellikle gen terapisi ve ila¢ dagitim alanlarinda kapsamli bir sekilde incelenmistir.
Lipozomlar, biyomolekiilleri veya hidrofilik ilaclar1 kapsiilleyebilmekte ve hiicrelerin lipid ¢ift katmanlart
araciligiyla igsellestirmelerini ve ¢oziiniirliklerini artirabilmektedir. Bu formiilasyonlar, diisiik
immiinojenisiteleri, sinirl toksisiteleri ve hedef bolgelere daha biiyiik kargo tasima yetenekleri nedeniyle

viral vektorlerden daha giivenli bulunmustur (Akbarzadeh vd., 2013; Liu vd., 2022).

Lipozomlu ila¢ formiilasyonlar1 intra-vendz, intra-miiskiiller ve oral dagitim igin onaylanmistir. Bu
formiilasyonlar, dolagimdaki zamanlarini iyilestirmek ve ilacin biitiinliigiinii korumak i¢in pegile varyantlar
olarak gelistirilmistir. Lipozom aracil ila¢ dagitim sistemleri, anti-kanser, anti-fungal ve anti-inflamatuar
ilaglar gibi gesitli tibbi alanlarda basariyla kullanilmistir. DoxilTM, AmBisome® ve DepoDur gibi birgok
klinik iriin, lipozomlar kullanilarak formiile edilmistir. Lipozomlarin kullanimi, cesitli ilaglarin
farmakokinetik ve farmakodinamik 6zelliklerini iyilestirerek terapotik etkinliklerini arttirmustir. Bir dizi
lipozom-bazli ilag formiilasyonu insan kullanimui igin onaylanmis olup bir¢ok ek iriin ise farkli klinik

caligmalarda degerlendirilmektedir (Lamichhane vd., 2018).
3.1. Lipozomlarin Kanserde Kullanimi

Modern kanser tedavisi, ¢ogu kemoterapétik olan birkag anti-neoplastik ajan igermektedir (Hamurci vd.,
2022). Bu ilaglar laboratuvar ortaminda kanser hiicrelerini etkili bir sekilde yok edebilirken, viicut iginde
uygulandiginda bazi 6nemli engellerle karsilagmaktadir. Bu engeller arasinda kanser hiicrelerine 6zgii
olmama, tiimdr bolgelerinde diisiik biyoyararlanim, genis dagilim hacimleri ve normal dokulara toksisite
bulunmaktadir (Fulton & Najahi-Missaoui, 2023; Ihlamur vd., 2024). Nanopargacik bazli kanser

terapotikleri, bu sorunlari agmada umut vaat etmektedir. Lipozomlar gibi nanoteknoloji tabanli ilag
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sistemleri, kiigiik boyutlar1 (10-100 nm) ve yiiksek kapsiilleme kapasiteleri sayesinde hiicre i¢ine alim i¢in
idealdir ve tiimdrleri spesifik olarak hedefleyebilmektedirler. Tiimor dokularindaki bozulmus vaskiilarite ve

lenfatik drenaj, nanopargaciklarin tlimér i¢inde birikmesine olanak tanimaktadir (Amin vd., 2022).
3.2. Lipozomlarin Asida Kullanilmasi

Lipozomlar, asilarin etkinligini artirmak amaciyla da kullanilmaktadir. Lipozomal asilarin hazirlanmasinda,
su bazli maddeler lipozomun icindeki sulu bélgeye, lipit bazli maddeler ise lipit tabakaya eklenmektedir.
Lipozomlar, birgok hiicre tarafindan absorbe edilip igerdikleri maddeleri salarak hiicrelere
aktarilmaktadirlar. Bu yontemle hazirlanan lipozomal asilar, makrofajlar ve diger fagositik hiicreleri hedef

almaktadir (Tretiakova & Vodovozova, 2022).

Lipozomlar, antijen eklenerek hiicrelere verildiginde, icerdigi antijeni serbest birakmakta ve bu da bagisiklik
yanitin1 tetiklemektedir. Bu nedenle, lipozomlar gibi nanopargacik dagitim sistemleri asilarin
immiinojenikligini artirmak icin arastirilmis ve potansiyel adjuvanlar gelistirilmistir. Nanopargaciklar,
patojenle iligkili molekiiler kaliplart taklit ederek dogustan gelen bagisiklik tepkisini harekete
gecirebilmekte ve antijen sunan hiicreler tarafindan aliarak T hiicresi aktivasyonunu artirabilmektedir.
Katyonik lipozomlar, DNA baglanma ve bagisiklik tepkisi olusturma yetenekleri nedeniyle giiclii as1
tasarim platformlaridir. Ayrica, bazi nanopargaciklar, yiizeylerinde viriis benzeri yapilar olusturarak gerekli
bagisiklik uyarimini saglayabilmektedir. Lipozomlar, antijen siiresini uzatarak hedeflenebilir depo olarak

da islev gérmektedir (Schwendener vd., 2010).
3.3. Lipozomlarin Ilaclar ile Kullanilmast

Aragtirmacilar, hiicre zari ile ilaglarin ve diger maddelerin etkilesim mekanizmalarini incelemek igin
lipozomlar1 model zar olarak kullanmuslardir. Ornegin, Vitamin K1’in fosfolipid tabakasina etkilerini
incelemek amaciyla DMPC (di-miristoil-fosfatidilkolin) ve DEPE (di-elaidoylphosphatidyl-ethanolamine)
ile Vitamin K1’den olusan model zar yapilar1 kullanilmistir. Calismalarda, Vitamin K1’in 25°C’de
DMPC’nin interlaminar bosluklarimi artirdigi ve DMPC sistemlerinde dairesel yapiy1 bozarak altigen yap1
olusumuna neden oldugu gosterilmistir. Lipozomlar, tedavi edici uygulamalarm yan1 sira hayvanlarda
beslenme takviyesi olarak da kullanilmaktadir. Postpubertal inekler iizerinde yapilan bir ¢alismada, agiz
yoluyla uygulanan lipozom kapsiillii a-tokoferoliin, diger formiilasyonlara gore daha yiiksek plazma
konsantrasyonu sagladigi bulunmustur. Bu sonuglar, gelecekte hayvan hastaliklarinin 6nlenmesinde ve
bagisiklik sistemini giiclendirmek amaciyla eser mineral ve vitaminlerin lipozom kapsiilli sekilde

verilmesinin faydali olabilecegini diisiindiirmektedir (Lewicki vd., 2017).
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4. ILAC TASIMA SISTEMLERI VE LIPOZOM

Ilag tastyict sistemler, ilaclarin hedeflenen bolgelere ulasmasini saglayarak etkinliklerini artirabilmekte ve
yan etkileri azaltabilmektedir. Bu sistemlerin avantajlari arasinda hedeflenen teslimat, ilag stabilizasyonu,
yan etkilerin azaltilmasi ve ilag konsantrasyonunun kontrolii yer almaktadir. Dezavantajlar ise giivenlik,
maliyet ve etik meselelerdir. Gelecekte, ilag tasiyici sistemlerin teknolojik ilerlemelerle daha etkin ve
giivenli hale getirilmesi beklenmektedir. Nanoteknoloji ve biyomalzeme alanlarindaki ilerlemeler, ilag
tastyict sistemlerin daha spesifik hale gelmesini saglayacaktir. Giivenlik, maliyet etkinlik ve etik konularina
daha fazla odaklanilmas: gerekmektedir. ilag tastyici sistemlerin kombinasyon tedavilerinde kullanimi da
gelecekte 6nemli bir rol oynayabilmektedir. Sonug olarak, ilag tasiyici sistemlerin kullanimu, ilag gelistirme
ve tedavi yontemlerinde Onemli bir ilerleme saglamaktadir. Ancak, bu alanla ilgili tartismalarin ve
arastirmalarin devam etmesi gerekmektedir. Lipozomlar, ilag tastyici sistemlerin 6nemli bir parcasi olarak
son yillarda biiylik ilgi goren ve arastirilan bir konudur. Bu sistemler, ilaglarin hedeflenen hiicrelere veya

dokulara taginmasini kolaylastirarak tedavi siirecinin etkinligini artirmay1 amaglamaktadir (Allen & Cullis,
2013) .

Lipozomlar, yapisinda bir veya daha fazla lipid katmani bulunan kiiresel yapilardir. Bu lipid katmanlari,
hidrofobik ve hidrofilik yapilari sayesinde su bazli ilaglar1 tasimak igin ideal bir ortam saglamaktadir. Ilag
molekiilleri, lipozomlarin hidrofobik i¢ tabakasina yerlestirilebilmekte veya hidrofilik dis tabakasina
yiizeyine adsorbe edilebilmektedir. Bu sekilde, lipozomlar ilaglari koruyarak, tasiyarak ve hedeflenen
hiicrelere ulagtirarak ilaglarin etkinligini artirmaktadir. Lipozomlarin avantajlarindan biri, ilaglarin
hedeflenen bolgelere daha etkili bir sekilde ulagmasini saglamasidir. Ciinkii lipozomlar, hedeflenen
hiicrelerin yiizeyindeki reseptorlere baglanabilir ve bu sayede ilaglar1 spesifik olarak hedeflemeyi miimkiin
kilmaktadir. Bu, ilaglarin yan etkilerini azaltirken etkinliklerini artirmaktadir. Ayrica, lipozomlarin
biyolojik uyumlulugu yiiksektir ve viicutta uzun siire kalabilirler. Bu da ilaclarin yavas salimini saglayarak
tedavi siirecini iyilestirmektedir. Ancak, lipozomlarin baz1 dezavantajlari da vardir. Oncelikle, lipozomlarin
iretimi karmasik ve maliyetlidir. Bu, ticari olarak kullanilabilirliklerini sinirlayabilmektedir. Ayrica,
lipozomlarin stabilitesi konusunda da bazi endiseler bulunmaktadir. Lipozomlar, fiziksel veya kimyasal
etkilere karsi hassas olabilmekte ve bu da ilaglarin taginmasi ve depolanmasi siirecinde sorunlara yol
acabilmektedir. Bununla birlikte, lipozomlar dogal olarak viicut tarafindan metabolize edilebilmekte ve bu

nedenle uzun siireli etkileri hala tam olarak anlagilamamustir (Nsairat vd., 2022).

Lipozomlar ve lipid/niikleik asit kompleksli lipid nanopartikiiller, ila¢ endiistrisinde 6nemli basarilar
gostermistir. Elde edilen basarilar arasinda, stabil ilag ylikleme kapasiteleri, genisletilmis farmakokinetik
profilleri, hedef dis1 yan etkilerin azalmas1 ve kan-beyin bariyeri veya plazma membran bariyerlerini asarak

hastalik hedeflerine etkin dagitim yapabilme yetenekleri bulunmaktadir. Gosterdigi bu 6zellikler, geleneksel
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dozaj formlarinda diigiik terapotik indekslere sahip ve glinlimiizde "tedavi edilemez" olarak goriilen hedefler
igin umut verici ¢oziimler sunmaktadir. Son zamanlarda siRNA, antisens oligoniikleotid veya CRISPR
(Diizenli araliklarla boliinmiis palindromik tekrar kiimeleri) kompleksi yiiklii lipid nanopartikiiller ve
lipozomal agilardaki gelismeler, bu nanopartikiillerin yeni farmasétik yontemler i¢in ¢ok yonlii formiilasyon
platformlar1 saglama potansiyeli saglamaktadir. Lipid nanopartikiillerin analitik karakterizasyonu, ilag
tasarimi, formiilasyon gelistirme, in vivo performansin anlagilmasi ve kalite kontrolii agisindan énemlidir.
Cesitli lipid yardime1 maddeler, benzersiz ¢ekirdek ¢ift katmanli yap1 ve nano 6lgekli boyut gibi 6zellikler,
lipid tiirleri, ilag kapsiilleme verimliligi, nanopartikiil 6zellikleri, {iriin stabilitesi ve ilag salim1 gibi karmasik
kritik kalite 6zelliklerini vurgulamaktadir. Bu zorluklar1 asmak ve lipid nanopartikiillerin ila¢ gelistirmede
gelecekteki uygulamalarini kolaylastirmak amaciyla, lipid nanopartikiil bazli farmasotik yontemlerin
fizikokimyasal karakterizasyonlarina yonelik mevcut analitik yaklagimlar arastirilmaktadir (Hamad vd.,

2024).

FDA (Amerika Birlesik Devletleri Gida ve Ilag Dairesi) tarafindan onaylanan ilk lipozomal fiiriin,
Doxil®’dir. 1995 yilinda yumurtalik kanseri ve AIDS (Edinilmis Bagisiklik Yetmezligi Sendromu) ile
iligkili Kaposi Sarkomu tedavisinde kullanilan Doxil®, doksorubisinin lipozomal formiilasyona sahiptir. Bu
ilag¢ gliniimiizde, 12'den fazla lipozomal formiilasyon, bakteriyel enfeksiyonlar, kanser, mantar hastaliklari,
g0z, cilt ve solunum bozukluklari tedavisinde klinik kullanim i¢in onay almstir. Lipozomal formiilasyonlar,
klinikte kullanim i¢in onay almis, en basarili nanomateryal bazli terapotikler arasinda yer almaktadir. 2015
yilinin basindan bu yana diinya capinda yaklasik 330 klinik ¢aligma baslamistir. Bu siire¢ boyunca, 100
klinik ¢alisma tamamlanmistir (Almeida vd., 2020).

2015'ten bu yana, FDA tarafindan klinik kullanim i¢in ii¢ yeni lipozomal formiilasyon onaylanmistir.
Bunlar; Onivyde® (2015), Vyxeos® (2017) ve Onpattro® (2018) dir. Onivyde®, ileri evre pankreas kanseri
tedavisinde gemsitabin ile birlikte kullanilan irinotekanin PEGlenmis bir nanolipozomal formudur.
Onivyde®, irinotekani siikroz oktasiilfat kullanilarak kapsiiller ve su anda kiigiik hiicreli akciger kanserinde
topotekan ile birlikte kullanim i¢in Faz III klinik denemelerinde arastirilmaktadir. Onivyde®, geleneksel
irinotekana kiyasla daha yiiksek ila¢ kapsiilleme ve yiikleme verimliligi, uzatilmis dolagim siiresi, siirekli
salim ve azaltilmig konak¢1 toksisitesi gibi birgok farmakokinetik avantaj saglamaktadir (Almeida vd.,

2020).

Vyxeos® (CPX-351), daunorubisin ve sitarabin igeren bir lipozomal formiilasyondur. Bu lipozomal
formiilasyon, akut miyeloid 16semi tedavisi i¢in onaylanmistir. Sitarabin, bakir icermeyen tamponlarda
karistirllarak ve yliksek sicakliklarda inkiibe edilerek kapsiillenirken, daunorubisin EDTA tamponunda
¢ozlindiiriiliip sitarabin yiiklii lipozomlarla inkiibe edilerek kapsiillenmektedir. Klinik deneylerde, Vyxeos®

alan hastalarin, geleneksel tedavi alanlara gore daha uzun bir ortalama yasam siiresine sahip olduklar
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goriilmiistir. Ancak, bazi hastalarda febril ndtropeni, bakteriyemi ve pndomoni gibi ciddi yan etkiler

g6zlenmistir ve hastalarin %18'inde tedavi kesilmistir (Almeida vd., 2020).

Onpattro®, antitranstiretin siRNA'y1 terapétik ajan olarak kullanarak yenilik¢i bir tedavi yontemi olan, en
son onay almis lipozomal terapidir. Bu yontem, transtiretin aracili amiloidoz tedavisi i¢in onaylanmustir.
Onpattro®, iyonlasabilir katyonik lipitler, fosfolipid, kolesterol ve PEG2000-C-DMG igeren lipozomal bir
yapiya sahiptir ve asidik pH altinda hizli karigtirma yoluyla birlestirilmektedir. Lipozom, diisikk pH
nedeniyle katyonik hale gelen DLin-MC3-DMA'nin endozoma yonlendirilmesiyle viicutta hedefe
ulagmaktadir ve endozomal yirtilma sonucu kapsiillenmis siRNA'nin sitozole salinmasini saglamaktadir. Bu
SiRNA, transtiretin proteininin sentezini inhibe ederek serum ve doku birikintilerini azaltmaktadir. Faz III
klinik denemelerinde, Onpattro® plasebo grubuna kiyasla transtiretin iiretiminde %81 azalma ve kas giicii,
duyusal iglevler, refleksler ve kalp hizi gibi parametrelerde iyilesme gostermistir. Ancak, hastalarin
%20'sinde periferik 6dem ve infiizyonla iliskili reaksiyonlar gibi hafif yan etkiler gézlenmis, ciddi yan

etkiler plasebo grubuyla benzer diizeyde olmustur (Almeida vd., 2020).

Bunlara ek olarak nanopartikiillerin ilag tasiyicisi olarak kullanilmasi, dahil edilen ilacin toksisitesini
azaltma potansiyeline sahiptir. Lakin, toksisite arastirmasi yapilirken genellikle nanopartikiillerin ayr1 bir
sekilde toksik etkileri incelenmez. Bu nedenle, 6zellikle bos nanopartikiillerin toksisitesine 6zel bir dikkat
gosterilmelidir. Bu durum, uzun siireli veya pargalanamayan nanopartikiillerin kullanildig1 ilag dagitim
sistemlerinde daha da 6nem kazanmaktadir. Ciinkii bu tiir partikiiller viicutta birikerek kronik enflamatuar
reaksiyonlara yol agabilmektedir. Bu nedenle, nanopartikiil tabanli ilag tasiyici sistemlerin toksik etkilerinin
detayl1 bir sekilde arastirilmasi ve bu etkilerin minimize edilmesi énemlidir. Sonug olarak, lipozomlar ilag
tastyict sistemlerin onemli bir bilesenidir ve ilaglarin hedeflenen bolgelere tasinmasinda etkin bir rol
oynamaktadir. Bu sistemlerin avantajlar, ilaglarin etkinligini artirirken yan etkilerini azaltmaya yardimci
olmaktadir. Ancak, liretim ve stabilite gibi bazi zorluklar hala mevcuttur. Lipozomlar ve diger ilag tasiyici
sistemler lizerine yapilan arastirmalarin devam etmesi ve bu sistemlerin ticari kullanilabilirliklerinin

artirtlmasi i¢in daha fazla galigsma yapilmasi gerekmektedir.

5. SONUC

[lag tasiyict sistemler, modern tibbin etkinlik ve giivenligi artirma agisindan énemli bilesenlerindendir. Bu
sistemler, ilaglarin hedeflenen bolgelere ulasmasim saglayarak tedavi siireglerini optimize etmektedir. Yan
etkilerin azaltilmasi ve ilag stabilizasyonunun saglanmasi, bu sistemlerin sundugu biiyiik avantajlardandir.
Bu alandaki hizli ilerlemeye ragmen, nanopartikiil bazli ilag tasima sistemlerinin ¢ogu, hedeflerine karsi

Ozgiilliik eksikligi ile uygunsuz yiikleme kapasitesi gostermektedir (Peer vd., 2007). Sonug¢ olarak, ilag
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tasima sistemlerindeki umut verici gelismeler, spesifik olarak benzersiz veya asir1 ifade edilen
biyobelirtecleri hedefleyen tanima ligandlar tarafindan islevsellestirilen yiiksek ve diizenlenmis kapasiteli
nanotastyicilarin tasarlanmasmi icermelidir (Alshaer vd., 2018). Ozellikle lipozomlar, ilag tastyic
sistemlerin en dikkat ¢ekici 6rneklerinden biri olarak 6ne ¢ikmakta ve son yillarda yapilan arastirmalar,
lipozomlarin tedavi etkinligini artirmada dnemli bir rol oynadigini géstermektedir. Lipozomlarin biyolojik
uyumlulugu ve spesifik hiicrelere ilag tasima kapasitesi, bu sistemlerin klinik uygulamalarda yaygin
kullanimint saglamaktadir. Ancak, lipozomlarin iiretim maliyetleri ve stabilite sorunlar1 gibi dezavantajlar,
bu teknolojinin genis ¢apl ticari kullanimini sinirlamaktadir. Bu nedenle, tiretim siire¢lerinin iyilestirilmesi
ve lipozom stabilitesinin artirilmasi i¢in daha fazla arastirma yapilmasi gerekmektedir. Ayrica, nanopartikiil
tabanli ilag tasiyici sistemlerin toksik etkilerinin ayrintili bir sekilde incelenmesi ve bu etkilerin minimize
edilmesi de onemli bir arastirma alamdir. Ozellikle bos nanopartikiillerin uzun vadeli toksik etkileri
konusunda yapilan ¢alismalar, bu sistemlerin giivenliginin saglanmasinda kritik bir rol oynamaktadir.
Gelecekte, nanoteknoloji ve biyomalzeme alanlarindaki ilerlemelerle birlikte, ilag tasiyici sistemlerin daha
spesifik, etkin ve giivenli hale getirilmesi beklenmektedir. ilag tasiyici sistemlerin kombinasyon
tedavilerinde kullanimi, tedavi protokollerinin kisisellestirilmesi ve hastaliklarin daha etkili yonetilmesi
acisindan biiyiik potansiyel tasimaktadir. Sonug olarak, ila¢ tasiyici sistemler, ilag gelistirme ve tedavi
yontemlerinde 6nemli bir ilerleme sunmaktadir. Bu alandaki arastirmalar ve tartismalar devam ettikge, ilag

tasiyict sistemlerin klinik uygulamalarda daha genis bir kullanima sahip olmas1 saglanacaktir.

CIKAR CATISMASI BEYANI

Yazarlar arasinda ¢ikar ¢atigmasi bulunmamaktadir.

YAZARLARIN KATKILARI

Y.B.S.: Arasgtirma, kaynaklar, yazi yazma - orijinal taslak hazirlama.
B.C.: Arastirma, kaynaklar, yazi yazma - orijinal taslak hazirlama.
P.K.: Arastirma, kaynaklar, yazi yazma - orijinal taslak hazirlama.
R.A.: Arastirma, kaynaklar, yazi yazma - orijinal taslak hazirlama.

M.IL.: Gozden gegirme ve diizenleme
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ABSTRACT

One of the most visible symptoms of autism spectrum disorder is difficulty in speech and language.
Difficulties in speech and language are generally very different for each child with autism spectrum disorder.
Although some children with autism spectrum disorder can speak fluently, others will not be able to speak
normally or will be even nonverbal. In all cases, parents try to communicate with, and understand their
children’s needs, desires, and emotions. If a child with autism spectrum disorder cannot speak out loud, it
is harder to communicate with him/her but there are other non-vocal methods for communication. In this
paper, the benefits of teaching American sign language to children with autism spectrum disorder and the
difficulties that families and children will experience while doing this are presented. In addition,
technological solutions to these difficulties are given. In parallel with advancements in technology, novel
solutions to understand and use sign language have been proposed and these solutions are supposed to help
parents who cannot understand sign language. Such solutions typically rely on image processing methods
and classification algorithms to recognise sign language. Therefore, in this paper, the performance of various
classification algorithms used to classify American Sign Language phonemes is compared. As the results
show, when combined with image processing methods, classification algorithms can be used in various
technological solutions aiming at helping to identify sign language phonemes.

Keywords: Autism spectrum disorder; Classifiers; Image processing; Machine learning; Sign language

Isaret Dili Fonemlerini Belirlemek i¢in Simiflandiricilar ve Gériintii Isleme

0oz

Otizm spektrum bozuklugunun en goézle goriiliir semptomlarindan biri konusma ve dil giicliigiidiir. Otizm
spektrum bozuklugu olan her ¢ocuk i¢in konusma ve dildeki zorluklar genellikle ¢ok farklidir. Otizm
spektrum bozuklugu olan bazi ¢ocuklar akici bir sekilde konusabilse de, digerleri normal konusamayacak
veya soOzsliz bile konusabilecektir. Her durumda ebeveynler cocuklarinin ihtiyaglari, arzulari ve
duygulariyla iletisim kurmaya ve onlar1 anlamaya calisir. Otizm spektrum bozuklugu olan bir gocuk yiiksek
sesle konusamiyorsa onunla iletisim kurmak daha zordur ancak ses disi1 iletisim yontemleri de vardir. Bu
makalede, otizm spektrum bozuklugu olan ¢ocuklara Amerikan isaret dili 6gretmenin faydalar1 ve ailelerin
ve cocuklarm bunu yaparken karsilasacaklar1 zorluklar sunulmaktadir. Ayrica, bu zorluklara yonelik
teknolojik c¢ozimler verilmektedir. Teknolojinin ilerlemesine paralel olarak isaret dilini anlamak ve
kullanmak i¢in yeni ¢oziimler oneriliyor ve bu ¢oziimlerin igaret dilini anlayamayan ebeveynlere yardimei
olmasi bekleniyor. Bu tiir ¢éziimler genellikle isaret dilini tanimak igin goriintii isleme yontemlerine ve
siniflandirma algoritmalarma dayanir. Bu nedenle bu makalede Amerikan Isaret Dili ses birimlerini
siniflandirmak i¢in kullanilan ¢esitli siniflandirma algoritmalarimin performansi karsilagtirilmustir.
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Sonuglarin gdsterdigi gibi, siniflandirma algoritmalari goriintii isleme yontemleriyle birlestirildiginde isaret
dili ses birimlerinin belirlenmesine yardimci olmay1 amaglayan cesitli teknolojik ¢oziimlerde kullanilabilir.
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1. INTRODUCTION

If a child with autism spectrum disorder (ASD) has difficulty in speech, intervention services should be
provided as soon as possible in order to give the child the best possible chance of achieving functional
communication later on. Therefore, the therapist may offer augmentative and alternative communication
(AAC) that consists of different methods (White et al., 2021), such as picture exchange communication
system (PECS), flash cards, communication boards, speech generating devices (SGDs), and tablets. It has
been shown that when combined with ongoing speech therapy, sign language (SL) can foster language
development in children with ASD (Bonvillian, Nelson, & Rhyne, 1981). However, through this approach,
completely nonverbal children with ASD are not likely to gain spoken words, as it is estimated that about
25-30% of children with ASD will never develop any form of verbal communication or will remain
minimally verbal (Rose, Trembath, Keen, & Paynter, 2016).

SL relies on using hand gestures, body movements, and facial expressions to express words and phrases,
and it is not the same everywhere. SL can give deaf children with ASD a way to communicate and express
themselves (Shield & Meier, 2014); therefore, it could also end up being a primary way of a child with ASD
to communicate. SL may connect children with ASD to a broader community of individuals who use SL for
communication. Notably, American Sign Language (ASL) is the primary language of many deaf and hard-
of-hearing people in North America. ASL is also used by some hearing people (American Sign Language
2022).

Although verbal communication can be extremely difficult for a child with ASD to understand and use, SL
is typically easier to understand and use (Brown, 1978). Because children with ASD understand visual
information more easily than verbal information (Gladfelter, Barron, & Johnson, 2019). As a lack of
communication skills is frustrating for children with ASD, it leads to difficult behaviours (De Giacomo et
al., 2016; McNeil, Quetsch, & Anderson, 2019). On the other hand, being a functional way of
communication, SL leads to a decrease in difficult behaviours (Lal & Sanghvi, 2015).

Image processing methods and classification algorithms are essential in vision-based solutions proposed to
identify SL gestures. The vision-based solutions are easier to implement and cheaper; therefore, in this
paper, the performances of various classification algorithms used to classify the phonemes of ASL are
compared. The remaining sections of this paper are organized as follows. The next section provides a
literature review in the related domain. The third section presents information on dataset used and analysis
methodology used in this study. The fourth section reports results and provides discussion on the topic.

Finally, this paper is concluded in the fifth section.
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2. LITERATURE REVIEW

There are common misconceptions about SL. For instance, although some parents and professionals worry
that teaching SL to children with ASD can hinder their verbal communication progress and the children’s
ability to speak; it is false (Thompson et al., 2007). However, SL helps enhance various speech and language
skills essential for fundamental learning (Toth, 2009). It has been shown that learning and using SL helps
children with ASD develop verbal language (Carr, 1979). Another common misconception is that SL is only
for children with a hearing impairment. But SL is also for children with limited expressive and language
skills. SL can also act as a bridge for bilingual children, aiding them in learning a new language
(Tomaszewski, 2001). As SL allows children with ASD to interact and play with other children, it helps
children with ASD build new social skills as well as imitation skills (Bonvillian, Nelson, & Rhyne, 1981).
SL can also open the lines of communication between a child with ASD and his/her parents or teacher
(Bonvillian & Nelson, 1976; Simpson & Lynch, 2007). Generally, learning SL does not take too much time
and it is recommended to begin with a few signs and incorporate practicing it into daily activities (Schneden,
2006).

SL can help children with ASD be able to express themselves (Schaeffer, Kollinzas, Musil, & McDowell,
1977; Carr, 1979), but also offer a number of other benefits for them. Learning and using SL will more
likely lead to more spontaneous communication for children with ASD (Schaeffer, Kollinzas, Musil, &
McDowell, 1977), and better social skills. Since SL is an alternative form of communication, it will possibly
reduce aggression and meltdowns due to frustration at not being able to communicate (Jantzen, 2011). It
may also lead to less depression and anxiety because when children with ASD make themselves be
understood by others, they will more likely be happier (Tarver et al., 2021). However, while some children
with ASD may find signing enjoyable, others may not. Therefore, other than SL, alternative and
augmentative communication options may be offered to such children with ASD (lacono, Trembath, &
Erickson, 2016). Parents of children with ASD should learn signing if their children use it. They can learn

SL through online courses, local classes, or private tutors.

Although SL offers many benefits, it is not suitable for everyone, as each child has unigue strengths and
weaknesses. First of all, it is important to use hands, facial features, head, and upper body carefully in SLs;
however, some children with ASD have significant difficulties in motor skills (McCleery, Elliott, Sampanis,
& Stefanidou, 2013). SL can involve facial expressions are used to express both linguistic information and
emotions in order to have more nuanced conversation, but this is hard for children with ASD due to their
having a difficulty in interpreting faces (Denmark, Atkinson, Campbell, & Swettenham, 2019; Sato et al.,
2017). Most children with ASD prefer short eye contact and do not enjoy prolonged ones (Trevisan, Roberts,

Lin, & Birmingham, 2017); however, eye contact is an essential part of SL when interacting with SL users
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who are deaf. Although self-stimulatory behaviour is not a bad thing, if a child with ASD uses his/her hands
for self-stimulatory behaviours, this can confuse or distract the conversation partner (Kapp et al., 2019).
Finally, although some children with ASD find SL effective and enjoyable, others do not and get more out
of a different method. Therefore, using different methods for different contexts may be recommended. In
contrast to common belief, SL can enhance various speech and language skills essential for fundamental
learning skills (Bowman-Smart et al., 2019). With regard to speech and language development, SL can
provide a number of benefits. It can allow transitioning from gestures to speaking smoothly, improve
vocabulary and confidence, enhance using adjectives and adverbs, empower earlier reading and recognition
of sight words, and increase expressive and receptive language skills (Baker-Ramos, 2017). SL can bridge
the gap between non-verbal communication and speaking, and if it is introduced and taught early in life, it
helps to enhance speech and language development (Fitzpatrick, Stevens, Garritty, & Moher, 2013). If a
child learns and uses SL, his/her parents must learn, too. As well as private tutors and local classes, online
courses can help for this. Each SL has its own fingerspelling forms, and vocabulary that is important and
more commonly used by the child should be prioritised to learn and memorise (Lal & Sanghvi, 2015). In
case of difficulty in learning the SL, the parents can be offered technological solutions. Such solutions
identify SL symbols and gestures, interpret the overall meaning of the sentence and then generate visual
response to the counterparty. Both vision-based approaches and data glove approaches can be used to
recognise hand gestures (Trigueiros, Ribeiro, & Reis, 2014). Compared to the data glove approaches, the
vision-based ones offer a simpler and probably more intuitive method of communication between a human

and a computer. They also enable to recognise SL in real-time (Trigueiros, Ribeiro, & Reis, 2014).

3. METHODOLOGY

In this study, the Sign Language MNIST (https://www.kaggle.com/datasets/datamunge/sign-language-
mnist) open dataset was used. The fingerspellings of ASL represent a multi-class problem involving 24
classes of letters, with J and Z excluded as they require motion (Figure 1). The training dataset contains a
set of 28x28 grayscale images in PNG format of the entire alphabet, except J and Z, and is composed of a
total of 27455 instances. The data in its raw form is provided as a pixel to pixel intensity [0-255] class-wise
distributed XLS files.

223



Efeoglu & Tuna [ Classifiers and Image Processing to Identify Sign Language Phonemes

YRLHEL'Y
.sQI_AJN .&-_2
.;_9 an L_/

Flgure 1: Alphabet (phonemes) of ASL

In this study, as shown in Figure 2, K-Nearest Neighbours (KNN), Extra Trees, Linear Discriminant
Analysis (LDA) and Rep Tree algorithms were used for the classifications and their performances were
compared. To avoid overfitting, the 10-fold cross-validation method was used as the performance analysis
method.

Performance metrics
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Accuracy
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Classification Roc
st i Choose
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Rep Tree Kappa algorithm
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ROC Area

PRC Area

— p—

Figure 2: Methodology used in this study

3.1. Classification Algorithms

The KNN is a simple and yet effective algorithm; therefore, it is popular in studies focusing on classification
and regression problems. It classifies a sample according to its proximity, i.e. distance, to other samples in
the dataset (Abu Alfeilat et al., 2019). Although Euclidean distance is the commonly used distance measure
of the KNN, there are others. Examples of the other distance measures that can be used by the KNN are
Manhattan distance, Mahalanobis distance, Chebychev distance, Minkowski distance, and Hamming
distance (Abu Alfeilat et al., 2019).
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The Extra Trees is one of the decision tree algorithms that creates many unpruned decision trees from a
given training dataset and is often used in classification problems (Kasliwal, 2018). As it relies on ensemble
learning, it combines the predictions from many decision trees (Geurts, Ernst, & Wehenkel, 2006). The
LDA was developed by R. A. Fischer in 1936 (Boedeker & Kearns, 2019). It searches for a linear
combination of variables that can best separate existing classes. It can achieve good results in complex
problems (Boedeker & Kearns, 2019). The Rep Tree relies on regression tree logic and first creates multiple
trees at different iterations. It then selects the best of all trees produced and considers it as a representative
(Weinberg & Last, 2019). Rep Tree relies on calculating the information gain with entropy and reducing

the error due to variance (Weinberg & Last, 2019).

3.2. Performance Metrics

Various evaluation metrics have been proposed so that models created with classification algorithms can be
evaluated, thereby determining which model produces more accurate results. True positive (TP), true
negative (TN), false positive (FP) and false negative (FN) values are used in the calculation of these
metrics.). It is recommended to use precision and recall metrics together, but other metrics are needed for
performance evaluation, too. Because the comparison of the results of two models with low recall and high
precision and vice versa is not easy and reliable. In this case, F-Score calculated by taking the harmonic
average of these two metrics is used. Matthews correlation coefficient (MCC) value is very useful in case
of an imbalance between the classes in the dataset (Chicco & Jurman, 2020). For a good classification,

performance metrics should take values close to 1. These metrics are explained in Figure 3.

Metric and Formula

A TP + TN )
Y = Tp Y TN+ FP + FN
TP (2)
Precision —
recision TP n FP
Recall = —+
A = TP+ N (3)
2
F — Score 1 I (4)

Recall + Precision
TP #* TN — FP = FN

- J(TP + FP) (TP + FN) + (TN + FP) * (IN + FN)

MCC (5)

Figure 3: Performance metrics and their formulas
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Another metric is Cohen’s Kappa statistic. The kappa statistic is basically a measure of agreement between
actual and predicted classes (Delgado & Tibau, 2019). Kappa statistics are calculated with Equation (6),
where P(x) is the observed concordance rate and P(y) is the random concordance rate.

P(x)-P(y) (6)

Kappa = 1)

the predicted, and y represents the actual, RMSE can be calculated as shown in Equation 7.

RMSE — \/(xl_yl )2+"'-+(xn_Y1n )2 (7)

n

ROC area and PRC area values express the areas under the drawn curves (Fawcett, 2006). For example, the
ROC area value is the area under the ROC curve. In the ROC curve, while the horizontal axis shows FP
rate, the vertical axis shows TP rate. ROC graphs are useful for organising classifiers and visualising their
performance (Delgado & Tibau, 2019). Similar to the ROC area, the PRC area shows the area under the
PRC curve. It refers to the area under the curve drawn in the PRC curve with the horizontal axis, i.e. recall,

and the vertical axis, i.e. precision.

4. RESULTS

In this study, 10 different performance metrics explained in Section 2 were used to compare the success of
KNN, Extra Trees, LDA and Rep Tree algorithms in the classification of ASL phonemes. The values of
performance metrics obtained from 10-fold cross-validation are given in Figure 4. Considering all the
performance metrics in Figure 3, the KNN algorithm demonstrated the best overall classification
performance, achieving the lowest error rate. On the other hand, the Rep Tree algorithm had the worst

overall performance. The parameters of the algorithms used are given in Table 1.

A confusion matrix contains basic but useful information about the results of a classification study. The
parts coloured in green in the confusion matrix are TP and TN values. The TP and TN values represent the
total number of the words that the algorithms predicted correctly. Other numbers in the confusion matrix
indicate the number of incorrectly predicted words. The confusion matrices obtained by the algorithms from
10-fold cross-validation are given in Figure 5. The confusion matrices in Figure 4 indicate that the KNN
and LDA algorithms delivered the best results. The KNN algorithm predicted almost all the letters correctly,
only 11i, 6 v letters and 1 w incorrectly. This indicates that the algorithm has difficulty in finding the letter
v. The LDA algorithm, on the other hand, was found to have difficulty in detecting these letters due to
incorrect predictions in the letters f, g, k, I, u, v, w, and y. When all the performance metrics are considered,

it can be seen that the most successful algorithm is the KNN algorithm.
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Table 1: Parameters of the algorithms used

Algorithm Paremeters

KNN Number of KNN neighbors 1, batchsize 100, distance function Euclidean Distance.

Extratree Batch size: 100, Number of attributes to randomly choose at a node (k) :1, Seed:1

LDA The tolerance of the termination criterion (eps) : 0.001, epsilon parameter 0.1, The cost
parameter (cost): C:1.

Rep Tree  Batch size: 100, Seed:1, max deep:1, Determines the amount of data used for pruning. One
fold is used for pruning, the rest for growing the rules( numfold) :3, The minimum total weight
of the instances in a leaf (minNum):2. The number of decimal places to be used for the output
of numbers in the model (numDecimalPlaces): 2.

Kappa Precision RMSE
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Figure 4: Performance metrics a) Kappa, b) Precision, ¢) RMSE, d) Accuracy, e) F-Score, f) Recall, g) MCC, h)
ROC Area, i) PRC Area
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Figure 5: Confusion matrices a) The KNN, b) The Extra Trees, ¢) The LDA, d) The Rep Tree
When the algorithms' Time taken to build model and running times are examined, Time taken to build model
KNN 0.08s, Extra tree 1.18s, LDA 0.9s, Rep tree 52.77s respectively. The running times are KNN 17 min,
Extra tree 25s, LDA 9min, Rep tree 15min respectively. The fastest algorithm was Extra Trees, while KNN

was the slowest.

5. DISCUSSION

Using the open dataset mentioned in the previous section, Rathi (2018) implemented a convolutional neural
network (CNN) to recognise the alphabet of ASL. In deep learning, the CNN is a class of Artificial Neural
Network (ANN), and it is commonly used to analyse visual imagery (Valueva et al., 2020). Although
training the CNN takes a long time even across multiple graphical processing units, Rathi (2018) used two
pre-trained models, Inception_v3 model (Szegedy, Vanhoucke, loffe, & Shlens, 2016) and MobileNet_v1
model (Howard et al., 2017). Both are open-source models and utilise the CNN at their cores. Rathi (2018)
achieved an accuracy rate of 95.06% with MobileNet_ vl model and an accuracy rate of 93.36% with
Inception_v3 model. In addition to the original mobile application solution proposed by Rathi (2018), the
proposed solution could also be implemented in Raspberry Pi with OpenCV, and text- to-speech function

can be used to achieve an improved and automated translation application.

SGDs can be used to teach language and literacy skills to children with ASD (Thunberg, Ahlsén, &
Sandberg, 2007). Contrary to common belief that AAC and SGDs can obstruct the development of verbal
speech, AAC helps children with ASD develop language and verbal speech faster. Because by providing a
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visual and auditory representation of vocabulary words, it makes combining words easier (National
Academies of Sciences, Engineering, and Medicine, 2017). SGDs provided in the form of an application in
asmart phone or tablet are relatively low-cost and highly portable. Examples of this are LAMP, Prologu2go,
Touch Chat, and Avaz (Proctor & Wang, 2016). Although AAC and SGDs can be quite useful to children
with ASD, solutions that can help teachers who do not know SL are important because they may need to
work with children with hearing impairment or children with speaking impairment. Bicek and Almali1 (2020)
proposed and developed a mobile application that allows educators who do not know SL to teach individuals

with hearing impairment by using speech-to-text process.

Considering the numerous opportunities of virtual reality environment, Schioppo, Meyer, Fabiano, and
Canavan (2020) proposed a virtual reality-based real-time system to recognise SL. The system relies on an
egocentric view with a virtual reality headset along with a motion controller that consists of an optical hand
tracking module to capture hand movements. In the demo, based on hand-crafted features that were extracted
from the motion controller, the authors used random forest classifier to identify the 26 letters of ASL. After
carrying out 10-fold cross-validation on 30 instances of each of the 26 letters, the authors achieved an
accuracy of 98.33%.

6.CONCLUSION

The first step of starting to use signs is to learn the finger alphabet. Each SL comes with its own alphabet
and parents are recommended to prioritise signs that their children use most often and learn vocabulary
important to their families. There are commercially or freely available technological solutions that the
parents can use to understand SL if they have difficulty with it. Image processing methods and classification
algorithms lie on the core of these solutions; therefore, in this study, the performance of a group of
classification algorithms for classifying ASL phonemes was compared. As the results show, when combined
with image processing methods, classification algorithms can be used to identify ASL phonemes. In this
study, the KNN achieved the best performance in terms of the used performance metrics. The proposed

approach can be implemented in a smart phone or tablet or using a virtual reality headset.
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Bu calismada, Barlat89 akma kriteri kullanilarak farkli anizotropik malzemelerin deformasyon
davraniglarinin modellenmesi {izerine odaklanilmigtir. S6z konusu kriter, ortotropik levhalarin plastik
davranislarini 6ngérmek amaciyla gelistirilmis bir modeldir. Sonlu elemanlar analizlerinde yaygin bir
sekilde kullanilan Hill48 modeline kiyasla, daha az sayida parametre ile yiiksek dogruluk saglamasi
nedeniyle tercih edilmektedir. Calismada, AA5754 ve AA7075 aliiminyum alagimlar1 ile DP600 ¢ift fazli
celik malzemeler analiz edilmistir. Model parametrelerinin belirlenmesinde, sayisal ve analitik yontemler
birlikte kullanilmis ve yeni parametrik uyarlama yontemleri onerilmistir. Elde edilen model sonuglari
deneysel verilerle karsilastirilmistir. Bulgular, kullanilan ¢6ziim yontemlerin deformasyon davranislarinin
ongoriillmesinde onemli bir rol oynadigini ortaya koymustur. Ayrica, modelin dogrulugunu artirmak igin
parametrik uyarlama yoOntemlerinin etkili bir arag oldugu tespit edilmistir. Calismada, yalnizca bir
parametrenin veya tiim model parametrelerinin optimize edilmesinin tahmin dogrulugu iizerindeki etkisi
degerlendirilmistir. Bu baglamda, onerilen yontemlerin farkli malzeme tiirleri ve gerilme kosullari igin
gegerliligi detayli bir sekilde incelenmistir.

Anahtar Kelimeler: Barlat89 akma kriteri; Model katsayilari; Optimizasyon

Detailed Examination of the Barlat89 Yield Criterion and Development of
Various Methods for Determining Model Coefficients

ABSTRACT

In this study, the modeling of deformation behavior of various anisotropic materials using the Barlat89 yield
criterion has been focused on. This criterion is a model developed to predict the plastic behavior of
orthotropic sheets. Compared to the Hill48 model, which is widely used in finite element analyses, it is
preferred due to its higher accuracy with fewer parameters. In the study, AA5754 and AA7075 aluminum
alloys and DP600 dual-phase steel materials were analyzed. In determining the model parameters, numerical
and analytical methods were used together, and new parametric adaptation methods were proposed. The
obtained model results were compared with experimental data. The findings revealed that the solution
methods used play a significant role in predicting deformation behavior. Additionally, it has been
determined that parametric adaptation methods are an effective tool for improving the accuracy of the
model. In the study, the effect of optimizing only one parameter or all model parameters on prediction
accuracy was evaluated. In this context, the validity of the proposed methods for different material types
and stress conditions was investigated in detail.

Keywords: Barlat89 yield criterion; Model coefficients; Optimization
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1. GIRIS

Barlat89 akma kriteri, anizotropik metal levhalarin plastik davraniglarinin modellenmesinde yaygin olarak
kullanilan bir plastik malzeme modelidir. Barlat ve Lian tarafindan 1989 yilinda gelistirilen bu model,
ozellikle ortotropik malzemelerin akma yiizeylerini tanimlamak i¢in kullanilmaktadir (Barlat & Lian, 1989).
Ortotropik malzeme, ii¢ ortogonal yonde farkli mekanik ozelliklere sahip anizotropik malzemelere verilen
addir. Anizotropi ise metal levhalarin imalat siirecindeki haddeleme gibi islemler sirasinda farkli yonlerde

farkli mekanik 6zellikler gostermesi durumunu ifade eden bir terimdir.

Sonlu elemanlar analizlerinde siklikla kullanilan Von Mises modeli izotropik malzemeler i¢in uygun olan
ve malzemenin her yondeki gerilme durumunu ayni sekilde ele alan bir kriterdir. Ancak, Barlat89 modeli,
malzemenin farkli yonlere olan duyarliliklarini hesaba katmakta ve bdylece malzemenin anizotropik (yone
bagli) davranislarin1 daha iyi modelleyebilmektedir. Bu nedenle metal sekillendirme siireglerinde yiiksek
dogruluk sagladigi i¢cin otomotiv ve havacilik sektorlerinde genis bir uygulama alani bulunmaktadir. Model,
farkli yiikleme kosullar1 altinda malzemenin nasil akacagini, nereden kirilma veya yirtilma olasiliginin
oldugunu daha dogru tahmin etmeye yardimci olmaktadir. Bu sayede kalip ve zimba tasarimlarina da
yardimc1 olmakta ve deneme yanilma siirecini ortadan kaldirmaktadir. Ornegin bir otomobil kaportasi
panelinin sekillendirilmesi sirasinda, panelin farkli bolgelerindeki gerilme ve gerinme durumlar1 Barlat89
modeli ile analiz edilerek, bu bolgelerde malzemenin nasil davranacagini ve hangi alanlarin zayif veya risk
altinda olabilecegini, nerede asir1 incelme veya kirigikliklarin olusabilecegi konusunda bilgiler
saglamaktadir. Ayrica siire¢ parametrelerinin belirlenmesine de yardimer olmaktadir. Cizelge 1.’de Ticari

yazilimlarda kullanilan akma kriterleri verilmistir (Banabic, 2010).

Cizelge 1: Ticari yazilimlarda kullanilan akma kriterleri (Banabic, 2010).

Ticari Yazilim Hill48 Barlat89
ABAQUS
AUTOFORM
LS-DYNA
OPTRIS
PAM STAMP
STAM PACK

IS
el

Hill48 ve Barlat89 modelleri hem ticari yazilimlarda hem de literatiirde sikga kullanilmaktadir. Giiniimiizde
bir¢cok model gelistirilmesine ragmen bu eski modellerin popiiler olmasinin temel sebebi az sayida deneysel
parametre ile tahmin yapabilmeleridir. Cizelge 2.’de akma kriterlerinde ihtiya¢ duyulan deneysel veri
parametreleri verilmistir. Tabloda da goriilecegi lizere en az sayida parametre ile ¢alisan (g, 1y, 9o ) model

Barlat89 modelidir.
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Cizelge 2: Akma kriterlerinde deneysel veri ihtiyac1 (Banabic, 2010)

Model ) 03¢ O45 075 099 Op "o T30 Tss T7s T9o 1§
Hill48 X X X X
Barlat89 X X X
Barlat2004 X X X X X X X X
Soare2007 X X X X X X X X X X X X

Shrivastava ve Digavalli (Shrivastava & Digavalli, 2023) tarafindan yapilan aragtirmada, AAS5182
alliminyum alagiminin sicak derin ¢gekme islemleri sirasinda stirtiinme 6zelliklerinin sicaklik ve basing gibi
islem parametrelerinden nasil etkilendigini incelemiglerdir. Barlat89 modeli kullanilarak sayisal modelleme
calismasini basariyla uygulanmiglardir. Sicaklik ve temas basinci gibi degiskenlerin siirtiinme katsayisini
onemli Olglide etkiledigini ve degisken siirtiinme kosullarinin kullanilmasinin simiilasyon dogrulugunu
artirdigini belirtmislerdir. Barlat89 modeli, geri esneme tahminlerinde temel modellerle karsilagtirildiginda
onemli bagarilar gostermesine ragmen, karmasik gerilme ve deformasyon etkilerinin daha 1iyi
ongoriilebilmesi i¢in ilave model parametrelerine ihtiya¢ duymaktadir. Conde ve arkadaslari (Conde,
Coppieters, & Andrade-Campos, 2024), ¢alismalarinda model parametrelerinde kalibrasyon yaparak geri
esneme tahminlerindeki hata oranlari minimize etmislerdir. Barlat89 modelinin anizotropik davranislarin
ongoriilmesinde etkili bir yontem oldugunu, ancak geri esneme gibi karmagik sekil degisimlerinin tahmin
edilmesi s6z konusu oldugunda daha ileri modellerin (6rnegin, Barlat89+Y oshida-Uemori) tercih edilmesi
gerektigini vurgulamiglardir. Rickhey ve Hong (Rickhey & Hong, 2023) tarafindan yapilan galismada,
Barlat89 modeli ile genisletilmis Barlat89 modeli arasindaki farklar incelenmistir. Caligmalarinda, geri
esneme tahminlerinin dogrulugu, hem kuvvet-yer degistirme (FDL) egrilerinde hem de farkli gerilme
modlar1 i¢in incelenmis ve geri esneme davraniginin hassas bir sekilde tahmin edilebilmesi i¢in r-
degerlerinin gerinimle birlikte nasil degistigini detaylandirmiglardir. Barlat89 modelinin dogrulugunun
belirli kosullar altinda yiiksek oldugunu, ancak anizotropik malzemelerde O6zellikle karmasik gerilme
durumlarinda geri esneme etkilerinin dogru tahmin edilmesi i¢in genisletilmis Barlat89 gibi daha ileri
modellerin kullanilmas: gerektigini vurgulanuslardir. Dang ve arkadaslarmm (Dang, Pirc, Lé Quéc, Van
Chinh, & Van Hoang, 2023) yaptig1 ¢alismada, SUS304 paslanmaz ¢eligin derin ¢ekme islemi sirasinda
olusan kulaklanma hatalari, Barlat89 akma kriteri kullanilarak sayisal simiilasyon ile 6ngoriilmiistiir. Elde
edilen sonuglart deneysel sonuglarla dogrulamiglardir. Barlat89 modelinin anizotropik katsayilarimin dogru
tanimlamasinin, malzemenin farkli yonlerdeki gerilme-gekil degistirme davranislarinin daha hassas bir
sekilde tahmin edilmesini sagladig1 gosterilmistir. Shrivastava ve Kumar (Shrivastava & Kumar, 2024)
tarafindan yapilan ¢alismada, ¢ift fazli DP600 ¢eliginin derin ¢ekme simiilasyonlar1 Mises, Barlat89 ve
BBC2005 akma kriterleri kullanilarak analiz edilmistir. Caligmalarinda, BBC2005 modelinin ¢ift eksenli

gerilme kosullarinda daha iyi sonuglar verdigi, Barlat89 modelinin ise yalmizca tek eksenli gerilme
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durumlarinda gegerli oldugu belirtilmistir. Barlat89 modelinin ¢ift eksenli gerilme kosullarinda akma
yiizeyini oldugundan daha yiiksek tahmin ettigini ve bu durumun geri esneme tahminlerini olumsuz
etkiledigini ortaya koymuslardir. Katiyar ve arkadaslarmin (Katiyar, Panicker, & Panda, 2023) yapmis
oldugu ¢alismada, Barlat89 modeli kullanilarak AA5754 ve AA6082 aliiminyum alagimlarinin sicak ¢ekme
islemi sonrasi davraniglart analiz edilmistir. Calismalarinda, Barlat89 modelinin sicaklik ve deformasyon
hizina duyarliligimi1 ve bu parametrelerin malzeme performansi iizerindeki etkilerini detaylandirmislardir.
Geri esneme tahminlerinin dogrulugunu artirmak adina, Barlat89 modeline ek olarak, sicaklik ve hiz

duyarliligina sahip daha karmagik modellerin kullanilmasi 6nerilmistir.

Model katsayilariin dogru belirlenmesi, malzeme davraniglarinin 6ngoriilmesinde ve miihendislik
uygulamalarinda ytiksek dogruluk saglamaktadir. Bu ¢alismanin amaci, Barlat89 modeli i¢in katsayilarinin
belirlenmesi {izerine farkli yontemlerin karsilastirilmasini yapmak ve oOnerilen denklemin etkinligini
incelemektir. Calisma, deneysel veriler kullanilarak onerilen yontemlerin dogrulugunu degerlendirmeyi
hedeflemektedir. Elde edilen sonuglar, farkli ¢oziim yontemlerinin Barlat89 modeli tizerindeki etkilerini

acikca gdstermektedir.

2. TEORIK ARKA PLAN

2.1. Barlat89 Akma Kriteri

Barlat89 Modeli, gerilme tensorii ve anizotropi tensdrleri arasindaki iliskiyi kullanarak matematiksel bir
akma fonksiyonu olusturmaktadir. Bu fonksiyon, belirli bir gerilme durumunda malzemenin ne zaman
plastik deformasyona ugrayacagini tanimlamaktadir. Model, Esitlik 1°de verilen k; ve k, olarak
adlandirilan gerilme tensoriiniin iki sabit degeri ile ifade edilmektedir. Ayrica M adi verilen bir iis ile
formiile edilmektedir. M, malzemenin kristalografik yapisina bagl olarak segilen bir say1 olmakla birlikte
BCC ve FCC metaller igin sirasiyla 6 ve 8 olarak onerilmektedir (Banabic, 2010; Barlat & Lian, 1989).
Modelin temel ifadesi Denklem 1 ile gosterilmektedir.

f=lky +ko|™ + |ky — ko |M + 2k, |M = 206} (1)
011 + 023
ki =——=
1 2
3 ()
011 — 022
- j(T) vof

Bu model, g;, = 0 oldugunda 0;; = g, Ve 0y, = g, olmakta normal anizotropi durumunda genisletilmis

olmakta ve Denklem 3 ile ifade edilmektedir.
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f =alky + ko™ + blky — ko |M + c|2k, |M = 25! 3)

2.2. Model Katsayilarinin Belirlenmesi
Denklem 3°te yer alan a, b ve ¢ model katsayilar1 anizotropi degerine (r) bagli olup Denklem 4 yardimiyla
hesaplanmaktadir.

2 “)

@ ¢ 1+r

Diizlemsel anizotropi sergileyen malzemeler i¢in Denklem 5 ile genellestirmistir.
f = a|k1 + kle + a|k1 - kle + C|2k2|M = ZO'éW

_ 011+ hoy,
6))

Bu denklemlerdeki a, c, h, p parametreleri ise Denklem 6 yardimiyla belirlenmektedir. p parametresi ayrica
nimerik yontemler yardimiyla da belirlenebilmektedir. Denklem 6’da verilen a,c, h parametrelerinin

¢Oziimii i¢in sadece 1y ve ryy deneysel anizotropi degerlerine ihtiya¢ bulunmaktadir.

To T9o
1+191+ 19

ho |_To THTo 6)
1+71ry 799

1

- P laram)
P=7 \Z2a+2Mm,

Denklem 6°da ki 74 farkli kayma gerilmesi durumundaki akma gerilmesini ifade etmektedir.

a=2—-—c=2-2

Bu katsayilar, malzemenin mekanik testlerinden elde edilen veriler kullanilarak hesaplanmaktadir. Ancak,
deneysel siiregler genellikle karmasik ve zaman alicidir. Model katsayilarinin belirlenmesinde kullanilan
yaygin yontemler arasinda deneysel verilerin dogrudan kullanimi, sayisal optimizasyon teknikleri ve
analitik ¢6ziim yontemleri bulunmaktadir. Deneysel verilerin dogrudan kullanimi, malzeme testlerinden
elde edilen gerilme-gerinim verilerinin kullanilmasi ile gergeklesir. Ornegin her bir derecelik ag1 degisimi
icin numuneler hazirlanip ¢ekme deneyleri yapilabilir. Bu yontem, yiiksek dogruluk saglamakla birlikte,
deneysel siireclerin karmasikligi ve maliyeti nedeniyle pratik olmamaktadir. Sayisal optimizasyon

teknikleri, genis veri setleri lizerinde etkili sonuglar vermektedir. Bu tekniklerden genetik algoritmalar,
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pargacik siirii optimizasyonu ve gradyan yontemleri gibi g¢esitli optimizasyon algoritmalar1 kullanilarak
model katsayilar1 belirlenebilmektedir (Kilig, 2024). Ancak, bu yontemlerin hesaplama maliyetleri yiliksek
olup yiiksek bilgisayar islem kapasitesi gerektirmektedir (David, 1989; Goldberg & Holland, 1988). Akma
kriterleri i¢in model katsayilarmin belirlenmesinde deneysel veriler biiylik nem tagimaktadir. Bu veriler,
genellikle gerilme-gerinim testleri, ¢cekme testleri ve ii¢ nokta egme testleri gibi mekanik testlerden elde
edilmektedir. Bu testler sirasinda, malzemenin farkli yonlerdeki gerilme ve gerinim davranislan dlgiilerek

model katsayilar1 hesaplanmaktadir (Banabic, 2010).

3. MALZEME VE YONTEM

Bu ¢alisma kapsaminda iki farkli aliiminyum alagimi ve bir ¢elik malzeme incelenmistir. Malzemelere ait
mekanik 6zellikler literatiirden alinmus olup Cizelge 3.”de verilmistir. Incelenen aliiminyum alasimlarindan
biri AA5754'tir. Bu alagim, iyi sekillendirilebilirlik ve korozyon direnci 6zellikleri sayesinde otomotiv ve
denizcilik sektorlerinde yaygin olarak kullanilmaktadir (Erice, Rolfe, & Mendiguren, 2023; Ozturk, Pekel,
& Halkaci, 2011; Toros, Alkan, Ece, & Ozturk, 2011). AA7075 ise yiiksek mukavemetli bir aliminyum
alasimudir. Ozellikle havacilik ve uzay sanayinde, ayrica spor ekipmanlari ve askeri uygulamalarda tercih
edilmektedir (S. Kilic, 2019; Rajendran, Duraisamy, Rajendran, & Loganathan, 2023). Bu alagim, yiiksek
¢ekme dayanimi ve yorulma direnci ile bilinmektedir. DP600, ¢ift fazli (dual phase) bir ¢elik olup, dzellikle
otomotiv endiistrisinde kullanim alan1 bulunmaktadir (Kacar, Oztiirk, Toros, & Kilig, 2020; Suleyman Kilic
& Ozturk, 2016; Saxena, Drotleff, & Mukhopadhyay, 2016). Bu ¢elik malzeme, mikemmel

sekillendirilebilirlik ve yiiksek mukavemet 6zelliklerine sahiptir.

Cizelge 3: Malzemelerin mekanik 6zellikleri.

Malzeme 00/0y 045/ 09 090/ 0y 1) Tas Toq Ref.
AAS5754 1,000 0,967 0,969 0,723 0,726 0,739 (Erice et
al., 2023)
AAT075 1,000 0,956 1,012 0,38 0,69 0,47 (S. Kilic,
2019)
DP600 1,000 1,02 1,04 0,89 0,85 1,12 (Kacar et
al., 2020)

Barlat89 akma kriterine dayali malzeme modellerinde parametrelerin optimizasyonu, malzemenin
anizotropik 6zelliklerini dogru bir sekilde temsil etmek i¢in kritik 6neme sahiptir. Bu parametrelerin en
uygun degerlerinin belirlenmesi i¢in tiirev temelli olmayan optimizasyon teknikleri sik¢a kullanilmaktadir.
Nelder-Mead simplex algoritmasina dayali fminsearch fonksiyonu, bu tiir optimizasyonlarda yaygin olarak
tercih edilen bir yontemdir. Nelder-Mead simplex algoritmasi, tiirevlere gerek duymadan bir fonksiyonun

minimum degerini bulmaya calisan bir optimizasyon teknigidir (Lagarias, Reeds, Wright, & Wright, 1998).
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Bu yontem, ¢ok boyutlu uzayda simplex olarak adlandirilan bir ¢okgen olusturmakta ve bu ¢okgenin
koselerini iteratif olarak gilincelleyerek fonksiyonun minimum noktasina yaklagsmaktadir. Fminsearch
fonksiyonu, 6zellikle tiirevlerin analitik olarak elde edilmesinin zor oldugu durumlarda kullanishdir. Bu
Ozellikleri nedeniyle, Barlat89 akma kriterinin parametre optimizasyonunda fminsearch fonksiyonu tercih

edilmistir.

Barlat89 modelinin ¢éziimiinde 6nemli etkileri olan {i¢ parametre a, c ve h parametreleridir. Bu ¢aligma
kapsaminda ¢ ve h parametreleri igin Denklem 7°de 6nerilen matematiksel ifadelerin etkisi de incelenmistir.
Ty + 2145 + T9g
c=—7--—7—
4
a=2-c (7)

_To tTus + Ty
T'45+1

4. SONUCLAR VE TARTISMA

Bu c¢alisma kapsaminda, Barlat89 akma kriterinin aliiminyum ve c¢elik alasimlarinin anizotropik
davraniglari1 modelleme {izerindeki etkinligi incelenmis ve farkli yontemlerle belirlenen model
katsayilarmin dogrulugu karsilastirilmigtir. Deneysel veriler ve optimizasyon teknikleri kullanilarak, akma
gerilmesi ve anizotropi katsayisi tahminlerindeki hata oranlar1 analiz edilmistir. Calismada ilk olarak p
parametresinin etkisi arastirilmigtir. Sekil 1.’de AA5754 malzemesinde yapilan incelemede p degerinin
etkisi goriilmektedir. 6 numarali esitlikte verilen p katsayisinin belirlenmesi i¢in kullanilan denklemde
kayma gerilmesi katsayisi oldugu i¢in ¢ogunlukla niimerik yontemlerle belirlenmektedir. Bu nedenle bu
akma kriterinde en 6nemli model parametresi olarak p degerinin dikkatli belirlenmesi gerekmektedir. Sekil
1 incelendiginde akma gerilmesi tahmininde p degerinin artmasi 45° ag1 igin gerilme tahmini degerini
diistirmektedir. Ama anizotropi katsayisinin tahmininde p degerinin artmasi 45° a¢1 i¢in anizotropi degeri

tahminini artirmaktadir. Bu nedenle p degerinin dogru belirlenmesi bu model igin kritik 6neme sahiptir.
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Sekil 1: AA5754 alasiminda farkli p parametrelerinin etkisi, a-) Akma gerilmesi degisimi, b-) Anizotropi

degisimi

Calisma kapsaminda ii¢ farklt model parametresi belirleme yontemi incelenmistir.

1. Model’de sadece p degeri optimize edilmis, a, ¢, h parametreleri i¢cin 6 numarali esitlik ile analitik
olarak ¢6ziim saglanmustir.

2. Model’de sadece p degeri optimize edilmis, a, ¢, h parametreleri i¢in 7 numarali esitlik ile analitik
olarak ¢oziim saglanmustir.

3. Model’de ise a, c, h, p parametrelerinin hepsi optimizasyon yontemi ile elde edilmistir.

Sekil 2.”de ki grafikler incelendiginde sadece p degerinin optimize edilerek bulunmasi (1. Model) tahminler
tizerindeki hata miktarinin diisliriilmesinde etkili olamamustir. Bu karsilastirilan ii¢ farkli malzeme tiiriinde
de bdyle olmustur. Calisma kapsaminda Onerilen 7 numarali denklem ile de tahmin hatasi oldukga fazla
cikmistir (2. Model). Model parametrelerindeki a,c, h,p parametrelerinin hepsinin optimizasyonla

belirlenmesi durumunda ise hata orani en az olmustur (3. Model).
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Sekil 2: Farkli modellerin akma gerilmesi tahminine etkisi, a-) AA5754, b-) AA7075, ¢-) DP600

Sekil 3.’de ii¢ farkli modelin anizotropi degeri tahminleri verilmistir. Birinci modelin ii¢ farkli malzeme
tirtinde de tahminleri en az hatayla yaptigi goriilmektedir. Bunun temel nedeni Barlat89 akma Kriterinin
anizotropi katsayilar1 iizerine kurulmasidir. Ama bu durum yukarida bahsedildigi gibi akma
mukavemetlerinin tahmininde hata oranin yiiksek ¢ikmasina sebep olmaktadir. ikinci modelin tahminlerinin
yine hata orani yiiksek ¢ikmustir. Ugiincii modelde ise hata orani yiiksek olmakla birlikte akma gerilmesi

tahminleriyle birlikte degerlendirildiginde yine kullanilabilecek bir yontem oldugu diistiniilmektedir.

Akma gerilmesi ve anizotropi parametrelerinde farkli optimizasyon yaklasimlarinin basarili olmasinin temel
nedeni, model parametrelerinin (a, ¢, h, p) matematiksel ifadelerinin farkli siireglere dayali olmasidir. 6
numarali denklemde, a, ¢, ve h parametreleri anizotropi katsayilar1 olan 7y Ve 79¢’ye baghdir. Bu durum,
bu parametrelerin malzemenin farkli yonlerdeki deformasyon davramiglarimi yansitmasina neden

olmaktadir. Buna karsin, p parametresi akma gerilmesi (o) 6zelliklerine baglidir. Bu baglamda, anizotropi
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katsayilarmin tahmininde r degerlerine odaklanilmas: (1. Model), akma gerilmesi tahmininde ise tiim
parametrelerin birlikte optimize edilmesi (3. Model) daha basarili sonuglar saglamaktadir. Bu problemi
ortadan kaldirmak i¢in, 3 numarali denklemde verilen akma fonksiyonunun gelistirilmesi ve hem akma
gerilmesi hem de anizotropi davranmislarin1 daha dogru temsil edecek yeni bir matematiksel fonksiyonun

uretilmesi Onerilmektedir.
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Sekil 3: Farkli modellerin anizotropi katsayisi tahminine etkisi, a-) AA5754, b-) AA7075, c-) DP600

Literatiirde yapilan caligmalar, Barlat89 modelinin analitik ¢éziimiiniin belirli sinirlarinin oldugunu ve
modelin daha karmasik gerilme durumlarinda dogrulugunu artirmak icin gelistirilmesi gerektigini ortaya
koymaktadir. Bu baglamda, ¢esitli arastirmalar modelin farkli parametrelerle iyilestirilmesine
odaklanmgtir. Ornegin, Sanrutsadakorn ve arkadaslari (Sanrutsadakorn, Jhonthong, & Julsri, 2023),

Barlat89 ve gelistirilmis Barlat89+Y oshida-Uemori modellerini karsilastirarak, temel modelin geri esneme
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tahminlerinde yetersiz kaldigini belirtmistir. Conde ve arkadaglar1 (Conde et al., 2024), model
parametrelerinin kalibrasyonu ile geri esneme tahminlerindeki hata oranlarini minimize etmis ve daha
yiiksek dogruluk saglandigini vurgulamiglardir. Benzer sekilde, Rickhey ve Hong (Rickhey & Hong, 2023),
modelin belirli kosullarda dogrulugunun yiiksek oldugunu, ancak karmasik gerilme modlarinda gelistirilmis
modellerin tercih edilmesi gerektigini vurgulamigtir. Yang ve arkadaslar1 (Yang, Chen, Hong, & Chen,
2023), Barlat89 modelinin geri esneme tahminlerinde simirli kaldigin1 ve karmagsik gerilme kosullarinda
daha gelismis modellerin (6rnegin, Yoshida-Uemori veya Armstrong-Frederick modelleri) kullanilmasinin
Oonemini gostermistir. Carvalho (de Carvalho, 2023) calismasi, DP980 c¢ift fazli celikte farkli akma
kriterlerini incelemis ve Barlat89'un 6zellikle karmasik geometriye sahip pargalar i¢in geri esneme ve
burusma hatalarin1 6ngérmede yetersiz kaldigini ortaya koymustur. Du ve arkadaslar1 (Du et al., 2022),
5182-O aliiminyum alagimi {izerinde yaptiklar1 c¢alismada, farkli akma kriterlerinin dogru parametre
tanimlamalariyla benzer dogrulukta sonuglar sundugunu ifade etmislerdir. Lei ve arkadaslar1 (Lei et al.,
2021), Barlat89 modelinin akma yiizeyi parametrelerinin Marciniak-Kuczynski yontemiyle elde edilen
analitik c¢oziimlerle karsilastirmasini incelemis ve sayisal yontemlerin model dogrulugunu artirdigini
belirtmiglerdir. Aydin ve arkadaslart (Aydin, Gerlach, Kessler, & Tekkaya, 2011), akma Kriterlerinin
dogrulugunu artirmada optimizasyon yontemlerinin etkili oldugunu vurgulamis ve Chaparro ve arkadaglar
(Chaparro, Thuillier, Menezes, Manach, & Fernandes, 2008), hibrit optimizasyon yontemlerinin daha
yiiksek dogruluk sagladigini géstermislerdir. Ayrica, Hou ve arkadaslar1 (Hou et al., 2023), akma kriteri
modellerinin dogrulugunu artirmak i¢in parametrik kalibrasyonun énemine dikkat ¢ekmis ve bu siiregte

deneysel verilerle karsilastirma yapilmasi gerektigini vurgulamislardir.

Sonug olarak, bu ¢alisma literatiirdeki diger ¢alismalarla karsilastirildiginda, Barlat89 modelinin diisiik
parametre sayisiyla etkili bir yontem oldugunu dogrulamaktadir. Ancak, optimizasyon siireglerinde tek
parametre optimizasyonunun anizotropi tahminlerinde etkili olmasina ragmen, ¢ok parametre
optimizasyonunun akma gerilmesi gibi kritik 6zelliklerin tahmininde daha yiiksek dogruluk sagladig: tespit
edilmistir. Ayrica, sicaklik, deformasyon hizi gibi ek parametrelerin modele dahil edilmesi hem tahmin

dogrulugunu artirmak hem de modelin genel uygulanabilirligini genisletmek agisindan 6nemlidir.

5. SONUCLAR
Bu calisma, Barlat89 modeli i¢in katsayilarmin belirlenmesinde ¢esitli analitik ve sayisal yontemleri
kullanarak anizotropik malzemelerin deformasyon davraniglarini daha dogru tahmin etmeyi hedeflemistir.

AAS5754 ve AA7075 aliiminyum alasimlari ile DP60O0 ¢ift fazli ¢eligin mekanik davranislar1 dikkate alinmig
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ve Onerilen parametrik uyarlama yontemleriyle elde edilen sonuglar, deneysel veriler ile karsilagtirilarak

dogrulanmistir. Elde edilen bulgular, asagidaki temel sonuglari ortaya koymustur:

1. Barlat89 Modelinin Gegerliligi: Model, diisiik parametre sayisiyla ortotropik levhalarin anizotropik
davraniglarii dogru bir sekilde tahmin edebilmistir. Bununla birlikte, Barlat89 kriterinin
dogrulugunun artirtlmast igin model parametrelerinin dikkatli bir sekilde belirlenmesi

gerekmektedir.

2. Parametrik Uyarlama Yo6ntemlerinin Etkinligi: Onerilen parametrik uyarlama yontemleri, dzellikle
p katsayisinin optimize edilmesi durumunda hata oranmni diisiirmiistiir. Sadece p katsayisinin
optimize edilmesi, anizotropi tahmininde modelin dogrulugunu artirirken, akma mukavemeti
tahmininde siirh diizeyde etki etmistir. Tiim model parametrelerinin (a, c, h, p) optimizasyonu,

hem akma gerilmesi hem de anizotropi katsayisi tahminlerindeki hata oranini etkilemistir.

3. Farkli Malzemeler I¢in Uygulama: Yapilan analizler, onerilen yontemlerin malzeme tiirlerine gore
degiskenlik gosterdigini ortaya koymustur. Ozellikle AA7075 alasiminda parametrik uyarlama
yontemleri sinirhi  diizeyde hata saglarken, AA5754 ve DP600 malzemelerinde tahmin

dogrulugunun nispeten daha diisiik oldugu tespit edilmistir.

Sonug olarak, ¢alisma kapsaminda 6nerilen parametrik uyarlama yontemleri, modelin dogrulugunu artirmak
icin etkili bir ara¢ olarak degerlendirilmistir. Ancak, bu yontemlerin farkli malzeme tiirleri ve karmasik

gerilme durumlari i¢in detayli incelenmesi gerekmektedir.
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ABSTRACT

In this study, an InSe thin film layer was deposited onto a CdS thin film layer produced via the chemical
bath deposition (CBD) method using the Successive lonic Layer Adsorption and Reaction (SILAR)
technique. The produced heterojunction devices were divided into two groups, and one group was annealed
in an ambient atmosphere at 80°C for 1 hour. The electrical characterization of both heterojunction devices
was performed in the dark and under an illumination intensity of 100 mW/cm?. The fundamental diode
parameters (n, ¢b, RS, lo) were analyzed using different methods. In the dark environment, these values are
8.47,0.94 eV, 2.27x10% Q and 2.12x10* A for In/InSe/In and 8.43, 0.96 eV, 7.27x108 Q ve 7.07x1072 A
for In/InSeameaed/IN, respectively. Furthermore, key photodetector parameters such as photocurrent,
photoresponsivity, photosensitivity, and specific detectivity were determined for these two devices.

Keywords: InSe; CdS; Photodetector.

Van der Waals tipi InSe/CdS
Heteroeklem Cihazinin Diyot ve Fotodedektor Karakterizasyonu

0z

Bu ¢alismada kimyasal banyo depolama (CBD) yontemiyle iiretilen CdS ince film tabakasinin iizerine InSe
ince film tabakasi Sirali Iyonik Tabaka Adsorpsiyon ve Reaksiyon (SILAR) y&ntemiyle biriktirilmistir.
Uretilen heteroeklem cihazlar1 iki gruba ayrilmis ve bir grup atmosfer ortaminda 80 °C sicaklikta 1 saat
tavlanmustir. Her iki heteroeklem cihazinin elektriksel karakterizasyon karanhik ve 100 mW/cm? 151k
siddetinde gerceklestirilmistir. Temel diyot parametreleri (n, @b, RS, lo) farkli yontemlerle analiz edilmistir.
Karanlik ortamda sirasiyla bu degerler In/InSe/In igin 8.47, 0.94 eV, 2.27x108 Q ve 2.12x10* A iken
IN/INS€anneated/ I igin 8.43, 0.96 eV, 7.27x10% Q ve 7.07x107*2 A’dir. Bu iki cihazin temel fotodedektdr
parametreleri olan fotoakim, fotoduyarlilik, fotohassasiyet ve 6zgiin algilama degerleri belirlenmistir.

Anahtar Kelimeler: InSe; CdS; Fotodedektor.
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1. INTRODUCTION

Wide photodetectors covering the visible, ultraviolet, and near-infrared electromagnetic spectrum are now
used in a variety of applications, including aircraft, night vision medical imaging, solar cells, broad spectral
switches, light communications, and biometric identification (Chen et al., 2017; Hu et al., 2014; Yan et al.,
2022). The introduction of graphene has significantly transformed the van der Waals layered material
family(Novoselov et al., 2004). This has also led to the development of photodetectors based on layered
materials that have extremely high sensitivity. Properties such as atomic-level thickness and facile electrical
structure adjustment by external forces (Wang et al., 2017) offer substantial potential for the development
of nanoscale photodetectors (Islam et al., 2019). 111-V1 binary semiconductors have sparked intense research
interest in recent years due to their intriguing electrical and optical characteristics, as well as potential
applications in electronic and optoelectronic devices. Several high-performance devices, including solar
cells, photodetectors, and transistors, have been reported (Chen et al., 2017; Huang et al., 2011). Among
these semiconductors, indium selenide (InSe) is an essential layered semiconductor with a high direct
bandgap and effective visible light absorption. These qualities make it a viable contender for a wide range
of essential applications, including solar energy conversion, random access memory, photodetectors, and
visible optoelectronics (Yadav & Salunke, 2015; Zhai et al., 2010). Cadmium sulfide (CdS), a member
of the 11-VI group, is a widely used compound in optoelectronic devices. It stands out due to its low
resistivity, high transmittance in the visible region, and good electron affinity (Diso, Fauzi, Echendu,
Weerasinghe, & Dharmadasa, 2011; Kumarage, Wijesundera, Seneviratne, Jayalath, & Dassanayake, 2017;
Lade & Lokhande, 1997). CdS thin films are considered one of the most exciting options for heterojunction
thin film photodetectors, solar cell etc.(Ashour, 2003). In this study, we combined CdS and InSe compounds

in the form of a van der Waals heterojunction and investigated the diode and photodetector parameters.

2. EXPERIMENTAL DETAILS

The InSe thin film was previously deposited onto a CdS layer, approximately 100 nm thick, prepared by the
chemical bath deposition method using the Successive lonic Layer Adsorption and Reaction (SILAR)
technique. The precursor solutions were 0.07 M In(SO.)s and 0.05 M Na,SeSOs. In each cycle, a layer
approximately 1.5 nm thick was formed, and the total number of cycles was 45. The total thickness of the
InSe thin film was approximately 70 nm. The details of the procedure have been presented in our previous
studies (Unal, 2013, 2021). The fabricated InSe/CdS heterojunctions were divided into two groups, with
one group annealed at 80°C for 1 hour in an ambient atmosphere. Subsequently, In (indium) metal contacts

were applied to the InSe layer. Figure 1 presents the production mechanism and a schematic representation
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of the layers. The I-V measurements were performed using a Keithley 6486 picoammeter and Pasco
Scientific SF-9585.

0.07 M Iny(SO,),  distilled 0,05 M Na,Ses0, distilled
water ) © water

100 mW/cm?2

Figure 1: The production mechanism and schematic representation of the heterojunctions.

3. RESULT AND DISCUSSION

The basic electrical characterization of the In/InSe/In and In/InSeanneated/ IN devices was determined using
current-voltage (I-V) curves. The I-V characterization of the devices, fabricated with both annealed and
unannealed InSe grown on CdS, was examined under forward bias at an applied potential range of 0-20 V
at room temperature, in the dark, and under an illumination intensity of 100 mW/cm?. The I-V curves of
these devices, measured under dark conditions and at an illumination intensity of 100 mW/cm?, are
presented in Figure 2a. In all four curves, the current increased linearly up to approximately 0.5 V, after
which this increase diminished due to the influence of series resistance. It is clearly observed that the current

values increased with illumination intensity in both devices.

Based on the I-V curve and using different methods, the fundamental electrical parameters of the designed
devices, such as diode ideality factor (n), barrier height (¢;,), reverse saturation current (1), series resistance
(Rs), and others, can be determined. The most commonly used methods for this purpose include thermionic
emission theory, the modified Norde method, and Cheung & Cheung functions (Cheung & Cheung, 1986;
Norde, 1979; Racko, Grmanova, & Breza, 1996).

Thermionic emission theory (TE) is one of the most commonly used methods, and the link between current
and voltage is given in Equation 1,
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_ aV=IRs)\ rq _ —q(V-IR)
1= lyexp () [1 — exp (<15772)] D
where @, k, and T represent the electrical charge, Boltzmann constant, and temperature, respectively. Ideal
diodes have n values of 1 and I is determined using the line intercept of Inl at VV = 0, as shown in Equation
2,

lo = AA'T? exp (- 2) )

To compute n and ¢, rearrange the equations above and use the slope and cut point in the linear zone of

the graph of In1 — V, as shown in Equations 3 and 4, respectively.
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Figure 2: The In/InSe/In and In/InSeanneatea/In devices under dark conditions and at 100 mW/cm? illumination intensity:
a) |-V characterization, b) the variation of the F(V) function with respect to V, c) the variation of the

d(V)/d(In(1)) function with respect to I, and d) the variation of the H(I) function with respect to I.
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The values of the n determined from thermionic emission (TE) for In/InSe/In and In/INS€anneated/In  devices
under dark conditions are 8.47 and 8.43, respectively, whereas under an illumination intensity of 100
mW/cm?, the n values for In/InSe/In and In/InSeanneaied/ IN devices are 8.45 and 7.91, respectively. ¢, values
determined from TE under dark conditions for In/InSe/In and In/InSeanneatea/IN devices are 0.94 eV and 0.96
eV, respectively, while under 100 mW/cm? illumination, the ¢, values for these devices are 0.89 eV and
0.94 eV, respectively. Io values determined under dark conditions for In/InSe/In and In/InSeanneatea/ IN devices
are 2.12x107"" A and 7.07x107'2 A, respectively, while under 100 mW/cm? illumination, the 7, values for

these devices are 1.41x107'° A and 1.42x107"" A, respectively.

The decrease in n and ¢, values calculated by TE under illumination, along with the increase in I, is an
expected behavior. Additionally, the decrease in the n value after annealing brings the device closer to
ideality. However, the determined values remain far from the ideal value of 1. There could be several reasons
for this, which are commonly encountered in the literature (Coskun, Unal, & Kog, 2023; ilhan, Gorunmez
Gungor, Koc, Coskun, & Yakuphanoglu, 2023; Kog et al., 2024) . These include barrier inhomogeneities,
the influence of series resistance, the formation of unwanted oxide layers, recombination at the interface,
and the occurrence of contamination during the experimental process (Gillii, Aydogan, & Tiiriit, 2012; Unal
etal., 2024).

The modified Norde technique is a typical method for finding the ¢, and Rs as indicated by equation 5.

14
Y

1)

F(v) = AT

) ®)

kT
— %~ In(

where (V) is the current acquired from the /- experiment. y is a dimensionless arbitrary integer computed
from the /-V curve with a value higher than the ideality factor. Additionally. ¢; is determined using the

information supplied below.

p = Fo) + 2= (©)

F(V,) is the maximal point of F(V), whereas V|, represents the voltage at that moment. Furthermore, Rs

values derived from Norde functions are supplied by the following equation:

kT(y—n)
Ry==—0— (7

where, I is the lowest current corresponding to the lowest current in (V).

250



Unal | Diode and Photodetector Characterization of Van der Waals Type InSe/CdS Heterojunction Device

In Figure 2b, the variation curve of the F(V) function against V' is presented. ¢, values for In/InSe/In and
In/InSeanncaled/In devices, determined from the modified Norde method under dark conditions, are 0.93 eV
and 0.95 eV, respectively. Under an illumination intensity of 100 mW/cm?, the ¢}, values determined for
In/InSe/In and In/InSeanncalca/In devices using the modified Norde method are 0.88 eV and 0.94 eV,
respectively. Rs values for In/InSe/In and In/InSeanncalca/In devices determined from the modified Norde
method under dark conditions are 2.27 x 10% Q and 7.27 x 108 Q, respectively, while under an illumination

intensity of 100 mW/cm?, the Rs values are 3.42 x 107 Q and 5.21 x 107 Q, respectively.

In the Cheung and Cheung method, n, ¢, and Rs values of the diode are determined using the Cheung and
Cheung functions (Cheung & Cheung, 1986). The Cheung and Cheung functions are provided in Equations
8,9, and 10.

w__ nkT

ang; = 1R+, (8)
k

H() =V - nTTln(AAITTZ) (9)

H() = IR, + n®, (10)

In the above equations, starting from the region where the curve bends in the In(l)-V graph, the graphs of
dVv/diIn(l) and H(l) as functions of | are plotted. The slope of the dV/dIn(l) vs. | graph gives the Rs while n
is calculated from the y-intercept of the curve using other constants. In the H(I) vs. | graph, the @, is

determined from the y-intercept using the n value, and the slope of this curve gives the Rs.

Figure 2c presents the variation of d(V)/d(In(l)) as a function of I. The n values determined from the
d(V)/d(In(D)) vs. I graph under dark conditions for the In/InSe/In and In/InSeanneaea/IN devices are 1.86 and
6.05, respectively, while under 100 mW/cm? illumination, the n values are 4.37 and 21.81, respectively. The
Rs values determined from the d(V)/d(In(l)) vs. | graph under dark conditions for the In/InSe/In and
In/INS€anneated/In  devices are 3.33x10° Q and 8.61x10° Q, respectively, while under 100 mW/cm?
illumination, the Rs values are 4.63x10® Q and 1.24x10° Q, respectively.

Figure 2d shows the variation of H(l) as a function of I. The @, values determined from the H(I) vs. | graph
under dark conditions for the In/InSe/In and In/InSeanneated/ IN devices are 2.37 eV and 0.72 eV, respectively,
while under 100 mW/cm? illumination, the @,values are 0.91 eV and 0.22 eV, respectively. The Rs values
determined from the H(l) vs. | graph under dark conditions for the In/InSe/In and In/InSeanncatea/ IN devices
are 2.93x10° Q and 8.11x10° Q, respectively, while under 100 mW/cm? illumination, the Rs values are
4.21x10% Q and 1.75x10° Q, respectively.
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While there is consistency in the values of @, and Rs calculated using different methods, no such consistency
is observed for the n values. The n values determined via thermionic emission (TE) use the linear region of
the I-V curve, whereas the Cheung & Cheung functions perform their calculations in the region where the
linearity of the I-V curve starts to deviate. This difference in the regions of the I-V curve being used leads

to discrepancies in the n values.

Figure 3 shows the variation of the photodetector parameters of the In/InSe/In and In/INSeanneatea/ IN devices
under an applied potential of 0-20 V. In Figure 3a, the photocurrent (I,, = I;;; — Iqqrk) (Demirezen et al.,
2022; Unal, 2022) variations of the devices are presented, where I;;; is the current under illumination, and
laqri 18 the current in dark conditions. For both devices, the ,,;, values increased with rising applied voltage.
The maximum I,,,values were observed at 20 V, with maximum I, values of 4.2x10°* A for the In/InSe/In
and 2.92x10°* A for the In/InSeanneaea/ IN device. In all regions, the I,,,values for the In/InSe/In device were

higher than those for the In/InSeanncaied/ IN device.

Figure 3b shows the photoresponsivity (R= I, /PA) (Demirezen et al., 2022; Kurt, Aktas, Unal, & Kabaer,
2022) values of the devices, where I, is the photocurrent, P is the incident light power, and A is the active
area. In Figure 3b, while the R values of the In/InSe/In device increased almost linearly, the R values of the
In/InSeanneatea/IN device increased exponentially and reached their maximum. For both devices, the
maximum R values were observed at 20 V. The maximum R value was 2.8x10° A/W for the In/InSe/In
device and 1.94x10-5 A/W for the In/InSeanneatea/ IN device.

Figure 3c presents the photosensitivity (PS% = 100 x (I,n, — laark)/laark) (Aktas et al., 2023; Demirezen
etal., 2022) values of the devices. Between 0 and 9.6 V of applied potential, the PS% values of the In/InSe/In
device were higher, while between 9.6 and 20 V, the PS% values of the In/InSeanncaica/ IN device were higher.
The maximum PS% values for both devices were observed at 20 V. The maximum PS% value was 8.02x10?
for the In/InSe/In device and 1.14x10? for the In/InSeanneatea/IN device.

Figure 3d shows the specific detectivity (D* = RVA /(2q114r1) 1/2) (Unal et al., 2024; Zheng et al., 2016)
values of the devices. For both devices, the D* values exhibited a similar trend to the other parameters. The
maximum D* values were observed at 20 V. The maximum D* value was 6.4x108 Jones for the In/InSe/In

device and 6.5x108 Jones for the In/InSeanneatea/ IN device.
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Figure 3: Variation of a) Iy, b) R, ¢) PS%, and d) D* values as a function of applied voltage for In/InSe/In

and In/InSeanneated/In devices under 100 mW/cm? illumination intensity.

4, CONCLUSION

In this study, InSe/CdS van der Waals type heterojunction devices were successfully fabricated using
different chemical methods, with one group being annealed. The basic diode parameters of the fabricated
heterojunction devices were determined and compared under dark conditions and 100 mW/cm? illumination
intensity using different methods. According to the TE method, the n values decreased due to both the effect
of annealing and light intensity. The Rs and ¢, values, determined through various methods, increased with
annealing but decreased under illumination. Additionally, the fundamental photodetector parameters of the
fabricated heterojunction devices were determined in the 0-20 V applied potential range. Based on these
determinations, it was observed that the Iph and R values were higher in the In/InSe/In device, while the

PS% and D* values were higher in the In/InSe_annealed/In device at higher voltage regions.
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Bu calismada, yapay sinir aglar1 ve gorilintii isleme teknikleri kullanilarak baski devre kartlarimin kalite
testlerinde insan goziiyle yapilan denetimlerden olusacak zaman, is giicii kayb1 ve maliyet risklerini ortadan
kaldirarak otomatik hata ayiklamayi saglayan bir gomiilii sistemin gelistirilmesi amaglanmistir. Teknolojik
gelismeler neticesinde geleneksel kalite kontrol yontemleri, insan gozetimine dayali denetimler diisiik
dogrulama gibi 6nemli sorunlar olusturmakta ve bu sorunlar siirecin iiretim sathasinda devamliliginin
saglanabilmesi adina hizli otomasyon sistemlerinin kullanimi gerekliligini dogurmaktadir. Yapay zeka ve
goriintli isleme teknikleri akilli otomasyon sistemlerinde etkili bir sekilde tercih edilir hale gelmistir.
Calismanin yapisal niteligine 6zgiinliik katmak agisindan tasarlanan sistemde mikrodenetleyici olarak
Raspberry Pi, 5 MP ¢6ziiniirliige sahip bir kamera modiilii ayrintilarin diizenlenmesi ve siniflandirilmasinda
temel islemci olarak tercih edilmis, boylece sistemin taginabilirligi ve maliyet durumu gelistirilmistir. Elde
edilen goriintiiler bir veri tabani aracilig1 ile depolanmaktadir. Sistemdeki goriintii isleme siirecinde sayisal
hale dontistiiriilen veriler filtreleme, histogram, threshold, gri tonlama ve esleme gibi yontemler icererek
iizerinde gelistirmeler yapilmistir. Bu tekniklerle islenen goriintiiler, dijital hale getirilip iyilestirilerek hatali
ve hatasiz nesne gorintiileri 6zellik ¢ikarimi yontemiyle olusturulmustur. Bu ayirt edici 6zellik degerleri,
ileri beslemeli yapay sinir ag1 modeli olan ¢ok katmanli algilayici ile egitme islemi gergeklestirilmistir.
Egitme islemlerinin ardindan bulunan agirlik katsayilari gercek zamanli ileri beslemeli goérme
algoritmasinda iglenerek hatali, hatasiz {iriin kontrolii yapilarak sonuglar bulunmustur.

Anahtar Kelimeler: Hata Tanima Sistemi; Raspberry Pi; Gériintii isleme; Yapay Sinir Ag

Automated Detection of Faults in Printed Circuit Boards Using Embedded
System Supported Artificial Neural Network

ABSTRACT

In this study, using artificial neural networks and image processing techniques, it is aimed to develop an
embedded system that provides automatic debugging by eliminating the time, labour loss and cost risks that
will arise from human visual inspections in the quality tests of printed circuit boards. As a result of
technological developments, traditional quality control methods, inspections based on human supervision
create significant problems such as low verification, and these problems necessitate the use of fast
automation systems in order to ensure the continuity of the process in the production phase. Artificial
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intelligence and image processing techniques have become effectively preferred in intelligent automation
systems. In order to add originality to the structural nature of the study, Raspberry Pi was used as the
microcontroller in the designed system, and a camera module with a resolution of 5 MP was preferred as
the basic processor for organising and classifying the details, thus improving the portability and cost status
of the system. The images obtained are stored in a database. In the image processing process in the system,
the data converted into digital form are enhanced with methods such as filtering, histogram, threshold, grey
scale and mapping. The images processed with these techniques are digitised and enhanced, and object
images with and without errors are created by feature extraction method. These distinctive feature values
were trained with a feed-forward artificial neural network model, a multilayer perceptron. After the training
process, the weight coefficients were processed in the real-time feed-forward vision algorithm and the
results were found by checking the defective and error-free products.

Keywords: Error Recognition System; Raspberry Pi; Image Processing; Neural Network System. ..
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1. GIRIS

Uretim siireglerinde kalite kontrolii ve iyilestirme igin yapay zeka (YZ), 6zellikle yapay sinir aglart (YSA)
tekniklerini kullanilabilir. Teknolojinin geligsmesiyle iiretim sektorleri hizla biiyiidiikce, geleneksel insana
dayal1 kalite kontrol sistemleri yetersiz kalmistir. Bu nedenle, yenilik¢i yaklasimlara her zaman ihtiyag
vardir. Uzman sistemler, genetik algoritmalar ve bulanik mantikla birlikte YSA' lar, ¢esitli endiistriyel kalite
problemlerini ¢6zmek i¢in basariyla uygulanmistir (Kaya, 2011). YSA tabanli sistemler i¢in gorsel
araylizler, gercek zamanli uygulamalarda 6grenmeyi ve uygulamay: kolaylastirmak i¢in tasarlanmistir
(Bayindir, 2008). Ek olarak, YSA' lar, Box-Jenkins (ARIMA) metodolojisi gibi geleneksel yontemlere
kiyasla tahminleme de daha iyi performans gostererek onlar1 ¢esitli sektdrlerde tahmini modelleme i¢in

uygun hale getirmektedir (Ataseven, 2013).

Derin 6grenme ve yapay zeka, isgiicli piyasalarini ve ig operasyonlarini hizla degistiriyor. Bu teknolojiler,
kalite kontrolii ve insan kaynaklar1 yonetimi gibi gorevlerde verimliligi, dogrulugu ve hiz1 6nemli 6lciide
artirabilir. Bilgisayarli gorme uygulamalarinda derin 6grenme algoritmalari, yorulmadan siirekli kalite
kontrolleri gergeklestirebilir ve potansiyel olarak iiretim hatlarindaki insan uzmanlarimin yerini alabilir
(Korkmaz, 2020). Derin 6grenme uygulamalart dogal dil isleme, tibbi uygulamalar, goriintii isleme de dahil
olmak iizere ¢esitli teknolojik ve bilimsel alanlar1 kapsamaktadir (Seker, 2017). Goériintii isleme ve yapay
zeka teknolojilerinin ¢ok ¢esitli alanlarda kullanimi giderek artiyor. Nesnel tanmima ve iyilestirilmis
goriintiiler elde etmek igin sayisal goriintii isleme, tasarim, imalat, giivenlik ve saglik gibi alanlarda
kullanilmaktadir (Samtas, 2012). Ornegin, elektronik devre kartlarinin iiretiminde hata tespiti ve kalite
kontrol siireglerinde bu teknolojiler 6nemli rol oynamaktadir. Bu teknolojilerin ilerlemesi, karar alma

siireglerinde yeni yontemlerin benimsenmesini saglamstir.

Yapay sinir aglar1 (YSA), bilgisayarli gorme ve makine 0grenimi gibi teknolojilerin yaygin kullanimiyla
karar alma sistemleri i¢in 6nemli bir yap1 haline geldi (Bayindir, 2008). Yazilim gelistirme, goriintii isleme
teknikleri, 6grenme algoritmalar1 ve 151k kosullar1 bu sistemlerin nesne tespitindeki basarisini etkiler
(Giiltekin, 2019). Son ¢alismalar, goriintii isleme yontemlerinin ve yapay zekanin (YZ) kalite kontrol ve
hata tespit sistemlerinde giderek 6nemeli bir yere sahip oldugunu gostermektedir. Geleneksel el yordamiyla
kontrol edilenlere gore bu yontemler daha yiiksek dogrulama, daha hizli sonug siiresi ve daha kapsaml
degerlendirmeler sunar (Celik, 2020). Sirketlerin verimliligi, kalite kontroliinii ve iiretim planlamasini
kolaylastirmak i¢in yapay zeka teknolojisinin kullanimi giin gectik¢e daha yaygin kullanilir hale geliyor
(Ever, 2022).
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Bu calismanin amaci, 6zellikle endiistride kullanilmas1 maksadiyla bir {irliniin, malzemenin veya nesnenin
hatali yada hatasiz oldugu durumlart belirleyerek ayrica hatali iirlinler igin uyar1 verecek bir sistem

olusturmaktir.

Calismada kullanilan yazilimlar, hedef alinan iiriiniin 6zellik ¢ikartimi ile elde edilen veri tabanim
giincelleyebilir ve ¢esitli malzemelerin kontroliinii saglayabilir. Veri tabani, bu sistem i¢in tasarlanmis ve
degistirilebilir bir yapiya sahiptir. Sekil 1’ de goériilen donamim diizeni, bu kontrol sisteminin temel
bilesenlerini gostermekte olup, kamera, mikrodenetleyici ve ekran arasinda veri akisini saglayarak nesne

analizi siirecini desteklemektedir.

Sekil 1: Hata tespit sisteminin genel semast

2. MATERYAL VE YONTEM

Hata tespiti yapilmasi hedeflenen malzemenin goriintiisiinii olusturabilmek i¢in sensér olarak 5 MP,
2592x1944 piksel degerinde ¢oOziiniirlik igeren Raspberry Pi 3 kamera modiilii kullanilmigtir.
Mikrobilgisayar olarak Raspberry Pi 3 se¢ilme nedeni ise kamera modiiliinden elde edilen goriintii tizerinde
gerekli algoritmalarin ¢aligtirilmasi, verilerin kaydedilerek yeni veriler ile karsilastirilmasi amaglanmustir.
Hata tespiti gerceklestirilirken ger¢ek zamanli olarak verilerin Raspberry Pi 3 programi iizerinde
kurgulanmig yapay sinir aglari ¢ikt1 verileriyle beraber ¢alistirilan algoritmalarla karsilastirilarak,

degerlendirme sonuglarinin Raspberry Pi HDMI ¢ikisina baglanan monitore aktarilip takibi saglanmaktadir.
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Sekil 2: Sistemin kurulum mimarisi

Sistemin genel olarak kurulum mimarisinin isleyisi Sekil 2’ de verilmistir. Bu blok mimaride, donanim
katmani fiziksel bilesenleri igererek temel islevleri tanimlamaktadir. Bu katmanda bulunan; Kamera
Modiilii, goriintiileri yakalayan bilesendir, ¢ekilen goriintiiler, veri akist yoluyla Raspberry Pi'ye iletilir.
Raspberry Pi, sistem merkezi olarak calismakta ve verileri alarak, isler ve monitére gonderir. Ayrica,
islemci, hafiza ve diger yardime1 bilesenleri de icermektedir. Monitdr, islenen goriintiileri veya ¢iktilar

kullanicinin gérmesini saglar.

lletisim Katmani, donamimlar arasindaki veri akisim ve kullanilan protokolleri tamimlamaktadir. Bu
calismadaki iletigim, veri aktarimi yoluyla saglanmaktadir. Bu katmanda, Kamera Modiilii ile Raspberry Pi
Arasindaki Baglanti, kamera modiiliinden Raspberry Pi'ye veri akisini saglamaktadir. Bu baglant1 genellikle
CSI (Camera Serial Interface) protokolil {izerinden yapilmistir. Raspberry Pi ile Monitér Arasindaki

Baglanti, Raspberry Pi'den monitore veri aktarimi HDMI baglant1 kablosu iizerinden gergeklestirilmistir.

Yazilim Katmani, donanimi kontrol eden ve veri isleyen yazilimlar icermektedir. Isletim Sistemi,
Raspberry Pi iizerinde siiriilen Linux tabanli bir isletim sistemi (6rnegin, Raspberry Pi OS). Bu igletim
sistemi donanim bilesenlerini yonetmekte ve uygulamalarin ¢alismasini saglamaktadir. Goriintii isleme
Yazilimi:, Raspberry Pi iizerinde calistirilan goriintii isleme veya nesne tanima yazilimlari olarak ifade
edilmektedir. Bu yazilim, kameradan gelen ham veriyi islemekte ve monitdre gonderilecek hazir hale
getirmektedir. Gosterim Yazilimi ise islenen goriintiileri monitérde gosteren yazilim bilesenidir. Bu,

genellikle Grafik Kullanic1 Arayiizii (GUI) igeren bir uygulamadir.

Uygulama Katmani, kullanicinin sistemle etkilesime gectigi ve spesifik gorevleri yerine getirdigi
uygulamalar1 icermektedir. Kullanic1 Arayiizii, kamera ile ¢ekilen goriintiilerin monitérde goriintiilenmesi,
islenmis verilerin kullanictya sunulmasi gibi islevleri igerir. Veri Analiz Uygulamalar1 ise goriintii isleme

sonras1 elde edilen bilgilerin analiz edilmesi, yorumlanmas1 veya kaydetmesi gibi gorevleri icermektedir.

Rasberry Pi’de goriintii islemek i¢in goriintii isleme kiitiiphanesi olarak Python OpenCV (Open Source

Computer Vision), Matlab yazilimdan ise Yapay sinir aglarinin (YSA) kullaniminda yararlanilmistir. Hata
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tespit sistemlerinde sistem yazilimlari biitiiniin en 6nemli pargasini temsil etmektedir. Gelistirilen sistemin
hata tespitini sorunsuz olarak yerine getirebilmesi i¢in yazilimin ¢evre girdilerinin iyi olmas1 gerekmektedir.

Sekil 3°de genel olarak gelistirilen hata tespit sistemin algoritmasi olusturulmustur.

Ozellik i Odretme iglemi Sonrasi YSA Ciktl

Cikanmi }W Verilerinin Elde Edilmesi
Ozellik Ver Tabam YSA Cikh Kargilagtirma Sonug
Cikanmi : : F

Sekil 3: Hata tespit genel algoritmasi

Ofretilecek Gorlnti
MNesne Isleme

Kontrol
Edilecek
MNesne

Gorunta
Isleme

Sekil 3° deki ¢aligma adimlari agiklanacak olursa; drnek gorintii egitilecek nesne algoritmasini kullanarak
RPi kamera modiilii ile renkli dijital olarak elde edilir. Pyhton dilinde goriintii isleme teknikleri ve OpenCV
acik kaynak kod kiitliphanesi, elde edilen verileri kullanarak istenilen iyilestirmeleri yaparak goriintiilemeyi
gelistirir. Goriintii lizerinde sirastyla yapilan doniistimler; gri diizeye doniistiirme, histogram esitleme,
medyan filtreleme fonksiyonlari ve esikleme islemleri kullanilarak goriintii tizerinde istenilen diizenlemeler
gerceklestirilir. Goriintii isleme islemleri ile olusturulan veriler belli bir dosyada saklanmak {izere
kaydedilir. Bu kaydi saglanan goriintiiler i¢in ayirt edici olacak, sekil ve piksel 6zellikleri de bu asamada
ortaya cikartilir. Sistemin egitme islemi Cok Katmanli Algilayict (CKA) YSA’ na bu veriler girdi olarak
tamtilarak gergeklestirilir. Ayn1 zamanda hata tespiti algoritmasinda da ayni islemler uygulanir. Goriintii
kaydedilerek goriintii 6zellikleri, 6zelliklerin aktarimi, goriintii isleme teknikleri de kullanilarak istenilen
islemler ve degisiklikler yapilir. Son olarak ise dnceden Ogretilen nesnelerin CKA agirlik sonuglari, ayni
CKA algoritmas1 kullamilarak &gretilen nesne ve kontrol edilecek nesne ile 6nceden Ogretilen nesneler

arasindaki karsilastirmalar yapilarak sonug elde edilir.

2.1. Algoritmanin Pseudocode ve Akig Diyagrami ile Tanimlanmasi

Bu boliimde, PCB iizerindeki bilesenlerin dogrulugunu kontrol etmek icin gelistirilen algoritmanin isleyisi
hem pseudocode hem de akis diyagrami ile tammlanmaktadir. ilk islem olarak, goriintii ve kamera isleme
ayarlar1 yapilandirilarak PCB goriintiisii alinir ve gri tonlamaya gevrilir. Daha sonra ilgi bolgesi (ROI)
kirpilarak, Hu momentleri hesaplanir ve bu &zellikler sinir agina giris verisi olarak kullanilir. Tki katmanli
sinir ag1 yapisinda, ilk katmanda Hu momentleri agirliklarla ¢arpilarak aktivasyon fonksiyonuna tabi tutulur

ve ara giktilar elde edilir. Ikinci katmanda bu giktilar yeni agirliklarla carpilarak nihai sonug iiretilir. Karar
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asamasinda, PCB flizerindeki bilesenlerin dogrulugu degerlendirilir ve tiim bilesenlerin dogru yerlestirildigi
veya hata durumu hakkinda bilgi saglanir. Bu siire¢ pseudocode ve akis diyagrami araciligiyla Sekil 4 ve

Sekil 5° de verilmistir.

Baglangig

Kamera ve
Kitiphanelerin Goruntu Yakalama
Ayarlanmasi

Gri Tonlamaya Donigtirme
ve Kirpma(ROI)

h 4

Sinir Ag1 Katmani 1 Sinir Ag1 Katmani 2

Hu Momentieri Hesaplama Hesaplama ve Aktivasyon Hesaplama ve Aktivasyon

Hata veya Eksik

Bilesen Bulundu Kargilagtirma ve Karar

Evet

> Bitis

Sekil 4: Hata tespit pseudocode genel algoritmasi

BEGIN
Kamerayi baglat ve gerekli ayarlar yapilandir
Goriintiiyl yakala ve kaydet
Yakalanan goriintiiyii yiikle ve gri tonlamaya ¢evir
flgi bolgesini (ROI) kirp
Hu momentlerini hesapla
FORiFROM O TO 24 DO
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L[i] = SUM(hu[j] * iw1[i][j] FOR j FROM 0 TO 6) + b1[i]
L[i]=(2/ (1 +exp(-2 * L[i]))) - 1 # Aktivasyon
END FOR
FORiFROMO0TO 1DO
L1[i] = SUM(L[j] * iw2[i][j] FOR j FROM 0 TO 24) + b2[i]
L1[i]=(2/ (1 +exp(-2 * L1[i]))) -1
END FOR
IF L1[0] > L1[1] THEN
Print "PCB kartinda tiim bilesenler dogru yerlestirilmis"
ELSE
Print "PCB kartinda bilesen hatas1 var"
END IF
END
Sekil 5: Hata tespit pseudocode

2.2. Goriintii Isleme

Goriintii isleme islemi goriintiiyii dijital formata doniistiirerek belirli modelleri olusturarak, bunlardan
faydali bilgiler ¢ikarma sonucunda bazi istenilen islemleri gerceklestirmek amaciyla gelistirilen bir
tekniktir. Sekil 6’ da goriintiisii iki boyutlu olarak goriilen nesnenin sik miktarini siklik fonksiyonu olarak
da tanimlayabiliriz. Ayrica matematiksel olarak da f(x, y) fonksiyonu olarak gdsterilebilir. Olusturulan bu
goriintiiler piksel degerleri olarak ifade edilir. Herhangi bir (X, y) degeri icin kesistigi pikselin 151k enerjisi

ise goriintli sinyalinin degeridir (Gonzalez, 1992).

Sekil 6: Goriintiiniin iki boyutlu ifadesi
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Sekil 7: Goriintiiniin piksel ifadesi

Piksel degerleri iizerindeki desigimler Goriintii lizerinde yapilan biitiin islemler sonucunda elde edilir.
Goriintiide yapilan diizenlemeler piksel degerlerindeki degisimlerin miktar1 ile elde edilir (Cetin, 2024).
Goriintii lizerinde yapilan 6nemli diizenlemeler sonrasinda, ilgili resim {izerinde yer alan nesneler daha

belirgin, net ve kolay islenebilir hale gelmektedir.

Bu ¢aligmada goriintii iyilestirme teknikleri olarak gri seviyeye doniistiirme, medyan filtreleme, esikleme
(threshold) yontemleri kullanilmistir. Bir¢ok alanda (astronomi, robotik, tip ve imalat gibi) renkli
boliimlerin grilestirilmesi, dontistiiriilmesi popiiler goriintii isleme tekniklerinden biridir. Bir piksel, renkli
bir goriintiide Red (R), Green (G) ve Blue (B) renk paketlerini icerir. Bu renklerin degerlerinin agirlikli
ortalamasi alinarak renkli goriintiiyii gri seviyeye ¢cevirmek isleminde kullanilmaktadir. Asagidaki Denklem
1’ de goriilen esitlikte gri seviye agirlikli ortalamasinin alinmasi ifade edilmistir. Denklem 1” de r, g ve b

sembolleri deger olarak bir gériintiiden elde edilen 0-255 arasi renk deger araligin1 géstermektedir.

x=(0.299xr)+(0.587%xg)+(0.114xb) (1)
Denklem 1’ de renk deger katsayilarimin ayni olamadigr ifade edilmektedir. Bu durumun sebebi
goriintiilerde renk tonlarinin farkli olmasidir. Mavi rengi daha soguk renk tonuna, Yesil rengi ise daha
sicak agik renk tonuna sahiptir. Bu nedenledir ki mavi rengin katsayis1 en diisikk degere sahip

olmaktadir (Saravanan, 2010).

iki renk, siyah — beyaz ve gri seviye goriintiilerde yer alir. Bu durumda her piksel icin deger 8 bit olarak
kodlanmaktadir. Gri rengin tam say1 olarak deger aralifi 0-255 arasinda olmaktadir. Renk degerleri
kodlamalar1 gri seviye renk degerleri i¢in, beyaz (255,255,255), siyah (0, 0, 0) ve orta seviye gri
(127,127,127) seklinde ifade edilmektedir.
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Sekil 8: Gri seviyeye indirgenmis Elektronik kart goriintiisii

Bir resim {izerinde, goriintiideki bir piksel iizerinde islem gercgeklestirildiginde bu pikselin ve ona komsu
pikselinin parlaklik degerleri isleme medyan filtreleme yontemi yapilarak alimmaktadir. Orta parlaklik
degeri, degerlendirilmesi yapilan bu pikseller igerisindeki degeri yeni parlaklik degeri olarak atanmaktadir.
Islem yapilan piksel sonuglarinda orta degerin segilmesinde hedef bu yéntem kullanilarak, minimum ve
maksimum degerlerin etkinliginin diistiriilmesi amaglamaktir. Orta degeri dizinin orta sayisina karsilik gelen

deger olarak belirleyecek piksel degeri kiigiikten en biiyiige dogru dizilmis olmalidir (Horozoglu, 2013).

Medyan filtreleme, goriintii isleme alaninda diirtiisel veya tuzbiber giiriiltiislinii azaltmada oldukga etkili ve
dogrusal olmayan algak gegiren bir filtre tipi olarak kullanilmaktadir (Akar, 2006; Yu, 1990). Medyan
filtresi kullanarak goriintiideki tespit edilen giiriiltiiler ortadan kaldirilarak ayristirildiktan sonra esikleme
yoluyla goriintiideki ayirt edici boliimler arka plandan ayrilmistir. Boylece goriintii 8 bit gri degerden 2 bit
(0 veya 255) indirgenmistir. Bu fonksiyon, cismi goriintiiniin arka planindan ve birbirinden ayirmak igin
goriintii isleme teknikleri icerinde oldukga fazla kullanilmaktadir (Saravanan, 2010). Esikleme isleminin
dijital gorlintiiye uygulanmasindaki amag detaylarin 6n plana ¢ikarilarak cisim 6zelliklerinin elde edilerek
ayirt edici boliimlerin, noktalarin belirlenmesinde kolaylik olusturmasidir. Eslestirme yontemi, goriintiiniin

iki renkle gosterilebilecek sekilde formata doniistiiriilmesidir.

Esik degeri goriintiiye esikleme islemi uygulanmadan 6nce belirlenir. Bu esik diisiik olan piksellere 0, fazla
oOlanlara ise 1 degeri atanir. Bu deger atamalar neticesinde goriintii siyah ve beyaza doniisiim saglar.

Islemlerin sonucunda, hatali olan bélge arka plandan tamamen ayr1 olarak goriilebilir hale getirilmis olur.

Gorintii isleme tekniklerinde en yaygin yontemlerden biri esiklemedir. Genellikle goriintiideki arka plan ile
nesneyi birbirinden ayirmak i¢in tercih edilir. Dijital goriintiiye uygulanan esikleme islemi, nesnenin ayirt
edilebilir 6zelliklerini ortaya ¢ikarir. Bu yontemle goriintii iki renkli bir formata doniistiriiliir. Bu, 6nceden

belirlenen bir esik degeri kullanilarak pikselleri gri seviye degerlerine gore ayirt etmek i¢in kullanilir.
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Gortiintii siyah-beyaz hale gelir ¢linkii esik degerinin lizerindeki piksellere 1 degeri, esik degerinin altindaki
piksellere ise 0 degeri verilir. Bu prosediir, arka plandaki hatalar1 ayrica gorebilir. Herhangi bir goriintii
piksel degerleri, f (i,j) > T f(i,j)>T durumunda nesneye ait kabul edilir; f (i,j) < T f(i,j) <T durumunda ise
arka plana ait kabul edilir. Bu fonksiyon, goriintii igerigi belirlenen esik degerine gore Denklem 2’ deki
fonksiyonla ifade edilir. Bu esikleme yontemi, goriintiiniin nesne ve arka plan olarak ayrilmasini saglayan

etkili bir ayrim mekanizmasidir.

! eger f(x,y) > T ise
8o y) = {O eger f(x,y) < T ise )
A

L 3
™

0 t 255

J
[

3 —_h "
[ el
s 23
Oy,
Prea R

Sekil 10: Esikleme islemi uygulanmis elektronik kart goriintiisii

2.3. Ozellik Cikarum Islemi

Ozellik ¢ikarimi, bir gériintiiniin taninmasinda ve dijital hale getirilmesinde dnem tasimaktadir. Goriintii
6zelliklerinin elde edilmesi i¢in goriintiiniin siniflar arasinda ayrimi gergeklestirmek gerekmektedir. Bunun
icin temel iglev goriintiiniin en belli olan, ayirt edici 6zelliklerinin ¢ikariminin yapilarak secilen farkl

ozelliklerin yapay sinir aginin egitme isleminde kullanilmasi gerekmektedir. Goriintiiniin nemli ayirt edici
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Ozellikleri olan moment ve piksel degerleri Goriintii isleme teknikleri uygulanan goriintii lizerinden elde
edilmektedir. Gergeklestirilmesi amaglanan sistem i¢in donme, tasima ve Olgeklendirme gibi fiziksel
etkilerden ve dis etkenlerin bozucu etkisinden etkilenmeden, nesnelerin taninmasini saglayacak nitelikte
olmalidir. iki boyutlu &riintii tanima ve uygulamalarida momentler ve momentlerin polinom fonksiyon
degerleri olduk¢a 6nemlidir. Momentleri, nesnelerin sekillerinin belirlenmesinde, doku (texture) analizinde,
hata belirlemede ve siniflandirma igin 6zellik ¢ikarmada kullanmaktayiz. Bu amagla, gerceklestirilen
caligmada da, 1960’larin basinda gelistirilen Hu’ nun sabit olan yedi degismez matematiksel moment

teorisinden gelistirdigi moment modelleri hata tespitinde yararlanilmigtir (Yu, 1990).

Hu, normalize merkez momentlerini kullanarak yedi adet degismez moment gelistirmistir (Yu, 1990).

Hu’nun gelistirdigi momentler sdyledir;

$1 =120 + Moz €))
d2 = (20 — Mo2)? + 4M11 (4)
@3 = (N30 — 3N12)* + (3Nz1 — No3)? ®)
@y = (N30 +N12)? + (Mo3 + M21)? (6)
ds = (30 = 3N12) M30 + N12)[(M30 + M12)* — (21 + Mo3)?]

+(3N21 — Mo3)(M21 +M03) [3(M30 + N12)* — (M21 +Mo3)?] (7
b6 = (20 — MNo2)[(M30 + N12)? — (M21 +M03)?] + 4N11(M30 + N12) (M21 + No3) 8
d7 = (3M21 — Mo3)(M30 + N12)[(M30 +M12)* — 3(M21 +Mo3)?] — (30 — 3N12) (Mo3 +

M12)[3(M30 +M12)* — (M21 + No3)?] ©)

S | v > yp

Sekil 11: Moment degerleri hesaplanan Tiirk¢e karakterlerin gorintiisii

Cizelge 1.°de, Sekil 11.de goriilen her bir karakter i¢in hesaplanan moment degerleri ayri ayr1 verilmistir.
On islemlerden gegirilen goriintiiler, Yapay Sinir Ag1 (YSA) smiflandiricisinin girislerine génderilmeden
once kendilerini karakterize edecek momentler hesaplanmigtir. Burada YSA girisine uygulanan moment

sonuglart oldukga kiigiik oldugundan logaritmalar1 alinmustir.
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Cizelge 1: Moment degerlerinin sonuglar1
Girig 1 Giris 2 Giris 3 Giris 4 Girig 5 Giris 6 Giris 7
1.1275 3.5427 8.0562 10.3677 19.6363 12.2448 21.9169

1.1275 3.5427 8.0562 10.3677 19.6363 12.2448 21.9165
1.3729 5.5033 7.9705 12.1408 23.0868 15.8025 22.8975

Cizelge 2: Piksel degerlerinin sonuglari
Giris 1 Girig 2 Giris 3 Giris 4 Girig 5

86 88 85 95 82
84 90 91 86 81
86 84 89 87 80

Iki farkli 6zellik ¢ikarinu yapilarak hata tespit sistemi gelistirilmistir. Cizelge 1 bir goriintiiden elde edilen
7 adet ayirt edici moment degerlerini icermektedir. Cizelge 2 ise bir goriintiiden elde edilen 528 adet piksel
degerlerini icermektedir. 324 adet goriintiiniin moment ve piksel degerleri alinarak Cizelge 1 ve 2 tablolar
olusturulmustur. Bu tablolardaki degerler YSA egitme isleminde kullanilarak, CKA fonksiyonunun agirlik

ve bias degerleri elde edilmektedir. Bu degerler sistemin ger¢ek zamanli karar siirecinde kullanilmaktadir.

2.4. Yapay Sinir Aglart

Yapay sinir aglarmin ¢alisma yontemi, islevsel olarak insan beyin hiicrelerinin ¢aligmasi yapisina benzer
yapidadir. Yapay dgrenme sistemi, ornek verileri ve olaylari kullanarak 6grenebilen, bu bilgileri hatirlayip
yeni olaylarla iligkilendirerek karar verebilen ayn1 zamanda ¢evreden gelen girislere de tepki olusturabilen
sistemdir (Oztemel, 2020). Calisma yapisina gore YSA siiflandirma, iliskilendirme, genelleme, 6grenme,
ozellik belirleme, en uygun sekle sokma (optimizasyon) sayesinde iligkilendirme gibi islevlerde basarili
sekilde uygulanmaktadir (Oztemel, 2020; Al Deport, 2024). Ayrica YSA bircok problemin ¢dziimiinii
gelistirebilir yapidadir. YSA da ilk islem olarak ag egitilmesi gerekmektedir.

YSA egitme isleminde Ornek verilerin tanitilmasi agin girdi ve ¢iktilar1 arasinda bagintt kurmasi ile
saglanmaktadir. Agin egitme islemi gergeklestirildiginde dogrulugun elde edilmesi, kullanilan veriler
haricinde tutulan veriler ile yapilan test islemi sonucunda gergeklestirilir. Test sonucunda hedeflenen ¢iktilar
iiretiliyorsa YSA’ nin performansinin yeterli oldugu ifade edilebilir. YSA teknolojinin bir¢ok farkli alaninda
ve uygulamalarda kullanilmaktadir (Oztemel, 2020; Al Deport, 2024). Gelecegin teknolojisinin altyapi
niteligi tasimaktadir. Caligmamzda egitme ve karar isleminde cok katmanli algilayici ag yapisi

kullanilmugtir.

fleri beslemeli YSA modeli, agin egitilme asamasinda girdi degerlerine gore ¢ikt1 degerleri iireterek, girdi
¢iktr aras1 bagintiy1 kuran Cok Katmanli Algilayici (CKA) modelidir (Haykin, 1994). Ag modeli ii¢ katmanli

bir yapidan olugsmaktadir. Bu katmanlar girdi katmani (giris degerlerinin islendigi), ara/gizli ve ¢ikti
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katmanidir. Burada gizli katman miktarin1 ve katmanlarda yer alan hiicre sayisini gelistirici belirlemektedir.
Bu sayilar deneme yanilma yoluyla ya da basariyla sonuglanmis ideal projeler referans alinarak belirlenir.
Ara katman girdi katmanindan alinan verilerin islendigi boliimdiir. Cikt1 katmaninda ise gizli katmandan
alian verilerin durumuna gore ¢ikt1 degerleri iiretilmektedir. Yapida bulunan tiim katmanlar ve katmanlara
ait hiicreler birbirleriyle baglantilidir. Ug giris ve iki ¢ikisa sahip ¢ok katmanli olarak ifade edilen ileri
beslemeli ag yapisinin modeli Sekil 12° de goriilmektedir.

CIKIS
GIRIS KATMANI
KATMANI
GizLi
KATMAN

Sekil 12: 3-girisli 2-¢ikigli gok katmanli ileri beslemeli ag yapist modeli

Sekil 13: CKA ¢aligma fonksiyonu

CKA c¢alisma fonksiyonu ise Sekil 13’de goriilmekte olup, F(x) aktivasyon fonksiyonuna karsilik
gelmektedir. Q degerleri olarak ifade edilenler ise sistemin esik degerleridir. Gizli katmanin NET degerleri,

giris ile agirlik degerlerinin ¢arpilip toplanmasiyla elde edilir. Gizli katmanin net ¢ikt1 degerleri bulunurken,
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NET gizli katman degerine esik degerlerinin eklenmesi ve aktivasyon fonksiyonunun da uygulanmasi

sonucunda elde edilir (Tsoukalas, 1997; Oztemel, 2020).

Katman 1: y: ve y: iki nérondur. Her néron, x1 ve X» giriglerini kendi agirliklar1 ve bias terimleri ile

birlestirerek hesaplanmaktadir.

Denklemler:
® v1 =fWe,1 P x; + Wep2) P x2 + 6, Y) (10)
® ):=wen Dx, + Wiz P x2 + 6, (11)
Burada:

* wd,)V: Birinci katmandaki agirliklar temsil eder.
* 01)(": Birinci katmandaki bias (sapma) terimlerini temsil eder.
* f: Aktivasyon fonksiyonunu temsil eder.

Katman 2: Bu katmanda yalnizca bir ¢ikt1 vardir. Bu ¢ikt1, y1 ve y2 néronlarinin birinci katmandaki agirliklar

ve bias ile birlestirilmesinden olusur.

Denklem:

© o0=fWu,1yPy1 + Wer2y @ yz + 6, %) (12)
Burada:
* w(i,j): Ikinci katmandaki agirhiklari temsil eder.
* 0:?: Ikinci katmandaki bias terimi.

Bu denklemler 10., 11., ve 12., yapay sinir aginin her katmanindaki hesaplamalarinin nasil yapildigin
aciklar. Aktivasyon fonksiyonu f, agin lineer olmayan 6grenme yetenegini saglar. Bu sinir ag1 yapisi, temel
iki katmanli bir model olup, daha karmasik yapilara gore oldukga basittir ancak temel prensipleri anlamak

icin etkilidir.

3. DENEYSEL CALISMA

Hata tespit sisteminin deneysel tasarimi Sekil 14’de goriildiigh gibi gergeklestirilmistir. Uygulamasi
gergeklestirilen deneysel sistemde Rasberry Pi 3 kamera modiilii komponent kartin yerlestirildigi stant
tizerinden 30 cm aralik olacak sekilde yukariya konumlandirilmistir. Uygulamalara baglanilmadan once

15181n seviyesi ve ¢evresel etkileri azaltacak bir ortam olusturulmalidir.

270



Ibrahimoglu & Biiyiikbigaket | Gomiilii Sistem Destekli Yapay Sinir Aglart ile Baski Devre Kartlarindaki Hatalarin Otomatik Tespiti

Sekil 14: Hata tespit sistem tasarimi

Gorintiileri 6nceden yapilan ¢aligma ile elde edilen, komponent baski devre kart goriintiilerinin islenmis
sonuclar1 gosterilerek sonrasinda YSA yontemi ile hata tespit islemi gergeklenmistir. Kamera vasitasiyla
goriintiilenen ham hatali/hatasiz goriintiiler Sekil 15 ve Sekil 16” de verildigi gibi 8 bit 256 gri seviyeye
doniistirilmiistiir. Alinan goriintii ilk olarak gri seviyeye indirgenmistir. Kontrasti1 simirlandirilarak gri

seviyeye cevrilen goriintii, sonrasinda 5x3 pencere genisliginde medyan filtreden gegirilmistir.

Medyan filtre yapilarak goriintii {izerindeki tespit edilen giiriiltiiler kismen ortadan kaldirilmistir. Sonra
asamada ise esikleme islemi yapilarak goriintiide bulunan ayirt edici farkli bolgeler arka plandan

aynistirilmistir. Goriintii 8 bit gri seviyeden, 2 bite (0 veya 255) indirgenmistir duruma getirilmistir.

Hatasiz Goruntunun ham hali Gri seviye

medyan filtreleme Threshold

Sekil 15: Hatasiz filtrelenmis goriintiiler
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Hatali Goruntunun ham hali Gri seviye

medyan filtreleme Threshold

Sekil 16: Hatali filtrelenmis goriintiiler

Yapay sinir ag1 egitme islemi i¢cin matlab programinda nntool arayiiziinde CKA kullanilarak yapilmistir..
CKA modeli tasarimi 6ncesinde Raspberry Pi 3 mikrobilgisayarinda Python programi ile 2 farkli 6zellik
cikarimi yapilmistir. Printed Circuit Board (PCB) ayirt edici 6zellikleri olarak 7 adet hu vektor bileseni ve
528 adet piksel degerleri elde edilmistir. Ayirt edici 6zellikler (girdiler) ve bu degerleri olusturan g¢ikti
degerleri, egitme islemi soucunda da test amacgh olarak kullanilan 24 adet test girdi verilerinin excel

dosyalari olusturularak matlab programinda egitme isleminde kullanilmistir.

Bu girdi degerleri ayn1t CKA model mantigiyla farkli egitme islemleri i¢in de gergeklestirilmistir. Egitme
icin kullanilan algoritmada geri yayilim algoritmasi (trainlm), aktivasyon fonksiyonu olarak da tansig ve
logsig fonksiyonlar1 kullanilmistir. Farkli fonksiyonlarin kullanim amaci hangi konfigurasyonda sistemin
minumum hata maksimum performans ile ¢alisacaginin karsilastirilmalisidir. Gelistirilen agda Performans

Olciitii olarak hata karelerinin ortalamasi olan MSE kullanilmistir.

Grafik ciktilar1 ve CKA modeli hu vektorleri {izerinden anlatilmistir. Gizli katmandaki néron adedi 25
olarak belirlenmis olup girdi ve ¢iktilarin toplaminin iki katina yaklasik bir degerde elde edilecek katsayilart

en iyi sekilde sonuglandirmaktir.
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Sekil 17: Matlab CKA modeli

Output

]

2

Girdi katmaninda ise 7 adet baski devre kartinin (Printed Circuit Board-PCB) ayirt edici farkli 6zellikleri
olan hu degerleri atanmigtir. Hatasiz (1), hatali (0) olarak 2 farkli duruma ait ¢ikti katmani 2 olarak

belirlendigi durum Sekil 17’ da goriildiigii tizere CKA modeli tasarlanmustir.
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Sekil 18: Egitme isleminin ¢alisma performansi

Sekil 18°deki grafikte egitme isleminin sonucunda elde edilen ¢alisma performansi grafiksel deger olarak

gosterilmistir. Egitme isleminin performansi yaklasik MSE 0.13495 olarak bulunmustur.
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Sekil 19: Egitme isleminin sonuglari

Hu moment degerleri referans alinarak kullanilan test yapisina gore yapay sinir ag1 egitme islemi sonrasinda
dogru calisip calismadiginin test edilmesi i¢in egitme isleminde kullanilan hatali ve hatasiz kart verileri
disinda 12 adet hatasiz, 12 adet hatali kart verisi test edilmistir. Test islemini sonucunda hatasiz kart verilerin
karsilig1 1 degerinde hatali kart verilerinin karsilig1 0 degerinde olmalidir. Test isleminde kullanilan hatasiz
12 adet test verisinde; 9 adet veri karsiligni 1’e yakin degerde, 3 adet veri karsihigi ise 0.7 olarak
gozlemlenmistir. 3 adet hatasiz kartin karsilig1 1 degerine yakin olmadigi igin basarisiz olmustur. Hatali
kart test verilerinde ise 6 adet verinin karsiliginin 0’a yakin degerde dogru ¢ikt1 iirettigi, 6 adedin ise 0’a
yakinsamadigi icin hatali ¢ikt1 iirettigi gézlemlenmistir. Sonuglar boliimiinde ciktilar detaylandirilmigtir
(Tekin, 2021).

4. SONUC

Gergeklestirilen caligmada hata tespit sistemi tasarimi goémiilii yapida mikrobilgisayar Raspberry Pi 3
kullanilmistir. Kameradan elde edilen goriintiiler ilk olarak gri seviyeye ¢evrilerek daha sonra da giiriiltii
azaltama teknikleri uygulanarak medyan filtre ile giirtiltiilerden uzaklagtirilmis ve esikleme yontemiyle de
karanlik — aydinlik bolgeler birbirinden ayristirilmistir. Moment degerleri ise goriintiiniin  bu
ayrigtiritlmis/arindirilmig son durum hali kullanilarak nesneler i¢cin geometrik agirlik merkezi noktasi ve

tamamlayici vektor seti kullanilarak bulunmustur.

Cizelge 3: Egitme ve test igslemi veri sayisi bilgileri.

Ozellik Cikarim Hatasiz Kart Egitme Hatali Kart Egitme Hatasiz Kart Test Hatali Kart Test
Veri Sayist Veri Sayisi Veri Sayisi Veri Sayist
Hu Vektor Degerleri 150 150 12 12
Piksel Degerleri 150 150 12 12
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Cizelge 4: Matlab egitme ve test iglemi sonuglarinin karsilastirilmast.

Ozellik Cikarimi-CKA Yapist Hatasiz Kart (1) Test Sonucu Hatali Kart (0) Test Sonucu
Hu Vektor-Tansig Fonksiyon 3 Adet 0.7/ 6 adet0, 6/
2 Gizli Katman 9 adet 0, 99 6 adet 0, 1
Piksel-Tansig Fonksiyon 12 adet 1 12 adet yaklagik
2 Gizli Katman 0, 00000998
Piksel-Logsig Fonksiyon 12 adet 12 adet yaklagik
3 Gizli Katman 0, 999 0, 000000095

Hu vektor 6zellikleri kullanilarak YSA egitme islemi Cizelge 3° de verilmistir. Burada 300 adet veri girdileri
tanitilmis olup, bunlarin disinda 24 adet de test veri girdileri ile dogruluk testi yapilmistir. Yapilan test
islemleri sonucunda; 24 veri girdisinden 9 tanesinin hedeflenen 0 ve 1 degerine yakinsamadig 6l¢iilmiis,
basar1 oran1 %62,5 olarak elde edilmistir. Hu vektorlerinin 6zellik ¢ikariminda istenilen basariyt
yakalayamamasinin nedeni olarak farkli ¢iktilarin ayni veri olarak algilanmasi yani hata vektorlerinin benzer

cisimler i¢in ayirt etme 6zelliginin yetersiz kalmasi durumu séylenebilir.

Ayni sekilde 300 adet veri girdisi ve bunlarin digindaki 24 adet test girdisi kullanilarak dogruluk testi igin
goriintiilerin piksel 6zelliklerine egitime islemi yapilmistir. Bu islemde transfer fonksiyonu ve katman say1
degisimleri yapilarak farkli egitme islemlerinin gergeklestirildigi durumun sonuglart Cizelge 4’ De
verilmistir. Egitime islemi sonuglarina gore; hu 15181n bozucu etkisi ve nesnelerin sekillerinin benzer olmasi
gibi durumlar g6z 6niine alindiginda hu vektorlerin Off-line ve On-line ¢alismada performansi diisiik
bulunmustur. Performans durumu en yiiksek basartyr Off-line ve On-line hata tespit isleminde piksel
ozelliklerinin girdi olarak kullanildig, transfer fonksiyonu olarak logsig ve katman sayis1 3 secildiginde

elde edilmektedir.

PCB hata tespit sisteminin YSA modelinde logsig transfer fonksiyonu referans olarak alindiginda; Off-line
% 98 performans, On-line kontrolde ise 75 adet kontrolde tamamini dogru tahmin yaparak % 100 basarili
performans saglamistir. Yapilan egitime islemlerinde aydinlatma seviyesinin dogru olarak belirlenmesi,
sistemin dogru calismasinda 6nemli bir faktér oldugu goriilmiistiir. Goriintiilerin kamera modiiliinden
basarili, net bir sekilde alinmas1 sonraki adimlardaki islemlerin performansini olumlu yonde etkilemektedir.
YSA egitme isleminde piksel degerlerine ve vektor setine karsilik gelen ¢iktilarin binary olarak kodlanmasi
egitme igleminin siirecini olduk¢a hizlandirdigi da ifade edilmelidir. Ayrica benzer olacag: diisiiniilen
nesnelerin hata tespitinde egitme veri seti sayisimnin artirilmasi gerekmektedir. Bu baglamda ¢alismadaki
piksel degerleri gercek zamanli sistemler i¢in basarili bulunmasina ragmen aydinlatma ve giiriiltiiye karsi

hassasiyet gosterdikleri igin ¢alismanin basarisini da direk olarak etkiledikleri goriilmiistiir.
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Hatasiz Piksellerin Korelasyon Matrisi
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Sekil 20: Hatasiz Piksellerin Korelasyon Matrisi

Sekil 20 Hatasiz Piksellerin Korelasyon Matrisi; bu grafik, hatasiz pikseller arasindaki korelasyonlar
gorsellestirmektedir. Grafikte her bir piksel ¢ifti arasindaki korelasyon katsayilar1 renk yogunluguna gore
degismektedir. Kirmiziya yakin renkler yiiksek pozitif korelasyonu, maviye yakin renkler ise negatif
korelasyonu gosterir. Bu grafik, hatasiz piksellerin birbirleriyle olan iligkilerini analiz etmek i¢in kullanilir.

Korelasyon katsayisinin yiiksek oldugu alanlar, piksellerin birbirine daha bagimli oldugunu gosterir.
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Sekil 21: Hatasiz Piksellerin Deger Dagilim1

Sekil 21 Hatasiz Piksellerin Deger Dagilimi; bu histogram, hatasiz piksellerin deger dagiliminm
gostermektedir. X ekseni piksel degerlerini, Y ekseni ise bu degerlere sahip piksel sayisini temsil eder. Bu
grafik, hatasiz piksellerin yogunlastig1 deger araliklarini ortaya koyar. Piksel degerlerinin ¢ogunlukla 80-
100 araliginda toplandigi gozlenebilir, bu da hatasiz piksellerin biiylik Ol¢lide diisiik degerlere sahip

oldugunu gosterir.
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Sekil 22: Girdi ve Test Girdilerinin Kutu Grafigi
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Sekil 22 Girdi ve Test Girdilerinin Kutu Grafigi; bu kutu grafigi, orijinal girdi verileri ile test girdilerinin
piksel degeri dagilimlarini karsilastirir. Girdi ve Test Girdi olarak iki farkli grup halinde gorsellestirilen bu
grafik, her iki grup i¢in minimum, birinci ¢eyrek, medyan, liglincii ¢eyrek ve maksimum degerleri igerir.

Girdi ve test verileri arasinda benzer bir dagilim olmasi, veri tutarliligini gosterir.

Hatali ve Hatasiz Piksellerin Kutu Grafigi
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Sekil 23: Hatali ve Hatasiz Piksellerin Kutu Grafigi

Sekil 23 Hatali ve Hatasiz Piksellerin Kutu Grafigi; bu kutu grafigi, hatali ve hatasiz piksellerin
dagilimlarini karsilastirir. Hatali ve Hatasiz olarak iki ayr1 grup halinde gorsellestirilen bu grafik, her iki
grup i¢cin de minimum, birinci ¢eyrek, medyan, ligiincii ¢eyrek ve maksimum degerleri icerir. Hatal
piksellerin degerleri daha diisiik araliklarda yogunlasirken, hatasiz piksellerde daha genis bir dagilim

goriilmektedir.
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Sekil 24: Hatalr Piksellerin Korelasyon Matrisi

Sekil 24 Hatali Piksellerin Korelasyon Matrisi; bu grafik, hatali pikseller arasindaki korelasyonlar
gorsellestirmektedir. Her bir piksel ¢ifti arasindaki korelasyon katsayilar1 renk yogunluguna gore
degismektedir. Kirmiziya yakin renkler yiliksek pozitif korelasyonu, maviye yakin renkler ise negatif
korelasyonu gosterir. Hatali pikseller arasindaki korelasyonun incelenmesi, hatalarin dagiliminda belirli bir

desen olup olmadigini anlamak i¢in faydalidir.
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Sekil 25: Hatali Piksellerin Deger Dagilim1

Sekil 25 Hatali Piksellerin Deger Dagilimi; bu histogram, hatali piksellerin deger dagilimini gostermektedir.
X ekseni piksel degerlerini, Y ekseni ise bu degerlere sahip piksel sayisin1 gosterir. Hatali piksellerin
degerlerinin ¢ogunlukla 80-90 araliginda toplandig1 goézlenmektedir. Bu, hatali piksellerin daha diisiik

degerlere sahip oldugunu ve belirli bir aralikta yogunlagtigini gosterir.

Benzer gelistirilen uygulamalarda taginabilirlik, maliyet yiiksekligi, elde edilen goriintiilerdeki ¢oziiniirliik
degerlerinin diisiik olmas1 gibi sistemin optimum ¢aligsmasina engel olacak eksiklikleri arasinda sayilabilir
durumlardir. Bu eksiklikleri en aza indirgemek amaciyla bu sistem kontrol islemlerinin daha hizli ve hatasiz

gerceklestirilebilmesi amaciyla tasarlanarak uygulanmistir.

Ayn1 zamanda gomiilii sistemde kullanilan yazilimlarin agik kaynak kodlu kiitiiphane ve goriintii isleme
algoritmalart modelleri oldugu diisiiniiliirse sistemin devamli olarak giincellenebilir olmasi da ¢alismanin
sonuclart arasina eklenebilir. Son olarak bu sistemde kullanilan yazilim, iiriin 6zellik ¢ikartimi ile
olusturulan veri tabaninin da giincellenerek farkli nesnelerin kontrol edilebilmesi amaciyla degisik

sektor/igletmelerde kullanilabilir olmasi ¢aligmanin giincelligine ve gelecegine katki vermektedir.

CIKAR CATISMASI BEYANI

Yazarlar arasinda ¢ikar ¢atigmasi bulunmamaktadir.
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ABSTRACT

Geothermal energy is a naturally renewable resource and can produce electricity and heat without harming
the environment with less carbon dioxide emissions than fossil fuels. This makes it an environmentally
friendly option. Our country is located on an active tectonic belt and has an important position in the world
in terms of geothermal energy resources. For this reason, we have a high potential to benefit from geothermal
resources. The design of the geothermal energy electricity generation system (turbine, heat exchanger, fluid
properties, etc.) also plays a critical role in terms of efficiency. The system should be optimized according
to conditions such as temperature and pressure. In this study, electricity production performances were
compared for different fluid types in the secondary cycle, turbine efficiency and wellhead temperature in an
energy conversion plant using a geothermal fluid with a source temperature of 195 °C.

Keywords: Geothermal energy, Electricity production, Fluid type, Performance analysis

Jeotermal Enerji ile Elektrik Uretiminde Farkh Akiskan Tiirlerinin Cevrim
Performansina EtKisi

0z

Jeotermal enerji, dogal olarak yenilenen bir kaynak olup, fosil yakitlara gore daha az karbondioksit
emisyonu ile ¢evreye zarar vermeden elektrik ve 1s1 iiretebilir. Bu da onu ¢evre dostu bir secenck haline
getirmektedir. Ulkemiz, aktif bir tektonik kusak iizerinde yer almaktadir ve jeotermal enerji kaynaklari
bakimindan diinya genelinde 6nemli bir konuma sahiptir. Bu sebeple jeotermal kaynaklardan faydalanma
potansiyelimiz yiiksektir. Jeotermal enerji ile elektrik tiretim sistemi (tiirbin, 1s1 esanjorii, akiskan 6zellikleri
vb.) tasarimi da verimlilik agisindan kritik bir rol oynamaktadir. Sistem, sicaklik ve basing gibi kosullara
gore optimize edilmelidir. Bu ¢alismada da; 195 °C kaynak sicakligi olan bir jeotermal akiskan kullanilan
enerji doniisiim santralinde, ikincil ¢evrimdeki farkli akigkan tipleri, tiirbin verimi ve kuyu basi sicaklig
i¢in elektrik iiretim performanslari karsilastirilmistir.

Anahtar Kelimeler: Jeotermal enerji, Elektrik tiretimi, Akigkan tipi, Performans analizi
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1. INTRODUCTION

The global energy transformation is facing significant challenges. In order to achieve sustainable
development goals on a national and global scale, it is extremely necessary to increase the use of renewable
resources. Sustainable development requires the evaluation of resources with high efficiency in a manner
compatible with the environment. In Turkey, a country aiming to become a member of the European Union;
European Union standards should be taken into consideration in energy policies, structuring of energy
management and legal regulations related to energy. In the building sector, enhancing efficiency is crucial
for facilitating the energy transition. There is an increasing need for adopting efficient appliances, as well
as rapidly renovating and refurbishing existing buildings. Projections suggest that to align with a pathway
compatible with limiting temperature rise to 1.5°C, the share of renewables in this sector must increase to
86% by 2050. This includes highly decarbonized electricity, district cooling and heating, bioenergy, and
direct use of renewables, such as solar thermal and geothermal energy (IRENA, 2023; Dinger, 2020).

Direct use of geothermal energy refers to the ready use of heat energy without being converted into other
forms of energy such as electrical energy. The main areas of direct use are; heating of swimming pools,
balneology, space heating and cooling including regional heating, agricultural applications (greenhouse
heating), aquaculture applications, industrial processes and heat pump applications(Arslan, 2010; Tugcu,
2016). The simplest and cheapest cycle used for electricity production is the Direct-Steam Cycle. Direct-
Steam (or dry steam) power plants are used in steam-heavy reservoirs. Dry, saturated or slightly superheated
steam is obtained from wells. Steam carries non-condensable gases of various compositions and
concentrations. This steam obtained from the wells is transported through pipes and used directly in the
impulse/reaction type turbine in the power plant, and the waste steam is released into the atmosphere (Tugcu,
2016; Raskovic, 2013).

In a Binary power plant, the thermal energy of the geothermal fluid is transferred to a secondary working
fluid to be used in a suitable conventional Rankine cycle via a heat exchanger. The geothermal fluid does
not come into contact with the moving parts of the power plant and therefore erosion formation is
minimized. Binary power plants are advantageous in certain conditions such as geothermal fluids with high
dissolved gas content, high corrosivity or scaling potential. Naturally, another problem arises when the
liquid geothermal fluid suddenly turns into vapor at the well exit, but this problem can be prevented by using
downhole pumps (submersible pumps). In most Binary power plants, such pumps are used and the

geothermal fluid remains in the liquid phase throughout the power plant (Zinsalo, 2022; Kabeyi, 2019).

Geothermal waters are waters that either seep down from the surface to the underground or emerge from
magma. Geothermal energy is a type of energy formed by the heat accumulated in the workable depths of

the earth's crust. This heat reaches the surface naturally in the form of hot water sources and steam or in the
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form of hot water extracted by drilling, hot water + steam and steam. It can also be used economically

directly or by converting it into other types of energy.

To limit global warming to 1.5°C, we must cut carbon dioxide (CO:) emissions by about 37 gigatonnes from
2022 levels and achieve net-zero emissions in the energy sector by 2050. Although some progress has been
made, there are still significant gaps in deploying energy transition technologies needed to meet the Paris
Agreement goals. Achieving a 1.5°C pathway requires a complete transformation in energy consumption
and production (IRENA, 2023). From 2013 to 2020, roughly 75% of global renewable energy investments
came from the private sector, with 83% of solar financing from private capital. In contrast, geothermal and
hydropower relied heavily on public funding, with only 32% and 3% of investments from private sources,
respectively (IRENA and CPI, 2023). To encourage more equitable investment, stronger public sector
intervention is necessary to allocate funding toward countries and technologies that are often
underrepresented. Expanding global electricity generation capacity by 2030 and 2050 is essential to achieve
the 1.5°C Scenario (Figure 1).

Electricity generation capacity (GW)

40 000 Net change in capacity
1043 35339
400
35000 BN
-1165
30000
25000
6746
20000 Met change in capacity
4933 210 252 280 89
15000 ————— -
-1592
2803 14462
10 000 e a1
o J7 094 I I_
0
o0 ®o0:s—~vV—o0 o X ¥ e
= — - — = o o = - o — = o (]
2020§§§§gggzt)so@ggﬁg%gzoso
o £ g T giss o 2 g S 15-S
g @ - 3 @ <
@ Geothermal @ Ocean Wind @ nNon-renewables
Solar @ Bioenergy @ Hydro

Notes: GW = gigawatt; 1.5-5 = 1.5°C Scenario.

Figure 1. Total global electricity generation capacity needed (IRENA, 2023).
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In the short term, rising fossil fuel prices make renewable energy solutions more attractive. Wind and solar
power have become highly competitive with gas-fired power generation. Additionally, the increase in fossil
fuel prices has narrowed the cost gap between biofuels, biomethane, and fossil-based transport fuels. This
shift has also improved the cost competitiveness of bioenergy, as well as solar, geothermal, and heat pumps
powered by renewable electricity (Bayer, 2013; Chitgar, 2023).

Our country ranks sixth in the world and first in Europe in terms of geothermal energy capacity. Thanks to
its geological structure, there are geothermal resources at various temperatures across nearly all regions.
These resources are currently utilized for multiple purposes, including electricity generation, residential
heating, greenhouse farming, and health tourism. It is essential to evaluate this natural resource with
effective, environmentally friendly practices that consider the needs of local communities, aiming for
overall development. This study compares the electricity production performance of different fluid types
and turbine efficiencies in the secondary cycle of a geothermal energy conversion plant operating at a

wellhead temperature of 195 °C.

2. ENERGY AND EXERGY PROCESS IN GEOTHERMAL ENERGY CONVERSION
SYSTEM

Due to the limited primary energy resources and the rapid increase in energy costs, exergetic analyses have
gained great importance in determining energy losses in thermal systems. If exergy losses decrease, i.e.
exergy efficiency increases, the destruction, resource consumption and lost exergy emissions that will occur
in the process will decrease inversely proportional. In a steady-state, steady-flow process, mass, energy,

entropy, and exergy balance equations determine work and heat interactions, exergy decrease, and

efficiencies. The mass balance is presented in rate form (Arslan, 2010).
Zmin = Zmout (1)

The mass flow rate is defined with 'in' for the inlet and 'out' for the outlet. The energy balance states that

total energy inputs must equal total energy outputs.

ZEin = ZEout (2)
This equation clearly expresses the first law of thermodynamics and can be rewritten, ignoring kinetic and

potential energy changes, as follows:

Q - W = Zmin hin - Zmout hout (3)
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Heat and work are the main transfers across a system boundary. Without electricity, magnetism, surface
tension, or nuclear reactions, total exergy divides into four components: physical, kinetic, potential, and

chemical exergy (Arslan, 2010).
The overall exergy balance is fundamentally important and can be stated as follows:
Exheat + Exwork + Exmass, in — Exmass Jout — Exd (4)

In this context, Expe,; and Ex,q represent the exergy components from heat and work interactions, while
EXpass and Expaes oue Tefer to those from mass transfer across the system boundary. Ex, denotes the

destroyed exergy.

EXhear = X ( - ;—i) Qxk Q)
E'xwork = W (6)
Exmass, in = Z(mlp)m (7)
Exmass , out = Z(mlp)out (8)

Where Q, represents the heat transfer rate through the boundary at temperature Ty, located at k, v is defined

as the flow (specific) exergy as follows:

Y = (h—hy) —To(s — s0) 9)
i = E"xd = TOS'gen (10)

Energy and exergy efficiencies are clearly defined by the following equations(Arslan, 2010):

Eout
n=3% (11)
_ EXou
€= 4 (12)

3. GEOTHERMAL POWER PLANT MODEL AND PROCESS FLOW
CHARACTERISTICS

In the cycle shown in Figure 2. and optimized with the “THERMOFLEX” energy conversion system design
program, steam obtained from the geothermal source underground is directed to a heat exchanger. While
the geothermal fluid loses heat on one side of the heat exchanger, it heats the secondary fluid on the other
side. The secondary fluid is a liquid with a low boiling point and therefore evaporates at lower temperatures.
This liquid evaporates after receiving heat and this steam is directed to the turbine. The vapor of the organic

liquid rotates the turbine and generates electricity. Then this vapor becomes liquid again through a cooling
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system (heat exchanger-condenser). The cooled secondary fluid returns to the initial heat exchanger and the
process starts again (Bu, 2013; Luo 2012).
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Figure 2. Electricity generation work flow chart with geothermal energy

In Binary cycle systems that generate electricity from geothermal energy, the dry step efficiency plays an
important role in the design of the cooling turbine. The dry step efficiency indicates how effectively the
turbine converts water vapor. Increasing this efficiency can positively affect the overall efficiency and
energy output of the system. A high dry step efficiency means more energy production. This allows the
turbine to produce more work and therefore to benefit more from the potential of the geothermal resource.
In binary cycle systems, the efficiency of the cooling turbine also affects the heat exchanger performance.

A better dry step efficiency helps the heat exchanger to operate more efficiently, thus increasing the overall
efficiency of the system (Heberle, 2010 ; Beckers , 2022).
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The properties of the secondary fluid directly affect the efficiency and performance of the binary cycle
power plant, increasing the energy production capacity. Therefore, the selection and design of the secondary
fluid is a critical element for the efficiency of geothermal power plants. Seven different types of fluids
(Ammonia, R22, Propane, SO,, R12, R134a, R21) were compared in terms of electricity production
performance in the designed geothermal power plant model. The best fluid in terms of net electrical
efficiency (%), net obtained power (kW) and plant auxiliary (kW) was ammonia. A low "plant auxiliary
(kW)" value positively affects the efficiency, costs and environmental impacts of the plant. Therefore, it is
aimed to minimize auxiliary energy consumption in energy production processes (Liu, 2013 ; Li, 2022).

4. RESULTS

In these types of energy conversion plants, the selected secondary fluid has a low boiling point, allowing it
to evaporate at low temperatures. This makes it possible to produce effective energy even at the lower
temperatures of the geothermal source. The high heat capacity of the secondary fluid allows it to store and
use more heat, while a fluid with low viscosity reduces the flow resistance in the system. This enables
components such as pumps and turbines to operate more efficiently. Again, the fact that this fluid is non-
corrosive extends the life of the turbine and other system components and reduces maintenance
requirements. Table 1. shows system performance values according to different fluid types used in the
secondary cycle in the electricity production process from geothermal energy.

Table 1. Effect of Different Fluid Types on Optimizing Performance in Electricity Generation from Geothermal

Energy

Case 1 Case 2 Case3 Cased Case5 Case6 Case7
Type of fluid used in energy conversion Ammonia R22 Propane  SO: R12 R134a R21
Plant gross power (kw) 5458 5813 5889 3921 5655 5243 2261,6
Plant net power (kw) 5073 4923 4791 3417 4356 4229  1764,7
Plant auxiliary (kw) 385 889,2 1097,5 504,6 12994 1014,7 4969
Miscellaneous plant auxiliary load (kw) 54,58 58,13 58,89 39,21 56,55 52,43 22,62
Plant gross heat rate (LHV) (kj / kwh) 27140 25487 25158 29283 26195 28253 29574
Plant net electric efficiency (LHV) 12,33 11,96 11,64 10,71 10,59 10,28 9,49
Plant net heat rate (LHV) (kj / kwh) 29200 30090 30921 33608 34009 35033 37900

The dry step efficiency affects the ability to optimize the temperature difference at which the turbine
operates. Higher efficiency can increase energy production even at low temperature differences. At the same
time, high dry step efficiency can affect the turbine size and system costs. The increased efficiency can
allow for the use of smaller and lower cost turbines. In addition, higher efficiency means less energy loss

and therefore lower environmental impacts. This allows for more sustainable use of geothermal resources.
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In the cycle where ammonia is used as a fluid, the change of some important parameter values for different

values of the refrigerant turbine design point dry step efficiency is shown in Table 2.

Table 2. Variation of parameter values for different values of turbine design point dry step efficiency (Ammonia)
Case 1 Case2 Case3 Cased CaseS Case6 Case7

Turbine design point dry step efficiency (%) 88 86 84 82 90 92 94
Plant gross power (kW) 5458 5333 5209 5084 5583 5708 5833
Plant net power (kW) 5073 4950 4826 4702 5197 5321 5445
Plant auxiliary (kW) 385 383.8 3827 381,5 386,1 3873 388.,5
Miscellaneous plant auxiliary load (kW) 54,58 53,33 52,09 50,84 55,83 57,08 58,33
Plant gross heat rate (LHV) (kj / KWh) 27140 27776 28442 29141 26533 25952 25396
Plant net electric efficiency (LHV) 12,33 12,03 11,73 11,43 12,63 12,93 13,23
Plant net heat rate (LHV) (kj / kWh) 29200 29930 30698 31506 28504 27841 27208

In this system that produces electricity with geothermal energy, the mechanical efficiency of the turbine is
also an important factor that directly affects the overall performance of the system. The mechanical
efficiency of the turbine indicates how much of the energy input by the turbine can be converted into
mechanical energy. High mechanical efficiency increases the efficiency of the system and provides more
electricity production. In other words, it allows the energy obtained from geothermal resources to be
converted into electrical energy more effectively. This increases the overall efficiency of the system and
means more energy production. It reduces costs and environmental impacts while increasing energy
production. Therefore, optimizing the mechanical efficiency of the turbine during the design phase is of
critical importance. In the cycle where ammonia is used as the fluid, the changes of some important

parameter values for different values of the turbine mechanical efficiency are shown in Table 3.

Table 3. Variation of parameter values for different values of turbine mechanical efficiency (Ammonia)

Case 1 Case2 Case3 Cased CaseS Case6 Case?7

Turbine mechanical efficiency 99 97 95 93 91 89 87

Plant gross power (kW) 5458 5347 5236 5125 5014 4903 4792
Plant net power (kW) 5073 4963 4854 4744 4634 4524 4414
Plant auxiliary (kW) 385 3839 382.8 381,7 380,5 3794 378,3
Miscellaneous plant auxiliary load (kW) 54,58 53,47 52,36 51,25 50,14 49,03 47,92
Plant gross heat rate (LHV) (kj / kWh) 27140 27704 28292 28905 29545 30213 30913
Plant net electric efficiency (LHV) 12,33 12,06 11,79 11,53 11,26 10,99 10,73
Plant net heat rate (LHV) (kj / kWh) 29200 29847 30523 31230 31971 32748 33563

The increase in the temperature of the geothermal fluid positively affects the efficiency of binary cycle
power plants. Figure 3. and Figure 4. show the effect of the geothermal source on the system with the

increase in the wellhead temperature. As the temperature of the geothermal fluid increases, the heat energy
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obtained from this fluid increases. This allows the organic fluid in the cycle to vaporize at higher
temperatures and thus produce more energy. As a result, the overall efficiency increases. At the same time,
the high temperature increases the vapor pressure of the organic fluid. This helps the turbine to produce

more energy.
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Figure 3. Effect of geothermal source temperature on net electricity efficiency
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Figure 4. Effect of geothermal source temperature on power and heat rate in the system
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5. CONCLUSION

Increased dry step efficiency in the turbine and increased geothermal flow binary cycle results in greater
energy production and system efficiency. Therefore, paying attention to parameter selection at the design
stage makes a critical contribution. Geothermal energy is expected to become more widely used in the
coming years due to its numerous advantages. One of the main reasons for this is the role of geothermal
power plants in providing baseload electricity generation. As renewable energy sources such as solar and
wind continue to gain popularity, the importance of power plants that offer both renewable energy and
baseload support, such as geothermal power plants, will increase.

Geothermal power plants generally have a lifespan of 20 to 50 years. However, this period may vary
depending on the status of the resources, the design of the plant, maintenance practices and technological
developments. In a new plant, efficiency is usually high. Over time, the pressure and temperature of the hot
water and steam resources may decrease. This may affect the efficiency of the plant. Performance can be
maintained with regular maintenance, resource management and, if necessary, system renewals. The most
suitable type of plant for hydrothermal resources is dry steam plants or hot water plants (binary cycle). Such
plants are systems where hot water is directly converted to steam or energy is transferred to another liquid
through a heat exchanger. Geothermal steam sources are generally sources containing steam at high
temperature and pressure. In this case, dry steam plants are the most suitable option. Such plants are systems

where steam is directly used in turbines.

Geothermal energy can be integrated with other renewable energy sources in various ways. Geothermal
energy can be integrated with wind and solar energy, increasing continuity in energy production. Especially
during periods when solar energy is high, the geothermal energy system comes into play and helps maintain
the balance in the grid. Geothermal energy systems can also work together with thermal energy storage
systems. This allows hot water to be used during times of increased energy demand, especially through hot
water storage systems. Geothermal power plants can also be integrated for both electricity and heat
production (in combined cycle power plants). This increases energy efficiency and optimizes total energy
output. Geothermal power plants can be sensitive to seismic activity due to the use of underground water
and steam resources. Drilling operations for geothermal energy can change underground pressure, which
can trigger seismic activity. Similarly, the injection of cold-water underground can change underground

temperatures and pressure, which can affect seismic activity.

Information Note: This study was supported within the scope of Kutahya Dumlupinar University
Scientific Research Project, No. 2024 — 44.
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Jet grout; lilkemizde ve diinyada olduk¢a genis bir kullanimi olan bir zemin iyilestirme yontemidir. Bu
yontem ile zemin igerisinde jet grout kolonlar1 olusturulmaktadir. Yapim asamasindaki ekipmanlar, jet
grout harcinin su/¢cimento orani, tij ddnme ve ¢ekme hizlari, tijlerin u¢ kisminda bulunan nozul sayilar gibi
bir¢ok iiretim parametresi, olusturulacak olan jet grout kolonlarinin yapisi, performansi ve uygunlugunu
belirlemektedir. Bu ¢alismamizda jet grout kolonlarinin iiretimi, kullanim alanlari, jet grout tiirleri ve jet
grout ile zemin uyumlulugu, yontem ile ilgili literatiir taramalariin yani sira sahamiza uygulanabilirligi,
islem siirecinin maliyet ve adam x saat verileri ile paket olarak uygulanabilirligi belirlenilmeye ¢aligilmigtir.
Bunun yaninda jet grout yonteminin uygulama bazindaki avantajlarinin konulmasi i¢in yapilmis olan bir
diger projede farkli bir zemin iyilestirme yontemi olan fore kazik yonteminin yapim kosullar ile
karsilastirilmas1 yapilmig ve her iki zemin iyilestirme ydnteminin optimizasyonu ortaya konulmaya
calisilmistir. Yontemlerden; 1 m fore kazik {iretiminin, 1 m jet grout liretimine gore % 30 daha fazla zaman
aldig1 ve maliyet olarak da 11,5 kat daha fazla oldugu tespit edilmistir.

Anahtar Kelimeler: Jet grout; Fore Kazik; Zemin lyilestirme; Optimizasyon,

Soil Improvement and Optimization of Fability with Jet Grout and Bored Pile

Methods in Fine-Grained Soils
ABSTRACT

Jet grout; is a ground improvement method that is widely used in our country and in the world. Jet grout
columns are formed in the ground with this method. Many production parameters such as the equipment in
the construction phase, water/cement ratio of the jet grout mortar, rod rotation and withdrawal speeds, and
the number of nozzles located at the tip of the rods determine the structure, performance and suitability of
the jet grout columns to be formed. In this study, the production of jet grout columns, areas of use, jet grout
types and jet grout and ground compatibility, literature research on the method as well as its applicability to
our field, the cost of the production process and man x hour data and its applicability as a package were
tried to be determined. In addition, in another project carried out to reveal the advantages of the jet grout
method in terms of application, a comparison was made with the construction conditions of the bored pile
method, which is a different ground improvement method, and the optimization of both ground
improvement methods was tried to be revealed. Among the methods; It has been determined that 1 m bored
pile production takes 30% more time than 1 m jetgrout production and costs 11.5 times more.
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1. GiRiS

Artan niifus ve yapilasma gereksinimi nedeniyle zeminlerin saglam ve yeter diizeydeki tasima
kapasitesinde, uygun mukavemet oOzelliklerde bir zemin bulabilmek, en o6nde gelen miihendislik
sorunlarindan biri durumundadir. Kentlerimizin artan niifusa bagl olarak yapilasmanin nitelikli hale
gelmesinde uygun 6zelliklerde zemin bulmak ya da uygun hale getirmek gerektirmektedir. Yontem; jet
grout ekipmani ile zemin igerisine su-¢imento karisimi verilmesiyle olusturulan har¢ zemin karisimi ile

zeminin 6zelliklerinin iyilesmesidir. Bu yontem ile zemin icerisinde kolonlar iiretilmektedir (Sekil 1).

Sekil 1: Jetgrout imalat goriintiisii

Zeminlerin iyilestirilmesinde kullanilan farkli yontemlerde yapilan ¢alismalarda; Kirsch ve Sonderman
(2001) yap1 temeli zemin iyilestirilmesinde kolon sikligina bagl olarak kazik ya da iyilestirilmig zemin rol
oynadigini belirtmistir. Saglamer vd., (2001) jet grout yontemi ile zeminlerde oturmalarin azaltilmasi ve
stvilagma riskinin azaltilmasi oldugunu belirtmigtir. Giimiis (2002) jet grout ydnteminin zemin
iyilestirmelerinde son yillarda en ¢ok uygulanan ydntem oldugunu ve bir¢ok geoteknik problemin de
¢cOziimiinii gerceklestirdigini belirtmistir. Burke (2004) jet grout sistemlerinin avantaj ve dezavantajlarini
belirtmistir. Sert vd. (2007) koprii ayagi oturmalarda 50 m asagidaki temel kayaya sadece celik profil
kaziklarla sifirlanacagini, meydana gelecek uzun siireli oturmalarin jet grout kolonlar ile kabul edilebilir
diizeye cekilebilecegini belirtmislerdir. Tschuchnigg ve Schweiger (2008), jet grout kolonlarm bilinen
kazikli radye temellere ekonomik anlamda alternatif olarak kullanilabilecegini belirtilmiglerdir. Algin
(2013), geoteknik miihendisliginde son derece karmasik bir problem olan jet grout kolonlart ile iyilestirilmis
zemin radye temel ile birlikte iic boyutlu sonlu elemanlar ile modellenmis ve analizlerini yapmigtir.

Kaymake1 (2014) kazikli temellerin maliyetlerinin daha fazla oldugunu, ve jet grout ile kazikli temelin
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birlikte ¢aligma prensiplerini irdelemistir. Zhao ve arkadaslar (2023), Jet grout kolonu ¢apinin tahmini ve
tasarimi i¢in bir model Onerilmis, bu modelin kolon ¢aplarinda % 95 giliven araligi oldugunu

belirtmektedirler.

Jet grout yapiminda kullanilan ekipmanlar, harcin su-¢imento orani, tij donme ve ¢ekme hizlari, tijlere bagh
nozul sayilar1 ve basing miktar1 gibi bir¢ok iiretim parametreleri, yapilacak olan jet grout kolonunun yapisi,
performansi ve uygunlugunu etkilemektedir. Bu ¢alismada iiretilen jet grout kolonunun, kullanim alanlari,
tiirleri ve zemin giiclendirme yontemine yonelik literatiir taramalarinin yaninda uygulanabilirligi, tiretim
asamalarindaki maliyet ve adam x saat bulgular1 degerlendirilmistir. Bununla birlikte bu ¢alismada jet grout
iiretiminin uygulama bazindaki avantajlarinin gdsterilebilmesi i¢in yapilmis olan farkli bir projeden bir
baska zemin iyilestirme yontemi olan fore kazik yontemi ile karsilagtirilmasi ve denestirilmesi yapilmistir.

Bu makalede yapilan karsilagtirmalar 3 agamada degerlendirilmistir;

1. Afyonkarahisar ilindeki bir konut projesinin zemin iyilestirilmesi ile iiretimden 6nce ve sonraki zemine

ait degerlerinin karsilastiritlmasi ve maliyet analizlerinin yapilmasi.

2. Istanbul ili, Besiktas ilcesinde yapilan zemin iyilestirilmesi ile iiretimden dnce ve sonraki zemine ait

verilerin denestirilmesi ve maliyet analizlerinin yapilmasi.

3. Afyonkarahisar da yapilan toplu konut projesi jet grout imalat1 ve Istanbul ilinde yapilan metro istasyonu

fore kazik imalatinin uygulama, zaman, maliyet, avantaj ve dezavantajlarinin karsilagtirilmasi.

2. JET GROUT YONTEMIi

2.1 Jet Grout Yonteminin Tanimlanmasi

Uretimin yapilacagi zemine ait 6zelliklerin yetersiz olmasi bu durumda yapilacak yapilasmay:
sorunlu hale getirmekte ve/veya yapilacak yapinin elemanlarinin hizmet siiresini azaltacaktir.
Zemine ait degerlerin; tasima giicli, zeminin oturma miktari, sivilasma riski, gegirimsizlik
kapasitesi vb. Ozellikler acisindan degerlendirilir. Yapiya ait caligmalar zemin degerlerinin
giiclendirilmesi gerekliligi ortaya ¢ikmaktadir. Zemin gii¢clendirmenin amact zeminin fiziksel ve
mekanik degerlerinin 1yilestirilmesini hedeflemektedir. Zeminin gii¢lendirilmesi; zeminin
dayaniminin, tagima giiciiniin ve elastisite modiiliiniin ytikseltilmesi ile zeminin gegirgenlik
diizeyinin azaltilmas1 gibi oOzelliklerin iyilestirilmesini hedefler. Planlanan ¢aligmaya gore
Oncesinden tespit edilen, uygun zemin degerlerinin adina arazi kosullarina uyan bir metot se¢ilerek
zemin gli¢lendirilmesine gidilir. Bu metodun uygulanabilirligi, zaman, maliyet, risk gibi birgok

etkende zemin gili¢clendirme dncesinde proje iizerinde degerlendirilebilmektedir. Uygun ve en iy1
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verim hedeflenen bir metot secilerek zemin iyilestirme yontemine geg¢ilir. Uygulanan bu yontemin

neticesinde su asagidaki maddelerde beklentiler gergeklesir;

e Zemine ait tagima giicliniin yiikseltilmesi
e Zemine ait gecirgenlik diizeyinin diisiiriilmesi
e Zeminin sivilasma dayaniminin yiikseltilmesi

e Zemine ait oturma miktarinin distriillmesi

Jet grout yontemi ile zeminin giiclendirme yapilmasinin baslica kullanim alanlari; Zeminde temel alti
kullanilan bu yontem yukaridan gelecek diisey yiiklere karsi tasima giiciinii yilikseltmek ve deplasmanlarin
(yer degistirme) denetlenmesini saglamaktir. Kolonlarin demirli olarak iiretilmesi ile yeralt1 suyu icerisinde
yapimi gerceklesecek yapilarin temelinde olusacak ters yonlii kaldirma kuvvetinin Oniline gegilmesi.
Kazilarin oldugu kesimde, yanaldaki zemin yiiklerine karsi giivenlik saglamak amaci ile. Yeralt1 su
seviyesinin yiiksek oldugu bolgelerde kazi esnasinda zemin gegirimlilik oranini azaltarak zeminde bulunan
tastyici elemanlar arasinda onleyici kapama elemani olarak. Yeraltindaki yapilagmalarda (tiineller, galeriler
vb.), kaz1 iizerindeki zeminin giiglendirilmesine ydnelik. Ince kumlu ve sivilasmaya yonelik zeminlerde,
riskin azaltilmasi ve zeminde olusacak olan kayma gerilmelerinin yiikseltilmesi igin. Deprem esnasinda

zay1f zeminlerdeki yer degistirmelerin (deplasmanlarin) kisitlanmasi igin.

Jet grout yontemi ile zemin iyilestirmesinde Ozen goOsterilmesi gereken birtakim konular
bulunmaktadir. Jet grout enjeksiyonu esnasinda zeminden Ggiitiilen danelerin bentonit serbeti ile
karistirarak, kesici ucun bulundugu kisimdan yukariya dogru ¢ikabilmesi i¢in kesici ug¢ gévdeden
daha genis olmasidir. Kesilen zemin daneleri ile karisan serbetten olusan malzemenin yiizeye
yiikselmesi saglanarak yapilan zemin iyilestirme verimi artirilabilir. Basinci yiiksek olarak yapilan
jet grout iiretimi sirasinda delme islemi i¢in kullanilan ekipmanin ¢evresinde belirli bir miktarda
karisimin taginmasi veya akmasi gergeklesebilir. Enjeksiyonu yapilan zeminde basincin asir1 olup
olmadigini geri akis ile kontrol edilebilir. Asir1 basincin olmasi, sistem igerisinde belirli bir kismini
ve ya tamamini ve bununla birlikte komsu yapilarin stabilitesini de tehdit edebilir. Yiiksek basing
zeminde deformasyonlara neden olabilir, bunun yaninda jet kolonlarinin da stireksizlik olusmasina
neden olur. lyilestirme sirasinda olan geri akis miktar1 zeminin tiiriine ve gegirebilme &zelligine
bagli olarak degisebilir. Geri akisin; ince daneli killi zeminlerde yiiksek, iri daneli kumlu ve ¢akilli
zeminlerde ise diisiik olmas1 beklenmektedir. Proje ¢alismalarinda ortalama olarak zemine verilen

serbetin miktarinin %10 u kadarlik bir kism1 geri akis olarak beklenebilir (Sekil 2).
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Sekil 2: Jetgrout saha calismasi.

2.2 Jet Grout Sistemleri
* Tek Akiskanli Sistem (Jet 1)

Zemin igerisine indirilen ekipmanin yardimi ile zemine su ve ¢imento karisim serbeti belirli bir basing
altinda enjekte edilebilinir. Belirli bir basing altinda zemine verilen su-¢gimento karisimi, zeminin
parcalanmasini ve serbet ile (su-¢gimento) karisarak biitiinlesmesini saglanmaktadir. Bu sistem tek bir sivi

olarak verildiginden bu prosese tek akigkanli sistem ad1 verilmektedir.

* Cift Akiskanli Sistem (Jet 2 )

Cift akigkanli sistem; iiretim agamasinda iki akiskan verilmesinden kaynaklanmaktadir. Tek akigskanl
sistemde zemine yliksek basing ile verilen su-cimento karigiminin zemini parcalayarak ve ¢imento ile
karisarak bir biitiin olmasmi saglamaktadir. Cift akigkanli sistemde serbet enjeksiyonu yapilirken ayrica
basingli hava jeti de verilmektedir. Bu metot da enerji kayiplarini minimize etmek ve sistemin verimliliginin

yiikseltilmesi hedeflenmistir.

« U¢ Akiskanli Sistem (Jet 3)

Bu sistemde ise ekipmanlar ile zemine yiiksek basingta verilen karigim, zeminin pargalamasi ve serbet ile
biitiinleserek siire¢ tamamlanmaktadir. Tijlerin {ist kismina dogru bulunan nozuller yardimi ile uygulanan
yiiksek basingta su jeti ile zeminin pargalanmasi gergeklestirilirken, tijlerin alt kisminda bulunan diger bir
boliimde nozuller ile ¢imento serbeti zemin igerisine verilmektedir. Bununla birlikte tijlerin yukari

kismindan verilen basingli su jeti enerji kaybinmi diisiirerek, ¢ift akiskanli sistemdeki gibi hava ile beraber
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verilmektedir. Alt kisimdan uygulanan serbet ise sadece zemin ile karigimi hedeflediginden iisttekilere

nazaran diigiik basingta verilmektedir (Sekil 3).
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Sekil 3: (a) jet 1, (b) jet 2, (c) jet 3.

3. FORE KAZIK YONTEMIi

Fore kaziklar, degisik yontemlerle zemin igerisinde olusturulan betondan (donatili veya donatisiz)
olusturulan silindirik yapilardir. Yapidan gelecek yiikleri zemine ileten yapisal elemanlardir. Bir
dizi halinde veya sekant konfigiirasyonda yapildiklarinda, yiikii saglam zemine aktarmanin yaninda
ulasilan yeralt1 suyu i¢in bir 6nleme duvari olusturabilirler. Kaziklarin uzunlugu, ¢api, yapimdaki
kullanilan malzemesi, geometrisi ve yerlesimi, ne amagcla yapildigina baglh olarak degisebilir. Fore
kazik iist yapidan gelen agir dikey yliklere kars1 destekleyen, bir tiir betonarmeden olusan temel
yapisidir. Fore kazik, yerinde uygulanan bir temel yapisidir. Bu fore kaziklar, prekast beton kazik
ve kullanan egrilmis kazik ve bir de betonarme kare kazikli temellerden farklidir. Fore kazik eger
cakma seklinde yapilmis ise bunlar koprii temellerinde, yliksek bina temellerinde ve biiyiik
endiistriyel yap1 temellerinde kullanilirlar. Fore Kazik islemi oldukg¢a derinlere kadar inebilen (60
m ye kadar yapilan vardir) ve 2,4 m. capa kadar ulasan kaziklar {iretilebilmektedirler (Sekil 4).

Zeminde kazik i¢in delme islemi celik silindir ile gerceklesir, zeminde silindirik bosluk agildiktan
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sonra, hazirlanmis silindirik donati agilan delige indirilir, ardindan delik hazir beton basilarak
doldurulur (Sekil 5). Yiginin tepesi, yukaridaki yapiyr tutan yiizeye yakin bir temel veya
payandayla kapatilabilir. Ayrica yanal toprak basinglarinin tutulmasi ve yeralti suyu perdeleme

yapilari olarak da yapilabilmektedir.

g

A

.

Sekil 5: Fore kazik yapim isleminin zemin igerisindeki yapim isleminin tamamlanmis hali.

4. PROJE ORNEKLERIi

Bu calismamizda Afyonkarahisar ili, Merkez ilgesi, Cetinkaya Mahallesindeki 160 konutluk altyapr ve
cevre diizenlemesi isinde bloklarin altindaki zemin iyilestirme projeleri, zemin elde edilen saha ve
laboratuvar degerlerinin, jet grout uygulamasi ile zemine ait degerler irdelenmistir. Jet grout projesi ile

birlikte; uygulanabilirlik, zaman, maliyet, avantaj ve dezavantajlarin degerlendirildigi ve
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karsilastirilabilmesi agisindan yapilan bir diger ¢alisma fore kazik imalati ile kiyaslanmistir. Fore kazik
calismasi olarak da Istanbul ili, Besiktas Ilgesinde bulunan ve Kabatas-Mecidiyekdy-Mahmutbey Metro
projesi kapsaminda yapilan Besiktas Metro Istasyonu zemin iyilestirme projelerinden faydalanilmistir.
Degerlendirilen her iki projede de akredite olmus firmalarin ¢aligmalari ve arazi, laboratuvar ¢aligmalar1 bu
calisgmamizda kullanilmigtir. Elde edilen bu bilimsel veriler bu ¢aligmamizda degerlendirilerek,

kiyaslanmasi ve optimizasyonu yapilmistir.
4.1. Afyonkarahisar ili Toplu Konut Zemin lyilestirmesinde Jet Grout Yontemi

"Afyonkarahisar Ili, Merkez Cetinkaya Mahallesi, 160 Konut ile Altyap1 ve Cevre Diizenlemesi insaatr Isi"
kapsaminda 83 pafta 24 parselde kayitli, 30.000,000 m? biiyiikliigiinde alana projelendirilen toplu konut
projesidir (Atas, 2021).

Coklu konut projesinin oldugu bu alanda bu projeden once yapilmis bir baska zemin g¢alismasi
bulunmamaktadir. Yapilacak olan bu proje alaninin bulundugu Akarcay havzasinda olmasi nedeni ile yeralti
su seviyesinin dogurdugu risklerin géz 6niinde bulundurulmas: gerekmektedir. DSI Bolge Miidiirliigiinden
alman goriis; 15/06/1951 tarihli Bakanlar Kurulu kararinca "Akarc¢ay'in tagskin sahast igerisinde kalan
kisminda her tiirlii yapilasma yasaklanmigtir” ifadesi bulunmaktadir. Bunun yaninda ¢oklu konut yapisinin
konuslandirilacagi bu sahanin egim yapisi daha diisiik kotlarda bulunmasi nedeni ile yeralti su seviyesinin
yiikseldigi kis ve bahar mevsimlerinde yiizeye 0 ila 1 metreye kadar yaklasan yeralt1 suyuna maruz kaldig
belirlenmistir. Gerekli drenaj ve izolasyon ¢aligmalarinin yapilmasi ve zemindeki yeralti su seviyesinin

yiikselmesini 6nleyecek zorunluluklarin alinmasi kosuluyla bolgede konutlagsmaya izin verilmistir.

Inceleme alani ile ilgili yapilan zemin inceleme asamasinda 8 tane 20 m derinlikte, toplamda 160 m zemin
sondaj1 acilmis ve jeolojik blok diyagram olusturulmustur (Sekil 6). Inceleme kuyularinda her 1,5 m de bir
SPT (Standart Penetrasyon Testi) yapilarak alimman zemin numuneleri TS 1901'e uygun olarak laboratuvar
da analize tabi tutulmuslardir. Kuyularda tespit edilen yeralti su seviyelerinin 3,90 - 4,20 m arasinda oldugu
belirlenmistir. Sondajli ¢calismalarda mevcut kuyulardan 24 tane SPT, 16 tane UD numunesi laboratuvarda
incelenmis ve zemin numuneleri {izerinde; serbest basma mukavemeti, dogal su muhtevasi, dogal birim
hacim agirlik, konsolidasyon, dane boylanma analizi, atterberg limitleri, kohezyonu ve i¢sel siirtiinme agis1
analizleri tamamlanmistir (Cizelge 1). Zemin iyilestirme proje ¢alismalarinda ve yapilan zemin deneyleri
verilerine gore; alanda jet grout yontemi ile zemin iyilestirilmesi yapilmasinin daha optimum oldugu karar

verilmistir.
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Sekil 6: Inceleme alani jeolojik blok diyagramu.

Cizelge 1: SPT ile zeminden alinan numuneler iizerinde yapilan deney sonuglar1 (Atas, 2021).

Agiklamalar Tabaka Tabaka B. Hacim Drenajsiz icsel
Kotlari (m) Kalinhg Agirhgi Kohezyon Surtiinme
(m) (kN/m2) (kPa) Acisi @

Nebati Toprak 0,00-0,50 0,50 - - -

Cakilli kumlu siltli 0,50-5,50 5,00 17,0 35 0
kil

Cakalli killi siltli 5,50-14,50 9,00 17,0 0 22

kum

Cakilli kumlu siltli 14,50-20,00 5,50 17,0 35 0

kil

Zemin inceleme ¢aligmalarina gore inceleme alanindaki mevcut zemine ait tagima kapasitesi yaklagik 0,50

kgf/cm? civarinda oldugu saptanmistir. Zeminin toplam oturma miktari ise 7,56 m oldugu belirlenmistir. Ust

yapinin statik projeleri ve hesaplamalar1 sonucu, temel maksimum gerilme miktarinin 1,42 kgf/cm? oldugu

saptanmistir. Proje hesaplamalarinda idealize edilmis zemin modeli ve parametrelerinin {izerinden tagima

kapasitesi sorununun yaninda, sivilagma ile ilgili analizler de yapilmustir. Yapilan analizler ve hesaplamalar

sonucu degerlendirildiginde zeminin bir sivilagma riski ile kars1 karsiya oldugu belirlenmistir. Bu tespitler

sonrast yapilan degerlendirmelerde gerek tasima kapasitesi sorunu ve gerekse sivilagma sorununa karsilik;
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onlem paketi olarak 2,60 m aralikli 14 m derinligine ve 80 cm ¢apa sahip jet grout kolonlarinin iiretilmesinin

uygun oldugu karari verilmistir (Atas, 2021).

Arazide yapilan caligmalar esnasinda sondaj kuyularinda SPT deneyleri ile numune alinmustir. Yapilan SPT-

Nmin degerleri Ngo! olarak asagida verilen formiiller (1, 2, 3 nolu) ile diizeltilerek Cizelge 1 de verilmistir.

Ngg, = 15 + 22 (1)

Nso — NduszM;c(():BszxCR (2)
/ 100

Neo = Ngo o ©)

e  Nui,= Bosluk suyu basinci diizeltmesi yapilmis SPT sayist
e Ngo = Arazi prosediirlerine gore diizeltilmis SPT N degeri
e Eym = Sahmerdan etkinlik orani

e (Cg=Kuyu capi1 diizeltmesi

e  Cs= Ornek alic1 diizeltmesi

e Cr=Tij uzunlugu diizeltmesi

e N¢, = Diizeltilmis SPT-N degeri

Cizelge 2: Inceleme alanindan alinan Standart Penetrasyon Testi (SPT) ve Elek Analizi verileri (Atas, 2021).

Derinlik (m) Arazide Olgiilen SPT-Nmin  Diizeltilmis SPT-N Degeri 200 Nolu Elekten Gegen
Degeri N'so Malzeme -%

1,50 7,0 53 73,5
3,00 8,0 6,0 67,7
4,50 13,0 11,1 61,6
6,00 10,0 9,5 73,8
7,50 9,0 8,0 18,8
9,00 8,0 6,7 _

10,50 10,0 8,3 -

12,00 5,0 4,0 -

13,50 8,0 6,0 19,3
15,00 13,0 9,4 70,1
16,50 10,0 7,0 73,5
18,00 12,00 8,1 67,7
19,50 15,00 9,8 61,6

Elde edilen sonuglar sonrasi, Skempton (1986) kuralina gore sahmerdanin etkime oraninin % 60 olarak

uygulanmasinin daha uygun oldugu tespit edilmistir. Elde edilen diizeltmelerin yaninda sondaj kuyu ¢api,
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numune alic1 ve tijlere iliskin verilerdeki diizeltmeler de yapilmistir. Bu diizeltme caligmalar1 akabinde

zemine ait diizeltilmis SPT-N degerleri agsagidaki cizelgede gosterilmektedir (Cizelge 2).

Projelendirilmesi yapilan jet grout kolonlarinin imalat iglemlerine gegilmis ve zamana bagli olarak

optimizasyon hesaplar1 yapilmistir. Optimizasyon hesaplarinin yapilabilmesi adina oncelikle projede

verilen 80 cm ¢apinda ve jet 1 yontemi ile iiretilen 1 m jet kolonun birim uzunluk i¢in adam x saat hesaplari

ortaya konulmustur (Cizelge 3). Adam x saat hesaplamalariin yapilabilmesi adina gerekli verilerin tamami

Cevre, Sehircilik ve iklim Degisikligi Bakanliginin 2024 Yili Birim Fiyat ve Analizlerinden alinmistir.

Cizelge 3: 80 cm capinda ve Jet 1 yontemi ile iiretilen jet kolonunun Cevre, Sehircilik ve Iklim Degisikligi Bakanlig
Insaat ve Tesisat 2024 Birim Fiyatlarina gore hesaplanmis 1 metrelik imalatin adam/saat hesabr.

Poz No Poz Tanimi Birim  Miktar Toplam
Adam x Saat
Miktari
15.135.1002  Her uzunluk her agi ve her tirlii zeminde @ 80 5,635
cm jet kolonu uretiminin yapilmasi, delgi dahil
(jet 1 yontemi ile)
Monitoring sistemli; yliksek basing pompasi, su
pompasi, kompresor, karistirici Unitesi, silo, su
tanki ve benzerinden olusan ekipman ile delgi
makinesi ve sarf malzemeleri karsilig
19.100.1107 Jet grout ekipmanlari ve delgi makinesi saat 4,885
19.100.1060 Formen saat 0,250
19.100.1062 Isgi (insaat iscisi) saat 0,500

» Proje zemin iyilestirme isleri kapsaminda 14 m derinliginde ve 0,80 m ¢apinda, toplamda 154 adet

jet kolonu bulunmaktadir. Bu jet kolon iiretimine ait; toplam adam x saat hesaplamast; (5,635 adam

x saat/m tiil) x (2156 m tiil) = 12.149,06 adam x saat olarak belirlenmistir.

» Her iki zemin iyilestirme ¢aligmasi hesabi yapilirken fore kazik ve jetgrout ekipmanlarindan delgi

makinesinden kaynakli makine x saat hesab1 ayri olarak gosterilmemistir. Bunun nedeni ise Cevre,

Sehircilik ve Tklim Degisikligi Bakanliginca her iki ekipmanin makine x saat degerlerinin esaslarca

esit olarak verilmesidir.

Bir sonraki adimda farkli jet grout tekniklerine gore adam x saat hesaplarinin kiyaslanabilmesi adina

80 cm gapinda ve jet 2 yontemi ile iiretilen 1 m jet kolonun birim uzunluk i¢in adam x saat hesaplari

ortaya konulmustur (Cizelge 4).

304



Atas & Aral / Ince Daneli Zeminlerde Jet Grout ve Fore Kazik Yontemleri ile Zemin lyilestirilmesi ve Yapilabilirliginin Optimizasyonu

» Proje zemin iyilestirme isleri kapsaminda 14,00 m uzunlugunda ve 80 c¢cm ¢apinda toplam da 154

adet jet grout kolonu bulunmaktadir. Bu jet grout kolon iiretimine ait; toplam adam x saat

hesaplamasi (6,920 adam x saat/m tiil) x (2156 m tiil) = 14.919,52 adam x saat olarak belirlenmistir.

Cizelge 4: 80 cm capinda ve Jet 2 yontemi ile iiretilen jet kolonunun, Cevre, Sehircilik ve Tklim Degisikligi Bakanlig1

Insaat ve Tesisat 2024 Birim Fiyatlarina gore hesaplanmis 1 metrelik imalatin adam/saat hesab.

Poz No Poz Tanimi Birim  Miktar Toplam
Adam x Saat
Miktari
15.135.1004 Her uzunluk her agi ve her tiirli zeminde @ 80 6,920
cm jet kolonu Uretiminin yapilmasi delgi dahil
(jet 2 yontemi ile)
Monitoring sistemli; yliksek basing pompasi, su
pompasi, kompresor, karistirici Unitesi, silo, su
tanki ve benzerinden olusan ekipman ile delgi
makinesi ve sarf malzemeleri karsilig
19.100.1107 Jet grout ekipmanlari ve delgi makinesi saat 4,885
19.100.1025 Kompresor saat 1,285
19.100.1060 Formen saat 0,250
19.100.1062 Diiz is¢i (ingaat iscisi) saat 0,500

Jet grout kolon iiretimine ait (80 cm ¢apli ve Jet 1 yontemi ile) 1 m maliyet hesaplamasi asagida ¢izelgede

verilmistir (Cizelge 5).

Cizelge 5: 80 cm capinda ve Jet 1 yontemi ile iiretilen jet kolonunun, Cevre, Sehircilik ve iklim Degisikligi Bakanlig
Insaat ve Tesisat 2024 Birim Fiyatlarina gore hesaplanmis, 1 metre imalatin maliyet hesabr.

Poz No Poz Tanimi Olcii Miktar  Birim Fiyat Tutan
Birimi (TL) (TL)
15.135.1002  Her uzunluk her agi ve her tirli zeminde @ 80 cm jet 830,053
kolonu Uretiminin yapilmasi delgi dahil (jet 1
yontemi ile)
Monitoring sistemli; ylksek basing pompasi, su
pompasi, kompresor, karistirici Gnitesi, silo, su tanki
ve benzerinden olusan ekipman ile delgi makinesi ve
sarf malzemeleri karsilig
19.100.1107 Jet grout ekipmanlari ve delgi makinesi saat 0,085 6.015,20 511,29
10.130.9991 Su m3 0,650 35,00 22,75
19.100.1060 Formen saat 0,250 272,00 68,00
19.100.1062 lsci (insaat isgisi) saat 0,500 124,00 62,00
Malzeme + Iscilik Tutar 664,04
% 25 Yiklenici Kari ve Genel Giderler 166,01
1 m @ 80 cm Jet Grout Kolonu Uretimi Yapilmasi 830,05

birim Maliyeti
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» Proje zemin iyilestirme isleri kapsaminda 14,00 m uzunlugunda ve 80 cm ¢apinda toplam da 154
adet jet grout kolonu bulunmaktadir. Bu jet grout kolon {iretimine ait; toplam maliyet hesaplamasi

(830,05 TL/mtiil) x (2156 m tiil) = 1.789.587,8 TL olarak hesaplanmustir.

» Yapilan maliyet hesaplamalarinda birim fiyat tarifine uygun olarak yapilan yiikleme-bogaltma,
yatay-diisey tasima, malzeme ve kaybi, iscilik, makine, ekipman giderleri ile yiiklenicinin genel

giderleri ve kar hesaplama kapsamaya alinmstir.

> Imalatlarda ve enjeksiyonda kullanilacak ¢imento ve katkilar birim fiyata dahil edilmemistir. Dahil
edilmek istenirse rayi¢ fiyatlar lizerine yine tabloda gosterildigi gibi %25 yiiklenici kar1 eklenmesi
gerekmektedir. Cimento ve katki nakliye fiyatlar1 igin S.N.B.F. kodlu 2018 yil1 nakliye fiyatlar
alinarak 2024 yilina uygun yine C.S.ve 1. D. B. tarafindan verilen katsayilar ile carpilarak

bulunacaktir.
Jet grout kolon iiretimine ait (80 cm gapli ve Jet 2 yontemi ile) 1 m maliyet hesaplamasi asagida cizelgede
verilmistir (Cizelge 6).

Cizelge 6: 80 cm Capinda ve Jet 2 yontemi ile tiretilen jet kolonunun, Cevre, Sehircilik ve Iklim Degisikligi Bakanlig
Insaat ve Tesisat 2024 Birim Fiyatlarina gore hesaplanmis, 1 metre imalatin maliyet hesabu.

Poz No Poz Tanimi Olgii  Miktar Birim Fiyah Tutarn (TL)
Birim (TL)
15.135.1002  Her uzunluk her agi ve her tirli zeminde @ 959,792

80 cm jet kolonu Uretiminin yapilmasi delgi
dahil (jet 1 yontemi ile)

Monitoring sistemli; yliksek basing pompasi,
su pompasl, kompresor, karistirici Unitesi,
silo, su tanki ve benzerinden olusan ekipman
ile delgi makinesi ve sarf malzemeleri karsihgi

19.100.1107 Jet grout ekipmanlari ve delgi makinesi saat 0,085 6.015,20 511,29
19.100.1025 Kompresor 250 HP saat 0,085 1.221,08 103,79
10.130.9991 Su m3 0,650 35,00 22,75
19.100.1060 Formen saat 0,250 272,00 68,00
19.100.1062  isci (insaat isgisi) saat 0,500 124,00 62,00
Malzeme + Iscilik Tutar 767,83
% 25 Yuklenici Kari ve Genel Giderler 191,96
1 m @ 80 cm Jet Grout Kolonu imalat 959,79

Yapilmasi Birim Maliyeti
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» Proje zemin iyilestirme isleri kapsaminda 14,00 m uzunlugunda ve 80 c¢cm ¢apinda toplam da 154
adet jet grout kolonu bulunmaktadir. Bu jet grout kolon iiretimine ait; toplam maliyet hesaplamasi

(959,79 TL/m tiil) x (2156 m tiil) = 2.069.307,24 TL olarak hesaplanmistir (Cizelge 6).
4.2 Besiktas Metro Istasyonu Fore Kazik ile Zemin Iyilestirme Yontemi

Calismamizin bu boliimiinde anlatilacak proje Kabatag-Mecidiyekdy-Mahmutbey Metro Projesi
"Mecidiyekdy-Kabatas arasi ve Depo Sahasi Insaat Isleri ve Ince Isleri, Elektromekanik Sistemleri Temini,
Montaj ve Isletmeye Alma Isleri" olarak belirlenmistir. Calisilan projede, fore kazik iiretiminin uygulandig1
proje boliimii ise "Besiktas Istasyonu'nun olusturulmasi i¢in yapilan kaziya dair zemin mekanigi ve temel
miihendisligi agisindan inceleme yapilmasi, kazi esnasinda karsilasilan jeolojik birimlerin; dayanim ve
deformasyon oOzelliklerine gore kazi ve destek sistemlerinin tespitinin yapilmasi, ac-kapa sistemi ile
yapilacak olan inganin {iretimi siiresince, yeterli hassasiyeti saglayacak sekilde tasarlanmas1" igidir. Artson
Geoteknik Miihendislik Miisavirlik firmasi tarafindan (2016a, 2016b) yapilan sahada yerinde ve laboratuvar
kosullarindaki deneyler sonrasi elde edilen proje hesaplarinda kullamlnustir. Inceleme alanindaki
calismalarda 3 adet temel arastirma sondaji yapilmis ve SPT (standart penetrasyon testi), PMT
(presiyometre testi) ve BST (basinghi su testi/packer testi) testleri ile elde edilen zemin verileri

olusturulmustur (Atas, 2021).

Istasyondaki iiretimlerin yapilacag: sahada; incelemeler ve sondajlarin verilerinde, yiizeyde yer alan dolgu
(yol, kaldirim vb. yapay kaplamalar) altindaki farkli kalinliklardaki aliivyal ¢okeller ile bu ¢okellerin altinda
kumtasi, silttagi ardalanmasindan olusan Trakya formasyonunun varligi belirlenmistir. Bu devaminda
yapilan sondaj verilerine gore ylizeye yakin olan bolgelerde bulunan kaya ve kayalasmaya yakin
birimlerinin tamamen ayrismis deforme olmus halde olduklari tespit edilmistir. Istasyon yapilan alan
Besiktas ilgesi sinirlari igerisinde bulunan, yogun yapilagmanin oldugu ve tamamen sehirlesmis bir kesimde
oldugundan zeminin herhangi bir ylizeyine ait bir gézlem yapilamamustir. A¢g-kapa yontemi ile inga edilecek
istasyon kisminin kazi alaninda kumtasi, ince kumtasi ve ara seviyeli silttaglarinin varligi, peron bolgesinin
icinde yer alacagi, ayrica tiinel yapilarinin oldugu bdlgede ise az ayrismis ve ayrismamis kaya birimlerinin
bulundugu bilgisi elde edilmistir (Cizelge 7). Kaya birimlerinin bulundugu sondaj bolgelerinde hem ayrigma
orani hem de kaya kalitesinin tespit edilebilmesi i¢gin TCR (Toplam Karot Orani), SCR (Saglam Karot
Orani), RQD (Kaya Kalitesi Degeri) sayilar1 degerlendirilmistir. Sondaj loglarinda yeralt1 suyuna 3,46 m-

4,45 m derinliklerde rastlanmistir. Analizlerde ise yeralt1 su seviyesi 4,00 m kotunda olarak varsayilmistir.
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Cizelge 7: Besiktas Metro Istasyonu Zemin Parametreleri (Atas, 2021).

Tabaka kalinligi kotlari ve Y Efektif Parametreler Elastisite Poisson Orani
Jeolojik birim (kN/m3) C’ (kPa) o’ Modiilii (kPa)
+8.25 m/+2.25 m Dolgu 17,0 2 28 10.000 0.40
+2.25 m/-6.45 m 18,0 5 28 15.000 0.40

Aluvyal Hali¢ Cokelleri

-6.45m/-13.35m 22,0 10 34 35.000 0,35

Ayrisma Zonu-W5

-13,35m/... 25,0 60 26 200.000 0,30

Kaya, Camurtasi/Silttasi

Projelendirme yapilirken yukaridaki sekilde gosterilen zemin verilerine ek olarak her kesitin hemen yaninda
=50 kPa siirsarj ylikii kabul edilmistir. Bunun yaninda tiim kesitlerde komsu olan yapilar i¢in siirsarj yiikii
de dikkate alinmistir. Standart siirsarj yiikiine ek olarak komsu yap1 tiim kesitlerinde g=60 kPa olarak
almmustir. Laboratuvar sonuglar1 ve yapilan incelemeler neticesinde elde edilen zemin degerleri ve gerekli
mekanik ozellikler kadar, zaman, maliyet, uygulanabilirlik gibi niteliklerde segilen zemin iyilestirmesinde

biiyiik rol oynamaktadir. K.M.M. Metro Projesi Besiktas Istasyonu i¢cin belirlenen zemin iyilestirme modeli;

* @ 100/80 cm Kesisen Fore Kazik + Igten Destek (Strut Kirisleri)
* © 100/100 cm Teget Kazik + Igten Destek (Strut Kirisleri)

olarak olusturulmustur.

Sahada iiretimi yapilmis olan projeye ait veriler ile Cevre, Sehircilik ve iklim Degisikligi Bakanliginin

hazirlanmis  oldugu ve Insaat Miihendisleri Odasi1 (IMO) tarafindan web sayfasinda

(https://www.imo.org.tr/TR,66886/mesleki-teknik-bilgiler-imo-web-sayfasinda.html) yayinlanms adam x

saat cizelgeleri kullanilarak yapilan hesaplamalar asagida ¢izelgede verilmistir (Cizelge 8).

* Projede bulunan toplam kazik (baslik ve kusak kirisleri dahil) {iretiminin yapilmasi igin gerekli olan

zaman; 51.079,83 adam x saat olarak hesaplanmugtir.

* Elimizdeki toplam adam x saat miktarini, projede {iretimini gergeklestirilmis oldugumuz toplam fore kazik
miktaria boldiigiimiizde; 9,79 adam x saat gibi bir degere ulasilmaktadir. Bu deger 1 metre/tiil fore kazik
iretimi yapilabilmesi igin sarf edilecek siireye karsilik gelmektedir. Yapilan gizelgede ve agiklamalarinda
Besiktas Istasyonu fore kazik sistemi iiretimine iliskin degerlendirilerek elde edilmis adam x saat verileri
kullanilarak hesaplamalar yapilmistir. Bunun yaninda sahada iiretimi tamamlanmis bu projenin gergek

verileri su sekildedir; Giinliik 3-4 adet kazik iiretimi ile devam edilen proje 21 ayda tamamlanmistir.
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Cizelge 8: Fore Kazik (@ 100 cm ¢apl1) imalatinin Cevre, Sehircilik ve iklim Degisikligi Bakanligi Ingaat ve Tesisat

2024 Birim Fiyatlarina gore hesaplanmis 1 metre imalata gore adam x saat hesabi.

FORE KAZIK URETiMINiN YAPIMI

Poz No Poz Tanimi Birimi Miktar Toplam Toplam
imalat Adam x Saat
151401007 @ 100 cm capinda C 25/30 basing m 6,50 5.216,80 33.909,20

dayaniminda yerinde dokme betonarme
fore kazik yapilmasi (0,00-18,00m arasi, 18
m dahil, dis pasa nakli dahil)
BASLIK KiRiSi URETiMi YAPIMI

151801002 Ahsaptan diz ylzeyli beton ve betonarme m? 2,055 840 2.940,00
kalibi yapilmasi
151501007 Beton santralinde Uretilen veya satin alinan m3 2,83 756,00 7.083,72

ve beton pompasi ile basiin C 35/45 basing
dayanim sinifinda, gri renkte, normal hazir
beton dokilmesi (beton nakli dahil)

151601006 @ 14- @ 28 nervirli beton celik cubugu, ton 48,771 62,147 7.146,91
cubuklarin kesilmesi bikiilmesi ve yerine
konulmasi

» iksa iiretiminin yapildig1 sahanin ayn1 zamanda Istanbul Arkeoloji Miizeler Miidiirliigii tarafindan da kaz1
alani ilan edilmis olmasi, sahada ayn1 zamanda 10 kisilik arkeolog ekibi ile birlikte hem fore kazik kazilarini
hem de arkeolojik kazilar1 hassasiyetle izledigi goz 6niinde bulunduruldugunda iiretim siiresinin uzunlugu

kabullenilmis olacaktir.

* Birgok farkli meslek gurubunun ayni anda ¢alismasi gereken bir saha olmasi nedeni ile iiretim ¢akismalari

olugmus ve bunlar da toplam siireyi uzatmustur.

» Uretimin yapilmadig, farkli farkli meslek guruplar ile iiretimin durdugu, dini ve milli bayramlar ile pazar
vardiya tatilleri (5 ay) toplam giin sayisindan (21 ay) ¢ikarildiginda yapilan iiretimin gercekte yukaridaki
cizelgede detaylica verilen idealize adam x saat verilerinden yola ¢ikilarak hesap edilen siire (17,5 ay) ile

ortiistiigii kabul edilmektedir.

Besiktas Metro Istasyonu'nun yapim 6ncesindeki kazi calismalar dncesinde alana ait sondajlar agilarak ve

zemin incelemeleri yapilmis ve fore kaziklarin plan goriiniisii projelendirilmistir (Sekil 7).
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Sekil 7: Besiktas istasyonu Fore Kazik Projesi Plan goriiniisii (Atas, 2021).

Baglik kirisi tiretimine iliskin yapilan hesaplamalar ve maliyet analizleri projelerde bulunan toplam
baslik kirigi imalati (kalip, beton demir) poz bazinda hesaplanmis ve proje toplaminda bulunan
kazik boyuna boliinerek 1 metre/tiil kazik tiretimi igin yapilan baglik kirisi iiretimi bulunmus ve
bunun {izerinden maliyet hesabi yapilmistir (Cizelge 9).

Cizelge 9: Fore kazik imalat biiyiikliikleri (Atas, 2021)

Besiktas Istasyonu Fore Kazik Imalati 5.216,80 metretiil fore kazik

Toplam Foraj Toplam Donati Imalat: Toplam Beton Imalati

4097,27 m? 579,958 ton 4097,27 m*

Yapilan bu degerlendirme proje toplaminda yapilmis olan kazik iiretim maliyetine eklenmistir.
Baslik kirisine ait alt pozlar fiyatlandirildiktan sonra ana poz kaleminin birim fiyatina % 25 kar pay1
olarak eklenmistir (Cizelge 10).

Nakliye pozlar1 hesaplamalara dahil edilmemistir.
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Cizelge 10: Fore Kazik (@ 100 cm ¢apl) imalatinin Cevre, Sehircilik ve Tklim Degisikligi Bakanlig1 insaat ve Tesisat
2024 Birim Fiyatlarina gore hesaplanmis 1 metre imalatin maliyet hesabi.

@ 100 CM BETONARME KAZIK iMALATI YAPILMASI BiRiM MALIYETi

Poz No Poz Tanimi Olci  Miktar Birim Tutari (TL)  Biri Birim
Birim Fiyat m  Tutar(TL/MT
(TL) Mik UL)
tar
15.140.1007 @ 100 cm gapinda C 20/25 basing 3.621,92 1.0 3.621,92
dayaniminda yerinde ddkme
0
betonarme fore kazik yapilmasi
(0.00-18.00 m arasi, 18.00 m
dahil)
Foraj
19.100.1058 Fore kazik delgi makinesi (440 saat 0,300 5.454,12 1.636,24
HP) Foraj isciligi, montaj ve
demontaj, pasanin yiikleme,
bosaltma ve tasimasi karsilig
10.100.1063 Erbab isci saat 0,300 150,00 45,00
19.100.1027 Kazi Yikleyici saat 0,120 1.005,14 120,62
Betonlama
15.150.1004 C 20/25 Hazir Beton m?3 0,860 2.034,24 1.749,45
19.100.1033 Beton Vibrator Minha saat -0,050 278,35 13,92
19.100.1058 Fore Kazik delgi makinesi (440  saat 0,010 5.454,12 54,54
HP)
10.100.1063 Erbab isci saat 0,200 150,00 30,00
15.160.1004 @ 14- @ 28 nervirli beton celik 26.011,56 0,1 2.887,28
cubugu, cubuklarin kesilmesi 1
blkilmesi ve yerine konulmasi
10.130.1705 Beton Gelik Gubugu Nerviri kg 1070 18,70 20.009,00
19.100.1111 Demir Kesme ve Bikme saat 2,000 37,28 74,56
Makinesi
19.100.1019 Soguk Demirci Ustasi saat 8,000 190,00 1.520,00
19.100.1047 Soguk Demirci Usta Yardimcisi saat 12,000 140,00 1.680,00
19.100.1062 Diiz isgi Saat 12,000 124,00 1.488,00
19.100.1062 Diiz isci Saat 10,000 124,00 1.240,00
Baslik Kirisi imalati
15.180.1002 Ahsaptan diz ylzeyli beton ve 419,53 0,0 33,98
betonarme kalibi yapilmasi 81
15.150.1007 Beton santralinde dretilen veya
satin alinan ve beton pompasiile
basilan C 35/45 basin¢ dayanim 2.274,24 0,0 109,16
sinifinda, gri renkte, normal hazir 48
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beton dokilmesi (beton nakli
dahil)

15.160.1004 @ 14- @ 28 nerviirli beton celik
cubugu, cubuklarin kesilmesi

ol . . 26.011,56 0,0 936,42
bikllmesi ve yerine konulmasi

36
Malzeme + iscilik Tutar 7.588,77
% 25 Yuklenici Kari ve Genel Giderler 191,96
1 m @ 100 cm Genigliginde Betonarme Kazik 9.485,96

imalati Yapilmasi Birim Maliyeti

e Baslik kirisi tiretimi ile alakali hesaplamalar ve maliyet analizleri yapilirken projelerde bulunan
toplam baslik kirisi liretimi (kalip, beton demir) pozlara gore hesaplanmis ve proje toplaminda
bulunan kazik boyuna bdliinerek 1 metre/tiil kazik {iretimi igin yapilan baghik kirisi {liretimi
bulunmus ve bunun tizerinden mali olarak boyutlandirilmstir.

e Yapilan bu ¢aligma proje toplaminda yapilmig olan kazik iiretimi maliyetine eklenmistir. Baglik
kirigine ait alt pozlar mali olarak boyutlandirildiktan sonra ana poz kaleminin birim fiyatina %25

kar pay1 eklenmistir.

5.SONUCLAR

Afyonkarahisar da yapilan toplu konut projelendirilmesine ait jetgrout zemin iyilestirme c¢alismalarinin
incelenmesi ve degerlendirilmesi, liretim yapilacak sahada bulunan zeminin arazi ve laboratuvar degerlerini
incelenmesi ve bu iiretimin zaman ve maliyet a¢isindan irdelenerek agiklanmasi yapilmistir. Bunun yaninda
Istanbul ili Besiktas Ilgesi'nde yapilan Besiktas Metro Istasyonuna ait fore kazik ile zemin iyilestirmesine
ait boliimde, zemine ait verilerin irdelenmesi ve bu iiretimin zaman ve maliyet agisindan hesaplanarak
aciklamasi gergeklestirilmistir. Makale igerisinde bilgileri verilen bu iki proje uygunluk, uygulanabilirlik,

zaman ve maliyet olarak karsilagtirilarak optimizasyonu yapilmistir.

« Jet grout ile zemin giiglendirme yontemi, fore kazik, diyafram duvar, derin karigtirma tas kolon gibi zemin
giiclendirme uygulamalarina gére daha yaygin olarak kullanilan bir yontemdir. Jet grout ile istenen yapisal

sekil ve agida uygulanabilirken, diger uygulamalar i¢in ayni seyleri sdylemek miimkiin degildir.

* Her zeminde rahatlikla jet grout iiretimi yapilabilmektedir. Tagima giicii diisiik her zeminde uygulanabilen

ve zemin giiclendirilmesi saglanmasi nedeni ile kullanilan bir yontemdir.

* Jet grout yonteminde zemin igerisinde bulunan ekipman yiiksek basing altinda zemine verilen su ¢imento

serbeti ile zeminin par¢alanmasi ve ¢imento ile biitiinlesmesi temeline dayali olmasi nedeni ile zemin
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icerisinde yapilacak kolonun ¢ap1 ve yerlesim Ozelliklerinin kontrol altinda tutulmasi, pek kolay

olmamaktadir.

* Jet grout genellikle demirsiz olarak iiretilmesi nedeni ile fore kazik {iretimine nazaran daha kolay ve
uygulanabilirligi acisindan iiretim sahasinda fazla yer isgal etmemektedir. Istenilen sekle sahip olarak
uretilebilmesi 0Ozelligi ile yapim alaninda fazla sahaya ihtiyag olmamasi gibi durumu biitiiniinde
disiindiiglimiizde, sehirlesmenin yaygimligi ve yapilasmanin fazla olmasi yerlesime agik alanlarda

uygulama agisindan fazla miktarda avantaji oldugu belirtilebilir.

* Fore kazik ya da diyafram duvar iiretimi ile karsilastirildiginda iiretim esnasinda daha ¢ok 6zene, ihtimama
ihtiya¢ vardir. Fore kazik iiretiminde yapilacak iiretimde kazigin boyu, c¢apt gibi 6l¢iiler daha kolay
belirlenebilirken, jet grout ile yapilan zemin giiclendirme yontemi uygulamasinda kolonun genisligi,
derinligi, stireksizligi ve irlinlin verecegi serbest basma dayanimi gibi nitelikleri bircok faktdrden
etkilenmektedir. Bunun gibi nedenlerden jet grout ile giiclendirme fore kazik ile giiclendirmeye gore daha

fazla 6zen ve dikkat gerektiren bir metottur.

* Kumlu zeminlerdeki uygulamalarinda, sivilagabilme potansiyeline karsi bir avantaj, bir olumluluk
saglamasindan dolay1 ¢ogunlukla jet grout uygulanmaktadir. Afyonkarahisar ilindeki yapilan toplu konut

projesinde de bu zemin iyilestirme yonteminin sivilagma potansiyeline karsi artilari olacaktir.

Bu ¢alismada fore kazik ve jet grout kolon iiretiminin 1 metresinin iiretilmesi i¢in Cevre, Sehircilik ve Tklim
Degisikligi Bakanligi pozlarina uygun olarak verilen adam x saat verileri ¢izelgeler olarak belirtilmistir.
Cizelgelerden elde edilen degerlere bakildiginda 1 metre jet grout iiretiminin yapilabilmesi i¢in gereken
adam x saat degerinin 6,920 adam x saat oldugu saptanmugtir. Fore kazik {iretiminin 1 metresinin tiretilmesi
igin gerekli olan degerin 9,79 adam x saat oldugu kanitlanmistir. Bu veriler 1s1ginda 1 metre jet grout kolon
iiretiminin 1 metre fore kazik {iretimine oranla yaklasik olarak %30 daha hizli yapilabildigi sonucuna
vartlmistir. Sabit giderler, ekipman kiralari, projenin devaminin zemin iyilestirmesine bagli olmast gibi

faktorler dikkate alindiginda tiretim hizinin; zaman ve maliyet olarak bir¢ok artisinin oldugu asikardir.

Calismamizda fore kazik ve jet grout kolonu imalatlarinin 1 metresinin iiretiminin yapilmasi i¢in referans
alman Bakanligin pozlaria uygun olarak verilen maliyet analizleri, ana ve alt pozlar bazinda ¢izelge halinde
verilmistir. Cizelgelerden elde edilen degerlere bakildiginda jet kolonu (80 cm ¢apinda jet 1 yontemi ile
imal edilmis) imalatinin 1 metresinin degerinin 830,05 Tiirk Liras1 oldugu goriilmektedir. Fore kazik
imalatinin 1 metresi igin gerekli olan maliyetin 9.485,96 TL oldugu hesaplanmistir. Bu veriler 15181indan 1
metre fore kazik liretimi ile 1 metre jet grout kolonu iiretiminin maliyetleri karsilastirildiginda aralarinda

yaklagik 11,5 kat maliyet farki oldugu goriilmektedir.
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0z

Bu calismada NixCoy (1 <x <3; 1 <y < 6) nano kiimeleri i¢in kuantum mekaniginin temel yasalarindan
yola ¢ikarak yogunluk fonksiyoneli teorisini temel alan paket programlar kullanilarak enerjitik olarak en
kararli oldugu geometrik yapilar belirlendi. Enerjitik olarak kararli bulunan NixCoy nano kiimelerinin orbital
enerji seviyeleri, atomlar aras1 bag uzunluklari, kiimelerin toplam manyetik moment degerleri ve segili nano
kiimeler icin CO ve H> molekiilii ile olan etkilesimleri hesaplandi. Nano kiime icerisindeki Ni ve Co
atomlarmin  bulundugu konumun nano kiimenin sahip oldugu toplam manyetik moment degerini
degistirdigi, fakat degisen manyetik moment degerlerinde azalma olsa da, incelenen NixCoy nano kiimelerin
hig birisinin manyetik olmayan bir diizene sahip olmadig1 goriilmiistiir. Elde edilen sonuglar nikel ve kobalt
atomlarindan yeni nano kiimelerin elde edilebilir oldugunu ve bu nano kiimelerin segili molekiiller ile
yapmis olduklari etkilesimler sonucu yeni kullanim alanlarina sahip olabileceklerini gostermistir. CO ve H»
molekiilleri NiCos, Ni»Cos ve NizCos nano kiimelerine Ni atomu iizerinden baglanmaktadirlar. Ho
molekiiliiniin nano kiimelere gorece giiglii baglandigi ve NixCoy nano kiimelerinin hidrojen depolamada
kullanilabilir nano yapilar oldugu sonucu ortaya ¢ikartilmigtir.

Anahtar Kelimeler: Nano kiimeler; HOMO-LUMO; Gaz se¢imi; manyetik 6zellikler

Theoretical Investigation of Structural, Electronic and Magnetic Properties of
Nickel-Cobalt (NixCoy) Nanoclusters

ABSTRACT

In this study, the most energetically stable geometric structures were determined for NixCoy (1 <x<3; 1<
y < 6) nanoclusters using the basic laws of quantum mechanics and using package programs based on density
functional theory. Orbital energy levels, interatomic bond lengths, total magnetic moment values of the
clusters and interactions with CO and H, molecules for the selected nanoclusters were calculated for the
energetically stable NixCoy nanoclusters. It was observed that the position of Ni and Co atoms in the
nanocluster changed the total magnetic moment value of the nanocluster, but although there was a decrease
in the changing magnetic moment values, none of the NixCoy nanoclusters examined had a non-magnetic
order. The obtained results showed that new nanoclusters can be obtained from nickel and cobalt atoms and
that these nanoclusters may have new areas of use as a result of their interactions with the selected
molecules. The results show that CO and H, molecules bind to NiCos, Ni2Cos and NizCos nanoclusters via
Ni atom. It has been revealed that the H, molecule binds relatively strongly to the nanoclusters and Ni.Coy
nanoclusters are usable nanostructures for hydrogen storage.

Keywords: Nano cluster; HOMO-LUMO; Gas selection; magnetic properties
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1. GIRiS

Nano kiimeler, nanoteknolojinin en ilgi ¢ekici ve hizla gelisen alanlarindan biridir. Atomlar veya
molekiillerin belirli bir diizende toplanmasiyla olusan nano kiimeler, genellikle birka¢ nanometre ¢apinda
olup farkl 6zelliklere sahip yap1 taslari olarak 6ne ¢ikar. Kimya, fizik, malzeme bilimi ve biyoteknoloji gibi
cesitli disiplinlerde arastirma konusu olan nano kiimeler, 6zellikleri sayesinde elektronik, enerji, gevre ve
tip gibi bircok alanda yenilik¢i uygulamalarin 6niinii agmaktadir. Nano boyutlarda bu yapilarin yiizey
alanlariin biiyiik olmas1 ve kuantum boyut etkileri gostermesi, onlar1 geleneksel malzemelerden ayiran en
onemli Ozelliklerindendir. Bu o6zellikler, nano kiimeleri katalizorler, sensorler, manyetik malzemeler ve

optik bilesenler gibi yiiksek performansli uygulamalarda vazgegilmez hale getirmistir.

Nikel nano kiimeler ile ilgili yapilan “Ni nano kiimelerin atomik karbon adsorbsiyonu” adli ¢aligmada;
Wang ve arkadaglari, karbon atomlarnin kiigiik Ni nano kiimeler iizerinde yiiksek koordinasyon
bolgelerinde adsorbe edildigini ve yiiksek enerjiye sahip olduklarini bulmuslar. Bu sonuglar bize Karbon
nanotiip mekanizmasinin biiyiitiilmesinde Ni nano kiimeler ile iist ve alt tabakada bulunan karbon atom

¢iftleniminin yeniden yapilandirilmasini icermekte oldugunu gostermektedir (Qiang Wang, 2010).

Rad ve galisma grubu, Al2P12 nano kafes yapisinin Ni nano kiimeler ile olan etkilesiminin elektronik ve
geometrik Ozelliklerini incelemistir. Incelenen ii¢ farkli yonelimde Ni atomundan Al;2P12 nano kafes
yapisina elektron transferi gergeklesirken, tek bir yonelimde tersine bir elektron transferi gozlemlenmistir.
AIP nano kafes yapisi lizerindeki farkli baglanma noktalarinda bulunan Ni atomlarinin baglanma enerjileri
sirasiyla -136.7, 108.5, 102.7 ve 99.4 kcal/mol dir. Olusan yeni Al-Ni ve P-Ni baglar1 ile nano kafes
yapisinda bulunan bazi Al-P baglarinin ayrismasi gézlemlenmektedir (Ali Shokuhi Rad,2016).

Ni nano kiimelerin ilgi ¢ekici 6zelliklerden biri olan katalitik reaksiyonlar olduk¢a umut vaad edici olup,
hava kirliligine sebep olan karbon, nitrojen ve kiikiirt dioksit gibi gazlarin dogrudan veya dolay1 olarak hava
kirliligine yol agtig1 gozlemlenmistir. Ni nano kiimeler ile NO, SO ve CO gazlar1 arasindaki etkilesimi
inceleyen Amorim ve caligma grubu, elde ettigi sonuglar neticesinde, SO gazi ile olan etkilesimin NO ve
CO gazina gore daha yogun oldugu tespit etmisler. Giiglii bir sekilde baglanan S-Ni bagi, SO gazinin nano
kiime iizerindeki kimyasal baglanmasiyla agiklanir (R. V. de Amorim, 2020).

Rad ve galigma grubunun incelemis oldugu diger bir ¢alisma ise; Ni atomlar1 dahil edilmis B1.P1> nano
kiimesinin asetilen ve etilen molekiilleri ile olan etkilesimidir. Elde edilen sonuglar neticesinde Asetilen
molekiilii saf B12P12 nano kiimesiyle zayif fiziksel baglanma gerceklestirmis, baglanma enerjisi -34.1 kj/mol
bulunmugstur. Asetilen i¢in bulunan en yiiksek baglanma enerjisi, Ni atomlar1 dahil edilmis B12P1> nano

kiimesiyle olan etkilesimi sonucunda bulunmustur. Ni atomlar1 dahil edilmis olan B12P12 nano kiimesinde
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bant aralif1 azalirken, asetilen ve etilen molekiilleri ile ylizey etkilesimi yapmasi sonucu bant araligi
tekrardan artar (A. S. Rad, 2017).

Ni nano kiimelerin yani sira farkli malzemeler ile olusturulan nano kiimeler ile ilgili olan ¢aligmalar
literatiirde mevcuttur. Kadioglu ve ¢aligma grubu tarafindan yapilan arastirmada; Pt, (n=2-5, 18, 22, 24)
tabanli nano kiimeler ile NH3 ve H, molekiiller arasi etkilesim arastirilmigtir. Pt-N atomlari arasinda giiglii
bir etkilesim oldugu tespit edilmis olup, NH3 ayrigsmasi Pti4 kiimesinde meydana gelmistir. H> molekiilii ise,
Pts kiimesi hari¢ tiim kiimelerde farkli adsorpsiyon bdlgelerinde ayrismistir. Ptn kiimelerinin metalik ve
iletkenlik o6zellikleri, NH3 ve H> molekiilleri ile olan etkilesimi sonucu degismistir. Pt, kiimesi ile NHz

molekiilii etkilesimi yar1 metalik 6zellik gostermistir (Y. Kadioglu, 2014).

Bimetalik nano alagimlarin genis uygulama alanlari nedeniyle tercih edilen bir arastirma konusu olmasindan
otiurtt AgmAu, (M+n=2-8) nano alasgimlar Ranjan ve ¢alisma grubu tarafindan fiziko-kimyasal 6zellileri
acisindan arastirilmistir. Yapinin sertlik, elektronegatiflik, yumusaklik ve elektrofilisite indeksi agisindan
degerlendirilmistir. Herhangi bir niceliksel karsilagtirmanin yoklugunda oldugu gibi, Ag-Au nano
kiimesinin optik o6zelligi HOMO-LUMO boslugunun tam olarak esdeger oldugu varsayillmistir.
Degerlendirilen veriler ile bu bilesiklerin optik 6zelliklerinin sertlik ile dogrudan bir iliski i¢inde oldugunu
ve yumusaklikla ters orantil iliskide oldugunu ortaya koymaktadir (Prabhat Ranjan, 2014). AuxCuy nano
kiimelerin MoS; tek tabaka yiizeyleri ile olan adsorpsiyon ozellikleri ve adsorbe edilen CO ve H>O
molekiilleri ile olan etkilesimlerini arastiran Kadioglu ve c¢alisma grubu, ilk prensipler yontemini
kullanmigtir. AuxCuy nano kiimelerin MoS; tek tabasina gii¢lii bir sekilde baglandigini ve bunun
neticesinde yalin haldeki MoS; tek katmanina kiyasla CO ve H.O molekiillerine karsi kimyasal aktivitenin

ve duyarliligin arttig1 bulunmustur (Y. Kadioglu, 2017).

Hekzagonal AIN tel tabaka yiizeyi ile Pt nano kiimeleri etkilesimlerini inceleyen Fersan ve ¢alisma grubu,
PtO ve Pt;0 nano kiimelerinin h-AIN tek yiizeyi ile adsorpsiyonu sonucu ferromanyetik taban durumunda
oldugunu ve 2 pB manyetik momente sahip oldugunu elde edilmistir. Cesitli ikame bolgelerinde yer alan
Alo (yar1 iletken), Npt(metalik), Alpt (yar1 metalik) taban durumuna sahip olan yapilar ferromanyetik taban

durumuna sebep olur (F. Ersan, 2015).

Netskina ve ekibi Nikel katalizoriine kobalt eklenmesi durumunda hidrojen iiretim oranim arttirdigini
caligmalar ile gdstermistir. Bimetalik katalizorlerdeki kobalt igeriginin artmasiyla birlikte hidrojen iiretim
hizinda da artis olur ve belirli Co/Ni oranlarinda kobalt katalizoriiyle elde edilen degeri bile asabilmektedir

(O. V. Netskina, 2021).
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Yang ve ekibi sentezlenen nikel siilfiir ve kobalt siilfiir ince filmleri elektrokimyasal yontemler ile
karakterize ederek Pt piiskiirtmeye karst elektrotlar olarak katalitik aktivitelerde artis oldugunu

caligsmalarinda gdstermistir (Jie Yang, 2014).

On platin atomundan olusan nano kiime ile aliminyum yapisi iizerine etkilesimi yogunluk fonksiyoneli
teorisi ve x-151n1 spektroskopisi ile incelenmis ve bag uzunluklar ile yapisal bozunmalarin ortaya ¢iktigi
sicaklik degeri belirlenmistir (Vila, 2008). Altin nanokiimeler sentezlenmis molekiiler nanokristal
malzemeler arasinda son zamanlarda arastirma odagi olmustur. Bu, izole edilmis ve pasiflestirilmis altin
kiimelerinin yapisal, dinamik, elektronik ve diger fiziksel ve kimyasal 6zellikleriyle ilgili teorik ve deneysel
calismalarin ve bunlarin boyut bagimliliginin kiime biliminin 6n saflarinda yer almasinin nedenlerinden
biridir (Garzon, 1998). Bunlarin yan1 sira (IrO), ve (IrOz)» (n=1-5) nano kiimelerin Grafen yiizeyi ile olan
etkilesimlerini arastiran Aysan ve ¢aligma arkadaslari elde ettikleri sonuglar dogrultusunda koordinasyon
sayisindaki artigin, artan sayida doymus bag ile daha kararli bir nano kiime ile sonu¢landigini bulmuslar.
HOMO-LUMO bosluk degerleri, kiimenin boyutuna ve dolayisiyla bag doygunluguna bagli olarak biiyiik
farkliliklar gostermistir (I. I. Aysan, 2020).

S. Aslanzadeh’nin yaptig1 aragtirmada saf ve Sc, Ti, V, Cr, Mn ve Fe katkil1 Zn12012 nano kiimelerinin CO
gazina kars1 elektronik duyarliligi, yogunluk fonksiyonel teorisi hesaplamalari kullanilarak elde edilmistir.
Bir Zn atomunun bir Sc veya Ti atomuyla degistirilmesinin kiimenin duyarliligini degistirmedigi, ancak V
ve Cr atomlarinin eklenmesinin duyarliligi 6nemli dl¢lide artirdigi gézlenmistir (Aslanzadeh, 2016). Son
calismalar, fulleren benzeri nano kiimelerin hiicre duvarlarindan gegebildigini ve hedef bolgede ilaglart
tagiyabildigini ve salabildigini ortaya koydu. Chen ve ekibi Be12012, Mg12012 Ve Zn12012 nano kiimelerinin
reaktivitesi ve elektronik duyarlilii, gaz faz1 ve sulu ¢ozeltide yogunluk fonksiyonel teorisi hesaplamalari
kullanilarak hidroksiiire (HU) anti kanser ilacina karsi arastirdi. Sonuglar, Mg1,012 ve Zni2012 nano
kiimelerinin elektronik 6zelliklerinin HU varligina énemli dlgiide duyarli oldugunu ve nano kiimelerin bu
ilacin adsorpsiyonu i¢in umut verici bir aday olabilecegini gostermislerdir (Chen, 2019). Flor-karbon
alasimli nano kiimeler hakkinda teorik bilgi saglamak i¢in yogunluk fonksiyoneli teorisi kullanilarak
hesaplamalar1 yapildi. Calismalar sonucunda flor atomlar1 kararli bir nano kiime yapilandirmasi géstermedi.
Ancak karbon atomlar giiclii F-C bagiyla flor-karbon nano kiimelerinin olusumunu etkiledi ve kararli ve
giiclii bir sekilde baglanmis FyxCy kiimeleri olusturdu. Nano kiimelerin kohezif enerji degerleri karbon atomu
sayisinin artmastyla arttt. Minimum enerji bilesimleri karbon kiimeleri hari¢ FC; (3 atom), FCs (4 atom),
FC4 (5 atom) kiimeleri i¢in elde edildi. Bu nedenle tek flor sistemleri FxCy alagimlar i¢in en uygun nano
kiimeler olarak bulundu. HOMO-LUMO degerlerine gore, tetraflorometan adi verilen F4C molekiili,
yapilan ¢alismadaki nano kiimeler arasinda en diisiik kimyasal aktiviteyi gosteren en yiiksek HLG (enerji

araligi) degerini gosterdi (Y. Kadioglu, 2021).
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Ranjan ve ekibi DFT metodolojisini kullanarak (Cu—Ag)n=1-7 nano-alasim kiimelerinin deneysel 6zelliklerini
analiz etmistir. Bu analiz sonucunda bimetalik nano alasimlarin optik 6zelligi ile kiiresel sertlik degerleri
arasinda dogru bir iligki oldugunu gdstermistir. Bu orantinin deneysel verilerle tutarli oldugunu gostermistir.
Sertlik ile HOMO-LUMO boslugu arasindaki regresyon katsayisinin yiiksek degeri, yaklagimlarini
desteklemektedir. Cuz, Agz ve CuAg gibi tiirler igin hesaplanan bag uzunluklari, deneysel degerlere sayisal
olarak ¢ok yakin degerler tespit etmistir (P. Ranjan, 2015).

Shamlouei ve ekibi yogunluk fonksiyoneli teorisini kullanarak gecis metali katkilanmasi Mgi2012> nano
kiimesinin yapisal, elektronik, enerjitik, dogrusal ve dogrusal olmayan ozellikleri iizerindeki etkilerini
arastird1. Sonug olarak gecis metali atomlarimin katkilanmasi Eg4'yi azaltmaya ve dipol momentinin artmasina
yol actig1 goriildi. Yani sira polarize edilebilirlik degerleri, atom numarasinin artmasi sonucu azaldigi

goriildii (Shamlouei, 2015).

Bu calismada NixCoy nano kiimelerin (1 <x < 3; 1 <y < 6) farkli geometrik optimizasyonlari i¢in yapilan
hesaplamalarda ilk prensipler yontemi kullanilmis ve enerjitik olarak en kararli durumlar elde edilmistir.

Elde edilen taban durumu ile CO ve H2 gazlari ile olan etkilesimleri incelenmistir.

2. HESAPLAMA METODU

Bu ¢aligmada, nikel ve kobalt atomlarindan olusan gesitli nano kiimelerin geometrik optimizasyonlari
Vienna Ab initio Simulation Package (VASP) paket programi kullanilarak yapilmistir (Kresse, G., &
Furthmiiller, J. (1996), (Hafner, J., & Kresse, G. (1997)). Geometrik optimizasyon oncesi her bir
stokiyometri i¢in olas1 atom dizilimleri belirlenmistir. Bu nano kiimeler AVOGADRO paket programi
kullanilarak 30x30x30 A luk bir hiicrede olusturulmus ve her birisi basit bir optimizasyona tabi tutulmustur
(Hanwell, M. D., 2012). Elde edilen atomik koordinatlar VASP paket programi hesaplamalarinda
incelenecek olan sistemin hiicre biiyiikliigii, atomlarin cinsi, sayisi ve atomlarin konumlari igin girdi olarak
kullanilmistir. Tiim hesaplamalar spin nonpolarize ve spin polarize olacak sekilde diizlem dalga baz setleri
yardimiyla yapilmistir (Blochl, P. E. (1994)). Atomlarin psddo potansiyelleri i¢in projector augmented wave
metot (PAW) potansiyelleri, elektronlar arasindaki degis-tokus-korelasyon etkilerini hesaba katmak i¢in ise
genellestirilmis egim yaklagimi (GGA) kullanilmistir (Blochl, P. E. (1994), (Perdew, J. P. 1996), (Grimme,
S. (2006)). Incelenecek olan nano kiimelerin izole molekiiller gibi géz dniinde bulundurulmasi icin yukarida
da bahsedildigi iizere biiyiik kiibik bir hiicre olusturulmustur. Dolayisiyla sadece gamma yiiksek simetri
noktasi i¢in hesaplamalar yapilmistir (Monkhorst, H. J., & Pack, J. D. (1976)). Ayrica, serbest elektronun
kinetik enerjisine esit ve kiiciik olmasi gereken sistemin kesme kinetik enerji degeri i¢in 600 eV

belirlenmistir. Hesaplamalar conjugate gradient optimization (CG) algoritmasi kullanilarak incelenen
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sistemlerin taban durum enerjileri ve nano kiimeleri olusturan atomlar tizerindeki kuvvetin minimum olmasi
gerekir ilkesi géz Oniinde bulundurularak hesaplanmistir (Shewchuk, J. R. (1994)). Minimum enerjiyi
bulmak i¢in yapilan hesaplamalarda, 6z-uyumlu alan iterasyonlarinda her bir iterasyon sonrasi sistem
enerjisi bulunur (Roothaan, C. C. J. (1960)). Bu enerjiler arasindaki fark 10®° eV mertebesine eriginceye
kadar geometrik optimizasyonun yapilmasina izin verildi. Optimize edilerek enerjitik olarak en kararh
yapiya sahip nano kiime belirlendikten sonra, nikel ve kobalt atomlar1 arasindaki yiik gecislerini hesaplamak
icin Bader yiik analizi yontemi kullanildi (Henkelman, G. , 2006). Nano kiime ve segili gaz molekiilleri
arasindaki olasi zay1f etkilesimleri de tespit edebilmek icin Grimme vdW (van der Waals) diizeltme terimi

hesaplamalarda girdi olarak kullanild1 (Grimme, S. (2006).

Incelenen nano kiimelerin atom basina baglanma enerjileri (Eyaz) icin asagidaki esitlik kullamlda.

Epas = (Etoplam —nEco — mENi)/(n +m) (1)

Burada, Eioplam nano kiimenin toplam enerjisini, Eco ve Eni sirasiyla kobalt ve nikel atomlarinin spin polarize
durumlari i¢in izole atom enerjilerini, n ve m ise nano kiime igerisinde bulunan kobalt ve nikel atom sayisini
temsil etmektedir. Enerjitik olarak en kararli NixCoy nano kiimelerinin CO ve H; gibi gaz molekiilleri ile
olan etkilesimleri ve bu molekiillerin nano kiimeye tutunma enerjilerini (Ete) hesaplamak i¢in asagidaki

esitlik kullanildi.

Et.e. = E(nano +gaz) — Enano - Egaz (2)

3. SONUCLAR

NixCoy nano kiimelerinde Ni atom sayisini belirleyen x degeri 1, 2 ve 3 olarak, Co atom sayisimi belirleyen
y degeri ise 1, 2, 3, 4, 5 ve 6 olarak belirlenmistir. [k olarak Ni atom sayisini belirleyen x, 1 secilerek nano
kiimedeki Co atom say1s1 1’den 6’ya kadar artirilmistir. Sonrasinda x=2 ve x=3 i¢in Co atom sayilar1 yine
1’den 6’ya kadar artirilarak islemler yapilmistir. Bu islemler yapilirken her bir stokiyometri i¢in olasi
kombinasyonlar ilk atom konumlarini belirlemek icin AVOGADRO programui ile olusturulmus ve optimize
edilmistir. ilk optimizasyon sonrasinda dagilan veya benzer baslangi¢ konfigiirasyonuna déniisen nano

kiimeler i¢in VASP paket programi yardimiyla hesaplamalar yapilmamistir.

Sekil 1, Sekil 2 ve Sekil 3’te NixCoy nano kiimeleri igin belirlenen ilk geometrik yapilar ile VASP paket
programi kullanilarak yapilan optimizasyon hesaplamalari sonrasinda elde edilen geometrik yapilara ait

goriintiiler verilmistir.
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Cizelge 1'de izole tek atom Ni, Co ve bunlarin ikisinin olugturmus oldugu dimer yapiya ait enerjiler, bag
uzunluklar1 ve toplam manyetik moment degerleri verilmistir. izole Nikel ve Kobalt atomlar1 igin elde edilen
manyetik moment degerleri sirasiyla 2 ve 3 uB’dir. Hesaplanan bu degerler Hund kuralina gore hesaplanan

manyetik moment degerleri ile de uyumludur.

3.1. NiCoy (1 £y < 6) nano kiimelerinin geometrik yapilari ve en kararli durumlarinin manyetik

ozellikleri

Cizelge 1°de NiCoy (1 < n < 6) nano kiimeleri igin yapilan VASP hesaplama sonuglari verilmistir. NiCo»
icin 3 farkli, NiCos i¢in 7 farkli, NiCos ve NiCos i¢in 10 farkli ve NiCog igin ise toplam 11 farkli baglangi¢
sekillenimi goz dniine alinmistir. Cizelge 1’de toplam enerjisi ya da atomlar aras1 baglanma enerjisi mutlak
deger icerisinde en biiylik olan nano kiime enerjitik olarak en kararli nano kiime olarak belirlenmis ve sar1
renk ile vurgulanmistir. Ni ve Co atomlarinin birbiri ile baglanmasiyla olusan NiCo dimerin toplam
manyetik moment degeri 3 uB’dir. NiCo dimerin atom basina baglanma enerjisi —1,540 eV ve atomlar
arasindaki bag uzunlugu da 2,071 A olarak hesaplanmustir. Bader yiiz analizi sonuglarina gére kobalt
atomundan Ni atomuna 0.060 e" yiik transferi olmustur. Literatiirde NiCo ikili metalleri ve CO; indirgeme
reaksiyonlarinda ve siiper kapasitor olusturmada kullanilmaktadir ve elde edilen bu degerler literatiirde elde
edilen deneysel ve teorik sonuglar ile de uyumludur (Nwaji, 2024; Huang, 2019). NiCo; i¢in belirlenen 3
farkli sekillenimden geometrik optimizasyon hesaplamalar1 sonrasinda Cizelge 1°de belirtilen 3 numarali
sekillenim olan {iggen yap1 enerjitik olarak en kararli nano kiime oldugu tespit edilmistir. Bu nano kiimede
Ni atomu Co atomlarindan toplamda 0,094 ¢ almistir ve olusan Ni-Co bag uzunlugu dimer NiCo bag
uzunluguna gore ¢ok kiigiik bir miktar artmasma (2,120 A) ragmen atom basina diisen baglanma enerjisi

dimer NiCo ya gore yaklasik %30 daha biiytiktiir.

Cizelge 1: Geometrik optimizasyonu yapilan NixCoy nano kiimelerinin toplam enerjisi, toplam manyetik momentleri
ve atomlar arasi ortalama bag uzunluklar.

_ o Ni-Ni bag ]
Nano Sekillenim | Toplam Enerji Toplam Manyetik Ebag Ni-Co bag uzunlugu Co-Co bag
Kiime Numarasi  |(eV) Moment V) uzunlugu &) uzunlugu

(uB) ) &)

Ni -0,61391961 2
Co -1,71098501 3
NiCo ‘ ‘-5,40554926 ‘3 ‘-1,540 ’2,071 ‘ ’
NiCo, ‘1 ‘—9,58743023 ‘6 ‘—1,850 ‘2,143 ‘ ‘
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2 -9,40877259 ‘6 ‘-1.791 2,118
3 -9,9693564 ‘6 -1,978 2,120
NiCos 1 -13,19790015 9 -1,862 2,086 2,360
2 -13,21559268 9 -1,867 2,222 2,039
3 -15,25948869 9 -2,378 2,197 2,098
4 -15,00398534 7 -2,314 2,192 2,283
5 -15,31935606 7 -2,393 2,243 2,172
6 -15,00414677 7 -2,314 2,351 2,282
7 -15,32178466 7 -2,39%4 2,242 2,175
NiCo, 1 -17,68443533 10 -2,045 2,233 2,020
2 -17,34669893 10 -1,977 2,085 2,219
3 -17,51332136 10 -2,011 2,08 2,157
4 -21,13952588 10 -2,736 2,308 2,241
5 -21,11661519 10 -2,731 2,303 2,182
6 -21,11653182 10 -2,731 2,303 2,183
7 -20,77749572 10 -2,663 2,228 2,344
8 -18,86066098 10 -2,280 2,094 2,064
9 -21,13955456 10 -2,736 2,311 2,139
10 -21,11700846 10 -2,731 2,252 2,218
NiCos 1 -21,17868597 13 -2,001 2.115 2.096
2 -20,52990415 13 -1,893 2,135 2,409
3 -24,77631428 13 -2,601 2,296 2,127
4 -25,11363016 11 -2,657 2,239 2,269
5 -25,45090765 11 -2,713 2,376 2,132
6 -25,79063841 11 -2,770 2,244 2,165
7 -25,34646568 11 -2.696 2,284 2,24
8 -25,33833881 11 -2.694 2,28 2,177
9 -24,77581951 13 -2,601 2,213 2,126
10 -24,42558436 -1,2097 -2,542 2,361 2,069
NiCos 1 -29,45689892 14 -2,653 2,207 2,319
2 -30,11033478 14 -2,747 2,215 2,135
3 -25,2033957 15 -2,046 2,261 2,02
4 -30,16084419 14 -2,754 2,296 2,588
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5 -29,98974383 14 -2,729 2,286 2,278
6 -25,81961195 14 -2,134 2,299 2,115
7 -29,85013948 14 -2,710 2,221 2,104
8 -29,58082356 4 -2,671 2,265 2,12
9 -29,5137717 4 -2,661 2,276 2,154
10 -32,23294051 14 -3,050 2,34 2,253
11 -29.45689892 14 -2,653 2,206 2,138
Ni,Co 1 -8,39647704 5 -1,819 2,096
2 -8,17879953 5 -1,746 2,086 2,143
3 -8,80668767 3 -1,955 2,169 2,241
NiCo, |1 -11,98170172 7 -1,832 2,208 2,158 2,043
2 -10,33967339 8 -1,422 2,097
3 -13,61683442 6 -2,241 2,177
4 -12,10058802 6 -1,862 2,109 2,039
5 -13,97420899 8 -2,331 2,139 2,242 2,109
6 8 1,162 2,175
7 -13,44250546 6 -2,198 2,279 2,16 2,025
8 -13,90905016 6 -2,314 2,223 2,276 2,122
9 -13,52624424 6 -2,219 2,226 2,29
10 -13,41444524 6 -2,191 2,275 2,179 2,032
Ni;Cos |1 -19,07028964 9 -2,541 2,213 2,236 2,11
2 -16,23527417 9 -1,974 2,072 2,215
3 -18,86584272 9 -2,501 2,234 2,344 2,169
4 -17,21081873 9 -2,170 2,11 2,4
5 -19,13882539 9 -2,555 2,157 2,251 2,172
6 -19,34075362 9 -2,595 2,22 2,267
7 -18,39070341 3 -2,405 2,207 2,479
8 -18,57560261 9 -2,442 2,179 2,239
NiCo, |1 -25,4018289 12 -2,888 2,231 2,391
2 -20,11891404 12 -2,007 2,126 2,391
3 -25,40182894 12 -2,888 2,231 2,276 2,319
4 -20,07265455 12 -2,000 2,228 2,043
5 -26,2412625 12 -3,028 2,332 2,218
6 -25,55370513 12 -2,913 2,268 2,295 2,253
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7 -25,01867256 |10 -2,824 2,263 2,263 2,215
8 -22,76555403 |12 -2,448 2,097 2,176

Ni,Cos |1 -3,7430995 13 0,62 2,28 2,217 2,161
2 -24,06926168 |13 -2,040 2,111 2,112
3 -31,7899118 13 -3,143 2,267 2.206
4 -31,31248514 |13 -3,075 2,283 2523 2,199
5 -31,93244824 |13 -3,164 2,32 2,325
6 -31,67750711 |13 -3,127 2,329 2,439 2,292
7 -20,40557418 |13 -2,803 2,295 2,226
8 -27,12219 13 2,477 2,241 2,382 2,213
9 -29,05935209 |11 -2,753 2,199 2,379 2,107

Ni,Cos |1 -37,73071406 |14 -3,279 2,309 3,142 2,256
2 -37,36465799 |14 -3,233 2,319 2,326
3 -37,20781015 |14 -3,214 2,271 2,352 2,278
4 -28,09846032 |16 -2,075 2,097 2,117
5 -36,25170307 |16 -3,094 2,391 231
6 -37,45591797 |14 -3,245 2,334 242 2273
7 -36,99839454 |14 -3,188 2,33 2,196
8 -37,21205838 |14 -3,214 2,291 2,363 2,304
9 -36,87790664 |14 3,173 2,443 2,533 2,232
10 -37,74672937 |14 -3,281 2,332 2,306
11 -36,90273885 |14 -3,176 2,296 2,393

NisCo |1 -10,68053386 |5 -1,781 2,071 2,135
2 -10,94723284 |5 -1,848 2,103 2,133
3 -12,5048937 5 -2,238 2,207 2,208
4 -12,22682893 |5 -2,168 2,079 2,255

NisCo, |1 -17,68215774 |8 -1,374 2,16 2,226 2,104
2 -18,02796722 |8 -1,443 2,207 2,278 2,233
3 -17,6825854 8 -1,374 2,158 2,221 2,104
4 -18,37254867 |8 -1,512 2,314 2,276 2,158
5 -17,68281325 |8 -1,374 2,16 2,227 2,104
6 -18,02927067 |8 -1,443 2,343 2,276 2,235
7 -17,88353442 |8 -1,414 2,227 2,255 2,19
8 1754523839 |8 -1,346 2,304 2,247
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9 -15.0483506 8 -0,847 2,34 2,261
10 -15,25803143 |8 -0,889 2,38 2,132

NisCo; |1 -18,79167139 |11 -0,429 2,185 2,124 2,05
2 -18,97560845 |11 -0,459 2,122 2,137 2,031
3 -18,69309237 |11 -0,412 2,081 2,147 2,151
4 -23,26294706 |9 -1,174 2,327 2,268 2,101
5 -21,90526254 |11 -0,948 2,191 2,309 2,148
6 -22,35720681 |9 -1,023 2,165 2,204 2,099
7 -23,46464175 |9 -1,207 2,238 2,28
8 -22,65243839 |9 -1,072 2,197 2,288 2,094

NisCo, |1 -27,61398046 |12 -0,855 2,297 2,334 2,108
2 -22,77047401 |12 -0,164 2,071 2,09 2,185
3 -22,96676137 |12 -0,192 2,19 2,195 2,031
4 -22,89905358 |12 -0,182 2,126 2,077
5 -22,60333613 |12 -0,140 2,101
6 -22,84078599 |12 -0,174 2,183 2,132 2,184
7 -27,7689085 10 -0,878 2,213 2,123
8 -24,12455488  |-0,9484 -0,357 2,362
9 -27,17774299 |6 -0,793 2,222 2,419
10 -27,23455979 |0 -0,801 2,419 2,358

NisCos |1 -32,71132064 |13 -0,710 2,19 2,425 2,216
2 -26,73117798 |15 0,037 2,077 2,199 2,087
3 -20,61083293 |13 -0,322 2,220 2,388 2,118
4 -20,58670568 |13 0,805 2,417 2,366 2,193
5 -33,07224679 |13 -0,755 2,323 2,353 2,225
6 -32,55900101 |9 -0,691 2,347 2,378 2,358
7 -33,1409728 13 -0,764 23 2,312 2,242
8 -35,84501377 |13 -1,102 2,32 2,35
9 -32,55819183 |13 -0,691 2,377 2,395 2,137
10 -31,81642407 |13 -0,598 2,23 2,209 2,223

NisCos |1 -30,59880243 |16 0,203 2,197 2,16 2,049
2 -30,78182911 |16 0,183 2,181 2,021
4 -37,22299786 |16 -0,532 2,348 2,415 2111
5 -36,74363166 |16 -0,478 2,232 2,287
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6 -41,10897193 16 -0,963 2,301 2,372 2,269
7 -40,66667339 16 -0,914 2,265 2,421 2,441
8 -40,99034118 14 -0,950 2,388 2,569 2,28
9 -37,78746314 14 -0,594 2,200 2,35

10 -41,07680314 16 -0,960 2,293 2,489 2,178
11 -41,7316825 14 -1,033 2,337 2,33 2,246
12 -36,9463365 14 -0,501 2,38 2,387 2,176
13 -40,8582123 16 -0,936 2,339 2,365 2,189

NiCosz igin belirlenen 7 farkli sekillenimden geometrik optimizasyon hesaplamalari sonrasinda
Cizelge 1°de belirtilen 7 numarali sekillenim olan paralelkenar yap1 enerjitik olarak en kararli nano
kiime oldugu tespit edilmistir. Bu nano kiimede Co atomlar1 tiggen bir yap1 olusturmus ve Ni atomu
da bu liggenin tabaninin ortasina gelecek sekilde her iki Co atomuna baglanmistir. Ni atomuna Co
atomlarindan toplamda 0,252 e’luk bir yiik transferi olmustur. Goéz oniinde bulundurulan
sekillenimlerde Ni ve Co atomlarinin bulundugu konuma gore nano kiimenin toplam manyetik
moment degeri de 9 veya 7 pg’lik degerler almistir. Atom basina baglanma enerjisi degerlerine
gore en kararli geometrik yapidaki NiCos nano kiimesinin -2,394 eV/atom’luk baglanma enerjisi
degerine ve toplamda 7 pg’lik manyetik moment degere sahip oldugu hesaplanmistir. Bu nano
yapidaki ortalama Ni-Co ve Co-Co bag uzunlugu degerleri sirasiyla 2,242 ve 2,175 A olarak
bulunmustur. NiCos i¢in belirlenen 10 farkli sekillenimden geometrik optimizasyon hesaplamalari
sonrasinda Cizelge 1°de belirtilen 4 numarali sekillenimin en diigiik baglanma enerjisine (-2,736
eV/atom) sahip oldugu belirlenmistir. Bu nano kiimede dort Co atomu birbirine baglanarak
diizlemde bir kare olusturmus ve Ni atomu da bu karenin merkezinde ve yukarida konumlanarak
asagida bulunan dort Co atomu ile bag olusturmustur. G6z oniinde bulundurulan tiim NiCos4 nano
kiimelerinin toplamda 10 pg’lik manyetik moment degere sahip oldugu hesaplanmistir. Boylece
NiCo4 nano kiimesinin diizlemde degil ii¢ boyutlu yapisinin daha kararli oldugu tespit edilmistir.
Bader yiiz analizi sonucglarina gore Ni ve Co atomlar1 arasinda ithmal edilebilir miktarda yiik
transferi oldugu yapidaki atomlarin kovalent bag ile birbirlerine baglandig1 bulunmustur. Bu nano
yapidaki ortalama Ni-Co ve Co-Co bag uzunlugu degerleri sirasiyla 2,308 ve 2,241 A’dur. NiCos
icin belirlenen 10 farkli sekillenimden geometrik optimizasyon hesaplamalar1 sonrasinda Cizelge
1’de belirtilen 6 numarali sekillenimin enerjitik olarak en kararli nano kiimeyi olusturdugu tespit

edilmistir. Bu nano kiimede bes Co atomu ve bunlardan ikisine bagli Ni atomu ile olusan ticgen bir
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yap1 diizlemde olacak sekilde olugsmustur. Ni ve Co atomlarinin olusturmus olduklar1 nano kiimeler
11 ve 13 pg’lik toplam manyetik moment degerlerine sahiptir ve elde edilen en kararli NiCos’in 11
ug’lik manyetik moment degeri vardir. Elde edilen bu nano kiimede atomlar birbirlerine —2,770
eV/atom’luk enerji ile baglanmaktadirlar. Uggenin kdsesinde bulunan Ni atomuna ii¢genin i¢ Co
atomlarindan toplamda 0,233 e’luk bir yiik transferi olmustur. Ucgenin diger iki kdsesinde
bulunan Co atomlarmin her birisi de i¢ Co atomlarindan 0,12 e yiik transfer etmiglerdir. Bu nano
yapidaki ortalama Ni-Co ve Co-Co bag uzunlugu degerleri sirasiyla 2,244 ve 2,165 A olarak

bulunmustur.

NiCoe i¢in belirlenen 11 farkli sekillenimden geometrik optimizasyon hesaplamalari sonrasinda
Cizelge 1’de belirtilen 10 numarali sekillenimin enerjitik olarak en kararli nano kiimeyi
olusturdugu tespit edilmistir. Bu nano kiime tipki NiCo4 deki gibi diizlemde kalmayarak ii¢ boyutlu
bir yap1 olusturmustur. Ni atomu dort Co atomu ile diizlemde kalirken, diger iki Co atomu bunlarin
tizerinde ve alttaki tiger atom ile {liglii bag yapacak sekilde konumlanmiglardir. Bu nano yapidaki
ortalama Ni-Co ve Co-Co bag uzunlugu degerleri sirasiyla 2,340 ve 2,253 A olarak bulunmustur.
Nano kiimenin toplam 14 pg’lik manyetik moment degeri vardir ve atom basina diisen baglanma

enerjisi —3,050 eV/atom olarak hesaplanmustir.

3.2. Ni2Coy (1 <y £ 6) nano kiimelerinin geometrik yapilart ve en kararli durumlarinin manyetik

ozellikleri

Bu kisimda nano kiime igerisindeki Ni atom sayis1 sabit iki olarak tutulurken, Co atom sayist 1’den
6’ya kadar kademeli olarak artirllmis ve her bir Ni2Coy durumu igin olasit farkli atomik

pozisyonlarda yap1

geometrik optimizasyona tabi tutulmustur. Elde edilen toplam enerji ve atom basina baglanma

enerjisi hesaplamalarindan enerjitik olarak en kararli Ni2Coy nano kiimesine karar verilmistir.

Ni2Co igin belirlenen 3 farkli sekillenimden geometrik optimizasyon hesaplamalari sonrasinda
Cizelge 1’de belirtilen 3 numarali sekillenimin enerjitik olarak en kararli nano kiimeyi olusturdugu
tespit edilmistir. Bu nano kiime, NiCo2 nano kiimesinde de oldugu gibi ii¢ atomdan olusan bir
tiggen sekline sahiptir ve her bir Ni atomu Co atomundan 0,062 e yik almistir. Ni ve Co
atomlariin birbirlerine gore konumu nano kiimenin toplam manyetik momentine de etki etmistir

ve incelenen Ni2Co nano kiimeleri 3 ve 5 pg’lik toplam manyetik moment degerlerine sahiptir.
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Bunlardan kararl olan iiggen yap1 3 pg’lik toplam manyetik moment degerine sahiptir ki bu da
dogrusal Ni>Co zincirlerinin digindaki atomlarda kalan paylasilmamis elektronlarin kiimenin
toplam manyetik moment degerini artirdigin1 gostermektedir. Elde edilen bu nano kiimede atomlar
birbirlerine —1,956 eV/atom’luk enerji ile baglanmaktadir ve bu enerji degeri NiCoz nano
kiimesindeki atom basina baglanma enerjisi degerine (-1,978 eV/atom) olduk¢a yakindir. Bu nano
yapidaki ortalama Ni-Co ve Ni-Ni bag uzunlugu degerleri sirasiyla 2,169 ve 2,241 A olarak

belirlenmistir.

Ni2Co; i¢in 10 farkli sekillenim belirlenmis ve her biri i¢in ayr1 ayri geometrik optimizasyon
hesaplamalar1 yapilmigtir. Hesaplamalar sonrasinda Cizelge 1°de belirtilen 5 numarali
sekillenimin, enerjitik olarak en kararli Ni2Co2 nano kiimesini olusturdugu tespit edilmistir. Elde
edilen Ni2Co2 nano kiimesi, karsilikli Coz ve Ni2 dimerlerinin birlesmesinden olusan dikdortgen
bir yapidir. Bu yapida, Co dimer bag uzunlugu 2,109 A, Ni dimer bag uzunlugu 2,242 A ve Ni-Co
bag uzunluklar1 da 2,139 A olarak hesaplanmistir. Kiime igerisinde bulunan Ni atomlarina Co
atomlarindan 0,600 e”’luk yiik transferi ger¢ceklesmistir. Gz dniinde bulundurulan 10 farkli Ni2Co»
nano kiime icin 6, 7 ve 8 ug’lik toplam manyetik moment degere sahip yapi elde edilmis ve enerjitik
olarak en kararli (-2,331 eV/atom baglanma enerjisi) Ni2C02 nano kiimesinin 8 pg’lik manyetik

moment degerine sahip oldugu belirlenmistir.

Bes atomdan olusan Ni2Cosz nano kiimesi i¢in baglangicta 8 farkli sekillenim belirlenmis ve
geometrik optimizasyon hesaplamalar1 yapilmistir. Bu sekillenimlerin goriintimleri Sekil 2°de ve
elde edilen enerji degerleri, toplam manyetik moment degerleri ile atomlar arasindaki bag
uzunluklar1 Cizelge 1’de verilmistir. Yapilan hesaplamalar Ni2C03z nano kiimesi i¢in 6 numarali
geometrik diizenin enerjitik olarak en kararli oldugu ve atomlarin birbirlerine en siki sekilde
baglandiklarini (-2,596 eV/atom baglanma enerjisi) gostermektedir. Bu yapida Co atomlar1 Co-
C0=2,267 A bag uzunlugu ile iiggen olustururken, Ni atomlar1 bu iiggene iicgenin iki farkli

kenarmdan 2.220 A bag Ni-Co bag uzunlugu ile baglanmaktadir ve

nano kiime 9 pg’lik manyetik moment degerine sahiptir. Bader yiik analizi sonuglarina gére yap1

igerisindeki Ni atomlarinin her birine Co atomlarindan 0,195 e’ luk yiik gecisi olmustur.

Dokuz farkli baslangic sekillenimi i¢in geometrik optimizasyon hesaplamalar1 yapilan alt1 atomlu
Ni2Co4 nano kiimesi i¢in enerjitik olarak en kararli yap1 Sekil 2°de gosterilen ve Cizelge 1’de

ozellikleri verilen 5 numarali yap1 olarak belirlenmistir. Goriildigil tizere Ni2C04 nano kiimesinde
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Co atomlar1 2,218 A kenara sahip bir kare yap1 olusturmus ve Ni atomlar1 da bu diizlemdeki karenin
list ve alt yiizeylerinden Co atomlarma 2,332 A’luk bag uzunlugu ile baglanmislardir. Bu nano

kiime i¢in hesaplanan baglanma enerjisi degeri atom basina -3,028 eV tur.

Ni2Cos igin 9 farkli sekillenim belirlenmis ve her biri i¢in ayr1 ayr1 geometrik optimizasyon
hesaplamalar1 yapilmistir. Hesaplamalar sonrasinda Cizelge 1°de ve Sekil 2’de belirtilen 5
numaralt sekillenimin, enerjitik olarak en kararli Ni2Cos nano kiimesini olusturdugu tespit
edilmistir. Elde edilen Ni2Cos nano kiimesi diizlemde kalmayip {i¢ boyutta geometrik bir yap1
olusturmustur. Bu yapida, Co-Co bag uzunlugu 2,325 A ve Ni-Co dimer bag uzunlugu da 2,320 A
olarak hesaplanmistir. Kiime igerisinde bulunan Ni atomlarina Co atomlarindan 0,150 e”’luk yiik
transferi ger¢eklesmistir. G6z 6niinde bulundurulan 9 farkli Ni2Cos nano kiime igin 11 ve 13 pg’lik
toplam manyetik moment degere sahip yap1 elde edilmis ve enerjitik olarak en kararh (-3,164
eV/atom baglanma enerjisi) Ni2C0s nano kiimesinin 13 pg’lik manyetik moment degerine sahip

oldugu belirlenmistir.

Ni2Cos i¢in toplamda 11 farkli baslangi¢ nano kiimesi belirlenmis ve geometrik optimizasyon
hesaplamalar1 kosturtulmustur. Hesaplamalar sonrasinda Cizelge 1 ve Sekil 2’de belirtilen 10
numarali sekillenimin en diisiik enerjili duruma karsili geldigi bulunmustur. Elde edilen Ni2Cog
nano kiimesinde atom basina baglanma enerjisi —3,282 eV olarak bulunmustur ve toplam 14 pg’lik
manyetik moment degere sahip bu yapida Ni-Co aras1 bag uzunlugu 2,332 A, Co-Co aras1 bag
uzunlugu da 2,306 A olarak &l¢iilmiistiir.

3.3. NizCoy (1 <y < 6) nano kiimelerinin geometrik yapilart ve en kararli durumlarinin manyetik

ozellikleri

Nano kiime igerisinde nikel sayisinin ii¢ olarak sabit tutuldugu ve kobalt sayisinin birden altiya
kadar artirilarak farkli baglangic atomik pozisyonlar igin yapilan NizCoy nano kiimelerine ait
hesaplama sonuclar1 ve optimizasyon sonrasi sekillenimler sirasiyla Cizelge 1°de ve Sekil 3’te

verilmistir.

NizCo nano kiimesi i¢in yapilan geometrik optimizasyon hesaplamalari sonrasinda ii¢ Ni ve bir Co
atomundan olusan paralelkenar yapiin (Sekil 3) enerjitik olarak en kararli yapt oldugu ve Co

atomunun tam karsisinda bulunan Ni atomunun 0,142 e yiik aldig1 bulunmustur. Nano kiime
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toplamda 5 pg’lik manyetik moment degere sahiptir ve atomlar birbirlerine —2,238 eV/atom’luk
bir enerji ile baglanmaktadirlar. Ni-Co aras1 bag uzunlugu 2,207 A, Ni-Ni aras1 bag uzunlugu ise
2,208 A olarak dl¢iilmiistiir. Ni3Co, nano kiimesi igin 10 farkli baslangi¢ sekillenimi belirlenmistir
ve yapilan geometrik optimizasyon hesaplamalar1 sonrasinda {i¢ Ni ve bir Co atomundan olusan
kare yapi lizerine tutunan Co yapisindan olusan ii¢ boyutlu yapinin (Sekil 3) enerjitik olarak en
kararli yap1 oldugu ve yapidaki her bir Ni atomunun 0,106 e” yiik aldig1 bulunmustur. Nano kiime
toplamda 8 uB’lik manyetik moment degere sahiptir ve atomlar birbirlerine —1,512 eV/atom’luk
bir enerji ile baglanmaktadirlar. Ni-Co aras1 bag uzunlugu 2,314 A, Ni-Ni aras1 bag uzunlugu 2,276
A ve Co-Co aras1 bag uzunlugu 2,158 A olarak 6lciilmiistiir.

NisCos nano kiimesi i¢in baslangigta 8 farkli sekillenim belirlenmistir. Yapilan geometrik
optimizasyon hesaplamalari sonrasinda Cizelge 1°de ve Sekil 3’te gosterilen 7 numarali
sekillenimin taban durum oldugu belirlenmistir. Bu yap1 ti¢ Co atomunun olusturdugu iicgen
yapinin kenarlaran baglanan Co atomlarinin olusturdugu diizlemde kalan {iggen bir yap1 olarak
karsimiza ¢ikmaktadir. Yapi i¢erisindeki her bir Ni atomuna Co atomlarindan 0,213 e yiik transferi
gerceklesmistir. Nano kiime toplamda 9 pg’lik manyetik moment degere sahiptir ve atomlar
birbirlerine —1,208 eV/atom’luk bir enerji ile baglanmaktadirlar. Ni-Co arast bag uzunlugu 2,197

A, Ni-Ni aras1 bag uzunlugu ise 2,288 A ve Co-Co aras1 bag uzunlugu 2,094 A olarak dl¢iilmiistiir.

Ni3sCos nano kiimesi igin yapilan geometrik optimizasyon hesaplamalari sonrasinda {i¢ Ni
atomunun zincir olusturdurgu ve bu zincir etrafinda konumlanan dort Co atomu ile olugan altigen
yapin (Sekil 3) enerjitik olarak en kararli yap1 oldugu ve altigenin kenarlarinda bulunan iki Ni
atomunun her birinin 0,131 e yiik aldig1, ortadaki Ni atomunun ise hi¢ yiik alisverisi yapmadigi
bulunmustur. On farkli sekillenim i¢in yapilan hesaplamalar sonrasinda Ni3C04 nano kiimelerinin
6, 10 ve 12 pp’lik toplam manyetik moment degerlerine sahip olduklar1 ve en kararli yapinin 10
uB’lik manyetik momentli yapr oldugu bulunmustur. Kararli Ni3Cos nano kiimesinde atomlarin
birbirlerine —0,878 eV/atom’luk bir enetji ile baglandigi, Ni-Co arasi bag uzunlugunun 2,213 A,
Ni-Ni aras1 bag uzunlugunun 2,350 A ve Co-Co aras1 bag uzunlugu 2,123 A olarak hesaplanmistr.

Ni3Cos nano kiimesi i¢in 10 farkli baslangi¢ sekillenimi belirlenmistir ve yapilan geometrik
optimizasyon hesaplamalar1 sonrasinda Co atomunlarmin ortada kiimelestigi ve bu kiimenin
disindan da Ni atomlarmin baglanmis oldugu yapinin (Sekil 3) enerjitik olarak en kararli yapi

oldugu bulunmustur. Nano kiime toplamda 13 pg’lik manyetik moment degere sahiptir ve atomlar
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birbirlerine —1,102 eV/atom’luk bir enerji ile baglanmaktadirlar. Ni-Co arasi1 bag uzunlugu 2,320

A ve Co-Co aras1 bag uzunlugu 2,350 A olarak olciilmiistiir.

Ni3Cos nano kiimesi i¢in baslangigta 13 farkli sekillenim belirlenmistir. Yapilan geometrik
optimizasyon hesaplamalar1 sonrasinda Cizelge 1 ve Sekil 3’te gosterilen 8 numarali sekillenimin
taban durum oldugu belirlenmistir. Bu yapida da Co atomlart NizCos nano kiimesindeki gibi ortada
kiimelesmekte ve Ni atomlar1 bu kiimeye disaridan baglanmaktadirlar. Yapida bulunan her bir Ni
atomuna Co atomlarindan 0,150 e yiik transferi ger¢eklesmistir. Nano kiime toplamda 14 uB’lik
manyetik moment degere sahiptir ve atomlar birbirlerine —1,013 eV/atom’luk bir enerji ile
baglanmaktadirlar. Ni-Co aras1 bag uzunlugu 2,337 A, Ni-Ni aras1 bag uzunlugu ise 2,330 A ve
Co-Co aras1 bag uzunlugu 2,246 A olarak dl¢iilmiistiir.

3.4. En kararli NixCoy (1 <X <3 ; 1 <y <6) nano kiimelerinin elektronik ozellikleri

Cizelge 2°de Ni, Co tek atomlarin, NiCo dimerinin ve enerjitik olarak kararli bulunan NixCoy nano
kiimelerinin HOMO, LUMO enerji seviyeleri ve bu enerji seviyeleri arasindaki farklar spin-yukari
ve spin-asagi durumlar igin verilmistir. Cizelgenin en son siitununda ise spin-yukari ve spin-asagi
durumlar da goz oniinde bulundurularak nano kiimenin toplam HOMO-LUMO enerji seviyeleri
farkt verilmistir. Goriildiigii lizere bu tez ¢alismasinda ele alinan NixCoy nano kiimelerinin
higbirinde Fermi enerjisi HOMO ya da LUMO enerji seviyesi ile ¢akismamaktadir. Yapilan
standart PBE hesaplamalarinda dahi HOMO-LUMO enerji boslugunun olustugu bulunmustur.
Ozellikle spin-yukari durum icin HOMO-LUMO enerji boslugu spin-asagi duruma kiyasla gok
daha biyiiktiir. Bu tez calismasinda yapilan hesaplamalarin standart PBE yaklasimi ile yapildig
g6z oniinde bulundurulursa, hibrit fonksiyonlarinda kullanildigt HSE (Heyd-Scuseria-Ernzerhof)

yaklasimda bu farkin daha da fazla olacag diisiiniilmektedir.

Sekil 4’te 20x20x20 A%liik bir hacim igerisinde izole edilmis Ni ve Co atomlarma ait durum
yogunlugu grafikleri verilmistir. Bu grafiklerde izinli enerji degerlerine atomda bulunan
orbitallerin katkilar1 durum yogunlugu siddeti seklinde gosterilmektedir. Ni atomunun spin-yukari
durum i¢cin HOMO-LUMO enerji farki 3,4678 eV iken spin-asagi durumda bu fark 0,1116 eV
olarak hesaplanmistir. izole Co atomunda HOMO-LUMO enerji farklar1 spin-yukari durum igin
4,0302 iken spin-asagi durumda 0,7013 eV tur.
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Sekil 4 :izole Ni ve Co atomlarinin durum yogunlugu grafigi. Fermi enerjisi 0 eV enerji degerine kaydirilmustir.

Cizelge 2: Geometrik optimizayon sonrasi enerjitik olarak en kararli bulunan NixCoy yapilarinin spin-yukari ve spin-

asag1 durumlarma ait HOMO, LUMO enerji degerleri ve bu enerji seviyeleri arasindaki farklar verilmistir.

Spin-yukar1 Spin-asagi
Nanofcime [N—_—- (€V) | LUMO (V) HOMO'(I;[\J/)MO farkt | oMo (ev) | LUMO (ev) HOMO'(L[%’[O farkt

Ni 44195 | -0,9517 34678 35430 | -34314 0,116 0,116
Co 52253 | -1,1951 4,0302 49919 | -42907 0,7013 0,7013
NiCo | -45302 | -3,1620 1,3681 35514 | -3.3662 0,1852 0,1852
NiCo, | -41715 | -32788 0,8928 33314 | -31703 0,1611 0,0526
NiCos | -44671 | -3,6087 0,8583 38164 | -35311 0,2853 0,2077
NiCo, | -4,3084 | -3,6981 0,6103 39116 | -3,7256 0,1861 0,1861
NiCos | -4,6909 | -2,8781 18127 40673 | -3:8490 02183 02183
NiCos | -43798 | -3,0041 1,2856 38457 | -37198 0,1259 0,1259
Ni.Co | -38882 | -3,1115 0,768 33729 | -2,9364 0,4365 0,2614
Ni.Co, | -45436 | -2,3932 21504 44534 | -42786 0,1748 0,1748
Ni.Co; | -39467 | -2.6026 13441 39160 | -3.8694 0,0475 0,0475
Ni.Co, | -45563 | -2,1600 23964 40843 | -3,6989 0,3854 0,3854
NiCos | -44650 | -2,8646 1,6003 38507 | -3,6495 0,2012 02012
Ni.Cos | -43668 | -3,0139 13529 38617 | -35284 0,3333 0,3333
NiCo | -44950 | -3,4037 1,0013 41079 | -38105 0,2974 0,2974
NiCo, | -43656 | -35914 0,7742 39348 | -3,7606 0,1743 0,1743
NiCo, | -48489 | -2,8859 1,9630 40012 | -39756 0,0256 0,0256
NisCo, | -44330 | -32793 11538 37083 | -3,6890 0,0193 0,0193
NiCos | -46909 | -2,8781 18127 40673 | -3:8490 02183 02183
NiCos | -44375 | -30371 1,4003 37171 | -35549 0,1622 0,1622
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Sekil 5, Sekil 6 ve Sekil 7°de sirasiyla NiCoy, Ni2Coy ve Ni2Coy nano kiimeleri igin atom izdiistimlii

durum yogunlugu grafikleri spin-yukari ve asagi durumlar i¢in ayr1 ayri1 verilmistir.
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Sekil 5 : izole NiCoy (1 <y < 6) nano kiimelerinin durum yogunlugu grafigi. Kirmizi renk Ni atomunun, mavi renk

Co atomlarinin durum yogunlugunu belirtmektedir. Fermi enerjisi 0 eV enerji degerine kaydirilmustir.

NiCoy nano kiimelerinde y=1, 2 ve 3 i¢in spin yukart durumlarda HOMO ve LUMO enerji
seviyelerine biiyiik katkinin Ni atomlarindan geldigi, y>3 durumlarinda ise Co atomunun katkisinin
daha baskin oldugu goriilmektedir. NiCoy nano kiimelerinde spin-asagi durumlarda yine y=1,2 ve
3 i¢in HOMO enerji seviyelerinde baskin katki Ni atomlarindan gelmekteyken LUMO enerji
seviyelerinde Ni ve Co atomlarinin orbital katkis1 esit derecede olmaktadir. Nano kiime igerisindeki
Co atom sayis1 arttikca ise (y>3 i¢in) spin-asagl durumlarda hem HOMO hem de LUMO enerji
seviyelerine biiyiik katki Co atomlarinin orbitallerinden gelmektedir. Bu sonuglar spin yukari enerji
seviyelerini ve. HOMO-LUMO araligin1 Ni atomunun, spin-asagi enerji seviyelerini de Co

atomlarinin orbitallerinin belirledigini gostermektedir.
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Sekil 6 : izole Ni>Coy (1 <y < 6) nano kiimelerinin durum yogunlugu grafigi. Kirmizi renk Ni atomunun, mavi renk

Co atomlarinin durum yogunlugunu belirtmektedir. Fermi enerjisi 0 eV enerji degerine kaydirilmistir.
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Sekil 7 : izole NisCoy (1 <y <6) nano kiimelerinin durum yogunlugu grafigi. Kirmizi renk Ni atomunun, mavi renk

Co atomlariin durum yogunlugunu belirtmektedir. Fermi enerjisi 0 eV enerji degerine kaydirilmistir.

Nikel atomunun sayisinin arttig1 Ni2Coy nano kiimelerine ait durum yogunlugu grafikleri sekil 6
da verilmistir. Nikel atomunun enerji seviyelerine olan orbital katkis1 kobalt atomlarina kiyasla
baskin bir sekilde artmistir. Ozellikle y=1 ve 2 igin spin-yukari durumlarda HOMO ve LUMO
enerji seviyelerine Ni atomlarinin katkis1 daha fazladir. Nano kiime igerisinde artan Co atom sayist

kendisini spin-asagi durumlarda HOMO ve LUMO enerji seviyelerinde gostermektedir. Benzer
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davranig NizCoy nano kiimelerinde de goriilmektedir. Kobalt atomuna ait orbitallerin spin-asagi
durumda LUMO ve daha yiiksek olan isgal edilmemis enerji seviyelerinde daha baskin olarak katk1
verdigi, Ni atomu orbitallerinin ises HOMO ve daha diisiik enerjili isgal edilmis enerji seviyelerinde

katki verdigi bulunmustur.

3.5. NixCoy Nano Kiimelerinin CO ve H> Gaz Molekiilleri ile Etkilesimi

Bu kisimda segili NixCoy nano kiimeleri ile CO ve Hz gaz molekiillerinin etkilesimi incelenmistir.
Bu inceleme i¢in ilk olarak izole CO ve H2 gaz molekiillerinin enerjisi hesaplandi. Daha sonra
NiCos, Ni2Co4 ve Ni3Cos nano kiimeleri ile olasi tutunma enerjilerinin belirlenebilmesi i¢in segili
gaz molekiilleri nano kiimelerin farkli bolgelerine yaklasik 2A mesafe olacak sekilde yerlestirildi
ve geometrik optimizasyon hesaplamasi yapildi. Hesaplama metodu basligi altinda verilen Ete.
esitligi kullanilarak hesaplanan tutunma enerjilerinden mutlak degerce biiyiik olan Ete degeri gaz

molekiiliiniin nano kiimeye o bélgeden daha gii¢lii tutunacagini belirtmektedir.

Sekil 8, CO ve H2 molekiillerinin NiCoas, Ni2Co4 ve NizCo3 nano kiimeleri ile etkilesim dncesi ve
geometrik optimizasyon sonrasi olusturmus olduklar1 yapilart géstermektedir. Ayrica, CO ve H»
molekiillerinin NiCos, Ni2Cos ve NizCoz nano kiimelerine tutunma enerjisi degerleri de sekil
icerisinde gosterilmektedir. Elde edilen hesaplama sonuglarina gore CO molekiiliit NiCos, Ni2Coa4
ve NizCoz nano kiimeleri ile gii¢lii bir bag olusturmaktadir. CO molekiilii nano yapilara nikel atomu
tizerinden karbon atomunun baglanmas: ile tutunmaktadir. Hidrojen molekiilii yine nikel atomlari
tizerinden baglanmaktadir ve elde edilen tutunma enerjisi degerleri NixCoy nano kiimelerinin

hidrojen depolamada kullanilabilir olduklarin1 géstermektedir.
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Sekil 8: CO ve H, molekiillerinin NiCos, Ni2Cos ve NisCo3z nano kiimeleri ile optimizasyon Oncesi ve optimizasyon
sonrasi olusan yapilar ve CO ve H, molekiillerinin NiCo4, Ni2Co04 Ve Ni3Co3 nano kiimelerine tutunma enerjisi

degerleri.

4. TARTISMA

Bu ¢alismada, NixCoy (1 < x < 3;1< y < 6) nano kiimelerinin olas1 geometrik yapilar
olusturularak bu nano yapilardan enerjitik olarak kararli NixCoy nano kiimelerinin bulunmasi ve bu
nano kiimelerin CO, Hz vb gibi gaz molekiilleri ile etkilesiminin incelenmesi yapilmistir. Bu tez
calismasinda, ilk ilkeler metodu ve kuantum mekanigine dayali yogunluk fonksiyoneli teorisi
kullanilmis ve nano yapilarin 6zellikleri incelenmistir. Elde edilen sonuglar, kobalt atomlarinin
nano kiime igerisinde kendi aralarinda kiimelesme egiliminde oldugunu ve nikel atom sayisi
arttikca da nikel atomlarinin olusan bu kobalt kiimesinin disinda yer aldigin1 gdstermektedir.
Ayrica, olusan enerjitik olarak en kararli NixCoy nano kiimelerin, nano yapi igerisindeki atom sayisi
artttkca diizlemde biiylimenin devam etmedigi ve ii¢ boyutta kiimelesmenin olustugu elde
edilmistir. Nano kiime igerisindeki Ni ve Co atomlarinin bulundugu konuma ve bu atomlarin
birbirleri ile yapmis olduklari baglanmaya goére nano kiimenin sahip oldugu toplam manyetik
moment degerinin degistigi, fakat incelenen NixCoy nano kiimelerin hi¢ birisinin manyetik
olmayan bir diizende bulunmadig elde edilmistir. Béylece elde edilen bu manyetik nano kiimelerin

pek cok uygulamada kullanilabilir olacagi sonucuna varilmaistir.
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Enerjitik kararli nano kiimelerin HOMO-LUMO enerji seviyeleri, bu enerji seviyelerine katki
veren atomlarin durum yogunluklar1 ve Bader yiik analizi ile kiime icerisindeki atomlar arasindaki
yiik gecisleri incelenmistir. Elde edilen teorik sonuclar NixCoy nano kiimelerinin durum yogunlugu
grafiklerinde nikel atomunun o&zellikle spin-yukari durumlar icin HOMO ve LUMO enerji
seviyelerinde baskin oldugunu, spin-asagi durumlarda ise kobalt atomunun orbital katkisinin daha
fazla oldugunu soylemektedir. Bader yiilk analizi hesaplamalarindan ise NixCoy nano

kiimelerininde kobalt atomlarindan nikel atomlarina yiik transferi oldugu elde edilmistir.

Secili NixCoy nano kiimelerininden NiCos, Ni2Cos ve Ni3Cos yapilar etrafina CO ve Hz gaz
molekiilleri yerlestirilmis ve geometrik optimizasyon hesaplamasi kosturtulmustur. Sonuglar, CO
molekiiliiniin nano kiimelere Ni atomu iizerinden gili¢lii kimyasal bag ile baglandigini ve bu
baglanmanin karbon atomlar tarafindan gerceklestirildigini gostermektedir. Nano yapilar ile H»
molekiiliiniin etkilesmesinde de kiime igerisindeki Ni atomlarinin etkin oldugu ve H> molekiiliiniin
NiCos, Ni2Cos ve Ni3Coz nano kiimelerine gorece giiglii baglandigi ve NixCoy nano kiimelerinin
hidrojen depolamada kullanilabilir nano yapilar oldugu ortaya gikartilmustir. Ozellikle NizCos nano
kiimesi ile etkilesime giren Hz gaz moliikiiliiniin H atomlarina ayrildig1 ve diizlemsel Ni3Coz nano
kiimesinin seklini degistirerek ii¢ boyutlu hale getirdigi bulunmustur. Bu calismada elde edilen
veriler, tez 6nerisinde sunulan amaglara ulasildigini ve sonuglarin deneysel ¢aligsmalara 151k tutacak

nitelikte oldugunu ortaya koymaktadir.
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ABSTRACT

This study aims to investigate seasonal effects of abiotic factors and nutrient sources on the feeding activity
of the harvester ant species Messor semirufus (André, 1883). Activation rhythms and feeding regimes were
observed for M. semirufus workers in three seasons, spring, summer and autumn, for one year. Abiotic factor
measurements were made every month and the recorded values were entered into follow-up tables. It was
determined which plant seeds M. semirufus workers preferred from the plants naturally growing in the
observed nest habitat. In addition, different food seeds that are not naturally found in the nest habitat of M.
semirufus were placed near the nest and seed preferences among these were observed and noted. Activation
of M. semirufus workers was at its maximum level when the soil temperature reached 30°C. Two plant
families that M. semirufus prefers the most in the natural environment are the Poaceae (Grains) and
Asteraceae (Daisy) seeds. On the other hand, in experimental studies on seed preferences, 12 types of seeds
with different nutritional values, differing from the plants in the natural environment, were left around the
M. semirufus nest. Of these, wheat, which contains 61% carbohydrates, was the most preferred seed by
workers. The workers' second choice was flaxseed, which contains more oil. The later preferred seeds are
oat, spinach seed, sesame, millet, chickpea seeds. Safflower, sunflower, rapeseed, hemp and broad bean are
among the seeds that are not preferred.

Keywords: Harvester ants; Seasonal activity; Seed preference; Nutrient source; Abiotic factors.

Abiyotik Faktorlerin ve Besin Kaynaklarimin Hasat¢1 Karinca Messor
semirufus (André, 1883)’un Beslenme AKktivitesi Uzerindeki Mevsimsel
Etkileri

0z

Bu caligmada abiyotik faktorlerin ve besin kaynaklarinin bir hasatg1 karinca tiirii olan Messor semirufus
(André, 1883)’un beslenme aktivitesi lizerindeki mevsimsel etkileri incelenmistir. Bir yil boyunca M.
semirufus i¢in ilkbahar, yaz ve sonbahar aylarinda olmak {izere 3 mevsim aktivasyon ritimleri ve beslenme
rejimleri gézlemlenmistir. Her ay abiyotik faktor 6lgtimleri yapilarak kaydedilen degerler takip ¢izelgelerine
kaydedilmistir. G6zlem yapilan yuva habitatinda dogal olarak yetisen bitkilerden, M. semirufus tiiriintin
hangi bitki tohumlarini tercih ettigi saptanmustir. Ayrica, M. semirufus tiiriiniin yuva habitatinda dogal
olarak bulunmayan farkli besin tohumlar1 da yuva yakinina konularak bunlar arasindan tohum tercihleri
gozlenerek not edilmistir. M. semirufus iscilerinin toprak sicakligi 30°C’yi buldugunda aktivasyonlarinin
maksimum diizeyde oldugu gozlenmistir. M. semirufus’un dogal ortamda en ¢ok tercih ettigi iki familya
Poaceae (bugdaygiller) ve Asteraceae (papatyagiller) familyalaridir. Tohum tercihlerine yonelik deneysel
calismalarda, M. semirufus yuvasi ¢evresine dogal ortamdaki bitkilerden ayri, farkli besin degerlerinde 12
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cesit tohum birakilmigtir. Bunlardan % 61 oraninda karbonhidrat iceren bugday en cok tercih edilen
olmustur. Ikinci sirada icerigi daha ¢ok yag olan keten tohumu olmustur. Yulaf, 1spanak tohumu, susam,
dar1, nohut tohumlar1 dncelikli tlirlerden sonra yuvaya tasinilan tlirlerdendir. Aspir, ay¢icegi, kolza, kenevir
ve bakla ise tercih edilmeyen tohumlardandir.

Anahtar Kelimeler: Hasat¢1 karincalar; Mevsimsel aktivite; Tohum tercihi; Besin kaynagi; Abiyotik
faktorler.
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1. INTRODUCTION

There are 168 valid taxa (134 species, 37 subspecies and 1 fossil species) belonging to the genus Messor of
harvester ants, and they are distributed in the Palearctic, Afrotropical and Oriental regions (Bolton, 2023).
The food source of the ant species grouped as harvester ants is the seeds they collect, so they play a
significant role in seed dispersal (De Almeida et al., 2020), particularly in the open, arid and semi-arid areas
that they are mainly distributed.

The spread of seeds in nature by harvester ants is called Myrmecochory. There is usually an elaiosome
region on plant seeds that looks like a cover or sheath. The elaiosome is an oil-containing region that emits
an odour or taste related to the content of the seed. Ants choose seeds by perceiving the nutrient content
with the odour or taste they perceive from these regions. Myrmecophorous ants tear off the elaizoma, a soft,
oily substance on the seed, and throw away the rest of the seed, making them successful seed dispersers.
Although both harvester ants and Myrmecophorous ants have similar seed dispersal roles, the seed regions

they feed on are different.

Despite having a wide range of choices in their diet, harvester ants discriminate among seeds to some extent.
All other things being equal, there is a tendency to choose the plant with the most abundant seeds (Hahn &
Maschwitz, 1985). In a study on the food selection and size of foraging workers of the harvester ant species
Messor bouvieri (Willott et al., 2000; Silvestre et al., 2019), it was observed that the interaction between the

ant and the seed depends on the availability of the seed and the size of the workers.

Ants generally continue to search for food throughout the year. Workers search for food especially in the
mornings and at dusk, and are less active during the most humid and hot hours of the day. On the other
hand, they are less active at low temperatures. In the summer months, they find food more often at night.
This situation can continue in September and October. Ants have the ability to tolerate different
temperatures during the day. Since ants are cold-blooded (ectothermic) creatures, temperature changes are
important in their activities. For example, species with a high tolerance for heat generally show a diurnal
lifestyle, whereas species with a low tolerance limit to heat exhibit a crepuscular - nocturnal lifestyle. Forests
and wooded areas exhibit a heterogeneous structure throughout the day in terms of sunbathing and shade.
Humid and open areas (meadows, areas with no trees or sparse trees) are more homogeneous and species

that tolerate heat are more common in these areas.

According to functional activity changes, daily activity rhythms (circadian rhythm) can increase or decrease
in various animals, plants and microorganisms to different degrees and at different times (Elwood &
Mcluskey, 1963). Circadian rhythm, which is widely seen in living things, is an example of a biological
clock mechanism. It is the regular occurrence of certain physiological events at 24-hour intervals even in

the absence of an environmental stimulus such as sunlight. Communities are programmed to comply with
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biological rhythms (Elwood & Mcluskey, 1963). Ant activity rhythms are generally adjusted according to
environmental factors. Among the abiotic factors affecting activation; temperature (Sanders, 1972),
humidity (Sharma et al., 2004), atmospheric pressure, general condition of the air, soil profile, soil moisture,
and among the biotic factors, the most important one is vegetation (Sanders, 1972; Sudd & Franks, 1987;
Sharma et al., 2004). Seasonal activation rhythms of ants are observed in three stages (Sanches et al., 2005):
(1) Preparation for activation (pre — activation) (spring: February to April); (2) Activation (Summer season:
April to September); and (3) Diapause (Autumn — Winter: October to February). In this study, we aimed to
examine seasonal effects of abiotic factors and nutrient sources on the feeding activity of the harvester ants.

2. MATERIAL AND METHOD

Messor semirufus ants (Figure 1) build their nests in a wide variety of habitats such as agricultural lands,
meadows, pastures, willow groves, poplar groves, and mixed forests. The nest of M. semirufus is a multi-

entrance nest with an opening to the outside (Figure 2).

Figure 1: Messor semirufus workers (Photo: Kaya and Camlitepe, Edirne).
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Figure 2: Multiple entry of Messor semirufus nest (Photo: Kaya and Camlitepe, Edirne).

Within the Balkan Campus of Trakya University (41.6373486, 26.6112102), activation rhythms and feeding
regimes of a M. semirufus colony were observed in spring, summer and autumn throughout the year. Abiotic
factors (ground temperature, air temperature, air humidity, general weather conditions) were measured
every month and the effects of biotic factors such as vegetation were examined and the recorded values
were entered into follow-up tables. The plant seeds M. semirufus workers preferred from the plants naturally
growing in the observed nest habitat were recorded and identified. In addition, 12 different food seeds not
naturally found in the M. semirufus nest habitat were placed near the nest and seed preferences among these
were observed and recorded.

2.1. Monitoring of M. semirufus activation rhythm

The daily activation rhythms of the studied M. semirufus colony were recorded for 5 days a week (Monday
- Tuesday - Wednesday - Thursday - Friday). Observations and measurements were made at the nest every
2 hours (07.00-09.00-11.00-13.00-15.00-17.00-19.00-21.00). Measurements and observations were made
for 9 months in 3 seasons, namely spring: March, April, May; summer: June, July, August; and autumn:
September, October, November, and the values were recorded in the relevant monitoring tables. The number
of workers in activity was counted around the nest and at the nest entrance, within the area where M.
semirufus dispersed during food collection. M. semirufus workers carrying food were also examined. How
often M. semirufus collected food, how far from the nest they found the food, and how many worker ants
brought the food to the nest were noted within the determined hours.
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2.2. Seed preferences of M. semirufus
2.2.1. Order of preference of plant seeds collected from natural environment by M. semirufus

The first exits of M. semirufus workers from the nest were for the purpose of reconnaissance tour. First, it
was observed which seed they preferred. The priorities of M. semirufus workers in seed preference and
which seed they preferred more were recorded and compared. A ranking was made according to the order
of priority in collecting and carrying seeds by workers to the nest. Seed varieties that M. semirufus workers
did not prefer were also recorded. The number of paths created by workers during seed transportation was
determined. The plants that M. semirufus workers preferred naturally in its habitat were observed by

following the path columns they created. The plants that these seeds belonged to were identified.
2.2.2. Order of preference of offered seeds by M. semirufus

In the experiments conducted for the preference of different food seeds that are not naturally found in the
nest habitat of M. semirufus. Wheat, flax, oat, safflower, chickpea, broad bean, sesame, millet, spinach seed,
rapeseed, hemp, sunflower seeds were used. These seeds were placed around the determined nest, 1 m away

from the nest entrance.
3. RESULTS AND DISCUSSION

The observed M. semirufus workers actively started seed collection behaviour in April when the air
temperature exceeded 17°C. In the spring, food collection behaviour started around 10:00 and continued
until 18:00 in the evening. In July, when the summer temperatures were very effective, it was observed that
approximately 1000 worker ants started searching for food and started collecting food at 08:00 in the
morning. It was observed that they retreated to the nest at 11:00 when the temperature of the day increased
significantly and did not come out until the coolness of the evening. This situation shows that M. semirufus
workers avoid extreme heat even though it is active in the hot seasons of the year. In autumn, the food
collection behaviour of M. semirufus workers, which routinely starts around 09:00, continues until 19:00 in
the evening. This activation rhythm is consistent with other studies on harvester ants (Elwood & McClusley,
1963; Holldobler, 1976; Hahn & Maschwitz, 1985; Retena & Cerda, 2000).

3.1. Differences in individual numbers and activation averages of M. semirufus according to

seasons

Messor semirufus workers is not active on the soil during the winter months. The average number of workers
in the spring season is around 90 (Figure 3), the average number of workers in the summer season is around

1200 (Figure 4) and the average number of workers in the autumn season is around 350 (Figure 5).
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Figure 3: Average number of M. semirufus workers active outside the nest in spring.

1200 ~
1000 -
800 -

600 -

400 -

No of workers

200 -

07:00 09:00 11:00 13:00 15:00 17:00 19:00 21:00
Hour

Figure 4: Average number of M. semirufus workers active outside the nest in summer.
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Figure 5: Average number of M. semirufus workers active outside the nest in autumn.
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3.2. Differences in air humidity rate according to seasons

In the seasons when M. semirufus workers are active (spring, summer, autumn), the humidity rate in the air
was 47.5% in spring (Figure 6), 45-47% in summer (Figure 7), and 48-52% in autumn (Figure 8). M.
semirufus workers showed activity at these humidity values, which are close to the average.
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Figure 6: Average humidity in the air in spring.
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Figure 7: Average humidity in the air in summer.
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Figure 8: Average humidity in the air in autumn.
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3.3. Differences in air temperature according to seasons

The average air temperatures in the seasons when M. semirufus workers are active are as follows: 15-20°C
in spring (Figure 9), 35-40°C in summer (Figure 10), and 20°C in autumn (Figure 11). The number of
workers counted was also highest in the summer season when the temperature was highest.
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Figure 9: Average air temperature in spring.
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Figure 10: Average air temperature in summer.
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Figure 11: Average air temperature in autumn.
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3.4. Soil temperature differences according to seasons

Soil warming is one of the important abiotic factors for ants. Messor semirufus workers examined are not
active in conditions where the soil temperature is below 4°C. The average soil temperatures in the seasons
when M. semirufus workers are active are as follows: between 12-14°C in spring (Figure 12), over 40°C in
summer (Figure 13), and between 16-18°C in autumn (Figure 14). The summer season, when the soil

temperature is above 40°C, is the period when M. semirufus workers are most active.
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Figure 12: Average soil temperature in spring.

50
© 40 -
g
3 30
s
2 20 -
IS
~ 10 -

O T T T T T T 1

07:00 09:00 11:00 13:00 15:00 17:00 19:00 21:00

Hour
Figure 13: Average soil temperature in summer.
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Figure 14: Average soil temperature in Autumn
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3.5. Preference of M. semirufus workers for plant seeds collected from the natural environment

Five species from the Poaceae (grass) family were determined to be preferred by M. semirufus and these
species are: Seteria glauca, Cynodon dactylon, Cynadon dactylon villosus, Sorghum halepense and Poa
trivialis. M. semirufus workers also carried seeds from the Asteraceae family, which is the second most
common in the environment. In the observed environment, the species belonging to the Asteraceae family
were Lactuca serriola, Conyza canadensis, Senecio aquaticus and Helminthotheca echioides. Apart from
the Asteraceae and Poaceae families, other plant species preferred by workers are Polygonum aviculare
(Polygonaceae), Anagallis arvensis (Primulaceae), Oxalis corniculata (Oxalidaceae), Euphorbia
chamaesyce (Euphorbiaceae) and Portulacea oleracea (Portulaceae). During the observations, it was
determined that the trails created by M. semirufus workers were divided into 4 branches at different
distances. These trails were of different lengths: 3 m, 4 m, 6 m and 8.5 m. This shows that if there is more

than one food in the habitat, M. semirufus tends to notice and collect all of them at the same time.
3.6. Offered seeds preferences of M. semirufus

On the days when M. semirufus was active, 12 different seed options were placed in equal amounts (each
200 gr.) 1 m away from the entrance of the observed nest. The plant seeds left were as follows: wheat, flax,
oat, hemp, chickpea, broad bean, rapeseed, sesame, sunflower, millet, safflower and spinach seeds. In July,
at around 07:00 in the morning, two minor workers went out to scan the area. They took one flax seed each
and returned to the nest. It took them about half an hour to scan the area and return to their nests. At around
07:30, an average of 200 M. semirufus workers had tended to each seed. About half an hour later, at 08:00,
1000-1500 M. semirufus workers were mobilized to carry the seeds to the nest.

Among the M. semirufus colony members that collect seeds, minor workers predominate. Of the workers
that create trails while collecting seeds, on average one in every 30 is a major worker. In an environment
where an average of 1500 workers are actively collecting food, there are 50 major workers, while the others
are minor workers. Major workers collected larger seeds such as oat, wheat, safflower, and spinach, which
were larger than the others out of the 12 seeds presented (Table 1). Minor workers are quite rare among the
workers that collect large seeds. The transportation of flaxseed, which is their primary preference, was done
only by minor workers (Table 2). Workers who looked at all seeds during the first round of exploration

soon abandoned sunflower seeds, hemp, broad beans, safflower and rapeseed and turned to other seeds.
The order of preference of the seeds offered by Messor semirufus is as follows (see Table 1):

(1) Wheat: Among the twelve seeds, their first priority was wheat seed. They finished carrying the 200
grams of seeds to the nest within 45 minutes. It can be said that wheat seed is their first choice because it
has the shortest seed transportation time. Even if they continued to carry other seeds, they focused on

carrying wheat first.
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(2) Flaxseed: Their second choice was flax. Seeds with high oil content: Flax, sesame, sunflower and
safflower. Flaxseed is the favourite among seeds with high oil content. It took about 60 minutes to transport

flaxseed.

(3) Oat: It is the third most carried oat seed. It took them about 90 minutes to carry the oat seed to the nest.
(4) Spinach Seed: It is the seed they carry to their nest in the fourth place. The carrying activity continues
after the wheat, flax and oats in the environment are finished. They were mostly carried by major workers.
Carrying the spinach seed continued throughout M. semirufus's one-day activities (Table 1).

(5) Sesame: This is the seed that can be ranked fifth. It was M. semirufus' second choice among seeds with
high oil content. They collected half of the 200 g of sesame seeds offered within two days.

(6) Chickpea, Millet: They showed very little interest in chickpea and millet seeds. They rarely visited these
seeds for two days. The number of seeds they collected from both seeds for two days was around 9-10.
When millet seeds were first left, they tended to move more than chickpea seeds, but they abandoned millet
seeds because they had difficulty carrying them. As a result, the number of seeds taken to the nest from

these two seeds is very close to each other.

(7) Safflower, Sunflower: These are the seeds that workers showed very little interest. On the first day they
were left, workers took 3-4 seeds from both seeds to the nest. No carrying behaviour was observed from

these seeds on the other days.

(8) Rapeseed, Hemp, Broad Bean: There is no interest in these three seeds. Workers never carried them to
the nest. Except for 5-6 workers who walked over them during the first exploration, they never visited these

seeds again. Hemp, rapeseed and broad bean seeds were recorded as non-preferred seeds (Table 1).

When M. semirufus workers encountered the first seeds, they went back and forth between the nest and the
food in a mixed manner. Within half an hour, the tendency towards their first three choices, wheat, flaxseed
and oats, increased significantly and three paths were clearly formed. It was observed that very few workers

went back and forth to the seeds that came after these three seeds, without any obvious path.

355



Kaya & Camlitepe | Seasonal Effects of Abiotic Factors and Nutrient Sources on the Feeding Activity of the Harvester Ant Species Messor
semirufus (4dndré, 1883)

Table 1: Order of preference of offered seeds by M. semirufus workers.

Order of Amount of seed Number of seeds Time for collecting seeds
preference Seeds name dropped collected (minutes-days)

1 Wheat 200 gr All collected 45 minutes

2 Flaxseed 200 gr All collected 60 minutes

3 Oat 200 gr All collected . 90 minutes

4 Spinach 200 gr All collected . 1 day

5 Sesame 200 gr Half of it collected 2 days

6 Chickpea, Millet 200 gr (each) 9-10 pieces were collected 2 days

! zim(ljc\)/\\:\%} 200 gr (each) 3-4 pieces were collected 1 day

8 Rape, Htfe?r?‘ Broad 200 gr (each) No seeds were collected -

Table 2: Seeds collected by worker size of M. semirufus.

M. semirufus worker size Seed names

Seeds Collected by Major Workers Oats, Spinach, Safflower, Wheat, Sunflower

Seeds Collected by Minor Workers Wheat, Flaxseed, Chickpea, Millet, Sesame,
Oat

4. CONCLUSION

The M. semirufus colony, which was monitored throughout the year, was determined to be active on the
soil in spring, summer and autumn. In the observations, it was observed that M. semirufus spent the winter
season and the first month of spring, namely December, January, February and March, underground. The
observed M. semirufus workers chose a safe habitat to protect themselves from the extreme summer heat
by building their nests in a secluded corner. Again, in the observations, the ants preferred sheltered places
to protect themselves from abiotic factors, but it is thought that the main factor for building nests is food.
The reason why the Messor genus is common in regions with grain fields in agricultural lands is the
accessibility of food sources. In the observation made on the days when the average temperature in March
was 15°C, it was observed that Formica cunicularia, another ant species which is neighbouring the M.
semirufus nest, came out of the nest and showed activity on the soil (foraging, nest repair), while M.
semirufus (generally valid for the Messor genus) workers had not yet come out of the nest and were not
active in any way. This situation shows that the Messor genus is a more heat-loving species compared to
the Formica genus. In fact, this situation confirms the statement that harvester ants are desert harvesters,

which is expressed in many countries (De Vita, 1979; Brown et al., 1979a, b; Davidson et al., 1984).
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In the year when the observations were initiated, the average temperature of March, which is the first month
we started, was around 15°C. The observed M. semirufus workers started actively collecting seeds in April
when the air temperature exceeded 17°C (see Figure 9). The food collecting behaviour started around 10:00
in the spring and continued until 18:00 in the evening (see Figure 3). In July, when the summer
temperatures were very effective, it was observed that approximately 1000 worker ants went out to search
for food and started collecting food at 08:00 in the morning (see Figure 4). It was observed that they
retreated to the nest at 11:00 when the temperature of the day increased significantly and did not come out
until the coolness of the evening. In summer, food searching and food carrying activity was observed for
about one or two hours as of 19:00 in the evening. This shows that M. semirufus avoids extreme
temperatures even though it is active in hot seasons throughout the year. In fact, it has been observed that
on days when the air temperature exceeds 40°C, there is a period of about a week when they do not leave
the nest during the day except for food gathering activities between 08:00 and 11:00 in the morning. In
autumn, the food gathering behaviour of M. semirufus workers starts routinely around 09:00 and continues
until around 19:00 in the evening. The time period when the most of the individuals are counted during this
routine activation is between 11:00 and 17:00 (see Figure 5). In this study, it was observed that the
activation of M. semirufus during the day varies according to the seasons. Our results support the study of
Hunt (1974) who reported that there are differences in activation in ants during the day and depending on
the seasons. In this work, it has been observed that M. semirufus workers tend to collect all seeds, whether
they are in their natural habitat or experimentally added to the environment. During the seed collection
process, M. semirufus workers are selective in their seed preferences. It has been observed that they tend to
collect seeds that are present in their environment during the period when they are generally active. The
reason why they collect seeds of plants in the Poaceae family more in spring and summer is that they can
find the plant more frequently in these periods. Based on our observations, the fact that the most seeds from
the Polygonaceae, Primulaceae, Oxalidaceae, Euphorbiaceae, Portulaceae and Compositeae families are
collected by M. semirufus workers in summer and autumn is due to the availability of the seeds of the plants
in these seasons. Seed production by Asteraceae members in three seasons has ensured that they are

preferred by M. semirufus workers throughout the three seasons.

The experiment in which seeds were left near the M. semirufus nest and seed selection was observed was
carried out in spring, summer and autumn and workers collected the seeds they found ready in all three
seasons. For instance, they preferred flaxseed, which is their primary preference, in summer and in the same
way in autumn. It was revealed that rapeseed, hemp and broad bean seeds, which are not preferred seeds,
were not preferred by the ants when the environment was low in nutrients. It was observed that workers

carried the seeds they preferred as food to the nest regardless of the season (Nondillo et al., 2014).
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The distances between the food found by the ants collecting seeds and the nest may be different. While
some of the food they find is as close as 1 m to the nest mouth, some may be 10 meters away. It was
observed that M. semirufus workers who set out to explore in search of food noticed the food near the nest
entrance? within 10 minutes and took one seed and carried it to the nest. Later, it was determined that the
other worker ants in the nest followed each other and headed towards the food and created a path between
the nest and the food. During the study, the food that was farthest was 10 m away and it took them about
half an hour to notice this food during the exploration tour. Messor semirufus workers can head towards
more than one food at the same time and create more than one path tract (Holldobler & Moglich, 1980).
During the observations, it was observed that the number of paths formed according to the food availability
changed; sometimes there was only one path, sometimes 2 or more paths were observed. It was also
witnessed that the path traces formed by M. semirufus workers divided into up to 4 branches at different
distances. These paths have different lengths: 3 m, 4 m, 6 m and 8.5 m. This shows that if there is more

than one food in the habitat, M. semirufus tends to notice and collect all of them at the same time.

Among the 12 seeds offered to the M. semirufus colony, the workers’ first choice was wheat seed. Workers,
who also continued to carry other seeds, primarily carried wheat completely. This shows that M. semirufus
prefers wheat as a food. Wheat seeds were an important food for M. semirifus throughout the study. Wheat
has a carbohydrate value exceeding 65% in terms of nutritional content (Zeleny et al., 1971). In the context
of the study, it was thought that the fact that wheat is a food with a high carbohydrate content provides an
explanation for the priority preference of this seed by the ants. In addition, the food with the highest
carbohydrate content in the environment was wheat seed. In fact, it was observed that ants preferred high-
carbohydrate food to low-carbohydrate food (Nondillo et al., 2014). It was observed that M. semirufus
workers turned to other seeds after the wheat seed was depleted. After the wheat seed was depleted in the
environment, wheat was added to the environment again as soon as M. semirufus workers collected the
other seeds. The addition of wheat was immediately noticed by the ants (within 1 minute) and the wheat
seeds started to be carried from the environment again. This situation reinforces our idea that wheat is the
primary food for M. semirufus. During this time, M. semirufus workers did not completely stop collecting
other seeds other than wheat (especially flaxseed). When the wheat seed, which is the first choice of M.
semirufus, was mixed with the rapeseed seeds that they had never collected and placed around the nest, it
was observed that they preferred wheat seed from this pile and did not prefer rapeseed. Of these mixed
seeds, rapeseed was the only one left. When a mixture of wheat, hemp and rapeseed was given, it was
observed that the ants took the wheat and did not take the rapeseed and hemp from the environment, which
shows that these ants can distinguish the food they use even if they are mixed. When all 12 seeds were

given mixed, the ants preferred wheat seeds as usual.
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The second choice of M. semirufus was flaxseed. Among the seeds with high oil content, flaxseed is the
most preferred. In the observations, flaxseed, which is lighter than other seeds, has generally been preferred
by minor workers in our study (see Table 2) which is consistent with Willott’s work (Willott et al., 2000).
In addition, spinach plant, which is frequently grown in Turkey, was chosen to observe whether these ants
prefer the seeds of green vegetables. Messor. semirufus workers continued to carry spinach seeds after the
wheat, flax and oat seeds in the environment were depleted, showing that the ants give more importance to
carrying seeds, which is their first priority. Spinach seeds have not generally received much attention like
wheat, but they are still among the seeds carried to the nest. This situation shows that they tend to collect
and store other foods even if they are a food they like more in the environment. In the study of Aktag et al.
(1990), the seed stores of M. semirufus were investigated and plant seeds belonging to 6 plant families were
found, proving that they want to store a wide variety of seeds. Spinach seeds were mostly carried by major
workers because they were the larger seeds than other seeds in the environment. During the study, it was
observed that large seeds were carried by major workers. In fact, similar results were reported by Willott et

al. (2000) in harvester ants of the species Messor bouvieri.

When millet seeds were first dropped into the environment, they were a type of seed that had a high
tendency to move but could not be carried to the nest very much. When this seed was first dropped, it was
tried to be carried and dropped a lot. This situation occurred because the millet seed was round and smooth.

Ants could carry very few seeds from among the millet seeds. They carried about 10 seeds during a day.

The grinding of chickpeas caused the elaisomal region to break down. The elaisomal part of the broad bean
is in the shell on the grain. The peeling and grinding of the dried broad bean prevented it from being noticed
by the ants. It is thought that the dispersion of the elaisomal region, where the ants perceive the content of
the food, may have prevented M. semirufus workers from preferring chickpea and broad bean seeds.
Safflower and sunflower seeds are also among the seeds that are preferred very little. Only 3-4 of them
were carried in the environment and were not carried again. The fact that safflower and sunflower were

shelled prevented them from being preferred.

Messor semirufus workers showed no interest in rapeseed and hemp seeds and never carried them to the
nest. After these seeds were left, workers walked over them when they first noticed them. They took a few
rapeseeds and left them back and never carried them to the nest. The oil of the rapeseed product contains
erucic acid and glucosinolate, which are harmful to human health, and this seed is not preferred by the ants.
Erucic acid above the specified value causes fattening of the heart muscles, and high levels of glucosinolate
in the pulp of the rapeseed plant cause thyroid gland enlargement, gout inflammation and liver disorders in
animals. Glucosinolates are water-soluble, anionic, non-volatile and heat-stable compounds (Artik &
Yemis, 2006). When plant tissue is broken or damaged by various processes (such as cutting, chopping or

chewing), glucosinolates are hydrolysed by endogenous myrosinase naturally present in the tissue, and as
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a result of this degradation, degradation products such as isothiocyanates, thiocyanates, nitriles,
oxazolidine-2-thiones, hydroxynitriles, and epithionitriles are formed (Artik & Yemis, 2006). The reason
why hemp seeds are not preferred by M. semirufus workers is that the ants perceive the seed content. In a
study conducted in Brazil, the preference of Tenebrio molitor (mealworm) and Gryllus (grasshopper)
species, which were given to the ant species Lasius micans as food, for the Gryllus species, which has a
high protein value, indicates that they perceive the nutrient content (Nondillo et al., 2014). If M. semirufus
harvester ants did not perceive the content of the seeds, they would be expected to collect rapeseed, hemp,
and broad bean seeds indiscriminately and take them to their nests. However, M. semirufus has been
observed to hold rapeseed, hemp and broad bean seeds with their mandibles for a short time and then release
them. This supports the view that ants perceive the content of the food when making their choice.
Otherwise, they would be expected to collect rapeseed, hemp and broad bean seeds as they collect wheat

seeds.

During these observations using seeds, on another day, M. semirufus workers were not given their first two
choices, wheat and flax seeds, at all. Instead, they were given hemp, rapeseed, spinach, chickpea, broad
bean, oat, sunflower, safflower, millet and sesame seeds. The workers carried some of the spinach and oat
seeds but did not touch the other seeds. When their first two choices were not in the environment, they

collected their third and fourth choices and did not carry the seeds that they had previously perceived to be.

The species whose seeds were preferred by M. semirufus from the Poaceae (wheat) family are: Seteria
glauca, Cynodon dactylon, Cynadon dactylon villosus, Sorghum halepense, Poa trivialis. There were no
plants from the Poaceae family other than these five species around the observed M. semirufus nest. M.
semirufus workers collected seeds from plants belonging to the Poaceae family throughout the spring

season. Seed collection behavior continued from the drier Poaceae family in the summer season.

M. semirufus workers also carried seeds from members of the Asteraceae family, which is the second most
abundant in the environment. Lactuca serriola, Conyza canadensis and Helminthotheca echioides were
naturally grown in the observed environment as Asteraceae members, and the ants carried seeds from all
three species. The seeds of the Asteraceae family are in a volatile form and are pinnate and they are collected
by M. semirufus workers in all three seasons (spring, summer, autumn), except winter. The Asteraceae and

Poaceae families are the most abundant and preferred plants in the observed habitat.

Other preferred plants besides Asteraceae and Poaceae families are: Polygonum aviculare (Polygonaceae),
Anagallis arvensis (Primulaceae), Oxalis corniculata (Oxalidaceae), Euphorbia chamaesyce
(Euphorbiaceae), Portulacea oleracea (Portulaceae), Senecio aquaticus (Compositeae). These species are
generally preferred by M. semirufus because they produce seeds in summer and autumn. In a study

investigating the nest type and food stores of M. semirufus (Aktag et al., 1990), the main seeds detected in
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the food store belong to the families Ranunculaceae, Polygonaceae, Leguminosae, Boraginaceae,
Rubiaceae and Graminae. According to our results and this study, the only family that is common among
the preferred families is Polygonaceae. The reason why the families Ranunculaceae, Leguminosae,
Boraginaceae, Rubiaceae and Graminae could not be detected in the food stores in the study conducted by
Aktag et al. (1990), may be due to the absence of these families in the habitat studied. There are also plants
that M. semirufus does not prefer even though they are near the nest. These are Mentha pulegium
(Lemiaceae), Lotus corniculatus (Fabaceae), Trifolium repers (Fabaceae). The reason why the Fabaceae
and Lemiaceae families are not preferred may be that they do not have obvious seeds on the plant.

As aresult, our findings revealed that M. semirufus is selective in seed preference while collecting seeds in
the spring, summer and autumn seasons when it is active M. semirufus prefers seeds with high carbohydrate
and protein values. M. semirufus collects seeds from the families Asteraceae, Poaceae, Polygonaceae,
Primulaceae, Oxalidaceae, Euphorbiaceae, Portulaceae and Compositeae. The seeds they collect the most
in nature are grasses and the data confirming this finding was obtained in our experimental study. Similar
new studies that will reveal the similarities and differences in food preferences of species will undoubtedly
make great contributions to the determination of the special strategies developed by species in food
competition. These contributions will be of great importance in elucidating the feeding ecology of harvester

ants, which play an important role in the ecosystem and play an active role in the distribution of seeds.
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0z

Hava araglarinin tiimiinde tiiketilen yakit miktarim1 azaltmak, faydali yiiki arttirmak igin gévdenin ve
kanatlarin geometrisinde degisiklikler yapilmaktadir. Bu makale ¢alismasinda da sabit kanatli IHA’lar ve
kanatlarinda C/Cp oranini arttirmak hedeflenmistir. Ug farkli kanat modeli (NACA-0012, NACA-4415 ve
SD-7037) ve yeni bir kanat olan ALTAY kanadi 6n tasarimlart ve aerodinamik analizleri XFLRS5
programinda analiz edildi. Kanatlarm XFLRS5 ve ANSYS Fluent programindaki analizleri ti¢ farkli
Reynolds sayisinda (50.000; 150.000 ve 250.000) ve bes farkli hiicum agisindaki (-5°; 0°; 5°; 10° ve 15°)
ortam sartlarinda gergeklestirilmistir. SOLIDWORKS &grenci programida ALTAY ile SD-7037 kanatlar
iic boyutlu olarak tasarimlar1 yapilip 3D yazicida iiretilmistir. SOLIDWORKS programinda biri diiz kanatli
digeri ise dik trapez kanath iki adet IHA tasarlanip, ANSYS Fluent programinda Akis hizinin (15,5 m/s)
oldugu bes farkli hiicum agisindaki (-5°; 0°; 5°; 10° ve 15°) ortam sartlarinda aerodinamik analizleri
gerceklestirilmistir. Analiz sonuglarinda ALTAY kanadinin SD-7037 kanadina gore daha verimli oldugu,
dik trapez kanatli IHA’nin da diiz kanada gore daha verimli oldugu sonucuna varilmistir.

Anahtar Kelimeler: Sabit kanatli [HA; Tasarim; Aerodinamik analizler; Katlamali imalat.

Aerodynamic Effects of Wing Geometry on Fixed Wing UAV

ABSTRACT

In order to reduce the amount of fuel consumed in all aircraft and to increase the useful load, changes are
made to the geometry of the fuselage and wings. In the article, it is aimed to increase the C./Cpratio in fixed
wing UAV’s and their wings. Preliminary designs and aerodynamic analyzes of three diffirent wing models
(NACA-0012, NACA-4415 and SD-7037) and a new wing, the ALTAY wing, were analyzed in the
aerodynamic analyzes were carried out in the ANSY'S Fluent student program. The analysis of the wings in
XFLR5 and ANSYS Fluent programs was carried out under three different Reynolds numbers (50.000;
150.000 and 250.000) and five different angles of attack (-5°; 0°; 5°; 10° ve 15°). ALTAY and SD-7037
wings were designed three dimensions in the SOLIDWORKS student program and produced on a 3D
printer. Two UAV’s, one with straight wings and the other with a vertical trapezoidal channel, were designed
in the SOLIDWORKS program, and they were designed in the ANSYS Fluent program and five different
angles of attack (-5°; 0°; 5°; 10° ve 15°) where the flow speed was (15,5 m/s) aerodynamic analyzes were
carried out under ambient conditions. As a result of the analysis, it was concluded that the ALTAY wing is
more efficient than the SD-7037 wing, and the vertical trapezoidal wing UAV is more efficient than the
straight wing.

Keywords: Fixed wing UAV; Design; aerodynamic analysis; Additive manufacturing.
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1. GIRIS

Hava araglarinda, riizgar tiirbinlerinde, arabalarda bu gibi miithendislik tasarimlarinda olusan geometriler,
sistemi hareket ve verim konusunda 6nemli bir sekilde etkilemektedir. IHA’nin kullanim alanlar1 giin
gectikge daha da ¢ok artmaktadir. Insansiz ilk ucaklar diinya tarihine savaslar dolayisiyla girmis olmasina
ragmen caligmalarda; Haritacilik, arama-kurtarma faaliyetleri, hava durumu izlenimi, yangin izleme,

tarimsal uygulamalar gibi konularda da kullanilmaktadir (Kahveci ve Can, 2017).

IHA nin askeri konular disina sivil giindelik konulara ¢ikmasindaki en énemli faktorler arasinda insansiz
hava araglarina ihtiyaca uygun olacak sekilde entegre edilen sensorler ve ucus kontrol cihazlari yer
almaktadir. Hava aracimn ihtiyaca gére ve farkli alanlarda kullanilan THA nin yapacagi gorev sartlariyla

faydali yiik tipleri meydana ¢ikartilarak IHA nin genel yapisina entegre edilir (Villi ve Yakar, 2022).

IHA nin sivil giindelik konularda kullanilmasinin insan hayatina ve sagligina faydali olabilecek konularin
basinda is sagh@ ve giivenligi konular1 gelmektedir. Is saghigi ve giivenligi konusu insanin caligma
hayatinin oldugu her yerde karsilasilabilecek bir konudur. IHA’nin miidahale edebilecegi insaat ve
madencilik meslek dallarinda diinya iizerinde gelismis iilkelerde is sagligi ve giivenligi kullanilir iken

iilkemizde ise sadece kurumsal firmalarda kullanilmaya baslanmistir (Bozkurt, 2022).

Bu calismada da kanatlarin ve gdvdenin geometrisinde meydana gelebilecek degisimlerin hava araci
tizerinden elde edilen aerodinamik analizler ele alinmistir (Altay, 2024). Hava araglar1 {izerindeki
aerodinamik analizler konusunda bu ¢aligmada; her zaman arttirilmak i¢in ¢abalanan kaldirma katsayis1 (Cy)
degerinin, her zaman azaltmak i¢in ¢abalanan siirtiinme katsayisi (Cp) degeri ile oranlanmasi sonucu elde
edilecek say1y1 arttirmaktir. Cpve Cp degerinin simir sartlar1 IHA nin hava kosullarinda irtifasini kaybettigi
anlardir. On tasarim konusunda XFLRS programinda ii¢ farkli kanat tipi (NACA-0012, NACA-4415 ve SD-
7037), ii¢ farkli Re sayisinda (50.000; 150.000 ve 250.000) ve bes farkli hiicum agisinda (-5°; 0°; 5°; 10° ve
15°) analizleri yapilmistir. Elde edilen analizler sonucunda SD-7037 kanat geometrisi daha verimli kanat
olarak tespit edilmistir. SD-7037 kanat geometrisi iizerinde degisiklikler yaparak ALTAY kanadinin 6n
tasarim asamasi gerceklestirilmistir. On tasarimin verimli olup calisma kontrolii ilk olarak XFLRS
programinda yapildiktan sonra genis kapsamli olarak ANSYS Fluent Ogrenci programinda da
gerceklestirilmistir. Gergeklestirilen bu calismada da SD-7037 ile ALTAY kanatlari ii¢ farkli Re sayisinda
(50.000; 150.000 ve 250.000) ve bes farkli hiicum agisinda (-5°; 0°; 5°; 10° ve 15°) analizleri yapilmistir.
Kanat analizlerine ek olarak ALTAY-0020 D ve ALTAY-0020 T IHAlar1 tasarlanip akis hizinin 15,5 m/s

oldugu bes farkli hiicum agisinda da analizler gerceklestirilmistir.
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2. MATERYAL VE METOD
2.1. Kanat Geometrisi

Bu c¢aligmada ele alinan en 6nemli parametre C./Cp oraninin kanat geometrilerinde meydana gelecek
degisimlerle artisim saglayabilmektir. Kanat geometrisi iizerinde meydana gelecek akisi inceleyebilmek ve
yorumlayabilmek i¢in XFLR5 programinda NACA-0012, NACA-4415 ve SD-7037 Sekil 1°de kanat
kesitlerinin geometrileri gosterilmektedir.

XFLRS5 programinda {HA’larin geometrisi ve aerodinamik analizleri iizerine ¢aligmalar giin gectikge
artmaktadir (Kaynak, 2022; Ugur, 2019). NACA-0012 kanat profili geometrisinin kanat uglarina flaplar
(kanat tizerinde aerodinamigi kontrol etmeye yarayan ekipmanlar) eklenerek C./Cp oraninin arttirilmasi 15°
hiicum acisina kadar saglanmigtir. 15° hiicum acisindan sonra kanatlar tiirbiilanstan dolay1 irtifasini
kaybetmektedir (Geng, Ozisik ve Kahraman, 2008). Bu sebeple bu calismada da maksimum hiicum agisi
15° olarak sec¢ilmistir. Kanat geometrisi disinda ana kanat, kuyruk kanadi ve gévde konfigiirasyonlari
IHA nin tasarim metodolojisinde 6nemli yerlere sahiptir. Ana kanadin ortadan kanat, kuyruk kanadinin V-
kuyruk, gévdenin damla model oldugu konfigiirasyon tipleri verimde en iyi degerlere sahiptir (Unler, Dag
ve Oztiirk, 2022).

Thickness = 15,00%

Max. Thick. pos. = 29,43%
Max. Camber = 3,99%
Max. Camber. pos. = 42,64%

&) (b)

Thickness = 11,99%

Max. Thick. pos. = 28,43%
Max. Chamber = 0,00%
Max. Camber. pos. = 0.10%

Thickness = 9,20%
Max. Thick. pos. = 29,04%
Max. Camber = 3,02%

Max. Camber. pos. = 39,95%

(o
Sekil 1: (a) NACA-0012 kanat profili, (b) NACA-4415 kanat profili, (c) SD-7037 kanat profili.

Kanat profillerinin geometrik olarak belirli bir eksen ¢izgisine gore kalinlik ve kamburluk oranlan
bulunmaktadir. Bu 1ii¢ farkli kanat profilinin de kalinlik ve kamburluk oranlar1t Cizelge 1’de
gosterilmektedir. Cizelge 1’e gore {i¢ farkli kanat iginde kalinlik olarak NACA-4415>NACA-
0012>SD7037 ve kamburluk yiizdesi olarak NACA-4415>SD-7037>NACA-0012 olarak biiyiikten kiiciige
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dogru siralanmaktadir. Yapilan caligmada NACA-4412 kanadi kuyruk kismina dogru kalinlastirilarak
NACA-4412_1 ve NACA-4412_2 tasarlanmig ve kanat kalinlagmasiyla C./Cp degerinde maksimum
seviyenin yakalandig1 hiicum agisi1 gitgide diisiis gostermistir (Gov, Dogru ve Korkmaz, 2019).

Cizelge 1: Kanat profilleri geometrileri.

Parametre oranlari NACA-0012 NACA-4415 SD-7037
Kalinlik orani1 (%) 11,99 15 9,2
Maksimum kalinlik orani (%) 28,43 29,43 29,04
Kamburluk orani (%) 0 4 3,02
Maksimum kamburluk orani (%) 0 39,94 39,95

Osborne Reynolds 1880°1i yillarda yaptigi ¢aligmalardan sonra Reynolds sayisini tespit etmistir. Denklem
1’de belirtildigi gibi atalet kuvvetlerine ve Viskoz kuvvetlerine baghdir. Atalet kuvvetlerinde p-akiskanin
yogunlugu, V- akiskanin hizi, Lc- chord uzunlugunu (kanadin x eksenindeki uzunlugu) ve viskoz kuvvetlere
de p- akiskanin dinamik viskozitesini ifade etmektedir. Bu ¢alismadaki analizlerde akigskan olarak kullanilan
hava 6zellikleri p = 1,225 (kg/m®), p = 1,5111E-05 (kg/(m/s)) ve kanadin Lc degeri 0,2 (m)’dir. Hesaplanan
sonuglara gore Re 50.000 havanin hiz1 3,1 (m/s), Re 150.000 havanin hiz1 9,3 (m/s) ve Re 250.000°de
havanin hiz1 15,5 (m/s) olarak tespit edilmistir. Hava araglarinda Rex (sinir bolgesindeki deger) 5000 olarak
referans alinmaktadir. Reynolds degeri 5000°den kiiciikse laminer akis, biiyiikse tiirbiilansh akisa gecis
yapmaktadir (Cengel ve Cimbala, 2006).

Re = px\ilec (1)

XFLRS5 6n tasarim programinda ii¢ kanat iginde 50.000; 150.000 ve 250.000 ve -5°’den 15° hiicum agisina
kadar analizleri sonuglar1 Sekil 2°de gosterilmektedir. Sekil 2’ye gore li¢ farkli Reynolds sayisi degerinde

de SD-7037 kanat profili daha iyi C./Cp oranina sahiptir.

Sekil 2: XFLRS5 programinda kanatlarin {i¢ farkli Reynolds sayisindaki C./Cp degerleri.
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En iyi CJ/Cp oranina sahip olan SD-7037 kanadmin geometrisinde degisiklikler yapilarak Sekil 3’te
gosterilen ALTAY kanadi tasarlanmustir.

Durmus (2023) calismasinda ayni1 gévde de 4 farkli kanat profilini (MH60, TL54, Eppler 339 ve TsSAGI
%12) XFLRS programinda analizleriyle C./Cp oranina ve moment degerlerini incelemistir. En iyi C./Cp

oranlari iki kanat tipinde MH60’ta 5° ve TL54 ise 3° hiicum agilarinda elde edilmistir.

Prieto ve digerleri (2023) ¢aligmalarinda NACA-4412 kanadini farkli kanat uglarinda (diiz, trapez ve
harmanlanmig) olarak OpenFOAM programinda CFD (hesaplamali akigkanlar dinamigi) ve XFLR5’te
VLM (girdap kafes yontemi) karsilagtirilmig 6n tasarim ¢aligmalarinda harmanlanmig kanadin daha verimli
oldugu sonucu XFLR5 programu ile daha az maliyetli ve simiilasyon siiresi agisindan daha avantajli oldugu

sonucuna varmiglardir.

Sekil 3: ALTAY Kkanat profili.

ALTAY Kkanat profili SD-7037 kanat profili geometrik farkliliklar1 Cizelge 2’de belirtilmistir. ALTAY
kanadmin geometrisi kalinlik olarak SD-7037 kanadina gére %1,70 incelmis ve % 2,07 kamburlugu

artmistir.

Cizelge 2: SD-7037 ve ALTAY kanat profilleri.

Parametre oranlar SD-7037 ALTAY
Kalinlik oran1 (%) 9,20 7,50
Maksium kalinlik orani (%) 29,04 30,55
Kamburluk orani (%) 3,02 5,09
Maksimum kamburluk oran1 (%) 39,95 30,55

ALTAY ve SD-7037 kanat profillerinin 50.000; 150.000 ve 250.000 Reynolds degerlerinde ve
-5°’den 15° hiicum agisina kadar analizleri sonuglari Sekil 4’te gésterilmektedir. ALTAY kanat geometrisi
Re 50.000 ve 150.000 degerlerinde aerodinamik verimliligi daha iyiyken 250.000 degerinde aerodinamik

verimlilikleri benzerlik gostermektedir.
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Sekil 4: ALTAY ve SD-7037 kanatlarimin C./Cp degerleri.

Aytag ve digerleri (2023) ¢alismalarinda kanat geometrisin de gerekli kosullarda gerekli kamburlugu ve
diizliigii saglayabilmesi igin IHA’lar da kanat geometrisinin sekil degistirebilir olarak SOLIDWORKS
programinda tasarlayip, 3D yazicida iireterek XFLRS programindaki ¢aligmalarimi riizgér tiinelinde de

gergeklestirmislerdir. Kanadin kamburlastik¢a veriminin arttigi gérilmistiir.
2.2 Ansys Fluent

XFLRS analiz programinda yeni bir kanat olan ALTAY tasarimi ve 6n analizleri gerceklestikten sonra
XFLRS5 programina gore daha iyi bir altyapi ve icerige sahip olan ANSYS Fluent analiz programinda da
ALTAY ve SD-7037 kanadinin analizleri {i¢ farkli Re sayisinda 50.000; 150.000 ve 250.000 ve bes farkli
hiicum agisinda -5°; 0°; 5°; 10° ve 15° analizleri yapilmustir. Analizlerin gergeklesebilmesi i¢in sinir
kosullar1 olusturulmustur. Sekil 5’te riizgar tiinelinin x ve y eksenlerindeki boyutlar1 kanadin chord
uzunlugunu (kanadin x eksenindeki uzunlugu) referans alinarak hesaplanmistir. Kanal C tipi yapisiyla
110.000 ag yapisindan meydana gelmektedir. Kanadin chord uzunlugunun 12,5 kati olarak olgiiler

belirlenmistir. ALTAY kanadinin chord uzunlugu 200 mm’dir.

R1; Riizgar tiinelinde akig giris bolgesi 2.250 mm,

R2; Kanadin etrafinda hassas mesh elde edebilmek i¢in olusturulan bélge 800 mm,
H1; Riizgar tiinelinde daireden sonra dikdortgen geometrinin bolgesi 2.500 mm,

H2; Riizgar tiinelinin akis ¢ikis kisminda daha hassas mesh elde etmek igin olusturulan bélge 1.800 mm

Olcilerindedir.

Bu smir kosullart 6lgiilerine yani hava tlineline benzer olarak NACA-4415 ve NACA-0012 kanat
profillerinin akis analizlerinde chord uzunlugunun 12,5 kati olacak sekilde C tipi ag yapisiyla galigilmig
calismalarda vardir (Akdemir, 2021; Dilmag, 2024). Diger bir IHA ve kanat modeli ¢calismasinda NACA-

4412 kanat geometrisi chord uzunlugunun 15 kati olacak sekilde C tipi ag yapisiyla kanat eksenlerinde
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yogun mesh yapilar1 akis giris ve ¢ikis boliimlerinde ise az yogunlukta mesh, IHA modelini ise

dikdortgensel bir hava kanali kullanmiglardir (Zhao ve digerleri, 2019).

s00 3.000 ()
—
050 exy

Sekil 5: Riizgar tiinelinin yapis1 ve gergeklestirilen mesh ve aglari.

Yapilan galismada siir kosullari olarak tiinelin girisi, ¢ikisi ve Kanat yiizeyi se¢ilmistir. Sekil 5°te
gosterildigi gibi olusturulan ii¢ ayr1 bolgede de farkli mesh Slgiileri olusturulmustur. En yogun mesh kanat
etrafinda, ikinci en yogun mesh tiirbiilanstan dolay1 geri doniisler meydana gelir diye tiinel ¢ikisinda, en az
yogun mesh tiinel girisinde meydana getirilmistir. Meshlerde bir adet kanat etrafinda daha yogun mesh igin
dairesel alan (body sizing), ii¢ adet belirli bir kenar1 pargalara bélme (edge sizing), bir adet belirlenmis bir
yiizeyde ag olusturmak (face meshing) ve bir adette yiizeyi katmanli mesh (inflation) komutu uygulanmigtir.
Sekil 6’da ALTAY ve SD-7037 kanat profillerinin ¢ farkli Re sayisinda 50.000; 150.000 ve 250.000 ve

bes farkli hiicum agisinda -5°; 0°; 5°; 10° ve 15° analiz sonuglarinin egrisel grafikleri gosterilmektedir.

Re=5x10° Cl/Cd Re=15x10% Cl/cd

HUCUM AClsI

Re=25x10° Cl/cd

60
40
2
0
20
s | o 5

ALTAY Re=250000 (200mm) | -186 | 2620 | s057 | 279
SD7037 Re=250000 (200mm]| 483 | 2320 | 4504 | 3016

HUCUM ACISI

(©
Sekil 6: (a) Re=5x10* (b) Re=15x10* (c) Re=25x10* degerlerinde C/Cp degerleri.

369



Altay & Tiirkes / Sabit Kanatli I[HA 'da Kanat Geometrisinin Aerodinamikteki Etkileri

Sekil 7°de ki cizimlerde ALTAY-0020 D ve ALTAY-0020 T iHA’larinin olgiileri gosterilmektedir.
[HA’lara bu isimlerin verilmesinin sebebi ana kanatlar olan diiz ve trapez kanatlardan kaynaklanmaktadur.
Ana kanatlar ALTAY kanadi geometrisinde kuyruk kanatlar1 ise SD-7037 kanat geometrisinde
tasarlanmistir. Katt modele doniistiiriilen biitlin tasarimlar malzeme olarak termoplastik polimer yapida olan
PLA (Polilaktik Asit) yapisindadir. SOLIDWORKS programindan alinan kiitle 6zelliklerine gére; ALTAY-
0020 D IHA’s1 3,2 kg ve ALTAY-0020 T iHA’s1 ise 2,5 kg agirhigindadir.

200,00 660,00
2600
4 N\ / /’\Q’
g / A /,’Q\'
\ J (&

6000 -

300,00

ALTAY KANADI GEOMETRIST ‘ - y

300,00
SD7037 KANAT GEOMETRISI o .
‘_————-—_ ATTAY-0020 D ALTAY-000T

(@) (b)
Sekil 7: (a) Altay ve Sd-7037 kanatlar (b) Altay-0020 D ve Altay-0020 T IHA geometrileri

Sl gt

100,00

SOLIDWORKS &grenci programinda tasarlanan ALTAY-0020 D ile ALTAY-0020 T {HA’lar1 ilk olarak
step formatinda ANSY'S programina ylikleme yapilmistir. Sonuglarin ve analizlerin dogru olabilmesi i¢in
tasarimlar bir¢ok parca montaj edilmis sekilde degil de tek kat1 govde olarak tasarlanmistir. Analizler i¢in
IHA modelinin gévdesini ¢evreleyerek Enclosure komutu ile silindirik bir riizgar tiineli tasarlannmustir.
Tasarlanan riizgar tiinelinin 6lgiileri Sekil 8’de Al, A2, A3 ve R3 olarak verilmistir. Bu isimlendirilen
harflerin 6lgiileri su sekildedir; Silindir ¢apt R3 1.000 mm, silindirin bastan basa uzunlugu A1 3.000 mm,
IHA’ nin kuyrugundan silindir ucu (hava girisi) mesafesi A2 2.000 mm, IHA nin kuyrugundan silindir ucu
(hava ¢ikis1) A3 1.000 mm O&lgiilerinde tasarlanmistir. Tiinelin icine yerlestirilen IHA’lar Boolean

komutuyla tasarlanan riizgar tiineli modelinden THAlarin govdesi ¢ikarilmustir.

Sinir kosullar1 Sekil 8°de gosterildigi gibi tiinelin bir tarafi giris (inlet), diger tarafi ¢ikis (outlet), tiineli boyu
(wall), THA gdvdesi Altay-0020 D ve T olarak belirlenmistir. Her iki IHA da tiinel i¢inde 501.980 ag
yapisindan meydana gelmektedir. Sonu¢ asamasinda viskoz model olarak k-omega SST modeli
kullanilmistir. Akiskan olarak kullanilan hava dzellikleri p = 1,225 (kg/m®), p = 1,5111E-05 (kg/(m/s)).

Bu aragtirma makalesi gibi silindirik hava tiineline benzer ¢aligmalar deneysel ve bilgisayar destekli analiz

programlarinda modelleyerek yapilmaktadir (Zhou ve digerleri, 2023; Aboelezz ve digerleri, 2020).
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1,000 (m) o 1000 (m)
0,550 0500

Sekil 8: Altay-0020 D ve Altay-0020 T IHAlarina Uygulanan Mesh yapisi.

Sekil 8’de gosterilen riizgar tiinelinde 15,5 m/s hava hizinda IHAlarin gévde ve kanatlarmin iizerlerinde
meydana gelen basing ve hiz degerlerinin en iyi sonuglandigi 5° hiicum agisindaki basing ve hiz bolgeleri
Sekil 10’da gosterilmektedir. Olusan basing ve hiz degerlerinden de goziiktiigii gibi en diisiik basinglar ana
kanat (ALTAY) iizerinde olugsmaktadir. Trapez kanadin diisiik basing degerleri diiz kanada gore kanat
ucuna daha ¢ok ilerlemistir. Basinglar1 IHA nin gévde ve kanatlari iizerinden elde ederken, hiz degerlerini

ise IHA ’nin tam ortasindan bir adet yiizey atayarak bu yiizey iizerinden degerler elde edilmistir.

1e+003, Ansys
N 20241
a0 A\ STUDENT
1e-02
1e-03:
1e-04
1e-05:
e-06]
e-07.
1e-08 = e
1e-0!
0 50 100 150 200 250 300 350 400
Iterations
continuity x-velocity — y-velocity — z-velocity k omega
120000, Ansys oo, Ansys
202401 224R1
100004 STUDENT 0] STUDENT
|
o] mooo‘
09500{
900004
090001
T 80000] | z
< £ 085001
2 70000} 5 |
08000]
60000
| 075004
500004 070004
40000] 065001
0000 0.6000-
0 50 00 150 200 250 300 350 400 0 50 00 50 20 250 300 350 400
iteration iteration
~d —cd ‘

Sekil 9: (a) k-omega SST modeli iterasyon egrisi, (b) kaldirma kuvveti egrisi, (c) siirtiinme kuvveti egrisi.
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Sekil 9°da ANSYS Fluent programinda Sekil 8’de ki mesh yapisina k-omega SST modelinde 400
iterasyonla bu makale calismasinda yapilmis bir analiz gériilmektedir. ALTAY-0020 T IHA’sinin 15,5 m/s
hava hizinda, 5° hiicum agisindaki C, degeri 11,261 (N), Cp degeri 1.0416 (N) sonuglart alinmigtir. C,/Cp
elde edilen deger Cizelge 3’te 5° hiicum agisinda gosterildigi gibi 10,8 dir. Diger tiim analizler de gerekli
sinir sartlarma gore bu sekilde hareket edilerek gergeklestirilmistir. Sekil 9°da Iterasyon degeri yaklasik
olarak 200 degerlerindeyken C. ve Cp egrileri kendini sonug degerine sabitlemistir. Sekil 9 (a)’da egriler
diizenli olarak asagiya dogru inis gostererek analizin sonucunun yakinsayarak ilerledigi gézlemlenmektedir.

Egrilerde asagi-yukari dalgalanmalar gibi kararsiz davranislarla bu ¢alismalarda karsilagiimamustir.

1.591e+01

1.061e+01

5.304e+00

0.000e+00
[m s™-1]

(b)

Sekil 10: (a) ALTAY-0020 D ve (b) ALTAY-0020 T IHA larinin 5° hiicum agisinda 15,5 m/s hava hizindaki basing
ve hiz degerleri.

Cizelge 3’te ALTAY-0020 D ile ALTAY-0020 T IHA’larimin 15,5 m/s hizindaki bes farkli agidaki C/Cp
degerleri egrisel olarak gosterilmektedir. Bu ¢alismada 15,5 m/s hiz sartlarinda yapilmasiyla en yiiksek

Re= 250.000 degerine uygun analizlerin gergeklestirilmesi saglanmustir.

Diisiik Reynolds sayilarinda gerceklestirilen benzer bir calismada da SD-7037 kanath sabit kanatli I[HA nin
ANSYS Fluent programinda 10; 20; 30 ve 40 (m/s) hava hizlarinda 0°; 2° ve 5° hiicum agilarinda bu makale
caligmada sonuglanan Sekil 10 ve Sekil 11°de gosterildigi gibi kanat ve govde iist bolgesinde yiiksek hiz
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diisiik basing ayn1 zamanda kanat ve govde alt bolgesinde diisiik hiz ve yiiksek basing degerleri yer almakta

ve en iyi C/Cp degerine 0° hiicum agisinda ulasmiglardir ( Ramanan, Krishnan ve Ranjan, 2021).

Sekil 10 ve Sekil 11°de THA kanat ve govdelerinde meydana gelen basing ve hiz dagilimlart Bernoulli
prensibine ele alarak alt bolgelerde diisiik hiz yiiksek basing ve iist bolgelerde yiliksek hiz diisiik basing
gostererek yapilan bu makalenin ¢alismasini dogrulamaktadir (Cengel ve Cimbala, 2006).

Sekil 11: ALTAY-0020-T THA’sinin -5°; 0°; 5°; 10° ve 15° hiicum a¢isinda 15,5 m/s hava hizinda ki basing ve
hiz degerleri.
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3. SONUC

Yapilan galigmalar diisitk Reynolds sayilarinda kanat geometrisinin degisiminin aerodinamik 6zelliklerden
biri olan C./Cp sayisinin lizerinde meydana gelen etkileri incelemek i¢in ii¢ kanat tipinin (NACA-0012,
NACA-4415 ve SD-7037) XFLRS5 programinda ii¢ farkli Re (5x10% 15x10* ve 25x10%) analizleri sonucu
SD7037 kanadinin bu ¢alisma kosullarinda daha verimli oldugu tespit edilmistir. XFLRS programindan
elde edilen bu sonuclara gore Re sayisi arttikgca SD-7037 kanadi ALTAY kanadina gore verimliligi daha
fazla bir artig gostermekte ama ALTAY kanadi SD-7037 kanadina gore Re (5x10% 15x10* ve 25x10%)
degerlerinde daha verimli oldugu tespit edilmistir. ALTAY kanadi SD-7037 kanadina gore %1,7 daha ince

ve %2,07 oraninda daha kambur bir 6zellige sahiptir.

ANSYS programinda ALTAY ile SD-7037 kanatlarinin Re (5x10%, 15x10* ve 25x10%) sayilarinda chord
uzunlugunun 200 mm 6lgiilerinde (Bkz. Sekil 6)’da 5°; 0°; 5°; ve 15° hiicum agilarinda ALTAY kanadinin
Cu/Cp degerinin SD-7037 kanadina gore daha iyi degerlerde oldugu, 10° hiicum agisinda ise SD-7037
kanadinin daha iyi degerlerde oldugu tespit edilmistir.

XFLR5 ve ANSYS Fluent programlarinda Re (5x10%, 15x10* ve 25x10*) degerlerinde en iyi C./Cp sayisi

5° hiicum agisinda en verimli oldugu agidir.

ANSYS Fluent programinda ALTAY-0020 T IHA’s1 ALTAY-0020 D’ye gore Cizelge 3’te gosterildigi gibi
daha iyi sonuclar vermektedir. Her iki IHA iginde Ci/Cp degerleri -5° hiicum agisinda negatif degerlerde,
5° hiicum agisma kadar artis gostermekte ve 5° hiicum agisindan sonra 15° hiicum agisina kadar diisiis

gostermektedir.

Cizelge 3: ALTAY-0020 D ile ALTAY-0020 T IHA’larinin 15,5 m/s hizindaki bes farkli agidaki C/Cp degerleri.

»ALTAY-0020 D
ALTAY-0020 T

HUCUM AGISI

*ALTAY-0020 D ALTAY-0020 T

Diisiik Reynolds sayilarinda yapilan diger ¢alismalarda da 0°; 5°; 10° ve 15° hiicum agilarindan elde edilen

grafikler Cizelge 3’te ki elde edilen grafik ile benzerlik gostermektedir (Gorgiilii, Ozgiir ve Kose, 2021).
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Kanatlar ve tasarlanan IHA’lar iizerinde 15° hiicum agisinda hava akiskaninimn yiizey iizerinden erken

ayrilmalara bu sebeple donen diizensiz akiskan yapilari (vorteks) ve tlirbiilanslar olugsmaya baglamustir.
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ABSTRACT

The study proposes the development of a digital twin model for the rolling process. This virtual
representation allows for the investigation of how various rolling parameters influence the quality of the
final product. By employing finite element analysis (FEA), the model can simulate the rolling process under
different conditions.

Specifically, the study focuses only workpiece material which includes aluminum alloy (Al2024) for digital
twin scenario. Through simulations, critical parameters like the Z-force exerted on the workpiece can be
determined and compared. This enables researchers to evaluate different scenarios and identify optimal
rolling conditions without the need for costly physical experiments.

In this way, optimal rolling conditions can be determined without the need for costly physical experiments,
and production processes can be improved. It can be said that the digital twin model is an important tool for
more efficient and productive production in the rolling industry. In particular, digital twin models supported
by FEA offer a groundbreaking approach to production by simulating the complexities of rolling processes
in detail. Thus, production processes can be optimized, product quality can be increased, costs can be
reduced, and more sustainable production can be achieved. The digital twin is becoming an indispensable
tool for more efficient and productive production in the rolling industry.

Keywords: Rolling; Friction coefficient; Roller Diameter; Finite element analysis; Digital twin.

Haddelenme Siirecinde Malzeme Davramisinin Dijital ikiz Temelli incelenmesi
oz
Calisma, haddeleme siireci i¢in bir dijital ikiz modelinin gelistirilmesini 6nermektedir. Bu sanal temsil,

cesitli haddeleme parametrelerinin son {riiniin kalitesini nasil etkiledigini incelemeye olanak tanir. Sonlu
elemanlar analizi (SEA) kullanilarak model, farkli kosullar altinda haddeleme siirecini simiile edebilir.

Ozellikle calisma, dijital ikiz senaryosu i¢in aliiminyum alasim (Al2024) iceren yalnizca is parcasi
malzemesine odaklanmaktadir. Simiilasyonlar yoluyla, is parcasina etki eden Z-kuvveti gibi kritik
parametreler belirlenebilir ve karsilastirilabilir. Bu, arastirmacilarin farkli senaryolar1 degerlendirmelerine
ve pahali fiziksel deneylere gerek kalmadan optimum haddeleme kosullarini belirlemelerine olanak tanir.

Bu sayede, pahali fiziksel deneylere gerek kalmadan, optimum haddeleme kosullar1 belirlenebilecek ve
iretim siiregleri iyilestirilebilecektir. Dijital ikiz modelinin, haddeleme endiistrisinde daha etkin ve verimli
{iretim igin énemli bir arag oldugu sdylenebilir. Ozellikle, SEA ile desteklenen dijital ikiz modelleri,
haddeleme siireclerindeki karmasikligi detaylandirilmis bir sekilde simiile ederek, iiretimde ¢ig1r agici bir
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yaklasim sunmaktadir. Boylece, iiretim siirecleri optimize edilerek, {iriin kalitesi artirilabilir, maliyetler
diisiiriilebilir ve daha siirdiiriilebilir bir iiretim gergeklestirilebilir. Dijital ikiz, haddeleme endiistrisinde daha
etkin ve verimli iiretim i¢in vazgecilmez bir arag haline gelmektedir.

Anahtar Kelimeler: Haddeleme; Siirtiinme katsayisi; Hadde ¢ap1; Sonlu elemanlar analizi; Dijital ikiz.

*Corrseponding Author: Kadir Gok 378
kadir.gok@bakircay.edu.tr



Gok & Esen | A Digital Twin-Based Study of Material Behaviour in the Rolling Process

1. INTRODUCTION

Rolling can be defined as the sizing or forming of the workpiece by the effect of the compression by passing
between at least two rollers rotating in opposite directions around their axes. Rolling is one of the most
important plastic forming methods. The plastic forming process can be defined as the production without a
mass or chemical change of products (Capan, 2010; Kayali, 1995). During rolling, the rollers rotate at the
same speed and opposite direction to each other. The workpiece is shaped to the desired geometry as it
passes through the rollers. The rolling process is classified into two groups as cold and hot rolling. If the
rolling process performs above the recrystallization temperature of the workpiece, it is called hot rolling. If
the rolling process performs below the recrystallization temperature of the workpiece, it is called cold
rolling. In hot rolling, large deformations of the workpiece occur. The main purpose is to form the
workpiece. In cold rolling, the purpose is to shape the workpiece as well as to increase strength by the strain
hardening of the workpiece during the process and to give the final forming of the product. The surface
quality and dimensional tolerance values of the products produced by cold rolling are very high (Groover,
2010). In order to produce the final product of desired quality after the rolling process, rolling parameters
should be determined in the best way. These parameters are the friction coefficient, the structure of the
workpiece, the diameters of the rollers, the rolling speed, the rolling temperature, and they are among the
most important factors determining product quality. All of these parameters are generally designed from
prior experience. However, since rolling systems are costly systems, the smallest error in the design of
rolling systems leads to serious cost loss. It is very important to know or predict in advance how these

parameters affect the rolling system.

Computer aided finite element analyses (FEA) and computational fluid dynamics (CFD) were used to solve
mechanical properties of processes, simulations of COVID-19 and other infections and optimal
configuration of implant materials (Gok et al., 2014; Gok, 2015; 2021a; 2021b; Gok & Gok, 2024; Gok,
Gok & Kisioglu, 2019; Gok et al. 2019; Gok, Selguk & Gok, 20121; Pirhan, Gok & Gok, 2020).

This study proposes the development of a digital twin model to simulate the rolling process. By leveraging
FEA, the model can accurately predict the behaviour of the work piece under various rolling conditions.
Key parameters such as friction coefficient can be systematically varied to assess their impact on the final
product quality. Specifically, the study focuses only on commonly (Gok et al., 2014; Gok, 2015; 2021a;
2021b; Gok & GOk, 2024, Gok et al., 2019a; Gok et al., 2019b; Gok et al., 2021; Pirhan et al., 2020) used
work piece material which includes aluminium alloy (Al2024), Through simulations, critical parameters
like the Z-force exerted on the workpiece can be calculated and compared. This allows for the identification
of optimal rolling conditions without the need for costly physical experiments. By employing a digital twin
approach, researchers can significantly reduce time and cost associated with traditional experimental

methods while gaining valuable insights into the rolling process.
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2. ROLLING PROCESS

Rolling, which is one of the mass forming methods, is a process of plastic forming which is defined as
resizing or forming the workpiece by passing between two rollers, which rotate in opposite direction to each
other and which are called rollers. Figure 1 is a schematic representation of the rolling process.

Direction of Roller
Rotation il

Direction of
Movement

Inlet Outlet

Figure 1: Schematic representation of the rolling process

2.1 Forces in Rolling Process

During the rolling process, two different fundamental forces act on the workpiece. As shown in Figure 2,
these forces are the radial force (Pr) and the tangential friction force (Fs). Pr can be defined as rolling force
or compression force. Fs is defined as the frictional force that occurs along the arc in which the workpiece
and the roller contact. The force Fs is critical for the start of the rolling process. Fs can be calculated by
multiplying Pr and friction coefficient (u) in Eq. 1. When the horizontal components of the forces Pr and Fs
shown in Figure 2 are examined, three different situations arise. These situations are explained by equations
(2), (3) and (4).

Figure 2: Forces during the rolling process
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Fs=N.p Q)
Fs.cos0 > Pr.sin0 ise p > tanf 2
Fs.cos0 = Pr.sin0 ise p = tanf (©)]
Fs.cos0 < Pr.sin0 ise p <tan6 (@)

When the equations and Fig. 2 are examined, the condition in Eq. (2) is required to start the rolling process.
In other cases, the workpiece cannot be pulled between the rollers. The workpiece is pushed back from the
rollers and the rolling process cannot start due to insufficient friction force (Capan, 2010; Esen, 2019;
Groover, 2010; Kayali, 1995).

3. MATERIALS AND METHODS

In this study, the different rolling parameters were analyzed and it was aimed to find optimum rolling
parameters and to investigate how these parameters affect the rolling process by using FEA. The process
parameters were given in Table 1. During the analysis, the thickness of the workpiece with dimensions of
500 x 230 was reduced from 25.4mm to 20.3mm by cold rolling method. The rolling system was modeled
in Solidworks in three dimensions. As a finite element program, Simufact Forming program, which is

powerful especially in the field of plastic forming, was used (Figure 3).

Table 1: Process parameters

Friction
coefficient Material Types | Roller Diameters
0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

Al2024 610mm
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Figure 3: a) 3D modeling of rolling system b) Finite element model

4. NUMERIICAL ANALYSIS

Numerical analyzes were performed using FEA and the results were examined according to friction
coefficient, material type and roller diameter. In the Simufact Forming program, the vertical component of
the rolling force shown in Figure 4 was compared. The vertical component of the rolling force is called the

Z Force.

3

>
\~
o{\\

F.. cos0 _'_i

| P Zforce. Fs _ﬁi_v___.~

L
=X

Figure 4: Representation of Z Force

4.1. Effect of Friction, Material, and Roller Diameter on the Rolling Process

A digital twin model was utilized to investigate the influence of the friction coefficient on the rolling
process. Simulations were conducted for the Al2024 material with varying friction coefficients (0.1-1.0).
Results indicated that increasing the friction coefficient generally leads to higher Z-force. These findings
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align with previous studies and provide valuable insights for optimizing rolling processes and material
selection (Figure5). When the numerical analyzes made for three different materials according to the friction
coefficients are examined, it is seen that as the value of the friction coefficient increases, the force Z is
increased. Gunasekera et al. (1998) have shown that the results are in this direction. In addition to these
results, it was found that p value does not affect Z Force after a certain value. When the graphs are examined,

the optimum value of the friction coefficient can be taken as 0.3.
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Figure 5: Z Force varition at different friction coefficients for Al2024

4.2. Proposal of a digital twin model for Rolling process

A digital twin is a virtual replica of a real-world entity, such as a product, system, or process. This digital
counterpart enables various applications, including simulation, integration, testing, monitoring, and
maintenance. Originally conceived as a cornerstone for Product Lifecycle Management, digital twin
technology is now poised to revolutionize precision medicine by facilitating personalized diagnoses and
treatments (Grieves, 2002; T. Sun, He, & Li, 2023). Figure 6 illustrates a practical application of digital
twin technology. On the other study presented a method to improve manufacturing quality by using a digital
thread to analyze product data and adjust production steps accordingly (Liu, et al., 2023). Another paper
aimed to improve the performance of hot rolling process control systems by using a digital twin to analyze
system performance, identify issues, and optimize controller parameters (Sun, et al., 2024). Another paper
aimed to reduce vibration in a continuous rolling mill by using a digital twin to optimize process parameters

and improve real-time data accuracy (Hu et al., 2024). The paper aimed to improve the quality and efficiency
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of roll forming processes by developing a digital twin model and a product-oriented feature data

management framework to analyze complex data and optimize process parameters (Ren et al., 2024).

Digital twin technology offers significant potential to optimize key parameters in rolling processes, such as
friction coefficient, temperature, speed, and pressure, enhancing both efficiency and product quality. By
simulating these parameters, the digital twin helps understand complex deformation mechanisms; for
instance, increasing the friction coefficient raises the Z-force on the workpiece, but this force eventually
saturates. Through virtual testing, digital twins reduce energy consumption, improve surface quality, and
minimize material waste. Thus, digital twin technology is crucial for creating more sustainable and high-

quality rolling processes.

Pyhsical Environment Digital Twin

Figure 6: Application of digital twin technology

Results indicated that increasing the friction coefficient generally leads to higher Z-force, aligning with
previous studies. However, the model also revealed a saturation point, beyond which further increases in
the friction coefficient did not significantly affect the Z-force. Importantly, the digital twin model can be
used to predict the induced stresses and strains within the material, allowing for analysis of potential fatigue
and wear. By optimizing the friction coefficient, it is possible to minimize these effects and extend the
lifespan of the rolling mill components. The model's ability to simulate real-world conditions and predict
the impact of process parameters makes it a valuable tool for improving the efficiency and durability of

rolling processes.
5. CONCLUSION

This study investigates the influence of key rolling parameters, such as the friction coefficient on the
deformation behavior of the workpiece during the rolling process. A digital twin model, supported by FEA,

was employed to simulate the complex deformation mechanisms and predict the resulting stress and strain
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distributions within the workpiece. The study found that as the friction coefficient increases, the Z-force
exerted on the workpiece also increases, but beyond a certain critical friction coefficient value, the Z-force
tends to saturate. The optimal friction coefficient range was determined to be between 0.2 and 0.4 for all
materials considered. The digital twin model proved valuable in optimizing the rolling process, reducing
energy consumption, and improving product quality by simulating various scenarios. This study provides
valuable insights for developing more efficient and sustainable rolling processes for a wide range of

materials.

Digital twin technology shows great promise for future manufacturing by enabling detailed simulations that
optimize production parameters. This study demonstrates how digital twins can reduce energy consumption,
improve material efficiency, and enhance product quality by analyzing the effects of friction on deformation
in the rolling process. With capabilities to simulate and validate complex mechanisms, digital twins are set

to become essential tools, supporting more efficient, sustainable, and innovative manufacturing methods.
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0z

Giineslenme siiresi, insan saghgi, tarim, ¢evre, ekosistem, iklim degisikligi, mimarlik ve giines enerjisi
alanindaki stirdiirtilebilirlik ¢aligmalar igin 6nemli bir meteorolojik parametredir. Bu parametre, kentsel
binalarin giines enerjisi potansiyelinin analizi i¢in degerli bir veri kaynagidir. Ug boyutlu (3B) sanal bina
modelleri, kentsel planlama siirecinde giines enerjisi ¢alismalarini destekleyerek daha dogru ve gorsel olarak
net simiilasyonlar saglarlar. Bu ¢aligmada, Tavsanli Fizik Tedavi ve Rehabilitasyon Hastanesi’nin 3B sanal
modeli kullanilarak, kis ve yaz giindéniimii (21 Aralik ve 21 Haziran) tarihleri ile ekinoks (21 Mart ve 23
Eyliil) tarihlerinde binanin ¢at1 ve cephe yiizeylerindeki giineslenme siiresinin mekansal-zamansal analizi
gergeklestirilmistir. Calisma alani igerisinde, en uzun giineslenme siiresinin yaz giindéniimiinde, en kisa
giineslenme siiresinin kig giindoniimiinde gergeklestigi, ilkbahar ve sonbahar ekinokslarinda benzer giines
15181 kosullarinin yasandigi tespit edilmistir. Calisma, kamu binalarinin 6nemli bir bilegeni olan hastanelerde
gelecekteki enerji tasarrufu tasarimlarina rehberlik etmek igin gelismis 3B simiilasyon araglarini kullanarak
stirdiiriilebilir kentsel planlama ve ¢evre koruma gibi daha genis hedeflere katkida bulunmaktadir.

Anahtar Kelimeler: Siirdirilebilir bina; 3B modelleme; Giineslenme siiresi; Mekansal-zamansal dagilim

A Study on 3D Modeling and Simulation of Sunshine Duration for Sustainable
Buildings

ABSTRACT

Sunshine duration is an important meteorological parameter for sustainability studies in the fields of human
health, agriculture, environment, ecosystem, climate change, architecture and solar energy. This parameter
is a valuable data source for the analysis of the solar energy potential of urban buildings. Three-dimensional
(3D) virtual building models provide more accurate and visually clear simulations by supporting solar
energy studies in the urban planning process. In this study, a spatio-temporal analysis of the insolation time
on the roof and facade surfaces of the building on the winter and summer solstice dates (December 21 and
June 21) and the equinox dates (March 21 and September 23) was performed using a 3D virtual model of
Tavsanli Physical Therapy and Rehabilitation Hospital. Within the study area, it was determined that the
longest insolation period occurred during the summer solstice, the shortest insolation period occurred during
the winter solstice, and similar sunlight conditions were experienced during the spring and autumn
equinoxes. The study contributes to broader goals such as sustainable urban planning and environmental
protection by using advanced 3D simulation tools to guide future energy-saving designs in hospitals, a key
component of public buildings.

Keywords: Sustainable building; 3D modeling; Sunshine duration; Spatiotemporal distribution
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1. GIRiS

Giineslenme siiresi, belirli bir siire boyunca giines 151g1m1in yiizeye ilettigi toplam enerjiyi dlgen temel bir
gostergedir (Almorox & Hontoria, 2004). Diinya Meteoroloji Orgiitii'ne gére, belirli bir periyottaki
giineslenme siiresi, dogrudan giines radyasyonunun 120 W/m?yi astig1 zaman olarak tanimlanmaktadir
(Mohandes & Rehman, 2013). Kiiresel 1sinmayi1 ve enerji krizini hafifletmek icin giines enerjisi
kaynaklariin gelistirilmesi ve kullanilmasi biiyiik 6nem tagimaktadir (Matzarakis & Katsoulis, 2006). Bu
baglamda giineslenme siiresi, giines radyasyonunun tahmini (Gassar & Cha, 2020; Ismail & Al, 2022;
Uckan & Khudhur, 2022; Thapar, 2023; Pashiardis, Pelengaris & Kalogirou, 2023; Vernet & Fabregat,
2023; Teyabeen, Elhatmi, Essnid & Mohamed, 2024; Yiizer & Bozkurt, 2024;), halk saglig1 (Jaworeck &
Kriwy, 2021; Fu & Wang, 2023; Kaur, Kok, Jamil & Sebayang, 2024) ve tarim (Guo, Dai, Liu, Wu, Liu &

Liu, 2020; Song & Jin, 2020) odakli arastirmalar i¢in 6nemli bir meteorolojik unsur olarak kabul edilir.

Stirdiiriilebilir binalar, birincil enerji kullanimini azaltmak ve yerinde yenilenebilir enerji iiretmek icin glines
enerjisi stratejilerini kullanmalidir. Binalarin enerji performansina iliskin 210/31/EU sayili Avrupa direktifi,
tim yeni binalarin neredeyse sifir enerjili binalar (nZEB) olmasini, yani yerel kaynakli yenilenebilir
enerjinin artan katkisiyla yiiksek enerji performansi sergilemesini gerektirmektedir (Czachura, Kanters,
Gentile, & Wall, 2022). Kentsel ortamlarda yeterli giines enerjisi erisimi, nZEB'e ulagsmada etkili olan enerji
verimliligi stratejilerini destekler (Bucking, Zmeureanu & Athienitis, 2014). Giines 15181 1sitma, sogutma,
aydinlatma ve yerinde enerji liretimi gibi bina performansinin temel yonlerini etkiler (Kanters & Wall,
2014). Ug boyutlu (3B) sehir modelleri, 3B mekandaki giines 15181 potansiyelinin degerlendirilmesini
destekleyerek daha dogru ve gorsel olarak net simiilasyonlar saglar (Kole¢ansky, Hofierka, Boglarsky &
Supinsky, 2021).

Literatiirdeki onceki caligmalar, giineslenme siiresinin 6l¢iilmesi (Rocha, Fernandes, Santos, Diniz, &
Junior, 2020; Zhou, Quan, Wang, Li, Li, & Zhao, 2021; Owczarek & Malinowska, 2023), giineslenme
stiresinin tahmin edilmesi (Mohandes & Rehman, 2013; Kaba, Kandirmaz & Avci, 2017), glineslenme
stiresinin mekéansal ve zamansal degisimlerinin modellenmesi (Ahmadi & Ahmadi, 2019; Bartoszek,
Matuszko & Weglarczyk, 2021; Tang, Zhu, Wei, Zhao, Wu & Tian, 2022; Li, Xia, Jiang, Xu, Wen & Xu,
2024), yerlesim alanlarinda giineslenme siiresinin 3B analizi (Du, Ning & Yan, 2020; Huang, Li, & Zhuang,
2021; Ozdemir & Cakmak, 2024) ve kentsel yapi tasariminda giineslenme siiresinin optimizasyonu
(Karagiiler & Sterler, 2022; Chen, You, Shu & Huang, 2024; Li, Peng, Xu & Li, 2024) iizerine

odaklanmustir.

Literatiir incelendiginde, 6nceki arastirmalarda, diinya ¢apinda bina sektoriiniin enerji tiiketimini azaltmak
icin kapsamli arastirmalar yiiriitiilmiistiir. Ancak, aragtirmalarin c¢ogu ticari ve konut binalarina

odaklanirken, bu binalara nazaran genellikle daha yiiksek enerji tiikketimini iceren kamu binalar1 yeterli ilgiyi

388



Uslu & Tugcu | Siirdiiviilebilir Binalar I¢in Giineslenme Siiresinin 3B Modellenmesi ve Simiilasyonu Uzerine Bir Arastirma

gormemistir. Kamu binalarinin 6nemli bir bileseni olan hastanelerde enerji tiiketimi, karmasik bina
fonksiyonlari, teshis ve tedavi i¢in kullanilan elektrikli ekipmanlarin ¢oklugu ve uzun calisma saatleri
nedeniyle yogundur. Hastanelerin enerji tiikketiminin diger kamu binalarinin 1,6 - 2,0 kat1 oldugu tahmin
edilmektedir. Bunedenle, kiiresel 1sinmaya uyum saglamak ve 2030 yilina kadar karbon emisyonu zirvesine
ve 2060 yilina kadar karbon nétrliigli hedeflerine ulagilmasina katkida bulunmak icin hastanelerdeki enerji

tiikketimini azaltmak oldukca 6nemlidir (Shi, Yan, Li & Li, 2021).

Bu ¢alismada, bir saglik tesisinin 3B sanal modeline dayali olarak cat1 ve cephe yiizeylerindeki giineslenme
sliresinin modellenmesi amaglanmistir. Bu kapsamda, Sketchup yazilimi ile Tavsanli Fizik Tedavi ve
Rehabilitasyon Hastanesi’nin mimari projesi iizerinden 3B modeli olusturulmus ve ardindan 3B model
Autodesk Forma yazilimina aktarilarak bina zarfindaki her noktanin aldig1 gineslenme siiresinin, kis ve yaz
giindontimleri (21 Aralik ve 21 Haziran) ile ekinoks tarihlerindeki (21 Mart ve 23 Eyliil) mekansal

dagilimlarinin simiilasyonu ger¢eklestirilmistir.

Bu ¢aligma, bir mahalle veya bina 6l¢eginde giines enerjisi projesi planlama, fizibilite ¢alismalar yiiriitme
ve 3B uygulamalar gelistirme iizerinde ¢alisan arastirmacilara ulasmayr hedeflemekte, 3B giines 15181
potansiyeli degerlendirmesi i¢in referans olusturabilecek entegre bir yaklasim sunmaktadir. Bununla birlikte
calisma, hastanelerde gelecekteki enerji tasarrufu tasarimlarina rehberlik etmek igin gelismis simiilasyon
araclarim kullanarak siirdiiriilebilir kentsel planlama ve ¢evre koruma gibi daha genis hedeflere katkida

bulunmaktadir.

2. MATERYAL VE METOT
2.1. Calisma Alani

Bu aragtirmada calisma alani olarak Kiitahya ili Tavsanli ilgesinde yer alan Tavsanli Fizik Tedavi ve
Rehabilitasyon Hastanesi belirlenmistir. 18 Agustos 2021 tarihinde hizmete agilan hastane, 15.672 m?parsel
alam i¢inde 3.855 m? taban alanina, 16.510 m? kapali alana ve 110 araglik agik otopark alanina sahiptir.
Hastanede; 57 tane hasta odasi, 75 tane hasta yatagi, rehabilitasyon ve egzersiz alanlari, 2 tanesi biiyiik 4
tanesi kiigiik tedavi havuzlari, 18 tane elektroterapi cihazi, kisa dalga radar, ESWT, CPM, Laser cihazi,
Parafin banyosu, Whirpool, Gradyan banyosu, 4 kap Galvani, Hot pack, Cold pack ve TENS’ler
bulunmaktadir. Hastane, rehabilitasyon alanlarinda ¢ark, merdivenler, parmak merdiven, rampalar, aktif
trombolin, ergonomik bisikletler ile hizmet vermektedir. Ayrica hastanenin igerisinde kronik ruhsal
hastaliklart bulunan hastalara yonelik, psikososyal destek hizmetlerinin verildigi, takiplerinin ve
tedavilerinin yapildigi Toplum Ruh Sagligi Merkezi de bulunmaktadir (Trhastane, 2024). Sekil 1°de ¢alisma

alanin cografi konumu gosterilmektedir.
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== Calisma Alani
L 74

-

Sekil 1: Cahma alanmin cografi konumu.

Tavsanl’nin yillik giineslenme siiresi 2584 saat, yillik giines 1sinim de@eri 1464 kWh/m?-y1l, giinliik
ortalama giineslenme siiresi 7,08 saat ve giinliik ortalama 1s1mim degeri 4,01 kWh/m?-giin’diir (EIGM,
2024). Bu veriler dikkate alindiginda Tavsanl ilgesi, glines enerjisi alaninda yatirim yapmaya uygundur
(Tugcu, 2023).

2.2. Calismanin Materyalleri

Tavsanli Fizik Tedavi ve Rehabilitasyon Hastanesi’nin 3B modelinin olusturulmasinda SketchUp yazilimu,
kis - yaz glindoniimleri (21 Aralik ve 21 Haziran) ile ekinoks tarihlerindeki (21 Mart ve 23 Eyliil) giines
yoriingesi diyagraminin 3B gosterimi igin Dr. Andrew Marsh tarafindan gelistirilen 3B giines yoriingesi
yazilimi (3DSP) kullanilmistir. 3B yap1 modeli zarfindaki her noktanin aldig1 glineslenme siiresinin 21
Aralik, 21 Haziran, 21 Mart ve 23 Eylil tarihlerindeki mekéansal dagilimlarinin simiilasyonu Autodesk

Forma yaziliminda gergeklestirilmistir.

Trimble Navigation sirketine ait olan SketchUp, mimari tasirim, i¢ mekan, mobilya, peyzaj, endiistri

trtinleri, film ve oyun tasarim i¢in kullanilan 3B modelleme yazilimidir. Kullanici dostu olmasi, 3B
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¢izimler olusturmak i¢in milkemmel araylize sahip en etkili yazilimlardan biri olmasi, ¢esitli analizler igin

gliclii araglara ve eklenti havuzuna sahip olmasi, veri alimi ve veri aktarimi bakimindan diger yazilimlarla

uyumlu olmasi avantajiyla ¢alisma alaninin 3B modellenmesinde SketchUp yazilimi tercih edilmistir.

Autodesk Forma, daha siirdiiriilebilir bir yapilagsmis g¢evre i¢in glineslenme siiresi analizi, giin 15181
potansiyeli analizi, riizgar analizi, mikro iklim analizi, gémiilii karbon analizi, giiriiltii analizi ve gilines
enerjisi analizi uygulamalar1 igin kullanilan yapay zeka destekli araglar sunan bir bulut yazilimidir.
Kullanimmnin kolay olmasi, giiglii analiz araglari ile ilgili uygulamalar i¢in hizli sonuglar sunmasindan

dolay1 ¢aligma alaninin giineslenme siiresinin modellenmesinde Autodesk Forma tercih edilmistir.

2.3. Calismanin Yontemi

Calisma, Tavsanli Fizik Tedavi ve Rehabilitasyon Hastanesi’nin 3B modellenmesi, kis - yaz giindoniimleri
(21 Aralik ve 21 Haziran) ile ekinoks tarihlerindeki (21 Mart ve 23 Eyliil) 3B giines yoriingesi diyagraminin
gosterimi, 3B yap1 modeli zarfindaki her noktanin aldig1 giineslenme siiresinin 21 Aralik, 21 Haziran, 21
Mart ve 23 Eyliil tarihlerindeki mekansal dagilimlarinin simiilasyonu asamalarini igermektedir. Sekil 2°de
calismada uygulanan yontemin is adimlar goriilmektedir.

/'/' \\

y S
/

3B Giines Yoruingesi
Diyagrami

Guneslenme Siiresinin
3B Modellenmesi ve
Simiilasyonu

3B Modelleme

Sekil 2: Caligmanin yontemi.

Yontemin 3B model olusturma asamasinda, Tavsanli Fizik Tedavi ve Rehabilitasyon Hastanesi’nin 3B
modeli, mimari projesinden faydalanilarak SketchUp yaziliminda, LoD-3 ayrinti diizeyinde
olusturulmustur. 3B model, SketchUp'in Geolocation islevi kullanilarak cografi olarak konumlandirilmastir.
Hastanenin 3B modeline ger¢ekei goriiniim kazandirmak ve gorselligini arttirmak amaciyla renklendirme
ve doku kaplama islemleri gergeklestirilmisti. Daha sonra, Tavsanli Fizik Tedavi ve Rehabilitasyon

Hastanesi’nin 3B modeli 3B giines yoriingesi diyagraminin gdsterimi ve giineslenme siiresinin analizi
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uygulamalarinda kullanilmak {izere “.obj” uzantili model dosyasi olarak kaydedilmistir. Giines yoriingesi
diyagrami olusturma agamasinda, hastanenin 3B modeli Dr. Andrew Marsh tarafindan gelistirilen 3B giines
yoriingesi yazilimina (3DSP) aktartilmis ve ¢alisma alaninin, kis - yaz giindonimii tarihleri ile ekinoks
tarihlerinde, saat 12:00’deki giines yiikseklik agilar1 ve golgelenme durumu analiz edilmistir. Son agamada,
Tavsanl Fizik Tedavi ve Rehabilitasyon Hastanesi’nin 3B modeli Autodesk Forma yazilimina aktarilarak
bina zarfindaki her noktanin aldig1 giineslenme siiresinin, kis ve yaz glindoniimleri ile ekinoks tarihlerindeki
mekansal dagilimlarinin simiilasyonu gergeklestirilmistir. En diisiik giineslenme siiresine (0 — 1 saat)
karsilik degerler mavi renk ile en yiiksek (9 saat ve iizeri) giineslenme siiresine karsilik degerler ise sar1 renk

ile gosterilmistir.

3. BULGULAR VE TARTISMA
3.1. 3B model olusturma

Tavsanli Fizik Tedavi ve Rehabilitasyon Hastanesi’nin, yiizey dokulari uygulanmig LoD-3 ayrinti diizeyine
sahip 3B modeli Sekil 3’te gosterilmektedir. Hastanenin dikey cepheleri kuzeye, giineye, doguya ve batiya
bakmaktadir. Yiizeylerin toplam alan1 12.750,13 m 2 olup, bunun 8.858,55m 2'sini (%69,5) dikey cepheler
ve 3.892,28 m2’sini (%30,5)'sini ¢atilar olusturmaktadir.

Sekil 3: Tavsanli Fizik Tedavi ve Rehabilitasyon Hastanesi’nin, yiizey dokulart uygulanmis LoD-3 ayrint1 diizeyine
sahip 3B modeli.

3.2. 3B giines yoriingesi diyagraminin gosterimi

Giines yoriingesi diyagrami, giinesin belirli bir tarih ve zaman noktasinda gdkyiiziindeki konumunu
gostermektedir. Bu diyagram, yillik bir dongii i¢in azimutun giines yiiksekligine gore derece cinsinden
karsilagtirmasini icermektedir. Caligma alanina iliskin olarak, kis - yaz giindoniimii tarihleri (21 Aralik ve

21 Haziran) ile ekinoks tarihlerinde (21 Mart ve 23 Eyliil) saat 12:00’da ¢izilen giines diyagraminda giinesin
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dogusundan batisina kadar gecen zaman dilimlerine gore giinesin yaptig1 giines yiikseklik agilar1 Sekil 4’te
gortilmektedir. Tavsanli igin ilgili tarihlerdeki saat 12:00’ye ait gilines yoriingesi diyagramina iliskin bilgiler

Cizelge 1°de gosterilmektedir.

Sekil 4: Caligma alaninin 3B giines yoriingesi diyagramui (8) 21 Mart; b) 21 Haziran; c) 23 Eyliil; d) 21 Aralik).

Cizelge 1: Calisma alam i¢in kis - yaz giindoniimii tarihleri ile ekinoks tarihlerinde saat 12:00’ye ait glines yoriingesi
diyagramina iligkin bilgiler.

Tarih Azimut Yikseklik  Giinesin Gilinbatim1 ~ Giines Is181
Agist Agist Dogusu

21 Mart 176,18° 50,45° 07:03 19:15 12 sa 12 dk

21 Haziran  176,91° 73,87° 05:34 20:33 14 sa 58 dk

23 Eylil -177,74° 51,34° 06:48 19:00 12 sa 11 dk

21 Aralik -179,90° 27,05° 08:18 17:41 9sa23dk

3B giines yoriingesi analizi, giinesin dogusundan batisina kadar izledigi yolu ve gdlgelemenin yapi

iizerindeki etkisini ortaya koymustur. Calisma alaninin 3B giines yoriingesi analizi sonuglari incelendiginde;

e Giines yiikseklik acilarinin 21 Mart’ta 50,45°, 21 Haziran’da 73,87°, 23 Eyliil’de 51,34° ve 21
Aralik’ta 27,05° oldugu,

e Ortalama glines 15181 saatlerinin 21 Mart’ta 12 sa 12 dk, 21 Haziran’da 14 sa 58 dk, 23 Eyliil’de 12
sa 11 dk ve 21 Aralik’ta 9 sa 23 dk oldugu,
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o Golgelemenin dikey cepheleri daha 6nemli 6l¢iide etkiledigi, binanin dikey cephelerinde ortaya

cikan, glines 15181 dagilimindaki mekansal heterojenligin, binanin ve cephe bilesenlerinin kendi

kendine gdlgelemesinden kaynaklandigi

gozlemlenmistir.

3.3. Giineglenme siiresinin 3B modellenmesi ve simiilasyon

Calisma alaniin 3B modelinde yapilan simiilasyon analizi, giineslenme siiresinin istatistiksel degerlerini

ortaya ¢ikarmustir. Sekil 5’te 21 Mart tarihinde giineslenme siiresinin mekansal dagilimlarinin simiilasyonu,

Cizelge 2°de ise giineslenme siiresinin analizine iliskin istatistiksel degerler gosterilmektedir.

Sekil 5: 21 Mart’ta giineslenme siiresinin mekansal dagilimi (a) glineybati; b) kuzey dogu)

Sekil 5 ve Cizelge 2 incelendiginde, 21 Mart tarihinde; Binanin ¢at1 yiizeylerinin 11 — 12 saat araliginda,

giineye bakan cephelerin 8 — 9 saat araliginda, batiya bakan cephelerin 4 — 5 saat araliginda, doguya bakan

cephelerin 6 — 7 saat araliginda ve kuzeye bakan cephelerin 0 — 1 saat araliginda giines 15181 aldigi

gozlemlenmistir.

Cizelge 2: 21 Mart’ta giineslenme siiresinin analizine iliskin istatistiksel degerler.

Giineslenme
siiresi (saat)

Yiizey alam (m?)

Yiizey alaninin
yiizdesel dagilimi (%)

0-1

2264
214
1216
189
1245
271
541
972
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8-9
9+

706

5396

5
42

Sekil 6°da 21 Haziran tarihinde giineslenme siiresinin mekansal dagilimlarinin simiilasyonu, Cizelge 3’te

ise giineslenme siiresinin analizine iliskin istatistiksel degerler gésterilmektedir.

'

Sekil 6: 21 Haziran’da giineslenme siiresinin mekansal dagilimi (a) giineybati; b) kuzey dogu)

Cizelge 3: 21 Haziran’da giineslenme siiresinin analizine iliskin istatistiksel degerler.

Giineslenme
siiresi (saat)

Yiizey alam (m?)

Yiizey alaninin
yiizdesel dagilim (%)

0-1

0N D wWN R
L} I L}
© 0O ~N g O WN

9+

458
115
241
425
384
1580
1861
2124
2088
3788

29

Sekil 6 ve Cizelge 3 incelendiginde, yilin en biiyiik giines yiikselme agisina ve en uzun gilines 1ginimi

sliresine sahip giinii olan 21 Haziran tarihinde; Yapinin ¢ati yiizeylerinin 14 — 15 saat araliginda, giineye

bakan cephelerin 8 — 9 saat araliginda, batiya bakan cephelerin 7 — 8 saat araliginda, doguya ve kuzeye

bakan cephelerin 6 — 7 saat araliginda giines 15181 aldig1 gézlemlenmistir.

Sekil 7°de 23 Eyliil tarihinde giineslenme siiresinin mekansal dagilimlariin simiilasyonu, Cizelge 4’te ise

giineslenme siiresinin analizine iligkin istatistiksel degerler gosterilmektedir.
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Sekil 7: 23 Eyliil’de giineslenme siiresinin mekansal dagilimi (a) giineybati; b) kuzey dogu)

Cizelge 4: 23 Eyliil’de giineslenme siiresinin analizine iligkin istatistiksel degerler.

Giineslenme
siiresi (saat)

Yiizey alam (m?)

Yiizey alaninin
yiizdesel dagilimi (%)

0-1

0N D WN R
1 | 1
© 0O ~N g O WN

©
+

2260
197
402
1016
1247
265
545
964
705
5413

17
2
3
8
10
2
4
7
5
42

Sekil 7 ve Cizelge 4 incelendiginde, 23 Eyliil tarihinde; Yapinin ¢at1 yiizeylerinin 11 — 12 saat araliginda,

giineye bakan cephelerin 8 — 9 saat araliginda, battya bakan cephelerin 4 — 5 saat araliginda, doguya bakan

cephelerin 6 — 7 saat araliginda ve kuzeye bakan cephelerin 0 — 1 saat araliginda giines 15181 aldig

gozlemlenmistir.

Sekil 8’de 21 Aralik tarihinde giineslenme siiresinin mekansal dagilimlarinin simiilasyonu, Cizelge 5’te ise

giineslenme siiresinin analizine iliskin istatistiksel degerler gosterilmektedir.
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b

1 2 3 & S 6 7 8 9

Sekil 8: 21 Aralik’ta giineslenme siiresinin mekansal dagilimi (a) giineybati; b) kuzey dogu)

Cizelge 5: 21 Aralik’ta giineslenme siiresinin analizine iligkin istatistiksel veriler.

Giineslenme  Yiizey alam (m?) Yiizey alaninin

siiresi (saat) yiizdesel dagilimi (%)
0-1 4053 31
1-2 259 2
2-3 1199 9
3-4 180 1
4-5 571 4
5-6 362 3
6-7 1261 10
7-8 1058 8
8-9 2303 18
9+ 1769 14

Sekil 8 ve Cizelge 5 incelendiginde, yilin en kiiciik giines yiikselme agisina ve en kisa giines 1gin1ma siiresine
sahip giinii olan 21 Aralik tarihinde; Yapinin ¢at1 yiizeylerinin 8 — 9 saat araliginda, giineye bakan cephelerin
9 — 10 saat araliginda, batiya bakan cephelerin 4 — 5 saat araliginda ve kuzeye bakan cephelerin 2 — 3 saat

araliginda giines 15181 aldig1 gézlemlenmistir.

Kis ve yaz glindoniimleri (21 Aralik ve 21 Haziran) ile ekinoks tarihlerindeki (21 Mart ve 23 Eyliil)
mekansal dagilimlarinin simiilasyonu genel olarak degerlendirildiginde; Calisma alani igerisinde en uzun
giineslenme siiresinin yaz glindéniimiinde, en kisa giineslenme siiresinin ki giindoniimiinde gerceklestigi,
ilkbahar ve sonbahar ekinokslarinda benzer giines 15181 kosullarinin yasandigi tespit edilmistir. Yapinin
giineye bakan dikey cephelerinde ve cati yiizeylerinde gbzlemlenen, gilineslenme siiresi dagilimindaki
mekansal heterojenlik, cephe bilesenlerinin kendi kendine gélgelemesinden kaynaklanmistir. Cati yiizeyleri
ve guneye bakan dikey cepheler, diger cephelere kiyasla daha az miktarda golge alan1 ve daha fazla siire

giines 15181 topladiklari i¢in binanin bu yiizeyleri giines 1s1n1imu1 enerjisini kullanmada daha yiiksek potansiyel
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gostermistir. Mevcut bulgular ile gilineslenme siiresinin analizini i¢eren Onceki ¢alismalarin bulgulari

arasinda tutarlilik bulunmaktadir (Li vd., 2024; Chen vd., 2024).

Kentler, diinyanin enerji tiikketiminin ticte ikisinden fazlasini olusturdugu ve sera gazi emisyonlarmin
%70'inden fazlasini tirettigi igin siirdiiriilebilir kentsel tasarim son derece dnemli hale gelmistir (Moriarty
& Wang, 2014). Bununla birlikte kentlerde konut binalarinin artan yogunlugu ve yiiksekligi, dig mekanlarda
yetersiz giines 1s181ina maruz kalma konusundaki endiseleri artirmistir (Li vd., 2024). Diinya ¢apinda bir¢ok
tilke ve bolgenin yerlesim yerlerinde giines 15181 saatleri igin asgari gereksinimler bulunmaktadir. Amerika
Birlesik Devletlerinde cogu eyalette kis glindoniimiinde konutlar i¢in ulusal asgari giines 15181 saati
standardinin giinde en az 1-2 saat, Avustralya’da 2 saat, Ingiltere ve Rusya’da 3 saat, Cin’de 2 saat ve
Japonya’da 3 saat olmas1 zorunlu kilinmistir (Chen vd., 2024). Ulkemizde konutlar icin ulusal asgari giines
15181 saati standardi bulunmamaktadir. Bu baglamda siirdiiriilebilir kentsel ve mimari tasarimi desteklemek

icin zorunlu ulusal giines 15181 politikas1 olusturulmalidir.

4. SONUC VE ONERILER

Bu ¢aligsmada, Tavsanh Fizik Tedavi ve Rehabilitasyon Hastanesi’nin 3B sanal modeline dayali olarak kig
ve yaz giindoniimii (21 Aralik ve 21 Haziran) tarihleri ile ekinoks (21 Mart ve 23 Eyliil) tarihlerinde ¢at1 ve
cephe ylizeylerindeki giineslenme siiresinin analizi gergeklestirilmistir. Calismanin bulgular 1s18inda elde

edilen sonuglar asagida siralanmustir:

e (aligma alani igerisinde en uzun giineslenme siiresi yaz giindoniimiinde, en kisa giineslenme siiresi
kis giindoniimiinde gerceklesmistir. Ilkbahar ve sonbahar ekinokslarinda benzer giines 15181

kosullar1 yaganmustir.

e ilkbahar ve Sonbahar Ekinokslarinda; Hastanenin cat1 yiizeyleri 11 — 12 saat, giineye bakan
cepheleri 8 — 9 saat, batiya bakan cepheleri 4 — 5 saat, doguya bakan cepheleri 6 — 7 saat ve kuzeye

bakan cepheleri 0 — 1 saat araliginda giines 15181 almustir.

e Yaz giindoniimiinde; Hastanenin cat1 yiizeyleri 14 — 15 saat, giineye bakan cepheleri 8 — 9 saat,

batiya bakan cepheleri 7 — 8 saat, doguya ve kuzeye bakan cepheleri 6 — 7 saat giines 15181 almustir.

e Kis glindoniimiinde; Hastanenin cat1 yiizeyleri 8 — 9 saat, glineye bakan cepheleri 9 — 10 saat, batiya

bakan cepheleri 4 — 5 saat, doguya ve kuzeye bakan cepheleri 2 — 3 saat giines 15181 almustir.

o Hastanenin dikey cephelerinde gézlemlenen, giines 15181 dagilimindaki mekéansal heterojenlik,

cephe bilesenlerinin kendi kendine golgelemesinden kaynaklanmaktadir.
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e Hastanenin gat1 yiizeyleri ve giineye bakan dikey cepheler, diger cephelere kiyasla daha az miktarda
gblge alam ve daha fazla siire giines 15181 topladiklar i¢in hastanenin bu yiizeyleri glines 1ginimi1

enerjisini kullanmada daha yiiksek potansiyel gostermistir.

Calisma, kamu binalarinin 6nemli bir bileseni olan hastanelerde gelecekteki enerji tasarrufu tasarimlarina
rehberlik etmek i¢in gelismis 3B simiilasyon araglarini kullanarak siirdiiriilebilir kentsel planlama, ¢evre

koruma ve enerji verimliligi gibi hedeflere katkida bulunmaktadir.

Bu ¢aligmada sunulan metodolojik yaklagimi, mimarlara, mithendislere, sehir plancilarina bir projenin erken
tasarim agsamalarinda bilingli kararlar almalari igin kilavuzluk saglamak, teknik kararlara yardimei olmak
ve kentsel golgelemenin giines potansiyeli ilizerindeki etkisini sinirlamak icin farkli kentsel baglamlarda
kullanilabilir. Ayrica, mevcut kentsel alanlarda Fotovoltaik (PV) sistem kurulum kararlarini optimize etmek
icin kullanilabilir. Bu ¢alismada, hastanenin etrafindaki binalarin 3B modeli aragtirmaya dahil edilmemistir.
Bu durum ¢alismanin sinirliligi olarak goziikmektedir. Sokaklarin genisligi, binalarin yogunlugu, binalarin
yiiksekligi, agaclarin yiiksekligi vb. gibi kentsel yerlesimin 6zellikleri, bina zarfinin glineslenme siiresi

iizerinde 6nemli bir etkiye sahip olabilir. Bu nedenle, gelecekteki calismalar mahalle baglamini igermelidir.

CIKAR CATISMASI BEYANI

Yazarlar arasinda ¢ikar ¢atigmasi1 bulunmamaktadir.

YAZARLARIN KATKILARI

A.U.: Aragtirma, yontem, orijinal taslak hazirlama, yaz1 yazma, kaynaklar, gézden gecirme ve diizenleme.

A.T.: Arastirma, yontem, orijinal taslak hazirlama, dogrulama, gozden gegirme ve diizenleme.
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