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Onerilen Dogrusal Hesap Yonteminin Uygulanmasi Uzerine Bir irdeleme

Tansu GOKCE*1", Varol KARAYEL2", Furkan CALIM3(, Sahabeddin RiFAI3", Fatih SAHIN3©, Ercan
YUKSEL3

1 Bristol Universitesi, Mithendislik Fakiiltesi, insaat Miihendisligi Boliimii, BS8 1TR, Bristol, Birlesik Krallik
2IF Mithendislik Miisavirlik Ltd. Sti. Istanbul
3{stanbul Teknik Universitesi, Insaat Fakiiltesi, Insaat Mithendisligi Boliimii, 34467, Istanbul

(Alinis / Received: 29.07.2022, Kabul / Accepted: 06.03.2023, Online Yayinlanma / Published Online: 25.12.2023)

Anahtar Kelimeler 0z: Betonarme binalarin mevcut deprem giivenliklerinin belirlenmesi icin 2018
Performans degerlendirmesi,  Bina Deprem Yonetmeliginde (TBDY-2018) dogrusal ve dogrusal olmayan hesap
Dogrusal hesap yontemi, yéntemleri tanimlanmigtir. Ilgili hesap yéntemleri cok sayida binada uygulandiktan
Dogrusal olmayan hesap sonra elde edilen tecriibe ii¢ kath mevcut bir betonarme bina iizerinde sayisal olarak
}];(:Ilatrirrr:'guvenligi orneklenerek, dogrusal degerlendirme yonteminin ¢ok mu konservatif oldugu
' sorusuna cevap aranmistir. incelenen betonarme binanin deprem performansi
TBDY-2018 de 6nerilen dogrusal elastik yontem uygulandiginda, binanin ‘Kontrollii
Hasar (KH)' performans seviyesini saglayamadigl sonucuna ulasimistir. Buna
karsilik y181l1 plastik mafsal kabulii ile 11 adet deprem kaydi kullanilarak zaman
tanim alaninda gergeklestirilen dogrusal olmayan analizler ile yayili sekildegistirme
durumunu esas alan itme analizleri sonucunda binanin, ‘Kontrollii Hasar (KH)’
performans seviyesini sagladigi ortak sonucuna ulasilmistir. Degerlendirme
farkinin, TBDY-2018 Boliim EK 15.A.2de yer alan yerdegistirmis eksen donmesi alt
bashgindaki (15A.1) denkleminde en alt kat kolonlarinda alt u¢larinda dénmenin

“sifir (0)” alinmasindan kaynaklandigi gériisiine ulasilmistir.

A Study on the Application of Linear Calculation Method Recommended in TBDY-2018
to Determine the Existing Earthquake Performance of Reinforced Concrete Buildings

Keywords Abstract: Linear and nonlinear analysis methods are defined in the 2018 Turkish
Performance evaluation, Building Earthquake Code (TBDY-2018) to determine the existing earthquake safety
Linear static analysis, of reinforced concrete (RC) buildings. After applying the relevant calculation
g;rsl;lir;e;rf:nalym' methods in many buildings, the experience gained was numerically sampled on an
- existing three-story RC building, and an answer was sought as to whether the linear
analysis method is too conservative. When the seismic performance of the RC
building was applied using the linear analysis method suggested in TBDY-2018, it
was concluded that the building could not provide the 'Controlled Damage (KH)'
performance level. On the other hand, as a result of non-linear time history analyses
using 11 earthquake records with the assumption of lumped plastic hinges and
pushover analyses based on the spread plasticity, it was concluded that the building
provides the 'Controlled Damage (KH)' performance level. It has been concluded that
the difference in the evaluation is due to the fact that rotation is taken as "zero (0)"
at the lower ends of the lowest story columns in the equation (15A.1) in the sub-title
of displaced axis rotation in TBDY-2018 Section Annex 15.A.2.

1. Giris olmayan hesap yontemleri tanimlanmistir. Bu

yontemler pratikte c¢ok sayida bina {izerinde
Betonarme binalarin deprem  performansinin uygulandiktan sonra, dogrusal hesap yonteminin bazi
belirlenmesi icin TBDY-2018 de dogrusal ve dogrusal binalarda {irettigi konservatif sonuclar dikkat

*[Igili yazar: tansu.gokce@bristol.ac.uk
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¢ekmistir. Bu durumu 6rneklemek lizere mevcut bir
betonarme binanin deprem performansi farkh
yontemler ile elde edilerek karsilastirilmistir.

Ornek olarak secilen yap: sistemi, istanbul Cekmekdy
de bulunan bir fabrika tesisi icerisindeki ofis binasidir.
Zemin + 2 normal kat olmak lizere toplam 3 katli olan
betonarme binanin mevcut deprem performansi,
Tiirkiye Bina Deprem Yonetmeligi 2018 (TBDY-2018)
[1] cer¢evesinde dogrusal hesap yontemi kullanilarak
[2] nolu referanstaki teknik raporda tayin edilmis ve
istenilen “Kontrollii Hasar -KH (Can Giivenligi-CG)”
performans seviyesini saglamadigi belirtilmistir.

Yap1 sahibinin istegi dogrultusunda, makalenin ikinci
yazari tarafindan binada inceleme yapilmistir. Ug katl
betonarme  binanin  tasiyict  sistem  tertibi
degerlendirildiginde, etkiyen yatay yiiklerin her iki
dogrultuda tertiplenmis 200x1000 mm perde
saylilabilecek boyutlardaki kolonlar, 450x450 mm
kolonlar ve merdiven kenarinda yer alan ve iki
dogrultuda da ¢alisan 2 adet betonarme perde
tarafindan tasindig1 gériilmiistiir. Ozellikle 200x1000
mm Kkesitli kolonlarin biiyiik ¢ogunlugunun tasiyici
sistemin dort dis aksinda rijit yonleri ile konumlanmis
yani sira burulma kararliligln bakimindan da olumlu
bulunmustur.

Teknik raporda [2] 12.5 MPa olarak tayin edilen beton
basing dayanimy, li¢ kath binanin kolonlarinda ortaya
cikabilecek eksenel basing gerilmelerinin diisiik
seviyelerde olusacaginin gostergesidir. Boyuna ve
enine donatilarin S420 (Nerviirlii) kalitesinde olmasi
ve binanin konumlandigl sahaya ait yerel zemin
sinifinin ZC olarak tayin edilmesi de diger olumlu
durumlardir.

Tasiyict  sistem elemanlarinda sargi  donatisi
siklastirmasi yapilmadigl icin siineklik diizeyi yliksek
olmamasina karsin; bina kat sayisinin az olmasi, yatay
yik tasiyic1 sistemin olusturulmasinda yukarida
belirtilen olumlu o6zellikler, yerinde tayin edilen
malzeme oOzellikleri ve yerel zemin sartlar1 ile bu
makalenin yazarlarinin depreme karsi yapi tasarimi
konusundaki tecriibe ve bilgi birikimi birlikte
degerlendirildiginde, = binanin  TBDY-2018 de
tanimlanan dogrusal hesap yontemi kullanilarak
yapilan performans analizinde ‘Kontrollii Hasar-KH’
performans seviyesini saglayamamis olmasi stiphe ile
karsilanmistir.

Teknik rapor [2] dikkatlice incelendikten sonra TBDY-
2018 Boliim 15.5 ‘Dogrusal Hesap Yontemi ile Binanin
Mevcut Deprem Performansinin Belirlenmesi’ bashgi
altinda tanimli islemlerin tam olarak uygulandigi; bina
performans diizeyi ile ilgili olarak elde edilen sonug
iizerinde TBDY-2018 (15A.1) denkleminde en alt kat
kolonlarinin alt wuglarinda dénmenin “sifir (0)”
alinmasinin ¢ok etkin oldugu goriisiine varilmistir.

Bunun {lizerine, érnek bina bu makale kapsaminda
TBDY-2018 de tanimlanan dogrusal ve dogrusal
olmayan yontemler kullanilarak degerlendirilmis,
ulasilan sonuglar birbirleriyle ve teknik rapor [2] ile
karsilastirilmistir.

TBDY-2018 de yer alan (15A.1) denkleminin tasiyici
sistemin en alt kat kolonlarina uygulanmasi
durumunda kullanilabilecek bir 6neri gelistirilmistir.
Onerinin uygulandifi durumda “dogrusal hesap
yontemiyle” belirlenen bina deprem performans
biiyiikliikleri “dogrusal olmayan hesap yodntemi”
sonuclari ile uyumlu hale gelmistir.

2. Materyal ve Metot
2.1. Mevcut Bina Tasiyia Sistem Ozellikleri
2.1.1. Binadan bilgi toplanmasi

Bina icin hazirlanan teknik raporda [2], yerinde
ayrintili inceleme yapilarak tasiyici sistem rélevesinin
¢ikarildigy belirtilmistir. Tasiyici sistem rolevesinden
ulasilan tipik kat kalip plani Sekil 1'de yer almaktadir.

Raporda, binanin her katindan ii¢er adet olmak iizere
toplam 9 adet karot alinarak, laboratuvarda test
edildigi belirtilmistir. Yapilan deneylerde karakteris-
tik beton basing dayanimi f«=12.5 MPa olarak elde
edilmistir. Betonarme elemanlarda yapilan pas pay1
siyirmasi ¢alismasinda, boyuna ve enine (sargi) donati
cinsinin S420 betonarme celigi (nerviirli) olarak
saptandigl, kolonlardaki boyuna donati oraninin %1.2
seviyelerinde oldugu, etriyelerin ise 8 mm ¢aph
donatilardan 220-230 mm araliklar ile tertiplendigi,
kolon-kiris  birlesim  bolgelerinde  siklastirma
yapilmadiginin ortaya ¢ikarildigt da raporda
belirtilmistir.

Binanin konumlandigr sahada, isveren tarafindan
onceki yillarda hazirlatilan sondaja dayali zemin
raporundaki degerlerden, yerel zemin sinifinin TBDY-
2018’deki ZC zemin smifina karsi geldigi bilgisi de
raporda yer almaktadir.

Bu makale ¢alismasi kapsaminda bina tizerinde ilave
ayrintili  bir inceleme yapilmamis, yerinde bazi
gozlemler  gergeklestirilmistir. Gergeklestirilen
performans hesaplarinda, teknik raporda [2] yer alan
tim veriler aynen kullamlmistir. Binada ayrintili
inceleme yapildigi i¢in [2], TBDY-2018 Tablo 15.1°de
verilen bilgi diizey katsayist 1.0 olarak alinmistir.

2.1.2. Tasiyia sistem 6zellikleri

Zemin + 2 normal kat olmak {izere toplam 3 kath
binanin tipik kalip planm Sekil 1’de verilmistir. Binada
320 mm yiikseklikli asmolen doéseme sistemi
kullamilmistir. Yatay yiikler, her iki dogrultuda da
betonarme cergeveler tarafindan tasinmaktadir.
Merdiven bolgesinde yer alan ve tasiyici sistemin her
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iki dogrultudaki yatay rijitligine katki veren 2 adet
betonarme perde eleman da mevcuttur, (P1 ve P2
perdeleri).

200x1000 mm kesitli kolonlarin (perdelerin) biiyiik
¢ogunlugunun binanin her iki dogrultusunda dis
cephelerde kuvvetli yonleri ile konumlanmis olmasi,

Ug kath binanin aciklik degerleri, 200x1000 mm ve
450x450 mm kolon kesit boyutlar: ile fa=12.5 MPa
olarak belirlenen beton basing dayanimi birlikte
degerlendirildiginde, kolonlarda olusan eksenel
gerilmelerin 0.20fk~0.3xfa gibi diisiik seviyelerde
kaldig, bu durumun da kolon siineklikleri bakimindan
olumlu oldugu séylenebilir. Ayrintili inceleme

yatay rijitligi artiricr etkisinin yaninda tasiyic raporunda [2], bodrum kati bulunmayan binanin
sistemin burulma kararliligina olumlu etkisi yluzeysel temel sistemi ile ilgili bir bilgiye
bakimindan da dikkat cekmektedir. rastlanmamistir.
® ® © © G) ® © ® ®
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Sekil 1. Zemin, 1. ve 2. normal kat tavani kalip plani.
<0.0 Var <0.65 3 7 10
2.2. Dogrusal hesap yoéntemi ile betonarme <0.0 Var >1.30 25 5 8
binanin deprem performansinin belirlenmesinde >0.5 Var <0.65 3 5 7
2007 ve 2018 deprem yonetmelikleri arasindaki >0.5 Var >1.30 2.5 4 5
temel farkhiliklar <0.0 Yok <0.65 2.5 4 6
<0.0 Yok >1.30 2 3 5
Deprem Bolgelerinde Yapilacak Binalar Hakkindaki >0.5 Yok <0.65 2 3 5
Yonetmelik 2007 (DBYBHY - 2007)'de [3] dogrusal 20.5 Yok 21.30 1.5 2.5 4
elastik hesap yontemi ile bina deprem performansi
tayini, Bolim 7.5’e gore ozetle; dnce tasiyicl sistem Tablo 2. Betonarme kolonlar i¢in hasar smirlarini

davranis katsayist R=1 alinarak, ti¢ boyutlu hesap
modeli lizerinde gerceklestirilecek dogrusal analizler
(esdeger deprem yiikii veya mod birlestirme yontemi
ile) ile elastik i¢ kuvvetler ve yerdegistirmeler elde
edilmektedir. Eleman hasar sinirlarimi tayin etmek
iizere, bnceden hesaplanan eleman tasima kapasiteleri
ile analizlerden elde edilen i¢ kuvvetler kullanilarak,
eleman iizerindeki kesme kuvveti ve normal kuvvet
seviyelerine de bagl olarak etki/kapasite oranlari (rs)
hesaplanmaktadir. Ornek olmak iizere, DBYBHY-2007
yonetmeliginde kiris ve kolonlar icin verilen hasar
sinirlari sirasiyla Tablo 1 ve Tablo 2’de verilmistir.

Tablo 1. Betonarme kirisler i¢in hasar sinirlarini tamimlayan
etki/kapasite oranlar (rs) [3].
Siinek Kirisler
!
PP Sargilama L
Pp by dfeem

Hasar Sinir1

MN | GV | GC

tanimlayan etki/kapasite oranlari (rs) [3].
Siinek Kirisler

Hasar Sinir1

N Sargil Le MN | GV | GC
argilama —_—
Acfom 8 Do form
<0.1 Var <065 | 3 | 6 | 8
<0.1 Var >1.30 2.5 5 6
>0.4ve<0.7 Var <0.65 2 4 6

>04ve<07 Var >1.30 15 25|35

<0.1 Yok <0.65 2 35| 5

<0.1 Yok >1.30 15 | 25|35
>204ve<0.7 Yok <0.65 1.5 2 3
>204ve<0.7 Yok >1.30 1 1.5

>0.7 - — 1 1 1

Hasar sinirlarini kontrol eden diger bir biiytikliik de
kat yerdegistirmelerinden elde edilen goreli kat
Otelemeleri oranlar1 olup, bu oranlara karsi gelen
hasar sinirlar1 Tablo 3 'te yer almaktadir.
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Tablo 3. Goreli kat 6teleme sinirlari [3].

Goreli Kat Hasar Sinir1
Otelenmesi Orani MN GV GC
ji / hji 0.01 0.03 0.04

Son olarak, Bolim 7.7’de binanin mevcut deprem
performansinin tayin edilmesine yonelik olarak kat
bazinda kolon ve Kkiris elemanlarin1 hasar sinir
diizeylerine ait yiizde olarak verilen oranlar
kullanilarak, binanin mevcut deprem performansi
diizeyi ortaya cikarilmaktadir. Ilgili performans
diizeyleri Sekil 2’ de gosterilmektedir.

i¢c Kuvvet

MN

Minimum Belirgin 1 Tleri
Hasar H Hasar t Hasar | Gogme
Bolgesi | Bolgesi + Bdolgesi | Bolges:

Sekildegistirme
Sekil 2. Bina performans diizeyi [3].

TBDY-2018’de dogrusal elastik hesap yontemi ile bina
deprem performansinin tayininde B6lim 15.5 ’e gore
ozetle; 2008 yonetmeligine benzer olarak dnce tasiyici
sistem davranis katsayis1 R=1 alinarak, ii¢ boyutlu
hesap modeli iizerinde gerceklestirilecek dogrusal
analizler (esdeger deprem yliki veya mod birlestirme
yontemi ile) ile elastik i¢ kuvvetler, yer degistirmeler
ve diigim noktas1 donmeleri elde edilmektedir.
Eleman hasar sinirlarini tayin etmek tiizere 2007
yonetmeliginde kullanilan i¢ kuvvet etki/kapasite
oranlar1  degil, diiglim noktasti = ddnmeleri
kullanilmaktadir. TBDY-2018'in dogrusal elastik
yontemle deprem performansinin tayini boéliimiinde
getirilen en oOnemli degisiklik, diigim noktalarn
doénmelerinden plastik donmelerin elde edilmesi, bu
donmelerin kesit analizleri ile elde edilen kesit plastik
donme kapasitesi ile oranlanarak elde edilen
biiyiikliklerin plastik donme sinir degerleri ile
karsilagtirilarak  kesit hasar smirlarinin  ortaya
konmasidir. izlenen yol esasen sekildegistirmeye gére
tasarim prensibine karsi gelmektedir. Kirisler icin
kesit u¢ donme degeri dogrudan toplam kesit dénmesi
(Bxi) olarak kabul edilirken, kolonlar i¢in yeni bir
tanim olarak yerdegistirmis eksen dénmesi ortaya
konmakta ve kolon toplam u¢ dénmeleri olarak
yerdegistirmis eksen déonmesi kullanilmaktadir, Sekil
3. Kolonlar i¢in yerdegistirmis eksen ddénmesi
Denklem 1 ile elde edilmektedir.

Oki :7—9i (1)
Cc

Kesit toplam donme degeri, kesitin akma dénmesi ile
plastik déonmesinin toplami olarak Denklem 2 ile
verilmektedir. Kesit akma donmesi, kesit analizi ile

hesaplanabilecegi gibi yonetmeligin ilgili bolimiinde
pratik olarak kullanilabilecek esitliklere yer
verilmektedir. Denklem 2’de kesit akma ddénmesi
degeri yerine koyuldugunda kesitte olusacak plastik
doénme miktari (talebi) hesaplanmaktadir.

O =0y; +0p; (2)

J o

Sekil 3. Yerdegistirmis eksen ve diigiim noktasi donmeleri
ile kat 6teleme iliskisi, [1].

Analizler sonucunda elde edilen kesit plastik donme
talepleri, plastik donme kapasitesi i¢cin Denklem 3 ile
verilen siir deger ile karsilastirilarak eleman hasar
sinirlari elde edilmektedir. Kontrollii Hasar (KH) icin
Denklem 3 ile elde edilen degerin 0.75 katinin
asilmamasi gerekmektedir, Denklem 4. Sinirli Hasar
(SH) igin kesitte plastik donme talebinin olusmamasi
istenmektedir, Denklem 5.

6(pcso) _ 3{(% _ ¢y) L, (1 -0.5 Lp) + 4~5¢udbj| (3)

S

M) = 0.75x9(5) 4)

o™ =0 (5)

Beton ve celik sekildegistirmelerine (ec ; &) ait sinir
degerler Denklem 6, 7 ve 8 'de verilmektedir.

£$%9) = 0.0035 + 0.04 [, <0.018

séGo) =0.4¢gg,

(6)

s _075:00 . K 075,80 (7

e —00025 ;£ =0.0075 (8)

Boliim 15.8’ de, kat bazinda kolon ve kiris elemanlarin
hasar sinir diizeylerine ait ylizde olarak verilen
oranlar kullanilarak, binanin mevcut deprem
performans diizeyi ortaya konmaktadir. ilgili
performans diizeyleri Sekil 4’ de tanimlandig1 gibi
siralanmaktadir.
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i¢ Kuvvet
4

Belirgin =~ ¢ ileri |

Simirh
Hasar_ Hasar + Hasar | Gogme
Bilgesi Bolgesi i Bolgesi | Bolgesi

>

Sekildegistirme
Sekil 4. Bina performans diizeyi [1].

2.3. Sekildegistirme esasli dogrusal ve dogrusal
olmayan analizlere esas olan ortak malzeme
modelleri

Sekildegistirme esasl dogrusal ve dogrusal olmayan
analizlere esas olacak beton ve celik modelleri

sirasiyla, Sekil 5 ve Sekil 6’ da verilmektedir.

f

£ Sargili

ec ‘
f I
Jeo Sargisiz ‘

Eco=0002 00035 0.005 Ece Ecu &

Sekil 5. Sargili ve sargisiz beton modelleri [1].

‘ﬂn

S

f -

Esy Eh Esu &

Sekil 6. Betonarme ¢elik modeli [1].

Incelenen sistemde, Tablo 4‘in ikinci satirinda yer
alan S420 kalitesindeki ¢elik bilgileri kullanilmistir.

Tablo 4. Donati celiklerine ait bilgi [1].

Kalite (DI;VH) €y £, £, fulfg
S220 220 0.0011 | 0.011 | 0.12 1.20
S420 420 | 0.0021 | 0.008 | 0.08 | 1.15-1.35
B420C | 420 0.0021 | 0.008 | 0.08 | 1.15-1.35
B500C 500 0.0025 | 0.008 | 0.08 | 1.15-1.35

2.4. Gergeklestirilen analizler

Yapinin dogrusal ve dogrusal olmayan analizleri ii¢
farkli yazilim ile yapilmistir. Bunlardan ilki, akademik
amagl hazirlanmis olup gelistirme siireci devam eden
ve dogrusal yaklasimla tamamen yo6netmelik
kosullarina gore analiz ve degerlendirme yapabilen
STATERA [4] isimli yazilimdir. ikincisi, “kesin ¢oziim”
olarak kabul edilen ve detayl li¢ boyutlu modelleme
ile dogrusal olmayan analizin yapildigt ETABS
yazilimidir [5]. Uglincii yazilim ise diizlem sistemlerin
dogrusal ve dogrusal olmayan analizlerini yapabilen
DC2B yazilimidir [6].

2.4.1. Deprem
olceklendirilmesi

ivme Kkayitlarinin secimi ve

Zaman tanim alaninda dogrusal olmayan analizlerde
kullanilan deprem yer hareketlerinin se¢imi, TBDY-
2018 uyarinca, mevcut yapinin bulundugu boélgenin
depremselligi, zemin sinifl, faylanma mekanizmalari
ve fay sistemlerine olan mesafeleri dikkate alinarak
yapilmistir. Segilen 11 adet deprem ivme kaydinin her
iki yatay bileseni hedef spektrumun 1.3 kat1 ile
spektral uyusum saglanacak sekilde dontistiirilmiis-
tur (Sekil 7).

1.8
Big Bear-01
1.6 Darfield N. Z.
Imperial V.-06
h] 14 —— Victoria Mexico
T 1.2 ——— New Zealand-02
L:J. ’ Landers
E 1 — Kocaeli Turkey
= —— Kocaeli Turkey
= 0.8 — Duzce Turkey
£ — Hector Mine
% 0.6 —— Landers
o DD2x 1.3
0.4 GmeanSa (g)
0.2
0

0 1 3 4

2
Periyot (s)
Sekil 7. Olceklendirilmis deprem kayitlarinin bileske
spektrumlari, bileske spektrumlarin geometrik ortalamalari

2.4.2. Kesit Analizleri

Kolonlarda eksenel kuvvetin moment ve egrilige olan
etkisini dikkate almak icin, eksenel kuvvetler G+nQ
yiik birlesiminden elde edilmistir. ilgili moment-
egrilik degerleri SAP2000 yazilimi [7] Section Designer
Modiilii kullanilarak elde edilmistir. Beton icin Mander
vd. [8] makalesi esaslarini igeren ve TBDY-2018 Ek
5A’da tanimlanan (Sekil 5) sargili ve sargisiz beton
gerilme-sekildegistirme bagintilar1  kullanilmis-tir.
“Gocmenin Onlenmesi” performans diizeyi icin beton
birim kisalmasinin hesabinda TBDY-2018'da verilen
Denk. (5.4) uygulanmistir. 200x1000 mm Kkesitli
kolonlarda, mevcut zayif sarginin beton davranis
modeline etkisi olmadig1 goriilmiistiir.
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Tipik kesitlere ait hasar sinirlar;, TBDY-2018’de farkl
performans diizeyleri i¢in tanimlanan denklemler
(Denklem 3, 4, 5) kullanilarak hesaplanmistir.

2.4.3. Yapinin ii¢ boyutlu dogrusal analizi

Ornek binanin performans hesabina ait ayrintil bilgi
[2] de yer almaktadir. Bu makalede STATERA [4]
yazilmi ile benzer performans sonuclar1 elde
edilmistir.

STATERA, betonarme ii¢ boyutlu c¢erceve tiiri
sistemlerin TBDY-2018’da tanimlanan dogrusal hesap
yontemi kullanilarak deprem performanslarimi
belirlemek iizere olusturulmus bir yazilimdir.
Betonarme tasiyici sistemin tim bilesenleri “cubuk
elemanlar” ile ideallestirilmistir. Etkin rijitlik
hesabinda kullanilan ¢arpanlar kolonlarda 0.60,
kirislerde 0.35 olarak secilmistir. Kat désemeleri i¢in
rijit diyafram kabulii yapilmistir.

Mod birlestirme yontemi ile kat hizalarina etkiyen
deprem yiikleri hesaplanmis ve kat kiitle merkezlerine

etkitilmistir. Deprem ytkleri Tablo 5’te verilmistir.

Tablo 5. Katlara etkiyen deprem yiikleri.

Kat Kat Kuvvetleri [kN]
Kat Kiitlesi X %
(ton) dogrultusu | dogrultusu
2. Normal 507.60 3725.22 2912.629
1. Normal 534.35 2122.09 1390.515
Zemin 534.76 1152.52 968.358
Vi 6999.83 5271.5

Cubuk uclarina plastik mafsallar atanmis ve plastik
doénme sinirlart tanimlanmistir. Elemanlarin akma
donmeleri 6y=®yxLs/3 bagintis1 ile hesaplanirken
kesme aciklig1 Ls=L/2 olarak alinmistir.

2.4.4. Yapinin ii¢ boyutlu dogrusal olmayan analizi

Yapinin dogrusal olmayan ii¢ boyutlu hesap modeli
ETABS yazilimi [5] kullanilarak yapilmistir, Sekil 8.

Sekil 8. Yapinin {i¢ boyutlu ETABS modeli.

Cubuklarin dogrusal olmayan davramsi yigih
plastisite ile temsil edilmistir. Cubuk elemanlarin
uclarinda plastik mafsal bolgeleri tanmimlanmis,
bunlarin arasinda kalan bdlge ise dogrusal olarak
modellenmis ve etkin kesit rijitlikleri Denklem 9a’ya
gore belirlenmigstir. Hesaplarda kullanilan My akma
momenti ve ¢y akma egriligi, dikdortgen Kkesitli
kolonlarin 0° ve 90° dogrultular icin (G+nQ) yuk
durumunda olusan eksenel yiik degerleri esas alinarak
hesaplanmistir. Plastik mafsal akma doénmesi, 6y,
Denklem 9b’ye gore belirlenmistir.

M
] (9a)

(El)e =
E)y 3

o h
0, = S +0.0015n | 1+1.5— | +
3 L

Betonarme perdeleri temsil eden kabuk sonlu
elemanlar iizerinde tiim moment ve kuvvetler dikkate
alinirken, doésemeleri temsil eden membran sonlu
elemanlar tizerinde sadece diizlemine dik momentler
ve diizlemi igindeki kuvvetler kullanilmistir. Perde ve
TBDY-2018 Tablo 4.2 dogrultusunda tanimlanmistir,
Tablo 6.

carpanlari.

Betonarme Tasiyici Etkin Kesit Rijitligi
Sistem Elemani Carpani

Perde - Déseme (Diizlem Ici) | Eksenel | Kayma
Perde 0.50 0.50
Bodrum perdesi 0.80 0.50
Déseme 0.25 0.25

Perde - Déseme (Diizlem Dis1) | Egilme | Kesme
Perde 0.25 1.00
Bodrum perdesi 0.50 1.00
Déseme 0.25 1.00

Zaman tanim alaninda yapilan analizlerde kullanilan
"Direct Integration" ¢6ziim yonteminde s6niim orani
%5 olarak kabul edilmis ve tanimlanmasinda kiitle ve
rijitlik orantili "Rayleigh Damping" kullanilmistir.

2.4.5. Yapinin iki boyutlu dogrusal olmayan analizi

DC2B [6], diizlem cergevelerin dogrusal olmayan
analizini yayil sekildegistirme yaklasimini esas alarak
yapan bir yazilimdir. Incelenen {i¢ boyutlu sistemin
kisa ve uzun dogrultularinda yer alan “A aks1” ve “4
aks1” cercevelerinin dogrusal olmayan analizi DC2B
yazilimi ile yapilmistir. Analizlerin ii¢ boyutlu yapi
davranisini yeterince temsil edebilmesi i¢in, diizlem
cercevelere aktarilan yiik ve kiitle hesaplar dikkatlice
yapimistir.

Dogrusal olmayan analizde, her ¢ubuk sanal 100
dilime boliinmiistiir. Dilimlerin dogrusal olmayan
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davranisi, kesit analizleri ile elde edilen moment-
egrilik iliskileri tizerinden tanimlanmaktadir.

U¢ boyutlu dogrusal olmayan analiz sonuglariyla
dogru karsilastirma yapabilmek {izere, deprem
kayitlarinin her biri icin “kat kesme kuvveti / taban
kesme kuvveti oranlar1” hesaplanmis ve 11 deprem
kaydi igin belirlenen biyiikliklerin ortalamasi
alinmistir. Bu ortalama biiytikliikler, DC2B yazilimi ile
yapilan itme analizinde “kat yatay kuvvet oranlar1”
olarak kullanilmistir. Benzer sekilde, 11 deprem kaydi
icin ti¢ boyutlu hesap modeli kullanilarak elde edilen
tepe yerdegistirmesi istemlerinin ortalamasi alinmis;
“A aks1” ve “4 aks1” cergeveleri icin yapilan dogrusal
olmayan analizlerde kullanilan “hedef yerdegistirme-
ler” elde edilmistir.

3. Bulgular
3.1. Analizler sonuc¢larinin karsilastirilmasi

3.1.1. Serbest titresim analizi sonug¢lari

hesap modeli ile yapilan serbest tiresim analizinde
elde edilen ilk bes titresim moduna ait periyot ve kiitle
katilm oranlar1 Tablo 7’de verilmistir. Sistemin
dogrusal olmayan analiz modelinde elde edilen ilk bes
moduna ait periyot ve kiitle katilim oranlar1 Tablo
8'de, mod sekilleri de Tablo 9'da gdosterilmistir.
Burulmanin etkin mod oldugu gériilmektedir.

Tablo 7. Dogrusal analizlerde elde edilen modal 6zellikler.

Periyot Kiitle Katilim Orani
Mod T (5) Uy Uy R,
1 0.817 0.0324 0.4860 0.2608
2 0.753 0.1078 0.2756 0.3952
3 0.648 0.6384 0.0036 0.1271
4 0.204 0.0226 0.0207 0.1167
5 0.170 0.0119 0.1588 0.0110

Tablo 8. Dogrusal olmayan analizlerde elde edilen modal
ozellikler.

Periyot Kiitle Katilim Orani
Mod T (s) Usx Uy R.
1 1.676 0.3327 0.0341 0.4420
2 1.133 0.0373 0.7076 0.0057
3 0.817 0.4100 0.0082 0.3430
4 0.456 0.0565 0.0062 0.0811
5 0.263 0.0368 0.1512 0.0051
Tablo 9. Yapinin ilk ii¢ mod sekli.
Mod Sekli
Mod 3D goriiniis Plan goriintiisii
G
1

3.1.2. Goreli kat 6telemesi kontrolleri

iki ana dogrultuda géreli kat dtelemesi kontrolleri
yapimistir. Ardisik iki kat arasindaki yerdegistirme
farkini ifade eden azaltilmis goreli kat otelemesi (Ai)
ve goreli kat 6telemesi orani (Ai/hi) Denklem 10’a gore
hesaplanmigtir. Ug farkli yazilim ile gerceklestirilen
analizlerde, 11 deprem kaydinin ortalamasi yatay yiik
dagilimi i¢in elde edilen Ai/hi oranlar1 Tablo 10’da
verilmistir.

Aj =Uj — Uiy (10)

Tablo 10. Goreli kat 6telemesi oranlari (Ai/hi).

STATERA ETABS DC2B
X Y X Y X Y
3 | 00097 | 00111 | 00115 | 00160 | 00125 | 0.0154
2 | 00100 | 00105 | 00125 | 00154 | 00119 | 0.0145
1 | 0.0053 | 00053 | 0.0074 | 0.0079 | 0.0067 | 0.0085

Kat

3.1.3. Kolon kesme giivenligi kontrolleri

11 deprem kaydi icin yapilan dogrusal olmayan analiz
sonucunda tasiyici sistemin kolonlarina etkiyen en
biiylik kesme kuvvetleri, ilgili kolon kapasiteleri ile
karsilastirlmistir. Tasiyici sistemin kolonlarinda her
deprem kaydi icin ortaya ¢ikan en biiyiilk kesme
kuvvetlerinin ortalamasi; beton basing dayanimi 12.5
MPa, donat1 akma dayanimi 420 MPa, enine donati
$8/220 mm alinarak hesaplanan kolon kesme
kapasitesine oranlanarak Sekil 9 da verilen ¢ubuk
diyagram elde edilmistir. Buna gore binadaki tiim
kolonlarin kesme giivenligi kontrollerini sagladig:
gozlenmistir.

GEVREK KIRILMA

(@)
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GEVREK KIRILMA

y | | | (b)

GEVREK KIRILMA

0
wwwwwwwwwwwwwwwwwwwwww x

Sekil 9. Kolon kesme giivenligi kontrolii: (a) 2. normal kat,
(b) 1. normal kat, (c) Zemin kat

o = m )
Aaddaadan
soLoLo (SR ]

3.1.4. Kolon hasar dagilimlari

Calismanin amacinin; TBDY-2018 Boélim 15.5 de
verilen dogrusal hesap yontemleri ile deprem
hesabinda, zemin kat kolonlarindaki hasar
durumunun belirlenmesinde alt u¢larinda dénmenin
‘sifir (0)’ alinmasi yaklasiminin irdelenmesi oldugu
icin, hasar dagilimlar1 degerlendirmesinde Kkirisler
kapsam dis1 birakilmis sadece kolonlara yonelik
degerlendirme yapilmistir.

3.1.4.1. Ug boyutlu dogrusal analiz

Performans analizinde deprem etkisi ile diisey
yuklerin birlikte dikkate alinabilmesi icin iki birlesik
yik durumu tamimlanmistir. Bunlar G+0,3Q+EX ve
G+0,3Q+EY dir. Her yiik birlesimi i¢in, kolonun iki
egilme ekseni etrafinda uglarinda olusan yatay
Otelenmeler (Ax ve Ay), yerdegistirmis eksen
doénmeleri (Ok ve Bkj), plastik donmeler (6pi ve Bp;) ve
GO performans diizeyi icin plastik dénme (8p(co-cp))
degerleri hesaplanmistir. Her katta kolonlarin hasar
diizeyleri (en biiylik plastik dénme talebinin plastik
dénme sinirina orani) ¢ubuk diyagram seklinde elde
edilmistir. Sekil 10°’da iki farkli yiik birlesimi i¢in
zemin kat kolonlarinda olusan hasar dizeyleri
gosterilmektedir.

STATERA yazilimi ile yonetmelik kosullarina gore
yapilan dogrusal analiz ve degerlendirme sonucunda;
yapinin zemin katinda ¢ok sayidaki kolonda plastik
doénme sinirlarinin asilarak gégme bolgesine gecildigi
gorilmustir.

T H l| ‘I:‘_‘::‘_‘::‘_‘::‘ HH @

—sH

15
.q‘;; : GB 5
g 1 |f-———]p-————a——af————————— -
: SN R (R B D D T S 1)
05 BHB
0 '
a8 5 S = T v EEY: § oo T

Sekil 10. STATERA - Zemin kat kolonlarinin hasar dagilimi:
(a) G+0,3Q+EX yiik birlesimi, (b) G+0,3Q+EY ytik birlesimi.

1
Cc13
Cl4

3.1.4.2. Ug¢ boyutlu dogrusal olmayan analiz

ETABS yazilimi kullanilarak 11 deprem kaydi icin
zaman tanim alaninda yapilan dogrusal olmayan
analizlerde elde edilen plastik mafsal donmeleri, hasar
sinirlari ile karsilastirilmistir.

Dogrusal analiz sonuglarindan farkli olarak; 11 adet
deprem kaydindan sadece biri i¢in zemin kattaki C10
kolonunda (3-A akslar1) Gécmenin Onlenmesi (GO)
hasar sinirinin asildigi belirlenmistir, Sekil 11a.

Onbir adet deprem kaydi sonuglarinin ortalamasina
gore yapilan degerlendirmede, 9 adet kolonun
inelastik boélgeye gectigi ve Smimirli Hasar (SH)
boélgesinde bulundugu tespit edilmistir, Sekil 11b.
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KOLONLAR

Sekil 11. ETABS - Zemin kat kolonlarinin hasar dagilimi: (a)
En biiylik deprem, (b) 11 deprem kaydinin ortalamasi.

Kolonlar tizerinde en biiyiik hasara sebep olan 1999
Diizce deprem kaydi etkisinde meydana gelen taban
kesme kuvveti zaman serisi Sekil 12’de, en st kat
kiitle merkezinin yerdegistirmesinin zamana bagh
degisimi de Sekil 13’te iki ana dogrultu i¢in verilmistir.

3000
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-1000 (a)

-2000

-3000
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0 10 20 30 40 50
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344



T. Gokge vd. / Betonarme Binalarin Mevcut Deprem Performansinin Belirlenmesi igin TBDY-2018 de Onerilen Dogrusal Hesap Yonteminin Uygulanmasi Uzerine Bir irdeleme

3000
2000
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-1000 (b)
-2000
-3000

Kesme Kuvveti (kN)
o

0 10 20 30 40 50
Zaman (sn)

Sekil 12. 1999 Diizce deprem kaydi etkisinde olusan taban
kesme kuvvetleri zaman serisi: (a) X dogrultusu, (b) Y
dogrultusu.

— 200
E 100
Y
&
z a
& -100 (a)
i
£ -200
0 10 20 30 40 50
Zaman (sn)
— 200
E 100
£ 0 b
g
& -100 (b)
z
=200
0 10 20 30 40 50
Zaman (sn)

Sekil 13. 1999 Diizce deprem kaydi etkisinde olusan tepe
yer degistirmesi zaman serisi: (a) X dogrultusu, (b) Y
dogrultusu.

3.1.4.3. iki boyutlu dogrusal olmayan analiz

ETABS yazilimiyla gerceklestirilen analizlerde 11 adet
deprem kaydi icin elde edilen kat kesme kuvvetleri
oranlarinin ortalamasi, yatay yiikk dagitim orani olarak
kullanilarak DC2B yazilimi ile itme analizleri
yapilmistir. Binanin iki ana dogrultusunda elde edilen
taban kesme kuvveti - tepe yatay yerdegistirmesi
iliskileri Sekil 14 de verilmistir.

Onbir adet depremin ortalama tepe yerdegistirmesi
istemine karsi gelen yerdegistirme diizeyinde (Sekil
14’te kirmiz1 ¢izgi ile gosterilmistir) cubuk ug
kuvvetleri ve egrilik degerleri kaydedilmistir. Elde
edilen sonuglarin diger yazilimlarin sonuglariyla
karsilastirilabilmesi icin, plastik mafsal boyu olarak
Lp=d/2 yaklasimi kullanilarak, DC2B tarafindan
hesaplanan egrilik degerlerinden donme degerlerine
gecilmistir.

Sekil 14 de iki ana dogrultu i¢in isaret edilen ortalama
yerdegistirme diizeyinde, sistemin ¢ubuk elemanlari
iizerinde tanimli 100’er adet sanal dilimde ortaya
cikan egriliklerden doénmelere gecilmis ve sir
durumlar ile karsilastirilmistir.

102.67 mm

1000 /_'

@
v

0 50 100 150 200 250
Tepe Yerdegistirmesi (mm)

180 128.30 mm /

Z 80 (b)

0 50 100 150 200 250 300
Tepe Yerdegistirmesi (mm)

Sekil 14. DC2B - itme analizi sonuglari: (a) Aks 4, uzun
dogrultu, (b) Aks A, kisa dogrultu.

Kisa dogrultu icin yapilan analizde, giiclii ekseninde
calisan 2001000 mm kesitli C10 kolonunda en biiytiik
hasar gozlenmistir. C10 kolonunda, G+nQ yiik
birlesiminden elde edilen sabit eksenel yiik (474 kN)
degeri kullanilarak hesaplanan moment-donme
iligkisi Sekil 15(a)’da mavi renkle verilmistir. Moment-
donme iliskisinin ideal elastoplastik yaklasimla
ideallestirilmesi durumu da siyah renkle gosterilmis-
tir. Dénme siir durumlan (SH, KH, GO) da ayni sekil
iizerinde gosterilmistir. Her ¢ubugun 100 sanal dilime
bo6liindiigi modelde, zemin kat kolonlarinda her
dilimin kalinlig1 33 mm olmaktadir.

700

] [
1 (]
600 : : :
| . . N
= 500 =8 o S S
Z 400 b
& o
:—5 300 : : : ADilim #1 (a)
= S ODilim #2
29 200 : : : Ol)i]un d’-
100 : : : ODilim #4
1 N XDilim #16
0 L
0.000 0.005 0.010 0.015 0.020
Donme (rad)
200 : —
180 ! R
160 — o
= 140 | \
Z 120 —
= T
= 100 ! ! ADilim #1
§ 80 : : lim (b)
£ 60 Lo ODilim #10
= 40 || A ©Dilim #20
20 - ODilim #30
0 M
0.000 0.005 0.010 0.015 0.020

Donme (rad)
Sekil 15. Moment-dénme iliskileri: (a) 200x1000 mm kesitli
C10 kolonu, (b) 450%450 mm Kkesitli C19 kolonu.
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Sekil 15a’da kolon yiiksekligi boyunca akma smirini
asan dort dilim ile elastik bolgede kalan bir dilimin
numaralar1 verilmistir. C10 kolonu alt ucunda, 99
mm’lik ytlikseklige kars1 gelen ilk {i¢ dilimde
hesaplanan dénme degerleri GO smr kosulunu
asarken, dordiincii dilimdeki dénme degeri KH
bélgesinde kalmistir. Diger dilimlerde SH sinir kosulu
asilmamuistir.

Bir karsilastirma yapilabilmek tizere, 450x450 mm
kesitli C19 kolonu icin G+nQ yiik birlesiminden elde
edilen sabit eksenel yiik (318 kN) kullanilarak
hesaplanan moment-dénme grafigi ile ideal
elastoplastik yaklasimla ideallestirilmis bicimi Sekil
15(b)’de verilmistir. C19 kolonunun her bir diliminde
hesaplanan ortalama doénme degeri dogrusal elastik
bolgede kalmis, kalic1 hasar olusmamistir. Bu sonug,
iic boyutlu dogrusal olmayan analiz sonugclariyla
uyumludur.
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H I
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Sekil 16. DC2B analizi sonucunda elde edilen Zemin kat
kolonlar1 hasar dagilimi: (a) 200x1000 mm kesitli C10
kolonu, (b) 450%x450 mm Kesitli C19 kolonu.

DC2B ile yapilan analizde, C10 kolonunda plastik
mafsal uzunluguna (d/2=500 mm) isabet eden sanal
dilimlerdeki dénme degerlerinin ortalamasi nihai
donme degerini asmamaktadir. Diger kolon ve Kkiris
elemanlarda nihai ddnmenin asilmadig), sadece birkag
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kolonda akma doénmesi degerinin sinirli miktarda
asildig1 gozlenmistir, Sekil 16.

Onbir adet deprem kaydi yerdegistirme istemleri
ortalamasi icin DC2B ile yapilan degerlendirmede;
hicbir kolonda gé¢me durumuna gecilmemesi, en
biiytik hasarin C10 kolonunda olusmasi ve inelastik
bolgeye gecen az sayidaki kolonda sinirli hasar
meydana gelmesi, ETABS yazilimi ile yapilan fig
boyutlu dogrusal olmayan analiz sonuglari ile olduk¢a
uyumlu sonuglar elde edildigini gostermektedir.

Dogrusal ve dogrusal olmayan analizler (ETABS,
DC2B, STATERA) sonucunda tiim kat Kirislerinde ve 1.
ve 2. Normal Kat kolonlarinda herhangi bir kalic1 hasar
olusmamustir, Sekil 17.

1.25

GB
I R e 30
THB
0‘15 777777777777777777777777777 .
e ! KH
=P BHB
g{UUJ 0.5 . - T
P | *Hicbir kolonda plastik donme olusmamustir. |
0.25 L d
0 SH
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KOLONLAR

Sekil 17. Normal kat kolonlarinin hasar dagilimi.

TBDY-2018 de verilen ve bu makalede uygulanan
dogrusal ve dogrusal olmayan degerlendirme
yaklasimlary; incelenen tasiyici sistemin Kkirigleri ve
normal kat kolonlarinda birbiriyle uyumlu sonuglar
verirken, zemin kat kolonlar i¢in elde edilen hasar
dagilimlarinda 6nemli bir farklilik elde edilmistir. Bu
farkliligin muhtemel sebebinin TBDY-2018 Bo6liim EK
15.A.2‘de yer alan yerdegistirmis eksen donmesi alt
bashgindaki (15A.1) denkleminde en alt kat kolonlari-
nin alt uglarinda dénmenin “sifir (0)” alinmasindan
kaynaklandig1 goriisiine ulagiimistir.

4. Tartisma ve Sonug¢
4.1. Oneriler

TBDY-2018 de yer alan (15A.1) denkleminde en alt kat
kolonlarinin alt uclarinda dénmenin “sifir (0)”
alinmasindan kaynaklandig1 diisiiniilen farkliligin
giderilmesi icin degisik yaklasimlar kullanilabilir. flk
akla gelenler; kolon alt uclarinda temel rijitligini
temsil edebilecek “elastik ankastre mesnetler”
kullanmak veya elastik zemine oturan temel sistemi
ile istyapt modelinin biitiinlesik olusturulmasidir.

Bu makalede, yukaridaki yaklasimlardan farkl olarak;
tasiyici sistemin en alt kat kolonlarinda, plastik mafsal
boyunu temsil etmek iizere, alt uctan h/2 kadar
yukarida ara nokta tanimlanmasi yolu 6nerilmektedir,
Sekil 18. “h” egilme dogrultusunda kolon kesiti faydali
ylksekligini gostermektedir. Tasiyic1 sistemin en alt
kat kolonlarinin alt wuglarina yakin konumda
tanimlanan bu ara noktalardaki dénme biiyiikliikleri
kullanilarak hasar degerlendirmeleri yapilmaktadir.
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I b2

Sekil 18. Yerdegistirmis eksen donmesi hesabi icin 6nerilen
yaklasim.

incelenen sistemde, yerdegistirmis eksen donmesi
degerlerinin gécmenin énlenmesi (GO) hasar siirina
karsi gelen donme degerine oranlari (ri ve rj) TBDY-
2018 de tanimlanan ve bu makalede onerilen iki farkl
yaklasim ile hesaplanmis ve Ek A’da sunulan
tablolarda sayisal olarak verilmistir.

incelenen tasiyic1 sistemin zemin kat kolonlart igin
onerilen yaklasim kullanildiginda, dogrusal olmayan
analiz sonuclariyla uyumlu olarak hicbir kolonda fleri
Hasar Bélgesi'ne (IHB) gecilmemistir, Sekil 19.
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Sekil 19. Onerilen yaklasim ile STATERA yazilimi tarafindan
zemin kat kolonlar1 i¢in belirlenen hasar dagilimi: (a)
G+0,3Q+EX yiik birlesimi, (b) G+0,3Q+EY yiik birlesimi.

4.2. Sonuclar

Betonarme  binalarin deprem  performansinin
belirlenmesi i¢in TBDY-2018 de tanimlanan dogrusal
ve dogrusal olmayan hesap yontemleri pratikte ¢ok
saylda binada uygulandiktan sonra bazi binalarda
dogrusal hesap yoOnteminin {Urettigi asir1 giivenli
sonuglar dikkat ¢ekmistir. Bu durumu o6rneklemek
amaciyla mevcut bir betonarme binanin deprem
performansi farkl yontemler kullanilarak belirlenmis
ve elde edilen sonuglar karsilastirilmistir. Dogrusal
hesap yonteminin uygulanmasinda kullanilmak iizere
bina en alt kat kolonlariyla ilgili bir o6neri

(@)

(b)

gelistirilmistir. Calisma kapsaminda elde edilen genel
sonuglar asagida 6zetlenmistir:

e TBDY-2018 esaslarina gore yapilan dogrusal
elastik analizde, 200x1000 mm kesitli zemin kat
kolonlarinin alt wuglarinda plastik dénme
kapasitesi agilarak “Gécmenin Onlenmesi (GO)”
hasar seviyesi smirinin dtesine  gecildigi
gozlenmistir. Dolayisiyla bu hesap yontemi
uygulandiginda, bina icin “Kontrollii Hasar (KH)”
performans hedefinin saglanamadigl sonucuna
ulasilmistir.

e Onbir adet deprem kaydinin kullanildig1 dogrusal
olmayan hesap yaklasiminda, hi¢cbir kolonda
plastik donme kapasitesinin asilmadig1 ve binanin
“Kontrollii Hasar (KH)” performans hedefini
sagladig gozlenmistir.

e Binanin iki ana dogrultusundan ¢ikarilan diizlem
cerceveler lzerinde yayili sekildegistirme
yaklasimini kullanarak yapilan itme analizlerinde
elde edilen sonuglarin, zaman tanim alaninda
gerceklestirilen  dogrusal olmayan analiz
sonugclari ile cok uyumlu oldugu ve sinirl sayidaki
kolonda akma sinirinin asildig gorillmistiir.

e Uygulanan ii¢ hesap yonteminde tiim kirisler ve
normal kat kolonlari i¢in benzer hasar dagilimlar:
elde ediliyor iken; zemin kat kolonlarinin alt uglari
icin, dogrusal hesap yontemi uygulandiginda
ortaya ¢ikan hasar dagilimi dogrusal olmayan
hesap yontemlerinin sonuglarindan oldukga
farkhidir.

e Deprem performansinin degerlendirilmesinde,
mevcut haliyle dogrusal hesap yo6nteminin
kullanimi en alt kat kolonlarinda dolayisiyla
binanin  genelinde  konservatif  sonuglara
gotiirebilmektedir. Bu durum, binay1 kullananlari
endiselendirmekte ve maddi kayiplara da neden
olabilmektedir.

e TBDY-2018 (15A.1) denkleminin uygulanmasi
sirasinda, en alt kat kolonlarinin alt uglarinda
doénmenin “sifir (0)” alinmasz ile iliskili oldugu
distintilen  konservatif hasar sonuglarinin
diizeltilmesi amaciyla; kolon alt ucundan h/2
yliksekte bir ara nokta tanimlanarak, kolon
hasarinin degerlendirilmesinde bu noktadaki
donme biiytkliigiiniin kullanilmasi 6nerilmistir.

Etik Beyani

Bu ¢alismada, “Yiiksekogretim Kurumlar: Bilimsel
Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmast gerekli tiim kurallara uyuldugunu, bahsi
gegen yénergenin “Bilimsel Arastirma ve Yayin Etigine
Aykirt Eylemler” basligi altinda belirtilen eylemlerden
higcbirinin gercgeklestirilmedigini taahhiit ederiz.
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Ekler

ilen iki ayr1 yaklasim ile zemin kat kolonlarinda hesaplanan

oner

Ek A. TBDY-2018 de tamimlanan ve bu makalede

yerdegistirmis eksen donmesi degerleri ve hasar orani karsilastirmalari. (X Dogrultusu I¢in)
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T. Gokge vd. / Betonarme Binalarin Mevcut Deprem Performansinin Belirlenmesi igin TBDY-2018 de Onerilen Dogrusal Hesap Yonteminin Uygulanmasi Uzerine Bir irdeleme

yerdegistirmis eksen déonmesi degerleri ve hasar orani karsilagtirmalari. (Y Dogrultusu I¢in)

Ek B. TBDY-2018 de tanimlanan ve bu makalede onerilen iki ayr1 yaklasim ile zemin kat kolonlarinda hesaplanan
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Yeniden islevlendirme

Oz: Tarihi yapilar ait olduklar1 dénemin Kkiiltiirii, medeniyeti, sanat1 ve toplumsal
yapist hakkinda o6nemli bilgiler verirler. Ancak toplumsal veya teknolojik
degisimlere ayak uyduramayan yapilar zamanla islevlerini ve kullanicilarim
kaybederek atil duruma diismekte ve bakimsiz kalarak yok olma siirecine
girmektedirler. Tarihi yapilarin korunmasinda yeni islevle kullanimi oldukga etkili
bir koruma yontemidir. Bu yontemle tarihi yapilarin 6zgiin kimligine, mimarisine
ve konumuna uygun yeni ihtiya¢lar dogrultusunda tekrar kullanima acilmasi, bu
yapilarin diizenli bakimlarinin yapilarak varliklarini devam ettirmelerini
saglamakta ve ayni1 zamanda Kkiiltiirel ve ekonomik faydalar iiretmektedir. Bu
calisma kapsaminda Isparta kentinde bulunan Aya Yorgi Kilisesi'nin tarihsel
siirecte gecirdigi doniisiim, yapmin Isparta kent tarihindeki yeri ve yapinin
kullanicilar, sosyal ve kiiltiirel 6zellikleri, mimari nitelikleri ve mevcut durumu
gibi nitelikleri nitel arastirma yontemleri kullanilarak belirlenmistir. Yapinin
mekansal kurgusu, cephe 6zellikleri, ic mekanindaki mimari donatilar, bezemeleri,
striikktiirel yapist ve kullanilan yapi1 malzemeleri gibi mimari bilgileri ve
korunmusluk durumu, yapilan saha arastirmalari ve réléve calismalariyla tespit
edilerek belgelenmis ve analiz edilmistir. Yapinin mimarisini ve kimligini olusturan
tlim bu 6zellikleri g6z 6niine alinarak bu degerli kiltiir mirasinin gelecek nesillere
aktarilabilmesi i¢in silirdiiriilebilir koruma anlayisinin olduk¢a etkili bir
enstriimani olan yeniden islevlendirme yoluyla korunmasina yoénelik 6neriler
getirilmigtir.

Analysis of the Architectural Features of Isparta Aya Yorgi (Ishotya) Church and

Proposal for Conservation

Keywords
Isparta,

Aya Yorgi Church,
Conservation,
Reusing

Abstract: Historical buildings provide important information about the culture,
civilization, art and social structure of the period they belong to. However,
structures that cannot keep up with social or technological changes, lose their
functions and users over time, become idle and enter the process of extinction by
being neglected. Its use with a new function in the protection of historical
buildings is a very effective conservation method. With this method, the reopening
of historical buildings in line with new needs in accordance with their original
identity, architecture and location ensures that these buildings continue their
existence by regular maintenance, and at the same time produces cultural and
economic benefits. Within the scope of this study, the transformation of the Aya
Yorgi Church in the city of Isparta in the historical process, the place of the building
in the history of the city of Isparta, and the social and cultural characteristics of the
people of Karaman, who are the users of the building, were determined by
literature research. Architectural information such as the spatial features of the
building, its facade features, the architectural fittings in its interior, its decorations,
its structural structure and the building materials used, and its state of
preservation have been determined by field researches and survey studies and
conveyed with technical drawings and photographs. Considering all these features
that create the architecture and identity of the building, suggestions have been
made to protect this valuable cultural heritage through reuse with a new function,
which is a very effective instrument of the sustainable conservation, in order to
transfer it to future generations.
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1. Giris

Anadolu cografyasi, tarihin hemen her déneminde
imparatorluklara ve kadim medeniyetlere ev sahipligi
yapmistir; bu nedenle hem kiltiirel hem de arkeolojik
acidan biiyiik bir zenginlige sahiptir. Yapilan
arkeolojik calismalar, Pisidia yo6resinin 6nemli bir
yerlesim merkezi olan Isparta’da yerlesimin,
Paleolitik Donemde basladigini  gostermektedir.
Tarima elverisli topraklari, zengin su kaynaklari ve
iklim kosullari, eski ¢aglardan beri bdlgenin
yerlesim icin tercih edilmesinin en 6nemli gerekgeleri
olmustur [1]. Anadolu'nun, yerlesim tarihi oldukca
eski olan Kkentlerinden biri olan Isparta, farkh
donemlerde, farkl etnik ve dini gruplarin yasadigi bir
kent olmasi sebebiyle tarihi eserler agisindan olduk¢a
zengindir. Giiniimiize kadar yonetimi, farkli devletler
arasinda el degistirerek varligin siirdiiren Isparta
kentinde Osmanli ve Selguklu doénemine ait, iyi
korunmus ¢ok sayida tarihi esere rastlamak
miimkiindtr.

Anadolu gibi kozmopolit yapiya sahip cografyalarda
cesitli donemlerde yasanan rejim degisiklikleri,
yonetimin farkli gruplar arasinda el degistirmesi gibi
siyasi gelismeler sonucunda yasanan gogler, belirli
dini gruplara ait dini yapilarin cemaatlerinin
azalmasina ve zamanla bu yapilarin terk edilmesine
neden olmaktadir [2].Kentin tarihindeki kozmopolit
niifus yapisindan kaynaklanan kiiltiirel zenginlik,
arkeolojik buluntular ve Osmanli ve Selguklu
dénemine ait mimari eserlerin gesitliligi tizerinden
gozlemlenebilmektedir. Isparta kent merkezinde
bulunan, konut dis1 tescilli yapilar; Mimar Sinan Cami
ve Bedesteni, Dalboyunoglu Hamami, Bey Hamami,
Hac1 Abdi Cami, Kavakhh Cami, Ulu Cami, Garnizon
Binasi, Valilik Binasi, Gar Binasi, Gazi Ilkokulu,
Cumbhuriyet [lkokulu, Eski Ticaret Yiiksek Okuluy,
Uziim Pazar1 Diikkanlar1 Aya Yorgi Kilisesi ve Aya
Payana Kilisesi olarak siralanabilir [3]. Osmanh
doénemine ait olan bu yapilar genel olarak korunarak
gliniimiize saglikli bir bi¢cimde ulasabilmislerdir.
Ancak ayni donemlerde yasayan ve kent niifusunun

6nemli bir kismini teskil eden gayrimiislim
topluluklarin  eserleri ~maalesef aym1 dzenle
korunamamuistir.

Bu durumun temel nedeni, 19. yiizyilda gerceklesen
savasglar ve bu savaslar paralelinde yasanan siyasi
gelismeler  neticesinde  Anadolu’da  yasayan
gayrimiislim nifusun yasadiklart yerleri terk
etmeleridir. Terk edilen konutlar yeni gelen niifusun
kullaniminda biyiik 6l¢iide korunarak giiniimiize
ulasabilmistir. Ancak kullanicilarini kaybeden dini
yapilar atil duruma diismiis ve bakimsizliktan
zamanla eskimis ya da yikilarak yok olmuslardir.
Glinimiize ulasabilen, Isparta kent merkezindeki iki
kilise ise ayni sebeplerle yok olma tehdidiyle karsi
karsiyadir.

Yapildiklart dénemin sosyo-ekonomik yapisim1 ve
mimari birikimini gdsteren bu kiltir varliklar
tasidiklar tarihi ve 0zgiin sanatsal degerlerle de
iilkemiz icin 6zel bir yere sahiptir. Ancak mevcut
durumlart hak ettikleri konumda bulunmadiklarini
gostermektedir. Bu degerli kiiltiir miras1 unsurlarinin
icinde bulunduklar1 durumdan kurtarilarak gelecek
nesillere aktarilmasi ve korunarak yasatilmasi
diistincesiyle yapilan bu ¢alismada, Isparta Doganci
mabhallesinde yer alan Aya Yorgi Kilisesi’ni, tarihi ve
mimari o6zellikleriyle tanitmak ve bu o6zelliklere
uygun, yeni bir islevle yapinin korunmasina yoénelik
oneriler sunmak hedeflenmektedir. Ayrica yapinin
yeniden kullanilmasinin kent sakinlerine saglayacagi
ekonomik, kiiltirel ve sosyal faydalarin ortaya
konmasi hedeflenmistir.

Literatiirde bulunan, Aya Yorgi Kilisesinin materyal
olarak kullanildig1 ¢alismalardan farkli olarak yapinin
mekansal ozellikleri, striktird, kullanilan yap1
malzemeleri, cephe ve kiitle 6zellikleri ve bezemeleri
gibi mimari bilesenleri detayli olarak analiz edilerek
teknik c¢izimlerle ifade edilmistir. Bu mimari
o6zelliklerin yani sira Anadolu’da gelisen kilise mimari
tipolojisi lizerinde etkili olan toplum yapis1 ve yasal
dizenlemeler irdelenmistir. Yapinin tim bu
mekansal ve yapisal 6zellikleri, kimligi ve ait oldugu
yap1 grubu icerisindeki 6zel yeri ve 6zgiin nitelikleri
de goz oOniine alinarak yeni bir islev oOnerisi
getirilmistir.

2. Materyal ve Metot
2.1. Materyal

Calisma kapsaminda Aya Yorgi Kilisesi’'nin tarihi ve
mimari Ozelliklerinin tespit edilerek tanitilmasi,
yapinin varligini tehdit eden unsurlarin belirlenmesi
ve yapinin korunmasina yonelik oneriler getirilmesi
amaclanmistir.

Calismada nitel arastirma modeli kullanilarak veriler;
gozlem, goriisme ve dokiiman analizi ile toplanmistir.
Veri toplama metodu, arastirma konusunu sonuca
ulastiracak  bilgilerin elde edilmesi amaciyla
kullanilan arastirma teknigidir. Arastirma konusuna
gore veri toplama, dokiiman incelemesi, anket,
gorisme, gozlem, deney gibi farkli yollarla
gerceklestirilebilir [4].

Bu dogrultuda yapi yerinde incelenerek yapinin
mekansal, striiktiirel ve malzeme o6zellikleri, yapim
teknikleri, i¢ mekaninda bulunan zemin kaplamalari
ve bezemeler gibi i¢ mekan bilesenleri, cephe
ozellikleri ve korunmusluk durumu detayli sekilde
incelenerek fotograflarla belgelenmis ve yapilan
rolove calismalart sonucunda olusturulan teknik
cizimlere aktarilmistir. Daha sonra yapilan literatir
arastirmalar1 kapsaminda yap1 ve kullanicilari ile yap
tiriiniin icinde bulundugu Anadolu’daki Osmanli
donemi kilise mimarisi hakkinda genel tarihi bilgilere
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ulasilmistir. Elde edilen bilgiler dogrultusunda
yapiin mimarlik tarihindeki yeri ve 6zgiin degeri
saptanmistirr. Bu kapsamda yapinin yerinde
incelenmesiyle elde edilen veriler analiz edilerek
yapinin kimligine ve mimari 6zelliklerine uygun yeni
bir islevle yapinin korunmasina yonelik oOneriler
gelistirilmistir.

2.2. Metot
Yapilan calismalar kapsaminda Aya Yorgi Kilisesi;

e Genel 6zellikleri ve Tarihcesi,

e  Mimari Ozellikleri (mekansal 6zellikleri, striiktiir
ve malzeme 6zellikleri, cephe 6zellikleri, bezeme
ozellikler)

e Mevcut Durumu

olarak ii¢ genel baslikta ele alinmistir.

2.2.1. Genel Ozellikleri ve Tarihgesi

Isparta, Doganci Mahallesi, 201 Ada, 26 Parsel
izerinde bulunan Aya Yorgi Kilisesi, dogu-bati
yoniinde uzanan, ii¢ nefli, bazilikal planh klasik bir
Osmanli  Kkilisesidir. Yapt bah¢e duvarlariyla
cevrelenmis ve bahgenin tamami bat1 girisi kotunda
tesviye edilmistir (Sekil 1).

2414 SOKAK
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g e e

) |

z |

s | 3
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Sekil 1. Aya Yorgi Kilisesi vaziyet plani [36]

Yapinin Isparta Miizesinde bulunan kitabesine gore
yapimi, 1857 yilinda baslamis ve 1860 yilinda
tamamlanmistir. Bati cephesinde yer alan ve

sonradan eklenti olarak yapilan ¢an kulesinin yapim
tarihi bilinmemektedir (Sekil 2).

Sekil 2. Ayé Yorgi Kilisesi glineybati goriiniisi [36]

Aralarinda Aya Yorgi Kilisesi'nin kitabesinin de
bulundugu, Karamanli Ortodokslarin Grek alfabesiyle,
Turkge yazili olan mezar tasi ve yapi kitabelerinden
16 tanesi lizerinde arastirma yapan Demir [5]'in
calismasina gore kitabenin Latin harflerine ¢evrilmis
metni su sekildedir:

“(1) Pu serif Eisodia tes Panagias ekklesiasi evvel (2)

Allahu azimii’s-sanin sanie valitetu’llahiy (3) keremi
inayetleriyle patisahimiz gsevketlii (4) Abdiilmecid
efentimizin eyam-1 devletlerinte (5) ve arhierasimiz
Kyros Kyr Meletios efentimizip (6) vaktinde ¢iimle
Ortodoks hristianlariy (7) imtat ve gayretleri ile 1857
mayus tarihinte (8) Miysli Hact Nikola ve Rodoslu
Andreas Soulinas (9) ustalartan temeli konulup 1858
mayos 20 tarihi (10) merhum Haci Nikola Usta vefat
ettikte (11) 1860 senesi icinte Andrea ustadan hitam
(11) pulmustur.” [5].

1924 yilinda, Tirkiye ve Yunanistan arasinda
gerceklestirilen niifus miibadelesi sonrasinda
kullanicilarin1 kaybeden kilise, belirli bir siire askeri
depo olarak kullanildiktan sonra atil kalmis, daha
sonra 1975 yilinda koruma altina alinarak tescil
edilmistir [6]. 1993 yilinda restorasyon kapsamina
alinan kilisenin 1998 yilinda Turizm Bakanligi'ndan
saglanan 6denekle cevre diizenlemesi yapilmistir [3],
(Tablo 1).

Tablo 1. Tarihsel siirecte Aya Yorgi Kilisesi
18s7.| *insaat siireci ]
1860,
19| *Mibadele sonrasi terk edilmesi ]

M e Tescillenmesi ]

® Restorasyon Kapsaminda bakim ve onarim ve guciendirme
1993 pimasi

1908| ®Bakim ve cevre diizenlemesi yapilmasi ]

@ eYeniden kullanimla koruma onerisi ]

Yapinin tarihsel siirecteki gelisiminin ve mimari
ozelliklerinin daha iyi anlasilabilmesi i¢in dénemin
toplumsal yapisinin ve Osmanli cografyasinda
bulunan kilise yapilarinin mimari tipolojisi tizerinde
olduk¢a etkili olan siyasi iklimin anlasilmasi
onemlidir.

19. Yiizyilda Isparta’nin demografik yapisi:

Osmanl1 Devleti’'nin son donemlerinde, 1872 ve 1882
tarihlerinde yapilan emlak ve niifus sayimina gore
Isparta’da 41 mahalle ve 27 kdyde bulunan 6660
hanede, toplam 33110 kisi yasamaktadir. Bu niifus,
28.166 Misliman, 4402 Rum-Ortodoks, 552 Ermeni
Ortodoks seklinde dagilim gostermektedir [7].
Bociizade Sileyman Sami Efendi, 1910 yilinda
tamamladig1 Isparta Tarihi adli eserinde Isparta il
merkezindeki 28 mahalle icerisinde Temel, Kemer,
Cavus, Emre ve Zemyan (Zimmiyan) Mahalleleri
olmak iizere 5 adet Rum mahallesi ve Acem mahallesi
adiyla bilinen 1 adet Ermeni mahallesinin
bulundugundan bahsetmektedir [7]. Bahsedilen
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Ermeniler Iran’dan Osmanli topraklarina iltica
etmisler ve 1781 yilinda Isparta’da Acemler Mahallesi
adiyla bilinen bdlgeye yerlestirilmislerdir. Ayrica
ticaret yaparak gecimlerini saglamalar1 igin de
Acemler Hanmi kendilerine tahsis edilmistir [8]. Bu
tarihlerde  Isparta  merkezindeki  yerlesimler
icerisinde Gayrimiislimlerin yogun olarak yasadiklari
mahallelerde 4’ii buyiik, 2’si orta, 2’si kiigiik ve 2’si
acik olmak iizere 10 adet Rum Kkilisesi ve 1 adet
Ermeni kilisesinin mevcut oldugu bilinmektedir.
Ayrica yine bu tarihlerde sehirdeki 35 adet ilkokul
icerisinde 3’1l erkek ve 1'i kizlara mahsus 4 adet Rum
flkokulu ve 1 adet Ermeni ilkokulu bulunmaktadir.
Bunlarin yaninda gayrimiislimlere ait ¢ok sayida
ticarethane ve atolye bulunmaktadir [7].

Osmanli Devleti'nin son déneminde, Isparta il
merkezinde bulunan 10 adet Rum kilisesinden, Aya
Yorgi (Ishotya) ve Aya Baniya Kiliseleri olmak iizere
iki tanesi glinlimiize ulasabilmistir (Sekil 3).

Gayrimislim ntfusun, ilin genel niifusuna oram ve
yerlesim yerlerinin genisligi degerlendirildiginde,
Isparta il merkezi ve Egirdir'de 6zellikle Rum niifusun
hem ekonomik sistemde hem de demografik yapida
azimsanmayacak bir yer tuttugu gorilmektedir.
Konya'’da 1847-1900 yillan1 arasinda yayinlanan

salnameler, Isparta sancaginda yasayan
gayrimiislimlerin, Meclis-I Idare-i Liva, Meclis-i
Temyiz-i Hukuk, Sandik Eminlikleri, Tahrirat-1 Liva,

Meclis-i Belediye, Mahkeme-i Ticaret, Menafi
Komisyonlar1 gibi idari kurumlarda yonetici
pozisyonlarinda aktif gorev aldiklarini

gostermektedir [9].0zellikle Tanzimat Fermani’nin
ilanindan sonra gayrimislim topluluklarin Osmanh
Devleti nazarinda esit vatandashk haklarina sahip
olmalarimin yam1 sira ylzyllar boyunca aym
cografyayr paylastiklart Miisliman toplumla da
kiiltiirel olarak uyum igerisinde yasadiklari
anlasilmaktadir; dyle ki giyim kusamlari, adetleri ve
dilleri ile Misliimanlardan ayirt edilebilen bir
taraflar1 bulunmamaktadir; Bocilizade Siilleyman Sami,
Isparta Tarihi adli eserinde, gayrimiislim gruplardan
su sekilde bahsetmistir; “Miisliiman, Hiristiyan
genellikle Tiirkce konugsur ve yazarlar. Hatta Rumlarin
cogunlugu Rumca bilmez ve serbest Rumca séz bile
sdyleyemezler. Usul-i maiset ve idarece
Miisliimanlardan hic farklar1 yoktur. Yerli Islam
kadinlarinin  tesettiire olan riayet-i kdmilelerini
takliden ve takdiren Hiristiyan kadinlart dahi
basértiisiiz sokaga ¢ikmazlar. Asla Rumca bilmezler.
Rumca konusmazlar. Yalniz mektuplarini, defterlerini
Rumca harflerle, yine Tiirkce yazarlar. Ermenilerin

kendi aralarinda ve aile arasinda daima Ermenice
séylestikleri ve mektuplarini, defterlerini Ermeni
harfleriyle, Ermenice yazdiklari goriiliir.” [7].

Tirk gelenekleriyle yasayan, yaygin Tiirkce isimlere
sahip olan ve Tiirk¢e’ den bagka dil bilmeyen bu
Ortodoks gruplar, agirlikli olarak Orta Anadolu’nun
Karaman yoresinde yasadiklar1 i¢in Karamanh
Rumlar olarak bilinmektedirler [10]. Karamanlilar,
Osmanli’'nin  inan¢ temelinde belirlenen millet
tanimina gore Romen, Ulah, Arnavut, Arap ve
Ermeniler gibi  diger  Ortodoks  Hiristiyan
topluluklarla birlikte Rum milletinden sayilmislardir
[11]. Yiizlerce y1l Anadolu’da yasayan, pek ¢ok tarihi
belgeye konu olan, Charles Texier, Evliya Celebi,
Avram Galanti gibi seyyahlarin da eserlerinde
bahsettikleri, anadili Tiirkce olan bu Ortodoks
gruplar, Karamanli Tiirkgesi ile zengin bir edebiyat
ortaya koymuslardir. Bu toplulugun, mezar taslar1 ve
mimari eserlerindeki kitabeleri de Grek alfabesiyle,
Tlrkge olarak yazilmistir. [5]. Gliniimiizde Isparta
Miizesinde bulunan Aya Yorgi Kilisesi kitabesinin de
Grek harfleriyle ve Karaman Tiirkcesiyle yazildigi
bilinmektedir.

Karamanlilar tarihi stire¢ icerisinde de kendilerini
Tirk olarak tanimlamis ve Tirkge olarak ortaya
koyduklari edebi eserlerinde de bunu
vurgulamiglardir. 1922 yilinda bir grup Karamanlh
Ortodoks, Tiirk olduklarimi dile getirerek Kayseri'de
mistakil bir Tirk Ortodoks Patrikhanesi kurarak
Milli Miicadelede Ankara Hiikiimetinin yaninda yer
almislardir [10].

Karamanlilar, 1924 yilina kadar, Trabzon’'dan Firat,
Toroslar ve Silifkeden gecen hattin batisinda kalan
bolgelerde yasamislardir. Agirlikli olarak Kayseri,
Nigde, Nevsehir, Karaman, Konya, Isparta, Burdur ve
Antalya yorelerinde yasamislardir. Bu bolgelerin
disinda Karadeniz kiyilarinda, izmir'de ve istanbul’da
da Karamanlh yerlesimlerinin bulundugu
bilinmektedir [12].

Ancak Karamanli Hiristiyanlar, 1923 yilinda
imzalanan Lozan Baris Antlasmasi kapsaminda,
milliyetlerinden ziyade dini inanglar1 dikkate alinarak
Rum milletinden kabul edilmis ve 1924 yilinda
Tirkiye ve Yunanistan arasinda gerceklesen niifus
miibadelesine tabi tutularak Yunanistan’a
gonderilmislerdir [13]. Arastirmacilarin yaygin
goriisii Karamanl Hiristiyanlarin, Anadolu'nun Tiirk
hakimiyetine gecmesinden once Anadolu
cografyasina yerleserek Hiristiyan inancini kabul
eden, Bizans ordularinda parali askerlik yapan
Kuman, Kipgak ve Pegenek gibi Tiirk topluluklarinin
bakiyesi olduklar1 yoniinde olmasina karsin, egemen
Tirk Kkiltiriine adapte olan Rumlar olduklarim
savunan goriisler de mevcuttur.

Tirkge konusan, Hiristiyan bir topluluk oldugu
bilinen Karamanli halki, Anadolu’da yasayan
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Rumlardan ve Miisliman Tiirklerden farkli bir
topluluktur, bu anlamda Karamanli halkinin somut
kiiltirel mirasi olarak gliniimiize ulasan 6geler sanat
tarihi acisindan da 6zgiin degerler tasimaktadir.

Karamanli Ortodokslarin etnik kokenleri ¢ok
kapsamli ve tamamen bagka bir arastirmanin konusu
olmakla birlikte, yuzlerce yil boyunca bir pargasi
olduklar1 Osmanl toplumunun kiiltiirel ve ekonomik
gelisimine 6nemli katkilar1 agikar olan bu toplulugun
kiilttirel mirasi, tipki tiim insanliga ait degerler olan
diger kiiltiir miras1 unsurlar1 gibi korunmay1 ve
yasatilmay1 hak etmektedir.

Osmanlr’da kilise yapim kurallar:

Cokuluslu bir toplumsal yapiya sahip olan Osmanli
Devleti'nde toplum, dini inanclar1 ve mezheplerine
gore farkli siniflara ayrilmistir; Tanzimat'tan once,
temel olarak Miisliiman ve gayrmiislim olarak ayrilan
topluluklar devlet nezdinde farkli statiillere ve
haklara sahiptirler. Gayrimiislim niifusa, ikamet
ettikleri yerler, evleri, giyimleri gibi konularda
kisitlamalar ve kurallar getirilmistir; gayrimiislimler
belirli renkleri giyemez, ata binemez, silah tasiyamaz,
Miisliimanlardan  icazet almadan  Miisliiman
mahallelerinde cami, tiirbe ve mektep gibi yerlerin
yakinlarinda ikamet edemezlerdi [11].

Ayrica gayrimiislimlerin dini yasayislar1 da belirli
kurallarla sinirlandirilmistir; dini ayinler
Miislimanlarin gorebilecegi sekilde yapilamaz, ¢an
calinamaz, kilise disinda istavroz ¢ikarilamaz, yiiksek
sesle ayin yapilamaz ve bayrak ve flama tasinamazdi
[11]. Gayrimislim niifusun tabi oldugu bu kurallar,
Osmanli  cografyasindaki  kilise = mimarisinin
sekillenmesinde de oldukg¢a etkili olmustur, zira
Osmanli hukukunda kilise yapimi ve onarim
konusunda olduke¢a kapsaml kurallar bulunmaktadir;
Osmanli Hukuku’'na gore fethedilen bir yerdeki
ibadethanelere dokunulmaz, ancak yenisinin insa
edilmesi veya mevcut bir dini yapinin baska bir yere
tasinmasina izin verilmezdi ayrica yapinin tamirat ve
tadilat isleri de izinsiz yapilamazdi, tamirat isleri
resmi izin dahilinde ve yapinin eski sekliyle aynen
yapilmasi sartiyla miimkiindiir. [14]. Islam hukukuna
gore Miisliman beldelerde c¢an ¢alinmasina izin
verilmez, bunun yerine demir ¢ingirak ya da tahta
calinabilirdi. Ayrica ibadet sirasinda sesin disaridan
duyulmamasi gerekirdi [15].

Osmanli yonetimi altindaki gayrimiislimlere getirilen
bu kisitlamalar dini yapilarin mimari gelisimini de
onemli olciide sekillendirmistir; Osmanli hakimiyeti
altindaki cografyada yapilan kilise ve sinagog
yapilarinda kubbe yapimi ve c¢atinin kursunla
kaplanmasi yasaklandigi icin yapilar genellikle tonoz
ortiiyle yapilmis, varsa kubbeler, kirma ¢atiyla
kapatilmistir. Ayrica ¢an ¢alinmasi yasak oldugu igin
Tanzimatin ilanina kadar, Osmanli cografyasindaki
kiliselerde ¢an kulesi gorilmez [16]. Tanzimat
Fermani’'nin ilanindan sonra gayrimiislimlerin

yasayls, ibadet ve mimari yapilar1 {izerindeki
kisitlamalar kaldirilmistir  [17]. Misliman ve
Hiristiyan ayrimi olmaksizin biitiin tebaa kanun
ontinde esit kabul edilmis, Gayrimiislimler, vatandas
ya da ekalliyet (azinlik) statlisiine kavusmuslardir
[18]. Islahat ve Tanzimat fermanlarinin ilanindan
onceki donemlerde Osmanh Kiliseleri, Bizans’a
dayanan mimari gelenekleri ve uygulanan kurallar
cercevesinde 6zgiin bir mimari olusturmustur [16].
Aya Yorgi Kilisesi'nde bulunan, eklenti ¢an kulesi,
Osmanli Devleti'nin bir siyasi gecis donemi olan
Tanzimatin 6zelliklerini gdstermesi cihetiyle, yapinin
sanat tarihindeki 6zgiin degerini ortaya koymaktadir.

2.2.2. Mimari Ozellikleri

Osmanli Donemi Anadolu Kiliselerinin Mekainsal
Ozellikleri

Hiristiyanlhigin ilk yillarinda, ibadethane olarak eski
dinin yapilarindan ziyade mahkeme ve toplanti
salonu olarak kullanilan bazilikalar tercih edilmistir
[19]. Kelime anlami, “Krala ait” olan bazilika kelimesi,
Bati'da 5. yiizyildan itibaren “kilise binas1” anlaminda
kullanilmaya baslanmistir [18]. Bizans doneminde
yayginlasan bazilika tipi Kkiliselerin, Anadolu’da
yaygin olarak goriilmesinin sebebi Osmanl
doneminde Kkiliselerin sadece, mevcut sekilleriyle
aynen tamir edilebilmesine izin verilmesi ve kubbe ve
can kulesi yapimi, konusundaki kisitlamalari olarak
aciklanabilir. Bu sekilde Bizans dénemi Kiliseleri
varligini siirdiirmiis ve Osmanli yonetimi altinda yeni
yapilan kiliseler de benzer sekillerde yapilmislardir.

Kiliselerde ana ibadet mekant naos olarak
tanimlanmaktadir. Naos bazilikal planh kiliselerde
neflerden olusmaktadir. Anadolu’da yaygin olarak ti¢
nefli bazilikal kiliseler bulunmaktadir [21]. Bu tip
kiliselerde orta nef yan neflerden daha yiiksektir.
Dogu yoniiniin kutsal sayllmasi nedeniyle yapilar
dogu-bat1 ekseninde ve ritiielin yapildig1 bema alani
naosun dogusunda yer alacak sekildedir [20]. Din
adamlarinin kullanimina 6zel olan bu kism, al¢ak bir
korkulukla ya da ikonostasis adiyla bilinen ahsap
panellerle naostan ayrilir. Ahsap panellerle ayrilan
bema alaninin arkasinda, genellikle yarim daire planh
olan apsis yer alir. Apsisin kuzeyinde ve giineyinde
pastophoria adi verilen odalar bulunmaktadir.
Kuzeyde yer alan oda, ritiiel i¢in kutsal esyalarin
hazirlandigl, Protesis ad1 verilen odadir. Giineyde ise
diakonikon adi verilen, din adamlarinin kullanimi i¢in
ayrilmis bir oda bulunur. Kilisenin batisinda bir avlu
bulunur ve avlu ve naos arasinda narteks adi verilen
kapali hol yer alir [19]. Batidaki ana girisin yani sira
kuzey ve gliney yonlerde, batiya yakin bir aksta
bemaya acilan kapilar bulunabilir [19].

Ulkemizdeki en yaygin yaygin Kilise tipi olan ti¢ nefli,

bazilikal planh Kkiliselerin, Anadolu'nun farklh
bolgelerinde ¢ok sayida Ornegine rastlamak
mimkiindir. Acikgoz'iin, [19] Anadolu’da
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gayrimiislim nifusun yogun olarak yasadigi Kayseri
bolgesinde bulunan 19. ytzyill Kkiliseleri tizerine
yaptig1 ¢alismasinda inceledigi 23 adet kilisenin 17
tanesi ti¢ nefli bazilikal plan semasina sahiptir. Tablo
2’de bu yapilarin bir kisminin planlar1 ve 6zellikleri
gorilmektedir.

Tablo 2. Anadolu’da 19. yiizyila ait ti¢ nefli bazilikal planh
kilise drnekleri [19]

NVd

Dogu-bati eksenli, tg
nefli, bazilikal planl

Kilisesi

Agirnas Agios Prokopios

g P

7

'\‘) 7

NVId

Incesu Agios
Dimitrios Kilisesi
Dogu-bati eksenli,
g nefli, bazilikal

K @:a

Dogu-bati eksenli, Ug
nefli, bazilikal planli

Tavlusun Agios
Basielos Kilisesi

Dogu-bati eksenli, g nefli,

bazilikal planl

Endiirlik Aya Triada Kilisesi

Anadolu’daki Ortodoks kiliselerinin mimarisinin
sekillenmesinde Kilise gelenekleri ve Osmanl siyasi
ikliminin yani sira ibadet bicimi de etkili olmustur;
ibadet sirasinda kadin ve erkekler farkli mekanlar:
kullanmaktaydi, kadinlar ya kenar neflerde ya da
galeri katinda ibadete katilirlardi. Bu amacgla ya
narteks lizerinde ya da yan nefler iizerinde galeri
katlar1 bulunmaktadir [22]. Naos ve bemada dini
torenlerde kullanilan egsyalarin kullanildigi nisler
bulunmaktadir. Naosta ¢ogunlukla gilineydeki
ayaklardan dogudan {i¢iincii siradaki ayakta, orta
nefe bakacak sekilde yapilan despot koltugu ve kuzey
siradaki tasiyicilardan dogu yoniinde, 3. veya 4. ayaga
oturan, tizerinde incil okunmasi icin yapilan ambon
bulunmaktadir [19].

Aya Yorgi Kilisesi de [stanbul ve Anadolu’da bulunan,
Osmanli donemi kiliselerin biiytik cogunlugu gibi [19]
iic nefli, bazilikal planli bir kilisedir. Yapinin plani ve
genel ozellikleri incelendiginde, Tablo 2’de gdsterilen
kiliselerle 6nemli benzerlikler gosterdigi agikca
gortlebilmektedir. Yap1 Anadolu’da gelisen kiliselerin
mimari gelenegine uygun bicimde, dogu-bati
yoninde uzanan dikddotgen bir plana sahiptir;
batisinda avluyla baglantili narteks, dogusunda yarim
daire planli apsis yer almaktadir. Yapinin boyu
yaklasik olarak 31m. eni 16.50 m., yiiksekligi ise
10.50 m. dir (Sekil 4).
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Sekil 4. Aya Yorgi Kilisesi plani [36]

Temel olarak bir ana ibadet mekani olan naos, bir
giris mekan1 olan narteks ve narteks iizerinde bir
galeri katindan olusan yapi, c¢apraz tonozlarla
kurulmus, modiiler bir mimariye sahiptir. Giris
mekanindan itibaren standart aks araliklariyla
kurulan striiktiir, apsiste bir yarim kubbe ile
tamamlanmaktadir. Osmanl kilise yapim kurallarina
uygun olarak apsis tizerinde bulunan yarim kubbenin
iizeri kirma gati ile kapatilmistir. (Sekil 5).
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Sekil 5. Aya Yorgi Kilisesi farkli agilardan perspektif
cizimleri [36]

Kuzey, giiney ve batisinda ii¢ adet giris kapisi
bulunmaktadir. Batidaki anitsal kemerli girisler g
yonlidiir; bu girisin saginda ve solunda bulunan iki
adet merdivenle ¢an kulesine cikilmaktadir [3]. Ana
girisin yani sira kuzey ve giiney cephelerinde, naosa
acilan birer kapi bulunmaktadir. Kuzey giris kapisi
tzerinde iki adet siitun lizerine oturan, kubbeli bir
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giris sacag1 (portik) bulunmaktadir (Sekil 6). Yapinin
kuzey cephesinden gecen bir yol bulunmasi nedeniyle
buradaki girisi vurgulamak amaciyla bir sagak
eklenmis olmasi muhtemeldir.

Sekil 6. Aya Yorgi Kilisesi kuzey ve bat1 girisleri [36]

Kilise mimari gelenegine uygun olarak yapinin
batisinda narteks, dogusunda apsis yer almaktadir.
nartekste bulunan ahsap kirislerden, burada bir
galeri kat1 oldugu anlasilmaktadir (Sekil 7).

R

Sekil 7. Narteks ve ahsap asma kat tasiyicilar: [36]

iki basamakli olan apsis zemini yerden 60 cm
yiikseklikte ve cay taslariyla stsliidiir [3]. Dogal
zemini egimli olan yapi, bir ¢evre duvari igerisine
alinmis ve egimli olan bahgesi bati girisi seviyesinde
doldurularak tesviye edilmistir (Sekil 8).

Sekil 8. Aya Yorgi Kilisesi kuzey cephesi [36]

Yapinin icerisinde herhangi bir esya
bulunmamaktadir. ~ Ancak  kuzey  sirasindaki
tasiyicilardan dogudan 4. siradaki kolonda ahsap
merdivenle cikilabilen, tastan bir ambon bulundugu
anlasilmaktadir. Tas elemanin ylizeyinde ahsap
merdiven ve korkuluklarin baglanti noktalar1 ve

ahsap baglanti elemanlar1 goriilebilmektedir (Sekil
9).

Sekil 9, I¢ mekandaki ambonun farkl agllafdan‘ét;rﬁrl)ﬁmﬁ
[36]

Striiktiir ve Malzeme Ozellikleri

Yapiin yiiki, zemine 100 cm kalinligindaki cift
cidarh tas duvarlar ve 70 cm c¢apindaki siitunlarla
aktarilmaktadir. Yan neflerde 410-415 cm, orta nefte
is 635 cm agikligindaki kemerler, tonoz Ortiiniin
yukiini tasiyici slitunlara  ve kemerlere
iletmektedirler. Kemerleri giiclendirmek icin demir
gergiler ve kiliclar yapilmis, kiliclar cephede agikta
birakilmistir.

Yapy, iki sira siitunla ii¢ nefe ayrilmistir. Orta nef
yaklasik 9,5 metre, yan nefler ise yaklasik 7 metre i¢
ylikseklige sahiptir (Sekil 5). Her nefin lizeri ¢apraz
tonoz sistemiyle ortiilmistiir. Tonozlarin iizeri ise
ahsap c¢ati sistemi ve Kkiremit c¢ati oOrtiisiyle
kapatilmistir, narteks kisminin iizerinde tonoz ortii
bulunmaz, bu kisim sadece tasiyict kemerler tizerine
kurulu ahsap cati ile kapatilmistir (Sekil 10).

Sekil 10. Aya Yorgi Kilisesi striiktiir semasi [36]

Yapinin, eklenti ¢an kulesi tugladan, diger kisimlari
ise tamamen tastan yapilmistir. iki katli, eklenti ¢an
kulesinin ise tasiyici ayaklari ve kemerleri tastan,
capraz tonoz oOrtiileri ise tugladan yapilmis ve
yuzeyleri sivanarak kapatilmistir. Stvanin dokildigi
kisimlarda kullanilan tugla malzeme
gorilebilmektedir (Sekil 11).
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R

Sekil 11. Can kulesi ve capraz tonoz ortiisii [36]

Yapmin alt duvarlan ¢ift cidarl, moloz dolgu
teknigiyle yapilmistir. Ust kisimdaki duvarlar ise
daha ince, kesme taslarla orilmiistiir. Koselerde
biiyiik ve diizgiin kesilmis kalker taslari, diger
kisimlarinda ise nispeten Kkiiciik Kkesilmis taslar
kullanillmistir [3]. Tasiyict duvarlarin kemerlerle
birlestikleri noktalarda demir kilic ve Kkoselerde
demir kama gibi giiclendirme elemanlar:
kullanilmistir (Sekil 12).

Séi{il 12. Cephede gorilen kilic ve giiclendirme
elemanlari [36]

Genel olarak kiifeki tasiyla, yigma teknigiyle yapilan
yapida kullanilan taslar c¢esitlilik gostermektedir;
Kapilarda ve pencerelerde kullanilan kemer, lento ve
soveler mermerden Uretilmistir (Sekil 13).

Sekil 13. Kap1 ve pencere soveleri [36]

Asma kat, dogramalar ve catida ahsap malzeme,
pencere parmakliklar;, gergi, kilic ve kemer
elemanlarinda demir malzeme kullanilmistir.

Yapinin tasiyict siitunlari iri, silindirik taslarin st
iiste konularak birlestirilmesiyle olusturulmustur,
duvar tarafinda bulunan tek yiizli siitunlar ise
tasiyic1 6zellikleri olmamasi sebebiyle nispeten daha
kiigiik taslarla oriilerek yapilmislar ve yiizeyleri
stvanarak kapatilmistir. Situnlarin basliklart ise
silindirden kareye gecen bir forma sahiptir. Ayrica
yapiyl giiclendirmek icin demirden siitun gergileri ve
giiclendirme putrelleri kullanilmistir (Sekil 14).

il 1a1ycveae oratif siitunlar [36]

Anadolu’daki kilise mimarisinde yaygin olarak
gorilen bicimde apsis, iceride dairesel planl ve iisti
bir yarim kubbe ile oértilidir; disarda ise bes kenarli
(yarim ongen) bir yapidadir ve yarim kubbenin iizeri
de ahsap cat1 sistemi ile kapatilmistir (Sekil 15).

GAPRAZTONOZ

SIVRI KEMERLI AHSAP CATI

DAIRESEL-
PENCERE

Sekil 15. Aya Yorgi Kilisesi 3 boyutlu kesiti [36]

Cephe Ozellikleri

Yap1 yalin bir cephe diizenine karsin oldukea etkili
kiitle hareketlerine sahiptir. Simetrik bir plana sahip
olan yapinin kuzey ve giiney cepheleri de simetrik bir
diizen gosterir. Kuzey cephesinde farkli olarak
kubbeli bir giris sacagi (portik) bulunur. Her iki
cephede de altta iicer adet dikdortgen pencere ve
birer kap, listte altisar adet dairesel ve altisar adet
sivri kemerli pencereler bulunmaktadir (Sekil 15).

Altta cift cidarli, moloz dolgu teknigiyle oriilen kalin
duvarlarin olusturdugu kademenin tzeri, kirma ¢ati
ile ortiilmiistiir, bu kademedeki sacaklarin altinda,
cephe boyunca devam eden, tas bir silme
bulunmaktadir. Zemin seviyesindeki pencereler
mermer soveli ve licgen alinlikhidir. Pencereler i¢
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mekanda yuvarlak kemerli bir yapida iken disarida
dikdértgen bir cerceve icine alimmistir (Sekil 17). iki
yan nef ve daha yiiksek bir orta nefle kademeli olarak
ylikselen yapmin ilk kademesindeki ytkseltide
dairesel pencereler ve en iist kademede sivri kemerli
pencereler kullanilmistir (Sekil 16). Bu pencerelerde
kiifeki tasindan yapilmis soveler kullanilmistir.

| _‘L\TF}

==~

BATI CEPHE DOGU CEPHE

Sekil 16. Aya Yorgi Kilisesi cephe ¢izimleri [36]

Bati cephesinde ii¢ kemer agiklig1 bulunan narteks ve
lizerinde galeri pencereleri bulunmaktadir. Bati
cephesinde yapinin insaasindan sonra eklenen, iki
katli ¢an kulesi bulunmaktadir.

00 e

sekil 17. Apsis i¢ ve dis goriniisii [36]

Apsisin bulundugu dogu cephesinde, iceride yarim
daire planli ve yarim kubbe ile ortiilii olan apsis,
disarida bes kenarl sekilde insa edilmis ve iizeri,
yarim bir kule cati ile kapatilmistir. Dogu cephede
apsiste 3 adet dikddrtgen pencere, yan neflerde birer
adet dairesel pencere ve orta nefte bir dikdoértgen ve
iki adet su damlasi seklinde pencere acgikligl
bulunmaktadir (Sekil 17). Yapinin dis cepheleri
stvanmamis, Isparta yoresinde siklikla kullanilan bir
malzeme olan kesme kiifeki tasi agikta birakilmistir.

Bezeme Ozellikleri

Bezemelerle ilgili glinimiize ulasabilen ¢ok fazla
unsur yoktur. Yiizeydeki kalintilardan yapinin 6zgiin
ic mekaninin tamamen sivali oldugu anlasilmaktadir.
Ancak 6zellikle tavan kismi basta olmak tlizere sivalar
biiyiik dl¢iide dokiilmiis durumdadir. Yan duvarlarda
bulunan siva ve bezemeler nispeten daha saglam ve
bezemeler okunabilir durumdadir. Siva ve siva katlari
beyaz agirlikta olmak tizere gri, yesil, mavi, kirmizi,
sar1 ve siyah renk tonlarinda boyalidir [23]. Yapinin

genel kiitle organizasyonu ve cephe diizenini
olusturan kademelenme ve bu kademelerdeki
pencere acikliklart hem form hem de oransal olarak i¢
mekandaki bezemelerle olduk¢a uyumlu bir
kompozisyon olusturmaktadir (Sekil 18).

L I¢ CEPHE U DI§ CEPHE ! I CEPHE ¥ DI$ CEPHE
Sekil 18. Aya Yorgi Kilisesi i¢ mekan bezemeleri ve cephe
diizeni [36]

Kilisenin yan duvarlari her bir stitun sirasi bir béliim
olusturacak sekilde, pilasterlerle ayrilmistir. Modiiler
bir striiktiirii olan yapinin i¢ mekanindaki bezemeler
genel kompozisyon olarak ayni diizene sahip olsalar
da kullanilan motifler her modiilde farklilasmaktadir.
Boylece modiiler diizenden kaynaklanan tekdiizeligin
online gecilmistir. Pencere esigine kadar olan
kisimlarda, dis cephede kullanilan tas duvar taklit
edilmistir. Ust kisimlarda ise her bir modiil alg
profillerle cerceve icine alinarak, pencere agikliklar
ile birlikte bir bezeme kompozisyonu
olusturulmustur (Sekil 19). Protesis, diakonikon ve
apsis duvarlarinda, bema alanina bakan duvarlarda
nisler bulunmaktadir. Yan duvarlardaki bezemeler,
restore edilebilecek seviyede bilgiyi

saglayabilmektedir. Ancak 6zellikle tavanda bulunan
bezemelerin biiyiilk ¢ogunlugu maalesef giiniimiize
ulasamamaistir.

e

Se il 19 A‘yz;yYorgi Kilisesi i¢ mekan beiemeleri [36]
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Aya ishotya Kilisesi'nin de icinde yer aldigi Osmanh
Donemi  Anadolu  Kkiliselerinin  ozellikle i¢
mekanlarinda goriilen al¢1 siisleme korint ve pilaster
basliklari, tavan gobegi ya da kartuslar1 gibi bezeme
unsurlart Barok ve Yeni Klasik form repertuarina
aittir [6].

2.2.3. Mevcut Durumu

Genel tasiyicl sistemi saglikli bir sekilde gliniimiize
ulasabilen yapinin ana tasiyicl sisteminde 6nemli
bozulmalar gorilmemekle birlikte yapinin
cephesinde, catisinda ve i¢ mekaninda  6nemli
deformasyonlar gorilmektedir; Terk edilen pek ¢ok
yapida oldugu gibi Aya Yorgi Kilisesinde de

vandalizm etkileri goriilmektedir; yapinin bati, dogu
ve gliney cephelerinde, sprey boyayla yazilmis yazilar
bulunmaktadir (Sekil 20).

Seki 20. Dogu VeBatl cephelerindeki vandalizm etkileri
[36]

Ozellikle narteks, can kulesi ve ¢an kulesine ¢ikan
merdivenlerde o6nemli malzeme kayiplar1 ve
deformasyonlar mevcuttur. Narteks kisminda
bulunan ahsap asma katin sadece ana tasiyicilari
mevcuttur. Yapinin catisi genel olarak biitiinliigiinii
korumakla beraber narteks ve ¢an kulesi lizerindeki
ahsap c¢ati konstriiksiyonu ¢6kmiis durumdadir.
Ayrica bu kisimdaki tasiyict kemer elemanlari da
onemli Olglide hasarli durumdadir. Narteks
boliimiindeki tasiyict  kemerlerin sadece yan

duvarlar ve iizerindeki catinin alin duvar1 ayakta
kalabilmistir. (Sekil 21).

Sekil 21. Can kulesi ve Narteks kismindaki bozulmalar [36]
Yapinin ¢atis1 yenilenmis olmasina karsin belirli
kisimlar1 hasarli durumdadir. Catidan ve zeminden
gelen su i¢ mekandaki sivalarin ve bezemelerin
dokiilmesine neden olmustur, dis cephede ise
duvarlarin zemine ve sacgaklara yakin kisimlarinda
yosunlanma, ¢iceklenme ve derz aralarinda
bitkilenme gorilmektedir (Sekil 22).
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bitki olusumlari [36]

Pencerelerde  kullanilan  demir  parmakliklar,
gliclendirme putrelleri, kiliclar ve kama elemanlari
korozyona ugramis durumdadir. Yapinin 6zgiin ahsap
gergi elemanlari mevcut olmayip baglanti noktalari
gorilebilmektedir.

Yapinn igerisinde herhangi bir mobilya, avize vb.
tasinir esya bulunmamaktadir, 1903 yilinda yapildig:
bilinen ¢ani ise Isparta Miizesi'nde sergilenmektedir.
Pencere ve kapi bosluklarinda ¢cerceve ve cam mevcut
olmayip yalniz demir parmakliklar bulunmaktadir.
Sadece c¢ati pencerelerinin bir kisminda 6zgiin
dogramalar1 korunmustur. I¢ mekandaki sivalar
biiyiik 6lgtide dokiilmiis ve bezemeler de oldukca
yipranmis  durumdadir [24]. Yapinin zemin
kaplamalar1  glinlimiize  ulasamamistir. Bema
alanindaki mozaik zemin kaplamasi ise tahrip edilmis
durumdadir.

3. Bulgular

Aya Yorgi Kkilisesi; tarihsel slireci, mimari durumu ve
cevresel analiz kriterleri kapsaminda yapilan
calismalar ve uluslararasi koruma dlgiitleri

baglaminda, yeniden islevlendirme degerlendirmesi
ve yeniden islevlendirme onerisi olarak iki baslikta
degerlendirilmistir.

3.1. Yeniden Islevlendirme Degerlendirmesi

Yapinin tasiyiclr striiktiirii oldukea iyi korunmus
durumda olmakla beraber 6zgiin niteliklerinin
o6nemli bir kisminin tahrip oldugu ya da giinlimiize
ulasamadigi goriilmektedir. Ancak  yapinin
biitiinliigiinii bozacak seviyede, geri doniilemez
hasalar olusmamistir. Gilinlimiize ulasamamis olan,
her kilisede mutlaka var oldugu bilinen sunak, despot
koltugu, ambon, siralar ve benzeri tasinir esyalara
dair bilgiler bulunmadigl i¢in bunlarin yerine
konmasi miimkiin degildir. Ancak bezemelerin
giiniimiize ulasabilen kismi, 6zgiin bicimiyle restore
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edilebilmesine imkan verecek kadar bilgiyi
saglamaktadir. Yapida olusan tahribatin temel
nedenini, yapinin kullanim dis1 olmasi ve gerekli
bakimlarinin ve temizliginin diizenli olarak
yapilmamis olmasi olarak acgiklamak miimkiindiir.
Tarihi  yapilarin  varliklarin1  siirdiirebilmeleri,
meydana gelen hasarlarin zamaninda tespit edilerek
bu hasarlarin uygun miidahalelerle giderilmesi ve
siirekli bakimlarmin yapilarak yapinin zayiflayan
kisimlarinin  giliglendirilmesiyle saglanabilmektedir
[2].Bu agidan yapinin korunabilmesi icin en etkili
¢o6ziim olarak yapinin kiiltiirel kimligine, mimari
ozelliklerine ve bulundugu konuma uygun, yeni bir
fonksiyonla tekrar kullanima agilmasi 6nerilmektedir.

Yapilarin yeni bir islevle yeniden kullanimi, bu
eserlerin korunmasi ve gelecek nesillere saglikli bir
sekilde aktarilabilmesi i¢in uluslararasi otoritelerce
kabul gérmiis, oldukga etkili bir yontemdir. Tarihi
yapilart  koruma tiirlerinden olan  yeniden
islevlendirme, icinde bulunulan toplumun zamanla
farklilasan ihtiyaclarina bagh olarak, 6zgiin islevini
kaybeden mimari mirasin yeniden kullanilmasi
olarak adlandirilmaktadir [25].

Onleyici, siirekli bakimin diizenli olarak yapilabilmesi
icin yeniden kullanim mutlaka gereklidir [26]. Bu
yolla yapilan siirekli bakim yapida meydana gelen
hasarlarin ilerleyerek biiyiik onarimlar gerektirecek
seviyeye ulasmasinin oOniine ge¢mektedir. Ancak
yaplya yiiklenen yeni islev, anitin degismeden ve
bozulmadan korunmasi i¢cin en az midahaleyle
gerceklestirilmelidir [2]. Yapilan her bir yap1 o
zamanin, o giinlin ve o sehrin ihtiya¢ duydugu isleve
yonelik zamanin imkan ve kosullarina goére insa

edilmektedir [27]. Glinlimizde o isleve gerek
olmayabilir fakat tarihi, sosyal ve ekonomik
nedenler yapinin kullanilmasini

gerektirebilmektedir [28].

Mimari eserlerin korunmasi konusunda 6énemli bir
kilavuz olan Venedik tiziiginin 3. Ve 4.
maddelerinde yeniden kullanim ve siirekli bakim
hakkinda su sekilde bahsedilmektedir. “Anitlarin
korunmasindaki temel tutum korumanin kalict olmasi,
devamliliginin saglanmasidir. Anitlarin korunmasi, her
zaman onlar1 herhangi bir yararl toplumsal amag igin
kullanmakla kolaylagstirilabilir. Bunun icin bu gesit bir
kullanim arzu edilir, fakat bu nedenle yapinin plani ya
da stislemeleri degistirilmemelidir. Ancak bu siirlar
icinde  yeni  islevin  gerektirdigi  degisiklikler
tasarlanabilir ve buna izin verilebilir “[29].

Tarihi yapilar1 toplum icin 6nemli bir kaynak olarak
degerlendirerek kullanilmasinin yani1 sira yapinin
yasatilmasi ve gelecek nesillere aktarilacak kiiltiirel
bir drlin olarak goriilmesi yapilara yaklasimda
dogru bir bakis agisi olusturabilmektedir [31]. Aya
Yorgi Kilisesi'nin yapilacak olan restorasyonun
ardindan yeniden islevlendirilmesi, temel olarak
yapinin sahip oldugu tarihi ve kiltiirel degerlerinin

korunmasi ve gelecek nesillere aktarilabilmesinin
yani sira ekonomik olarak da fayda saglayacaktir.
Mevcut bir yapinin onarilarak yeniden kullanilmasi
yeni bir yap1 tiretmekten ¢ok daha az isgiict, enerji ve
maliyet gerektirmektedir. [30].

Verilecek olan yeni islevin belirlenmesinde birtakim
unsurlar g6z oninde bulundurulmalidir. Tarihi
yapilarin yeniden kullanimina yoénelik projeler
gelistirilirken, bu yapilarin toplumsal degerleri,
ozgin kimlikleri ve manevi degerlerine saygil
olunmas1 gerekir. Yeni islevin belirlenmesinde
yapinin plan kurgusu, boyutlari ve mekan 6zellikleri
g6z oniinde bulundurularak bu o6zelliklerine uygun
bir islev sec¢ilmeli ve yapilan miidahalenin sinirli ve
geri  almabilir olmasi1 ilklerine  uyulmalidir
[2].Bunlarin yani sira yapinin bulundugu konum ve
yakin c¢evresi ile olan iliskisi de yeni islevin
belirlenmesi konusunda goz onilinde
bulundurulmalidir.

3.2. Yeniden islevlendirme Onerisi

Aya Yorgi Kilisesi'nin bulundugu Doganci Mahallesi
Isparta kent merkezine olduk¢a yakin konumda
bulunan, konut yapilarinin yani sira ticari yapilarin
da yogun olarak bulundugu bir bolgedir. Yakin
zamana kadar bu bolgede bulunan Isparta Devlet
Hastanesi ve Dogumevi yapilar1 bolgenin merkezini
olusturmaktadir (Sekil 23).

5 g e i ;
S g o 5
AT AL s D sl B W
Sekil 23. Aya Yorgi Kilisesi ve Eski Hastane alanlar1
konumu [38]

Bu yapilarin yakin gecmiste yikilarak mevcut
hastanelerin yeni yapilan Isparta Sehir Hastanesi'ne
tasinmasindan sonra bos kalan arsalar, egitim
kampisii yapilmak tizere Isparta Uygulamal Bilimler
Universitesi'ne (ISUBU) tahsis edilmistir. Saglik
yapilar1 etrafinda Orgiitlenen, ticaret ve konut
yapilarindan olusan bu bdlgenin, bu gelismelerin
ardindan bir egitim merkezi etrafinda degismesi ve
donlismesi zorunlu hale gelmistir.
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Yapinin mekansal 6zellikleri, ebatlari, 6zgiin kimligi,
tarihi ve manevi degeri ve bir egitim merkezi
etrafinda yeniden orgiitlenen bir bdlgede bulunan
konumu g6z o6niine alindig1 zaman, egitime hizmet
eden bir kiitiiphane yapist olarak yeniden
islevlendirilmesi uygun goriinmektedir.

Ulkemizde Kkiliselerin, basta Ayasofya olmak {lizere,
cami, miize, kiiltir salonu, toplanti ve sergi salonu

gibi islevlerle yeniden kullanildigi 6rneklere
rastlamak mimkindir. Kiliselerin, bu yaygin
kullanimlarin yam1 sira kiitiiphane olarak da

kullanildig1 6rnekler mevcuttur; Kayseri Meryem Ana
ve Giresun Kapusen Kiliseleri, Kiitiiphane

kullanimlarina basarili 6rnekler olarak gosterilebilir
(Sekil 24), (Sekil 25).

Sekil 24. Kayseri Meryem Ana Kilisesi, Sehir Kiitiiphanesi
[34]

Sekil 25. Giresun Kapusen Kilisesi, Cocuk Kiitiiphanesi [35]
Bir kitiiphane yapisi i¢in temel olarak kitaplik ve
okuma salonu, giris, idari ofis servis birimleri ve

sosyal alanlar yeterli olacaktir (Tablo 3).

Tablo 3. Kiitiiphane islevi icin gerekli mekanlar [36]

Mekan Islev

Giris Giivenlik, danigma ve bekleme
Okuma salonu Kitaplik ve Okuma

idari ofis Yonetici ve ¢alisanlarin kullanimi

Servis birimleri Teknik mekanlar, wc, depo ve gerekli
ekipmanlarin saklanmasi

Kullanicilarin, yeme i¢me ihtiyaclarin
da Kkargsilayabilecegi bir dinlenme

mekani

Sosyal alanlar

Calismanin ilk boliimiinde, Aya Yorgi Kilisesi'nin
yapisal ve mekansal ozellikleri incelenmisti; yapinin
mekansal kurgusu, bir giris mekani olan narteks,
narteksin lizerinde bulunan bir galeri kat1 ve bir toplu

ibadet mekani olan naostan olusmaktadir. Toplu
kullanim i¢in tasarlanmis olan bu yapi i¢in yeni bir
islev belirlenirken yine toplu kullanima uygun bir
islev secilmesi, yapinin tasiyici sistemi ve 6nemli i¢
mekan Ozelliklerini bozmamak adina en az
miidahaleyle yeni isleve uyarlanabilmesi agisindan
oldukca 6nemlidir.

Yapinin giris mekani olan narteks, danisma ve
bekleme islevini karsilayacak bir giris mekam igin
uygun biiyiikliige sahiptir. Bu mekdnin {stiinde
bulunan asma katin bir idari ofis olarak
islevlendirilebilecegi gibi kilisenin ana mekaninin da
kiitiiphane ve okuma salonu olarak hizmet vermeye
oldukg¢a uygun boyutlarda oldugu diisiinilmektedir
(Sekil 26).

Odiing I
alma-

Girig-

iRt

ZEMIN KAT PLANI
A

=

o

- garios @ () @ () (]
—— Galeri Boslugu
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GALERI KATI PLANI
Sekil 26. Aya Yorgi Kilisesi 6neri kat planlar1 [36]

Yapinin kullanim alanini arttirmak adina yan nefler,
sokiilebilir, hafif striiktiir sistemleriyle asma katlar
olusturulmasi acgisindan olduk¢a uygundur. Yapi
striktiirii agisindan yan neflerin yaklasik 7 metrelik
yuksekligi bu tiirden bir midahale i¢in elverislidir
(Tablo 4).

Tablo 4. Eski ve yeni islev karsilastirmasi [36]

Mekan Ozgiin islev Yeni Islev

Naos Toplanma-ibadet Okuma-Kitaplik

Narteks Giris-Bekleme Giris-Bekleme

Galeri kati Toplanma-ibadet Idari birim

Avlu Toplanma-Bekleme | Sosyal alanlar, Dinlenme

Cagdas Ek --- Servis mekanlari ve
Teknik hacimler
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Yapinin mekénsal kurgusu, ebatlart ve bulundugu
konum kiitliphane fonksiyonunu karsilamak igin
yeterlidir. Ancak genel olarak tarihi yapilarin teknik
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tesisat  sistemlerinin  giinlimiiziin  ihtiyaglarini
karsilamalar1 pek miimkiin degildir. Yapinin yeni
isleve adapte edilmesi ve gerekli teknik donatilarin
eklenmesi gerekmektedir. Tarihi yapilarda 1sitma,
aydinlatma, havalandirma ve sihhi tesisat sistemleri
icin giiniimiiz yapilarindaki gibi teknik saftlar ya da
siva alti tesisat sistemlerinin uygulanmasi uygun
degildir. Bu tiir donatilar siva tstii kablo kanallari ve
asili havalandirma sistemleri ile ¢oziilebilmektedir.
Bu donatilar i¢in bir teknik merkez ve kullanicilarin
ihtiyaclar1 icin bir servis mekani gereksinimini
karsilamak icin bir ek yap1 ihtiyaci dogmaktadir.
Tarihi c¢evrede yeni/ek yapi ilretimi, dnemli bir
arastirma, uygulama ve tartisma konusu olmus, bu
konuda tarihi dokuyu taklit etme ve yok sayma
arasinda cesitlenen ¢ok farkli yaklasimlar ortaya
cikmistir [32].

Burada olusan ek yapi ihtiyacinin giderilmesi i¢in
“Saygili Yaklasim” benimsenmistir. Bu baglamda
ortaya c¢ikan destek mekanlar1  gereksinimi
karsilamak i¢in de yapinin goriiniirliigii en az olan
dogu kisminda kalan arka bahgesinde, yapidan
bagimsiz, gerekli fonksiyonlar1 asgari buytikliiklerle
karsilayabilecek, yapimin tarihi degerine ve kimligine
saygill, tarihi yapinin ana malzemesi olan kiifeki
tasiyla yigma teknigiyle iiretilecek, oldukca yalin bir
form ve cepheye sahip, koruma ilkelerine ve
glinimiizde uygulanan yapi bloklar1 aras1 mesafeler,
yapl yaklasma sinirlar1 gibi yapilasma sartlarina
uygun bir cagdas ek yap1 onerilmistir (Sekil 27).

ELK. PANO OD.

BAY WC ENG. WC BAYAN WC

IS MERKEZI|

ZEMIN KAT PLANI

. ON CEPHE
Sekil 27. Oneri ek yap1 plani ve cephesi [36]

Kitiiphane kullanimi ve destek mekanlarina ek
olarak yapinin bati1 cephesindeki avluda kullanicilarin
yeme, icme ve dinlenme ihtiyaglarini karsilayabilmek
icin ahsap malzemeyle iretilmis yar1 acik oturma
mahalleri ve personel calistirmay1 gerektirmeyen,
isletme  maliyeti diisik olan yiyecek-igecek
otomatlarinin da yerlestirilebilecegi bir dinlenme
alani 6nerilmistir (Sekil 28).

363

2414 SOKAK

&g

R D.
MEHMET GURKAN CA
KOMSU PARSEL

KOMSU PARSEL

Sekil 28. Aya Yorgi Kilisesi oneri vaziyet plani [36]

Bu sekilde yapinin striiktiirel sistemine, cephesine ve
ic mekanina miidahale gerekmeden ve yapiya ekstra
bir yiik getirilmeden yapilacak bir doniisiim, yapinin
kullanilmasi yoluyla korunmasini ve stirekli bakim ve
onarim ihtiyacinin karsilanmasini saglayacaktir .

4. Tartisma ve Sonug¢

Calismada incelenen Aya Yorgi Kilisesi, Isparta’da
glinimiize ulasabilen iki kiliseden biridir. Osmanh
kilise mimarisinin o6zelliklerini tasimasi ve yapi
iizerinden  Tanzimat Fermani’'nin  etkilerinin
gozlemlenebiliyor olmasi bakimindan da sayili kilise
orneklerden biridir. Yap1 bitiinligii ve mekansal
ozellikleri korunmus olsa da bezemeleri, 6zgiin
mobilyalari, dogramalar1 gibi yap1 bilesenlerine
yonelik 6zglin nitelikleri gliniimiize ulasamamistir.
Yapinin mevcut durumu, bu degerli kiiltiirel mirasin
gliniimiize ulasamayan diger terk edilmis kiliselerle
aynt  kaderi  paylasacagi  konusunda  kaygi
uyandirmaktadir.

Tarihi yapilar, somut kiiltiirel mirasin en gugli
unsurlart1 olarak kentlerin tarihi, sanatsal ve
toplumsal o6zeliklerinin depolandigr birer bellek
merkezidir. Cesitli nedenlerle 6zgiin islevini
siirdliremeyerek atil duruma diisen yapilarin belirli
prensipler dahilinde, yeni bir islevle tekrar
kullanilarak koruma altina alinmasi, kiiresel 6lgekte
kabul gormiis bir koruma stratejisi olarak
benimsenmis durumdadir. Ulkemizde ve yurtdisinda
islevini kaybetmis durumda olan ibadethanelerin
yeni islevlerle kullanildigi ¢ok sayida ornege
rastlamak miimkiindiir. Bu baglamda tarihi yapilara
yapilan yeniden islevlendirme ile yapinin sahip
oldugu  degerli izlerin -bilgilerin aktarilmasi
saglanmaktadir. 1924 yilinda gergeklestirilen
miibadelenin diger tarafi olan Yunanistan’da ve diger
Balkan tlklerinde de kullanicilarini kaybederek atil
duruma diisen ¢ok sayida cami, medrese, han gibi
Osmanli eserleri bulunmaktadir. Bunlarin bir kismi
kilise, miize ve sergi salonu gibi islevlerle
kullanilirken énemli bir kismi glinlimiize ulasamamis
veya yok olma tehditiyle karsi Kkarsiyadir [33].
Ulkemizde aym durumda olan tarihi yapilarin yeni
islevlerle kullanilarak korunmasi, karsilikli olarak
kiiltiirel mirasin yasatilmasin tesvik edici yoniiyle de
stratejik 6neme sahiptir.
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Terk edilmis tarihi yapilar1 yeni islevlerle halkin
kullanimina agarak koruma altina almak, temel
olarak kiiltiir mirasinin korunmasini saglamakla
birlikte yapilarin cevrelerinde yeni sosyal ve kiiltiirel
dinamikler yaratilmasina ve ekonomik canlanmaya
imkan vererek onemli faydalar saglamaktadir. Aya
Yorgi Kilisesi’'nin kiitiphane isleviyle yeniden
kullanimi 6rneginde, kentin tarihi kimliginin daha
goriiniir kilinarak toplumun tarih ve koruma
bilincinin gelismesi, boélgeye kazandirilan bir
kiitliphane yapisinin egitim faaliyetlerine yapacagi
olumlu katkilar, kentsel bir odak noktasi olusturan
yapinin bulundugu boélgeyi daha degerli kilarak bolge
sakinlerinin yasam standartlarinin yiikseltmesi gibi
sosyal ve kiiltlirel faydalar: olacagl éngoriillmektedir.
Bunlarin yani sira pek ¢ok ekonomik kazanimi da
beraberinde getirecektir; yeni islevle kullanima
acillacak olan tarihi Kkilise, iniversite kampiisii
cevresinde yeniden orgiitlenen bolgede dogacak olan
kiitiiphane ihtiyacini, farkl bir arsa iizerinde yeni bir
yapt Uretmekten ¢ok daha diisik bir maliyetle
karsilamasi yonitiyle ekonomik bir deger yaratacaktir.
Bunun yani sira bulundugu cevrede yaratacagi
kullanici hareketliligi, bolgenin ticari faaliyetlerine de
pozitif yonde katki saglayacaktir.

Bu amaglar dogrultusunda, calismadan elde edilen
bulgular 1s18inda tarihi yapiya en az miidahale ile
yiiklenen islevi yerine getirebilecek ve yapinin 6zgiin
islevine, kimligine ve mekan kurgusuna uygun bir
yeni islev dnerisi olusturulmustur. Bu sekilde tarihi
yapilarin yeniden islevlendirilmesi ile siirdiiriilebilir

ve saglkli bir koruma gergeklestirilebilecegi
diistiniilmektedir.
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Keywords Abstract: With the increase of complex information in applications of decision
Q- Rung orthopair hesitant making problems, the use of probabilistic hesitant fuzzy set structure has
fuzzy sets, expanded. Therefore, this paper aims to present two new operators namely q-rung
q-ROPHHWAG,

orthopair probabilistic hesitant fuzzy hybrid weighted arithmetic and geometric
(g-ROPHHWAG) operator and gq-rung orthopair probabilistic hesitant fuzzy hybrid
ordered weighted arithmetic and geometric (q-ROPHHOWAG) operator for q>0.
The presented operators are better than existing operators in many respects as
adding a new parameter, having more flexible structure and presenting
comparative analysis in its own. Moreover, we mention from some properties of
the proposed operators. In addition to, we give an algorithm and example to
indicate effective, reality and flexible of presented method and operators. Then, we
solve an example over Pythagorean probabilistic hesitant fuzzy sets with our
operators and the results are agreement and the offered operators have superior
effect than other operators.

q-ROPHHOWAG
Decision Making

Multi-kriterli karar verme problemleri icindeki Q- katsayili ortopair olasiliksal
karmasik Bulanik Agirlastirilmis Hibrid operatorler

Anahtar Kelimeler
Q Rank Orthopair kararsiz

0z: Karar verme problemlerinin uygulamalarinda karmasik bilgilerin artmasi ile
olasilikli tereddiitlii bulanik kiime yapisinin kullanimi genislemistir. Bu nedenle, bu

bulanik kiime, makale, q>0 icin g-katsayili ortopair olasiliksal kararsiz bulanik hibrit agirlikl
qggﬁgg‘(/)\/ﬁi(; aritmetik ve geometrik (q-ROPHHWAG) operatérii ve g-katsayili ortopair olasilikli
Earar verme tereddiitlii bulanik hibrit sirali agirlikl aritmetik ve geometrik (q-ROPHHOWAG)

operatorii olmak iizere iki yeni operatdr sunmayir amaglamaktadir. Sunulan
operatorler, yeni bir parametre eklenmesi, daha esnek bir yapiya sahip olmasi ve
kendi i¢inde karsilastirmali analizler sunmasi bakimindan bir¢ok agidan mevcut
operatorlerden daha iyidir. Ayrica 6nerilen operatorlerin bazi 6zelliklerinden de
bahsettik. Ek olarak, sunulan yoéntem ve operatorlerin etkili, gercek ve esnek
oldugunu belirtmek icin bir algoritma ve ornek veriyoruz. Daha sonra
operatorlerimizle Pisagor olasilikli tereddiitlii bulanik kiimeler iizerinden bir
ornek ¢oziiyoruz ve sonuclar diger operatdrlere gore uyumlu ve daha biiyiik bir
etkiye sahiptir.

1. Introduction

Probabilistic hesitant fuzzy set (PHFS) is an effective
construction adding probability value to HFS and
helping to carry more information as an extension of
HFS. Therefore, it can completely explain the fuzzy of
decision-making information, which has attracted
more and several researchers’ attention. The basic
operation of PHFSs was defined in [1] and some
aggregation operators were penned by Zheng and
coauthors [2]. Moreover, Zhai et al. [3] obtained
measures of probabilistic interval-valued

*Corresponding author: serif.ozlu@hotmail.com

intuitionistic hesitant fuzzy sets and the application
in reducing excessive medical examinations, Batool
and others [4] realized Pythagorean probabilistic
hesitant fuzzy aggregation operators in MCDM.
Furthermore, Batool et al. worked decision making
mechanism based EDAS method by utilizing
Pythagorean probabilistic hesitant fuzzy sets, Ren
and coauthors [5, 6, 7] introduced to calculation and
aggregation of Q-rung orthopair probabilistic
hesitant fuzzy information and gave gq-rung orthopair
probabilistic hesitant fuzzy power Muirhead mean

366


https://orcid.org/0000-0003-4280-2258

S.0ZLU / q-ROPHFS hybrid aggregating operators in MCDM

operator, respectively. Moreover, some works can be
ordered [8,9,10,11,12,13].

Despite the above studies, the desire to model more
information, integration in the world, the desire for a
quick solution has prevented the resolution of fuzzy
information but generalized structures are the most
basic structures to reach this solution. In this paper,
we obtain two new operators called g-ROPHHWAG
and q-ROPHHOWAG combining two different
aggregating operator namely q-ROPHWA and g-
ROPHWG. These operators include a new parameter
as different unlike the base operators. Generalized
concepts have more advantages as follow;

1. Combining two operators in the same formula will
prevent separate calculations and will enable us to
obtain fast solutions in the future;

2. The use of two different variables is important for
the decision makers in terms of the precision of the
results.

3. Self-comparison analysis is very necessary in this
age of noisy information.

Then, we give some properties q-ROPHHWAG and q-
ROPHHOWAG, and define an algorithm. We give an
investment example through algorithm. The end of
paper, a comparative analysis is revealed with
Batool’s aggregation operators and superior results
are obtained.

The remaining of paper is organized as follow; in
section 2, some basic definitions are given as HFS,
PHFS so on, in section 3, we give definitions of g-
ROPHWA and q-ROPHWG; define g-ROPHHWAG and
q-ROPHHOWAG, in section 4, an algorithm and an
application are presented, in section 5, comparative
analysis is made with Batool’ method.

2. Material and Method

Q- Rung Orthopair Probabilistic Hesitant Fuzzy
Sets Based On Hybrid Aggregating Operators

The concept of q- Rung Orthopair probabilistic
hesitant fuzzy sets was defined by Ren and others
[31] in 2021. In this section, this concept is applied
for Hybrid aggregating Operators.

Definition 2.1 [6] Let X = {x,X,,...,X,} be a
reference set. A gq- Rung Orthopair probabilistic
hesitant fuzzy sets # is defined as follows:

b= {((x, up(x), v (2))): x € X3,
for tn = {S1(1), 32 (K2), -, In(Kn) } and
v, = {R1(K), Ry (%), ..., R (K)} in here, J,, and
R, indicate possible membership values and
possible non-membership values, respectively and
also,0<I<1,0<R<1and 0<J?+RI<1. In
addition to, 0 <k, <1 and 0<K, <1 where

Zlﬂhl 1k, < er:’lill 1#,, <1 for |u,| and |v,| are

number of elements of membership and non-
membership values.

Definition 2.2 [6] Let &A= (uy(x),vi(x)) ,
hy = (pp, (), v, (X)) and  hy = (U, (%), v, (x)) be
three q-ROPHFEs. Then,

1'hl @ hZ = <U51nEHh1.SanIih2 {[(Sgn + Sgn +
1

S1,132,,1)5] (K1nK2m/

[pnq | [k,
Zn i K1n2 —2 2m) Ui’hle%l R2,EVh, [mhmz{;](’cllsza/

DI D Yaiall I 1)

2. h ® hy = <U41n€uh1.3zn€#n2 {[Slmszn](’ﬁmkzn/
|1y | |y |
Zm 11 Kim Zn i Kzn)
1
U‘RhEVhl Rz, EVhy [(mq +qu +m1lng)q](’z1lﬁzg/

DI D Wakal 39913
3.
h* =

JnE,uh {[(1 ( - ng A)E(Kn)]}' UiRmEvh m%‘t(’zm»:
4 Ah = <Uon6uh n(Kn) Ummevh {[(1 - (1 -

9‘1?11)’1) (Km)1})-

Definition 2.3 [6] Let A= (th (x),vhj (x)) be
collection of g-ROPHFSs for (j =1,2,...,m) and in
here, Wy = {3,,00:n=12,..., |th|} and
Vi = R, :n=12,..., |vh].|} gq-rung
orthopair probabilistic hesitant fuzzy weighted
average (q-ROPHWA) operator for w; € [0,1] and
Z}Ll w; = 1 as follow;

1. q— ROPHWA: ®" - @ is a mapping called as
g-rung orthopair probabilistic hesitant fuzzy
weighted average (q-ROPHWA) operator for
gq>0 and w; €[01] and X7, w;=1 is
defined as below;

define

2.
q — ROPHWA(hy, hy, ..., )
= Wlhl @ thz @ @ WTL'hT[

-
S19,€UR1S2, €,
[17.

{((1 - 1_[ (1- sfn)Wf)a>}
j=1

s Strp Elhyy
] 1 KJ‘n
.
]= n
T
| | . )W
17 €811 B2 E”Ry s Ry ElA j=1
n |Vh|
an >
n=1

Example 2.4 Let accept two q-ROPHFEs that

= ({0.3(0.5)},{0.5(0.5),0.2(0.2)}) and hy, =
({0.2(0.4),0.3(0.1)},{0.4(0.3)}) , and also w=
(0.6,0.4) for q = 2. In this statement, if we calculate to
q-ROPHWA;
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q — ROPHWA(hy, hy)
= (1 - (@ -0.39° x (1
— 0.22)%4)3((0.5 x 0.4)/((0.5)
X (0.4 + 0.1))), (1 — ((1 — 0.3%)%6

x (1= 0.32)°%)2((0.5 x 0.1)/((0.5)

x (0.4 + 0.1)))}, {((0.5)°¢

X (0.4)°*((0.5 X 0.3)/((0.5 + 0.2)

x (0.3))), ((0.2)%6 x (0.4)°4((0.2

% 0.3)/((0.5 + 0.2) X (0.3))})

= ({0.2651(0.8),0.1924(0.2)},
{0.4573(0.7142),0.2639(0.2857)})

Definition 2.5 [6] Let A= (uhi (x),vh]. (x)) be

collection of g-ROPHFSs for (j =1,2,...,m) and in

here, My = {35,000 = 1,2,..., [up [} and

Vi = R, (:n=12,..., |vh].|}

orthopair probabilistic hesitant fuzzy weighted

geometrlc (9-ROPHWG) operator for w;j € [0,1] and
j=1 wj = 1as follow;

1. ¢ — ROPHWG:®™ - @ is a mapping called as
g-rung orthopair probabilistic hesitant fuzzy
weighted geometric (q-ROPHWG) operator for
q>0 and w; €[0,1] and X7, w;=1 is
defined as below;

define g-rung

q — ROPHWG (hy, hy, ..., )
=T ..Q Ay

T
o~ wi
- (30"
S1n €111 S29 E-AY STy ElRy j=1

T
j=1 Kj,
ol )
J
7jT=1 Zn:l Jn

T 1
U (CRIERAS
Rin €hng R2p €My Ry EURY j=1

vV
. |h|

HWHZm

Example 2.6 Let accept two q-ROPHFEs that
Ry = ({0.3(0.5)},{0.5(0.5),0.2(0.2)}) and h, =
({0.2(0.4),0.3(0.1)},{0.4(0.3)}) , and also w=
(0.6,0.4) for q = 2. In this statement, if we calculate to
q-ROPHWG;
q — ROPHWG (hy, hy)
= ({((0.3)%¢ x (0.2)°4((0.5
x 0.4)/((0.5) x (0.4
+ 0.1))), ((0.3)%¢ x (0.3)%4((0.5
x 0.1)/((0.5) x (0.4 + 0.1))H},{(1
- ((1-0.5H)%x (1
—0.4%)%%2((0.5 x 0.3)/((0.5 + 0.2)
% (0.3))),(1 — ((1 —0.22)%6 x (1
—0.3%)%%)2((0.2 x 0.3)/((0.5 + 0.2)

x (0.3)))})
= ({0.255(0.8),0.3(0.2)}, {0.4639

(0.7142),0.2998(0.2857)})

Definition 2.7 Let i; = <“hi (x),vh]. (x)) be q-ROPHFE
and in here, My = {3, (®):n = 1,2,...,|uh].|} and
Vi = R, :n=12,.., |vhj|}. In this statement
score function of hg is defined as follow;

1
SIGN =g ), @)

hijl o
! ‘San“hj

1
~G7 2, (k)

] iRJnEVh

If score values are same, the following accuracy
function is used;

Ay () = (o
Zm] evh ( Kn))q

Zijneuhj (S, kn))? +

(—

|Vh |

Q- Rung Orthopair Probabilistic Hesitant Fuzzy
Sets Based On Hybrid Operators

In this section, we define two new operators by
combining geometric and averaging operator based
on probabilistic hesitant fuzzy sets.

Definition 2.8 Let h; = (uhj (x),vh]. (x)) be collection of

g-ROPHFSs for (j=1,2,...,m) and in here,
;= {35, ():n = 1,2, |up, |} and Vh; =
R, (k):n=12,..., |vhj|}for/1 € [0,1].

1.q — ROPHHWAG: ®" — @ is a mapping called as q-
rung orthopair probabilistic hesitant fuzzy hybrid
weighted arithmetic and geometric (q-ROPHHWAG)
operator for q > 0and w; € [0,1] and }7_; w; = 11is
defined as below;

" A " Wjiy1-2
(Z wh)'Q, ™)
Jj=1
U~51n€uh1 320 €My Sty E-AL

[((1 - 1_[ (1 =33 )" )((ﬁ (sjn)wf)(l_’”ﬂ
j=1

T T
< j=1 Kin Hj_l Kin
[inl | nl
} 1 z:n 1 ]n z:n 1 ]n
Umlneuhl,ﬂtzne,uhz,...,SR,Tneuhn

[(1 —a ((1_[ (1- mfng)“‘”)ﬁ}
j=1
a= ((1 - ] (m,-n)“"f)q)l>
j=1

< H;[ 1 Iz}'n H}r_l ’Zjn ))

[val P [val 7
Zn 1 ]n Zn 1 Jn

368



S.0ZLU / q-ROPHFS hybrid aggregating operators in MCDM

3.q — ROPHHOWAG: ®™ — @ is a mapping called as
g-rung orthopair probabilistic hesitant fuzzy hybrid
ordered weighted arithmetic and geometric (q-
ROPHOWAG) operator for g > 0 and w; € [0,1] and

2j=1 w; = lis defined as below;

" A " A
1-
Q. WheV'Q, _ hu)
-,
‘SU(l)neuhl Sa(2)nEhng-So(m)n Elhy

{a((n (Sa(j)n)wj)(l_n»
j=1
a= ((1 —H 1-5%,) 1)q>

J_
( H;[ 1 an l—17]:[=1 an )
lnl I#hl
Z‘rl 1 Jn Z

Ro)n € Ro(2)nElng - Ro(m)n Elig
T
1
{(1 - <(n - mz(nn)wj)(H)))a}
j=1
a=((1 = (121 Ron,)"ND™)

( =1 Kjy =1 By >>

T [Vl T |Vh|
1_[j:1 z:n 1K]nnj 1271 1%jn

where o(1),0(2),...,0(j) is a permutation of
j=12,...,m and also ER,,U = ‘.R(]) and
Sag-1) 2 3¢)-

Theorem 2.9 Let h; = (,uhj(x), vhj(x)) be collection of
q-ROPHFSs for (j=1,2,...,m) and A € [0,1] where
w; € [0,1] and Z}Tzl w;=1;

‘_’V]')l—/l

n 1 n
=(Z wihy) (z. B
Jj=1
-,
J1neuhldzn5ﬂh2 oSt E-A

2 T
{((1 - 1_[ (1- ‘”;-*n)"’f)ﬁ) ((]_[ (s,-n)m“-”)]
j=1 j=1
( H;I 1 Kj, H1]:[=1 Kin )

lenl |Hh|
7T=1 Zn 1 KJn Z

Um1n€#h1rm2n€#hzw-.mnn Elng

{(1 —a ((1_[ - %‘-’9””1‘)“‘”))3}

j=1

a= ((1 - (m,-mf)qv)

j=1
( H;T:l ’Ejn H}I:l ’Ejn >)

T 21 T 2
J=1 X1 K, [Tfoq 2025 K,

Proof. Firstly, we can write by utilizing operational
rules for g-ROPHFSs;

va)l—l

= (Zn ijlj)’l(z:; h,

Ud1n€lth1 S20 €My Sty ERBY

2 HT‘IlK]‘n
i
(T Te s 55

U‘R1n6#h1‘mzneﬂnzn--ﬁ‘?nneﬂhn
: H] lv]n
{171 &)™)} (7 -
n] 1211 1Kjn

<US1nEuhl.Sanuhz,...,Jnneuhﬂ

(o ()

j=1

U‘Jﬁn E#hl Ron €My Ry €y

m |val
{a} HK]”/HZ Ky Y
I j=1 n=
a= ((1 - n 1- m}n)%)q>
j=1

from here

UdlneﬂhleZnE#hzv---vsnneﬂhn—

a n 1K),
8 R I T

U 17 €8h1 R2p €l s Ry ElA

(0= (= T 0} (7 i

( S10 €132 E- B Sy ER By
[17. =1 Kj,
(0] w0 (e

Um1nEﬂhljmzneﬂhz;---;mn'neﬂhn—

{((1 - (r[}f_1 (1- %! )Wj)(l—l))%)}b).

b |Vh|

b= n K]n/l_[ Z %

j=1 n=

Then,

U51neﬂh152neﬂhz'---'Snneﬂhn

!(“ | - Sfﬂwfﬁ) (ﬂ <3fn>wf>“_”>}
j=1 j=1

i T
( Jj=1 an Hj=1 an

T lanl [unl

Jj=1 z:n 1 Ky Zn 1 Kin

mlneuhl,mzneuhz,...,mnne,uhn

U
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(K(l (- (1_[ (mjn)Wf)q>A)>}
j=1

() (o= Ta-stne )
n=1 Jn
[T7=: K
( . jzllvﬂ - ) {( a-@a- (l_[ (ER.n)Wj)q),l)>]
j=1 I

n=1 Jn
m |val

T
"jn/l | Z Kjn
j=1

j:l n=1

{((1 - (l—[ (1 - %] )"1)0- ”))} b))

m |val

b= H K]n/l_[ Z %

j=1 n=1

and thus

UslneﬂflrSZnE#hzl'"lsﬂneﬂfln—

{((1 - 1_[ 1- S}‘.In)wf)5> ((H (sjn)Wj)(l—l)>}
j=1 j=1
( H;T 1 an 1—11]:[_1 an )

lenl I#hl
11':1 Z‘rl 1 Kln Z

Umlneﬂhln‘ﬁzneﬂhzwumn’n Elny
T

({((1 (- (1_[ (m,-n)wf‘)q)l)x
HJ =1 Kln )

|Vh| %
n 1 Jn

(7. 5,
{((1 - (]_[ (1 - 9t )"y - ”))}
(7. 5,

HJ =1 Kln
|Vh| i -
n 1 Jn

{((1 -a- (1_[ *, )WJ)Q)A)N
H} 1 Kln wiy(1—
<n, o a-) " K( - SU (= )>]

Vil
[T ]2 5 0

j=1 n=

and if the basic operations are made;

Ud1neﬂh1 320 ERNy STy EB By

{((1 - 1_[ a-s )Wf)q> ((1_[ (350" 0" ”)}

( H] 1 Kj, H}—l Kin )

lenl Ilthl
] 1 z:n 1 Kln Z

U5R1nEuf11.%anﬂhz,---,i‘?nnEunn
s

[(1 - ((1 -] (m,-n)woq)*) bﬁ}
j=1
b= ((H - mgn)wj-)u—»)

j=1
T T o
< H] 1 an Hj:1 an ))
b4 [val T [val
j=1 Zn=1 K, [foa 202y K,

Now, we discuss some special cases of -ROPHHWAG
as following;

e If A = 1,q-ROPHHWAG is reduced to (q-ROPHWA).
e If 1 = 0,q-ROPHHWAG is reduced to (q-ROPHWG).
e If =05, q-ROPHHWAG is reduced to (g-
ROPHWA) and (q-ROPHWG).

Theorem 3.2 Let h;= (/,chj(x),vhj(x)) and
hi = (u’;lj(x), v;“lj(x)) be collection of q-ROPHFSs for
(G=12,...,m) . Thus, q-ROPHHWAG provides
following properties;

1. (Idempotency) Let be h; = ffor (j = 1,2,...,m).
Thus, g — ROPHHWAG (hq, hy,...h;) = h

2. (Boundedness) Let be i and h; maximum and
minimum elements for j=1,2,...,m . Thus,
h; < q—ROPHHWAG (hy, hy, ..., hy) < h.
3.(Monotonicity)Let be Hn; = ,u}‘lj and Vi < v;‘lj. In

this statement,

q — ROPHHWAG (hy, hy,..., h) =

q — ROPHHWAG (h3, h5, ..., hy).

It is open that g-ROPHHWAG carries above all of the
properties owing to g-ROPHWA and q-ROPHWG. As
similar, q-ROPHHOWAG carries to above all of the
properties.

Example 3.1 Let accept two q-ROPHFEs that
h, = ({0.3(0.5)},{0.5(0.5),0.2(0.2)}) and h, =
({0.2(0.4),0.3(0.1)},{0.4(0.3)}) , and also w=
(0.6,0.4) for q = 2 and A = 0.3. In this statement, if we
calculate to q-ROPHHWAG;

q — ROPHHWAG (hq, hy) =
(((1 = (1 = 0.32)96 x (1 — 0.22)%4Y% x (0.3°6
X 0,204)(1-03) 0.52% x 0.4?2 Yo
' (0.5)2 x (0.4 + 0.1)2”"
—0.32)%6 x (1 — 0.32)%4)5 x (0.3°
X 0.304)(-03)( 0.5% x 0.12 -
' (0.5)% x (0.4 + 0.1)? H
—(0.5%6 x 0.49%2)03 x ((1 — 0.5%)%¢ x (1
-0 42)0.4)(1—0.3))%( 0.5% % 0.3° ), (1-(1
' (0.5 + 0.2)2 x (0.3)2”
—(0.2%6 x 0.494)2)03 x ((1 —0.22)%6 x (1
-0 42)0.4)(1—0.3))%( 0.2% x 0.3 )})
' 0.5+ 0.2)%2 x (0.3)2
= ({0.258(0.64),0.3(0.04)},{0.4619(0.862),
0.2896(0.1379)})
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For q-ROPHHOWAG, firstly we calculate to score
values for f; and A, as follow; S(h;) = —0.0616 and
S(hz) = _0.0023. ThuS, hl < hz and

0.3
({(1— (1 —0.3)%% x (1 — 0.22)%6)Z x (0.3%*
0.52 x 0.42 L
(0.5)2 x (0.4 + 0.1)2)'( (
0.3
—0. 32)0.6)7 X (0 30.4—
0.5%2 x 0.1?

x 0. 20.6)(1—0.3)(

—0.32)% x (1

X 0.3 e s oy (- A
—(0.5%4% x 0. 496)2Y03 x (1 — 0.52)%4 x (1
—0. 42)0.6)1—0.3)%( 0.5%x0.3 )' (1 _ (1

(0.5 + 0.2)2 x (0.3)2
— (0.2%% x 0.4%6)%)%3 x (1 - 0.22)°* x (1

ok 0.2% x 0.32
O (G T o x 037

({0.2382(0.64),0.3(0.04)}, {0.442(0.862),0.3276(0.1379)})

3. Results

3.1. An Application Of Multi-Attribute Decision-
Making Method Under Q-Rophhwag

In this section, we apply the presented q-
ROPHHWAG into an algorithm and test over a MCDM
problem with n alternatives and m criteria to indicate
effective of averaging operators over NDHPFS. Let
A={A,A,..., Ay} be a set of alternatives,
C ={C,C,,...,C,} be a set of criterions and let
w; = (W, Wy,...,Wy) be a weight vector of criterions
where w; >0,/ =1,2,...,n and Z;-Ll w; = 1. Then,
the following steps have been defined for algorithm.
1. Consist of Decision making matrix as (¢;;)mxn for

i=12,...,mandj=12,...,n,
511 512 61n
521 522 52n

[Dijlmxn = : :

\5m1 6m2 smn/

2. Determine g- Rung Orthopair probabilistic hesitant

fuzzy elements by utilizing
¢ =q — ROPHHWAG(¢i1, iz, -, Pin) or
¢; = q— ROPHHOWAG (¢;1, bi2,--., D)  Operator

fori=1,2,...,m

3. Calculate score values of q- Rung Orthopair
probabilistic hesitant fuzzy elements,

4. Determine alternatives rankings in descending
order.

3.2. Numerical example

A company that wants to invest is doing some work
to identify different alternatives and as a result of
these researches, it determines four criteria and five
alternatives as following; A;; A hybrid car production
company, 4,; A flue filter company, A;; A recycle

production company, A,; A aircraft manufacturing
factory responding to forest fire company; if
criterions, C;; minimum cost, maximum profitability,
C,; the proximity to raw material, C3; least harm to
the environment; C,; experience and for criterions
determined weights by decision makers as follow;
w = (0.3,0.2,0.2,0.3).

Decision makers construct decision making matrix as
follow in Table 1.

Obtain aggregated values by using q-ROPHHWAG
based on data in Table 2 for g = 2and 1 = 0.3.
U
S1 €132 E-BY Sy ERRy
T 2
l(a-TTa-s0m)s)
j=1
i
b= ((1_[ (3;9%’)“‘”)
j=1

7: 1 Kj, H;'T_l Kjn
< Z|#h| K Z|#h| : )
Um1n6#h1:mzneﬂhz.---.‘ﬁnneuhn
[(1 - ((1 - (iR,-n)Wf)q)ﬂ> bﬁ}
j=1
b= ((ﬂ - mgn)w;)u—A))
j=1

< H;[ 1 féjn H}T_l ’Ejn ))

[val 7 [Val %
Zn 1 ]n Zn 1 Jn

and results are as follow;

ol
= {{0.3642(0.0044),0.4558(0.0044),0.2682(0.0177),

0.3982(0.04),0.3573(0.0177),
0.4963(0.01),0.3051(0.04),0.3959(0.04)},
{0.4735(0.0123),0.3868(0.0030),0.4598(0.0493),
0.5503(0.0123), 0.3703(0.0123), 0.4798(0.0044),
0.5503(0.0493),0.4798(0.0123)}}

b2
= {{0.3628(0.1111),0.3900(0.0493),0.4386(0.0044)
,0.3275(0.0011),0.4665(0.0019),
0.3525(0.0123), 0.3969(0.0011),
0.4222(0.0004)}, {0.4691(0.0004),0.4509(0.000069),
0.5123(0.0270), 0.5224(0.0051),
0.4926(0.0010), 0.5050(0.0001), 0.5224(0.3319),
0.5050(0.0132)}}

¢3
= {{0.3497(0.0024),0.5091(0.1560),0.3645 (0.0024)
,0.3014(0.00008103),0.5283(0.1560),
0.4492(0,0024), 0.3176(0.0000813),
0.4688(0.0024)}, {0,3274(0.0097),0.3730(0.0390),
0.3435(0.0152), 0.4114(0.0024), 0.3874(0.0609),
0.4484(0.0270), 0.4114(0.0038),
0.4484(0.0152)}}
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ba

= {{0.3416(0.0062), 0.4080(0.0062), 0.3606(0.0393),

0.3770(0.0251), 0.4294(0.0393),
0.4465(0.0040), 0.3965(0.0251),0.4688(0.0251)},
{0.5872(0.0066),
0.4083(0.0066), 0.6009(0.0416), 0.5656(0.0037),
0.4259(0.0416), 0.3756(0.0066),
0.5656(0.0234),0.37568(0.0234)}}

®s
= {{0.3976(0.0051),0.4592(0.0318),0.4555(0.0051),

0.3976(0.0051),0.5193(0.0318),

0.4592(0.0318),0.4555(0.0051),0.5193(0.0318)},
{0.3589(0.0123),0.4769(0.0123),

0.4155(0.0123), 0.4182(0.0192), 0.5221(0.0123),
0.5228(0.0192), 0.4182(0.0192),

0.5228(0.0192)}}
Table 1. Evaluations of alternatives made by decision makers
Cy C;
Ay {{0.3(0.1)},{0.7(0.4),0.5(0.2)}} {{0.3(0.2),0.5(0.3)},{0.4(0.1)}}

A, {{0.5(0.2)},{0.3(0.5),0.2(0.1)}}

{{0.2(0.4),0.1(0.2)},{0.8(0.3)}}

A; {{0.4(0.3)},{0.5(0.2),0.6(0.4)}}

{{0.7(0.8),0.4(0.1)}, {0.3(0.9)}}

A, {{0.5(0.2)}, {0.8(0.2),0.3(0.2)}}

{{0.4(0.5),0.6(0.4)}, {0.5(0.9)}}

As {0.5(0.6)}, {0.4(0.5),0.7(0.5)}}

({0.4(0.5),0.4(0.5)}, {0.5(0.8)}}

C3 Cy
A, {{0-8(0.2),0.3(0.4)}, {0-3(0.1),0.2(02)}} {{0.2(0.1),0.5(0.1)}, {0.3(0.5),0.6(0.5)}}
A, {{0.3(0.5),0.7(0.1)},{0.2(0.1),0.5(0.8)}} {{0.4(0.3),0.5(0.2)}, {0.4(0.2),0.6(0.7)}}
As {{0.5(0.4),0.6(0.4)}, {0.2(0.4),0.3(0.5)}} {{0.1(0.1),0.5(0.8)}, {0.2(0.6),0.5(0.3)}}
4, {{0.3(0.2),0.4(0.5)}, {0.3(0.2),0.4(0.5)}} {{0.2(0.5),0.4(0.5)}, {0.5(0.4),0.4(0.3)}}
A5 {{0-4(0.5),0.7(0.5)}, {0.2(0.1),0.5(0.1)}} {{0.3(0.2),0.5(0.5)}, {0.3(0.4),0.5(0.5)}}

Table 2. Score Values under -ROPHHWAG

q values  |Ranking Alternatives

q =2 Az > As > A, > A > A,
q =3 A3 > A5 > A, > A > A,
q =5 A3 > A5 > A, > A1 > A,
q =8 A3 > A5 > A1 > A, > A,
q =10 A3 > A5 > A1 > A, > A,
q =15 A3 > A5 > A1 > A > A,
q = 25 A3 > A5 > A, > A, > A,
q = 40 A3 > A5 > A, > A, > A,
q=175 A3 > A5 > A, > A, > A,

Table 3. Score Values under g-ROPHHWAG

A values  |Ranking Alternatives

1=0.1 Az > A5 > Ay > A1 > A,
A=02 A3>A5>A,>4,> 4,
1 =03 Az > A5 > Ay > A1 > Ay
1 =04 Az > A5 > A, > A1 > Ay
1 =0.5 Az > As > Ay > A1 > A,
1 =006 A3 > As > A, > Ay > A,
1 =0.7 A3 > As > A, > Ay > A,
1=028 A3 > As > A, > Ay > A,
N=09 |d3>As>A4,>A4,>A4,

If the score values are surveyed according to
orderings of Alternatives, alternative 45 is the most
desirable for all of alternatives and the most
undesirable alternative is A, for different q values.
Now let’s keep the g values constant and change the
A values.

As seen from score values; the best alternative is
same for all A and q = 2 values. The proposed
operator is reality, objective and effective.

5. Comparative and discussion

In this section, the proposed operator under
probabilistic hesitant fuzzy (PHFS) environment is
compared with some operators which defined over
g-ROPHFS. If we solve with our method to example
over coronavirus disease of Batool [4], the results
are as following;

Table 4. Comparative Analyzes according to Score Values
under q-ROPHHWAG for different pairs of (,q)

Methods Ranking Alternatives
The proposed method Ay > Ay > A1 > A;
PyPHFWA[4] Ay, > Ay > Ay > Ay
PyPHFWG[4] Ay, > Ay > A1 > Ag
PyPHFOWA[4] Ay, > Ay > Ay > Ay
PyPHFOWG[4] Ay > Ay > AL > Ay
PyPHFHWA[4] Ay > Ay > Ay > Ay
PyPHFHWG[4] Ay > Ay > AL > Ay

6. Discussion and Conclusion

Q- rung orthopair fuzzy sets revealed as
generalization of pythagorean fuzzy sets and
intuitionistic fuzzy sets is very important that it
presents a comparative analysis within itself,
contains multiple structures within own of it, and
changes according to the desire, request and need of
the decision makers. Probabilistic hesitant fuzzy
sets (PHFS) propose to evaluate for an each element
in cluster probabilistic concept for experts. Q- rung
orthopair probabilistic hesitant fuzzy sets (q-
ROPHs) are to presented by combining these both
structures. Aggregation operators based on q-
ROPHs called q-ROPHWA and q-ROPHWG are
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significant mathematical tool to aggregate
presented information. In this paper, we define
q — ROPHHWAG and ¢ — ROPHHOW AG because of
some drawbacks q-ROPHWA and q-ROPHWG. Then,
some properties of both operators are given. The
presented operators are superior according to
existing operators as g-ROPHWA and q-ROPHWG to
overcome with fuzzy and ambiguous information.

1. Combining two operators in the same formula
will prevent separate calculations and will enable us
to obtain fast solutions in the future;

2. The use of two different variables is important for
the decision makers in terms of the precision of the
results.

3. Self-comparison analysis is very necessary in this
age of noisy information.

Furthermore, we established an algorithm and
example to indicate effective our operators and
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Anahtar Kelimeler
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Konya

0z: Bu calisma 2019-2020 yillarinda Konya ili Ilgin ilgesine bagh Eldes ve
cevresinde yetisen bitki tiirlerinin etnobotanik 6zelliklerini tespit etmek amaciyla
yapilmistir. Eldes, Tiirkiye Grid sistemine gore B3 karesinde bulunmaktadir.
Calisma alanindan toplanan bitkilerin yerel isimlerinin, kullanim alanlarinin
belirlenmesi icin yorede yasayan 143 Kkisiyle (67’si erkek, 76’s1 kadin)
gorisilmistir. Arastirma alanindaki bitkilerden toplamda 42 familyaya ait 129
taksondan 76 takson gida, 91 takson tibbi, 27 takson hayvan yemi, 20 takson esya,
16 takson siis bitkisi, 20 takson yakacak, 3 takson boya bitkisi, 9 takson ¢ay, 3
takson baharat ve 6 takson yag olarak kullanildig tespit edilmistir.

Ethnobotanical Features of Eldes (Ilgin/Konya) and Its Surroundings

Keywords
Eldes,
Etnobotany,
Iigin,

Konya

Abstract: This study had been made by purpose of describing the features of the
plant species which exist in the Eldes, Ilgin District-Konya City and it's
surroundings in the years 2019-2020. Eldes is located in the B3 squarea ccording
to the Tiirkiye Grid system. The meetings were held with 143 experienced local
people (67 are man, 76 are woman), to determine the local name and the purposes
of usage of the plants which had been collected from working area. It is
determined totally 129 taxa, which relating to 42 families. The purposes of using
these taxa are, 76 taxa as foods, 91 taxa as medicals, 27 taxa as animal foods, 20
taxa as stuffs, 16 taxa as ornamental plants, 20 taxa as fuel, 3 taxa as color plants, 9
taxa as herbal tea, 3 taxa as spice and 6 taxa as oil.

1. Giris

insanlik tarihinin baslangicindan bu yana giiniimiize
kadar bitkilerin basta tedavi etme olmak iizere pek
¢ok alanda kullanildigr goriilmektedir. Yuzlerce
yildan bu yana insanlar,bitkilerin tedavi edici giiciinti
tecriibe etmis ve hayatini saghkli bir sekilde
strdiirebilmek icin bitkilerden faydalanmistir. Halk
hekimliginde siklikla kullanilan ilaglar, uzun
deneyimler ve gozlemler sonucunda giiniimiize kadar
gelmistir [17]. Eski caglardan bu yana insanlar
tarafindan kullanilan bitkiler, sadece gida olarak degil
aym1 zamanda tipta da kullamilmaktadir [21].
insanlarin hayat kalitesinin belirlenmesinde etkin rol
oynayan cesitli psikolojik rahatsizliklar ve hastaliklar
veya herhangi bir sekilde meydana gelmis sakatliklar
ve buna bagh hastaliklarin tedavi edilmesinde eski
donemlerden beri dogal bitkiler kullanilmaktadir
[19]. insanlar beslenme gereksinimini karsilamak icin
tabiat icerisinde yer alan gidalardan faydalanma
yoluna gitmisler, bunlarin siirdiiriilebilir olmasi i¢in
besinleri iiretip cesitli hastalik faktorlerine karsi da
kendilerini koruma amag¢h yodntemler tercih
etmislerdir [11]. Bitkilerin ¢ok farkli alanlarda

*llgili yazar : demirelma@gmail.com

kullanim ¢esitliligi bulunmasina ragmen, daha ¢ok
gida ve tedavi alanlarinda  kullanildiklarn
gorilmektedir. Bunun disinda bitkilerin, mekanlarin
slislenmesinde, dogal boya maddesi elde edilmesinde,
parfiimeri ve kozmetik sanayinde, agag veya tahtadan
yapilan c¢esitli el aletlerinin yapiminda vs.
kullanilmalar1 sayilabilir [18]. Tedavi amaciyla
faydalanilan  bitki sayisinda eski ¢aglardan
zamanimiza kadar gecen siirede gozle gorilir bir
artis goriilmektedir [15]. Diinya saglk orgiiti (WHO)
tarafindan 20.000 kadar tibbi bitkinin var oldugunu
bildirmekle birlikte bu saymin tam olarak
belirlenemediginden daha fazla sayida olabilecegi
belirtilmektedir [14]. Ulkemizde son yillarda Konya
ili ve cevresinde ¢ok sayida etnobotanik ¢alismalar
yapilmistir [1-13]. Giiniimiizde etnobotanik lizerine
yapilan c¢alismalar ve onlarla ilgili yayinlara sayi
bakimindan baktigimizda en ¢ok Sivas ile ilgili oldugu
daha sonra ise sirasiyla Istanbul, Konya, Igel,
Erzurum, Trabzon ve Balikesir illerinin yogun olarak
calisildigr gorilmektedir [22]. Son zamanlarda
etnobotanik ile ilgili ¢alismalarin kayit altina
alinmasi, elde edilen verilerin zaman igerisinde
kaybolmasini 6nlemek amaciyla bir veri tabani
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altinda kaydetmeye yonelik calismalarin yapildig:
goriilmektedir [23]. Bu ¢alisma Konya ili simrlar
icerisinde bulunan Ilgin ilgesine bagh Eldes ve
cevresinde yasamini siirdiiren insanlarin kullandigi
bitkilerin yerel ve latince isimlerinin belirlenmesi,
bitkilerden faydalanma, kullanim amacglar1 ve
metodlarinin kayit altina alinmasi sonucu ortaya
¢ikan kaynak bir ¢alismadir.

2. Materyal ve Metot
2.1. Calisilan Bélge Hakkinda Bilgiler

Eldes Koyii, Konya iline bagl, Ilgin ilcesine 10 km
uzakliktadir. Kuzeydogusunda Karakaya, Yala,
Kirtiitepe, Akyokuslar ve Kizilyokus daglan ile
cevrilidir. Ardig, mese, cam ormanlarinin bir piknik
alanina doniistiirdigi, Gokgeyurt (Kembos) ¢ay1 ve
Eldes cay1 ¢evresinde kurulan orman kdyiidiir. Eldes
6360 sayili Biiyiiksehir Belediye kanununda yapilan
degisiklige gore 06.12.2012 tarihinde Eldes mahallesi
olarak degismistir. Eldes halkinin ge¢im kaynagi
tarim ve hayvanciliktir. Tarim olarak 4000 dekar
arazinin 2000 dekar1 sulu tarim  olarak
kullanilmaktadir. Bolgede tarim iriini olarak arpa,
bugday, seker pancari, hashas, baklagiller ekilmekte
ve bunun disinda meyvecilik yapilmaktadir [25].
Bolgenin ntfusu 383'tiir. Erkek niifus sayis1 205,
kadin niifus sayis1 ise 178 olarak bildirilmistir [27].
Ayrica bolge ¢ok goc vermemektedir. Bolgenin sulak
bir alan olmasindan dolay1 bélge halki kisin sehir
merkezine gitseler bile yaz mevsimlerinde tarlalarini
ekip dikmek i¢in gelmektedirler. Calisma alani
haritasi sekil 2’de verilmistir [26].

2.1.1. Calisilan Bélgenin iklimi Hakkinda Bilgiler

Ilgin ilgesi 2018 yilina ait toplam yagis miktar1 469.6
mm’dir. En az yagis aldig1 aylar Agustos ay1 6.6 mm
ve Eylil ay1 3.5 mm’dir. En ¢ok yagis aldig1 aylar
Haziran ay1 153.6 mm ve Aralik ay1 108.4 mm'dir.
Toplam ortalama sicakligi 13,33°C’dir. Aylik ortalama
sicakligin en diisiik oldugu ay Ocak 12,3°C’'dir. En
yiiksek oldugu ay ise Temmuz 23,8°C’dir. Verilen
bilgilere goére Ilginin yar1 kurak nemli bir iklime
sahip oldugu s6ylenebilir [ 24 ].

2.1.2. Cahsilan bélgenin Bitki Ortiisii Hakkinda
Bilgiler

Bolgede c¢ogunlukla bozkir bitki ortiisi hakim
durumdadir. Daglk alanlara ise ormanlik alanlar
goriilmektedir. Bolgenin ormanlarini mese, ardi¢ ve
cam tiirleri olusturmaktadir. Kamefit, hemikriptofit
ve geofitler ova ve algak platolarda goriilmektedir
[25,36].

2.2. Kaynak Kisiler Hakkinda Bilgiler

Arastirmamizda 143 kisi ile yiiz ylize gorisulmustiir.
Bu kisilerden 67'si erkek (%47), 76's1 kadindir
(%53). Erkekler (22-81), kadinlar (16-81) yas
araligindadir. Ayrica kaynak kisilerin meslek gruplari
bakimindan dagilimi ise; ev hanimi 62, emekli 14,
ozel sektor 19, dgrenci 7, ciftci 7, 6gretmen 8, esnaf
12 ve memur 14’tiir (Sekil 1).

62

Sekil 1. Kaynak kisi meslekleri dagilimi
2.3. Bitkilerin islenmesi

Calisma alanindan toplanan bitkilerin etnobotanik
ozellikleri arastirilirken yoére halki ile yiiz ylze
goriismeler yapilmis ve veriler kayit altina alinmistir.
Calisma alanindaki bitkiler dogal ortamlarinda
fotograflanmistir. Bolgeden toplanan bitki tiirlerinin
teshisinde “Flora of Turkey and the East Aegean
Island” isimli kaynak kullanilmistir [16]. Toplanan
ornekler, Selcuk Universitesi Fen Fakiiltesi Biyoloji
Bolimii (KNYA) Herbaryumu'nda korunmaktadir.

e

Sekil. é“:Eallsma alani haritasi
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3. Bulgular bilimsel ve yerel adlari, kullanilan kisimlari, kullanim

amaglari tablo seklinde verilmistir (tablo 1).

Calisma alanindan toplanan bitkilerin familya,

Tablo1.Eldes ve cevresinin etnobotanik acidan énemli olan bitkilerinin listesi

Familya Ad1 Bitkinin Bilimsel Ad1 Yerel Adi Kullanilan Kismu | Kullanim Amaci
Adoxaceae Sambucus ebulus L. It"uzumu, Meyve, Cicek Boya, Tibbi
miirver
Beta vulgaris L. var. .
altissima Doll Seker pancar1 Yaprak, meyve Gida, Hayvan yemi
Amaranthaceae Chenopqdlum album L. Sirken Yaprak Gida, Tibbi
subsp. iranicum Aellen
Spinacia oleracea L. Ispanak Topralk iist Gida, Tibbi
kisimlari
Allium atroviolaceum Boiss. | Yabani morsogan - -
Alllium cepa L. Sogan Sogan Gida, Tibbi
Amarvllidaceae Allium moschatum L. Yilan sarmisagi - -
y Allium porrum L. Pirasa Yaprak Gida, T1ibbi
Allium sativum L. Sarimsak Yaprak, sogan Gida, Tibbi
Anacardiaceae Rhus coriaria L. Sumak Meyve Gida, Tibbi
Anethum graveolens L. Dereotu Yaprak Gida, Tibbi
Daucus carota L. Havug Kok Gida, Tibbi
E'ry ngtum camp estre L. var. Diken Kok, dallar1 Tibbi
. virens Link
Apiaceae Petroselinum crispum (Mill.)
: p “ | Maydanoz Yaprak, otsu govde | Gida, Tibbi
AW Hill.
Scandix australis L. subsp. Leylek gagasi, . .
grandiflora (L) Thell. ignelik Yaprak, otsu govde | Gida, Tibbi
Aracaceae *Arum orientale M.Bieb. Yilan bigagi Toprak iistii kissm | Tibbi, Siis
Asparagaceae Muscari armeniacum Dag simbili, Toprak tstu kisim Sis
parag Leichtlin ex Baker Arap siimbiilii P
Anchusa azurea var. azurea . . .
Boraginaceae Mill. Emzik otu Cicek Hayvan yemi
Echium italicum L. It kuyrugu Yaprak ve cicekleri | Hayvan yemi, Tibbi
Brassica oleracea L. var. . .
botrytis (L)) Alef. Karnabahar Cicek Gida, Tibbi
Brassica oleracea L. Lahana, ilana Yapraklari Gida, Tibbi
Cap se lla bursa-pastoris (L.) Circiciva Yaprak Gida, Hayvan yemi
Medik.
Descurainia sophia (L.) - . . .
Brassicaceae Webb & Prantl Siipiirge otu Govde, Cicek Gida, Tibbi, Esya, Cay
Eruca vesicaria (L.) Cav. Roka Yaprak Gida, Tibbi
Lep '1d1um sativum L. subsp. Bahce teresi Yaprak otsu gévde | Gida, Tibbi
sativum
Nasturtium officinale R.Br. Su teresi Yaprak, otsu gévde | Gida, Hayvan yemi
Sinapis arvensis L. Hardal Yaprak, govde, Gida, T1ibbi
tohum
Caprifoliaceae Dipsacus laciniatus L. Cingen calisi - -
*Dianthus recognitus o . . .
Caryophyllaceae Schischk. Dag karanfili Cicek Esya, Tibbi
Achillea millefolium L.
subsp. pannonica (Scheele) | Beyaz ar1otu Cicek ve yapraklar1 | Tibbi, Hayvan yemi
Hayek
Achillea wilhelmsii (K.Koch) Sar1 ar1 otu Cicek ve yapraklar1 | Tibbi, Hayvan yemi
Greuter
Arctium minus (Hill). Bernh Domuz bitirag Kok Tibbi
Asteraceae Bellis perennis L. Papatya Cicek Tibbi, Siis, Boya
Cardopatium corymbosum . . . .
(L) Pers. Mavi diken Cicek Siis, Hayvan yemi
Cyanus depresssus (M.Bieb.) Cicek, toprak tstii . .
Sojak Kisim Siis, Hayvan yemi
*Centaurea consanquinea i i i
DC.
Centaurea solstitalis L. . . .
subsp. solstitialis Sar1 diken Cicek Hayvan yemi
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Familya Ad1 Bitkinin Bilimsel Ad1 Yerel Ad1 Kullanilan Kismu | Kullanim Amaci
Centaurea urvillei DC. i . .
subsp. stepposa Wagenitz Coban ¢okerten Cicek Hayvan yemi
Cichorium intybus L. Giineyik, hindiba | Toprak istii kissm | Tibbi, Cay
Echinops ritro L. Kenger - -
Helianthus annuus L. Giinasik, citlek Tohum Glda.l' Tibbi, Hayvan
yemi, Yakacak
Helianthus tuberosus L. Yer elmasi Kok Gida, Tibbi
. ; Toprak iistii -
Inula britannical. Sar1 papatya Jasimlar Tibbi, Siis
Lactuca sativa L. Bah¢e marulu Yapraklari Gida, T1ibbi
Lactuca serriola L. Aci marul Yaprak, kok Gida, T1ibbi
chrzonera cana (C.AMey.) Dede sakall Yapraklari Gida
Griseb. var. cana
Taraxacum officinale . . Gida, Tibbi, Cay,
Asteraceae F.H.Wigg. Giineyik Cicek, Yaprak Hayvan yemi
Tragopogon .
buphthalmoides (DC.) Boiss. | Yemlik Yaprak Gcls(rjr?i‘ Tibbi, Hayvan
var. buphthalmoides y
*Tripleurospermum
callosum (Boiss. & Heldr.) Papatya Cicek ve yapraklar1 | Gida, Tibbi, Siis
E.Hossain
Xanthium strumarium L.
. Bitirak - -
subsp. strumarium
Xeranthemum annuum L. G.gv_(.ercm'gozu Otsu govde ve Esya
siiplirgesi yaprak
Convolvulaceae Convolvulus arvensis L. Beyaz sarmasik Toprak iistii kissm | Hayvan yemi
Cucumis melo L. Kelek, kavun Meyve Glda.’ Tibbi, Hayvan
yemi
Cucumis melo L. var.
. flexuosus (L.) Naudin Acur Meyve Gida
Cucurbitaceae Cucurbita moschata Meyve
Duchesne Kislik kabak cicek ekirdek Gida, Tibbi
Cucurbita pepo L. Yazlik kabak Meyve, cicek Gida
Ecballium elaterium (L.) Aci kavun, it - . .
ARich kelegi Meyve igindeki siv1 | Tibbi
Cupresssaceae Juniperus oxycedrus L. Diken ardig Kozalak, gvde Tibbi, Yakacak, Esya
subsp. oxycedrus
Elaeagnaceae Elaeagnus angustifolia L. igde Meyve, ¢icek, dal g;?;’ Tibbi, Inang, Stis,
Equisetaceae Equisetum arvense L. Ulama, kirkkilit Toprak iistii kissm | Tibbi, Gida
Euphorbiaceae Euphorbia stricta L. Siitlegen Siti Tibbi
Fagaceae Quercus pubescens Willd. Pelit, mese Govde ve dallary, Gida, Tibbi, Yakacal,
meyve, Esya
Bromus tectorum L. Toprak iistii kissm | Hayvan yemi
Phragmites australis (Cav.) .
Poaceae Trin. Ex Steud. Kamis, saz Govde, dal, yaprak | Esya
Triticum aestivum L. Bugday Tohum kabugu Gida, Tibbi, Stis
Mevve. piiskiil Gida, Tibbi, Yag,
Zea mays L. subsp. mays Misir, mekke yve.p ’ Yakacak, Hayvan yemi,
tohum, saplari Esya
Guttiferae Hypericumperforatum L. Sar1 kantaron Toprak isti Tibbi, Gida, Cay, Yag
subsp. perforatum kisimlari
Meyve, Yaprak, .
, . N Gida, Tibbi, Esya,
Juglandaceae Juglansregia L. Ceviz Govd?, Meyve Yakacak, Yag
kabugu
Ajuga chamaepitys (L.)
Schreb. subsp. chia Yer cami Toprak tistii kissm | Tibbi
(Schreb.) Arcang.
Ballota nigra L. subsp. - .
anatolica P.H.Davis Yalanci 1sirgan Toprak iistii kisstm | Tibbi
Lamiaceae Mentha aquatica L. Nane Yaprak gla%a’ Tibbi, Baharat,
Mentha longifolia (L.) L.
subsp. typhoides (Brig.) Su nanesi - -

Harley
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Familya Ad1 Bitkinin Bilimsel Ad1 Yerel Ad1 Kullanilan Kismu | Kullanim Amaci
Ocimum basilicum L. Feslegen, reyhan | Yaprak gigEEBaharatSu&
*Origanum sipyleum L. Dag cay1 Cicek Gida, Tibbi, Cay
*Phlomis nissolii L. Calba Toprak iistii kissm | Tibbi
*Salvia adenocaulon Toprak iistil .
P.H.Davis Adagay kisimlari Gida, Tibbi
Lamiaceae Salvia verticillata L. subsp.
amasiaca (Freyn ex Adagay1 Toprak iistii kisstm | Tibbi
Bornm.) Bornm.
*Stachys cretica L. subsp. A .
anatolica Rech.f. Cay otu Toprak iistii kissm | Tibbi
. . . I Gida, Baharat, Cay,
* ’] y y
Thymus sipyleus Boiss. Kekik Toprak iistii kisim Yag, Tibbi
Cicer arietinum L. Nohut Tohum, otsu govde | Gida, Yakacak
Medicago sativa L. Mor yonca Tiim bitki Hayvan yemi
ﬁﬂiZOHH(yﬁanahs(Lj Sar1 yonca Tim bitki Hayvan yemi
Fabaceae - - -
S:gfnyduscapubgaﬂz(Lj Yonca Tim bitki Hayvan yemi
Phaseolus vulgaris L. Fasiilye Meyve: Yaprak, Gida, Yakacak
otsu govde
TTdbhumI@penslhvan Ug giil, beyaz Tiim bitki Hayvan yemi
Fabaceae giganteum Lag.-Foss. yonca
*Viciaca nescens Labill. Yonca Toprak iistii kissm | Hayvan yemi
Abelmoschus esculentus (L.) Bamya Meyve Gida
Malvaceae Moench
Alcea biennis Winterl Gl hatmi Cicek Gida, Tibbi, S.us' Gay,
Hayvan yemi,
Malva neglecta Wallr. Ebegilimeci Yaprak Gida, Tibbi
Morus alba L. Beyaz dut Yaprak, Meyve Gida, Tibbi, Esya,
Yakacak
Moraceae Gida, Tibbi, Esya
Morus nigra L. Kara dut Yaprak, Meyve Yakacak
Nitrariaceae Peganum harmala L. Uzerlik Tiim bitki Nazar, Siis, Tibbi
Epilobium lanceolatum . . L "
Onagraceae Sebast. & Mauri Pembe ¢icekli ot | Tim bitki Siis
Fumaria officinalis L. Sahtere Toprak iistii kissm | Tibbi
Papaver libanoticum (Schott
& Kotschy ex Boiss.)
Kadereit subsp.
Papaveraceae polychaetum Gelincik Cicek, Yaprak Gida, Tibbi, Boya
(Schott&Kotschy ex Boiss.)
Kadereit
Papayer&nnnybnunlhvan Haghas Yaprak, Kabuk, Gida, Yag, Yakacak, Siis
somniferum Tohum
Pinus nigra ].F.Arnold .
Pinaceae subsp. pallasiana (Lamb.) Cam Kozalak, govde \S(El;acak, Tibbi, Esya,
Holmboe
Polj_zgonum cognatum Becigula, y?prak, ince otsu Gida, Tibbi
Polveon Meissn. madimak govde
olygonaceae Rumex alpinus L. Eksiot Yaprak Gida, Tibbi
Rumex conglameratus Labada, ilibade Yaprak Gida, T1ibbi
Murray
Portulaceae Portulaca oleraceae L. Semiz otu Toprak iistii kissm | Gida, Tibbi
Adonis flammea Jacq. Kan damlasi Cicek Gida, Tibbi
Ranunculaceae Cons?lz_da orientalis (J. Gay.) - Toprak iistii kisism | Siis
Schrédinger
Consolida regalis Gray - Toprak iistii kisim | Siis
Nigella sativa L. Corekotu Tohum Gida, Tibbi
Cerasus avium (L.) Moench Visne Meyve Gida, Tibbi
Crataegus azarolus L. var. Kizilcik, Meyve, govde ve Gida, Esya, Tibbi,
azarolus dedeyemis dal Yakacak
Rosaceae Crataegus monogyna Jacq
subsp. azarella (Gris.) Alig Meyve, odun Gida, Esya, Yakacak,

Franco

Tibbi
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Familya Ad1 Bitkinin Bilimsel Ad1 Yerel Ad1 Kullanilan Kismu | Kullanim Amaci
. . Meyve, yaprak, .
Cydonia oblonga Mill. Ayva cicek, cekirdek Gida, Tibbi
Fragaria vesca L. Cilek Meyve Gida
Malus pumila Mill. Elma, alma Meyve Gida, Tibbi
Armeniaca vulgaris Lam Kayisi Meyve, cekirdek Gida, Tibbi, Esya,
9 ) y yve ¢ Hayvan yemi, Yakacak
. . Gida, Tibbi, Esya,
Cerasus avium (L.) Moench Kiraz Meyve, Sap, odun Hayvan yemi, Yakacak
Prunus dllvar'lcata Ledeb. Govem erik Meyve Gida, Tibbi
R subsp. divaricata
osaceae =
Prunus domestica L. Erik Meyve, govde ve Gida, Esya, Yakacak
dallari, yaprak
Persica vulgaris Mill. Seftali Meyve Gida, Tibbi
. Gida, Cay, Tibbi,
Rosa canina L. Kusburnu Meyve yakacak
Rosa semperflorens
W.M.Curtis Gl Cicek Siis
Rubus sanctus Schreb. Bogiirtlen Meyve Gida, Esya, Tibbi
. Galium verum L. subsp. . . :
Rubiaceae glabrescens Ehrend. Dil kanatan Cicek Tibbi, Cay
Salicaceae iqur IZIHS nigra L. subsp. Karakavak Govde Esya, Yakacak
Salicaceae Salix babylonica L. Salkim s6git Govde, dal, yaprak Esya, Yakaca.k, Tibbi,
Hayvan yemi
Santalaceae Viscum album L. O.l.( se otu, Tim bitki Tibbi, Hayvan yemi
govelek
Capsicum annuum L. Biber Meyve Gida, Tibbi
Solanaceae ll\,/[yiiloperszcon esculentum Domates, gavete Meyve Gida, Tibbi
Solanum tuberosum L. Patates Toprak alti yumru | Gida, Tibbi
Ulmaceae Ulmus glabra Huds. Karaagac Govde Yakacak
Urticaceae Urtica dioica L. Lstll:gan, kanser Yaprak, Tohum Gida, Tibbi
Vitaceae Vitis vinifera L. Uziim, asma Meyve Gida, Tibbi, Yakacak
Zygophyllaceae Tribulus terrestris L. Cakir dikeni Toprak iistii kissm | Tibbi

* Endemik Taksonlar
4. Tartisma ve Sonug

Arastirma alaninda yapilan ¢alismalar sonucunda 42
familyaya ait 129 taksondan 76 takson gida, 91
takson tibbi, 27 takson hayvan yemi, 20 takson esya,
16 takson siis bitkisi, 20 takson yakacak, 3 takson
boya bitkisi, 9 takson c¢ay, 3 takson baharat ve 6
takson yag olarak kullanildigi tespit edilmistir. Bu
taksonlara ait kullamim alanlan yiizdelikleri ile ilgili
grafik asagida verilmistir (Sekil 3).

Hgida
M tibbi

® hayvan yemi

3%

1
1%
7% _\

%

[

2%

M esya
W siis bitkisi

6%
8%
yakacak
boya bitkisi
cay
baharat

10%

yag bitkisi

Sekil 3’'te gorildiigii gibi arastirma bolgesinde 1.
sirada % 34’liik oranla bitkilerin tibbi 6zelliklerinden,
2. sirada % 28’lik oranla gida olarak ve 3. olarak ise %
10’luk oranla hayvan yemi olarak yararlanilmaktadir.
Alanda en az kullanilanlar ise % 1’lik oranlarla boya
bitkileri ve baharatlarn sayabiliriz. Konya ili ve
cevresinde yapilan ¢alismalara baktigimizda, [2,7]
calismalarinda ilk siray1 tibbi, 2. siray1 gida bitkileri
almakta olup bizim ¢alismamizla uyum
gostermektedir. [1,3,4,10,13] c¢alismalarinda ise ilk
siray1 gida 2. siray1 ise tibbi bitkiler almaktadir.

Arastirma alanindan toplanan bitkilerin familyalari
ve bu familyalara ait tiir sayilar: Sekil 4’te verilmistir.

25

10
Slllll
11 M | | l-lll -l

Sekil 3.Bitkilerin kullanim ytiizdeliklerinin gésterimi

Sekil 4.Familya ve kullanilan tiir sayilar1
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Sekil 4'te goriildiigii gibi yore halki tarafindan en
fazla Asteraceae (21), Rosaceae (14) ve Lamiaceae
(11) familyalarinin taksonlarimi kullanildigi halde,
digerleri siitun grafigi icerisinde yer alan Adoxaceae,

Anacardiaceae, Aracaceae, Asparagaceae,
Caprifoliaceae, Caryophylaceae, Convolvulaceae,
Cupressaceae, Elaegnaceae, Equisetaceae,

Euphorbiaceae, Fagaceae, Guttiferae, Juglandaceae,
Nitrariaceae, Onagraceae, Pinaceae, Portulaceae,
Rubiaceae, Santalaceae, Ulmaceae, Urticaceae,
Vitaceae, Zygophyllacceae familyalarina ait sadece bir
takson kullanilmaktadir (Sekil 4).

Eldes yoresinde gida olarak faydalanilan bitkilerin,
hem hazirlanis hem de kullanis sekli itibariyle
yurdumuzun diger yorelerindeki bitkilerin hazirlanisi
ve kullanisi ile genel olarak benzerlik gostermektedir.
Bunun yaninda etnobotanik o6zellikler, toplumlarin
farkli cografi kesimlerde yasamalar1 ve kiiltiirlerinin
degisiklik gostermesi sebebiyle farklilik
gostermektedir. Ayrica her kesimdeki kisilerin
atalarindan aldig1 farkl bilgi birikimi sebebiyle de
etnobotanik bilgilerde farklilik olmasi kaginilmazdir.
Bitkisel droglara ve bitkisel droglarla yapilan
tedavilere karsi olan ilgi giin gectikce artmaktadir.
Ozellikle kirsal kesimlerde yagayan halkin biiyiik bir
kismi ufak tefek hastaliklara karsi hazir ilaglar
kullanmanin yerine daha ucuza maledilmesinden
dolayr geleneksek ilaglar1 kullanmaktadirlar [20].
Calisma alaninda belirlenen bu bitkilerin, yore
insanlarn tarafindan yukarida siraladigimiz kullanim
alanlarinda sik¢a kullandigl goérilmistir. Ayrica
yapmis oldugumuz ¢alisma sonucunda elde edilen
bulgulardan Spinacia oleaceae (1spanak)’nin cok fazla
tiiketilmesi durumunda bobrek tasi olusumuna sebep
oldugu, Capsella bursa-pastoris (circiciva)’in ise fazla
kullanimi bébrek hastalarina zararli oldugu kaynak
sahis verilerinden kayitlara gecilmistir.

Ulkemizin bitki cesitliligi bakimindan oldukga zengin
ve essiz oldugu yapilan arastirmalar ve goézlemler
sonucunda ortaya konulmakla birlikte Tiirkiye
florasinda yaklasik olarak 12.000 takson ve 3500
civarinda endemik takson tespit edilmistir [28].
Zengin bir bitki cesitliligine sahip olan bu cografyada
eski donemlerde de bitkilerin ¢esitli alanlarda
kullaniminin yaygin oldugu goriilmektedir. Biyolog
Narin Sadikoglu hazirlamis oldugu yiliksek lisans
tezinde 1928 yilina kadar etnobotanik iizerine
yapilan calismalarin Osmanh Tiirkgesi ile yazildigini,
1928-1997 yillar1 arasinda etnobotanik alaninda 765
¢alismanin oldugunu bildirmistir [22]. Giiniimiizde de
bu cesitlilik bitkilerin farkli alanlarda gelistirilerek
kullanilmasini miimkiin kilmaktadir. Bitkilerin tibbi
ve aromatik oOzelliklerinden faydalanilan alanlarda
son zamanlarda ciddi bir artis goriilmektedir. Terler
Bulut ve arkadaslarinin yapmis oldugu calismada
Thymus tirlerinin toprak tstiinde kalan kisimlarim
demleme ve kaynatmayla, nezle, oksiirilk ve gribe
karsit kullanildigi, buna ilaveten sogutularak da
agizdaki yaralar i¢cin gargara yapilarak uygulandigi,

yaginin ise bas agrisi ve siniliziit tedavisinde
kullanildig1 bildirilmistir [29]. Ayrica bitkilerin farkh
alanlarda kullanimina ait g¢alismalara bakacak
olursak, yapilan bir c¢alismada yalmzca kirsal
bolgelerde degil, ayn1 zamanda sehir icerisinde de
bitkilerin etnobotanik kullanimina sahip oldugu
bitkilerle uygulama yapilan alanlarin  gorsel
kalitesinin  arttifini, estetik bakimdan peyzaj
diizenlemelerinin yapilmasinin miimkin oldugu
gorilmektedir [30].

Arastirmamizi son yillarda yapilan bazi etnobotanik
arastirmalarda kullanilan bitkilerle kiyaslayacak
olursak soyle bir tablo ile karsilasiriz (Ek A). Bu
tabloda (v) tik =onay isareti ile gosterilen bitkiler
arastirmamizda ve o yorede kullanilan bitkilerdir. (x)
carp1 isareti ile gosterilen bitkiler ise o bolgede
kullanilmayan bitki taksonlarini ifade etmektedir.

Arastirmamizi 10 adet etnobotanik arastirma ile
kiyasladigimizda, bu arastirmalari tablomuzda
isimleri ¢ok uzun oldugu ve fazla yer kapladig: icin
birer harf vererek tablomuza yerlestirdik. Bu
arastirmalar sirasiyla soyledir;

A. Eldes Koyu (llgin/Konya) ve
Etnobotanik Ozellikleri (2020).

B. An Ethnobotanical Field Survey in the Kadinhani
District of Konya in Turkey (2022) [13].

C. Sarwveliler (Karaman) ve Cevresinde Yetisen
Bitkilerin Etnobotanik Ozellikleri (2011)[31].

D. Giizeloluk Koyt ve Cevresinin (Erdemli / Mersin)
Etnobotanik Ozellikleri (2009) [8].

E. Aydinlar Kéyii ve Cevresinin (erdemli / mersin)
Etnobotanik Ozellikleri (2008) [6].

F. Pozant1 (Adana) ve Cevresindeki Bazi Bitkilerin
Yerel Adlari ve Etnobotanik Ozellikleri (2006) [5].

G. Denizli ilinin bazi ilgelerinin etnobotanik 6zellikleri
iizerine bir arastirma (2005)[3].

H. Catalca Yoresinde Etnobotanik Bir Arastirma
(2003) [33].

I. Yahyali (Kayseri) ve Tarsus
Etnobotanik Bir Arastirma (2013) [34].
I. Nevsehir' in Giiney ilgelerinde (Acigél, Derinkuyu,
Giilsehir, Nevsehir Merkez, Urgiip) Etnobotanik
Arastirmalar (2014) [35].

J. Denizli Iilinin Bazi ilgelerinin Etnobotanik
Ozellikleri Uzerine Bir Aragtirma (2019) [3].

Cevresinin

(Mersin)’dan

Yapilan bu c¢alisma ile bitkilerin etnobotanik
ozelliklerinin belirlenmesi sayesinde daha sonra
yapilacak olan cesitli etnobotanik ¢alismalara isik
tutacagl ve bilimsel arastirmalara katkida bulunacag:
gorisiindeyiz.

Tesekkiir

Bu ¢alisma yliksek lisans tezinden tiretilmistir.
Bolgenin etnobotanik yonden arastirilmasi sirasinda,
alandan toplanan bitkilerin; yerel adlarinin, kullanim
alanlarmin, kullanim amaglarinin belirlenmesinde
bize yardimci olan yo6re halkina tesekkiir ederiz.
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Arastirma ve Yayin Etigi Yénergesi” kapsaminda
uyulmast gerekli tiim kurallara uyuldugunu, bahsi
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Ekler
EKk A. Arastirmamizin son yillarda yapilan etnobotanik arastirmalarla bitki taksonlarinin karsilastirilmasi
Bitkinin Bilimsel Ad1 Yerel Ad1 A/B|C|D|E H 1]]
Sambucus ebulus L. [t tiztimii, Miirver Viix |x |x|x|x|x|vV]|x|x|x
Beta vulgaris L. var. altissima Dol Seker pancari Viix |x |x|x|x |vV|x]|x]|x |V
Chenopodium album L. subsp. iranicum Aellen Sirken VIVix | V|V x|V]x|x|V|V
Spinacia oleracea L. Ispanak Viix [ x |x |x[x|x|x|[x]|x|[x
Allium atroviolaceum Boiss. Yabani mor sogan Vilx [ x [ x [x [x [x|x|x]|x]|x
Alllium cepa L. Sogan Vix|[x|x|x|x |V |x|V|V|V
Allium moschatum L. Yilan sarmisagi Vilx [ x [ x [x [x [x|x|x]|x]|x
Allium porrum L. Pirasa Viix |x |x |V |x|vV|x]|x]|x |V
Allium sativum L. Sarimsak Vix [V x |[V|VI|V x|V|V|V
Rhus coriaria L. Sumak VIVIVx|x|x |V|x|YV|x |V
Anethum graveolens L. Dereotu VIVIVx|x|x|V]x|V]|x |V
Daucus carota L. Havug Viix [x [ x [x |[x|[x|x|vV]|x]|x
Eryngium campestre L. var. virens Link Diken VIvVix|x|x|x|x|[v]x|¥]|x
Petroselinum crispum (Mill.) A.W.Hill Maydanoz VIiVix |x | V|V |V x|YV|V|V
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H. Demirelma vd. /Eldes (Ilgin/Konya) Ve Cevresinin Etnobotanik Ozellikleri

Bitkinin Bilimsel Ad1 Yerel Ad1 A|B D
Scandix australis L. subsp. grandiflora (L.) Thell. Leylek gagasi, ignelik vl x x
Arum orientale M.Bieb. Yilan bigagi V| x x
Muscari armeniacum Leichtlin ex Baker Dag stimbiilii, Arap vl x v
stimbiili

Anchusa azurea L. var. azurea Mill. Emzik otu vl x x
Echium italicum L. it kuyrugu % x
Brassica oleracea L. var. botrytis (L.) Alef. Karnabahar vl x x
Brassica oleracea L. Lahana, ilana V|V x
Capsella bursa-pastoris (L.) Medik. Circiciva V|V x
Descurainia sophia (L.) Webb & Prantl Siiptirge otu Vv x
Eruca vesicaria (L.) Cav. Roka v x x
Lepidium sativum L. subsp. sativum Bahge teresi vV x
Nasturtium officinale R.Br. Su teresi v x x
Sinapis arvensis L. Hardal vV x
Dipsacus laciniatus L. Cingen ¢alis1 v x x
Dianthus recognitus Schischk. Dag karanfili V| x x
Achillea millefolium L. subsp. pannonica (Scheele) Beyaz ar1 otu Vv x
Hayek

Achillea wilhelmsii (K.Koch.) Greuter Sar1 ar1 otu V|V x
Arctium minus (Hill) Bernh. Domuz bitirag: v x x
Bellis perennis L. Papatya v x x
Cardopatium corymbosum (L.) Pers. Mavi diken vl x x
Centaurea consanguinea DC. - v x x
Cyanus depressus (M.Bieb.) Sojak - V|V x
Centaurea solstitalis L. subsp. solstitialis Sar1 diken Vv x
Centaurea urvillei DC. subsp. stepposa Wagenitz Coban ¢okerten vl x v
Cichorium intybus L. Glineyik, hindiba ViV x
Echinops ritro L. Kenger V| x x
Helianthus annuus L. Giinasik, Citlek V| x x
Helianthus tuberosus L. Yer elmasi v x x
Inula britannica L. Sar1 papatya vl x x
Lactuca sativa L. Bahge marulu v | x x
Lactuca serriola L. Aci marul vV v
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H. Demirelma vd. /Eldes (Ilgin/Konya) Ve Cevresinin Etnobotanik Ozellikleri

Bitkinin Bilimsel Ad1 Yerel Ad1 A|B D
Scorzonera cana (C.A.Mey.) Griseb. var. cana Dede sakali ViV x
Taraxacum officinale F.H.Wigg. Giineyik vV x
Tragopogon buphthalmoides (DC.) Boiss. var. Yemlik ViV x
buphthalmoides
Tripleurospermum callosum (Boiss. & Heldr.) Papatya vl x x
E.Hossain
Xanthium strumarium L. subsp. strumarium Pitirak vl x x
Xeranthemum annuum L. Giivercin gozii siipiirgesi vl x x
Convolvulus arvensis L. Beyaz sarmasik vV x
Cucumis melo L. Kelek, Kavun V| x x
Cucumis melo L. var. flexuosus (L.) Naudin Acur v | x x
Cucurbita moschata Duchesne Kishk kabak vl x x
Cucurbita pepo L. Yazlik kabak v | x x
Ecballium elaterium (L.) A.Rich Aci kavun, It kelegi vl x x
Juniperus oxycedrus L. subsp. oxycedrus Diken ardig¢ Vv v
Elaeagnus angustifolia L. igde vV x
Equisetum arvense L. Ulama, Kirkkilit v x x
Euphorbia stricta L. Siitlegen V| x x
Quercus pubescens Willd. Pelit, Mese vV x
Geranium pyrenaicumBurm.f. Iar vl x x
Bromus tectorum L. - v x x
Phragmites australis (Cav.) Trin. & Steud. Kamis, Saz vl x x
Triticum aestivum L. Bugday v x x
Zea mays L. subsp. mays Misir, Mekke vV x
Hypericum perforatum L. subsp. perforatum Sar1 kantaron vl x x
Juglans regia L. Ceviz vV x
Ajuga chamaepitys (L.) Schreb. subsp. chia Yer cami V|V x
(Screb.)Arcang.
Ballota nigra L. subsp. anatolica P.H.Davis Yalanci 1sirgan vl x x
Marrubium parviflorum Fisch. & Mey. subsp. Cay otu vl x x
parviflorum
Mentha aquatica L. Nane vl x x
Mentha longifolia (L.) L. subsp. typhoides (Brig.) Su nanesi vl x x
Harley
Ocimum basilicum L. Feslikan, Reyhan, Feslegen | v | x x
\/ X X

Origanum sipyleum L.

Dag cay1
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H. Demirelma vd. /Eldes (Ilgin/Konya) Ve Cevresinin Etnobotanik Ozellikleri

Bitkinin Bilimsel Ad1 Yerel Ad1 A|B D
Phlomis nissolii L. Calba V| x x
Salvia adenocaulon P.H.Davis Adacay1 vl x x
Salvia verticillata subsp. amasiaca (Freyn ve Bornm.) | Adagay1 vV x
Bornm.
Stachys cretica L. subsp. anatolicaRech.f. Cay otu Vv x
Thymus sipyleus Boiss. Kekik v x x
Cicer arietinum L. Nohut v x x
Medicago sativa L. Mor yonca vV v
Melilotus officinalis (L.) Desr. Sar1 yonca V|V x
Onobrychis caput-galli (L.) Lam. Yonca v x x
Phaseolus vulgaris L. Fasiilye v x x
Trifolium repens L. var. giganteum Lag.-Foss. Uc giil, Beyaz yonca vV x
Vicia canescens Labill. Yonca v x x
Abelmoschus esculentus (L.) Moench Bamya V| x x
Alcea biennis Winterl Gil hatmi, Fatmaana gilli | v | v v
Malva neglecta Wallr. Ebegilimeci vi|v x
Morus alba L. Beyaz dut vV x
Morus nigra L. Karadut vl x x
Peganum harmala L. Uzerlik V|V x
Epilobium lanceolatum Sebast. & Mauri Caydaki pembe cicekli ot vl x x
Fumaria officinalis L. Sahtere V| x x
Papaver libanoticum (Schott & Kotschy ex Boiss.) Gelincik v x x
Kadereit subsp. polychaetum (Schott & Kotschy ex
Boiss.) Kadereit
Papaver somniferum L. var. somniferum Hashas v x x
Pinus nigra ].F.Arnold subsp. pallasiana (Lamb.) Cam V|V x
Holmboe
Globularia orientalis L. - v x x
Veronica anagalloides Guss. - v x x
Polygonum cognatum Meissn. Becigula, Madimak vV x
Rumex alpinus L. Eksiot v | x x
Rumex conglameratus Murray Labada, Ilibade vl x x
Portulaca oleracea L. Semizotu ViV v
R v | x x

Anagallis arvensis L. var. caerulea (L.) Gouan
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H. Demirelma vd. /Eldes (Ilgin/Konya) Ve Cevresinin Etnobotanik Ozellikleri

Bitkinin Bilimsel Ad1 Yerel Ad1 A|B D
Adonis flammea Jacq. Kan damlasi v x x
Consolida orientalis (J.Gay.)Schrodinger - vl x x
Consolida regalis Gray - V| x x
Nigella sativa L. Corekotu V| x x
Reseda lutea L. var.nutans Boiss. - vl x x
Cerasus avium (L.) Moench Visne v x x
Crataegus azarolus L. var. azarolus Kizilcik, Dedeyemis vl x x
Crataegus monogyna Jacq. subsp. azarella (Gris.) Alg ViV v
Franco

Cydonia oblonga Mill. Ayva vV v
Fragaria vesca L. Cilek vi|v x
Malus pumila Mill. Elma v x x
Armeniaca vulgaris Lam. Kayisi v x x
Cerasus avium (L.) Moench Kiraz v x x
Prunus divaricata Ledeb. subsp. divaricata Govem erik v x x
Prunus domestica L. Erik V| x x
Persicavulgaris Mill. Seftali v x x
Rosa canina L. Kusburnu 254 v
Rosa semperflorens W.M.Curtis Giil v x x
Rubus sanctus Schreb. Bogiirtlen vl x x
Galium verum L. subsp. glabrescens Ehrend. Dil kanatan vl x x
Populus nigra L. subsp. nigra Karakavak Vv x
Salix babylonica L. Salkim so6git V|V x
Viscum albuum L. Okse otu, Gévelek vV x
Capsicum annuum L. Biber v x x
Lycopersicon esculentum Mill. Domates, Gavete ViV x
Solanum tuberosum L. Patates V| x x
Ulmus glabra Huds. Karaaga¢ v | x x
Urtica dioica L. Isirgan, Kanser otu |V 4
Vitis vinifera L. Uziim, Asma v x x
Tribulus terrestris L. v x x

Cakir dikeni
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Anahtar Kelimeler Oz: Ustiin mekanik ve durabilite 6zellikleri ile kiikiirt polimer betonlar (KPB)

Kiikiirt, geleneksel Portland cimento betonlarina (PCB) alternatif yap: malzemesi olarak son

Kikiirt Polimer Beton, yillarda 6n plana ¢ikmistir. Betonun énemli bir tasarim parametresi olan elastisite

Elastisite Modulg, modiilii ile ilgili arastirmalarin KPB’ler agisindan literatiirde yetersiz oldugu ve

Basing Dayanmi standartlarda onerilen tahmin modellerinde halen g6z 6niinde bulundurulmadig:
gorilmektedir. Bundan dolayi bu calisma kapsaminda, KPB’lerin basin¢ dayanimi-
elastisite modiilt iliskisinin uluslararasi standartlarca 6nerilmis olan analitik
modeller ve geleneksel PCB’ler ile karsilastirmali olarak incelenmesi amaglanmistir.
Deneysel c¢alisma sonucunda KBP’lerin elastisite modiillerinin, benzer basing
dayanimi degerlerine sahip PCB’lere gore daha diisik degerlerde kaldigi
belirlenmistir. PCB’ler icin standartlarda onerilmis olan analitik modellerin
KPB’lerin elastisite modiilleri tahmininde ACI 363R-92 ve NS 3473 standartlar
haricinde yaklasik degerler elde edilemedigi goriilmiistiir. Deneysel ¢alismadaki
veriler kullanilarak bu ¢alisma kapsaminda yeni bir analitik model 6nerilmistir.
Onerilen analitik model, yakin sonug veren standartlardaki modeller ile istatistiki
olarak karsilagtirmali incelenmis ve 6nerilen modelin deneysel degerlere en yakin
sonuglari verdigi belirlenmistir.

Comparison of Design Guidelines for Relationship of Sulfur Polymer Concrete
Compressive Strength and Modulus of Elasticity

Keywords Abstract: Sulfur polymer concrete (SPC) with its superior mechanical and

Sulfur, durability properties has come to the fore in recent years as an alternative

Sulfur Polymer Concrete, construction material to traditional Portland cement concrete (PCC). It is seen that

Edoorg;lrl;ss;)iirgl;tsrt;igt,il the studies on the modulus of elasticity, which is an important design parameter of
concrete, are insufficient in the literature for SPC and are still not considered in the
prediction models suggested in the standards. This study aims to examine the
compressive strength-modulus of elasticity relationship of SPC comparatively with
analytical models proposed by international standards and traditional PPC. As a
result of the experimental study, it was determined that the modulus of elasticity of
SPC remained at lower values than PCC with similar compressive strength values. It
was observed that the analytical models proposed in the standards for PCC could
not obtain approximate values for the estimation of the modulus of elasticity of SPC,
except for the ACI 363R-92 and NS 3473 standards. A new analytical model was
proposed using the experimental data within the scope of this study. The proposed
analytical model was statistically compared with the models in the standards that
gave close results, and it was determined that the proposed model gave the closest
results to the experimental values.
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1. Giris

Geleneksel Portland ¢imento betonu, tiiketimi diinya
niifusu ve gelirlerdeki artis devam ettik¢e katlanarak
artan ve dinyada en yaygin sekilde kullanilan insan
yapimi yapi1 malzemesidir [1]. PCB, icerisinde baglayici
olarak bulunan ¢imentonun imalati sirasinda aciga
cikan yiiksek COz emisyonu nedeniyle ¢evre dostu bir
yapl malzemesi olarak goriilmemektedir [2]. Cimento
endiistrisi kiiresel 1sinma emisyonlarinin %82’sinden
sorumludur [3]. Bunun yani sira ¢imento endstrisi
irettigi yiiksek miktarda toz ve iiretim igin tiikettigi
fosil yakitlar nedeniyle bir¢ok cevresel sorunu da
beraberinde getirmektedir [4]. Yakin gelecekte PCB
tiikketimi orani azaltilmazsa, ¢cimento sektorii kiiresel
1sinma sorununun biiyik bir parcasi olmaya devam
edecektir.

Cimento tiiketiminin azaltilmasi i¢in literatiirde bir¢cok
yontem oOnerilirken beton iginde kullanilan ¢imento
miktarinin azaltilmasi ve alternatif yapt malzemesi
calismalar1 en yaygin olarak denenen yontemler
olarak dikkat cekmektedir[5]. Kiikiirt her ne kadar
genellikle tarim, ila¢ ve kauguk iiriinlerin imalatinda
kullanilsa da son yillarda insaat miihendisliginde
su+cimento’ya alternatif baglayici malzeme olarak
tercih edilmesi, ¢cimento liretiminde g¢evreye verilen
zararlarin azaltilmasini saglayan alternatif bir yapi
malzemesi olmasini saglamistir. Kikiirt petrol
endiistrisinden yan iirtin olarak elde edildigi icin
¢imento gibi bir liretim prosesi gerektirmemektedir.
Cimentoya alternatif bir yap1 malzemesi olarak
cimento Uretiminin ve kullaniminin azaltilmasim
saglayarak bu prosesin kiiresel 1sinma iizerindeki
olumsuz etkilerini azaltmaktadir.

Son yillarda 6zellikle fosil yakit kullanimindaki artis,
petrol endiistrisinden yan Uriin olarak elde edilen
kiikiirtiin rezervlerindeki artis1 da beraberinde
getirmistir [6]. Bu artan kiikiirt rezervlerinin
degerlendirilmesi amaciyla ozellikle petrol
iireticilerinin  destegiyle kiikiirte yeni kullanim
alanlarinin  olusturulmasi hedeflenmistir. Kiikiirt,
1921 yilinda ilk defa insaat miihendisligi
uygulamalarinda baglayict  olarak kullanilmasi
denenmistir [7]. 1921-1960 yillar1 arasinda devam
eden calismalarin amaci kiikirtin PCB’ye alternatif
olarak insaat uygulamalarinda baglayici olarak
kullanilabileceginin goésterilmesiydi. Baglayic1 olarak
saf kukiirtlin kullanildigi betonlarda kiikiirtiin
sogumasi ile betonun igyapisinda gerceklesen faz
donlisimii sonucunda kisa silirede parcalanma ve
gocmelerin  meydana geldigi  belirlenmistir[8].
Dayanim ve dayaniklilik kaybina yol agan bu faz
doniisimiiniin engellenmesi amaciyla kimyasal veya
fiziksel olarak kiikiirt kristalizasyonu kontrol edilerek
saf  kukiirtin  modifiye  edilmesi  gerekliligi
anlasilmistir [9]. Kiikiirt  modifikasyonunda
kristalizasyonun kimyasal olarak kontrol edilmesinde
disiklopentadien (DCPD) ve DCPD, siklopentadien ve
dipenten kombinasyonlar1 yaygin olarak kullanilirken
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fiziksel kontrolde ise olefin hidrokarbon polimerleri
ve ucucu kiil gibi fiziksel stabilizator kullanilmaktadir.
Bu yontemde en yaygin olarak kullanilan olefin
hidrokarbon polimerleri ise escopol ve bitiim olarak
ozetlenebilmektedir [10]. Genel olarak, saf kiikiirdii
modifiye etmek icin kimyasal katki maddeleri eklenir,
bunlarin neredeyse tamami polimerik polisiilfit bashgi
altina girer veya alternatif olarak, karisim aninda
polimerik polisiilfit olusumu saglamak icin saf kiikiirt
ile reaksiyona girebilen maddelerdir. Bu nedenle
belirtilen kimyasal katkilar ile reaksiyona giren saf
kikiirt polimerize kiikiirt (kiikiirt polimer) veya
modifiye kiikiirt olarak tanimlanmaktadir. Saf
kiikiirtiin soguma sirasinda meydan a gelen hacimsel
degisikliklerin azaltilmasi ve durabilite 6zelliklerinin
iyilesltirilmes i¢cin kimyasal katki ile modifiye edilen
kiikiirt betonlar da “kiikiirt polimer beton” (KPB)
olarak isimlendirilmektedir.

Deneysel c¢alismalar modifiye edilmis kiikiirt
kullanilarak hazirlanan KPB’lerin; hizli priz alma, 1
saat icinde hedef basing dayaniminin %78’'ine ulasma,
korozif ortamlarda ytliksek dirence sahip olma, diisiik
gecirimlilik 6zelligi ve geri doéniisim gibi PCB’lere
oranla bir¢ok avantaja sahip oldugunu gostermistir
[2,11]. Aym1 zamanda KPB, hizli priz alma ve
mukavemet kazanma o6zelligi dikkate alinarak 3D
yazicl teknolojilerinde de kullanim alani bulmustur
[12]. KPB'lerin yiiksek asinma direngleri nedeniyle
beton kaplama bloklar1 olarak kullanilabilirligi
konusunda da deneysel ¢calismalar gerceklestirilmistir
[13]. Ayrica literatiirde wugucu kil ve geri
dontstirilmis agrega, elektrolitik manganez
kalintisi, atik ilmenit ¢amuru gibi atik maddelerin
degerlendirilmesine yonelik deneysel c¢alismalar da
bulunmaktadir [14,15,16].

KPB’ler gostermis olduklar1 {istlin dayanim ve
durabilite  6zellikleri nedeniyle son yillarda
gerceklestirilen bircok deneysel c¢alismaya konu
olmustur. Yap1 malzemesi olarak kullanilmasinin yani
sira aynl zamanda zemin iyilestirme ydntemlerinde
cimentonun yerini alarak geoteknik alaninda
kendisine kullanim alani bulmustur [17,18]. Insaat
mithendisliginde alternatif yapi malzemesi olarak
goriilen kiikiirt baglayicilar ile hazirlanan betonlarin,
o6nemli bir tasarim parametresi olmasina ragmen
elastisite  modiillerinin  belirlenmesi ile ilgili
literatiirde detayli bir c¢alisma yer almamaktadir.
Beton, betonarme ve oOngerilmeli yapilarin
deformasyon hesaplarinda kullanilmasindan dolay1
betonlarin elastisite modiillerinin tayin edilmesi
biiytik 6nem tasir. PCB’lerin elsatisite modiili ile
basing dayanimi arasindaki iliski bilinmektedir ve bu
konu ile ilgili bir¢ok analitik model literatiirde
onerilmistir [19]. Bu analitik modeller ayn1 zamanda
cesitli uluslararasi standartlarda da yer almistir ve
malzemenin tahrip edilmeden yaklasik olarak
elastisite modiilliiniin bulunmasini saglamaktadirlar.
Deneysel c¢alismalar goéz o©niinde bulundurularak
analitik olarak elde edilmis olan tiim bu standartlarda
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yer alan modeller geleneksel PCB’lere ait veriler
kullanilarak hazirlanmistir ve kiikiirt baglayicili
betonlar yaygin kullanim alani bulmasina ve akademik
yonden ¢ok sayida arastirmaya konu olmasina ragmen
halen tasarim standartlarinin i¢cinde kendilerine yer
bulamamistir. Kikirt betonlarin analitik olarak
hesaplanan elstisite modilii tahmin modeli ile ilgili
literatiirde yer alan g¢alismalarin yetersiz oldugu
goriilmektedir.

Son yillarda insaat miihendisligi uygulamalarinda
yaygin olarak kullanilmasi, 6nemli bir tasarim
parametresi olan elastisite modiilii basing dayanimi
iliskisi ile ilgili konularda literatiirde eksiklikler olmasi
ve standartlarda verilmis olan elastisitemodiili
tahmin modellerinde kiikiirt baglayicili betonlarin goz
ontine alinmamis olmasi nedeniyle bu deneysel
calisma  gerceklestirilmistir.  Hazirlanmis  olan
KPB’lerin basing dayanimi-elastisite modiilii iliskileri
degerlendirilmis ve benzer basing dayanimi degerine
sahip PCB’ler ile karsilastirmali olarak incelenmistir.
Elde edilen elastisite modiilii degerleri kullanilarak ve
literatlirde yer alan analitik modeller de g6z 6niinde
bulundurularak calisma kapsaminda yeni bir tahmin
modeli énerilmistir. Onerilen bu model uluslararasi
standartlarda  onerilmis olan  modeller ile
karsilastirmali olarak degerlendirilmistir. Bu ¢alisma
sonunda elde edilen analitik modelin sadece PCB’lerin
degil ayn1 zamanda KPB’lerin de elastisite modiilii
degerlerinin tahribatsiz olarak analitik yontemler ile
tahmin edilebilmesi imkanini saglamasi
amaclanmistir.

2. Materyal ve Metot
2.1. Kullanilan malzemeler

Bu calismada Tiipras-izmit rafinerisinde petrol isleme
yontemi olan Claus prosesi sonucunda a¢iga ¢ikan saf
kikiirt ve ayni rafineriden temin edilen 6zgiil agirhig
1.034 g/cm3, viskozitesi 416 ¢St olan 50/70
penetrasyonlu bitlim kullanilmustir. Iri taneli olarak
temin edilen kiikiirtiin safligl %99.8’dir. Kiikiirde ait
fiziksel ve kimyasal 6zellikler Tablo 1'de verilmistir.

Tablo 1. Kiikiirtiin fiziksel ve kimyasal 6zellikleri

s . - - Test
Ozellik Birim | Deger Metodu
R Kat1 Gozle

Gorinim

parcacikli | muayene
Koku Kokusuz
Erime/Donma o ASTM
Noktas1 ¢ 119 D-97
Kaynama Noktas1 | ASTM
Baslangici ¢ 445 D-86
Bagil  Yogunluk ASTM
(15°C'de) ke/L | 21 D1298
Alev Alma o ASTM
Sicaklig1 ¢ 206 D-93

Geleneksel Portland ¢cimentosu betonlarinda baglayici
olarak CEM I 42.5 tip ¢imento kullanilmistir. Filler
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olarak Catalagzi Termik Santralinden temin edilmis
olan F simifi ugucu kiil kullanilmistir. Ugucu kil ve
c¢imentonun kimyasal bilesimi Tablo 2’de, mekanik ve
fiziksel 6zellikleri ise Tablo 3’te 6zetlenmistir.

Tablo 2. Cimento ve ugucu kiiliin kimyasal bilesimi

Cimento Ugucu Kiil

SiO2 22.10 57.32
Al203 4.37 25.21
Fe203 3.30 6.86
Ca0 65.63 1.47
MgO 1.20 1.86
S03 2.62 0.47
Na20 0.28 0.41
K20 0.46 4.08
Ccr 0.048 0.01
KK* 2.64 1.19
CK** 0.68 -

*KK: Kizdirma Kaybi
**CK: Cozlinmeyen Kalinti

Tablo 3. Cimento ve ugucu kiilin mekanik ve fiziksel
ozellikler

Fiziksel Ozellikler

Ozellikler Cimento  Ugucu Kiil
Ozgiil Agirhk (g/cm3) 3.14 2.29
Ozgiil Yiizey (cm?/g) 3420 2765
Hacim Sabitligi (mm) 1.05 1.00

Priz Baslangic1 (dak.) 179 -

Priz Sonu (dak.) 200 -
Mekanik Ozellikler

Basing Day. (MPa)(7 giin) 47.5 -

Basing Day. (MPa)(28giin) 58.1 -

Deneysel ¢alisma kapsaminda hazirlanan hem KPB
hem de PCB’lerde ayni tip agrega kullanilmistir.
Betonlarda 6zgiil agirlig1 2.68 g/cm3 ve incelik modiilii
4.88 olan kirmatas ile 6zgil agirhigir 2.60 g/cm?3 ve
incelik modiilii 2.28 olan dogal kum kullanilmistir.

2.2. Numunelerin hazirlanmasi

Kiikiirt polimer beton karisimlarinda kullanmak igin
oncelikle saf kiikiirt kimyasal katki olarak sadece
bitim kullanilarak modifiye edilmistir. Literatiirde
aciklanmis olan yonteme uygun olarak saf kiikiirte
agirlikca % 2.5 oraninda bitiim katilarak minimum 20
dk boyunca sabit 135+5°C sicaklikta yiliksek hizda
karisim homojen hale gelene kadar karistirma
yapilmis ve sonra oda sicakligina gelene kadar
sogutulmustur [10,11,20]. Elde edilen modifiye kiikiirt
(MK), beton karisimi sirasinda erime siiresinin ¢ok
degisken olmamasi i¢in belirli incelige gelene kadar
ogiitiilmistiir. Calismada kullanilan MK Sekil 1’de
gosterilmistir.

MK hazirlanmasinda ve kikiirt baglayicili betonlarin
dokiimlerinde sicaklik ¢ok o6nemli bir faktordiir.
Bundan dolay1 karisim siiresince sicaklik 135+5°C
degerinde sabit tutulmasi icin Sekil 2’de gdsterilen
sicaklik kontrollii mekanik karistirici kullanilmistir.
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Sekil 1. Ogiitiilmiis modifiye kiikiirt

2 —-
Sekil 2. Sicaklik kontrollii mekanik karistiric

Ani priz ve soguk derz olusumunun engellenmesi
amaciyla  karisimlar  hazirlanirken  kullanilan
agregalar, ucucu kiil, tiim karistirma ekipmanlari ve
kaliplar 135°C etiiv igerisinde 2 saat siire ile 6n
1sitmaya tabi tutulmustur. Sicaklik kontrollii mekanik
karistirict 135£5°C degerine sabitlendikten sonra saf
kikiirt karistiriciya konularak siwvi faza gelmesi
saglanmistir. Saf kiikiirt tamamen eriyip sivilastiktan
sonra igerisine ettivde bekletilmis olan ugucu kil ilave
edilerek 10 dakika diisiik hizda, 10 dakika yiiksek
hizda olmak iizere toplam 20 dakika karistirilarak
karisimin homojen hale gelmesi saglanmistir. Ugucu
kiil ve saf kiikiirt arasindaki reaksiyonlarin tam olarak
saglandigindan ve karisimin homojen hale geldiginden
emin olduktan sonra bu karisima modifiye kiikiirt
ilave edilmistir. MK, beton karisimina ilave edildikten
sonra 10 dk siire ile karistirma islemine devam
edilmistir. Daha sonra saf kiikiirt, modifiye kiikiirt ve
ucucu kiilden olusan karisimin igerisine etiivde
bekletilmis olan dogal kum ve kirmatas ilave edilerek
karisimin homojen hale geldigine emin olana kadar
minimum 20 dakika stre ile karistirilmasi
saglanmistir. Beton karisimi etiivde 1sitilan 100x200
mm’'lik silindir metal kaliplar icerisine
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doldurulmustur. Metal kaliplara yerlestirilen KPB
karisimi, plastik tokmak ve sicak demir ¢ubuk
yardimiyla sislenerek  yerlestirme islemleri
tamamlanmistir. Yerlestirme islemi tamamlandiktan
sonra tim numuneler 7-13°C/dk hizda oda
sicakliginda sogumaya birakilmistir. Dokiimleri
tamamlanmis ve kaliptan ¢ikarilmis olan silindir
numune Sekil 3’'te gosterilmistir.

Sekil 3. KPB numunesi

Elasitisite modiilii tizerinde beton basing dayanimi
onemli bir faktordiir, bu nedenle KPB ile PCB deney
sonuglarinin Kkarsilastirmali olarak incelenebilmesi
icin her iki betonun basin¢g dayaniminin benzer olmasi
hedeflenmistir. Deneysel ¢alismada oncelikle KPB
numuneleri hazirlanmis ve bu numunelerin ortalama
basing dayanimi PCB’lerin hedef basing dayanimi
olarak secilmistir. PCB’ler icin bircok farkhh w/c
oranina ve dozaja sahip alternatif deneme dékiimleri
gerceklestirilerek KPB basing dayanimina en yakin
degeri veren deneme karisimi bu ¢alismada
kullanilmistir. Calismada kullanilan malzemelerin 1
m?3 icin karisim miktarlar1 Tablo 4'te ve KPB’lerin
karisiminda  kullanilan  malzemelerin  agirlikca
ylzdeleri ise Tablo 5’te verilmistir.

Tablo 4. 1 m3 beton icin gercek karisim miktarlari

Malzeme KPB PCB

Saf Kiikiirt (kg/m3) 776.4 -

MK (kg/m3) 24.0 -

w/C - 0.50

Cimento (kg/m3) - 403.9

Su (kg/m3) - 2019

Dogal Kum (kg/m3) 343.1 680.2

Kirmatas (kg/m3) 343.1 1051.7

Ucucu Kiil (kg/m3) 800.5 -

Kimyasal katki (%) - 1.3

Tablo 5. KPB agirlikca karisim yiizdesi
Baglayic1 (%) Ugucu Agrega (%)
Saf MK  Kiil Dogal Kirmatas
Kiikiirt (%) Kum
KPB 33.95 1.05 35.00 15.00 15.00

Deneysel ¢alisma kapsaminda 6’ sar adet KPB ve PCB
numunesi olmak tizere toplamda 12 adet silindir
numune hazirlanmistir.



0. OZTURK vd. / Kiikiirt Polimer Betonlarin Basing Dayanmimi ve Elastisite Modiilii iliskisinin Yonetmelikler Agisindan Karsilagtirilmast

KPB’ler kaliptan cikarildiktan sonra laboratuvar
ortaminda kendi kendine sogumaya birakilmis ve
deney siiresine kadar ayni ortamda kiirlenmistir.
PCB’ler ise kaliptan ¢ikarildiktan sonra su havuzunda
kirlenmistir. PCB numuneler deneylerden dnce
havuzdan cikarilarak sabit agirhiga gelinceye kadar
laboratuvar ortaminda bekletilmis ve 28 giin sonunda
tlim numuneler deneye tabi tutulmustur.

2.3. Deney prosediirii

KPB ve PCB’lerden hazirlanan 100 mm ¢apli 200 mm
yuksekligindeki numuneler iizerinde statik elastisite
modiilii degerinin belirlenmesi amaciyla deneyler
gerceklestirilmistir. Betonlarin sekil degistirme
davraniglarinin  belirlenmesi amaciyla, silindir
numuneler iizerine sekil degistirme olciimlerinin
alindigi, deplasman o6lcerlerin bagh oldugu bir kafes
kullanilmistir. Kafes lizerinde diisey deformasyonlarin
okunmasiigin 2 adet deplasman 6lger yerlestirilmistir.
Diisey yiiklemelerin olusturuldugu hidrolik pres
icerisine yerlestirilen ytik hiicresi kullanilarak silindir
numune lizerinde meydana gelen gerilme
biiytkliikleri belirlenmistir. Bilgisayara bagl olan 8
kanalli data toplama sistemi kullanilarak yiik
hiicresinden gelen her yiik verisine karsilik alinan
diisey deplasman degerleri kaydedilmistir. Sekil 4’te
gosterilen deney diizeneginden elde edilen veriler
kullanilarak silindir numunelere ait gerilme-gsekil
degistirme grafikleri ¢izilmis ve bu grafikler
kullanilarak elastisite modili degerleri
hesaplanmistir. Deneyler ASTM C-469 standardina
uygun olarak gerceklestirilmistir [21].

Sekil 4. Statik elastisite modiilii deney diizenegi
3. Bulgular
3.1. MK deney sonuglari

Saf kiikiirte bitiim ilave edilerek gergeklestirilen
modifikasyon uygulamasinin gerceklesip
gerceklesmediginin belirlenmesi amaciyla saf kiikiirt
ve MK numuneleri lizerinde karsilastirmali olarak DSC
(Diferansiyel Taramali Kalorimetri) ve SEM (Taramali
Elektron Mikroskobu) analizleri gergeklestirilmistir.
DSC analizinde, numuneler 6ncelikle oda sicakliindan
150°C’ye kadar 1sitilmis (1. Sicaklik artisi) daha sonra
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bu sicaklik seviyesinden oda sicakligina kadar
sogutulmustur. Daha sonra tekrar 1s1 yiiklemesi
uygulanarak (2. sicaklik artisi) oda sicakligindan
150°C'ye kadar isitilarak ii¢ farkli sicaklik rejimi
uygulanmistir. Tiim 1s1l hareketlilik adimlar1 5°C/dk
olacak sekilde gerceklestirilmistir. Saf ve modifiye
kiikiirt numunelerine ait DSC diyagramlar1 Sekil 5’te
verilmistir. Saf kiikiirt numunesinin DSC analizleri
incelendiginde, birinci sicaklik artisindan sonraki
soguma periyodunda S« kristallerinin meydana geldigi
gozlenirken, MK numunesinde ise Sg kristallesmesinin
meydana geldigi gozlenmistir. Karisima bitiim
ilavesinin, kukiirt kristallesmesini baskiladigi ve
kristallerin biyiimesini engelledigi icin sogutma
periyodunda Sg kristallerinin S« kristallerine
doniismesini engelledigi belirlenmistir.

w
o

— 1. sicaklik artis1
= = 2:sicakhik-artigt
— 1. sicaklik artig
= =2.sicaklik artisi

Saf Kiikiirt

N
[S2]

1 Modifiye Kiikiirt

N
o

=
o
!

[$3)
L

Exo «Is1 Akisi — Endo (mW)
=
(2]

o

60 70 80 90 100 110 120 130
Sicaklik (°C)
Sekil 5. Saf kiikiirt ve MK’ya ait DSC diyagramlar1
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Saf kikiirt ve MK numunelerinden alinan SEM
goriintiileri Sekil 6’da gosterilmistir.

Sekil 6. Saf kiikiirt ve K’ya ait SEM goriintiileri

Saf kiikirtin kristallenme sonrasinda ortorombik
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kiikiirt morfolojisine sahip genis ve yogun Su kristal
yapisinda oldugu gorilmistiir. Saf kiikiirt igerisine
bitiim ilavesi ile birlikte kristal buyiimesi bitiim

tarafindan sinirlandirilarak kontrol altina
alinmaktadir. Bunun sonucu olarak, plakali yapi
goriinimiine sahip monoklinik faza doniisen
kiikiirdiin ortorombik faza dontsimii

engellenmektedir. Saf kiikiirde ait yogun ve genis
ortorombik kristal yapinin, bitiim ilavesi ile birlikte
plakali yapiya sahip monoklinik kristal formunda sabit
kaldigi ve Sp-S« dontsiimiinin gerceklesmedigi
belirlenmistir.

DSC ve SEM analizlerinden elde edilen sonuclar
degerlendirildiginde, MK monoklinik kristal formunda
sabit kaldig1 ve Sp-S« doniistimiiniin gerceklesmedigi
anlasilmaktadir. Saf kiikiirte %2.5 oraninda bitiim
ilave edilerek yapilan modifikasyonun basarili oldugu
belirlenmistir.

3.2. Statik elastisite modiilii deney sonuclari

KPB ve PCB numunelerinden elde edilen gerilme-
birim sekil degistirme grafikleri Sekil 7’de verilmistir.

30
25
= 20 1 ——PCB-1
s PCB-2
s PCB-3
% — P(B4
& 10 A PCB-5
PCB-6
5 4
I S — . B —
0 100 200 300 400 500 600 700 800 900
Birim Deformasyon (10-6)
30
25 A
20 A
= ——KPB-1
< KPB-2
S 157 KPB-3
£ —KPB-4
& 10 KPB-5
KPB-6
5 -
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Sekil 7. Gerilme-birim sekil degistirme grafikleri

Statik  elastisite modiilli hesaplarinda basing
dayaniminin %40’1na Kkarsilik gelen gerilme ve
deformasyon degerleri kullanilarak elastisite modiilii
degeri Dbelirlendigi icin bu grafiklerde basing
dayaniminin = %40'mna kadar olan degisimler
verilmistir. Tim deneyler PCB’lerde 28 giin sonunda
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gerceklestirilirken KPB’ler 28 giinliik nihai basing
dayaniminin  %94’tine 7 giin sonunda ulastig
bilindiginden hem 7 hem de 28 giinliik deney sonuglari
kullanilmistir [20].

Yakin basing dayanimi degerlerine sahip olmasina
karsin KPB’lerin PCB’lere oranla daha gevrek davranis
gosterdigi ve deneylerin ani kirilma ile sonlandigi
gozlenmistir. Benzer gerilme degerleri altinda KPB
numunelerinin birim deformasyon degerleri, PCB
numunelerinin birim deformasyon degerinden daha
biiytik seviyelerde kaldigi goriilmiis ve deneylerden
elde edilen bu sonuglarin literatiirde bulunan
calismalar ile paralellik gosterdigi belirlenmistir [14].

sahip oldugu grafiklerden anlasilmaktadir.

Deneylerden elde edilen sonuglar Tablo 6’'da
ozetlenmistir. Basing dayanimi degisiminin elastisite
modiilii iizerindeki etkisinin belirlenmesi i¢in Sekil
8'deki grafik hazirlanmistir. Geleneksel Portland
¢imento betonlarinda elde edilen maksimum elastisite
modiili degeri 33.04 GPa iken bu beton tiiriinde elde
edilen ortalama deger 32.29 GPa olarak bulunmustur.
Kukiirt baglayicii betonlarda ise maksimum ve
ortalama elastisite modili degerleri sirasiyla 26.4 ve
25.98 GPa olarak belirlenmistir.

Tablo 6. Deney sonuglari

Basin¢ Dayanimi Elastisite
fc (MPa) Modiili, Ec(MPa)

KPB-1 52.84 26016
KPB-2 53.15 26132
KPB-3 53.44 26431
KPB-4 50.46 25913
KPB-5 49.20 25829
KPB-6 48.32 25538
PCB-1 50.22 30987
PCB-2 52.77 32414
PCB-3 51.86 32080
PCB-4 53.38 32400
PCB-5 55.14 33044
PCB-6 55.33 32818
40

=35 y= (;}.25=x0+9103.66

@J Gt PTTRY WP SN P

530 A

m

:_:3;25 | Boeeedeeneene Deveneresseneens aEa

kS y=0.12x+19.68

i 20 - R? = 0.82

E 15 | OKPB

= ©PCB
10 . . : .

46 48 50 52 54 56

Basing Dayanimy, fc (MPa)
Sekil 8. Elastisite modiilii-basing dayanimu iligkisi

Kiikiirt baglayicili betonlarda, baglayici olarak su ve
¢imento kullanilan geleneksel betonlarda goriildigi
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gibi, basing dayanimindaki artisin elastisite modiiliinii
modiillerinin, benzer basing dayanimi degerlerine
sahip PCB’lere gore daha duisiik oldugu belirlenmistir.

3.3. Analitik modeller

Betonun heterojen yapida olmasi goéz oniinde
bulunduruldugunda elastisite modiilii ile basing
dayanimi arasindaki iliski kompleks oldugu acik¢a
gorulmekte olmasina karsin beton basing dayaniminin
elastisite modiilii tizerindeki etkisi olduk¢a 6nemli bir
parametre olarak goriilmektedir. Basing dayanimi
artisinin  elastisite modiiliiniin artmasina neden
oldugu ancak bu artisin lineer olmadig1 ve basing
dayanimi biiytkliginin tstel bir fonksiyonu olarak
degisim gosterdigi bilinmektedir [22]. Ozellikle
geleneksel Portland ¢imentosu betonlar1 tlizerinde
gerceklestirilmis olan deneysel ¢alismalar sonucunda
basing  dayanimi-elastisite = modiili iliskisinin
tanimlandig1 bir¢ok analitik model 6nerilmistir [23].

Bu ¢alisma kapsaminda 8 farkli uluslararasi standartta
tanimlanmis olan geleneksel Portland ¢imentosunun
basing dayanimina bagli olarak elastisite modiili
degerinin hesaplanmasini saglayan analitik model
incelenmistir. Hem PCB hem de KPB’lerin elastisite
modiilii tahmini i¢in kullanilan bu analitik modeller
Tablo 7’de verilmistir. Bu modellerin PCB’ler igin
onerildigi goz ontlinde bulunduruldugunda
uluslararasi standartlarda yer almayan KPB’lerin
elastisite modiili tahmini icin kullanilmalarinin
uygunlugu arastirilmistir.

Tablo 7. Standartlarda o©nerilen analitik modeller
[24,25,26,27,28,29,30,31]

Standart Analitik Model (MPa)

TS 500 (2000) E.=3520 /f.+14000

ACI 363R-92 E.=3320 /f.+6890

CEB-FIP 1993 E.=10000 3/f.+8

NS 3473 E.=9500 (f.)**

EN 1992-1-1 v

BS 5400-4 (1990)
VBC-95
SP 52-101 (2003)

fe
Ec=22000 (75)
E.=8647.5 (f.)*3*8
E.=22250+250 (f,)
E.=11.6521In (f,)- 7.4713

Deneysel c¢alismada kullanilan sicaklik kontrolli
karistiric1 kapasitesi goz oniinde bulunduruldugunda
KPB dokiimlerinde D:100/H:200 mm silindir kalip
kullanilmistir. Boyut etkisi olmamasi i¢in PCB’ler de
aynt ebatta kalip kullanilarak hazirlanmistir.
Standartlarda Onerilmis olan analitik modellerde
tanimlanmis olan basing dayanimi degeri standart
silindir (D:150 mm, H:300 mm) numunelerin 28
giinliik basing dayanimi degerleri oldugu i¢in deneysel
calismada kullanilan D: 100 mm, H: 200 mm PCB
silindir numunelere ait degerler esdeger standart
silindir degerlerine dontstiirilmistiir. 100/200 mm
silindir numune basing dayanimi degerinin (fc100)
150/300 mm standart silindir numune basing
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dayanimi (fc150) degerine doniistiirilmesinde
literatiirde Yazici ve Sezer tarafindan 6nerilmis olan
Denklem (1) kullanilmistir [32]. Denklem (1) PCB’ler
icin 6nerilmis olmasina karsin KPB betonlarda boyut
etkisinin basing dayanimi degisimi tizerindeki etkisini
gosteren deneysel bir c¢alisma literatiirde yer
almadigindan ve ¢alismada PCB’ler icin dnerilmis olan
standart modellerin her iki betonm i¢in karsilagtirmali
olarak degerlendrilmesi amaclandigindan KPB’lerin
boyuta bagli basing dayanimi degisimlerinde de
Denklem (1) kullanmilmustir.
fe150=0.9728 f 100~ 0.1082 (D

Bu deneysel calisma kapsaminda PCB ve KPB'ler icin
elde edilen basing dayanimi-elastisite modiilii
sonuglart standartlarca onerilen analitik modeller
kullanilarak hesaplanmis ve elde edilen degerler
deneysel sonuglarla karsilastirmali olarak Sekil 9’da
verilmistir.
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Sekil 9. KPB ve PCB icin deneysel-hesaplanan elastisite
modiili karsilastirmasi

KPB ve PCB’lere ait grafikler goz oniine alindiginda;
uluslararasi standartlarca onerilmis olan analitik
modellerin, PCB’lerde deneysel sonuglara daha yakin
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sonuglar verirken, KPB’lerde bu modellerin yiiksek
sonuglar verdigi ve deneysel sonuglari tam olarak
temsil edemedigi anlasilmistir. PCB’ler icin 6nerilmis
olan analitik modellerde kullanilan parametrik
degerlerin, KPB’lerin PCB’lere oranla daha fazla sekil
degistirme 06zelliginin olmasi nedeniyle kiikiirt
baglayicili betonlarin elastisite modiilii tahminlerinde
kullanilmasinin uygun olmadigi a¢ikca goriilmektedir.

Yapilmis olan deneysel calismada elde edilen KPB’lere
ait elastisite modiilii degerlerine en yakin sonucu
sirasiyla ACI363R-92 ve NS 3473 standartlarinca
onerilen analitik modeller kullanilarak yapilan
tahminlerin verdigi belirlenmistir. En yakin tahmin
sonuglarint veren ACI363R-92 standardina ait
modelin parametrik katsayilarinin, deney sonuclari ve
literatlirden elde edilen veriler birlikte kullanilarak
KPB betonlar icin yeniden diizenlenmesi ¢alismanin
bu béliimiinde amaglanmistir. Kiikiirt baglayicili
betonlarin nispeten yeni bir konu olmasi ve lizerinde
son yilarda c¢alisilmaya baslanmasi nedeniyle
literatirde bu betonlara ait ¢ok fazla veri
bulunmamaktadir. Bu nedenle sadece Hammons vd.,
Shin vd., ve Ghasemi vd. tarafindan yapilmis olan
kiikiirt baglayici betonlar ile ilgili calismalardan elde
edilen elasitisite modiilii degerleri bu c¢alismada

istatistiki degerlendirme  yapmak  amaciyla
kullanilabilmistir. [2,14,33]. Literatiirden veriler
alinirken yapilmis olan deneysel ¢alismalarda

kullanilan numunelerin silindir, 100 mm ¢apinda ve
H/D orani 2 olmasina dikkat edilmistir. Literatiirden
elde edilen basin¢g dayanimi degerleri boyut etkisinin
tlim ¢alismada sabit olmasi agisindan Denklem (1) ile
standart silindir doniistimi gerceklestirildikten sonra
analitik model olusturulmustur. 3 farkh ¢alismadan
toplam 9 adet veri elde edilmis ve yapilmis olan
deneysel ¢alismaya ait 6 KPB verisiyle birlestirilerek
toplam 15 adet numuneye ait istatistiki degerlendirme
yapilmistir. Deneysel calismadan elde edilen basing
dayanimi  degerleri literatiirden elde farkh
araliklardaki degerler ile desteklenerek daha genis bir
dayanimi araliginda basing dayanimi-elastisite
modili iliskisi degerlendirmesi saglanmistir. Elde
edilen tiim veriler kullanilarak olusturulan basing
dayaniminin karekokiiniin deneysel olarak elde edilen
elastisite modiilii ile iliskisi Sekil 10’da verilmistir.

Kullanilan tahmin modelleri i¢inde gercek degerlere
en yakin sonug elde edilen ACI standardina ait basing
dayanimi karekokiiniin elastisite modiilii ile lineer
iliskisi degerlendirilerek belirlenmis olan yeni
parametrik katsayilar Denklem 2’de verilmistir.
Burada “E.” elastisite modiiliind, “f.” ise 28 giinliik
standart silindir bas ng

dayanimini temsil etmektedir.

Ec=5.5696 Vfc-12.415 2)
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Sekil 10. Onerilen analitik model

Onerilen analitik model, KPB’ler icin en yakin tahmin
modelini veren ACI 363R-92 ve NS 3473 standartlari
ile birlikte tiim veriler kullanilarak karsilagtirmali
olarak degerlendirilmistir. Bu 3 farkli tahmin
modeline ait istatistiki parametreler Sekil 11’de
verilmis olan deneysel ve hesaplanan elastisite
modiili grafigi icerisinde gosterilmistir.
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Karsilastirmali olarak incelenen bu ti¢ modelin hatalari
kok ortalama kare hatasi (RMSE) ve ortalama mutlak
hata (MAE) degerleri hesaplanarak istatistiki olarak
degerlendirilmistir. RMSE ve MAE degerleri sirasiyla
Denklem 3 ve 4 kullanilarak hesaplanmstir.

50

2

N
RMSE = \/%Z |Hy, — Dyl (3)
m=1

40
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Sekil 12. Deneysel veriler ve modellere ait hata grafigi

1 N
MAE=< ' |Hy =Dyl 4)
N m=1

Burada; H hesaplanan deger, D deneysel deger, N
toplam veri sayisidir. Onerilen model, ACI 363R-92 ve
NS 3473 standartlar1 icin RMSE degerleri sirasiyla 3.17,
4.72 ve 5.10 olarak bulunurken MAE degerleri sirasiyla
2.41, 4.00 ve 4.36 olarak bulunmustur. Deneysel
sonuglar ve li¢ modele ait tahminlerin her biri numune
icin ayr1 ayr1 gosterildigi grafikte ayni zamanda
onerilen analitik model ile deneysel veriler arasindaki
farkin gosterildigi hata grafigi Sekil 12’de birlikte
verilmistir. Modellere ait istatistiki veriler ve grafikler
incelendiginde deneysel degerlere en yakin sonuglari
veren ve en dislik hata oraninin 6nerilen analitik
modele ait oldugu goriilmektedir. Onerilen model ile
deneysel sonuglarin birbirine yakin degerler verdigi
sadece 12 numarali numunede o6nemli bir sapma
oldugu goriilmektedir. Literatiirde yapilan ¢alismadan
alinmis olan bu numunede agrega olarak diisiik
mekanik o6zelliklere sahip karbonat esash kayag
kullanildigindan deneysel elastisite modiilii degerinin
normal agregalara gore olduk¢a diisik ¢ktigi
belirlenmistir [2]. Bu nedenle o6nerilen model ile
deneysel sonug¢ arasindaki hata miktarn yilksek
¢ikmaktadir.

4. Tartisma ve Sonug¢

Bu deneysel calisma kapsaminda kiikiirt polimer
betonlarin  basing  dayamimi-elastisite = modiilii
iliskisinin uluslararas1 standartlarca 6nerilmis olan
analitik  modeller  agisindan  karsilastirilmasi
amaglanmistir. Calismadan elde edilen sonuglar
asagida 6zetlenmistir.

Safkiikiirt icerisine agirlikca %2.5 bitiim ilavesi ile elde
edilen modifiye kiikiirtiin monoklinik kristal formunda

sabit kaldig1 ve Sp-S« dontisiimiiniin gerceklesmedigi
belirlenmistir. Calismada gerceklestirilen
modifikasyonun basarili oldugu gorilmiistiir.
KPB’lerde  PCB’lerde  goriildiigiic  gibi, basing
dayanimindaki artisin elastisite modiiliini arttirdigi
anlasilmistir.

PCB’lerden ve KPB’lerden elde edilen ortalama
elastisite modiilii degerleri sirasiyla 32.29 ve 25.98 GPa
olarak bulunmustur. KBP’lerin elastisite modiillerinin,
benzer basing dayanimi degerlerine sahip PCB’lere
gore daha diisiik degerlerde kaldig1 belirlenmistir.

TS 500 (2000), ACI 363R-92, CEB-FIP 1993, NS 3473,
EN 1992-1-1, BS 5400-4 (1990), VBC-95 ve SP 52-101
(2003) standartlar tarafindan 6nerilmis olan analitik
modeller kullanilarak hem PCB hem de KPB’lerin
elastisite modiilii degerleri hesaplanmistir. Bu
modeller, geleneksel ¢imento kullanilan betonlara ait
deneysel sonuglar kullanilarak belirlendigi igin
PCB’lerde deneysel sonuglara daha yakin tahminler
verirken, KPB’lerde bu modellerin deneysel verilerden
daha ytiksek sonuglar verdigi goralmistir.

ACI 363R-92 ve NS 3473 standartlar tarafindan
Onerilmis olan analitik modellerin KPB’lerin elastisite
modili tahminlerinde diger standartlardaki modellere
oranla daha basarili oldugu belirlenmistir. ACI 363R-92
standardinda verilen analitik modele ait tahminlerin
RMSE ve MAE degerleri sirasiyla 4.72 ve 4.00 olarak
bulunurken bu degerler NS 3473 standardinda 5.10 ve
436 olarak belirlenmistir. G6z O6nline alinan
standartlar icinde istatistiki olarak en yakin tahmini
ACI 363R-92 standardinda oOnerilmis olan analitik
model gerceklestirmistir.

Deneysel ¢alismadan ve literatiirde yer alan deneysel
verilerden yararlanillarak bu ¢alisma kapsaminda

395



0. 0ZTURK vd. / Kiikiirt Polimer Betonlarin Basing Dayanimi ve Elastisite Modiilii iligkisinin Yonetmelikler Agisindan Karsilastiriimast

KPB’lerin elastisite modiili tahmini i¢in yeni bir
analitik model 6nerilmistir. Bu modele ait tahminlerin
RMSE ve MAE degerleri sirasiyla 3.17 ve 2.41 olarak
bulunmustur.

Onerilen model ve en yakin tahmin degerlerini veren
ACI 363 R-92 ve NS 3473 standartlarindaki modeller
ile karsilastirmali olarak incelenmis ve deneysel
degerlere en yakin degerlere ve en disiik hata
oranlarina sahip olan modelin deneysel c¢alisma

sonunda Onerilen analitik modele ait oldugu
gorilmistiir.
Etik Beyani
Bu ¢alismada, “Yiiksekégretim Kurumlart Bilimsel

Arastirma ve Yayin Etigi Yonergesi” kapsaminda
uyulmasi gerekli tiim kurallara uyuldugunu, bahsi gecen
yénergenin “Bilimsel Arastirma ve Yayin Etigine Aykir
Eylemler” bashgi altinda belirtilen eylemlerden
hicbirinin gerceklestirilmedigini taahhiit ederiz.
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0z: Otidea mirabilis Bolognini & Jamoni (Otideaceae) tiiriine ait askokarplar 2021
yii Ekim ayinda Trabzon ili Macka ilcesi Seving mahallesinde tespit edildi.
Askokarplarin oncelikli olarak fotograflari ¢ekildi, olas1 mikorizal iliskileri ile yayilis
alanindaki baskin bitki 6rtlisii not edildi, birka¢ tanesi toplanarak laboratuvara
getirildi. Makroskobik ozellikleri belirlendi ve materyal kurutularak fungaryum
dolabma yerlestirildi. Mikroskobik o6zellikler kuru materyalden alinan ince
kesitlerin incelenmesi ile ortaya ¢ikarildi. Calisma sonucunda O. mirabilis Tiirkiye
mikotasi icin yeni kayit olarak tespit edildi; burada ilgili sekiller ve kisa bir tartisma
ile birlikte verildi. Yarik canak bicimindeki yeni kayit, acik sarimsi veya yesilimsi gri,
piirtizsiiz veya hafif burusuk i¢ yiizey; mavimsi menekse, yesilimsi mavi tonlu
kahverengi veya koyu sarimsi dis yiizey; beyazimsi ve 8—12 mm uzunlugundaki sap;
silindirik, 175-220 x 9-14 pum askuslar; eliptik veya ig seklinde, piiriizsiiz, yag
damlali ve 13-16 x 6-8 um askosporlar ve ince, silindirik, kavisli parafizler ile teshis
edilir.

Otidea mirabilis (Otideaceae): A New Record for the Turkish Mycota

Keywords
Ascomycota,
Otidea mirabilis,
Taxonomy

Abstract: Fruiting bodies belonging to Otidea mirabilis Bolognini & Jamoni
(Otideaceae) species were detected in the Seving neighborhood of Magka district of
Trabzon province in October 2021. Firstly, fruiting bodies were photographed,
possible mycorrhizal relationships and the dominant vegetation in the distribution
area were noted, a few of them were collected and brought to the laboratory. Their
macroscopic features were determined, and the material was dried and placed in
the fungarium cabinet. Microscopic features were revealed by examining thin
sections taken from the dry material. As a result of the study, O. mirabilis was
identified as a new record for the Turkish mycota; provided here with relevant
illustrations and a brief discussion. In the slit cup shape new record is diagnosed
with light yellowish or greenish grey, smooth or slightly wrinkled inner surface;
bluish violet, brown or greenish blue tint ocherish outer surface; whitish and 8-12
mm long stipe; cylindrical, 175-220 x 9-14 um asci; elliptical or spindle-shaped,
smooth, oil-dropped and 13-16 x 6-8 pm ascospores and thin, cylindrical, curved
paraphyses.

1. Giris

Otidea (Pers.) Bonord.

cinsi giliniimiizde diinya
genelinde yaklasik 144 kayit ile temsil edilmektedir
[1]. Bu kayitlarin tamaminin ayr1 tiirler oldugu elbette

yilinda apotezyum ve parafizlerin kendine 6zgi
sekillerinden dolay1 Fuckel tarafindan kurulmustur.
Bu cins, ayrik veya kulak seklinde askokarplari, tepede
kivrik  baghiklh parafizleri, silindirimsi, amiloyit
olmayan askus ve eliptik, damlali askosporlar

soylenemez fakat bu say1 goz oniine alinarak cinsin
biiytikligii hakkinda bir kanaate varilabilir. Otidea
cinsi bu ¢alismadan o6nce Tiirkiye’de O. alutacea
(Pers.) Massee, O. bufonia (Pers. : Fr.)) Boud., O.
cochleata (L. : Fr.) Fuckel, O. leporina (Batsch) Fuckel,
0. onotica (Pers. : Fr.) Fuckel ve 0. nannfeldtii Harmaja
tiirleri ile temsil edilmekte idi [2]. Otidea cinsi 1870

*[Igili yazar: ertugrulsesli@trabzon.edu.tr

nedeniyle Pezizales'in diger iiyelerinden ayrilr.
Cokgenli filogenetik analizler, cinsin monofiletik
oldugunu kanitlamistir. Cins mese, giirgen ve benzeri
kapali tohumlular ile dis mikorizal yasar [3].
Materyalin toplandigi saha denizden ortalama 650
metre ylkseklikte, giineye bakan, mese-giirgen
ormani olup yer yer bogiirtlen, kusburnu, gicirdikeni,
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laden, findik ve daha birgok ¢ali ve otsu bitkileri de
icermektedir. Sahada yer yer ladin agacglar1 da
bulunmaktadir. Yaz ve kis aylar1 genellikle iliman ve
yagish ge¢mektedir. Bu ¢alismanin amaci Tirkiye’'de
yayilis gosteren mevcut Otidea tiirlerine yeni bir kayit
ekleyebilmektir.

2. Materyal ve Metot

Bu arastirmanin materyali olan askokarplar Dogu
Karadeniz Boliimii'nde ilgili proje kapsaminda
gerceklestirdigimiz ~ arazi  gezilerinin  birisinde
(06.10.2021) Trabzon, Macgka, Seving mahallesinde
saptanmustir. I1k olarak cevrede yayilis gosteren flora
ve olasi mikorizal yasam iliskileri not edilmis,
materyalinin her boélimiinii kapsayan fotograflar
cekilmis, kiiciik bir saks1 kiiregi yardimi ile
askokarplar sokiilmiis, degisime ugrama riski olan
renk ve biyiiklik gibi morfolojik o6zellikler not
edildikten  sonra kese kagidina  konularak
laboratuvara tasinmistir. ilk birka¢ saat periyodik
hareketlerle askokarplarin saldig1 sporlar elden
geldigince beyaz bir kagit iizerine ¢oktiiriilmis, tat ve
koku gibi 6zellikler not edilmis, materyal elektrikli bir
1styayar Uzerinde kurutulmus ve nihayet etiketlenerek
fungaryum dolabina yerlestirilmistir. Daha 6nceden
fungaryum numunesi haline getirilen askosporlarin
migrofotografi sistemi sayesinde en ve boylari
Olclilmiis ve dijital fotograflar1 ¢ekilmistir. Askus ve
parafizlerin goriintiilenerek gerekli o6l¢iimlerinin
yapilabilmesi ve askokarplarin yiizeysel hif yapisinin
belirlenebilmesi i¢in kuru materyalden ince kesitler
alinmistir. Kesitler %5’lik amonyak ¢ozeltisi icerisinde
3-5 dakika tutulduktan sonra bir pens yardimi ile lam
lizerine alinmis, lamel kapatildiktan sonra iizerine
baski uygulanmis ve elde edilen goriintiiler
mikrofotografi sistemi sayesinde dijital hale
donistirilmistir. Tirkce isimler Nezahat Gokyigit
Botanik Bahcgesi veri tabanina gore verilmistir.
Materyalin kalan kismi Trabzon Universitesi, Fatih
Egitim  Fakltesi'ndeki  kisisel = fungaryumda
saklanmaktadir.

3. Bulgular

3.1. Otidea mirabilis Bolognini & Jamoni (Solkulak)-
Funghi e Ambiente 85-86: 56, 2001 (Otideaceae /
Yerkulagigiller) (Sekil 1)

Askokarplar ince, bir tarafta tamamen bdliinmiis,
kenart igeriye kivrik ve yaklasik 40-65 x 20-30 mm
boyutlarindadir. Sap kisa, beyazimsi bir miselyum ile
kapl, yaklastk 8-12 mm  uzunlugundadir.
Askosporlar1 lreten i¢ ylizey acik sarimsi veya
yesilimsi gri, plirtizsiiz veya hafif burusuk; dis ylizey
tozsu miselyumla kapli, koyu mavimsi menekse,
yesilimsi mavi tonlu kahverengi veya koyu sarimsi
kahverengidir. Kuru 6rneklerde dis ylizey daha koyu
kahverengi, taban kismi ve i¢ yiizey soluk devetiiyi
rengindedir.

Askuslar, silindirik veya uzun kese bigiminde, 175-
220 x 9-14 um, sekiz askosporlu ve amiloyit degildir.
Askosporlar tek siraly, seffaf silindir bigiminde, eliptik
veya ig biciminde, piiriizsiz, 13-16 x 6-8 pm
boyutlarinda ve iki biiyiik yag damlalidir. Parafizler
ince silindirik, asagida dallanmis ve bélmeli, 2-3 pm
genisliginde, tepede semsiye sap1 biciminde biikiilmiis
ve 3-4 mikrona kadar genislemistir. Dis zar tabakasi
100-125 pm kalinhginda olup 15-32 x 12-16 pm
boyutlarinda kiiresel veya armut bigimli hiicreler
icerir.

3.1.1 incelenen 6rnekler

Tirkiye, Trabzon, Magka, Seving, 40°50'42.74" K ve
39°37'42.20" D, 651 m, 06.10.2021. Yaz sonlarindan
sonbahar sonlarina kadar karisik agagli ve genis
yaprakli aga¢ ormanlarinda, parklarda, mese, findik,
glrgen, kayin, kavak, hus ve ladin agaclar1 altinda
6bekler halinde yayilis gosterir. E. Sesli 4389.

4. Tartisma ve Sonug¢

Bu arastirmanin konusu olan Otidea mirabilis
(solkulak) tiiri kulak sekline benzer bicimde, bir
tarafta tamamen yarilmis, yaklasik 40-65 x 20-30
mm boyutlarinda askokarp; beyazimsi miselyum ile
kapli, yaklasik 8-12 mm uzunlugundaki sap; acik
sarimsi veya yesilimsi gri, piiriizsiiz veya hafif burusuk
ic ylizey; tozsu miselyumla kapli, koyu mavimsi
menekse, yesilimsi mavi tonlu kahverengi veya koyu
sarims1 kahverengi dis yiizey; 175-220 x 9-14 pum
boyutlarinda askuslar; tek sirali, seffaf silindir
biciminde, eliptik veya ig biciminde, ptriizsiiz, 13-16
x 6-8 um boyutlarinda ve iki blyiikk yag damlal
askosporlar ve ince silindirik, asagida dallanmis ve
boélmeli, tepede semsiye sap1 biciminde biikiilmiis 2-3
um genisliginde parafizlerle diger akraba tiirlerden
ayrilir. Yeni kayda yakin tiirlerden O. tuomikoskii
Harmaja daralmis kulak bigiminde olmas, i¢ ylizeyinin
sar1, dis ylzeyinin acik sar1 veya turuncu olmasi,
askuslarinin ~ (110-165 x 85-10 um) ve
askosporlarinin (9-11.5 x 5.5-6.5 um) daha kiiciik
olmasi ve benzeri dzellikleri ile yeni kayittan farklilik
gosterir. Diger bir tiir, O. alutacea (Pers.) Massee
yaklasik ayni biytiikliikte fakat koyu balgik renginde
veya grimsi kahverengi askokarp, biraz daha uzun
(12-18 pum) askosporlar ve oldukg¢a uzun (250-300
um) askuslar ile yeni koleksiyondan farklilik gosterir.
Dis goriiniis olarak bir miktar benzerlik gosteren bir
diger tiir O. cochleata (L. ex St. Amans) Fuckel kulak
seklinde olmayan, i¢ yiizeyi koyu kahverengi, dis
yuzeyi acik kahverengi ve sapsiz askokarplar iretilir.
0. concinna (Pers.) Sacc. daha kii¢iik boyutlu, nispeten
kulak biciminde, acik limon renginde, daha kiiglik
askosporlu (10-12 x 5-6 um) ve yine daha kiiciik
askuslu (140-160 x 8-12 um) askokarplar ile kendini
belli eder.

0. abietina (Pers.) Fuckel igne yaprakli agac
ormanlarinda kulak seklinde olmayan, turuncumsu
veya kirmizimsi kahverengi ve daha biiytik askosporlu
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(17-20 x 9-10 pum) askokarplar ile yeni kayittan
farklilik gosterir [3, 4, 5].

Calisma sonucuna gore Otidea mirabilis Tirkiye
mikotasi i¢in yeni kayittir [2].

ylizeysel Kesit, c- askuslar ve parafizler, d- askosporlar
(6lgek gubuklari: b ve c: 20 um, d: 10 pm)
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Abstract: Factor analysis is a multivariate statistical analysis technique that has
become very popular in recent years. In the factor analysis model, the error
covariance matrix is assumed to be the multivariate normal distribution, and
outliers are likely to be accounted for. Various estimation methods were compared
with Monte Carlo simulation for the factor analysis model. The performances of the
estimation methods were evaluated based on the ratio of the total variance
explained and the criterion fit values. Considering the MLE, PCA, WLS, and GLS
methods for classical factor analysis and the MCD, M, and S methods for robust
factor analysis, the ratio of total variance explained, and fit values decreased as the
sample size increased. When the number of variables increases, the ratio of total
variance explained, and fit values increase at different sample sizes. It can be said
that the WLS and GLS methods are better than others for classical factor analysis
and the MCD and M methods are better than others for robust factor analysis.

Klasik ve Saglam Faktor Analizleri Yontemlerinin Karsilastirilmasi

Anahtar Kelimeler

MLE, GLS, MCD, M, Klasik
Faktor Analizi, Saglam Faktor
Analizi

Oz: Faktor analizi, son yillarda popiiler hale gelen cok degiskenli istatistiksel
analiz tekniklerinden biridir. Bu calismada, hata kovaryans matrisinin ¢ok
degiskenli normal dagilim ve aykir1 degerler olmasi durumunda faktér analizi
modeli kullanilmistir. Faktor analizi modeli i¢in farkli tahmin yontemleri Monte
Carlo similasyonu ile karsilastirilmistir. Tahmin yodntemlerinin performansi,
aciklanan toplam varyans oranit ve uyum degerleri Kriterine gore
degerlendirilmistir. Klasik faktor analizi icin MLE, PCA, WLS ve GLS yontemleri ve
saglam faktor analizi icin MCD, M ve S yontemleri dikkate alindiginda, toplam
varyansin aciklama orani ve fit degerleri, farkli 6rneklem biiyiikliiklerinde artarak,
her bir 6rneklem biiyiikligiinde azalmistir. Degisken sayisi arttikca agiklanan
toplam varyans orani ve fit degerleri farkli 6rneklem biiyiikliiklerinde artmaktadir.
Klasik faktor analizi igcin WLS ve GLS yontemlerinin, saglam faktor analizi icin MCD
ve M yontemlerinin daha iyi yontemler oldugu sdylenebilir.

1. Introduction

the number of original variables is p. The factor
analysis model contains many parameters, including

Today, many variables shed light on problems,
events, facts or perceptions, attitudes, and behaviors.
It is no longer sufficient to examine a single variable
to solve the problems arising from these events,
phenomena, perceptions, attitudes, and behaviors.
However, as the number of variables increases, the
study of events, phenomena, perceptions, attitudes,
and behaviors becomes even more complex.

Factor analysis is a multivariate statistical analysis
technique that has become very popular in recent
years. Factor analysis aims to determine the original
(independent) variables in the data set with linear
combinations called factors. The first step is to create
the covariance matrix (or correlation matrix) when

* Corresponding author: bergul@ogu.edu.tr

the variances of the error components. The error
components are the parts of the observed variables
that are not explained by the factors. The variances of
the error components are important because they
determine the amount of variance in the observed
variables that are not explained by the factors [1].

p is the independent variable, assuming that
Xy,%z,...,%,, and k associate the latent factors
fi, f2r -, f with the following statistical model:

Xj =W = Aafi + Apfo + o+ Apfie + g (1)

/1]-1,/1]-2, ...Ajk refers to the factor loadings, & refers to
the error terms.
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Factor Analysis Model with k factor is defined as
follows with matrix notation when defined by

x = (x1,%,, ...,xp)’,f = (i, far 0 fir) and

€= (&,8z ) &)
x—u=Af +¢ (2)

A refers to the matrix of factor loadings, f refers to
the factor score vector and ¢ refers to the error
vector.

The assumptions of the factor analysis model are as
follows: [2]

1. The factors and the vector of the error terms are
independent of each other and their mean is a zero
vector. (E(f) = E(e) = 0,Cov(x, f) = A)

2. The covariance matrix of the factors is equal to the
unit vector. (Cov(f) = I,)

3. The joint distribution of the factors is a
multivariate normal distribution.

These assumptions are strong, and they may not
always be met in real data. However, it has been
shown that the classical estimates have good
asymptotic  properties under some  weak
assumptions. This means that the estimates will be
approximately correct as the sample size increases.

Some of the weak assumptions that are sufficient for
the classical estimates to have good asymptotic
properties include:

i. The factors are not perfectly correlated.
ii. The error terms are not perfectly correlated.
iii. The error terms have a finite variance.

These assumptions are more likely to be met in real
data than the strong assumptions listed above.
Therefore, the factor analysis model can be a useful
tool for data analysis even if the strong assumptions
are not met.

It is important to note that the factor analysis model
is a statistical model, and as such, it is only an
approximation of reality. The estimates from the
factor analysis model will never be perfect, but they
can be a useful tool for understanding the data [3-4].

The main purpose of factor analysis is to obtain the
matrix A and the covariance of the error matrix (¥)
obtained by orthogonal transformation. The
maximum likelihood method and the basic factor
methods are obtained by separating the matrix X
where X = Cov(x).

S = AN +di 3)

The factor analysis model is shown in equations (1)
and (2). The variance of the variables to which the
common factor contributes is called the common
variance. The common variance can be replaced in
the equation by h? in the equation £ = AA’ + ¥ and
¥ = H? + ¥ can be written. The common variance is
the sum of the loadings of the variables on the
common factor. When k > 1, there is always some
natural uncertainty associated with the factor model.

Let T which is any mxm dimensional orthogonal
matrix and consider TT' = T'T = I. The equality in
(2) can be written as follows:

x—pu=Af+e=ATT" +e=Nf"+¢
A =ATve f*=T'f and, @)
E(f*) =T'E(f) = 0and,
Cov(f*)=T'Cov(f)T=T'T =1

Based on the observations on x, it is impossible to
distinguish A factor loadings and A* factor loadings.
That is, f ve f* = Tf factors have the same statistical
properties. In general, although A* factor loadings
and A factor loadings are different, they were both
obtained from the same covariance matrix.

S=AN+W=ATT'N +¥ = (AN +¥  (5)

Since orthogonal matrices correspond to coordinate
system transformations, the uncertainty structure is
removed by “factor rotation”. A factor loadings are
determined by an orthogonal matrix T.

A= AT and A (6)

The common variance is determined by the diagonal
elements of the matrix AA" = (A*)(A*)' is not affected
by the choice of the orthogonal matrix T.

The factor analysis progresses by identifying
conditions that allow the estimation of A and
matrices. The matrix of factor loadings is then rotated
(multiplied by an orthogonal matrix), with the
rotation determined by some of the “ease of
interpretation” criteria. Once the factor loadings and
error terms have been determined, the factors are
determined and the estimated values of the factors
themselves (called factor scores) are produced [5].

The factor analysis model for this study assumed that
the covariance matrix error terms had a multivariate
normal distribution, and outliers are likely to be
considered. Various estimation methods were
compared with the Monte Carlo simulation for the
factor analysis model. The performance of the
estimation methods was evaluated based on the ratio
of the total variance explained and fit values. In the
second phase of the study, estimation methods were
presented. Later, the estimation methods were
compared with the simulation study for different
sample sizes.
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The remainder of this paper is arranged as follows.
The Factor Analysis models are described in Section
2. Section 3 describes simulation results for Classical
and Robust estimation of the Factor Analysis models.
Section 4 considers an application of the Classical and
Robust Factor Analysis models to Women Track
Records data. Different estimation techniques are
compared in terms of computational efficiency.
Conclusions and a few remarks are given in Section 5.

2. Material and Methods

The sample covariance matrix (S) is an estimator of
the unknown population covariance matrix X. If the
out-of-diagonal elements of the S matrix obtain small
values, the variables (or if the sample correlation
matrix is essentially close to zero or zero value) are
unrelated and it is not useful to analyze a factor.
However, the main purpose of the factor analysis is to
determine common factors.

Three of the most commonly used methods for
parameter estimation in factor analysis are the
principal component (and the corresponding basic
factor), the maximum likelihood method and the
robust estimation method.

2.1. Principal Component Method

The principal component factor analysis of the S
sample covariance matrix is indicated by
L=, ip, the eigenvalues/eigenvectors pairs
(/Tl,él), (iz,éz), ...,(ip,ép). To show the number of
common factors given with k < p, the prediction
matrix of the estimated factor loadings iij is given as
follows [5]:

K=[\[i:é1 : Jiézs~~~ﬁék] (7)

The estimated error term matrix is provided by the
diagonal elements of the § — AA’ matrix:

0. O
P=(0 P,.. 0 (8)

0 g
Here, it is expressed by ¥ =s; —Y¥_,I};. The

common variance is estimated as follows:

hi =T+ 0+ + 1 9)
The principal component factor analysis for the
correlation matrix found by the sample is obtained

starting with R instead of S.

S— (AN +P) (10)

The diagonal elements of the S matrix will be equal to
the diagonal elements of the AA’ + ¥ matrix. To
prevent this situation, this problem is solved by
taking the factor as the number of principal
components of the S matrix. This raises several
factors. This allows the selection of eigenvalues larger
than the value of 1, as in the principal component
analysis [5].

2.2. Maximum Likelihood Method, Weighted Least
Squares, and Generalized Least Squares Method

If the distribution of factors and error terms are
assumed to be normal, the maximum likelihood
estimation of factor loadings and error variance can
be written. When the joint probability functions of
the f] and gjare normally distributed, Xj— U= Afj +
gj also has the normal distribution. In this case, the
maximum likelihood function can be written. The
maximum likelihood function varies between A and
W ¥ = AN + W. Estimation of A and ¥ is resolved by
providing the following conditions [5-6]:

SPA = A + NP~1A) (11
P =diag(S —ARN) (12)
P =diag(S —ARN) (13)

These equations are resolved iteratively until they
converge. For all of the Weighted Least Squares
(WLS), Generalized Least Squares (GLS), and
Maximum Likelihood (MLE) estimation, gradient
algorithms have been developed: those with the
Fletcher-Powell and Newton-Raphson methods have
been proposed for the MLE [7-8], while the
algorithms using the Newton-Raphson and Gauss-
Newton methods have been developed for the GLS [9-
10] with the gradient algorithms. On the other hand,
inequality-based algorithms have been developed for
the MLE excluding the GLS. The GLS solution weights
the residual matrix by the inverse of the correlation
matrix. This has the effect of weighting those
variables with low loadings even more than those
with high loadings. The WLS solution weights the
residual matrix by 1/diagonal of the inverse of the
correlation matrix. This has the effect of weighting
items with low loadings more than those with high
loadings [11].

2.3. Minimum Covariance Determinant (MCD), M
and S Estimation Methods

The minimum covariance determinant (MCD)
estimator for location and scale can be found using an
algorithm implemented by [12]. This algorithm
essentially requires step C. In this step, an
approximate value for the MCD method is taken, and
it is possible to reach another value with a smaller
determinant. The MCD algorithm can be summarized
as follows: The algorithm aims to find subsets of
observations that minimize the determinant of the
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covariance matrix calculated for a sample of size n.
The MCD method is based on the following
assumptions. To this end, h observations are
examined and the goal is to find a subset of h
observations that minimize the determinant of the
covariance matrix. Typically, h is taken as h =
[0.75*n], where [.] denotes the integer part. h
represents the minimum number of observations
without outliers. The mean vector calculated for h
observations gives the estimate of the location
parameter vector for MCD and the covariance matrix
calculated for the same values gives the estimate of
the scale parameter for MCD [13].

Another method for finding a robust covariance
estimate is the M-estimator. The M-estimator aims to
minimize the determinant for the multivariate
location and scale parameters by finding the S
estimator. The S estimator aims to find the weighted
mean and the covariance matrix by iterations [14].

The M-estimator for the estimation of p and Z uses
the S estimation method, which was first introduced
in a publication referred to as [15] and then further
studied in [16]. For a data set consisting of p-variable
observations {x;, ..., x,}, the S estimator for (y, X) is
obtained from the solution of a(dy, ...,d,) = min.
Here, (x; — u)'271(x; —u) and det(X) = 1. Where
o = a(z), is the M-estimator of z = {z;, ..., z,}. It is

defined as the solution of%Zp(S) = § where p is
non-decreasing, p(0) = 0 and p(e) = 1 and & € (0,1).
More simply, the S estimator finds the positive
definite symmetric matrix X that minimizes the p
vector and det(Z). S-estimators have a close
connection with M estimators, and the solution for (y,
¥) is also the solution of an equation defining a
weighted sample mean and a covariance matrix with
an M estimator [13].

3. Results

In this study, the results have been presented based
on derived data. For this purpose, the error variances,
factor loadings, and the covariance matrix of
variables were derived from a multivariate normal
distribution. It is assumed that each variable has the
same variance and that all the covariance between
the variables is equal. All factor loadings are assumed
equal in size and set to A; = 1. Thus, the data is
derived by the following method: [17]

1. For each observation, construct scores for the
construct with the desired number of factors derived
from a multivariate normal distribution with a mean
value p, where the variance of each factor is sz and

the covariance between the two scores is y.

2. Generate an equal number of variables for each
factor, where the score s; for the variable i is
s; = 1+ e(i), where e(i)~N (0, 52).

For the simulation study, the number of repetitions
was selected 1000, the number of sample sizes was
selected n = 100,500,1000, the number of variables
was selected p = 15,20,25,30, and the number of the
factor was selected k = 2,3,4. The average of the
factors was selected as 5, the variance and
covariances of the factors were 1 and 0.5,
respectively, and variances of error term 1 were
selected. The R program was used for simulation. 7
methods were selected; the MLE (the maximum
likelihood estimation), the PCA (the principal
components), the WLS (the weighted least squares),
the GLS (the generalized least squares) methods, the
MCD (minimum covariance determinant), M, and S
estimation methods.

Then, 10 outlier observations were added to the
dataset and the results were discussed accordingly.

To make comparisons among methods, the method
that gives the highest value ratio of the total variance
explained and fit values is considered better method.
Fit values refer to how well the factor model
reproduces the correlation matrix.

Table 1-2 for classical factor analysis shows that the
MLE method is better than others for n=100, p=15,
and k=2. The GLS method is better than others for
n=500, p=15, and k=2. The WLS method is better than
others for n=1000, p=15, and k=2. The WLS method
is better than others for n=100, p=15, and k=3. The
GLS method performs better than others for n=500,
p=15, and k=3. The MLE method is better than others
for n=1000, p=15, and k=3. The MLE method
performs better than others for n=100, p=15, and
k=4. The GLS method is better than others for n=500,
p=15, and k=4. The WLS method performs better
than others for n=1000, p=15, and k=4.

In all classical methods, the ratio of total variance is
explained, and the fit values decrease with each
increase in sample size n=100,500 and 1000. When
the number of variables increases, the ratio of total
variance explained and the fit values increase as the
sample size increases n=100,500 and 1000. In the
classical factor analysis, in the cases where
n=100,500 and 1000 and p=15,20,25,30, it can be
seen that the ratio of total variance explained and the
fit values increase considering the k=2 factor
structure. It can be said that MLE, WLS and GLS
methods are better than others for classical factor
analysis.

Table 1-2 for robust factor analysis shows that the M
method is better than others for n=100, p=15, and
k=2. The MCD method performs better than others
for n=500, p=15, and k=2. The MCD method is better
than others for n=1000, p=15, and k=2. The MCD
method is better than others for n=100, p=15, and
k=3. The MCD method performs better than others
for n=500, p=15, and k=3. The MCD method is better
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than others for n=1000, p=15, and k=3. The MCD
method is better than others for n=100, p=15, and
k=4. The MCD method is better than others for
n=500, p=15, and k=4. The MCD method is better
than others for n=1000, p=15, and k=4.

In all robust methods, the ratio of total variance
explained and the fit values decrease with each
increase in sample size increases n=100,500 and
1000. When the number of variables increases, the
ratio of total variance explained and the fit values
increase as the sample size increases n=100,500 and
1000. In the robust factor analysis, it can be said that
MCD and M methods are better than others for robust
factor analyses.

The classical factor analysis methods outperformed
other techniques in terms of the ratio of total
variance explained and fit values. This is because the
dataset used in the analysis was derived from a
multivariate normal distribution and did not contain
any outliers.

The classical factor analysis methods are based on
the assumption that the data follows a multivariate
normal distribution. This assumption is not always
met in real data, but it is a good approximation for
many datasets. The robust factor analysis methods
are designed to be more robust to depart from the
multivariate normal distribution, but they are not as
efficient as the classical factor analysis methods when
the data does follow a multivariate normal
distribution.

The results of the study support the theoretical
framework of classical factor analysis. Classical factor
analysis is best suited for datasets that follow a
multivariate normal distribution. However, it is
important to note that the classical factor analysis
methods may not be as accurate for datasets that do
not follow a multivariate normal distribution.

In addition to the assumptions about the distribution
of the data, the results of the study also depend on
the sample size. The classical factor analysis methods
are more accurate for larger sample sizes. This is
because the classical factor analysis methods rely on
maximum likelihood estimation, which is a more
efficient estimator for larger sample sizes.

Overall, the results of the study suggest that the
classical factor analysis methods are a good choice for
estimating the factor analysis model when the data
follows a multivariate normal distribution and the
sample size is large. However, it is important to note
that the classical factor analysis methods may not be
as accurate for datasets that do not follow a
multivariate normal distribution.

The analysis of the ratio of total variance explained
and fit values indicate that classical factor analysis
methods outperform other techniques. This is
because the dataset used in the analysis was derived
from a multivariate normal distribution and does not
contain any outliers. These results support the
theoretical framework of classical factor analysis,
which is best suited for datasets that follow a
multivariate normal distribution.

Table 1. The Ratio of Total Variance Explained for Classical and Robust Factor Analysis (1000 repetitions)

p=15 p=20 p=25 p=30
Sample |Method| k=2 k=3 k=4 k=2 k=3 k=4 k=2 k=3 k=4 k=2 k=3 k=4
size

100 MLE |0,5084|0,5363|0,5811|0,5110 {0,5526|0,5764 | 0,5544 | 0,5746 | 0,6003 | 0,5754 | 0,5974 | 0,6155
pCA |0,5079|0,5327|0,5601 | 0,5109 | 0,5441 | 0,5672 | 0,5539 | 0,5744 | 0,5924 | 0,5753 | 0,5973 | 0,6153

WLS |0,5082|0,5366| 0,5582 |0,5264 | 0,5474 | 0,5694 | 0,5444 | 0,5747 | 0,5936 |0,5755 {0,5974 | 0,6158

GLS |0,5065]0,5321 |0,5573 | 0,5162 | 0,5464 | 0,5707 |0,5785|0,5794 |0,6007 | 0,5783|0,6002 | 0,6174

Mmcb |0,5074|0,53540,5801|0,5183 |0,5484|0,5744 |0,5749|0,5764|0,5998 | 0,5768 | 0,5935 | 0,6168

M 0,5078|0,5353|0,5774 10,5194 | 0,5471 | 0,5691 | 0,5634 | 0,5733 | 0,5993 |0,5773|0,5994 | 0,6171

S 0,5069 ] 0,5323 | 0,5702 | 0,5071 | 0,5413 | 0,5688 | 0,5538 | 0,5744 | 0,5925 | 0,5712 | 0,5923 | 0,6161

500 MLE |0,4914 |0,5074|0,5420|0,5027 | 0,5316 | 0,5574|0,5125 | 0,5344 | 0,5745| 0,5356 | 0,5536 | 0,5823
PCA |0,4910|0,5071|0,5415|0,5026 | 0,5315 | 0,5564 | 0,5124 | 0,5343 | 0,5741| 0,5352 | 0,5533 | 0,5819

WLS |0,4913|0,5075 | 0,5430 | 0,5030 | 0,5356 | 0,5573 | 0,5126 | 0,5345 | 0,5744 | 0,5355 | 0,5537 | 0,5830

GLS |0,4915|0,5077(0,54320,5108|0,5436|0,5626|0,5128|0,5352|0,5749|0,5357 |0,5539|0,5832

McDh |0,4911|0,5073|0,5364 |0,5092|0,5315|0,5569|0,5117|0,5337|0,5742| 0,5325 | 0,5515 | 0,5811

M 0,4910 | 0,5063 | 0,5360 | 0,5088 | 0,5311 | 0,5560 | 0,5110 | 0,5332 | 0,5731 | 0,5327 |0,5519 | 0,5817

S 0,4902 | 0,5045| 0,5332 | 0,5036 | 0,5304 | 0,5547 | 0,5095 | 0,5330 | 0,5711 | 0,5306 | 0,5502 | 0,5800

1000 | MLE |0,4823|0,4936|0,5211|0,4918 | 0,5148 | 0,5448 | 0,5085 | 0,5247 | 0,5539 | 0,5215 | 0,5399 | 0,5712
PCA |0,4816|0,4928|0,5200 | 0,4911 | 0,5144 | 0,5432 | 0,5082 | 0,5244 | 0,5533 | 0,5208 | 0,5398 | 0,5705

WLS |0,4826|0,4944 10,5223 0,4927 | 0,5156 | 0,5449 | 0,5085 | 0,5248 | 0,5542 | 0,5218 | 0,5404 | 0,5726

GLS |0,48210,4934 | 0,5207 |0,4936|0,5168|0,5464 |0,5088|0,5253|0,5549|0,5226 (0,5411|0,5733

McD |0,4805|0,4918|0,51980,4892|0,5140|0,5428|0,5066 |0,5231|0,5538|0,5195|0,5384 | 0,5702

M 0,4800 | 0,4914 | 0,5195 | 0,4889 | 0,5137 | 0,5422 | 0,5061 | 0,5220 | 0,5521 | 0,5192 | 0,5380 | 0,5700

S 0,4791|0,4904 | 0,5185 | 0,4877 | 0,5130 | 0,5406 | 0,5038 | 0,5222 | 0,5510 | 0,5177 | 0,5361 | 0,5690
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Table 2. The Fit Values for Classical and Robust Factor Analysis (1000 repetitions)

p=15 p=20 p=25 p=30

Sample (Method| k=2 | k=3 | k=4 k=2 k=3 k=4 k=2 k=3 k=4 k=2 k=3 k=4
size

100 MLE |0,9267|0,9359|0,9446|0,9484|0,9569|0,9614| 0,9636 | 0,9727 | 0,9754 | 0,9764 | 0,9794 | 0,9813

PCA |0,9265|0,9348/0,9432|0,9482|0,9551|0,9610| 0,9626 | 0,9726 | 0,9744 | 0,9763 | 0,9792 | 0,9811

WLS [0,92650,9361|0,9436|0,9496|0,9558|0,9612| 0,9616 | 0,9727 | 0,9753 | 0,9765 | 0,9795 | 0,9817

GLS |0,9261(0,9345|0,9427|0,9488|0,9556|0,9613|0,9704 | 0,9733 | 0,9768 | 0,9770 | 0,9798 | 0,9822

MCD [0,9262(0,9354(0,9445|0,9490(0,9564|0,9612|0,9701 | 0,9732 | 0,9753 | 0,9767 | 0,9794 | 0,9819

M 0,9263(0,9353|0,9442)0,9492|0,9562|0,9610| 0,9675 | 0,9731 | 0,9751 | 0,9768 | 0,9795 | 0,9820

S 0,9261|0,9348/0,9439|0,9473|0,9543|0,9610| 0,9625 | 0,9729 | 0,9743 | 0,9759 | 0,9788 | 0,9813

500 MLE |0,9168|0,9308|0,9426(0,9337|0,9458|0,9481 | 0,9554 | 0,9623 | 0,9718 | 0,9761 | 0,9780 | 0,9788

PCA |0,9165|0,9305|0,9427|0,9337|0,9456|0,9467 | 0,9551 | 0,9622 | 0,9714 | 0,9757 | 0,9777 | 0,9786

WLS [0,9167(0,9310(0,9431|0,9340|0,9462|0,9476| 0,9552 | 0,9624 | 0,9716 | 0,9759 | 0,9782 | 0,9793

GLS 1(0,9170(0,9313(0,9435|0,9351|0,9465|0,9485| 0,9558 | 0,9631 | 0,9726 | 0,9764 | 0,9784 | 0,9798

MCD [0,91640,9262(0,9388|0,9347(0,9455(0,9470| 0,9540 | 0,9611 | 0,9715 | 0,9741 | 0,9764 | 0,9782

M 0,9162(0,9261{0,9385|0,9343|0,9453|0,9468| 0,9535 | 0,9608 | 0,9706 | 0,9744 | 0,9766 | 0,9784

S 0,9160(0,9221{0,9354|0,9335|0,9446|0,9456 | 0,9526 | 0,9605 | 0,9697 | 0,9730 | 0,9751 | 0,9777

1000 MLE |0,9071(0,9243|0,9310(0,9233|0,9370|0,9453| 0,9485 | 0,9516 | 0,9689 | 0,9724 | 0,9745 | 0,9771

PCA |0,9066|0,9239/0,9300|0,9211|0,9367|0,9442| 0,9483 | 0,9513 | 0,9683 | 0,9719 | 0,9742 | 0,9762

WLS [0,9077|0,9248|0,9324|0,9244|0,9376|0,9455| 0,9485 | 0,9517 | 0,9692 | 0,9728 | 0,9757 | 0,9776

GLS (0,9072(0,9244|0,9320|0,9257(0,9379(0,9463| 0,9489 | 0,9524 | 0,9698 | 0,9731 | 0,9759 | 0,9788

MCD {0,9055(0,9210(0,9295|0,9204(0,9361|0,9431| 0,9469 | 0,9505 | 0,9677 | 0,9604 | 0,9737 | 0,9755

M 0,905310,9207|0,9292|0,9201|0,9357|0,9427 | 0,9466 | 0,9502 | 0,9671 | 0,9601 | 0,9733 | 0,9752

S 0,9043|0,9201|0,9281{0,9191|0,9349|0,9413 | 0,9454 | 0,9493 | 0,9654 | 0,9585 | 0,9722 | 0,9746

Table 3-4 for classical factor analysis with 10
outliers shows that the MLE method is better than
others for n=100, p=15, and k=2. The MLE method
performs better than others for n=500, p=15, and
k=2. The MLE method is better than others for
n=1000, p=15, and k=2. The MLE method is better
than others for n=100, p=15, and k=3. The MLE
method performs better than others for n=500,
p=15, and k=3. The MLE method is better than
others for n=1000, p=15, and k=3. The GLS method
is better than others for n=100, p=15, and k=4. The
GLS method performs better than others for n=500,
p=15, and k=4. The MLE method is better than
others for n=1000, p=15, and k=4.

Considering all classical methods, the ratio of total
variance explained and the fit values decrease with
each increase in sample size n=100,500 and 1000.
When the number of variables increases, the ratio of
total variance explained and the fit values increase
as the sample size increases n=100,500 and 1000. It
can be said that MLE and GLS methods are better
than others for classical factor analysis.

Table 3-4 for robust factor analysis with 10 outliers
shows that the M method is better than others for
n=100, p=15, and k=2. The MCD method performs
etter than others for n=500, p=15,and k=2. The
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MCD method is better than others for n=1000, p=15,
and k=2. The MCD method is better than others for
n=100, p=15, and k=3. The MCD method performs
better than others for n=500, p=15, and k=3. The
MCD method is better than others for n=1000, p=15,
and k=3. The MCD method is better than others for
n=100, p=15, and k=4. The MCD method performs
better than others for n=500, p=15, and k=4. The
MCD method is better than others for n=1000, p=15,
and k=4.

When considering all robust factor analysis
methods, it can be seen that the ratio of total
variance explained and fit values decreases as the
sample size increases n=100, 500 and 1000.
However, as the number of variables increases, the
ratio of total variance explained and fit values
increases for each sample size n=100, 500 and
1000. This suggests that the MCD and M methods
are better than others for robust factor analysis. The
analysis of the ratio of total variance explained and
fit values shows that robust factor analysis methods
outperform classical methods. This is particularly
important since the dataset used in the analysis
includes 10 outliers, indicating that robust factor
analysis is a more suitable approach for such data,
as supported by theoretical expectations.
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Table 3. The Ratio of Total Variance Explained for Classical and Robust Factor Analysis with 10 outliers (1000 repetitions)

=15 p=20 =25 =30
Sasli“z‘;le Method| k=2 | k=3 | k=4 | k=2 | k=3 | k=4 | k=2 | k=3 | k=4 | k=2 | k=3 | k=4
100 MLE |0,4069|0,4793|0,4993|0,4212|0,4936(0,5222|0,4822| 0,5064 | 0,5302 |0,5227|0,5469|0,5763
PCA |0,4050(0,4785|0,4973|0,4202 | 0,4911|0,5115|0,4716 | 0,5052 | 0,5283 | 0,5195 | 0,5324 | 0,5685
WLS |0,3794 | 0,4461 | 0,5211 | 0,4205 | 0,4747 | 0,5068 | 0,4723 |0,5093|0,5468| 0,5214 | 0,5386 | 0,5758
GLS 0,3905 | 0,4565 (0,5228]| 0,4152 | 0,4651 | 0,5043 | 0,4727 | 0,5061 | 0,5465 | 0,5022 | 0,5345 | 0,5694
McD |(0,5153|0,5712(0,6046| 0,5498 | 0,5823 | 0,6186 | 0,5985 | 0,6218 | 0,6466 |0,5792|0,6137|0,6237
M 0,5067 | 0,5517 | 0,6003 | 0,5527(0,5911|0,6225|0,6013|0,6234|0,6532 | 0,5764 | 0,6131 | 0,6231
S 0,5134|0,5491 | 0,5841| 0,5234 | 0,5579 | 0,5702 | 0,5642 | 0,5829 | 0,6091 | 0,5666 | 0,5886 | 0,6083
500 | MLE |0,4005|0,4538]0,4842|0,4185/0,4757|0,5151|0,44700,4823(0,52760,4681|0,5126 | 0,5688
PCA |0,3921|0,4529 | 0,5001 | 0,4171 | 0,4744 | 0,5088 | 0,4464 | 0,4814 | 0,5244 | 0,4606 | 0,5086 | 0,5653
WLS |0,37360,4432 {0,5012 | 0,4033 | 0,4601 | 0,5065 | 0,4342 | 0,4820 | 0,5253 | 0,4623 | 0,5117 | 0,5675
GLS |0,3882 10,4537 (10,5119 0,4029 | 0,4623 | 0,5142 | 0,4355| 0,4813 | 0,5255 | 0,4642 | 0,5094 | 0,5661
McCD |0,5116|0,5394(0,5507|0,5482(0,5743|0,6035|0,5662|0,5889|0,6226|0,5735|0,6076|0,6233
M 0,4911 10,5275 | 0,5464 | 0,5473 | 0,5712 | 0,6004 | 0,5636 | 0,5826 | 0,6213 | 0,5714 | 0,6062 | 0,6228
S 0,4923 10,5283 | 0,5421 | 0,5034 | 0,5334 | 0,5587 | 0,5427 | 0,5522 | 0,5746 | 0,5520 | 0,5774 | 0,5956
1000 MLE |0,3996(0,4382|0,4768|0,4039|0,4565(0,4888|0,4236(0,4751|0,5077 | 0,4543|0,4974|0,5228
PCA |0,3723|0,4344|0,4731|0,4005 | 0,4514 | 0,4849 | 0,4206 | 0,4722 | 0,5038 | 0,4514 | 0,4927 | 0,5201
WLS |0,3877|0,4327 | 0,4742 | 0,4024 | 0,4543 | 0,5858 | 0,4221 | 0,4737 | 0,5065 | 0,4525 | 0,4951 | 0,5216
GLS |0,38980,4366 | 0,4753 | 0,4013 | 0,4552 | 0,4877 | 0,4227 | 0,4740 | 0,5071 | 0,4531 | 0,4962 | 0,5220
MCD |0,4976|0,5226(0,5362|0,5222(0,5561|0,5744|0,5421|0,5511|0,5672|0,5517|0,5688 | 0,5844
M 0,4897 | 0,5199 | 0,5347 | 0,5227 | 0,5542 | 0,5727 | 0,5416 | 0,5507 | 0,5666 | 0,5513 | 0,5683 | 0,5837
S 0,4888|0,5195 | 0,5322 | 0,5029 | 0,5301 | 0,5723 | 0,5401 | 0,5500 | 0,5643 | 0,5507 | 0,5665 | 0,5807
Table 4. The Fit Values for Classical and Robust Factor Analysis with 10 outliers (1000 repetitions)
=15 =20 =25 =30
Sample | Method | k=2 k=3 k=4 k=2 k=3 k=4 k=2 k=3 k=4 k=2 k=3 k=4
size
100 MLE |0,81220,8479|0,8618 ({0,8391|0,91690,9382|0,9323|0,9381 | 0,9493 |0,9543|0,9725|0,9788
PCA |0,8113|0,8478|0,8614 | 0,8380 | 0,9154 | 0,9363 | 0,9311 | 0,9372 | 0,9481 | 0,9536 | 0,9683 | 0,9775
OLS |0,8116|0,8477|0,8611 |0,8377 | 0,9143 | 0,9311 | 0,9317 | 0,9375| 0,9489 | 0,9540 | 0,9721 | 0,9780
WLS |(0,77110,8012 | 0,8828 10,8385 | 0,9137 | 0,9359 | 0,9311 |0,9386 | 0,9504 | 0,9551 | 0,9704 | 0,9783
GLS 0,8019 [0,8424 |0,8855|0,8362 | 0,9132|0,9343 | 0,9319|0,9377 | 0,9500 | 0,95280,9697 | 0,9778
MCD (0,9282|0,9617(0,9777|0,9562 | 0,9769 | 0,9821 | 0,9794 | 0,9824 | 0,9902 |0,9821|0,9832|0,9953
M 0,9273 10,9608 | 0,9769 | 0,9623 (0,9782|0,9834 | 0,9816|0,9835 | 0,9914 | 0,9816 | 0,9826 | 0,9947
S 0,9265 | 0,9492 | 0,9734 | 0,9518 | 0,9646 | 0,9703 | 0,9645 | 0,9699 | 0,9816 | 0,9769 | 0,9787 | 0,9901
500 MLE |0,8105|0,8459| 0,8520 (0,8362|0,8944(0,9227|0,8611|0,9005| 0,9352 |0,9446|0,9623|0,9715
PCA |0,8100|0,8453|0,8532|0,8351|0,8921|0,9209 | 0,8607 | 0,8994 | 0,9340 | 0,9403 | 0,9597 | 0,9688
OLS |0,8102|0,8451|0,8556 | 0,8347 | 0,8907 | 0,9213 | 0,8603 | 0,8998 | 0,9343 | 0,9406 | 0,9604 | 0,9694
WLS |0,8075 | 0,8454 | 0,8544 | 0,8334 | 0,8884 | 0,9204 | 0,8593 | 0,9002 | 0,9345 | 0,9411|0,9616 | 0,9706
GLS 0,8084 | 0,8457 |0,8568| 0,8326 | 0,8893 | 0,9222 | 0,8586 | 0,8996 [0,9349 | 0,9425|0,9601 | 0,9691
MCD (0,9244|0,9584(0,9612|0,9427|0,9652|0,9781|0,9587(0,9743| 0,9815 |0,9758|0,9781|0,9836
M 0,9201 | 0,9567 | 0,9609 | 0,9412 | 0,9623 | 0,9723 | 0,9576 | 0,9734 | 0,9806 | 0,9749 | 0,9777 | 0,9822
S 0,9203 | 0,9576 | 0,9601 | 0,9356 | 0,9588 | 0,9675 | 0,9531 | 0,9671 | 0,9703 | 0,9736 | 0,9756 | 0,9778
1000 MLE |0,80140,8354|0,8423(0,8267|0,8846|0,9124|0,8515|0,8907 | 0,9251 |0,9348|0,9528|0,9606
PCA |0,7962|0,8323|0,8402 | 0,8211 | 0,8820 | 0,9105 | 0,8477 | 0,8884 | 0,9237 | 0,9308 | 0,9499 | 0,9570
OLS |0,8003|0,8344 |0,8409 | 0,8236|0,8827 | 0,9112 | 0,8483 | 0,8890 | 0,9241 | 0,9316 | 0,9508 | 0,9581
WLS |0,79780,8335 | 0,8412|0,8245 | 0,8834|0,9117 | 0,8491 | 0,8892 | 0,9243 | 0,9322|0,9518 | 0,9588
GLS 0,7984 | 0,8351 | 0,8415 | 0,8225 | 0,8837 | 0,9121 | 0,8497 | 0,8898 [0,9246 | 0,9329|0,9523 | 0,9594
MCD (0,9143|0,9481(0,9510|0,9324|0,9556|0,9680|0,9488|0,9645| 0,9717 |0,9666 |0,9757 | 0,9795
M 0,9135|0,9476 | 0,9504 | 0,9317 | 0,9547 | 0,9675 | 0,9479 | 0,9636 | 0,9708 | 0,9659 | 0,9753 | 0,9792
S 0,9126 | 0,9465 | 0,9490 | 0,9251 | 0,9486 | 0,9572 | 0,9410 | 0,9597 | 0,9634 | 0,9651 | 0,9742 | 0,9786

4. Real-Life Application

Athletics is one of the most widely followed sports
events worldwide. Countries prepare for
competitions throughout the year. This study used
data obtained before competitions on a country
basis for female athletics athletes. In this dataset,

100 m (s), 200 m (s), 400 m (s), 800 m (min), 1500
m (min), 3000 m (min), and marathon (min) values
were taken as independent variables. The analysis
used data from 55 countries. The data was obtained
from https://towardsdatascience.com/factor-
analysis-on-women-track-records-data-with-r-and-
python-6731a73cd2e0 [18].
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Table 5 shows the results of evaluating MLE and
GLS techniques for classic factor analysis. The table
shows that the ratio of total variance explained and
the fit values are higher for the MLE method than
for the GLS method. This suggests that the MLE
method is a better choice for estimating the factor
analysis model. However, the table also shows that
the GLS method produces similar results to the MLE
method. This suggests that the GLS method is a
good choice for estimating the factor analysis model
when the MLE method is not available or when the
data does not meet the assumptions of the MLE
method.

Table 5 also shows that there is some uncertainty
regarding which factor the 400m variable belongs
to when the GLS method is used. This is because the
400m variable has high loadings on both factors.
This suggests that the 400m variable is a measure of
both speed and endurance.

The results of the study suggest that the MLE
method is a better choice for estimating the factor
analysis model. However, the GLS method is a good
choice for estimating the factor analysis model
when the MLE method is not available or when the
data does not meet the assumptions of the MLE
method.

Table 5. The results of classic factor analysis (CFA) for
athletics data (MLE and GLS)

CFA CFA

(GLS) (MLE)

F1 F2 F1 F2
100 m 0,803 0,811
200 m 0,773 0,760
400 m 0,556 |0,558 0,623
800 m 0,899 0,910
1500 m 0,564 0,533
3000 m 0,691 0,669
Maraton 0,666 0,634
Var. Exp. 0,388 10,332 0,389 0,332
Total Var. Exp. 0,720 0,721
Fit Value 0,971 0,972

The graphs in Figure 1 show the distribution of the
data for each of the seven variables. The number of
outliers detected in the datasetis 17.

Adjusted Chi-Square Q-Q Plot

* putliers (n=17)
® HNon-outliers (n=38)
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Robust Squared Mahalanobis Distance

Figure 1. The Adj. Chi-Square Graph for Athletics Data
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Based on the results of the robust factor analysis, a
2-factor structure was used and the analysis was
continued using the two best methods, MCD and M
methods. The results of this analysis are presented
in Table 6. The results of the study suggest that the
M method is a better choice for factor analysis in
this situation. The M method is a robust factor
analysis method that is less sensitive to outliers.
This is important because the dataset contains
outliers. The results of the study also suggest that
the 400m variable belongs to the second factor. This
is consistent with the theoretical framework of
factor analysis. The 400m variable is a measure of
both speed and endurance. It is therefore likely to
be associated with both factors.

The results of the study can be summarized as
follows:

i. The M method is a better choice for factor analysis
in this situation.

ii. The 400m variable belongs to the second factor.
iii. The 100m, 200m, and 400m variables belong to
the short-distance running factor (F2).

iv. The 800m, 1500m, 3000m, and marathon
variables belong to the middle and long-distance
running factor (F1).

The results of the study can be used to improve
athletic training programs and to help athletes
improve their performance. The results suggest that
athletes who want to improve their performance in
short-distance running should focus on training for
speed. Athletes who want to improve their
performance in middle and long-distance running
should focus on training for endurance.

The results of the study are also interesting from a
theoretical perspective. This is an important finding
because it suggests that the M method can be used
to analyze data that contains outliers.

Table 6. The results of robust factor analysis (RFA) for
athletics data (MCD and M)

RFA RFA

(MCD) (M)

F1 F2 F1 F2
100 m 0,906 0,895
200 m 0,902 0,905
400 m 0,703 0,752
800 m 0,844 0,833
1500 m 0,936 0,916
3000 m 0,888 0,872
Maraton 0,656 0,733
Var. Exp. 0,491 0,388 0,494 0,418
Total Var. Exp. 0,879 0,912
Fit Value 0,972 0,973
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5. Discussion and Conclusion

Factor analysis is a simulation study that is used to
test the effectiveness of this method and to
determine how accurate the factor analysis results
are. These studies are also used to evaluate how
factors such as different number of factors, sample
sizes or distribution of sample affect the results of
factor analysis. It is the results of these studies that
help to determine the most suitable conditions for
the use of factor analysis methods.

In this study, classical and robust factor analysis
methods, and simulation studies carried out in
different number of variables, number of factors
and sample sizes were evaluated. The study
provides valuable insights into the performance of
factor analysis methods. The results of the study can
be used to help researchers choose the most
suitable factor analysis method for their data.

In general, when classic factor analysis is applied to
a dataset that is derived from a multivariate normal
distribution, the best methods are Maximum
Likelihood Estimation (MLE), Weighted Least
Squares (WLS), and Generalized Least Squares
(GLS). Overall, classic factor analysis has been found
to produce better results, likely because the data
used in this analysis is derived from a multivariate
normal distribution.

On the other hand, the covariance matrix is easily
affected by outliers, and the eigenvalue and
eigenvector, which are calculated according to the
covariance matrix, are sensitive to outliers too, thus
leading to deviation in the results.

This study investigated when robust covariance
matrix is used that reduces the influence of outliers,
the eigenvalue and eigenvector calculated by that
are less sensitive to outliers, thus affecting robust
factor analysis results.

When robust factor analysis techniques are applied
to datasets that contain outliers, they tend to
produce Dbetter results compared to other
techniques. This is because robust methods, such as
M and MCD, are designed to handle outliers more
effectively and result in a higher the ratio of total
variance explained and Dbetter-fit values. In
situations where outliers are present, using robust
factor analysis techniques is likely to produce better
results.

Finally, this study investigated robust estimation
methods as alternatives to classical estimation. The
results of the simulation study show that such
methods are available for factor analysis, and give
clear evidence that all robust estimation methods
under investigation have a high efficiency by
outliers. On the contrary, classical factor analysis is
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strongly influenced by the uncontrolled effects of
outliers which makes them often totally unreliable.
Especially MCD and M methods turn out to be very
appealing estimation methods for robust factor
analysis.
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Abstract: As a continuation of previous studies, we give some results about the
neutrosophic integers theory. We first stated that the neutrosophic real numbers
are not closed according to the division operation. Later, we gave divisibility
properties of neutrosophic integers. We have given properties such as the greatest
common divisor for two neutrosophic integers being positive and unique. Then, we
gave the Euclid’s Theorem, Bezout’s Theorem for neutrosophic ingers set Z[I]. It is
known that these concepts are important for number theory in integers set Z.
Finally, it is defined the least common multiple for neutrosophic integers. Finally, a
theorem is given which enables one to easily find the least common multiple of
neutrosophic integers and after a conclusion about the sign of the product of two
neutrosophic integers, a theorem is given that shows the relationship of between
the greatest common divisor with the least common multiple.

Notrosofik Tamsayilarda En Biiyiik Ortak Bélen ve En Kii¢iik Ortak Kat

Anahtar Kelimeler
Notrosfik tam sayilar,
notrosofik tamsayilarda

0z: Bu makalede dnceki ¢calismalarin devami olarak, nétrosofik tam sayilar teorisi
ile ilgili baz1 sonuglar verilecektir. Ilk olarak nétrosofik reel sayilarin bélme islemi
altinda kapali olmadig1 ifade edilmistir. Daha sonra nétrosofik tam sayilarin

el?ob, ) boliinebilme 6zellikleri verilmis, iki noétrosofik tam sayinin en biuyiikk ortak
notrosofik tam sayilarda 1 " . e s .

ekok, béleninin pozitif ve tek oldugu gosterilmistir. Sayilar teorisi kuraminda tam sayilar
nétrosofik tam sayilar icin icin verilen Euclid ve Bezout teoremlerinin nétrosofik tam sayilar igin karsilig
Euclid Algoritmasi, incelenmistir. Son olarak iki nodtrosofik tam sayinin en kiiciik ortak kati
nétrosofik tam sayilar icin tanimlanmis ve bu saymin nasil bulunacag ile ilgili sonuglar verilmistir. Iki
Bezout Teoremi notrosofik tam sayiin ¢arpiminin isareti hakkindaki incelemeden sonra en kiigiik

ortak kat ile en biiyiik ortak bolen arasindaki iliski verilmistir.

1. Introduction articles. For some of these, see [7-12]. The source of

inspiration for our work is the studies in [13].
Neutrosophy is a concept that presented by F.

Smarandache to deal with indeterminacy in nature
and science [1]. This concept has many applications
in various fields and many studies have been done in

In this paper, firstly, it is given divisibility properties
of neutrosophic integers. Then we have given some
properties on the greatest of common divisor (gcd) of

this field. The first studies in which algebraic neutrosophic integers, Euclid’s Theorem, Bezout's

structures were applied in neutrosophy theory is
given by Kandasamy and Smarandache in [2,3]. One
of the fields in which neutrosophy theory is applied is
neutrosophic number theory. Neutrophic number
theory is the science that studies the properties of
neutrophic integers. Neutrosophic number theory
was introduced in [4]. Also, in [5] and [6], the authors
examined some properties of neutrosophic integers.
Studies on neutrophic integers have inspired many

*Corresponding author: yilmazceven@sdu.edu.tr

Theorem. Finally, it is defined the least of common
multiple (Icm) of neutrosophic integers and given a
result that shows the relationship of between the gcd
and the lcm.

2. Material and Method

A well-known definition and a theorem of integers
are given below.
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Definition 2.1 Letu,v € Zandu # 0. It is calledu
divides v iff v = uk for any integer k. It is denoted by
ulv.

Theorem 2.2 Let «, 3,6 € Z. Then

i) for a € Z—-{0},|a,

ii) for a € Z —{0},2|0,

iii) forany x € Z, if a|B, then a|Bx,

iv) ifa|B and B|§, then a|6§,

v) forallx,y € Z, if @|B and «|§, then a|fSx + 8y,
vi) if ax|Bx for x # 0, then a|pB,

vii) ifa|B and B # 0, then |a| < |B],

viii) if ¢|f and a # 0, thenglﬁ,

ix) ifa|B and B|a, then @ = £B.

Theset Z[I] = {u + vl:u,v € Z,I? = I} is known as
the ring of the neutrosophic integers and [ is called
an indeterminate element.

Definition 2.3 [4] For any a, 8 € Z[I], we say that
a|B if there exists a k € Z[I] such that 8 = ka.

Theorem 2.4 [6] Leta = a; + a,land f = f; + 5,1
be any two elements in Z[I]. In this case, |f iff a;|B;
and a; + a,|B; + Bs.

Definition 2.5 [6] Leta+bl € Z[I]. a+ bl is a
positive neutrosophic number if and only if a > 0,
a+ bl > 0.

Definition 2.6 [4] Let a = a,; + a,l € Z[I]. The
conjugate and norm for « is defined by
a=a, +a,—a,l
and
N(a)=a.a=a;(a; + ay)
respectively.

Theorem 2.7 [4] Let «, 8 € Z[I]. Then

N(aB) = N(a)N(B).

Proposition 2.8 [4] The elements +1,+(1 — 2I) of
Z[I] have inverses in Z[I].

Definition 2.9 [6] We say that a = gcd (B,y) if 2|8
and a|y and for each divisor §|8 and 8|y, then |a.
Also if gcd(B,y) = 1, thenitis called that 8 and y
are relatively prime in Z[I].

Theorem 2.10 [6, Theorem 3.7] Leta = a; + a,l
and f = B, + 1 € Z[I]. Thenm + nl = gcd (e, B) if
m = gcd (a4, f1) and m+n = ged (a; + 1, az + 52).

Theorem 2.11 [4] (Division Theorem) Letx andy €
Z[I] and N(y) # 0. In this case, there exist b, 7 € Z[I]
such that x = by + #~, where [N(#)| < [N(y)|.

3. Results

The set R[I] = {u + vI:u,v € R} are not closed under
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the division. For example; % =4 —9] € R[I] but

there do not exist any a + bl € R[I] such that%

a + bl. In the following, we will answer the question
"for which neutrosophic real numbers division
operation is closed".

Definition 3.1 Let a+ Bl and y+ 4l be two
neutrosophic real numbers and a + I # 0. Ify +
81 = (k+tI). (a + BI) for any k + tI € R[I], then we
say a + BI divides y + 61 and denote a + SI|y + 61 .
In this case 22 =k + ¢1 € R[!].

a+pI

Theorem 3.2 Let «, B8,y € Z[I]. Then

i) «al0and a|a forany a # 0,

ii) if a|B, then a|Bu forallu € Z[I],

iii) if |B and B|y, then aly,

iv) if |8 and a|y, then a|By,

v) ifea|p and aly, then a|Bu + yv forall u,v € Z[I].
vi) ify|lae anda # 0, then N(y) < N(a),

vii) ifyla,y # 0, then%la,

viii) if y|a and a|y, then & = uy where u is a unit
element.

Proof. The proofs of (i)-(v) are similar in Z.
(vi) [4], Theorem 3.10.
(vii) By Theorem 2.4, x|y if and only if x, |y, and x; +
x,|y1 + y,. We see that
Y _ 3’_3_5 ()Y | Xy, — X0y
x  x.x (g tx)x; (g +x)x;
By hypothesis, we have z—i |y;and so
x1(y1 +¥2)
x1 (% + x2)
by Theorem 2.2 (viii). Hence we obtain % [y.

lyi + 2

(viii) if x|y and y|x, then x = ky and y = txfor any
k,t € Z[I]. Hence we have x = (kt)x. So it should be
kt = 1.Then we obtaink =t =Flork=t=+(1—
21). So we have y = ux where u is an unit element.

Proposition 3.3 The gcd of two neutrosophic
integers is positive.

Proof. Letu=a+bl,v=c+dl€Z[l[landz=m+
nl = ged(u,v) . Then, by Theorem 2.10, m =
gcd(a,c)€Zand m+n=gcd(a+b,c+d)eZ. It
is known that gcd of two integer is positive integer.
So we havem >0andm +n > 0. Then we obtain
z =m + nl > 0 by Definition 2.5.

Proposition 3.4 Letu=a+bl€Z[I]. Ifu>0or
u < 0,then N(u) > 0.

Proof. Ifa+ bl >0ora+ bl <0, then (a > 0,a+
b > 0)or (a<0,a+b < 0)by Definition 2.5. Hence
we have N(a + bl) = a(a + b) > 0.

By Definition 2.6 and using Theorem 3.2 (vi), we can
write the following Definition:
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Definition 3.5 For non-zero a and g in Z[I], the gcd
of ¢ and fis a common divisor which its norm is
maximal.

If zis the gcd of aand B, we have N(z) > 0. Unit
multiples of z are z,—z, (1 — 2I)z,—(1 — 2I)z. These
are some common divisors of x and y. We see that
N(=z)=N((1-2Dz)=N(—(1-2Dz) =-N(2) <
0 by Proposition 3.5 (vi) in [4].

Definition 3.6 We call x and y are relatively prime
when they only have unit factors in common.

Lemma 3.7 Letr,x € Z[I]. If r|x, then ur|x where u
is a unit element.

Proof. Let r|x. Then we have x = kr for any k € Z[I].
We know thatu € {+1,+(1 — 2)}and (1 — 21)? = 1.
Since also we can write xas x = (=k)(—r) or x =
k(1-2DA-2Drorx =k(=1+20)(-1+ 2Dr, we
get that —r, (1 —2D)r, (=1 + 2)rdivide x. Hence
ur|x where u is a unit element.

Lemma 3.8 Letx = a + bl € Z[I]. Then only one of
the numbers x, —x, (1 — 2I)x, (—1 + 2[)x is a positive
neutrosophic integer.

Proof. Case 1: Letx > 0. Then we know thata >0
anda + b > 0. In this case, since —x = —a — bl and
—a <0,—(a+b) <0, we have —x < 0. Since (1 —
2Dx =1 -2)(a+bl)=a+ (—2a—>b)] and a>
0,a+ (=2a—b) =—(a+b) <0, we have (1 —2)x
is neither positive nor negative. Similarly since —a <
0, —a+2a+b)=a+b>0,-(1-2Dx=—-a+
(2a + b)I we have —(1 — 2I)x is neither positive nor
negative.

Case 2: Let x < 0. Then we know thata < 0 and a +
b < 0. In this case, since —x = —a — bl and —a > 0,
—(a + b) > 0, we have —x > 0.

Sincea < 0,a+ (—2a—b)=—(a+b)>0,(1—
2Dx = a+ (—2a — b)I, we have (1 — 2[)x is neither
positive nor negative. Similarly since —a > 0, —a +
(2a+b)=a+b<0,—(1—-2Dx=—a+ (2a+ b)I
we have —(1 — 2)x is neither positive nor negative.

Case3: Suppose thatx = a + bl is neither positive
nor negative. Then aand a + b are opposite sign. If
a>0,a+ b <0, it can be easily seen that only (1 —
2Dx > 0.1fa < 0,a+ b > 0, we easily see that only
-1 -2Dx>0.

Proposition 3.9 The gcd of two
neutrosophic integers is unique.

non-zero

Proof. Let v and z be gcd of neutrosophic numbers x
and y. Then it is clear that v|z and z|v. By Theorem
3.2 (viii), we have z = uv where u is a unit. Since gcd
of two neutrosophic integers is positive by
Proposition 3.3 and only one of the numbers
+v,+(1 — 2I)vis a positive by Lemma 3.8,z = uv
where uv > 0is the gcd of neutrosophic numbers x
and y.
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Theorem 3.10 (Euclid’s Algorithm) Letx andy €
Z[I] be non-zero and N(x) # 0, N(y) # 0. Define the
neutrosophic integers r; and q; fori > 1 by repeated
application of the Division Algorithm to divisors and
remainders. We have

y =xq; + 1, |N(@)| <|N(x)|and N(ry) # 0,
x =1q, + 15, |[N(p)| <|N(r)|and N(r,) # 0,

1 =143 + 73, |[N(13)| <|N(rz]and N(r3) # 0,

T2 = Tj-1q; + 7, [NOp| < [N(r-1)| and N(ry) #
0’

Tj—1 = Tjqj+1

Then, for any unit element u,ur; is positive
neutrosophic integer where 7;is the non-zero last
remainder and it is the gcd of x and y.

Proof. We have a decreasing sequences of positive
integers such that [N(x)| > |N(r;)| > [N(ry)| >.... So
this sequence is finite and r, = 0 for any k € Z*. Now
starting from the last equation to first equation, we
have rj|rj_1,rj|rj_2,rj|rj_3, ...,Tjlx and 7j|y. By Lemma
3.7, urj|x and ur;|y. Sourjis a common divisor of x
and y. If z is another common divisor of x and y, we
have z|x and z|y. Hence starting from the first
equation to last equation, we have z|r1,z|r2,...,z|r]-.
By Theorem 3.2 (ii), z|urj. Then, by Lemma 3.8, for
any unit element uur; is positive neutrosophic
integer where 7; is the non-zero last remainder and it
is the gcd of x and y.

In the division operation in Z, the quotient and
remainder are unique. But as we will see in the
following example, the quotient and remainder are
not unique in division in Z[I].

Example 3.11 We apply the Division Theorem to the
numbers y =445] and x =649/ . Since N(4 +
5I) =36and N(6+91) =90, we can write asx =
by + k such that |[N (k)| < |[N(y)|. Consider the ratio%

and rationalize the denominator:
x_x.y_54+61_54 6

y vy 36 36 36

=3¢ +3g! =15+ (0,16)]
The neutrosophic integers around 1,5 + (0,16)/ is the
numbers 140,24+ 0,1+ and 24+ in the
coordinate plane (see [5]). If we chooseq, =1+
0/,g,=2+4+0I,q3=1+1and q, =241, then we
can write

6+91 =1.(4+51)+2+41, |N(r)|=12<|N(y)| =36,

NI

X n

a1 y
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6+91 =2.(4+51)+-2-1,
|

X gz y 2

IN(r,)| =6 <|N(y)| =386,
6-+91 = (1+1).(4+51)+2-51,
M TT r3
IN(r,)|=6<|N(y)|=36,
6+91 = (2+1).(4+51)+-2-10I,
X —_— N

)

IN(r,)| =24 <|N(y)|=36

94 y

Also it can be another equalities satisfying x = qy +
r such that [N(r)| < |[N(y)]|.

Example 3.12 Let us find gcd of 4 + 5/ and 6 + 91. By
Division Algorithm and Euclid Algorithm, we have
6+9=@4+5)2-2-],

IN(=2-D|=6<|NM4+5)| =36

4451 =(-2-0D(-2-D+0.
Hence, since =2 — 1 < 0, we have —(=2—-1)=2+1
isgcd of 4 + 57 and 6 + 91.
Secondly, since

6+9l=4+5)1+2+4l,

IN2+4D)| =12 < [N(4 +51)| =36
44+51=02+4D.1+2+1,
INC+D|=6<|N(2+4D)| =12

24+4l=02+DA+D+0,
we getthat 2 + [ is gcd of 4 + 5/ and 6 + 91.
Thirdly, since
6+9l=@+5).(1+1)+2-5],
IN2-5D|=6<|N(4+5)| =36
4451 =2-5)(2-5)+0,
and since 2 —5/ is not a positive neutrosophic
integer, we obtain that (1-2)(2—-5I)=2+11is
gcd of 44+ 51 and 6 + 91.

Example 3.13 The conjugate of the number 4 + 5/ is
9 —51. Since
4+51=(9-50)21+4-3],
IN4—-3D|=4<|N09—-5)| =36
9-5I=4-3D2+D+1|IND|=1<
IN(4 =3D)| = 4,
4—-5I=(M4-5)1+0,
we get gcd(4 + 51,9 — 51) = 1. So they are relatively
prime in Z[I].

Theorem 3.14 (Bezout’s Theorem) For 0 # x and
0#yeZ[I] andN(x) #0,N(y) # 0, ifgcd(x,y) =
z,then z = xa + yb for some a, b € Z[I].

Proof. By back-substitution in Euclid Algorithm, we
can find a, b € Z[I] such thatr; = xa + yb. If rj is the
ged of x and y, proof is clear. If 7 is not gcd but ur;
where u is a unit element is gcd of x and y, then we
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get ur; = x(ua) + y(ub) multiplying the above
equality by u. So proof is clear.
Corollary 3.15 For 0 #a and 0 # 8 € Z[I] and

N(a) # 0,N(B) # 0, x and f are relatively prime iff
aa + fb = 1forsomea,b € Z[I].

Proof. Since a and 8 are relatively prime, we know
that gcd(a, ) = 1. Hence, by Theorem 3.14, aa +
Bb =1 for some a,b € Z[I]. Conversely, let aa +
Bb = 1 for some a, b € Z[I]. If wis a joint divisor of «
and 3, then, by Theorem 3.2 (v),we havew|aa + b =
1. Hence we get gcd(a, ) = 1.

Theorem 3.16 For «,fandy € Z[I], if a|By and
gcd(a, B) = 1, then aly.

Proof. Let a|By and gcd(a, 8) = 1. By Corollary 3.15,
we have aa+fb=1 for some a,b€Z[l] .
Multiplying y, we have aya + fyb =y. Then, by
Theorem 3.2 (v), since a|aya and a|Byb, we have
alaya + Byb =vy.

Example 3.17 Consider x =4+5] and y =9 —

51. We know that gcd(x,y) = 1 from Example 3.13.

Hence using the equalities in Example 3.13, we have

1=9-5I1-(4-3D2+D
=9-5I-(4+5I-09-5D2D2+1)

-2+ Dx+ 1 +6ly

Example 3.18 For the neutrosophic numbers x =
4 + 5] and y = 6 + 9] in Example 3.12, if we use the
equality 6 + 91 = (4 +5I).(1 + 1) + 2 — 51, we have
2—=51=6+9]—(4+5I).(1+1). Multiplying both
sides by 1 — 2/, we have, since (1 —21)(2—-5]) =
241,
gcd(4+51,6+9)=2+1
=(6+9D(1-2)—-A+5DA+DH(A-2D
=x.(1-2D)+y.(-1+3D)

Definition 3.19 (LCM) For a and B € Z[I], if ¢|y and
Bly, v is called a joint multiple of @ and 8. The
smallest of the positive joint multiples of a and S is
called the Icm of a and .

Theorem 3.20 Forx = x; + x,1,y =y, + y,I € Z[I]
and x; #0,x;+x, #0,y;, # Oand y; +y, # 0, w =
w; +wyl = lem(x,y) if and only if w; = lem(xq,y;)
and wy + wy, = lem(xy + x5, 1 + Vo).

Proof. Letw = w; + w,I = lem(x,y). We know that
x|lw and y|lw. If v =v; +v,] is another common
multiple of x and y then w|v. Then x;|w;, x; +
Xalwy +wy, yilwy, y1 +yalwy +wy, wylvy, wy +
w,|v; + v, by Theorem 2.4. In this case, we have
w; =lem(xy,y;) and w; +w, =lem(x; + x5,y +
y,). Conversely, let w; = lcm(xy,y,) and wy + w, =
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lem(x, + x5,y; +v,). Then we have x;|w;, y;|wy,
X1 + x;|lwy + wy, ¥ + y,|lw; + w,. Hence we get x|w
and y|w and so w is a common multiple of x with y.
Now let v be another common multiple of x with y.
Then x|v and y|v. Since x;|vy, y1|vy, x4 + x5|v1 + vy,
v1 + y,|v; + v,, v; is a common multiple of x; and y,
and v, + v, is a common multiple of x; + x, and y; +
y,. Since w; = lem(x;,y;) and wy; + w, = lem(x; +
X5, Y1 +¥2), we have wy|vy, w; + wy|v; + v,. So we
obtain w|v and w = w; + w,I = lem(x, y).

Example 3.21 Considerx = 2+ 4/,y = 3+ . Since
Iem(23)=6=w; and Im(2+43+1)=12=
w; +w,, we havew =w; + w,] =6+ 6l =Ilcm(2+
41,3 +1).

We remember the coordinate system for Z[I]in [5]:
Letx € Z[I]. We know thatx > 0in Region 1,x < 0
in Region 3, xis neither positive nor negative in
Region 2 and 4.

Region2 4 3+41
=243l 3
-5%21 2 Region1l
Region3

Region3 -2

Regior'1l

-3-4| -4] Region'4

Figure 1. Neutrosophic integers

Theorem 3.22 Let a, 8 € Z][I].

i) If @ and f have the same sign, then aff > 0,

ii) if @ and B have the opposite sign, then a8 < 0

iii) if « and B are neither positive nor negative and
are in the same region, then a¢ff > 0

iv) if @ and f are neither positive nor negative and
are in the different region, then a8 < 0

v) if only one of « and f is positive or negative and
the other is neither positive nor negative, then af is
neither positive nor negative.

Proof. Let a=a;+a,] and B =p;+f(,]. By
Definition 2.5, we know that
o a=a+ay, >0iffa; >0,ay +a, >0,
o a=a+a,] <0iffa; <0, +a, <0,
e «a = a; + a,l is neither negative nor positive
iffa; >0, ¢y +a, <0 ora; <0, a; +a, >
0.
Since aff = a,f; + (a8, + a,f; + a,5,)1, we should
investigate the signs of ayf; and a;8;, + a8, +
axfr + @Bz = (a1 + az)(By + B2).

i) Leta = a; + ay,l and § = B; + ] have the same
sign. Then a,,a; + a,, 1,5, + B, has same sign.
Hence we get a8, >0, (a; + a3)(B; + B2) > 0. So
af > 0.

ii) Let a =a; +ayl and B = f; + [,] have the
opposite sign. Then we see that ay,a;+
a, are positive and f;, B; + [, are negative or «ay,
a, + a, are negative and f;, f; + f,are positive
Hence we geta;f8, <0, (a; +a,)(B; + B,) <0. So
af < 0.

iii) Let « = a; + a,I and B = f; + S, are neither
positive nor negative and are in the same region.
Then we see that a4, §; are positive and a; + a5, 5; +
B, are negative or ay,f; are negative and a; +
a,, 1 + B, are positive. Hence we geta;f5; >0,
(a; + a3)(By + B,) > 0.So0aB > 0.

iv) Let @ = a; + a,] and f = f; + B,] are neither
positive nor negative and are in the different region.
Then we see that a4, f; + [, are positive and a4 + «,
and B, are negative or a; + a,, f; are positive and
a4, 1 + B, are negative. Hence we get a6, <0,
(a; + ay)(B; +B,) <0.Soap <0.

v) Let only one ofa = a; + a,l and f = f5; + 3,1 be
positive or negative and the other neither positive
nor negative. Since af = a8, + (@18, + a5, +
a,fB,)] we should investigate the signs of a;f; and

a1+ a1y + ayf + @B = (a1 + az)(By + Bo).

Then we have eight case:
a1 >0,6,>0, ay+a,>0,6,+6,<0

= af is neither positive nor negative,
. 0;>0,6, <0,y +a,>0,p,+5,>0

= af is neither positive nor negative,
a1 >0,6,>0,ay+a,<0,6,+6,>0

= af is neither positive nor negative,
. 0;>0,6, <0, +a,<0,5,+5,<0

= af is neither positive nor negative,
.0 <0,6,>0, a;+a,>0,p,+B,>0

= aff is neither positive nor negative,

a, <0, <0, +a,>0,6,+5,<0

= af is neither positive nor negative,
L1 <0,8,>0a,+a,<0,6,+6, <0

= af is neither positive nor negative,
L0 <0,6, <0, ay+a, <0, +B,>0

= af is neither positive nor negative.

Theorem 3.23 For neutrosophic integers a and S,

gced(a, B)lem(a, B) = af ifaf > 0

gcd(a, B).Iem(a, B) = —af ifaB < 0.

Proof. Let af > 0. Denote gcd(a, 8) = 6 and % =m.

Then since §|f8 andé|a, we have B = 6t and a = Sk
for any k,t € Z[I]. It is clear that gcd(k,t) =1,
otherwise gcd(a, B) > . Hence since m = 2B _ SkB _

s s
kB and m=%=%&=at, we get alm and B|lm.

and
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Hence m is a joint multiple of ¢ and f. Now if
another joint multiple of @ and g is n, then since a|n
and B|n, we haven = ar and n = s for anyr,s €
Z[I]. In this case, since ar = Bs and 8kr = §ts, we
have kr =ts. Hence we see that k|ts. Since
gcd(k,t) =1, by Theorem 3.16, we get k|s. Hence
s=klfor any!l € Z[I]. Then since n = fis = Bkl =
ml, we obtain m|n. Therefore m = lcm(a, 8), by the
equality% =m. We have gcd(a, B).lcm(a,B) = af.
If af <0, then since or —af =a(—f) or—aff =
(—a)p, taking —af = ab > 0, the proof can be easily
proved.

Example 3.24 Consider Example 3.21. We see that
ged(x,y) =1+ 1andxy = 6+ 18] > 0. Since
lem(x,y) = 6 + 61, we have
ged(x,y).lem(x,y) = (1 + 1)(6 + 6])

=6+ 18I

=Q2+4DB+D

4., Discussion and Conclusion

In this study, as a continuation of previous studies [4,
5], we gave some results about the neutrosophic
integers theory. We first stated that the neutrosophic
real numbers are not closed according to the division
operation. Using known properties on integers and
properties given on Gaussian integers ([13]), we gave
divisibility properties of neutrosophic integers. We
defined the gcd of two neutrosophic integers and
proved it is positive and unique. Then, we gave the
Euclid’s Theorem, Bezout’s Theorem for
neutrosophic ingers set Z[I] which it is an important
concept in number theory in the integers set Z.
Finally, it is defined the lcm of two neutrosophic
integers. A theorem is given which enables one to
easily find the lcm of two neutrosophic integers. After
a conclusion about the sign of the product of two
neutrosophic integers, a theorem is given that shows
the relationship of between the gcd and the lem.
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Abstract: In this study, it was aimed to examine the effects of milk feeding
frequency on the growth, behaviour and health of calves during the suckling
period. The Holstein calves (5 in each group) at the age of 5-day-old were used in
the study. Computer controlled feeder (CCF) was used in the study. First group
calves were given 4 1t/day of milk replacer feed (G1), in the morning and evening.
In the second group (G2), a maximum of 12 lt/day of milk, which is natural
suckling behaviour, in the morning (05:00-08:00), midday (10:00-13:00)i evening
(16:00-20:00) were allowed to consume substitute feed. The time spent for
rumination by both groups was close to each other. Cross-sucking and vocalization
behaviour was more common in G1, but decreased with age. Tongue Rolling
behaviour was more common in G2, but decreased with age. The results showed
that the milk feeding frequency did not have a significant effect on the behavioural
patterns of the calves.

Siit Icirme Sikhiginin Buzagilarin Davranislar: Uzerine Etkileri

Anahtar Kelimeler
Siit icme sikligy,
Gelisim,

Davranis,

Saglik,

Buzag

0z: Yapilan bu ¢alismada, siit icme sikhginin siit igme donemindeki buzagilarin
davranis ozellikleri tizerine etkilerinin incelenmesi amaglanmistir. Calismada 5
giinlik yasta 10 adet (her grupta 5 buzagi) Holstein buzag kullamlmistir.
Calismada bilgisayar kontrollii besleyici (BKB) kullanilmistir. Birinci grup
buzagilara, sabah-aksam olmak tizere 4 It/giin siit ikame yemi (G1) verilmistir.
ikinci gruba (G2) ise dogal emzirme davranisi olan sabah (05:00-08:00), églen
(10:00-13:00), aksam (16:00-20:00) olmak tlizere azami 12 It/giin siit ikame yemi
tiilketmelerine miisaade edilmistir. Her iki grubun ruminasyon i¢in harcadiklar:
zaman birbirine yakin olmustur. Capraz emme davranisi ve bagirma G1'de fazla
gorilmistiir ancak yasla beraber azalma gézlenmistir. Dil cevirme davranisi1 G2’'de
fazlaca goriilmiis ancak yasla beraber azalmistir. Elde edilen sonuclar, siit icme
sikliginin buzagilarin davranis kaliplar1 tizerine 6nemli etkisinin olmadigini
gostermistir.

1. Introduction

The study was

approved by the Animal

Calves, which are the future of the herd, should be fed
as high-yielding dairy cows or fast-growing livestock

Experiments Local Ethics Committee Isparta
University of Applied Sciences with its decision
date 27.05.2021 and numbered 002.

In recent years, there has been concern and pressure
from conscious consumers about the welfare of
livestock. This affects the preferences of consumers
of animal products and increases the pressure to
introduce animal welfare legislation. The legislation
on animal welfare in the European Union countries is
one of the strongest in the world, and the import of
animal products that do not comply with this
legislation is limited [1, 2].

* Corresponding author: serkanozkaya@isparta.edu.tr

in the future. For this reason, great care must be
taken in the rearing of calves. The amount of milk and
the methods of feeding with milk can affect behaviour
and welfare. Raising in individual boxes, deprivation
of sucking behaviour and restricted milk intake are
considered factors that can reduce calf welfare [3].

In modern dairy farms, most calves are separated
from their dams within the first 24 hours after birth.
This type of herd management does not allow
adequate bonding between the dam and the calf and
prevents the natural sucking behaviour of the calves.
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Various methods have been used and tried to give
milk to calves for many years. Undesirable sucking
behaviours have emerged due to insufficient sucking
behaviour in feeding milk calves with bottles [4].

In the traditional calf rearing method, the amount of
milk intake is restricted and 8-10% of the live weight
of milk [5] or 500 grams of powdered milk per day
per calf [6] is recommended. However, when calves
are reared by the dam, the lactation process takes
place in three periods of the day; early morning
(05:00-08:00), midday (10:00-13:00) and afternoon
(16:00-20:00) [7, 8].

Calves born in dairy cattle are separated immediately
after birth and are fed a restricted of milk twice a day,
usually with bottled or bucket-nipple. This situation
increases the milk sucking desire of the calves [9] and
they can perform a large number of non-nutritive
sucking actions; they suck the materials of the boxes
where they are reared, suck them with close
neighbour calves, this is called cross-sucking [3, 10].
Cross-sucking can lead to inter-sucking, i.e. between
heifers and cows [11, 12, 13]. It was defined by [14]
that the calf’s desire to suckle is a need because the
animal must perform the suckling behaviour in order
to intake milk and satisfy its hunger.

As stated above, the difference in milk feeding
methods has an impact on the performance,
behaviour and welfare of the calves. The difference of
milk feeding methods affects the level of stress to
which it is exposed and this the behaviour of the calf.
However, the amount of milk and the frequency of
feeding the calves also affect the calves’ behaviour.
This study contributes to the understanding of the
effects of the frequency of giving milk replacer to the
calves with computer-controlled automatic feeders
on the growth, behaviour and health of the calves.

The aim of this study is to examine the effects of milk
feeding frequency on the growth, behaviour, feed
intake and health of calves during the suckling
period. The study sought and answers to the
following questions:

- How does the amount and frequency of milk given
to calves fed with a computer- controlled automatic
milk feeder affect the growth and feed intake?

- How does this affect the growth of calves’ oral
behaviour?

- How does this affect the oxidative stress level in
calves during the suckling period?

- How does this affect the antioxidative defense
mechanism and the immune response?

2. Material and Method
2.1. Animal material

In the study, 10 Holstein calves born in Isparta
University of Applied Sciences, Faculty of Agriculture,

Education, Research and Application Farm were used.
The power analysis method was used to determine
the number of animals, and according to the
frequency of diarrhoea cases, the highest value
average was 17, the lowest value average was 3, and
the standard deviation was 0.35, and it was found
that 5 animals in each group were required for 95%
power.

2.2. Feed material

In the study, commercially starter and milk replacer
used on the farm were used.

2.3. Method

Calves with similar live weights at an average 5-old-
day were divided into 2 groups. The first group (G1)
was fed with traditional method. This group includes
milk replacer (Pro Milk, Interchem Limited, Dublin,
Ireland) with a total of 4 It/day computer-controlled
automatic feeder (I-Mom, ITech Robotic Automation
Ltd. Sti., Isparta, Turkiye). The second group (G2) was
fed with a computer-controlled automatic feeder in
the morning (05:00-08:00), midday (10:00-13:00),
evening (16:00-20:00), which is natural sucking
behaviour [7, 8]. The G2 was allowed to intake a
maximum of 12 It/day of milk replacer. The milk
replacer was prepared in a computer controlled
automatic feeder according to the daily limits of the
calves during suckling. For 1 litre of milk replacer, an
average of 125 grams of powder was mixed with
water at 38-40 °C and fed to the calves.

2.4. Calf behaviour

Calves were recorded with Everest QC.Q1.F1 digital
camera (Segment Computer Inc. Ltd., Istanbul,
Turkiye). Behaviours of calves were recorded
between 06:00-09:00, 13:00-16:00, 19:00-22:00 and
22:00-24:00. The observed behaviour of the calves is
shown below:

Table 1. Behaviours observed in calves and their
description

Behaviour Definition

Calf having starter in its mouth or

Eating starter .
g head in the concentrate trough

Repetitive movements of lower jaw

Ruminating in the lateral plane
. The time when the calf had a teat in
Sucking :
its mouth
Licking itself Calf licking any part of itself

Calf’s tongue touching any part of

Licking penmate another calf

Licking
structures

Calf’s tongue touching any part of
pen structures or teat buckets

Calf holding any part of the pen

Biti truct .
1Hng structures structures between jaws

Cross-sucking Calf sucking any part of another calf

Calf rolling its tongue in a repetitive

Tongue rolling way outside the mouth

Vocalization Calf keeping its head stretched

upwards and mouth open
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When the calves reached the 2-month-old, milk
feeding was reduced to one meal, and the amount of
milk intake was given by decreasing every day, and
the calves were weaned at the end of 7 days. The
experiment was terminated when the calves were
reduced to a single meal.

2.5. Statistical analyses

T_Test was used in the analysis of behavioural data
obtained from the study, and repeated measurements
analysis of variance technique was used in the
analysis of computer-controlled automatic feeder and
feeder visits. Differences between groups were
examined with the Tukey test. Minitab 20 (Minitab,
LLC, 2020, Penn State, USA) package program was
used in the analysis of the data.

3. Results
3.1. CCF visit
As seen in Figure 1, G1 spent more time in CCF in the

first days. After 40-day-old, G2 spent more time in
CCF.
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Figure 1. Total time spent by calves in CCF

The awarded visit times of the calves in CCF are
shown in Figure 2. Naturally, G2 spent more time in
CCF while milk intake. The time used by both groups
for milk intake in CCF increased at first, but
decreased over time.
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Figure 2. Awarded visit times of calves in CCF

The unrewarded visit times of the calves in the CCF
are shown in Figure 3. G1 spent more time without
milk intake in the first days. However, after 45-day-
old, G2’s unrewarded visit time has increased.
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Figure 3. Unrewarded visit times of calves in CCF
3.2. Starter Feeder visit

In the first weeks of life, calves are fed with liquid
feed because their rumen is undeveloped. As seen
Figure 4, the number of feeder visits in the first days
of their lives was similar for both groups. Feeder
visits have increased in parallel with the age of the
calves. However, G1 made more feeder visits than G2.
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Figure 4. Daily starter feeder visits of calves

Feeder visits of calves in the morning, midday,
evening and night hours are shown in Figure 5. After
morning milk feeding, G1 visited the feeder, while G2
did not. Feeder visits of G1 remained almost the same
as morning visits at midday, while G2 increased until
midday milk feeding. After midday feeding, feeder
visits of G2 decreased while G1 increased. After the
evening milk feeding was finished, G1 increased their
feeder visits, while the G2 decreased compared to
midday, however, increased compared to morning.
The night feeder visits of both groups were close to
each other.
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3.4. Cross-sucking and tongue rolling

5
1]
£
2 4 Undesirable behaviour such as cross-sucking was
> L3 observed in G1 more than in G2 (Figure 8).
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3.3. Ruminating
=Gl =l G2
Rumination times of calves increased with age
(Figure 6). Calves that spent less time ruminating in Figure 8. Calves with cross-sucking behaviour
the early lives spent more time ruminating as they
got older. However, G1 spent more time 1n the Tongue rolling behaviour was higher in G2 than G1
rumination than G2. (Figure 9).
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Figure 6. Time spent rumination Figure 9. Calves with tongue rolling behaviour
While G1 started to ruminate in the morning, this 3.5. Vocalization
situation decreased at midday, but increased in the
evening (Figure 7). In addition, while G2 calves did Vocalization behaviour was observed more in G1
not ruminate much in the morning, rumination (Figure 10). More vocalization in absence of milk.
increased at midday and remained the same at night.
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Figure 7. Preferred time period of calves for rumination Figure 10. Vocalization behaviour
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3.6. Licking itself

Group 1 (G1) performed more self-licking behaviour
than G2 (Figure 11). However, this behaviour
decreased with age.
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Figure 11. Self-licking behaviour
3.7. Licking and biting structures

Behaviours such as licking and biting structures were
almost absent in the both groups (figure 12).
Although there behaviours were higher in G1 in the
first days, a decrease In these behaviours was
observed in the other periods of their lives.
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Figure 12. Licking and biting structure behaviours
3.8. Licking penmate
Licking penmate behaviour was observed more in G1

than in G2 (Figure 13). Licking penmate behaviour
decreased with age.
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Figure 13. Licking penmate

4. Discussion and Conclusion
4.1. CCF visit

Calves fed a high percentage of milk or milk replacer
reduce their visits to automatic feeding systems [15,
16]. However, calves fed with restricted milk
frequently visit the feeder, although they do not
receive milk during these visits [17]. Calves fed with
restricted milk exhibit more frequent but shorter
visits to the feeder [18]. Similar results were
observed in our study. However, while this visits of
the calves fed with restricted milk (G1) to the feeder
decreased with age, the visits of the other group (G2)
increased. It is thought that the reason for the
increase in feeder visits of calves is hunger [19] and
hunger increases the desire to suckle in calves [20].

4.2. Starter Feeder visit

In the first weeks of life, calves are fed with liquid
foods because their rumen is underdeveloped, and
the number of feeder visits in the first days of their
lives was similar for both groups. Feeder visits have
increased in parallel with the age of the calves. Since
the rumen of newborn calves in underdeveloped and
the main food sources are milk and/or milk replacer
in the first weeks of their lives, they restricted their
starter consumption [21]. Therefore, CCF visits are
increase and feeder visits are decrease in the first
weeks of their lives.

Feeding calves with 4-6 liters of milk daily is not
sufficient for hunger [22]. Feeding high amounts of
milk reduced the calves’ hunger and increased the
calves welfare [18, 23]. Calves fed with restricted
liquid feed during the sucking period increase solid
feed intake and therefore feeder visits increase [24].

4.3. Ruminating

In this study, it was observed that calves fed with
high amount milk spare less time for rumination
compared to calves fed with restricted milk. The
reason for this may be the small amount of starter
intake of the calves fed with high amount milk during
the suckling period. This may be an indication that
the rumen of calves fed with high amount milk is not
well developed compared to those fed with restricted
milk [25]. It has been reported that feeding with high
amounts of milk suppresses metabolic and physical
rumen development [26, 27, 28]. Hepola [25]
reported that calves fed with restricted milk spend
more time the rumination than calves fed ad libitum.
It has been reported that calves fed with hgih
amounts of milk spend less time for rumination [19].
After the calves start solid feed intake, they start to
ruminate at 3-wk-age and increase the time they
spend for rumination in parallel with solid feed
intake [21].
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4.4. Cross-sucking and tongue rolling

Cross-sucking behaviour is observed in calves
suckling their dams [29]. In addition, this undesirable
behaviour is more common in bucket-fed calves than
in bottle-fed calves [30]. Cross-sucking can cause
inflammation and hair loss in the absorbed body part
[10, 31]. This behaviour can also cause mutual
sucking, which means heifers and cows suck each
other [11, 12, 13]. It has been reported that cross-
sucking usually occurs within the first 10 min after
milk feeding [31, 32] and this is related to the method
of milk feeding [10]. As a matter of fact, cross-sucking
behaviour was observed in restricted milk feeding
group after morning and evening.

Studies have shown that calves housed in group’s
exhibit more cross-sucking behaviour than calves
housed individually [33, 34]. Increasing the daily
amount of milk reduces the occurrence of cross-
sucking in calves [35].

It has been reported that stereotypical tongue-rolling
behaviour occurs very rarely in calves fed with
restricted milk [25]. Our study supports this result.
Tongue-rolling behaviour rarely occurs in calves fed
with restricted milk, probably because they have free
access to solid forage [36]. Low solid feed intake
improves tongue-rolling behaviour [37].

It has been reported that tongue-rolling behaviour is
observed in calves fed ad libitum after morning meals
[25]. As matter of fact, tongue-rolling behaviour was
higher in G2 after morning meals. Intake of large
amounts of milk reduces solid feed intake, which may
tongue-rolling behaviour, [38] reported.

4.5. Vocalization

Calves’ sense of hunger probably encourages them to
vocalization [39]. Calves may vocalise loudly with the
frustration of not milk feeding. They may also react to
separation from the milk feeder [40]. Vocalization
levels of calves with their dams are much lower than
those of calves fed with restricted milk [41].

4.6. Licking itself

Calves with natural suckling behaviour spend less
time licking themselves than calves fed with
restricted milk [42, 43]. In addition, it has been
reported by [44] that bottle-fed calves exhibit
significantly more licking-self behaviour than calves
suckle their dams.

4.7. Licking and biting structures
Behaviours such as material licking and biting have

been observed in bucket-fed calves after a milk-
feeding meal [31, 45, 46].

4.8. Licking pen-mate

No literature on this behaviour was found, so
discussion with previous studies was not possible.

4.9. Conclusion

Calves fed with restricted milk spent more time at the
feeder in the early days. However, the duration of
visits to the feeder increase in groups that intake high
amounts milk as they got older. As expected, visits
with awards were higher in the group that intake
high amount milk. Unrewarded visits were
performed by calves fed with restricted milk. In
addition, calves fed with restricted milk visited the
starter feeder greater numbers.

The time spent for rumination was low in younger
calves, but increased time spent ruminating as calves
got older. Calves with restricted milk had more
rumination time compared to calves fed with high
amount milk. While calves fed with restricted milk
preferred rumination after morning and evening
meals, calves fed with high amount milk did not
prefer rumination after morning meal.

Licking-self behaviour patterns were similar in both
groups. Although the calves frequently preferred the
licking-self behaviour pattern in the first period of
their lives, they did not prefer this behaviour pattern
with age. Licking pattern of roommate also showed
similarity with licking-self behaviour pattern.

In the first period of their lives, the calves of both
groups had more licking and biting structures
behaviours. However, calves fed with restricted milk
exhibited these behavioural patterns more than
calves fed with high amount milk. This pattern of
behaviour disappears with age.

Cross-sucking, which is one of the undesirable
behaviour patterns in calves, was more common in
calves’ intake restricted milk. However, this
behaviour pattern decreased with age in both groups.
The tongue-rolling behaviour after was observed in
calves fed with high amount milk. Although this
behaviour pattern has decreased and increased over
time, the calves have moved away from the behaviour
pattern with age.

The pattern of vocalization behaviour, which is tough
to be a sign of hunger, was observed more frequently
in calves fed with restricted milk. However, with age,
calves have moved away from this behaviour.

In this study, it has been to explain the changes in the
behavioural patterns of calves by feeding different
amounts and frequency of milk replacer during the
suckling period. However, it also drew attention to
some questions. Some of the issues to be explored in
the future are:
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1) Can the cross-sucking behaviour pattern, which is
an undesirable behaviour that occurs during the
suckling period, be prevented or how can it be
prevented? For this, different strategies should be
tried.

2) The effects of different feeding strategies on the
undesirable behaviour of calves should be
investigated in computer controlled feeders. For
example, feeding with restricted milk at first,
increasing the amount of milk in parallel with
increasing age, and decreasing the amount of milk as
weaning approaches.

3) How does the division of calves into male and
female groups during the milk drinking period affect
their behaviour?
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0Oz: Bu makalede; cift eksantrikli bir kelebek vananin verimini arttirmak, karbon
ayak izini diisiirmek, enerji tasarrufunu saglamak icin gerceklestirilen bilgisayar
destekli tasarim ve prototip liretim calismalarina yer verilmistir. Hesaplamali
akiskanlar dinamigi (CFD/HAD) ve sonlu elemanlar ydntemi (FEA/SEA) ile
gelistirilmis olan prototip ile klape mukavemeti arttirilmis, vana agirligl optimize
edilmis ve akisa karsi direnci en aza indirilerek enerji kayiplar1 azaltilmis bir iiriin
tasarlanmistir. Simiilasyon tekniklerinin yogun olarak kullanilmas: ile gevreye
duyarli ve yiiksek verimli vanalarin rekabet kosullar iyilestirilmis olup pazara
yenilikgi bir irltin sunulmustur. Mukavemet ve akis optimizasyonlari i¢in bilgisayar
ortaminda ANSYS (Fluent / CFX ve Mechanical) programi ile analizler yapilmasi
neticesinde optimize edilen vana tasarimi gergeklestirilmistir. Yiiksek akis
katsayilarinda ¢alisabilen ve ayni zamanda farkli bir klape tasarimi ile sektérde en
disiik enerji kayiplarina sahip bir prototip gelistirilmistir. Solidworks
stirdiiriilebilirlik raporu ile karbon ayak izi ve toplam tiiketilen enerji degerleri
tespit edilmis olmakla birlikte yerli ve yabanci rakipler arasinda en az basing kayip
degerine sahip cift eksantrik kelebek vananin tasarimi gerceklestirilmistir.

Increasing Flow Coefficient Characteristics by Using Computational Fluid Dynamics

Analysis in Butterfly Valve Designs

Keywords

Butterfly valve,

CFD,

Computer aided design,
CFX fluent,

Finite element analysis

Abstract: In this article; computer-aided design and prototype production studies
carried out to increase the efficiency of a double eccentric butterfly valve, reduce its
carbon footprint and provide energy savings were included. With the prototype
developed by computational fluid dynamics (CFD/HAD) and finite element method
(FEA/SEA), a product with increased disc strength, optimized valve weight, and
reduced energy losses by minimizing resistance to flow has been designed. With the
intensive use of simulation techniques, the competitive conditions of
environmentally friendly and highly efficient valves have been improved and an
innovative product has been introduced to the market. For strength and flow
optimizations, the optimized valve design was carried out by analyses with the
ANSYS (Fluent / CFX and Mechanical) program in the computer environment. A
prototype has been developed that can operate at high flow coefficients and has the
lowest energy losses in the industry with a different valve design. With the
Solidworks sustainability report, the carbon footprint and total consumed energy
values has been carried out.

1. Giris

Hesaph Akiskanlar Dinamigi (HAD-Ingilizce kisaltmasi

¢oziimlenmesini saglamaktadir [1]. HAD ydntemi
ozellikle sivi-gaz gibi akis iceren proseslerde
kullanilmakta olan bir simiilasyon araci olarak

CFD) akigkanlar mekaniginin bir alt dah olarak kabul
edilmektedir =~ ve  akiskanlardan  kaynaklanan
sorunlarin  niimerik  algoritmalar  kullanilarak

*ilgili yazar: erhanozkan81@icloud.com

tanimlanabilir [2]. Bu yéntem ¢ogu zaman, akiskanin
akisy, 1s1-kiitle hareketlerini icermekte olan tasinim
fonksiyonlarinin biitiin tiirlerine iliskin ¢alisma
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bicimlerini belirlemek i¢in kullanilir [3]. Fakat her
zaman analitik yontemlerden faydalanarak akiskan
davranislarin belirlemek miimkiin olmayabilir ve
¢oziim i¢in sayisal yontemler kullanilabilir [4].
Analitik metotlar genelde matematiksel fonksiyonlar
biciminde ¢6zlim {retirlerken nimerik metotlar
genelde sayisal sonuglar saglamaktadir [5]. Bu
yontemler kullanilarak, gerceklesen sonug degerlerine
oldukca yakin degerler elde edilebilmekte ve bu
degerler istenilen diizeyde hassaslastirilabilmektedir.
Sonuglardaki hassasiyetin artirilmak istenmesi
durumunda bilgisayar tarafindan c¢o6zilecek islem
sayist artmaktadir, bu da hem ¢ok uzun siliren
hesaplama siirelerine hem de kullanilmakta olan
bilgisayarin zorlanmasina neden olmaktadir [6].
1920’li yillarda arastirilmakta olan sayisal analizler,
HAD yontemiyle yapilan c¢alismalarin temelini
olusturmasina  ragmen  teknolojide  yasanan
gelismelere ve bilgisayar kullanimindaki artisa bagh
olarak HAD metodu ile ¢6ziim elde edilmesindeki artis
ancak 1990'dan sonra  gerceklesmistir [7].
Bilgisayarlarin islem kabiliyetlerinin, gli¢lerinin ve
hizlarinin her gecen giin daha da iyi seviyelere
ulasmasinin yani sira test ve deney mekanizmalarinin
maliyetlerinin yiiksekligi ve veri elde edilme
stirelerinin uzunlugu bu durumun baslica sebepleridir
[8-11]. Karmasik ve analizi zor akis problemleri,
gelistirilen ytliksek hizli siiper bilgisayarlar sayesinde
daha basit sekilde ¢6zlime ulastirilabilmektedir. Bu da
HAD yonteminin akiskan problemleri ve bilgisayar
arasinda koprii gorevini gormesini saglamaktadir [9].

Farkli firmalar tarafindan sunulan bir¢ok yazilim, HAD
metodunu  kullanarak  sayisal ¢oziimler ve
similasyonlar sunmakta ve diinyada yaygin olarak
kullanilmaktadir. ANSYS FLUENT, ANSYS CFX
PHOENICS, Autodesk CFD, OpenFoam CFD,
Solidworks Flow Simulation, COMSOL, Star-CCM+,
POLYFLOW, simFlow, Abaqus/CFD, ICEM CFD, PAM-
FLOW, CFD++ gibi bircok program iilkemizde de
yaygin olarak kullanilmaktadir [10-13]. Gelistirilen bu
programlar ile similasyonlar gergeklestirilirken,
akigskanlarin akist ve 1s1 transferini ¢6ziimleyen
denklemler ile akigkanlar mekaniginde Navier-Stokes
denklemleri olarak bilinmekte olan temel korunum
yasalarinin matematiksel esitliklerinden
yararlanilmaktadir [14,15]. Bu esitlikler, stireklilik
denklemi olarak bilinmekte olan kiitlenin korunumu,
Newton’un ikinci hareket kanunu olan momentumun
korunumu ve termodinamigin birinci yasasi olan
enerjinin korunumu ile ifade edilmektedir [16].

Diger taraftan bu simiilasyonlarin yaygin bir sekilde
kullanilarak akiskan davranislarinin arastirildigi vana
sektoriinde vana fikrinin kimin tarafindan ve ne
zaman  kesfedildigine  dair net bir  Dbilgi
bulunmamaktadir. Eski Misir, Eski Roma, Eski Yunan
Medeniyetleri gibi tarih oncesi ¢aglarda ilkel vana
uygulamalarina rastlanmistir, tarihte ise ilk vana
uygulamalarina akarsularin akis yoniinii degistirmek
ve Onlerine set ¢ekmek amaciyla kullanilan agag

tomruklar1 ve kayalar 6rnek verilebilir [17]. Modern
caglarda vana kullaniminin 1705 yilinda Thomas
Newcomen’in gelistirdigi ve sanayide ilk defa
kullanilan buhar makineleriyle basladigi kabul
edilmektedir. Buhar, o yillara kadar kullanilan diger
akiskanlardan  farkli  olarak  basing altinda
kullanilmaktaydi ve bu nedenle buharin niteliklerine
uyumlu vana kullanilmasi gerekmekteydi. 1705
yilindan sonra gelisen teknoloji ile dogru orantili
olarak farkli tip ve 6zelliklerde vana ihtiyaglari ortaya
cikmistir [18].

1930’lu yillarin o6ncesinde el kumandali vanalar
kullanilmaktaydi ve bu tip vanalar1 kumanda etmek
icin mutlaka bir kisinin vananin basinda ¢alistirilmasi
zorunluydu [19]. Yine aym yillarin basinda kontrol
odasindan c¢cikmadan bir pedal araciligl ile vananin
acilip kapatilmasi1 imkédni saglanmis ve kontrol
vanalarinin ilk versiyonu kullanilmaya baslanmistir.
Glinimiizde ise vanalarda tam otomasyon saglanarak
elektrik-elektronik kontrollii veya hidrolik-pinomatik
kontrollii ~ vanalar  kullanilmaya  baslanmistir.
Teknolojik gelismelere ve ekonomik sartlara bagh
olarak vanalarin kullanim tercihleri degismekte olup
o6rnegin tim diinyada sanayi yatirimlarinda
durgunluk oldugu doénemlerde vana kullaniminda
genel bir azalma g6zlemlenmistir [20].

Artan sanayi yatirimlar ile gelismis olan kelebek
vanalar; klape adi verilen ve vana merkezinde
yataklanmis diiz bir diskin, akiskanin gectigi deligin
ortasinda 90° dondiiriilmesi ile akiskanin gecisini
engelleme veya izin verme seklinde gorevlerini yerine
getirmektedirler ancak kelebek vanalar hassas akis
kontrolii  saglanmasi icin uygun degillerdir.
Sizdirmazlik ylizeyine kuvvet bileseni uygulanmasi ve
mil yataklarinin sizdirmazlik yiizeyinde kesinti
olusturmamasi daha yiiksek basing kademelerine
cikilabilmesine olanak saglamaktadir. Ayrica, kiigiik
acma agcilarinda bile, klape sizdirmazlik yiizeyinden
ayrilarak, siirtlinmeyi ortadan kaldirmaktadir [21].

Sizdirmazlik performansinin  yiiksek beklendigi
yerlerde sizdirmazlik ylizeyi yumusak olmayan,
oturmali tip ve siirgiili vanalarin kullanimi uygun
olmamaktadir. Sizdirmazligin iyi olmas1 igin;
elastomer kullanilarak %100 sizdirmazlik
saglanabilen kiiresel vanalar, kelebek vanalar,
membranli vanalar ve pistonlu vanalar kullanilmahdir
[22,23].

Bu calismay1 baslatan motivasyon; mevcut kelebek
vanalarin klape yilizeyindeki silirtiinmeyi azaltmak,
6zglin bir tasarim ile diisiik karbon salinimi ve yliksek
enerji verimi elde etmektir. Bu amacla mevcut tiriinler
ve ulasilmak istenilen hedefe sahip akiskanlar
dinamigi hesaplamalar1 simiilasyon c¢alismalar ile
gozden gecirilmis ve bilgisayar destekli tasarim ve
prototip imalat sonucunda yiizeydeki siirtiinmeyi
minimuma indirecek tasarim siirecleri detayli olarak
aktarilmistir.  Yiizeydeki akiskandan  kaynakl
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siirtiinmenin azaltilmasi ile sizdirmazlik saglanmis,
enerji ve su tasarrufu kazandirilmistir. icme suyu,
dagitim hatlari, endiistriyel uygulamalar, su aritma
tesisleri, pompa istasyonlari, deniz suyu uygulamalari
ve sanayi atik sistemlerinde yaygin bir sekilde
kullanilan vanalarin EN GJS 400-18 LT standardina
uygun hammadde verileri kullanilarak TS EN 1267 ve
EN 1074 gerekliliklerini yerine getirmek amacgh
proses ve akis hatt1 tasarim simiilasyonu ile prototip
liriiniin imal edilmesi saglanmistir. Calisma ile ilgili
standartlar degerlendirildiginde boru hatlarinda
meydana gelebilecek olan yiiksek gerilmelere karsi
dayanikli olan EN GJS 400-15 (GGG 40 olarak da
tanimlanan) malzeme ile simiilasyon destekli analizler
ve prototip Uretim faaliyetleri gerceklestirilmistir.
Solidworks siirdiiriilebilirlik raporu ile lriin basina
140 kg COz karbon ayak izi elde edilerek mevcut
irinlerde %26 iyilesme, malzeme, iiretim ve iriin
omrinde 1400 M]/lriin toplam enerji tiiketimi ile
%32 enerji tasarrufu elde edilecek tiriiniin tasarimi ve
prototip  imalati  gerceklestirilmistir. ~ Uriiniin
gelistirilmesi asamasinda elde edilen 6zgiin bombeli
govde ve kademeli mil tasarimlar i¢in ulusal ve
uluslararasi patent bagvurulari gergeklestirilmistir.

2. Materyal ve Metot
2.1. Hesaplamah Akiskanlar Dinamigi

HAD vana sektoriinde yaygin olarak kullanilan tasarim
ve analiz yontemidir. Bu sayede akis kosullarim
tanimlayan cesitli denklemler kullanilarak vana
icerisindeki 3 boyutlu akislar simiile edilmektedir.
Prototip iretiminden o6nce analizlerin tamaminin
sanal bir ortamda yapiliyor olmasi ve ilk seferde dogru
temellere dayanan, daha az is giicli ve malzeme kayb1
sayesinde iriniin seri iretimine aktarilabiliyor
olmas! tasarimcilar i¢in oldukga énemlidir. Uriinlerin
ii¢ boyutlu tasarimlari Solidworks ¢izim programi ile
gerceklestirilmistir. HAD analizleri ve SEA i¢cin ANSYS
bilgisayar  destekli simiilasyon programindan
faydalanilmistir.

Calismalarin deneysel dogrulamalar ile yapilabilmesi
adina test diizeneginin kapasitesine goére 200 mm
capina sahip kelebek vana ile uygulamalarda en yaygin
olan 1000 mm capindaki kelebek vana secilmistir.
Sektorde, standartta tanimlandigi gibi tiriinlerin anma
c¢aplari mm cinsinden o6nlerine DN eklenerek
siniflandirilmaktadir ayrica irinlerin kullanildig:
basinglar ise PN ile ifade edilmektedir. Uygulamalarda
en yaygin olarak kullanilan 16 bar basing altinda
calisabilecek triinlerin tasarimlar1 gergeklestirilmis
olup DN 200, DN 1000 anma ve nominal basinglari
PN16 olarak ifade edilmistir.

HAD analizlerinde K-epsilon tiirbiilans modeli ile
¢ozilmis, y+ degeri 3 ve altinda tutularak simr
katmanlarinda (boundary layers) ve ag orgiisiinde
iyilestirmeler yapilmistir.

2.2, Hesaplamali
Formiilasyonlari

Akiskanlar Dinamigi

EN 1267:2012 (E) standardina gore akis katsayisi ve
basing kayip katsayisi formiilleri tanimlanmistir. Buna
gore akis katsayisi  (Kv) Denklem 1 ile
hesaplanmaktadir.

_ f p
Kv=0Q |— (1)

Bagintidaki Kv (m3/saat) akis katsayisini, Q m3/saat
cinsinden akis debisi, p suyun kg/m3 cinsinden
yogunlugunu, p0 suyun 15 °C’deki kg/m3 cinsinden
yogunlugunu, Ap (Giris basmc ile ¢ikis basinci
arasindaki fark) bar cinsinden vanadaki basing
kaybini ifade etmektedir.

Akiskan direng katsayisi ¢ (zeta) Denklem 2’ye gore ele
alinmaktadir.

2 X AP
T pxu?

(2)

Denklem 2’de AP pascal cinsinden vanadaki basing
kaybini, u m/s cinsinden akis hizini, p ise suyun kg/m3
cinsinden yogunlugunu ifade etmektedir.

TS EN 1267 akis direnci deney standardina gore
Solidworks ¢izim programinda vana tam agik
pozisyonda olacak sekilde modellemesi yapilmistir.
Gergeklestirilen modelleme $ekil 1'de gosterilmistir.

O

2XDN 10xDN

Sekil 1. U¢ boyutlu vana modeli

Bu modellemede akiskan giris ve ¢ikis sir
kosullarinin tanimlanmasi kritik bir 6neme sahiptir.
Standarda gore; vanadan 2xDN uzakliginda giris sinir
kosullari, 10xDN uzakliginda ise ¢ikis siir kosullari
tanimlanmistir. Sekil 2’de HAD icin akiskan yoni
tasarimi yer almaktadir.

Giris
Sekil 2. HAD i¢in akiskan yonlerinin tespit edilmesi

Sistemdeki akis katsayilarinin dogru tespiti ve
hesaplamalarin gergek veriler ile dogrulanmasi adina
klape tam ag¢ik pozisyonda olacak sekilde hesaplama
islemleri gerceklestirilmistir. Sekil 3’te klapenin tam
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acik pozisyona gore sistemdeki yerlesimi yer
almaktadur.

Sekil 3. HAD simiilasyonu i¢in klapenin tam agik pozisyon
yerlesimi

EN 1267 ve EN 1704 standartlarinda tanimlanan vana
basincina ait akiskan hizi sinir degerlerine gére PN 16
basing sinifinda yer alan tasarimlarda akiskan giris
hiz1 4 m/s olarak segilmelidir. Bu ¢alismadaki HAD
analizlerinde bu deger giris hizi olarak ele alinmistir.

Cikis sinir degeri analizlerinde ise en yiiksek calisma
basinci olan 16 bar iist smir degeri olarak
tanimlanmistir.

2.3. Sonlu Elemanlar Analizi

SEA’da tasarimi gerceklestirilen vananin EN 1704
standardinda tanimlanan siir kosullarina gore
mukavemet degerleri tespit edilmistir. SEA’da
pargalar tekil ve montajli olarak iki farkli sayisal
yontemle ele alinmis ve Rayleigh-Ritz metodu ile
interpolasyon ¢dziimi gergeklestirilmistir. Standartta
belirtilen sinir kosullar1 aynen uygulanmis ve gévde
pargasi i¢cin nominal basing degerinin bir bucuk kati,
klape parcasi icin nominal basing degerinin yiizde on
fazlasi olarak tanimlanmistir. Bu asamadan elde edilen
sonuglar ile malzeme analizi ve secimi asamasina
gecilmistir.

2.3.1. Malzeme Sec¢imi

Akiskanin temas ettigi govde parcasinin modellemesi
gerceklestirilirken TS EN 12266 ve TS EN 1074
standartlarina gore yapilan analizler neticesinde
govde basincinin bir buguk kat basing degerine
dayanabilecek govde malzemesi se¢ilmistir. Basing
degerinin ylizde on fazlasina dayanacak Kklape
malzemesi de yine ayni yontemle se¢ilmis olup gévde
ve klape dayanim analizlerine gore pargalardaki
gerilmeler ve deformasyon sonuglarina gére malzeme
secimi  yapilmistir. Sonlu elemanlar mekanik
analizlerine gore EN GJS 400-15 (GGG 40 olarak da
tanimlanan) malzeme sec¢ilmistir. Sekil 4’te sonlu
elemanlar yontemi ile secgilen govde ve Kklape
malzemesine ait degerler yer almaktadir.

GGG 40 Tipi Malzeme Segimi

A B C
Ozellik Deger Birim
Malzeme Se¢im Tablo
Izotropik Elastisite 7300 kg m"3
Alinan Deger Young Modiilii ve Poisson Oram
Young Modiili 1,69E+11 Pa
Poisson Orani 0,235
Yiizey Modiilit 1,06E+11 Pa
Kayma Modiili 6,82E+10 Pa
Cekme Mukavemeti 2,40E+08 Pa
Ust Cekme Mukavemeti |4,00E+08 Pa

Sekil 4. Govde ve klape malzemesine ait sonlu elemanlar
degerleri

Sistemdeki gerilmeler ele alinip sanal-simiile ortamda
irin ve proses tasarimi gerceklestirilmistir. Sonlu
elemanlar analizlerinde goévde akiskan temas
ylzeylerinde 24 bar basing tanimlanmistir. Sekil 5’te
govde ylzeylerine uygulanacak olan maksimum
basing degerleri gosterilmistir. Uriin prosesinde,
prototip lretim icin diisik ergime sicaklifl, uygun
akiskanlik ve kolay dokiim, islenebilirlikte kolaylik,
yliiksek asinma direnci ile yiiksek mukavemet ve
stineklik degerlerine sahip hammadde olan EN GJS
400-15 se¢iminin  yapilmis olmasi  prosesi
hizlandirmistir.

Sekil 5. Sonlu elemanlar analizleri i¢cin govde akis temas
ylizeyine tanimlanan en yiiksek basing ytikii

Sayisal simiilasyon uygulamalar: sayesinde malzeme
iizerindeki ytk-gerilme dagilimlari, operasyonlar
arasi boyutsal degisimler ve bunlar gibi metalurjik ve
mekanik  ozelliklerin  farkli  parametrelerdeki
degisimleri tasarimi yapilan prototip iiretime
aktarilmadan o6nce ortaya konabilmektedir. Goévde
lizerindeki esdeger gerilmelerin analizlerine gore
tasarim dogrulama islemi gergeklestirilmistir. Sekil
6’da govde icin 16 barlik nominal basincin bir buguk
kati olan 24 bar basing altinda ¢alisabilen gévde
tasariminin mekanik analiz degerleri gosterilmistir.

240 MPa akma mukavemeti degerleri ele alinarak
gerceklestirilen klape malzemeleri i¢in nominal
basincin ytizde on fazlasi simir kosul tanimlanarak
mekanik sayisal analiz yontemi gerceklestirilmistir.
Buna gore 16 barlik maksimum ¢alisma basincinin 1,1
katina denk gelen 18 bara gore klape mekanik analizi
Sekil 7°'de gosterilmistir.
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Sekil 6. Govde tasarimi icin secilen malzemenin 24 Bar
basing altindaki mekanik analizi

Sekil 7. Govdeye monte edilmis ve nominal basing degerinin
1,1 kat1 altinda ¢alisan klapenin mekanik analizi

2.4. Akis Simiilasyonlari

Sonlu elemanlar yontemi ile uygun mekanik dayanima
sahip EN GJS 400-15 malzeme ile tasarimi yapilan
irlnler; 16 bar basing, 4m/s akis hiz1 altinda ve klape
tam  agcik  pozisyonundaki HAD  analizleri
gerceklestirilmistir. Sekil 8de HAD’a ait genel
goriiniim yer almaktadir.

U2 SN e r s AESIORENL OR Sb AT AL LAS ARG
SHRAA @

Sekil 8. Sistemin 16 bar, 4m/s akis hizindaki genel davranisi

Bu davranisin karakteristigini daha iyi
yorumlayabilmek adina hiz vektorleri analizi
gerceklestirilmistir. Buna gore Kklape tam agik
pozisyonda iken klape ve govde akisa karsi dayanimi
daha net karakterize edilebilmistir. Sekil 9°da sistemin
hiz vektorleri analizi gosterilmistir.

Bu sistemin hiz vektorleri analizini destekleyecek
diger parametre ise 16 bar basing altindaki
karakteristik davranisi olacaktir. Sekil 10’da sistemin
basing¢ dagilimi gosterilmistir.

0 oate o

5 o)

Sekil 10. Sistemin 16 bar basing analizi

Akis belirli bir hiz ve basingta gerceklestiginde
sistemin  akis iplikcikleri ~ dagillm  analizi
gerceklestirilerek toplam dayanim analiz
edilmektedir. Sekil 11°de 4m/s vektor hizinda, 16 bar
basing altindaki sistemin akis iplik¢ikleri dagilim
analizi yer almaktadir.

—  —
-

Sekil 11. Akis iplikgikleri dagilimi

Tiim akis ve basing analizleri gercgeklestirildikten
sonra Kklape iizerindeki hidrodinamik kuvvetlerin
analizleri gercgeklestirilmistir. Sekil 12’de klape
iizerindeki hidrodinamik kuvvetlere ait olan HAD
analiz gorseli yer almaktadir.

2.5. Tasarim Dogrulama, Gegerli Kilma ve Prototip
Uretim

Hidrodinamik o6zellikleri analiz edilerek tasarimi
gerceklestirilen klapenin dokiim modeli ve maca
sandig1 iiretimi Bilgisayar Destekli Uretim (CAM)
yazilimlar ile Bilgisayarli Sayisal Kontrol (CNC)
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tezgahlarinda gercgeklestirilmistir. Sekil 13’te klapeye testinin gerceklestirildigi tasarim Sekil 16’da yer
ait ahsap model tiretimi gosterilmistir. almaktadir.
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Sekil 13. Yeni tasarim klape ahsap model iiretimi

Tasarlanan ve mekanik dayanim analizlerinin
similasyon ile dogrulandigi klapenin monte edilecegi

govdeye ait model tasarimi Sekil 14’te gosterilmistir. S
Sekil 16. Basing testine alinan gévde ve klape diizenegi

Simiilasyon ¢alismalarinda herhangi bir sorun tespit
edilmeyen ve buna gore iiretimi gerceklestirilen govde
ve klapenin debi Kkapasite Ol¢iimleri Kv test
diizeneginde yapilmistir. Sekil 17°de prototip Kv test
diizenegi yer almaktadir.

Sekil 14. Yeni tasarim bombeli govde dokiim modeli

Dokiimii gerceklestirilen goévdenin boyut kontrolii
Faro Arm Quantum cihaz1 ile gerceklestirilmis ve
Olclimlere ait rapor Faro CAM2 yazilimi ile elde
edilmistir. Sekil 15'te govde doékiimiiniin hassas
Ol¢limlerine ait rapor yer almaktadir.

Uretilen gévde ve monte edilen klapenin Sekil 17. Kv test diizenegi
simiilasyonda gergeklestirilen basing testleri EN

1074’e gore gerceklestirilmistir. Basing testleri govde 3. Bulgular

icin 24 bar basing altinda vananin sizdirma ve hasar

gormemesine gore degerlendirilmektedir. Basing 16 bar hat basmc olacak sekilde iriin ve deney
tasarimlar gercgeklestirilmistir. 16 barlik hat basinci
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altinda iriinde herhangi bir plastik deformasyon ve
sizdirma goézlenmemistir.

16 bar i¢ ve dis basing altinda ve 4 m/s akiskan hizinda
vana tam ag¢ik pozisyona geldiginde akiskan katsayisi
Kv'nin 1970 m3/saat olacak sekilde simiilasyon
calismalar1 gerceklestirilmistir. Testler sonucunda
elde edilen degerler neticesinde akis analizleri 1876
m3/saat dl¢iilmiistiir. Bu 6l¢iim tasarim ile mukayese
edildiginde %5’1ik bir hata payina tekabiil etmektedir,
EN 1074 standartlarinda bu sapmanin %10’un altinda
olmasi1 beklenmektedir. Bu sebeple akis analizleri ve
fiziksel test sonuclarinin birbirleri ile uyumlu oldugu
tespit edilmis ve herhangi bir uygunsuzluk ile
karsilasilmamistir. Sekil 18’de verilen fiziksel test
raporunda sonuglar yer almaktadir.

HESAPLAMALI AKISKANLAR DINAMIGI (HAD) ANALIZ RAPORU

VALVE TYPE : YENI JENERASYON KELEBEK VANA / DIKKAN SERISI
DN : 200 (220 ) /[ ( AkskanHz @ 4 mis )
PN : 186
KLAPENIN AGIK POZiSYONU (%) : | 100

HAD

Cilag Basinc Analizindeki

Akigkan Hizi
(mis})

15,99999 15,97870 4,084 2737 0,02129 1875,8

Alagkan Diferansiyel Akig Katsayisi
Debisi Basing Farki (2P) (Kv]
(i) (bar) i)

Girig Basinci
(bar) (bar)

Not: Geometrinin simetrik olarak yansi k fnigin \ada da debi degerinin yansi

kullamimigtir.

Sekil 18. Uriine ait Kv dl¢iim raporu

Uriin komponentlerinin TS EN 12266 standardinda
belirtilen 1,5 x 16 bar = 24 bar govde i¢ basincina
dayanim, 1,1 x 16 bar = 18 bar sizdirmazlik testleri
basariyla gergeklestirilmistir. Vanalarin bir¢ogunda
akis yolunun gercek uzunlugundan kaynaklanan
stirtiinmenin olusturdugu kayiplar, akis yontindeki ani
degisiklikler, akis yoniindeki engeller ve ylizey
puriizlilikleri sebebiyle bu degerler degiskenlik
gostermektedir ancak prototip imalat test sonuglariile
similasyon sonuglar1 kiyaslandiginda {riiniin Kv
degerlerinde bir farklilik tespit edilmemis ve
bilgisayar destekli tasarim ve prototip liretim verileri
neredeyse birebir ortismiistiir.

Govde tasariminda minimum 240 N/mm? akma
mukavemetine gore gerceklestirilen akis testlerinde
16 bar altinda herhangi bir olumsuzluk tespit
edilmemis olup 24 bar basing altinda iiriinde plastik
deformasyon meydana gelmemistir.

Klape malzemesinin testlerinde 1,1 kat fazla
gerceklesen gerilmelerin altinda problem tespit
edilmemis olunup, maksimum basincin iki kat1 ytikler
altinda deformasyon gézlenmemis ve iirtin EN 1074
standardinin gerekliliklerini basariyla saglamistir.

Solidworks siirdiiriilebilirlik raporu ile iiriin basina
140 kg COz karbon ayak izi elde edilerek mevcut

irtinlerde %26 iyilesme; malzeme, lretim ve iriin
omrii ile 1400 M]/iirtin toplam enerji tiiketimi ile %32
enerji tasarrufu elde edilecek iiriiniin tasarimi ve
prototip  imalati  gerceklestirilmistir.  Uriiniin
gelistirilmesi asamasinda elde edilen 6zgiin bombeli
govde ve kademeli mil tasarimlari i¢in ulusal ve
uluslararasi patent basvurular:i tamamlanmistir.

4. Tartisma ve Sonug¢

iklim kriziyle miicadele kapsaminda su kaynaklarinin
verimli kullanilmasi kaginilmaz hale gelmistir. iklim
krizinin olusmasinin baslica sebepleri arasinda yer
alan ve kiiresel 1sinmanin 6lgiisii olan karbon ayak
izinin azaltilmasi i¢in calismalar devam etmektedir. Bu
calisma neticesinde tasarimi gergeklestirilmis olan
kelebek vana irlniinde akis katsayilarindaki
iyilestirmeler ile enerji kayiplari %32 azaltilmis,
karbon ayak izi %26 disiiriilmistiir. Govde ve Kklape
tasarimlarinda simiilasyon destekli testlerin, gercek
test verileri %95 oraninda oOrtiismesi simiilasyon
destekli tasarimlarin dnemini bir kez daha ortaya
koymustur. Makalede gerceklestirilen g¢alismalar
neticesinde 6zgiin bombeli govde ve kademeli mil
yapisl icin ulusal ve uluslararasi patent basvurulari
gerceklestirilmistir. Vana sektdriinde ilk patent 1839
yilinda yayimlanmis ve 1900°li yillarin ortasinda
neredeyse tiim vana komponentlerine ait patentler
alinmistir. Bu c¢alisma neticesinde wulusal ve
uluslararasi patentlerin tamami taranmus, gelistirilen
bombeli gévde ve kademeli mil tasarim ile ilgili
herhangi patentin alinmadigl tespit edilmistir. Bu
sonu¢ calismayr daha o6zgiin bir hale getirmistir.
Makalede gerceklestirilen g¢alismalarin ticarilesmesi
neticesinde; uzun 6miirli, enerji verimi yiiksek, ¢cevre
ve insan saghgl degerlerini korumayi1 hedefleyen,
tamamen yerli ve milli bir riin vana sektoriine
kazandirilmistir.
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Anahtar Kelimeler

Olgii ve simetri problemi,
Numune departmani,
Hazir giyim,

Toplam kalite kontrol,
Numune Uretimi

0z: Hazir giyim iiretiminde kalite ile birlikte miisterilerin temel beklentisi her bir
bedene sahip triiniin, ilgili bedene ait 6l¢iilere sahip olmasidir. Bununla birlikte,
hazir giyim irinlerindeki simetrinin, sekil ve estetik olarak saglanmasidir.
Uriinlerde Kkarsilagilan 6lgii  ve simetri sorunlarina, kullanilan kumas,
gerceklestirilen kesim islemi, operatoriin tecriibesizligi, dikimde kullanilan makine
gibi faktorler sebep olabilmektedir. Bu arastirmanin amaci, miisteri beklentileri
dogrultusunda iirtinlerde beklenen o6lgiilerin ve simetrik goriintiiniin saglanmasi
amaciyla yeni bir 6l¢iim sisteminin gelistirilmesidir. Bununla birlikte, her adimda
kalite kontrol felsefesinin toplam kalite yonetimi bashgl altinda numune
departmanina entegre edilmesidir. Gergeklestirilen takip ve analizler sonucunda,
departmanin ilk durumunda 392 adet triin incelenmistir. Bunlardan 210 (%53,5)
tanesi saglam iken, geriye kalan hatali tiriinlerden 66 (%16,8) tanesi basic t-shirt,
60 (%15,3) tanesi polo t-shirt, 56 (%14,2) tanesi de sweatshirt urtnleridir.
Gelistirilen sistemin numune departmaninda uygulanmasi ile toplamda 360 adet
iiriin incelenmis ve bunlardan 237 (%65,8) tanesi saglam, geriye kalan tirtinlerden
110 (%30,5) tanesi ise dikim islemi sirasinda gelistirilen sistem sayesinde hatasi
tespit edilerek kurtarilan tirtinlerdir.

Prevention of Measurement and Symmetry Errors Encountered in Clothing Production

Keywords

Measurement and symmetry
problem,

Sampling department,
Clothing,

Total quality control,

Sample production

Abstract: Along with the quality of clothing production, the basic expectation of the
customers is that the product in every size has the dimensions of the relevant body.
Moreover, symmetry in clothing products can be achieved in shape and aesthetics.
The measurement and symmetry problems encountered can be caused by processes
such as the fabric used, the cutting process, the inexperience of the operator, and
the machine used in sewing. The aim of this research is to develop a new
measurement system in order to provide the desired dimensions and symmetrical
appearance in the products in line with customer expectations. However, at every
step, the philosophy of quality control is imposed on the sample department under
the title of total quality management. As a result of the follow-up and analysis, 392
products were examined in the initial state of the department. While 210 (53.5%)
of them were intact, the remaining 66 (16.8%) were faulty basic t-shirts, 60 (15.3%)
were faulty polo t-shirts, and 56 (14.2%) were also faulty sweatshirt products. With
the application of the developed system in the sample department, a total of 360
products were examined and 237 (65.8%) of them were intact, while 110 (30.5%)
of the remaining products were found to be faulty and recovered thanks to the
system developed during the sewing process.

1. Giris nitelendirilmesine neden olmustur. Giintimizde,

verimlilik kavraminin tanmimlanmasinda oldugu gibi
Diinya ekonomisinin kiiresellesmesi, hizli teknolojik kalite kavraminda da hala bir birlik saglanabilmis
gelismeler ve toplumsal deger yargilarinda meydana degildir. Ornegin, kalite uzmanlan kaliteyi "kullanima
gelen gelismeler, kalitenin farkli  sekillerde uygunluk" olarak tanimlarken, Avrupa Kalite

*ilgili yazar: mehmet.kucuk@ege.edu.tr
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Organizasyonu (EQO) "bir mal ya da hizmetin
tiiketicinin isteklerine uygunluk derecesi" olarak tarif
etmistir [1]. Bu tanmimlarin hepsinde miisterilerin
isteklerinin ve beklentilerinin karsilanmasi ortak
ozelliktir. Kalitenin taniminda yer alan miisteri
beklentilerine uygunlugun tespiti ise, tiim {iretim
faaliyetleri ~sonucunda elde edilen ¢iktinin
ozelliklerinin kontrol edilmesi ile
gerceklestirilebilmektedir.

Kontrol islemi, muayene, kalite kontrol, kalite giivence
ve toplam Kkalite yonetimi seklinde bir hiyerarsiye
sahiptir [2]. Toplam kalite yonetimi (TKY) daha fazla
tatmin olan miisteriler, azalan maliyetler, daha yiiksek
kaliteli tirtinler ve artan kalite performansi gibi bircok
fayda saglayan bir felsefedir [3]. Kalite yonetimi
acisindan  hatayr yapilmadan o6nce oOnlemek,
yapildiktan sonra bulup diizeltmeye ¢alismaktan ¢ok
daha az zarara sebep olmaktadir. Bunun i¢in gerekli
olan, tepkici planlama yaklasiminin terk edilip,
onleyici planlama yaklasimina gecilmesidir. Hatalarin
hentiz gerceklesmeden tespit edilmesi, emek yogun
bir yapiya sahip olmasindan dolay1 her iretim
asamasinda fazlaca hata ile karsilasilma ihtimalinin
yliksek oldugu hazir giyim sektoriinde daha da 6nemli
bir hal almaktadir.

Gunluk hayatta, hayatin her b6limiinde kullanilmakta
olan hazir giyim triinleri satin alinirken, dlciileri ve
simetri 06zellikleri dikkat edilen birka¢ o6nemli
noktadan birisidir. Her bir hazir giyim iriniinde sz
konusu olan simetri ozelligi (gomlek yakasi,
pantolonun bacaklari, kazaklarin kollari gibi) (Sekil 1),
liriiniin géze hitap eden en 6nemli noktasidir. Sekil
1’de 6rnek olarak gosterildigi gibi, lirtinlerde istenen
bir model uygulamasi (baski, nakis uygulamalar ile
albeni kazandirma gibi) yok ise, bir tisortiin
yakasindan itibaren kollari, etek ucu, bir pantolonun
bacaklari, bir gomlegin yaka uglari, kollari, bir ceketin
yaka uglary, kollari gibi bolgelerde a=b (Sekil 1) olmak
zorundadir. Eger bu durum (a=b) saglanamiyor ise, o
irliniin ticarilestirilme sansi son derece zayiftir.

, I/ \
a b a b
a b a b

Sekil 1. Hazir giyim tiriinlerindeki simetri durumu

Simetri probleminin yaninda siklikla karsilasin bir
diger husus ise hazir giyim iirtinlerinin 6l¢iilerindeki
(omuz genisligi, tiim boy, kol boyu, yaka dusiikligi,

yaka acikligr gibi) hatalarin nedenlerinin tespit
edilmesidir. Bir iriin siparisi gelirken belirtilen
6nemli noktalardan olan 6l¢ii tablosu, beden bazinda
bir liriine ait tiim odlciilerin belirtildigi tablodur (Tablo
1). Miisterinin belirttigi dl¢tiler, liretimden sonra her
bir bedene ait, Uriiniin sahip olmasi1 gereken
Olctilerdir.

Tablo 1. Bir sweatshirte ait dl¢ii tablosu érnegi

Olgiiler (cm) XS S M L XL
Boy 75 77 78 80 81
Gogiis Gen. 53 55 57 59 61
Etek Ucu G. 50 52 54 56 58
Yaka Acikl. 18 18 19 19 20
On Yaka Dis. 10 11 11 12 12
Arka Yaka D. 1 2 2 3 3
Kolevi Cap 22 23 24 25 26
Kol Boyu 66 67 68 69 70
Kol Pazu 39 41 43 45 47
Kol Agz1 22 23 24 25 26

Olcii problemi nedeniyle ticarilestirilemeyen iiriinler,
hammaddenin, operatorlerin, iretim siirelerinin,
altyapinin  vb. bos yere kullanilmasi anlamina
gelmektedir. Bu nedenle toplam Kkalite yonetimi
felsefesi ve siirduriilebilirlik anlayisi ile tim liretim
slireci ele alinmali ve hatalar daha en basindan tespit
edilerek kalici olarak ortadan kaldirilmalidir.

Konfeksiyon sektdriinde hatalar ¢ok gesitlidir. Tim
konfeksiyon siirecinde goriilebilen hatalarin ortadan
kaldirilmas1 amaciyla gesitli uygulamalar mevcuttur.
Toplam kalite yonetimi felsefesi, kalite kontroliin her
asamadan sonra yapilmasimi  gerektirdiginden
konfeksiyon sektoril icin vazgecilmez bir aractir.
Uretimi tamamlanan bir iriinde 6l¢ii ve simetri
problemleri de siklikla Kkarsilagilan hatalardan
bazilaridir.

Calisma kapsami ile ilgili yapilan literatir
taramalarinda erisilen ¢alismalar su sekildedir. Erdil
(2020) kapsamli bir literatlir arastirmasi ile toplam
kalite yonetiminin temel wunsurlarimi ve ana
kavramlarini bir konfeksiyon firmasi tzerinden
ortaya ¢ikarmaya ¢alismistir. Bu dogrultuda ele alinan
firmanin calisanlarina, misterilerine ve
tedarikcilerine anketler uygulanmistir. Elde edilen
verilerin analizleri ile firmanin toplam kalite yonetimi
kapsaminda eksik oldugu alanlar ile ilgili cesitli
oneriler sunulmustur [4]. Bolatan ve Akgiil (2019)
yonetimlerde stratejik planlamanin toplam kalite
yOnetiminin basarisi iizerindeki etkilerini
degerlendirmistir.  Bu  dogrultuda  gelistirilen
hipotezlerle en kii¢iik kareler yontemi kullanilarak bu
iliski ele alimmistir. Gergeklestirilen analizler,
firmalarin toplam kalite yonetimini basarili bir sekilde
uygulamak icin kalite seviyesine, kiiltiire, st
yonetimin  katillmina, liderligine, ¢alisanlarin
sorumluluk almasi ve baghligina daha fazla 6nem
gostermesi gerektigini gostermistir [3]. Mengistie
(2019) bir tekstil firmasini ele alarak, bu firmadaki
toplam kalite yOnetimi uygulamalarinin
organizasyonel performans tzerindeki etkilerini
incelemistir. Degerlendirme sonucunda, toplam kalite
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yonetiminin tlim yapilarinin (misteri odakllik,
calisanin gilclendirilmesi, list yonetimin taahhtidi,
surekli gliclendirme, tedarikgi kalite yonetimi, siire¢
yaklasimi) orgiitsel performansi olumlu ve &nemli
Olciide etkiledigini gostermistir. Ayrica toplam kalite
yonetimi uygulamalarinin alti ana unsurundan,
miusteri odaklilik, iist yonetim bagliligl, strekli
iyilestirme, calisanin yetkilendirilmesi ve tedarikgi
kalite yonetiminin oOrgiitsel performans {izerinde
olumlu bir etkiye sahip oldugunu, siire¢ yaklasiminin
ise onemli bir etkisinin olmadigin1 belirtmistir [5].
Syduzzaman vd. (2016)'nin 50 tekstil ve konfeksiyon
firmasi tzerinde gerceklestirdigi anketler ile toplam
kalite yonetimine sahip olan ve olmayan fabrikalar
arasinda 6nemli farklar oldugu vurgulanmistir. Bu
nedenle 6zellikle emek yogun bir yapiya sahip olan
konfeksiyon firmalarinin toplam kalite yodnetim
sistemini benimsemeleri gerektigi vurgulanmistir [6].

Bununla birlikte 6l¢ili ve simetri problemi daha teknik
durumlar nedeniyle de ortaya ¢ikabilmektedir.
Bununla ilgili bir¢ok arastirmacinin  dikis
karakterizasyonu, dikis kalitesi, triin kalitesi gibi
konularda c¢alismalar yaptigi, bu konularin hem
islevsel hem de estetik a¢idan incelendigi
gorilmistiir. Rajesh ve Narayana (2021), iplik,
masura, dikis atlamasi, dikis patlamasi gibi dikislerin
ve dikis parametrelerinin ger¢cek zamanl olarak
izlenmesine yardimci olacak ve gerektiginde diizeltici
o6nlemi almasini saglayacak IoT (Internet of Things-
Nesnelerin Interneti) sistemi gelistirmeyi
amaglamislardir [7]. Buradan da yola ¢ikilarak, dikis
parametreleri kadar, dikilecek parcanin sekli ve
operatoriin etkenliginin de izlenmesi gerektigi
diistintilmektedir. Bu durum da gergeklestirilen bu
calismanin o6nemini vurgulamaktadir. Malek vd.
(2018), 18 farkli denim kumasinin dikis verimliligini,
kaymasim1 ve biiziilmesini 6lcerek dikis kalitesini
tahmin etmek i¢in bir regresyon modeli gelistirmistir
[8]. Datta vd. (2017), keten dokuma goémlek
tretiminde, dikis yogunlugunun ve dikis ipligi
yogunlugunun dikis verimliligi lizerindeki etkisini
incelemistir. Calisma sonucunda dikis yogunlugu ve
dikis ipligi numarasinin dikim kalitesini etkiledigi
tespit edilmistir [9]. Nassif (2013), pamuklu dokuma
kumaslarda igne numarasi, dikis yogunlugu, dikis
ipligi gerginligi ve dikis yoniiniin dikis ¢ekme
mukavemeti, dikis uzamasi1 ve dikis verimliligi
lizerindeki etkisini arastirmistir. Dikis makinesi
parametrelerinin dikis kalitesi lizerinde belirli bir
etkiye sahip oldugu sonucu elde edilmistir [10].
Buradan yola ¢ikilarak sayisiz faktére bagh kalite
parametresinin kontrol altinda tutulabilmesi icin,
liretim ile es zamanl sekilde uygulanacak bir kalite
kontrol sistemine ihtiyacin oldugu sonucuna
varilmistir. Literatiir taramalarinda, dikilmekte olan
driinlerin dikim islemi sirasinda 6l¢li ve simetriklik
kontroliinlin yapildigi, bu kontrole ait verilerin
kablosuz bir sekilde kayit edildigi ve bdylece bu
verileri analiz etme imkani saglayan bir sisteme
rastlanmamistir.

Simetri ve 0l¢ii problemleri birden fazla nedenden
kaynaklanabilmektedir. Bu nedenle de bu problemlere
ait risklerin bulundugu ortamda problemlerin daha
olusmadan ortadan kaldirilmasina yonelik iyilestirme
ve gelistirmeler yapilmalidir.

Toplam kalite kontrol kavrami, hatalarin ayiklanmasi
yerine hataya neden olan faktorlerin belirlenmesini,
hatalarin  tekrarlanmasini  6nlemeye  yonelik
sistemlerin gelistirilmesini, ana noktalarin
kontroliinii, genellemeden kaginarak, tiim verilerin
saglikli, rakamsal ve gorsel olarak ifade edilmesini,
uygulamalarin  mutlaka  yerinde  izlenmesini
kapsamaktadir [11].

Calisma  kapsaminda, numune {retimi icin
gelistirilmesi planlanan 6l¢ii ve simetri hatalarinin
olustugu anda tespit edilmesini saglayan sistem ile
hatalar aninda tespit edilerek 6nlenmesi saglanmistir.
Bu dogrultuda numune departmaninda basic t-shirt,
polo t-shirt ve sweatshirt liretim siirecleri izlenmis ve
Olgli ve simetri hatalarinin frekanslari, calisma
kapsaminda gelistirilen sistem oncesi ve sonrasi
olacak sekilde kayit edilerek degerlendirilmistir.

2. Materyal ve Metot
2.1. Materyal
Calismanin materyalini 6rme giyim ihracati tizerine

faaliyet gosteren bir hazir giyim firmasinin numune
departmani olusturmaktadir. ilgili departman 15 giin

calisma kapsaminda gelistirilen yontemin
uygulanmasindan 6nce ve 15 gin ise
uygulanmasindan sonra takip edilmistir.

Departmanda bu siire zarfinda agirlikli olarak basic t-
shirt, polo t-shirt ve sweatshirt triinleri tretilmistir.
Incelenen iiriinlerin kumas veya model 6zelliklerine
degil sadece olgiileri degerlendirilmistir. Bu
dogrultuda uygulama Oncesinde toplamda 392,
uygulama sonrasinda ise toplamda 360 adet triin
incelenmis ve {riinler lizerinde Ol¢cii ve simetri
kontrolleri gerceklestirilmistir.

2.2. Metot

Calismada kullanilan yontem calisma ekibi tarafindan
gelistirilmistir. Bu kapsamda simetri ve 6l¢ii kontrolii
yapilabilmesi amaciyla bu kontrole uygun olgii
tablolar1 hazirlanmistir. Calismada ele alinan 3 tip
irin (basic t-shirt, polo t-shirt, sweatshirt) igin
hazirlanan simetri kontrolii dl¢lim noktalar1 asagidaki
gibidir (Tablo 2).
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Tablo 2. Simetri kontrolii 6l¢iim noktalar1
BASIC T-SHIRT POLO T-SHIRT SWEATSHIRT (HOODY)

Sag Omuz Sag Omuz Sag Omuz
Sol Omuz Sol Omuz Sol Omuz
Sag Omuzdan Boy Sag Omuzdan Sag Omuzdan Boy
Boy
Sol Omuzdan Boy Sol Omuzdan Boy Sol Omuzdan Boy
On Ortadan Sag On Ortadan Sag On Ortadan Sag Gogiis
Goglis Gogls
On Ortadan Sol On Ortadan Sol On Ortadan Sol Gogiis
Gogiis Gogls
On Ortadan Sag On Ortadan Sag On Ortadan Sag Etek Ucu
Etek Ucu Etek Ucu
On Ortadan Sol On Ortadan Sol On Ortadan Sol Etek Ucu
Etek Ucu Etek Ucu
Sag Kol Boyu Sag Kol Boyu Sag Kol Boyu (Omuzdan)
(Omuzdan) (Omuzdan)
Sol Kol Boyu Sol Kol Boyu Sol Kol Boyu (Omuzdan)
(Omuzdan) (Omuzdan)
Sag Kol Pazu Sag Kol Pazu Sag Kol Ribana
Sol Kol Pazu Sol Kol Pazu Sol Kol Ribana
Sag Kol Agz1 Sag Kol Agz1 On Ortadan Sag Kapiison
Eni
Sol Kol Agz1 Sol Kol Agz1 On Ortadan Sol Kapiison
Eni
On Ortadan Sag On Ortadan Sag On Ortadan Sag Kanguru
Yaka A¢ikligt Yaka A¢iklig1 Cebi Genisligi
On Ortadan Sol On Ortadan Sol On Ortadan Sol Kanguru
Yaka Agikligt Yaka Agiklig1 Cebi Genisligi
On Ortadan Sag On Ortadan Sag Kanguru
Pat Genisligi Cep Agz1 Genisligi
On Ortadan Sag On Ortadan Sol Kanguru
Pat Genisligi Cep Agz1 Genigsligi
Sag Yaka Ucu
Genisligi
Sol Yaka Ucu
Genisligi

Yontem dahilinde numune departmaninda dikim
islemini = gerceklestiren = operatorlerin,  dikim
isleminden hemen sonra o6l¢li kontrolii yapmasi
saglanmistir. Ancak 6l¢ii kontrollerinde zaman ve
performans kaybi yaratacak geleneksel mezuralar
yerine, bu islemi daha da hizlandiracak kablosuz veri
aktarim (bluetooth baglant]) 6zellikli elektronik
mezuralar (Sekil 2) kullanilmistir. Planlanan
calismada, numune biriminde bir {riiniin Uretilmesi
sirasinda gergeklestirilen 6l¢ii takibi ve kontrol islemi
sayesinde, Olciilerin talep edilen degerlerden
sapmalarin oniine ge¢ilmis ve yine aninda miidahale
ile sorun biiytimeden ¢6ziilebilmistir.

Sekil 2. Dijital kablosuz aktarim 6zellikli mezura

Uretilen iiriinlerin belirli él¢ii kriterlerini karsilama
durumlari ve simetrik 6zellikleri mezuralar sayesinde
calisma kapsaminda hazirlanan yeni 6l¢t tablolarina
aninda aktarilmakta ve ayni zamanda gelistirilen
algoritmalar ile tespit edilen Olgiiler miisteri talebi ile

karsilastirmali  bir  sekilde  degerlendirilerek
yorumlanabilmektedir.
3. Bulgular

Numune Uretim departmaninda gelistirilen yontemin
uygulamaya konmasindan o6nce 15 giin boyunca

iiretilen 142 adet basic t-shirt, 130 adet polo t-shirt ve
120 adet sweatshirt simetri ve ol¢ii kontrolii
bakimindan analiz edilmistir. Gergeklestirilen bu
kontroller sonucunda 392 adet iiriiniin;

- 210 adeti saglam iiriin,
- 182 adeti ise 06l¢li ve simetri hatasinin bulundugu

iriin olarak tespit edilmistir. Hatalarin iiriin bazinda
dagilimi Sekil 3’te gosterilmistir.

= Saglam Uriin = Basic T-shirt

Polo T-shirt = Sweatshirt
56, 14%

-

Sekil 3. Hatalarin dagilimi

60, 15%

210, 54%

Miisteri 6l¢ii toleranslarina uymayan, simetrik agidan
da estetik olarak sorunlu iiriinlere 6rnek gorseller
asagida gosterilmistir (Sekil 4).

Sekil 4. Ornek gérseller

Arastirmanin yapildig1 firmanin numune
departmanindan elde edilen veriler, numune
iiretiminde aninda 6l¢li kontrolii yapilmamasindan
kaynaklanan o6l¢cii ve simetri problemlerinin var
oldugunu gostermektedir. Bu 06l¢i hatalarinin ve
simetri problemlerinin ortadan kaldirilmas1 amaciyla
calisma kapsaminda hazirlanan ve Tablo 2’de verilen
6lciim noktalar1 dikkate alinarak, Sekil 2’de belirtilen
kablosuz veri aktarim 6zelligine sahip mezuralar ve
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asagidaki algoritma (Sekil 5) kullanilarak yeni bir
6lciim teknigi olusturulmustur.

Olgiim Yap

Simetride Major
Hata Var Mi?

Olgiimde Major
Hata Var Mi?

Uygun
Degil

Simetride Mindr
Hata Var Mi?

BOlgiimde Mindr
Hata Var Mi?

Sekil 5. Yeni dl¢iim sistemi algoritmasi

Yeni 6l¢tim sisteminin kayit edildigi tablolardan 6rnek
olarak basic t-shirt i¢in olani asagida gosterilmektedir
(EK-1: Olgiim sistemi tablosu). Bu tablolarin ¢alisma
prensibi su sekildedir; Oncelikle “minor ve major hata”
tanimlamalari yapilmaktadir. Gergeklestirilen
incelemelerde, talep edilen 6l¢iiden 0-5 mm kadar
sapmalar tolerans dahilinde olarak tanimlanmistir. 5
mm - 10 mm arasindaki saplamalar “minor hata”
olarak, 10mm’de daha fazla miktarlardaki sapmalar
ise “major hata” olarak tanimlanmistir. Sistem
sayesinde hem talep edilen o6l¢ii hem de simetri
kontrolleri yapilabilmektedir. Ornegin “omuz” 6l¢iisii
dikkate alindiginda, talep edilen 6l¢ii 200 mm (C)’dir.
Sag ve sol omuz dlciilerine bakildiginda, sol omuz (B)
Olciisiinde sapma yok iken, sag (A) omuz o6l¢iisii 209
mm (D) olarak ol¢ciilmiistiir. Bu dogrultuda sag omuz
(A) ile sol omuz (B) arasindaki 9 mm’lik fark simetri
farki (E) olarak hesaplanmistir. Bu deger simetri
durumu (F) olarak, degerin 5 mm - 10 mm arasinda
olmasi nedeniyle “minor hata” olarak kayit edilmistir.
Olgiim farki (G) kisminda da talep edilen 6lciiden
sapma miktarlari kontrol edilmekte ve benzer sekilde
farkin 9mm olmasi sayesinde 6l¢lim durumlar1 (H),
sag omuz i¢in “minor hata” olarak, sol omuz i¢in de
“uygun” olarak tamimlanmistir. Genel O6lgiim
durumunda da (I) Sekil 5’te belirtilen algoritmadan
yola gikilarak omuz 6l¢iisiiniin “kontrolli uygun”
tanimlamasi yapilmistir.

Dikim operatoérleri tarafindan her dikim isleminden
hemen sonra gerceklestirilen dl¢timler, bu tablolara
uzaktan otomatik olarak islenmekte ve sistem
sayesinde aninda degerlendirme ve Onlem alma
imkani olusmaktadir.

Gelistirilen yontemin uygulamaya konmasindan sonra
15 giin boyunca gergeklestirilen incelemelerde 130
adet basic t-shirt, 130 adet polo t-shirt ve 100 adet
sweatshirt analiz edilmistir. Bu analizler sonucunda
toplamda 360 adet iiriinden 237 tanesi hatasiz bir
sekilde numune departmanindan siirece dahil edilmek
iizere c¢ikarilmistir. Geriye kalan iriinlerden 110
tanesi ise, gelistirilen sistem sayesinde tespit edilen
hatalara aninda miidahale edilerek kurtarilmis ve
departmandan ¢ikarilabilmistir. Kurtarilamayan 13
tane iiriinde ise odlciilere uymadig icin s6kme islemi
gerekmis ancak sonrasinda tekrar istenen 6l¢ii elde
edilememistir. Dagilim Sekil 6’da gosterilmistir.

= Saglam Uriin = Basic T-shirt Polo T-shirt

= Sweatshirt Kurtarilan Uriin

110, 30%‘

237, 66%
6, 2% m//
5,1%
3,1%
Sekil 6. Hatalarin dagilimi
4. Tartisma ve Sonug¢
Siirekli degisen pazar sartlarinda isletmelerin

faaliyetlerini rakiplerine nazaran artirarak devam
ettirmesi icin, oncelikle kendi i¢ dinamiklerini
miimkiin derecede kayiplart ortadan kaldiracak
sekilde iyilestirmeli ve gelistirmelidir.

Calisma kapsaminda {riinler {izerinde ele alinan
simetri ve 6l¢ii hatalar1 tek tek incelenmistir. iki
probleme de yonelik Uretim asamalarinin tiimi
izlenmis ve her asamada tespit edilen diizensiz
durumlar kayit edilmistir. Sorunlarin, Uriiniin tiim
dikim operasyonlarinin tamamlanmasindan sonra,
son islem olan kalite kontrol islemlerinde tespit
edilmesi o noktaya gelinene kadar gergeklestirilen
tlim islemlerin bos yere yapildig1 gostermektedir. Ayni
zamanda sure¢ boyunca kullanilan operatorlerin,
enerjinin, hammaddelerin de tiim siire¢ bastan sona
tekrar edilmek zorunda olundugu icin bos yere
kullanildigimi ~ géstermektedir. Ayrica hatalarin
diizeltilmesi i¢in yapilan, dikilmis parcalan
birbirinden ayirma (s6kme islemi) islemi nedeniyle,
pargalarin hasar gérmesi de ¢ok miimkiindiir. Bu
durum siirdiriilebilirlik felsefesi kapsamina da
aykiridir. Gelistirilen 6l¢lim sistemi ile olusabilecek
6lcii ve simetri farkliliklart aninda tespit edilebilmis
bu sayede de aninda miidahale ile sorun biiyiimeden
ortadan  kaldirilabilmistir.  Gelistirilen sistemin
kullanilmaya baslanmasindan o6nceki ve sonraki
durumlarina ait veriler asagida gosterilmistir (Sekil
7).
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m Onceki Durum

400
350
300

W Sonraki Durum

392
360
237

250 210
200
150 110 —
100 50 56

50 - l t t

0

Toplam Saglam Uriin Kurtarilan Hatal BasicT- Hatah Polo T- Hatal
Uretim Oriin shirt shirt Sweatshirt
Toplam Uretim Saglam Urin Kurtarlan Uriin Hatah Basic T-shirt Hatah Polo T-ghirt Hatal: Sygatshirt
4100 25100 %53.9 %0658 %0 %30.5 %168 %0.8 %15.3 %13 14,2 %l6

Sekil 7. Onceki ve sonraki durum karsilastirma grafigi gerekli durumlarda tek siitun olarak eklenecek tablo formati

Gergeklestirilen takip ve analizler sonucunda, numune
departmaninin 6nceki durumunda toplamda 392 adet
iriin incelenmistir. Bu iirtinlerden 210 (%53,5) tanesi
saglam olarak ayrilirken, geriye kalan 66 (%16,8)
tanesi hatal1 basic t-shirt tiriinlerini, 60 (%15,3) tanesi
hatali polo t-shirt triinlerini, 56 (%14,2) tanesi de
sweatshirt iirtinlerinden olusmaktadir. Ayrica hatal
Urlinlerden hi¢ biri dikim islemi sirasinda tespit
edilememis, numune liretim siirecinin son basamagi
olan  Kkalite-kontrol islemi sirasinda tespit
edilebilmistir. Calisma kapsaminda gelistirilen
sistemin numune departmaninda uygulamaya
konmasi ile departman tekrar incelemeye alinmistir.
Bu dogrultuda toplamda 360 adet iiriin incelenmistir.
Bu iirtinlerden 237 (%65,8) tanesi saglam {iriin olarak
ayrilirken, geriye kalan friinlerden dikim islemi
sirasinda hatas tespit edilerek kurtarilan iiriin sayisi
ise 110 (%30,5)'dur. Kurtarilmaya ¢alsilirken fazla
kesme, hatali sokme gibi islemler nedeniyle sahip
olmas1 gereken oOl¢li ve simetri formuna geri
dondiriilemeyen iiriin ise basic t-shirt i¢in 3 (%0,8)
adet, polo t-shirt icin 5 (%1,3) adet ve sweatshirt icin
6 (%1,6) adettir. inceleme siireci sonunda iiriin grubu
bazinda hatali olarak ayrilan iirtinlerin yiizdelerindeki
degisim Sekil 6’da gosterildigi sekildedir.

Bu uygulamaya yonelik olarak gergeklestirilen
calismada, numune tUretiminde karsilasilan ol¢cii ve
simetri problemlerini ortadan kaldirmaya yoénelik
yeni bir sistem gelistirilmistir. Bu dogrultuda
calismada gelistirilen bu ydntem, her konfeksiyon
isletmesine uyarlanarak, firmalardaki simetri ve dl¢ii
problemlerinin éniine gecilmesine yardimci olacaktir.
Bu sayede, makine, malzeme ve isgiiciiniin bos yere
sarf edilmesinin Oniine gecilmis olunacaktir. Bu
durumda,

e isgiici bakimindan; dikim yapan operatérler
dikimden hemen sonra gelistirilen sistem ile 6l¢ili
kontrolii islemini gerceklestirecegi icin dikim
sonunda farkl bir kontrol ¢alisani tarafindan bu

kontrol isleminin yapilmasina gerek
kalmayacaktir. Bu sayede ilgili calisan farkh
islerde degerlendirilebilir.

e Malzeme bakimindan; dl¢ii hatalar: ilgili dikim
isleminin yapildig1 sirada tespit edilecegi icin
hatanin var oldugu operasyondan sonra sokme ve
tekrar dikerek diizeltme ihtiyact bulunmaktadir.
Tiim dikim isleminden sonra sékme ve tekrar
dikme islemi yeni malzemelerin tekrar kesilmesi
ve dikilmesini gerektirebilmektedir. Gelistirilen
sistem sayesinde malzeme tasarrufu imkani
olusmaktadir.

e Makine bakimindan; malzemede oldugu gibi
tekrar kesme ve hatanin tespit edilmesinden
sonraki dikim islemlerinin tekrarlanmasi
engellenmis olacaktir. Bu sayede makine
kullanimindan da tasarruf edilebilecektir.

Etik Beyani/Declaration of Ethical Code

Bu g¢alismada, “Yiiksekégretim Kurumlart Bilimsel
Arastirma ve Yayin Etigi Ydnergesi” kapsaminda
uyulmast gerekli tiim kurallara uyuldugunu, bahsi
gegen yénergenin “Bilimsel Arastirma ve Yayin Etigine
Aykirt Eylemler” bagligi altinda belirtilen eylemlerden
higcbirinin gergeklestirilmedigini taahhiit ederiz.
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Ek-A: Ol¢iim sistemi tablosu

Minor Hata Siniri (mm) 5
Major Hata Siniri (mm) 10
C D E F G H |
Hedef Olgii Olgii Genel
BASIC T-SHIRT edef Olcu Oletm Olgiim
(mm) Durumu
Durumu
. Minor
Sag Omuz-A 200 209 9 Minor 9 Hata
Sol Omuz - B 200 200 Hata 0 Uygun
Sag Omuzdan Boy 720 729 9 plliTel? ..
11 Hata Uygun Degil
Sol Omuzdan Boy 720 718 -2 Uygun
On Ortadan Sag Gogiis 490 490 0 Uygun
- g — g 1 Uygun ve Uygun
On Ortadan Sol Gégs 490 489 -1 Uygun
On Ortadan Sag Etek Ucu 465 463 -2 Uygun
- -2 Uygun Uygun
On Ortadan Sol Etek Ucu 465 465 0 Uygun
. Mi
Sag Kol Boyu (Omuzdan) 640 646 6 Hlantzr
0 Uygun Minor
Sol Kol Boyu (Omuzdan) 640 646 6
Hata
Sag Kol Pazu 320 320 0 Uygun
0 Uygun Uygun
Sol Kol Pazu 320 320 0 Uygun
Sag Kol Agzi 200 211 Mi 11 ..
8 & 6 H;ntzr Uygun Degil
Sol Kol Agzi 200 205 5 Uygun
On Ort;‘i‘?‘;é?g Yaka 170 168 2 Uygun
m -1 U
On Ortadan Sol Yaka 170 169 YERT 1 Uveun Uygun
Acikligi ve
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Abstract: The aim of this study is to reveal the presence of Soleirolia soleirolii,
evaluated as an alien species for the flora of Turkiye, and to document its first
record in Bartin province. Furthermore, Soleirolia is proved as a new genus record
for the country, which has significant implications for the region's biodiversity. The
detailed morphological descriptions, identification keys, distribution map, and
photos are provided for this species, which will be beneficial for future research in
this area. The findings contribute to a better understanding of the distribution and
morphology of this species and emphasize the need for further research on the
biodiversity of this region.

Tiirkiye Florasi i¢in yeni bir yabanci cins ve tiir kaydi: Soleirolia soleirolii (Requien)

Dandy (Urticaceae)

Anahtar Kelimeler
Karadeniz bolgesi,
Soleirolia soleirolii,
Yeni kayit,

Yabanci flora.

0z: Bu calismanin amaci, Urticaceae familyasindan bir tiir olan Soleirolia
soleirolii'nin Tiirkiye'de yayilis gésterdigini ortaya koymaktir. Tiirkiye Florasi i¢cin
yabanci bir tiir olarak degerlendirilen S. soleirolii ilk kez Bat1 Karadeniz bdlgesinde
yurittigiimiz floristik arazi arastirmalar sirasinda, Bartin ilinden toplanmistir.
Ayrica, Soleirolia’'nin Tirkiye icin cins (genus) diizeyinde yeni bir kayit oldugu da
belirlenmistir. Ek olarak, sonradan yapilacak arastirmalar i¢in faydali olacag:
diisiiniilen, tiire ait detayll morfolojik betim, tani1 anahtari, dagihm haritas1 ve
yayilis gosterdigi alanlardan c¢ekilmis fotograflar verilmistir. Ortaya konan
sonuglar ile S. soleirolii adli tiriin, diinyadaki dagilimi ve morfolojisinin daha iyi
bilinmesine katki saglanmis olacaktir. Elde edilen bulgular bdélgenin biyolojik
cesitliligi tizerine daha fazla arastirmaya ihtiya¢ oldugunu vurgular niteliktedir.

1. Introduction

species. According to Uludag et al. (2017), the total
number of alien plant species in Turkiye has reached

The dispersion of invasive alien species is often
facilitated by anthropogenic activities such as the
growing human population and expanding
globalization [1]. These species possess a high
capability of adaptation to different types of soil and
climate [2, 3]. However, their adaptation to new
environments can cause economic and public health
issues as well as significant ecological problems [4],
including population declines in many native species
[2, 3]. Although the number of native species affected
by invasive alien species is uncertain, there is
evidence of a clear relationship [2, 3]. Invasive alien
species is the second most frequent threat
corresponding to species extinction events over the
past 500 years [5].

Tiirkiye is considered as one of the countries that
may face negative impacts from invasive alien

* Corresponding author: barisbani@yahoo.com

340 [6]. In recent years, 14 additional alien species
have been recorded in the country, as reported by
various studies [6-21].

During the ongoing floristic studies, an interesting
plant specimen was collected from Bartin province in
West Blacksea region of Tiirkiye. It was identified as
Soleirolia soleirolii (Requien) Dandy which has not
been recorded from Turkiye so far. According to the
related literature, the species in question may
become invasive [22-24].

The first specimens of S. soleirolii (Urticaceae) were
collected by Joseph Francois Soleirol, a captain of
military engineers who travelled extensively
throughout Corsica and created a large number of
herbarium vouchers from the island [25]. He
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discovered this plant in Cervione, and it was also
found to grow in Cap Corse [25]. Requien (1825)
initially described these specimens as Helxine
soleirolii [25]. Later, Dandy (1965) transferred the
species to the genus Soleirolia which was previously
established by Gaudichaud in 1830 as S. soleirolii
[26]. S. soleirolii is native to the Balearic Islands,
Mallorca, Corsica, Italy, and Sardinia, but it has been
introduced and naturalized in many parts of Europe
[24].

This study presents significant findings on the
occurrence of S. soleirolii in Turkiye. Along with this
important discovery, the study offers detailed
information such as a morphological description, an
identification key, and distribution map. Additionally,
photographs taken from the species' distribution area
are included, allowing for a better understanding of
its characteristics. The presented results provide
valuable insights into the biodiversity of the area,
emphasizing the need for further research on this
species and its impact on the local ecosystem.

2. Materials and Methods

To identify the plant samples, relevant literature from
neighbouring areas (such as the Flora of Turkey,
Flora Europaea, and Flora of the USSR) was
consulted, along with online floristic studies
(including the Flora of North America and Flora of
China) [27-29]. The authors and plant names were
verified using the International Plant Name Index
(IPNI) (http://www.ipni.org/). Morphological
description of the species presented in the "Results”
section were provided by Ball (1964), Dalby (1968)
[26, 27]. Collection details of the voucher deposited in
Prof. Dr. Tuna Ekim Herbarium (GAZI) at the Gazi
University, Faculty of Science are presented below.

Soleirolia soleirolii
Bartin: Damp places near shady walls in the city, 25
m, 02.06.2022, H. Yasayacak, B.Bani (8183).

3. Results

Below is a key to Turkish genera in the family
Urticaceae, including the newly recorded genus
Soleirolia.

1. Leaves opposite, stipulate, dentate, with stinging
hairs
.......................................................................................... Urtica
1. Leaves alternate, exstipulate, entire, without
stinging hairs

2. Stem spreading or decumbent, not rooting at
nodes; most of the laves 1 cm or more, distinctly
petiolate, flowers clustered

............... Parietaria

2. Stem creeping, rooting at nodes; leaves not
exceeding 6 mm, subsessile, flowers solitary

................. Soleirolia

Genus Soleirolia Gaudich. Voy. Uranie, Bot. 504
(1830).

Perennial herb. Leaves alternate, entire; stipules 0.
Flowers wunisexual, green, solitary, axillary,
surrounded by an involucre of 1 bract and 2
bracteoles. Perianth 4-lobbed. Flowers enclosed in
perianth and involucre.

Soleirolia soleirolii (Req.) Dandy, Feddes Repert. 70
(1-3): 4 (1965). (Figure 1).

Basionym: Helxine soleirolii Req. Ann. Sci. Nat. (Paris)
5:384 (1825).

Synonyms

=Parietaria soleirolii (Req.) Spreng., Syst. Veg., 4(2.):
318 (1827).

=Soleirolia repens (Req.) Kuntze, Revis. Gen. Pl. 2:
633 (1891)

=Soleirolia corsica Gaudich., Voy. Uranie 504 (1830),
nom. illeg.

Description

A slender creeping herb forming dense ever-green
mats, sparsely to densely pubescent with falcate and
straight hairs. Stems 5-20 cm, rooting freely at nodes.
Leaves 2-6 X 2-4 mm, 3-veined; suborbicular,
subsessile, base prominently oblique. Flowers
unisexual; the lower female and the upper male.
Female flowers enclosed in the connate involucre;
perianth tubular, narrowly and shortly 4-lobbed.
Male flowers with a 4-lobbed perianth. Achenes hard,
light brown, shiny, symmetric, 0.8-0.9 x 0.6mm.
Flowering: 5-10.

Distribution: Native in Baleares, Mallorca, Corse, Italy
and Sardegna (Figure 2) [24-30].

Naturalized in Europe: Azores, Great Britain, Canary
Islands, France (Channel Is.), Netherlands, Spain,
Portugal, Madeira. Denmark with Bornholm (Casual
alien), Belgium and Ireland (status unknown),
Turkiye (naturalized). Africa: Algeria (probably in
Tunisia). North America: California, Mexico.
Australia: wetter places in southern and north-
western parts and also Tasmania (Figure 2) [24-30].
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Figur 1. oleirli slelrln. A and C: general view. B: male
and female flowers.

Y o

Figure 2. Distribution map of Soleirolia soleirolii in the
world. (Natural distribution in green. Introduced or
naturalized distribution in purple). Modified from POWO
(2023) [30].

4, Discussion and Conclusion

Family Urticaceae in Turkiye was formerly
represented by genera Urtica and Parieteria [28, 29].
Soleirolia has been added herein as the third one. The
genus is close to Parietaria, but differs from it mainly
in having rooting stems (at nodes), smaller leaves
(not exceeding 6 mm,) and solitary flowers [28]. The
genus is represented only one species namely S.
soleirolii which is native to Baleares, Mallorca, Corse,
Italy, Sardegna, however it introduced and
naturalized in many part of Europe [24, 27].
Additional records from various part of the world
have been reported so far [31-33]. It, for instance,
introduced to California and Mexico (Baja California)
[31]. Recently S. soleirolii was recorded from Edough
peninsula in Algeria and probably found in Tunisia
[32]. This species is also becoming widely naturalised
in the wetter parts of southern Australia (i.e. in some
parts of eastern New South Wales, in the coastal

districts of southern Victoria, in Tasmania, in south-
eastern South Australia, and in the coastal districts of
south-western and northern Western Australia [33].
While Yilmaz et al (2018) previously reported the
cultivation of this plant at Asiyan Cemetery in
Istanbul [34], this study revealed the first discovery
of naturalized alien populations of S. soleirolii. The
species was found to be prevalent in damp areas near
shady walls in the city center of Bartin. It was
observed that the most abundant species growing in
the same habitat were Stellaria media (L.) Vill,
Cardamine hirsuta L. and Asplenium adiantum-
nigrum L. These findings shed light on the plant's
adaptability to new environments, indicating the
potential for further spread of the species beyond its
native range. The coexistence of other plant species
in the same habitat also highlights the importance of
studying the interactions and ecological relationships
between species in these ecosystems.

Uludag et al. (2017) reported that the alien flora of
Tiirkiye includes 340 taxa, but the number of invasive
species found in the country is continuously
increasing, as shown in Appendix A. In fact, 14
additional alien taxa have been recorded in the last
five years alone (Appendix A), bringing the total
number of invasive plants in Turkiye to 355,
including the new species recorded in this study. The
presence of invasive alien species can have significant
negative impacts on the native flora and fauna,
including reduced biodiversity and ecosystem
services. Therefore, it is important to monitor and
control the spread of invasive species in Tirkiye to
protect the local environment and maintain a healthy
ecosystem.
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Appendix A. Recently recorded alien plant taxa for the Turkish Flora after Uludag et al. (2017)

Family Name of the taxa Distribution in Tiirkiye Origin Reference
Anacardiaceae Rhus chinensis Mill. var. chinensis Eastern Black Sea N. Pakistan, China, [9]
(Artvin, Rize) to Japan
Apiaceae Cyclospermum leptophyllum (Pers.) Eastern Black Sea Mexico to S. [11]
Sprague ex Britton & P.Wilson (Trabzon) Tropical America
Asteraceae Bidens pilosa L. East Medit. Tropical & [14]
(Osmaniye) Subtropical
America
Asteraceae Gamochaeta coarctata (Willd.) Marmara South America [18]
Kerguélen (Istanbul)
Asteraceae Symphyotrichum pilosum (Willd.) Western Black Sea E. Canada to N. [10]
G.L. Nesom var. pilosum (Zonguldak) Central & E. USA
Balsaminaceae Impatiens balfourii Hook. f. Western Black Sea N. Pakistan to W. [17]

(Dtizce)

Himalaya
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Family Name of the taxa Distribution in Tiirkiye Origin Reference
Balsaminaceae Impatiens glandulifera Royle Eastern Black Sea NE. Pakistan to [19]
(Giresun) Nepal
Cactaceae Opuntia macrorhiza Engelm. Western Black Sea Central & S. USA to [21]
(Kastamonu, Sinop) N. Mexico
Iridaceae Iris foetidissima L. Western Black Sea Azores, W. Europe [7]
(Sinop) to W. & Central
Medit.
Malvaceae Malvastrum coromandelianum (L.) East Medit. Central & S. [15]
Gracke (Osmaniye) America
Martyniaceae  Proboscidea louisianica (Mill.) Thell. Northwest Aegean South America and [8]
(Canakkale) Mexico
Poaceae Arrhenatherum elatius (L.) P.Beauv. Eastern Black Sea SW Europe [16]
ex ].Presl & C.Presl subsp. bulbosum (Rize)
(Willd.) Schiibl. & G.Martens
Sapindaceae Cardiospermum halicacabum L. Aegean Tropics and [12]
(Aydin) subtropics
Verbenaceae Verbena brasiliensis Vel. Wester Black Sea South America [20]
(Bartin)
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0z: Bu calismada, hidroelektrik santrallerin kabuliine etki eden faktérler bir
yapisal model ile incelenmistir. Modelde algilanan risk, algilanan yarar, algilanan
gliven ve kabul niyeti icsel degisken olarak ele alinirken, hidroelektrik santrallere
iliskin bilgi puani dissal degisken olarak degerlendirilmistir. Arastirma modeli,
6grencilerin hidroelektrik santralleri hakkinda bilgilerinin, santrallere yo6nelik risk,
yarar ve giiven algilarini dogrudan etkileyecegi, bu degiskenlerin de hidroelektrik
santralleri kabuliine etkileri olabilecegi degerlendirilerek kurgulanmistir. Ayrica
kisilerin ¢evresel duyarlilik diizeylerinin, risk — kabul, giiven — kabul ve
yarar—kabul iliskilerinde diizenleyici bir rol oynayip oynamadigi da arastirilmistir.
Analiz sonuglarina gore hidroelektrik santrallere iliskin bilgi puani ile risk algisi
arasinda pozitif, bilgi puani ile giiven ve yarar algisi arasinda negatif bir yonde
iliski oldugu belirlenmistir. Toplam bilgi puanindaki bir puanlk artis; risk
algisinda 0.347 puanlik bir artisa, giiven ve yarar algilarinda ise sirasiyla 0.106 ve
0.087 puanlik azalisa neden olacag tespit edilmistir. Sonug¢ olarak algilanan
giivenin hidroelektrik santrallerin kabuliinii etkileyen en 6nemli faktér oldugu
ortaya cikmistir.

Investigation of Factors Affecting the Acceptance of Hydroelectric Power Plants: Van
Yiiziincii Y1l University Ercis Vocational School Students Sample

Keywords

Hydroelectric power plants,
Perceived risk,

Perceived benefit,
Acceptance of power plants,
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Abstract: In this study, the factors affecting the acceptance of hydroelectric power
plants are examined with a structural model. In the model, perceived risk,
perceived benefit, perceived trust and acceptance intention were considered as
internal variables, while the knowledge score regarding hydroelectric power
plants was evaluated as an external variable. The research model was designed by
considering that students' knowledge of hydroelectric power plants will directly
affect their perceptions of risk, benefit and trust towards power plants, and that
these variables may have an impact on the acceptance of hydroelectric power
plants. In addition, it was also investigated whether environmental sensitivity
levels of individuals play a mediator role in risk—acceptance, trust—acceptance
and benefit—acceptance relations. According to the results of the analysis, it was
determined that there was a positive relationship between the knowledge score
and risk perception regarding hydroelectric power plants, and a negative
relationship between the knowledge score and the perception of trust and benefit.
One point increase in total knowledge score; It has been determined that it will
cause an increase of 0.347 points in risk perception and a decrease of 0.116 and
0.087 points in trust and benefit perceptions, respectively. As a result, it has been
revealed that perceived trust is the most important factor affecting the acceptance
of hydroelectric power plants.
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1. Giris

Diinyada enerji kaynaklarina olan gereksinim her
gecen gln artarak devam etmektedir. Teknolojik
ilerlemeler, hizla gelisen sanayi ve diinya
niifusundaki biiylime enerjiye olan talebi hizla
artirmaktadir. Enerji iiretebilmek ve elde edilen
enerjiyi dogru sekilde pazarlayabilmek giliniimiizde
tlkeler icin olduk¢a o6nemli bir gelismislik
gostergesidir. Giiniimiizde kullanilan enerjinin ¢ogu
birincil enerji kaynaklarindan karsilanmaktadir.
Birincil enerji, herhangi bir enerji doniisiimiinden
gecmemis enerji olarak tanimlanabilir [1]. Petrol,
koémiir ve dogalgaz bu enerji tiriindeki en dnemli
kaynaklardir. Bu kaynak rezervlerinin sinirli olmasi
ve enerji ihtiyacinin siirekli artmasindan dolay1
birincil enerji  kullanomi  giderek azalmakta,
yenilenebilir enerji kaynaklarina talep ise giderek
artmaktadir. Yenilenebilir enerji, dogal kaynaklardan
elde edilebilen, kullanilmasina ragmen azalmayan ve
tiilkenmeyen enerji olarak tanmimlanabilir [1].
Yenilenebilir enerji kaynaklar1 arasinda hidroelektrik
enerji 6nemli bir paya sahiptir. Ulke genelinde 2020
itibariyla 653 adet HES bulunmaktadir. Her sene
iklim sartlarindan dolay1 hidroelektrik enerji iiretim
miktar1 degismektedir. [2]

Hidroelektrik santraller suyun giiciinii kullanarak
elde ettigi enerjiyi elektrik enerjisine doéniistiiren
yapilardir. Bu santraller enerji iiretimine katki
saglamasina ragmen bir¢cok c¢evresel sorunu da
beraberinde getirmektedir. Hidroelektrik santrallerin
en iyi bilinen c¢evresel etkileri arasinda, bolge
halkinin fiziki yasam alanmi degisiklikleri, doga ve
yasam yerlerinin zarar gérmesi, deniz ekosisteminin
bozulmasi, erozyon ve sel olusumu vb. gosterilebilir.
[3] Bu olumsuz etkilerden dolay1 hidroelektrik
santrallerin insa edilecegi bolgelerde yasayan
insanlar tedirgin olmakta ve santrallerin insasina pek
olumlu bakmamaktadirlar [4].

Santrallerin kabuliine yonelik literatiirde birgok
calisma bulunmaktadir. Jang ve Park (2020), Giiney
Kore’de yasayan insanlarin niikleer santrallerin
kurulmasina iligkin tutumlarini incelemislerdir.
Arastirmada algilanan maliyetler, sistem giivenirligi,
farkindalik ve ¢evre bilgisi olmak iizere dort faktoriin
halkin ntikleer santralleri kabul niyetini etkileyen
fayda, risk ve kamu tutumlar: lizerindeki etkilerini
arastirmiglardir. Arastirma bulgularinda algilanan
faydanin halkin niikleer santralleri kabullenmede
kilit rol oynadigi belirlenmistir. Ayrica c¢evresel
bilginin ve algilanan maliyetlerin, algilanan riskler
lizerinde dikkate deger bir etkiye sahip oldugu tespit
edilmistir[5]. Bronfman vd. (2012), enerji tretim
kaynaklarinin toplum tarafindan kabul edilebilirligini
bir model ile incelemislerdir. Model ile bir enerji
kaynaginin toplum tarafindan kabul edilmesi,
algilanan risk, fayda ve kurumlara duyulan giiven ile
dogrudan iliski oldugu sonucuna varilmistir. Ayrica
algilanan faydanin, kabul niyeti {izerinde en biiylik

toplam etkiye sahip oldugunu ve bu nedenle enerji
iiretim kaynaklarinin sosyal kabul edilebilirliginde
¢ok onemli bir faktor oldugunu tespit etmislerdir[6].

Xiao vd. (2017), giiven algisinin nitikleer enerji
santrallerinin kabulilinii nasil etkiledigi lizerine bir
arastirma yapmislardir. Cin’in Haiyan ilgesinde 491
kisiyle gerceklestirilen arastirmada giiven algis1 iyi
niyet giiveni ve yeterlilik giiveni olmaz iizere iki alt
boyutta incelenmistir. Arastirma bulgulari; iyi niyet
gliveninin risk algisin1 azaltarak niikleer enerji
santrallerinin kabuliinii artirdigy, yeterlilik giiveninin
ise fayda algisim1 artirarak santrallerin kabuliini
arttirdigini ortaya c¢ikarmistir [7]. Alzahrani vd.
(2023), Suudi Arabistan’da yasayan insanlarin
niikleer enerjiye yonelik tutumlarini bir yapisal
esitlik modellemesi ile incelemislerdir. Calismada
niikleer bilgi, yonetmeliklere giiven, sosyal etki,
algilanan risk ve algillanan fayda gibi faktorlerin
niikleer santrallerin  kabuliinii nasil etkiledigi
arastirllmistir.  Arastirma bulgularinda, algilanan
faydalarin etkisinin, algilanan risklerden daha 6nemli
oldugu gorilmistiir. Ayrica niikleer santrallerin
kurulacagi boélgenin de santralleri kabul etmede
6nemli bir rol oynadig1 belirlenmistir [8]. Wang vd.
(2020), gevresel endise, yer bagliligl, algilanan fayda
ve algilanan risk faktorlerinin niikleer santrallerin
yeniden insasinin yerel kabul tizerindeki etkilerini
incelemislerdir. Calismada algilanan fayda, algilanan
genel fayda ve algilanan yerel fayda olmak tzere iki
alt boyutta degerlendirilmistir. Arastirma bulgulari
yeniden insa kabuliiniin; algilanan genel ve yerel
faydadan olumlu etkilendigi, algilanan riskten ise
olumsuz yonde etkilendigini ortaya koymustur (9).

Zhu vd. (2020), Cin’deki niikleer santrallerin kamu
tarafindan kabulii {izerine bir ¢alisma yapmislardir.
Calismada niikleer enerji bilgisi, niikleer kaza bilgisi,
risk-fayda algisi, sosyal medya kullanim siklig1 ve
sosyal medya bilgi giiveni gibi 6ncil degiskenler ele
alinmistir. Arastirma bulgularinda, sosyal medya
kullanim siklig1 ve sosyal medya bilgilerine giivenin
bireylerin niikleer enerji ve niikleer kazalar
hakkindaki bilgilerini arttirdig: ve risk-fayda algisina
yol actign belirlenmistir. Ayrica fayda algisinin
niikleer enerji santrallerinin kabuliinii arttirdigini
tespit etmislerdir [10]. Mayeda ve Boyd (2020),
halkin, hidroelektrik santral projelerine iliskin
tutumunu etkileyen faktorler iizerine sistematik alan
taramasi yapmislardir. Arastirma sonucunda ilk
sirada cevresel ve ekolojik etkilerin bulundugu, daha
sonra hidroelektrik santral projeleriyle ilgili sosyo-
ekonomik etkilerin geldigi ve son olarak halkin
gorlslerinin alinmasi, konunun halk ile istisare
edilmesi faktorlerinin geldigi belirlenmistir [4].

Liu vd. (2017), modern kémiir yakith elektrik santrali
projelerinde kamu destegini etkileyen faktorleri
belirlemek i¢in bir arastirma yapmislardir. Arastirma
modelinde yer duygusu, algilanan giiven ve ¢evresel
duyarlilik bagimsiz degisken, algilanan fayda ve
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maliyet araci degisken, kamu destegi ise bagiml
degisken  olarak ele alinmistir.  Arastirma
bulgularinda; yer duygusunun fayda algisi yoluyla
kamu destegi tlizerinde hafif bir dolayli etkisinin
oldugunu, giivenin ise kamu destegi iizerinde
dogrudan bir etkisinin oldugunu ortaya koymustur.
Ayrica cevresel tutumun, fayda algisi ve maliyet algisi
araciligiyla kamu destegi lizerinde dolayl etkisinin
oldugunu tespit etmislerdir [11]. Mah vd. (2014), risk
algisy, giiven algisi ve halkin katilimi faktdrlerini ele
alarak kamuoyunun niikleer enerjiye iliskin
tutumlarini incelemislerdir. Hong Kong'da 509
bireyle yapilan arastirma, giivenin niikleer se¢imler
baglaminda risk algisindan daha etkili oldugunu
belirtmektedir. Ayrica giiven ve halk katiliminin
etkinligine iliskin algilarin, risk ve niikleer muhalefet
algilarim1 aciklayan faktorler oldugu belirlenmistir
[12].

Tanaka (2004), niikleer tesislerin
konumlandirilmasinda halkin kabuliinii belirleyen
faktorleri incelemistir. Calisma Japonya’da yasayan ve
rastgele secilen 1000 yetiskin katiimc ile
gerceklestirilmistir. Arastirma bulgulari, algilanan
risk ve algillanan faydanin niikleer tesislerin
kurulumunda kabulii etkileyen ¢ok 6nemli faktorler
oldugunu ortaya koymustur. Ayrica algilanan riskin
niikleer santralin kabuliinde algilanan faydadan daha
etkin bir rol oynadigini tespit etmistir[13]. Yildiz ve
Arn (2019), nitkleer enerjinin kabuliinii etkileyen
faktorler ile tliniversite 6grencilerinin enerjiye olan
duyarhliklar1 arasindaki nedensellik iliskisini bir YEM
modeli ile incelemislerdir. Arastirma 521 {niversite
Ogrencisiyle yapilmistir. Calismada dgrencilere
algilanan yarar, algilanan risk, algilanan giiven ve
kabul ile ilgili sorular sorulmustur. Arastirma
bulgulari, risk algisinin ntikleer enerji santrallerinin
kabulii tlizerinde olumsuz bir etkisinin oldugunu
gostermistir.  Ayrica  modeldeki  diger gizli
degiskenlerin etkileri de istatistiksel olarak anlaml
ve pozitif bulunmustur (14). Kimura ve Suzuki
(2003), niikleer enerji projelerinin kabuliine iliskin
halkin tutumunu etkileyen faktorleri belirlemeye
calismislardir. Arastirma bulgular, algilanan giiven,
algilanan risk, algillanan fayda ve niikleer enerji
dretim Ustiinligiiniin santralleri kabul niyetine
onemli etkisi oldugunu ortaya koymustur (15).

Ayrintih olarak  taranan literatiirde;  bir¢ok
arastirmacinin niikleer enerji santral projelerinin
sosyal kabulii iizerine ¢alisma yaptig1 goriilmektedir.
Ancak hidroelektrik santrallerin sosyal kabuli
iizerine yeterince ¢alismaya rastlanilmamistir. Ayrica

santrallere yo6nelik halkin bilgisini o6lcen bir
degiskene rastlanmamaistir. Bu calismada
hidroelektrik santrallerin kabuliine etki eden

faktorler bir yapisal esitlik modellemesi ile
arastirllmistir. Calismada risk algisi, yarar algisi,
giiven ve kabul niyeti arasindaki iligki literatiire
dayandirilarak olusturulmus, hidroelektrik
santrallere iliskin halkin bilgisini 6lgen, bilgi puani

dissal degisken olarak arastirmacilar tarafindan
modele dahil edilmistir. Ayrica ¢evresel duyarliligin;
risk algisi, giiven algis1 ve yarar algis1 faktorlerinin
kabul iizerinde diizenleyici bir etkisinin olup-
olmadigi da arastirilmistir.

2. Materyal ve Metot

Bu calismada hidroelektrik santrallerin kabuliine etki
eden faktorler bir yapisal model ile incelenmistir.
Onerilen modelde risk algisi, giiven algisi, yarar algist
ve kabul niyeti icsel degisken olarak ele alinirken
hidroelektrik santrallere iliskin bilgi puam dissal
degisken olarak  degerlendirilmistir. Ayrica
olusturulan modele c¢evresel duyarlilk faktori
eklenerek cevresel duyarliligin; risk algisi, giiven
algis1 ve yarar algisi Uizerinde kabul niyetini etkileyen
bir  diizenleyicilik  durumunun olup-olmadigi
arastirilmistir.  Arastirma modelinin uyumu ve
hipotezlerin testi KEK-YEM ile yapilmistir.

2.1. Kismi en Kkiicilk Kkareler yapisal esitlik
modellemesi

ik olarak Wold [16,17,18] tarafindan gelistirilen bu
yontem, i¢sel yapilarin agiklanan varyansini
maksimize eden yinelemeli yaklasima dayali bir
yapisal esitlik modellemesi teknigidir [19]. Kismi en
kiigcik kareler yontemi diger c¢ok degiskenli
istatistiksel tekniklerle karsilastirildiginda yumusak
bir modelleme teknigi olarak goriilmektedir [19,20].
Bir bagka ifade ile ¢ok degiskenli istatistiksel
yontemlerin gerekli olan varsayimlarini karsilamanin
glic oldugu durumlarda kismi en kiiciik Kkareler
yonteminin esneklik durumundan yararlanilarak
daha kolay bir sekilde model kurulabilir. [21]. Ayrica
bu yontem (KEK-YEM), kii¢iik hacimli 6rneklemlerde
de oldukea basarili sonuclar vermektedir. Calismada
Onerilen arastirma modelinin uyumu ve hipotezlerin
testi bu yontem kullanilarak gerceklestirilmistir.

2.2. Arastirma modeli ve hipotezlerin tasarimi

Arastirma modelinde yer alan giiven algis;, risk algisi,
yarar algis1 ve kabul niyeti arasindaki iligki literatiire
dayandirilarak olusturulmustur[11,22,23,24]. Tiirk¢e
literatiir incelendiginde hidroelektrik santrallere
iliskin halkin bilgisini 6lgen bir degiskene
rastlanilmamistir. Bilgi puani digsal degisken olarak
modele arastirmacilar tarafindan dahil edilmistir.
Arastirma modeli, kisilerin hidroelektrik santralleri
hakkinda bilgilerinin; santrallere yonelik risk, yarar
ve glven algillarim dogrudan etkileyecegi, bu
degiskenlerin de hidroelektrik santrallerin kabuliine
etkileri olabilecegi degerlendirilerek kurgulanmistir.
Ayrica kisilerin ¢evresel duyarhilik diizeylerinin,
risk — kabul, giiven — kabul ve yarar — kabul
iliskilerinde diizenleyici bir rol oynayip oynamadigi
da arastirilmistir. Arastirmada bilgi puani-giiven
algisi, bilgi puani-risk algisi ve bilgi puani yarar algisi
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arasindaki iligkiler asagida verilen hipotezler ile
incelenmistir.

Hi:  Hidroelektrik santrallere iliskin bilgi ile
hidroelektrik santrallere yo6nelik giiven algisi
arasinda negatif yonlii bir iliski vardir.

H,: Hidroelektrik santrallere iliskin bilgi ile
hidroelektrik santrallere yonelik risk algisi arasinda
pozitif yonli bir iliski vardir.

Hs: Hidroelektrik santrallere iliskin bilgi ile
hidroelektrik santrallere yonelik yarar algisi arasinda
negatif yonli bir iliski vardir.

Sosyolojik agidan kamu giiveni, insanlar ve sistemler
tarafindan olusturulan ve uzun bir zaman icinde
gelisen glvenirligin  degerlendirilmesidir  [11].
Kurumlara ve isletmelere duyulan giiven, enerji
projelerine yonelik kabul niyetini etkileyen 6nemli
bir faktordir [13,25]. Hidroelektrik  santral
projelerinin  cevreye  verebileceg§i  potansiyel
zararlardan dolay1 giiven algis1 kamu destegini
etkileyen 6nemli bir faktérdir. Bu durumun tespiti
icin asagida verilen hipotez kurulmustur.

H4: Santrallere yonelik algilanan giiven arttik¢a
santrallere iliskin kabul artar.

Risk ve yarar algisi, insanlarin yeni bir teknolojiyi
kabul etmelerinde 6nemli rol oynayan iki temel
faktordiir[26,27,28,13]. Risk algisi, insanlarin yeni
veya heniiz kesfedilmemis teknolojileri kabul etmesi
olarak tanimlanabilir [24]. Yarar algis1 ise bireylerin
hassasiyet gosterdigi konularda eyleme geg¢meleri
durumunda olusacak olumlu sonuclardir[29]. Cesitli
arastirmalar yarar algisinin bir tehlikenin kabulii i¢cin
risk algisindan daha 6nemli oldugunu gostermistir
[26,27,28]. Ayrica literatiirdeki bir¢ok calisma yarar
algis1 ile risk algisinin negatif korelasyona sahip
oldugunu  gostermistir[30,31,32].  Hidroelektrik
santrallerin c¢evreye ve canllara verdigi zarar
potansiyel bir risk olarak degerlendirilebilir. Diger
taraftan bu santrallerin enerji liretimine olan katkis,
yerlesim yerlerinin suyunun karsilanmasi, sel ve
erozyonlarin 6nlenmesi gibi durumlarda yarar olarak
disiinilebilir. Biitlin bu durumlardan dolay1r halk
tarafindan hidroelektrik santrallerin kurulmasina
iliskin farkl fikir ve goriisler ortaya ¢cikmaktadir. Tiim
bu bilgiler dikkate alinarak asagida verilen hipotezler
olusturulmustur.

Hs: Santrallere yonelik algilanan risk arttik¢a giiven
azalir.

He: Santrallere yonelik algillanan risk arttikga
santrallere iligkin kabul azalir.

H7: Santrallere yonelik algilanan yarar arttik¢a giiven
artar.

Hs: Santrallere yonelik algillanan yarar arttik¢a
santrallere iliskin kabul artar.

Ho: Santrallere yonelik algilanan yarar arttik¢a risk
azalir.

Cevresel duyarhlik, insanlarin yasadiklari gevreye
daha az olumsuz etkisi olan teknolojileri kullanma
egilimi olarak ifade edilmektedir [33,34,35]. Cevresel
duyarlilig1 yiiksek olan insanlar, karar vermeden 6nce
enerji projelerinin cevresel risk ve cevresel fayda
etkilerini géz oniinde bulundurur ve cevre dostu
oldugu kabul edilen teknolojileri destekleme
egiliminde bulunurlar [36,37].Hidroelektrik
santraller enerji iiretimine katki saglamasina ragmen
bir¢ok cevresel etkiyi de beraberinde getirmektedir.
Ekosistemin  bozulmasi, fiziksel yasam alani
degisiklikleri, deniz canlilarinin yok olmasi, sulak
alanlarin azalmasi baslica etkiler olarak sayilabilir. Bu
etkiler sebebiyle o bolgelerde yasayan insanlar
tarafindan hidroelektrik santrallere iliskin projelerin
desteklenmesinde  bazi  endise ve kaygilar
olusmaktadir. Arastirma kapsaminda bu durumun
daha iyi tespiti icin asagida verilen hipotezler
tasarlanmistir.

Hio: Cevresel duyarlilik arttikca santrallere yonelik
kabul azalir.

Hi1: Cevresel duyarlilik arttik¢a santrallere yonelik
algilanan risk artar.

Hiz: Santrallere yonelik algilanan giiven ve kabul
arasindaki iliskide cevresel duyarliigin diizenleyici
rolii vardir.

Hiz: Santrallere yonelik algilan risk ve kabul
arasindaki iliskide cevresel duyarliligin diizenleyici
rolii vardir.

Hisa: Santrallere yonelik algillanan yarar ve kabul
arasindaki iliskide cevresel duyarliigin diizenleyici

roli vardir.
CEVRESEL
DUYARLILIK

Sekil 1. Hidroelektrik santrallerin kabuliine iliskin
arastirma modeli

2.3. Veri toplama araci ve 6rneklem

Calismada kullanilan anketin risk, yarar, giiven ve
kabul arasindaki iliskiye ait sorulari literatiirden
faydalanilarak tasarlanmistir. [11,22,23,24].
Hidroelektrik santrallere iliskin bilgi puani sorulari
ve c¢evresel duyarliliga iliskin sorular ise
arastirmacilar tarafindan ankete ilave edilmistir.
Anketin ilk boélimiinde 06grencilerin demografik
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ozelliklerine  yonelik sorular yer alirken ikinci
boéliimiinde hidroelektrik santrallere iliskin bilgi
puanini 6lgmeye yarayan sorular bulunmaktadir. Son
boliimde ise hidroelektrik santrallere yonelik ¢esitli
tutum ifadeleri o6lgen 5°li Likert tipi sorular
bulunmaktadir. Calisma kapsamindaki veriler, Van
Yiiziincii Y1l Universitesi Ercis MYO’nda egitim goren
750 6grenci arasindan goniillii olan 313 68renciye
ylz-yiize anket uygulanarak elde edilmistir. Anket,
2022-2023 Egitim-Ogretim Y Giiz Déneminde
Ogrencilere uygulanmistir. Anketin katilimcilara
uygulanabilmesi icin Van Yiiziincii Yil Universitesi
Fen ve Miihendislik Bilimleri Yayin Etik Kurulu
Bagkanliginin 2022/10-01 kararn ile etik kurul izni
alinmistir.

3. Bulgular

Bu béliimde katilimcilara ait tanimlayici istatistikler
ile calisma kapsaminda toplanan verilerin analizine
iliskin bilgiler yer almaktadir.

3.1. Tamimlayici istatistikler

Arastirma orneklemini olusturan 313 katilimcinin

demografik 6zelliklerine iligskin 6zet bilgiler (cinsiyet,
yas ve saglik durumu) Tablo-1'de verilmistir.

Tablo 1. Katilimcilarin demografik ozellikleri

Degisken Gruplar Frekans Yiizde
Cinsiyet Kadin 168 53.7
Erkek 145 46.3
18-25 272 86.9
26-33 23 7.3
34-41 10 3.2
Yas 42-49 5 16
50-57 2 0.6
58 ve listi 1 0.3
Var 17 5.4
Saglik Sorunu
Yok 296 94.6
Tablo 1'e gore oOrneklemin 168’ini kadinlar
olustururken, 145’ini erkekler olusturmaktadir.

Katilimcilarin 272’si 18-25 yas araliginda, 23’ 26-33
yas araliginda, 10’'u 34-41 yas aralifinda, 5'i 42-49
yas araliginda, 2’si 50-57 yas araliginda ve 1’i 58 ve
iizeri yastadir. Ankette bulunan “Herhangi bir kronik
saglik sorununuz var mi1?” sorusuna katilimcilarin
17’si kronik saglik sorunum var cevabimi verirken,
296’s1 herhangi bir kronik saglik sorunum yok
cevabini vermistir.

Arastirmada kullanilan veri derleme aracinin ikinci
boliimi ile katihmcilarin hidroelektrik santrallere
iliskin bilgi diizeyleri 6l¢iilmiis ve sonuglar Tablo 2’de
verilmistir. Calismada bilgi puani dogru ytlizdesi 54.3
olarak hesaplanmistir.

Tablo 2. Katihmcilarin hidroelektrik santrallere iliskin bilgi puanlari

Hidroelektrik santrallere yonelik bilgi sorulari Dogru Yanlis Bilgim Yok

5. Hldr?el.ektrlk .santra!!e.r suyun gliclind kullanarak elde ettigi 2 (%86.9) 1 (%1.3) 0 (%11.8)
enerjiyi elektrik enerjisine doniistiiren yapilardir.

6. Hldro'el.ektrlk santraller cevredeki su kaynaklarina zarar 2 (%33.2) 1 (%36.4) 0 (%30.4)
verebilir.

7. Hidroelektrik  santral projeleri ilerleyen yillarda su o 1o o
kaynaklarinin azalmasina sebep olabilir. 2 (%39.6) 1 (%28.8) 0 (%31.6)

8. Hidroelektrik santraller dogal c¢evre icin herhangi bir risk o 0 o
olusturmaz. -1 (%26.8) 2 (%49.2) 0 (%24.0)

9. Hldroelek.tl"lk santraller sadece insanlarin saghgi icin tehdit A1 (%14.1) 2 (%60.0) 0 (%25.9)
olusturabilir.

10. Hidroelektrik santraller yiiksek verimlilikle calisir ve gerekli o 1o o
durumlarda tarim alanlarini sulamak i¢in de kullanilabilir. 2 (%66.4) 1(%10.0) 0 (%23.6)

11. Hidroelektrik santrallerin ekolojik denge lizerinde olumsuz 1 (%18.8) 2 (%46.3) 0 (%34.9)

etkisi yoktur.

2, Dogru ifadeye dogru cevabini verenler ve yanlis ifadeye yanlis cevabini verenlerin aldigi puani
-1, Dogru ifadeye yanlis cevabini veren ve yanlis ifadeye dogru cevabini verenlerin aldig1 puani
0, Dogru ifadeye bilgim yok cevabini veren ve yanlis ifadeye bilgim yok cevabinin verenlerin aldig1 puani géstermektedir

3.2. Kismi en Kkiiciik kareler yapisal esitlik
modeline iliskin bulgular

Arastirma kapsaminda toplanan verilerin analiz
edilmesinde Smart PLS 3.0 paket programi
kullanlmigtir.  ilk  olarak 6lgiim  modelinin
gecerliligi ve uyumu daha sonra ise yapisal modelin
uyumu degerlendirilmistir. Son olarak c¢alisma
kapsaminda olusturulan hipotezlerin sonuclari
incelenmistir.

3.2.1. Modelin gecerliligi

Yakinsaklik gecerliliginin uyumu icin genellikle 3
olgiitten faydalanmilir. Ilki, gizil degiskenlere ait
gozlenen degiskenlerin standardize edilmis faktor
yuklerinin 0,50’den biiytik ve anlamli olmasidir
[38]. Ikincisi, her bir yap1 icin Yap1 Giivenirligi
(Composite Reliability - CR) ve Cronbach Alfa (CA)
degerlerinin 0,70’den biyiik olmasidir [39]. Son
Olciit ise her gizil degiskenin Ortalama Agiklanan
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Varyans degerinin 0,50’den ytiksek olmasidir [38].
Calismaya iliskin s6z konusu degerler Tablo 3'de
verilmistir.

Tablo 3. Olciim modelinin yapi giivenirligi ve gecerliligi

Modelin yapt giivenirligi (CR) degerlerine
bakildiginda herbir faktérin 0,70’ten biiyiik oldugu
ve ortalama aciklanan varyans degerlerinin de
0,50’den yiiksek oldugu goriilmektedir. Modelin
ayirt edici gecerliliginin (Discriminant Validity)

Faktorler CR AVE tespitinde Fornell ve Larcker (1981) tarafindan
p
Cevresel Duyarlilik 0,805 0,557 onerilen 6lgiit ile Henseler vd (2015) tarafindan
Gitven 0.766 0,525 Onerilen HTMT olgiiti kullamlfm%tl.r.‘ [38,4%0].
Fornell ve Larcker (1981) olciitiine gore,
Kabul 0,825 0,612 arastirmada bulunan herbir yapmin AVE
Bilgi Puani 1,000 1,000 degerlerinin karekokii, ¢alismada bulunan yapilar
Risk 0.865 0763 arasindaki korelasyonlardan yiiksek olmalidir. S6z
0.842 072 konusu kritere iliskin sonuclar Tablo 4’te
Yarar ’ 727 verilmistir.
Tablo 4. Ayirt edici gecerlilik (Fornell-Larcker kriteri)
C.D. Gliven Kabul B. P. Risk Yarar
C.D. 0,676
Giiven -0,132 0,725
Kabul -0,181 0,515 0,782
B.P. 0,226 -0,164 -0,215 1,000
Risk 0,297 -0,214 -0,354 0,416 0,873
Yarar -0,009 0,294 0,433 -0,106 -0,224 0,852
AVE 0,557 0,525 0,612 1,000 0,763 0,727
Henseler vd. (2015) tarafindan 6nerilen HTMT etmektedir. Yazarlar HTMT degerinin; teorik
kriteri, modelde bulunan biitiin degiskenlere ait olarak birbirine yakin kavramlarda 0,90'nin, uzak
ifadelerin korelasyon degerlerinin ortalamasinin, kavramlarda ise 0,85'in altinda olmasi gerektigini
ayni degiskene ait ifadelerin korelasyonlarinin belirtmislerdir[40]. S6z konusu Kkritere iliskin
geometrik ortalamalara oranlarin ifade bulgular Tablo 5’te verilmistir.
Tablo 5. Ayirt edici gecerlilik (HTMT kriteri)
C.D. Gliven Kabul B.P. Risk Yarar
C.D.
Giiven 0,208
Kabul 0,286 0,793
B.P. 0,244 0,186 0,257
Risk 0,379 0,294 0,504 0,494
Yarar 0,090 0,455 0,659 0,136 0,332
Tablo 4 ve Tablo 5 incelendiginde Fornell-Larcker ve 3.2.2. Yapisal modelin degerlendirilmesi

HTMT olciitlerine gdére modelin ed

gecerliliginin saglandig sdylenebilir.

ayirt

ici

Arastirma kapsaminda tasarlanan hipotezleri test

etmek

amaciyla  olusturulan yapisal esitlik

modellemesi Sekil-2’de verilmistir.
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Sekil 2. Modelin ayrintilh PLS-SEM diyagrami
Yapisal modelin test edilmesinde KEK-YEM hipotezlerin sonuglarina iligkin ayrintili bilgi Tablo

kullanilmistir. Veriler SmartPLS 3 istatistik paket
programi kullanilarak analiz edilmistir. Analiz
sonuglarina gore hidroelektrik santrallere iliskin bilgi
puani ile risk algis1 arasinda pozitif, bilgi puani ile
giiven ve yarar algis1 arasinda negatif bir yonde iliski
oldugu gorilmiistiir. Yani toplam bilgi puanindaki bir
puanlik artis; risk algisinda 0.347 puanlik bir artisa,
glven ve yarar algilarinda ise sirasiyla 0.116 ve 0.011
puanlik azalisa neden olacagi tespit edilmistir.

Hidroelektrik santrallere iliskin risk algisi ile giiven
ve kabul arasinda negatif yonde anlaml bir iliski
oldugu belirlenmistir. Risk algisindaki bir puanlk
artis; giiven algisinda 0.121 puanlik azalmaya, kabul
diizeyinde ise 0.161 puanlik bir azalmaya neden
olmaktadir. Ayrica santrallere yonelik algilan risk ile
kabul arasindaki iliskiyi ¢evresel duyarlilik faktorii
negatif arttirict yonde bir diizenleyicilik etkisine
sahiptir. Sekil-2 incelenmeye devam edildiginde
gliven algisi ile santralleri kabul diizeyi arasinda
pozitif ydnde anlaml bir iliski oldugu gorilmektedir.
Gliven diizeyindeki bir puanlik artisin kabulde 0.370
puanlik bir artisa neden olabilecegi tespit edilmistir.
Algilanan yarar ile algillanan giiven ve kabul niyeti
arasinda pozitif yonde anlaml bir iliski oldugu
belirlenmistir. Yarar algisindaki bir puanlik artisin;
gliven algisinda 0.258 puanlik bir artisa, kabul diizeyi
lizerinde ise 0.268 puanlik bir artisa neden olacagi
anlasilmaktadir.

Son olarak cevresel duyarlilik faktorii ele alindiginda,
cevresel duyarlilik ile hidroelektrik santralleri kabul
diizeyi arasinda negatif yonde istatistiksel olarak
anlamli  bir iliski tespit edilmistir. Cevresel
duyarliliktaki bir puanlik artisin santrallerin kabul
diizeyinde 0.111 puanlik bir azalmaya neden olacagi
belirlenmistir. Ayrica ¢evresel duyarlilik ile risk algis
arasinda pozitif yonde anlamli bir iliski oldugu
goriilmektedir. Cevresel duyarhliktaki bir puanlk
artis risk algisinda 0.217 puanlik bir artisa neden
olmaktadir. Arastirma kapsaminda olusturulan

6’da verilmistir.

Tablo 6. Parametre tahminleri ve hipotez testi sonuclari

Hipotez Tliski kts. P-degeri Karar
H1: BP-G -0,087 0.055* Desteklendi
H2: BP-R 0,347 0.001*** Desteklendi
H3: BP-Y -0,106 0.022%* Desteklendi
H4: G-»K 0,370 0.001*** Desteklendi
H5:R- G -0,121 0.029** Desteklendi
H6: R>K -0,161 0.007*** Desteklendi
H7:Y-G 0,258 0.001**+* Desteklendi
H8: Y-K 0,268 0.0071*** Desteklendi
H9: Y-R -0,185 0.001*** Desteklendi
H10: ¢D—K -0,111 0,023** Desteklendi
H11: CD-R 0,217 0,001%** Desteklendi
H12: Gx CD-K 0,045 0,197 (AD) Desteklenmedi
H13:Rx(CD— K -0,100 0.030** Desteklendi
H14:YxCD— K 0,065 0.116 (AD) Desteklenmedi

Anlam diizeyleri * p < 0,10; ** p < 0,05; *** p < 0,01; AD:
Anlamh Degil

Tablo 6 incelendiginde Hi, ve His hipotezleri harig

diger biitiin hipotezlerin desteklendigi
gorilmektedir. Ayrica modelde kullanilan
degiskenler icin 6nem performans haritasi

olusturulmus ve sonuglar daha ayrintili olarak

degerlendirilmistir.
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Onem (importance) ortalamasi %57,6 ve performans
(kabul) ortalamasi 0,129 olarak hesaplanmistir. Sekil-
2’deki kesik cizgiler bu ortalamalar dikkate alinarak
cizilmistir. 4 farkl béliime ayrilan haritada Q1: Onem
diizeyi diisiik ve performansi yiiksek olan bdlge, Q2:
Onem diizeyi diisiik ve performans: diisiik olan bélge,
Q3: Onem diizeyi yiiksek ve performansi yiiksek olan
bélge, Q4:0nem diizeyi yiiksek ve performansi diisiik
bolgeyi gostermektedir. Oncelikle ele alinmasi
gereken bolge Q4’tiir. Bu bolgede “Giiven” faktori yer
almaktadir. Ogrencilerin vermis oldugu cevaplardan
hidroelektrik santrallerin giiven diizeyini ¢ok
onemsedikleri ancak giivenin performansinin diisiik
oldugu sonucuna ulasilmaktadir. Bu sonuctan
hareketle o6grencilerin hidroelektrik santrallerin
insasi, uygun yeri ve isletilmesi konularinda
duyduklar1 giiven algis1 arttik¢a santralleri kabul
diizeylerinin artacagi s6ylenebilir.

4. Tartisma ve Sonug

Enerji, yasamin vazgecilmez bir parcasidir. Kaliteli bir
yasam siirmek ve ekonomik biiylime icin biitin
iilkeler enerjiye ihtiyac duymaktadir. Ulkeler enerji
secimlerini yaparken toplumu ve ¢evreyi diisiinerek
hareket etmelidir. Birincil enerji kaynaklarinin
azalmas1 yenilenebilir enerji kaynaklarina olan
ihtiyac1 giderek artirmaktadir. Yenilenebilir enerji
kaynaklar1 arasinda hidroelektrik enerji olduk¢a
onemli bir yere sahiptir. Bu enerjinin elde
edilebilmesi icin bolgeye hidroelektrik santrallerin
kurulmasi gerekmektedir. Hidroelektrik santraller
enerji liretimine katki saglasa da birgok cevresel
sorunu da beraberinde getirmektedir. Bu durum
hidroelektrik santrallerin kurulacagi bolgelerde
yasayan  insanlar  tarafindan  pek  olumlu
karsilanmamaktadir. Bu g¢alismada hidroelektrik
santrallerin kabuliine etki eden faktdrler bir yapisal
model ile incelenmistir. Modelde algilanan risk,
algilanan yarar, algilanan giiven ve kabul niyeti i¢sel
degisken olarak ele alimirken, hidroelektrik
santrallere iliskin bilgi puani dissal degisken olarak
degerlendirilmistir. Ayrica c¢evresel duyarliligin;
algilanan risk, algilanan yarar ve algilanan giiven ile
santralleri kabul niyeti arasinda bir diizenleyicilik
etkisinin olup-olmadig arastirilmistir.

Literatiirdeki bircok c¢alismada enerji kaynaginin
toplum tarafindan kabul edilmesinin; algilanan risk,
algilanan fayda ve kurumlara duyulan giiven ile
dogrudan iliskili oldugu sonucuna varilmistir.
Bronfman vd. (2012), hidroelektrik enerji kaynaginin
toplum tarafindan kabul edilebilirliginin; algilanan
risk, algilanan fayda ve kurumlara duyulan giiven ile
dogrudan iliskili oldugunu tespit etmislerdir. Ayrica
algilanan faydanin, kabul niyeti iizerinde en biiyiik
etkiye sahip oldugunu belirlemislerdir. (G=K: 0.31,
Y-K: 0.71, R—=K: -0.52, p < 0.001 ). Tanaka (2004),
algilan risk ve algilanan faydanin, niikleer tesislerin
insasinda kabulii etkileyen c¢ok o6nemli faktorler
oldugunu tespit etmistir(R—=K: 0.31, Y=K: 0.36, p <

0.001). Alzahrani vd. (2023), algilanan risk ve
algilanan faydanin niikleer santrallerin kabuli
izerinde etkin bir rol oynadigini gostermislerdir.
(R—K: 0.114, Y—K: 0.714, p < 0.05). Ayrica niikleer
enerji santralleri hakkinda bilgi sahibi olmanin risk
ve fayda tlizerinde 6nemli bir etkiye sahip oldugunu
belirlemislerdir (B—R: 0.097, B=F: 0.156, p < 0.05).

Bu c¢alismada da literatiirdeki c¢alismalara paralel
olarak, algilanan yarar ve algilanan giiven ile
hidroelektrik santralleri kabul niyeti arasinda
istatistiksel olarak anlamli ve pozitif (Y—K: 0.268, p <
0.01; G—=K: 0.370, p < 0.01) bir iliski bulunmus,
algilanan risk ile kabul niyeti arasinda ise anlamli ve
negatif (R—K: -0.161; p < 0.01)bir iliski bulunmustur.
Yani  universite  6grencilerinin  hidroelektrik
santrallerden algiladig1 yarar diizeylerinin artmasi ve
kamu kurumlari ile enerji sirketlerine duyulan giiven
seviyesinin yiikselmesi hidroelektrik santrallerinin
kabul niyetini arttiracaktir. Ancak risk algisinin
artmas1 kabul niyetini azaltmaktadir. Literatiirdeki
calismalardan farkli olarak bu ¢alismada algilanan
gliven faktoriiniin, algilan risk ve algilanan yarardan
daha 6nemli oldugu belirlenmistir (G—K: 0.370, p <
0.01).

Calismanin 6zgiin degerini arastirma modeline dahil
edilen hidroelektrik santrallere yonelik bilgi puani
olusturmaktadir. Toplam bilgi puanui ile algilanan risk
arasinda anlaml ve pozitif bir iliski (BP—R: 0.347, p <
0.01) bulunmus ve H; hipotezi kabul edilmistir. Bu
sonu¢ Universite  Ogrencilerinin  hidroelektrik
santrallere yonelik bilgileri arttik¢a risk algilarinin da
artacagl anlamina gelmektedir. Yani Ogrenciler
hidroelektrik santraller hakkinda bilgi sahibi oldukga,
bu santrallerin dogaya ve cevreye verdigi zararlari
fark etmeleri de o kadar artacaktir.

Bilgi puani ile algillanan giiven arasinda anlamh ve
negatif yonli bir iliski (BP-G: -0.087, p < 0.10)
bulunmus ve H; hipotezi desteklenmistir. Universite
ogrencilerinin  hidroelektrik  santrallere iligkin
bilgileri arttikca “Hidroelektrik santrallerin kurulusu
ve isletmesindeki gorevli Kkisilerin, santrallerin
cevreye verecegi zararl en aza indirgedigine
inaniyorum”, “Kamu makamlari, hidroelektrik
santrallerin kurulacag: bélgedeki sakinlerin ¢evresel
kaygilarin1 dinler ve bunlara duyarhdir” , “Kamu
makamlarn ¢evre kirliligi ile ilgili konularda kamu
yararina hareket eder” disiincelerini ifade eden
giiven algilar1 azalacaktir.

Bilgi puani ile algilanan yarar arasinda anlaml ve
negatif yonli bir iliski (BP-Y: -0,106, p < 0.05)
bulunmus ve Hs hipotezi desteklenmistir. Bunun
anlami iniversite 6grencilerinin santrallere iligkin
bilgileri ~ arttikga  “Hidroelektrik  santrallerin
kurulmasi enerji acisindan dis iilkelere
bagimhihigimiz1 azaltabilir”, “Hidroelektrik santraller
sulama imkanlar sayesinde tarimsal liretime katki

saglar’, “Hidroelektrik santraller bdlgedeki su
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ihtiyacini  karsilar”, “Hidroelektrik  santrallerin
kurulmas1 boélgedeki is imkanlarm arttirir’,
“Hidroelektrik santraller kuruldugu bolgeye ucuz
enerji saglar” yoniindeki diisiinceleri azalacaktir.

Calismada cevresel duyarhiik ile hidroelektrik
santralleri kabul niyeti arasinda negatif yonli,
cevresel duyarlilik ile risk algisi arasinda ise pozitif
yonli ve istatistiksel olarak anlamli bir iliski (CD—K: -
0.111, p < 0.05; CD—R: 0.217, p < 0.01) bulunmus ve
ilgili hipotezler desteklenmistir. Universite
Ogrencilerinin cevresel duyarlilig: arttikca
hidroelektrik santralleri kabul diizeyleri azalacaktir.
Ayrica 6grencilerin cevresel duyarliligi arttikeca risk
algilar da artacaktir.

Arastirma bulgulari dikkate alindiginda;
hidroelektrik santrallerin insasi1 siirecinde bolge
sakinlerinin yasam alanlarina, ekolojik dengeye,
deniz canlilarina, tarihi ve kiltiirel varliklara zarar
verilmeden gerekli o6nlemlerin alinmasi, bolgede
yasayan halkin sosyal kabuliinii artiracaktir. Ayrica
ilgili kurum ve kuruluslarin santrallerin yapimi
asamasinda bolgede yasayan insanlari dogru bir
sekilde bilgilendirmesi giiven algilisin1 artiracak ve
bu durum dolayl olarak santrallerin kabuliinii de
artiracaktir.
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Abstract: One of the improving application areas of geopolymers is their using as
an alternative assembly of different materials. This study presents the results of an
experimental study on making aluminum panels by using geopolymer as an
alternative adhesive to replace typical organic polymers. We prepared a metakaolin-
based geopolymer having a composition of Naz0eAl203¢4Si02¢11H20. Aluminum
alloys (Al 3003), 7 and 15 mm in high and (Al 5005) were used as core and plate
materials of the panels, respectively and their surface was cleaned for adhesion
bonding according to ASTM D 2651-01. Shear test samples were cut and then
geopolymer resin was applied to the cleaned surface of aluminum core and plate by
hand. Following hydrothermal sealing, the samples were then cured at 50 °C in an
open-air furnace for 36 h under clamp fixed. Aluminum-geopolymer interface and
geopolymer bond were examined by SEM-EDS in terms of chemical composition.
Ambient temperature mechanical test results revealed that the aluminum-
geopolymer bonds have mean shear strength of (1.406 +1.01 MPa) and (0.133 £0.07
MPa) for 7 and 15 mm samples, respectively.

Geopolimerin Aliiminyum Panellere Alternatif Yapistirici Olarak Kullanimi Uzerine Bir

Arastirma

Anahtar Kelimeler
Jeopolimer,
Yapistiricy,
Aliminyum paneller

0z: Jeopolimerlerin gelisen uygulama alanlarindan biri de farkli malzemelerin
birlestirilmesinde alternatif olarak kullanilmasidir. Bu c¢alisma, tipik organik
polimerlerin yerini alacak alternatif bir yapistirici olarak jeopolimer kullanarak
aliminyum paneller yapmaya yonelik deneysel bir c¢alismanin sonuglarim
sunmaktadir. Naz0eAl203¢4Si02¢11H20 bilesimine sahip metakaolin bazli bir
jeopolimer hazirladik. Panellerin ¢ekirdek ve plaka malzemesi olarak sirasiyla 7 ve
15 mm yiiksekliginde aliiminyum alasimlar1 (Al 3003), (Al 5005) kullanilmis ve
yluzeyleri ASTM D 2651-01'e goére yapisma i¢in temizlenmistir. Kayma testi
numuneleri kesilmis ve daha sonra aliiminyum ¢ekirdegin ve levhanin temizlenmis
yuzeyine elle jeopolimer regine uygulanmistir. Hidrotermal sizdirmazhigin
ardindan, numuneler daha sonra 50 °C'de bir ac¢ik hava firininda 36 saat siireyle
kelepge altinda kiirlendi. Aliiminyum-geopolimer arayiizii ve geopolimer bagi1 SEM-
EDS ile kimyasal bilesim agisindan incelenmistir. Oda sicakligindaki mekanik test
sonuclari, aliminyum-jeopolimer baglantilarinin 7 ve 15 mm'lik numuneler igin
sirasiyla (1.406 £1.01 MPa) ve (0.133 £0.07 MPa) ortalama kayma direncine sahip
oldugunu ortaya koydu.

1. Introduction

Geopolymers (GPs) are a class of inorganic polymeric,
X-ray

(SiOa4) tetrahedra to form polysialates, with a charge
balancing cation (Na*, K*, Cs* etc). The term
geopolymer, also known as an alkali-activated
materials

new ceramic-like amorphous
composed of cross-linked alumina (AlO4) and silica

*Corresponding author: cengizbagci@gmail.com

aluminosilicate, was coined by Joseph Davidovits in
the 1970s [1]. Their processing includes dissolution
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and polycondensation of any natural or industrial
silicoaluminate sources in the presence of caustic
alkali solutions, and subsequently a network form at
room temperature. Along with these, geopolymers
have been investigated for years as an alternative
binder to cement, especially due to their less carbon
footprint production and thus contributions to the
circular economy [2]. By controlling the initial
composition, a wide variety of properties and
characteristics can be gained for GPs and they find a
lot of applications area such as refractory applications,
as precursors to high technology ceramics [3-5],
coating and adhesive [6, 7]. In particular ceramic-like
characteristics, including high-temperature
resistance, make geopolymers interesting for fire
resistant coating applications [8, 9]. Even if the
adhesion strength is low, they were first used as
coating material in aircraft cabin where even a few
minutes are crucial, following it has been reported that
they can be a promising coating material on metal [10-
12] or concrete [13] for similar aim such as
automobiles, naval structures and builds [14,15].
These studies have encouraged the wuse of
geopolymers for bonding different materials such as
metal or polymer. Bell et al. [16] reported < 1 MPa
shear strength in steel in their study of joining special
steel and aluminum alloys, alumina and borosilicate
glasses with geopolymer. Considering that the
bonding material and its surface preparation,
including alkali choice as well, affects the bond
properties, this study is quite limited and further
studies would be made by applying GPs to joints of
different metal alloys in different alkaline conditions
[17].

Panel structures are a method for consolidating light
metal alloys such as aluminum and have begun to
appeal to a wide range of uses. In applications (space
shuttles, aircraft, boats, and construction industry)
that required maximum rigidity and strength with
minimum weight, the sandwich panels are the most
promising materials [18-20]. They are application
areas that require high mechanical strength in which
the energy resulting from impact is absorbed. A core is
placed between the plates to obtain additional
lightweight structures. Polymer-bismaleimide and
epoxy are used as adhesive for bonding between the
plate and the core [21-23]. However, these adhesives
have low operating temperatures; bismaleimide 260
°C, epoxy 180 °C, vinyl phenolic 130 °C, and their
densities are 1.75g/cm? 1.47g/cm31.28 g/cm3,
respectively. GPs itself are inorganic polymers and of
relatively lower density (1.4 g/cm®) and in particular
much higher fire resistance even around 1200 °C than
the other organic polymers [24, 25]

This study aims to investigate the use of GPs as an
alternative adhesive to the above organic polymers for
the preparation of aluminum panels. In addition, the
application of geopolymers, which can be produced
from a waste aluminosilicate source at room

temperature, in an alternative field would also
contribute to a sustainable approach [26]. Hot
pressing, vacuum bag and suitable mold methods are
utilized to make aluminum panels [27]. Hot pressing is
the heating of pre-impregnated resin plates and
joining them with adhesive. Vacuum bag production is
the assembly of complex-shaped parts, usually heated
in the oven, by applying negative pressure. Production
in a suitable mold is the joining of heated equipment
by curing in an oven under mechanical pressure, with
the possibility of temperature and pressure control. As
indicated above organics require a high-temperature
process sometimes multi-step, GPs, however, need
only be cured once at relatively low temperatures (50
°C) to complete their curing process [16]. As for
mechanical characterization, shear tests are of critical
importance in determining the adequate mechanical
strength of joints using cemented or geopolymer
adhesive [28, 29]. Room temperature shear strength
and the microstructure of plate-core interfaces were
made to characterize the GP-bonded aluminum
panels.

2. Material and Method

Aluminum alloys (Al 3003), 7 and 15 mm in high and
(Al 5005) were used as core and plate materials of
composite panels, respectively. Sulfuric acid (Sigma-
Aldrich) and sodium dichromate (Sigma-Aldrich)
were used in the surface cleaning solution of these
alloys. Metakaolin (Al203¢2Si02) obtained by 6 h
calcination of kaolin from Eti Maden, Turkey, at 900 °C
and fumed silica, with an average particle size of 0.007
pum (Sigma-Aldrich) and NaOH pellets (Sigma-Aldrich)
was used for geopolymer binder preparation.

The shear test specimens were cut from the aluminum
sheet and the cell in the size of 80x50x15 mm and
80x50x7 mm and their surface was cleaned for
adhesion bonding according to ASTM D 2651-01 [30].
The cleaning protocol for aluminum surfaces is shown
in Table 1. Sulfuric Acid-Sodium Dichromate solution
was applied to the surfaces in the following order.
Aluminum surfaces were washed with acetone to
remove oil and grease residues from the surface. The
cleaned surface plates were immersed in the Sulfuric
Acid-Sodium Dichromate solution given in Table 1 at
66-71°C for 12-15 minutes. Then, immersion was
carried out for 1-2 minutes at 40 °C in tap water and
30 minutes in pure water at 60 °C. While preparing the
solution, the components were first poured with 60 %
of one liter of water and mixed, and then the remaining
water was added.

Table 1. The cleaning protocol for aluminum surfaces

Constituents Amounts in 1 liter
water (g)

Sulfuric Acid 287.9-310

Sodium Dichromate 28-67.3

Aluminum Alloy 1.5
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As for geopolymer binder preparation, a sodium
silicate solution (water glass) with a composition of
(NaOH.2Si02.11H20) was first made by dissolving the
required amount of NaOH pellets and then fumed
silica in deionized water. The solution was
magnetically stirred overnight to ensure that the
silicon had completely dissolved. Following
metakaolin was mechanically mixed with the sodium
silicate solution to obtain the resulting geopolymer
binder with a composition of
(Naz0.A1203.4S5i02.11H20). Subsequently, the
homogenous geopolymer slurry was applied to the
prepared aluminum surface by hand and cured at 50
°C in an open-air oven for 36 h under clamp-fixed and
sealing conditions.

Surfaces of starting aluminum were examined with an
optical microscope (Nikon ECLIPSE LV150N) and the
interface properties of assembled panels were
characterized by a scanning electron microscope
(SEM) equipped with energy dispersive spectroscopy
(EDS) analysis (Quanta, 450). The shear strength of
the samples was made by Shimadzu mechanical
testing machine using a 100 kN load cell at 0.5
mm/min. Five specimens were tested for each average
value and their results were given with standard
deviation calculations.

3. Results

The surface treatment and preparation methods
required for adhesive bonds depend on the specific
nature of each material. The preparation of the
aluminum plate surfaces used in this study is a crucial
factor affecting the bonding capability of the panels as
well. Sulfuric acid-sodium dichromate solution was
chosen as an effective, controllable and safe method
for surface preparation of the aluminum alloys. In
Figure 1, optical images of the aluminum plate before
and after surface preparation are given. Unlike
starting surface in Figurela, Figure 1b clearly shows a
cleaned surface that was free of layers without oxide,
paint, chemical residues, oil, etc., which will affect the
full contact between the adhesive and the surfaces. If
these layers, called "Weak Boundary Layers", are not
cleaned sufficiently, a homogeneous bonding will not
occur. The method is based on the dissolution of the
initial oxide layers on the surface and the formation of
a new thin oxide layer as a result of etching with the
prepared solution. This new layer is thin, reticulated,
porous and has ridges, which is sufficient to provide
mechanical interlocking between the adhesive and the
oxide surface [31, 32].

Figure 2 shows the SEM images of the polished surface
and XRD spectra of the adhesive collected from the
joint after 36 hours of drying at 50 °C. Ahomogeneous
gepolymerization was observed in the microstructure
in general from the SEM images of the adhesive in
Figure 2a. However, the drying cracked nature of
geopolymers originated from the dehydration,

carbonaceous compounds formed because of the
reaction of carbon dioxide in the atmosphere with free
Na on the surface of the adhesive and some
agglomerated regions came from unreacted solid
aluminosilicates (metakaolin) [33, 34]. These are
inevitable and there is no method developed so far to
overcome these issues [35].

‘i
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Figure 2. a) SEM image of the polished surface and b) XRD
spectra of the adhesive collected from the joint after 36
hours of drying at 50 °C.

This broad 26 peak around 282 in Figure 2b indicates
that the desired geopolymerization has occurred in
the adhesive with typical TiO: traces on the broad
hump [3]. Related to a little amount of metakaolin,
which has a peak 26 peak around 229 seen on the SEM
micrograph, no peak detected belongs to metakaolin
on XRD. A simplified methodology for the
geopolymerization is the dissolution of metakaolin,
and this causes to alumina and silicate types to
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emerge, poly-condensation and precipitation to form
an inorganic, polymeric network [36].

The SEM micrographs of the assembled aluminum
panel are shown in Figure 3. It is hard to clearly
distinguish the aluminum-geopolymer interface since
they have very close atomic number contrasts. But itis
well known that geopolymer itself includes a porous
structure ranging from micro to nano size [37].

30 um

Figure 3. SEM micrographs of the aluminum panel
assembled with geopolymer; a) general b) high
magnification and c¢) aluminum-geopolymer interface
through line scan.

And also with the help of the general image in Figure
3a geopolymer side and aluminum side were labeled
on high magnification image in Figure 3b.
Subsequently a line scan EDS analysis was made from
the Al side to the GP side to catch the interface
chemistry exactly and shown in Figure 3c. The
aluminum side was stressed with high-intensity Al
peak and the weak Na, Al, Si, O peaks ascribed to the
geopolymer side. Following the intense peak of
aluminum, diffusion of Si and O peaks, mainly Na,
which is the geopolymer component, is observed in a
line of 10 microns from approximately 10th microns

to 20th microns. Even in this limited distance, it means
that diffusion takes place between the aluminum and
the geopolymer and the interface is formed. This
situation can be explained that the geopolymer thinks
that the Al is part of the recipe and may incorporate it
to form a geopolymer, leaving porosity at the interface.

Figure 4 shows photographs of shear strength
measurements during and after the test. To make
more accurate measurements, a more axial pulling
force is applied to the bond with the silicon block
placed on the plates in Figure 4a. After the shear test,
the panel material components have undergone
different types of deformations during the test period.
In particular, the high distortions that occur in the
direction of shear in the core aluminum (Al 3003)
material can be taken as evidence of the presence of
adhesion at the interface in Figure 4b. Geopolymer
was well adhesive on the plate surface and the core
material has a smaller surface area than the cover
material, but this has contributed to its adhesion by
being embedded in the geopolymer paste.

Figure 4. Photographs of shear strength measurement; a)
during the test, b) deformation on the core aluminum after
the test.

Ambient temperature mechanical test results revealed
that the aluminum-geopolymer bond has mean shear
strength of (1.406+1.01 MPa) and (0.133+0.07 MPa)
for 7 and 15 mm samples, respectively. In a study on
bonding 6061-T6 Al with geopolymer, the shear
strength of the joint was reported as < 1 MPa [16]. In
another study, the shear stresses of the joints obtained
by adhering the geopolymers prepared by using
different activators from different aluminosilicate
sources to the concrete substrate were investigated
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and the shear strength was measured approximately
starting from 2 MPa, depending on the starting
precursors [38]. Consistent with comments done on
the interface images in Figure 3, when the geopolymer
slurry was applied to the treated aluminum surface, a
remarkable reaction took place and a highly porous
interface occurred because aluminum is one of the
constituents of geopolymer. Although an interface is
formed between the aluminum-geopolymer in a short
time with a rapid reaction, the mechanical properties
are limited due to the porous nature of the interface
formed. Nevertheless, the results of the shear test are
comparable to previous studies.

4. Discussion and Conclusion

Geopolymers having a composition of
Naz0eAl203¢4Si02¢11H20 were applied between
aluminum alloys (Al 3003) and (Al 5005) to make
composite panels. Their surfaces were successfully
cleaned for sufficient adhesion bonding according to
related standards. SEM-EDS results showed that an
interface had occurred about 10 pum in length. Ambient
temperature mechanical test results revealed that the
aluminum-geopolymer bond had mean shear strength
of (1.406+1.01 MPa) and (0.133+0.07 MPa) for 7 and
15 mm samples, respectively. Although comparable
results have been obtained with previous studies,
geopolymer coating can be suggested to apply on
aluminum, especially in terms of fire, where
mechanical strength is of secondary importance.
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Keywords Abstract: Self-transport and control of droplets play an essential role in the
Interfacial flow, development of microfluidic devices, self-cleaning, water harvesting, and heat
Contact %i‘_le' ] transfer enhancement. Droplet manipulation without an external force can be
Wettability gradient, accomplished if a wetting gradient is structured on surfaces. The contact angle

Lattice Boltzmann method  pycteresis generates a driving force toward the more wetting side. If this force is

balanced by the viscous stresses near moving contact lines, droplets on such
surfaces may attain constant translational speed determined by this balance. The
D2Q9 lattice Boltzmann method is employed for the simulation of the self-driven
droplets on wettability gradient surfaces. By varying the surface energy and fluid
viscosities, the behavior of single droplets on surfaces, their merging mechanism,
and equilibrium shapes and motions within confined channels are studied
systematically. If the droplet moves in a more viscous fluid, the droplet’s speed
dependence on the wetting gradient is observed to weaken. For large aspect ratio
channel flows, it is shown that two-dimensional prediction of the interface motion
approaches the three-dimensional D3Q19 model computations.

Islanabilirlik Gradyan Yiizeylerinde Kendi Kendini Yiiriiten ve Birlestiren Damlaciklar:
Bir Lattice Boltzmann Calismasi

Anahtar Kelimeler 0z: Damlaciklarin kendi kendine tasinmasi ve kontrolii, mikroakiskan cihazlarin

Arayiizey akisl, gelistirilmesinde, kendi kendini temizlemede, su toplamada ve 1s1 transferini

Temas hatu, gelistirmede o6nemli bir rol oynar. Yiizeylerde bir 1slatma gradyan

Islanabilirlik gradyani, c o1 o

Lattice Boltzmann metodu yapllap-dlrllmlssa, har1c1.b1r k-uyvet olmadan damlacik manipulaslyo.nl.l-elc}e
edilebilir. Temas acisi histerezisi, daha ¢ok i1slanan tarafa dogru bir itici gii¢
olusturur. Bu kuvvet, hareketli temas hatlarinin yakinindaki viskoz gerilimlerle
dengelenirse, bu tir yiizeyler iizerindeki damlaciklar, bu denge tarafindan
belirlenen sabit 6teleme hizina ulasabilir. Bu ¢alismada D2Q9 lattice Boltzmann
yontemi, 1slanabilirlik gradyan yiizeylerinde kendiliginden hareket eden
damlaciklarin similasyonu i¢in kullanilmistir. Yiizey enerjisi ve akiskan
viskoziteleri degistirilerek, tek damlaciklarin yiizeyler ilizerindeki davranisi,
bunlarin birlestirme mekanizmasi ve simirlandirilmis kanallar icindeki denge
sekilleri ve hareketleri sistematik olarak incelenmistir. Damlacik daha viskoz bir
akiskan icinde hareket ederse, damlacik hizinin 1slanma gradyanina bagliliginin
zayifladigl gozlemlenmistir. Biylk goriinim oranl kanal akislar ic¢in, arayiiz
hareketinin iki boyutlu tahmininin ti¢ boyutlu D3Q19 modeli hesaplamalarina
yaklastig1 gosterilmistir.

1. Introduction applications [3], heat transfer enhancement [4], self-

cleaning [5], to name a few [6]. For example, in heat
Self-transport and manipulation of droplets are transfer on surfaces, manipulation of droplets by
essential for many applications like microfluidic wetting gradients is promising to increase the
devices [1] and lab-on-a-chip systems [2], biomedical efficiency of heat transfer. The occurrence of
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condensation either as film-wise condensation or
drop-wise condensation affects the mechanism of heat
transfer. Because the continuous film creates a
resistance for heat transfer, dropwise condensation is
more effective. But in high rates of temperature
differences, it cannot be possible to observe dropwise
condensation [4,7].

The manipulation of the interfaces, however, is
possible by playing with the wettability of the
surfaces. This change in the surface wetting may
provide self-propulsion (passive control) which is a
preferred mechanism since it does not require
external forcing (active control). The idea of changing
the wettability of surfaces can be utilized to vary the
droplet speed [8], the orientation by combining it with
a liquid infusion or lubricant impregnation [9,10], the
size [11], to control water droplet motion by varying
the wall energy [12] or topography [13], etc.

When a liquid droplet is placed on a surface that is
atomically smooth and chemically homogeneous, the
contact angle between the liquid-vapor interface and
the surface is unique. The existence of imperfections
due to surface roughness and/or energy distribution,
however, alters this uniqueness. The droplet may
attain an equilibrium shape, pin (depin) to (from)
structures, and move due to hysteresis [14]. For
example, if the surface is more wetting (more prone to
spreading out) at one end than at the other, the droplet
tries to move towards the more wetting end. This
happens because the liquid spreads more and makes a
larger contact area with the solid substrate at the more
wetting end, which can cause the droplet to be pulled
towards that direction due to capillary forces [15,16].
In other words, the droplet moves from the low-
surface energy side towards the high-surface energy
side because the liquid particles are attracted more
onto the high-surface energy substrates (more
wetting) than the low-surface energy substrates (less
wetting). The motion is also possible if a wedge like
wettability patterning exist on the surfaces [17,18].

A gradient on the surface wettability generates a
driving force. It is known that self-transport is faster
for low-surface tension fluids like ethanol compared to
water as it is more wetting [19,20] on a fixed
substrate. But without altering the surface tension of
the droplet, its shape or motion can be controlled by
varying the surface energy of the surfaces [21].
Geometric gradients like the self-motion of droplets on
conical surfaces are also possible (see, e.g., Ding et al.
2023 [22]). Assisted by both surface gradients and
wetting gradients, a droplet may further be
accelerated. Recently, Raj et al. 2023 [23] utilize
wetting gradient for controlled water collection, Xie et
al. 2023 [24] discuss switchable wettability patterns
for the spontaneous and controlled motion of droplets
and subaqueous bubbles, and Sung et al. 2023 [25]
fabricate 3D printed wetting gradient surfaces to
minimize splashing of water droplets.

The lattice Boltzmann method is one of the numerical
methods to be able to integrate the governing
equations controlling the motion of two-phase
systems. In this paper, the lattice Boltzmann method is
used for simulating the model problems because of the
method’s mobility for wetting problems. This
mesoscopic numerical method is capable of solving a
wide range of problems from simple fluids to complex
chemical reactions and has lower computing cost due
to its step-by-step solution (i.e., no requirement of
matrix inversion), compared to traditional methods
such as Finite Volume Method, Finite Element Method,
Boundary Element Method, etc.

The purpose of this study is to consider only the
gradient in the surface energy for droplet
manipulation by using the Lattice Boltzmann Method
and to propose how to use wetting gradients to
manipulate such interfaces either as single or multiple
droplets. The following is believed to be novelty of this
study: (i) the mechanisms of self-motion for droplets
on surfaces and confined between two surfaces are
explained, (ii) the droplet can be moved to or merged
at a desired location, (iii) the effect of the viscosity
ratio on the motion for both single and merging
droplets is also discussed, (iv) the plane model which
is considered in this study can be used as a guide for
three-dimensional interfaces, especially for confined
droplets within large aspect ratio channels.

In the following sections, first the numerical method is
introduced and various problems are analyzed for
validation purposes. Then, the mechanisms of self-
driven single or multiple droplets on and within
chemically structured surfaces are discussed.

2. Material and Method
2.1. Numerical Method

Lattice Boltzmann method is a mesoscopic numerical
integration method for fluid dynamics which comes
from the discretization of the Boltzmann equation. It
defines the behavior of a gas or liquid at this level by
expressing the evolution of particle distribution
functions on a lattice grid. These distribution functions
describe the chances that particles travelling at
particular velocity will be present at each lattice
location. The method controls the temporal evolution
of these distribution functions as a result of particle
advection and collisions. The D2Q9 model is a specific
lattice Boltzmann method that uses a two-dimensional
lattice with nine discrete velocity vectors, and it
provides a wide range of fluid flow simulations.

D2Q9 model is capable of capturing the
thermodynamic variations, such as temperature and
pressure, by introducing a free energy functional into
the Boltzmann equation. This functional represents
the total energy of the system, including both kinetic
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and potential energy, and can be used to compute
quantities such as the equation of state, heat capacity,
and surface tension along the drop interface y;,[26].

To implement the free energy in the D2Q9 model,
firstly, distribution functions are defined, which
describe the probability of finding a particle with a
particular velocity at a given point in space and time.
These distribution functions are then evolved using
the Boltzmann equation, which takes into account the
collision of particles and their interactions with the
surrounding fluid.

Binary fluid is modeled by a Landau free energy
functional. The free energy density, ¢, is introduced
into the Boltzmann equation by adding a term that
represents the change in free energy due to the
collision of particles. The bulk free energy density
¢ (0) as function of fluid density p, order parameter
(phase) @, is given as [27]

2

c 1 1
—_ M2 Iy, %3 1
(p((Z))—3plnp+a( 2(25 +4(D ) (1)

In equation (1), c is the lattice velocity parameter
defined as c=i—f, a is constant affecting the surface

tension and interface width. Equation (1) enables
binary phase separation as @ = +1. The governing
equations modeling the motion of fluid particles as
continuity and Navier-Stokes are recovered with LBM
by using Chapman-Enskog expansion [28]. In the
continuum regime, the continuity (equation (2)) and
linear momentum balances (equation (3)), in index
notation, are

6tp + 6k(p19k) =0, (2)

0:(p9;) + 0k (p9V;) = —0x Py + 3)
0k [n(0;9x + 0,9;)]| + pF;,

where p is the fluid density, 9 is the fluid velocity, 17 is
the dynamic viscosity of fluid, Py; is the pressure
tensor and F; is the body force. In equations (2) and
(3),jis free while the kis dummy indices, respectively.
For two-dimensional problems j, k=1,2 and for three-
dimensional problems j, k=1,2,3. In modeling two-
phase flows (binary systems), two distribution
functions are utilized as f;(r,t) and g;(r,t).
Distribution function f recovers the physical
properties and g recovers order parameters. Because
of the D2Q9 model that is used, there exist nine
directions with subscript i defining the directions
varying from 1 to 9. The directions are given as [26]

e =[0,0;1,0;-1,0;0,1;0,-1;1,1;-1,-1;-1,1; 1, -1]. (4a)
For the three-dimensional models, however, D3Q19

model is used with nineteen directions which in its
vector form is defined as [29]

e =[0,0,0;1,0,0; —1,0,0;0,1,0;0,—1,0; 0,0,1; 0,0, - 1;
1,1,0,-1,1,0;1,-1,0;-1,-1,0;0,1,1;0,-1,1; (4b)
01,-1;0,-1,-1;1,0,1;-1,0,1;1,0,—1; -1,0,—1].

In this case, the subscript i for the distribution
functions varies from 1 to 19. The vectors in equations
(4a) and (4b) are the lattice velocity vectors for c=1.

Physical parameters can be found by using
distribution functions as in equation (5) below.

p=Zﬁ,®=Zgi.pv=thei (%)

The distribution functions are evolved in time by
collision and streaming steps. In equations (6) and (7),
collision and streaming steps are shown in one
equation.

fi(r + e;At, t + At) = fi(r,t) — ©)
M [s(m[f; - £7])]

g(r + et t + At) = g;(r,t) — i l9: - 91 (1)

where 7 is relaxation parameter. Multiple-Relaxation
Time (MRT) operator is used for the collision equation
in (6) where the collision term [f; — fieq] is

multiplied with M~SM. It gives more accurate
results due to having more than two parameters as
free and tunable parameters and possible choice for

the matrices M and S, distribution functions fieqand

gfq and details of the LBM implementation can be

found in the study of Pooley et al. [30] and of Boylu
[31].

To satisfy the no-slip boundary conditions on the
walls, the mid-way bounce back technique is utilized
and wetting boundary condition is provided by setting
the wall normal gradient of the order parameter @
[26].

2.2. Validation

The problems that are interested in this study are
affected greatly by the contact line dynamics. The
contact angle between the liquid-vapor interface and
the surface determines the statics and dynamics of the
problem. To this end, the solver is validated for both
static and dynamic problems.

The problem setup is shown in Figure 1. For single
droplets, the bottom surface interacts with the droplet
on which the surface energy is varied. The top surface
is away from the droplet. For the confinement effect,
the top surface touches the droplet interface. The left
and right ends of the domain are treated as periodic.
The number of lattices in both directions varies for
different problems. The green color represents the
droplet as fluid 1 and the blue color represents the
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outside fluid as fluid 2. The number of lattices in x and
y directions vary for different problems.

Figure 1. Problem domain, n, and n, are the number of
lattices used along x and y directions, the contact angle 8
may be unique or different at both contact lines

For droplets on surfaces with uniform surface energy,
the computed angles and Laplace pressures are
measured at the equilibrium state for several
wettabilities. By setting the normal gradient of the
phase field (order parameter) at the surface, it is
possible to define the equilibrium contact angles. If
there is deformation, the dynamic angles are
determined as part of the solution which deviate from
the equilibrium angle. The measured contact angles
and shape of the droplets are shown in Figure 2.
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Figure 2. The variation of measured contact angles with
respect to normal gradient of ¢ at the wall. The dashed line
is theoretical relation [27], squares are for 7, =17, =1,
lower triangles are for 7, = 3,7, = 0.7. The insets show
representative equilibrium profiles for partial wetting cases

The pressure difference across the interface at
equilibrium is also measured and validated: Balancing
forces normal to an interfacial element, the pressure
difference in an out of a droplet is balanced by the
resultant force per unit area due to uniform surface
tension y between droplet and exterior fluid. This
uniform surface tension force in the normal direction
is determined by yV - n with n being unit normal from
droplet to outside fluid. The divergence of the unit
normal for a spherical droplet of radius r is 2/r. This
shows that the pressure difference across such
interface scales as p; — p,~y/r where p; is the
pressure inside the droplet, p, is the outside pressure.
The slope determines the surface tension.

Two different tau parameter pairs are used to validate
different viscosity ratio fluids that is studied later.
While 7, determines the kinematic viscosity of fluid 1,
T, determines the kinematic viscosity of fluid 2. The
viscosity ratio, A, is defined as the ratio of kinematic
viscosity of fluid 1 to fluid 2. The use of MRT technique
provides better predictions when the viscosity ratio of
the two phases is different than unity. The
theoretically computed relation between the wall-
normal gradient of @ and the wetting angle agrees
with the numerically computed angles. The dynamic
motion of interfaces within capillary channels is also
compared [30]. The details about contact angle tuning
and dynamic validations can be found in Boylu [31].

3. Results

3.1. Motion of droplets on wettability gradient
surfaces

Small droplets for which the gravitational forces are
negligible are considered and, in this section, their
motion driven by surface energy gradients is studied.
To be able to explain the source of this driving
mechanism, first, the equilibrium contact angles of
droplets on surfaces which do not provide motion are
defined. The simplest of such cases is substrates with
uniform surface energy around the contact line in
equilibrium. This does not require the surface energy
to be uniform everywhere if there is pinning at a
physical roughness. For clean surfaces, the contact
angle is defined by the Young value. The contact angles
at the left and right of the center of mass of a droplet
are defined as

L L T T
cos(6!) = YSV_VSL, cos(@") = VSV_VSLI
where ygy, is the surface tension at the solid-vapor

interface and yg; is the surface tension at the solid-
liquid interface.

The results presented are all in lattice units in this and
following subsections. The domain length is set to
n, =500 and height to n, =50 . The motion is
initialized by placing the droplet of radius 30 lattice
units at x = 50 as a semi-circle by using a linear
wettability gradient reducing from 6% to 679"
When the surface energy of the surface at which the
droplet contacts is non-uniform, the contact angles at
the two triple junctions are different. If there were any
equilibrium state, the angles would be equilibrium
angles that can be called as 8} and 67 (as defined in
equation (8)). The wetting gradient and inequality of
the contact angles initiate the motion of the droplet.
Due to hysteresis, it is known that the dynamic angle
would be less than the equilibrium angle if the contact
line recedes; it would be more if the contact line
advances. For a negative wetting gradient surface, the
left contact line tries to attain a larger contact angle
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compared to the right contact line. When the left
contact line recedes, because the contact angle is
smaller than the equilibrium angle, the following
inequality holds:

Yév — véL > v cos(6)). 9)

When the right contact line advances, on the other
hand, as the advancing contact angle is greater than
the equilibrium one there, the corresponding
inequality becomes

Ysv — Y51 > ¥ cos(67). (10)

Summation of the surface tension forces at the two
contact lines, then, requires

Yév = viL — sy — vé) > v [cos(6]) —
cos(8H)]1>0 (11)

for 617t > gI'9" as is the case for negative wetting
gradient surface. This generates a net force in positive
x-direction which moves the droplet toward the right.
One could also design a surface with a positive wetting
gradient and this would drive the motion toward the
left. In other words, the difference in the contact
angles results in a Laplace pressure gradient along the
interface, this pressure difference drives the motion.

Itis also possible to obtain a scaling law for the droplet
speed. When the droplet reaches a terminal speed, U4,
the driving force due to wetting gradient and the
viscous forces computed at the base of the droplet are
in balance. The spreading coefficient S is defined as

S=Ysy —VsL — V- (12)

When S < 0, the fluid termed as partial wetting and
equation (12) can also be defined in terms of the
Young value as

S =y(cosf, — 1). (13)

For slender droplets, the speed of the droplet on small
wetting gradients, with the use of (13), scales as

h.dS h,ydcosé,
19d~——_ _— =

hc)/‘9 do,
ndx n dx  n °dx

(14)

where h, is the height and 7 is the dynamic viscosity
of the droplet, respectively. The driving force
explained above is balanced by the viscous stress
mostly near the moving contact lines. In the small
slope regime, the viscous stress can be computed with
lubrication theory with no-shear stress condition at
the droplet interface and this balance determines the
moving speed [32]. For a droplet moving with

. . . 6 )
constant speed 3y, it scales linearly with % for fixed

hy corresponding to the equilibrium angle 6,(x.)
measured at x.(middle of droplet).

In Figure 3, the droplet speed variation with wetting
gradient is shown (measured in degrees per unit
lattice length) for different wettability gradients
obtained by varying the wetting angle at the left of the
domain ( Géeﬂ ), as 150 °,135°,120°90°,60°, and
keeping the one at the right of the domain (6.9"")
fixed at 30°. The viscosity ratio used for validation
shown in Figure 2 obtained by setting 7; = 3,7, =
0.7. This sets A approximately to 12.4. In Figure 3, we
set 7; = 3, and vary 1, to see the viscosity ratio effect.

The droplet moves with a constant speed and it varies
linearly with the wetting gradient for A = 10 and for
the wetting angles studied: 30° < 8, < 150°. It should
be noted that the equilibrium angle approaches 30°
toward the end of the domain for all the cases and the
theoretical prediction is valid for small angles and
large viscosity ratios.
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Figure 3. Variation of droplet speed as a function of wetting
gradient. Hollow diamonds (A=10) are the terminal speeds
for various wetting gradients, dashed line is shown to
emphasize the linearity; filled diamonds (A=1) and filled
squares (A=0.1) shows the effect of the viscosity ratio

One would expect, however, the droplet to slow down
if the viscosity of the outside fluid is increased. To
show this effect, more cases with viscosity ratios of
A=0.1, 1 are studied. This variation is shown on the
same plot with filled diamonds and filled squares with
a clear observation of the slowing down of the droplet
if it moves in a more viscous fluid. Furthermore, as A
decreases, the dependence of the droplet speed on the
wetting gradient weakens.

3.2 Merging of droplets

Motivated by the simple idea of the previous
subsection, it is possible to move droplets toward each
other and merge. A proposition is made here as a
possible use in self-cleaning, water harvesting or heat
transfer enhancement applications. For example, one
could merge small droplets which are able to resist
gravity on car shields or windows, merge by the
wetting gradient. This would increase the effective
bond number (ratio of gravitational forces to surface
tension forces) [33] of the merged droplet and for
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sufficiently large volumes, it would move downwards
with the aid of gravity. In another example, the merged
droplets could be transported directionally depending
on the gradients of the wetting patterns on the
substrate. It is also shown that for the merging, the size
of the droplet can be different. To this end, two
droplets on the substrate are placed as shown in
Figure 4. The gradients are set to be symmetric with
respect to x = x, (mid of the domain) with a gradient

of 2(61/* — 979"} /n,.. The number of lattices in x and
y directions, n, and n,, are set to 250 and 100,
respectively, with droplet radii of 30 in lattice units.
The history of droplet motion is shown in panels (a) to
(d) of Figure 4 for equal size droplets. In panels (e) to
(h) of the same figure, the merging of different size
droplets is shown. As can be seen from the velocity
vectors (only the asymmetric case is shown as it is
more intriguing), the outside fluid is squeezed by the
motion of the two droplets and leaves the gap at an
oblique path due to asymmetry. After the merge, the
free surface attains its equilibrium shape; again, at a
later time shown in panel (i), the deformation of the
interface toward a circular arc is observed; the
velocity is maximum at the location where the
interface is away from the equilibrium.

To check the influence of the viscosity ratio, A is varied
from 0.83/0.067 to 0.1 and 1. It is observed that the
droplets slow down due to the increased shear stress
on the interface. The droplets move in a more viscous
fluid, but eventually, they merge and attain the same
equilibrium shape.

The change in the gradient of the wetting would
change the speed and the time for the coalescence, as
shown in the previous section; however, it would not
affect the idea of merging droplets at a desired
location to increase the effective bond number.

This proposition of such wetting gradients used in the
merging of droplets drives further motivation to stop
the motion of a droplet at a desired location. It is,
finally, postulated that the self-motion of a droplet
stops at x,, with the aid of symmetrically structured
gradient walls with respect to the stopping location,
Xo. For motion from left to right, while the upstream
wetting gradientis d6, /dx from x=0 to x,, it should be
—d#6,/dx downstream.

3.3. Confinement effect

When the droplet considered here is confined from the
top with a wall as well as the bottom, it wets both
surfaces. For uniform surface energy surfaces, the
droplets attain an equilibrium shape which can be
called as a fluid column. Because the contact angles of
the interfaces are the same at all triple junctions, the
shape of the interface becomes a circular arc meeting
the walls at the wetting angle. The shape of any contact
angle is determined by the geometry. Because the
curvature of radius of the interfaces are the same, the

pressure jumps across the interfaces are the same and
there is no pressure difference to drive the droplet in
the confinement. However, generating a wettability
gradient surface can trigger the motion.
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Figure 4. The evolution of the merging droplets on

wettability gradient surface, (a)-(d) equal size droplets:

t=5000, 15000, 20000, 50000; (e-h) different size droplets:

t=5000, 15000, 30000, 50000; (i) velocity vectors before the

different size droplets merge corresponding to (g)

To show this, first equilibrium shapes of columns for
several surface energies are given and it is shown that
the motion is possible if the surfaces are designed with
a surface energy gradient. The same effect is also
possible for a wedge shape confinement, but this is a
geometric modification for the motion as seen in the
self-motion of droplets on conical surfaces and inside
wedges (like the self-movement of droplets on cactus
spines or liquid columns inside the duck weak).

In Figure 5, the two equilibrium shapes obtained for
6, = 30° and 6, = 120° are presented in panels (a)
and (b), wetting and non-wetting columns,
respectively. Because the surface energies are uniform
along the walls; the fluid column cannot move without
an external force. The wetting gradient is obtained by
setting df,/dx to (8/" —07"9")/n, with 6" =
120°, 679" =30 and n, = 250 . This gradient is
double the one shown in Figure 3 for 120°-30° case. As
the viscosity ratio and surface tension between liquid
and outside fluid are the same, one would then expect
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the speed of the column to be twice of the droplet
without confinement. The existence of two liquid-solid
interfaces doubles the driving force due to hysteresis;
however, the viscous losses double as well
Henceforth, the same argument used in section 3.1
applies. But this time, the pressure difference is not
along a single interface: the radius of curvature of the
leading interface (though uniform along it) is different
than the radius of curvature of the trailing interface
(again uniform) which can be seen in panels (c)-(e) of
Figure 5, this difference generates the Laplace
pressure difference from trailing interface to leading
interface and this drives the liquid column. The driving
mechanisms of a single droplet moving on a
wettability gradient and the one confined look similar
but they are different in terms of Laplace pressure.

@ (b)

10 2 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100

(©

Figure 5. The interface profiles for a droplet confined
between walls. (a) Equilibrium shape for 6, = 30°, (b)
Equilibrium shape for 6, = 120°; the motion of liquid
column with surface energy gradient (c) ¢=50000, (d)
t=100000, (e) t=150000

3.4. Influence of channel aspect ratio on the
motion of confined droplets

For the motion of interfaces in which there is not much
deformation, two-dimensional models could be useful
to predict such motions as the aspect ratio of the
channel increases. By extending the MRT lattice-
Boltzmann solver into three-dimensions with D3Q19
model, the comparison of the three-dimensional liquid
columns is shown in Figure 6.

The wetting gradient is set defining 6% = 120°,

679" = 30°. The aspect ratio is the ratio of the width
of the channel (in z-direction) to the height of the
channel (in y-direction). To reduce the computational
cost, channel length and height are set to n,, = 150
and n,, = 10, respectively. The width of the channel in
the third direction is varied by setting n, =
5,10, 25,45,75 . As n, increases, the aspect ratio
increases. The movement of fluid at the central plane
approaches the two-dimensional model as the aspect
ratio increases.

Figure 6. Change of confined droplet profile with aspect
ratio at t=50000; from top to bottom n,=5, 10, 25, 45, 75.
The dashed lines show the central plane with central
location x,

In Figure 7, the time variation of the central locations,
x. (shown in Fig. 6), of the droplet for various aspect
ratio channels are shown. For narrow channels (small
aspectratio), the interface motion is much slower than
the one predicted with the two-dimensional model;
the effects of side walls on the central plane are
obvious. The two-dimensional model gives closer
predictions compared with the three-dimensional
predictions at the central plane (shown in Fig. 7 for
n,=75) as the aspect ratio gets larger. This suggests
that when the channel aspect ratio is large, the central
plane model (two-dimensional) for problems with
small deformation could provide useful results with
reduced computational cost.
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Figure 7. Time variation of x. for different aspect ratio
channels and comparison with two-dimensional prediction
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4. Discussion and Conclusion

By modeling the motion of two-phase flows with the
MRT binary lattice Boltzmann method, the motion of
self-driven droplets with the aid of surface energy
gradient is studied. This type of motion is important
both in nature and in microfluidic flow manipulation.
It is shown how the gradient of such surfaces affects
the deformation of the droplets by studying three
main problems:

)] self-motion of single droplets on surfaces

(i) merging of droplets of the same and
different size droplets

(iii) self-driven motion of droplets within
confinements

For the three main problems, the MRT lattice-
Boltzmann method is found to be useful in modeling
the motion of such interfaces over wettability gradient
surfaces. With the analyses for these three main
problems, it is concluded that the motion of droplets
can directionally be controlled by only varying the
wettability of the surfaces. The viscosity ratio between
the droplet and surrounding medium changes the time
scale at which desired motion is completed. By
working with different-sized droplets, motivated by
the observation of different-sized droplet
accumulation on window panes, car glass shields, and
surfaces of photo-voltaic panels on rainy days, it is
shown that the droplets can be merged at a desired
location and gravity may assist in further motion.
While it is impossible to provide self-movement of
droplets confined within a parallel walled channel
without a gradient in the confinement geometry, it is
shown that the wetting gradient achieves this
movement without altering the confinement
geometry. Although the driving mechanisms of a
single droplet moving on a wettability gradient and
the one confined look similar, they are different in
terms of Laplace pressure; the former is due to the
pressure variation along the droplet interface, the
latter is due to the pressure difference at the two
interfaces.

It should finally be noted that the problems analyzed
in this study are limited to two-dimensional models
(cylindrical droplets). For the confined droplet model,
the plane models can be useful for the control of
interfaces within large aspect ratio microchannels as
shown in the comparison made with the three-
dimensional simulation. The results of this study are
believed to be the first steps toward understanding
such motions and to motivate further studies in three-
dimension.
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Appendices

Appendix A. Nomenclature

Greek letters:
Yy surface tension
n dynamic viscosity
) order parameter
A kinematic viscosity ratio
p fluid density
® bulk free energy density
T relaxation parameter
0 contact angle

Roman letters:
a constant coefficient in Landau model
c lattice velocity parameter
e lattice direction

f distribution function f
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external body force
distribution function g
height

transformation matrix
number of lattices
pressure

pressure tensor
radius of curvature
lattice position
spreading parameter
collision matrix

time

x-direction
y-direction
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Subscripts:

Superscripts:
l
r
left
right

droplet
solid-vapor
solid-liquid
center
equilibrium
outside
x-direction
y-direction

left contact line

right contact line

left of the computational domain
right of the computational domain
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Keywords Abstract: Electrochemical wastewater treatment methods are effectively used for

Electrocoagulation, all type of wastewaters and pollutants. One of the huge negative impact of these

Metal cutting wastewater, processes is the energy consumption of the process. Therefore, the goal of the study

Z{lglt:;(;ggg Solar Panel is to develop a minimal energy user Electrocoagulation (EC) option with an

Box-Behnken Desien integration of a direct photovoltaic solar panel as a subsection of electrochemical

en, . .

Renewable energy processes for the degradation of low COD (Chemical Oxygen Demand) from metal
cutting wastewater. To optimize the operating parameters of the EC process such as
pH, current density (C.D.) and electrolysis time (E.T.) Box-Behnken Design by RSM
was used with a double criterial optimization option. COD removal and energy
consumption were evaluated as responses of the model and they were well-fitted
with the quadratic model. Also, it was determined that all parameters are effective
on EC process. Optimum conditions were found at a pH of 7.48, a C.D. of 30 A/m?, an
E.T. of 65 min, an energy consumption of 3.9 kWh/m?3 and a desirability of 0.954. At
the optimum conditions, the energy consumption of the EC process was fulfilled
from solar panel in a ratio of 71% and 1495% in overcast and sunny weather,
respectively. Especially, the energy obtained by the solar panel in the sunny weather
produces much more than the energy required of the process.

Metal Kesme Atiksularinin Aritilmasinda Elektrokimyasal Reaktore Yenilenebilir
Enerji Uygulamasi: Prosesin Cift Kriterli Optimizasyonu

Anahtar Kelimeler 0z: Elektrokimyasal atiksu aritma yéntemleri her tiirlii atiksu ve kirletici icin etkin

Elektrokoagiilasyon, bir sekilde kullanilmaktadir. Bu proseslerin en biiyiik olumsuz etkilerinden biri

Metal kesme atiksulari, - prosesin enerji tliketimidir. Bu nedenle, ¢alismanin amaci, metal kesme

i?g;:ﬁg_i{[k Giines Paneli, atiksuyundan KOI'nin ayristirllmasi icin elektrokimyasal proseslerin bir alt bélimi

Box-Behnk’en Tasarimi, olarak dogrudan fotovoltaik glines paneli entegrasyonu ile minimum enerji kullanan

Yenilenebilir Enerji bir Elektrokoagiilasyon (EK) sec¢enegi gelistirmek olarak belirlenmistir. EC
prosesinin pH, akim yogunlugu (A.Y.) ve elektroliz stiresi (E.S.) gibi isletme
parametrelerini optimize etmek igin cift kriterli optimizasyon se¢enegi ile RSM ile
Box-Behnken Tasarimi kullanilmigtir. KOI giderimi ve enerji tiikketimi modelin
yanitlar1 olarak degerlendirilmis ve kuadratik model ile iyi uyum goéstermislerdir.
Ayrica, tim parametrelerin EC prosesi iizerinde etkili oldugu belirlenmistir.
Optimum kosullar pH 7,48, A.Y. 30 A/m?, E.S. 65 dakika, enerji tiiketimi 3,9 kWh/m3
ve arzu edilebilirlik 0,954 olarak bulunmustur. Optimum kosullarda, EK stirecinin
enerji tiiketimi kapali ve glinesli havalarda sirasiyla %71 ve %1495 oraninda giines
panelinden karsilanmustir. Ozellikle giinesli havada giines panelinden elde edilen
enerji, proses icin gerekli olan enerjiden ¢ok daha fazlasini iiretmektedir.
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1. Introduction

Metal processing is one of the high waters consumed
and produced high volume of wastewater. During
metal processing, the water used to cool the metal
materials. This procedure is the source of the
wastewater. Such wastewater contains pollutants
such as heavy metals, oil-grease, COD and color.
Conventional wastewater treatment techniques as
coagulation-flocculation, adsorption, sedimentation
has some advantages as minimal cost, easy operation
while there are some disadvantages as high sludge
volume, transportation, usage and storage of
chemicals. Today, new techniques are being
developed to eliminate these disadvantages of existing
techniques. There are different electrochemical
processes such as electrocoagulation,
electrooxidation, electroflotation, electrofenton,
electrodialysis [1] and hybrid of these processes [2]
that can be preferred depending on the type and
character of wastewater. Because of the versatility,
environmental compatibility [3], ease of operation,
eco-friendly, low footprint, no chemical additions,
decreased amount of sludge [4] and simultaneous
multi-pollutant removal property usage of EC process
has been increased in recent. The procedure of EC
technique may occur as two steps: dissolving of the
metal electrode to its ions and merging of the hydroxyl
ions generated at the cathode with metal ions [1].
Aluminum (Al), ferric (Fe) and magnesium (Mg)
electrodes are used as a sacrificial electrode in EC
process [5,6]. However, Al and Fe electrodes can
typically be preferred due to the efficient compression
of the electrical double layer caused by the greater
charge valency of Al and Fe ions in comparison to
copper, zinc, and magnesium. In addition to that, Al
electrode can prefer to Fe electrode. Due to Al
electrode's excellent strength to weight ratio,
corrosion-resistance, and high electrical conductivity
[4], the discharge water is not colored like it is with Fe
electrode [7]. Because of these reasons Al electrode
was used in the study. During electrolysis using Al
electrode anodic and cathodic reactions occur as Eq.1-
3 [4].

Aluminum dissolution in anode electrode:
Al > AB* + 3e” @8]
Water electrolysis at the cathode:
3H,0 + 3e™ - 3/, H, + 30H" (2)
In the solution:

A3* 4 3H,0 — AI(OH)5 + 3H* (3)

To optimize the operating parameters of the EC
process some modeling programs as Box-Benhken,
Central Composite, Taguchi can be used. These
programs have some advantages as minimum
experiment number, reliable results and multiple
scenarios [8,9]. In the literature it was determined
thatthe using of RSM was effective to explain the
operating parameters of EC process [4]. Optimization
of different treatment techniques for different
wastewater types with Box-Behnken design has been
studied by various researchers [10,11,12].

Metal cutting wastewaters can be treated as methods
as coagulation, flocculation, electrocoagulation,
electrooxidation [13,14,15]. The reuse of wastewater
in production processes after treatment is possible
with  advanced  treatment  techniques as
electrochemical methods i.e. EC. Although there are
many articles on EC in the literature, studies on the
usage of solar panel with EC process is limited. But in
recent, it is shown that some researchers investigate
the integration of solar panel on EC [3,16,17]. One of
the most significant obstacles in the use of this
approach [17] is energy consumption, particularly for
lengthy treatment durations. In order to minimize the
energy consumption of electrochemical processes, itis
necessary to effectively determine the optimum
values of parameters such as electrolysis time, current
density, support electrolyte solution and integrate
solar panels to provide electrical energy externally.
These panels can be integrated into electrochemical
systems in two ways: firstly, the energy from the sun
is fed directly into the reactor, and secondly, the
energy from the sun is stored in batteries and fed into
the system when needed. This work hypothesized that
the direct photovoltaic solar panel integration to the
electrochemical process could be utilized to reduce
energy consumption [18].

The study's main goal is to investigate the efficacy of
the EC procedure for low COD removal from metal
processing wastewaters, to optimize the energy
consumption of the processes using an experimental
design methodology and to establish whether the
photovoltaic solar panel can fulfill the energy needs of
the EC process during treatment.

2. Material and Method
2.1. Experiments and materials

In the study, the wastewater was collected from a
metal cutting industry in Diizce / Tiirkiye. Wastewater
was stored in refrigerator and was allowed to stand
until it reached room temperature before using it in
the experiments. Raw wastewater characterization
was determined as a pH of 7.68, a conductivity of
57010 mS/cm, a SS of 12245 mg/L, a soluble COD of
71+2 mg/L, a color of RES (m) (436 nm) 11.8, (525
nm) 8.6, (620 nm) 6.7.
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In experimental studies COD parameter was selected
to determine the effectiveness of the EC process.
Electrochemical reactor was performed in a batch
mode (Figure 1a). Current and voltage was controlled
by using DC Power Supply (0-30V, 0-3A- GPS-3303-
Multi Output). The mixing process was carried out
with the IKA RCT basic mixer. The reactor was
designed with a plexiglass material and a volume of
500 mL. Four Al electrodes with a dimension of
35cm*70cm*2mm, an inter-electrode distance of 1 cm

and a parallel electrode connection system was used
during electrolysis. In each experiment, all the
electrodes are washed and cleaned with HCI solution
after electrolysis. A photovoltaic solar panel with a
dimension of 1650*992*40 mm was used. The
photovoltaic solar panel is integrated to the EC reactor
without batteries, inverter/converter or any energy
storage equipment. Solar module type of the panel was
SPE250, and the input voltage value was 38.00V
(Figure 1b).

Figure 1. EC reactor a) only process b) solar panel integrated process

2.2. Mathematical modeling

Box Behnken Design (BBD) was used to examine the
effect of pH, C.D. and E.T. parameters on COD removal
from metal processing industry by EC model reactor.
Based on a three-level Box-Behnken factorial design,
this experimental design had 17 runs. For the
statistical analysis, the Design Expert trial version was
employed. It is seen in the Eq. 4 that COD removal and
energy consumption responses are described with Y,
while model coefficients are f,f; (i = 1,2,3), p;;(i =
1,2,3;j = 1,2,3), the coded independent variables are
X; and X; and the error is «.

k k
Y =0+ Z BiX; + Zﬁiixiz
= e (4)

+z BLJXLX} + ¢

i=1i=1

The key variables influencing the COD removal
efficiency (R.E.) and energy consumption of the EC
process were pH (Xi), current density (Xz), and
electrolysis time (X3). The process variables and levels
are shown in Table 1.

Table 1. Process variables and levels for EC Process

Levels
Coded .
. .. Low Center High
Variables Factors Unit

X () (© 1
(X1) pH - 5 7 9
(X2) C.D. A/mz 30 45 60
(X3) E.T. min. 10 25 50

C.D. Current Density, E.T. Electrolysis Time
2.3. Chemical Analysis

The parameters were analyzed using Standard
Methods (SM) [19]. The inlet/outlet COD
concentration of the EC process was evaluated using a
UV-VIS spectrophotometer (WTW 6100) and the SM
of 5220 D. The gravimetric technique of SM 2540-D
was used to determine SS concentration levels. The pH
was evaluated using a pH meter (Hanna) and the
conductivity was measured by using a conductivity
meter (Hach 7100e) (SM 2510-B).

3. Results

3.1 Optimization and authentication of process
parameters and responses

To determine the quantitive data which shows the
relationship between the input and output factors a
mathematical model was developed by RSM. Three
factors with three levels of the BBD were employed to
optimize the effect of process variables on responses
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such as COD removal and energy consumption. The
total number of experiments for a 3-factor design at
the design center was 17, with three repeats to
evaluate the pure error. According to the statistical
data, the quadratic model produced with RSM may
explain the COD R.E. and process energy consumption
responses.

Both the suitability and significance of the model must
be evaluated in optimization studies using ANOVA.
[20]. In present study, statistical analysis parameters
which shows the adequacy of the model, R?, adjusted
R% were checked (Table 2). For COD removal and
energy consumption response R? values were 0.89 and
0.99 while Adj R2were 0.75 and 0.97, respectively.

The quadratic model had a high signal, which is
thought to explain the operating parameters of the EC
process for COD removal and energy consumption
responses. The F-value of the model was 2.08 and 4.92
for COD removal and energy consumption,
respectively, with a very low probability value
(<0.0001). This shows that the model is essential. The

Table 2. ANOVA and Statistical Parameters of the EC Process

model's "lack fit p-value" for COD removal and energy
consumption was 0.25 and 0.08, respectively,
implying that there was no major error in the data.
Adequacy of precision (A.P.) measures the signal to
noise ratio which has to be greater than 4. In the study,
the A.P. of COD removal and energy consumption
responses was determined to be as 9.92 and 27.25,
respectively. Additionally, A.P. was greater than 4 in all
responses. To determine the fitting quality of the
model at each point in the design, the PRESS value is
used. PRESS was obtained as 3327 and 113,
respectively. With the decrease of "p> F", the
importance of the parameter used in the model
increases. In the obtained model, effective parameters
were evaluated according to p<0.05 values. A “Prob >
F” less than 0.05 shows that the model terms are
significant. X; X3, X3, X5 are significant model terms
for COD removal, while X4, X,, X3, X,X; are significant
model terms for energy consumption. The importance
of the main parameters on the COD R.E. response was:
pH > ET > CD., but in the energy consumption
response, they were C.D.=E.T> pH.

COD Rem. Energy Cons. COD Rem. Energy Cons.
(%) (kWh/m3) (%) (kWh/m3)
Source F Value P Value F Value P Value
Model 6.42 0.0114 51.87 <0.0001
X1-pH 14.93 0.0062 8.47 0.0226
X2-C.D. 6.02 0.0438 171.87 <0.0001 R2 0.8920 0.9852
X3-E.T. 14.53 0.0066 235.41 <0.0001 Adj R2 0.7530 0.9662
X1X2 0.55 0.4843 0.032 0.8629 Pred. R2 -0.1202 0.8091
X1X3 1.07 0.3356 4.05 0.0842 Adegq. Prec. 9.917 27.247
X2X3 1.23 0.3046 37.94 0.0005 Std. Dev. 6.77 1.12
X12 3.12 0.1209 6.00 0.0442 Mean 49.82 9.28
X22 1.80 0.2218 0.74 0.4181 CV.% 13.59 12.02
X32 14.52 0.0066 2.77 0.1399 PRESS 3327.63 112.69
Lack of 2.08 0.2450 4.92 0.0790 Equation Quadratic Quadratic
Fit Type

Table 3 shows the predicted and actual values for the
COD R.E. and energy consumption responses.

Table 3. Experimental results and prediction of the model

As per the results, COD R.E. was varied from 11% to
65%, whereas energy consumption was in the range of

1.65-26.5 kWh,/m3.

COD Rem. (%)

Energy Cons. (kWh/m3)

X1 X2 X3 Actual Predicted Actual Predicted

1 9 30 30 61 67 4.76 4.48
2 5 30 30 56 54 3 2

3 5 45 50 38 41 11.71 12.62
4 5 45 10 11 16 2.93 2.76
5 9 45 10 45 41 3.72 2.8

6 7 30 10 52 48 1.65 2.84
7 7 45 30 52 56 8.31 9.26
8 7 60 10 28 29 6.43 6.31
9 7 30 50 61 60 7.97 8.08
10 7 45 30 52 56 8.79 9.26
11 7 45 30 54 56 9.9 9.26
12 5 60 30 44 38 12.24 12.52
13 7 60 50 52 55 26.5 25.31
14 7 45 30 59 56 9.6 9.26
15 9 60 30 59 55 13.6 14.62
16 7 45 30 65 61 9.72 9.26
17 9 45 50 58 53 16.99 17.16
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The coded equations of the COD removal and energy
consumption response for EC process are given in Eq.
5. and Eq. 6, respectively. The coded equation can be
applied to predict the amount of response for the level
of each variable. In this equation, Y1 represents the
predicted COD R.E. in EC (0 < Y1 £ 100%), X1, Xz, and X3
presents the pH (5 < X1 £9), current density (30 A/m?
< X2 £ 60 A/m?), and electrolysis time (10 min. < X3 <
50 min.), respectively.

The sign of the coefficients in the equations indicates
how the parameters affect the main output. It is seen
in the Eq. 5 that pH and C.D. was positively affected the
COD R.E,, while electrolysis was negatively. In other
words, increasing the pH and C.D. raises the COD R.E,,
whereas increasing the E.T. decreases it.

COD rem. (EC) — Y, = 56.4 + 9.25 x A —
588 xB+9.13 xC+25XAB—35%xAC+ (5)
3.75 x BC — 5.83A2 + 4.43 x B2 — 12.58 x (2

The quadratic model was used to predict the energy
consumption response values. Eq. 6 depicts the
response equations for energy consumption. Here, Y2
is the predicted energy consumption of EC process. It
is seen from the Eq. 6 that all the coefficient of the
parameters has positive sign that energy consumption
varies directly proportional to pH, C.D. and E.T. The
increase in these factors raises the COD R.E.

COD Removal (%)

C.D. (A/m2)

5 60

(a) COD removal (E.T. 30 min.)
Figure 2. Effect of pH/C.D.

Effect of pH/E.T. on EC process is seen in Figure 3 (a).
When the C.D. is constant (45 A/m?2), the COD R.E.
increases with the increase of the pH 5 to 9. The
increase in the E.T. decreased the COD R.E. This can be
due to the secondary reactions which occur at the high
C.D. and lead to colloid charge reversal thus results re-
dispersion of the colloids [22,23].

E.C. (%) —EC—Ys=926+115xA+
517 X B+ 6.06 X C— 0.1 X AB + 1.12 x )

AC + 3.44 X BC — 1.33 X A + 0.47 x B +
0.91 x C?

3.1. Evaluation of Interactive Effects of the
Processes

Figure 2 (a) indicates that the influence of pH/CD on
the EC process. According to Figure 2 (a), when the
E.T.is constant (30 min.), the COD R.E. increases when
the pH rises from 5 to 9. The increase in the C.D.
increased the COD R.E. This can be due to the addition
of excess chemical to the wastewater. During the
electrolysis, pH presents a higher increase in the R.E.
of COD was determined than C.D. At a low pH media
when Al anode dissolved, Al3* and Al(OH)2 occurs,
while at a high pH media, Al(OH)3 occurs [21]. In high
pH values OH ion accumulates in the solution that COD
removal increases [10].

The interactive effect of pH/C.D. on energy
consumption of the EC process is given in Figure 2 (b).
When the E.T. is constant (30 min.), the energy
consumption (3.33-16.7 kWh/m3) of the EC process
increased with the increase of C.D. from 30 to 60 A/m?2,
while the pH did not affect the COD removal.

16.67 T
s s g,
s e g
s AP s s
e sseees

s

E.C. (KWh/m3)
» o
2 8

C.D. (A/m2)

9 30
(b) Energy consumption (E.T. 30 min.)

The effect of pH/E.T. on COD removal is given in Figure
3 (b). When the C.D. is constant (45 A/m?), the COD
R.E. of the EO process increased with the increase of
E.T., while the pH did not affect the COD removal. EC
process is more effective at higher pH values while it
is at lower pH values in EC process.
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3D counter plots of C.D./E.T. for EO process is shown
in Figure 4 (a). According to Figure 4 (a), when the pH
is constant (pH 7), the COD R.E. increases with the
increase of the E.T. 10 to 50 min. The efficacy of the EC
process is due to the metal ion concentration occurred
during electrolysis. With the increase of E.T. increases
the metal ion concentration and hydroxide flocs.
Therefore, pollutant removal efficiency increases [23].
The increase in the C.D. decreased the COD R.E. This
can be explained as the excess of the applied C.D.
causes the secondary reactions by the formation of
colloidal charge reversal, shorten the electrode life
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(a) COD removal (pH 7)
Figure 4. Effect of C.D./E.T.

The actual values obtained from the experiment were
compatible with the expected values of the model
response for the EC process, as shown in Figure 5 a-b.

Main effects of X1 (A), Xz (B), and X3 (C) parameters for
EC are given in Figure 6 a-b. As seen in Figure 6 a-b,
the primary impacts of X1, Xz, and X3 have a significant
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and thus decreases the pollutant R.E. of the EC process
[4].

The interactive effect of C.D./E.T. COD removal is given
in Figure 4 (b). When the pH is constant (pH 7), the
energy consumption of the EC process increased with
the increase of C.D. and E.T. During the electrolysis,
E.T. presents a higher increase in the energy
consumption was determined than C.D.
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impact on the resulting quadratic model. Thus, it is
clearly seen that all the parameters are effective on
COD removal and energy consumption of EC process
as evaluated in the ANOVA analysis section.
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Figure 5. Regression graphs of the actual and predicted values describing COD R.E. and energy consumption
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Figure 6. Perturbation of COD removal and Energy consumption

3.2. Optimization of process

Comparison of present study results with literature is
given in Table 4. The optimization study was
evaluated in three scenarios 1. the development of
results that maximize COD R.E,, 2. the development of
optimum conditions that maximize COD R.E. and
minimize energy consumption, 3. the development of
optimum conditions that maximize COD R.E. and
maximize energy consumption.

In first scenario, the optimum conditions for EC
process were determined to be an initial pH of 7.48, a
C.D.of 33 A/m?, areaction time of 33 min in which COD
removal of 66% with an energy consumption of 6.45
kWh/m3 was achieved.

In second scenario, the optimum conditions for EC
process were determined to be an initial pH of 7.48, a
C.D.of 30 A/m?, areaction time of 23 min in which COD
removal of 65% with an energy consumption of 3.9
kWh/m3 and with a desirability of 0.954 was achieved.

Perturbation (Energy Consumption)

25.00 —

20.83 —

16.67 —| C

12.50 —

8.33 —

4.17 —

0.00 —

I I f f f
-1.000 -0.500 0.000 0.500 1.000

(b) Energy consumption

In third scenario, the optimum conditions for EC
process were determined to be an initial pH of 8.48, a
C.D.of 60 A/m?, areaction time of 50 min in which COD
removal of 58% with an energy consumption of 26.18
kWh/m3 and with a desirability of 0.929 was achieved.

It is mentioned that neutral and higher pH values are
effective in Al electrode connected EC process in the
literature [24]. In the bulk solution, two removal
mechanism realize as precipitation process at pH<4
and adsorption process at higher pH values [24]. In the
study, it is thought that adsorption mechanism was
occurred, because the optimal pH was varied from
7.91 to 8.48.
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Table 4. Comparison of present study results with literature

Electrode
Tvpe CcoD
Type of Wastewater yp pH C.D. E.T. rem. Energy Cons. Ref.
Anode/Ca (%)
thode 0
33.5
791 | 33A/m? . 66 6.43 kWh/m3
min.
748 | 30 A/m? 23 65 3.9 kWh/m3
. m . m
Metal cutting wastewater Al/Al min. Presen
t Study
50
8.48 | 60 A/m? 58 26.18 kWh/m3
min.
Textile wastewater Al/Al 7.6 11.55 20 1.0 79.7 - [23]
mA/cm? min.
Ayurveda
pharmaceutical Al/SS 6.0 99.89 12.0 58.35 27.13 kWh/kg [25]
A/m? min. COD
wastewater
Machinery industry i 30 0.88 kWh/kg-
wastewater Al/Al mA/cm? min. 68 COD [26]
Paint industry washing 6.6- 14.2 32 3
wastewater Al/Fe 7.15 | mA/cm? min. 68 16.53 kWh/m [27]
- 13530 93.4
Biodigester effluent Al/Al 8.0 A/m2 min. 85.1 - [28]
Metal cutting wastewater Al/Al 5.0 60 A/m? rrzui 93 - [29]
. 15 kWh/m3
Distillery wastewater Al/Fe 70 249 6.0 > 80 (solar driven [30]
treatment mA/cm? min. EC)

3.3. Effect of solar panel integration on energy
consumption

In the study, energy consumption of EC process was
varied from 3.9 to 26.8 kWh/m3 for different
scenarios. Energy consumption of EC process which
connected with Al electrode was determined as 16.53
kWh/m3 [27]. The scenarios, the optimization results,
contour plots and energy fulfillment ratio of EC
process by solar panel are given in Table 5.

The EC process's operating costs are mostly
comprised of the cost of energy usage [24]. Therefore,
minimization of energy consumption of the EC process
is significant for applicability. One of the theories
which decrease the energy consumption of
electrochemical process is solar panel integration.
Also, a solar panel was integrated to the EC process in
the study. In the measurements made in overcast air,
the voltage/current obtained from the solar panel was
4.95V/0.272 A, and the energy obtained was 1.33 Wh.
In case the weather is completely sunny and the sun
comes at the desired angle, 34.62 V energy input value
is determined from the solar panel. When current was
applied to the electrodes, this value was determined as
4V, 7 A from the multimeter. That is, it produces an
energy of 28 Wh. When the energy consumed for
wastewater treated per m3 volume is calculated, 2.77
kWh/m3 energy is obtained from solar panels when
the weather is overcast, while 58.33 kWh/m3energy is

obtained when the weather is sunny. According to the
developed scenarios, 11% to 71% of the energy
requirement for the EC process was fulfilled with the
energy obtained by solar panels in overcast weather.
In sunny weather, all the energy consumption of the
process was fulfilled and more than consumption was
obtained by solar energy. Generally, photovoltaic solar
panel integrated EC is more suitable than DC power
supplied EC process. The same results were
determined by the researchers that compared to
photovoltaic solar technology; conventional electric
power consumption is higher. Thus, it may be said that
traditional power sources needed longer time and a
little bit greater voltage. While PV systems need lower
voltage and shorter times to remove pollutants with
the same effectiveness. Thus, makes the EC process
cost-effective and destroys the limited usage of this
process because of the energy consumption. However,
the performance of a solar-powered system is affected
by natural factors such as sun irradiation,
temperature, and other meteorological circumstances
[30]. Especially, industries in the coastal area will not
be affected from these factors. Most EC systems are
presently powered by conventional energy rather
than solar energy [30]. Direct photovoltaic solar
integrated EC systems will be an environmental-
friendly/cost effective, thus, preferred technology to
treat industrial wastewater in near future.
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Table 5. The optimal conditions and effect of solar panel on EC process for the different scenarios

Energy D ET COD Energy E.S.P F.P. E.S.P F.P
Scenario CcoD Consump | pH ( A/.m-z) (m-in- ) rem. Cons. Des. o.w. (%) S.W. (0'/ )
tion Y | (%) | (kWh/m3) (kWh/m3) (kWh/m3) °
1 maximum none 791 33 33.5 66 6.43 1 2.77 43 58.33 900
Desirability COD Removal (%) E.C. (KWh/m3)
60
54
48 48
42 42
®
30
5 6 7 8 9 5 6 7 8 9 5 6 7 8 9
X1: A: pH © A S A-
X2: B: C-D-p(A/mZ) x2: B)flé:ﬁj.p(k/i/mz) x2: B):Gé%.p(l/ilmZ)
2 maximum | minimum | 7.48 | 30 | 23 ‘ 65 ‘ 3.9 ‘ 0.95 | 2.77 ‘ 71 ‘ 58.33 1495
Desirability COD Removal (%) E.C. (KWh/m3)
(60l
s 6 7 8 ° 5 6 7 8 9 5 6 7 8 9
X1: A: pH C A C A
X2: B: C-D-p(AImZ) x2: B>:<l¢.Ar5.p(HA/m2) x2: B):(lé./'l\j.p('/ilmZ)
3 none maximum | 8.48| 60 | 50 ‘ 58 ‘ 26.18 ‘ 0.93 | 2.77 ‘ 1 ‘ 58.33 222
Desirability COD Removal (%) E.C. (KWh/m3)

{25]
Prediction 26.1825

Prediction 58.1622

Desirability 0.987222

X1: A: pH X1: A: pH X1: A: pH
X2: B: C.D. (A/m2) X2: B: C.D. (A/m2) X2: B: C.D.p(A/mZ)

E.S.P. O.: Energy supply of solar panel Overcast, E.S.P. SSW.: Energy supply of solar panel Sunny weather F.P.: Fulfillment
percentage, Des: Desirability
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4. Discussion and Conclusion

In this study, an experimental design of BBD for the
COD R.E. and energy consumption responses were
developed. It was determined from the statistical
analysis that COD R.E. and energy consumption
responses were well fitted with the quadratic model. It
is considered that the scenario with an energy
consumption of 3.9 kWh/m3 and a COD R.E. of 65% is
suitable for the EC process. In this case, the optimum
pH for EC process was 7.48, C.D. was 30 A/m?2 and E.T.
was 23 minutes. If the highest COD R.E. is desired, only
the scenario that maximizes COD will be appropriate.

High SS concentration cause the scratching of the metal
materials. Also, SS concentration of the metal cutting
wastewater was determined as 0.5 mg/L after
treatment in all scenarios. This means that the treated
wastewater could be used in any other process in the
production.

In all scenarios the energy consumption of the EC
process was fulfilled from 11 to 71% in overcast and
222 to 1495 % in sunny weather from solar panel.
Accordingly, it also shows that the energy to be
obtained has a high potential to be stored by
integrating with battery systems and converters. The
incorporation of solar panels into the EC process can be
viewed as a strategy that can remove energy costs and
hence significantly lower the EC process's operational
costs and it can be said that the energy obtained from
direct photovoltaic solar panel is an effective
alternative in comparison with the conventional
energy.
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Anahtar Kelimeler
Kitosan biyo-kompozit film,
Tauc yontemi,

ASF yontemi,

Urbach enerjisi,

Kirilma indisi,

Optik iletkenlik

0z: Bu calismada Kitosan (CS) matris icerisine grafen oksit (GO), gézenekli karbon
(CM), grafen nanoplatelet (GNP) ve ¢ok duvarli karbon nanotiip (MWCNT) gibi
karbon dolgular (KD’lar) eklenerek elde edilen ince filmlerin elektrik ve optik
ozelliklerindeki degisimler incelenmistir. Filmleri hazirlamak icin c¢6zelti
karistirma, ultrasonik karistirma ve dondiirerek kaplama teknikleri kullanilmistir.
CS/KD ince filmlerin elektrik ve optik o6zelliklerinde 6nemli 6l¢iide iyilesmeler
saglandig1 gorilmistir. Ayrica bu KD’lar arsinda bir kiyaslama yapilmis ve fiziksel
ozellikleri arttirmada MWCNT’in diger KD’lara gore daha etkili oldugu
gozlemlenmistir. Elde edilen elektriksel ve optik sonuglar, CS/KD biyo-
kompozitlerin strdiirtilebilir ve gecici optoelektronik, foton enerjisi uygulamalarsi,
biyotip ve biyosensor uygulamalarinda kullanilabilecegini gostermektedir.

Investigation of Electrical and Optical Properties of Chitosan Films Containing Different
Carbon Fillers

Keywords

Chitosan bio-composite film,
Tauc method,

ASF method,

Urbach energy,

Refractive index,

Optical conductivity

Abstract: In this study, the changes in the electrical and optical properties of thin
films obtained by adding carbon fillers (CFs) such as graphene oxide (GO), carbon
mesoporous (CM), graphene nanoplatelet (GNP) and multi-walled carbon nanotube
(MWCNT) into the chitosan (CS) matrix were investigated. Solution mixing,
ultrasonic mixing and spin coating techniques were used to prepare the films.
Significant improvements were observed in the electrical and optical properties of
CS/CF bio-composite thin films. In addition, a comparison was made between these
CFs and it was observed that MWCNT was more effective than others in increasing
physical properties. Obtained electrical and optical results show that CS/CF bio-
composite films can be used in sustainable and temporary optoelectronics, photon
energy applications, biomedicine and biosensor applications.

1. Giris

Karbon bazli polimer kompozitler esneklik, hafiflik,
isleme kolaylig1 ve kimyasal direng¢ gibi 6zellikleri
nedeniyle endiistriyel ve akademik camianin ilgisini
¢cekmektedir. Bu baglamda elmas, grafit, fulleren, tek
duvarli karbon nanotiip (SWCNT), ¢cok duvarli karbon
nanotliip (MWCNT), goézenekli karbon (CM), grafen
oksit (GO), indirgenmis grafen oksit (rGO), grafen
nanoplatelet (GnP) gibi karbon dolgular (KD’lar)
arastirmacilar tarafindan yogun ilgi gérmektedir. KD
maddelerinin, tipleri, sekilleri, boy/en orani, igsel
iletkenligi, polimer matris ile uyumu ve diizgiin
dagitilmasi, polimer nanokompozitlerin  nihai

*ilgili yazar: bahadir.mergen@deu.edu.tr

ozelliklerini belirleyen 6nemli faktorlerdir [1]. Bu
KD’lar olaganiistii optik, elektrik, elektronik, mekanik
ve termal Ozelliklere sahiptir. Bu KD’lar arasinda
MWCNT bir¢ok grafen tabakasindan olusur ve
ozellikleri temel olarak ¢ap, boyut ve morfolojilerine
baghdir. Elektriksel iletkenligi 103-105 S/cm
araligindadir [1]. Buna ek olarak yiiksek en-boy orani
ve dusiik kiitle yogunluguna sahiptir. GNP ideal
grafene yapisal benzerligi, diger grafen formlarindan
daha ucuz olmasi ve biiyiik 6lgekte temin edilebilmesi
nedeniyle ilgi cekmektedir [2, 3]. GnP’ler 3-10 grafen
tabakasindan olusur ve bu say1 10’dan daha yiiksek ise
grafit olarak tanimlanir [4]. GnP’nin elektriksel
iletkenligi, grafen tabaka sayisi ile yakindan ilgilidir ve
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tabaka sayisi1 arttik¢a azalir. Kalinligi 50 nm, 5 nm ve 3
nm olan GnP’ler sirasiyla 7x10%2 S/cm, 1x103 S/cm ve
1,5x10% S/cm iletkenlige sahiptir [5]. Ek olarak,
GnP’ler biyouyumludur ve bu nedenle, biyo-
kompozitlerin biiyiik 6l¢ekli {iretimi i¢in ideal nano
dolgu malzemeleri olarak 6n plana ¢ikmaktadir [3, 6].
CM diistik maliyet, yliksek o6zgiil ylizey alani, genis
gozenekli hacmi, mekanik ve elektriksel 6zellikleri ile
on plana c¢ikmaktadir [7]. GO karboksil, hidroksil ve
epoksi gibi oksijen iceren fonksiyonel gruplar icermesi
nedeniyle suda ve bazi organik ¢oziiciilerde kolayca
dagilabilir. Genis yiizey alani, hidrofilik yapisi, diisiik
maliyeti nedeniyle c¢ozelti karistirma ydntemiyle
uretilecek  biyo-kompozitlerin ~ hazirlanmasinda
siklikla tercih edilir [8, 9].

Kitosan (CS) diinyada en ¢ok bulunan biyo
polimerlerden  biridir. CS, karides, yengec,
kaplumbaga ve bocekler gibi canli organizmalardan
elde edilen kitinden iiretilen hidrofilik, yar1 kristalin,
dogrusal bir polisakarittir [10]. ABD Gida ve Ilag
idaresi (FDA) tarafindan Genel Olarak Giivenli (GARS)
gida katki maddesi olarak taninmaktadir. Ek olarak
biyo-uyumlu ve biyobozunur olan CS, toksik
olmamasi, iyonikligi, antibakteriyel 6zelligi ve kolay
film olusturma yetenegiyle ilgi ¢ekmektedir [10].
CS’nin essiz o6zellikleri ve avantajlarina ragmen zayif
mekanik o6zellikleri, diisiik elektrik iletkenligi ve
termal iletkenligi endiistriyel kullanim alanlarim
sinirlar [11]. CS matrisine ikinci faz olarak ¢ok diisiik
miktarlarda bile KD eklendiginde perkolatif aglar
olusur ve kompozitin fiziksel 6zellikleri 6nemli dl¢iide
artar. Bu biyo-kompozitler ihtiyaca bagh olarak ince
filmler, hidrojeller, aerojeller, vb. sekilde iiretilebilir
[12].

Elektronik  teknolojisinin hizla gelismesi ve
yenilenebilir kaynaklardan enerji donilisimi ile
geleneksel malzemelerden farkli olarak, optik ve

elektriksel ~ ozellikleri ~ ayarlanabilen  polimer
kompozitlere olan ilgi giderek artmaktadir.
Spektrofotometrik yontemler, polimerik

malzemelerin optik dzelliklerinin incelenmesinde en
yaygin kullanilan yollardan biridir ve 6zellikle polimer
kompozitlerin bant araligl enerjisinin (Eg) UV-Vis
sogurma/yansima verilerinden belirlenmesi belki de

“csq

en basit yontemdir. Polimerik malzemelerin Ej
degerlerinin dogru olarak belirlenmesi, uygulama
alanlarinin  belirlenmesi ve bu malzemelerin
performanslarinin tahmin edilmesi i¢in hayati 6nem
tasimaktadir.

Bu calisma kapsaminda ¢ozelti karistirma yontemi ile
farkli karbon dolgular iceren CS kompozitler
hazirlandi. Film haline getirmek icin ddndiirerek
kaplama yontemi kullanildi. Elektriksel direng
Olciimleri iki nokta (prob) teknigi ile gergeklestirildi.
Filmlerin optik 6zellikleri UV-Vis sogurma/yansima
verileri  kullanilarak incelendi. Sonuc¢lar SEM
goruntiileri ile desteklendi. Bu ¢alismanin amaci, GO,
CM, GNP ve MWCNT gibi farkli karbon dolgularin
eklenmesiyle elde edilen filmlerin elektriksel ve optik
ozelliklerini incelemek ve bu karbon dolgular arasinda
bir kiyaslama yapmaktir.

2. Materyal ve Metot
2.1. Malzemeler

Polymer matris CS (448869), karbon dolgular, GO
(796034), CM (702102), GNP (806625) ve MWCNT
(659258) Sigma-Aldrich firmasindan temin edildi.
Cozucii olarak %1 asetik asit ve distile su karisimi
kullanildi. Kaplanacak yiizey olarak UV 1s181ina seffaf
kuvars camlar kullanild.

2.2. CS/KD biyo-kompozit filmlerin hazirlanmasi

CS/KD filmleri iiretmek icin ilk olarak %1 asetik asit
distile su karisimina 150 mg CS eklendi. CS’1 tamamen
c¢ozmek icin manyetik karistiricida 80°C’de 2 saat
karistirildi. Elde edilen CS ¢ozeltilerine 50 mg KD (GO,
CM, GNP, MWCNT) eklendi. Elde edilen karisimlar oda
sicakliginda 48 saat manyetik karistirici ile karistirildi
ve 20 dakika ultrasonik banyoda tutuldu. Boylece
homojen CS/KD karisimlar1 elde edildi. Bu
karisimlardan 1.5 mL alinarak 60 sn’de, 1000 rpm’de
2.5x2.5 cm? kuvars camlar tlizerine kaplandi. Son
olarak filmler 80°C’de kurutuldu (Sekil 1). Hazirlanan
CS, CS/GO, CS/CM, CS/GNP ve CS/MWCNT filmlerin
fotografi Sekil 2’de gosterilmistir.

$-7

80 °C Homojen
5 Oda sicakhginda CS/KD
saat P
| ) | 48 saat manyetik Karigimlari
Manyetik Karistirma Kkarigtirma
—_— —p —_—
1 % asetik 20 dakika
asit-distile su ultrasonik banyo
5 CS/KD

Homojen
CS/KD 18 ml
. 5 ml
Karisimlar 1000 rpm
—f @
2.5x2.5 em?

Kuvars cam .

Enjektir

Vakum Po

gj Dinme

L’

2 Kompozit Fimler
Ince film 80 °C

2 saat
tavlama
—

Sekil 1. CS/KD biyo-kompozit filmlerin hazirlanis
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2.3. Karakterizasyon

CS ve CS/KD filmlerin elektriksel direngleri
laboratuvar sicakligl 24-26°C ve bagil nem %55-60
araliginda tutularak alternatif polarite yodntemiyle
olcildii. Ol¢iim icin ASTM D-257 standartina sahip
Keithley Model 6517A elektrometre ve Keithley Model
8009 6l¢tiim hiicresinin ¢ kat kii¢iiltilmiis versiyonu
kullanildi [13]. Her bir 6rnek 6 kez 6l¢iildii ve ortalama
degerler kullanildi. Filmlerin foton gecirgenligi Varian
Cary 100 Bio UV-Visible spektrometre ile 190-600 nm
araliginda ol¢iildi. Film ytlizeyi 6 farkli konumdan
tarandi ve bu oOl¢limlerin ortalamalar1 kullanildi.
Taramali elektron mikroskobu (SEM) gdzlemleri, alan
emisyon taramali elektron mikroskobu (Quanta FEG-
250 SEM) kullanilarak gerceklestirildi.

(&) CS/GO CS/ICM CS/GNP CS/MWCNT

Sekil 2. Hazirlanan CS/KD biyo-kompozit filmlerin fotografi
3. Bulgular
3.1. SEM analizi

Farkli biiyiitmeler altinda alinmis filmlere ait SEM
gorintiilleri  Sekil 3’'te gosterilmektedir. Tim
kompozitlerde KD’larin CS icerisinde rastgele
dagildign  goriilmektedir.  Sekil 3(a))da GO

yapraklarinin homojen dagildig1 goriilmektedir. Sekil
3(b) ve (c)’de goriildiigii gibi CM ve GNP parcaciklari
genelde kiiresel forma sahiptir. Sekil 3(d)'de ise
MWCNT y181inlar goriilmektedir.

Sekil 3. (a) GO, (b) CM, (c) GNP, (d) MWCNT iceren biyo-
kompozit filmlerin SEM goriintiileri

3.2. Elektriksel 6l¢iim sonug¢lari

CS ve CS/KD filmlere ait elektriksel 6l¢iim sonuglari
Tablo 2’de verilmistir. CS filmin elektriksel iletkenligi

1.6x107 S/m olarak 6l¢lilmistiir. Yalitkan CS matrisi
icerisinde elektriksel iletkenlik, eklenen KD’lar
sayesinde saglanmaktadir. KD eklenerek elde edilen
filmlerin elektriksel iletkenliklerinde belirgin bir artis
oldugu goriilmektedir. Bu artis KD’'nun tipine, i¢sel
iletkenligine, en/boy oranina, dagilimina, ylzey
islevselligine, yilikleme miktarina ve hazirlama
yontemi gibi bircok faktore baghdir [14]. MWCNT nin
elektriksel iletkenligi diger KD’lara goére daha ¢ok
arttirdigl  soylenebilir. CS filmlere goére, CS/GO
filmlerin ~103 kat, CS/CM filmlerin ~107 kat, CS/GNP
filmlerin ~10¢ kat ve CS/MWCNT filmlerin ~10° kat
elektriksel iletkenlikleri artmistir.

3.3. Optik 6l¢iim sonuclari

Elde edilen CS ve CS/KD filmlere ait gecirgenlik
6lciimleri Sekil 4'te gosterilmistir. Optik spektrumda,
UV araligi genellikle, UV-A (315-400 nm), UV-B (280-
315 nm), UV-C (200-280 nm) ve derin/vakum -UV
(100-200 nm) alt bolgelerine ayrilir. Filmlere ait derin
UV (190 nm) ve goriiniir bolge (450 nm) dalga boyu
degerlerindeki ortalama gecirgenlik degerleri de
Tablo 1'de verilmistir. Tiim filmlerin gecirgenligi 600-
250 nm dalga boyu araliginda neredeyse sabit iken,
yaklasik olarak 250 nm’den sonra azalmistir. CS filmin
goruniir bolgede gecirgenligi %98 iken, CS/GO filmin
~%?52, CS/CM filmin ~%37, CS/GNP filmin ~%?28 ve
CS/MWNT filmin ~%?7 oldugu gozlenmistir. Derin UV
bolgesinde ise CS filmin gecirgenligi %26, CS/GO
filmin ~%19, CS/CM filmin %17, CS/GNP filmin %9,
CS/MWCNT filmin %2 oldugu goézlenmistir.

100.0

i cs
90.0 —
80.0 —
~~
70.0 —
32
S o
S 60.0 —
.z.-'* =
E 50-0__ CS/GO|
2 400
g 500 7 CS/CM|
b /' CS/GNP|
20.0 —
10.0 —
i P g CS/MWCNT]
=TT T T T T T 1"

200 250 300 350 400 450 500 550 600
Dalga Boyu, A (nm)
Sekil 4. CS/KD biyo-kompozit filmlerin optik geg¢irgenlik
6l¢clim sonuglari

3.3.1. Sogurma (a) ve soniim (k) katsayilari

Sogurma  katsayist (@), malzemelerin optik
ozelliklerini belirleyen Onemli parametrelerden
biridir ve bir malzemenin belirli bir dalga boyundaki
15181 sogurma yetenegi olarak tanimlamir [15].
Sogurma katsayisinin, sogurmaya baghhig asagidaki
ifade ile verilir [11].
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. (2.303)4 &)
d

Burada 4 sogurma ve d 6rnek kalinligidir. CS/KD biyo-
kompozitler icin Denklem-1 kullanilarak elde edilen a
degerlerinin dalga boyu ile degisimi Sekil 5’te
verilmistir. Biyo-kompozitlerin Bélge-I'de (A <250
nm) yiiksek sogurma, Bolge-1I'de (A> 250 nm) diistk
sogurma ozelliklerine sahip oldugu gorilmektedir.
Dolayisiyla Bolge-I'deki fotonlar HOMO’daki (en
yuksek isgal edilen molekiiler orbital) elektronlari,
LUMO’ya (en diisiik bos molekiiler orbital) gecirmek
icin yeterli enerjiye sahipken, Bolge-1I'deki fotonlar
bunun icin yeterli enerjiye sahip degildir. Sonug¢
olarak, KD’lar, Bolge-I'de biyo-kompozitlerin sogurma
ozelliklerini arttirir.

Tablo 1. Hazirlanan érneklerin optik gecirgenligi

Ornekler Derin UV Boélgesi Goriiniir Bolge
@190 nm @450 nm
CS %26 %98
CS/GO %19 %52
CS/CM %17 %37
CS/GNP %9 %28
CS/MWCNT %2 %7
4000 ] . Bolge-IT
3600 — :
4 1
-’g 3200 — :
- 1
< 2800 — ' CS/MWCNT
3 ] 1
Z 2400 :
5, 4 )
& 2000 — :
< - ]
% 1600 :
g - ) CS/GNP|
501200 & ' CS/CM|
i i
(?; 800 — ; CS/GO)
- 1
400 — :
1 . cs|
OI'I'I'l'l'I'Irl"
200 250 300 350 400 450 500 550 600

Dalga Boyu, A (nm)
Sekil 5. CS/KD biyo-kompozit filmlerin
katsayisinin dalga boyu ile degisimi

sogurma

Soniim katsayisi (k), fotonik malzemeleri karakterize
eden onemli bir parametredir ve optoelektronik
uygulamalarda malzeme sec¢imi icin gereklidir. Ek
olarak k, bir ortam i¢in sagilma ve sogurma yoluyla
iletilen 15181n azalma oraninin 6l¢iisiidiir ve elektronik
gecis ihtimalini gosterir. k asagidaki ifade ile verilir
[11].

al

= 2

yy (2)
CS/KD biyo-kompozitler i¢in Denklem-2 kullanilarak
hesaplanan k degerlerinin dalga boyu ile degisimi
Sekil 6’da verilmistir. Sekil 6’da, Sekil 5’te gosterildigi
gibi iki farkli bolge gozlenmektedir. Sekil 6’da Bolge-

II'deki k degerleri azalan dalga boyu ile dogrusal
olarak azalir ve ardindan Bolge-I'de artar.

Hem a hem de k degerleri sogurma ile yakindan
ilgilidir ve sogurmanin artisiyla artar. MWCNT iceren
biyo-kompozitin sogurma degerleri digerlerine gore
daha yiiksek, dolayisiyla a ve k degerleri daha
yuksektir. Sonu¢ olarak MWCNT iceren biyo-
kompozitin enerji azaltma kabiliyetinin daha yiiksek
oldugu soylenebilir.

3.4. Optik bant araligi enerjilerinin belirlenmesi
3.4.1. Tauc yontemi

Yar1 iletken malzemelerde, yiiksek sogurma
bolgesinde, sogurma katsayis1 Tauc iligkisi ile
tanimlanmistir ve gelen fotonun enerjisine asagidaki
gibi baghdir [10].

ahv = B(hv — E))" 3)

Burada a sogurma katsayisi, (hv) foton enerjisi, B sabit
ve Ey degerlik ve iletim bandi arasindaki optik bant
aralif1 enerjisidir. m, elektron gecis tiirtini veren
parametredir. Denklem-3’te, m=1/2 dogrudan izinli ve
m=2 dolayl izinli gecisleri tanimlar. Sekil 7 ve Sekil 8,
siraslyla m=1/2 dogrudan izinli gecisleri ve m=2
dolayli izinli gecisleri belirlemek i¢in ¢izilen grafikleri
gostermektedir. Eq ve Ei optik bant aralig1 enerjileri,
Sekil 7 ve Sekil 8’daki dogrusal cizgilerin (hv) eksenini
kesme noktalarindan hesaplandi. Elde edilen bant
aralig1 enerji degerleri Tablo 2’de verilmektedir.
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Dalga Boyu, A (nm)

Sekil 6. CS/KD biyo-kompozit filmlerin soniim katsayisinin

dalga boyu ile degisimi

3.4.2. Sogurma spektrumunu fit etme (absorbance
spectrum fitting, ASF) yontemi

Tauc yonteminde, sogurma katsayisi belirlenirken
film kalinligina ihtiya¢ duyulmaktadir. Film kalinligina
ihtivac duymadan dogrudan sogurma verilerini
kullanan ASF yontemi bu dezavantaji ortadan
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kaldirmak igin gelistirilmistir. ASF prosediiriini

uygulayarak, Denklem 3 asagidaki gibi
doniistiirilebilir [10]:
A/l—D/ll 1m+D (4)
W=D |3=7| +D.

burada A(A), dalga boyu ile degisen sogurma degeri, Ay,
optik bant aralif1 enerjisine karsilik gelen dalga boyu,
D; ve D; sabitlerdir. Ay degerleri, (AA1)1/™’e kars1 A
grafikleri cizerek Tauc yonteminde oldugu gibi elde
edilir ve Denklem 5 aracilifiyla bant aralifi enerji
degerini belirlemek icin kullanilabilir.
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Sekil 7. Direkt gecis enerjilerini elde etmek i¢cin CS/KD biyo-

kompozit filmlerin Tauc ¢izimleri

(ahv)'2 (eV/cm)'2

hv (eV)
Sekil 8. indirekt gecis enerjilerini elde etmek igin CS/KD
biyo-kompozit filmlerin Tauc ¢izimleri

_1239.83

E
g /1g

(5)

Dogrudan (Eq) ve dolayl (E¥) izinli gecisler i¢in, Sekil 9
ve Sekil 10’daki dogrusal cizgilerin A eksenindeki
kesme noktasindan Ag degerleri belirlendi. Daha sonra

Denklem 5 kullanilarak hesaplanan bant aralig1 enerji
degerleri Tablo 2’de listelenmistir.
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6x10° —
5x10° —
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0.0024 00032 0004 00048  0.0056
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Sekil 9. Direkt gecis enerjilerini elde etmek i¢in CS/KD biyo-
kompozit filmlerin ASF cizimleri

CS/M l: 'CNT|

CS/GNP|
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00016 00024 00032 0004 00048  0.0056
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Sekil 10. indirekt gecis enerjilerini elde etmek icin CS/KD
biyo-kompozit filmlerin ASF cizimleri

Tablo 2’de goriildigi gibi, Tauc ve ASF yontemleriyle
hesaplanan bant arali1 enerji degerleri hemen hemen
aynidir, bu da CS biyo-kompozitlerinde KD’larin
homojenligini ve iyi dagilimini yansitir [15]. Eq ve E;
enerji degerlerinin CS matrisine eklenen KD’lar ile
azaldig1 goriilmektedir. Bunun nedeni, yiik transfer
komplekslerinin olusumu ve valans bandi ile iletim
band1 arasinda lokalize enerji durumlarinin
yaratilmasidir [10]. Bu beklenen bir sonugtur ¢iinki
yalitkan CS matrisine eklenen iletken katki maddeleri
biyo-kompozitlerin iletkenligini arttirir ve biyo-
kompozitler yar iletken/iletken duruma ulasir. Bu
sonuclar Tauc ve ASF yoOntemlerinin biyo-
kompozitlerin bant aralig1 enerjilerini hesaplamada
birbiri ile uyumlu oldugunu goéstermektedir.
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CS/MWCNT Biyo-nanokompozitlerin optik bant
aralig1 iizerine yaptigimiz ¢alismamizda, hacimce %
4.87 MWCNT iceren kompozitlerin direkt bant araligi
degerinin 4.58 eV, indirekt bant aralig1 degerinin 2.03
eV oldugunu belirlemistik [16]. S.B. Aziz CS/CuO
nanokompozitlerin optik 6zelliklerini inceledikleri
calismasinda CS'nin direkt bant aralif1 degerini 5.24
eV olarak belirlemis ve agirlik¢a % 12 CuO katkilama
ile 3.72 eV’a diistiglinii géstermistir [17]. Baska bir
calismada PVA/CS/Selenyum kompozit sistemi icin
direkt bant araligi degerinin 5.81 eV’'tan 3.68 eV’a,
indirekt bant araligi degerininise 4.97 eV’tan 3.68 eV’a
diistigii belirlenmistir [18]. CS/KD biyo-kompozit
filmler icin belirledigimiz optik bant araligi degerleri
literattirle uyumludur.

Sekil 11, biyo-kompozitlerin elektriksel
iletkenliklerinin (o), optik bant aralifi enerji
degerlerindeki azalmaya paralel olarak arttigin

gostermektedir. Elektriksel iletkenlik degerlerindeki
degisim, optik bant aralif1 enerjilerindeki azalmayi
anlamli kilmaktadir. Iletkenlik icin elde edilen
maksimum 20.6 S/m degerine, E4=5.1 eV ve Ei=2.3 eV
degerleri kars1 gelmektedir.
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3.5. Urbach enerjilerinin belirlenmesi

Polimer matrise dolgu maddeleri eklendiginde,
bantlar arasi artan diizensizlik ve kusur seviyeleri,
lokalize durumlarin genisliginin artmasina neden olur.
Urbach enerjisi (Eu), dolgu maddelerinin eklenmesinin
neden oldugu optik bant araligindaki lokalize kuyruk
genisligi degisikligini ifade eder. Bircok amorf ve
kristal malzeme i¢in, bandin kenarina yakin olan optik
absorpsiyon katsayisi (), foton enerjisine (hv) tstel
bir bagimlilik gosterir ve Urbach tarafindan asagida
verilen ampirik iliskiye uyar [16].

a = ay exp (Z—V) (6)

u

Burada ao bir tistel sabittir. Ex degerlerini belirlemek
icin Sekil 12a’daki Ina-(hv) grafigindeki tegetlerin ters
egimi kullanilir. CS/KD biyo-kompozitleri icin bu
sekilde elde edilen Eu degerleri Tablo 2’de verilmistir.

Absorpsiyon Kkatsayisi yerine, absorbans verileri
kullanilarak Urbach enerjisi (Eu) belirlenebilir. ASF

prosediiriinde, Denklem 6 asagidaki sekilde yazilabilir
[16]:

A(Q) = Cexp (%) (7)

burada C bir sabittir. Sekil 12b’de, Ey degerlerini
belirlemek i¢in, In (A), (A1)’in bir fonksiyonu olarak
cizilmistir. Eu degerleri, Sekil 12b’deki tegetlerin egimi

ile  Eu,=1239.83/egim denklemi  kullanilarak
hesaplanmis ve Tablo 2’de verilmistir.
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Sekil 12. Urbach enerjilerini elde etmek i¢cin CS/KD biyo-
kompozit filmlerin (a) In(a) — hv (b) In(4) — A~ * ¢izimleri

Hem absorpsiyon hem de absorpsiyon Kkatsayisi
kullanilarak hesaplanan E, degerlerinin tamamen ayni
oldugu goriilmiistiir. Ev degerleri CS film icin 0,23 eV
olarak hesaplanmistir. Tiim biyo-kompozitler icinde
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en yliksek Ey degeri CS/MWCNT icin (Tauc ve ASF
prosediirii) 2.65 eV olarak hesaplanmistir.

Sekil 13’te Ey degerlerinin E; (Eq ve Ei) degerlerine
bagh degisimi verilmistir. CS/KD biyo-kompozitlerin
hem Eq hem de E; degerlerinin artan E. degerleri ile
azaldigr gorilir. Bu sonug, KD’larin CS matrisine
eklenmesinin, yapisal duzensizligi  arttirarak
amorflugun artmasina neden oldugunu
gostermektedir [10]. Bu bozukluk, degerlik ve iletim
bantlar1 arasinda lokalize durumlarin olusumundan
kaynaklanan alt-bant durumlarinin varligini dogrular
[15,16]. Busonug bant araligi degerlerindeki azalmay1
anlamli  kilmaktadir. E. degerleri arttikca Ej
degerlerinin dustiigi gorilmektedir.
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Sekil 13. CS/KD biyo-kompozit filmlerin bant araligl
enerjilerinin, Urbach enerjilerine bagl degisimi

3.6. Kirillma indisi (n) degerlerinin belirlenmesi

Kirilma indeksi (n), polimer kompozitlerin fotonik ve
optoelektronik cihazlarda kullanima uygunlugunu
belirlemede ¢ok onemli bir faktordiir.
Elektromanyetik dalganin dalga boyuna baglh olan ve
elektromanyetik dalganin bosluktaki hizinin belirli bir
malzemedeki hizina oranimi (n=c/v) temsil eden
degisken bir parametredir. Polimer kompozitlerin
kirilma indisi, kompozitin bilesimi ve kalinlig
degistirilerek  ayarlanabilen  ayarlanabilir  bir
parametredir [19, 20]. Polimer matrise dolgu
maddelerinin eklenmesi, birim hacim basina foton
sac¢ilma merkezlerinin sayisini arttirir, bu da kompozit
malzeme icinde hareket eden elektromanyetik
dalgalarin hizinda bir azalma ile sonuglanir. Sonu¢
olarak, nanokompozitin kirilma indisi, polimer
kompozitteki dolgu maddesi ile artar. Kirilma
indisinin dalga boyuna baghhg, asagidaki ifade
belirlenebilir [15].

n=(7op)* [@ iRR)Z_kz )

Burada R, yansima ve k, soniim katsayisidir. Denklem
8 kullanilarak CS/KD biyo-kompozitler i¢in dalga
boyunun bir fonksiyonu olarak kirilma indisinin
degisimi Sekil 14'te gosterilmistir. Tim biyo-
kompozitler, 400 nm dalga boyunun iizerinde
neredeyse dogrusal davranis sergilerken, 400 nm
dalga boyunun altinda artan foton enerjisi ile n hizla
artar. Frekans arttikca kirillma indeksi degerindeki
artis, malzemelerde bulunan elektron polarizasyonu
ve yerel alanlarla ilgilidir [15].

CS/KD biyo-kompozitlerin A=440 nm’deki kirilma
indisi degerleri Tablo 2’de verilmistir. Tablo 2 ve Sekil
14’te goriildiigii gibi, eklenen KD’lar ile n degerlerinin
arttifl aciktir. Bunun nedeni, kompozitlere eklenen
KD’larin foton-elektron etkilesimini artirmasi ve 15181n
biyo-kompozit icinde daha fazla dolagsmasina izin
vermesidir. Sonug olarak CS film i¢in 1.70 olan kirilma
indisi degeri, MWCNT igceren biyo-kompozit icin 1.83
degerine ulasmaktadir.

2.2
+—+ CS
w—n CS/GO
—a CS/CM
2.1 o—e CS/GNP

a—a CS/MWCNT

Kirilma indisi, n
©

Mt
T ] T [ T l ) T T l Ll l T I T I' E I T
200 240 280 320 360 400 440 480 520 560 600
Dalga Boyu, A (nm)
Sekil 14. CS/KD biyo-kompozit filmlerin kirilma indisi
degerlerinin dalga boyu ile degisimi

3.7. Optik
belirlenmesi

iletkenlik  (oot) degerlerinin

Bir yar1 iletken malzeme, yeterli enerjiye sahip
elektromanyetik radyasyonla etkilesime girdiginde,
elektronlarin valans bandindan iletim bandina
uyarilmasi sonucu elektriksel iletkenligi artar, bu foto
iletkenlik olarak bilinir ve optik iletkenligin (gopt) 6zel
bir durumudur. [21]. Optik iletkenlik, malzemelerin
elektronik halleri ve gecisleri hakkinda bilgi veren
onemli niceliklerden biridir [22]. Ek olarak, optik
iletkenlik, malzemenin bir foton sogurmasi sirasinda
uyarilma nedeniyle yiik tasiyicilarin difiizyonuna karsi
malzemenin optik tepkisi olarak tanimlanabilir. Bir
kompozit malzemenin optik iletkenligi (gopt), sogurma
katsayis1 (a) ve kirilma indisi (n) kullanilarak
asagidaki denklem 9 ile hesaplanur.
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Tablo 2. CS/KD biyo-kompozit filmler icin elde edilen g, n, Ey, Ey degerleri.

Ornek o (S/m) n Tauc Yontemi ASF Yontemi
(450 nm) Eqs(eV) Ei(eV) E. (eV) Eqs(eV) Ei(eV) E.(eV)

CS 1.6x107 1.70 5.88 5.32 0.23 5.88 5.32 0.23
CS/GO 2.3x10* 1.71 5.67 4.46 0.83 5.67 4.45 0.83
CS/CM 3.4x10"! 1.77 5.50 3.92 1.28 5.50 391 1.28
CS/GNP 8.2x102 1.75 5.52 3.88 1.21 5.52 3.88 1.21

CS/MWCNT 20.6 1.83 5.10 2.30 2.65 5.10 2.30 2.65
degerinden, CS/MWCNT biyo-kompozit i¢cin 20.6
anc S/m degerine ulasmistir.
Oopt = 5 9) /m deg smis

Bu denklemde c, 15181n bosluktaki hizidir. CS/KD biyo-
kompozitler i¢cin 200-600 nm aralifinda dalga
boyunun bir fonksiyonu olarak optik iletkenligin
degisimi, Sekil 15’te gosterilmektedir. a, gop: ile dogru
orantilidir ve a ne kadar yiiksekse, oop: degeri de o
kadar yiiksektir [23]. CS matrisine KD eklendikce gopt
degerlerinin arttignr aciktir. Bu artis, biyo-
kompozitlerdeki yapisal diizensizlik arttiginda salinan
serbest ytik tasiyicilari ile ilgilidir [19].

18.0
i —t CS
16.0 - w—t CS/GO
| —a CS/CM
o—o CS/GNP
14.0 - & s CS/MWCNT

8.0 —

Optik iletkenlik, 6, (10") (S™)
! B o
o
;/7/

0.0
200 240 280 320 360 400 440 480 520 560 600
Dalga Boyu, A (nm)
Sekil 15. CS/KD biyo-kompozit filmlerin optik iletkenlik
degerlerinin dalga boyu ile degisimi

4. Tartisma ve Sonug¢

Bu calismada, dondiirerek kaplama teknigi ile dort
farkli KD (GO, CM, GNP ve MWCNT) iceren CS/KD
biyo-kompozit filmler hazirlanmistir. CS/KD biyo-
kompozit filmlerin elektriksel ve optik o6zellikleri
ylzey o6zdirenci ve UV-Vis spektroskopi yontemleriyle
incelenmistir. CS/KD biyo-kompozitlerinin optik bant
araligi enerjileri Tauc ve ASF yontemleri ile belirlendi.
Ayrica biyo-kompozitlerin sogurma katsayisi, siiniim
katsayisi, kirilma indisi ve optik iletkenlikleri gibi
optik parametreleri incelenmistir. Bu ¢alismanin
sonuglari su sekilde 6zetlenebilir:

e KD’larin CS matrisindeki diizdiin dagilimi 3
boyutlu iletken aglarin olusmasina neden olarak
nanokompozitlerin  elektriksel iletkenligini
arttirdi. Elektriksel iletkenlik, CS i¢in 1.6x10-7 S/m

e Eklenen KD’lar biyo-kompozitlerin elektriksel
iletkenligini arttirirken, optik bant araligi
enerjisinin azalmasina neden olmustur. Tauc ve
ASF yontemleri ile hesaplanan sonuglar birbiri ile
neredeyse aynidir.

e Urbach enerji degerleri 0.23 eV’den 2.65 eV'ye
artmistir. Urbach enerji degerlerindeki artis, biyo-
kompozitlerdeki serbest tasiyicilarin arttigini ve
bantlar arasi lokalize enerji durumlarinin
olustugunu, bunun sonucunda kompozitlerin
optik bant aralig1 enerji degerlerinin azaldigini
kanitlamistir.

e KD katkis1 sonucunda E. degerlerindeki artis,
biyo-kompozitlerin heterojenlik seviyesindeki
artis olarak yorumlanmistir. Biyo-
kompozitlerdeki heterojenligin artmasi, sagilma
merkezlerinin  sayisindaki, yani kompozit
yapidaki KD miktarindaki artistan
kaynaklanmaktadir. Bu durum, KD’ya bagh olarak
kirilma indisindeki artisla da desteklenmektedir.

e Biyo-kompozit filmlerin optik iletkenligi 1010-
1011 S-1 araliginda bulunmustur. Kompozitlerde
KD iceriginin artmasiyla olusan dizensizlik ve
lokalize durumlar, tiim optik parametrelerde
gozlenen degisimden sorumludur. Kompozitlerde
Urbach enerjilerindeki artis, optik bant aralig
enerjilerindeki bu degisimi dnemli kilmaktadir.

e Bu sonuglar, CS/KD biyo-kompozitlerin, gida
paketleme, biyotip, biyosensér, UV koruma ve
enerji doniisimi uygulamalar1 bir¢ok uygulama
icin optimize edilmis o6zelliklerle biiyliik bir
potansiyele sahip oldugunu gostermektedir.

Tesekkiir

Bu calisma Trakya Universitesi Bilimsel Aragtirma
Projeleri birimi (Proje No: TUBAP 2021/91)
tarafindan desteklenmistir.
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Abstract: This paper presents three species of robber flies collected by the pitfall
trap in 2012 from 5 different habitats in Turkmen mountains, which is not widely
used in sampling for these insects but is used as a standard catch method in many
different insect families. These species are Epitriptus micans (Meigen, 1820),
Dysmachus fuscipennis (Meigen, 1820) and Erax hayati Tomasovic, 2002. Epitriptus
micans is a new record for the fauna of Tiirkiye, and all of them were also first
recorded in Tirkmen Mountains. Additionally, Erax hayati, has been reported for
the second time since its description from Tiirkiye, after its type locality, Malatya.
The study was compared with other studies in which different capture methods
were applied. Brief taxonomic remarks with figures and distributional data are
given for each species.

Tiirkiye Asilidae (Diptera) Faunasi i¢cin Cukur Tuzaklarla Yakalanan Orneklerle Yeni

Faunistik Veriler

Anahtar Kelimeler
Epitriptus,
Dysmachus,

Erax,

Haydut sinek,
Cukur tuzak

0z: Bu makalede, 2012 yilinda Tiirkmen Daglari'nda 5 farkh habitattan, bu grubun
orneklenmesinde yaygin olarak kullanilmayan fakat bircok farkli bocek
familyasinda yaygin yakalama metodu olarak kullanilan ¢ukur tuzak ile yakalanan,
3 haydut sinek tiirii sunulmaktadir. Bu tiirler, Epitriptus micans (Meigen, 1820),
Dysmachus fuscipennis (Meigen, 1820) ve Erax hayati Tomasovic, 2002 tiirleridir.
Epitriptus micans, Tiirkiye faunasi icin yeni kayittir. Ayrica, tiirlerin hepsi Tiirkmen
Dagi'nda ilk kez kaydedilmistir. Ek olarak, tip lokalitesi Malatya'da bulunan Erax
hayati, tanimlanmasindan bu yana Tirkiye’den ikinci kez rapor edilmistir.
Calismada uygulanan yontem farkli yakalama yontemlerinin uygulandig diger
calismalarla karsilastirilmistir. Her tiiriin fotograflari ve dagilim bilgileriyle birlikte
kisa taksonomik agiklamalar verilmistir.

1. Introduction

Exploring the richness of the world's biodiversity has
long been a primary concern of biologists [4]. Insects

Robber flies (Asilidae) are predatory and well-flying
dipterans that feed mainly on insects and other
arthropods [1]. Approximately 7,500 described and
validated species are known worldwide [2]. They are
an essential group in ecosystems because of their
ecological role as predators and contribute to
maintaining balance in insect populations. Therefore,
robber flies are generally considered good
bioindicators for the conservation of ecosystems [3].
It is known that there are 241 species of these flies
belonging to 63 genera in Tiirkiye [1]. However,
considering its zoogeographic position and rich
biodiversity potential, Anatolia is likely to host many
more species of the family.

*Corresponding author: ebruceren@ogu.edu.tr

constitute the most species-rich organism group in
nature, especially with their diversity in terrestrial
habitats, but anthropogenic habitat destruction and
climate change threaten these organisms and other
living things [5]. In order to protect biodiversity in
the habitat and reduce losses, first of all, the current
situation must be analyzed correctly. Sampling
methods most suitable for the target organism are a
prerequisite  for revealing species richness.
Entomologists use many sampling methods to study
insects' ecology, diversity, and conservation.
Commonly used methods for sampling flying insects
are light, suction, pan, sticky, baited, interception, and
Malaise traps [3].
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The sampling method used for Asilidae in classical
faunistic surveys is commonly sweeping vegetation
and individual hunting [6]. However, different traps
and even combined sampling methods are needed in
studies such as species richness, conservation
biology, or population dynamics of these insects
because family members have many different habitat
preferences and behavioral characteristics [3]. In
recent years, some researchers have suggested
alternative methods such as Malaise, pitfall, and pan
traps as sampling methods in studies mainly focus on
the bioecology of robber flies [2;7]. This study aims to
report the robber fly specimens caught by pitfall
traps for the first time from Anatolia. Asilidae
specimens were found in pitfall traps for research on
ground beetle diversity and seasonal activity
(Coleoptera: Carabidae) in the Tiirkmen Mountains.
Three robber fly species belonging to 3 genera were
caught in the sampling studies carried out
periodically in different habitats at different altitudes
for about a year.

2. Materials and Methods
2.1. Study area

This study was carried out between May to
November 2012 in the Tiirkmen Mountains, located
within the Aegean and Central Anatolian Regions and
the provincial borders of Kiitahya and Eskisehir
(Figure 1). According to the geographical coordinate
system, Tirkmen Mountains is located between
39915'-39239' northern latitudes and 30206'-30°35'
east longitudes. It is a mountain mass extending in
the northwest-southeast direction, and the average
altitude is about 700 to 1850 meters. The dominant
vegetation elements of the mountains are Pinus nigra
(black pine), Pinus sylvestris (yellow pine), Quercus
robur (0ak), and Fagus orientalis (birch tree) [8;9].

Pitfall traps were set up in 5 different habitats
selected at different altitudes on the mountain for
sampling (Table 1).

(Numbers on the map refer to Table 1); The Red mark on
the Tiirkiye map refers to the Tiirkmen Mountain.

Table 1. Altitudes, coordinates, and habitat features of the
study sites.

Study  Altitudes Coordinates

site (m) N E Habitat type
1 800 39°33'320 30°24'470 Stream bed
2 998 39°32'143 30°24'750 Open pine
forest
3 1110 39°31'198 30°23'742 Pine forest
with
shrubbery
4 1405 3929307 3021141 Beech forest
with
shrubbery
5 1577 39°29'278 30°22'272 Shrubbery
6 1700 39°26'210 30°22'360 Close pine
forest

2.2. Sampling and identification

Five traps were set in each locality, spaced 20 meters
apart, and placed in an envelope-like plan. Traps are
plastic containers 12 cm in diameter and 11 cm in
depth containing a mixture of vine-vinegar and salt as
fixative (Figure 2). Traps were checked twice a
month, and samples were collected. The collected
samples were dried and pinned. All specimens are
preserved in the Entomology Collection of Eskisehir
Osmangazi University, Science Faculty, Eskisehir,
Tiirkiye.

In the study, 20 (8 males and 12 females) individuals
were examined according to the method by [10]. A
stereomicroscope (Leica MZ 16) was used for
examination, and Leica DFC 490 imaging system was
used for imaging. Identification keys and descriptions
prepared by [6], [11], [12], [13], [14] were used. The
nomenclature follows that of [15].

Figure 2. General view of pitfall traps (phto by ECF).
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3. Results

This study reports robber fly specimens caught by
pitfall traps for the first time from Anatolia. Asilidae
specimens were found in pitfall traps using for
research focused on the diversity and seasonal
activity of ground beetles (Coleoptera: Carabidae) in
the Tirkmen Mountains. Three robber fly species
belonging to 3 genera were caught in the sampling
studies carried out periodically in different habitats
at different altitudes for about a year. It was
determined that robber fly specimens caught in
pitfall traps belonged to 3 different species: Epitriptus
micans (Meigen, 1820) (8 females and three males),
Dysmachus fuscipennis (Meigen, 1820) (1 female), and
Erax hayati Tomasovic, 2002 (3 females and five
males) brief taxonomic remarks of the species along
with the material and distributional information
provided below.

ASILINAE

Epitriptus Loew, 1849

Epitriptus micans (Meigen, 1820); New Record
(Appendix A.)

Material examined: Site 1. 1 ¢, 800 m, 07.xi.2012;
Site 2. 1 ¢, 998 m, 21.x.2012; Site 3.2 €%, 1110 m, 1
g, 1110 m, 15.v.2012; Site 6: 1 ¢, 1700 m,
01.viii.2012; 2 2%, 1700 m, 30.viii.2012; 1 5,1 ?, 1700
m,1®,1700 m, 17.ix.2012.

Distribution: Belgium, Czechia, Germany [14].
Distribution in Tiirkiye: New record.

Description

Body: Color is dark grayish brown, 12-18 mm in
length.

Head: Facial gibbosity is wide, facial beard primarily
black, with white hair on the underside. Postocular
setae black, occipital setae white. The second
segment on the antenna is half the size of the first
segment; the third segment is flat and wide, and the
stylus is long and thin.

Thorax: Tomentum grayish brown, all short and long
setae are black on the scutum. There are thin and
moderately short white and black hairs on the top of
the scutellum with 3-4 marginal setae on the
scutellum. Wings clear with light brown veins.
Anterior side of femora black, with a small red spot
before apex, Posterior side of front femur usually
brownish red in apical half, middle and hind femora
with a narrow posterodorsal brownish red stripe,
tibiae brownish red with a black apex and black
stripe on the interior side. Tarsomers brownish red
and the apex of each tarsomer is black.

Abdomen: Tergits and sternites grayish brown, first
tergite with black hairs and bristles along the
posterior side, other tergits with weaker white
bristles.

Dysmachus Loew, 1860

Dysmachus fuscipennis (Meigen, 1820)

(Appendix B)

Material examined: Site 5. 19,1577 m, 19.vi.2012
Distribution: Albania, Azerbaijan, Bulgaria, Czechia,
France, Germany, Greece, Italy, Hungary, Moldova,
Kazakhstan, Poland, Romania, Russia, Switzerland,
Transcaucasia, Tiirkiye, Ukraine, West Siberia, and
former Yugoslavia [14].

Distribution in Tiirkiye: Bitlis, Bursa, Canakkale,
Diyarbakir, Kiitahya, [16], Erzincan [17]; Bingdl, Icel,
Kars, Sivas, Van, [18]; Bursa, Canakkale, Eskisehir,
[19; 20].

Description: Since there is no different taxonomic
observation for this species, which is one of the most
common robber fly species in the Palearctic Region
and Anatolia, its known descriptive features are not
given.

Erax Scopoli, 1763

Erax hayati Tomasovic, 2002 (Appendix C.)
Material examined: Site 3.1 ¢, 1110 m, 4 55, 1110
m, 15.v.2012; Site 6. 1 &, 1700 m, 04.x.2012; Site 4. 2
??,1405 m, 19.vi.2012.

Distribution: It is endemic to Turkiye [20].
Distribution in Tiirkiye: Caykoy (Piitiirge, Malatya)
[12].

Description

Body: Length 15 to 23 mm. Male coloration greyish
(Appendix C.).

Head: Face tubercle large, covering most of face, with
a distinct dorsal ledge. Beard dense, with very long,
thin setae which are mainly white in the middle and
black dorsally and laterally. First antennal segment
longer than the second, with white and a few black
hairs. Segment 3 very slender, longer than segments
1+2, tapering. Arista shorter than half of the third
segment. Frons with black and a few white hairs.
Ocellar tubercle low, with black hairs. Occipital setae
long, thin, brownish-yellow. Palps long, slender with
yellowish hairs. Setae black.

Thorax: Pronotum with hairs. Mesonotum with
greyish tomentum and a narrow dark median stripe
which is slightly narrower than the vertex and is
divided by a pale narrow stripe. The dark stripe ends
in the middle of the postscutum and there is also a
wedge-shaped dark stripe before the scutellum.
Lateral dark areas indistinct, divided by tomentum at
the suture. Hairs long, black in the greater part.
White, long hairs between the posterior
dorsocentrals. Setae: 2 notopleural, 3-4 supraalar, 3
long and several shorter postalar, 10-12 dorsocentral
to middle ofprescutum, 2-5 scutellar. Pleurae with
greyish-brown tomentum, with long black hairs
dorsally, sparse white hairs ventrally. Scutellum with
long white hairs. Wings: With dark spots at cross
veins and forks. Microtrichia more or less distinct at
the apex. Cell r5, broadly open. Halteres with
yellowish stalk and dark head. Legs: Fore and mid-
femora black ventrally and anteriorly, reddish-brown
dorsally. Hind femora black, with a dorsoposterior
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reddish-brown stripe. Fore femora with only long
hairs ventrally, mid and hind femora with thin, black
or white setae. Fore and mid-tibiae black anteriorly,
reddish-brown posteriorly, hind tibiae black, reddish
only dorsally at the base. Tarsi reddish-brown.
Abdomen: Greyish to mentum, tergites darker in the
middle at certain angles of incidence of light, except
at the posterior margin. Discal setae on tergites 1-7
yellowish or a few setae in the middle black. Some
setae seen in lateral part of tergites. Hairs on tergites
short, black in the middle, whitish laterally. Sternites
with some yellowish setae near the posterior margin
and with long, black and white hairs.

Male genitalia: Hypopygium black. Parts of the
epandrium thin, with a narrower quarter, with a
rounded tip and a dense group of short black spines
within. Aedeagus with wide sheath. Dististylus
slender, flat and curled, hypandrium deeply concave
posteriorly.

4., Discussion and Conclusion

The results of the study provided new contributions
to the information about the Turkish Asilidae Fauna.
The presence of Dysmachus fuscipennis, which has a
wide distribution both in the Palearctic region and in
Tiirkiye, is not surprising in the Tiirkmen Mountains.
Epitriptus micans, known in Central Europe, was
recorded for the first time in Anatolia. The
taxonomical features observed in both male and
female material of it confirm with the description in
Geller- Grimm, 2003 [14]. This record formed the
west boundary of the distribution of the species in
the Palearctic region and the number of Turkish
robber fly species reached 242. Erax hayati was
firstly described by Tomasovic, 2002 [12], from a
single locality in Caykody (Pitiirge, Malatya) and is
endemic to Anatolia [21]. So far it has not been
reported from any other part of the country and is
recorded from Anatolia for the second time in this
study after 20 years. The identification of the species
was confirmed by the author, Tomasovic, who
described it.

There are many species in Asilidae that differ from
each other in terms of their bioecological
characteristics such as habitat preference, hunting
behavior and flight activity [22]. Therefore, different
researchers report that the performance of the
sampling method to be preferred for these insects
depends on the different characteristics and habitat
preferences of the species [3;7;2].

McCravy, 2017 [3] states that as a result of long-term
sampling in different habitats using the Malaise trap,
it can be preferred as an effective sampling method
for robber flies, but the trap performance may vary
depending on the species and habitat type. Similarly,
Dekonick et al. 2018, [7] emphasized that the number
and species of robber flies caught in the traps vary
greatly in their periodic sampling using three

different trap techniques (yellow pan trap, white pan
trap and pitfall trap).

In this study, Asilidae specimens that fell into the
pitfall traps set for the ground beetles were
evaluated. The most common species in the traps was
Epitriptus micans and totally 11 individuals were
caught in four different sites in May, August,
September, October and November. Dekoninck et al.
2018, [7] stated that Tolmerus atricapillus was caught
in pitfall traps, but more specimens were collected
with yellow pan trap and white pan trap. Considering
both our results and that of Dekoninck et al. 2018 [7],
it may be thought that pitfall trap can be used in
sampling for Epitriptus spp.

During the one-year sampling period in the study
area, only one Dysmachus fuscipennis individual was
caught in the pitfall traps. According to this result, we
think that this individual may have been caught by
chance or that the species may be not common in the
region. So, whether the pitfall trap is an effective
capture method for D. fuscipennis can only be
revealed with further research. On the other hand,
Dekoninck et al. 2018 [7], reported that Dysmachus
trigonus was the most abundant species caught by
pitfall trap. These two different results from two
different species of the same genus suggest that
species-specific behavioral differences may affect
pitfall trap performance for Asilidae specimens.

The last species found in the traps was Erax hayati.
There is no information in the literature regarding
individuals of this genus were caught by pitfall traps.
Therefore, the result is the first data that pitfall traps
can be an alternative collecting method for Erax spp.
We know that with the limited data gathered from a
study essentially focusing on another insect group, it
would not be sufficient to propose a suitable capture
method for a large taxon such as Asilidae. However,
since a significant number of individuals were caught
in traps, as seen in Epitriptus micans, we think that
the pitfall trap may be an alternative sampling
method for robber flies together with the other
methods. As highlighted by McCravy, 2017 [3] and
Dekoninck et al. 2018 [7], more research is needed on
the effectiveness of this economical and easy method
for all family members.
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Appendices

Appendix A. Figures of Epitriptus micans (Meigen, 1820).

a b
A.1. a) Male Epitriptus micans (Meigen, 1820) (Scale 2 mm), b) wing (Scale 1 mm).

A.2. a) Female Epitriptus micans (Meigen, 1820), b) genitalia, general view. (Scale 2 mm).

e —
d»—c

A.3. Male genitalia of Epitriptus micans (Meigen, 1820). a) gonocoxite and dististylus, b) dististylus, c¢) hypandrium, d)
epandrium (lateral), e) epandrium (dorsal) (Scale 0,2 mm).
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Appendix B. Figure of Female Dysmachus fuscipennis (Meigen, 1820).

a b

B.1. a) Female Dysmachus fuscipennis (Meigen, 1820), b) Female genitalia lateral (Scale 2 mm).

Appendix C. Figures of male Erax hayati Tomasovic, 2002.

i

= - 1{-: =
X L

Pme— >

v P

C.1. Male Erax hayati Tomasovic, 2002 (Scale 2 mm).
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d ——

C.2. Male genitalia of Erax hayati Tomasovic, 2002, a) gonocoxite and dististylus, b) aedegus, c) dististylus, d) epandrium, e)
hypandrium (Scale 0,4 mm).
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Keywords Abstract: In this study, it was aimed to investigate the effect of plastic bag charging
PlaStiF bag, (PBC) practice, which was implemented in Turkey since the beginning of 2019, on
Charging, consumers’ behaviors and the factors affecting the consumers’ behaviors on plastic

Consumer’s behavior,

Questionnaire bag (PB) consumption and their perceptions. For this purpose, a questionnaire with

363 participants was conducted for university staff including academics,
administrative and support staff. The outputs were obtained by analyzing the
participant-reported data through independent sample T test and one-way variance
analysis (ANOVA) in the IBM SPSS Statistics 21.0 program. The findings revealed
that the PBC caused statistically significant changes on consumers’ behaviors with
respect to the socio-demographic variables. Based on the overall findings obtained,
it was found that the PBC practice contributes to the goals and targets in reducing
the consumption of PBs at a certain level. In addition to that, it was concluded that
various policies that might be an alternative or a support for the ongoing
implementation should be taken under consideration by policymakers to achieve a
truly sustainable success from the implementation.

Plastik Poset Ucretlendirmesinin Tiiketici Davramislar1 Uzerine Etkisinin Universite
Personellerine Yonelik Anketle Degerlendirilmesi

Anahtar Kelimeler 0z: Bu ¢alismada, iilkemizde 2019 yili baslangic itibariyle yiiriirliige giren plastik
Iflastikpo?et, posetlerin ticretlendirilmesi (PPU) uygulamasimin tiiketici davranislar iizerine
Ucretlendirme, etkisinin ve tiiketicilerin plastik poset tiiketimine yonelik davranis ve algilarim

Tiiketici davranislari,

Anket etkileyen faktorlerin incelenmesi amaglanmistir. Bu amacla akademik, idari ve is¢i

personellerden olusan liniversite ¢alisanlarina yonelik 363 katilima ile bir anket
calismasi gerceklestirilmistir. Ciktilar, katilimci cevaplarindan elde edilen verilere
IBM SPSS Statistics 21.0 programinda bagimsiz 6rneklem T testi ve tek yonlii
varyans analizi (ANOVA) uygulanarak elde edilmistir. Elde edilen bulgular, PPU
uygulamasinin tiiketici davranislari lizerine sosyo-demografik degiskenlere gore
istatistiksel olarak anlamh farkliliklara sebep oldugunu ortaya koymustur. Elde
edilen tiim bulgulara dayah olarak PPU uygulamasinin poset tiiketimini azaltmadaki
amag ve hedeflere belirli diizeyde katki sagladig tespit edilmistir. Bununla birlikte
uygulamanin gercek anlamda strdiiriilebilir sekilde basariya ulasabilmesi icin
mevcut uygulamaya alternatif veya destek olabilecek ¢esitli uygulamalarin da
politika yapicilar tarafindan degerlendirmeye alinmasi gerektigi sonucu ortaya
cikmistir.

1. Introduction Commission on Environment and Development: “Our

Common Future” and was defined as "development that
The concept of sustainability was first used in the meets the needs of the present without compromising
1987 Brundtland Report, Report of the World the ability of future generations to meet their own

*Corresponding author: huseyinyazici@isparta.edu.tr
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needs". The concept of sustainability has become
widespread worldwide after the publication of this
report [1]. Within the perspective of marketing
activities, the concept of sustainability emphasizes the
regulation of production and marketing activities in a
way that minimizes their negative effects on the
environment. In recent years, consumers have become
conscious individuals with a high level of awareness
about environmental pollution, but individual efforts
by consumers are not considered sufficient to reduce
the negative effects on the environment [2].

The first example that many people think of regarding
negative environmental impacts is the use of plastics
[2]. In a survey conducted with 160 participants from
Japan and 191 participants from Turkey, the effects of
single-use disposable products were investigated in
terms of sustainable consumptions and the behaviors
and contradictions of consumers they experienced
with these products and how they established a
relationship with such products were examined [3].
According to the results of the study, it has been
determined that the disposable products that are
widely thought to cause ecological problems are food
packaging, beverage packaging and plastic bags (PBs).

In the Procedures and Principles Regarding the Plastic
Bags Charging published in January 2019 by the
General Directorate of Environmental Management of
the Turkish Ministry of Environment, Urbanization
and Climate Change, PBs are defined as "bags with or
without handles made of plastic, supplied to consumers
at the points of sale for the purpose of carrying goods or
products" [4]. PBs are generally divided into two types:
(i) disposable and reusable PBs, depending on their
usage purposes, and (ii) degradable and non-
degradable PBs, according to their ecological
properties [5]. Because PBs are cheap, lightweight and
durable, they are among the most used products in our
daily lives and produced in a number of hundreds of
billions every year [6]. PBs, which are used by
consumers to carry the products purchased and to
protect the products from external factors, can cause
irreversible environmental damages due to their
worldwide consumption [2].

Although the use of PBs provides some convenience in
our daily life, such as wrapping, packaging, and
carrying of products, these bags pose several
environmental risks because they are not
biodegradable [7-9]. While the direct impacts of PB
litter are the costs arising from the collection, removal
and disposal of the litter or impairment of storm water
systems, the indirect impacts are associated with
aesthetics, tourism, and marine litter [6].

In some reports, it has been stated that banning the
use of PBs was not effective in environmental
protection works because the volume of PBs is not
large. For example; in Japan, PBs constitute a small
portion of 2% of the total amount of plastic wastes. At

this point, the main problem is seen as the problems
occurring in the aquatic ecosystem. Scientists have
found that some aquatic creatures such as sea turtles,
manatees and whales consume PBs in the sea. For
example; in 2018, 80 PBs were detected in the
stomach of a male short-finned pilot whale found dead
in Songkhla, Thailand. In March 2019, 40 kg of PBs
were removed from the stomach of a young whale that
washed up on the beach of Mindanao city, Philippines.
In May 2020, a green sea turtle was rescued in Rayong,
Thailand, after swallowing a 30 cm long PB [10].

Developing appropriate separate collection systems
(e.g. large-volume containers with covers) to prevent
the use of PBs as bin bags for their disposal is the
decisive factor in reducing the placement of bin bags
and PBs in sanitary landfills, thus avoiding their
dispersion by wind and subsequent impacts on the
environment [6]. Together with such solutions,
various legislations have also implemented in many
countries in order to reduce the global consumption of
PBs, including the permanent ban on the use of PBs
throughout the country, charging certain fees or taxes
on PBs, or the implementation of partial fees and bans
at the regional level [11]. To prevent unaesthetic
issues and environmental pollution caused by plastic
shopping bags and to reduce the number of PBs
consumed in Turkey, a national charging practice for
PBs has been implemented by the beginning of 2019.
With the implementation, specifying that PBs will not
be provided free of charge at the point of sale of goods
or products after December 31, 2018, it has been
targeted to reduce the consumption of PBs in Turkey,
not to exceed 40 PBs per person annually by 31
December 2025.

Policies implemented by governments to reduce the
consumption of PBs sometimes make it difficult for
consumers to change their consumption behaviors. It
is difficult for consumers, especially having low-
income levels, to adapt to such practices, since the
alternatives offered to consumers are not always
suitable for them [2]. According to the report on what
should be known about PBs published by the Rigid
Plastic Packaging Manufacturers Association (SEPA,
Turkey) [12], the pollution that occurs due to the
products produced from plastic and thrown away to
the sea or nature after they become a waste is a result
of human behavior. In the report, it was stated that
instead of showing plastics as the culprit of pollution,
it would be a more accurate approach to take
measures for the people who are actually responsible
for the pollution. On the other hand, it has been
reported that environmental awareness should be
increased in order for individuals to take more
responsibility, but the most important problem in this
regard is the inability to create sufficient
environmental awareness.

The study conducted by Dursun [13] aimed to
determine consumers' reactions to the PBC practice
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after its implementation in Turkey and to reveal the
factors causing attitudinal resistance to the practice.
The findings revealed that the expected benefit from
the practice was not compatible with the idea that
consumers would provide behavioral support for the
practice, in other words, behavioral support was not
provided by positive attitudes towards the practice. It
has been stated that the main factors that reduce
attitudinal support for the practice were the low level
of knowledge of consumers, the low level of
expectation for effectiveness of the practice and the
high costs arising from the practice. As can be
understood, consumer behavior has a decisive role in
trying to reduce the consumption of PBs through
charging, which has recently been implemented in
Turkey, on the effectiveness of the practice.

In this study, the effect of PBC practice on consumers’
behaviors and the factors affecting the consumers’
behaviors on the consumption of PBs and their
perceptions for the practice were examined. Various
socio-demographic variables were investigated to
determine whether the variables caused any
statistically significant changes on (i) the consumption
habits of the participants in shopping, (ii) the reuse of
PBs, and behaviors of the participants for disposal of
PBs, (iii) the use of PBs and alternative carrying bags,
and attitudes of the participants towards them, and
(iv) thoughts and perceptions of the participants on
the PBC practice and problems and environmental
pollution caused by PBs. For this purpose, a
questionnaire with 363 participants was conducted
for university staff, including academics,
administrative and employees with different income
levels and different educational backgrounds, and the
participant-reported data obtained were evaluated
using statistical analysis techniques.

2. Material and Method
2.1. The universe and limitations of the study

The universe of the study consists of academics,
administrative and support personnel working in
higher education institutions (universities) in Turkey.
The reason why the universe of the study was chosen
as university staff is that these people with different
socio-demographic characteristics are organized
together in a campus environment and these people
can be easily reached in face-to-face surveys. The total
population of the whole academics, administrative
and support personnel working in all universities in
Turkey has not been known clearly by the authors.
Since applying a face-to-face questionnaire by
reaching the entire universe of the study requires a
great deal of time and effort, and the profile of the
intended population was thought to be similar in
many universities, the universe of the study was
limited to the university staff of Siileyman Demirel
University (Isparta, Turkey) in the central campuses.
The total population of academics, administrative and

support personnel working at Silleyman Demirel
University was informed to be 4569 people by the
Directorate of Personnel Department. Therefore, the
universe of the study consisted of 4569 people due to
the mentioned limit.

The application area of the study was all academic and
administrative units where academics, administrative
and support personnel work at. Questionnaires were
applied only to the participants in the units where a
positive response was received for the applicability of
the questionnaire, among all units for which
permission to conduct the questionnaire was
requested by official letter.

2.2. Sample size of the study

In determining the representativeness of the sample
group to the universe of study, in other words, the
sample size, the confidence interval was assumed to
be 95%. Aksoz et al. [14] stated that the minimum
sample size that would represent a universe of 5000
people ata 95% of confidence interval was 357 people.
Accordingly, a sample group was created from a total
of 363 university staff randomly selected from the
universe to ensure a quantitative validity in terms of
the number that would represent the universe of the
study.

To determine how many of the 363 university staff
should be consisted of academics, administrative and
support personnel, the total sample size of each staff
group was divided to the total size (4569 people) of
the universe of the study. According to the information
obtained from the University's Directorate of
Personnel Department, a total of 1664 support
personnel (36.4% of the universe), 1131
administrative personnel (24.7% of the universe) and
1774 academic staff (38.8% of the universe) has been
working by year 2019. Accordingly, it was determined
that a questionnaire should be conducted by randomly
selecting 133 participants from support personnel, 90
participants from administrative and 140 participants
from academic staff out of 363 people in the sample
group.

2.3. Questionnaire design

The questionnaire was mainly designed to determine
the effect of PBC practice on the consumers’ behaviors
according to the following hypotheses:

Ho: PBC caused no significant change according to
socio-demographic variables on consumers’ behaviors.
Hi: PBC caused a significant change according to socio-
demographic variables on consumers’ behaviors.

For the preparation of questions, a study carried out
by Martinho et al. [6] was utilized (by obtaining
permission from the responsible author of the article
via e-mail), and questions were revised by taking the
procedures and principles specified in the relevant
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legislation in force regarding the PBC implementation
in Turkey into account. Data collection was carried out
on the university campus during face-to-face
interviews with participants in November-December,
approximately 10 months after the beginning of the
PBC implementation entered into force in 2019.

The questionnaire basically consists of two sections
(Appendix A). The first section consists of 7 questions
(Q1-Q7) to determine the socio-demographic
characteristics of the participants (gender, age, family
size, occupation, income level, marital status, and
educational background). The second section consists
of 61 questions associated with the consumption and
disposal behavior dimension of the questionnaire (37
questions) and the thought and perception dimension
(24 questions). Since the five questions between Q8
and Q12 were not adapted to the 5-point Likert scale,
they were not included in the statistical analyzes used
to analyze the data obtained from the responses given
to the other 56 questions (Q13-Q68) in the second
section. For this reason, questions between Q8 and
Q12 were also included in the first section. Questions
related to the consumption and disposal behaviors
dimension of the questionnaire (Q8-Q44) were
prepared to request participants that indicate their
consumption habits in shopping, their behavior
concerning reuse and disposal of PBs, their behavior
concerning use of PBs and alternative carrying bags
and their attitudes towards them. Questions between
Q45 and Q68 (24 questions) were prepared to
determine the thoughts and perceptions of the
participants about the problems caused by PBs,
environmental pollution and PBC. Participants’
responses for questions between Q13 and Q68 were
measured with a 5-level Likert-type scale ranging
from 1 (=totally disagree) to 5 (=totally agree).

2.4. Data analysis techniques

Questions related to the socio-demographic
characteristics (Q1-Q7) and the first five questions
(Q8-Q12) in the second section were tested with the
frequency distribution method in order to determine
the frequency values (% distribution). Differences
between independent groups with two-samples
(gender and marital status) were determined by
running the independent sample T test for each
question (Q13-Q68) with a confidence interval of 95%.

To determine whether there are any statistically
significant differences between the means of three or
more independent groups, one-way ANOVA test is
used [15]. For this reason, in the current study, one-
way ANOVA test was used to compare the means
between the groups with three or more samples (age,
education level, occupation, income level and family
size). Initially, one-way ANOVA test was performed to
determine whether there were any statistically
significant differences for each question (Q13-Q68) in
the second part of the questionnaire and whether their

variances were equal. For the questions in which a
statistically significant difference was determined,
Post-Hoc tests were run to determine which specific
groups differed from each other. Equality or inequality
of variances are taken into account on the basis of
selecting the test(s) that may be suitable for statistical
evaluation among various Post-Hoc tests. If the
variances are equal, the tests to be selected are
different; if they are not equal, the tests to be selected
are different. In the selection of Post-Hoc tests, it is
also taken into consideration whether the sample size
for the tested expressions are equal or not [16]. In the
current study, Gabriel Post-Hoc test was performed
for the questions with equal variances, and Games-
Howell test was performed for the questions with
unequal variances by taking the data related to the
equality of variances obtained from the ANOVA test
and the sample sizes into account.

IBM SPSS Statistics 21.0 program was used for all
statistical analyses.

3. Results

3.1. Results for the socio-demographic
characteristics and consumption habits of
respondents

The frequency distributions of the respondent-
reported data for Q1-Q7 related to the socio-
demographic variables were presented in Table 1.
According to the data, 175 of 363 participants (48.2%)
were women and 188 (51.8%) were men. Regarding
age, 109 participants (30%) were 18-29, 136 (37.5%)
were 30-39, 94 (25.9%) were 40-49, and 24 (6.6%)
were 50-59. It is seen that most participants (67.5%)
were under 40 years old and none of the participants
was older than 60. While 150 participants (41.3%)
had a postgraduate degree (PG), 138 (38%) had a
college or undergraduate (CUG) degree, 49 (13.5%)
had a high school degree (HS) and 23 (6.9%) had a
primary school (PS) degree. Accordingly, it is
understood that most participants (79.3%) had a
graduate degree from university. While 133
participants (36.6%) were academic personnel, 130
(35.8%) were support personnel and 99 (27.3%) were
administrative personnel. The family size of
participants was mostly 4 people (31.1%), followed by
3 people (27.0%), 1 person (16.0%), 2 people (14.9%),
5 people (8.0%) and more than 5 people (2.8%).
According to this result, it is understood that the
family in which 57.9% of the participants live together
had a member size of 1 to 3. While the average
household income per month for 99 participants
(27.3%) was between 5000 and 7500 TL, 86
participants (23.7%) had an income between 3000
and 5000 TL, 63 (17.4%) had an income between 2000
and 3000 TL, 52 (14.3%) had an income between 7500
and 10000 TL, 35 (9.6%) had an income >10000 TL
and 28 (7.7%) had an income <2000 TL.
Approximately half of the participants (48.8%) stated
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that the monthly average household income was less
than 5000 TL.

The results of the frequency distribution analysis for
the first five questions (Q8-Q12) related to the
consumption habits of participants were shown in
Figure 1-5. According to the participants-reported
data obtained for Q8, 41.9% of the participants spend
10-25% of the total monthly income on shopping,
while 37.5% of the participants spend 25-50% of the
total monthly income on shopping (Figure 1).
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Figure 1. The percentage of household’s total monthly
income spent on shopping.

According to the data obtained for Q9, which was
intended to determine the frequency of doing grocery
shopping only, most participants (56.7%) responded
that they do grocery shopping once per week (Figure
2).
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Figure 2. Frequency of doing grocery shopping only

According to the data for Q10 intended to determine
the number of PBs used by participants in grocery
shopping, only 10.2% of the participants stated that
they do not use any PBs while more than half of the
participants (53.2%) stated they use more than 4 PBs
during a grocery shopping (Figure 3).

According to the data obtained for Q11, which was
intended to determine the frequency of doing market
shopping and other shopping, 39.9% of the
participants responded that they shop 2-3 times per

week and 22.9% responded that they shop once per
week. (Figure 4).
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Figure 3. Number of plastic bags used for grocery shopping.
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Figure 4. Frequency of doing market shopping or other
shopping.

According to the data obtained for Q12, which was
related to the number of PBs used by participants in
market shopping and other shopping activities, only
23.4% of the participants responded that they never
use PBs during a shopping activity (Figure 5).
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Figure 5. Number of plastic bags used for market shopping
or other shopping.

From the overall results obtained for Q8-Q12, it was
understood that most participants (more than half)
have consumption habits such those only doing
grocery shopping or market/other shopping at least
once per week, while the rate of participants who do
not consume any PBs was quite low.
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Table 1. Results of frequency distribution test for the socio-demographic characteristics

Frequency | Percent Frequency | Percent

(N) (%) (N) (%)

Gender (Q1) Occupation (Q5)"
Female 175 48.2 Support personnel 130 35.8
Male 188 51.8 Administrative personnel 98 27.0
Age (Q2) Academic personnel 133 36.6

18-29 109 30.0 Family size (Q6)"
30-39 136 37.5 1 58 16.0
40-49 94 25.9 2 54 14.9
50-59 24 6.6 3 98 27.0
Marital status (Q3) 4 113 31.1
Married 206 56.7 5 29 8.0
Single 157 43.3 >5 10 2.8
Educational background (Q4)" Average household income per month (TL) (Q7)*
Primary school graduate 23 6.3 <2000 28 7.7
High school graduate 49 13.5 2000-3000 63 17.4
College/Undergraduate degree 138 38.0 3000-5000 86 23.7
Postgraduate degree 150 41.3 5000-7500 99 27.3
7500-10000 52 14.3
>10000 35 9.6

*: Contained missing values; **: Salaries valid for 2019 were taken into account.

3.2. Reliability analysis

Cronbach's alpha coefficient is frequently used to
examine whether the expressions in Likert-type
questionnaires have a homogeneous structure. A high
Cronbach’s alpha coefficient means that the
expressions in the questionnaire consist of
expressions that are consistent with each other and
that measure the same feature. According to the
Cronbach's alpha coefficient obtained from the
analysis, the reliability of the whole questionnaire or
its dimensions, if exist, is interpreted as follows [17]:

Unreliable if 0 < Rz < 0.40

0.40 < R2 < 0.60, low reliability
0.60 < R2< 0.80, highly reliable
0.80 < R2 < 1.00, highly reliable

For the current study, the results from reliability
analysis for the consumption/disposal behavior
dimension, the thought/perception dimension and the
whole questionnaire were shown in Table 2.
Accordingly, it was determined that the reliability was
"highly reliable” for the consumption/disposal
behavior = dimension, the thought/perception
dimension, and the whole questionnaire.

Table 2. Results of the reliability test for the whole
questionnaire and its related dimensions

Number of Cronbach’s
uestions alpha
q coefficient
Consumption/disposal
behavior dimension (Q13- 32 0.679
Q44)
Thought/perception
dimension (Q45-Q68) 24 0.752
The whole questionnaire
(Q13-Q68) 56 0.801

3.3. Results of significance tests
3.3.1. Independent sample T tests

According to the responses given to the questions in
the consumption/disposal behaviors and
thought/perception dimensions of the questionnaire,
the results of whether the PBC practice influenced
consumers’ behaviors differs in terms of gender and
marital status were explained in this section.

Regarding gender, a significant difference (P<0.05)
was determined for questions 19, 23, 25, 26 and 27 in
the consumption/disposal behavior dimension and
for questions 50 and 62 in the thought/perception
dimension (data not shown). Based on the results, it
was understood that female participants have more
positive attitudes than male participants for the
consumption/disposal behaviors and
thoughts/perceptions.

Regarding marital status, a significant difference
(P<0.05) was determined for questions 15, 19 and 21
in the consumption/disposal behavior dimension and
for questions 54, 61 and 62 in the thought/perception
dimension (data not shown). According to the results,
it was understood that married participants have
more positive attitudes than single participants for the
consumption/disposal behaviors and
thoughts/perceptions. As a result, it was found that
the PBC caused a significant change in consumers’
behaviors and thoughts/perceptions in terms of both
gender and marital status variables.

3.3.2. One-way ANOVA tests

In this section, according to the participant-reported
data for the questions in the consumption/disposal
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behavior dimension (Q13-Q44) and
thought/perception dimension (Q45-Q68) of the
questionnaire, the results of whether the PBC practice
influenced consumers’ behaviors and
thoughts/perceptions in terms of age, education level,
occupation, income level and family size were
explained in this section.

Test results related to the questions for which a
significant difference (P<0.05) was determined by
one-way ANOVA test and Post-Hoc test results
showing for which groups the difference occurred
were presented for each of the independent variables
examined (Appendix B). Results related to the
questions for which no significant difference was
determined by the ANOVA test was not presented in
this study. Considering the obtained results, it was
found that;

- exhibiting a more positive attitude to the
behaviors towards reducing PB consumption after the
PBC practice and to the thoughts and perceptions
towards the reasons for the implementation and
benefits of the PBC practice increased with the
increasing age of the participants.

-> the increasing education level of the participants
made their attitudes more positive in terms of both the
consumption/disposal behaviors dimension and
thought/perception dimension.

-> occupation of the participants did not cause any
significant difference in their consumption habits in
terms of all the groups, but the participant group
consisting of academic personnel showed more
positive attitudes towards disposal habits and
thought/perception dimensions than the other
groups.

-> income level of the participants did not cause any
significant difference in consumption habits in terms
of for all the groups, but attitudes of the participants
towards disposal habits and thought/perception
dimensions become more positive as the income level
increased.

-> family size was an influencing factor that caused
significant differences for some questions in
consumption/disposal habits and thought/perception
dimensions, but this variable was a factor that did not
allow any consistent evaluation in terms of evaluating
the determined differences in relation to each other.

4., Discussion and Conclusion

In this section, only the results related to any given
question, for which the significant differences were
determined commonly for more than one variable (for
example, both occupation and income level), were
discussed in detail within the dimensions of the
questionnaire.

4.1. Consumption/disposal behavior dimension

For the consumption/disposal behavior dimension,
significant differences in terms of gender, marital
status, age, educational status, occupation and income
level variables were found to be common for questions
15, 19, 26, 28, 29, 30, 32, 33, 34, 35, 36 and 42
(Appendix B).

For Q15 “We do shop even though we do not need to
do.”, the significant differences obtained from the
ANOVA test were determined in terms of age and
marital status variables. According to the results of
Post-Hoc test and the mean values obtained from the
ANOVA test, it was found that the participants
between ages 50-59 exhibit more negative attitude
towards doing shopping even though they do not need
to do, while the participants who are single exhibit
more positive attitude to the same behavior. Assuming
the participants between ages 50-59 are married
individuals at the same time, it can be concluded that
married consumers exhibit more negative attitude to
do unnecessary shopping when compared to single
participants. Yaras et al. [18] mentioned two different
consumer groups, described as "utilitarians" and
"hedonists", in their study where they examined the
clustering of consumers according to their attitudes
and behaviors towards shopping malls. Accordingly,
"utilitarians" were defined as a group that does not
like shopping very much and does shopping only when
there is a need to meet that need, while "hedonists"
defined as a group find shopping is fun and think that
shopping malls are places to have a good time rather
than just a place to shop for their needs. According to
the results, a significant difference was determined
between the utilitarian group, most of whom were
married, and the hedonists group, who were reported
to be single, in terms of marital status. Results of the
study conducted by Yaras et al. [18], that were
obtained according to the frequencies of marital status
and age variables and the answers obtained from the
statements asked to the participants about the reasons
for visiting shopping malls, supported the findings
obtained for Q15 in the current study.

Results of Post-Hoc test obtained for Q19 “We usually
carry the products we buy with reusable bags.” revealed
that women or married participants have more
positive attitudes than the participants between ages
18-29. The same result was also reported by Sentiirk
[19]. The frequency distribution results for questions
18, 19, 20 and 21 intended to determine the type of
carrier bag used to carry the products purchased from
shopping showed that recyclable bags are preferred
by the participants with a rate of 55.1%, while PBs,
trolleys and string bags/paper bags are preferred with
a rate of 45.7, 38.6 and 30.0%, respectively (data not
shown). These results implied that consumers
generally prefer reusable bags or PBs to carry the
products they buy from shopping. This finding was
also supported by Martinho et al. [6] found that the
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most used carrier products in shopping after the PBC
practice in Portugal was reusable bags as well as PBs.
It was understood that after the PBC implementation
in Turkey entered into force, reusable bags were
preferred as well as PBs for the transportation of
products purchased in shopping. This finding was
further supported by Sentiirk [19], reporting that
approximately 75% of the participants responded that
they increased the use of their own bags or bags in
shopping after the PBC practice compared to their
habits before the practice. In the current study, no
significant difference was determined among the
participants in preferring PBs as a carrier product in
terms of any variable, while there were significant
differences in preferring the other carrier products
(reusable bags, string bag/paper bag and trolley) in
terms of several variables. Regarding the preference of
reusable bags, married or female participants showed
more positive attitude than more young participants
between ages 18-29. This result confirmed that
married or female consumers are more conscious and
positive for behaviors that can reduce the
consumption of PBs.

For Q26 “We prefer the carrier bags we bring from
home because they are more useful/practical than the
bags we buy.”, the significant differences obtained
from the ANOVA test were determined in terms of
educational level and marital status variables.
According to the results of Post-Hoc test and the mean
values obtained from the ANOVA test, it was found
that exhibiting a more positive attitude to bringing a
carrier product from home, due to its usefulness
against the purchased one, increased with the
increasing education level of the participants, and that
female participants exhibit more positive attitude
than male participants for the same behavior.
Considering the frequency distribution results for
questions 25, 26, 27 and 28, the reason for bringing a
carrier product from home as an alternative to carrier
products purchased for a fee was responded with a
rate of 48.2, 57.2, 62.0 and 66.0%, respectively (data
not shown). According to these results, it was
concluded that participants prefer to bring their own
carrier bags from home due to the charge for PBs as
well as damages in the environment caused by PBs
rather than the usefulness of PBs. This result revealed
that education level of the participants as well as
gender are the main variables that push the
participants to exhibit more positive behavior in terms
of the reasons for their preferences towards bringing
their own carrier bags from home. Martinho et al. [6]
stated that the main reasons of the consumers’
preference for bringing their own carrier bags from
home for shopping in Portugal were the fee for PBs
and the increasing environmental concerns after the
PBC implementation. The driving force for the latter
reason was reported to be the increase in public
awareness on the environmental problems related to
PBs, which were provided to consumers through
awareness campaigns along with the PBC practice.

These findings confirmed the results of the current
study. As can be understood, the increasing
environmental awareness on the harms of PBs results
in the increase in the rate of preferring alternative
carrier products, such as reusable bags that are not
harmful to the environment, as well as PBs. In
addition, according to the significant differences
determined for Q28 in terms of the variables of age
and education level, it was concluded that the
increasing education level of the participants results
in the increase in exhibiting more positive attitude
towards not wanting to use too many bags increases
(Appendix B). On the other hand, it was found that the
participants older than 40 age have a more positive
attitude for the same behavior than participants
younger than 40 age. In the study carried out by
Demirel [20], the attitudes and behaviors of the
undergraduate students of Kafkas University towards
the PBC practice were measured. It was reported that
students' attitudes and behavioral support levels
towards the practice were high and that their
priorities for attitudinal and behavioral support
originated from environmental awareness.
Considering that more than half of the students
participating in the research were in the third and
fourth grade, these findings were associated with the
contribution of the environmental education that the
students received at the undergraduate level.

The results obtained for questions Q29, 30, 32, 34 and
36 intended to determine participants' disposal
behavior for the PBs and how they utilize the PBs left
over from shopping in subsequent shopping revealed
that the participants having a PG degree exhibit more
different attitudes as compared to the other
participant groups having a CUG or HS degree.
According to the result obtained for Q29, the highest
mean value (4.311+0.848, Appendix B) was obtained
for the participants having a PG degree as compared to
other participant groups. This indicated that
participants having a PG degree prefer to use the PBs
they get from shopping as garbage bags rather than
throwing them in the garbage bin or recycling bin or
keeping them to use again in another shopping.
Considering that 41.3% of the participants are PG
graduated (Table 1), it can be thought that most of the
participants who are academic personnel are also PG
graduated. For this case, according to the difference
test results obtained for Q29, it was seen that there
was a consistency between the behavior of the
participants who are academic personnel (134
people) and the behavior of the participants who are
PG graduated (148 people). On the other hand,
according to the result obtained for Q48, showing that
the participant group with lower monthly income
have no clear idea about paying a charge for the PBs
obtained from the points of sale, it could be thought
that they repeatedly use the PBs existing in their
homes for different purposes by keeping the PBs as
much as possible. It was seen that no significant
difference was determined for Q29 in terms of the
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average household income per month of all
participant groups, but the mean values for each group
increased with the increasing income level (Appendix
B). According to this result, it could be concluded that
the participant groups having higher average monthly
income exhibit more positive attitude towards using
the PBs they get from shopping by paying a charge as
garbage bags when they get home. This result showed
a consistency with the result implying that the
participant groups, who are academic personnel or
have a PG degree, prefer to use PBs obtained from
shopping as garbage bags. In conclusion, the results
obtained for questions between Q29 and Q36 showed
that the participant group, most of whom are academic
personnel who are also estimated to have a PG degree,
exhibit an attitude towards generally using the PBs
they get from shopping as garbage bags (Q29), and
that the other participant groups (administrative
personnel and support personnel) exhibit an attitude
towards generally keeping the PBs for the next
shopping (Q32) or using them to carry several
goods/products other than carrying groceries (Q33)
rather than using them as garbage bags, throwing
them directly into the garbage bin (Q30) or throwing
it into the recycling bin (Q31). Regarding the monthly
income level, the participant group with a low-income
level prefer to keep the PBs to use in future shopping
(Q32) or to use them to carry other goods/products
(Q33) and to use a PB repeatedly (Q35 and 36) as
compared to other participant groups.

For Q42 “We bought garbage bags roll during our
shopping in the last six months.”, the significant
differences obtained from the ANOVA test were
determined in terms of occupation and marital status
variables. According to the results of Post-Hoc test and
the mean values obtained from the ANOVA test, it was
found that female participants exhibit more positive
attitude than male participants and the participant
group who are administrative personnel exhibit more
positive attitude than the participant group who are
support personnel towards buying garbage bags roll
during shopping in the last six months (Annex B). The
frequency distribution results for Q42 showed that
47.0% of the participants responded “totally disagree”
or “disagree” in terms of occupation variable and
46.7% of the participants responded “agree” or
“totally agree” (data not shown). A similar distribution
result was also obtained for Q43 “We did not buy any
garbage bags roll during our shopping in the last six
months.”, for which no significant difference was
determined in terms of any variables. Combining the
distribution results obtained for Q42 and 43, it could
be concluded that approximately half of the
participants bought garbage bags roll during their
shopping in the last six months, while the other rest of
the participants did not buy any. These results implied
that the participant group who responded that they
did not buy any garbage bags roll during shopping in
the last six months may be the participant group who
are academic personnel or PG graduated, generally

preferring to use the PBs they get from shopping as
garbage bags, whereas the participant group
responded that they bought garbage bags roll during
shopping in the last six months may be the participant
group who are administrative and support personnel
or have a low-level income.

According to the overall results, it could be concluded
that the participants who are female, married, older,
or with a higher education level are more conscious
and positive in the behaviors towards reducing the
consumption of PBs, while the younger or single
participants are more positive in the behaviors that
may cause the consumption of PBs to increase.
Regarding gender and marital status variables, similar
results were also obtained by Topal et al. [21].
Accordingly, the results of the mentioned study
revealed that the variables of gender and marital
status showed statistically significant differences
compared to the mean values. It was reported that
female participants exhibited more environmentalist
attitudes and behaviors than male participants, had a
higher level of awareness on the environmental issues
and their intention towards not using the PBs paid a
charge was more positive, and in terms of marital
status, married participants had more positive
behaviors and intentions towards not using PBs than
singles. Yasa and Cop [22] found that frequency for
bringing a reusable carrier bag for shopping by female
participants and their behaviors towards reducing the
use of PBs were higher than male participants. Senttirk
[19] found that approximately 80% of the participants
reduced the use of PBs after the PBC implementation
in Turkey, the remaining 20% did not make any
behavioral changes for this purpose, and 62% of this
20% consisted of male participants. The reasons given
by male participants who did not make any behavioral
changes to reduce PB consumption were that it was
difficult to keep an alternative carrier bag or a used PB
around them, their shopping was mostly unplanned,
and they often forgot their own carrier bags at home.

The results obtained from the questions intended to
determine the disposal methods of the PBs by the
participants showed that the mostly preferred method
was to use as garbage bags with a rate of 83.0%, while
the other methods, such as using PBs to carry
groceries or keeping them for the next shopping was
preferred with a rate of 56.4 and 43.7%, respectively.
These results indicated that all participants use the
PBs obtained from shopping at least once for different
purposes, thus generally contributing to reducing the
consumption of the PBs, rather than disposing of them
by throwing them directly into the garbage bins or
recycling bins. The results determined for the
behaviors towards the disposal of PBs showed that the
participants who are academic personnel or have a
higher education level or income level have an attitude
towards generally using PBs as garbage bags instead
of using them for the next shopping or keeping them
to carry other products. In addition to that, the results
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indicated that these groups are also the participant
group who stated that they did not buy any garbage
bags roll during their shopping in the last six months.
On the other hand, the participants who are
administrative and support personnel or have a lower
income or education levels have an attitude towards
repeatedly using PBs at least once by such a way
keeping them for the next shopping or using them to
carry groceries or other products, rather than
throwing them directly into the garbage bins or
recycling bins. It was estimated that these groups
might be the group that stated that they bought
garbage bags roll during their shopping in the last six
months. Yasa and Cop [22] found that 96.5% of the
participants reused the PBs and the most common
way was to use them as garbage bags. Sentiirk [19]
reported that while the use of the PBs obtained from
shopping as garbage bags was approximately 84% on
average before the PBC implementation, it decreased
to 70% after the implementation, and that the
frequency of consumers purchasing garbage bags roll
was 61% on average before the application, while it
increased to 69% after the implementation. The fact
that there was no decrease at the expected level after
the PBC practice was attributed to the fact that the unit
price of garbage bags roll was generally higher than
the charge paid for PBs.

Considering the result that the participants generally
prefer PBs or reusable bags to carry the products they
bought from shopping, the situation regarding
whether the PBs used in shopping were bought by
paying a fee from the point of sale or whether they
were brought from home was examined. According to
the frequency distribution for the questions intended
to determine the source of carrier bags used by the
participants in shopping (Q22, 23 and 24) and the
questions intended to determine whether the PBs left
over from shopping were used in subsequent
shopping (Q34, 35 and 36), it was determined that;

= 41.1% of the participants responded "I agree" or
"I strongly agree" to the question that all PBs used for
shopping were brought from home,

- 59.4% responded to the question regarding the
buying of all the bags as “I disagree” or “I strongly
disagree”, and,

- 51.0% responded "I agree” or "I strongly agree" to
the question that some of them were brought from
home and some were bought (data not shown).

These results revealed that approximately half of the
participants bring all of the PBs they used for shopping
from home, while approximately half of them buy all
of them. It was understood that approximately half of
the participants use the PBs left over from shopping at
least once in the next shopping (Q35), while 55.2% of
the participants responded that they never use the PBs
left over from the shopping for the next shopping
(Q34). Combining the results obtained for question
Q19 and Q34, it was estimated that the source of
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approximately half of the PBs used by participants for
carrying products they bought from shopping is the
PBs obtained from previous shopping. This result can
further be supported by the result obtained for Q32,
which revealed approximately half of the participants
responded as keeping PBs to use in other shopping. On
the other hand, the results regarding showing positive
participation in bringing at least one carrier bag to all
(Q40) and most (Q39) shopping done in the last six
months (51.7% for both questions, data not shown)
and not showing positive participation in forgetting to
bring a carrier bag for all (Q37) and most (Q38)
shopping done in the last six months also confirmed
the result that revealed , the source of approximately
half of the PBs used by participants for carrying
products they bought from shopping is the PBs
obtained from previous shopping. These results
obtained for questions Q37-40 were in consistent with
the result obtained in the study conducted by Yasa and
Cop [22], reporting that more than half of the
participants (54.1%) always bring their own carrier
bags to carry the products in shopping.

4.2. Thought/perception dimension

For the thought/perception dimension, significant
differences in terms of all variables were found to be
common for questions Q45, 46, 47, 48, 49, 54, 56, 61,
62,63 and 67 (Appendix B).

For Q45 “We think that plastic bags are a problem for
environment and health.”, the significant differences
obtained from the ANOVA test were determined in
terms of occupation and educational level variables.
According to the mean values (X=4,097+1,1306 for
occupation and X=4,098+1,1263 for educational level,
data not shown), it was understood that participants
agree with the idea that PBs are harmful to the
environment and human health. This finding can be
confirmed by the fact that all participants, regardless
of the variables, responded Q45 as “agree” and
“strongly agree” with a rate of 84.2% (data not shown).
The differences determined for Q45 implied that
regarding the educational level and occupation
variables, the participant group who have a PG degree
is more positive than the other groups and the
participant group who are support personnel is more
negative than the other groups in the opinion that PBs
are harmful to the environment and human health.
Considering the mean values of each group for these
variables, it was seen that the mentioned opinion
becomes more positive with the increasing
educational level and among support, administrative
and academic personnel according to the ascending
order of the mean values. Similarly, Martinho et al. [6]
found that 84.9% of the participants agreed that PBs
are harmful to the environment and human health. In
the study of Yasa and Cop [22], it was determined that
62.2% of the participants think that PBs cause
environmental damage and associated this result with
more than half of the participants having knowledge
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about the harms of PBs. Depending on this result, a
significant difference was determined between the
use of PBs and the level of awareness about the
environmental problems caused by PBs. It was also
determined that 71.2% of participants, who
responded that they could describe the damage
caused by PBs to the environment, do not use any PB,
and only 28.8% of those, who responded that they are
aware of this damage but could not describe it, do not
use PBs.

The abovementioned results determined for question
Q45 were similarly determined for question Q46 "We
know that plastic bags have been charged a fee per
plastic bag taken from the point of sale by the beginning
of January 2019.” Accordingly, for Q46, it was
determined that the participant group according to
their education level, who have a PG degree, have a
more positive attitude compared to other groups, and
the participant group according to their occupation,
who are support personnel, have a more negative
attitude than the other groups. Considering the mean
values of each group for occupation and educational
level variables, it was seen that the mentioned opinion
becomes more positive with the increasing
educational level, and among support, administrative
and academic personnel according to the ascending
order of the mean values. Regardless of the variables,
the frequency distribution for Q45 was determined to
be 87.3% for “agree” and “strongly agree” (data not
shown).

According to the participant-responded data for Q47
“We know that plastic bags have been charged a fee, but
we do not have much information about the details of
the implementation.”, it was determined that
approximately half of the participants (41.8%, data
not shown) do not have much information about the
details of the implementation although they
responded that they know PBs have been charged a
fee. According to the mean values of each group for
occupation, income level, and educational level
variables, it was understood that more positive
attitude is exhibited among academic, administrative
and support personnel according to the ascending
order of the mean values for the mentioned opinion,
while attitudes become more negative with the
increasing income and educational level. The same
attitudinal trends were also valid for question Q48
"We support the charging implementation for plastic
bags.”.  Accordingly,  supporting the  PBC
implementation becomes more positive with the
increasing educational and income level, and among
support, administrative and academic personnel
according to the ascending order of the mean values.
Regardless of the variables, according to the frequency
distribution of responses given for Q48, it was
understood that 59.2% of the participants (data not
shown) supported the PBC implementation by
responding as “agree” and “strongly agree”.
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According to the results obtained for questions Q45,
46, 47 and 48, the fact that the participant group, who
are academic personnel or have a PG degree, have
more positive thoughts than the other groups
indicated that the level of education is an important
factor affecting the consumption of PBs. According to
the significant differences determined for Q48 in
terms of income level as well as the variables of
education level and occupation, it could be concluded
that participants’ attitudes towards supporting the
PBC implementation are shaped depending on their
behavioral attitudes towards reducing the
consumption of PBs. It was estimated that these
attitudes are most likely based especially on the
economic concerns arising from the charge paid for
PBs as well as the awareness of the harms of PBs. This
situation can be confirmed by the finding revealing
that the attitude towards supporting the PBC practice
becomes more positive with the increasing income
level of the participants, and by the result for Q47
showing that the charging practice is not supported by
41.8% of the participants (data not shown).

For Q49 “We think that the fee of 25 kurus per plastic
bag is excessive.”, it was determined that, regardless of
the variables, the participants responded as "agree"
and "strongly agree" with a rate of 38.1% and
"disagree" and "strongly disagree" with a rate of 47.2%
(data not shown). A similar result was reported by
Sahin [23], who found that 47.2% of the participants
responded positively that the charge of 25 kurus is
reasonable and should not be increased. According to
the results of Post-Hoc test and the mean values
obtained from the ANOVA test in terms of the
variables of occupation, age and education level, it was
determined that the participants between ages 18-29
exhibit more positive attitude to the mentioned
thought, while the participants who are academic
personnel or have a PG degree exhibit more negative
attitude.

For Q54 “To my opinion, our government put the plastic
bag charging implementation into force to conserve
natural resources.”, it was determined that 22.5% of
the participants disagreed or strongly disagreed with
this thought, while 57.8% agreed or strongly agreed
(data not shown). Regarding age and marital status
variables, for which a significant difference was
determined, it was found that the participants
between ages 18-29 exhibit more negative attitude to
the mentioned thought than the other groups, while
the participants who are married exhibit more
positive attitude than the single participants. On the
other hand, it was found that no significant difference
was determined for the other relevant questions
intended to determine participants’ perceptions
regarding the reason for charging of PBs (Q51, 52 and
53) in terms of any of the variables. Results of the
frequency distribution for these questions showed
that 39.7% of the participants responded positively
(agree/strongly agree) that the PBC was implemented
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by the government to collect more revenue, while 57.9
and 56.9% of the participants responded positively
that the PBC was implemented by the government to
motive reduce the consumption of PBs and increase
the use of reusable and recyclable carrier bags.

For Q56 “After the implementation was entered into
force, our behaviors towards reducing plastic bags
consumption changed.”, the significant differences
obtained from the ANOVA test were determined in
terms of occupation and educational level variables.
According to the results of Post-Hoc test and the mean
values obtained from the ANOVA test, it was found
that attitudes to the mentioned thought become more
positive with the increasing educational level, and
among support, administrative and academic
personnel according to the ascending order of the
mean values. Results of the frequency distribution test
showed that most of the participants (69.7%)
responded that they think that their behavior towards
reducing the consumption of PBs changed after the
PBC practice. In addition to that, it was seen that
68.2% of the participants responded for Q57 that they
will change their habits regarding the consumption of
PBs and start reducing the consumption soon.
However, these responses given for questions Q56 and
57 were found to be contradictory.

For Q61 “We think that plastic bags are not provided
with charge by all the markets.”, it was determined that
37.8% of the participants do not agree with this
thought by responding “disagree” or “totally disagree”
and 40.0% the participants do not agree with this
thought by responding “agree” or “totally agree” (data
not shown). According to the results of Post-Hoc test
and the mean values obtained from the ANOVA test, it
was understood that married participants or the
participants, of whom the family size is two, exhibit
more negative attitude to this thought than the other
relevant groups.

For Q62 “From now on, instead of buying plastic bags,
we will bring our own bag for all shopping.”, the
significant differences obtained from the ANOVA test
were determined in terms of gender and marital status
variables. According to the results of Post-Hoc test and
the mean values obtained from the ANOVA test, it was
found that married or female participants have more
positive attitude to the mentioned thought than the
other groups. Regardless of the variables, results of
the frequency distribution test showed that most of
the participants (63.7%) responded that “agree” or
“totally agree” and only 15.5% of the responded that
“disagree” or “totally disagree” (data not shown).
These results implied that a small portion of the
participants does not intend to bring alternative
carrier bags to all of their future shopping. It was
estimated that this result is probably due to the
participants who responded "agree" or "strongly
agree" with a rate of 24.6% for question Q37 "We
forgot to bring our own carrier bags from home for all
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our shopping over the last six months.", for which no
significant difference was determined in terms of any
variable.

For Q63 “Regarding the plastic bag charging
implementation, we think that is more beneficial
(The ongoing implementation should be abolished, and
the plastic bags should be charge-free as before).”,
results of the frequency distribution test revealed that
63.6% of the participants have positive thoughts on
the mentioned question (data not shown). Among the
groups, for which a significant difference was
determined in terms of the variables of educational
and income level and occupation, the participants who
are academic personnel or have higher income level or
a PG degree exhibit more negative attitude to the
mentioned thought than the other relevant groups. A
similar significant difference was also obtained for
Q67 “Regarding the plastic bag charging
implementation, we think that is more beneficial
(The implementation can be abolished and replaced
with other implementations. For example; each
household should be assigned a quota for charge-free
plastic bag, then a fee per bag should be charged after
the quota is reached).” in terms of the variables of
occupation and income level. Accordingly, it was seen
that the participants having the highest monthly
average income has a more negative attitude than the
other groups, and the attitude becomes more negative
among academic, administrative and support
personnel according to the descending order of the
mean values. The results obtained for Q63 and 67 in
terms of the participants who are academic personnel
can be further supported by the result obtained for
Q59 “We think that plastic bag charging is an effective
and efficient practice in solving environmental
problems.”, revealing that the participants who are
academic personnel exhibit more positive attitude to
the mentioned thought.

The overall results determined for questions Q45, 46,
47 and 48 revealed that the participants’ behavior
towards reducing the consumption of PBs are shaped
according to the thoughts on the harms of PBs to the
environment and human health and the economic
concerns arising from balancing the financial burden
of paying bag fees based on the income level. This
finding can be supported by the frequency distribution
results obtained for Q50, for which 55.0% of the
participants think positively that the consumption of
PBs is still high although they have been charged a fee.
According to this, it could be concluded that some of
the participants are trying to support the
implementation by acting with environmental
awareness since they think that the consumption of
PBs is still high although the bags are provided for a
fee, and some of the participants support the
implementation regardless of environmental
awareness by taking various measures to balance the
financial burden of paying bag fees according to their
income levels as well as considering that the
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consumption of PBs is not excessive. Topal et al. [21]
reported that the results of several studies [6, 9, 13,
24] indicated that the environmental awareness of the
consumers about the possible harms of PBs to the
environment facilitated the adoption of public
measures related to the reduction of the consumption
PBs and internalization of the related actions.
Additionally, it was stated that consumers reduced the
use of PBs up to a certain level due to the
environmental concerns, but mostly due to the legal
obligation, and they could not internalize this action
sufficiently.

The results determined for the questions intended to
determine the participants’ perceptions in terms of
the reasons for the PBC implementation revealed that
the implementation created the expected perceptions
for more than half of the participants. This result
showed a consistency with the results of questions
Q45, 46, 47 and 48. Moreover, the obtained results
confirmed that the way in which the aims and
objectives of the PBC implementation are perceived by
the participants is an important factor in shaping the
participants’ behaviors that affect the efficiency
expected from the implementation. Martinho et al. [6]
reported that before the PBC implementation, 45.9%
of participants responded that implementation
motivated by the Portugal government to collect more
revenue and 32.4% responded that the
implementation motivated to reduce the consumption
of PBs. After the PBC implementation, the percentage
of respondents indicating the motive was to reduce
the consumption of PBs decreased to 18.3%, and the
percentage who considered the tax as just another
revenue to the government increased to 60.6%. Based
on this, it was stated that although most of the
participants support the application, it is thought that
the Portugal government implemented the PBC only
as a financial support tool. It has been reported that
the obtained results may have arisen due to the
economic crisis that Portugal was experiencing in
those years, and if it had been clearly stated to the
consumers for what purpose the government would
use the income obtained from the implementation,
consumers' perceptions about the reasons of the
implementation might have been different.

According to the results determined for questions
intended to determine the participants' opinions
about different implementation alternatives that can
be putinto effect in the future regarding the PBC (Q63,
64, 65, 66, 67 and 68), it was understood that more
than half of the participants (63.6%) have no
expectation such that the implementation should be
completely abolished and the PBs should be charge-
free as before. This result was also be confirmed by the
result obtained for Q59, for which 57.6% of the
participants positively responded that the PBC is an
effective and efficient implementation in solving
environmental problems. It was determined that more
than half of the participants (63.0%) do not agree with
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an alternative implementation such that the
implementation should be carried out by charging a
fee higher than 25 kurus per bag. On the other hand,
approximately half of the participants (46.4%) have a
positive thought, and some (32.5%) have a negative
thought on the continuation of the 25 kurus fee paid
per bag in the ongoing practice. These results
indicated that implementing a charge of 25 kurus per
bag to reduce the consumption of PBs is thought
positively by the majority of participants. However,
the result showing that 75.7% of the participants
agree that it would be more beneficial to maintain the
PBC implementation along with various encouraging
promotions to reduce PB consumption revealed that
alternative support policies are needed to encourage
consumers to reduce the consumption of PBs, as well
as trying to restrict the consumption by charging only.
On the other hand, the results determined for question
Q67 indicated that although a low rate of positive
participation was shown by the participants, an
alternative charging policy could be implemented by
taking into account the consumer groups with low-
income levels, instead of the current practice. Topal et
al. [21] emphasized that in order for an environmental
attitude of consumers towards shopping with eco-
friendly carrier bags without using PBs to be
sustainable and for such an attitude to become a social
habit, the PBC implementation should be supported by
pro-active practices other than financial measures
that will increase consumers' environmental
awareness.

4.3. Recommendations

According to the results of the study, awareness
creation programs to ensure all PB consumers,
especially single, male, and young individuals, become
more positive in their behaviors towards reducing the
consumption of PBs, which can be organized by
policymakers, local governing bodies, environmental
organizations, non-governmental organizations or
consumption points, might be taken into
consideration.

Based on all the findings, it can be concluded that the
PBC practice contributes to a certain level to the goals
and objectives of the implementation for reducing the
PB consumption. Given the fact that 61.3% of the
participants think that they are in the adaptation for
the PBC practice and that 40% of the participants
think that PBs are not provided for a charge by all the
markets, it becomes clear that all relevant
stakeholders (PB suppliers and consumers) need to
support the practice more effectively and consciously
for reducing the PB consumption. In order to achieve
a truly sustainable success in accordance with the
goals and objectives expected from the practice, policy
makers can re-examine the challenges and disruptions
encountered in the implementation and make
arrangements. Furthermore, various practices that
may be alternative to the current practice can also be
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evaluated and put into action in order to meet
consumers’ expectations. On the other hand, more
research studies are required to evaluate the situation
from the side of PB suppliers.

Considering the reliability results of the questionnaire,
it can be concluded that the study has aspects that are
open to further improvements. On the other hand, it
may be necessary to apply different data analysis
techniques in order to evaluate the results and
findings more comprehensively or differently. Due to
the limitations of the study, it should be noted that the
results obtained from the study and related findings
are valid only for the area and universe where the
study was conducted. In order to obtain results that
represent the whole country, it is necessary to carry
out similar studies in different study areas and on
different universes.
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Appendices

Appendix A. The questionnaire

SECTION 1: Please tick the box for your answer.

1. Gender Female [] Male  []

3. Marital status Married D Single D

5. Occupation Support personnel D Administrative personnel D Academic personnel D

<2.000 TL (| 2.000-3.000 TL ] 3.000-5.000 TL []

7. Average household income per month 5.000-7500 TL ] 7.500-10.000 TL ] >10000TL [

9. Frequency of doing grocery shopping only 2-3 times per week D Once per week I:l Once per 2 weeks I:I Once per 3 weeks I:l Once per monthD

11. Frequency of doing market shopping or other Once per week D 2-3 times per week D Everyday D
shopping Once per 2 weeks [0 Oncepermonth [7] 2-3 times permonth ]

518



B. U¢man and H. Yazic1 / Evaluation of the Effect of Plastic Bag Charging on Consumers’ Behaviors by a Questionnaire on University Staff

Appendix A (Continue)

SECTION 2: Please answer the questions in this section on behalf of your family, taking into account all individuals currently living in
your home. Please answer all questions completely.

Totally Disagree No opinion Agree Totally
disagree sag ) P Ag agree
1) (2) ) )

13. It is not necessary to do grocery or other shopping for our family.

14. It is not necessary to do grocery shopping for our family.

15. We do shop even though we do not need to do.

16. Our income level affects our shopping expenses.

17. Too many plastic bags enter our home after our shopping.

18. We usually carry the products we buy with plastic bags.

19.

We usually carry the products we buy with reusable bags.

20.

We usually carry the products we buy with string bag/paper bag.

21.

We usually carry the products we buy with trolley.

22.

We usually bring all the carrier bags we use for shopping from home.

23.
home and buy some of them.

We usually bring some of the carrier bags we use for shopping from

24.

We usually do purchase all the carrier bags we use for shopping.

25.
bag fee.

We prefer the carrier bags we bring from home in order to not pay the

26.
useful/practical than the bags we bought.

We prefer the carrier bags we bring from home because they are more

27.
harmful to the environment.

We prefer the carrier bags we bring from home because they are less

O O0000000ooo00n

O O 00 000000000o0os

O O000000000oogooe

O 0O000/00000000000

O 00 0/00000000000
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Appendix A (Continue)
]:"gtall}' Disagree No opinion Agree Totally
disagree agree
(1 ) @ Q)

28. We prefer the carrier bags we bring from home because we do not want
to use too many plastic bags.

O

29. When we get home after shopping. we use plastic bags as garbage bags.

30. When we get home from shopping. we throw plastic bags in the garbage

bin.

31. When we get home from shopping. we put plastic bags in the recycling
bin.

32. When we get home from shopping. we keep plastic bags to use again for
shopping.

33. When we get home from shopping, we keep plastic bags to carry other
products.

34. We do not use any plastic bag left over from shopping for the next
shopping.

35. We use a plastic bag left over from shopping at least once for the next
shopping.

36. We use a plastic bag left over from shopping more than four times for
the next shopping.

37. We forgot to bring our own bags from home for all our shopping over
the last six months.

38. We forgot to bring our own bags from home for most of our shopping
over the last six months

39. We brought our own bags from home for most of our shopping over the
last six months.

40. We brought at least one bag from home for all our shopping over the
last six months.

41.To bring reusable carrier bags for shopping is difficult for us.

42. We bought garbage bags roll during our shopping in the last six months.

Qo0 o0 ogonog oo o
OoU ooonogooogaon o
OO0 O0o00o0o0o0gogofnaoe
OO0 00000 o0uoaoogogano
OO0 0000 0000 000m0

43. We did not buy any garbage bags roll during our shopping in the last six
months.
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Appendix A (Continue)
thally Disagree No opinion Agree Totally
disagree agree
(0] 2 “

44. Before plastic bags were charged a fee. we would take more plastic bags
than we need from the point of sale.

45. We think that plastic bags are a problem for environment or health.

46. We know that plastic bags have been charged a fee per plastic bag taken
from the point of sale by the beginning of January 2019.

47. We know that plastic bags have been charged a fee. but we do not have
much information about the details of the implementation.

48. We support the charging implementation for plastic bags.

49. We think that the fee of 25 kurus per plastic bag is excessive.

50. Although plastic bags have been charged a fee, we think that
consumption of plastic bags is still high in Turkey.

51. To my opinion. our government put the plastic bag charging
implementation into force to collect more revenue.

52. To my opinion. our government put the plastic bag charging
implementation into force due to the excessive consumption of plastic bags.

53. To my opinion. our government put the plastic bag charging
implementation into force to increase the use of reusable and recyclable
carrier bags.

54. To my opinion. our government put the plastic bag charging
implementation into force to conserve natural resources.

55. We are in the adaptation period for the plastic bag charging
implementation.

56. After the implementation entered into force, owr behavior towards
reducing plastic bags consumption changed.

57. We will change our habits regarding plastic bag consumption and start
reducing the consumption soon.

OO0 O 0o O od ooodooao
OO0 O 0o 0 o0 oo0oooooo
OO0 OO0 U oo ooooaopoe
00 O 00 0 00 oooodgao
o0 O oo o oo oo0oopae

58. We would support if the use of plastic bags were banned completely.
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Appendix A (Continue)
T+0ta]l}-' Disagree No opinion Agree Totally
disagree agree
1) 2) 3) “) )

59. We think that plastic bag charging i1s an effective and efficient practice
in solving environmental problems.

60. We think that plastic bags used to carry vegetables and fruits after
grocery shopping must also be charged a fee.

markets.

61. We think that plastic bags are not provided with charge by all the

for all our shopping

62. From now on, instead of buying plastic bags, we will bring our own bag

Regarding the plastic bag
charging implementation, we
think that .................. e
is more beneficial.

63. The ongoing implementation should be
abolished, and the plastic bags should be
charge-free as before.

64. The fee should remain the same at 25
kurus per bag.

65. The implementation should be
maintained with a higher fee per bag.

66. The use of plastic bags should be
banned completely.

67. The implementation can be abolished
and replaced with other implementations.
For example; each houschold should be
assigned a quota for charge-free plastic bag,
then a fee per bag should be charged after the
quota is reached.

O (O|0gof Oogod

O O|g|o| Oogaoig

o oo oo gdng

U ojgjop googaot

U oao|) oo

68. The fee should remain the same at 25
kurus per bag, but incentive promotions
should be implemented to reduce plastic bag
consumption.
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Appendix B. Results from one-way ANOVA and Post-Hoc tests

. Quest. Groups Freq. Mean Std. Dev. s rros Diff. Quest. Groups Freq. Mean Std. Dev. s s Diff.
Variable No (G) o) x) (sD) Sig: Sig2 | Groups No Q) ) X) (SD) Sig: Sig2 | Groups
18-29 109 2.413 1.2635 caCl 18-29 109 3.147 1.3933
15 30-39 136 2.390 1.2776 0.002 0.024 C4-G2 49 30-39 136 2.640 1.4487 0.402 0.044 G2-G1
40-49 94 2.330 1.2477 G4-G3 40-49 94 3.000 1.4368
50-59 24 1.583 0.7755 50-59 23 3.000 1.6514
18-29 108 2.991 1.1232 18-29 108 3.250 1.2465
19 30-39 131 3.382 1.2917 0170 0.027 G3-G1 51 30-39 128 2.797 1.2696 0118 0.036 G2-G1
40-49 90 3.478 1.3259 40-49 81 3.198 1.3548
50-59 23 3.435 1.1995 50-59 23 2.913 1.5642
Age 18-29 108 3.250 1.2907 18-29 107 3.168 1.2551
28 30-39 131 3.191 1.2837 0.198 0.049 03-G2 54 30-39 131 3.427 1.2218 0.018 0.012 6361
40-49 84 3.667 1.2451 40-49 85 3.741 1.0818
50-59 24 3.375 1.2446 50-59 23 3.217 1.5062
18-29 108 2.898 1.2821
30-39 132 3.197 1.3102
40 0.624 0.048 G3-G1
40-49 84 3.393 1.2708
50-59 24 2.958 1.1971
PS 22 3.591 1.4690 PS 23 1.957 1.1862
HS 48 3.438 1.4718 HS 46 2.043 1.1147
16 0.000 0.005 G3-G5 30 0.310 0.013 G4-G5
CUG 138 3.964 1.1296 CcUG 129 2.147 1.1257
PG 150 4.060 0.9500 PG 138 1.725 0.9572
PS 22 2.273 1.2792 PS 23 3.174 1.3702
HS 49 2.531 1.1920 HS 47 3.149 1.3984
17 0.973 0.031 G2-G4 32 0.898 0.009 G4-G5
CUG 137 2.964 1.2332 CUG 128 3.172 1.3108
PG 147 2.755 1.2140 PG 140 2.657 1.3506
PS 22 2.318 1.4601 PS 23 2.087 1.2400
HS 47 3.362 1.2585 - HS 48 2.250 1.3128 .
Education 26 0.642 0.018 G2-G3 34 0.010 0.004 G5-G2
CUG 128 2.984 1.3220 G2-G5 CUG 130 2.554 1.2884 G5-G3
PG 140 3.129 1.3077 PG 140 2.943 1.4483
PS 23 2.739 1.4212 PS 23 3.304 1.2590
HS 47 2.872 1.3928 HS 46 2.783 1.3970
28 0.021 0.002 G3-G5 35 0.176 0.021 G4-G5
CUG 131 3.466 1.2545 CcUG 133 3.075 1.2286
PG 143 3.476 1.1917 PG 145 2.669 1.2859
PS 22 3.591 1.3683 PS 23 2.522 1.3774
HS 48 3.563 1.4426 HS 47 2.340 1.2385
29 0.000 0.000 G3-G5 36 0.000 0.002 G4-G5
CUG 137 4.036 0.9956 CUG 128 2.516 1.1771
PG 148 4311 0.8480 PG 140 2.000 1.0457

(*: p value for the equality of variances test; **: P value for one-way ANOVA test; PS: Primary school; HS: High school; CUG: College/Undergraduate degree; PG: Postgraduate degree)
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Appendix B (Continue)

. uest. Groups Freq. Mean Std. Dev. o rros Diff. uest. Groups Freq. Mean Std. Dev. o s Diff.
Variable QNo (G)p (N;l x) (SD) Sig: Sig: Groups QNo (G)p [N;l x) (SD) Sig: Sig: Groups
PS 21 3.952 1.2440 PS 23 3.043 1.6646
45 HS 48 3.646 1.3446 0.030 0.001 G5-G3 49 HS 48 3.042 1.3362 0.135 0.029 G5-G3
CUG 138 4.007 1.1106 G5-G4 CUG 138 3.130 1.4133 G4-G5
PG 150 4347 0.9898 PG 150 2.640 1.4576
PS 23 3.870 1.3247 PS 23 3.130 1.6322
46 HS 48 3.875 1.1416 0,050 0.000 G5-G2 c6 HS 48 3.292 1.3202 0,000 0.003 G3-GS
CUG 138 4196 1.0797 G5-G3 CUG 136 3.647 1.0855
_ PG 150 4507 0.8172 PG 150 3.833 0.9153
Education PS 23 2.957 1.4295 PS 23 2.348 1.4957
47 HS 47 3.468 1.1951 0.219 0.000 G5-G3 63 HS 46 2.609 1.3901 0.007 0.001 G5-G3
CUG 138 3.007 1.2815 G5-G4 CUG 133 2.556 1.4377 G5-G4
PG 150 2.427 1.3074 PG 144 1.958 1.2453
PS 23 2.957 1.4917
HS 47 3.043 1.3666
48 0.566 0.003 G5-G2
CUG 138 3.384 1.3253
PG 149 3.725 1.3041
SP 130 1.731 1.0696 SP 125 2.280 1.2352
14 AdP 97 1.464 0.7781 0.000 0.002 G1-G3 34 AdP 90 2.700 1.3529 0.001 0.001 G1-G3
AcP 134 1.351 0.6856 AcP 128 2.930 1.4645
SP 128 3.711 1.2433 SP 127 3.087 1.2911
29 AdP 95 4137 1.0580 0.000 0.000 gig; 35 AdP 91 3.033 1.2152 0.388 0.003 g;_é}zl
AcP 134 4.313 0.8080 AcP 132 2.583 1.2843
SP 125 2.112 1.1515 SP 126 2.643 1.2678
30 AdP 89 2.101 1.1083 0.059 0.001 ggg; 36 AdP 88 2.239 1.1037 0.000 0.000 gig;
Occupatio AcP 125 1.672 0.8960 AcP 127 1.961 1.0266
n SP 125 2.400 1.2181 SP 128 2.531 1.2794
31 AdP 88 2.455 1.0711 0.001 0.004 ggg; 41 AdP 97 2.825 1.2666 0.382 0.049 G2-G3
AcP 125 2.008 0.9878 AcP 133 2.421 1.1948
SP 126 3.206 1.3465 SP 128 2.641 1.3732
32 AdP 87 3.138 1.2865 0.849 0.000 ggg; 42 AdP 92 3.174 1.3876 0.198 0.016 G2-G1
AcP 128 2.570 1.3439 AcP 131 3.000 1.4728
SP 126 3.365 1.2432 SP 127 3.764 1.2438
33 AdP 89 3.506 1.1294 0.004 0.002 ggg; 45 AdP 98 4.153 1.1155 0.017 0.000 gigg
AcP 127 2.945 1.3352 AcP 134 4.373 0.9393

SP: Support personnel; AdP: Administrative personnel; AcP: Academic personnel
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Appendix B (Continue)
. uest. Groups Fre Mean Std. Dev. s rros Diff. uest. Groups Fre Mean Std. Dev. o s Diff.
Variable QNo (G)p (N)q x) (SD) Sig: Sig: Groups QNo (G)p (N)q x) (SD) Sig: Sig: Groups
SP 129 3.938 1.1776 SP 129 3.419 1.2481
46 AdP 98 4316 10898 | 0002 | 0000 | 12| se AdP 9% 3,698 11343__| 0000 | 0011 | GI1-G3
AcP 134 4.530 0.7223 AcP 134 3.821 0.9082
SP 128 3.102 1.2788 SP 128 3.156 1.3942
47 AdP 98 2.847 1.3343 0.443 0.002 G1-G3 59 AdP 98 3.337 1.2348 0.003 0.046 G1-G3
Occupatio AcP 134 2.530 1.3472 AcP 134 3.545 1.1478
n SP 128 3.180 1.3886 SP 126 2.452 1.3776
48 AdP 98 3.276 1.4343 0.000 0.000 ggg; 63 AdP 92 2.543 1.5293 0.000 0.005 ggg%
AcP 133 3.835 1.1946 AcP 130 2.000 1.2575
SP 129 3.062 1.4348 SP 126 3.000 1.3266
49 AdP 98 3.173 1.4289 0.950 0.002 ggg; 67 AdP 92 2.989 1.3051 0.943 0.003 ggg;
AcP 134 2.560 1.4328 AcP 130 2.500 1.3133
a 28 3.179 1.2781 a 26 3.231 1.5571
b 61 2.934 1.4008 b 62 3.145 1.3410
C 79 3.316 1.2356 ¢ 86 3.279 1.4113
32 d 92 2913 13231 0.158 0.011 G3-G5 48 q 99 3.505 1.3430 0.019 0.033 G2-G6
e 49 2.408 1.3373 e 52 3.731 1.2226
f 32 2.813 1.5541 f 35 3.943 1.2353
a 28 3.214 1.1974 a 27 2.259 1.3183
b 62 3.306 1.3255 b 61 2.787 1.5823
C 79 3.671 1.0708 G3-G4 ¢ 82 2.427 1.4318
33 d 93 3.108 1.2464 0.002 0.009 G3-G5 63 d 97 2.196 1.3435 0.000 0.024 G2-G6
e 48 2.854 1.3525 e 49 2.082 1.2721
Income f 32 3.094 1.3995 f 33 1.879 1.1112
level a 28 2.429 1.1996 a 27 2.963 1.4539
b 61 2.721 1.3055 G5-G2 b 62 2.726 1.4162
c 80 2.288 1.1160 . c 82 3.195 1.2417
36 q 92 2293 11817 0.022 0.001 gggz 67 q % 2760 12876 0.277 0.024 G3-G6
e 48 1.750 0.8873 e 49 2.571 1.3844
f 32 2.094 1.1176 f 33 2.364 1.1677
a 27 3.111 1.4500
b 63 3.159 1.2470
c 86 2.895 1.3808
47 q 98 2694 12134 0.335 0.015 G2-G6
e 52 2.808 1.3868
f 35 2.200 1.3890

SP: Support personnel; AdP: Administrative personnel; AcP: Academic personnel; a: <2.000 TL; b: 2.000-3.000 TL; ¢: 3.000-5.000 TL; d: 5.000-7.500 TL; e: 7.500-10.000 TL; f: >10.000 TL
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Appendix B (Continue)

. uest. Groups Fre Mean Std. Dev. o rros Diff. uest. Groups Fre Mean Std. Dev. o s Diff.
Variable QNo (G)p (N)q x) (SD) Sig: Sig: Groups QNo (G)p (N)q x) (SD) Sig: Sig: Groups
1 54 2.278 1.2800 G6-G1 1 57 3.474 1.3243
2 51 3.118 1.3364 G6-G2 2 54 3.444 1.2689
3 93 2.280 1.2885 G6-G3 3 98 3.306 1.2796 G6-G3
20 4 106 2.632 1.3616 0.016 0.000 gg:g;‘ >8 4 113 3.204 1.2967 0.002 0.043 gg:gi
5 28 2.571 1.2301 G2-G1 5 29 3.931 0.9611
>5 10 1.400 0.5164 G2-G3 >5 9 4.111 0.6009
1 57 3.211 1.5087 1 57 3.088 1.4051
2 52 3.173 1.3823 2 54 2.574 1.2378
3 94 2.734 1.4003 G6-G3 3 98 2.551 1.2773 G1-G4
43 4 107 2.720 1.4327 0.002 0.025 G6-G4 60 4 113 2.381 1.2343 0.180 0.015 G1-G2
5 29 2.897 1.4229 5 29 2.759 1.2437
Family >5 9 4.000 0.8660 >5 9 2.000 1.0000
size 1 58 3.638 1.1802 1 57 3.404 1.3210
2 54 3.093 1.1699 2 54 2.630 1.2929
3 98 3.643 1.1510 3 97 2.959 1.2576
55 ” e 3115 T2729 0.522 0.004 G3-G4 61 ” 13 3115 12730 0.147 0.041 G1-G4
5 29 3.586 1.1807 5 29 3.103 1.1131
>5 9 3.667 1.3229 >5 9 2.778 0.8333
1 58 3.724 1.0562
2 54 3.611 1.1060
3 98 3.633 1.0972
57 " e 3389 TTo1s 0.189 0.031 G4-G5
5 29 4.103 1.0122
>5 9 4.000 0.7071
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Anahtar Kelimeler 0z: Kenevir yag diinyada farkli amaclar icin kullanilan bir yagdir. Farkh 6zelliklere

Kenevir yagi, sahip olan kenevir yagi bu calismada jelatin (JE) ve sodyum aljinat (AL]) ile
Enkapsilasyon, olusturulan bir deney setinde kompleks koaservasyon yontemiyle mikroenkapsiile
Salm,lm' edilmistir. Karistirma hizi, sicaklik ve surfaktan derisimi giris faktorleri olarak
Jelatin, o .. .. Lo . C e 1e s . .

Sodyum Aljinat, secilmis ve ylizde enkapsiilasyon verimi (%EV) ile arasindaki iliski incelenmistir.

Elde edilen sonuglar maksimize olarak optimize edilmis ve hekzan ortaminda
salinim o6zellikleri incelenmistir. Elde edilen sonu¢larda model uyumsuzlugunun p
degeri 0,060 bulunmustur. p>0,050 oldugu i¢in olusturulan model ile veri
uyusmaktadir. Maksimize olarak optimize edilen sonuglar 1460,310 rpm
karistirma hizi, 56,897 °C sicaklik ve %0,827 a/h surfaktan derisiminde verim
degeri %63,491 hesaplanmis ve yapilan deneyde %62,780 olarak bulunmustur.
Elde edilen mikrokapsiiller FT-IR, optik mikroskop ve SEM cihazlari ile karakterize
edilmistir. Optik mikroskop goériintiileri incelendiginde mikrokapsiillerin diizgiin,
yuvarlak seklinde oldugunu belirlenmistir.

Deney Tasarimi.

Microencapsulation of Hemp Oil with Gelatin and Sodium Alginate Polymers and
Investigation of Release Properties

Keywords Abstract: Hemp oil is an oil used for different purposes around the world. In this

Hemp oil, study, hemp oil with different properties was microencapsulated by complex

Encapsulation, coacervation method in an experiment set formed with gelatin (GE) and sodium

23;3?12 alginate (ALG). Stirring speed, temperature and surfactant concentration were

Sodium Al inat chosen as input factors and the relationship between percent encapsulation
ginate,

efficiency (EE%) was investigated. The obtained results were optimized to
maximize and the release properties in hexane medium were investigated. In the
results obtained, the p value of the lack-of-fit was found to be 0.060. Since p>0.050,
the data matches the model created. Maximize optimized results were calculated
as 63.491% at 1460.310 rpm stirring speed, 56.897 °C temperature and 0.827%
w/v surfactant concentration, and it was found to be 62.780% in the experiment.
Obtained microcapsules were characterized by FT-IR, optical microscope and SEM
devices. When the optical microscope images were examined, it was determined
that the microcapsules were smooth and round in shape.

Experimental Design.

1. Giris kapsiilin  toplam agirhginin %30 ile %99'unu

olusturur. Cekirdek madde, tek bir madde veya kati

Ugucu yaglarin enkapsiilasyonu duyusal o6zellikleri
gelistirmek ve  mikroorganizmalar tarafindan
bozulmay1 6nlemek gibi etkiler gostermektedir.
Serbest yaglarin enkapsiile edilerek uguculugunun
azaltilmasi  termal kararliligini  arttirmaktadir.
Enkapsiilasyon islemi ucucu yaglarin hidrofobik
ozelligi nedeniyle gidalarda dagilabilirlik 6zelligini
iyilestirmektedir [1]. Enkapsilasyon, belirli bir
malzeme veya malzeme karigimini kaplama yontemi
olarak adlandirilir kapsiilenen madde ¢ekirdek

*[Igili yazar: okan.bayram.32@gmail.com

sivi ve gaz olabilir [2]. Duvar malzemesi genellikle
¢oziinmez  c¢ekirdek ile reaksiyon vermez.
Mikrokapsiiliin gorevi ¢ekirdek maddeye oksijen, su,
basing gibi etkilerden bariyer o6zelligi gostererek
korumaktir [3]. Enkapsiilasyon islemi sivi maddeyi
kat1 bir fazla doniistiirerek, stabiliteyi arttirmak ve
kapsiillenmis maddenin tadini kokusunu
maskeleyerek uygulamay1 kolaylagtirir. Bunun yani
sira ugucu yaglarin enkapsiilasyonu partikil ¢aplarini
en aza indirerek antimikrobiyal etkilerinin


https://orcid.org/0000-0002-1748-9354
https://orcid.org/0000-0002-3008-1353

0. Bayram vd. / Jelatin ve Sodyum Aljinat Polimerleriyle Kenevir Yaginin Mikroenkapsiilasyonu ve Salinim Ozelliklerinin incelenmesi

gelismesini katki saglamaktadir [4]. Diinya ¢apinda
bilim insanlar tiiketicilerin saghigini korumak igin
faydali besin kaynaklar1 olarak kullanabilecekleri
gidalar1 karakterize etmeyi amaglamaktadir yani
Uriinlerin gelistirilebilmesi ve gidalardaki biyo-
erisilebilirligi  kontrol etmek i¢cin geleneksel
yontemleri yeni teknolojiler ile birlestirmek
istemislerdir. Bu amagla tarihte kullanilan ilk
tekniklerden biri olan mikroenkapsiilasyon teknigi
ozellikle ilaglarin kontrollii salinimlarini saglamak
icin 1954'lerde basariyla kullanilmistir [5-6]. Kenevir
(Cannabis sativa L.) bitkisi, en eski evcil bitkilerden
biridir. Kenevir yillarca kagit, tekstil ve kordon
tretmek icin ekilmistir. Bir besin kaynag olarak
kullanildiginda, kenevir tohumu soguk presleme ile
islenir, sonucta miilkemmel nutrasétik ozelliklere
sahip oldugu iddia edilen yag elde edilir [7]. Kenevir
(Cannabis sativa L.) tohumu yagi, temel olarak, besin
ozellikleri nedeniyle saglik i¢in yararlari 6énemli bir
yagdir. Yag asidi bilesimi yag icerigi %25-35 arasinda
degisirken, biitiin kenevir tohumu ek olarak yaklasik
%20-25 protein, %20-30 karbonhidrat ve %10-15 lif
icerir [8]. Esansiyel amino ve yag asitlerinin kaynagi
olmasiyla kenevir tohumu yag tam bir besin
kaynagidir. Ek olarak, bilesenlerin yagda farmakolojik
aktivite sergiledikleri gosterilmistir [8, 9]. Kenevir
tohumu yag), sirasiyla ana omega-6 ve omega-3 ¢oklu
doymamis yag asitleri (PUFA) olarak linoleik asit
(LA) ve linolenik asit (LNA) igerir. Yanit yiizeyi
metodolojisi (YYM), kurulan prosesin optimize
edilmesinde ve iyilestirilmesinde kullanilan bir grup
istatistiksel ve matematiksel yontemler biitiinidiir.
Bu yontemle sec¢ilen bagimsiz degiskenlerin bagiml
degiskenle arasindaki iliski istatistiksel olarak
aciklanabilmektedir [10]. Bu ¢alismada kenevir yagi
belirlenen deney sartlarinda jelatin ve sodyum aljinat
polimerleriyle mikroenkapsiile edilerek elde edilen
sonu¢ optimize edilmistir ve hekzan ortamindaki
salimim 6zellikleri incelenmistir.

2. Materyal ve Metot
2.1. FT-IR Analizi

Deneylerde kullanilan kenevir yag), mikrokapsiil
duvarinda kullanilan  polimerler ve {iretilen
mikrokapsiillere FT-IR analizi yapilmistir. FT-IR
analizinde JASCO FT/IR-4700typeA model cihaz ve
ATR PRO ONE aksesuar1 ile kullanilmistir. Cihaz,
4000-400 cm kizilétesi araligindaki numuneleri
analiz kullanilmistir.

2.2. Optik Mikroskop ve SEM Analizi

Elde edilen mikrokapsiiller boyut, sekil, renk gibi
ozellikleriyle degerlendirilmesi i¢cin Bueco BM-2000
marka optik mikroskop ve QuantaTM 250 FEG marka
SEM cihaziyla incelenmistir [11, 12].

2.3. Kompleks Koaservasyon Metoduyla Deney
Yapilis1

Kenevir yaginin mikroenkapsiilasyonunda kompleks
koaservasyon yontemi kullanilmistir. Baslangicta 4 g
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kenevir yag1 ve ilgili parametrelerdeki degerler
deneysel siirecte kullanilmistir. Kenevir yagi yerel bir
saticidan tedarik edilmistir. Karistirma hizi tim
deneylerde ilk asamada deney tasarimindaki
parametrelerden 1000 rpm-1500 rpm, ikinci
asamada 400,00 rpm’dir. Sicaklik (50,00 °C - 60,00
°C) deney setine gore 1siticili manyetik karistiricida
(Weightlab WNH550) her bir deney icin
ayarlanmistir. JE-AL] duvar materyali olarak
kullanilan deneyler (%1,250 a/h) 4:1 oraninda
kullanilmigtir. Ik asamada istenen sicakliga (50,00°C
- 60,00°C) getirilen deney ortaminda kenevir yaglari
hazirlanan jelatin c¢ozeltisi ile 20 dakika siireyle
karistirilmistir. Karisima surfaktan madde olarak
deney setlerinde belirlenen sodyum dodesil siilfat
(SDS) 0,250 mL eklenerek 20 dakika daha
karistirtlmistir.  Sodyum  aljinat  (%1,250 a/h)
eklenerek Kkaristirlmaya 20 dakika daha devam
edilmistir. Daha sonra (%10,00 h/h) asetik asit
cozeltisiyle karisimin pH degeri ayarlanmistir ve 90
dakika daha 400 rpm’de Kkaristirilmistir. Siirenin
sonunda 1sitici kapatilarak 300 mL soguk deiyonize
su ve (%10,00 h/h) 2 mL glutaraldehit karisima
eklenmistir. Sicaklik diismesi dijital termometre ve
1siticinin probu ile kontrol edilmistir. Bu asamada
400 rpm’de karistirilmaya devam edilmistir. Toplam
karisim siiresi 4 saat 30 dakikaya tamamlanmistir.
Daha sonra elde edilen karisim bir giin bekletilerek
yikama, stizme, islemleri yapilmistir [11, 12].

2.4. Salinim Ozellikleri incelemesi

Jelatin ve sodyum aljinat ile mikroenkapsiile edilen
kenevir yaginin salinimi literatiirdeki benzer
calismalar yardimiyla olusturulan metot ile
olciilmiistiir. Oncelikle mikrokapsiiliin ¢cekirdegi olan
yag, hekzan ile farkl derisimlerde karistirilarak bir
kalibrasyon seti hazirlanmistir. Hekzan ortamina
koyulan mikrokapsiil numunelerinin farkh
zamanlarda absorbans degerleri Ol¢iilmiistiir. Elde
edilen degerler yardimi ile mikrokapsiiliin salinim
grafigi cizilerek degerlendirilmistir [13, 14].

2.5. Verim Hesabi

Enkapsiilasyon verimi hesaplanirken literatirdeki
benzer ¢alismalar yardimiyla olusturulan Denklem 1
kullanilmistir [11, 12, 15-19].

Toplam Yag Miktar1 — Yiizey Yag1 Miktari
X

%EV = 100 (1)

Toplam Yag Miktari

3. Bulgular
3.1. Deney Tasarimi Sonug¢lari

Jelatin ve sodyum aljinat duvar mataryalinde kenevir
yagl iceren mikrokapsiiller icin olusturulan deney
tasarimi ve elde edilen deneysel verim ve hesaplanan
verim degerleri Tablo 1'de gdsterilmistir.
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Tablo 1. Kenevir Yagi-JE/AL] deney tasarimi sonuglari

Karistirma Sicakhk  Surfaktan Deneysel Hesaplanan
Hiz1 (rpm) (°Q) Derisimi Verim Verim (%EV)
(%a/h) (%EV)
1000,000 50,000 0,300 45,380 43,297
1250,000 55,000 0,500 57,580 57,808
1250,000 55,000 0,500 57,420 57,808
1500,000 60,000 0,300 60,780 57,932
1500,000 50,000 0,700 63,850 59,112
1000,000 60,000 0,700 41,580 41,577
1250,000 55,000 0,500 57,850 57,808
1250,000 46,835 0,500 45,670 51,456
1250,000 55,000 0,500 56,250 57,808
1250,000 55,000 0,827 55,850 59,124
1658,250 55,000 0,500 47,580 55,038
1250,000 55,000 0,173 57,580 61,034
1250,000 63,165 0,500 53,250 54,199
841,750 55,000 0,500 27,540 26,910
1000,000 60,000 0,300 41,580 44,737
1000,000 50,000 0,700 36,580 37,857
1250,000 55,000 0,500 55,470 57,808
1500,000 60,000 0,700 60,520 61,032
1500,000 50,000 0,300 59,850 58,292
1250,000 55,000 0,500 58,750 57,808
R2 %94,560
Model 0,060
Uyumsuzlugu

Elde edilen sonuglar iizerinden hesaplanan ANOVA
sonuglar1 Tablo 2’de gosterilmistir.

Tablo 2. Kenevir Yagi-JE/AL]J icin ANOVA sonuglar1

F- P-
Kaynak sd  AdjSS AdjMS Degeri Degeri
Model 11 1632,340 148,394 12,640 0,001
Bloklar 2 61,560 30,779 2,620 0,133
Dogrusal 3 965,030 321,676 27,400 0,000
Karistirma Hizi 1 950,990 950,994 81,010 0,000
Sicaklik 1 9,370 9,371 0,800 0,398
Surfaktan Derisimi 1 4,660 4,663 0,400 0,546
Kare 3 581,900 193,966 16,520 0,001
Karistirma Hizi*Karistirma 1 529,190 529,188 45,080 0,000
Hizi
Sicaklik*Sicaklik 1 46,070 46,066 3,920 0,083
Surfaktan 1 9,610 9,608 0,820 0,392
Derisimi*Surfaktan Derisimi
2-Yonlii Etkilesim 3 23,850 7,951 0,680 0,590
Karigtirma Hiz1*Sicaklik 1 1,620 1,620 0,140 0,720
Karistirma Hizi*Surfaktan 1 19,660 19,656 1,670 0,232
Derisimi
Sicaklik*Surfaktan Derisimi 1 2,58 2,576 0,22 0,652
Hata 8 93,92 11,740
Uyum Eksikligi 5 87,24 17,449 7,85 0,060
Saf Hata 3 6,67 2,224
Toplam 19 1726,26

ANOVA sonuglar1 incelendiginde ulasilan model
onemlidir (p<0,050). Model (p<0,05) dogrusallik
gostermektedir. Karistirma hiz1 (p<0,05) dogrusallik
gostermektedir ancak bunun yaninda sicaklik ve
surfaktan derisimi dogrusallik gostermemektedir
(p>0,050). Modelde kare onemlidir (p<0,05) ve
Karistirma Hizi*Karisirma Hizi (p<0,05) Kkaresi
onemli iken diger karelerde bir 0Onemlilik
gostermemektedir. Modelde iki yonli etkilesim
(p>0,05) oOnemsizdir. Uyum eksikliginin p degeri
0,060 (p>0,05) bulunmustur. Uyum eksikligi
degerinin  p>0,050 olmas1 veriyle modelin
uyustugunu gostermektedir. Rz degeri %94,560
bulunmustur. Analiz sonucu elde edilen ve
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hesaplanan %EV’yi gosteren esitlik Denklem 2’'de

verilmistir.

%EV =-361,000+0,291*Karistirma
Hiz1+8,55*S1caklik-94,700*Surfaktan Derisimi-
0,000101*Karistirma Hizi*Karistirma Hizi-
0,075*S1cakhik*Sicaklik+21,300*Surfaktan
Derisimi*Surfaktan Derisimi-
0,000360*Karistirma
Hiz1*Sicaklik+0,031*Karistirma Hizi1*Surfaktan
Derisimi+0,570*Sicaklik*Surfaktan Derisimi

(2)

Secilen li¢ parametrenin (¢ekirdek maddesi miktari,
surfaktan konsantrasyonu, Kkaristirma hizi) cevap
yaniti olan %EV ile iligkisi 3B ylizey grafikleri
araciligiyla Sekil 1'de gosterilmistir.

a) 50

%EV 40 |

s
5 Sicaklik

20 06
Surfaktan Derisimi

50

1000 |5 1000 |55
1250 4500 1250 4500

Kangtrma Hiz Kanstrma Hiz

0
7 zsmfakcan Derisimi

S s

Sekil 1. Kenevir Yagi-JE/AL] mikrokapsiillerinin %EV i¢in
sicaklik, surfaktan derisimi, karistirma hizi icin 3B yiizey
grafigi

Sekil 1a incelendiginde karistirma hizi ve sicakligin
birlikte artmasiyla %EV degeri tepe noktasina
ulasmakta ve sonradan azalmaktadir. Sekil 1b
incelendiginde  karistirma hizi  ve  surfaktan
derisiminin birlikte artmasiyla %EV degeri tepe
noktasina ulagmakta ve sonradan azalmaktadir. Sekil
1c incelendiginde sicaklik ve surfaktan derigiminin
birlikte belirli bir noktaya kadar artmasiyla %EV
degeri tepe noktasina ulasmakta ve azalmaktadir.
Sekil 1c’de disbiikey bir yapi gozlenmistir. Kenevir
yaginin JE-AL] polimerleri ile mikroenkapsiilasyon
islemi icin secilen {i¢ parametrenin (sicaklik,
surfaktan konsantrasyonu, karistirma hizi) bir
fonksiyonu olarak %EV iligkisi Sekil 2’de kontur
grafiklerinde gosterilmistir.

Surfaktan Derisimi*Kanstrma Hizi

.

1000 1200 1400 1600

Sicakhik*Kanstrma Hizi

1000 1200 1400
Surfaktan Derisimi*Sicaklik

1600

08

06

04

0,2

50

55 60

Sekil 2. Kenevir Yagi-JE/ALJ icin sicaklik, karistirma hizi,
surfaktan derisimi kontor grafikleri
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istatistiksel analizden sonra artiklarin dagilim
incelenmis ve yapilan normallik testi grafigi Sekil 3’te
gosterilmistir.

Yiizde

Mean
StDev
N 20
AD 0,257
P-Value 0,684

-1,52767E-14
2,223

-5.0

-25 00

Artiklar
Sekil 3. Kenevir Yagi-JE/AL] mikrokapsiilleri i¢in artiklarin
dagilimi grafigi

25 50

Grafigin analizinde artiklarin standart sapmasi
0,000+2,223 (n=20) bulunmustur. Anderson-Darling
normallik testine gore p=0,684 bulunmustur. Artiklar
normal dagilim géstermektedir.

3.2. Kenevir Yagr - JE/AL] deney tasarimi
sonu¢larinin maksimize optimizasyonu

Kenevir  Yag-JE/AL] i¢in maksimize olarak
optimizasyonu sonucunda ¢oklu yanit tahmini Tablo
3’te verilmistir.

Tablo 3. Kenevir Yagi-JE/AL] icin ¢coklu yanit tahmini

Degisken
Karistirma Hizi o Surfaktan
(rpm) Srcaklik (°C) Derisimi (%a/h)
1460,310 56,897 0,827
Cevap Fit SE Fit 95% CI 95% PI
%EV 63,491 3,290 (55,890; (52,530;
71,090) 4,450)

Maksimize olarak optimizasyon sonucunda elde
edilen optimizasyon grafigi Sekil 4’te gdsterilmistir.

Sicaklik
63,1650
[56,8969]
46,8350

Karistir
1658250
[1460,3106]
841750

Surfakta
0,8266
[0,8266]
01734

optimal
D:ogs01 High

cur
Low

BEV
Maximum
¥ = 63,4918
d = 099013

Sekil 4. Kenevir
optimizasyon grafigi

Yagi-JE/AL] maksimize olarak

Deneysel ve maksimize olarak optimize edilen
parametrelerle iiretilen kenevir yagl
mikrokapsiillerinin teorik ve deneysel %EV sonuglari
Tablo 4’te verilmistir.

Tablo 4. Kenevir Yagl-JE/AL] optimize edilmis
parametrelerin %EV sonucu
Cekirdek-Duvar: Kenevir Yagi-
JE/ALJ
Maksimize Edilen Teorik %EV: %63,491
Deneysel %EV: %62,780
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3.3. FT-IR Analizi Sonuglar

Kenevir Yagi-JE/AL] FT-IR analizi sonuglar1 Sekil 5’te
gosterilmistir.

320
300
280
260
240 A
220 4
200
180
160
140 ~
120 ~
100 ~

80

60

40

%Gegirgenlik

e
N

—— Jelatin—— Sodyum Aljinat—— Kenevir Yagi—— Kenevir Yagi Mikrokapsdilii

T T T T
1000 2000 3000 4000
Dalga Sayisi (cm™)

Sekil 5. Kenevir Yagi-JE/AL] icin FT-IR analizi sonuglar1

Kenevir yagindaki 2940 cm C-H alkan, 1740 cm
C=0 ester, 1140 cm C-O ester, 730 cm'! C-H alken

oldugu diistintilmektedir. 1747-1078 cm?
araligindaki bant jelatine ait C-N gerilme piki oldugu
diistinilmektedir. 3442 cm?! jelatindeki N-H
gerilmesi oldugu disinilmektedir. 3442 cm!

sodyum aljinat -OH bandi oldugu diisiiniilmektedir.
1232 cm! estere ait C-O Dbandi oldugu
diistiniilmektedir [20]. 1232 cm? estere ait C-O
sodyum aljinat bandi oldugu diisiiniilmektedir. 1747-
1078 cm araligindaki bant jelatine ait olan C-N
gerilme pikine ait oldugu diistinilmektedir. 2940 cm-
1C-H alkan, 1740 cm™ C=0 ester, 1140 cm! C-O ester,
730 cm! C-H Alken kenevir yagim gosterdigi
diisiiniilmektedir.

3.4. Optik Mikroskop Analizi

Kenevir Yagi-JE/AL] optik mikroskop analizinden
elde edilen gorintiler Sekil
gosterilmistir.

6 ve Sekil 7'de

£ '8, 0f OB G
Sekil 6. Kenevir Yagi-JE/AL] Optik Mikroskop Goriintiisii

Sekil 6 ve Sekil 7 incelendiginde mikrokapsiillerin
diizgiin, yuvarlak seklinde oldugu gézlenmistir.
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Sekil 7. Kenevir Yagi-JE/AL] Optik Mikroskop Goriintiisii

3.5. SEM Analizi

Kenevir Yagi-JE/ALJ i¢cin SEM analizinden elde edilen
gorintiiler Sekil 8 ve Sekil 9’da gosterilmistir.

Sekil 9. Kenevir Yagi-JE/AL] SEM Gortintisi

Sekil 8 ve Sekil 9'da gosterilen gorintiiler elde
edilirken kullanilan vakum modundan dolay1
mikrokapsiillerin patlayarak dagildig1 gézlenmistir.

3.6. Kenevir Yagi-JE/AL] mikrokapsiillerinin
salinim 6zellikleri

Kenevir Yagi-JE/AL] mikrokapsiillerinin hekzan
ortaminda incelenen salinim o6zellikleri Sekil 10’da
gosterilmistir.

100

80 4 T 1 1

60 4

40 -

20 4

KUmulatif Kenevir Yagr Salinimi (%)

—a— Kenevir Yagi

0 10I00 ZOIOO 30I00
Zaman (dakika)

Sekil 10. Kenevir Yagi-JE/AL] mikrokapsiilii icin salinim

grafigi

Kenevir Yagi-JE/AL] mikrokapsiillerinin hekzan
ortaminda 1. dakikada %9,515 olarak hesaplanan
kiimilatif salinim degeri, 30. dakikada %45,942
olarak, 60. dakikada %55,005 olarak, 360. dakikada
%82,194 olarak ve 720. dakikada %83,406 olarak
hesaplanmistir.

4. Tartigsma ve Sonug¢

Kenevir yagi, diinyada farkli amaglar igin yaygin
olarak kullanilan bir yagdir. Kenevir bitkisinin farkl
amaglar icinde diinyada ve iilkemizde kullanim
alanlar1 artmaktadir. Kagit, tekstil gibi triinlerde bir
alternatif ortaya koyabilmektedir. Bu c¢alismada
olusturulan bir deney setinde kenevir yagi kompleks
koaservasyon yontemi ile mikroenkapsiile edilmistir.
Elde edilen iriinlerin verimi kimyasal olarak
hesaplanmis ve cevap yaniti olarak (%EV) deney
tasarimina  girilmistir.  Elde edilen sonuglar
incelendiginde model uyumsuzlugu degeri 0,060
bulunmustur. pmodel Uyumsuziugu>0,050 oldugu i¢in
olusturulan model ile veri uyusmaktadir. R? degeri
%94,560 (R2>%85,000) bulunmustur. Daha sonra
maksimize olarak optimize edilen sonuclar 1460,310
rpm karistirma hizi, 56,897 °C sicaklik ve %0,827 a/h
surfaktan derisiminde verim degeri %63,491
hesaplanmis ve yapilan deneyde %62,780 olarak
bulunmustur. Elde edilen optik mikroskop
goruntiileri mikrokapsiillerin  diizgiin  yuvarlak
seklinde oldugunu gostermistir [12, 13]. Elde edilen
FT-IR sonuglar1 da yapmin basarii sekilde
olusturuldugunu  gostermektedir. Elde edilen
bulgular kenevir yaginin farkl faydalari icin JE ve AL]J
polimerleriyle kompleks koaservasyon yonteminde
mikroenkapsiile  edilebilecegini = gostermektedir.
Kenevir yaginin farkli yontem ve polimerler ile
mikroenkapsiilasyonu da literatiire katki
saglayacaktir.

Tesekkiir

Bu calisma Siileyman Demirel Universitesi Bilimsel
Arastirma Projeleri Koordinasyon Birimi (BAP)



0. Bayram vd. / Jelatin ve Sodyum Aljinat Polimerleriyle Kenevir Yaginin Mikroenkapsiilasyonu ve Salinim Ozelliklerinin incelenmesi

tarafindan FDK-2019-7334 proje koduyla finansal
olarak desteklenmistir.

Etik Beyani

Bu c¢alismada, “Yiiksekogretim Kurumlar1 Bilimsel
Arastirma ve Yaymn Etigi Yonergesi” kapsaminda
uyulmasi gerekli tim kurallara uyuldugunu, bahsi
gecen yonergenin “Bilimsel Arastirma ve Yayin
Etigine Aykir1 Eylemler” bashgl altinda belirtilen
eylemlerden higbirinin gergeklestirilmedigini taahhiit
ederiz.
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