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0z

1970°li yillarda yasanan petrol krizi sonrasinda yenilenebilir enerjinin 6nemi anlasilmaya
basglanilmistir. Yenilenebilir enerji sektorii giinlimiize kadar 6nemini daha da arttirsa da fosil enerji
kaynaklart hala hayatimizda 6nemli bir yer kaplamaktadir. Ukrayna-Rusya Savasi sirasinda diinyanin
en biylik fosil kaynakli enerji ihrag eden iilkelerinden Rusya’nin bu enerjiyi bir tehdit unsuru olarak
kullanmasi yenilenebilir enerjinin 6nemini bir kez daha ortaya ¢ikarmistir. Yenilenebilir enerjinin en
onemli dallarindan olan giines enerjisi Ozellikle 1980°li yillardan bu yana ciddi bir sektor
olusturmustur. Giines enerjisi teknolojilerinin alt dallarindan olan Yogunlastirilmis Giines Enerjisi
(Concentrated Solar Power - CSP) bir bagka onemli giines enerjisi teknolojisi olan Fotovoltaik (FV)
Paneller kadar ilgi gérmese de dzellikle Ispanya ve Amerika’da ciddi yatirim destegi gérmiistiir. Bu
calisma ile CSP sistemlerinin incelenmesi ve Tiirkiye’de durumunun aktarilmasi amaglanmustir.
Ulkemizde CSP sistemlerinin tercih edilmesini tesvik edici yasal adimlar arastirilmistir. 5346 sayili
Kanun ve YEKDEM gibi ciddi adimlara ragmen yatirimcilardan yeterince ilgi géremedigi igin
Ulkemizde operasyonel durumda sadece bir tane CSP santrali vardar.

Anahtar kelimeler: CSP Sistemlerinin Tarihgesi, CSP Teknolojileri, Tiirkiye’de CSP Sistemleri,
Tiirkiye 'nin Yenilenebilir Enerji Hedefleri, Tiirkiye’de Yenilenebilir Enerji Destek Mekanizmalar

CONCENTRATED SOLAR ENERGY (CSP) TECHNOLOGIES AND POLICIES FOR CSP
IN TURKEY

ABSTRACT

The oil crisis in the 1970s led to the emergence of the renewable energy sector. Although renewable
energy has increased its importance until today, fossil energy sources still occupy an important place
in our lives. The use of this energy as a threat by Russia, one of the world's largest fossil-based energy
exporters, during the Ukraine-Russia War once again revealed the importance of renewable energy.
Solar energy, one of the most important branches of renewable energy, has created a important sector
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especially since the 1980s. Although Concentrated Solar Power (CSP), one of the sub-branches of
solar energy technologies, does not attract as much attention as Photovoltaic Panels, another important
solar energy technology, it has received serious investment support especially in Spain and America.
In this study, CSP systems are examined and the steps taken for CSP systems in our country and the
established facilities are explained.

Keywords: History of CSP Systems, CSP Technologies, CSP Systems in Turkey, Turkey's Renewable
Energy Aims, Renewable Energy Support Mechanisms in Turkey.

1. GIRIS

Giines, diinyanin en 6nemli enerji kaynagidir ve diger enerji kaynaklarinin da olusumunu tetikleyen
temel unsurdur. Giines enerjisi temiz ve tilkenmez bir enerji kaynagidir. Her yil giinesten diinyaya
1.08x10° TWh enerji ulasmaktadir ki bu deger diinyanin elektrik tiketiminin yaklasik 60.000 katidir.
Ulkemiz cografik konumu itibariyle giines enerjisi konusunda yiiksek potansiyelli iilkeler arasindadir.
Tiirkiye’ nin yillik ortalama giineslenme siiresi yaklasik 2.730 saattir ki bu deger giinliik ortalama 7,5
saate tekabiil etmektedir.

Giines enerjisinden enerji iretimi iki temel yontem ile gerceklestirilmektedir: FV paneller ve CSP
sistemleri. FV paneller giines 151811 dogrudan elektrik enerjisine geviren yari iletken teknolojisine
sahip sistemlerdir. CSP sistemlerinde ise giines 15181 odaklanarak 1sil enerji doniigiim yontemleri ile
enerji Uretilmektedir. Avrupa CSP Birligi (ESTELA) yaptigi bir ¢alismada 2030’a kadar Giiney
Avrupa’da 60 TW’in istiinde CSP kurulu giiciine ulasilmasini ongérmektedir. 2030 yilinda
yogunlastirilmis glines enerjisi sistemlerine dayali elektrik tireten sistemlerin enerji tiretimlerinin AB
icinde iiretilmesi Ongoriilen enerjinin yaklagik olarak % 5’ine karsilik gelen 176 TWh/yil olacagi
hesaplanmaktadir [1].

Bu caligmada CSP sistemleri incelenmis ve alt tiirleri aktarilmistir. Diinyada ve Tiirkiye’de CSP
teknolojilerinin giincel durumu anlatilmistir. Ulkemizde yenilenebilir enerji hedefleri ve bu hedeflere
ulagmak i¢in atilan politik adimlar kisaca izah edilmistir. Atilan adimlarin etkileri CSP 6zelinde
incelenmis ve sonuglar degerlendirilmistir.

2. CSP NEDIiR?

Yogunlastirilmis giines enerjisi (Concentrated Solar Power) anlamina gelen CSP sistemleri giines
is1gmin aki yogunlugunu artirma yolu ile yiiksek sicaklik ve yilksek enerji doniigiim verimlerine
ulagmak ve bu vesileyle 1s1l enerji elde etmek icin kullanilan bir enerji liretim yontemidir. Aki
yogunlugu artirirmi aynalar veya lensler kullanilarak biiyiik alanlara diisen giines 1s18inin daha kiiciik
alanlara odaklanmasi ile elde edilmektedir. Uretilen 1si1l enerji kizgm buhar sisteminde mekanik
enerjiye doniistiiriilerek ya da 1sil enerji depolama (Thermal Energy Storage - TES) iinitelerinde
depolanarak degerlendirilmektedir. CSP sistemleri; 1s1 degistirici, solar yansitici, TES, giines takip
sistemi ve 1s1l yik alt bolimlerinden meydana gelmektedir. CSP sistemlerinde Direkt normal
radyasyon (DNI) degeri iizerinden ¢alisilmaktadir ve bu DNI degerinden giines ve diinyanin solar
geometrilerine gore dizayn edilen toplayici sistemler ile odaklanarak enerji iretilebilmektedir.
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3. CSP SISTEMLERININ TARIHCESI

1866'da Auguste Mouchout, buhar iiretimi icin parabolik oluk sistemini ilk kez kullanan kisidir.
Giines kolektorii icin ilk patent 1886'da Italya'nin Cenova kentindeki Italyan Alessandro Battaglia
tarafindan alinmistir. Sonraki yillarda, John Ericsson ve Frank Shuman gibi mucitler sulama, sogutma
ve tahrik i¢in yogunlastirilmig giines enerjisiyle ¢alisan cihazlar gelistirmistir. 1913'te Shuman, sulama
icin Misir'in Maadi kentinde 55 HP'lik bir parabolik giines 1sil enerji santralini devreye almustir.
Parabolik canak sistemini kullanan ilk giines enerjisi sistemi, sivi yakitli roketler iizerine yaptigi
aragtirmalarla taninan Dr. R.H. Goddard tarafindan tasarlanmistir. Profesér Giovanni Francia 1968'de
ftalya, Cenova yakinlarindaki Sant'llario'da faaliyete gecen ilk yogunlastirilmis giines santralini
tasarlamis ve insa etmistir. Bu tesis, solar tarlanin merkezinde bir toplayici bulunduran giiniimiiziin
yogunlastirilmis giines enerjisi santrallerinin mimarisine sahiptir. 10 MW'lik Solar One gii¢ kulesi
1981'de Giiney Kaliforniya'da gelistirilmis, ancak yakimindaki Giines Enerjisi Uretim Sistemlerinin
(Solar Energy Generating Systems - SEGS) 1984'te baglayan parabolik oluk teknolojisi daha
uygulanabilir bir tasarim oldugu goriilmiistiir. 354 MW SEGS baska bir biiyiik giines enerjisi
santralidir ve oOzellikle 390 MW'lik Ivanpah giic kulesi projesi tam giice ulasana kadar CSP
tasarimlarinin en bilyiiklerinden biri olarak elektrik iiretmistir [2].

1986-1990 yillar1 arasinda ABD’nin Kaliforniya eyaletinde Mojave Coliinde diinyadaki ilk ticari CSP
tesisleri (toplam 354 MW kurulu giiclinde 9 adet santral) insa edilmistir. Akabinde CSP piyasasinin
gelismesini ve bilylimesini destekleyen hiikiimetler, fosil kaynakli yakitlarin fiyatlarinin tekrar
diismesiyle uyguladiklar tesvik politikalarint sona erdirmislerdir. Bu nedenle, 2006 yilina kadar yeni
bir CSP tesisi insa edilmemistir. 2006 yilinda ABD ve Ispanya’da CSP yatirimlarinin tesvik edilmesi
hususu yeniden giindeme gelmis, boylece yeni CSP sistem kurulumlart yapilmigtir. 2009-2014 yillar
arasinda CSP kurulu giicii 354 MW'tan yaklasik 12,4 kat artarak 4,4 GW'a yiikselmistir. Ozellikle
2014 yili ve dncesindeki iki yilda st iiste yillik kapasite artigi rekoru kirilsa da toplam kurulu giic
biiylikliigii agisindan diger yenilenebilir enerji kaynaklar: ile karsilastirildiginda CSP teknolojisinin
heniiz emekleme asamasinda oldugunu sdylemek dogru olacaktir. Kurulumlarin biiyikk bolimii
Ispanya'da (2,3 GW) ve ABD’de (1,6 GW) yer almaktadir. CSP piyasasina yiiksek DNI degerlerine
sahip diger iilkeler (Sili, Cin, Hindistan, Israil, Fas, Suudi Arabistan, Giiney Afrika ve Birlesik Arap
Emirlikleri) de ilgi gostermeye baglamiglardir [3].
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4. CSP TEKNOLOJILERI

CSP teknolojileri dogrusal odakli ve nokta odakli olmak {izere iki ana sinifta toplanmaktadir.
Dogrusal odakli sistemlerde giines 1siklar1 bir hat {izerine odaklanirken nokta odakl: sistemlerde kiigiik
bir bolgede odaklama yapilmaktadir. Bu iki ana sinif dort alt optik kola ayrilmaktadir. Bu kollar
parabolik oluk, dogrusal Fresnel, merkezi alicili ve solar canak sistemleridir. Parabolik oluk ve
dogrusal Fresnel sistemler dogrusal odakli iken merkezi alicili ve solar ¢anak sistemleri ise nokta

odakl: sistemlerdir.

Cizelge 1. Yogunlastirilmis Giines Enerjisinin Ozellikleri [5].

Parabolik Merkezi Dogrusal Fresnel Parabolik
Oluk Canak
Teknolojinin Ticari olarak Ticari olarak Ticarilesmis Deneme
Gelismislik Diizeyi kanitlanmigtir.  kanitlanmustir. projelerin asamasindadir.
baslangicindadir .
Kapasite (MW) 10-300 10-370 10-200 0,01-0,025
Isletme Sicakhg (°C) 350-550 250-565 390 550-750
En Yiiksek Verim (%) 14-20 18 30
Yilhik Giines-Elektrik 11-16 13 12-24
Verimi (%)
Yillik Kapasite Faktorii 25-28 55 (10 saat 22-24 25-28
(%) (Depolamasiz)  depolamalr)
29-48 (7 saat
depolamali)

Alan Gereksinimi 18 18-20 15-17
(M?*/KW)
Arazinin Egimi (%) <1-2 <4 >10
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Eriyik Tuz Kullanim Mevcut Mevcut Heniiz ispat Heniz ispat
ile Is1 Depolama edilmemistir. edilmemistir.

4.1. Parabolik Oluk Toplayicili (PTC) CSP Sistemleri

PTC (Parabolic Trough Collector) sistemlerinin en énemli aksamlar1 dogrusal bir parabolik yansitici
ve alict borudur. Yansitici, yiizeyinin yansitma orani yiiksek olan ve giines 1smini1 bir odakta
toplayacak sekilde parabolik olarak sekil verilen bir malzemeden olusturulmaktadir. Alici boru ise bu
parabolik oluk formundaki malzemenin odak hattina konumlandirilmaktadir. PTC sistemlerinin
caligma prensibi, parabolik yansiticilar kullanilarak direkt gilines radyasyonunun odak hattinda
bulunan alici boruya yogunlastirilmasi ve bu boruda hareket eden ¢alisma akiskanina enerji
aktarilmasina dayanmaktadir. Parabolik oluklar iki boyutta hareket etmektedir, genelde kuzey-giiney
ekseninde konumlandirilirlar ve giines gok yiiziinde hareket ettikge donmektedirler. Ayrica, parabolik
oluk sistemleri 6zellikle yaz aylarinda, tipik olarak giinde 10 ila 12 saat nominal giigte yalnizca giines
11811 kullanarak tam giigte calisabilmektedir. Bununla birlikte, mevcut tiim tesisler hibrittir ve diisiik
giines radyasyonu donemlerinde suyu 1sitmak igin fosil yakitlarla ¢alisan bir yedek kazana sahiptir.

Yogunlastirilmis giines enerjisi teknolojileri arasinda PTC sistemleri tiim CSP kurulu giiciin yaklasik
olarak %90’ teskil etmektedir [6]. Bu sistemler CSP teknolojileri arasinda en ¢ok arastirilan tiirdiir
ve bu sebeple yillardir ticari olarak kullanilmaktadir.

4.2. Dogrusal Fresnel Yansiticih (LFR) CSP Sistemleri

LFR (Linear Fresnel Reflector), giines 11811 yansiticilarin ortak bir odak noktasinda bulunan sabit bir
alictya yonlendirmek amaciyla uzun, ince ayna segmentleri kullanmaktadir. Bu aynalar, giines
enerjisini normal yogunlugunun yaklasik 30 katina yogunlastirma yetenegine sahiptir. Bu
yogunlastirilmis enerji, alic1 vasitasiyla bir 1s1 tasiyict akiskana aktarilir (bu genel olarak ¢ok yiiksek
sicakliklarda sivi halini muhafaza edebilen yagdir). Akiskan daha sonra bir buhar jeneratoriine gii¢
saglamak icin bir 1s1 esanjoriinden gecer. Ilk lineer Fresnel reflektorii 1961'de Cenova
Universitesi'nden Giovanni Francia tarafindan italya'da gelistirilmistir.

Parabolik oluk toplayicilara benzerliklerine ragmen, bu sistemi digerinden ayiran teknik farkliliklar
vardir. Dogrusal Fresnel yansiticilar, giines 1sinimin1 siralar boyunca diizenlenmis ancak daha yiiksek
bir alicitya odaklamak i¢in yerlestirilmis birkag paralel seri dogrusal Fresnel yansiticidan olusmaktadir.
Bu sistemin ana avantajlarindan biri, daha diisiik yapim maliyeti ve giines takip eden sistemleridir.

4.3. Merkezi Alicih (SPT) CSP Sistemleri

Giines enerjisi kulesi (Solar Power Tower), giines 151811 bir kulenin tepesindeki merkezi alicida
yogunlastiran bir dizi ¢ift eksenli giines takibi sunan aynalardan (heliostat) olugmaktadir. Giines
enerjisini toplamak ve odaklamak i¢in ili¢ boyutlu takibe izin verecek sekilde hareket eden yiizlerce
hatta binlerce diiz aynadan olugmaktadir. 600-1000 arasindaki giines yogunlastirma oranlari ile ¢ok
yiiksek sicakliklar elde edilebilmektedir. SPT sistemleri %20 civarinda enerji doniisiim verimine ve
yaklagik %35 pik verime ulagabilmektedir [7]. Merkezi alicida elde edilen giines akist 200-1000
kW/m? araliginda bulunmakta ve bu da yiiksek bir ¢alisma sicakligi temin edebilmek i¢in bir imkan
saglamaktadir [8]. Alici, tuz icerebilen bir 1s1 tagiyict akiskan igermektedir. Alicidaki ¢aligma akigskani
yiksek sicakliklara isitilir ve daha sonra bir buhar tiirbinine girdikten sonra 1s1 kaynagi olarak
kullanilir. Bir jeneratorii ¢calistirir ve bir termodinamik ¢evrim (genellikle geleneksel Rankine ¢evrimi)
gergeklestirerek elektrik giicii liretir. Giines kuleleri, ticari olarak yaygin sekilde mevcuttur.
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4.4. Solar Parabolik Canak (SPD) CSP Sistemleri

SPD (Solar Parabolic Dish) teknolojilerinde ¢anak formunda bir yogunlastirict ile giines 15181 bir
noktaya yonlendirilerek odak noktasinda bulunan alicida toplanmaktadir. Canak yogunlastirici, giines
15181 miimkiin olan en yiiksek yiizdesini termal aliciya yansitmak icin giin boyunca siirekli olarak
giinesi izleyen bir yapi iizerine monte edilmistir.

Odak noktasinda verimli giic doniisiimii i¢in Stirling/Brayton motoru veya alicidaki yogunlastirilmis
1s1y1 kullanmak i¢in bir elektrik jeneratorii yerlestirilmektedir [8]. SPD sisteminin Stirling motorlu
verimi %25 ile %30 arasinda degismektedir [8-10]. Diger CSP teknolojilerinin aksine, SPD'nin
benzersiz avantajlarindan biri, sistemin tamamen diiz bir zemine ihtiya¢ duymamasi ve uzak ve kiigiik
yalitilmig sebekelerde kolayca uygulanabilir olmasidir [11]. SPD sistemlerinin odak noktalarinda 2000
civarinda yogunlagtirma oranina ulagilmakta ve bunun sonucunda alicidaki 1s1 tastyict akigkanin
sicakligt 700-750 °C seviyelerine ve basinct ise 200 bar diizeyine ulagabilmektedir [12-14].
SPD’lerde kullanilan ¢anaklarin c¢api genellikle 5-10 metre arasinda degismektedir ve buna bagh
olarak yiizey alanlar1 20-80 m’ civarlarinda olmaktadir. Canaklarin yiizeyinde yiiksek yansitma
seviyelerine ulagsmak amaciyla cam ve plastik tabakalarin {istiine aliiminyum ve giimiis kaplama
yapilmaktadir. Tek c¢anakli bir SPD sisteminden 0,01-0,5 MW araliginda gii¢ c¢ikist elde
edilebilmektedir [15-16].

5.DUNYA’DA CSP UYGULAMALARI

Kiiresel CSP pazar1 2021 yilinda teknoloji maliyetlerindeki diisiislere ragmen 1980’lerde sektoriin
ticarilesmesinden bu yana ilk kez daralmistir. 2015'ten 6nce, pazar sekiz yil boyunca ortalama olarak
yillik %40'm biraz altinda biiylimiistiir. Sili'deki 110 MW'lik Cerro Dominador tesisinin devreye
alimmasinin, Amerika Birlesik Devletleri'ndeki yaklasik 300 MW'lik eski CSP tesislerinin hizmet disi
birakilmasiyla yaklagik olarak dengelendiginden, CSP pazar1 23 iilkede 6.2 GW diizeyinden 6 GW'lik
bir kiimiilatif kapasite seviyelerine diigmiistiir. Gegtigimiz on yilda CSP'in diistisii; PV ile rekabet,
politika degisiklikleri ve kurulu giic bakimindan zirvede olan ama sirasiyla sekiz ve alt1 yil boyunca
yeni kapasite eklemeyen Ispanya ile Amerika Birlesik Devletleri'nin pazarlarindaki proje
basarisizliklarindan kaynaklanmaktadir.
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Sekil 2. CSP Projelerinin Giincel Durumu [7].
6. TURKIYE’DE YENILENEBILiR ENERJi

Ulkemizde yenilenebilir enerji konusunda atilan yasal adimlar aktarmadan 6nce yenilenebilir enerji
hedeflerini aktarmak dogru olacaktir. Tiirkiye’nin 2023 yili projeksiyonunda elektrik iiretimimizin
minimum %30’unu yenilenebilir enerji kaynaklarindan temin edilmesi planlanmaktadir. Bu
projeksiyonu gergeklestirmek amaciyla 2023°e kadar hidroelektrikte 34 TW, riizgar enerjisinde 20
TW, giines enerjisinde 5 TW, biyokiitle ve jeotermal enerjilerinde ise 1 TW kurulu giice ulagilmast
hedeflenirken [17] Ekim 2022 itibariyle hidroelektrikte 31.6 TW, riizgar enerjisinde 11.3 TW, giines
enerjisinde 9.1 TW, biyokiitlede 1.8 TW ve jeotermalde 1.7 TW degerlerine ulagilmistir. Giincel
veriler incelendiginde; giines enerjisi, biyokiitle ve jeotermalde hedeflerin gecildigi gozlenirken
hidroelektrikte hedeflere yakin bir konumda bulunuldugu anlagilmistir. Riizgar enerjisinde hedefin %
43.4 gerisinde kalinarak 2023 hedeflerine ulasilamayacagi asikardir.

Yenilenebilir enerji ile ilgili ilk yasal diizenleme Enerji ve Tabii Kaynaklar Bakanligi tarafindan
yapilan calismalar sonucunda 1985°te 18858 sayili Resmi Gazete’de yayimlanan Tiirkiye Elektrik
Uretim Iletim Anonim Sirketi ve Tiirkiye Elektrik Dagitim Anonim Sirketi Disindaki Kuruluslara
Elektrik Enerjisi Uretim Tesisi Kurma ve Isletme izni Verilmesi Esaslarimi Belirleyen Yonetmelik’tir
[18].

Yenilenebilir enerjiyi destekleyici en 6nemli adimlardan biri 5346 sayili Yenilenebilir Enerji
Kaynaklarinin Elektrik Enerjisi Uretimi Amagli Kullanimma iligkin Kanun’da bahsedilen ve
18.05.2005’te 25819 sayili Resmi Gazete’de yayimlanan Yenilenebilir Enerji Kaynaklarinin
Destekleme Mekanizmasi (YEKDEM) ¢aligmasidir [19].
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Cizelge 2. 6094 Sayili Kanun'da Belirtilen YEKDEM Baz Fiyatlar1 [20].

I Sayili Cetvel (YEKDEM Baz Fiyatlar) (29/12/2010 tarihli ve 6094 sayili Kanunun hitkmiidiir.)
YEK’e Dayah Uretim Tesis Tipi Uygulanacak Fiyatlar (ABD § cent/kWh)

a. Hidrolik tiretim tesisi 7,3
b. Riizgér enerjisine dayali iiretim tesisi 7.3
_c. Jeotermal enerjisine dayali iiretim tesisi 10,5
d. Biyokiitleye dayali iiretim tesisi 13,3
e. Gilnes enerjisine dayal iiretim tesisi 13,3

Cizelge 3. 6094 Sayili Kanun'da Belirtilen YEKDEM Yerli Aksam Katki Ilaveleri [20].

IT Sayili Cetvel (Yerli Aksamlar) (29/12/2010 tarihli ve 6094 sayili Kanunun hitkmiidiir.)
Tesis Tipi Yurt iginde Gerceklesen Imalat Yerli Katki (ABD

$ cent/kWh)
A-Hidroelektrik 1. Tiirbin 1.3
iiretim tesisi 2. Jeneratdr ve giic elektronigi 1.0
B-Riizgér 1. Kanat 0.8
encrjisine dayali 2. Jeneratdr ve giic elektronigi 1,0
iiretim tesisi 3. Tiirbin kulesi 0.6
4. Rotor ve nasel gruplarindaki mekanik aksamin tamanu 1.3
(Kanat grubu ile jeneratdr ve giic elektronigi icin yapilan
ddemeler harig.)
C-Fotovoltaik 1. PV panel entegrasyonu ve giines yapisal mekanigi 0.8
giines enerjisine imalat
dayals iiretim 2. PV modiilleri 1.3
tesisi 3. PV modiiliinii olugturan hiicreler 3.5
4, Invertsr 0.6
5. PV modiilii iizerine giines 151mim odaklayan malzeme 0,5
D- 1. Radyasyon toplama tiipu 2,4
Yogunlastirnlmis 2. Yansitie: yiizey levhasi 0,6
giines enerjisine 3. Giines takip sistemi 0,6
dayal iiretim 4. Is1 enerjisi depolama sisteminin mekanik aksami 1,3
tesisi 5. Kulede buhar tiretim sisteminin mekanik aksam 2.4
6. Stirling motoru 1,3
7. Panel entegrasyonu ve giines paneli yapisal 0.6
mekanigi
E-Biyokiitle 1. Akiskan yatakli buhar kazam 0.8
enerjisine dayali 2. Sivi veya gaz yakitli buhar kazani 0.4
iiretim tesisi 3. Gazlagtirma ve gaz temizleme grubu 0.6
4. Buhar veya gaz tiirbini 2.0
5. Icten yanmali motor veya stirling motoru 0,9
6. Jenerator ve giic elektronigi 0,5
7. Kojenerasyon sistemi 0.4
F-Jeotermal 1. Buhar veya gaz tiirbini 1.3
enerjisine dayali 2. Jeneratér ve giic elektronigi 0,7
iiretim tesisi 3. Buhar enjektdrii veya vakum kompresdrii 0,7

2 Mayis 2007 tarihinde 26510 sayili Resmi Gazete’de yayimlanan 5627 sayili Enerji Verimliligi
Kanunu’nda glines enerjisi igin bir diizenleme yapilmis ve giines enerjisine dayali1 elektrik tiretiminde
alim fiyatlarinin 5-5.5 Euro cent aralifinda olmasi gerektigine dair karar ¢ikmustir [18].
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29 Aralik 2010°da 6094 sayili Kanun ile bu Kanunda degisiklik yapilmis ve yenilenebilir enerjiden
elektrik tiretecek tesisler i¢in fiyat katkisi saglanmaya baslamistir. Tablo 2 ve Tablo 3’te fiyat katkilar
belirtilmistir. Yenilenebilir enerji kaynakli elektrik {iretimini tesvik etmek amaciyla yapilan bu teknik
ve yasal diizenlemelerin ardindan ilk lisans basvurusu 10.06.2013 tarihinde EPDK tarafindan
almmugtir

ve 2022 yili itibariyle 426’s1 hidroelektrik, 2241 rlizgar, 57’si jeotermal, 2931 biyokiitle ve 36°s1
giines enerjisi kaynakli santraller olmak tizere 1036 tesis desteklerden yararlanmaktadir [21].

Bu kanun geregince 30 Ocak 2021 tarihli ve 31380 sayili Resmi Gazete’de yayimlanan 3453 sayili
Cumhurbaskani karart ile fiyatlar Tablo 4’te goriilecegi lizere giincellenmistir [22]. Bu diizenlemelere
ragmen giliniimiize kadar CSP teknolojisi i¢eren bir sistem YEKDEM kapsamina girmemistir.

9 Ekim 2016’da 29852 sayili Resmi Gazete’de Yenilenebilir Enerji Kaynak Alanlart Yo6netmeligi
yayimlanarak toplam elektrik iiretimi i¢indeki yenilenebilir enerjinin paymin ve kaynak ¢esitliliginin

artirilmasi hedeflenmigtir [23].

Cizelge 4. 3453 sayili Cumhurbaskani Karar ile Belirlenen YEKDEM Tavan Fiyatlari [22].

Yenilenebilir Enerji Kaynagina Dayali Uretim Tesis Tipi ~ Uygulanacak Tavan Fiyatlar (ABD

dolar cent/kWh)
a. Hidrolik iiretim tesisi 6,40
b. Riizgir ve giines enerjisine dayal iiretim tesisi 5,10
¢. Jeotermal enerjisine dayali iiretim tesisi 8,60
d. Biyokiitleye dayali tiretim tesisi (¢op gazi veya atik 5,10
lastiklerin islenmesi sonucu ortaya ¢ikan yan tirtinlerden
elde edilen kaynaklar igin)
e. Biyokiitleye dayali iiretim tesisi (biyometanizasyon 8,60
icin)
f. Biyokiitleye dayali tiretim tesisi (termal bertaraf) 8

7. TURKIYE’DE CSP UYGULAMALARI

Tirkiye’de yiiriitilen Ar-Ge faaliyetleri GES teknolojilerinden PV’lerde yogunlasmis olsa da
Mersin’de yer alan Tiirkiye’nin tek CSP tesisinin Ar-Ge caligmalari 2005 yilinda baslatilmistir.
Tamami yerli sermaye olan Greenway firmasi tarafindan yiiriitillen proje, Tiirkiye Teknoloji
Gelistirme Vakfi ve TUBITAK 1n destegiyle 2013 yilinda tamamlanmistir. Sekil 3’te goriilen 5 MW
1s1l giice ve 1 MW tiirbin ¢ikis giiciine sahip olan ve 100 doniim arazi iizerine kurulan CSP tesisi 50
metre yiikseklikteki giines kulesi teknolojisi kullanilarak 50 milyon dolara insa edilmistir. Bu tesiste
glines 15181m1 yansitan 510 adet heliostat toplam tesis alaninin 30 déniimliik boliimiinii kaplamaktadir.
Ayrica, santral dogal gaz ¢evrim santraline entegre edilebilmektedir. Boylece, giines 1s1g1nin olmadig:
saatlerde dogal gaz santrali devreye girebilmektedir. Tesisin bir diger 6nemli 6zelligi ise, yerli olarak
yazilimi ve donanimu tasarlanan Green Box kontrol kartiyla kablosuz iletisime sahip olmasidir. Akill
yazilim sayesinde astronomik bir algoritmayla belirli araliklarla glinesin pozisyonu hesaplanmakta ve
aynalar uygun yone gevrilmektedir [5].
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Sekil 3. Greenway CSP Santrali [24].

8. SONUCLAR ve ONERILER

Enerji; geligsmislik diizeyinin bir gostergesi olmasinin yaninda uluslararasi arenada vazgeg¢ilmez bir
giic unsurudur. Bu sebeple iilkelerin politikalarin1 belirlemesinde enerji giivenligi ciddi bir rol
oynamaktadir. Hammaddeye yakinlik, enerji iletim giivenligi, kaynak cesitliliginin saglanmasi ve
verimli {iretim teknolojileri giiniimiizde en ¢ok tartisilan konularin baginda gelmektedir. Fosil yakitlar
kendisine sahip olan iilkelerin ekonomisini gii¢lendirirken ithalat¢i iilkeler igin dnemli bir gider
kalemidir. Yenilenebilir enerjinin hakim oldugu bir piyasada enerji arzi ve giivenligi ile ilgili
sorunlarin azalacagi ongoriilmektedir. Ayrica yenilenebilir enerjinin tiretimdeki payinin artmasi ile
fosil enerji kaynaklarinca zengin Ortadogu gibi bolgelerde gerilimler, ¢ekismeler ve hatta savaslar
azalacaktir.

Tiirkiye her yil yurtdisindan ¢ekebildigi yabanci yatirim kadar miktar1 (yaklasik 10 milyar dolar)
dogal gaz ithalatina harcamaktadir. Tirkiye’de enerjide disa bagimliligin azaltilmasi ve dis ticarete
denge getirilmesi siirecinde; isletilmesi esnasinda yakit sarf etmeyen, isletme ve bakim maliyetleri
diisiik diizeylerde olan, ihtiyaca gore 6lgeklendirilmesi nispeten kolay olan ve yerlesim bélgelerindeki
nihai elektrik kullanicilarina en yakin mesafede kurulabilen giines enerjisi santrallerinin (GES)
yayginlastirilmasi ciddi bir segenek haline gelmistir.

Yenilenebilir enerjisinden elektrik iiretiminde kullanilan teknolojilerin ¢ogunlugu ithal edilmektedir.
Uygulanan tesvik politikalarinin ardindan yenilenebilir enerji yatirimlarinin iilkemizin ekonomisine
yapacag1 katkiy1 artirmak amaciyla yeni stratejilerin gelistirilmesi 6nem arz etmektedir. Bu baglamda,
ilkemiz kaynaklarinca gelistirilecek yeni ve ileri teknolojilerin kullanilarak yenilenebilir enerjiden
elektrik tiretimi saglanmalidir. Tiirkiye’de mevcut sermaye, is giicii, bilgi ve sanayi gibi kaynaklarin
bu amag i¢in yonlendirilmesi devlet politikalarinda ve stratejik planlarda temel amaglardan olmalidir.

Yenilenebilir enerji kaynaklarma dayali enerji tretim yatirmlarinin uzun vadede Tiirkiye’nin
ekonomisine saglayacagi fayda ve maliyetlerin 6ngoriilebilmesi bu kaynaklarin iilkemizin elektrik

10
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iretim sistemindeki yerinin belirlenmesinde olduk¢a 6nemlidir. Yenilenebilir enerji yatirimlarinin;
istihdam iizerindeki olumlu etkisi ve sera gazinin azaltilmasindaki faydasi enerjide disa bagimliligin
azaltilmasindaki etkisi de detayli olarak ortaya konulmalidir. Tiirkiye’de YEK’lerin milli ekonomiye
azami diizeyde fayda saglayabilmesi i¢in destek politikalarinin, yalnmizca yenilenebilir enerji kurulu
gliciinii artirmak odakli bir yaklasimdan ziyade, yerli iiretim endiistrisinin gelismesini saglayacak
sekilde belirlenmesi 6nem arz etmektedir.

EUROPE ED

Sekil 4. Avrupa DNI haritas1 [25].

FV sistemler ilk yatirim maliyeti ve LCOE analizine goére CSP sistemlerinden daha ekonomiktir fakat
bu aralik hizli kapanmaktadir. Ayrica CSP sistemleri FV sistemlerden daha verimli ¢aligmaktadir.
Giines takip sistemleri, 1sil depolama ve gilines enerjisinin odaklanmasi verimi artiran temel
etmenlerdir. DNI degeri 2000 kWh/m?den yiiksek olan bdlgelerde CSP kullamimasi daha avantajl
olacaktir. Almanya ve Danimarka gibi iilkelerde DNI degeri diisiik oldugu i¢in CSP yerine FV
sistemleri segmeleri mantiklidir. Ulkemiz ile benzer iklim ve sicaklik degerlerine sahip Ispanya (Sekil
4) ise CSP sistemlerinde uzmanlagarak giines enerjisinden daha verimli yararlanmaktadir. CSP
sistemleri Ulkemiz i¢in de daha faydali enerji iiretim ydntemi iken ekonomik tedirginlikler sebebiyle
yatirimeilar FV sistemlere ydnelmistir. Ispanya’min CSP tesvik ve yatirim modelleri incelenerek
Tiirkiye’ye uygulanirsa Ulkemizde CSP sistemlerinin kullanimi yayginlasacaktir. Universitelerde CSP
aragtirmalarinin tesvik edilmesi ile bilgi, uzmanlik ve yetigmis is giicii de artacaktir. CSP konusunda
bilgilendirici gorsel ve isitsel tanitim g¢aligmalar1 ile halkimizin bu temiz ve tiikenmez enerjiyi
tanimast saglanmalidir. Gelecek nesiller ve dogamizin korunmasi igin g¢evre bilincinin artmasi
gerekmektedir. Cevre bilincinin temelinde ¢evreye zarar vermeyen teknolojilerin tercih edilmesi
vardir. Enerji iiretiminde artik ekonomik analizin yapilmasi yeterli olmamaktadir, sosyal ve gevresel
maliyetlerin de hesaplanmasi1 gerekmektedir. Cevresel ve sosyal maliyetlerin de eklendigi bir
hesaplama yontemi daha adil olacaktir. Ekonomik, ¢evresel ve sosyal maliyetlerin bir arada oldugu
hesaplama yonteminde yenilenebilir enerji kaynaklar1 daha cazip hale gelecektir.

11



Journal of Scientific Reports

Bayraktar, vd., Journal of Scientific Reports-B, Say: 7, 1-13 Haziran 2023
Bayraktar, et al., Journal of Scientific Reports-B, Number 7, 1-13, June 2023

TESEKKUR

Yazarlarin tesekkiir edecegi herhangi bir kisi veya kurulus bulunmamaktadir.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

[11]

[12]

KAYNAKCA

Cengiz, M. S. ve Mamis, M. S. (2016). Termal giines enerjisi kullanim1 ve CSP sistemlerin
verimlilik analizi, BEU Fen Bilimleri Dergisi 5(1), 1-13.

Polomarkaki, S. (2019). Study of concentrating solar power (CSP) station and simulation using
software, Unpublished Diploma Thesis, Technical University of Crete, School of Electrical and
Computer Engineering (ECE), Chania, Greece.

REN21. (2022, 27 Ekim). Renewables 2022 global status report, Erisim Adresi:
https://www.ren21.net/wp-content/uploads/2019/05/GSR2022_Full_Report.pdf

Livatyali, H. (2022, 27 Ekim). Yogunlastirilmis Giines Enerjisi Teknolojileri. Erigim Adresi:
http://www1.mmao.org.tr/resimler/dosya ekler/c21ec3eb17542d5_ek.pdf

Cebeci, S. (2017). Tirkiye’de gilines enerjisinden elektrik diretim potansiyelinin
degerlendirilmesi, Uzmanlik Tezi (Yaym No:2977), T. C. Kalkinma Bakanlig1, Ankara.

SolarPACES. (2022, 27 Ekim). CSP projects around the world. Erisim Adresi:
https://www.solarpaces.org/csp-technologies/csp-projects-around-the-world/

SolarPACES. (2022, 27 Ekim). Solar thermal electricity global outlook 2016. Greenpeace
International, ESTELA ve IEA SolarPACES 4th Joint Report. Erisim Adresi:
http://www.solarpaces.org/wp-content/uploads/gp-estela-solarpaces_solar-thermal-electricity-
global-outlook-2016_full-report.pdf

The U.S.A. Department of Energy (USDOE), (2022, 27 Ekim). lvanpah Project. Erigim Adresi:
https://www.energy.gov/lpo/ivanpah

Coventry, J. and Andraka, C. (2017). Dish systems for CSP. Solar Energy. 152, 140-170.

Islam, M. T., Huda, N., Abdullah, A. B. and Saidur, R. (2018). A comprehensive review of state-
of-the-art concentrating solar power (CSP) technologies: Current status and research trends.
Renewable and Sustainable Energy Reviews, 91, 987-1018.

Affandi, R. B., Gan, C. K. and Ab Ghani, M. R. (2015). Performance comparison for parabolic
dish concentrating solar power in high level DNI locations with George Town, Malaysia.
Applied Mechanics and Materials, 699, 570-576.

Suman, S., Khan, M. K. And Pathak, M. (2015). Performance enhancement of solar collectors—
A review. Renewable and Sustainable Energy Reviews, 49, 192-210.

12


https://www.ren21.net/wp-content/uploads/2019/05/GSR2022_Full_Report.pdf
http://www1.mmo.org.tr/resimler/dosya_ekler/c21ec3eb17542d5_ek.pdf
https://www.solarpaces.org/csp-technologies/csp-projects-around-the-world/
http://www.solarpaces.org/wp-content/uploads/gp-estela-solarpaces_solar-thermal-electricity-global-outlook-2016_full-report.pdf
http://www.solarpaces.org/wp-content/uploads/gp-estela-solarpaces_solar-thermal-electricity-global-outlook-2016_full-report.pdf
https://www.energy.gov/lpo/ivanpah

Journal of Scientific Reports

Bayraktar, vd., Journal of Scientific Reports-B, Say: 7, 1-13 Haziran 2023
Bayraktar, et al., Journal of Scientific Reports-B, Number 7, 1-13, June 2023

[13] Kumar, L., Hasanuzzaman, M. and Rahim, N. A. (2019). Global advancement of solar thermal
energy technologies for industrial process heat and its future prospects: A review. Energy
Conversion and Management, 195, 885-908.

[14] Kaygusuz, K. (2011). Prospect of concentrating solar power in Turkey: the sustainable future.
Renewable and Sustainable Energy Reviews, 15(1), 808-814.

[15] Umar, A. B., Gupta, M. and Buddhi, D. B. (2020). Concentrated solar thermal power
technologies: a review. Journal of Critical Reviews, 7 (19), 8162-8184.

[16] Pandey, A., Pandey, P. and Tumuluru, J. S. (2022). Solar energy production in India and
commonly used technologies—an overview. Energies, 15(500), 1-26.

[17] T. C. Enerji ve Tabii Kaynaklar Bakanligi. (2014, Aralik). Tiirkiye Ulusal Yenilenebilir Enerji

Eylem Plany, Erisim Adresi:
http://www.eie.gov.tr/duyurular _haberler/document/Turkiye Ulusal Yenilenebilir Enerji_Eyle
m_Plani.PDF

[18] T. C. Enerji ve Tabii Kaynaklar Bakanlhigi. (2022, 27 Ekim). Giines yatirnmcilart igin YEKA
rehberi, Erisim Adresi: http://www.kalienerji.com/uploads/dokuman/Gunes-yatirimcilari-icin-

yeka-rehberi.pdf

[19] 5346 sayili yenilenebilir enerji kaynaklarinin elektrik enerjisi tiretimi amaglh kullanimina iliskin
kanun. (2005, 10 Mayis). Resmi Gazete (Sayr: 25819). Erisim  Adresi:
https://www.resmigazete.gov.tr/eskiler/2005/05/20050518-1.htm

[20] 6094 sayili yenilenebilir enerji kaynaklarimin elektrik enerjisi tiretimi amacgli kullanimina iligkin
kanunda degisiklik yapilmasina dair kanun. (2010, 29 Aralik). Resmi Gazete (Say1: 27809).
Erisim Adresi: https://www.resmigazete.gov.tr/eskiler/2011/01/20110108-3.htm

[21] T. C. Enerji Piyasasi Diizenleme Kurumu. (2022, 27 Ekim). Yenilenebilir enerji kaynaklari
destekleme mekanizmasi (YEKDEM). Erigim Adresi: https://www.epdk.gov.tr/Detay/lcerik/3-0-
0-122/yenilenebilir-enerji-kaynaklari-destekleme-mekanizmasi-yekdem

[22] 3453 Sayili Cumhurbagkani Karari. (2021, 29 Ocak). Resmi Gazete (Sayi: 31380). Erisim
Adresi: https://www.resmigazete.gov.tr/eskiler/2021/01/20210130-9.pdf

[23] Yenilenebilir enerji kaynak alanlar1 yonetmeligi. (2016, 9 Ekim). Resmi Gazete (Say1: 29852).
Erigim Adresi: https://www.resmigazete.gov.tr/eskiler/2016/10/20161009-1.htm

[24] Yilsan Holding. (2022, 27 Ekim). Greenway CSP solar tower, Erisim Adresi:
http://yilsanholding.com/tr-TR/greenway/313608

[25] SOLARGIS. (2022, 27 Ekim). Solar resource maps of FEurope, Erigim Adresi:
https://solargis.com/maps-and-gis-data/download/europe

13


http://www.eie.gov.tr/duyurular_haberler/document/Turkiye_Ulusal_Yenilenebilir_Enerji_Eylem_Plani.PDF
http://www.eie.gov.tr/duyurular_haberler/document/Turkiye_Ulusal_Yenilenebilir_Enerji_Eylem_Plani.PDF
http://www.kalienerji.com/uploads/dokuman/Gunes-yatirimcilari-icin-yeka-rehberi.pdf
http://www.kalienerji.com/uploads/dokuman/Gunes-yatirimcilari-icin-yeka-rehberi.pdf
https://www.resmigazete.gov.tr/eskiler/2005/05/20050518-1.htm
https://www.resmigazete.gov.tr/eskiler/2011/01/20110108-3.htm
https://www.epdk.gov.tr/Detay/Icerik/3-0-0-122/yenilenebilir-enerji-kaynaklari-destekleme-mekanizmasi-yekdem
https://www.epdk.gov.tr/Detay/Icerik/3-0-0-122/yenilenebilir-enerji-kaynaklari-destekleme-mekanizmasi-yekdem
https://www.resmigazete.gov.tr/eskiler/2021/01/20210130-9.pdf
https://www.resmigazete.gov.tr/eskiler/2016/10/20161009-1.htm
http://yilsanholding.com/tr-TR/greenway/313608
https://solargis.com/maps-and-gis-data/download/europe

Journal of Scientific
Reports-B
Lisansiistii Egitim Enstitiisii E-ISSN: 2717-8625
Saw1 7, Haziran 2023 Number 7, June 2023
ARASTIRMA MAKALESI (Research Article)

Kiitahya Dumlupmar Universitesi

CELIK KOLONLARDAN VE BETON DOLGULU CELIiK TUP KOLONLARDAN OLUSAN
CERCEVELERIN SAYISAL KARSILASTIRILMASI

Emre BAS', Mustafa Halik SARACOGLU?*, Fethullah USLU?

'Kiitahya Dumlupimar Universitesi, Lisansiistii Egitim Enstitiisii, insaat Mithendisligi Boliimii, 43100, Kiitahya,
emrebas9292@gmail.com, ORCID: 0000-0003-3188-8965
#Kiitahya Dumlupinar Universitesi, Miihendislik Fakiiltesi, ingaat Miihendisligi Boliimii, 43100, Kiitahya,
mhaluk.saracoglu@dpu.edu.tr, ORCID: 0000-0003-3842-5699
®Kiitahya Dumlupinar Universitesi, Miihendislik Fakiiltesi, insaat Miihendisligi Boliimii, 43100, Kiitahya,
fethullah.uslu@dpu.edu.tr, ORCID: 0000-0001-8057-5119

Gelis Tarihi(Received Date):17.01.2023 Kabul Tarihi(Accepted Date):07.03.2023

0z

Bu ¢alismada ayni kat planina sahip farkli yiiksekliklerdeki celik kolonlu ve i¢i beton doldurulmus
celik tip (BDCT) kompozit kolonlu yapilar analiz edilerek yapi kat deplasmanlari, taban kesme
kuvvetleri ve yapi1 toplam agirliklari incelenmistir. Celik kolona esdeger kompozit kolonu tespit etmek
icin Celik Yapilarin Tasarim, Hesap ve Yapim Esaslar1 2018 (CYTHYE, 2018) yonetmeligini esas
alan bir bilgisayar programu gelistirilmistir. Gelistirilen bilgisayar programi gelistirilmis karsilikl etki
diyagramlarindaki kritik noktalarin koordinatlarini da hesaplayabilmektedir. Celik kolonlu yapilar
AISC yonetmeligine gore, ETABS 2019 programu kullanilarak analiz edilmistir. Analizler sonucunda
kolonlarda hesaplanan kritik kuvvetleri tasiyabilecek gelik profiller tespit edilmis ve bu ¢elik kolon
kesitlerine esdeger BDCT kolonlar gelistirilen bilgisayar programi yardimiyla elde edilmistir. Ayrica
yapt yiiksekligi artirilarak 3, 6, 9 ve 15 katli yapilar ele alinmig ve kat sayisinin degisimi ile ¢elik ve
kompozit kolonlu yapilarin davraniglart ortaya konulmustur. Bu galismada incelenmis olan 4 farkli
yap, celik kolonlu ve kompozit kolonlu olarak ayri ayri analiz edilmistir. Kompozit kolonlu yapilarin,
celik kolonlu yapilara gore daha iyi performans gosterdigi belirlenmistir. Sonuglar tablo ve grafiklerle
sunulmustur.

Anahtar kelimeler: Beton Dolgulu Celik Tiip Kolonlar, Kompozit, Kompozit Yap: Elemanlari,
Kompozit Yapilarin Tasarimi
NUMERICAL COMPARISON OF FRAMES CONSISTING OF STEEL COLUMNS AND
CONCRETE FILLED STEEL TUBE COLUMNS
ABSTRACT
In this study, building floor displacements, base shear forces and total weights of the structure were
investigated by analyzing the buildings with steel columns and concrete filled steel tube (CFST)

composite columns with the same floor plan at different heights. In order to determine the composite
column equivalent to the steel column, a computer program has been developed which is based on the
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Regulation on the Design, Calculation and Construction Principles of Steel Structures (CYTHYE,
2018). The computer program can also calculate the coordinates of the critical points in the developed
interaction diagrams. Steel column structures were analyzed according to AISC regulation using
ETABS 2019 program. As a result of the analyses, steel profiles that can able to carry the calculated
critical forces in the columns were determined and CFST columns equivalent to these steel column
sections were obtained with the help of the developed computer program. Also by increasing the
building height 3, 6, 9 and 15-storey buildings were considered and with the change of the number of
floors behaviours of structures with steel and composite columns are presented. In this study, four
different structures with steel columns and composite columns were analyzed separately. It has been
determined that composite column structures perform better than steel column structures. The results
were presented in tables and graphs.

Keywords: Concrete Filled Steel Tube Columns, Composite, Composite Structural Elements, Design
of Composite Structures

1. GIRiS
Beton dolgulu celik tiipler (BDCT), insaat ve isletme asamalar1 sirasinda geleneksel betonarme
malzemesine goére birgok olumlu 6zellik gostermektedir. Geleneksel betonarme elemanlarin yerini

alan bu yap1 elemanlari et kalinhigi t ve dis ¢ap1 D olan ¢gelik tiiplerin i¢erisine beton doldurularak imal
edilirler (Sekil 1).

BETON

CELIK TUP /

gt

A
Y

D
Sekil 1. Beton dolgulu gelik tiip elemanin perspektif ve kesit goriintiisii.

Bu tiir yapilar; yiikksek mukavemet, iyi siineklik ve dayaniklilik, yiiksek yangin direnci, biiyiik enerji
emme kapasitesi ve uygun insa edilebilirlik zelliklerine sahiptirler. insaat asamasinda, BDCT ’lerin
gelik borulari, kalip igin harcanan zaman ve enerjinin biiyiik bir kismini ortadan kaldirir ve betonun
erken yas asamasinda ingaat yiiklerini destekler, bu da insaat siiresini, is¢ilik ve malzeme maliyetlerini
onemli Olgiide azaltir ve ingaat verimliligini artirir. Beton dolgulu ¢elik tiipler, elektrik sebekesi

tagima kapasitesi gerektiren diger yapilarda kullanilirlar [1].
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Ustiinliiklerinden dolay1 genis 6lciide yararlanilan BDCT ler hakkinda bugiine kadar pek ¢ok ¢alisma
yapilmustir. Han vd. [1], yaymladiklari derleme ¢aligmalarinda, 6zellikle Cin’deki ¢aligmalari dikkate
alarak beton dolgulu celik boru yapilar icin en son gelismeleri gozden gecirmislerdir. Cesitli
iilkelerden tasarim yaklasimlarini inceleyerek BDCT’leri kullanan Cin’deki bazi pratik projeleri
sunmuglar ve bu elemanlarin gelisimine yonelik egilimleri tartigmuglardir. Schneider [2], eksenel
basing altindaki BDCT’lerin davranisini yaptig1 deneysel ve analitik calismalarla ortaya koymustur.
Sakino vd. [3], uzun siireli arastirma projelerinde merkezi yiikli kisa kolonlar ile ilgili deneyler
yapmuglardir. Yaptiklari deneyler sonucunda beton ile ¢elik tiiplin yiik altindaki davraniglarini
incelemisler ve BDCT kolonlarin yiik-deformasyon iliskisini ortaya koyacak ydntemleri tiiretmek
istemislerdir. Deneyler sonucunda elde ettikleri verileri kullanarak hem dairesel hem de kare kesitli
BDCT kolonlar igin nihai eksenel basing yiikk kapasitelerini tahmin eden tasarim formiilleri
Onermislerdir. Giakoumelis ve Lam [4], ¢esitli beton dayanimlarina sahip BDCT lerin eksenel yiik
altindaki davranisini ¢alismiglardir. Celik boru kalinliginin, beton ile ¢elik boru arasindaki bag
kuvvetinin ve sargi donatisinin etkilerini incelemislerdir. Deney numunelerinden 6lgiilen kolon
dayanimlarini Eurocode 4, Avustralya Standartlar1 ve Amerikan Kodlar1 gibi farkli yonetmelikler
kullanarak hesapladiklar1 kolon dayanimlari ile karsilagtirmiglardir. Hu vd. [5], eksenel kuvvet ve
egilme momentinin birlikte etkidigi beton dolgulu tiiplerin sonlu eleman modellerini ortaya koyarak
bu elemanlarin davranigini incelemislerdir. Damar [6], yaptig1 yiiksek lisans tez c¢alismasinda
kompozit yapilarda tagima giiclinii arastirmistir. Caligmasinda, kompozit kolonlarin ekonomik agidan
ingaat endistrisinde yararli oldugu sonucuna varmustir. Patidar [7], BDCT kolonlarin davranisini
incelemek icin ¢elik tiipiin et kalinligini ve betonun dayanimini degistirerek sonlu elemanlar paket
programi ile sayisal bir caligma yapmustir. Evirgen vd. [8], yaptiklart deneysel ¢alismada eksenel yiik
altindaki BDCT’lerin yapisal davranigini incelemislerdir. Numunelerdeki genislik/kalinlik orani,
betonun basing dayanimi ve kesit parametrelerinin geometrik seklinin nihai yiikler, eksenel gerilme,
siineklik ve burkulma davramisi tizerindeki etkilerini arastirmuslardir. Essopjee ve Dundu [9],
yaptiklart deneysel calismada BDCT’lerin basing altindaki performansini arastirmiglardir. Celik
borularin uzunluklarini, ¢aplarint ve dayamimlarini degistirerek ve Giiney Afrika standardindaki
(SANS 10162-1) ve Eurocode 4'teki (EN 1994-1-1) ilkeleri kullanip BDCT’lerin dayanimlarini
tahmin etmek icin yeni formiiller gelistirmislerdir. Ince vd. [10], yaptiklar1 calismalarinda, kompozit
elemanlar ve kompozit yapi sistemlerinin {stiinliiklerini ve sakincalarini, gegmiste yapilmis olan
¢aligmalar1 da irdeleyerek ortaya koymus ve bu konuda bazi oneriler getirmiglerdir. Amini [11],
yiiksek lisans tez ¢aligmasinda kompozit yapilarin dinamik davraniglarmi geleneksel yapilar ile
karsilagtirmistir. Tez ¢alismasinda bes ve on bes katli ayn1 mimari projeye sahip yapiy1 betonarme ve
kompozit yap1 elemanlariyla modellemistir. Abdulmaged ve Gogiis [12], farkli tasarim kodlarina gore
BDCT’lerin performans degerlendirmesine yonelik parametrik bir c¢alisma yapmuslardir. Bu
calismada; celik tiipiin ¢api, et kalinligi, akma gerilmesi ve betonun basing dayanimi degisen
parametreler olarak dikkate alinmis, Amerikan (ANSI/AISC360-16) ve Avrupa (Eurocode4-2004)
standartlar1 kullanilmigtir. Han vd. [13], 2019 yilinda BDCT’lerin tasarimi hakkinda bir kitap
yaymlamiglardir. Boliikbagi [14], farkli kompozit kolon tiirlerinin Eurocode 4’¢ gore tasarimlarinin
orneklerle agiklanmasi konulu yiiksek lisans tezi yazmustir. Tez ¢aligmasinda iki farkli kompozit kolon
tipinin Eurocode4’e gore tasarimi anlatilmigtir. Uslu vd. [15], yayinladiklar1 makalede eksenel yiik ve
moment etkisi altindaki ¢elik goémme kompozit kolonlarin dayanimlart ve siinekliklerini
incelemislerdir. Calismalarinda bir celik yap1 iizerinden kesit tesirlerini alarak esdeger bir kompozit
kolon tasarlamislar ve bu kolona ait analizler yaparak siineklik ve dayanim o6zelliklerini
degerlendirmislerdir. Tagskin ve Uslu [16], yaymladiklar1 arastirma makalesinde gelik gommeli
kompozit kolonlarin sonlu elemanlar analizi ile sayisal karsilagtirilmasim  yapmiglardir.
Calismalarinda olusturduklar1 modeller ile dogrusal olmayan analizler yapmuslardir. Yapilan
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analizlerden elde edilen degerler ile yonetmeliklerden elde edilen degerleri kiyaslamislar ve celik
gdmmeli kesitlerde kullanilan gelik profilin tasima kapasitesini arastirmislardir. Ipek ve Giineyisi [17],
calismalarinda BDCT kolonlarinin nihai eksenel dayanimini mevcut kare ve dairesel kesit tabanli kod
formiillerini kullanarak tahmin etmislerdir. Manikandan ve Umarani [18], ¢calismalarinda deneysel ve
teorik bir yaklagimla, farkl: tipteki beton dolgu cesitleri ile BDCT lerin performansini incelemislerdir.
Lu vd. [19], yaptiklart ¢alismada 6n yiik orani, narinlik orani, yiik eksantrikligi ve profilli ¢eligin kesit
boyutu gibi farkli parametrelerin BDCT kolonlarimin nihai mukavemeti {izerindeki etkisini analiz
etmiglerdir. Ayrica c¢alismalarinda 6n yiikli BDCT elemanlarin basing ve egilme altindaki nihai
mukavemetini hesaplamak igin bir tasarim formiilii 6nermislerdir. Wang vd. [20], yayinladiklari
¢aligmalarinda eksenel kuvvet altindaki BDCT elemanlarin basing dayanimini inceleyen ¢alismalari
derlemislerdir. Bag [21], yazmis oldugu yiiksek lisans tezinde ¢elik kolonlu ve igi beton doldurulmusg
celik tiip kompozit kolonlu yapilarin karsilagtirmali tasarimini yapmistir. Calismasinda ayni doseme
ve kiriglere sahip yapilarda g¢elik kolon ve BDCT kolon kullanarak sonuglar1 kiyaslamistir.

Bu calismada ayn1 kat planina sahip farkli yiiksekliklerdeki g¢elik kolonlu ve BDCT kolonlu yapilar
analiz edilerek yap1 kat deplasmanlari, taban kesme kuvvetleri ve yapi toplam agirligi incelenmistir.
Kiyaslama yapabilmek i¢in kompozit kolonlu yapilarda ¢elik kolonlu yapilardan elde edilen kritik
yiikleri tagtyabilecek esdeger BDCT kolonlar kullanilmistir.

2. MATERYAL ve METOD

Yapisal ¢elik ve betonarmenin birlikte kullanilmasi ile olusturulan kompozit yapi elemanlarinin
tasarimu ile ilgili kurallar CYTHYE, 2018°de verilmistir [22]. Bu kompozit yap1 elemanlarindan ¢elik
goémme kompozit elemanlar Sekil 2 a ve b ’de, beton dolgulu kompozit elemanlar ise Sekil 2 ¢ ve d’de
gosterilmektedir.

(a) (b) (©) (d)

Sekil 2. Tipik kompozit kolonlar [22].

Bu ¢alisma kapsaminda incelenen kompozit kolonlar Sekil 2 c’de gosterilen beton dolgulu dairesel
celik tiip kesitli kolonlardir. Delphi programlama dilinde kod yazilarak Celik Yapilarin Tasarim,
Hesap ve Yapim Esaslart (CYTHYE) 2018’1 esas alan ve ¢elik kolona esdeger kompozit kolonu tespit
eden bir bilgisayar programi gelistirilmistir [22], [23].

17



Journal of Scientific Reports

Saragoglu, vd., Journal of Scientific Reports-B, Say: 7, 14-29 Haziran 2023
Saragoglu, et al., Journal of Scientific Reports-B, Number 7, 14-29, June 2023

Gelistirilen program; en ¢ok zorlanan ¢elik kolonlardan elde edilmis olan eksenel kuvvet ve moment
degerlerini veri olarak alip yOnetmeligin sartlarina uygun geometrideki (D, t) ve malzeme
ozelliklerindeki (fe, Fy) farkli BDCT kesitlerini listelemektedir.

Ayni zamanda c¢alismada incelenen ornekler icin CYTHYE 2018 [22] yoOnetmeliginde verilen
karsilikli etki diyagramindaki A, E, C, D ve B noktalarinin koordinatlar1 da hesaplamaktadir.

CYTHYE 2018 Tablo 12.5’te verilen ifadeler kullanilarak hesaplanan A, E, C, D ve B noktalarinin
egilme momenti ve eksenel basing kuvveti degerleri kullanilarak Sekil 3°te gosterilen gelistirilmis
kargiliklr etki diyagramlart olusturulabilmektedir [22].

Sekil 3’te gosterilen gelistirilmis karsilikli etki diyagraminda yer alan A, E, C, D ve B noktalarmin W,
ve W, ifadeleri sirastyla beton ve gelik kesitlerine ait plastik mukavemet momentleridir. Weg, Wse, Weg
ve Wgp ise Sekil 3°te gosterildigi gibi E ve B noktalarindaki h, bolgesi igindeki beton ve ¢elik kesitine
ait plastik mukavemet momentlerini ifade etmektedir.

08s,  F

P,=AF, +0.95f, A

K _ "M, =0
1 0.95f .
PE:PA_Z|:Fy(d2_h2)+Tckh2}(gz_sm€2)

X 2
A g
g 3 _ R=0851,A
2 / e Me =Mg
2 |
(24
g b _ 0951, A
< ° 2
=]
— WC
g Mg =W,F, +?(0.95fck)
53
2
2 Py =0

Mg :WsBFer%(O.QSfck)

Egilme Momenti M (KNm)
Sekil 3. BDCT elemanlar i¢in gelistirilmis karsilikli etki diyagrami [22].

Bilesik egilme altinda beton dolgulu boru enkesitli kompozit kolonun basing tasarim dayanimlari
CYTHYE 2018 yonetmeliginde Denklem 1-14’te verilen esitlikler ile hesaplanmaktadir [15], [16],
[21], [22].

B = FyAs + FysrAsr + 0,85f A 1)
_ w2 (ED,
Fe =00 @
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(@) PPL <225 igin P, =P, [0,658%] 3)
(b) 22>225 igin P, =0877F, 4)
(ED)e = Esls + Egp Iy + GLECI, ®)
€, =025+3 (%) <07 (6)

Beton dolgulu kompozit elemanlar igin tasarim basing dayanimu;

(a) Kompakt enkesitler i¢in

P = Py ()
B, = FAs + Cofur (Ac + A5 25) ®)
C, katsayisi boru enkesitler i¢in 0,95 alinmaktadir.

(b) Kompakt olmayan enkesitler i¢in

_ (A-2p)°
Pro = Pp - (Ar_;;)z (Pp - y) )
Egr
Py = FyA + 0,7 (Ac + Agy E—) (10)

Denklem 9°da gegen P, biiyiikliigii Denklem 8 ile hesaplanacaktir.
(c) Narin enkesitler igin
Esr
Pao = ForAls + 0.7 for (Ac + Ay =) (11)

0,72Fy

BER

Fop = (12)

14’te verilen esitlikler ile ¢oziilmektedir.

(EDe = Egls + Eg I + GE I, (13)
Cs= 04543 (%) <09 (14)
g
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3. SAYISAL ORNEKLER

Ornek problemlerin tasartmi American Institute of Steel Construction (AISC) yénetmeligine gore,
ETABS 2019 programi kullanilarak yapilmistir [24], [25]. Ele alinan 6rnek yapilar Kiitahya ilinin
merkezinde bir alanda yapilacag: varsayilan hastane yapilaridir. Tiim yapilar Sekil 4’te gosterilen ayni
kat planina sahiptirler. Tiim yapilarda kat yiikseklikleri 4 m olup, yapilarin ana tasiyici kirisleri gelik
kirig, dosemeleri ise kompozit doseme seklinde secilmistir. Kat sayist 3, 6, 9 ve 15 katli olan 4 farkl
yapi ¢elik kolonlu ve kompozit kolonlu olarak ayri ayri analiz edilmistir.

A B C D
«——— 6m — >4 g ——— P+——— M

s B = =
t c13 810 cia B11 c15 812 IC16
[";] P~ M ~ - w - -
&§ (8 |8 |18 |2 |8 |18 |18 | |8 |2 |8 |8 |2
3y B I I
r o B7 c10 B8 c11 B9 -uz
- ~ M~ w - r~ m
le |3 |8 |18 |2 |5 |2 |8|51/8 (8|5 |3 |8
2y mm ] ¥ S
+ cs B4 c6 BS c7 B6 c8
o o - o ~ [-.] ~” (=] ~
E |8 |8 |8 |E |2 |2 |8 |3 /2 |8 )8 |8 |8
1
| - -
I [ § Bl c2 B2 Cc3 B3 . ca

Sekil 4. Kat plan1 ve 6rnek perspektif goriintiisii.

Analizlerde dikkate alinan zati, hareketli ve deprem yiikleri ile bu yiiklerden olusturulan yiik
kombinasyonlar ilgili yonetmeliklere uygun olarak hesaplanmistir.

Hareketli yiik hesabinda, yapi hastane olarak disiiniildigiinden dolayr TS 498- Betonarme
Elemanlarin Boyutlandirilmasinda Alinacak Yiikler Cizelge 7°de belirtildigi iizere yapr kat
dosemelerinde hareketli yiik 5 kN/m? cati katinda ise hareketli yiik 1,5 KN/m? olarak hesaba
katilmigtir [26].

Zati yiiklerin hesabinda TS ISO 9194-Yapilarin Projelendirilme Esaslari-Tasiyici Olan ve Olmayan
Elemanlar Depolanmig Malzemeler-Yogunluk standardinda bulunan tagiyict olan veya olmayan
elemanlarin yogunluklar1 adli ekten gerekli bilgiler alinip hesaplamalar yapilmistir. Duvar yiikii 25 cm
gaz beton i¢in i¢-dis siva ile beraber 9,625 kN/m? ve déseme yiikii 2 cm mermer, 5 cm tesviye, 2 cm
stva ile 2,04 kN/m? olarak hesaplanmustir [27].

Deprem yiikii ile ilgili olarak AFAD kurumunun Tiirkiye deprem tehlike haritalarindan elde edilen
raporu kullanilmistir. Buna gore zemin sinifi ve deprem yer hareketi diizeyi, secilen bolgeyle ilgili

20



Journal of Scientific Reports

Saragoglu, vd., Journal of Scientific Reports-B, Say: 7, 14-29 Haziran 2023
Saragoglu, et al., Journal of Scientific Reports-B, Number 7, 14-29, June 2023

depremin periyoduna bagli olarak ivme grafigi olusturulmus ve ETABS programina tanimlanmistir
(Sekil 5).

I3 Response Spectrum ASCE 7-10 Function Definition X

Function Damping Ratio

Function Name Deprem Damping Ratio [005
Parameters Function Graph
Ss and S1 from USGS - User Specified v

Stte Lattude (degrees)
Site Longitude (degrees)
Site Zip Code (5-Digtts)

0.2 Sec Spectral Accel, Ss |0.879 |
1 Sec Speciral Accel, S1 [0222 |
Long-Period Transition Period [s |
Ste Class F v
St Cotcin Fo
Ste Coefficient, Fv 3234 Function Points Plot Options
Period Acceleration (® Linear X - Linear Y
Calculated Values for Response Spectrum Curve T |3 A
00949 1.0081 O LnearX-Log ¥
SDS=2/3) {Fa S o 04743 10091
o6 07577 O Log X - Linear Y
SD1=(2/3)"Fv*S1 04786 08 05383 Sty
1 04786 i
12 0.3989
14 03413
16 0.2991
v v
Convertto User Defined 12 110.2659
oK Cancel

Sekil 5. Deprem hareketinin detaylar.

Gerekli yiik kombinasyonlar1 ¢elik yapilarin tasarim, hesap ve yapim esaslarina dair yonetmelikten
alinmustir [22]. Ayrica tasiyici sistem elemanlarinin tasariminda esas alinmak iizere, deprem etkisini
iceren yiik birlesimleri Tiirkiye Bina Deprem Yonetmeligi (TBDY) 2018 4.4.4. maddesi geregince
diizenlenmistir [28].

Ana tasiyict kirigler ve tali kirisler igin gelik I profilleri secilmistir. Kompozit doseme altinda
kullanilan tali kirisler y yoniine paralel olarak 6 m agiklikta 1,5 m araliklarla, 4 m agiklikta ise 1 m
araliklarla olacak sekilde tasarlanmustir. Sekil 4’te gosterilmis olan kat planindaki kiris numaralarina
gore kiris kesitleri Cizelge 1°de yer almaktadir.

Cizelge 1. Ana tasiyici ve tali kirisler.

Kiris Kesitleri Kiris Tipi Kiris No
W 10x68 Ana Tasiyict 17,20
W 12x22 Ana Tasiyict 2,5,8,11
W 12x96 Ana Tasiyict 14, 23
W 18x35 Ana Tasiyict 1,3,4,6,7,9, 10,12
W 14x370 Ana Tasiyict 13, 15, 16, 18, 19, 21, 22, 24
W 6x8,5 Tali 35, 38, 41
W 8x10 Tali 26, 29, 32, 44, 47,50
W 10x12 Tali 34, 36, 37, 39, 40, 42
W 12x16 Tali 25, 27, 28, 30, 31, 33, 43, 45, 46, 48, 49, 51
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Doseme sacin en kesiti ve ETABS programindaki veri girisi Sekil 6’da gosterilmektedir [21], [24].

I3 Deck Property Data x

General Data
i

it |

tc

hs i
st [ wirh l

1 1 1 |
Property Data

Slab Depth. tc mm
Rib Depth, hr mm
Rib Width Top. wrt 175 mm
Rib Width Bottom. wrb mm
Rib Spacing. sr mm
Deck Shear Thickness mm
Deck Unit Weight [oan T knm?
Shear Stud Diameter mm
Shear Stud Height, hs 150 mm
Shear Stud Tensile Strength, Fu MPa

OK Cancel

Sekil 6. Doseme sacin en kesiti.

Orneklerde kolonlar her katta ayni kesite sahip olarak tasarlanmustir. Ayrica Sekil 7°de gosterildigi
gibi kose kolonlar, dis kolonlar ve i¢ kolonlar olmak iizere ii¢ farkli grupta diizenlenmistir.

[] n pi— 1]
. Kose kolonlar
== Dis kolonlar
[ I I mam [ ickolonlar
[ = /]

Sekil 7. Kolon gruplarinin kalip planindaki konumlari.
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Sekil 4’te gosterilmis olan kat planindaki kolon numaralarina gore kolon gruplari Cizelge 2’de yer
almaktadir.

Cizelge 2. Kolon gruplari.

Kolon Kesitleri Kolon No
Dis kolonlar 2,3,5,8,9, 12,14, 15
I¢ kolonlar 6,7, 10, 11
Kose kolonlar 1,4, 13,16

Celik kolonlar I profil olarak tasarlanmistir. Kat sayist farkli olan 4 ayr1 problem i¢cin ETABS
programindan elde edilen her gruptaki kolon kesitleri Cizelge 3’te verilmektedir.

Analiz sonucunda kolonlarda hesaplanan kritik kuvvetleri tasiyabilecek ¢elik profiller tespit edilmistir.
Tespit edilen bu ¢elik kolon kesitlerine esdeger BDCT kolonlar gelistirilen bilgisayar programi
yardimiyla elde edilmistir. Yapilarda kullanilan kompozit kolonlarin kesit 6zellikleri Cizelge 3’te
verilmektedir.

Cizelge 3. Yapilarda kullanilan ¢elik ve kompozit kolonlarin kesit 6zellikleri.

Kompozit Kolon

Kolon Kesitleri Kat Sayis1  Celik Kolon > >
D(mm) t(mm) fy (N/mm°) F, (N/mm?)

I¢ kolonlar 3 W36x231 356 8 30 355
6 W36x247 457 10 30 355

9 W40x249 559 12 30 355

15 W1000x438 635 14 30 355

Dis kolonlar 3 W 14x730 356 8 30 355
6 W14x730 432 10 30 355

9 W14x730 483 11 30 355

15 W360x1086 610 14 30 355

Kdse kolonlar 3 W 40x183 356 8 30 355
6 W33x221 356 8 30 355

9 W40x235 406 9 30 355

15 W1000x371 457 10 30 355

Cizelge 3’te gegen t gelik boru profilin et kalinligini, D ¢elik boru profilin ¢apim, fy beton basing
dayanimim ve Fy ¢elik akma dayanimini gostermektedir.

ETABS programi kullanilarak yapilan analizler sonucunda elde edilen yapi kat deplasmanlar1 X
yoniinde ve Y yoniinde farklidir. Yapilarda olusan tepe deplasmanlart Sekil 8’de gosterilmistir.
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Sekil 8. Yapilarda olusan tepe deplasmanlari.

Tepe deplasmam (mm)

Sekil 8’deki gibi, BDCT kolonlu ve gelik kolonlu yapilara ait tepe deplasmanlar1 incelendiginde bina
kat sayisinin artmasi ile birlikte tepe deplasmanlarinin arttig1 gériilmektedir. Bunun nedeni, kompozit
katli olan yapilarda BDCT kolonlu yapilardaki tepe deplasmanlar1 ¢elik kolonlu yapilardaki tepe
deplasmanlarindan daha fazladir. Ancak yiiksekligi 6 kattan fazla olan yapilarda BDCT kolonlu
yapilarin tepe deplasmanlari ¢elik kolonlu yapilarinkine gore daha diisiikk hesaplanmustir.

Tasarimu yapilan yapilarin planda simetrik olmasindan dolay1 x ve y yonlerinde olusan taban kesme
kuvvetleri birbirine esit hesaplanmustir. Celik kolonlu ve BDCT kolonlu yapilara ait analizler
sonucunda elde edilen kombinasyonlara gore x ve y yonlerine ait mutlak degerce en biiyiik taban
kesme kuvvetleri Sekil 9°da gosterilmektedir.
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Sekil 9. Yapilarda olusan taban kesme kuvvetleri.
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Sekil 9’dan goriilecegi gibi BDCT kolonlu yapilardaki taban kesme kuvvetleri ¢elik kolonlu
yapilardakilerden daha az hesaplanmigtir. Aradaki fark yapi yiiksekligi arttikca azalmaktadir. Taban
kesme kuvveti yapinin ilgili dogrultudaki dogal titresim periyoduna, agirhigina, etkin yer ivme
katsayisina, yap1 onem katsayisina, spektrum katsayisina ve deprem yiikii azaltma katsayisina baglh
olarak hesaplanmaktadir. Bu calismada incelenen ¢elik kolonlu ve BDCT kolonlu yapilarin kat
planlari ayni olmasina ragmen agirliklar1 farklidir. Bu nedenle, BDCT kolonlu 3 katli yapinin taban
kesme kuvveti ¢elik yapinin taban kesme kuvvetine gore %5.6 daha az iken bu ylizde kat sayisi
arttik¢a azalarak 6 katli yapida %5.2 ve 9 katli yapida %3.1 olarak hesaplanmistir. BDCT kolonlu 15
katli yapmin taban kesme kuvveti ise ¢elik yapinin taban kesme kuvvetine gére %0.3 daha fazla
olarak hesaplanmuistir.

TBDY 2018’¢ gore hareketli yiik katilim katsayist 0,3 kullanilarak hesaplanan yapilarin toplam
agirliklar1 (G+0,3Q) Sekil 10°da gosterilmektedir.

60000

~@-Celik ~@-BDCT Q
50000

40000

30000

20000

Yapi agirhiklar (kN)

0 3 6 9 12 15 18
Kat Sayisi
Sekil 10. Yapilara ait toplam agirliklar.

Sekil 10°da gorildiigii gibi, yapilarin toplam agirliklarmin degisiminde taban kesme kuvvetlerine
benzer bir durum olugsmustur. Kompozit kolonlar i¢i beton doldurulmus gelik tiip kolonlar oldugu i¢in
agirlik hesabinda hem beton hem de ¢elik agirliklar etkili olmustur. Ayrica, ¢elik tiiplerin ¢aplari ve
et kalinliklar1 agirlik hesabinda etkili bir parametredir. Bu nedenle, BDCT kolonlu 3 katli yap1 agirhigi
celik yap1 agirligina gore %6.8 daha az iken bu yiizde kat sayisi arttikca azalarak 6 katli yapida %5.3
ve 9 katli yapida %3.2 olarak hesaplanmistir. BDCT kolonlu 15 kath yap1 agirhigr ise gelik yap1
agirligina gore %0.3 daha fazla olarak hesaplanmustir.

4. SONUCLAR
Bu caligmada aymi kat planina sahip c¢elik kolonlu ve kompozit kolonlu yapilar analiz edilmistir.
Yapilarda dosemeler, ana kirisler ve tali kirigler ayni1 alinarak kolon tiirlerinin degisiminin yapilarda

olusan tepe deplasmanlarina, taban kesme kuvvetlerine ve yapilara ait toplam agirliklara etkisi
incelenmistir. Ayrica yapi1 yiiksekligi artirilarak 3, 6, 9 ve 15 katli yapilar ele alinmis ve kat sayisinin
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degisimi ile celik ve kompozit kolonlu yapilarin davranislar1 ortaya konulmustur. incelenen kompozit
kolonlar beton dolgulu ¢elik tiip kesitli kolonlardir.

Yapilarda olusan tepe deplasmanlar kat sayisi arttikca artmaktadir. BDCT kolonlu yapilarda ¢elik
kolonlu yapilara gore daha diisiik tepe deplasmanlar1 hesaplanmistir. Egilme rijitliginin bu davranisa
etkisi vardir. incelenen yapilarin kat planlar1 x ve y yonlerinde simetrik olarak secilmistir. Bu sebepten
x ve y yonlerinde hesaplanan taban kesme kuvvetleri her iki yonde de birbirlerine esittir. Celik
kolonlu ve kompozit kolonlu yapilarda olusan taban kesme kuvvetlerinin mutlak degerce
karsilastirilmasinda ¢elik kolonlu yapilarda daha fazla oldugu goriilmiistiir. Yapilarin agirliklan ile
ilgili yapilan kiyaslamada malzeme 6zelliklerinin yaninda kesit boyutlar1 da etkilidir. Celik kolon igin
sadece ¢elik malzemesi dikkate alinirken, BDCT kolon i¢in beton malzemesi de hesaba katilmistir.
BDCT kolonlarda ¢ap ve et kalinliklar1 agirlik hesabinda etkili olmustur. Agirlik ile ilgili karsilastirma
sonucunda da kompozit kolonlarin ¢elik kolonlu yapilara gére daha {istiin oldugu goriilmiistiir. Yap1
maliyeti secilen kesitlerden olusan yapmin agirligi ile dogrudan iligkilidir. Daha hafif olan yapinin
maliyeti de daha az olacaktir.

Bu c¢aligmada incelenmis olan 3, 6, 9 ve 15 kathi yapilarin kiyaslanmalarinda da goriildiigi iizere
ozellikle daha yiiksek yapilarda kompozit kolonlu yapilarin deplasmanlar bakimindan ve maliyet
acisindan ¢elik kolonlu yapilardan daha verimli oldugu tespit edilmistir. Kat sayis1 arttikca maliyet
farkinin da artarak devam edecegi sonucuna vartlmistir.
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: Betonun enkesit alan

: Kompozit elemanin toplam enkesit alani

: Celigin enkesit alani

: Boyuna donat1 alani

: Celik tiip elemaninin dig ¢ap1

: Betonun elastisite modiili

: Celigin elastisite modiilii

: Beton ¢eligi elastisite modiilii

: Betonun dayanimi

: Kritik burkulma gerilmesi

: Celigin akma dayanimi

: Beton ¢eligi karakteristik akma gerilmesi

: Betonun atalet momenti

: Celik kesitin atalet momenti

: Kompozit enkesitin elastik tarafsiz eksenine gore donati gubuklarinin atalet momenti
: Eleman burkulma boyu

: Elastik burkulma yiikii

: Karakteristik eksenel basing kuvveti dayanimi

: Eksenel yiik etkisindeki ¢ift simetri eksenli kompozit eleman enkesitinin basing kuvveti

: Karakteristik ezilme dayanim

: Akma sinir durumunda eksenel kuvvet dayanimu

: Celik tiip elemaninin et kalinlig

: Kutu veya boru enkesitin genislik (cap) / kalinlik orani
: Kompakt elemanlar i¢in narinlik sinir degeri
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ABSTRACT

Virtual tours ae tours that are used in place of real-world tours, conducted via computer, telephone, or
other technology. These tours allow participants to see, explore and learn about the areas they are
visiting virtually. Virtual tours can be used as a substitute for real world tours or as a complement to
real world tours. Virtual tours offer advantages such as no transportation costs, no time and place
limitations. In this thesis study, Evliya Celebi campus of Kiitahya Dumlupinar University was
modeled in three dimensions and a virtual tour was carried out in the style of a game. Kiitahya
Dumlupinar University Evliya Celebi campus is an important educational institution located in the
city of Kiitahya in western Turkey. The history of the university, the Seljuk architecture in its
buildings and its cultural significance attract the attention of many people, such as students and
parents. Therefore, a gamified three-dimensional virtual tour will help students, staff and other people
explore the university. The application was designed using SketchUp to create a 3D model of Kiitahya
Dumlupiar University Evliya Celebi campus. With the transfer of the model to Unity, the necessary
elements were added for the preparation of an interactive virtual tour, audio characters that inform the
users about the structures of the university during the virtual tour and student characters walking
around during the tour were added to make them feel in the university environment. One of the most
important features of the application is that it allows users to explore the university completely freely.
Users can navigate the campus by walking, running or even flying with flight mode for a bird's eye
view. This project, which was prepared in the Windows environment, can be made available for the
application, 10S, Android and Web environments thanks to Unity's multi-platform support.

Keywords: Virtual Tour, Campus Simulation, Unity, Sketchup
KUTAHYA DUMLUPINAR UNIVERSITESI
3D SANAL TURU
0z

Sanal turlar, gergek diinya turlarin yerine kullanilan, bilgisayar, telefon veya diger teknolojiler
araciligiyla gergeklestirilen turlardir. Bu turlar, katilimcilarin sanal olarak gezdikleri alanlar1 gérme,
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kesfetme ve bilgi edinmelerine olanak tanir. Gerg¢ek diinya turlarin yerine kullanilabildigi gibi, gergek
diinya turlarinin tamamlayicisi olarak da kullanilabilir. Sanal turlar, ulagim maliyetlerinin olmamasi,
zaman ve mekan sinirlamasinin olmamasi gibi avantajlar sunar. Bu tez calismasinda Kiitahya
Dumlupmar Universitesinin Evliya Celebi yerleskesi ii¢ boyutlu modellenerek icerisinde oyun
tarzinda bir sanal gezinti gerceklestirilmistir. Kiitahya Dumlupmar Universitesi Evliya Celebi
Yerleskesi, Tiirkiye'nin batisindaki Kiitahya sehrinde yer alan O6nemli bir egitim kurumudur.
Universitenin tarihi, binalarindaki Selguklu mimarisi ve kiiltiirel nemi, 6grenci ve veliler gibi birgok
kisinin ilgisini ¢ekmektedir. Bu nedenle, bir oyunlastirilmis {i¢ boyutlu sanal tur, 6grencilerin,
personelin ve diger insanlarin {iniversiteyi kesfetmelerine yardimci olacaktir. Uygulama, Kiitahya
Dumlupmar Universitesi Evliya Celebi Yerleskesi’nin 3D modelini olusturmak igin SketchUp
kullanilarak tasarlanmistir. Modelin daha sonra Unity'e aktarilmasi ile, interaktif bir sanal tur
hazirlanmasi igin gerekli 6geler eklenmis, sanal tur boyunca kullanicilara, iiniversitenin yapilari
hakkinda bilgi veren sesli karakterler ile {iniversite ortaminda hissedilmesi igin gezinti sirasinda etrafta
dolasan &grenci karakterleri eklenmistir. Uygulamanin en 6nemli 6zelliklerinden biri, kullanicilarin
iniversiteyi tamamen Ozgiirce kesfetmelerine olanak tanimasidir. Kullanicilar, yiiriiyerek veya
kosarak hatta kusbakisi gdrmek i¢in ugus modu ile ucarak yerleske iginde gezinebilirler. Windows
ortaminda hazirlanan bu proje Unity’nin ¢oklu platform destegi sayesinde uygulama, IOS, Android ve
Web ortamlari i¢in de kullanilabilir hale doniistiiriilebilmektedir.

Anahtar Kelimeler: Sanal Tur, Kampiis Simiilasyonu, Birlik, Taslak

1. INTRODUCTION

Universities are educational institutions, also called higher education, after secondary education,
which are the dreams of students. They are especially distinguished institutions where the future lives
of students are shaped and they are brought to life thanks to the education and training they receive.
According to the statistical data kept in our country, 634,664 high school graduates as a result of YKS

placements and 51,582 high school graduates as a result of YKS additional placements were placed in
higher education institutions and became university students (Figure 1).
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Students who register electronically as a result of 2022 YKS placement 202 2 DE5 electronic enrcllment students

NOT
FEGISTERED: 163324 -, \

HOT
PECISTEREL:10540 .

FEGISTER: 23010

REQISTER: 634664

Students who register elactronically as a result of 2022 YKS additional placement

NOT
REGISTERED: 18208 ~. “

PEQISTER: 51582

Figure 1. 2022 Higher education placement results[13].

Before settling in the university, students have great anxiety and excitement about which university
they will choose. The size of the university campus, whether it has social activities or not, and even
the differences in the faculty buildings play an important role in their preference.

While making these choices, students may have to go to a place they do not know and visit
universities. This situation brings with it both a time and a financial burden. But; The fact that all
universities have an interactive virtual tour application will eliminate the loss of time and money in
their preferences, and it will be easier to get information about the university.

Evliya Celebi campus of Kiitahya Dumlupinar University is modeled in three dimensions, and users
who want to see the university and get information about the university can create an interactive
virtual tour. It is aimed to enable them to travel and see in the computer environment in the style of
computer.

2. LITERATURE REVIEW

In order to shed light on the three-dimensional virtual tour application of Kiitahya Dumlupinar
University, studies in the fields of virtual tour and virtual campus have been researched. As a result of
the literature review, similar studies to our application are as follows.

(Y1lmaz, 2008)’s master's study titled "Creating a three-dimensional interactive virtual environment"
examined the Sakarya University Esentepe campus, interaction experiments using the Multigen-
Paradigm Creator program. For the interaction experiments, Vega LynX program was used, but it was
emphasized that there were also software deficiencies[1].
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In (Doker & Kirlangicoglu, 2018)’s research titled “Introducing cultural heritage through the Virtual
Museum Platform, Hagia Sophia Study”, the Hagia Sophia Museum is modeled and textured with
three-dimensional modeling software and high-resolution photographs, and its surroundings are
modeled by removing the triangulated irregular network. They emphasized that the Unity game engine
was used for the tour. They also explained that users were able to navigate freely throughout the
project and learn about the details. However, it is understood that the navigation is only provided by
viewing the interior and exterior of the building without interaction and obtaining information. In
addition, the researchers concluded that the three-dimensional virtual museum study can be an
alternative to the traditional type in order to reach more people on a national and global scale[6].

(Akin & Uzun, 2022)’s work “Design and application of Virtual Reality for the automotive industry”;
revealed the experiences of users in the VR environment, who examined the interior and exterior
designs of the vehicles exhibited in a vehicle gallery. Researchers; They used the Blender program for
three-dimensional modeling and the Unity game engine for interaction. Belender modeled a vehicle
gallery and the vehicles in it, and after transferring this model to the unity game engine in fbx format,
users were able to interact with the vehicle they chose with their vehicle selection and changing the
colors of the vehicles. As a result of the implemented application, it has been revealed that the users
have eye pain or tearing problems with long-term use of the VR glasses, and despite the negativities,
virtual reality is a different experience and they have fun. In addition, in the surveys they made on the
users, “Have you had a VR experience before?”” To the question “How would you like the design to be
in VR?” to the question “How would you like the design to be in VR?”, 38% of the users answered
yes and 62% said “How often do you plan to use VR applications?” " to the question; It was observed
that 27% answered several times a week, 19% once a month, and 12% several times a year[10].

In (Igten, 2021)’s study titled “Interactive 3D Virtual Environment for the Education of Traffic Safety
Rules and Signs”, in the research, it was examined whether the virtual environment would be a
solution for the real traffic rules education of pedestrians and driver candidates. The researcher
explained that the virtual environment modeled with 3DSMax uses the Unity game engine for use,
Leap Motion for hand tracking, and Oculus Rift for VR imaging device. He also explained that he
uses independent software (SketchUp, Blender, Maya, etc.) for the modeling of solid objects (vehicle,
roads, etc.). It has been revealed that 90% of the users of the virtual training simulation stated that the
developed tool is useful, fun and educational. In addition, users; He also mentioned that hand fatigue
caused by the use of Leap Motion device and eye pain caused by VR device. It is among the results of
the research that distance education can be given to users safely in the world where global epidemics
take place. It has been understood from the study that the Leap Motin device used in the application
does not detect movements in low light environments, and the Oculus Rift device does not support the
versions of the Windows operating system before the Windows 10 version[8].

In (Erbas & Tuncel, 2022)’s research titled ‘“Re-functioning of cultural assets in the virtual
environment: The example of the Basilica cistern”, it is explained that the most important benefit of
re-functioning in the virtual environment is to prevent possible negative consequences without
damaging the structure. In addition, it was emphasized that visitors who want to visit the work in the
virtual environment can make their visits without regional and country borders. Researchers; After
converting the point cloud data obtained by terrestrial laser scanning method of the Basilica cistern to
PTS or E57 format, they were displayed by the 3D Max program through the Autodesk Recap
program and modeled, interacting with the unity game engine and enabling it to be run in both VR and
web environments. Although it was stated in the study that the terrestrial laser scanning method of
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modeling produced point cloud data with coordinates and real scale; It is understood that the RIEGL
VZ-400 laser scanning device used in the study costs 120,000$ [14] and therefore causes a very high
cost[11].

In (Oztel & Oz, 2018)’s study titled “Traffic Training for Inexperienced Drivers with a Virtual
Driving Simulator”, they designed a virtual driver simulator for traffic safety. The researchers, who
modeled the buildings, signaling system, roads, traffic signs and vehicles in the platform with the test
platform using Sketchup 3D modeling program, declared that they created a simulation with the Unity
Game Engine and the car they bought from the Unity asset store. Also the driver; They control the
simulation using the hardware called Logitech G25 Racing Wheel, and they stated that they gained
experience about driving skills and traffic rules thanks to this system. They declared that the training
was carried out in a fun way without real life risks. It has been observed that interaction is gained by
moving the vehicle to the study[5].

(Memduhoglu, Senol, & Akdag, 2020)’s research titled "3D Map Experience with Virtual/Augmented
Reality Applications”; Researchers photographed Harran University Osmanbey Campus by means of
an unmanned aerial vehicle, and after mapping, three-dimensional modeling was carried out with
ESRI CityEngine software. Thanks to the application, which was made interactive using the Unity
game engine, it was seen that young students in the high school equivalent age group were able to take
a stroll on the tablet screen at the Sanliurfa Science Festival. Although it is seen that the work
provides navigation without any characters, it reduces user interaction; It was understood that it was
used with great care and excitement by young students thanks to the tour made independently of place
and time[7].

In (Avzal, Ozdemir, & Erarslan, 2022)’s research titled “Design of Promotional Application Examples
for Touristic Purposes Using Augmented and Virtual Reality Technologies of the Ancient City of
Aizanoi”; It is about the use of virtual and augmented reality technologies to virtually tour the temple
of Zeus in the ancient city of Aizanoi in the Cavdarhisar district of Kiitahya. As a result of
photogrammetric photographing by drone on the temple in question, the researchers produced three-
dimensional modeling of the photographs using Bentley ContextCapture software. Stating that the
application was coded with the C # language by the Unity game engine, the researchers stated that the
application would be helpful for individuals who cannot travel due to distance and economic situation.
In the work created by combining the photographs, it is seen that the model of the Zeus temple is
transferred to the real environment by using vuforia application and VR technology to interact with
real areas. In addition, it is understood that a game called gold collection, designed with virtual reality,
was designed in the study, so that the place was visited interactively[9].

Within the scope of (Tiryakioglu, and others, 2016)s’ BAP project, in their study titled “3D Building
Modeling and WEB Based Presentation: The Example of Ahmet Necdet Sezer Campus”, for the
promotion of Afyon Kocatepe University ANS campus, those who want to visit the university on the
internet, take 3600 photos of the campus and combine them with the PhotoModeler program. They
explained that a virtual tour was created and for those who want to see the university from Google
Earth program, using AutoCad and 3DS Max programs, most of the campus buildings are modeled in
3D and uploaded to the Earth program. For the web-based navigation application, it is understood that
a tour is made by combining the photos, but a virtual tour is created by seeing the three-dimensional
photos by simply moving from one point to another[4].
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(Lugi & Ligang, 2012)°s papers titled “Virtual Campus Design and Development”, an application was
created on a character produced by two-dimensional modeling of Zhejiang Gongshang University
using Flash-based AS 3.0 programming language, by finding the shortest path from point A to point
B. In addition, they stated that they carried out this study in order to facilitate the visitors to obtain
effective information while browsing the virtual campus. In addition, the researchers who interacted
with the character explained that most people wanted to see the tour in two dimensions, and that there
was no sense of interaction and experience from the school's website. They suggested that it is
important that visitors can see all the places in two dimensions and start wandering instead of
wandering the roads in three-dimensional models. It is understood that some videos or images are
played by clicking on some points on the application, giving information about the university.
However, considering that there were three-dimensional models in 2012, it is understood that the
campus, which was created with two-dimensional models in the study, did not attract much attention
over the years[3].

3. MODELING OF KUTAHYA DUMLUNAR UNIVERSITY and REALIZING A VIRTUAL
TOUR GAME

SketchUp and Unity are popular software that can be used to create virtual tours. SketchUp is 3D
modeling software and Unity is a game engine used for the creation of games and virtual reality
applications.

Sketchup is designed to quickly create 3D images. It is used to design models of buildings, furniture
and other everyday objects, design patterns with interior and exterior details such as one-room houses,
and special architectural elements such as pitched or complex roofs. It can add color and texture to the
models made in a very simple way. It also helps to organize the surrounding of buildings[2].

Unity is an application that game designers often use. The reasons for this are; such as supporting
high-level languages, working with Visual Studio IDE environment, adding Android SDK and JDKs
by unity, providing development for multiple platforms, providing an environment free of charge for
those developed up to a certain profit[12].

The 3D model of Kiitahya Dumlupinar University Evliya Celebi campus to be created in SketchUp
can be imported into Unity and a virtual tour application can be created thanks to this application. In
Unity, your virtual tour can be made more realistic by moving the camera, adding lighting and visual
effects, and adding interactive objects. Implementation of the application consists of 5 stages (Figure
2).
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Virtual Tour
Implementation Stages

Figure 2. Application stages.

3.1. Modelling

For the Virtual Tour application, Kiitahya Dumlupinar University Evliya Celebi campus was selected
and modeled. Before modeling, the ground was prepared by laying the campus sketch taken from the
Google Earh application on the X-axis of the SketchUp program. It has been ensured that the
buildings and structures that we will construct are located according to this sketch.

36



JSR B

Journal of Scientific Reports

Gokkus, M. ve Serttas, S., Journal of Scientific Reports-B, Say: 7, 30-45 Haziran 2023
Gokkus, M. and Serttas, S., Journal of Scientific Reports-B, Number 7, 30-45, June 2023

@‘BL \s:’, ¥ O @ &R
QAN G/ O HSBLCH I PRI S2AK GRS % G B

® Add Location | N

Street map

Region import

Image provider @

FT T T T T T

® DigitalGlobe

Content usage copyright

¥ @ | Click or drag to select objects. Shift = Add/Subtract. Ctrl = Add. Shift + Ctrl = Subtract. | Measurements

Figure 3. Adding Dumlupimar University location on map to sketchup.

In order to assist in the modeling of buildings and structures, after taking the sketch, the road, pool
sections, parts of the buildings and structures where they will be located were created.
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Figure 4. Adding Dumlupmar University location on map to sketchup.
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After the ground was prepared, the building and building models were formed on the gaps left on the
ground. The structures created are Crown Gate, Rectorate building, Bedesten building, Climbing wall,
Martyr Petty Officer Omer Halisdemir Library, Faculty of Literatiire and Sciences and Faculty of
Engineering buildings.
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Figure 5. The completed version of the model.

3.2. Scene Creation

To create a scene in Unity, use the "File" > "New Scene" option in the Unity interface. This allows a
new scene to be created and worked within the scene. To be able to import the 3D model into Unity,
in SketchUp the model must be exported to FBX format with the "File" > "Export" option. Next, the
FBX file is imported using the "Assets" > "Import New Asset" option in the Unity interface. The
model is added to the "Assets" folder of the project and drag and drop method is used from the
"Scene" panel to use it in the scene.

Since the playing field is in infinity, it is necessary to prevent the player from going out by raising the
edges of the playing field. For this operation, a terrain is added under the floor. By selecting the
terrain from the hierarchy window, elevation can be given from the properties in the inspector
window.

3.3. Selection of Characters and Animations

Mixamo is a web-based application developed by Adobe. Mixamo allows you to easily create and edit
animated 3D characters. You can become a member for free and the created characters and animations
can be used as open source free of charge.

Mixamo supports many file formats to export the generated character, including .fbx, .dae, .3ds, .dxf,
.0bj, .blend, .gITF and .gltf. Among these formats, the most suitable one for Unity can be selected.

For unity, the character created from Mixamo is saved to the computer in .fbx format. Drag and drop
from Unity's Project window into the assets folder. Thus, its copy is integrated into the project file. In
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addition, animations such as idle, walking running, right strafe, left strafe, walking backwards, which
will be applied to the character from mixamo, have been downloaded separately.

Figure 5. Student characters selected from Mixamo.

3.4. Adding Assets to the Scene

Unity Asset Store is the official plugin and resource store for Unity software. This store contains a
variety of plug-ins, tools, model, audio, video, and other resources created and shared by Unity users.
These resources can be used to develop Unity projects.

Products in the Asset Store are available for free or for a fee. Paid products often include pro-grade or
more features. The searched resource can be accessed by searching the Asset Store or using category
filters.

Various assets are needed in order to increase visuality and realism within the campus of Kiitahya
Dumlupmar University. For example, the tables and chairs to be found in the cafeteria, the vehicles to
be found in the parking areas in front of the buildings, the characters to promote the buildings, the
cash machines to be found in the University, the afforestation of the land.

Figure 6. Added state of assets.
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3.5. Coding of the Game Engine

Unity supports many programming languages such as C#, UnityScript (which is a JavaScript-like
language), and Boo (which is a Python-like language). C# is considered an officially supported and
recommended language by Unity. UnityScript and Boo are the less popular language options
supported by Unity. Unity uses a kernel called IL2CPP to optimize the performance of code written
by C#. This makes C# code interoperable across platforms.

IL2CPP is a kernel used by Unity to improve the performance of C# code. This kernel is an
intermediary that compiles and runs C# code for the final platform (e.g. iOS or Android). The working
logic of IL2CPP is as follows. C# code is primarily compiled as CIL by a Unity-executed JIT

compiler. Next, the IL2CPP tool compiles this CIL code to platform specific and eventually converts
it to C++ code. This C++ code can be run directly on the final platform[15].

L Project Se

Ive Performance

tion (editor only)

Player e Input Manager (Old)
Pre

Figure 8. The Configuration section of the Player settings [15].

A life cycle has been created for the virtual tour application. After the user runs this application, he
can continue to use this life cycle (Figure 9).
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Figure 9- Application lifecycle.

C# scripts were used for the movement of the characters in the virtual tour application and for
transitioning to animations. Visual studio program was used to create C# scripts. The script created for
each object will be added to the object in question by clicking the add component button from the
inspector window after selecting the object under the hierarchy window.

Five targets were determined for the student characters placed in the virtual tour. While the scene is
loading, the characters are allowed to walk to random targets to be selected by software, and if they
reach the target, a new target is selected and directed to that target.

For student characters to go to randomly selected targets; The Navigation feature of the scene needs to
be activated. The Navigation window, which is the submenu of the Al menu in the Window menu, is
opened, the floor for Navigation is selected from the hierarchy window, and the artificial intelligence
functionality of Unity is activated by clicking the Bake button from the Bake menu in the Navigation
window. The important point is; It is the Bake of the buildings and structures that cannot walk through
the characters by leaving them out of selection.
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For the characters positioned on the sides of the Faculty of Literatiire and Sciences and the Faculty of
Engineering, when the main character enters the range of this character who will make the
introduction, it is ensured that the main character turns to the direction he came from and his face
always turns to the main character, no matter which direction he turns. In addition, when our main
character approached the promoting character, the speaking animation of the promoting character was
run and the introduction of the faculty in question was explained by speaking with a sound effect
(Figure 10).

Figure 9. Speech animation of the introductory character.

4. RESULTS and CONCLUSION

The application was developed on the Dell Precision Tower 3620 desktop computer. It has Intel Xeon
E3-1225 v5 as processor. Features of the processor; It has 4 cores, a base frequency of 3.30 GHz, 8
Mb Intel® smart cache and draws 80W of power. The computer has 16GB of ram. A Philips 75Hz
1ms monitor was used as a display. After the application developed with this computer, it was
investigated whether the application with external graphics cards would cause problems graphically.

Table 1- Tested graphics cards.

Graphics Card Memory Memory Size Memory Memory
Type Speed Interface Width
Ati Radeon HD 4350 DDR2 512 Mb 600 MHz 64 bit
Nvidia GT 220 DDR3 1024 Mb 1000 MHz 128 bit
Nvidia Quadro K420 DDR3 2048 Mb 900 Mhz 128 bit
Nvidia RTX 2060 DDR6 6144 Mb 14000 Mhz 192 bit

FPS values were measured by changing the graphics cards on the same computer system. FPS (frames
per second) is referred to as the number of frames per second on the display screen. The higher the
FPS value, the higher the fluency in the virtual tour. FPS measurement can be done with 3rd party
software, or FPS values can be obtained with the Windows logo key + G key combination over the
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Windows 10 operating system. Too many FPS values may not always be viewed positively. For
example, graphics that will be displayed over 60 FPS with a 60 Hz monitor can sometimes cause
breakage. This situation is called screen tearing. For this reason, the repetition rate of the monitor is
important as well as the FPS value.

Avarage of tested graphics cards FPS values

100
90
80
70
60
50
40
30

20
- m
0
Ati Radeon HD 4350  Nvidia GT 220 Nvidia Quadro K420  Nvidia RTX 2060

Figure 10- Average FPS values.

Although the graphics cards are old, it has been observed that there is not much difficulty in visiting
the virtual tour. The application can run on both 32 and 64 bit operating systems thanks to the unity
program. The virtual tour application was tested by approximately 40 people aged 17-35 in Kiitahya.
As a result of the test, users were asked to fill in the created questionnaire and it was seen that 25
people participated in the questionnaire [16].

“What is the ease of use of the virtual tour application?” 84% answered the question as easy and 16%
as medium. In the question asked to the users about whether the presence of a character in the virtual
tour application increases the effectiveness, all users "definitely increased the effectiveness of the
application." They gave the answer. In order to increase the interaction in the implementation of the
application, the characters with speech animations are placed next to the faculty buildings for the
promotion of the faculties. When this character is approached, the character changes its direction to
the main character and gives information about the faculties with speech animation. This situation was
presented to the appreciation of the users, and they were asked whether the audio promotion was
valuable or not, and 72% of the users stated their opinion as very valuable, 24% valuable, and 4%
whether it is or not. Our application has been compiled on the windows platform and presented to the
user experience. For this reason, users were asked on which platform the application should be, 48%
of the users explained that it should be a web environment, 28% a desktop application, and 24% a
phone-tablet application. The virtual tour application modeling was modeled in three dimensions in
SketchUp program. In the research of [3], users were asked about this situation based on the opinion
that it would be more interesting for users to see the whole model at the same time with two-
dimensional modeling, and all users agreed that such applications should be designed in three
dimensions.
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According to all these studies, it has been observed that, unlike other literature, a fully interactive
application satisfies the users. As the pandemic process shows, especially when the cost is considered,
especially when there is a health and safety risk; The necessity of these applications, which provide
information about buildings and structures with navigation without the concept of time and space, is
obvious.

5. DISCUSSION

In this study, Kiitahya Dumlupmar University Evliya Celebi Campus was modeled in three
dimensions and developed as a game-style virtual tour. The study was tested on different computers
with different users, and some users found it interesting to fly with characters, and some users stated
that such an application should be in all universities.

Virtual tour application implemented for the Windows environment, thanks to the transition feature of
the Unity game engine to various platforms; Those who want to develop the application can use it by
building it for WEB, 10S, and Android platforms. In addition, thanks to Unity's Al feature, developers
will be able to solve the problem of where and how users go, by adding another character to the
application and directing this character to the desired target.
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ABSTRACT

By applying the exosomes-like nanoparticles obtained from the leaves of the Gundelia munzuriensis
plant on lung cancer (A549) and colon cancer (HCT116) cell lines, the effects of plant exosomes on
cancer cells were investigated. WST1 (Water-soluble tetrazolium salt — 1 analysis) was performed and
the cytotoxic effect of the exosome in these cell lines was examined. According to our findings,
exosomes incubated with HCT 116 cell lines were found to affect the viability of cancerous cells by
40-50%. On the other hand, a rate of 50% decrease in A549 cell lines was observed in 24 hours with
250 pg/mL. As a result, our study demonstrates that plant-derived exosomes may be promising
therapeutic agents for future cancer treatment, and the research provides an important source for
future studies.

Keywords: Nanoparticles, HCT116, A549, cancer, Gundelia munzuriensis.

BITKI KOKENLI EKSOZOM EKSTRAKTLARININ A549 VE HCT116 KANSER HUCRE
HATLARI UZERINE ETKILERI

0z

Gundelia munzuriensis bitkisinin yapraklarindan elde edilen eksozom benzeri nanopartikiiller akciger
kanseri (A549) ve kolon kanseri (HCT116) hiicre hatlarina uygulanarak bitki eksozomlarinin kanser
hiicreleri lizerindeki etkileri arastirildi. WST1 (Suda ¢Oziiniir tetrazolyum tuzu — 1) analizi yapilip bu
hiicre hatlarinda eksozomun sitotoksik etkisine bakildi. Bulgularimiza gére, HCT 116 hiicre hatlar1 ile
inkiibe edilen eksozomlar, kanserli hiicrelerin canliligini %40-50 oraninda etkiledigi tespit edildi. Ote
yandan, 250 pg/mL ile 24 saatte A549 hiicre hatlarinda %50'lik bir azalma gozlendi. Sonug olarak,
calismamiz bitki kaynakli eksozomlarin gelecekteki kanser tedavisi i¢in umut verici terapdtik ajanlar
olabilecegini gostermektedir ve aragtirma gelecekteki c¢aligmalar icin Onemli bir kaynak
saglamaktadir.

Anahtar kelimeler: Nanopartiikiiller, HCT116, A549, kanser, Gundelia munzuriensis.
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1. INTRODUCTION

The complex disease, which occurs when cells in an organism grow, divide and multiply
uncontrollably, and develops under the influence of genetic and environmental conditions, is called
cancer. Cancer is the second among the deadly and incurable health problems globally, following
cardiovascular diseases. According to data by the World Health Organization (WHOQ), cancer is
known to have caused the deaths of 10 million people in 2020. The most frequent types of cancer
encountered in 2020 worldwide include breast cancer, lung cancer, and colon cancer. Furthermore,
lung cancer is also the leading type of cancer resulting in death, and colorectal cancer ranks second

[1].

Cancer treatment options were limited to traditional chemotherapy, radiotherapy, and surgery until
recently. In recent years, different practices have been tried with immunotherapy applications,
obtaining promising results [2]. However, while these methods are still inconclusive, they are costly
and time-consuming. As the developing technology offers different solutions every day, scientists
continue their search for the optimum alternatives.

The discovery of exosomes and understanding the importance of their biological function between
cell-to-cell have paved the way for the use of these nanovesicles as therapeutic agents in many
diseases. Cancer is one of the leading diseases among these, and exosomes are used in cancer research
for early diagnosis, treatment, drug transport and many other purposes. Recent research confirms that
engineered exosomes increase cancer-killing effectiveness and the ability of drugs to target cancer,
thereby increasing the effectiveness of individual cancer treatments [3].

Exosomes are nano-sized particles that are secreted by various cells and absorbed by recipient cells.
Exosomes are rich in ingredients such as proteins, lipids, mMRNA and miRNA, and they can preserve
these contents unimpaired [4]. Studies on exosomes in biomedical, biochemistry, oncology and cell
biology fields are increasing, and there is promising research on the possibility that exosomes can play
a role in the effective transport of bioactive compounds to target cells or tissues. The fact that they do
not require any modifications and can be obtained from natural sources increases the interest in
exosomes [5].

Newly discovered plant-derived exosomes compared to those obtained from mammalian cells have
paved the way for different treatment pathways with their advantages and biochemical properties, and
they have revived existing alternative medicine studies. It is known that many plants consumed as
food today contain bioactive compounds with different functions. The data obtained so far
demonstrate that exosomes can be investigated and applied in the fields of food and agriculture.
Nevertheless, the number of studies in these areas regarding exosomes has been considered
insufficient to date [5].

Plant-derived exosomes attract the attention of researchers because they can target the desired tissues,
have high biocompatibility along with adequate biodistribution. They possess the nanocarrier potential
to transmit chemical drugs, genes, and small molecules. Thus, they are able to introduce drugs
targeting precise and specific tissues instead of generating systemic effects, which is thought to lead to
improved therapeutic impacts and fewer side effects [6].
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The primary purpose of this study is to isolate the exosomes from the leaves of the plant Gundelia
munzuriensis, an endemic species, and to assess its potential therapeutic effects on Lung Cancer
(A549) and Colon Cancer (HCT 116) cell lines in vitro. The fact that a study examining the effects of
G. munzuriensis exosomes on cancer has not been done before makes this study significant. Hence, it
is thought that by investigating their effects on cancer by isolating G. munzuriensis exosomes (GME)
and giving them to mammalian cells, an alternative treatment for cancer, which is the most serious and
increasingly common problem of our time, can be discovered.

2. MATERIALS and METHOD

Plant-derived exosomes attract the attention of researchers because they can target the desired tissues,
have high biocompatibility along with adequate biodistribution. They possess the nanocarrier potential
to transmit chemical drugs, genes, and small molecules. Thus, they are able to introduce drugs
targeting precise and specific tissues instead of generating systemic effects, which is thought to lead to
improved therapeutic impacts and fewer side effects [6].

The primary purpose of this study is to isolate the exosomes from the leaves of the plant Gundelia
munzuriensis, an endemic species, and to assess its potential therapeutic effects on Lung Cancer
(A549) and Colon Cancer (HCT 116) cell lines in vitro. The fact that a study examining the effects of
G. munzuriensis exosomes on cancer has not been done before makes this study significant. Hence, it
is thought that by investigating their effects on cancer by isolating G. munzuriensis exosomes (GME)
and giving them to mammalian cells, an alternative treatment for cancer, which is the most serious and
increasingly common problem of our time, can be discovered.

2.1. Experimental

In this study, effects of the exosomes isolated from the G. munzuriensis plant leaves on the in vitro
models based on HCT 116 and A549 cell lines were investigated. The leaves of the G. munzuriensis
plant used in the research were freshly collected in Ovacik — Tunceli (Koyung6li road, Ovacik, 3.2
km, 1285 m, 39°21'12" N/ 39°10'48" E, 01,06.2021), they were transported in cool packs and stored
in the deep freezer at -80° C until the isolation process. Before starting isolation, the leaves were
washed and shredded in distilled water with the help of a shredder. In the experiment setup, the
isolation of G. munzuriensis exosomes (GMEs) was made by centrifuging according to the
manufacturer's protocol and the ATPS (aqueous two-phase system) isolation method. Nanoparticle
tracking analysis (NTA) was conducted to determine the dimensions and concentrations of the
exosomes, while BCA analysis was made to assess their protein concentrations. Afterwards, to
evaluate the cytotoxic effect of GMEs on cancer cells, WST-1 cell viability assay was performed on
the cancer cells that were incubated for 24, 48 and 72 hours in five different exosome concentrations
varying between 25 to 250 pg/mL.

2.2. Exosome Isolation

G. munzuriensis leaves were crushed in distilled water using a shredder, and the mixture was filtered
using filter paper. The extract was centrifuged for 10 minutes at 1000 x g, 10 minutes at 20000 x g,
and 30 minutes at 20000 x g. After each centrifugation, the supernatant was removed from the pellet
and collected. The collected supernatant was filtered through a 0.22 pm filter. The PEG-DEX solution
used for the isolation in the ATPS method was added at a 1:1 ratio (22.5 ml buffer for 22.5 mL
extract). For the washing process, a 1:1 ratio washing solution (150 mL H,O for 150 mL solution) was
prepared. The buffered samples with washing solutions were centrifuged at 1000 xg for 10 minutes,
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and 80% of the upper phase of the samples were discarded. Then, the washing solution was added at
the same amount as the discarded part (36 mL), and the samples were centrifuged at 1000 xg for 10
minutes. The rinsing process was repeated. Finally, the part above the phase line was discarded. The
isolated GMEs were stored at -20 C.

2.3. Nanoparticle Tracking Analysis (NTA)

The exosome quantification and their size distribution were estimated with a 488 nm laser using
Nanoparticle Tracking Analysis (NTA). The isolated exosomes were analysed utilizing NanoSight
NS300. The samples were placed into the vessel of the device, and the size dispersion (nm) was
calculated using the NTA method. The video captured the nanoparticles at least five times with 60-
second intervals, and the test was performed employing the NTA 3.3.301 software.

2.4. BCA Analysis

The GMEs were diluted at a 1:5 ratio (5 pm of exosomes, 20 pL of H,0). The diluted exosomes (10
pL each) were placed into two wells, H,O was placed into two other wells (10 pL), and standards
were put into 14 wells (10 pL) of the 96-well plate. Next, B and A solutions were mixed at a 1:50
ratio (86.274 mL of solution B, 4313.726 mL of solution A), and each well was added 200 pL of this
mixture. The plate was then incubated for 30 minutes. Measurements were made with the
spectrophotometer (Thermo Scientific, USA) at 570 nm wavelength, and the results were recorded.

2.5. Cancer Cells and Passaging

Lung cancer and colon cancer cell lines were obtained from the American Type Culture Collection
(ATCC). DMEM high glucose was used as the culture medium for the cell lines, and this medium was
supplemented with 10% (v/v) FBS and 1% (v/v) PSA (10.000 units/mL penicillin, 10.000 pg/mL
streptomycin, and 25 pg/mL amphotericin B). Cells were incubated in a humid 37 °C incubator with
5% CO? . In the passage of adherent cells, the surfaces of the flasks were first washed with 1x DPBS
without Ca** and Mg*. Cell-surface interaction was dissociated with 0.025% (w/v) trypsin for 1-2
minutes at 37°C. The detached cells were collected in a cell culture medium and centrifuged at 1300
rom for 5 minutes. Then, the pellet was dissolved in the cell culture medium. For the exosome
treatment, high glucose DMEM was supplemented with 10% FBS (Exosome-Deficient). On the
hemocytometer, 10 pL of cells with the medium were placed, and cell counting was performed with a
microscope.

2.6. HCT 116 and A549 Cell Culture, Exosome Treatment and WST-1 Assay

PBS of 100 pL per well was added to the edge wells of two separate 96-well plates. To each well, 100
uL of cell suspension with medium (44 mL medium, 1230 mL cell suspension) was cultured, and the
plate was placed into the incubator. After 24 hours of cell cultivation, the media in the wells was
vacuumed, and clean media (150 puL per well) was given to the control groups. Experimental groups
with concentrations ranging from 25 to 250 pg/mL were also given 150 pL from exosomes with
media and left for incubation.

After 24 hours of the exosome treatment, the excess was discarded, leaving 90 pL in the wells. Each
well was supplemented with 10 uL. WST-1 dye. The culture was incubated for 30 minutes (CO,
incubator). Measurements were made with the spectrophotometer (450 nm length). The same
procedures were applied to cells that were kept under treatment for 48 and 72 hours.
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2.7. Statistical analysis
Statistical analysis of the data was performed using two way ANOVA and IBM-SPSS 25 package
program. P < 0.05 was considered statistically significant.

3. RESULTS

3.1. Nanoparticle Tracking Analysis (NTA) Results

NTA is a real-time visualization method that can rapidly determine the size, concentration, and
biological protein biomarkers of exosomes in biological fluids [7]. The isolated GMEs were analysed
using the NanoSight NS300 device. The nanoparticles were illuminated by a laser beam, and their
movements were tracked under Brown. Then, the NTA was performed to assess the concentrations,
sizes, and size densities of the nanoparticles. The size dispersion profiles obtained through the NTA
are presented in Figures 1, 2 and 3. NTA analysis settings and results are given in Table 1. These
dispersion profiles were then normalized to total nanoparticle concentrations and final cell counts. The
particles were between 8 and 413 nm in diameter according to Figures 1 and 2. Since exosomes are
generally considered to be 30-150 nm in diameter, the focus was on particles in this size range to
measure their concentration. The NTA software identified and measured the particles expected in this
range. According to the data we obtained, D10 was measured as 72.8+2.3, D50 was found to be
138.2+7.5, and D90 was 257.8+13.3 nm. In addition, the mean size of the exosomes was determined
as 148.8+6.2 nm, and the mode was 97.3+£10.3 nm. The concentration of nanoparticles was assessed
to be 6.73e+11 particles/mL.
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Figure 1. Average particle diameter and particle concentration of GMEs investigated with
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Figure 3. Density graph.

Table 1.NTA analysis settings and results.
Capture Settings

Camera Type: sCMOS Mean:

Laser Type: Green Mode:
Camera Level: 15 SD:

Slider Shutter: 1206 D10:

Slider Gain: 366 D50:

FPS 25.0 D90:

Number of Frames: 499 Concentration
Temperature: 21.8-22.0°C (Upgrade):
Viscosity: (Su) 0.953-0.956 cP

51

T 1
BOD 00 1000

Results (Mean+Standard Error)

148.8+6.2 nm

97.3£10.3 nm

66.5+3.6 nm

72.8+2.3 nm

138.2+7.5 nm

257.8£13.3 nm
6.73e+114+4.39e+10  particles/ml
11.4+0.6 particles/frame

14.2+0.9 centres/frame
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Dilution factor: 1 x 10e4

3.2. Results of Protein Analysis

The protein concentration of the GMEs was determined with the BCA protein analysis method. The
absorbances (Al, A2) of the plate at 570 nm were reported. The BCA test is a widely used
colorimetric method to estimate the protein concentration in samples (Morton and Evans, 1992). The
standards are presented in Figure 4. The protein concentration of the GMEs was estimated utilising
the standard curve obtained from the serial dilution of the BCA, the graph of which is presented in
Figure 4. An increasing trend was observed with the increasing number of fractions. The protein
particle concentration (particle/ml-1) of G. munzuriensis was found to be 0.0246 pg/mL. When the
total protein amounts obtained through BCA and the exosome concentration measured by means of
the NTA (Figure 2) are compared, it was concluded that there were enough exosomes secreted to
conduct the study.

0.6

05 y = 0.0002x + 0.0095
R? =0.9965

0.4
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0.2

0.1

0 500 1000 1500 2000 2500

Figure 4. BCA Standard Curve Plot (Concentration/Absorbance).

3.3. Cell Viability (WST-1) Analysis Results

To determine the toxic dose of GME in cancer cells, a cell viability assay was performed using a
WST-1 reagent-based assay. The operation principle of WST-1 depends on the division of tetrazolium
salt by a cellular mitochondrial dehydrogenase to form a formazan (Yin et al., 2013). HCT 116 and
A549 cells were added in 96-well plates. After the cells were added with 25 pg/mL, 50 ug/mL, 75
pg/mL, 100 pg/mL and 250 ng/mL GME, the absorbance of the living cells was measured after 24, 48
and 72 hours of incubation.

3.4. HCT 116 WST-1 Analysis Results

Cell viability of the colon canser (HCT 116) cell line was presented in Figure 5 in response to
increased doses of GMEs and treatment times. According to our findings, there was no linear decrease
or increase in the 24-hour incubation compared to negative control due to dose, but each dose was
found to affect the viability of the cells by an average of 40-50%. After the 48-hour incubation, GMEs
are found to affect cell viability at rates of 30-40% in all doses compared to negative control. The
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most significant decrease was observed in the 72-hour incubation, and the cytotoxic effects of GMEs
against HCT 116 cells were clearly observed especially in 50 and 250 pg/mL groups. Cells waiting for
72 hours affected cell viability by 65-70%.

Control  25pg/mL  50pg/mL  75upug/mL 100 pg/mL 250 pg/mL

100
90
80
70
6
5
4
3
2
1

o o o o O O

Cell viability of colon cancer cells %

Concentration
H24h mA8h m72h

Figure 5. Cell viability of colon cancer cells.

3.5. A549 WST-1 Analysis Results

The cell viability response of the A549 cell line to different doses and administration times of GMEs
is presented in Fig. 6. According to the findings, a significant decrease in cell viability was observed
only at the 250 pg/mL concentration of the 24-hour incubation. However, 24 and 48 hours of
incubation showed a steady decrease in cell viability due to increased concentrations compared to
negative control. The effect of 24-hour incubation was 25-40% on cell viability. On the other hand, 48
hours of incubation with GMEs had an impact of 20-25% on cell viability. During the 72-hour
incubation, increased concentrations of GMEs were found to increase the number of A549 cells
compared to negative control.
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Figure 6. Cell viability of lung cancer cells (A549).
4. DISCUSSIONS

In recent years, the rapid development in the field of exosomes has attracted the attention of many
scientists. As newly discovered agents of intercellular communication, exosomes have areas of
application in the early diagnosis and treatment of tumours. Exosomes are 30-100 nm nanovesicles
involved in maintaining cell-to-cell communication. New information about their content and
functions has been revealed every day since their discovery in 1983. Various protein components of
exosomes are surrounded by a double layer of lipids, and have a morphologically spherical structure
[10].

It is known that plant exosomes are used in the diagnosis and treatment of various diseases besides
mammalian exosomes. Studies demonstrating their therapeutic effects particularly on cancer are
increasing [6, 3, 11]. Even though some therapeutic studies exist about several species of the genus
Gundelia, the potential effects of the endemic species G. munzuriensis on cancer cells have not been
investigated to date.

The aim of this study is to investigate effects of the exosomes isolated from the G. munzuriensis plant
on A549 and HCT 116 cancer cell lines. The experimental procedure incorporates the isolation and
characterisation of the exosomes of the G. munzuriensis plant which is dried through centrifuging and
the two-phase gradient ATPS method with Polyethylene Glycol (PEG)-Dextran (DEX). According to
the results, the isolation of relatively homogenous and stable exosome-like extracellular vesicles from
the G. munzuriensis plant was successfully achieved. Evaluations of exosomes were carried out with
nanoparticle tracking analysis (NTA) and BCA analysis for their size, morphology, and
characterization of protein contents. Since their contents are variable, the choice was based on the
distinctive size and morphology of the exosomes, which are known as some of the indicators of their
carrier structures. Based on these findings obtained from the characterisation experiments, we arrived
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at the conclusion that Gundelia exosomes were successfully isolated. According to the BCA results of
GME, the protein particle concentration (particle/mL™) was determined as 0.0246 pg/mL. Besides, the
diameter of the particles was between 8 and 413 nm according to the NTA results (Figures 1, 2 and 3)
(Tablo 1). According to the data we obtained, the mean size of exosomes was found to be 148.8+6.2
nm and mod 97.3+10.3 nm. The concentrations of nanoparticles were measured as 6.73e+10. When
the total protein amounts obtained with BCA (Figure 4) and the exosome concentration measured by
NTA (Figure 2) were compared, it was determined that sufficient amounts of exosomes were obtained
for our study.

After the necessary analyses, to evaluate the hypothetical cytotoxic effects of the G. munzuriensis
exosomes on the A549 and HCT 116 cancer cell lines, WST-1 cell viability assay was performed on
cells which were incubated with exosome samples of five different concentrations varying between 25
pg/mL and 250 pg/mL for 24, 48 and 72 hours. To determine the optimal treatment concentration, the
cells were processed with exosomes at five different GME concentrations, including 50 pg/ml, 75
pg/mL, and 100 pg/mL, for 24, 48 and 72 hours. The results are presented in Figures 5 and 6. As the
findings of the HCT 116 WST-1 studies demonstrate in Figure 5, the application of the GMESs on the
cell lines analysed in this research resulted in a substantial decrease (40-50%) in cell viability
depending on the dose. On the other hand, as seen in Figure 6, the application of GMEs on A549 cell
lines did not lead to a significant decrease in cell viability according to the findings of the WST-1
assays on these lines, and it was observed that it increased cell proliferation in the 72-hour incubation
depending on the dose.

In a similar study with G. tournefortii, Sarag et al. (2019) observed that the plant seeds applied in vitro
on fibroblast (L929), HUVEC, MCF-7, prostate cancer (PC3) and stomach cancer (MKN-45) cell
lines had a significant cytotoxic activity only on prostate cancer cell lines [12].

Similarly, the anticancer effects of the exosomes obtained from the edible Vaccinium myrtillus
(European blueberry) plant on A549 cell line have also been investigated. The cytotoxic activities of
the isolated exosomes were assessed through the MTT test. As a result of the investigation, it was
determined that the 50 um exosome solution demonstrated a cytotoxic effect on the A549 cell line in
the 72-hour period [13].

In another study related to the effects of Gundelia on cancer, MCF-7 and HUVEC cell lines were
treated for 24 and 48 hours with 50, 100, 250, 500 and 1000 ug/mL concentrations of G. tournefortii
extracts, and XTT test was performed. All plant extracts are found to have cytotoxic activity on
MCF-7 and HUVEC cells in both 24-hour and 48-hour periods as well as in all application doses in
general. In addition, the root and leaf extracts were also determined to have generally similar levels of
cytotoxic activity [14].

Another study found a decrease in VEGF and an increase in caspase 3 expression compared to the
control group as a result of the treatment with exosomes obtained from the garlic plant in colon cancer
(HCT 116) , breast cancer (MDA-MB 231) and small cell lung cancer (DMS 114) cell lines. However,
the opposite was observed in the control cells with an increase in VEGF and a decrease in caspase 3
expression [3].

The effects of exosomes derived from lemon juice (Citrus lemon L.) on A549, human colorectal
adenocarcinoma cell line (SW480) and chronic myeloid leukaemia (LAMAB84) cell lines were
examined in another study. These cell lines were treated in vitro with 5 or 20 pg/ml of nanovesicles
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for periods of 24, 48 or 72 hours. The MTT viability test findings revealed that lemon nanovesicles
inhibited tumour cell viability depending on dose and time compared to untreated cells [15].

5. CONCLUSIONS

Edible plants have been seen as an important alternative in the diagnosis and treatment of many
diseases since prehistoric times. The plant type or species preferred in the use of these resources allow
therapeutic applications in various diseases according to their content. Determining the phytochemical
content of a plant enables the determination of the area of use for this plant. There are many
phytochemical components derived from the leaves, roots, seeds, and flower buds of the Gundelia
plant. Phytochemicals play essential roles in pathological pathways with their biological activities
such as being anti-cancerogenic and antioxidants caused by antioxidant properties. Therefore, it is
considered that Gundelia species will have significant roles in the diagnosis and treatment of cancer
diseases. The fact that exosomes have a wide and advantageous place in cancer-related studies makes
the exosomes obtained from these plants more important.

In our study, increasing concentrations of GMEs are found to demonstrate cytotoxic effects on HCT
116 cell lines in a three-day period. On the other hand, a 50% decrease was observed in the 24-hour
250 pg/ml application in the A549 cell lines. As a result, current studies with plant-derived exosomes
suggest that these nanovesicles may be promising therapeutic agents for future cancer treatment as a
single agent or in combination with other materials. When their toxic effects on cancer are considered,
GMEs could be a new example of a series of plant-borne exosomes that can be used to treat cancer
and other chronic diseases.
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Makine Ogrenmesi ve yapay zekd giliniimiizde birgok alanda ve c¢aligmada yer almaktadir. Bu
alanlardan biri de saglik alanidir. Biyomedikal isaretlerin son zamanlarda hizlica elde edilmesi ve elde
edilen birgok kaynagin teknoloji sayesinde siirece entegresindeki hiz, saglik alaninda da birgok
projenin basart ile gelismesine olanak saglamistir. Ulkemizde ve diinyamizda son zamanlarda oldukga
fazla artig gosteren diyabet hastaligi, halk dilinde bilenen aksine yiiksek miktarda seker tiiketiminden
degil, viicutta bulunmasi gereken insiilin hormonunun viicut tarafindan iiretilmemesi ya da insiilin
hormonunun emilmemesi sonucu olarak diyabet hastaliklar1 goriilmektedir. Makine 6grenmesi ve
smiflandirma algoritmalarinin ¢esitli biyomedikal alanlarda hastaligin teshisi ve erken evre tedavi
yontemlerinde basarili sonuglar elde etmesi, giiniimiizde hasta sayisinin ¢ok hizli artis gosterdigi seker
hastaliginin da teshisinde, bizlere risk faktorleri artmadan 6ngdriilen semptomlardan pozitif ¢ikarimlar
elde ederek hastaliga karst erken miidahale imkani sunabilecektir. Yaptigimiz ¢alismada 2 farkli tipe
sahip olan diyabet hastaliginin teshisi i¢in 5 farkli makine 6grenmesini (KNN, Lojistik Regresyon,
Karar Agaclar, DVM, Random Forest), python programlama dili ile simiflandirma siirecine dahil
edilerek algoritmalarin basari oranlarinin kiyaslanmasint yaptik. Kullandigimiz algoritmalar, yapisal
olarak smiflandirma islemlerinde oldukga basarili sonuglar vermektedir. KNN, Lojistik Regresyon,
Karar Agaclar, DVM, Random Forest algoritmalari Siniflandirma siireclerinde yiiksek basarilar
saglamakta ve bu basarilar hastalik tani kitleri olusturulmasina olanak sunmaktadir. Calismada en
yiiksek sonucu elde eden makine 6grenmesi algoritmasi olan Random Forest algoritmasinin erken
evre diyabet hastaliginin teshisinde %96 gibi yiiksek bir oranda dogru sonug elde edildi. Yapilan
¢alismada Random Forest algoritmasinin basari oraninin yani sira Kesinlik ve hassasiyet konusunda
da %94°1iik bir basar1 yakaladi.

Anahtar Kelimeler: Diyabet, Erken Evre, Siniflandirma Algoritmalar, Makine Ogrenmesi

EARLY STAGE DIABETES RISK PREDICTION WITH ARTIFICIAL
INTTELIGENCE METHODS

ABSTRACT

Machine learning and artificial intelligence are involved in many fields and studies today. One of
these fields is the field of health. The rapid acquisition of biomedical signs in recent times and the
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speed of integration of many sources into the process thanks to technology have enabled the
successful development of many projects in the field of health. Diabetes disease, which has increased
considerably recently in our country and in the world, is not due to the consumption of high amounts
of sugar, contrary to what is known in the public language, but as a result of the body not producing
the insulin hormone that should be present in the body or not absorbing the insulin hormone. In our
study, we compared the success rates of algorithms by including 5 different machine learning
processes for the diagnosis of diabetes, which has 2 different types. The successful results of machine
learning and classification algorithms in the diagnosis of the disease in various biomedical fields and
in early stage treatment methods will provide us with the opportunity of early intervention against the
disease by obtaining positive inferences from the predicted symptoms without increasing the risk
factors, in the diagnosis of diabetes, where the number of patients is increasing very rapidly today. In
our study, we compared the success rates of algorithms by including 5 different machine learning
methods in the classification process with the python programming language for the diagnosis of
diabetes, which has 2 different types. The algorithms we use give very successful results in structural
classification processes. KNN, Logistic Regression, Decision Trees, DVM, Random Forest algorithms
provide high success in classification processes and these successes allow the creation of disease
diagnostic kits. In the study, the Random Forest algorithm, which is the machine learning algorithm
that achieved the highest result, achieved an accurate result of 96% in the diagnosis of early stage
diabetes. In the study, besides the success rate of the Random Forest algorithm, it also achieved a 94%
success in precision and precision.

Keywords: Diabetes, Early Stage, Classification Algorithms, Machine Learning
1. GIRiS

Diyabet, Diinya Saglhk Orgiitii’niin (WHO) 2018 yilindaki raporuna gore diinya ¢apinda 422 milyon
kisiyi etkilemis ve en hizli biiyiiyen, yasamu tehdit eden kronik hastaliklardan biridir [1]. Bu hastalik
genellikle Tip2 ve Tipl olmak iizere 2 gruba ayrilir. Kronik bir rahatsizlik olan diyabet hastaligi
viicutta varligini uzun bir siire gizli olarak da siirdiirebilir. Aniden ortaya ¢ikan ya da zaman igerisinde
ileri seviyelere ulasan diyabet durumu, zamanla viicutta bulunan belli basl organlara biiyiik zararlar
verebilecek hale gelmektedir. En ¢ok etkilenenler, kalp ve goz gibi insan yasaminda yeri bir hayli
fazla olan organlardir [18].

Tipl diyabet hastaligi, pankreasta bulunan hiicrelerin gorevini yerine getirememesinden kaynakli
insiilin eksikligi sonucunda genelde erken gocukluk ve genglik donemlerinde goriilebilen bir diyabet
tipidir [2]. Tip 2 diyabet, siklikla 30 yas ve tstiinde goriilen, insiilin hormonuna karsi viicudun direng
gostermesi ya da insiilin emiliminin yeterince gerceklesmemesi durumunda ortaya ¢ikan bir diyabet
tirtidiir. Diinya da ve Tiirkiye de en sik goriilen tiplerdendir [3]. Diyabetin erken dénemde tespit
edilmesi giiniimiizde hizla artan diyabet hastasi sayisini diisiirmek i¢in oldukg¢a dnemlidir.

Diyabetin erken tespitinde, yas, viicut kitle endeksi, asir1 sivi kayb1 vb. veriler diyabetin erken tespit
edilmesi i¢in doktorlara kolayliklar saglamaktadir. Son zamanlarda teknolojinin saglik alaninda da
kullanilmaya baslamasi, hastaliklarin erken teshisinde aktif olarak kullanilmasini ve makine 6grenme
algoritmalarin da bu noktada uzman kisilere yardimci olabilecek birer segenek oldugu ortaya
ctkmustir.
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T1p alanindaki bir¢ok teshis, elektronik ve bilisim alanindaki gelismeler sonucunda insan viicudundan
alman biyo-elektriksel sinyaller veya kan degerleri ile rahatlikla Sl¢tilmekte ve farkli alanlara
disiplinler aras1 bir ¢alisma yapilmasina olanak tanimaktadir [4]. Makine 6grenmesi ya da yapay zeka
tam bu noktada birbiri ile iliskileri zayif ya da iist diizey olan noktalar arasinda gerekli baglamlari
kurabilir ve veri kiimlerinden yeni sonuglarin elde edilmesi noktasinda bizlere yardimet olabilir [5].
Bu sayede direkt goz ile goriilemeyen ve aralarindaki baglant: tespit edilemeyen durumlar kolaylikla
tespit edilebilir, orintiiler kurulur ve siire¢ hizlanir. Tiim bu gelismeler beraberinde saglik alaninda
bir¢ok hastalik ve teshisin yapay zeka ve makine 6grenmesi yontemleri ile daha kisa siirede ve yiiksek
bir dogruluk orani ile ¢oziilebilmesine yardimer olmaktadir.

Bu caligmada, Makine 6grenmesi tekniklerinden siniflandirma algoritmalarindan olan 5 farkli teknigin
(KNN, Lojistik Regresyon, Karar Agaclari, DVM, Random Forest), Erken evre diyabet risk
tahminindeki performanslarinin kargilastirilmasi yapilmistir. Elde edilen tutarli, yiiksek dogruluk ve
F1 skoruna sahip algoritmalarin, hastaligin erken teshisindeki basar1 oranlar1 incelenmistir.

2. LITERATUR CALISMALARI

Early stage diabetes risk prediction veri seti, 2020 yilinda Banglades de bulunan Sylhet Diabetes
hastanesindeki hastalarin kayitlarindan elde edilen verilerden yeni diyabetik hasta teshisi igin
hazirlanmig bir veri setidir. Yakin zamanda hazirlanmis olan bu veri seti ¢ikis olarak 1 ve 0 verisinden
olustugu i¢in makine Ggrenmesi siirecinde siniflandirma algoritmalarinda sik¢a kullanilmaktadir.
Literatiirde bu veri seti kullanilarak yapilan bazi ¢aligmalar sunlardir;

O. N. Ergiin, H. O. ilhan, Makine 6grenmesi algoritmalarinin, hayatlarin1 dogrudan etkileyen, tedavisi
olmayan ve Oliimciil bir hastalik olan diyabetin kisilerin hayat standartlarii yiikseltmeye faydali
olabilecegini gostermek igcin 8 farkli makine Ogrenmesini kullanarak, hangi makine 6grenmesi
algoritmasi tekniginin hastalifin erken evre teshisinde kullanilmasinin daha hizli ve yiiksek basari
oranli sonug verdigini test etmistir. Yapilan bu ¢alisma diyabet hastalig1 riskinin hastaligin daha erken
evrelerinde tespit edilebilmesinde yapay zeka ve makine 6grenmesi algoritmalarinin basar1 oranlarini
gostermigtir. Yapilan ¢aligmada en iyi sonug evrisimsel sinir aglarimi tek boyutlu olarak kullanilarak
elde edilmistir. Yapilan ¢alismada basart orant %99,04 olarak elde edilmistir [6]

G. Bilgin, Tiirkiye’de son donemlerde goriilme sikligi artan, insan viicudundaki birgok yapiya zarar
veren bir hastalik olan diyabetin, makine 6grenmesi siirecleri ile tespitinin insan sagligina zarar
vermeden en az basarili oranda tespit edilmesinin makine Ggrenmesi siiregleri ile saglanacagini
gosterdigi caligmasinda, Erken evre diyabet riskini tahmin edebilmek icin makine Ogrenmesi
algoritmalarmi kullanarak bir tani kiti gelistirmistir. Gelistirilen tani kiti, 6 farkli algoritmanin
karsilagtirilmasi sonucu elde edilmistir. Benzer bir¢ok ¢alismada veri setinde var olan 16 tanimlayici 1
tane de sinif belirten 6zniteligin 9 veya daha iistii secilerek yapilirken, bu ¢alismada tiim 6znitelikle
stirece dahil edilmis ve farkli algoritmalar kullanarak elde edilen sonug skorlar1 degerlendirilmistir
tan1 kiti hazirlanirken. Calismada kNN siniflandirma algoritmast %99,81 dogruluk oranina ve %99,83
F1 skorunu elde etmistir [7].

A. Yasar, Erken evre diyabet teshisi i¢in, Veri setine on isleme ve Oznitelik ¢ikarma yontemleri
uygulayarak, farkli Wrapper metotlarinin, makine 6grenmesi yontemleri ile performanslarini analiz
etmeye ¢alismustir. Calismada MATLAB progranu kullanilmis, Oznitelik se¢im igin PSO, CSA, TSA,
SMA, ABC gibi Wrapper yontemler ile 16 farkli 6znitelik bulunan veri setinden farkli sayida ve
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ozellikte yeni Oznitelikler elde edildi. Elde edilen her bir 6znitelik DT, RF, SVM, kNN, FFNN gibi
makine Ogrenmesi algoritmalart ile karsilastirilmistir. Elde edilen en basarili sonuglar,
PSO+SVM=97,5 ile CSA+FFNN = 99,04 seklindedir [8].

R. Ferdousi, M. E. Hossain, A. E. Saddik, Bulasic1 olmayan hastaliklarin erken evre risk tahminlemesi
iizerine yaptiklar1 ¢alismada, IOT teknolojisini veri seti ile entegre ederek dinamik olarak insanlardan
alinacak veriler ile bu hastaliklarin hangi evrede olduguna dair doniit alacaklar: giyilebilir bir IOT ve
makine 6grenmesi ¢alismasi yaptilar. Yapilan ¢alismada algoritmalarin tepki siireleri ve sonuglarin
basar1 oranlar1 ayrica dnemli idi. Kullanilan sensérlerden anlik olarak alinan veriler 0,1 saniye gibi
kisa bir siirede islenmektedir. Yapilan ¢aligma sonucunda RF, DT, MLP, RT ve KNN algoritmalari
%91-94 aras1 basarili sonuglar elde edilmesini sagladi [9].

S. Pate, R. Pate, N. Ganatra, A. Pate, Makine 6grenmesi yaklagimu ile veris seti iizerinde erken evre
diyabet tespiti calismasinda, 4 farkli makine Ogrenmesi algoritmasi kullanarak erken evre tespit
caligmasi yapti. Yapilan caligmalarda elde edilen sonuglara bakildiginda Random Forest algoritmasi
%97,5 gibi bir oran ile en yiiksek basariy1 gdsteren algoritma oldu [10].

Sonar, P. ve Jaya Malini, K., 2019 yilinda yayinladiklar1 ¢aligmada, diyabet risk olasiligini daha dogru
sekilde tahmin edebilmek igin, 4 farkli smiflandirma (Decision Tree, ANN, Naive Bayes ve SVM)
algoritmasindan elde edilen sonuglari karsilastirdi. Yapilan c¢alisma sonucunda elde edilen
sonuglardan Decision Tree algoritmasinin %85 orani ile en yiiksek basariy1 elde ettigi goriildii [19].

Giines Harman, 2021 yilinda Python dilini kullanarak destek vektér makinasi ile Naive Bayes
algoritmalarini kargilagtirmis ve diyabet hastaligini erken evre tespit etmeye ¢alismistir. Smote teknigi
ile smiflandirma islemi iizerinde olumsuz etki birakacak etmenleri en aza indirgeyerek basarili
sonuglar elde etmeye calismuistir. Yapilan caligma soncunda Destek Vektor Makinalar1 algoritmasi
diger Makine Ogrenmesi algoritmasina gore daha basarili bir sonu¢ vermistir. Destek vektor
makinalarinin basart orant %90°dir[20].

3. VERI SETi

Kullandigimiz veri kiimesi, 520 kisiye ait diyabetle ilgili 17 farkli semptomun bilgilerini icermektedir.
Veri seti’nin hazirlanmasi sirasinda, diyabet teshisine yonelik semptomlar erken evrede diyabet teshisi
konulan hastalardan dogrudan elde edilmistir. Data seti, Banglades Sylhet Diyabet Hastanesinde
hastalara uygulanan bir anket yontemi kullanilarak toplanmigtir [1, 17].

Veri kiimesinin icerigi Cizelge 1°de verilmistir. Veri setinde toplamda 520 hasta verisi bulunmakta ve
bu hastalarin yas araliklar1 ekstra bir gruplandirmaya alinmamustir, diger veriler ise sadece 1 ve 0
verileri olarak gruplara ayrilmistir. 1 verisi veri seti igerisinde evet cevabi ile 6zdeslestirilmigken 0
verisi hayir cevabina karsilik olarak se¢ilmistir.

Cizelge 1. Veri Seti Icerigi.

Veri Degerler
1 Yas 20-65
2 Cinsiyet 1. Erkek- 0. Kadin
3 Poliiiri 1. Evet — 0. Hayir
4 Polidipsi 1. Evet — 0. Hayir
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5 Ani Kilo Kayiplar 1. Evet — 0. Hayir
6 Halsizlik 1. Evet — 0. Hayir
7 Polifaji 1. Evet — 0. Hayir
8 Genital Bolgede Pamukguk 1. Evet — 0. Hayir
9 Gozlerde Bulanik gérme 1. Evet — 0. Hayir
10 Kasinma 1. Evet — 0. Hayir
11 Sinirlilik 1. Evet — 0. Hayir
12 Geg iyilesme 1. Evet — 0. Hayir
13 Kismi parezi 1. Evet — 0. Hayir
14 Kas sertlesmesi 1. Evet — 0. Hayir
15 Alopesi 1. Evet — 0. Hayir
16 Obezite 1. Evet — 0. Hayir
17 Teshis 1. Pozitif — 0. Negatif

4. YONTEMLER

4.1. Veri Onisleme

Veri setine Onisleme yapilarak eksik, daginik ya da yanlig tanimlanmig verilerin tespiti denendi fakat
herhangi bir eksik veriye rastlanmadi. Cizelge 1°de verilen bilgiler paralelinde veri seti iistiinde
gerekli doniisiimler yapilarak verinin iglenebilir sekilde olmasi saglandi.

63



JSR B

Journal of Scientific Reports

Kuncan, vd., Journal of Scientific Reports-B, Say: 7, 59-71 Haziran 2023
Kuncan, et al., Journal of Scientific Reports-B, Number 7, 59-71, June 2023

Veri Seti

Veri On isleme

Algoritma
parametreleri

Egitim ve Test
oranlarinin
Belirlenmesi

Lojistik

DVM Random Forest KNN
Regresyon

Karar Agaglar

Siniflandirma
islemi

Sonug
Degerlendirme

En basarili
Modelin tespti

Sekil 1. Veri setine uygulanan islem basamaklari.
Bu caligmada veri setinde bulunan bazi parametreler istatistik agisindan daha ¢ok dikkate alindi.

Bunlar, Cinsiyet, yas dagilimi ve hastaligin pozitif ve negatif olma durumlar olarak grafige dokiildi.
Sekil 1°de veri setinde var olan kadin erkek sayisinin hastalik oranlar1 verilmistir.
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Pozitif ve Negatif gikan kigi sayilan

Sinif
Sekil 2. Diyabet sonuglar1 pozitif ve negatif ¢ikan kisi sayilari.

Yag dagilimi

Yas
Sekil 3. Diyabet veri setindeki kisilere ait yas dagilimi.

Sekil 2’de veri setinde var olan 520 kisiye ait yas dagilim grafigi figsize = (10,5) belirlenerek elde
edildi ve yine aym sekilde Sekil 3‘te yasa gore kadin ve erkek pozitif ve negatif eslesme oranlari
verilmistir.
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Sekil 4. Yas ve pozitif-negatif korelasyonu.

4.2. Smiflandirma Yontemleri

Veri setinin istiinde siniflandirma algoritmalarinin bazilarint sirast ile test ederek aralarindan en
yiikksek Dogruluk, Hassasiyet, Kesinlik ve F skor orani elde edilenlerin kendi aralarinda siralanmasi
amaglanmistir. Siralama islemini yapmadan 6nce veri setine uygulanan siniflandirma algoritmalari
icin standart olarak hepsinde egitim ve test veri setlerinin oranlarini 0,3 olarak ayarlanmistir. Bu
sekilde verilerden %30’u test iken kalan %701 egitim veri seti olarak kullanilmistir. Veri setine sirasi
ile KNN, Lojistik regresyon, Karar Agaclari, Destek Vektér Makineleri (DVM), Random Forest
algoritmalar1 siras1t ile uygulanmis elde edilen skorlar kayit altina alinmis ve Cizelge 2’de
gosterilmistir.

4.2.1. K-nearest neighbors algoritmasi

K-Nearest Neighbors algoritmasi, bagimsiz degiskenler tarafindan olusturulan vektorlerin
komsularinin, hangi sinifta daha fazla yogunluk gosterdigi iizerine tahmine dayali ¢alisir. K en
yakinlik degeri genelde tek say1 segilir [11]. Calismada K komsuluk degeri (k_neighbors=3) 3 olarak
secilmistir. Komsuluk ve uzaklik degerleri algoritmanin ¢alisma performansini etkileyen 2 farkli ana
degerdir. Bulunan K degerinin diger degerlere olan uzakliklar1 fakh sekillerde dlgiilebilir. Oklid
uzaklik 6l¢iimii de bu degerlerden biridir [12]. Denklem 1°de KNN algoritmasmin mesafe hesaplama
isleminin ifadesi gosterilmistir.

Mesafe = \/(X; — Xyen)2 + (¥; — Vyent)? (1)

Denklem 1°den de anlasilacagi {izere uygun segilen K degeri, oklit uzaklig1 olarak yeni gelen bir
degerin hangi sinifa girecegini gostermektedir.

4.2.2. Lojistik regresyon algoritmasi

Birden fazla bagimsiz degiskenin sonucu belirledigi veri kiimelerini analiz i¢in kullanilan istatistiki
bir yontemdir. Dogru-Yanls, Evet-Hayir gibi direkt sonug bildiren kategorik ¢iktiya sahip verilerde
islem yapan bir Regresyon 6rnegidir. Lojistik regresyon Maksimum olabilirlik ile lineer regresyondan
ayrilir [13]. Sigmonoid fonksiyonu, Lojistik regresyonun 0 ile 1 arasindaki gosterimi igin kullanilir.
Denklem 2’de bir Sigmonoid fonksiyonu goriilmektedir.
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C@) == )
4.2.3. Karar agaclar algoritmasi
Parametrik olmayan makine Ogrenmesi algoritmasidir. Ters duran bir agaci andiran karar
algoritmalar1, Kokten alt dallara ve alt dallardan sonra ¢ogalan yeni adimlara uzanan bir yapidadir.
Her olusan yeni dal gévdede bagli oldugu ana dalin 6zelliklerini tagir Sekil 5°te gosterilmistir. Veri
setinden secilen bir kolondan yola ¢ikilir. Se¢ilen bu kolondan elde edilen veriler tiim agaca ya da veri
setine uygulanir [14].

h A

1.Kat Dal 1.Kat Dal
E H E H

Sekil 5. 2 dalli karar agaci algoritmas1 gosterimi.

4.2.4. Destek vektor makineleri algoritmasi

Destek vektor makineleri algoritmasi, uzay vektor alaninda bulunan 2 farkli sinifi birbirinden ayirmak
icin bir karar smir1 olusturan makine 6grenme algoritmasidir [15]. Algoritmadaki amag 2 farkli sinifa
ait olan verileri birbirinden olabildigince en dogru sekilde ayiran sinir noktasim gizmektir. Iki farkl
siif degerini birbirinden ayristiran margin noktasi, arttik¢a veriler daha homojen bir dagilim gosterir
ve ayrisma saglar. Sekil 6°da bir DVM algoritmasinin sonu¢ degiskenini margin ile ayrimi
gosterilmektedir.

Ayrim Noklas:

Sekil 6. DVM sonucu olugan margin.
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4.2.5. Random forest algoritmasi

Karar agaclar1 algoritmasinin anlagilmasi, Random Forest algoritmasini daha iyi anlamamiza yardimci
olur. Birden fazla karar agaci kullanarak daha uyumlu modeller iiretilmesine firsat tanir, bu sekilde
elimizdeki veri setinin daha isabetli bir siniflandirma yapmasini bu model sayesinde saglayabiliriz
[16].

5. PERFORMANS DEGERLENDIRME
Toplam 520 kisiye ait 17 farkli degerin bulundugu makine 6grenmesi algoritmasindan elde edilen
sonuglar Cizelge 2’de verilmistir. Her algoritmadan elde edilen karisiklik matrisi degerlerine gore,

yontemlerin kesinlik, hassasiyet ve F1 skorlari elde edilerek basari oranlar karsilagtirmasi yapilmustir.

Cizelge 2. Veri setine uygulanan siniflandirma algoritmalarindan elde edilen sonuglar.

Yontemler Accuracy Precision Recall F1 Score
(Dogruluk) (Kesinlik) (Duyarlilik) (F1 Skoru)
KNN 0,91 0,85 0,92 0,88
Lojistik regresyon 0,89 0,84 0,86 0,8498
Karar Agaclari 0,96 0,84 0,94 0,94
DVM 0,95 0,97 0,89 0,92
Random Forest 0,96 0,94 0,94 0,94
6. TARTISMA

Makine 6grenmesi bircok alanda bizlere karar verme ve uygulama noktasinda elimizi gii¢clendirecek
argiimanlar sunmaktadir. Tibbi alanlar basta olmak iizere borsa ve kripto para gibi birden fazla
degiskenin siirece dahil oldugu durumlarda bu tarz makine 6grenmeleri siire¢ igerisinde insanlarin
zarar gérmelerini ve yakin zamanda meydana gelebilecek durumlari kestirmeleri agisindan énem arz
etmektedir.

Erken evre diyabet hastaligi da giinlimiizde tedavisi olmayan erken evrede teshis sonucu yagam
kalitesini artiran bir hastaliktir. Kaliimsal boyutunun yani sira 6zellikle geng ¢cocukluk dénemlerinde
ortaya ¢ikan Tip-1 diyabet kisi sagligini etkilemekten 6te zamanla uzuv kaybina da neden olmaktadir.
Makine Ogrenmesi, saglik alaninda ¢alisan personele, gizli sekilde varligim siirdiiren, teshisi zaman
alan diyabet hastaligimin en kisa siirede ve en yiiksek basari oranlari ile teshis konmasi i¢in imkan
sunmaktadir bizlere. Uyguladigimiz algoritmalar incelendiginde %87 ile %96 arasinda yiiksek bir
oranda basar1 elde edilmistir. Elde edilen sonuglar %80 - 20 test egitim oranlari ile elde edilmistir.
Makine 6grenmesi siirecinde egitim test oranlarini farkli seviyelerde denenmis ve en yiiksek oranin
80/20 oraninda oldugu goriilmiistiir. Calismanin devaminda ¢apraz dogrulama sayisimi artirarak elde
edilecek basart oranlarinda artiy gozlenebilir. Yapilan c¢alisma bizlere makine &grenmesi
algoritmalarinin diyabet alaninda teshis konusunda elde ettigi basarilarin, giindelik hayatta da aktif
sekilde kullanilabilecegini, yapay zeka ile teshis tami kitleri olusturmasiyla kullaniminin artacagi
gostermistir.
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7. SONUCLAR

Bu calisma kapsaminda veri setine uygulanan 5 farkli siniflandirma yontemi yardimiyla elde edilen
dogruluk oranlar1 kiyaslanmis ve elde edilen bulgulara gore en yiiksek siniflandirma basarist %96
oranla DVM ve Random Forest yontemlerinde elde edilmistir. Ayrica Lojistik regresyon kullanilarak
elde edilen %89’luk dogruluk orani da ¢aligma kapsaminda elde edilen en diisiik orandir. Yani 5 farkli
smiflandirma metodu %89-%96 arasinda bir dogruluk orani skalast olusturmustur. Bu calismada
ozellikle basar1 oranlart yiiksek ¢ikacak algoritmalar yerine, topluluk 6grenmesine yatkin, uzay vektor
baglamlar1 yiiksek algoritmalari tercih edilmistir. Kullanilan algoritmalarin  siniflandirma
performanslarinin yilksek olusu ve basar1 oranlarindaki keskinlik ve F skorlar1 bizlere bu
algoritmalarin en ideal algoritmalar oldugunu gdstermistir. Literatiirde yapilan diger karsilagtirmalarda
genelde tek algoritma istliinden siiregler incelenmis ve algoritmanin basari orani tek bir agidan
irdelenmistir. Calismada 5 farkli algoritmanin hepsinde yiiksek dogruluk elde edilecek derecede
egitim-test ve komsuluk derecesi gibi ayarlar yapilmistir.

Yapilan bu calisma bizlere gosteriyor ki, saglik alanindaki bir¢ok durumda artik teshis ve yorumlama
stirecleri yerine makine 6grenmesi ve yapay zekd yontemleri yer alacaktir. Bunlar kanser gibi, hizl
yas tahmini, damar sorunlar1 vb. bircok farkli saglik alaninda giinden giine daha sik kullanilarak
hastaliklarin erken teshisinde onemli bir yol kat edecek hale gelecektir. Hali hazirda giiniimiizde
biyomedikal alanda yapay zeka ve makine 6grenmesi algoritmalar1 kullanarak bir¢ok proje yapilmakta
ve yapilmaya devam etmektedir. Bu ¢aligsmalar ilerleyen zamanlarda da saglik alaninda birgok alanin
makine 6grenmesi algoritmalart ile tespit edilmesini saglamistir.
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