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DOMATESTE BULUNAN KAROTENOIDLERDEN OLAN
LiKOPENIN PROBIYOTIK BAKTERILER iLE
ETKILESIMLERI

) Ebru Kéroglu!, Hasan Ufuk Celebioglu”
! Bartin Universitesi, Fen Fakiiltesi, Biyoteknoloji Anabilim Dal1, 74100, BARTIN

Oz

Insanlarin dogal ve besleyici gidalara olan ilgisi son yillarda iyice artirmustir. Giiniimiizde meyve ve sebzeler
sadece beslenme amacinin diginda hastaliklardan korunmak, saglikli yasamak, ve tedavi edici 6zellikleri de g6z
Oniline alinarak tiiketilmektedir. Bu nedenle meyve ve sebzeler, igerikleri bakimindan da tercih edilmektedir.
Domatesten (Solanum lycopersicum) adimt alan likopen, basta domates olmak {izere cesitli bitkilerde bulunan
kirmizi renkli karotenoid bir pigmenttir. Likopen in vitro ortamlarda giiglii bir antioksidan 6zellik gosterir, in
vivo ortamlarda ise DNA, protein ve lipitlerin oksidasyonuna karsi koruyucu olmasinin yani sira kanser
tedavisinde apoptozu indiiklemek, DNA hasarin1 azaltmak, oksidatif stresi dnlemek, metastaz1 azaltmak ve
kanser hiicre siklusunu bozmak gibi ¢ok hedefli aktiviteleri de bulunmaktadir.

Lactobacillus acidophilus ve Lacticaseibacillus rhamnosus, probiyotikler arasinda ¢ok ¢alisilan, popiiler
mikroorganizmalar arasindadir. Ozellikle sindirim sisteminde, Lactobacillus acidophilus ve Lacticaseibacillus
rhamnosus gibi probiyotik bakterilerin varligi, bagirsak florasim olumlu yonde etkileyerek sindirimi
kolaylastirabilir ve bagisiklik sisteminin giliclenmesine yardimci olabilir. Bu probiyotiklerin yararli etkileri,
bitkisel kaynakli bilesiklerle ve viicudumuzdaki faydali mikroorganizmalarla etkilesimleri sayesinde artabilir.

Bu ¢aligmanin amaci insan diyetinde yer alan meyve ve sebzelerde dogal olarak bulunan ve birgok yararlt
etkisiyle birlikte likopenin insan saglig1 i¢in 6nemli olan probiyotik bakteriler Lacticaseibacillus rhamnosus ve
Lactobacillus acidophilus tizerine etkilerini arastirmaktir.

Calismada, probiyotik bakteriler {izerinde etkilesim gosteren likopenin bakteriyel gelisim kinetigi, bakteriyel
otoagregasyon, bakteriyel yiizey hidrofobisitesi ve mukus adezyon testi iizerine aragtirma yapilmustir.

Calisma sonuglari, likopenin probiyotik bakterilerin yiizey hidrofobisitesinde ve mukus adezyon testinde dnemli
bir degisiklige sebep olmadigini, otoagregasyon ozellikleri lizerinde doza bagli artislarin oldugunu gostermistir.

Anahtar kelimeler: Adezyon, karotenoid, laktik asit bakterileri, likopen, probiyotik.

INTERACTIONS OF LYCOPENE, A CAROTENOID FOUND IN
TOMATO, WITH PROBIOTIC BACTERIA

Extended Abstract

People's interest in natural and nutritious foods has increased in recent years. Today, fruits and vegetables are
consumed not only for nutritional purposes, but also for protection from diseases, healthy living, and therapeutic
properties. For this reason, fruits and vegetables are also preferred in terms of their content. Lycopene, named
after tomato (Solanum lycopersicum), is a red carotenoid pigment found in various plants, especially tomatoes.
Lycopene shows strong antioxidant properties in vitro, and in vivo, in addition to being protective against
oxidation of DNA, proteins and lipids, it also has multi-targeted activities such as inducing apoptosis, reducing
DNA damage, preventing oxidative stress, reducing metastasis and disrupting cancer cell cycle in cancer
treatment.

Lactobacillus acidophilus and Lacticaseibacillus rhamnosus are among best researched and popular
microorganisms among probiotics. Especially in the digestive system, the presence of probiotic bacteria such as
Lactobacillus acidophilus and Lacticaseibacillus rhamnosus can positively affect the intestinal flora, facilitate
digestion and help strengthen the immune system. The beneficial effects of these probiotics may be enhanced by
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their interaction with plant-derived compounds and beneficial microorganisms in our body. Thus, the aim of this
study is to investigate the effects of lycopene, which is naturally found in fruits and vegetables in the human diet
and has many beneficial effects, on probiotic bacteria Lacticaseibacillus rhamnosus and Lactobacillus
acidophilus, which are important for human health. For this, we investigated the effects of lycopene on bacterial
growth kinetics, bacterial autoaggregation, bacterial surface hydrophobicity and mucus adhesion of the probiotic
bacteria.

The results showed that lycopene did not cause a significant change in the surface hydrophobicity and mucus
adhesion of probiotic bacteria. On the other hand, there were dose-related increases on the autoaggregation
properties of these probiotic bacteria. In conclusion, it has been observed that different concentrations of
lycopene may have different effects on probiotic bacteria. The results also support the hypothesis that
carotenoids may influence the physiological effects of probiotic bacteria in a dose-dependent manner.

Keywords: Adhesion, carotenoid, lactic acid bacteria, lycopene, probiotics.

1. Girig

Karotenoidler bakteri, alg, mantarlar ve bitkiler tarafindan sentezlenen, hayvanlar ve insanlar tarafindan sentez
edilemeyip diyet aracihigiyla alinan bilesiklerdir (Tapiero vd., 2004). Karotenoidlerin bitkilerde bilinen 600
formu bulunmaktadir ve bitkilere farkli renkler saglamaktadirlar. Ayrica meyve ve sebzelerde saridan kirmiziya
kadar degisen renkleri veren pigmentli bilesikler ailesidir (Cadenas & Packer, 1996).

Insanlarin diyetinde ve plazmasinda en yaygin olarak bulunan karotenoidler arasinda likopen, o-karoten, B-
karoten, lutein, B-kriptoksantin ve a-tokoferol yer almaktadir (Giovannucci, 2002; Karadas vd., 2006; Sahin vd.,
2010). Karotenoid ailesinin bir iiyesi olan likopen en fazla domates (Lycopersicum esculentum)’te bulunmakta,
bunun yam sira kusburnu, papaya, karpuz, pembe greyfurt gibi meyve ve sebzelerde fazla miktarda
bulunmaktadir (Giovanelli vd., 2002; Yaping vd., 2002). Domatesteki likopen miktar1, domatesin gesitliligine ve
olgunluguna bagli olarak degismektedir. Likopen, taze domateste protein ve liften olusan bir matrikste
bulunmaktadir fakat domatesin islem gordigii iriinlerde 1sil islemden kaynakli olarak hiicre duvarlarinin
parcalanmasi sonucu serbest kalmakta ve mide-bagirsak kanali boyunca emilmektedir. Dolayisiyla domates
riinlerinde likopen orani, taze domates konsantrasyonuna gore daha yiiksektir (Parker, 1996; Hakala &
Heionen, 1994). Yagda c¢oziinen karotenler grubuna dahil olan likopen, hekzan, benzen, kloroform ve
metilenklorid gibi organik ¢dziiciiler tarafindan ¢oziinebilmekte (Vasapollo vd., 2003) ancak metanol, etanol ve
suda ¢6ziinememektedirler (Grossman vd., 2004). Domates ve bazi domates iriinlerinin likopen igerikleri Tablo
1’de, likopenin kimyasal yapisi ise Sekil 1°de verilmistir.

Tablo 1. Domates ve domates tiriinlerinin likopen igerikleri (Hobson & Grierson, 1996).

Domates ve Domates Uriinleri Likopen I¢erigi (ug/g yas agirhk)
Domates 8.8-42.0
Isil Islem Gérmiis Domates 37.0
Domates Suyu 50.0-116.0
Salca 54.0-1500.0
Domates Sosu 62.0
Domates Corbasi 79.9
Ketcap 99.0-134.4
Pizza Sosu 127.1
Domates Tozu 1126.3-1264.9
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Sekil 1. Likopenin Kimyasal Yapisi

Probiyotikler, insan sagligini olumlu ydnde etkileyen canli mikroorganizmalar olan bagirsak mikrobiyal
dengesini diizenleyen dnemli bir gruptur. Laktik asit bakterileri, probiyotik mikroorganizmalarin en yaygin ve en
onemli grubunu olusturmaktadir. (Uymaz, 2010). Probiyotik mikroorganizma iceren gidalar fonksiyonel gida
olarak tanimlanmaktadir ve gida pazarmin 6nemli bir boliimiinii olusturmaktadir. Tiiketici bilincinin artmasi,
dolayisiyla saglikli bir yagam i¢in diyetin dneminin daha iyi kavranmasi sonucu probiyotik gidalara olan talep
her gegen giin daha da artmaktadir (Cakir, 2003). Bir mikroorganizmanin probiyotik olmasi i¢in; insan kaynakli
ve sindirime dayanikli olmasi, patojeniteye sebep olmamasi, sindirim sistemde kisa siireli de olsa yasayabilmesi,
bagirsak yiizeyine tutunabilmesi, antibiyotik direncinin bulunmamasi, antimikrobiyal bilesikler iiretebilmesi,
bagisiklik sistemini uyarmasi, laktaz aktivitesine sahip olmasi, vitamin {iretebilmesi gibi etkiler gosterebilmesi
ve endiistriyel islemlere dayanikli olmasi gerekmektedir (Collins vd., 1998; Dunne vd., 2001; Onal, 2010;
Uymaz, 2010; Erem vd., 2013; Kechagia vd., 2013; Comak-Go6ger & Ergin, 2016). Laktik asit bakterileri, gida
endiistrisinde yaygin olarak kullanilmalariin yanmi sira saglikli bir insan bagirsak florasinin, 6zellikle
Bifidobacterium ve Lactobacillus tiirleri, dogal bilesenleridir. L. plantarum, L. rhamnosus, L. paracasei, L.
acidophilus ve L. salivarius gastrointestinal sistemdeki mukus tabakalarinda bulunmakla birlikte probiyotiklerin
en ¢ok bilinenleri arasinda L. acidophilus ve L. rhamnosus yer almaktadir (Alp & Ertiirkmen, 2017). L.
acidophilus LA-5, antimikrobiyal maddeler ve organik asitler gibi bilesenler iiretmektedir. Bu bilesenler, gida
kaynakli patojenleri ve bozulmaya neden olan organizmalari inhibe ederek gidalarin bozulmasini 6nlemektedir.
L. rhamnosus GG ise, insan viicudundaki asidik ve bazik kosullara uyum saglama kabiliyeti ile gastrointestinal
sistemde ve diger endiistriyel alanlarda kullanim alanina sahiptir. Ayrica, laktaz enzimini iiretebilir ve bu enzim
sayesinde siit {iriinlerinde bulunan laktoz sekerini laktik aside déniistiirebilmektedir (Giilgdr & Ozgelik, 2014).

Insan diyetinde yer alan meyve ve sebzelerde dogal olarak bulunan likopen, bagirsak mikroflorasina etki ettigi
ve insan viicudunda yaygin olarak bulunan karotenoid antioksidanlardan oldugu bilinmektedir. Ayni zamanda
likopen, DNA’y1 proteinleri ve lipitleri oksidasyona karsi koruyabilme, kanser tedavisinde oksidatif stresi
azaltabilme, kronik hastalik riski (kardiyovaskiiler hastaliklar ve kanser) arasinda negatif korelasyon olusturdugu
bilinmektedir (Ozkan vd., 2023). Likopen, bagirsak mikrofloras: iizerinde etkili olabilir ve ozellikle viicuda
yararli bakteriler igin prebiyotik etkiler gosterebilir. Bu ¢aligma ile dogal karotenoidlerden olan likopenin L.
rhamnosus GG ve L. acidophilus LA-5 iizerine in vitro etkilerinin belirlenmesi amag¢lanmistir. Bu amaca
ulagsmak i¢in, bu probiyotik bakteriler, likopenin farkli konsantrasyonlari ile ¢ogaltilmistir ve likopenin
bakteriyel gelisim kinetigi, bakteriyel otoagregasyonu, bakteriyel yilizey hidrofobisitesi ve mukuz adezyonu
lizerine etkileri arastirilmustir.

2. Materyal-Metot
2.1. Likopen Ekstraksiyonu

Likopen, Periago vd. (2004) gelistirdigi yonteme gore ekstrakt edildi. Bunun i¢in 1 gr salga, aliiminyum folyo ile
sartlmig 125 mL'lik bir sisede tartildi. 1:1:1 oranlarda heksan/aseton/etanol karigiminin elli mililitresi,
karotenoidleri ¢oziindiirmek i¢in siseye ilave edildi. Numuneler 30 dakika ¢alkalanacak ve daha sonra 10 mL
damitilmis su eklendi. Soliisyon ayr1 bir polar katmana ve likopen igeren polar olmayan bir katmana ayrilmak
i¢in birakildi. Likopen igerigi, 472 nm'de likopen heksan ¢ozeltisinin absorbansi dlgiilerek elde edildi (Sharma &
Le Maguer,1998).

2.2. Probiyotik Bakterilerin Biiyiitiilmesi ve Likopen ile Muamelesi
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L. acidophilus ve L. rhamnosus bakterileri, aerobik ortamda, ¢alkalanmadan de Man, Ragosa, Sharpe (MRS)
besiyerleri igerisinde, 37°C’de ¢ogaltildi. Farkli Kiiltiirler ayn1 bakteriyel stoktan, likopenin konsantrasyonlari 0,
25,50, 100, 250 ve 500 pg/mL olacak sekilde MRS besiyerinde galkalamasiz biiyiitiildii (Celebioglu vd., 2018).
2.3. Likopenin Probiyotik Bakteri Biiyiime Kinetigi Uzerine Etkileri

Bakteriler, bir kontrol grubu ve likopen muamelesi grubu olmak {izere iki gruba ayrildi. Likopen kontrol grubuna
konulmadi (sadece MRS), MRS besiyerinde islem yapilacak gruplara degisen miktarlarda likopen eklenerek
bakterilerin gelisimi her 4 saatte bir 600 nm dalgaboyundaki absorbanslarina bakilarak goézlemlendi. Bakteriyel
gelisim kinetikleri bu sonuglar dogrultusunda ¢ikarilarak likopenin biiyiime kinetigi iizerine etkileri incelendi.

2.4. Bakteriyel Agregasyonun Belirlenmesi

Bakterilerin bagirsak mukozasina adezyonlar i¢in bakteriyel agregasyon onem tagimaktadir (Kos vd., 2003).
Bakteri hiicreleri, duraklama fazinda (3200xg, 15 dk) harvest edildi ve PBS ile yikandiktan sonra OD600 deeri
yaklagik .5 olan bir siispansiyon hazirlandi. Ardindan, 4mL bakteriyel siispansiyonlar 10 saniyen vortekslenerek
falkon tiiplerine aktarildi ve 5 saat boyunca oda sicakligindaki inkiibasyon sonrasi otoagregasyon derecesi
belirlendi. Her saat 0.1 mL siispansiyondan alind1 ve igine 0.9 mL PBS eklenerek 600 nm’de absorbans 6l¢iildi.
Bu veriler kullanilarak otoagregasyon, 1—(At/Ao) x 100 ile yiizdelik olarak hesapland: (At, 1., 2., 3., 4, veya 5.
saatlerdeki absorbans degeri; Ao, 0. saatteki absorbans degerini gostermektedir (Kos vd., 2003).

2.5. Bakterilerin Yiizey Hidrofobisitesinin Solventlere Mikrobiyal Adhezyon Yéntemi ile Belirlenmesi

Bakteriler bagirsak mikroflorasinin dogal iyeleridir ve yiizey hidrofobisitesi diger yiizeylere baglanmalarinda
¢ok onemli bir rol oynamaktadir. Bakterilerin yiizey hidrofobisitesi, Solventlere mikrobiyal adhezyon (MATS)
yontemiyle 6l¢iildii. Kontrol ve deney gruplarindaki bakteriler duraklama fazinda toplandi (3200xg, 15 dk) ve
PBS ile yikandi. Ardindan, OD600 yaklasik 0.5 olan 0.1 M KNO3 (pH 6.2) stispansiyonu hazirlandi. 1 mL apolar
solvent olan ksilen, 3 mL probiyotik siispansiyona eklendi ve oda sicakliginda 10 dakika boyunca bekletildi. iki
fazli sistem 2 dakika boyunca vortekslenerek karistirildi, daha sonra sulu kisim ayrildi ve oda sicakliginda 20
dakika daha inkiibe edildi. Son olarak absorbans 6l¢iildii (ODeoo) ve ylizey hidrofobisitesi (1—A1/Ag) x 100
formiilii kullanilarak hesaplandi (Kos vd., 2003).

2.6. Mukus Adezyon Testinin Belirlenmesi

Ham miisin PBS’de (1 mg/mL) seyreldi, 200 pL’si plaka kuyucuklarina yiiklenerek 4°C’de gece boyunca inkiibe
edildi (Izquierdo vd., 2009). Baglanmayan mukus bilesenini ¢ikarmak i¢in plaka kuyucuklart iki kez 200 pL
PBS ile yikandi. Bakteriler, santrifiij edildikten (6000x g, 10 dak, 4C) sonra PBS ile yikandi. PBS ile siispanse
edildikten sonra probiyotik stispansiyon ODggo 0,50 + 0,05 olacak sekilde ayarlandi. Plaka kuyucuklaria 200 ul
bakteri siispansiyonu ekildi ve 37°C'de 1 saat boyunca inkiibe edildi. Baglanmayan bakterileri ¢ikarmak igin
plaka kuyucuklart 200 pL PBS ile yikanarak plaka kuyucuklarma 200 pl MTT Soliisyonu eklendi ve oda
sicakliginda 3 saat inkiibasyona birakildi. MTT ¢ozeltisi ¢ikarilip kuyucuklara 200 pl DMSO ilave edilip
inkiibasyona birakildi (37°C'de 15 dk). ELISA okuyucu ile 570 nm'de absorbansi 6lgiildii ve adezyon,
kuyucuklara eklenen bakteri siispansiyonunun absorbansina goére miisine baglanan bakterilerin absorbans
yiizdesi olarak ifade edildi.

2.7. Istatistiksel Analizler
Tiim deneyler, en az 3 biyolojik teknik tekrarli olarak yapildi. Muamele gruplar1 ve kontrol grubu arasindaki

karsilastirma, Student’in t-test’i ile yapildi ve p degerinin 0.05’ten kii¢iik oldugu durumlar, istatistiksel olarak
GraphPad Prism ile hesaplandi ve anlamli olarak kabul edildi.

3. Sonug ve Tartisma
3.1.Bakteriyel Gelisim Kinetigi
Bakteriyel gelisim kinetiginde, bakterilerin bliyiime ortamina uyum saglayip ¢ogalmaya baslayana kadar belirli

bir slire gecmesi gerekmektedir. Bu siire igerisinde besi ortamina asilanmis bakterilerin ne kadar biiyiidiikleri
incelenmektedir (Mousavi vd., 2011, Charalampopoulos vd., 2002).
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Bizim ¢aligmamizda likopen ile ekstrakt edilmis olan probiyotik bakterilerin gelisiminde herhangi bir olumsuz
etki gostermemistir (Sekil 2 ve 3).

——KONTROL —8—25 ug/mL —— 50 ug/M| 100 ug/mL —#=250 ug/mL —e—500 ug/mL
8
7
= 6
=
=
£ 5
2
< 4
o
3
=
2
1
0
O.5AAT 4 SAAT B.5AAT 12 5AAT 16.5AAT 20,5AAT 24 S58AT
ZAMAN (SAAT)
Sekil 2. Likopenin L. acidophilus LA-5 bakterilerinin bakteriyel gelisim kinetigi tizerine etkileri.
—+—KONTROL —8—25 ug/mL ——50 ug/MI 100 ug/mlL ——250 ug/mL —*—500 ug/mL
12
i &
10
=
e 8§
‘m
o
g 6
&=
e
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2
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0.58AT 4. 5AAT B.5AAT 12 SAAT 16.5AAT 20,5AAT 24 SAAT
ZAMAN (SAAT)

Sekil 3. Likopenin L. rhamnosus GG bakterilerinin bakteriyel gelisim kinetigi {izerine etkileri.
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3.2.0toagregasyon

Mikroorganizmalarin epitel ylizeylere baglanmasi, hiicre yiizeyinin hem agregasyon hem de hidrofobiklik
ozelligi ile ilgilidir. Yararl etkileri ortaya ¢ikarmak igin, probiyotikler agregasyon yolu ile belirli bir kiitleye
ulagmas1 gerekmektedir. Otoagregasyon, ayni tiirdeki probiyotik bakterilerin insan gastrointestinal sistemdeki
epitel hiicrelere kiimeler halinde yapigmasini gostermektedir (Sui vd. 2021, Pradhan vd. 2020, Satyanarayana vd.
2019).

Otoagregasyon sonuglarina baktigimiz zaman Lactobacillus acidophilus LA-5’i kontrol grubuna gore
konsantrasyonlar1 kiyasladigimiz zaman 2,5 pg/mL, 5 pg/mL, 10 pg/mL (4. saat harig), 25 pg/mL (2 ve 3. saat
hari¢), 50 pg/mL (1,3,4 ve S5.saatler harig) istatistiksel olarak anlamli bir (p<0.05) agregasyon ozelligi
gostermistir (Tablo 2).

Tablo 2. Likopenin L. acidophilus LA-5 bakterisinin otoagregasyonu tizerine etkileri. Degerler ortalama yiizdelik
+ Standart sapma olarak verilmis, sonuglar Student’s t-test ile analiz edilmistir. Yildiz (*), kontrol
grubuna gore p<0,05

1. saat 2. saat 3. saat 4. saat 5. saat
Kontrol (0 351+2,6 6,9 +4,7 279 +4,4 395+17,1 50,1+0,7
pg/mL)
25 pg/mL 0* 0* 0* 11,3+£91* 0*
50 pg/mL 0* 0* 0* 150+3,6* 78+25*
100 pg/mL 159+39* 0* 0* 25,2+ 20,1 35,1+0,7*
250 pg/mL 66+10* 3,0+£9,8 10,5+ 9,6 13,3+£09* 249+11*
500 pg/mL 385+1,9 66,3+ 0,2 * 15,3+10,8 23,4+9,0 49,1+0,1

Lacticaseibacillus rhamnosus GG’i kontrol grubu ile konsantrasyonlar1 kiyasladigimiz zaman 5 pg/mL’nin
l.saatinde, 25 pg/mL’nin 1l.saatinde ve 50 pg/mL’nin S.saatinde istatistiksel olarak anlamli bir (p<0.05)
agregasyon Ozelligi bulunmustur (Tablo 3).

Tablo 3. Likopenin L. rhamnosus GG bakterisinin otoagregasyonu iizerine etkileri. Degerler ortalama yiizdelik £
Standart sapma olarak verilmis, sonuglar Student’s t-test ile analiz edilmistir. Yildiz (*), kontrol
grubuna gore p<0,05

1. saat 2. saat 3. saat 4, saat 5. saat
kontrol (0 46+05 15,2+ 10,2 51,0+ 4,6 59,3+ 9,6 60,5+ 4,6
pg/mL)
25 pg/mL 42+0,8 10,4 +£4,0 51,6 +6,3 40,6 +7,0 49,2+ 19,7
50 pg/mL 199+118~* 30,8 + 23,8 54,1+6,7 60,3+5,0 62,2+ 144
100 ug/mL 19+19 95+48 533+2,1 525+4,1 65,1+ 6,3
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250 pg/mL 183+22* 36,9+ 22,8 515+59 50,3+3,7 62,4+6,9

500 pg/mL 11,8+7,2 21,0+ 10,7 48,9+ 6,8 65,5+ 3,2 712+52*

Yapilan ¢alismalari inceledigimiz zaman, Sui ve arkadaslarimin yaptigi ¢alismada fermente edilmis mandalina
sirkesinden elde ettikleri LAB susu olan L. planataurum NF4’iin aotoagregasyon ve koagregasyon’un yiiksek
derecede etkilisi oldugu gosterilmistir (Sui vd., 2021). Rodriguez Sanchez ve arkadaslarmin yaptigi diger bir
caligmada ise, ¢esitli gida Tiriinlerinden elde ettikleri probiyotik suslar1 iizerinde inceleme yapmuglardir.
Arastirmalarinda elde ettiklerin suslar1 2 saat ve 4 saat olarak otoagregasyon etkileri degerlendirilmistir. Elde
edilen suslarin yaklagik olarak %93,8” e kadar otoagregasyon etkisi oldugunu géstermislerdir (Rodriguez-
Sanchez vd., 2021).

3.3.Yiizey Hidrofobisitesi

Hidrofobisite probiyotiklik i¢in 6énemli bir 6zellik olarak kabul edilmektedir. Clinkii probiyotikler, epitel yiizeye
yapistiklarinda bagirsakta kararli bir sekilde islev gorebilirler. Bazi lactobacillus suslarinda yapisma ile
hidrofobiklik arasinda iliski oldugunu gézlemlemislerdir (Kos vd., 2003, Sakoui vd., 2022).

Ayrica yiizey hidrofikligi ne kadar fazla ise yararli bakterilerin bagirsak mukozosina baglanma olasilig1 o kadar
yiiksektir (Laparra & Sanz, 2009; Van Tassell & Miller, 2011).

Hidrofobisite sonuglarinda Lacticaseibacillus rhamnosus GG bakteri kontrol grubu ile kiyaslandigi zaman
herhangi bir anlamh deger elde edilememistir (Sekil 4A). Lactobacillus acidophilus LA-5, kontrol grubu ile
kiyasladigimiz zaman sadece 5 pg/mL ve 10 pg/mL’sinde istatistiksel olarak anlamli bir (p<0.05) artig elde
edilmistir (Sekil 4B).

Bakteriyel Yiizey Hidrofobisitesi
L.rhamnosus GG

50

40 .
Y L
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o

KONTROL 25 ug/mL 50ug/MI 100ug/mL 250 ug/mL 500 ug/mL

>

Yuzey Hidrofobisitesi %

Konsantrasyon ug/mL

B Bakteriyel Yiizey Hidrofobisitesi
. L.acidophilus L A-5

* *
i
I
|

I S

KONTROL  25ug/mL  50ug/MI  100ug/mL 250 ug/mL 500 ug/mL
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® O N & O @B

Yizey Hidrofobisitesi %

Sekil 4. Likopenin L. acidophilus LA-5 (A.) ve L. rhamnosus GG (B.) bakterilerinin yiizey hidrofobisitesi
iizerine etkileri. Sonuglar Student’s t-test ile analiz edilmistir. Yildiz (*), kontrol grubuna gore p<0,05

Yapilan ¢aligmalara baktigimiz zaman, Siahmazgi geleneksel peynirinden izole edilen L. plantarum suglar1 igin
% 6.58 ile 73.3 hiicre hidrofobiklikligi gériilmiistiir (Gandomi vd., 2019). Yapilan baska bir ¢aligmada ise
quercetin ile muamele edilmis olan Lactobacillus acidophilus ve Lacticaseibacillus rhamnosus bakterileri
iizerinde her muamele gruplarmin kontrol grubuna gore anlamli degisiklikler olmadigimi gostermislerdir
(Koroglu & Celebioglu, 2019).
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3.4. Mukus Adezyon

Bagirsak epitellerini kaplayan mukus, mikroorganizmalar igin bagirsaktaki ilk yiizeysel temas yeridir (Onal &
Ashim, 2005). Probiyotikler, bagirsak saghigim gelistirmesi, gidanin besin degerini arttirmasi gibi 6zelliklerinin
yant sira enfeksiyonlarmm Onlenmesinde antibakteriyel maddelerin iiretimi, patojenlerin epitel ve mukozal
yiizeylere adezyonlarinin engellenmesi gibi bir¢ok mekanizma bulunmaktadir (Wan vd., 2016). Ayrica
bagirsaklardaki mukus tabakasinin bariyer 6zelliklerini olumlu olarak artirarak da patojenlerin konak hiicrelere
adezyonunu onleyebilirler (Hemaiswarya vd., 2013).

Mukus adezyon sonuglarina baktigimiz zaman yapilan istatistiksel analizlere gore (Student’s t-test) anlamli bir
degisiklik bulunamamustir (Sekil 5).

A.
L. acidophilus LA-5

120

100
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40
20

0

Kontro Likopen

L. rhamnosus GG

100
80
60
40
20

o

Kentrol Likopen

Sekil 5. Likopenin L. acidophilus LA-5 (A.) ve L. rhamnosus GG (B.) bakterilerinin miisin adezyonu iizerine
etkileri.

Bu ¢alismada karotenoidler arasinda yer alan likopenin eksktraksiyonu gerceklestirilerek probiyotik bakteriler
olan L. acidophilus La-5 ve L. rhamnosus GG bakteri tizerinde etkileri incelenmistir. Salgadan ekstrakte edilen
likopenin 417 nm’de spektrum 6lgiimii alinmustir ve spektrum degerinin 3,526 oldugu bulunmustur. Elde edilmis
olan likopenin, bakteriyel gelisim kinetigi, bakteriyel otoagregasyonu, bakteriyel yiizey hidrofobisitesi ve mukus
adezyon testleri yapilmustir.

Karotenoidler intestinal sistemde diyet yagi ya da yagda ¢dziinen vitaminler gibi emildigi bilinmektedir. Dogada
yaklagik olarak 700’e¢ yakin karotenoid oldugu bilinmektedir ve likopen de bu karotenoidler arasinda yer
almaktadir (Shete & Quadro, 2013).

Probiyotikler arasinda yer alan laktik asit bakterilerinin temel 6zellikler arasinda, bagirsak ekosisteminde hayatta
kalabilme, isleme ve depolama sirasinda yasayabilirlik, ve konak¢inin bagirsak epiteline yapisma gibi faktorler
yer almaktadir. Ayrica, gastrointestinal sistemdeki kolonizasyonun, probiyotik bakteriler i¢in dnemli bir 6zellik
gosterdigi bilinmektedir (Alander vd., 1997; Yiriimez & Aydm Osmanagaoglu, 2011). Probiyotiklerin, yeterli
miktarda alindiginda, yararli ve potansiyel olarak zararli mikroorganizmalar arasinda saglikli bir denge
olusturabildigi diisiiniilmektedir. Bu denge, bagirsak mikroflorasinin saglikli olmasi igin son derece dnemlidir.
Laktobasiller, bagirsakta ¢esitli sekillerde etki gostererek sindirim sistemini ve bagisiklik sistemini
destekleyebilir. Bunun yani sira, probiyotiklerin diger faydali etkileri arasinda bagirsak hareketliligini artirma,
besin emilimini diizenleme ve enfeksiyonlara karsi koruma yer almaktadir (Tannock, 1999; Kumari vd., 2018).
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Insan bagirsaginda probiyotiklerin aktivitelerini gergeklestirmesi biiyiik dnem tasimaktadir (Jankovic vd., 2003).
Otoagregasyonda ise ayni susa ait mikroorganizmarin bagirsak epiteline yapismasinda biiyik O6nem arz
etmektedir. Bakteriyel yapigsma, ilk asamada iki yiizey arasindaki spesifik olmayan fiziksel etkilesimlere
dayanmaktadir. Ancak daha sonra proteinler ve tamamlayici reseptorler arasinda spesifik etkilesimler sagladig
da bilinmektedir. Bu spesifik etkilesimler, bakterilerin diger organizmalarla ya da yiizeylere daha saglam bir bag
olusturmasina ve daha giiclii bir sekilde tutunmasina olanak tanimaktadir. Bakteriyel yapisma, enfeksiyonlarin
olugsmasinda ve probiyotiklerin bagirsaklarda kolonizasyonunda 6nemlidir (Rojas & Conway, 1996). Bu
calismanin sonuclarma genel olarak baktigimiz zaman otoagregasyonun fazla olmasinin, bakterilerin daha iyi
adezyon etkisi gosterecegi diistiniilmektedir. Lactobacillus acidophilus LA-5 bakterilerinin hemen hemen her
konsantrasyonunda mukozaya iyi yapisabilecegi, Lacticaseibacillus rhamnosus GG bakterisinin ise sadece 5
pg/mL ve 25 pg/mL tizerinde mukozaya yapisma etkisi gosterebilecegine olanak verebilir.

Bagirsak mikrobiyatasinin olusumu ve dengesi i¢in, bakterilerin bagirsak epiteline mukozal yiizeye tutunmasi ve
kolonizasyonu olduk¢a Onemlidir. Bu konu ile ilgili yapilan arastirmalar, bakterilerin bu tutunma ve
kolonizasyon dzelliklerinin, probiyotik etkilerinde bagirsak sagligi i¢in etkili oldugunu géstermektedir (Yiiriimez
& Aydin Osmanagaoglu, 2011). Arastirma sonuglari, probiyotik bakerilerin bagirsak epiteline ve mukozal
yiizeye tutunmasinda yiizey hidrofobisitesinin 6nemli bir faktdr oldugunu gostermektedir. Bu nedenle, yiizey
hidrofobisitesinin artirilmasi, probiyotik bakterilerin bagirsak epiteline daha iyi tutunmasina yardimci olabilir.
Bu calismada ise, L.rhamnosus GG bakterilerinin likopen konsantrasyonundaki hidrofobisite de anlamli deger
elde edilememesi, adezyonda biraz zayif kalabilecegi diisiiniilebilir. Ote yandan, L. acidophilus LA-5"nin ise 5
pg/mL ve 10 pg/mL’de hidrofobisite artis1 mukozaya adezyonu konusunda pozitif etki gosterebilir.

Mukus adezyon testinde ise; elde edilen verilere gére hem Lactobacillus acidophilus hem de Lacticaseibacillus
rhamnosus bakterileri iizerinde anlamli bir degisiklik bulunmamstir.

Bakterilerin mukozaya tutunmalarinda, ylizey katmanindaki proteinlerin dnemi bilinmektedir. Likopenin de bu
proteinlerin ekspresyonu iizerindeki etkilerinin de ortaya ¢ikarilmasi gerekmektedir. Ayrica adezyon caligmalari
ile de arastirma desteklenmelidir. Sonug olarak, likopenin farkli konsantrasyonlarinin, probiyotik bakteriler
izerine farkli etkileri olabilecegi goriilmiistiir. Sonuglar, karotenoidlerin probiyotik bakterilerin fizyolojik
etkilerini doza bagimli olarak etki edebilecegi hipotezini desteklemektedir.

Tesekkiir: Bu galigma, TUBITAK 2209-A Universite Ogrencileri Arastirma Projeleri Destekleme Programi
(1919B011902509) tarafindan destek almistir. Probiyotik suslar i¢in Chr. Hansen Tiirkiye’ye tesekkiir ederiz.
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Oz

Bu calismada lamine kompozit zirh tasarimi ve balistik direncinin incelenmesi amaglanmistir. Kompozit zirh
yapisinda mermi karsilama ve arka destek yiizeyi olarak 5 mm kalinliginda AISI 304 paslanmaz ¢elik plaka, mermi
darbe sok enerjisini absorbe etmek amaciyla ara katman olarak 6 mm kalinliginda kevlar kompozit levha
kullanilmustir. Ayrica sertlik artist saglamak suretiyle mermi deformasyonunu artirmak igin ¢elik plakalara
borlama islemi de uygulanmistir. Calisma kapsaminda arag¢ zirhi i¢in tam balistik koruma saglayabilecek yeni bir
zirh tasarimi ve prototip liretimi gergeklestirilmis ve balistik performansi degerlendirilmistir. Balistik testler 7.62
mm kalibreli kursun ¢ekirdekli ve yaklasik 800 m/s mermi hizina sahip G3 piyade tiifegi ile 30 m mesafeden ve
tek atis esasina gore gerceklestirilmistir. Son olarak borlanmuis gelik 6n ve arka destek katmanlari arasinda bulunan
cift kevlar plakalar ile tam balistik koruma saglanmustir.

Anahtar Kelimeler: Zirh sistemi, balistik test, lamine kompozit.

DESIGN OF A COMPOSITE ARMOR AND INVESTIGATION OF ITS
BALLISTIC RESISTANCE

Extended Abstract

This study aimed to design a laminated composite armor and to examine its ballistic resistance. In the designed
composite armor structure, a 5 mm thick AISI 304 stainless steel plate was used as a bullet impact and back support
surface. A 6 mm thick kevlar composite plate was also used as an interlayer to absorb the impact shock energy of
the bullet. In addition, the boriding process was applied to the steel plates to increase the bullet's deformation by
increasing the hardness. Hence, the surface hardness of the AISI 304 plate has been increased approximately 7
times by the boronizing process. It has been observed that this process significantly affected bullet deformation.
Within the scope of the study, various armor designs and the production of prototypes that could provide complete
ballistic protection for vehicle armor were carried out, and hence their ballistic performances were evaluated.
Ballistic tests were performed on a single-shot basis from a distance of 30 m with a 7.62 mm lead core G3 rifle
with a bullet velocity of approximately 800 m/s. It has been observed that a single layer of non-boronized steel
(A) and boronized steel (B) could not provide sufficient ballistic resistance. In addition, the ballistic limit
conditions with full penetration could be provided using the A+K+A laminated row ZM-3 armor model with a
single layer of kevlar plate between the boron-free steel front and back support layer. Finally, it has been
determined that the B+K+K+B laminated sequential armor model specified with ZM-4 completely stopped the G3
bullet. From this, it was concluded that the boriding process increased the bullet’s deformation. The kevlar plate
could also be used in such armor systems as a laminate to absorb the bullet’s kinetic energy. Finally, full ballistic
protection was achieved with double kevlar plates between the boronized steel front and back support layers.

Key Words: Armor system, ballistic test, laminated composite.
1. Girig
Son yillarda tilkemizin jeostratejik konumu itibariyle savunma sanayi yatirim ve harcamalari ile ileri teknolojiye

sahip silah ve mithimmat tedariginde yerli ve milli iiretime verdigi onem giderek artmaktadir. $6yle ki, 2000°1i
yillarin basinda iilkemizin ihtiyag duydugu savunma sistemlerinin yaklasik % 80’1 ithalat yoluyla karsilanirken
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(Ziylan, 2001), 2020 yil1 itibariyle bu ihtiyacin yaklasik % 70’1 yerli tiretimle kargilanabilir duruma gelmistir.
(URL-1, 2020).

Savunma sanayisine yonelik silah ve mithimmat gelistirme ve iiretiminin yani sira saldirilarin verecegi hasar1 en
aza indirmek amaciyla balistik zirh uygulamalar1 da 6nem kazanmaktadir. Balistik zirh uygulamalar1 6zellikle ve
oncelikli olarak askeri alanda yogunlukla arastirma konusu olmakla birlikte ara¢ zirhina yonelik ¢alismalardaki
artis da dikkat gekici seviyededir. Balistik uygulamalarda kullanilan zirhlarda temelde saldirt mithimmati hasarinin
en aza indirilmesi zirhin fiziksel varligiyla saglanmaktadir (Hazell, 2016). Kullanim amacina gore zirhlar; kisisel
viicut zirhi, hafif arag zirh1 ve agir zirh (tank vb. araglar) olmak tizere ti¢ kategoride siniflandirilabilir (Meyers,
1994; Candan, 2005). Askeri araglar i¢in zirh korumasi tehdidin tiir ve seviyesine goére yapilmaktadir. Zirh
uygulamasi genel olarak meydana getirecegi agirlik artigindan dolay1 aracin manevra kabiliyetini kisitlamaktadir.
Askeri kara araglarina manevra kabiliyetinden 6diin vermeksizin balistik korumanin saglanabilmesi hayati dneme
sahiptir (Ash, 2016).

Zirh malzemesi olarak ¢elik, ilk defa 1. Diinya Savasi sirasinda tanklarda kullanilmistir (Hazell, 2016). 2. Diinya
Savaginda zirh ¢eligi olarak bilinen haddelenmis homojen zirhlar (RHA) kullanilmaya baslanmistir. RHA diger
celiklere gore sahip oldugu yiiksek rijitlik ve yiiksek tokluk nedeniyle halen ara¢ zirh malzemesi olarak
kullanilmaktadir(Bitlisli, 2019). Ancak giinlimiiz ara¢ zirh1 uygulamalarinda tamamen ¢elikten olusan zirhlarin
kullanimimin éniindeki en biiyiik engel celiklerin yiiksek agirligidir (Ubeyli vd., 2007; Fernandez-Fdz & Zaera,
2008). Agirligr azaltmak ve sertlikten ¢cok fazla 6diin vermemek igin ilk tercih edilen malzeme seramiklerdir. Kara
tagitlarinda en yaygin olarak kullanilan seramik, sundugu performans ve maliyet avantajlar1 dikkate alindiginda
aliminyum oksit (A1203) tir (Ash, 2016). Agirligin daha kritik oldugu uygulamalarda (zirhin daha da hafif olmasi
istenen durumlar), silikon karbiir (SiC) veya bor karbiir (B4C) gibi daha yiiksek performansli seramikler
kullanilmaktadir (Giines, 2015). Ancak seramikler kirilgan yapisi nedeniyle mermi isabeti ve patlayict mithimmat
sok etkileri karsisinda dagilma gibi dezavantajlarindan dolay1 tek basina bir zirh malzemesi olarak kullanilmazlar.

Giliniimiizde gelisen silah teknolojisi ile birlikte zirhli askeri kara araglari igin yeterli balistik koruma saglayan
hafif zith malzemelerine olan talep giderek artmaktadir (Lo pez-Puente vd., 2005). Bunun yam sira savunma
sistemlerinde balistik tehditlere karsi hafif zirh malzemelerinin gelistirilmesi ve uygulanmasi, 6zellikle yakit
tasarrufu ve ara¢ hareket kabiliyetinin arttirilmasi agisindan da olduk¢a 6nemlidir. Dolayisiyla, hafif zirh
uygulamalarinin gelistirilmesinde ¢eliklere alternatif olabilecek zirh malzemesinin geliklerle ayn1 seviyede veya
daha yiiksek balistik koruma saglayabilen, daha hafif, diisiik maliyetli, {iretim ve uygulanabilirliginin yiiksek
olmasi aranan baslica 6zelliklerdir. Bu dzelliklerin tamamina sahip olabilecek malzemelerin baginda kompozitler
gelmektedir. Balistik etkilere karsi koruyucu zirh iiretimi alaninda yapilan g¢aligmalar sonucunda monolitik
metallerin disinda, seramik kompozit zirh, polimer kompozit zirth ve lamine (katmanli-tabakali) zirh gibi ¢esitli
kompozit zirh sistemleri gelistirilmistir. Bu uygulamalardaki ana fikir, mermiyi g¢ok sert bir yiizeyle kirmak ve
daha sonra daha yumusak ve stinek bir arka destek malzemesi kullanarak mermi ve/veya zirh pargalarinin kalan
enerjisini sontiimlemektir ( Meyers, 1994).

Medvedovski (2010) ¢alismasinda seramik zirh malzemelerinin 6zellikleri ve balistik darbeler altinda kirilma
ozellikleri kullanilarak ¢oklu vurus performansina sahip hafif ve ucuz zirh sistemlerinin elde edilebilecegini
vurgulanmustir. Ubeyli vd. (2011), celigin 6niinde seramik bir 6n tabaka kullanilmasinin monolitik metalik
malzemelere goére daha yiiksek balistik direng saglandigmni bildirmislerdir. Flores-Johnson vd. (2011),
caligmalarinda 775-950 m/s hiz araliinda 7.62 mm APM?2 mermisinden etkilenen ¢elik veya aliiminyumdan
olusan monolitik, ¢ift ve ii¢ katmanli metal plakalarin veya bu malzemelerin bir kombinasyonunun balistik
performansint sayisal modelleme ile incelemislerdir. Monolitik plakalarin, ayni malzemeden yapilmig ¢ok
katmanli plakalardan daha iyi bir balistik performansa sahip oldugu saptanmistir. Rahman vd. (2016), farkl
katman konfigiirasyonlarmin (monolitik, ¢ift katmanli ve {i¢ katmanl1), toplam agirliklarin ve baslangi¢ hizlarinin,
7.62 mm APM2 mermi etkisine kars1 balistik limit hizina, penetrasyon siirecine ve kalic1 deformasyona etkisini
aragtirmislardir. HSS celik ve Al7075 T6 aliiminyum alasimi1 plaka katmanlarinin ¢ift katman olarak kullanildig:
duruma gore li¢ katmanli kompozit yapinin balistik direncinin daha yiiksek oldugu belirtilmistir. Genger (2016),
borlanmis gelik plakalar, polimer yapistirict ve metal tozlarindan olusturulan metal tabakal1 boriir kompozit zirhin
BR2 tehdidine karsi gerekli balistik performanst saglayamadigini belirtmislerdir. Bu durumu kullanilan g¢elik
plakalarin yeterli kalinlikta olmamasi sebebiyle boriir tabakasinin gelik plakalarin tokluk ve siinekligini
diigiirmesine baglamiglardir. Jinzhu vd. (2017), tungsten alagimi merminin Aliimina/603 zirh ¢eligi kompozitine
penetrasyonuna iliskin deneyleri ve simiilasyonunu gergeklestirmislerdir. Sonu¢ olarak seramik kalinliginin
artmasiyla birlikte arka celik plaka yiizeyinde olusan penetrasyon derinliginin azaldig1 belirtilmistir. Seramigin
mermi etki bolgesinde ciddi sekilde ufalandigi tespiti yapilmistir. S6z konusu seramigin dagilmasi ve toplam zirh
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agirlik artis1 gibi dezavantajlarin etkisini minimize etmek amaciyla kompozit zirh yapisina polimer kompozitlerin
ilave edildigi ¢caligmalar da mevcuttur.

Literatiirde seramik veya seramik-metal kompozitin arkasina yerlestirilen aramidler gibi yiiksek mukavemetli fiber
astarlar, cam lifi ile regine karigimindan iiretilen polimer katmanlar, lamine polietilenler ile yapistirilarak kompozit
zith tasarimi yapildigr goriilmektedir. Polimer lamine kompozit zirhlarda siklikla aramid elyaftan iretilen orgii
kumas ve reginenin sicak preslenmesiyle elde edilen monolit plakalar kullanilmaktadir. Aromatik polyamidin
kisaltmasi olan aramidler ilk olarak DuPont firmasinca 1960 larin basinda ticarilestirilmis ve 1973'te Kevlar adi
ile piyasaya siiriilmiistiir. Kevlar hala en iyi bilinen ve tercih edilen aramidlerden biri olmaya devam etmektedir.
Aramid elyaflar ilk olarak 1970'lerde ara¢ zirhinda kullanilmig olup, giiniimiizde viicut zirhi, ara¢ zirhi, askeri
kasklar, koruyucu eldivenler ve itfaiyeciler i¢cin yanmaz giysilerde yaygin olarak kullanilmaktadir.

Unaler (2005), calismasinda, cam elyaf (E-cam) kumas ve polyester recinelerden kompozit laminalar iiretmistir.
Ek olarak, kompozit yapinin balistik dayanimini artirmak amaciyla aluminyum (Al) plakalar ve alumina (A1203)
tabakalar kullanilarak ¢ok tabakali sandvi¢ laminalar elde edilmistir. Kompozit plakalar; 7.62 mm zirh delici (AP),
par¢a benzetimli mermi (Fragment Simulating Projectile-FSP) ve ball (B) mermi ile 420-1173 m/s hizlar1 arasinda
balistik testlere tabi tutulmustur. Balistik testler sonrasinda polimer kompozitlerin 7.62 mm parga benzetimli
mermiye karsi 1001 m/s mermi hizlarina kadar dayanimli oldugu, ancak herhangi bir destek tabakasina sahip
olmadan zirh delici (AP) mermileri durdurmada yetersiz kaldigi gozlenmistir. Seramik tabaka iceren sandvig
paneller ise AP ve FSP mermilerine kars1 uygulanan tiim hiz araliklarinda (446-1020 m/s AP igin 435-1173 m/s
FSP i¢in) sadece kismi penetrasyon gdstermistir. Sonug olarak ¢ok tabakali kompozit yapilarin balistik tehditlere
kars1 hafif zirh malzemesi olarak kullanilabilecegi belirtilmistir. Bagaran (2007) tez projesinde silikon karbiir ve
kevlar zirh birlesimi i¢in optimum seramik/kompozit kalinlik oranini yaklasik 2 olarak bulmustur. Genger (2016)
zirth malzemesi olarak boriir esasli seramik/metal katmanli kompozit malzemeler tiretmislerdir. Bu amagla, AISI
1010 celiginin yiizeyi kutu borlama teknigi ile borlanarak hazirlanmig boriir/metal plakalar iki ayr1 metotla ¢ok
katmanli kompozit malzemeye doniistiiriilmiistiir. Birinci metotta, boriir/¢elik plakalar arasina metal tozlari
yerlestirilerek sicak presleme ydntemi ile tabakali (lamine) kompozitler iiretilmistir. Ikinci teknikte ise, plakalar
birbirlerine polimer esasl yapistiricilar ile yapistirilarak tabakali kompozitler elde edilmistir. Daha sonra bu ¢ok
katmanli kompozit plakalar Kevlar destek iizerine yerlestirilip DIN EN 1063 standardinda BR2 tehdit seviyesinde
balistik testlere tabi tutulmustur. Polimer esasli malzemelerle yapistirilarak elde edilen kompozit plakalarin balistik
testlerde basarili olamadig1, metal tozlari ile birlestirilen tabakali kompozitlerin ise balistik testlerde basarili sonug
verdigi belirtilmistir. Demircioglu vd. (2011) 9 mm’ lik mermi tehdidine kars: askeri araglarin zirhlandirilmasina
yonelik, Kevlar ve St37 sac malzeme kullanilarak elde edilen zirh malzemesine balistik testler uygulamislardir.
Sonug olarak zirhl1 arag i¢in en uygun konstriiksiyonun 11 kat Kevlar ve St37 sagtan olusan zirh malzemesi oldugu
belirtilmistir.

Bu galismada ise 7.62mm kalibreli kursun ¢ekirdekli G3 mermisini (ortalama hiz 800 m/s) tam durdurmaya
yonelik katmanli hibrit kompozit zirh tasarim ve balistik direncinin belirlenmesi amaglanmistir. Onerilen zirh
modelinde literatiirden farkli olarak borlanmig ¢elik 6n katman ile arka destek ¢elik levha arasina yerlestirilen
kevlar (12 kat) plaka yer almaktadir. Boylece borlamadan kaynaklanan sertlik artig1 ile mermi deformasyonu
artirilirken tiim kesitte ise tokluk ve stinekligin etkisinin siirdiiriildiigii bir mermi karsilama katmani hedeflenmistir.
Daha sonraki esnek bir ara katman olarak Kevlar-epoksi polimer kompozit katmani ile darbe sok enerjisinin
soniimlenmesi ve rijit bir ¢elik arka destek plakasi ile tam balistik direncin saglanmasi amaglanmistir.

2. Materyal ve Metot
2.1. Numunelerin Hazirlanmasi

Zirth katmani olarak kullanilmak tizere 100x100x5 mm dlgiilerinde AISI 304 paslanmaz ¢elik plakalar
hazirlanmistir. Paslanmaz ¢elik se¢iminin nedeni alagimsiz karbon ¢eligine (27 J) gore yaklasik 5 kat daha yiiksek
darbe enerjisine (155 J) sahip olmasidir. Paslanmaz celik plaka tokluktan 6diin vermeksizin daha yiliksek yiizey
sertligine sahip olmasi i¢in kutu borlama islemine tabi tutulmustur. Borlama iglemi sonunda tiim dis yiizeylerden
diflizyon yoluyla sinirli derinlikte sert bir boriir kabugu ile ¢cevrelenen bir ¢elik kesiti elde edilmistir. Bdylece, sert
boriir katmani ile mermiyi deforme edip kinetik enerjisini azaltmak miimkiin olabilecektir. Ayrica, bu yolla gelik
kesiti orta bolgesinin toklugu muhafaza edilerek mermi darbe enerjisini absorbe etmede avantaj saglayacagi
diistintilmistiir.
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2.1.1. Borlama iglemi

Kullanilan AISI 304 paslanmaz ¢elik numunelerin iiretici firma tarafindan sunulan kimyasal bilesimi agirlikca %
18-20 Cr, % 8-10 Ni, % 2,0 Mn, % 0,75 Si, % 0,08 C, %0,045P, 0.03 wt% S ve geri kalan Fe elementlerinden
olugsmaktadir. Borlanacak numuneler, AISI 304 paslanmaz c¢elik levhadan lazer kesim ile 100 x 100 mm
boyutlarinda kesilerek hazirlanmstir. Diisiik yiizey piirtizliligii (Ra < 0.25 um) elde etmek i¢in numunelerin tim
yiizeyleri 800 grit SiC zimpara kagidina kadar kabadan inceye sirali zimpara kagitlart kullanilarak
zimparalanmistir. Daha sonra numuneler damitilmig suda yikandiktan sonra 15 dakika boyunca asetonda
ultrasonik temizleme islemi uygulanarak temizlenmistir. Numuneler inconel 718 Ni esasl siiper alagimlardan
yapilmis agz1 hava almayacak sekilde kapatilabilen potanin ortasina yerlestirildikten sonra borlama tozu ilave
edilerek agz1 sikica kapatilan pota 950 °C de hazir bekletilen firinda 3 saat bekletilmistir. Borlama igleminde
kullanilan borlama tozu igerigi % 90 B4C + % 10 NaBF, olarak se¢ilmistir. Her bir borlama 1sil igleminin sonunda,
numuneler firin icerisinde bekletilerek dakikada 10 °C lik soguma ile sicakliklart 950 °C'den 700 °C kadar
distirilmiistiir. Ardindan numuneler firindan ¢ikarilarak agik havada sogumaya birakilmistir. Olusan boriir
katmanlarina ait mikroyap1 incelemesi SEM ve EDS analizleri ile ger¢eklestirilmis olup, s6z konusu katmanlarin
sertlik degerleri nanoindentasyon yontemi ile 6l¢lilmiistiir.

2.1.2. Kevlar Plaka Uretimi

Orgii kumas formundaki Kevlar (Kevlar 29) malzeme 12 kat olacak sekilde prepreg reginesi kullanilarak el yatirma
yontemi ve sonrasinda yiizey alanina bagl olarak 10-15 ton basma yiikii altinda 120 °C de sicak presleme ile 6
mm kalinliginda plaka seklinde {iretilmistir.

il 2

Sekil 1. Kevlar plaka iiretimi a) kumas ve regine uygulamast b) sicak presleme sonrasi kesilerek hazirlanan keviar
zirh katman.

Kevlar plaka haline getirilen malzeme (Sekil 1a) su jeti ile kesilerek 100x100x6 mm 6l¢iisiinde Kevlar zirh katmant
(Sekil 1b) elde edilmistir.

2.2. Zirh Katmanlarinin Belirlenmesi Ve Balistik Testler

Zirh balistik performansini degerlendirmek igin planlanan zirh modellerine (ZM) ait sematik gosterim Sekil 2°de

verilmistir.
U Mermi

A ATST 304 babel
B : Borlanmes AIST 304 5 yilzeyi
K : Kevlar plaka A4
M3 B
A K
FANE FAL-2 [ ﬁ
1 A 11 B | A B

Sekil 2. Zirh modeli kombinasyonlari.

Her bir zirh kombinasyonu ayr1 ayri kontrplak arka zemine atis yiiksekliginde ve mermi ¢arpma agis1 90 derece
olacak sekilde vidalanarak platforma sabitlenmistir. Tek katmanli ZM-1 ve ZM-2 zirh modelleri atis platformuna
dogrudan vidalanmistir. Cok katman iceren ZM-3 ve ZM-4 zirh modelleri katman kaymasini1 6nlemek amaciyla 1
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mm kalinliginda ¢elik sac (St 37) malzeme ile ger¢eveye alinmistir. Balistik atig testleri her bir zirh modeline
NATO STANAG 4569 standardina uygun sekilde 30 m mesafeden tek atig olarak gerceklestirilmistir. Atiglar 3
kez tekrarlanarak hasar olusumunun dogrulugu karsilastirmali olarak degerlendirilmistir. Balistik testlerde 7.62
mm kalibreye sahip kursun g¢ekirdekli G3 mermisi kullanilmig olup mermi ortalama hizi 800 m/s dir. Belirtilen
mermi hizi ve atig mesafesi s6z konusu standartta belirtilen degerlerle uyumludur.

3. Bulgular
3.1. Borlama Sonrasi Mikroyapi

Yapilan borlama islemi sonras1 olugan parga kesiti mikroyapisina ait SEM gortintiisii Sekil 3’te verilmistir.

Bor igerigi m

Sekil 3. 950 °C’de 3 saat borlama sonucu yiizeyde elde edilen boriir tabakasinin kesit mikroyapisi.

Sekil 3’te verilen bor difiizyonuna gore, paslanmaz ¢eliklerin borlanmasi iizerine gergeklestirilen ¢aligmalarla
uyumlu olarak, (Arslan vd., 2022; Campos-Silva vd., 2021; Arteaga-Hernandez vd., 2021; Giinen vd., 2014;
Kayali vd, 2013) bor igerigi yiizeyden iceriye derinlik boyunca azalan 3 ana bolge olustugu gbzlenmistir. Bu
bolgeler sirasiyla FeB tabakasi (daha koyu) FeoB (daha agik) ve gegis bolgesi (gézenekli yapiya sahip) olarak
siralanmustir (Sekil 3). Sekil 3’te gorildigi tizere FeB, FeoB ve gecis bolgesi katmanlarinin kalinliklart sirastyla
25 um, 12 pm, 14 pm civarindadir. Belirtilen katmanlarin ortalama sertlik degerleri ise sirasiyla 28 GPa, 27 GPa,
9GPa olarak olgiilmiistiir. AISI 304 paslanmaz ¢eligin borlama etkisi diginda kalan matris yapisinin sertliginin ise
ortalama 4 GPa oldugu tespit edilmistir. Bu durumda mermi karsilama yiizeyinin sertlik degerinin yaklasik 7 kat
arttigr ve dolayistyla mermi deformasyonunu saglama agisindan 6nemli bir avantaj olusturdugu sdylenebilir.
Ayrica tiim ¢elik kesiti borlanmadig i¢in i¢ bolgedeki siinek ve tok yapi korunarak deformasyon enerjisi (darbe
enerjisi) soniimleme kapasitesinden &diin verilmemistir. Buna ek olarak elde edilen boriir tabakasinin yilizey
boyunca siirekli olmasi, FeB ve Fe;B arasinda herhangi bir ¢atlak ya da ayrilma icermemesi uygulanan borlama
parametrelerinin dogru se¢ildigini gostermektedir.

3.2. Balistik Test Sonrasi Hasar Analizi

Sekil 4’te ZM-1 zirh modeline ait atig sonrasi fotografi goriilmektedir.
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Sekil 4. ZM-1 tek katman (plaka dlgiileri: 100x100x5 mm) borlama yapiumamis AISI 304 ¢elik plakanin atig
sonrast a) mermi hasari b) mermi deliginin biiyiitiilmiis goriintiisii.

e SR 3

Sekil 4’te goriildiigii tizere mermi 100 mm x 100 mm x 5 mm oOlgiilerindeki AISI 304 paslanmaz ¢elik levhay1
delip gegmistir (perforasyon). Mermi isabet noktasinin biiyiitiilmiis goriintiisiinde (Sekil 4b) mermi ceketine ait
styirma artig1 ile birlikte kenar ¢apagi olusmustur, delik gevresinin slinek malzeme yirtilma karakteristigi ile
uyumlu diizgiin kontura sahip oldugu goriilmektedir. Ayrica mermi isabet ¢evresinde ¢arpma dogrultusunda ek bir
deformasyon ve biikiilme meydana gelmedigi gozlenmistir. Bu sonuca goére ¢ok katmanli zirh modelinde
kullanilacak ¢elik plakanin ¢oklu isabet durumunda ek bir dezavantaj olusturmayacagi sdylenebilir.

Sekil 5’te ise ZM-2 ye ait atis sonrasi goriintiiler verilmistir.

53

Sekil 5. ZM-2 tek katman (plaka dlgiileri: 100x100x5 mm) borlanmis AISI 304 ¢elik plakanin atig sonrasi a) mermi
hasari b) mermi deliginin biiyiitiilmiis goriintiisii.

Sekil 5’te goriildigi tizere mermi 100 mm x 100 mm x 5 mm odlgiilerindeki borlanmis AISI 304 paslanmaz celik
levhay1 delip ge¢mistir (perforasyon) ve olusan delik diizgiin kontura sahiptir. Sekil 5b’de verilen mermi isabet
noktasiin biiyiitiilmils gorlntiisii incelendiginde, mermi ceketine ait siyirma artigi ile birlikte kenar capagi
olustugu gozlenmistir. Buna ek olarak, delik ¢evresi borlama islemi ile yiizeyde olusan ince (yaklasik 40 mikron)
sert bor katmaninin etkisini gosteren deformasyona bagli radyal yonde g¢oklu halkalar seklinde iz olustugu
goriilmektedir.

Sekil 4 ve Sekil 5’te verilen goriintiillerden de anlasildigi iizere tek katman sirasiyla borlanmamis ZM-1 ve
borlanmig ZM-2 zirth modellerinin G3 mermisini durdurmada basarisiz oldugu goriilmiistiir. Kevlar ara katman
kullanilarak mermiyi durdurmaya ydnelik tasarlanan ZM-3 zirth modeline yapilan atislar sonucunda ortaya gikan
hasar Sekil 6’da verilmistir.
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v Sekil 6. ZM-3 zirh modelinde atis sonrast olugan hasaf gé')'rﬁntiileri .

Sekil 6’a gére mermi karsilama yiizeyinde borlamasiz A katmaninda diizgiin kontura sahip bir delik olugmustur.
Mermi ara katman olan kevlar plakay1 da (katman K) delip gegerek (Sekil 6b) arka destek plakasini delmis ancak
tam perforasyon yerine tam penetrasyon olustugu goriilmiistiir (Sekil 6d) diger bir ifadeyle mermi ¢ikis hizi sifirdir.
Balistik limit, merminin hedefi delemedigi en yiiksek hizdir veya bir diger ifadeyle balistik limit hizinin altindaki
hizlarda mermi hedefi tam perforasyona (delip ge¢me) ugratamamaktadir (Carlucci & Jacobson, 2008). Bu durum
ZM-3 modeli i¢in balistik limiti saglayan zirh modeline isaret etmektedir.

Sekil 7°de ise ZM-4 zirh modeline ait mermi hasari verilmistir.

plaka (K+K) ¢) borlanmus ¢elik (B).

Sekil 7 incelendiginde mermi karsilama yiizeyi olarak kullanilan borlanmis ¢elik (B) katmani ve ¢ift katman kevlar
(K+K) plakalarin delindigi goriilmektedir. Ancak arka destek olarak kullanilan borlanmis ¢elik katmaninin (B) ise
delinmeden kaldig1 anlasilmaktadir. Diger bir ifade ile ZM-4 olarak kodlanan {istten alta dogru B+K+K+B olarak
katmanlanmis zirh kombinasyonu G3 mermisini tam olarak durdurmustur. Buradan hareketle hem borlama iglemi
sayesinde sertligi yaklagik 7 kat artirilan B katmaninin mermiyi deforme ederek enerjisini dagitmada etkili oldugu
hem de ¢ift katman (K+K) kevlar plakalarin merminin kalan kinetik enerjisini orgii kumas ve regine ile plaka
haline getirilen ve yiiksek siirtiinme yiizeyi saglayan esnek yapisi sayesinde soniimleyebildigi sdylenebilir.

4. Sonuglar

Yapilan caligmada, yiiksek tahrip giiciine sahip G3 mermisine karsi balistik koruma saglayabilecek yeni bir arag
zitht modelinin tasarimi, prototip {iretimi ve balistik testlerinin gergeklestirilmesi amaclanmistir. Caligma
kapsaminda 7.62 mm kalibreli kursun ¢ekirdekli ve yaklasik 800 m/s namlu ¢ikis hizina sahip G3 mermisinin 30
m atig mesafesinden gergeklestirilen balistik testlerinden elde edilen bulgular1 asagidaki sekilde &zetlemek
miimkiindiir.

*  AISI 304 paslanmaz ¢elik diger karbon ¢eligi ve alasimli ¢eliklere oranla yaklasik 5 kat daha yiiksek
darbe soniimleme enerjisine sahip olmasi nedeniyle zirh uygulamalarinda metal katman olarak tercih
edilebilir.

* Borlama islemi ile AISI 304 plaka yiizey sertligi yaklagik 7 kat artirilmigtir. Bu durumun mermi
deformasyonunda 6nemli bir etkiye sahip oldugu gérilmiistiir.
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* Tek katman borlanmamis celik (A) ve borlanmis celik (B) katmanlarmin yeterli balistik direnci
saglayamadig1 gézlenmistir.

* Borlamasiz gelik 6n ve arka destek katmaninin arasinda tek katman kevlar plakanin yer aldigi A+K+A
lamine siralt ZM-3 zirh modelinin tam penetrasyon ile balistik limit sartlarini karsiladig1 saptanmustir.

*  ZM-4 ile belirtilen B+K+K+B lamine sirali zirh modelinin G3 mermisini tam olarak durdurdugu tespit
edilmistir. Buradan hem borlama igleminin mermi deformasyonunda hem de ¢ift katman kevlar plakanin
mermi kinetik enerjisini absorbe etmede basarili sonuglar verdigi sonucuna varilmistir.
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Abstract

This study focused on a new type of insulation plaster consisting of pine tree resin, expanded clay (EC), and
gypsum. Gypsum plaster mortars were prepared with ECs with grain diameters of 0-2 mm and 2-4 mm and gypsum
binder at 20%, 40%, 60%, and 80% by volume. The resin was added to each mortar at 0.5%, 1%, and 2% of the
mix weight to create artificial pores. Samples with 32 different combinations were obtained. The samples were
subjected to tests (such as thermal conductivity, compressive strength, ultrasonic sound velocity, and water
absorption). The results showed that the higher the pine tree resin volume, the lower the density and thermal
conductivity and the higher the compressive strength and porosity. The samples had high water absorption rates.
The results indicate that these plasters can be used as interior plasters for insulation purposes and can be painted
with any kind of paint.

Key words: Expanded clay, pine tree resin, gypsum, insulation plaster, building material

1. Introduction

Materials resistant to heat conduction are in high demand due to high energy costs. We can use porous lightweight
aggregates to produce low-density plasters. Lightweight aggregates are generally divided into two groups: natural
and artificial. Natural aggregates are pumice, diatomite, volcanic slag, etc. Artificial aggregates are perlite, schist,
expanded clay (EC), vermiculate, expanded polystyrene, etc (Demirdag & Gunduz, 2008).

The raw material of EC is clay, which is abundant in nature. Clay minerals are aqueous silicates composed of
silica, alumina, and water. Clay minerals contain small amounts of alkali and earth alkalis. Mixing clay with water
results in plasticity. They remain consistently firm when cooked. Clay contains a lot of limestone, silica, mica, and
iron oxide. They are yellow, red, or brown due to the flammable substances in their composition (Devecioglu &
Bicer, 2016). When treated with heat, clays expand as gas-filled pores are formed due to the release of gases. They
expand 1.5 to 6 times by volume, hence the name “expanded clay.” Expanded clays are unique aggregates used in
different areas, especially lightweight concrete production.

There is a large body of research on EC. Some researchers have focused on the use of ECs in concrete. For example,
Subasi (2009) used EC (grain diameters of 0-2, 2-4, and 4-8 mm) with natural sand to produce lightweight
concretes and then investigated their mechanical properties. She concluded that we could produce lightweight
concrete with a compressive strength of 41.27 MPa and thus reduce the building load. Othman et al., (2020) used
EC and expanded perlite aggregate to produce lightweight concrete and examined their density, quality and
strength. Nahhab & Ketab, (2020) investigated the properties of the lightweight concrete produced by mixing
maximum-size EC with micro steel fibers. Fakhfakh et al., (2007) produced a lightweight aggregate using EC and
marlstone. They then added various proportions of quartz sand and lubricating oil to the aggregate and heated it at
1180 °C. They measured those samples' mechanical strength, density, water absorption, and expansion rates.
Rossignolo et al., (2003) prepared EC, sand, cement, and silica mixed specimens of various grain diameters. They
analyzed the samples' density, elasticity, compressive strength, and deformation properties. Vasina et al., (2006)
investigated the acoustic performance of specimens produced by mixing various diameters of EC, cement, ash,
and plasticizer additives. Bicer (2021a) investigated the effect of fly ash and pine tree resin on the thermal and
mechanical properties of EC aggregate concretes. Many researchers have conducted research on EC aggregate
concretes (Bouvard et al., 2007; Chen & Liu, 2004; Miled et al., 2007; Xue et al., 2004; Gnip et al., 2012; Bajdur
et al.,2002; Choi & Ohama, 2004).

Other researchers have investigated the utilization of natural resin in concrete. They used porous aggregates to
produce lightweight concretes or mixed resins (tragacanth, apricot resin, etc.) and cement to create artificial pores.
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Devecioglu and Bicer, (2016) added 0.5%, 1%, and 1.5% tragacanth resin to cement to produce concretes with
EC. They investigated their thermal and mechanical properties. Bicer & Celik (2020) used pumice, pine resin and
produced concretes with a thermal conductivity of 0.230 W/mK. Kaya and Kar (2016), produced concretes with
EPS aggregates, while Bicer (2019), investigated fly ash concretes' thermal and mechanical properties. Bartolini
et al. (2010), mixed EC and epoxy resin to produce agglomerates. They investigated both their mechanical and
sound insulation properties. As a result, they produced an easy-to-prepare material with low density, good sound
absorption, and superior mechanical properties.

Some other researchers have conducted studies on gypsum plasters. For example, Gencel et al. (2014)
numerically and experimentally investigated the properties of vermiculd, propylene, and gypsum mixed
specimens. Bicer (2020) used 90% fly ash and gypsum and produced a plaster with a heat transfer coefficient of
0.248 W/mK. Bicer (2021b) investigated pumice-aggregated gypsum plasters' thermal and mechanical properties.

This study aimed to produce a lightweight insulating plaster by mixing EC, pine tree resin, and gypsum in different
proportions. Unlike earlier studies, we added EC and pine tree resin to gypsum plasters to increase their insulation
and binding properties. We investigated the thermomechanical properties of the plasters, determined the effect of
pine tree resin, and compared them with similar materials.

2. Materials and Methods
2.1. Materials

Expanded clay: When heated above 1000 °C, natural clays have a structure with gas-filled pores due to the
expansion of the gases in them (Figure 1), resulting in a sintered hard shell on the outside, which provides those
materials with high compressive strength. Therefore, natural clays can be used as aggregates. Expanded clay can
be used as lightweight concrete aggregate or as brick, plaster, and filling material. We obtained EC in particle
diameters of 0-2 mm and 2-4 mm and used them in two batches.

Fig. 1. Expanded clay

Pine tree resin: It is a yellow substance that oozes from the bark of trees. It also has a pleasant odor. The resin,
which has a liquid structure when it first leaks, solidifies when it comes into contact with oxygen. After a while,
it sticks to where it flows pretty hard. We procured dry resin and soaked it in water for 48 hours to swell and
expand. We then crushed, filtered, and added it to the plaster as a solution at 0.5%, 1%, and 2% (Figure 2).

Fig. 2. Resin a) natural, b) dried, c) extract resin
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Gypsum: Satin gypsum was used as a binder and decoration material while preparing the samples. Table 1 shows
the chemical composition of the EC and gypsum.

Table 1. Chemical composition (%) (Devecioglu & Bicer 2016; Bicer, 2021b)

Chemical Expanded | Gypsum
characteristics clay

SiO; 54.83 0.9
Al;O3 17.71 0.8
Fe,03 7.14 -
CaO 3.46 94.7
MgO 4.10 3.9
Na.O 0.74 -
K20 3.58 -
TiO, 0.55 -
Loss on ignition 7.94 -
Not available - -
Total 100.05 100.3

2.2. Methods

Thermal conductivity: Thermal conductivity was determined using the hot wire method. It was estimated by
applying a Shotherm Quick Thermal Conductivity Meter unit that complies with DIN 51046 standards. It had a
range and sensitivity of 0.02-10 W/mK and + 5 %, respectively (Vysniauskas & Zikas, 1988; Denko, 1990).

Compressive strength: Mechanical strength tests were undertaken according to the TSE 699, (2009) standard and
ASTM C 109-80 standards (1983). Tables 4 and 5 show the results.

Porosity: The density method was used to determine porosity. Porosities were calculated using the values in Table
2 and Eq (1) (Bicer & Celik, 2020).
Pec Z * Peypmum-(1-Z)

p=1-
PEC matrix-Z + P zypsum matei . (1-Z)

(1)

where; pec is the density of the porous material while pec marrix is the density of solid material (the density of the
sample after milling, causing no porosity). pgypsum iS the density of the resin mixture of gypsum, and pgypsut matrix IS
the density of the resin mixture of gypsum with a 0 % porosity ratio. Z is the EC ratio (%) and (1-Z) is the gypsum
ratio (%).

Table 2. Density values of expanded clay aggregate and gypsum

PEC
Component P gypsum P gypsum matrixs O ECmatrixs 0-2 mm 2-4 mm
Density (g/cm?) 2.27 2.56 2.45 0.74 0.55

Water absorption ratio: The purpose of a water absorption test is to investigate maximum water absorption. Water
absorption is essential to determine whether a material is suitable for freezing. The critical moisture content is 30
percent of the total dry volume. Below that percentage, the material will not deform during freezing (BS 812-109
Standards, 1990). We measured the dry and wet weights of the samples to calculate their water absorption rates.
We then used Eq. 2 to calculate the water absorption rate (WAR). Tables 3 and 4 show the results.

WAR={[WSg-WS}J/WS}}.100 )

Ultrasonic pulse velocity: The experiments were carried out using a Controls brand 58-E0048 model device.
Measurements were made in two different directions from the surfaces of the cube-shaped samples in contact with
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the mold. The arithmetic means of the measurements were calculated. The device displayed the ultrasonic transit
time in microseconds. The values were divided by the cube sample size to determine the ultrasound transmission
rate.

The proportions of EC in all mixtures were 20, 40, 60, and 80% of the amount of gypsum. The resin was added to
the water at 0%, 1%, and 2% of the extracted gypsum and EC mixture. The water, resin, and cement ratio was
fixed as (W+R)/C=0.5. After being mixed for about three minutes, the mixtures were poured into metal molds.
The mortars were poured into molds for thermal (20x60x150 mm) and mechanical tests (100x100x100 mm) (Fig.
3). The samples were left to dry for 28 days. Tables 3 and 4 show the results.

R

Fig. 3. Rectangular and cubic blocks samples

Table 3. Thermal and mechanical properties of samples (EC particle diameter 0-2 mm)

EC Porosity Thermal Compressive Water Ultrasonic
Code | ratio | Density %) conductivity strength absorption pulse velocity
(%) (g/cmd) (% (W/mK) (MPa) (%) (m/s)
Cherry tree resin 0 %
1 20 1.315 155 0.325 3.18 40.32 2830
2 40 1.25 29.8 0.274 1.68 35.86 2557
3 60 1.181 37.2 0.227 0.65 31.44 2364
4 80 1.112 41.5 0.198 0.47 26.68 2073
Cherry tree resin 0.5 %
5 20 1.235 20.4 0.317 3.42 42.46 1941
6 40 1.176 34.2 0.252 1.98 38.23 1787
7 60 1.118 40.5 0.202 0.83 33.56 1624
8 80 1.065 43.8 0.184 0.58 27.19 1563
Cherry tree resin 1 %
9 20 1.175 25.56 0.28 4.09 4481 1686
10 40 1.119 36.33 0.233 2.35 40.33 1539
11 60 1.068 42.35 0.194 1.16 35.54 1463
12 80 1.026 46.9 0.178 0.82 28.06 1393
Cherry tree resin 2 %
13 20 1.136 30.6 0.28 3.75 46.70 1438
14 40 1.055 39.1 0.233 2.15 45.49 1371
15 60 1.016 44.4 0.194 0.98 36.89 1329
16 80 0.981 46.7 0.170 0.71 30.14 1270
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Table 4. Thermal and mechanical properties of samples (EC particle diameter 2-4 mm)

EC Porosity Thermal Compressive Water Ultrasonic
Code | ratio Density (%) conductivity strength Absorption pulse velocity
(%) (g/cm?) (W/mK) (MPa) (%) (m/s)
Cherry tree resin 0 %
17 20 1.252 18.5 0.29 2.83 37.48 2703
18 40 1.18 32.8 0.243 1.46 34.55 2504
19 60 0.989 39.2 0.204 0.57 30.95 2301
20 80 0.816 435 0.172 0.44 2541 2008
Cherry tree resin 0.5 %
21 20 1.235 22.6 0.272 3.15 38.43 1913
22 40 1.166 344 0.230 1.75 36.50 1718
23 60 0.973 40.5 0.175 0.78 32.49 1605
24 80 0.801 45.6 0.157 0.54 26.21 1505
Cherry tree resin 1 %
25 20 1.185 26.7 0.251 3.51 40.44 1625
26 40 1.128 36.2 0.211 2.07 39.57 1507
27 60 0.942 414 0.168 1.03 34.82 1413
28 80 0.793 47.1 0.146 0.73 27.63 1328
Cherry tree resin 2 %
29 20 1.122 32.65 0.229 3.36 42.25 1400
30 40 1.074 39.11 0.185 1.95 41.09 1350
31 60 0.896 44.47 0.153 0.88 35.71 1300
32 80 0.76 49.8 0.135 0.66 29.46 1252

3. Results and Discussions

This study investigated the thermal and mechanical properties of EC and resin-added gypsum plasters with
different grain diameters.

4.1. Density-Porosity

The higher the EC content, the lower the density. This is about the density of EC. The density measurements
showed that EC samples with grain diameters of 0-2 mm and 2-4 mm had a density of 0.74 g/cm? and 0.55 g/cm?,
respectively (Table 2). As the resin content increases, density decreases, but porosity increases. Resin kept in water
absorbs water and swells. During drying, it loses water, which results in artificial pores. These artificial pores and
EC-induced pores increased the total porosity and decreased the density of the sample. Fig 4 shows the density
and total porosity variation according to EC ratio and resin amount. Table 3, Table 4, and Fig 4 indicate the
following results.

The change due to the increase in the proportion of EC from 20% to 80%:

The density of the resin-free samples with EC with a grain diameter of 0-2 mm decreased by 15.43 %, while the
porosity increased by 62.65 %. The density of the resin samples with EC with a grain diameter of 2-4 mm decreased
by 34.82 %, while the porosity increased by 57.47 %.

The change due to the 2% resin inclusion;

The samples with a grain diameter of 0-2 lost their density by 13.61% (20% EC) and 11.78 % (80% EC). However,
their porosity increased by 49.34 % (20% EC) and 14.78 % (80% EC).

The density of resin samples with 2-4 mm grain diameters decreased by 9.26 % and 6.82 %, while their porosity
increased by 43.33 % and 12.65 %.

The change due to grain diameter;

According to the EC grain diameter and ratio (20-80 %), the density decreased between 4.79 % and 26.61 %, while
the porosity increased between 16.21 % and 4.59 % in the samples without resin. In the samples with resin, the
density decreased by 2.11 %-22.52 %, while the porosity increased by 6.27 % - 6.22 %. Table 5 shows that the
density values of the samples with EC (2-4 mm grain diameter) and resin were smaller than Ref : Demirdag &
Gunduz, (2008); Biger, (2021a); Bicer & Celik, (2020); Kaya & Kar, (2016); Bicer, (2020); Bicer, (2021b).
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Fig. 4. Variation of the density and porosity with respect to EC ratio for the cases particle diameter a) 0-2 mm,

b) 2-4 mm
4.2. Thermal conductivity

The samples with a high proportion of EC have smaller thermal conductivity than many building materials (Table
6). This has two reasons. First, EC has a porous structure. Second, the resin was added to the plaster. The samples
with resin have smaller thermal conductivity than those without resin. This is due to the artificial pores provided
by the resin. Fig 5 shows the thermal conductivity - porosity variation in samples with and without resin. It can be
seen on the figure that due to filling on pores, thermal conductivity on some of the small pieces with 0-2 mm
diameter are higher than 2-4 mm diameter pieces.
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Table 6. Thermal conductivities of materials (Bicer & Celik, 2020)

Measured Values Literature
Density Thermal Density Thermal
Material (g/cm?®) Conductiv. (g/cm?) Conductiv.
(W/mK) (W/mK)
Outher Plaster 1.856 1.173 1.600 0.930
Inner Plaster 1.763 1.163 1.800 1.163
Gypsum thin 0.465 0.244 0.40-0.50 0.139-0.162
plaster (Perlite)
Gypsum rough 0.465 0.168 0.40-0.50 0.139-0.162
plast. (Perlite)
Plaster With 0.672 0.173 0.700 0.244
Cement (Perlite)
Gypsum Block 1.047 0.372 0.900 0.221
(Perlite)
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Fig. 5. Thermal conductivity coefficient-porosity and resin relation in the specimens EC diameter: 0-2 mm,

b) EC diameter: 2-4 mm

When the proportion of EC is increased from 20% to 80%, the thermal conductivity decreases by 39.07 % for 0-2
mm grain diameter samples without resin and 39.18 % for samples with resin. When the proportion of EC is
increased from 20% to 80%, the thermal conductivity decreases by 40.68 % and 41.04 % in 2-4 mm grain diameter
samples (Fig 6). The reason for the decrease in thermal conductivity in the samples with resin is the artificial pores
caused by the resin and the increase in total porosity. Fig 7 shows the thermal conductivity-porosity variation

together.
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Fig. 7. Variation of the thermal conductivity and porosity with respect to EC ratio for the cases of particle
diameter a) 0-2 mm, b) 2-4 mm

In comparison with similar studies (Table 5), the thermal conductivity of EC- and resin-doped samples with 2-4
mm grain diameters had the same values as Ref (Demirdag & Gunduz, 2008), while they were smaller than Ref:
Biger (2021a); Bicer & Celik (2020); Bicer (2020); Bicer (2021b).

4.3. Compressive Strength

The samples have smaller compressive strength as the EC ratio increases from 20% to 80%. This is due to the
weakness of the gypsum binder. In resin-free samples, 0-2 mm and 2-4 mm samples have the highest compressive
strength of 3.18 MPa and 2.83 MPa, respectively. When 2 % resin is added to the samples, an increase of 15.2% -
15.77% (with 20 % EC ratio) and 3.38% -3.33% (with 80 % EC ratio) is achieved in the samples with 0-2 mm and
2-4 mm grain diameter aggregates, respectively (Fig 8 a and b). This has two reasons. First, the resin hardens as a
result of drying. Second, gypsum has binding properties. Compressive strength values are negatively affected in
samples with large EC grain diameters. The reason of this situation is due to decrease on binding percentage of
sample with bigger diameter.

Fig 8 shows that the 1% resin-doped samples have compressive strength values than those without resin. However,
this increase decreases slightly in the samples with 2% resin.

Compressive strength and thermal conductivity are the two most essential parameters for plaster samples. Fig. 9
shows the variation of compressive strength and thermal conductivity according to the ratio of EC and resin. Fig.
9 shows that the lower the thermal conductivity values, the lower the compressive strength.

Comparing the compressive strength values reported by similar studies, we see that Ref: Bicer, (2021-b) has
approximately the same values, while the other studies have smaller values (because they are cement binder
studies).
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Fig. 8. Compressive strength of samples versus EC percentages grain diameter: a) 0-2 mm b) 2-4 mm
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Fig. 9. Variation of the density and porosity with respect to EC ratio for the cases of particle diameter a) 0-2
mm, b) 2-4 mm

4.4. Water Absorption

Expanded clay is hydrophobic because it has a closed porous structure. Tables 3 and 4 show that the water
absorption rate decreases as the EC content increases. Most samples have a water absorption rate of more than 30
percent. Therefore, resin-doped gypsum plasters should not be used directly with water due to the risk of freezing,
cracking, and disintegration at temperatures below 0°C. They should be used for interior plastering for insulation

purposes.

4.5. Ultrasonic Pulse Velocity

The increased EC content in the mixtures decreases the density and compressive strength. The increase in EC
content in the mixtures and thermal conductivity decrease the velocity of the ultrasonic sound (Fig 10). In 0-2 mm
grain diameter samples, ultrasonic sound velocities range from 2073 to 2830 m/s and 1270 to 1438 m/s in resin-
free and resin-doped samples, respectively. In 2-4 mm grain diameter samples, ultrasonic sound velocities range
from 2008 to 2703 m/s and 1252 to 1400 m/s in resin-free and resin-doped samples, respectively.

Ultrasomic pulse velocity, (m/s)

EC diameter: (-2 mm

—a— Resind % Resinl %
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20 40 60 BO 100
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Fig. 10. Ultrasonic pulse velocity of samples versus EC percentages a) EC diameter: 0-2 mm, b) EC diameter:

2-4 mm

4.6. The Usability

The tests show that the samples can be sawed and screwed. They are suitable for grooving for installation works
and can be drilled. The samples were treated with various dyes to determine the dye retention of the samples. As

a result, it was found that the dye retention of the samples was extremely good (Fig 11).

a) b)

Fig. 11. Samples can be different types of dyes can be applied a) Silicone rubber coating, b) Oil painting

Based on these results, resin- and EC-doped gypsum plasters can be used for thermal insulation in the interior

walls of buildings.

Table 5. Similar studies

Thermal Compres.

Materials Density conductiv. streng. Literature

(g/cmd) (W/mK) (MPa)
Cement + EC (5%) + tragacanth (1%) 1.179 0.221 2.68 Demirdag &
Cement + EC (10%) + tragacanth (1%) 1.059 0.162 2.36 Gunduz (2008)
Cement + EC (20%) + tragacanth (1%) 0.867 0.140 1.35
Cement+EC (20%)+Fly ash(30%)+Pine 1.430 0.328 21.43 Biger (2021a)
R.(1%)
Cement+EC (40%)+Fly ash(30%)+Pine 0.846 0.127 14.21
R.(1%)

The pumice aggregate diameter: <20 mm

Pumice (20 %)+cement (80%)+pine resin (1%) 1.548 0.371 19.80
Pumice (40 %)+cement (60%)+pine resin (1%) 1.479 0.318 13.05 Bicer & Celik
Pumice (60 %)+cement (40%)+pine resin (1%) 1.350 0.265 8.10 (2020)
Pumice (80 %)+cement (20%)+pine resin (1%) 1.241 0.230 4.58
EPS (80%)+cement (20%)+tragacanth (1%) 0.537 0.051 0.88 Kaya & Kar
EPS (20%)+cement (80%)+tragacanth (1%) 1.233 0.322 10.95 (2016)
Gypsum (90%)+fly ash (%10) 1.254 0.335 -
Gypsum (50%)+fly ash (%50) 1.198 0.274 - Bicer (2020)
Gypsum (10%)+fly ash (%90) 1.121 0.248 -
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The pumice aggregate diameter 2-4 mm
Gypsum + pumice (20%)+ pine resin (2%) 1,204 0,290 4,29
Gypsum + pumice (40%)+ pine resin (2%) 1,123 0,225 2,1 Bicer (2021b)
Gypsum + pumice (60%)+ pine resin (2%) 0.868 0,193 13
Gypsum + pumice (80%)+ pine resin (2%) 0,793 0,165 0,69
The EC aggregate dimensions: 2-4 mm
EC (20 %) + gypsum (80%) + pine resin (2%) 1.122 0.229 3.36
EC (40 %) + gypsum (60%) + pine resin (2%) 1.074 0.185 1.95 Present
EC (60 %) + gypsum (40%) + pine resin (2%) 0.896 0.153 0.88
EC (80 %) + gypsum (20%) + pine resin (2%) 0.760 0.135 0.66

4. Conclusions

This study investigated the thermo-mechanical properties of pine tree resin- and EC-doped gypsum plasters to
present them as a new insulation plaster. The following are the results.

1- Thermal conductivity, density, and compressive strength decrease while porosity increases in EC-doped
gypsum plasters. In the case of resin addition, compressive strength, and porosity increase while other parameters
decrease even more.

2-  When 20%-80% EC is added to gypsum plaster, the resin-free samples (2-4 mm) have a thermal conductivity
coefficient of 0.290 to 0.172 W/mK and compressive strength of 2.83 to 0.44 MPa. The resin-doped samples have
a thermal conductivity coefficient of 0.229 to 0.135 W/mK and compressive strength of 3.36 to 0.66 MPa.

3- As the EC grain size increases, the insulation property of gypsum plaster increases while its strength
weakens. With the addition of resin, the insulating properties of the plaster increase even more, while the
disadvantage in strength turns into an advantage.

4- The samples have high water absorption rates. Therefore, they should be used in areas not in contact with
water.

5-  When we compare the EC- and resin-doped plasters with similar materials (Table 5), we see that the former
is superior both in terms of insulation properties and strength. These plasters can be used as interior plaster,
insulation plaster, and decoration material in buildings.

In conclusion, EC and pine tree resin-doped gypsum can be used as insulation and interior plasters.
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Abstract

Cleaning water before draining is necessary because of its harmful effects on aquatic ecosystems. Adsorption is
an economically feasible and easy process that provides a good solution to remove toxic dyes from water. An
adsorbent which can be used in dye adsorption have some features such as high adsorption, binding energy, and
negative interaction energy. Carbon materials, metal-organic frameworks (MOFs), silica, and titania are among
the most used adsorbent for dye adsorption in the literature. Nowadays, 2D materials have a popularity. The study
aims to point out the importance of boron nitride nanosheets (BNNSs) in dye adsorption.

Key Words: Boron nitride nanosheets, dye adsorption, environmental remediation
1. Introduction

Itis clear that water pollution originates from excess urbanization and industrialization. So, it has formed a crucial
problem throughout the world. Sources of this contamination caused chemicals and synthetic dyes among the other
pollutants due to their high solubility in water. Synthetic dyes mix as textile wastes to the water. It is obvious that
these dyes are carcinogenic, hazardous for human beings and aquatic ecosystem. Besides that, these dyes are
responsible for decrease in water quality. It can be preffered several methods for dye removal from water. They
are photocatalysis, adsorption, chemical oxidation, ion exchange, membrane separation, and biological
degradation. However, these methods require complex, long-time processes and high energy usage. However,
adsorption covers easy and conventional steps. Besides that, to recover adsorbents and use them several times
render adsorption economically feasible (Liu et al., 2022).

Textile dyes are organic substances. There are two types of textile dyes concerning their water solubility. They are
soluble and insoluble dyes. Soluble dyes can be acid (anionic), basic(cationic), reactive, or direct. While insoluble
dyes are examined in four topics which are sulfur, disperse, vat, and pigments (Sharma et al., 2021).

In this research, it aimed to review water-soluble dyes. Because the adsorption studies majorly carried out in a
water environment. Anionic dyes are applied to hydrophilic materials like wool, cotton, and nylon at a 2-6 pH
range. Most of the synthetic dyes utilized in the textile industry are anionic. These dyes are classified in several
ways concerning their functional groups. For example, Acid Red 27 belongs to the azo dye class. On the other
hand, Cationic dyes are synthesized from organic bases. They can ionize in a water environment and form cations.
Auramine O, Malachite Green, Nile Blue, and Rhodamine B are among the cationic dyes class. Reactive dyes
accepted as anionic dyes formed covalent bonds to the materials like wool, and cotton. Reactive Red 3 and Reactive
Blue 19 are among to reactive dyes class. Direct dyes are applied to the fabric like rayon, linen, and silk at nearly
80-90°C temperature ranges. They are the cheapest ones compared to the other types of textile dyes. Direct Blue
1 is one of them as an azo dye (Sharma et al., 2021).

Adsorbents used in dye adsorption are expected to have several properties such as high surface area, uptake
capacity, recyclability, selectivity and, easy obtainable. Besides that, the surface features of an adsorbent are
crucial to achieving good adsorption performance for dyes. Adsorbents can be natural or synthetic based. The most
studied synthetic materials in literature are Carbon Nanotubes (CNTS), graphene oxide, metal-organic frameworks
(MOFs), and covalent-organic frameworks (COFs). Natural materials are mesoporous silica, clays, chitosan, and
porous carbon (Lan et al., 2021). Adsorption of dyes using natural-based low-cost adsorbents has been an important
research area. However, they are in microparticle form. So, they have a small surface area. To achieve good
adsorption conditions, it needs to carry out the adsorption process for a long time. For industrial processes, natural-
based adsorbents are regarded as not feasible (Tan et al., 2015).
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Nanomaterials are composed of particles whose 1-100 nm. They have excellent properties like low-weight, highly
active sites. And, in dye adsorption, a small amount of nanomaterial can be adequate (Tan et al., 2015). Nowadays,
several studies have been carried out for dye adsorption in water by using nanomaterials. For example, Wang et
al. (2021) synthesized a novel spherical montmorillonite-supported nanocomposite which was composed of COF
with sulfhydryl groups and gold nanoparticles. The researchers recorded that the catalytic activity of this catalyst
did not alter after the 20™ cycle for methylene blue adsorption (Wang et al., 2021). Yang et al. (2018) investigated
the effect of a nanocomposite that included ZIF-67 on methyl orange degradation. They caught a 738 mg/g
adsorption capacity after a 7 h adsorption experiment with only 5 mg adsorbent (Yang et al., 2018). Fard et al.
(2018) researched direct blue 71 adsorptions from an aqueous solution by using Multi-Walled Carbon Nanotube.
They obtained 96% removal efficiency under the conditions which were 0.6 g/L adsorbent concentration, and 90
min adsorption time in an acidic dye solution (Fard et al., 2018). Fraga et al. (2020) studied the effect of a nano-
scale adsorbent which included graphene oxide on reactive drimaren red adsorption. At room temperature, they
reached 220 mg/g as the maximum adsorption value. They also carried out phytotoxicity measurements for the
adsorbent (Fraga et al., 2020).

Today, 2D materials have gained attention because of their several properties like high anisotropy, flexible
mechanically, and transparent optically. Most Studied 2D materials for dye adsorption were WS, (Khataee et al.,
2018), MoS, (Massey et al., 2016), and Nb,CTx Mxene (Yan et al., 2021). As 2D material, Boron Nitride
Nanosheets (BNNSs) possess a skeletal composition of nitrogen and boron (Yadav & Dindorkar, 2022). BNNSs
has regarded as crucial materials as adsorbents due to their properties which are high oxidation resistance, thermal
conductivity, polarity, and specific area. Besides that, they can stay inert against the majority of chemicals.
However, in literature, the adsorption studies against dyes within the water with BNNSs are scarce (Bangari et al.,
2022). This study aimed to enlighten the adsorption potential of BNNSs on the water-soluble cationic and anionic
textile dyes.

2. Definition, Synthesis, Properties and Applications of BNNSs

Boron nitride (BN) is a crystalline material that formed in several morphologies such as rhombohedral boron
nitride (r-BN), hexagonal boron nitride (h-BN), wurtzite boron nitride (w-BN), and cubic boron nitride (c-BN).
BNNSs are one of the shape types of BN. Today, hexagonal boron nitride (h-BN) is a crucial material for scientists
(Revabhai et al., 2022).

The synthesis of h-BN can be synthesized by using two routes. They are low-temperature growth and high-
temperature growth. Solvothermal synthesis is a subtopic of low-temperature growth. It can carry out an autoclave
with a mixture composed of boron, nitrogen precursors, and a liquid solvent under 500 °C temperatures. On the
other hand, atmospheric pressure high-temperature synthesis is a subtopic of high-temperature growth. This
process can be conducted in a horizontal tube under a nitrogen gas atmosphere at high temperatures (up to 1800
°C temperatures) with metal solvents such as Ni-Cr. Maestre et al. (2021) expressed that important select accurate
temperature and solvent to obtain large h-BN crystals (Maestre et al., 2021).

H-BN has outstanding properties such as high thermal conductivity, stability under several chemical and thermal
conditions, high electrical insulation, low density, huge surface area, and high corrosion resistance (Revabhai et
al., 2022; Wang et al., 2019). Because of its properties, h-BN has been extensively researched in hydrogen storage,
CO2 capture, water purification, and desulfurization (Xiong et al., 2020).

H-BNNSs (2D) formed via exfoliation of bulk h-BN (3D). The aim of size changing of the material from 3D to
2D is to obtain uniform dispersion. However, it has known that the exfoliation of bulk h-BN is more complicated
than the exfoliation of graphite. Several methods can be used for exfoliation. These are electrochemical peeling,
high-shear mixing, chemical exfoliation, liquid phase exfoliation, molten hydroxide etching, ball milling, and
shock chilling. Wang et al. (2019) synthesized H-BNNSs from h-BN by using hydrothermal exfoliation at 180 °C
with a high exfoliation yield (55 %) (Wang et al., 2019).

3. Performance of BNNSs on Adsorption of Cationic and Anionic Dyes

Singla et al. (2015) tested their BNNSs in the adsorption of an anionic (methyl orange) and a cationic dye (brilliant
green). They synthesized BNNSs by using a nitrogen atmosphere at 900 °C. 0.9 nm for average thickness and 0.3
nm for lattice interplaner distance of the nanosheets found utilizing high-resolution transmission electron
microscopy (HRTEM). For both dyes, the researchers found that an increase in initial dye concentration caused a
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decrease in removal efficiency. This situation occurred due to decreasing adsorption sites of the adsorbent. Because
methyl orange, as an anionic dye, has a negative charge, a decrease in pH enables increasing removal efficiency.
So, the optimum pH was found as 4. However, for positively charged brilliant green, the optimum pH reached 6.
Especially for a brilliant green, 1 min adsorption was enough to achieve maximum adsorption (Singla et al., 2015).

Wang et al. (2018) designed a few layers BNNSs through direct-exfoliation of h-BN. The researchers defined their
synthesis method as inexpensive and green to synthesize BNNSs. Because the researchers studied not using at
high temperatures, vacuum, sonication or harmful solvents. Yield of exfoliation founded as 15%. Average
thickness of BNNSs obtained as nearly 1.5 nm using Atomic force microscopy (AFM) characterization. For
adsorption tests, the researchers tested the nanosheets in Rhodamine B as a cationic dye removal. The tests carried
out with an 5 mg adsorbent, and 10 mg per litre initial dye concentration. After 10 min, the adsorbent reached
adsorption equilibrium (30 mg/g) (Wang et al., 2018).

Wang et al. (2020) obtained BNNSs by calcination boron acid and urea under nitrogen atmosphere. They studied
methylene blue as a cationic dye. They reused the adsorbents after washing them with ethanol and calcination in
air at 400 °C. They found that, for methylene blue, the nanosheets exhibited nearly 100% removal efficiency after
just 20 min. Reusability tests showed that adsorption capacity decreased the adsorbent used again from 100% to
70%. And this value remained unchanged during up to three cycle (Wang et al., 2020).

Ikram et al. (2020) collected h-BNNSs by using sonication. After that, they loaded Nickel with different ratios
(2.5-10%) on them via hydrothermal method. Catalytic activity tests showed that the synthesized adsorbent had
10% nickel reached 99% methylene blue degradation in 1 min in the presence of NaBH4 (Ikram et al., 2020).

Kumar et al. (2022) synthesized interesting adsorbent included h-BNNSs removing methylene blue as a cationic
dye and acid orange as an anionic dye in the water. They created hexagonal boron nitride-based magnetic aerogel.
Because the adsorbent had zero surface charge and several functional groups, it performed good adsorption against
the specific dyes. The adsorbent showed 415 for methylene blue and 286 mg/g for acid orange adsorption capacity
(Kumar et al., 2022).

4. Conclusion

Synthetic or textile dyes are carcinogenic, and hazardous for humans and aquatic ecosystems. Compared to the
other methods, adsorption comes to the forefront thanks to its easy feasibility. For dye adsorption, several materials
can be applied. They are CNTs, graphene oxide, MOFs, COFs, mesoporous silica, and porous carbon. Because of
SO many unique properties, nanomaterials have gained attention for the adsorption processes. One of the eminent
properties, it is enough to use a small amount of nano adsorbent in dye adsorption. H-BN is a prominent member
of BNs. H-BNNSs (2D) synthesize via exfoliation of bulk h-BN (3D). Since it can be hard to synthesize H-BNNSs
with high yield, there are low-amount of studies in the literature about dye degradation using these materials. In
this review, several studies which were about anionic and cationic dyes removal with h-BNNSs presented. So, this
material has the advantage of cleaning a dye solution within a few minutes. It was noticed that the researchers
have studied developing a hybrid form of the h-BNNSs with other materials, and new synthesis methods of h-
BNNSs against climate change. And, it seemed the research gathered mainly in methylene blue degradation for h-
BNNSs adsorbents among water-soluble textile dyes.

Nowadays, researchers have started to synthesize h-BNNSs as solvent-free. Less solvent used in nanomaterial
synthesis has gained importance for the environment. Also, it has been recently popular to create magnetic h-
BNNSs with magnetic metals to increase their adsorption capability and collect the adsorbent in simple way from
an aqueous medium.
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Abstract

Schiff bases have been widely researched in vitro for their antimicrobial, antitumor, antiviral, antineoplastic, and
antioxidant properties, owing to their strong chelating ability. Probiotics refer to “live microorganisms that,
when administered in adequate amounts, confer a health benefit on the host”. Thus, this study aims to investigate
the antibacterial, anticancer, and antioxidant effects of Schiff Bases N-methylene-N-phenylbenzenaminium and
N-(5-oxopentylidene)-N-phenylbenzenaminium, as well as their impact on some properties of probiotic bacteria,
Lactobacillus acidophilus and Lacticaseibacillus rhamnosus. Results indicate that these Schiff bases promote the
growth of probiotic bacteria while inhibiting pathogenic bacteria. They demonstrate potent antibacterial and
antioxidant activities, and cytotoxicity assays reveal that both compounds exert a high degree of inhibition on
human colon and breast cancer cells. Additionally, there is significant modulation in auto-aggregation and
surface hydrophobicity of Lactobacillus acidophilus and Lacticaseibacillus rhamnosus. In conclusion, the Schiff
bases investigated in this study possess significant therapeutic potential.

Key words: Antibacterial, anticancer, antioxidant, Lactobacillus, probiotics, schiff bases

1. Introduction

Schiff bases belong to a category of compounds, firstly determined by Hugo Schiff (Tidwell, 2008), that have
garnered significant attention in recent years due to their diverse biological activities and produced These
compounds are formed by the condensation of a primary amine with a carbonyl group, and they have a variety of
applications in chemistry, biology, and pharmacology (lIftikhar et al., 2018; Liu et al., 2018). One of the most
common applications of Schiff bases is in coordination chemistry, where they are frequently used as ligands due
to their low cost and ease of synthesis (Abbo et al., 2005). Extensive in vitro researches have shown the
significance of biological activities of Schiff bases. It is stated that the redox potentials of the central atom with
the structure and conformation of the ligand affect the biological activities of such compounds (Durackova et al.,
1999; Kumar et al., 2009). Due to their varying pharmacological properties, Schiff bases have gained
considerable interest in the pharmacology, fields of chemistry and biology (Liberta & West, 1992, Kumar &
Mishra, 2018). It is stated that Schiff bases have antimicrobial (Fioravanti et al., 1996; Khan et al., 2017),
antitumor (Yang et al., 2000), antiviral (Das et al., 1999), antineoplastic (Sur et al., 1990), antitubercular
(Krishna et al., 2014), anti-infective (Aly et al., 2020) properties. There are studies that show Schiff bases are
good antioxidant compounds as they are excellent chelating agents (Galini et al., 2017). Additionally, they find
applications as catalysts, organic synthesis intermediates, and stabilizers for paints, pigments, and polymers
(Shanty et al., 2017). Furthermore, it is among the studies that Schiff bases show anticancer properties (Parekh et
al., 2017).

On the other hand, probiotics are “live microorganisms that, when administered in adequate amounts, confer a
health benefit on the host” and known for their ability to improve intestinal balance and positively affect the host
(Hill et al., 2014, Celebi et al., 2020). To be a probiotic, microorganisms should bear some requirements. Firstly,
they should have survival in the digestive system (Gonzalez-Rodriguez et al., 2013). The adhesion of probiotic
bacteria to the gastrointestinal tract (GIT) is an important criterion for their effectiveness. This is because the
mucus layer, covering the surface of the organs, is the first interacting site of microorganisms in the GIT, and the

*Sorumlu Yazar (Corresponding Author):
Hasan Ufuk CELEBIOGLU; Bartin University, Faculty of Science, Department of
Biotechnology 74100, Bartin-Turkey.

Gelis (Received) : 06.04.2023
Kabul (Accepted) :30.05.2023
Basim (Published) :31.07.2023



CELEBIOGLU et al. Bartin University International Journal of Natural and Applied Sciences
JONAS, 2023, 6(1): 40-55

adhesion of bacteria to this layer reduces pathogenic colonization and provides a healthy microbiota balance.
The mucus layer is an important site for microbial adhesion and colonization as being the area that covers the
surface of the organs and the first contact of microorganisms in the intestine. Because bacteria with aggregation
ability form a barrier by binding to the surface and to each other (Collado et al., 2008). The adhesion properties
of probiotic bacteria are determined by the composition and physical properties of their cell surface (Servin &
Coconnier, 2003). Composition (proteins and lipids) on the bacterial surface and surface physical properties (e.g.
surface hydrophobicity) of lactobacilli have generally roles in the adhesion properties of probiotic bacteria, yet
these may differ among the strains (Buck et al., 2005; Percival et al., 2019). Thus, probiotic adhesion to mucus
layer is important since it can reduce the pathogenic colonization, regulate immunological properties, and
support healthy microbiota balance (Van Tassell & Miller, 2011). This may also play a role in the prevention of
diseases related to the GIT (Siciliano & Mazzeo, 2012). For instance, a decreased amount of intestinal
lactobacilli can be associated with ulcerative colitis, diarrhea, inflammatory bowel diseases, constipation, as well
as colon cancer (Drisko et al., 2003).

Lactobacillus acidophilus and Lacticaseibacillus rhamnosus are lactobacilli that have been extensively studied.
L. acidophilus has the ability to produce antimicrobial agents, which enable it to inhibit pathogenic bacteria.
Studies have shown that L. acidophilus is present in the gastrointestinal tract more than any other
microorganism, and it has been observed to inhibit different bacteria through the production of bacteriocin
(Celebioglu & Svensson, 2018, Ozgelik, 2014). Lacticaseibacillus rhamnosus, on the other hand, has been used
as supplements and added to varying foods, including dairy products. This bacterium is capable of surviving in
the acidic and alkaline conditions of the gastrointestinal tract, and has several potentials and uses in promoting
digestive health (Capurso, 2019, Celebioglu et al., 2020a).

In the current study, the antibacterial, anticancer, and antioxidant activities of two diphenylamine-containing
Schiff bases, N-methylene-N-phenylbenzenaminium and N-(5-oxopentylidene)-N-phenylbenzenaminium, were
evaluated. In addition, we evaluated the impact of these compounds on some probiotic properties of
Lactobacillus acidophilus and Lacticaseibacillus rhamnosus. Our study aims to contribute to the current
understanding of the biological activities of Schiff bases and their potential therapeutic applications.
Furthermore, our study sheds light on the potential effects of these compounds on probiotic bacteria, which can
have promising applications.

2. Materials and Methods
2.1. Chemicals

All of chemicals (analytical grade) used in the Schiff base synthesis were purchased from Sigma-Aldrich and
Fluka and used directly without further purification. The biological activities of the Schiff bases were measured
at room temperature using (UV-Vis) spectrophotometer.

2.2. Synthesis of Schiff bases

The 250 mL sheathed flask was mixed with 10 mmol of formaldehyde and 5 mmol of diphenylamine solutions at
room temperature, and reaction was continued by adding 75 mL anhydrous ethanol to the synthesis medium. The
color of the medium changed from transparent to orange, and the resulting orange solution was refluxed
continuously (36 h; 90°C; 400 rpm). Precipitate of Schiff base-1 (N-methylene-N-phenylbenzenaminium) was
filtered with the help of Whatman No:1 filter paper, then washed with water, ethanol, and ether, respectively.
The resulting Schiff base compounds were dried in a vacuum oven.

The ligands were synthesized by the condensation of 5 mmol glutaraldehyde and 5 mmol of diphenylamine in
using ethanol (100 mL) as the reaction medium and were then, it was refluxed for 24 hours. After this it was put
on cooling at room temperature and the solid products were obtained. The solvent in the obtained Schiff base
was completely removed with the help of rotary evaporator. The precipitate of Schiff base-2 (N-(5-
oxopentylidene)-N-phenylbenzenaminium) was filtered with the help of Whatman No:1 filter paper, then washed
with water, ethanol, and ether, respectively. The resulting Schiff base compounds were dried in a vacuum oven
under (Fig. 1).
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Fig.1. Reaction of Schiff Bases. (A) N-methylene-N-phenylbenzenaminium and (B) N-(5-oxopentylidene)-N-
phenylbenzenaminium

2.3. Antibacterial Activity Assay

To test the antibacterial properties of the Schiff bases, we employed Broth Micro-Dilution Assay, with some
modifications based on the method of Brandt et al. (2010). We used Escherichia coli (Gram-negative) and
Staphylococcus aureus (Gram-positive), which were initially grown in Nutrient Broth (NB) for 24 hours at 37°C.
After sub-culturing, new cultures were grown until a density of 0.5 McFarland Unit reached. The bacterial
cultures were then mixed with different concentrations of Schiff Bases (ranging from 0-1000 pg/mL) in
microtiter plate wells containing NB. A negative control was included by using NB without bacteria. The
microtiter plate was read at 0™ and 24™ hour at an absorbance of 600 nm in a micro-titer plate reader. Percentage
inhibition versus compound concentration plot were plotted and the Minimum Inhibitory Concentrations (MICs)
of the Schiff bases were calculated using these plots.

2.4. Anticancer Effect
2.4.1. Growth of cells

We examined the anticancer properties of Schiff bases for human colon (Caco-2 and HT-29) and breast (MCF-7)
cancer cell lines. The cells were grown in DMEM (Caco2 and MCF-7) (Sigma-Aldrich, USA) or RPMI-1640
(HT-29) (Gibco, UK) medium supplemented with FBS (10%, Biowest, USA) and penicillin/streptomycin (1%,
Gibco, UK) at 37°C with 5% CO2 (Thermo Forma II CO; incubator, USA).

2.4.2. Cell Viability (MTT assay)

Cytotoxic properties of the Schiff bases were evaluated using the MTT assay (Mosmann, 1983), where the cells
were grown in 96-well microplates and treated with Schiff bases (1-100 uM) or DMSO as control for 24 hours.
After incubation, MTT was added, followed by DMSO, and the absorbances were read at 570 nm (Thermo
Multiskan Go, USA). The viability percentages of treated groups were calculated based on the absorbance
values of the control group, which was considered 100% viable cells (Tekin et al., 2015).
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2.5. DPPH Radical Scavenging Activity

DPPH stock solution was prepared before the experiment and covered with aluminum foil and transferred to the
glass tube. 100, 500, 1000, 7500, 10000 pg/mL solutions of Schiff bases were prepared and 100 pL of these
solutions were added with 100 L. DPPH to the 96-well plates. Only 96% ethanol and DPPH were added to the
control groups. It was kept at RT for 30 minutes in the dark. Absorbance was read at 515 nm. The inhibition
value of each mixture was calculated separately according to the equation (1).

% DPPH Scavenging Activity = (1 230%) x 100

Acontrol

1)
2.6. Growth of Probiotics

Lactobacillus acidophilus LA-5 and Lacticaseibacillus rhamnosus GG (Chr. Hansen) were grown in a specific
type of nutrient medium called Man, Rogosa and Sharpe (MRS) at 37°C, without being shaken. Different
concentrations of Schiff bases were added to the probiotics, while the control group was not treated with any
Schiff bases. The determined concentration of Schiff base was added to the other groups. Bacterial growth was
measured every four hours using a densitometer to investigate the effects of Schiff bases on the growth of the
bacteria.

2.7. Surface Hydrophobicity (Microbial Adhesion to Solvents)

To determine the hydrophobicity of bacterial surfaces, the microbial adhesion to solvents (MATS) assay was
used with some modifications, as described in previous studies by Celebioglu et al. (2016) and Koéroglu et al.
(2019). The probiotics in the control and Schiff base-treatment groups were grown until stationary phase,
followed by washing with PBS, and their OD600 was measured at 0.5 using a spectrophotometer. Next, they
were suspended in 0.1 M KNO3 (pH 6.2) and mixed with xylene (a non-polar solvent) at a ratio of 3:1, followed
by incubation at room temperature for 10 minutes. The tubes were then vortexed for 2 min, and the aqueous
phase was separated and incubated for 20 minutes at room temperature. Absorbances were measured (600 nm)
and microbial adhesions to solvent were calculated with the following equation (2).

% Adhesion = (1 - ﬁ) X 100

(2
where Al represents the OD measurement after the specified period of incubation, while A0 represents the OD
measurement prior to the start of incubation (Kos et al., 2003).

2.8. Auto-Aggregation

Probiotics were harvested before the stationary phase (3200xg, 15 min), washed with and re-suspended in PBS
up to ODgoo 0.5. Auto-aggregation was investigated by adding 4 mL dispersed bacteria to test tubes prepared for
the experiment after vortexing for 10 seconds for one hour incubation at room temperature. After the incubation
process, 100 pL of suspension was taken and added to the previously prepared tube containing 900 uL of PBS,
and then mixed for a certain time. Then, absorbance measurement was performed at 600 nm. The percentage of
auto-aggregation was calculated by the equation (3).

At
Al

% Autoaggregation = (1 7—0) x 100

©)

Here At to represent the OD measured after a period of incubation, and AQ to represent the OD measured at the
start of the experiment (Oth hour) (Kos et al., 2003).

2.9. Statistical Analysis

Experiments were repeated at least thrice. The obtained results were analyzed with a statistical method called
One-way Analysis of Variance (ANOVA) with additional pairwise comparisons (either Tukey's or Dunnett's
Multiple Comparison Tests) using GraphPad Prism software version 5.0.0 for Windows, developed by GraphPad
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Software in San Diego, California, USA (www.graphpad.com). The statistical significance level was set at
p<0.05. Additionally, the software was used to calculate the LoglCsy values to determine the toxic effects of the
tested compounds on the cell lines.

3. Results

In this study, new Schiff bases were synthesized using the starting materials formaldehyde and diphenylamine
for N-methylene-N-phenylbenzenaminium, and glutaraldehyde and diphenylamine for N-(5-oxopentylidene)-N-
phenylbenzenaminium.

3.1. Antibacterial Activity Assay

In this study, antibacterial effects of N-methylene-N-phenylbenzenaminium and N-(5-oxopentylidene)-N-
phenylbenzenaminium Schiff bases against E. coli and S. aureus were evaluated. Concentrations 0-1000 pg/mL
of the Schiff bases were used in antibacterial activity assay, but the maximum concentration (1000 pg/mL)
totally inhibited the bacterial growth in both strain. MIC values were calculated by drawing percentage inhibition
vs. compound concentration plot.

For E. coli, MIC values of N-methylene-N-phenylbenzenaminium have been found as 252 pg/mL and for S.
aureus, 269 pg/mL, and it has been observed that the bacterial viability rates of bacteria decreased proportionally
with increasing concentration (Fig. 2). However, N-methylene-N-phenylbenzenaminium has less anti-bacterial
impact on S. aureus than on E. coli (Fig. 2A). MIC values of N-(5-oxopentylidene)-N-phenylbenzenaminium
were calculated as 235 pg/mL for E. coli, and 207 pg/mL for S. aureus and bacterial viability rate decreased
after 10 pg/mL with increasing concentration in E.coli, while bacterial viability rate decreased after 20 pg/mL
with increasing concentration in S. aureus. (Fig. 2B). N-methylene-N-phenylbenzenaminium has been shown to
have a higher antibacterial effect than N-(5-oxopentylidene)-N-phenylbenzenaminium.

a) E.coli S. aureus
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b) E. coli S. aureus
120 * 3k ¥ % 120 * 3k ¥ k
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Fig. 2. Anti-bacterial Activities of Schiff bases. (A) N-methylene-N-phenylbenzenaminium and (B) N-(5-
oxopentylidene)-N-phenylbenzenaminium. * means statistically significant (p<0.05) when compared
to control, using to One-Way ANOVA
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3.2. Anticancer Effect

The change (%) determined in cell viability level after treatment with Schiff bases is shown in Figure 3 and
Figure 4. The administered doses of 50 and 100 puM of N-(5-oxopentylidene)-N-phenylbenzenaminium
significantly reduced viability in all three cell lines compared to the control and vehicle groups (Figure 3; p
<0.05). The 25 uM dose of N-(5-oxopentylidene)-N-phenylbenzenaminium showed a more pronounced effect in
HT-29 and MCF-7 cells, and cell viability was significantly lower after this dose administration (p <0.05). The
other N-methylene-N-phenylbenzenaminium tested in the study was determined to cause cytotoxicity in cancer
cells, similar to N-(5-oxopentylidene)-N-phenylbenzenaminium. The dose of N-methylene-N-
phenylbenzenaminium of 50 uM and above in Caco-2 and MCF-7, and doses of 25 pM and above in HT-29
cells significantly decreased the cell viability (Figure 4; p <0.05). These results show us that both compounds
exhibit similar cytotoxic effects in breast and colon cancer cells.

Caco-2 HT-29 MCF-7

Cell viability (%)
Cell viability (%)
Cell viability (%)

Fig. 3. Viability changes (%) in cell lines after N-(5-oxopentylidene)-N-phenylbenzenaminium administration.
Data are given as mean+S.D. (n = 5). * p<0.05 as compared to control; # p<0.05 as compared to
vesicle control (DMSO).

Caco-2 HT-29 MCF-7

Cell viability (%)
Cell viability (%)
Cell viability (%)

Fig. 4. Viability changes (%) in cell lines after N-methylene-N-phenylbenzenaminium administration. Data are
given as mean+S.D (h = 5). * p<0.05 as compared to control; # p<0.05 as compared to vesicle control
(DMSO).

LoglCsp values as an indicator of the cytotoxic effects of Schiff bases on cell lines were calculated and presented
in the Table 1.

Table 1. LoglCsp values of test compounds (uM)

N-(5-oxopentylidene)-N- N-methylene-N-
phenylbenzenaminium phenylbenzenaminium
Caco-2 1.44+0.21 1.58+0.29
HT-29 1.25+0.07 1.12+0.16

MCF-7 1.3340.11 1.26+0.18
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3.3. DPPH Radical Scavenging Activity

The radical scavenging activities of Schiff bases have been found to be increased with the increase in
concentration (Fig. 5). DPPH scavenging effect starting from 13% in 50 pg/mL, up to 45% in 2500 pg/mL for
N-methylene-N-phenylbenzenaminium, while 21% in 50 pg/mL, up to 63% in 5000 pg/mL for N-(5-
oxopentylidene)-N-phenylbenzenaminium.

a)
S -
z _
b)

DPPH Scavenging Activity (%)

Concentration (pg/mL)

Fig. 5. Antioxidant Activities of Schiff bases. (A) N-methylene-N-phenylbenzenaminium and (B) N-(5-
oxopentylidene)-N-phenylbenzenaminium. * means p<0.05 when compared to control groups, using
to One-Way ANOVA

3.4. Probiotic Properties of Lactobacillus acidophilus and Lacticaseibacillus rhamnosus

Probiotics inoculated should pass a certain period of time until they adapt to the medium of growth and begin to
multiply, and it is examined how much they grown within the specified period (Kedare & Singh, 2011; Mousavi
etal., 2011).

In this study, none of the concentrations of Schiff bases had inhibitory effects on L. acidophilus and L.
rhamnosus (Fig. 6), even at the MIC concentrations for E. coli and S. aureus. This means that these compounds
selectively allow the growth of lactic acid bacteria, while inhibit the pathogenic bacteria like E. coli and S.
aureus.
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Fig. 6. Growth Curves of L. acidophilus LA-5 and L. rhamnosus GG treated with Schiff bases. (A) N-methylene-
N-phenylbenzenaminium and (B) N-(5-oxopentylidene)-N-phenylbenzenaminium

3.5. Surface Hydrophobicity

In our study, there was no general increase in surface hydrophobicity of probiotic bacteria (Fig. 7). However, N-
methylene-N-phenylbenzenaminium increased the hydrophobicity of L. acidophilus LA-5 at the concentrations
of 150 and 250 pg/mL (Fig. 7A). on the other hand, N- (5-oxopentylidene)-N-phenylbenzenaminium tends to
decrease the surface hydrophobicity, but only concentration of 150 pug/mL significantly (p<0.05) decreased it
(Fig. 7B).
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Fig. 7. Surface Hydrophobicity properties of L. acidophilus LA-5 and L. rhamnosus GG treated with Schiff
bases, (A)  N-methylene-N-phenylbenzenaminium  and  (B) N-(5-oxopentylidene)-N-
phenylbenzenaminium. * means p<0.05 when compared to control groups, using to One-Way
ANOVA.

3.6. Auto-Aggregation

Adhesion of microorganisms to epithelial cells is associated with both hydrophobic property of the cell surface,
as well as their aggregation capacities. Thus, in order for the probiotic bacteria to have a beneficial effect on the
host, they should be sufficiently dense with their aggregation properties (Laparra & Sanz, 2009). It is an
important property as when bacteria have high aggregation properties, this would allow them to colonize
dominantly the GIT (Alander et al., 1999, Pedersen et al., 1989).

When looking at the auto-aggregation effects of N-methylene-N-phenylbenzenaminium and N-(5-
oxopentylidene)-N-phenylbenzenaminium on probiotic bacteria, they both generally increased the auto-
aggregation of L. acidophilus LA-5, while decreased that of L. rhamnosus GG (Table 2).
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Table 2. Data on the auto-aggregation properties of probiotic bacteria after treatment with Schiff bases. Results
are presented as the average value of three separate experiments, with standard deviations indicated in
parentheses. The asterisks (*) indicate p<0.05 compared to control groups for each strain, as
determined by the One-Way ANOVA statistical test.

L. acidophilus LA-5 | 1% 2nd 3rd 4th 50 Time (h)
Control (0 ug/mL) | 37.2 (11.0) 47.4 (14.2) 59.5 (11.7) 61.1 (0.2) 60.0 (5.0
N-methylene-N-
phenylbenzenaminium
(ug/mL)
50 | 46.7 (25.3) 67.7 (12.6)*  89.6 (6.1)* 79.7 (3.9)* 94.8 (7.1)*
150 | 46.1 (25.3) 69.9 (12.3)*  86.9 (6.3)* 83.6 (9.7)* 98.8 (6.1)*
250 | 48.8 (29.0) 79.7 (10.8)* 78.2 (0.9)* 82.9 (10.9)* 95.6 (7.1)*
N-(5-oxopentylidene)-N-
phenylbenzenaminium
(ug/mlL)
50 | 38.4 (5.0) 54.6 (15.4) 70.9 (7.3) 77.2 (9.9)* 72.2 (11.0)*
150 | 54.7 (16.8)* 41.2 (3.4) 62.5 (10.9 79.3 (7.0)* 74.8 (2.3)*
250 | 26.2 (9.8) 19.1 (11.9)*  55.6 (23.7) 75.1 (13.5)*  79.4 (2.5)*
L. rhamnosus GG | 1% 2nd 3rd 4t 5" Time (h)
Control (0 ug/mL) | 29.8 (2.2) 53.9(9.2) 72.8(9.1) 78.5(9.2) 85.6 (5.5)
N-methylene-N-
phenylbenzenaminium
(ug/mlL)
50 | 21.7 (1.0)* 33.2 (8.8)* 365 (15.1)*  63.4(6.7)* 70.0 (7.7)*
150 | 23.9 (6.3)* 34.1 (2.7)* 46.6 (13.8)*  52.8(11.6)*  64.0 (4.8)*
250 | 28.3 (3.3) 40.5 (3.6)* 39.2 (5.8)* 53.4 (10.2)*  74.2 (14.6)*
N-(5-oxopentylidene)-N-
phenylbenzenaminium
(ug/mlL)
50 | 8.7 (6.9)* 6.8 (4.2)* 5.6 (3.0)* 5.6 (4.0)* 15.3 (3.5)*
150 | 7.0 (5.4)* 13.8 (3.6)* 14.6 (2.6)* 19.8 (4.1)* 27.5(1.8)*
250 | 11.7 (3.5)* 6.9 (2.1)* 10.1 (8.3)* 19.3 (5.7)* 15.2 (4.8)*
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4. Discussion

The study on Schiff bases is an area that is being recognized. They are prepared by the reaction of an aldehyde
and primary amines. The C=N bond in Schiff bases is a structural requirement for biological activity. For this
reason, Schiff bases have been shown to exhibit varying biological activities such as antibacterial, antioxidant,
and antifungal properties (Igbal et al., 2007). There are azometin and imine groups in various natural and
unnatural compounds. The imine group found in such compounds has been shown to be effective in biological
activities (Bringmann et al., 2004). Because of these properties, Schiff bases are considered as a promising
antibacterial agent (Taslimi et al., 2021). For example, the antimicrobial effect of the Schiff base obtained from
primary amine and 5-chloro-salicylaldehyde has recently been reported (De Souza et al., 2007). The Schiff bases
evaluated were found to be effective on at least one bacterial strain at 2.5 - 5.2 pg/mL MIC values (De Souza et
al., 2007).

DPPH, a stable free radical, takes up a hydrogen or electron radical. The lower the absorbance values read at 515
nm in DPPH, the higher the free radical removal activity (Shi et al., 2007). The removal of free radical after the
exchange of hydrogen between antioxidant and free radical causes the absorbance to decrease (Shi et al., 2007).
Schiff bases act as antioxidants thanks to the hydroxyl groups they contain in their chemical structure and can
protect the harmful effects of free radicals (Mamedova et al., 2019) . Their antioxidant capabilities were
evaluated using the DPPH method, which involves measuring the ability of compounds to transfer electrons to
reactive radicals, thus neutralizing them. According to the results, we found that both display excellent
antioxidant possessed good radical scavenging effects for DPPH radicals.

Cancer, one of the leading health problems of today, represents a heterogeneous group of diseases that develop
as a result of gene mutations in cells and consequent dysfunction in metabolic processes. This heterogeneity and
the different physiological and pharmacological responses of the treated individuals are the most important
factors in reducing the success rate of cancer treatment (Dagogo-Jack & Shaw, 2018). The undesirable side
effects of drugs used in cancer treatment on healthy cells also make this process even more complex. Numerous
studies to improve this condition and increase treatment success are targeting the identification of potential
therapeutics or the synthesis of new compounds that can be used in cancer treatment. Numerous studies show
that Schiff bases exhibit strong cytotoxicity on cancer cells. Abd-Elzaher et al. investigated the cytotoxic effects
of the new Schiff base compounds against breast, liver, lung, and colorectal cancer cell lines. The researchers
reported that the ligand they synthesized exerted an effect on three other cancer cells besides the A549 cell;
moreover, the Znll complex derived from this ligand caused strong cytotoxicity in all cell lines (Abd-Elzaher et
al., 2016). Another study reports that vanillin Schiff base-derived copper (I11) complexes exhibit high nuclease
activity, killing cancer cells, including cancer stem cell enriched cells. Furthermore, some compounds
synthesized in the same study were shown to be easily taken up by cancer stem cells, increase the levels of
intracellular reactive oxygen species, cause DNA damage, as well induce caspase-dependent apoptosis (Lu et al.,
2017). Many other studies report that Schiff base molecules have a strong cytotoxic effect against cancer cells
and that these compounds may be potential drug candidates (Celebioglu et al., 2020b; Hajrezaie et al., 2014; Xia
et al., 2019). Here, the cytotoxic properties of the synthesized compounds on breast (MCF-7) and colon cancer
cell lines (HT-29 and Caco-2) were investigated. Our results showed that our test compounds exhibited a
significant cytotoxic effect on all three cancer cells. In particular, the application of N-(5-oxopentylidene)-N-
phenylbenzenaminium caused a more pronounced decrease in cell viability. These results indicate that Schiff
base compounds can be effective in cancer treatment as stated in the literature.

Complementary and alternative medicine increases its importance day by day and reveals the importance of
herbs taken with diet. In vivo and ex vivo studies have been conducted to investigate the effects of dietary
compounds on intestinal microbiota. Evaluating the effect of food components on the characteristic
microorganisms of microbiota can be useful in obtaining important information (Charalampopoulos et al., 2002).
In a study by Sutherland et al. (2009), they showed that using food extracts has direct prebiotic and antibacterial
effects on intestinal bacteria. In particular they showed that garlic and black pepper significantly increase the
growth of L. reuteri, a probiotic bacterium, and inhibit E. coli strains, which are pathogenic bacteria (Michel-
Barba et al.,2019). Garlic has antibacterial properties against E. coli, S. aureus, P. aeruginosa pathogens (Bayani
& Azanza, 2005; Bjarnsholt et al., 2005; Sutherland et al., 2009). This activity is an important feature in
increasing the growth of probiotic bacteria. Probiotics are useful for microbiota, and these bacteria are best
known for their ability to stimulate host resistance to pathogens (Gupta & Ravishankar, 2005). For example,
Lactobacillus has a significant effect on microbiota, because they have the ability to lower pH in the microbiota
environment and produce short chain fatty acids to reduce pathogens (Roy, 1992). Furthermore, probiotic
bacteria are generally resistant to especially host digestive systems (like gastrointestinal enzymes) and also are
stronger than other bacteria (Holmes et al., 2012). This can be the explanation why they dominate the
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gastrointestinal tract in the body and they compete and fight with the pathogenic bacteria. Thus, it can be
reasonable that such probiotic bacteria are hardly affected by agents but not pathogenic bacteria. This is also a
favorable condition for an ingredient or potential agent that does not affect probiotic bacteria, but inhibiting the
pathogens.

Intestines have mucosal surface, which is an important place for bacterial colonization and adhesion (Collado et
al., 2008). In order for probiotic bacteria not to disappear from the surface of the GIT, it is necessary to attach to
the epithelial cells and the layer of mucus that covers the intestinal lumen. With this attachment, the probability
of probiotics remaining in the digestive system is a longer, preventing the attachment of pathogens to the
intestinal surface, activating the immune system and healing the damaged intestinal epithelium more easily
(Holmes et al., 2012). Thus, adhesion of beneficial microorganisms to the mucus layer of GIT is of paramount
importance and this adhesion is related with some properties of the bacterial surfaces (Celebioglu & Svensson,
2018). One of these properties is bacterial surface hydrophobicity, the higher the surface hydrophobicity, the
more likely the beneficial bacteria will bind to the intestinal mucosa (Arena et al., 2017).

5. Conclusions

In this research, effects of Schiff bases on the bacterial growth kinetics, bacterial surface hydrophobicity,
bacterial auto-aggregation properties of L. acidophilus and L. rhamnosus, as well as anti-microbial effects on
pathogenic bacteria (E. coli and S. aureus) were investigated. Obtained Schiff bases had strong cytotoxic effects
on human breast and colon cancer cell lines. We also explained that Schiff bases allow the development of
probiotic bacteria, while inhibiting pathogenic bacteria. They also altered the probiotic properties of
lactobacillus strains. Even though the Schiff bases investigated in the present study are potential therapeutics,
comprehensive studies can be conducted such as the effects of these compounds on gene and protein
expressions. Furthermore, by evaluating these properties, it can be a horizon for further studies in this field.
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006).
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Yaban hayat1 tiim dogal zenginlikler gibi iklim degisikligi ve buna bagli olarak habitat bozulmalarinin bir sonucu
olarak hizla zarar gérmekte ve tehlikeye diismektedir. Habitat bozulmalar1 yuvalanma, barinma ve gizlenme gibi
yasam alani daralmalarinin yaninda yaban hayvanlarinin en temel gereksinimi olan besin ihtiyacini da énemli
6lgiide etkilemektedir. Yaban hayvanlar1 yasamlarini en iyi sekilde siirdiirebilmek, gelecek nesillere giiglii bireyler
yetistirmek i¢in dengeli ve saglikli bir beslenmeye ihtiyag¢ duyarlar. Ancak gerek farkli etkiler sonucu meydana
gelen habitat bozulmalari, gerekse de mevsime bagli besin degisiklikleri tiirlerin besin bulmasinda zorluk
¢ekmelerine sebep olmaktadir. Bu noktada yetkili birimler ya da bireyler yaban hayvanlarini1 besleme yéntemine
giderek onlarin bu zorlu dénemi en diisiik zarar ile atlatmalarina yardimci olmaya ¢aligmaktadirlar. Ancak yaban
hayat1 beslenmesine artan ilgi bu faaliyeti zaman i¢inde rekreasyon temelli bir sektor haline getirmeye baglamistir.
Yaban hayat1 turizmi olarak bilinen bu sektor giiniimiizde yaban hayatini belirgin olarak etkileyen sonuglara sebep
olmustur. Bu ¢aligmada yaban hayati beslemesinin yaban hayati {izerine olan olumlu ve olumsuz etkilerinin neler
oldugu, diinyada ve iilkemizde yaban hayat1 beslemesinin hangi boyutlarda oldugu mevcut ¢alismalar arastirilarak
ortaya konmustur.

Anahtar Kelimeler: Yaban hayati, besleme, zarar, fayda, turizm

AN ASSESSMENT ON WILDLIFE FEEDING
Extended Abstract

One of the most important components of the world ecosystem is undoubtedly wildlife. However, environmental
extinction and climate change due to developing technology and industrial development harm wildlife, as well as
all other natural riches. It is a well-known fact that wild animals are rapidly damaged and are in danger of
extinction, especially as a result of the deterioration of wildlife habitats. Wild animals perform many vital activities
such as hiding, sheltering, navigating and feeding in their habitats. However, the deterioration in the habitats of
wild animals will greatly prevent them from performing their most basic needs such as feeding, nesting, sheltering,
and hiding. Wild animals absolutely need a balanced and healthy diet in order to sustain their lives in the best way
possible and to raise strong and healthy individuals for future generations. Although the types and amounts of wild
animals' nutrients in the natural environment vary according to the seasons, they are sufficient for them under
normal conditions. However, as a result of different unnatural effects, deterioration in habitats or abnormal
seasonal changes cause changes in the food of many wild animals and difficulties in finding food for wild animal
species. In this difficult period of wild animals, before they reach a point of no return for wildlife, the institutions
and organizations that are authorized in this regard or sensitive people try to feed wild animals and try to help them
get through this difficult period with the least damage. However, in recent years, the increasing interest in wildlife
nutrition by people has started to make this activity a recreation-based sector over time. This sector, known as
wildlife tourism, causes results that significantly affect to wildlife today. This activity, which started with human
feelings for the purpose of helping wildlife, has reached a level that will cause significant harm to wildlife as a
result of increasing tourism activities. In this study, in which we try to determine the status of feeding of wildlife
today, the positive and negative effects of wildlife nutrition on wildlife and the extent of wildlife nutrition in the
world and in our country have been tried to be revealed by researching existing studies.

Key Words: Wildlife, feeding, harm, benefit, tourism
1. Girig

Insanlik ile baslayan insan-yaban hayati iliskisi giiniimiizde de etkin olarak siirmektedir. Kimi zaman karsilikli
faydalanma seklinde olan bu iliski, son yiizyil i¢inde yaban hayatinin aleyhine olan bir ¢atisma sekline
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doniismiistiir. Medeniyetin gelismesi insanlarin yaban hayati iizerine olan baskisini daha da artirmistir. Diinya
lizerinde ormanlar, tarim alanlari, sulak alanlar, denizler, géller, hatta kutuplar ve ¢oller de dahil olmak iizere cok
farkli tip ve sayida yaban hayati alan1 yer almaktadir. Yaban hayvanlari bu alanlar1 ancak kendi ekolojik istekleri
ve biyolojileri uygun olduklarinda kullanmaktadir.

Hangi yasam alani ya da cografi bolge olursa olsun orda yasayan yaban hayvanlar iizerinde dogal diismanlar,
iklim sartlari, dogal afetler ve insanlar olmak tizere 4 temel tehdit bulunmaktadir. Bu tehditlerin en 6nemlisi olan
insan faktorii kiiresel 6lcekli olarak tiim diinyaya zarar vermektedir. insan faaliyetleri yaban hayvanlarinin yasam
alanlarinin pargalanmasi, bozulmasi ve yok olmasina, tiirlerin popiilasyonlarinin azalmasi, hatta nesillerinin
tehlikeye diismesine neden olmaktadir (Ozkazang & Ozay, 2019).

Ancak bu cevresel yok olus gelisen c¢evre bilinci ile son yillarda yetkili kurumlarinda destek verdigi toplumsal
faaliyetler ile onemli derecede engellenmeye baslanmigtir. Bu faaliyetlerden Onemli bir tanesi de yaban
hayvanlariin beslenmesidir. Yaban hayvanlarinin besinleri yagam alani 6zellikleri ve iklime bagli olarak siirekli
gidalar ve mevsimsel gidalar olarak ikiye ayrilmaktadir (Canakg¢ioglu & Mol, 1996). Ancak her gida tiiriiniin fakli
degiskenler sebebi ile azalmasi ya da tiirlerin bu gidalara ulasamamasi s6z konusu olabilir. Bu durumda yaban
hayvanlart i¢in ek beslenme yontemlerinin yapilmasi gerekmektedir.

Yaban hayvanlarini ¢ekmek igin kii¢iik miktarlarda besin saglamak, muhtemelen bin yildir insan yerlesimlerinin
bir dzelligi olsa da son yiizyil icinde bu olgu daha genis bir kapsam kazanmistir (Jones & Reynolds, 2008). Insan-
yaban hayati ¢atigmalar1 i¢inde yaban hayati beslemesine iliskin olarak iki karsit goriis bulunmaktadir. Bunlardan
ilki yaban hayati beslemesinin hayvanlari istenmeyen yerlerden uzaklastirmak icin etkili oldugu, ikincisi ise ek
beslenmenin rahatsiz edici davraniglari tesvik ettigidir (Steyaert vd., 2014).

Canakcioglu & Mol (1996) yaban hayvanlarinin besleme yontemlerini amag ve hizmet agisindan 3 farkli sekilde
smiflamistir. Bunlar periyodik besin eksikliginin goriildiigli donemlerde diizenli olarak yapilan siirekli beslenme
yontemi, ekstrem kig sartlart ya da dogal afetler sonucunda yapilan olaganiistii hal beslemesi, pratik tarim ve
ormancilik uygulamalari sonucunda olusan besin olabilecek materyalin sahada birakildigi gegici besleme
yontemidir. Yaban hayvanlarina yonelik olarak yapilacak olan yemlemeler sadece teknik olarak degil amaca
hizmet etmesi yoniinden de oldukga farkliliklar gdsterir. Ilk olarak yaban hayatin1 koruma gelistirme mantig ile
baglayan yaban hayati beslemesi giiniimiizde ¢ok 6nemli bir turizm sektorii olarak karsimiza ¢ikmaktadir.

2. Yaban Hayati Beslemesi

Insanlarda siiregelen yaban hayvanlari ile temas halinde olma olgusu ve onlara yardim etme istegini basarmanin
bilinen en yaygin ve pratik yolu yaban hayvanlarini beslenme faaliyeti ile giderilmektedir. Yaban hayati besleme
faaliyetleri, yaban hayatim1 diizenlemek ya da yonetmek igin kasith olarak ortaya ¢ikmamakla birlikte, bu konuda
belirlenmis herhangi bir yonetim seklide yoktur (Newsome & Roger, 2008). Yaban hayati beslemesi; dogal ya da
dogal olmayan yiyeceklerin yaban hayvanlarina bilingli veya bilmeden verilmesi olarak tanimlanabilir. Resmi
kurumlar ya da yaban hayati turizmi ile denetim altinda yapilan beslemeler bilingli bir besleme iken, dogal yasam
alanlarinda insanlar tarafindan birakilan yiyecek artiklari ise bilmeden yapilan yaban hayati beslemesi olarak
tanimlanabilir (Newsome vd., 2005; Newsome & Roger, 2008). Ancak dogal yasam ortamlarinda yasayan yaban
hayvanlarmin ek beslenmeye ¢ok az ihtiyaci vardir, ¢linkii onlarin yagsam alanlarinda serbest¢ce dolagma
aligkanliklar1 daha besleyici gidalari bulmalarina ve dolayisiyla gereksinimlerini kargilamalarina olanak tanir
(Roosendaal, 1973).

Sorensena vd., (2014) yaban hayati beslemesinin amaglarini; kig 6liimlerini hafifletme, lireme basarisini arttirma,
yaban hayatin1 kontrol etme, mahsullere ve c¢evreye verilen hasari azaltma, yaban hayati-ara¢ carpigmalarini
onleme, hayvan go¢ yollarin1 kontrol etme, avcilik ve turizm firsatlarini optimize etme olarak siralamaktadir.
Yaban hayatin1 beslemeye iligkin kamuoyu algis1 ise farklilik gostermektedir. Tarihsel olarak, yaban hayatinin
beslenmesi, bir¢cok ajans ve grup tarafindan yaban hayatin1 korunmada onemli bir uygulama olarak kabul
edilmektedir (O'Leary & Jones, 2006). Devlet kurumlar1 ve doga koruma gruplar1 kontrolsiiz ve turizm amagh
yapilan yaban hayat1 beslemesine karsi ¢ikmaktadir, ancak bugiin diinyada 6zellikle de milli parklarda yasak
olmasina ragmen, yaban hayati beslemesi yapilmaktadir (Orams, 2002; O’Leary & Jones, 2006). Bir¢ok insan i¢in
yaban hayatini beslemek hala insan-yaban hayati etkilesiminin 6nemli bir bileseni olmakla birlikte son
arastirmalar, hayvanlar1 dogal hallerinde gormenin de 6nemli hale geldigini gostermistir (Croft & Leiper, 2001;
Newsome & Roger, 2008).
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Yaban hayat1 turizminin bir faaliyeti olarak yaban hayvanlarinin elle beslenmesi yaninda bireysel, toplumsal ya
da devlet eli ile 6zellikle kis aylarinda yaban hayvanlarina takviye niteliginde yapilan ve kis beslemesi olarak
adlandirilan bir yaban hayati besleme yontemi daha vardir. Tiim bunlara ek olarak direk hedef yaban hayati
olamamakla birlikte insanlarin artiklarinin da yaban hayat1 beslenmesinde etkili oldugu bilinmektedir. Bunun en
iyi drneklerinden bir tanesi Kars-Sarikamis ¢opliigiindeki boz ay1 popiilasyonun artmasi olarak verilebilir.

Perkins, (1991) yaban hayati beslemesinin ancak siddetli kislar, kuru baharlar ve kurak yaz aylar1 gibi stres
donemlerinde ve belirli kosullar altinda yapilmasi gerektigini, uygun sekilde yapilmadiginda faydali olmayacagini
belirtmektedir. Ayrica herhangi bir yemleme programinda gz 6niinde bulundurulmasi gereken 6nemli bir hususun
da kullanilacak yem tiirli olduguna da deginmistir. Yaban hayat1 beslemesine iligkin diizenlemeler bdlgeler ve
iilkeler arasinda onemli dlclide farklilik gdstermekte olup bazen tamamen kabul edilmekte, bazense tamamen
yasaklanmaktadir (Sorensena vd., 2014).

3. Yaban Hayati Besleme Yontemleri ve Tiirleri

Yaban hayatt besleme yontemleri ve tiirleri amag, uygulama sekli ve uygulama zamani dikkate alinarak farkli
sekillerde siniflandirilmaktadir. Bu konuda yapilan bazi siniflamalar asagida 6zetlenmistir.

Dubosin & Fraser (2013) bu siniflamay1 amaca gore dort genis kategoride toplamistir. Buna gore:

* Arastirma Beslemesi: Yaban havanlarini evcillestirmek ya da arastirmak amaciyla uygulan bu ydntemde
hedef alinan tiiriin daha yakindan incelenmesi saglanmaktadir.

* Yonetim Beslemesi: Daha fazla yaban hayvaninin hayatta kalmasi, insan-yaban hayati g¢atigmasinin
azaltilmasiin amacglandigl bu yonteme 'tamamlayict’ besleme de denir. Hedef tiirlerin kurtarilmasina veya
yeniden tesis edilmesine yardimei olabilir. Kis beslemesi, tarimsal alanlarmin korunmasi, ve avciligin
diizenlenmesinde kullanilmaktadir.

» Turizm Beslenmesi: Yaban hayvanlarim giivenli bir sekilde goriintiillemek amaci ile yapilmaktadir. Turistik
bir faaliyet olup yaban hayatina etkisi tartisilmaktadir.

« Firsatc1 Besleme: Bireysel olarak yapilan ve tamamen insani duygular i¢eren bu beslenme yontemi ev-okul
bahgelerinden sehir sokaklarina kadar birgok yerde uygulanabilmektedir.

Newsome & Roger (2008) ise yaban hayat1 besleme yontemleri su sekilde siniflamaktadir;

* Yanhshkla Besleme: Belli bir amaci olmadan ¢ogunlukla kamp alanlarinda atik besinlerin birakilmasidir.

» Habitat Degisikligi Yoluyla Besleme: Yaban hayati habitatlarina besin olabilecek otlarmn, agaclarin ve
calilarin ekilmesi ve dikilmesi ile uygulanmaktadir.

* Yapilandiriimams Besleme: Herhangi bir yonetim veya bilgili denetim olmaksizin bireysel olarak yapilan
yaban hayati i¢in bilingli gida tedarikidir. Firsat¢1 besleme ile aynidir.

* Yapilandirilmis Besleme: Yaban hayatina kasitli olarak resmi ve denetimli diizenleme yoluyla besin saglanir.
Coklukla devlet tarafindan yonetilmektedir.

Bir diger siniflamada ise Howard & Jones (2004) yaban hayati beslemesini olusma sekline gore kategorize
etmistir;

+ Kasith Besleme: Bu yontemde ticari olarak temin edilebilen yemler veya artik gidalar ile yaban hayvanlari
elle veya yemliklerde beslenir.

+ Kasitsiz Besleme: insanlarin arkalarinda biraktiklari besinlerin yaban hayvanlari tarafindan alinmasidir. Cop
ve kompost kutulari, piknik masalarinda birakilan yiyecekler, evlerin kiler depo gibi yiyecek saklama alanlari
yaban hayvanlari i¢in beslenme noktasit olmaktadir. Bilingli bir besleme s6z konusu degildir hatta bu bazi
durumlarda yaban hayvanlar1 besinleri zorla alma egilimindedir. Bu durum kimi zaman travma ve
yaralanmalara yol acabilir.

* Sonugsal veya Dogal Besleme: Yaban hayati yoneticileri tarafindan siklikla desteklenen yaygin bir uygulama
olup besin kaynag1 oldugu bilinen agag ve ¢alilarin yasam alanlarina dikilmesi ilkesine dayanir.

Yaban hayat1 besleme yontemlerinden en 6nemlilerinden birisi de hi¢ kuskusuz ki kis beslemesidir. Kis beslemesi,
yaban hayat1 i¢in besin olanaklarinin ¢ok diisiik oldugu kis kosullarinda yaban hayvanlarinin yiiksek enerji
taleplerini telafi etmek i¢in, 6zellikle de agliktan 6liimleri 6nlemek ve viicudun durumunu korumak i¢in uygulanan
bir tamamlayict besleme tiiriidiir (Baker & Hobbs, 1985; Doenier vd., 1997; Sorensena vd., 2014). Programli bir
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kis yemlemesi mevcut alandaki yaban hayvani sayisini artirmasa da sinirl sayida yaban hayvani tiirtintin a¢liktan
6lmesini Onleyebilir. Iyi bir organizasyon gerektiren kis yemlemeleri aver dernekleri, ¢iftgiler, goniiller ve
deneyimli ekipler sorumlulugunda yiiriitiilmektedir, Basta a¢lik olmak iizere kis mevsiminin bir¢ok olumsuz etkisi
kis yemlemesi ile kismen de olsa giderilebilir (Sekil 1) (Ayberk, 2003).

Sekil 1. Kig yemlemesi (Bartin Doga Koruma ve Milli Parklar Sube Miidiirliigii arsivinden).
4. Yaban Hayatti Beslemesinin Etkileri

Yaban hayati beslemesinin, insan-yaban hayati ¢atismasinin azaltilmasi agsindan kisa vadede faydali ancak uzun
vadede yaban hayatinin bozulmasma kadar giden zararlara neden olabilecegi diisiiniilmektedir. Ozellikle
rekreasyonel amagli yaban hayati beslemesinin koruma hedefleriyle ¢elismedigi ve bazi durumlarda onlara katkida
bulundugu belirtilse de bu konuda yeterli veri ve ¢aligmanin olmadigi da bir ger¢ektir. Bunun yaninda yaban
hayatini beslemenin zararli m1 yoksa faydalt m1 oldugunu 6l¢mek, besleme tiiriine, besinin cinsine, zamana, habitat
ozelliklerine ve beslemeye dahil olan tiirlere gore degisecegi de dikkate almalidir (Dubosin & Fraser, 2013).

Yaban hayati beslenmesi, bir¢ok tiirde hayatta kalma ve lireme oranlarini artirma egilimindeyken, ayn1 zamanda
sik sik artan temas oranlar1 ve ¢evresel kontaminasyonlardan kaynaklanan yiiksek stres ve enfeksiyon prevalansi
ile iligkili bir durumdadir. Mevcut yaban hayati, gida kalitesinin kotiiliiglinden, hastalikli bireyler ile
etkilesimlerden ve dogal cevre ile karmasik ve sinerji iginde hareket edebilen etkilesimlerden kaynaklanan
olumsuz saglik etkilerinden zarar gorebilir. Ozellikle turizm temelli yaban hayat: beslenmesi en fazla zararli
etkilerin goriildiigii yontem olarak karsimiza ¢ikmaktadir (Murray vd., 2016). Birgok farkli kaynakta yaban hayati
beslemesinin etkileri farkli agilardan degerlendirilse de bu konuyu yabana hayati beslemesinin zararlar1 ve
yararlari olarak ikiye ayirmak en dogru yaklasim olacaktir.

4.1 Yaban Hayatti Beslemesinin Zararlan

Tamamen iyi niyetle uygulanan yaban hayati beslemesi ¢ok iyi planlanmadig: taktirde kamu giivenligi ve yaban
hayat1 koruma sorunlarina yol agabilecegi gibi hayvanlarin refahina da zarar verebilmektedir. Iyi planlanmayan ve
kontrolsiiz yapilan bir yaban hayat1 beslemesi sonucunda rahatsiz edici hayvan faaliyeti, kamu giivenligi riski ve
bunun sonucunda hayvan itlaflari, zorunlu yer degistirme uygulamalar1 s6z konusu olabilmektedir (Dubosin &
Fraser, 2013).
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Yaban hayat1 beslemesinin zararlarini besleme sirasi ve besleme sonrasi olarak ikiye ayirmak miimkiindiir. Bu
baglamda yaban hayati beslemesinin zararlarinin bazi temel noktalari sunlardir:

Anormal sartlarda yeterli olmayabilir.

Yemler istenmeyen tiirler tarafindan yenebilir.

Olagan iistli durum yemlemelerinde ancak kii¢iik ¢apta fayda saglanabilir.

Tiirler arasinda bulasici hastalik salgini ¢ikabilir.

Tiir popiilasyonunda asir1 artis, tiir i¢i ve tiirler arasi rekabet ve dogal diismanlarin bdlgeye gelmesine bagli
habitat hasar1 meydana gelebilir.

Popiilasyon artigina paralel olarak yaban hayvanlari insanlar ve ¢evre icin tehlikeli hale gelebilir.

Yabanil karakter bozulup evcillesme ve besin kaynagina baglilik goriiliir.

Yaban hayvanlarinda dogal olmayan davranislar, normal faaliyetlerde bozulma goriilebilir.

Hazimsizlik ya da asir1 beslenmeye bagl fazla kilo alimi olabilir.

grwNPE
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Ozellikle rekreasyonel amagli olarak uygulanan elle beslemenin aniden sona ermesi, beslenmeye bagimli hale
gelen ve dogal olarak yem arama yetenegini kaybetmis yaban hayvanlarinda ilerleyen zamanda yetersiz beslenme
ve aglik sorunlarina sebep olmaktadir. Buna ek olarak elle beslemeye alisik yaban hayvanlarinin yollar ve kamp
alanlarinda daha fazla zaman gegirmesine, dolayisi ile araglarla ¢arpisma olaylariin artmasina, bazi ziyaretgilerin
ise rahatsiz olmasina sebep olmaktadir (Crome & Moore, 1990; Skira & Smith, 1991). Nitekim ¢oklukla elle
beslemeye alismig bazi yaban hayvanlarinin uysal hale geldikleri bilinmekle birlikte, bazi tiirlerin tehlikeli hale
geldikleri hatta besin i¢in saldirganlastiklari da goriilmektedir (Knight & Temple, 1995; Orams, 1995; Orams vd.,
1996; Kofron, 1999).

Insanlar tarafindan beslenen yaban hayvanlarmin insanlara kars1 dogal olmayan bir sekilde saldirgan hale geldigi
birgok olay vardir. Aggimarangsee (1993) Tayland'da insanlar tarafindan beslenen makaklarin, dogal olanlara gore
sagliksiz, pasif ve insanlara karsi saldirgan oldugunu belirtilmistir. Birgok memeli tiiriinde diizenli beslenme
saldirganligi arttirmaktadir. Denhali Ulusal Parki, Yellowstone Ulusal Parki ve Kuzey Amerika'daki diger bazi
yerlerdeki ayilarin insanlara saldirdig1 ve bilyiik bir tehlike olusturdugu bilinmektedir (Albert & Bowyer, 1991).
Yaban hayvanlarinin bu saldirganliklarinin temelinde besini alamamak, insanlarin onlarla alay etmesi, insanlarin
¢ok hizli hareketleri ve yiiksek sesler ¢ikarmalarindan kaynaklanan korkular bulunmaktadir. Bazi yaban
hayvanlari, bakmay1 bir provokasyon veya meydan okuma olarak yorumlarken, digerleri hizla geri ¢ekilen
insanlara agresif bir sekilde tepki verebilir (Orams, 2002).

Nitekim turistlik besleme sebebi ile yapilan turlarda aslanlar ve sirtlanlarin potansiyel av bulmak i¢in sabit tur
otobiisleri etrafinda toplandiklari, akbabalar, sirtlanlar, filler, ayilar, rakunlar ve kokarcalar gibi bir¢ok yaban
hayvaninin ¢6p bidonlar1 ve ¢6p toplama sahalari ¢evresinde beslendikleri bilinmektedir (Gill, 2002).

Yaban hayat1 beslemesinde tiirlerin besine alisma ve ¢ekim siireci, yaban hayatinin beslenmeye verdigi tepkilerin
tipik bir rnegidir (Thompson vd., 2003). Insanlardan korkmanin kaybolmast tiirlerin davramslarinin degismesine
neden olabilir. Beslenmenin sik yapildigr durumlarda baz: tiirler uysal kalirken, digerleri saldirgan hale gelebilir.
Tiirlerin beslenmeyi benimsemesi ve aligmasi beslenme alanlarina gelen bireylerin farkli kosullar etkisi ile besin
i¢in insanlara saldirmasina yol agabilir (Orams, 2002; Newsome vd., 2005). Bununla birlikte yaban hayvanlarinin
beslenmek onlarin insanlara bagimli hale gelmesine neden olabilir ve yari evcillestirilmis bir yaban hayati
yaratabilir (Orams, 2002). Bunun sonuglar1 ise kimi zaman gok aci olabilir. Ornegin, Kuzey Amerika milli
parklarinda boz ayilarin insan gidalarina ilgi duymasi ve bunlara erigsmesi sonucu olusan rahatsizlik, bazi ayilarin
oldiiriilmesi ile sonug¢lanmistir (Newsome & Roger, 2008).

Yaban hayat1 beslemesinin bir diger etkisi de tiirlerin normal faaliyetlerinin bozulmasidir. Birgok yaban hayvani
tiirlinde yiyecek aramaya ayrilan zaman ve enerjinin azaldigi belirlenmistir. Bunun sonucunda ise iireme ve
sosyallesme dahil diger faaliyetlerde degisiklikler meydana gelmektedir (Orams, 2002). Yaban hayvanlarinin daha
kolay bir sekilde yiyecek tedarik etmeleri anne bakimini da bozarak iireme bagarisinin azalmasina neden olmakta
ve ebeveyn davramisina baglh olarak yavrularin 6liim oranini arttirmaktadir (Wilson, 1994; Newsome vd., 2005;
Newsome & Roger, 2008).

Yaban hayatinin beslenmesi firsat¢i ve rahatsiz edici tiirlerin artigina da sebep olmaktadir (Higginbottom vd., 2003;
Newsome vd., 2005). Yaban hayatmin beslenmesi ile tiir igi ve tiirler arasinda besin igin rekabet hayvanlarin
yaralanmasina ya da 6lmesine neden olabilmektedir. Zamanla daha biiyiik ve agresif tiirler veya bireyler bolgede
hakim olurken diger tiirler alandan ayrilacaktir (Orams, 2002). Yaban hayatin1 beslemek bazi tiirlerin avlanmaya
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karg1 savunmasizliginin artmasina sebep olabilir. Birgok savunmasiz tiir besin i¢in kagmanin ve korunmanin ¢cok
diisiik oldugu alanlara gelmektedir (Newsome & Roger, 2008). Ozellikle sulak alanlarda baliklara yonelik yapilan
yaban hayati beslemesinin zaman i¢inde yerli balik tiirlerinin yerine istenmeyen tiirlerin gelmesine sebep olmustur
(Milazzo vd., 2005).

Yaban hayvanlarin beslemede karsilagin bir diger sorunda besin kaynaginin kesilmesi sonrasinda goriilmektedir.
Ornegin, 1970 yilinda ABD'deki Yellowstone Milli Parki'nda atik alanlarmin kapatilmasi ile besin sorunu ¢eken
boz ayilarin tireme oraninda, diski ve viicut boyutunda 6nemli azalmalar olmustur (Knight & Temple, 1995; Roe
vd., 1997). Kenya'da Tsavo Park'ta ise otel misafirlerinin yaban hayvanlarimi gormeleri i¢in Kilguni Lodge
yakinina insa edilen yapay bir su kuyusu ¢evresinde artana yaban hayati zamanla bu alanin bozulmasina, bitki
ortiistiniin kaybolmasina ve erozyona sebep olmustur (Ayeni, 1977; Newsome & Roger, 2008).

Yaban hayat1 beslemesi baz tiirlerin asir1 ¢cogalmasina ve yayilmasina sebep olabilmektedir (Chace & Walsh,
2006). Yaban hayat1 beslemesi ile artan biiylik ve agresif tiirlerin baskinliginin, ¢ok sayida daha kii¢iik ve daha
bagiml tiirlerin yerel popiilasyonlarinin azalmasinda rol oynayabilmektedir (Parsons vd., 2006; Jones & Reynolds,
2008). Bunun yaninda beslenme noktalarinda artan tiir popiilasyonlart zamanla onlarin avci tiirlerini de alana
cekmekte ve besleme amaci disina ¢ikmaktadir. Ornegin, Madas’taki nesli tiikenmekte olan kara antilop, yaban
hayati beslemesine bagli olarak rakiplerinin sayisini artmasindan olumsuz bir sekilde etkilenmistir (Raman vd.,
1996). Bir baska 6rnekte Moreton Bay Queensland'de karides trol teknesi tarafindan saglanan yiyeceklere gelen
kopekbaliklart sise burunlu yunuslarin iizerinde baski olusturmustur (Corkeron, 1990; Orams & Deakin, 1997,
Orams, 2002).

Kuslar i¢in yapilan yaban hayati beslemesi beraberinde; insana ve hazir gidalara bagimlilik, bulagici hastaliklarin
yayilmasi, sagliksiz beslenme, yiyecek arama becerilerinin kaybi, hareketlerde ve gé¢ modellerinde degisiklik,
tiirler arasi1 rekabet ve insana yonelik saldirganlikta artiga sebep olabilmektedir (Jones & Reynolds, 2008).

Yaban hayati beslemesinin en 6nemli zararlarindan biri de tiirlerin yabanil 6zelliklerin kaybedilmis olmasidir.
Coklukla geng bireyler dogal yiyecekleri arama becerilerini 6grenememekte, insanlara karsi korkularimi
yitirmekte, onlar1 rahatsizlik verebilmekte hatta saldirganlagarak insanlarin yaralanmasia ve 6liimiine neden
olabilmektedir (Orams, 2002). Yaban hayat1 besleme alanlarinda kii¢iik memelilerin 1siriklari sik sik goriillmekte
yaralanmalar yaninda ve insanlara kuduz, hantaviriis gibi hastaliklarin bulagma riski artmaktadir (Marion vd.,
2008).

Ayrica yaban hayvanlarina verilen besinlerin kalitesiz olmasi onlarda hazimsizliktan yetersiz beslenmeye bagli
oliimlere kadar varan zararlar meydana getirmektedir. Ornegin Florida ve Avustralya'da, patates cipsi ve sekerleme
gibi dogal olmayan yiyeceklerle beslenen yunus baliklarinda 6nemli saglik sorunlar1 ortaya ¢ikmistir (Byrant,
1994; Wilson, 1994; Marion vd., 2008). Farkli bir ornek ise yanlis besinler ile beslenen su kuslarinda
goriilmektedir. Ozellikle parklarda ekmek ve cips gibi kalorisi yiiksek ancak vitamin ve mineral agisindan zayif
olan antropojenik yiyecekler bu tiirlerde melek kanadi adi verilen ve kemiklerde deformasyona yol acan bir
hastaliga sebep olmaktadir (Flinchum, 1997; Murray vd., 2016)

Yaban hayati besleme alanlaria ve besinlere erisimi olan tiirlerin popiilasyonlar1 ve iireme oranlarindaki artis
zamanla yuva avciligt ile sonuglanmakta bu da tiir i¢i ve tiirler arasi etkilesim ve temasta artisa yol agmaktadir
(Williamson, 2000; Campbell vd., 2013).

Yaban hayati beslemesi gida kitligr donemlerinde giivenilir bir uygulama olsa popiilasyon iginde patojenlerin
bulasma ve hastalik gelisme riskini artirmaktadir. Beslenme alanindaki tiirler arasina %95’e kadar artan temas
oranlar1 beraberinde %77’ye varan patojen birikimini ve bulasma riskine ulasir (Murray vd., 2016). Ornegin,
Ontario'nun dogusundaki kirsal kesimdeki yaygin beslenme alanlarinda meydana gelen yiiksek sayida intraspesifik
temas nedeniyle rakunlarda kuduz viriisiiniin yayildig1 belirlenmistir (Totton vd., 2002).

Yaban hayat1 i¢in kasith olarak yem birakilmasa da bazen besin olabilecek tarim ya da orman artiklar1 yaban
hayatina gok zararli olabilmektedir. Ornegin dogada yok edilmeden birakilan kiiflii musir, piring ve yer fistig1,
Teksas'ta 7500, Louisiana'da ise 10.000'den fazla su kusunun Sliimiine sebep olmustur (Robinson vd., 1982;
Murray vd. 2016)
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4.2 Yaban Hayati Beslemesinin Yararlari

Yaban hayati beslemeye yonelik faaliyetler kimi zaman insanlara ve yaban hayvanlarina bazi faydalar
saglamaktadir. Orams (2002), yaban hayatinin beslenmesinin 6nemli sosyal, ekonomik, psikolojik ve bazi
durumlarda ¢evresel faydalar saglayabilecegini, ancak bu potansiyel faydalarin hepsinin ayni anda gegerli
olmamasina ragmen duruma ve ilgili tiirlere bagl olarak bir dizi avantaji gdstermeye hizmet ettigini belirtmistir.
Yaban hayat1 beslemesinin insanlara olan faydalarini; doga ile temastan, zevk, yararlilik duygusu, hayvanlarin
giivenini kazanma, egitim, eglence, estetik fayda, hayvanlar1 gézlemleme ve fotograflama olarak siralayabiliriz.
Yaban hayvanlar1 acisindan faydalar ise hayatta kalma basarisi ve tireme oranlarinda artis, toplumsal farkindaliga
bagli koruma ve destek artigidir (Dubosin & Fraser, 2013).

Yaban hayatt beslemesi, 0zellikle cocuklarin yaban hayatina olan ilgi ve farkindaliklarimin artmasina sebep
olmaktadir. Bilimsel agidan ise yaban hayati beslenmesi ile g6zlenmesi zor olan birgok tiiriin arastirilmast miimkiin
olmaktadir (Newsome & Roger, 2008). Yaban hayat1 beslemesi insanlarin dogayla baglanti kurmasinin en basit
yontemi olmast sebebi ile bir¢ok insanin yaban hayati ile etkilesime girmesine izin vererek onlara psikolojik ve
bedensel yararlar saglamaktadir (Rowan & Beck, 1994; St Leger, 2003; Murray vd., 2016). Bir¢ok iilke yaban
hayati beslenmesinin hayvanlar i¢in faydali oldugunu, korumanin énemini ve toplumun yaban hayatina olan
ilgisini artirdiginm kabul etmistir (Cannon, 1999). Wilbur vd., (1974), yaban hayat1 beslemesinin nesli tiikenmekte
olan bazi tiirlerin popiilasyonlarinin artirmasinda etkili oldugunu belirtmektedir. Yaban hayat1 beslenmesi ile artan

egitim ve toplumsal farkindalik yaban hayatini korumayi destekleyen davranislarin artmasina da sebep olmaktadir
(Newsome & Roger, 2008).

Bazi kus tiirlerinde yaban hayati beslemesi kentsel ve kent dis1 popiilasyonlar arasindaki karsilagtirmalari
arttirmakta dolayisi ile lireme girisimlerinin sayisini ve basarisini her zaman olmamakla birlikte biiyiik dl¢tide
iyilestirdigini bilinmektedir (Jones & Reynolds, 2008).

Yaban hayati beslemesinin bilinen en dnemli faydalarindan bir tanesi tiirler igin giivenilir bir gida kaynagina
stirekli erigimden dolay1, aglik veya beslenmeye bagli stres olasiliginin azalmasidir (Page & Underwood, 2006;
Wilcoxen vd., 2015). Yaban hayati beslemesi hayvan koruma programlarinda, ozellikle azalan veya nesli
tilkenmekte olan popiilasyonlarda popiilasyon biiyiikliigiinii artirma girisimleri icin de ¢ok faydalidir. Ornegin,
nesli tilkenmekte olan Mauritius kerkenezi i¢in uygulanan ek besin tedariki, bu tiiriin kurtarilmasinda etkili olmus
ve yavrularin hayatta kalma orani artmistir (Jones vd., 1995; Ward & Kennedy, 1996; Orams, 2002). Benzer
sekilde Giiney Afrika, Ispanya ve Kaliforniya'da kurulan akbaba besleme noktalar1 bazi akbaba tiirlerinin hayatta
kalma basarisini artirmistir (MacRae, 1997; Orams, 2002).

5. Yaban Hayati Turizmi ve Besleme

Giiniimiizde bir¢ok iilke yaban hayati zenginliklerini sergilemek ve diinyaya tanitmak i¢in yaban hayati turizmi
ad1 altinda birgok faaliyetler gerceklestirmektedir. Higginbottom (2004), yaban hayati turizmini, vahsi yagamin
korunmasin ve yerel topluluklari desteklerken siirdiiriilebilir ekonomik faydalar1 giivence altina almanin bir yolu
olarak nitelendirmekle birlikte bunun yaban hayvanlariyla karsilasmaya dayali bir turizm olarak tanimlamistir.
Yaban hayati turizmi yaban hayvanlarini goriintiileme, fotograflama ve besleme gibi tiiketici olmayan ve yaban
hayvanlarini, yakalama ve avlanma gibi tiiketici olan faaliyetler olarak siniflanmaktadir. Yaban hayat: turizmi ¢ok
cesitli aktiviteleri igermekle birlikte tiim bu aktiviteler 4 temel ilke {izerinde siniflanmaktadir. Bunlar:

* Dogada yaban hayatini turizmi

» Esarette yaban hayati turizmi (Hayvanat bahgeleri, vahsi yasam parklari, akvaryumlar vs.)
* Av turizmi (Kara avcilig)

* Balike¢ilik turizmi

Yaban hayat1 turizminde hem turistlerin hem de yonetim kurumlarinin yaban hayati iizerindeki etkilerinin ne
oldugunu belirlemek olduk¢a 6nemlidir. Bu konuda Gauthier (1993) yaban hayatindan rekreasyonel zevk almanin
insanlar i¢in pek ¢ok avantaji oldugunu ancak, yaban hayati i¢in herhangi bir avantaji kabullenmenin miimkiin
olmadigini belirtmistir.

Yaban hayat1 turizminde tiiketim amagli olmayan, farkl tiirleri canli izleme amaci ile uygulanan ve en bilinen
yontem onlara besin saglanmasidir (Duffus & Dearden, 1990). Yaban hayvanlar ile yakin bir etkilesim kurma
firsat1 verdigi igin elle besleme ¢ok tercih edilmekle birlikte, yaban hayatinin gida arzinin artmasi, verilen gidalarin
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besin degerinin diisiik olmas1 (Wilson, 1994; Gill, 2002), ve farkli saglik sorularina sebep olmasi gibi olumsuz
etkileri bulunmaktadir (Cannon, 1984; Orams, 2002). Diinyanin birgok iilkesinde 6zellikle de endemik yaban
hayvanlariin bulundugu bélgelerde turizm tabanli yaban hayati beslemesi ¢ok yaygin olarak yapilmaktadir.

Ancak yaban hayatinin turizm iginde beslenme ve bunun nasil yonetilmesi gerektigi konusunda ¢ok az bir fikir
birligi vardir. Bu konuda yaban hayati turizmi ve beslenmesinin tam yasaklamasindan, aktif olarak
desteklenmesine ya da yonetimin ve uygulamalari gérmezden gelinmesine kadar uzanan ¢ok farkli goriisler
bulunmaktadir (Orams, 2002).

6. Dunyada ve Tirkiye’de Yaban Hayati Beslemesi

Yaban hayat1 beslemesine yonelik olarak diinya iizerinde farkli uygulamalar bulunmaktadir. Ornegin Kanada'daki
British Columbia’da arastirma veya yonetim amagli yapilan beslenme sinirli olmakla birlikte, turizm temelli yaban
hayat1 beslemesi tamamen yasaklanmistir (Dubosin & Fraser, 2013). Avustralya'da ise insanlarin % 40-60"nin ev
ya da yakin g¢evrelerinde en az bir gesit yaban hayati beslemesi yaptig1 bilinmektedir (Jones & Howard, 2001).
Kuzey Amerika ise kisin 63-80 milyon insanin kuslart besledigi tahmin edilmektedir (Wilson, 2001). Kuzey
Amerika ve Avrupa'da yaygin olan yaban hayati beslemesi i¢in Amerikalilarin kisi bagina yillik 200 dolar ve
toplamda yarim milyar dolar harcadiklari tahmin edilmektedir (Deis, 1986; Petterson, 2000). Yalnizca Amerika
Birlesik Devletleri'nde kuslar1 bahgelere cekmek amaciyla kentsel miilklere tahmini 80-100 milyon kus besleyici
dikilmistir (Petterson, 2000). Britanya'da ise her bes evden birinde kuslar beslenmektedir (Cannon, 1999). Bu
uygulamalarin kentsel alanlarda biyolojik cesitliligin korunmasinda fayda sagladigi iddia edilmekle birlikte
ozellikle ABD'de kus besleyicilerin kus hastaliklarinin yayilmasinda rol oynadigi da diisiiniilmektedir (Howard &
Jones, 2004).

ABD’de evlerin % 43-50sinde, Ingiltere’de % 34’iinde, Avustralya’da % 38-57’sinde kuslara besin saglandig
tahmin edilmektedir. Yalnizca ABD'de her y1l yaklasik 3,5 milyar dolar maliyetle 450 milyon kg tohum satin alan
82 milyondan fazla insanin oldugunu tahmin edilmektedir; besleyiciler ve ilgili donanim i¢in ise yaklagik 730
milyon dolar1 harcama yapildig1 bildirilmektedir. Yaban hayat: beslemesi igin Ingiltere 440 milyon ve diger
Avrupa iilkelerinde ise 220 milyon dolar1 harcandigi tahmin edilmektedir (Jones & Reynolds, 2008). Sadece
Teksas'ta y1lda 136 milyon kg tam taneli misirin avcilar ve yaban hayati meraklilar tarafindan yaban hayati yagam
alanlarina dagitildigi tahmin edilmektedir (Wilkins vd., 1999; Campbell vd., 2013). Farkli baz1 kaynaklarda
ABD'de her y1l 2,8 trilyon ton kadar kabuklu misirin yaban hayati yemlemesinde kullanildigi, ABD ve ingiltere’de
her yil 80 milyondan fazla evde yapay yemliklerde kuslar i¢in 450 milyon kg'a kadar tohum tiiketildigi
belirtilmistir (Jones, 2011; Robb vd., 2008; Murray vd., 2016) (Sekil 2).

N

Sekil 2. Biresel kullanla uyn arkh tiplerde kus ve memeli yemlikleri.
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Tirkiye’de ise yaban hayati beslemesi tamamen devletin eli ile yapilmakta ve 6zellikle kis yemlemesi seklinde
uygulanmaktadir. Bunun disinda kisiler yasam alanlar1 yakinlarinda kendi imkan ve kabiliyetleri dogrultusunda
basta kent kuslar1 olmak iizere yaban hayati beslemesine katki saglamaktadir. Tiirkiye de yillara gore yapilan
yaban hayati beslemesine ait bilgiler Tablo 1 de verilmistir.

Tablo 1. Tiirkiye’de yillara gére yaban hayat1 yemlemesi verileri (URL-1, 2023)

Yillar Miktar (kg.)
2012 338.812
2013 235.348
2014 211.386
2015 133.362
2016 333.056
2017 535.041
2018 307.383
2019 287.421
2020 554.000

7. Sonug ve Oneriler

Farkli sebepler ve amaglar ile yapilan yaban hayati besleme faaliyeti kontrolsiiz ve plansiz yapildig: taktirde kamu
giivenligi, yaban hayatini1 koruma ve hayvan refahi gibi birgok sorunlara yol agabilir. Yaban hayati yoneticilerinin,
ozellikle arastirma ve yonetimde kabul edilebilir yemlemeyi diger besleme tiirlerinden ayirt edebilmesi i¢in
yemleme programlarinin amaclarini ve faydalarini acikca belirlemesi gerekmektedir. Birgok arastirmada yaban
hayat1 turizmine dayali beslemenin kabul edilemez oldugu belirtilmektedir. Firsat¢1 beslenmenin ise genellikle
memeliler ve bazi kus tiirleri i¢in olumsuz oldugu, insan-yaban hayati1 ¢atismalarina yol actigi ve hatta yetersiz
olup higbir koruma amacina hizmet etmedigi de s6ylenebilir. Bu tiir bir besleme, hayvanlarin itlaf edilmesine veya
baska bir yere yerlestirilmesine ve refahlari iizerinde olumsuz etkilere yol agabilecek durumlar ortaya koyabilecegi
de bilinen gercekler arasindadir (Dubosin & Fraser, 2013). Nitekim Kanada da 2011 yazinda, Christina Lake
kasabasinda, 6zel bir konutta on yil siiren yasadisi ay1 beslemesinin ardindan 24 siyah ay1 ne yazik ki yetkililer
tarafindan 6ldiiriilmiistiir. Yine Kanada’nin Cranbrook, Kimberley ve Invermere yerlesim yerlerinde Aralik 2011
ve Mart 2013 arasinda firsatg1 geyik beslemesi sonucunda artan geyik-insan ¢atigmasini azaltmak amaciyla 172 ak
kuyruklu geyik 6ldiiriilmek zorunda kalinmigtir. Bununla birlikte, ABD’de bazi firsat¢1 beslemeler sonucunda
geyiklerde kronik israf hastalig1 veya kire¢ hastalig1 salgini goriilmiistiir (Dubosin & Fraser, 2013).

Yaban hayati igin yapilacak olan yemleme faaliyetleri, turistlik ya da eglence amagli olarak degil, dogal degerlere
saygl ve takdirin gelistirilmesine dayali olarak yapilmalidir. Yaban hayati beslemenin diizenlenmesi ve
kontroliinde hiikiimetlerin, yoneticilerin, arastirmacilarin ve egitimcilerin ortak bir etik ve biyolojik temelli karar
mekanizmasinin olusturmasi gerekmektedir. Tiim bunlara karst yaban hayatini koruma i¢ giidiisii ile yaban hayati
beslemesi yapmak isteyenlerin kamu kurumlarindaki uygulamacilar tarafindan yapilacak olan kis beslemelerine
goniillii olarak katilimlarinin saglanmasi ya da bu kisilerin egzotik hayvanlarin beslenmesine yonelik olarak
kontrollii ve planlt olarak yapilan yaban hayat1 beslemesine dayali turizm faaliyetlerine katilimlari kabul edilebilir
bir yaklagim olabilir. Bu baglamda yaban hayatini beslemesi;

+ Etkin bir yaban hayati yonetiminin oldugu yerlerde,

+ Egitimsel ve yorumlayici stratejilerin oldugu yerlerde,

* Yonetimin ziyaret¢i beklentisine iligkin farkindalik gosterdigi yerlerde (6rnegin, ziyaretciyi beslemenin
Onemi),

*  Yemleme programinin dogal yiyecek arama davranisina dayandig: yerlerde,

+ Beslenme etkilesim planinin beslenme programinin temelini olusturdugu yerlerde,

* Operasyonlarin izlendigi ve gozden gecirildigi yerlerde kabul edilebilir.

Ancak;

» Etkin bir yaban hayati yonetimin olmamas1 durumunda,

+ Egitim ve terclimenin yetersizliginde,

+ Insan-yaban hayati ¢atismasinin risk degerlendirmesinin olmamasi durumunda,
* Hedef tiirlerin insanlar1 gii¢lii bir sekilde ¢ekmesinin muhtemel oldugu yerlerde,
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* Beslenme sonucu tiirlerde bagimlilik riskinin olmasi durumunda,
» Tirlerin dogal davranislarinin bozulmanin gériilmesi durumunda kabul edilemez.

Newsome & Roger (2008) yaban hayat1 beslemesinde gereken iki dnemli noktay1 su sekilde 6zetlemistir.

*  Turizm amagli bir beslenme durumu gelistirmenin her zaman dikkatli bir sekilde ele alinmali ve eger boyle bir
durum gelistirilirse, beslenme durumunun faydalari veya zararlarinin yeni bilgiler 1s1ginda incelenmelidir.

* Beslenme operasyonlarinin eglenceye degil, dogal degerlere saygt ve takdiri tesvik etmeye dayanmasi
gerekmektedir.

Kandir (2017) ise yaban hayatina destek vermek amaci ile yaban hayati beslemesi yaninda yapilabilecek bazi
uygulamalari su sekilde siralamaktadir;

* Y1l boyunca yasam alanlarindaki kaliteyi artirmak,

* Besin amagli meyveli, korunma amagli her mevsim yesil agac ve ¢aliliklart dikmek,
» Temiz su kaynaklar1 saglanmak, kisin donmus su kaynaklarint kirmak,

» Bahgelerde bitkisel atiklart ortadan kaldirmak,

» Ekili arazilerde tarla sinir gizgileri boyunca iiriinleri hasat etmeden birakmak,

+ Kentsel kuslar i¢in uygun yerlere yil boyunca yemlikler koymak,

Yaban hayat1 beslemesine yonelik olarak hem kamu yoneticiler hem de yaban hayati besleyicileri ortak bir sonug
aradiklarinda, yaban hayatinin refahina neyin tehdit olusturdugu konusunda farkli goriislere sahip olabilirler. Bu
baglamda ortak yapilacak olan toplumsal kampanyalar, hem yaban hayati ve g¢evre arasindaki iligkilerin
anlagilmasina hem de yaban hayati yonetimi hakkindaki yaygin olarak kabul edilen bazi yanlis anlamalarin
onlenmesine sebep olacaktir. Bu amagla olusturulacak olan politikalar ile yaban hayati beslemesine yonelik
faaliyetlerde zarar minimizasyonunun unsurlar1 net olmali, beslenen tiirlerin belirlenmesi, diyet 6nerileri, besleme
saatleri, besleme siireleri, hijyen gereksinimleri gibi konular agik ve net olarak belirlenmelidir.

Ozellikle kasitsiz yapilan yaban hayat1 beslemesinin énlenmesinde dogal alanlarda ziyaretgilerin besin artiklarin
ortamda birakmamalar1 konusunda bilgilendirmeleri ve hatta uyarilmalari olduk¢a 6nemlidir. Bu amagla yapilan
bir caligmada; Shenandoah Ulusal Parki ziyaretcilerinin geyikleri beslemesini 6nlemek i¢in ahlaki ve korku temali
mesajlarin etkinligi degerlendirmistir. Hicbir uyar1 mesaj yokken % 63 olan besleme orani ahlaki ¢agriy1
okuyanlarda % 25'e ve korku ¢agrisini okuyanlarda % 39'a kadar azaltmistir (Hockett, 2000). Benzer bir ¢alismada
Krater Golii Ulusal Parki'nda, sincaplar i¢in dogal yiyeceklerin insan yiyeceklerinden daha iyi oldugunu séyleyen
ahlaki mesaj beslemeyi % 50 oraninda azaltirken, sincaplardan hiyarcikli veba veya diger hastaliklara yakalanma
tehlikesinin oldugu korku mesaji beslemeyi % 72 oraninda azaltmistir (Marion vd., 2008). Bu noktada dogal
alanlari ziyaret edecek olan ziyaretcilere kisisel olarak veya basili olarak bu tip mesajlarin verilmesi, yaban hayati
beslemesinin gergeklestigi yerlere bilgilendirme levhalari, yaban hayati beslemesine yonelik egitim isaretlerinin
yerlestirilmesi ya da kigisel mesajin iletilmesi, yaban hayati beslemesiyle ilgili bazi ziyaret¢i davranislarini
iyilestirmede ve yaban hayati i¢in mevcut insan yemi miktarini azaltmada etkili olacaktir (Sekil 3).
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Sekil 3. Muhtelif yaban hayati yemlemesi uyari levhalari.

Sonug olarak, yarali veya hasta hayvanlarin rehabilitasyonuna yardimct olmak ic¢in kasitli besleme ve nesli
tilkenmekte olan bir tiirlin iyilesmesine yardimci olmak i¢in ek beslemenin kullanilmasi gibi bariz istisnalar
disinda, yaban hayati beslenmesi i¢in herhangi bir ekolojik ya da biyolojik bir gerek¢e bulmak zordur.
Beslenmeyle ilgili riskler yaygin olarak anlasilmasina ve bu tiir beslenmenin neredeyse her milli parkta ve diger
yaban hayati yasam alanlarinda yasak olmasina ragmen, uygulama popiilerligini korumaktadir. Buna karsin
Ozellikle yaban domuzu, boz ay1 ve kurt gibi yerlesim yerlerine, tarim alanlari ve evcil hayvanlara zarar veren
tiirlerin insan yerlesimden uzaklastirilmasi amaci ile kontrollii olarak orman iglerinde ek beslenmeler yapilmasi
bu tiirlerin insan yasama alanlarindan uzaklagmasina yardimci olabilir.
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STADYUMLARIN KENTTEKI SOSYAL YAPILANMASININ
TURKIYE ACISINDAN DEGERLENDIRILMESI
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Oz

Kiiresel iklim degisikligine olumsuz anlamda etki eden sektorlerden biri ingaattir. Enerji, su, ham madde gibi
kaynaklarin biiyiik miktardaki kullanimi insaat sirasinda olmaktadir. Sera gazlarinin %38’ine insaat sektorii
neden olmaktadir. On bes giinde bir oynanan futbol mag1 ve Avrupa Futbol Sampiyonasi, FIFA Diinya Kupasi,
Olimpiyatlar gibi kisa siireli spor organizasyonlari igin ingsa edilen stadyumlarin insaati sirasinda harcanan enerji
ve kaynaklarin yani sira maliyetler de yiiksek olmaktadir. Buna karsilik stadyumlarin yil igerisindeki kullanimi
kaynak tiiketimi ile dogru orantida olmamaktadir. Bu ¢aligmada yurt disindaki stadyumlardan futbol disinda da
kullanilacak sekilde tasarlanan drnekler iizerinden iilkemizdeki mevcut durum degerlendirilmistir. Bu amacla
niifusu en fazla olan illerin kent merkezlerinden Istanbul’dan Vodafone Park, Ankara’dan Ankara Stadyumu,
Izmir’den Giirsel Aksel Stadyumu segilmis olup stadyumlarin kullanim olanaklari ve kentlinin stadyumla
etkilesimi incelenmistir. Bu inceleme sonucunda; {ilkemizdeki stadyumlarin kentli ile yeterli oranda etkilesim
halinde olmadig1 ortaya konulmus olup, bu etkilesimi arttirmak amaciyla teknolojiden de yararlanilarak farkli
etkinliklerin diizenlenmesine elverisli ¢ok amagli kullanimi olan stadyumlarin tasarlanmasi ve gerekli
fonksiyonlarin diizenlenmesi i¢in ilke ve ¢6ziim Onerileri ortaya konmaktadir.

Anahtar Kelimeler: Kiiresel iklim degisikligi, stadyum, ¢cok amagli kullanim

THE EVALUATION OF THE SOCIAL STRUCTURE OF STADIUMS IN
THE CITY IN TERMS OF TURKIYE

Extended Abstract

One of the sectors that negatively affect global climate change is construction. A large amount of resources such
as energy, water, raw materials are used during construction. The construction industry causes 38% of
greenhouse gases. In addition to the energy and resources spent during the construction of stadiums built for
football matches played every fortnight and for short-term sports organizations such as the European Football
Championship, FIFA World Cup and Olympics, costs are also high. On the other hand, the use of stadiums
during the year is not directly proportional to the resource consumption. Due to the UEFA and FIFA criteria that
it must meet, stadiums turn into gigantic structures with their field dimensions and usage areas. The construction
and operation of structures of such a large scale cannot be economically, environmentally and socially
sustainable; at the same time, the absence of use outside of football matches or sports organizations makes the
stadiums idle. In order for these idle stadiums to get rid of the "white elephant™ status, functions other than
football should be added to the stadiums while they are still in the design stage and the stadiums should be made
to live with the citizens for most of 365 days. In this study, the current situation in our country has been
evaluated through examples from stadiums abroad that are designed to be used outside of foothall. For this
purpose, Vodafone Park in Istanbul, Ankara Stadium in Ankara, Giirsel Aksel Stadium in Izmir, which are
among the city centers of the cities with the highest population, were selected and the usage possibilities of the
stadiums and the interaction of the citizens with the stadium were examined. As a result of this review; it has
been revealed that the stadiums in our country do not interact with the citizens at a sufficient level, and in order
to increase this interaction, principles and solutions are presented for the design of multi-purpose stadiums
suitable for the organization of different activities and the arrangement of the necessary functions by making use
of technology.

Key Words: Global climate change, stadium, multipurpose use
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1. Girig

Insaat; enerji, gevre, iklim degisikligi ile iliskilidir. insaat sektorii, diinya capindaki tiiketimin yaklasik %30-
40'm1 olusturan baslica enerji tiiketicisidir. Ingaat ve yikim igin gerekli olan enerji de dikkate alindiginda insaat
sektoriiniin kiiresel talebinin, toplam enerji kullaniminin yaklasik %50'sinin oldugu tahmin edilmektedir. Insaat
sektorili, diinya capindaki hammadde kaynaklarinin biiyiik bir kisminin kullanimindan sorumludur. Yapi
bilesenlerinin ve {riinlerinin iiretimi, yilda neredeyse ii¢ milyar ton hammadde gerektirir ve bu, kiiresel yillik
malzeme kullaniminin %40-50'sine esittir. Buna paralel olarak, ingaat; kiiresel igme suyunun %12'sini ve kiiresel
kereste {iriinlerinin neredeyse %70'ini tiikketmekten sorumludur. Buna ek olarak, hava kirleticilerinin neredeyse
%20-25'inden, halokarbonun yaklasik %70'inden ve siyah karbon emisyonlarinin neredeyse %25-33'tinden, igme
suyu Kirliliginin %40'indan ve son olarak da ¢op sahasi atiklarmin %50'sinden sorumludur. insaat sektorii sera
gazlarinin neredeyse %38'ini salgilamaktadir (Santamouris, 2016). insaatta kullamlacak olan enerji ve kaynaklar
elde edilirken g¢evreye vermis oldugu zarar géz Oniinde bulunduruldugunda ozellikle kisa siireli kullanim
amaciyla insa edilen yapilara baska fonksiyonlar eklenerek ¢ok amacli hale getirilmesi ve kullanim siiresinin
artirilmasi 6nem arz etmektedir.

Stadyumlar, bugiine gelindiginde yalnizca spor organizasyonlarin gercgeklestirildigi yapilar olarak goriiliip,
gosteri sistemleri olarak kabul gormeye baglamistir; fakat stadyum, her dénem spordan daha farkli anlamlar1 da
barindirmaktadir (Bulgurcuoglu vd., 2018). Ozellikle futbol maglari icin insa edilen stadyumlarda ortalama iki
haftada bir ma¢ oynanmaktadir (URL-1, 2019). Stadyumlar, kamuya ag¢ik diger yapilar gibi halkin istedigi zaman
kullanacagi yapilar degildir. Bunun nedeni, yalnizca organizasyonlara katilim i¢in alinan biletlerle stadyumlara
girisin saglanmasidir (URL-2, 2015). Yilin 8-9 ayinda yalnizca on bes giinde bir kullamilmak i¢in insa edilen
futbol stadyumlari, ekonomik olmadig: gibi kamusal yap1 ve alan kullanimi olarak da avantajli olmamaktadir
(Aksu, 2010) . Futbol mag1 haricindeki zamanlarda bos kalan stadyumlarin, yilin her giinii yasayacak sekilde
tasarlanmas1 stadyumlarin insasi, isletilmesi ve bakimi i¢in harcanan enerjiyi ve ekonomiyi daha verimli
kilacaktir. Ayrica stadyumlar yalnizca futbol maglari ig¢in kullanilan sembolik bir yapi olmaktan ¢ikarak
kentlilerin sosyal yasam alanlari haline donlismeye baglayacaktir.

Literatiir arastirmalart sonucunda, ana insaat nedeni futbol olan stadyumlarin ve spor organizasyonu igin insa
edilen stadyumlarin ¢ok amagl kullanilarak kentli ile etkilesimini arttirdigina dair yayimlar oldugu tespit
edilmistir (Aksu, 2010; Koseoglu & Arslan, 2015; Yalginkaya & Sofuoglu, 2022; Coleman, 2010; Kramer,
2008; Macek, 2022; Mendez, 2010; Fischer, 2013; Mohamed & Abu Elfadle, 2013; Kurumak, 2019; Kara &
Giir, 2021; Atali & Sertbas, 2014; Timmers, 2013). Bu g¢alismada iilkemizde niifusun en fazla oldugu 3
kentimizdeki kentlilerin yogun olarak bulunacagi kent merkezlerinden stadyumlar secilmistir. Istanbul’dan
Vodafone Park, Ankara’dan Ankara Stadyumu, izmir’den Giirsel Aksel Stadyumu secilmis olup bu stadyumlarin
futbol magclar1 haricinde kullanim olanaklar1 degerlendirilerek iilkemiz adina stadyumlarimizin etkinligini
artirmak adina onerilerde bulunulmas: hedeflenmistir.

2. Cok Amaclh Olarak Kullanilan Stadyumlarin Kullanim Sekilleri

Kentlerde futbol maglariin yapilmasi i¢in inga edilen stadyumlarin magtan maga kullanilmasi; Avrupa Futbol
Sampiyonasi, FIFA Diinya Kupast ve Olimpiyatlar gibi spor organizasyonlart i¢in kullanilacak olan
stadyumlarin organizasyon siirecinde ve sonrasindaki kullanimlarimin kisith olmast bu yapilarin atil olarak
kalmasina neden olmaktadir. ik yatirim maliyeti ¢ok yiiksek olup daha sonrasinda kullanim imkani olmayan
stadyumlar ekonomik, ¢evresel ve sosyal olarak bulundugu kente ciddi anlamda etkide bulunarak “Beyaz Fil”
durumu yaratmaktadir. Bu nedenle belirli amag i¢in insa edilen stadyumlarin heniiz tasarim asamasindayken ¢ok
amach kullanilacak sekilde tasarlanmasi, kullanim alternatiflerini artirarak kentlinin stadyum ile etkilesimini
saglayacaktir. Stadyumlarda futbol maglar1 haricinde ¢ok amagh kullanimi saglayacak konserler, gosteriler,
kutlamalar, toplantilar, fuarlar, sergiler, ¢esitli spor etkinlikleri, konferanslar, sanatsal faaliyetler, spor
miisabakalari, dini ve kiiltlirel organizasyonlar gibi faaliyetlere ge¢misten giliniimiize kadarki siirecte rastlamak
miimkiindiir. Bu faaliyetlerin ger¢eklestirildigi stadyumlar bu boliimde 6rnekler iizerinden ele alinmstir.

2.1. Phoenix Universitesi Stadyumu

2003 yilinda Peter Esminan tarafindan Arizona’da tasarlanmis olup, 2006'da tamamlanmistir. Yalnizca Super
Bowl - yillik NFL sampiyonasi - dahil olmak tizere Amerikan futbolu etkinlikleri gibi etkinliklere ev sahipligi
yapmak i¢in tasarlanmamus, ayn1 zamanda bir bilyiik konferans ve 6zel etkinlikler meké&nidir. Bunun nedeni, bir
acilir kapanir tavan (Sekil-1, Sekil-2) ve bir agilir kapanir alan (Sekil-2) sunmasidir. Bu 365 giinlikk tasarim
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kriteri, y1l boyunca futbol dis1 etkinliklere ev sahipligi yaparak gelir firsatlarini iyilestirmek ve etkinlik planlama
esnekligini optimize etmek i¢in getirilmistir. Ayrica, 63.000 daimi koltuk, &zel etkinlikler i¢in 73.000'e
genisletilebilmektedir. Geri g¢ekilebilir ¢ati, tim oyun alanini ortaya ¢ikarmak i¢in geri ¢ekilen iki adet yari
saydam kumag kapli uzay cergeve panelinden yapilmistir, yaklasik 78,3 m'ye 43,3 m'dir. 8 adet elektrik kablo
tamburu 7.5 beygir giiciinde emniyet frenleri ile beslenen motor kullanilarak geri ¢ekilmektedir. 25 ft./dak hizla
11 dakikada geri ¢ekilmektedir. Stadyumun dogal ¢im sahasi, bir saat iginde stadyumun disina ¢ikmakta,
biiyiime ve bakim igin yilin biiyiik bir béliimiinde burada kalmaktadir. Icerideki kalici beton zemin, ticari
gosteriler ve konserler i¢in maksimum esneklik saglamak amaciyla yerlesik bir servis izgarasina sahiptir
(Mohamed & Abu Elfadle, 2013).

» - & .

i L ’
Sekil 1. Phoenix Universitesi Stadyumu’nun acilir-kapanir catis1 (Mohamed & Abu Elfadle, 2013).
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Sekil 2. Phoenix Universitesi Stadyumu’nun hareketli cat: ve dosemesi (Mohamed & Abu Elfadle, 2013).
2.2. Veltins Arena

Avrupa'nin en ¢agdas stadyumlarindandir. Stadyumun istii; 560 ton agirligindaki, yari saydam, teflon kapli,
fiberglas kinetik sistemli ¢at1 sayesinde hava durumuna goére 30 dakikada agilip kapatilabilmektedir. Catinin
hareketli olmasi stadyumda futbol disinda da etkinlikler yapilmasini saglamaktadir (URL-3, 2023). Veltins
Arena, 2024 Avrupa Futbol Sampiyonasi’nin oynanacagi stadyumlardan biridir. Tablo-1’de Veltins Arena’nin
mekan kullanim sekilleri gosterilmistir.

Tablo 1. Veltins Arena’nin mekan kullanim sekilleri.

Ad1 Veltins Arena
Yapim Yeri | Gelsenkirchen, Almanya Y
_ | Achs Yih 2001 (URL-3, 2023)
% Mimari Hentrich, Petschnigg (URL-3,
> 2023)
Miiteahhit -
Kapasite 53.951 (timii koltuklu) Veltins Arena goriiniis (URL-4, 2016).
61.482 (terasla)(URL-3, 2023)
Futbol Mag1 | Schalke 04'in Bundesliga
maglarint yaptig1 stadyumdur
(URL-3, 2023).
ad
<
|
2
b
<
-
|
-]
X
Veltins Arena’da futbol (URL-5, 2019).
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Konser

4 saatte kizak sistemiyle
stadyum disina ¢ikarilan saha
zemini, giines 15181 ve riizgart
daha kolay almakta ve ¢im
zeminin,  futbol  disindaki
etkinliklerde hasar  almasi
onlenmektedir (URL-3, 2023).

Futbol disindaki etkinliklerin
meydana gelmesi amaciyla
kayar zemin, sabit zeminin 1,5
metre istiinde bulunmaktadir
(URL-6, 2023).

Konferans

15 ya da 1.500 kisi igin olsun,
Veltins Arena'da tim
konferanslar  i¢in  alanlar
bulunmaktadir (URL-9, 2023).

Biatlon

Biatlon etkinligi 20 senedir
Veltins  Arena’da  devam
etmektedir (URL-10, 2023).

Veltins Arena’da biatlon (URL-12, 2019).
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Noel Partisi | Veltins Arena’da Noel Partisi
kutlamalar1 icin  gerekli

organizasyonlar yapilmaktadir
(URL-13, 2023).

3, 2023)
Ticaret 11.000 m?nin iizerindeki bir &
Fuan alanda farkli fuar gesitleri
diizenlenmektedir  (URL-14,
2023).
Veltins Arena’da fuar (URL-14, 2023).
Diger Amerikan futbolu, hentbol, binicilik gosterileri, buz hokeyi ve salon atletizm
Kullanimlar yarigmalari, opera, festival, is toplantilar1 (URL-6, 2023)

Dogum giinii, vaftiz partisi, diigiin, mezuniyet partisi (URL-15, 2023)

2.3. Stadyum 974

Katar’da diizenlenen FIFA 2022 Diinya Kupasi igin Fenwick Iribarren Architects tarafindan tasarlanan Stadyum
974, bir¢ogu ingaat malzemelerini tagiyan renkli nakliye konteynerleri ve modiiler ¢elikten meydana gelmektedir
(Sekil-3). Stadyumun dis cephesini olusturan ¢elik konteynerlerin bir kisminda merdiven, imtiyaz standlar1 ve
banyo bulunmaktadir (URL-16, 2021).

Stadyum 974’te Katar’in denizcilik ve ticaret mirasindan esinlenilmis olup, Diinya Kupasi’ndaki ilk sokiilebilir
yapt olma 6zelligini tasimaktadir. Ingiliz-Ispanyol ortakligiyla insaati gerceklestirilen iki kath stadyumun
ismindeki 974 sayisi, Katar’in uluslararasi arama kodu ve insaattaki konteynerlerin sayisindan ileri gelmektedir
(URL-17, 2022).

Tiirkiye ve Suriye’deki deprem sahalarinda kullanilmak amactyla, 2022 Diinya Kupasi’nda stadyum yapiminda
ve taraftar konaklamasinda kullanilan ve sayilari 10 bini bulan konteynerlerin 350 adetlik ilk boliimi Katar
tarafindan 12 Subat 2023 tarihinde Tiirkiye’ye gonderilmistir. Bu konteynerlerin barinma ve tuvalet ihtiyacim
saglamasi planlanmistir (URL-18, 2023).

2.4, Munih Olimpiyat Stadi

Frei Otto ve Gunther Behnisch tarafindan yapilan Miinih Olimpiyat Stadi (Sekil-4) tasariminda, stadyumun
programlari ve yapisi c¢evredeki Olimpiyat Parki'na yayilarak ziyaretgiler igin birlesik, acik bir deneyim
yaratmaktadir. Biiyiikk bir stadyum insa etmek ve onu diger etkinliklerden ve mekanlardan izole etmek yerine
parkin iginde, stadyumun bir tarafi tamamen agik birakilarak seyircilerin serbestce gelip gitmesi saglanmistir.
Ayrica, stadyum programi ana yapinin etrafina dagilmis ve hem stadyumun kalabaligina hem de parktaki diger
insanlara hizmet vermesine olanak saglanmigtir (Fischer, 2013).
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Istanbul, Ankara, izmir’de 2000 y1lindan sonra inga edilen, insanlarin yogun olarak yasadiklar1 kent merkezinden
’er drnek iizerinden bu stadyumlarin kent ve kentli ile etkilesimi incelenmistir. Istanbul’dan Vodafone Park
(agil15:2016), Ankara’dan Ankara Stadyumu (planlanan acilis: 2024) ve Izmir’den Giirsel Aksel Stadyumu
(acilis: 2020) secilmistir. Segilen bu stadyumlarin kent ve kentli ile etkilesimi iglerindeki fonksiyonlari agisindan

ele alinmustir.
4. Bulgular

4.1. Vodafone Park

Besiktag JK'nin yeni stadi Vodafone Park’in, yalmzca mag giinlerinde degil, yilin her giiniinde kullanilmasi
planlanmustir (URL-19, 2023). Tablo-2’de Vodafone Park’in mekéan kullanim sekilleri gésterilmistir.

Tablo 2. Vodafone Park’in mekéan kullanim

skilleri.

Adi

Vodafone Park

Yapim Yeri

Istanbul, Tiirkiye

Acihis Yili

2016 (URL-19, 2023)

Mimar

YAPI

Biinyamin Derman, Metin
Demir (URL-20, 2023)

Miiteahhit

Besiktas insaat A.S. (URL-20,
2023)

Kapasite

42.590 (URL-20, 2023)

23).

Konser

Shakira, 11 Temmuz 2018
(50.000 kisi);

Edis, 24  Aralik 2020
(YouTube iizerinden online);
Mor ve Otesi, 28 Mayis 2022
(30.000+  kisi) tarihinde
konser vermistir (URL-20,
2023).

Defile

KULLANIMLAR

Stadyumun otoparkinda
Istanbul Moda Akademisi
ogrencileri defile
gerceklestirmistir  (URL-23,
2019).

Vodafone Park’ta defile (URL-23, 2019).
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Etkinlik,
toplanti ve
davet

Uluslararas: etkinlikler, basin
toplantilar, sayilar1  150°yi
bulan, sahaya bakan localarda
toplantilar gergeklestirilmekte
olup; bogaza bakan teras ve
denize bakan kapali mekanda
da toplantt ve davetler
diizenlenmektedir  (URL-24,
2023).

Vodafone Pa

Restoran

Whitepepper, Vodafone
Park’ta yer alan; barlar, farkli
mutfaklar ve grup toplantilari
icin 0zel alana sahip, giindiiz
ve gece hizmet vermek iizere
tasarlanmis liikks bir
restorandir (URL-25, 2019).

Miize

Iki katli, 1650 m®’lik Besiktas
JK Miizesi’'ne stadyumun 19
Mayis Kapisi’'ndan  erigim
saglanmakta olup, Tiirkiye nin

en biyik spor mizesidir
(URL-26, 2020).

Diigiin

Vodafone Park’in merkezi
konumu, diigiin
organizasyonlar1 i¢in iyi bir
segenektir (URL-24, 2023).

) . & -
= 20

rk’fé d

avet (URL-24, 2023).

Vodafone
Mobil
Merkezi

Vodafone Park’in isim
sponsoru olan Vodafone’un
stadyum i¢inde Mobil Merkezi
bulunmaktadir.

— oA

Fuar

14 Ekim 2019 tarihinde
Tiirkiye Miihendislik Kariyer
Fuan gerceklestirilmigtir
(URL-29, 2019).

Vdfone

=

Vodafone Park

Mobil Merkezi (URL-28, 2023).

| >
=S

— ———

|

*ta fuar (URL-29, 2019).
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Besiktas Besiktas takimina ait {iriinlerin
Magazasi satildigt magaza Vodafone
Park igerisinde hizmet

vermektedir.

# eesikTAS K ¥

5
a

G

Besiktag Magazas1 (URL-30, 2021).

4.2. Ankara Stadyumu

Tablo-3’te Ankara Stadyumu’nun planlanan mekan kullanim sekilleri gosterilmistir.

Tablo 3. Ankara Stadyumu’nun planlanan me

YAPI

Adi Ankara Stadyumu

Yapim Yeri | Ankara, Tiirkiye

Acilis Yili 2024 (planlanan) (URL-31,
2023)

Mimari Bahadir Kul (URL-32, 2018)

Miiteahhit | Yildizlar ve ASL Ingaat
ortakligi (URL-33, 2022)

Kapasite 55.000 (URL-32, 2018)

kén kullamm sekilleri.

¢ ‘_[Ji

nkara Stadyut‘nu goriiniis (URL:32, 2018).

KULLANIMLAR

Magazalar (URL-32, 2018)

Dans salonu (URL-32, 2018)

Muay thai salonu (URL-32, 2018)

Karate salonu (URL-32, 2018)

Okguluk salonu (URL-32, 2018)

Tekvando salonu (URL-32, 2018)

Eskrim salonu (URL-32, 2018)

Kick boks salonu (URL-32, 2018)

Masa tenisi salonu (URL-32, 2018)

Boks salonu (URL-32, 2018)

Aticilik salonu (URL-32, 2018)

Miize (URL-32, 2018)

Judo salonu (URL-32, 2018)

Giires salonu (URL-32, 2018)

4.3. Girsel Aksel Stadyumu

Tablo-4’te Giirsel Aksel Stadyumu’nun mekan kullanim sekilleri gosterilmistir.

Tablo 4. Giirsel Aksel Stadyumu’nun mekan kullanim sekilleri

Adi Giirsel Aksel Stadyumu
Yapim Yeri | Izmir, Tiirkiye
Acihs Yili 2020 (URL-34, 2021)
— | Miman Biinyamin Derman (URL-34,
% 2021)
> | Miiteahhit | Ronesans Holding (URL- 35,
2023)
Kapasite 20.040(oturarak),
25.000(ayakta) (URL-35,
2023)

Giirsel Aksel Stadyumu goriiniis (URL-36,

2023).
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KULLANIMLAR

Ofis (URL-34, 2021). Catida yiiriiylis prkuru (URL- 37, 2021).
Cocuk eglence merkezleri (URL-34, 2021) Yeme- i¢gme alanlar1 (URL-34, 2021)
Spor miizesi (URL-34, 2021) Sergi alanlar1 (URL-34, 2021)

Giirsel Aksel Stadyumu (Konak/izmir), Goztepe Kuliibii’niin eski stadyum alania insa edilmis olup, UEFA ve
Tiirkiye Futbol Federasyonu kriterlerine uygun olarak, giiniimiiziin ve kentin ihtiyaglarina hitap edecek sekilde,
konutlarin yogun olarak bulundugu bir konumda, ¢ok amacli insa edilmistir. Stadyumun, on bes giinde bir
kullanilan bir stadyum olmaktan ¢ikarilip, giiniin her saatinde kentliyle iletisim halinde olmasi hedeflenmistir.
Futbol sahasi, bilindik stadyum sahalarin aksine zeminden 670 cm iistte tasarlanmis; bdylece zemin kata kentli
ile etkilesimi artiracak islevler yerlestirilmistir. Ana caddeden stadyuma dogru olan cephede, Stadyumun 6n
kisminda ofis iglevli tasarlanan yapinin zemin ile iletisimi kesilerek stadyumun zemin kat1 ve meydan arasindaki
bag koparilmamis, agik alandan maksimum derece faydalanilmasi amaglanmistir (URL-34, 2021).

5. Tartisma

Tablo-5’te Vodafone Park, Ankara Stadyumu ve Giirsel Aksel Stadyumu’nun stadyum kullanim bigimleri
karsilastirilmistir.

Tablo 5. incelenen stadyumlarin mekan kullamim sekillerinin karsilastiriimast.

Stadyumlar Vodafone Park Ankara Stadyumu Giirsel Aksel Stadyumu
Yapim Yeri Istanbul Ankara [zmir
Kentteki Konumu Kent merkezi Kent merkezi Kent merkezi
Acilis Yili 2016 2024 (planlanan) 2020
Kullamim Sekilleri Futbol magt, Futbol mag1, magaza, Futbol magu, ofis, yliriiylis
konser, defile, miize, ¢esitli spor parkuru, ¢cocuk eglence
etkinlik, toplanti, branslarinda salonlar, merkezleri, yeme-igme
davet, restoran, dans salonu alanlari, miize, sergi
miize, diigiin, alanlar1
magaza, fuar

Her ii¢ stadyum da Tirkiye’deki bilyiik sehir statlisiindeki illerde ve insanlarin yogun olarak bulundugu kent
merkezinde yer almaktadir. Bu stadyumlarin insa edilmesindeki temel neden futbol mag1 olup, futbol maglariin
oynanma zaman araliklar1 dikkate alindiginda baska fonksiyonlar da tasarima eklenmistir. Ankara Stadyumu
heniiz insa asamasinda oldugundan tasarimindaki fonksiyonlarin kullanimu ile ilgili veriler olamasa da, 6zellikle
Vodafone Park’taki belirtilen kullanim sekillerinin aktif olarak uygulandigina dair bilgilere ulasilabilmektedir.
Giirsel Aksel Stadyumu’nun sahasinin zemin seviyesinden daha iist kotta tasarlanip, zemin kotunun meydanla
iligki kuracak mekanlara ayrilmasi sayesinde stadyumla kentlinin etkilesimi artmaktadir. incelenen bu iig
stadyumdaki ¢ok amagl tasarlanma diisiincesi, tasarima eklenen farkli fonksiyonlarin aktif kullanimi saglandigi
takdirde gelecek yillarda etkisini daha fazla hissedecegimiz kiiresel iklim degisikliginin olumsuz etkisini azaltma
anlaminda olumlu katkida bulunabilecektir.

Kiiresel iklim degisikligi son yillarda etkisini daha fazla hissettirmektedir. Iklim degisikligine ciddi anlamda
olumsuz etkide bulunan sektorlerden biri insaattir. Ingaatlar icin harcanan enerji, malzeme gibi kaynaklarin
iiretilmesi ve kullanilmasi sirasinda c¢evreye zararlart olmaktadir. Durum bdyle olunca her bir yapmin insa
edilmeden Once g¢evresel, sosyal ve ekonomik siirdiiriilebilirlik anlaminda dogru tasarim kriterleriyle
projelendirilmis olmasi gerekir. Bu noktada 6zellikle on bes giinde bir kullanimi olan, futbol amagh insa edilen
stadyumlarin daha ¢ok kullanim saglayabilmesi amaciyla farkli fonksiyonlar tasarima eklenmelidir.
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Bazi stadyumlar konserler, doga sporlar1 ve sergiler gibi etkinliklere ev sahipligi yaparken, bu biiylik binalar
genellikle yilin 6nemli bir bolimiinde bos durmaktadir. Bu siire zarfinda halkin mekani kullanmasi yasaktir.
Profesyonel ve kolej stadyumlarinin ¢ogu, bir siteye ve alana hakim olan ve gevredeki topluluktan ayri duran
devasa binalardir, bu da stadyum ile halk arasinda bir kopukluk yaratmaktadir. Bu duruma 6rnek San Diego,
CA'daki Qualcomm Stadyumu'dur. Bu stadyum sehir merkezinin diginda yer almakta ve yiizlerce doniimlitk
otoparklarla ¢evrilidir. Bu iki &zellik, halktan izole edilmis tesisler olusturmakta ve olay olmayan donemlerde
topluma higbir fayda saglamamaktadir (Fischer, 2013). Stadyumlarin fonksiyonel olmasinin yani sira erisgilebilir
olmasi da 6énemli hususlardandir. Ozellikle kent merkezinin disinda insa edilen stadyumun kentli ile etkilesim
kurabilmesi i¢in altyap1 ve ulagimin diisliniiliip tasarlanmig olmas1 gerekmektedir.

Insanlar1 stadyumlara geken olaylar y1l boyunca sadece birkag kez meydana gelmekte ve geri kalan zamanlarda
halkin erigemeyecegi devasa, cansiz bir bina birakmaktadir. Bununla birlikte, stadyum ve cevresindeki alan,
alternatif, kamusal ve 6zel kullanimlara izin verecek sekilde yeniden tasarlanabilirse, insanlar tesisi etkinliklerin
olmadig1 giinlerde kullanabilir, bu da topluluk i¢in dinamik, heyecan verici ve faydali bir ortam yaratir.
Konferanslar, is toplantilari, diigiinler, resepsiyonlar, bagis toplama etkinlikleri ve partiler gibi ¢esitli etkinlikler
bu alanlarda basarili bir sekilde gerceklesebilecek programlardir. Ustelik, stadyumun insasindan énce dogru bir
sekilde planlanip tasarlanirsa, liiks siiitler ve basin alanlari, daha biiyiik etkinlikler i¢in kullanilmadiginda otel
odalar1 veya ofisler gibi alternatif programlara doniistiiriilebilir. Office dA tarafindan tasarlanan profesyonel bir
kadm futbol stadyumu ve oteli Onerisi olan Thunder Stadium, bu a¢ik ve karma kullanim fikirlerini
gostermektedir. Stadyumun basin tribiinii ve siiitleri, hem etkinlik hem de etkinlik olmayan giinlerde
kullanilabilecek sekilde bir otelle entegre edilerek stadyumun kullanimi artinlmustir (Fischer, 2013). Genel
olarak futbol amagli inga edilen stadyumlar magtan maca kullanim imkan1 bulmakta ve diger zamanlarda atil
birakilmaktadir. Ozellikli yapilar olan stadyumlarin insaatinda harcanan kaynaklarin ve maliyetin hakkim
verebilmek adina heniiz daha tasarim asamasindayken stadyumlari kentlinin zaman gecirecegi rekreasyon
alanlari olacak sekilde tasarlamak stadyumlarmn yilin her giinii yasayan bir yapiya doniismesini saglayacaktir.

Stadyumlar 6zellikle spor etkinliklerine ev sahipligi yapmak i¢in tasarlanmistir. Bu stadyumlar yilda 20 defaya
kadar spor etkinlikleri igin isgal edilmektedir. Y1l boyunca sadece az sayida etkinlige ev sahipligi yapmak i¢in
mega yapi binalari inga etmek yerine, stadyumun fonlarimi artirmak i¢in bu yapilar ¢cok amagh tasarlanarak diger
etkinliklere ev sahipligi yapilabilir. Mimarideki doniistiiriilebilir sistemler, bunu yapma yetenegi verebilir. Bu
sistemler, stadyumun islevinin kongre veya konser salonuna déniismesini saglayabilir (Mohamed & Abu Elfadle,
2013). Stadyumlarda; futbol maglar1 haricinde bagka etkinliklerin yapilmasi amaciyla ¢atinin agilip kapanmasini
ve saha zemininin hareket etmesini saglayacak kinetik sistemli yapim teknolojileri kullanilmasi bu yapilardan
verim alinmasini saglayacaktir. Bir stadyumu donistiiriilebilir teknolojilerin yami sira demonte edilebilir sekilde
tasarlamak farkli mekan ve islevde kullanima 6zgiirlik taniyacaktir. Bu da stadyumlari, belirli bir organizasyon
ya da sadece futbol mag¢1 amaciyla inga edilmekten kurtararak yilin her giinii kentli ile etkilesim kuran yapilara
doniistiirecektir. Ayrica, yeni bir yapi inga etmek i¢in harcanan enerji ve kaynak tiiketiminin oniine gegilerek
kiiresel iklim degisikligine neden olan olumsuzluklari azaltacaktir.

Bu calisma kapsaminda incelenmis olan Vodafone Park’in sistem odalarindaki, yiiksek kalitedeki enerji ve
sogutma sistemleri ve benzerlerine gore yillik yaklasik 2 milyon kWh enerji tasarrufu saglayan bir altyapi
kullanimi, y1l bazinda yaklasik olarak 1.100 ton sera gazi emisyonunu engellemektedir. Bu miktar; 1000 konutun
yillik toplam elektrik harcamasia ve 740 konutun yillik elektrik harcamasi sonucunda meydana gelen sera gazi
miktarma esittir (URL-38, 2017). incelenen stadyumlardan Ankara Stadyumu insaat asamasinda olup Giirsel
Aksel Stadyumu’nda da siirdiiriilebilirlige dair herhangi bir veriye ulasilamamistir. Tim bu durumlar
degerlendirildiginde stadyum gibi mega yapilarin insaati siirecinde ve sonrasinda kente ¢evresel ve ekonomik
olarak negatif etkileri bulunabileceginden ingaat1 kaginilmaz olan bu yapilar sosyal anlamda kentlilere pozitif
anlamda etkileri olacak sekilde tasarlanmalidir.

6. Sonug¢

Stadyumlar; Tiirkiye’nin en fazla niifusuna sahip olan Istanbul, Ankara ve izmir illerinden segilmis olup, kent ve
kentlilerin yogun sekilde etkilesimde bulunabilecegi kent merkezlerindeki stadyumlar inceleme kapsamina
almmustir. Istanbul’dan Vodafone Park, Ankara’dan Ankara Stadyumu, Izmir’den ise Giirsel Aksel Stadyumu
ornek olarak incelenmistir.

Istanbul’daki Vodafone Park Besiktas ilgesinde yer almakta olup kentlilerin her agidan kolay ulasim
saglayabilecegi bir konumda bulunmaktadir. Tiirkiye’deki stadyumlarin genelinde oldugu gibi Vodafone Park da
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futbol maglar1 kullanimi i¢in insa edilmis olmasinin yani sira konser ve defilelerin de diizenlenmesine imkan
saglayabilecek tasarima sahiptir. Ayrica; restoran, Besiktag JK Miizesi, Besiktas Magazasi ve Vodafone Mobil
Merkezi de stadyumda hizmet veren birimlerdir. Bu iglevlerinin yan: sira stadyumda fuar, toplanti, davet, diigiin
gibi etkinlikler diizenlenmektedir.

Ankara Stadyumu alternatif ulasim imkanma sahip bir konumda bulunmakta olup, yikilan 19 Mayis
Stadyumu’nun yerine insasit baslanmig ve 2024 yilinda agilmasi planlanmaktadir. Ankara Stadyumu’nun
tasariminda yikilan 19 Mayis Stadyumu’nda oldugu gibi futbol haricinde spor birimleri bulunmaktadir.
Stadyumda muay thai salonu, okguluk salonu, eskrim salonu, masa tenisi salonu, aticilik salonu, judo salonu,
giires salonu, dans salonu, karate salonu, tekvando salonu, kick boks salonu, boks salonu bulunmaktadir. Ayrica,
magazalar ve miize olacak sekilde tasarlanmistir.

[zmir’deki Giirsel Aksel Stadyumu kentlilerin stadyumla yogun sekilde etkilesimde bulunabilecegi Konak
ilgesinde yer almaktadir. Stadyum alani ¢evresinde yogun sekilde konut yerlesimi bulunmasi nedeniyle kullanim
sikligini artirmak amaciyla ¢ok amagli sekilde tasarlanmigtir. Stadyumda futbol maglari haricinde ¢ocuk eglence
merkezleri, yeme-igme alanlari, spor miizesi, sergi alanlar1 ve ofis kullanimlart mevcuttur. Sadece i¢ mekan
kullanimlariyla degil stadyumun catisina diizenlenmis olan yiiriime parkurlari ile de kentliye sosyal imkanlar
saglanmaya caligilmustir.

Yurt disindaki ve spor organizasyonlarinda kullanilmak icin insa edilmis stadyum o&rnekleri incelendiginde
iilkemizdeki stadyum oOrneklerinin siirdiiriilebilirlik ve futbol harici kullanimlar agisindan gerilerde kaldig:
gozlenmektedir. Ozellikle etkisini son yillarda daha ¢ok hissetmeye basladigimiz kiiresel iklim degisikligiyle
birlikte on bes gilinde bir kullanilan yapilarin siirdiiriilebilirliginden bahsetmek ne yazik ki miimkiin
olamamaktadir.

Sosyallesmeye imkan saglayan durumlarin olmasi, taraftarlarin stadyumlara gelmelerinde etken olmaktadir
(Koseoglu & Arslan, 2015). Bu ¢alisma kapsaminda incelenmis olan Vodafone Park, Ankara Stadyumu ve
Giirsel Aksel Stadyumu’na futbol magi harici giinlerde de kullanilmak amaciyla bazi birimler eklenmeye
calisilsa da kentlilerin dahil olmast igin yeterli olamamaktadir. Hatta tilkemizdeki stadyum yapilari, sadece futbol
maglarini izlemeye gidenlerin magtan maca kullanim imkani bulabildigi yapilardan 6teye gegememektedir.
Bunun yaninda, stadyum yapilariyla etkilesime gegmemis bir¢cok kentlinin géziinde stadyumlar devasa heykeller
olarak algilanmaktan 6teye gecememektedir.

Stadyumlar, 6lgegi ve islevleriyle kenti fiziksel, sosyal, kiiltiirel anlamda etkilemektedir. Mimari imgeleri kent
peyzajimin istinde o6nemli gilicler saglarken, mekansal anlamda kentsel ve kamusal igeriklerinin olmasi
stadyumlart kentin énemli yapilari haline getirmektedir. Stadyumlarin uluslararasi etkinliklere de ev sahipligi
yapmasi, lilkenin 6nem verdigi yonlerini ve mimarisini gostermesi agisindan onemli yapilardir (Kdseoglu &
Arslan, 2015). Ozellikle son yillarda kentlerdeki yapilasma oranlarinin artmastyla birlikte kentlilerin nefes
alabilecekleri, vakit gecirebilecekleri sosyal yasam alanlar1 azalis gdstermektedir. Bu noktada, stadyumlar gibi
icerisinde ¢ok fazla islevi barindirma potansiyeli olan yapilarin tasarimlari énem kazanmaktadir. Stadyumlari
sadece belirli giinlerde ma¢ oynanan yapilar olmaktan ¢ikarip kentlinin sporun yani sira sanatsal ve kiiltiirel
etkinliklerde bulunacagi rekreasyon alanlarina doniistirmek stadyumlardan daha fazla yararlanilmasini
saglayacaktir.

Bu makalede; on bes giinde bir yapilan futbol karsilasmalarina ayrilmis stadyumlarin futbol maglari haricinde de
kullanilacak sekilde tasarlanmasina deginilerek, stadyumlarin hem kentliye daha c¢ok hitap edecek yapilar
olmasinin hem de siirdiiriilebilir yap1 tasarimimin 6nemi ve gerekliligi ortaya konmustur.
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Abstract

Every civilization produces places that match the life model in its own content. In this context, Islamic
Civilization has also built mosques as temples within its own structure. The formation and development of
mosque architecture has taken shape by adding some visual images to its architecture with the principles of
Islamic Civilization. These images are almost identified with mosque architecture and have been interpreted and
included in mosques built all over the world. With the influence of developments in the construction industry
and modern architecture, different searches have occurred in mosque architecture. While some of the mosques
built in this way are a repetition or a bad imitation of the traditional, some have been transformed to avoid this
repetition and have become foreign architectures that are incompatible with the civilization they belong to. Both
situations have negative effects on the mosque architecture and led to the reproduction of them of kitsch designs.
This study was carried out to read the architecture of the mosques produced with the interpretation of traditional
mosque architecture, rather than repetition in different geographies of the world, and in order to question whether
they meet the expectation of mosque architecture. In this context, a survey technique was applied to a population
of 100 people, 32% of whom were architects and 96% were Muslims. The data obtained from the survey results
were analyzed and evaluated in the SPSS program. Thus, the place and importance of the architectural images
of traditional mosques in mosque architecture, the existence of these images in modern mosques, and the
meanings of traditional-modern lines in mosques have been examined. It is thought that this study, which was
prepared by using a questionnaire about 22 modern mosques selected from different geographies of the world,
will contribute to the development of mosque architecture without repetition and losing its identity.

Key words: Mosque, traditional mosque, modern mosque, visual perception

1. Introduction

When considering Islamic architecture, undoubtedly the first building group that comes to mind is mosques. Just
like the cathedrals of Medieval Europe, the shopping malls and skyscrapers of Modernity, Islamic Civilization
has been identified with mosque structures. The fact that mosques were built in places that dominate the
topography and silhouette in Islamic cities or in areas that are valued by the society of that civilization is due to
the fact that mosques are the symbolic structure of Islamic Civilization (Okten, 2012). Both the fact that it was
built with complexes that functionally center the daily actions of individuals belonging to the concept of Islamic
civilization, and the fact that it formally reflects the values of civilization, is one of the proofs that this building
group is the symbolic structure of Islamic civilization.

Mosques have developed by successfully reflecting the values of the civilization of which they are a symbol. In
this context, it is possible to read the values of the concept of Islamic civilization in all visual images of mosque
architecture. The embodiment of these visual images in the architecture of the mosque, their formation, has
always been due to the presence of these principles behind it. Thus, every mosque built regardless of climate and
geography, all over the world, contains certain architectural images. With these images from the exterior to the
interior, it is understood whether a building is a mosque or not. Therefore, besides their functions, these
architectural images add identity to mosque architecture with their formation and even their positioning in the
city.
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In to envision of Islamic Civilization, which includes the concept of “presence” as a whole, although its main
function is worship, mosques are positioned at the center of social complexes that take place in life and
include functions such as health, education, social and trade. These complexes, on the other hand, were
located in the center of the city and formed a kind of meeting places. However, the lifestyle that has changed
over time has also changed the growth factors of cities, and in parallel, the location of mosques in the city
has also turned into compared to the past. The mosques of the cities that have been transformed over time
have inevitably begun to change.

The technology that has developed from the past to the present has also affected the construction industry,
in addition to the ease of construction, opportunities such as an increased range of materials have also been
acted on the shape of buildings. In this way, new searches have occurred in the formation of the structural
elements of mosque architecture. According to Cansever's (2005) evaluation of mosque architecture in
Turkey, when the modernist Turkish architecture of the Republic excluded mosque architecture, mosque
architecture emerged spontaneously based on this need in society. However, when this anonymous
production in the modernist era was not applied according to norms of the Islamic civilization conception as
in the past, an architecture emerged that turned into “kitch” production. Thus, the mission of conveying the
meaning of mosque architecture has been reduced to schemas and loaded into the form patterns of the past.
With this reverse sensitivity, while the relationship with the past was brought to the fore, a false continuity
was created by reducing it to certain patterns. On the other hand, in Turkey and in the world, apart from such
a repetition architecture, modern mosques are also being built for the purpose of making original mosques.
Since making a building that is the product of a 1400-year-old civilization will not be independent of that
civilization, some formations are made in order to preserve the identity of the building. While doing this, the
fine line of not imitating while avoiding repetition should be preserved. Because, when the original
architecture in the past period is built again in the same way despite the developing conditions and situations,
users will experience boredom and dissatisfaction. In this study, it was examined whether modern mosques
created with an approach rather than a repetition contain imitations and whether they contain inconsistencies
due to an element belonging to a different civilization that it has.

In this study, examples of contemporary mosque architecture created within the scope of modern architecture
were research and examined in the context of images (mihrab, minaret, dome etc.) of traditional mosque
architecture. By choosing examples from contemporary mosques built around the world and examining their
visual images, the similarities and differences with traditional mosques were revealed by the users. For this
purpose, in the study, user opinions were taken using the survey technique and visual effect of contemporary
mosques were viewed.

With the search for forms in modern mosque architecture, mosques have begun to be built in forms that are
very different from the traditional line. However, these forms sometimes prevent the perception of mosques
in the buildings. Yet, experiences are used in the perception of every work of art like mosques. In the
dictionary of psychology, perception is defined as a subjective experience, while it is stated that it can change
depending on a person's experiences, beliefs, needs, internal and external factors affecting attention. In the
formation of the mosque perception, in addition to personal memory and experiences, social memory created
by cultural accumulation is also effective. In this context, it is important to comparatively read the traditional
mosque images in people's memory over modern mosques and to analyze how close modern mosques can
be to the mosque image in people's memory through a survey study. Care was taken to include people of all
ages, genders, educational backgrounds and professions in the survey. It is thought that this study will create
a data in new mosque designs.

2. Literature Review

2.1. The Process of Development of Mosque Architecture

The most important function of mosques in Islamic civilization is to be places where prayer is performed
collectively (Burckhardt, 2009). While prayer is one of the most important worships in Islamic sources, the
criteria for the place of worship are not found in the Qur'an, the main source of Islam. However, according
to the practices of the Prophet Muhammad (pbuh), the other main source of Islam, and the fact that the
prophet built and used his Message, members of Islamic civilization shaped the mosques they built. In this
respect, based on Hz. Muhammad's (pbuh) Masjid, one can talk about a development in mosque architecture.
This development was reflected in the architectural images both inside and outside the mosque. In addition
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to the obligatory elements required by the actions performed in the use of places of worship, mosques were
created in Islamic civilization with forms reflecting civilization.

The mosques built within the body of Islamic Civilization were built by the Prophet of Islam and developed
with the reference of Masjid an-Nabawi, which he personally participated in the construction. In Arabic, the
word "Nabawi" means "belonging to the prophet” and "Masjid an-Nabawi" means the Prophet's Mosque
(Salimi, 2013). Just like the life of the Prophet, which is the second main source of Islamic resources, his
mosque was the first starting point of the later mosques, and moreover, it was the biggest source.

Considering the importance of performing the prayer in the first line (in the row) in Islam, it is thought that
the rectangular plan of the sanctuary is preferred in order to make room for those who want to perform their
prayers in the first place, regardless of race or rank. Thus, in Muslim mosques, in contrast to the
longitudinally located surfaces of Christian basilicas, a plan has been formed that will be from the depth to
the height that will allow you to keep the first lines crowded (Stierlin, 2008). Masjid an-Nabawi (Fig.1) was
built from date palm logs with a plan that developed as longitudinally as possible, and the upper part of the
sanctuary was covered with palm branches to provide shade (Ates, 1994).

Fig. 1. The First Status of Masjid an-Nabawi (Hillenbrand, 2013)

The rooms of the wives of the Prophet of Islam (pbuh) were located in the southeastern part of the courtyard
of the Masjid an-Nabawi, and the suffa, which belonged to the poor Muslims who made science, was located
in the southern side (Diindar, 2018). By turning the gibla from Masjid al-Agsa towards the Kaaba, the Harim
section was taken from north to south, and the suffa section from south to North (Ates, 1994). In addition,
there was a well in the middle of the courtyard of the Prophet's Mosque for Muslims to perform ablution and
meet their water needs when necessary (Diindar, 2018).

A place called "Mi'zene-Minaret" was built for Bilal Habashi, who was in charge of reciting the Azan at the
back of the Masjid an-Nabawi (Fatih, 2011). This section was made as a high place so that the sound of the
Azan could reach more places, and it was used as a place where all muezzins read the Azan.

In the interior architecture of the Masjid an-Nabawi, a symbolically placed stone on the gibla wall and the
palm stump on which the Prophet leaned while reciting the sermon draw attention. As the congregation grew
over time, a stepped platform was built in order to establish eye contact with the congregation, and the
Prophet went to this platform and preached (Akbulut, 2017).

Masjid an-Nabawi, beyond its mere function of worship, had an importance such as being a center of
education, gathering and meeting. After the Prophet (pbuh), the mosque in question was enlarged during the
Caliph Omar period and continued to be the place where decisions about the state were taken and
consultations were held (Akbulut, 2017).
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The need to build mosques all over the world arose in the Islamic geography that grew with the conquests.
Mosque constructions, which started in the Arab geography in the first place, always carried traces of the
main formations of Masjid an-Nabawi. These traces are seen in Damascus Umayyad Mosque, Qibla Masjid,
Cordoba Mosque, Samara Ulu Mosque, Kufe Mosque, Ibn Tolun Mosque, Cairo EI Azhar Mosque and El
Hakim Mosques, which were built in different geographies in different periods and accepted as a touchstone
in the development of mosques by architectural historians. The plans of these mosques are shaped by their
rectangular courtyards surrounded by porticoes, and the courtyards’ harem with mihrab and minbar in the
direction of the Qibla. In later periods, similar lines are found in all the great mosques in Anatolia. In
addition, complexes have been formed with the spatial planning of the Masjid an-Nabawi, which includes
functions such as education, social, management, and gathering (Fig. 2). The mosque architecture, which is
in constant development with the inspiration taken from the Masjid an-Nabawi, has created certain
architectural images over time and has determined the identity of the mosque architecture with these images.

Fig. 2. The Present Status of Masjid an-Nabawi (URL-1, 2022)

2.2. Visual Images of Traditional Mosques

All the visual arts of the mosque are nothing more than a plastic expression of the main goal of the Islamic
faith; in this context, all the arts of Islam take people to the mosque and the mosque to worship (Garaudy,
2019). Mosques, which are the symbolic structures of Islamic Civilization, have developed with their
monumental architecture and visual images included in the interior and exterior space according to the use
of the Prophet's Mosque. While the exterior contains images such as a courtyard, ablution fountain, and
minaret, sections such as the latecomers’ portico, mihrab, and minbar have been added in the interior. The
mosque architecture, which has been shaped in a monumental framework as the symbolic structure of Islam
in the all Islamic geography, has developed by adding these visual images to the mosque typology. In this
context, it is possible to see different interpretations of the same visual images in different Islamic
geographies. In fact, the presence of Muslims in a city is noticed from mosques, and mosques by having
visual images such as domes and minarets. Today, minarets are included in the formation of mosque
architecture due to their symbolic meaning and value rather than their functional features.

Mihrab: The direction of the Muslim community in prayers is towards the Kaaba, which is accepted as the
first mosque of the world in the Islamic Civilization Conception. In this way, all mosques are oriented
towards the Kaaba, and there is a 'mihrab’ section in their interiors that points this direction. This section has
passed into the mosque architecture of Islamic Civilization as a niche on the gibla walls of mosques for the
imam to stand while leading the prayer (Hasol, 2008). Islamic architecture applied the mihrab element for
the first time in the renovation made in Masjid an-Nabawi. Muhammad (pbuh) led the prayer- for the purpose
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of honoring — was carried outwards and reflected on the form of the structure, creating a niche for the mihrab
(Grabar, 1987). After that, a mihrab was added to every mosque built as a sign of worship in this mosque,
as the Prophet Muhammad worship. Different mihrab examples from different geographies are shown in
figure 3.

Fig. 3. (Left) Sultan Hassan Mosque / Egypt (URL-2, 2022), (Middle) Great Mosque of Cordoba / Spain
(URL-3, 2022), (Right) Esrefoglu Mosque / Konya (Tugba Yesil)

Minbar: The minbar, located just to the right of the mihrab in the mosque, is the high part where the sermon
is read on Friday and Eid prayers (Siilin, 2020) . The minbar, has taken its place in Islamic mosques by
being inspired by the Masjid an-Nabawi, just like the mihrab, and by interpreting the step-chair tradition that
the prophet used while addressing the believers (Burckhardt, 2009). In the minbar shaped according to this
interpretation, the orator does not go up to the top step of the minbar. Because the highest step contains a
symbolic meaning left to the personal spirituality of the Prophet Muhammad (phub) (Duman, 2015).
Different minbar examples from different geographies are shown in figure 4.

Fig. 4. (Left) Bezmialem Valide Sultan Mosque / Istanbul (URL-4, 2022), (Right) Kili¢ Ali Pasa Mosque /
Istanbul (Esma Kismiroglu)

Minaret: Muslims show great significance to the worship of prayer, which is of great importance in the
conception of Islamic Civilization. In this condition, the prayer times performed at certain times are
important and ‘minaret’ is added to mosques as an addition venue to inform of these times and to call
Muslims to prayer with the congregation. Minarets, which are structures such as tall towers next to mosques,
visually affect the city skyline with their shapes, while they also show the Islamic presence in the city audibly
by reading the five times azan in a day. Different minaret examples from different geographies are shown in
figure 5.
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Fig. 5. (Left) Ug Serefeli Mosque/ Edirne (URL-5, 2022), (Middle) Hasan Il Mosque / Morocco (URL-6,
2022), (Right) The Umayyad Mosque / Damascus (URL-7, 2022)

Dome: The building cover, which is shaped like a sphere cap, hemisphere or a globular cupola; It is the
cover formed by the rotation of an arch around the vertical descending from the apex of its arc (Hasol, 2008).
When domes, which are classified separately according to their geometric shapes, load-bearing properties
and materials (Altin, 2010) are used as symbolic images in the history of architecture, it is seen that the
perception of the dome in the exterior is often not reflected in the interior. However, it is seen that the
perception of the dome in Ottoman buildings dominates the interior as well as the exterior (Kuban, 2007).

The dome cover, which allows the congregation to gather in a single volume in mosques (Ulken, 1948)
which are the symbolic structures of Islam, also contributed to the development of central planning in
mosque architecture. The central plan type is important in shaping mosques as "spiritual (unmediated)
architecture", the symbolic structure of Islam, which rejects all kinds of intermediation between “ALLAH”
(God) and human (Garaudy, 2019). Different domed mosques examples from different geographies are
shown in figure 6.

Al

Fig. 6. (Left) The Dome of the Rock / Jerusalem? (Yasir Giirbiiz), (Middle) New Mosque and Nuru Osmaniye
Mosque / Istanbul (Cansever, 2005), (Right) Sheikh Lotf Allah Mosque / Iran (URL-8, 2022)

For domes used with different interpretations in different geographies, Necipoglu; In his study on the Sinan
Mosques of the Ottoman Empire, he gave the dome size as an “adab code”. Accordingly, the largest dome
diameters above 20 meters are available in mosques in Istanbul and Edirne built by members of the Ottoman
dynasty (Necipoglu, 2013).

Courtyard: The courtyard, which is defined as a closed, open-top area in the middle of a structure or group
of structures (Hasol, 2008) existed before the minbar and mihrab images were fully developed in Masjid an-
Nabawi, the starting point of mosque architecture. Hz. Muhammad's house, covered with an adobe wall,
opened into a courtyard that was located the Masjid an-Nabawi (Cansever, 2005).

Courtyards, which are used as a kind of preparation place in mosques, are semi-open areas where prayers
are also held when the crowded congregation during Friday and Eid prayers cannot fit into the interior of the
mosque (Duysak, 2000). In addition, the fountain places where ablution is taken, which is an application

! The Dome of the Rock, although referred to as a "place of visit" in some sources, is also referred to as a
mosque in terms of function as Friday prayers are held inside.
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belonging to the preparation stage for prayer, are mostly located in the courtyards. Different courtyard
mosques examples from different geographies are shown in figure 7.

Fig. 7. (Left) Selimiye Mosque / Edirne (URL-5, 2022), (Right) Ahmad ibn Tulun Mosque /.Egypt
(Hattstein & Delius, 2004).

Latecomers Portico: It is the part between the courtyard and the entrance door of the mosque that is roofed
in but can open on the sides. The latecomers portico, which is used with a portico in traditional mosque
architecture, also has the function of protecting those who are late for prayer or those who go outside during
peak times of the mosque, from adverse outdoor conditions. Latecomers portico examples from different
geographies are shown in figure 8.

Fig. 8. (Left) Uskiidar Mihrimah Sultan Mosque / Istanbul (Cansever, 2005), (Middle) Eskisehir Kursunlu
Mosque / Eskisehir (Esma Kismiroglu), (Right) Kilig Ali Pasa Mosque (URL-10, 2022)

3. Methods

Due to their symbolic significance within civilizations, mosques possess architectural visual images that
reflect the values of Islamic civilization. While these visual images, as described in the previous section,
may exhibit variations based on regional interpretations, they can be observed in mosques worldwide.

Just as the interpretation of these images varies due to cultural differences in different regions, changes in
living conditions over time have also resulted in specific formal differences in mosque architecture.
Specifically, the influence of modernity on a global scale, impacting people's capabilities and lifestyles, has
led to changes in mosques, similar to other structures. These changes, stemming from new aspirations and
gradually deviating from traditional norms, have occasionally given rise to entirely different forms and
shapes in mosques. At times, these new forms adhere to a specific style, while at other times they venture
outside established conventions. This situation can impede the accurate interpretation of the building and
cast doubt on its identity.

The objective of this study is to examine the evolving mosque architecture influenced by modern
architectural trends. This examination will be conducted through the analysis of visual images that reflect
the historical and cultural context of the mosques. An attempt has been made to analyze these crucial visual
images, which contribute to the identity of mosques, based on their presence or absence in mosques and their
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perceptibility. This analysis was carried out through a survey involving 100 individuals residing in Turkey,
where examples of mosques exist both before and after the influence of modernity. The choice of 100
participants was important to obtain more clear data for comparison, interpretation, and a representative
understanding of the findings.

The questionnaire includes questions that will reveal how the newly formed mosque architecture is read from
the eyes of the users through the formation of 22 different mosques, shown in Tables 1 and 2. In this regard,
it has been tried to reveal whether the traditional mosque architecture includes traditional images and the
effects on the user, through the mosque samples selected with a participant ratio of 32% architects/interior
architects.

The questionnaire consists of three parts. In the first section, users were inquired to specify the demographic
information and the three concepts that come to mind when it comes to mosque architecture. In the section
where there are visual questions, there are questions about 22 examples of mosques (Table 1- 2) built in the
world under the influence of modern architecture in the last century. By sharing several images belonging to
each mosque, the first series of questions was made up on the readability of architectural images in traditional
mosque architecture on the existing mosque. The other visual question series is based on adjective trilogies.
Thus, the participants were provided to evaluated with a trilogy of positive, negative, neutral adjectives on
the architecture of each mosque. For the survey, examples of mosques, in which an effort to bring an
interpretation to the traditional, by avoiding the repetition of Traditional Mosque architecture, under the
influence of modern architecture, were chosen.

Table 1. The list of Mosques Numbered 1-12, Presented in the Survey with the Numbering Method

|3 e ? 4
¥ 1.:- 4

P <

2-Sancaklar Mosque 2013/Turkey (Emre Arolat)

é-Derinkuyu Mosque 1989/ Turkey 4-Cologne Central Mosque 2017/Germany
(Hakki Atamulu) (Paul Béhm)

S5-Kinahada Mosque 1964/ Turkey
(Turhan Uyaroglu,Basar Acarli)

6-Buttim Mosque 1996/Turkey 7-Mohammad Rasul-Allah Mosque 2016/ Iranian 8-Sakirin Mosque 2009 Turkey
(Sahin Kogak, Erdal Sorgucu) (Paya Payrang Architectural Group) (Husrev Tayla)
" - - >

9-Marmara University Faculty of 0 i
201 5/Turkc';, (Hilmi $yenalp) 10-Al-Irsyad Mosque 2010 / Indonesia (Urbane)

11-Akgakoca Central Mosque 2004/ Turkey (Ergin Subasi) | 12-Ljubljana Mosque 2020/Slovenia (Bevk Perovié Arhitekti)
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Table 2. The list of Mosques Numbered 13-22, Presented in the Survey with the Numbering Method

15-Al-ikhlas (Honeycomb) Mosque 2020/Indonesia 16-Abdul Rahman Daing Mosque 2019Malaysia
(Andyrahman Architect) (Razin Architects)

= : '—“

y - ==
19-Punchbow! Mosque 2017/Australia 20-Qasr Al Hosn:Al Musallah Mosgue 2019/
(Candalepas Associates) United Arab Emirates(CEBRA)

X T -

S

21-Amir Shakib Arslan Mosque 2016&/Lebanon 22-Al-Islah Mosque 2015/ Singapore
(LEFT Architects) (Formwerkz Architects)

There are comparative questions in the last part of the questionnaire. Accordingly, among the 22 mosques
in the list, the participants preferred the architecture of mosques that they liked the most and not like. In the
last part, the participants preferred the mosques that they found closest and farthest to the traditional mosque.
Thus, the visual effects of the most liked or disliked mosques will be questioned through their relations with
traditional mosques.

The demographic findings of the questionnaire applied to 100 people within the scope of the study are given
in Table 3. While 59% of these 100 people are between the ages of 26-40, 64% are women and 36% are
men. 89% of the participants have undergraduate and postgraduate education, and 32% of them are architects
and interior architects (Table 3).
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Table 3. Findings of the Questions Regarding the Demographic Structure of the Survey

Education Percent Pofession Percent Age Percent Religion | Percent
. Official 4% 0-18 1% Muslim | 96%

Primary School | 1% -

Worker 5% 19-25 16% Deist 2%

i 0, - 0, i 0,

High School 7% Retiree 5% 26-40 59% Ateist 1%

Self Employment | 6% 41-60 20% Other 1%
Associate 30 Academician 7% 61-up 4%

0
Degree Student 7%
Bachelors - Architect 32% Gender | Percent
0

Degree Other 34% Female |64%
Post-Graduate | 34% Male 36%

The participants were asked "What are the 3 concepts that first come to mind when you think of mosque
architecture?” in the question of 64% minaret, 58% dome, 12% minbar, 11% mihrab and 11% courtyard
answers were taken. These concepts are the most compatible concepts with the mosque architecture for the
participants. The participants mostly listed the concepts related to the interior and exterior architectural
images of mosques, and the minaret element was preferred more than the dome. Apart from architectural
images, abstract concepts such as 5% peace, 4% Decency, 3% spirituality, 1% spirituality are also among
the answers to this question. In addition, the answers of 7% of the participants to Architect Sinan, 4%
Ottoman, 3% Sultanahmet Mosque, 2% Suleymaniye Mosque and 1% Selimiye Mosque were also observed
as an indicator of the tendency of the mosque image to traditional mosques.

The answers of the participants in the questionnaire were analyzed in the SPSS program. The fact that the
number of participants was 100 people caused the frequency and percentage ratio values in the SPSS
program to be equal. Accordingly, the findings about the presence of architectural images in the preferred
mosque samples in the visual questions section of the survey are shown in Table 4. According to the findings
in Table 4, the most perceived architectural images of the mosques in the survey were the minaret, mihrab,
minbar/lectern, dome, courtyard and finally the latecomers’ portico, respectively. This situation also shows
that as an architectural element, architects also use the minaret the most among the images belonging to
traditional mosques.

4. Findings

According to the survey results, some of the visual images present in traditional mosque architecture are
absent in some mosques. In these mosques, there are some that have visual images asked in the survey but
cannot be perceived by the participants, and there are also mosques where the architect does not use this
visual element. Thus, while the traditional visual images in question are not present in some mosques, some
of the existing ones cannot be read. For example, according to the survey results, the minaret element is not
perceived in the TBMM, Sancaklar, Punchbowl, Qasr Al Hosn and Al Musallah Mosques. Whereas, the
minaret element was not used in the TBMM Mosque and Punchbowl mosques, while the formations of the
minaret were used in the Sancaklar, Qasr Al Hosn and Al Musallah Mosques. However, mosques have had
difficulties in reflecting the images of traditional mosques in the modern line they dominate. The same is
true for the mihrab. The mihrab was not made as a niche only in the mosque numbered 19. But according to
the results of the survey 1, 2, 10, 15, 18, 20, 21, 22 the mihrab niches that exist in numbered mosques are
not perceived by the participants. Again, it was thought that this situation was caused by the fact that the
mihrab element, which settled in the minds with a traditional image within the modern concept that
dominates mosques, was not presented with the correct interpretation (Table 4).

Looking at the findings on the existence of architectural images it is seen that mosques number of 8 and 9
contain all the traditional images of mosque architecture and are perceived successfully.
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Table 4. Statistical Data on the Architectural Images of Mosque Samples

Dome Minaret Latecomers's Portico Courtyard Mihrab Minbar
Mosque |Frequency Mean |Frequencyl Mean |Frequencyy  Mean  [Frequencyl Mean |Frequency Mean [Frequencyl Mean
1 50 1.50 6 1.94 46 1.54 79 1.21 39 1.61 44 1.56
2 13 1.87 39 1.61 25 1.75 26 1.74 42 1.58 55 1.45
3 7 1.93 85 1.15 27 1.73 22 1.78 82 1.18 83 1.17
4 88 1.12 84 1.16 47 1.53 19 1.81 920 1.10 92 1.08
5 44 1.56 82 1.18 22 1.78 11 1.89 85 1.15 83 1.17
6 41 1.59 67 1.33 74 1.26 55 1.45 83 1.17 86 1.14
7 84 1.16 69 1.31 36 1.64 26 1.74 71 1.29 39 1.61
8 9 1.02 94 1.06 78 1.22 90 1.10 81 1.19 85 1.15
9 100 0.00 97 1.03 77 1.23 80 1.20 95 1.05 94 1.06
10 8 1.92 85 1.15 10 1.09 26 1.74 23 1.77 21 1.19
11 76 1.24 96 1.04 57 1.43 40 1.60 920 1.10 91 1.09
12 34 1.66 94 1.06 35 1.65 47 1.53 58 1.42 57 1.43
13 79 1.21 80 1.02 35 1.65 30 1.70 73 1.27 68 1.32
14 8 1.92 54 1.46 31 1.69 26 1.74 76 1.24 71 1.29
15 4 1.96 50 1.05 14 1.86 10 1.90 25 1.75 11 1.89
16 10 1.90 55 1.45 57 1.43 54 1.46 58 1.42 38 1.62
17 78 1.22 71 1.29 33 1.67 22 1.78 76 1.24 33 1.67
18 32 1.68 64 1.36 34 1.66 47 1.53 39 1.61 33 1.67
19 77 1.23 11 1.89 39 1.61 56 1.44 21 1.79 14 1.86
20 15 1.85 28 1.72 13 1.87 15 1.85 18 1.82 8 1.92
21 19 1.81 53 1.47 40 1.06 50 1.50 42 1.58 19 1.81
22 36 1.64 51 1.49 48 1.52 46 1.54 31 1.69 18 1.82

In Table 4, besides the frequency value showing the frequency of finding the architectural element, average
values are also given. According to this, values below the mean of 1.5 were painted. These values show the
mosques that are believed to have the architectural element asked in the survey. Accordingly, the most
frequently used architectural images in mosques were the minaret, mihrab, dome, courtyard, and latecomers’
portico. While mosques 8 and 9 contain all architectural images, mosque number 20 does not contain any
traditional images. In addition, at least four of the selected architectural images were read in the mosques
numbered 4,6,11,13,16. But only one of the selected architectural images was read in the mosques 1,2,15,18,
21 and 22.

In the second question series of the visual part of the questionnaire, which is the adjective scoring part, the
participants were asked to score the preferred mosque samples according to the opposite adjective triad of
positive, neutral and negative adjectives. The findings of this section are indicated in Table 5 by giving
frequency values. The questionnaire was created by giving the participants 1 point for positive adjectives, 2
points for neutral adjectives, and 3 points for negative ones. Values where the frequency value is above 50
show above 50% and are expressed by coloring in the table. Accordingly, positive adjective pairs over 50
are colored blue, and negative adjective pairs over 50 are colored orange. In this context, when the table is
examined, it is seen that the mosques numbered 4 and 9 have passed the 50% threshold in all positive
adjectives. The frequency values of the positive adjectives belonging to the mosque number of 4 are higher
than the mosque number 9. After the mosque number 4 and 9, the mosques with the most positive adjectives
are the 8 and 11 mosques, followed by the 12 and 13 mosques. Mosques in which the most negative
adjectives are preferred are mosque number 20, followed by mosque number 2. In mosque number 20, 11 of
14 adjective indexes were evaluated negatively, and in mosque number 2, 4 of them were evaluated
negatively (Table 5).
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Table 5. Frequency Values of the Classification of Mosque Samples According to Adjective Sequences

Frequences Values

Adjectives 1| 2| 3| 4| 5| 6| 7| 8| 9| 10| 11| 12| 13| 14| 15| 16| 17| 18| 19| 20| 21| 22
Magnificient 18| 30| 15|78| 6| 16| 17|62 72| 15| 62| 35| 28| 6| 15| 38| 17|35| 24| 22| 12| 29
Neither 51| 24| 49|17| 40| 54| 43|31| 26| 28| 28| 37| 60| 17| 40| 47| 53| 30| 55| 36| 33| 42
Plain 31| 46| 36| 5|54| 30|40( 7| 2| 47| 10| 28| 12| 77| 45| 15| 30| 35| 21| 42| 55| 29
Spacious 39| 21| 19|88| 10| 30| 15(74| 85| 24| 63| 60| 52| 38| 12| 46| 27| 25| 29| 14| 30| 24
Neither 39| 23| 51|11|40| 51|41(19|14]| 37| 29| 27| 38| 37| 48| 40| 53| 41| 41| 33| 44| 39
Gloomy 22| 56| 30| 1|50( 19|44| 7| 1|39| 8| 13| 10| 25| 40| 14| 20| 34| 30( 53| 26| 37
Inviting 29| 26| 22|79| 12| 21| 32(48|72| 13| 55| 28| 35| 21| 13| 32| 11| 38| 24| 22| 28| 14
Neither 41| 35| 51(17| 63| 55| 43|41| 24| 36| 29| 49| 50| 38| 36| 51| 61| 37| 35| 30| 47| 46
Repulsive 30| 39| 27| 4| 25| 24|25(11| 4| 51| 16| 23| 15| 41| 51| 17| 28| 25| 41| 48| 25| 40
Transparent 22| 16| 14|82| 6| 25|15(60|69| 13| 52| 51| 50| 22| 11| 36| 16| 18| 12| 7| 22| 18
Neither 46| 24| 50| 15| 48| 55| 46(33( 29| 37| 34| 32| 40| 43| 46| 41| 55| 34| 44| 27| 46| 43
Covered 32| 60| 36| 3|46| 20| 39| 7| 2| 50| 14| 17| 10| 35| 43| 23| 29| 48| 44| 66| 32| 39
Collective 24| 20| 21| 64| 16| 26| 19(45|64| 17| 46| 33| 25| 16| 15| 26| 20| 33| 27| 13| 31| 16
Neither 50( 37| 45|29|58| 46| 52(42|24]| 36| 37| 37| 52| 38| 44| 50| 53| 35| 40| 28| 42| 50
Individual 26| 43| 34| 7| 26| 28| 29(13|12| 47| 17| 30| 23| 46| 41| 24| 27|32| 33| 59| 27| 34
Easily Detectable 23| 19| 42|71| 38| 45| 35|72| 78| 13| 58| 34| 43| 31| 16| 32| 27| 33| 21| 13| 19| 17
Neither 39| 28| 34|25|39| 37| 37(20| 20| 27| 26| 42| 45| 40| 34| 40| 47|37| 33| 20| 45] 36
Complicated 38| 53| 24| 4|23| 18| 28| 8| 2| 60| 16| 24| 12| 29| 50| 28| 26| 30| 46| 67| 36| 47
Aesthetic 40| 42| 24(72| 18| 20| 36|41| 66| 20| 41| 30| 28| 28| 14| 29| 14| 46| 19| 30| 33| 14
Neither 39| 33| 37|21| 48| 46| 39(41| 28| 32| 33| 38| 51| 29| 35| 48| 51|27| 39| 17| 36| 34
Shapeless 21| 25| 39| 7|34| 34| 25| 8| 6| 48| 26| 32| 21| 43| 51| 23| 35| 27| 42| 53| 31| 52
Moderate 27| 20| 23|60| 15| 20| 28(41|59]| 17| 39| 23| 27| 24| 16| 27| 21|37| 13| 17| 25| 15
Neither 43| 40| 5034 55| 48| 50|46| 38| 32| 43| 46| 51| 37| 41| 50| 53| 37| 51| 32| 49| 40
Strict 30| 40| 27| 4|30| 32|22(13| 3| 51| 18| 31| 22| 39| 43| 23| 26| 26| 36| 51| 26| 45
Enough 35| 34| 24|59| 17| 30| 26|57| 62| 20| 46| 31| 27| 25| 18| 31| 20| 36| 22| 20| 19| 22
Neither 42| 30| 43(35(50| 47| 52|35|37| 31| 38| 43| 58| 33| 31| 46| 50| 34| 33| 28| 55| 40
Insufficient 23| 36| 33| 6|33| 23| 22| 8| 1| 49| 16| 26| 15| 42| 51| 23| 30| 30| 45| 52| 26| 38
Soft 21| 12| 19|57| 11| 15| 16(44|51| 11| 28| 19| 18| 21| 12| 19| 16| 20| 10| 14| 24| 14
Neither 46| 45| 43(34| 48| 46| 52|47| 41| 33| 44| 48| 56| 36| 39| 53| 52|43| 49| 28| 49| 38
Hard 33| 43| 38| 9|41| 39|32 9| 8| 56| 28| 33| 26| 43| 49| 28| 32| 37| 41| 58| 27| 48
Bright 41| 9| 17(88| 10| 32| 20| 76| 81| 23| 69| 66| 61| 37| 24| 39| 23| 25| 20| 11| 38| 31
Neither 41| 26| 51(10( 47| 50| 44|19| 18| 41| 23| 22| 28| 36| 48| 39| 55|43| 41| 26| 37| 42
Dark 18| 65| 32| 2|43| 18(36| 5| 1|36| 8| 12| 11| 27| 28| 22| 22| 32| 39| 63| 25| 27
Peaceful 32| 24| 22|60| 13| 23| 20(44| 65| 18| 34| 32| 40| 28| 10| 24| 16| 37| 17| 16| 28| 19
Neither 42| 34| 54(36(| 59| 56| 59|43| 33| 40| 54| 48| 47| 46| 53| 60| 60| 30| 50| 30| 46| 45
Uneasy 26| 42| 24| 4|28 21|21|13| 2| 42| 12| 20| 13| 26| 37| 16| 24|33| 33| 54| 26| 36
Elegant 36| 32| 25|65| 15| 18| 29(31|57| 18| 31| 33| 27| 29| 11| 28| 15| 40| 18| 23| 30| 14
Neither 44| 40| 46| 27| 58| 55| 45|51| 38| 35| 44| 40| 53| 37| 43| 53| 55| 32| 41| 23| 43| 43
Rough 20| 28| 29| 8| 27| 27|26(18| 5| 47| 25| 27| 20| 34| 46| 19| 30| 28| 41 54| 27| 43
Compatible 36| 32| 25|60| 18| 26| 26/44| 59| 17| 37| 25| 27| 26| 10| 23| 20| 41| 22| 22| 31| 18
Neither 43| 36| 41|31|56| 52| 49|38| 39| 34| 41| 47| 52| 36| 41| 45| 51| 30| 41| 32| 40| 40
Discordant 21| 32| 34| 9| 26| 22| 25|18| 2| 49| 22| 28| 21| 38| 49| 32| 29| 29| 37| 46| 29| 42

According to the comparison questions, which is the last part of the survey, the participants made a ranking
among 22 mosques according to certain criteria. The frequency values of the three most liked and least liked
mosque ranking results, which are the first two questions of this section, are indicated in figure 9. The
frequency values of the mosques with the most likes are shown in blue, and those with the least likes in
orange. According to this, the most admired mosque is the 4th mosque with 29 frequency values, then the
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9th mosque with 17 frequency values, and the third place is the 18th mosque with 11 frequency values. The
participants in the survey indicated that mosque number of 4 is a successful modern interpretation of the
traditional mosque image and that it has a curvilinear form as the reason for choosing the mosque number 4.
The reason for choosing the mosque number 9 as the second most admired mosque was stated as the overlap
between the traditional mosque image and modern architecture, the mosque's traditional mosque
architecture, easy perception, spacious and ostentatiousness, being suitable for mosque culture, and being
suitable for classical mosque architecture. The mosque number 18, which is in the third place in the ranking
of the most admired, was preferred because of its success in harmony with its surroundings, the use of natural
materials, its plain appearance, its arousing curiosity, and an up-to-date solution without ignoring local and
traditional.

According to figure 9, the number of 3, 5, 6, 13, 17, 19 mosques were not classified as the most liked
mosque by any user.
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Fig. 9. The Frequency Values of the Most Liked and Most Disliked Mosque Findings

In the ranking of the most disliked mosques, the mosques numbered 20 and 22 are in the first place with a
frequency value of 17. These mosques are followed by mosque number 10 with 14 frequency values and
mosque number 15 with 13 frequency values. The reasons why the 20 and 22 mosques were most disliked
were given as being far from the perception of a mosque and being cold, meaningless, resembling an
apartment or shopping mall, being gloomy, disturbing, incompatible and formless. The most repeated one
among these reasons was that it was far from the image of a mosque. The fact that it is likened to other
structures is proof that it is far from mosque architecture. Mosques numbered 4,7,9, 16 are not included in
the most disliked mosque classification by any user.

The last questions of the survey are on the proximity and distance of 22 mosques to the traditional mosque
perception, and the ratios of the findings of these questions are given in figure 10-11. According to the
findings of the question asking the ranking of the first three mosques closest to the traditional mosque, the
mosques 8, 9, 4 and 11 were the most preferred mosques in the ranking of the first three mosques. As the
first mosque closest to the traditional, 42% of the participants preferred mosque number 8, 24% preferred
mosque 9, and 22% preferred mosque number 4. After of these three mosques, the rate of preference is 3.2
and 1. 88% of the participants chose mosques 8, 9 and 4 in their most traditional ranking. Mosques 5, 6, 10,
12, 10, 13, 14, 15, 16, 17, 19, 20, 22 are not included in the order of tradition. When we look at the second
most traditional mosque preferences of the participants, 8,9 and 4 mosques are seen with a rate of 86%. In
the third mosque preference closest to the traditional, 85% of the participants in total prefer 8,9,4, 11
numbers.
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Fig. 11. Percentiles of the Ranking of the 3 Mosques Farthest from the Traditional Mosque

Findings related to the question of ordering the three mosques farthest from tradition are given in Graph 3.
According to this, 26% of the participants put mosque number 20, 20% mosque number 2, and 17% mosque
number 10 as the most distant mosque from the traditional. These three mosques have never been included
in the three most traditional mosque rankings. Mosques numbered 3,4,5,7,8,9,11,13,16,17, 21 are not
included in the order of being far from traditional.

In the findings of the questions about traditionality in the survey, it was seen that the mosques preferred
closest to the traditional were never included in the order of being away from traditionalism. Likewise, it has
been observed that the mosques, which are placed in the order of being the most distant from the traditional,
are not included in the order of being traditional at all. While the mosques numbered 4, 9, 11 are preferred
as the most traditional mosques at high rates, they are not included in the ranking of the mosques farthest
from traditionalism.
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5. Conclusion

The fact that 32% of the survey participants consist of architects and interior designers is also an indication
that a third of the participants are designers.

In order to see the effect of personal memory and experiences on the formation of mosque perception, the
concepts of mosque architecture were first asked in the survey. 64% of the participants ranked the minaret
and 58% ranked the dome as the first concept that comes to mind in mosque architecture. In this manner, it
has been seen that the concept that is most identified with the mosque architecture is the minaret, and that
the preferred modern mosques also contain the most perception of the minaret. It has been observed that the
minaret is one of the indispensable images of mosque architecture.

According to the results of the survey, when evaluated according to the adjectives, it was seen that the most
liked mosques were the ones in which the most positive adjectives were preferred. As a result of the
consistency of the survey answers, it was seen that mosque No. 4 was ranked first in terms of both likes and
positive adjectives. It has also been observed that being the closest to traditional mosques is not the most
effective concept at the level of appreciation. Because it is not the mosque number 8 in the first place in
proximity to the traditional mosque, but the mosques 9 and 4, which are just below it in the ranking, are the
most admired mosques. In this context, according to the survey results, the efforts of modern mosques
regarding the development of mosque architecture were considered valuable, but it was seen that it was
preferable that the traditional image of the mosque within certain norms remained within the limits of
protection. It is clear that these protected norms will be provided with forms that can reflect the values of the
Islamic Civilization concept behind traditional mosques, beyond a one-to-one repetition of the traditional
ones. For it has been seen that the most admired mosques not only contain traditional architectural images,
but also interpret the traditional in a modern way.

This study reveals the predicaments of modern mosques in the process they are in. It is a valuable effort to
make studies that reject the repetition of traditional mosques and include mosque architecture in a
development process. However, since mosques are symbolic structures of a civilization, when the values
belonging to the Islamic Civilization to which they belong, are built by ignoring, formations that are far from
the perception of mosque architecture emerge. In order to prevent this, the visual images, which are the
identity of the mosque architecture, should be interpreted and included in the architecture without repetition.
This interpretation should be within a certain discipline and should be built on the values behind mosque
architecture and the forms that will reflect them in order to reach an effective result. In this context, the
article also revealed the necessity of studying the values behind the formation of Islamic Civilization.
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Oz

Gorsel algt; bireyin kiiltiirel birikimi, yasam stili ve hayat tecriibesinin yaninda ¢evredeki uyaranlara bagl olarak
sekillenmektedir. Cevrede goriinen her sey gorsel algilayis bigimini etkilemekte ve her bireyin gordiigii seyden
yaptigi ¢ikarimlar farkli olmaktadir. Mimarlik gorselligin 6n planda oldugu disiplinlerden biridir. Dolayisiyla
gorsel alg1 yonetiminin 6zenle yapilmasi gerekmektedir. Ozellikle de kiiltiir merkezleri gibi kamuya mal olmus,
kent i¢inde kiiltiirel, sosyal ve mimari agidan odak noktasi sayilabilecek yapilarin tasariminda gorsel algi kriterleri
gozetilmelidir. Ana motivasyon da bu baglamdan ortaya ¢ikmigtir. Caligmanin konusu; kiiltiir merkezlerinin gorsel
algisiin incelenmesidir. Amag ise kiiltiir merkezinin algilanabilirliginde hangi gorsel algi bi¢iminin daha etkin
oldugunu belirleyebilmek, kiiltiir merkezlerinin gorsel algisi1 {izerinden bu yapilarin kentle kurdugu bagi;
simgeleme ve aidiyet baglaminda irdelemek, yeni yapilacak tasarimlarda kullanicilar tarafindan benimsenen ve
kenti simgeleyecek unsurlarin belirlenmesine katkida bulunmaktir. Bu amag¢ dogrultusunda 6ncelikle bir literatiir
taramasi yapilmigtir. Gorsel algiy1 etkileyen faktorler ve kiiltiir merkezlerinin tasarim kriterleri belirlenmis, kent
icindeki simgeselligi tartisilmistir. Daha sonra cesitli meslek ve yas grubundan 100 kisinin katildigi bir anket
calismasi yapilmistir. Katilimcilara, belirlenen 10 adet kiiltiir merkezinin gorsel algilanabilirligi ve kent igindeki
simgeselligi baglaminda hazirlanan sorular yoneltilmistir. Anket sonucunda ise gorsel algi faktorlerinden en 6ne
¢ikan unsurun bi¢im oldugu, algilanabilirlik ve simgesellik noktasinda bagarili bulunan yapilarin dinamik ve
yenilik¢i olarak nitelendirildigine ulagilmistir. Ayrica algilanabilirligin 6nemli fakat simgesel deger tasima
anlaminda tek bagma yeterli olmadig1 sonuglar1 elde edilmistir. Elde edilen verilerin yeni tasarimlara katki
sunacagi ve yol gosterici olacagi diisiiniilmektedir.

Anahtar Kelimeler: Kiiltiir merkezi, gorsel algi, simgesellik

VISUAL PERCEPTION ANALYSIS OF CULTUREL CENTERS AS
URBAN SYMBOLS

Extended Abstract

Visual perception is shaped not only by an individual's cultural background, lifestyle, and life experiences but also
by the stimuli present in their environment. Everything visible in the surroundings influences how visual
perception is formed, and each individual draws different inferences from what they see. Architecture is one of the
disciplines where visuality plays a prominent role. Therefore, careful management of visual perception is crucial,
especially in the design of structures that have become public assets, such as cultural centers, which can be
considered focal points in terms of culture, social life, and architecture within a city. The main motivation for this
study stems from this context. The subject of the research is to examine the visual perception of cultural centers.
The aim is to determine which form of visual perception is more effective in enhancing the visibility of cultural
centers, to analyze the connection between these structures and the city through their visual perception in terms of
symbolism and belonging, and to contribute to identifying elements that are embraced by users and represent the
city in future designs. In pursuit of this goal, a literature review was conducted. The factors influencing visual
perception and the design criteria of cultural centers were identified, and their symbolism within the city was
discussed. Subsequently, a survey was conducted with the participation of 100 individuals from various
professions and age groups. Participants were asked questions regarding the visual perceptibility and symbolism
of ten predetermined cultural centers within the city. The survey results revealed that the most prominent factor
influencing visual perception was form, and structures that were successful in terms of visibility and symbolism
were described as dynamic and innovative. Furthermore, it was concluded that while visibility is significant, it is
not sufficient on its own in terms of carrying symbolic value. The data obtained is believed to contribute to new
designs and serve as a guiding resource.
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1. Girig

Kent onu iireten toplumun kiiltiiriinii, yagam big¢imini, gelenek ve goreneklerini biinyesinde barindiran kolektif bir
iirtindiir. Kent igerisinde gozle goriiliir, elle tutulur somut 6geler olarak yapilar ise, bu manevi olusumun mimarlik
disiplini igerisinde diga yansimis seklidir (Ganig, 2016) . Kiiltiir merkezleri de bu yap1 grubunun bir pargasi ve
kent sakinlerinin kiiltiirel, sosyal ve entelektiiel birikimine katki saglayan etkinliklerin yapildig1 bir aktivite
mekanmidir. Dolayisiyla kiiltiir merkezleri kentin cazibe merkezlerinden, odak noktalarindan biridir. Bu noktada
kiiltiir merkezi tasariminda ‘ odak noktasi’ olma islevini destekleyici ve dne ¢ikarict uygulamalar yapilmalidir.
Gorsel alg1 yonetiminin bagarili bir sekil.de yiiriitiilmesi bu isin basinda gelmektedir.

Mimarlik gorsellikle dogrudan iliskili bir disiplin oldugundan mimari tasarimda gorsel algi faktorlerininin
tasarimin bir girdisi olarak kabul edilmesi gerekmektedir. Gorsel algi, her bireyde farklilik gosteren ve degisim
igeren iki boyutlu bir olgudur. ilk boyut fiziksel, yani ¢evredeki uyaranlardan gelen sinyallerdir. Ikincisi ise
sinyallerin ulastig1 bireyde nasil bir algt olusacagini belirleyen sosyal boyuttur. Burada bireyin hayat tarzinin ve
kiiltiirel birikiminin 6nemi bityiiktiir (Asar, 2013).

Bu calismanin konusu, kiiltiir merkezlerinin kent igindeki simgeselliginin gorsel algi faktorleri iizerinden
degerlendirilmesidir. Amag ise kiiltiir merkezlerinin kentle kurdugu iliskide gorsel algi faktorlerinin ne derece
etkili oldugunu ve kenti simgeleme noktasinda nasil bir katki sagladigini irdelemektir. Yontem olarak dncelikle
liteatlir taramas1 yapilmis, daha sonra 100 katilimcinin dahil oldugu bir anket calismasi yapilmistir. Ankette
belirlenen 10 adet kiiltiir merkezinin gorsel algilanabilirligi ve kent igcindeki simgeselliginin degerlendirilmesi
istenmistir. Anket sonucunda elde edilen veriler degerlendirilmis ve yapilan ¢ikarimlar sonu¢ boliimiinde
aciklanmustir.

2.  Mimarlikta Gorsel Algiy! Etkileyen Faktorler

Gorsel algi, ¢evredeki fiziksel uyaranlar ve sosyal faktorlere bagl olarak gelisen karmasik bir olgudur (Aydinli,
1986). Gorsel alginin olusumunda etkili olan fiziksel uyaranlar, dikkati dogrudan ¢ekmek iizere bilingli sekilde
kurgulanan, ¢evreden bireye gonderilen sinyallerdir. Sosyal faktorler ise bireyin 6z benligi ile ilgili bir unsurdur
(Ergiines, 2019). Bireyin algilayis bi¢cimi herhangi bir olay1, durumu, mekéni vb. degerlendirme ve buna kargilik
olarak sergileyecegi davranisi etkilemektedir. Her bireyin yasam tarzi, diisiince yapisi, kiiltiirel birikimi ya da
oncelik siralamasi bir digerinden farklidir. Bu da algilama bigiminde farkliliklarin olugsmasina yol agmaktadir.
Ornegin iki birey bir mekana girdiginde biri duvarda en sevdigi rengin oldugunu fark ederken, digeri sikca
karsilagilmayan tasarima sahip bir koltugu fark edebilmektedir (Goler, 2009).

Mimarlik gorselle i¢ ice gegmis bir disiplindir. Dolayisiyla tasarimlarda gorsel algi anlaminda pek ¢ok farkli
diizenlemenin yapilabilmesine imkéan tanimaktadir. Kullanici memnuniyetine erisecek tasarimlarin yapilabilmesi
i¢in mekan elemanlari tercihlerinde renk, bigim, malzeme, doku gibi degiskenlere dikkat edilmesi gerekmektedir.
Duyusal ve algisal etkinligin iyi yonetilebilmesi buna baglidir (Aytem, 2005).

Renk gorsel alg1 olusumunda en etkili faktorlerden biridir. Ciinkii gorsel ve duyusal yolla tecriibe edilen tim
varliklarin bir rengi bulunmaktadir. Bu da rengin her an kars1 karsiya kaldigimiz 6nemli bir gorsel alg1 enstriiman
oldugunu kanitlamaktadir. TDK giincel sozliiglinde yapilan tanimlamaya gore renk ‘cisimler tarafindan yansilanan
151810 gozde olusturdugu duyum’ seklinde ifade edilmektedir (URL-1, 2023). Mimari tasarim noktasinda ise renk;
binanin ya da mekanin karakterini ve tasarimini 6ne ¢ikarmak, vurgulanmak istenen boliimiin belirginlesmesini
saglamak gibi gorevleri iistlenmektedir (Aytem, 2005). Fakat bunu en dogru sekilde yapabilmek icin rengin
ozelliklerini bilmek ve mekanla iliskisini iyi kurmak gerekmektedir. Rengin tiir, deger ve doymusluk olarak {i¢
niteligi vardir. Tiir; rengin kirmizi, mavi, sar1 gibi hangi renk oldugunu belirtmekte ve dalga boyuna goére rengin
tirii degisiklik gostermektedir. Gilinlikk yasamda ton olarak adlandirilan deger; rengin 15181 yansitma derecesini,
acik ya da koyu olusunu belirtmektedir. Doymusluk ise rengin canlilik ve parlaklik derecesini belirtmektedir.
Rengin igindeki grilik miktarinin artip azalmasiyla doygunluk degeri degismektedir (Alici & Paktas, 2020).
Renkler tiiriine, degerine ve doymusluguna gore farkli algilar olusturabilmektedir. Ornegin sicak renklerle
tasarlanmig bir i¢ mekanda daha yakin bir algi olugsacagindan i¢ mekén daha kii¢iik hissedilebilirken, tavanda soguk
ve agik renklerin kullanilmasi kat yiiksekliginin daha fazla algilanmasini saglayabilmektedir. Ayrica yapilan
calismalarda renklerin insan psikolojisinde olusturdugu etki diisiiniildiigiinde mekéanin islevine gore renk
tercihinde bulunulmasi gerekmektedir (Tellioglu & Satici, 2022).
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Gorsel algry1 etkileyen diger 6nemli faktorler; malzeme ve dokudur. Mekana ait yilizeylerin ve kullanilacak tefris
elemanlarmin var olabilmesi i¢in gereken niteliklerden biri malzemedir. Malzemeler iiretiminde izlenen ¢esitli
yontemlerle dogal ve yapay iirlinler elde edilebilmekte ve mekanin farkli noktalarinda kullanilabilmektedir.
Malzeme s6z konusu oldugunda doku da hemen pesinden gelmektedir. Dolayisiyla doku malzemeden ayri
distiniilemez. Mimaride cam, tas, ahsap, ayna, beton oldukg¢a fazla kullanilan malzeme tiirleridir. Mekanda veya
cephede verilmek istenen hisse, dokuya gore yapilan malzeme se¢imiyle kullanicida algisal olarak sicak ya da
soguk bir etki olusmaktadir. Ornegin ahsap yiizeyler sicak bir etki birakirken, tas gibi sert yiizeyler soguk bir etki
yaratmaktadir (Cetinkaya, 2015).

Gorsel algida bir diger 6nemli etken ise mimari biitiiniin ana dgelerinden biri olan bi¢cimdir. Bi¢im bir nesnenin,
bir mekdnin sinirlarin1 ve genel seklini belirten kavramdir. Cevremizde gordiigiimiiz tiim nesneler geometrik,
egrisel olmak iizere bircok forma sahiptir. Bigimin olusumunda etkili faktdrler ise nokta, ¢izgi, diizlem ve
hacimdir. Noktalar ¢izgileri, ¢izgiler diizlemleri, diizlemler de hacimleri olusturarak bigim elde edilmis olmaktadir.
Bigim, ayni renkte oldugu gibi insan psikolojisinde bir takim etkiler olusturmaktadir (Aytem, 2005). Ornegin kare,
dikdortgen gibi koseli formlarm giiglii ve dinamik bir etki yarattigi, daire gibi egrisel formlarinsa dinlendirici etki
biraktig1 bilinmektedir. Mimari tasarimda bu ve bunun gibi unsurlar dikkate alinmasi, gorsel algi yonetimi
acisindan basarili bir ¢aligma yiiriitiilmesi adina dnemlidir.

3. Kiiltiir Merkezi Tasarimi ve Kent Dokusuyla iligkisi

Niifusun artmast, sehirlerin biiyiimesi ve buna bagli olarak farkli kiiltiir ve yasayis tarzina sahip insanlarin bir arada
yasadigi, refah seviyesinin yiikseldigi biiyiik sehirlerin meydana gelisiyle, sehir sakinlerinin sosyal ve kiiltiirel
paylasimda bulunabilecegi mekanlara ihtiya¢ duyulmustur. (Siitliioglu, 2007). Boylece kiiltiir merkezleri ortaya
¢ikmis ve giiniimiizde de sayisi oldukca artmistir. Kiiltiir Turizm Bakanligr Kiiltiir Merkezleri Daire Bagkanligi
tarafindan yapilan kiiltir merkezi tanimi “ Milli kiiltiiriin tanitilmasi ¢ergevesinde, toplantilar, sergiler, kurslar,
gosteriler, yarismalar, sesli ve goriintiilii programlar diizenlemek; okuma aliskanligini ve fikir faaliyetlerini
gelistirici ¢alismalar yapmak, hologram ve yerel etnografya galerileri agmak ve bu amagla 6zel ve tiizel kisiligi
haiz kurum ve kuruluslarla ulusal ve uluslararasi diizeyde isbirligi yapmak {izere tasarlanmis iistyapilardir.”
seklindedir (URL-2, 2023). Kisaca kiiltiir merkezi; sehir sakinlerinin kiiltiirel ve sosyal ihtiyaglarim
karsilayabilecekleri etkinliklerin gerceklestirildigi ve bu faaliyetlerin daha nitelikli ve yaygin bigimde
aktarilabilecegi mekanlardir.

Kiiltiir merkezleri bir anda ortaya ¢ikmamistir. Yunan tiyatrosundan baglayan kiimiilatif bir birikimin sonucunda
olusmustur. Ulkemizde ise Osmanli klasik déneminde kiilliyeler vasitasiyla gerceklestirilen kiiltiir faaliyetleri
tanzimatin getirdigi batililagsma etkisiyle tiyatrolarda da siirdiiriilmeye baglanmigtir. Cumhuriyet donemine
geldigimizde bu gorevi tiyatrolarin yani sira halkevleri ile halk egitim merkezleri iistlenmis ve simdiki anlamda
isleyen kiiltiir merkezlerinin temelleri atilmistir (Ozkan, 1998).

Kiiltiir merkezlerinin insa siirecinde belli kriterler bulunmaktadir. Bunlardan ilki merkezin yapilacagi yerlesim
yerinin niifus baglamindaki biiyiikliigiidiir. 3194 sayili imar kanununda belirtildigi {izere sosyal ve kiiltiirel tesis
alani tahsis edilebilmesi i¢in belli standartlarin saglanmis olmasi1 gerekmektedir (URL-3, 2018). (Tablo1) Diger
onemli hususlar ise, yerlesim merkezinin ekonomik durumu, yore halkinin kiiltiir diizeyi, yasayis bigimleridir. Bu
etkenler gozetilerek yapilacak arastirmalar sonucunda o bolge i¢in merkezin igerigi noktasinda daha dogru kararlar
verilebilmektedir (Sitlioglu, 2007).

Tablo 1. 3194 sayili imar kanunu standartlar tablosuna gore kisi bagina diisen sosyal/kiiltiirel tesis alan1 (URL-2,
2023)
Niifus 0-75.000 75.001-150.000 150.001-500.000 500.001+

Sosyal ve Kiiltiirel 2 s 2 s D s o
Tesis Alam 0,75m</kisi 1,00m</kisi 1,25m¢“/kisi 1,50m“/kisi

Kiiltiir merkezinin ihtiya¢ programi; egitim boliimii, gosterilerin diizenlendigi boliim, sanatc1 boliimii, yonetim
bolimii, sosyal boliimler ve teknik boliimler olarak alti temel boliim olugmaktadir. Egitim boliimiinde merkezin
biiytikliigiine bagli olarak degisen metrekarede kiitliiphane, folklor ve miizik stiidyolari, ¢esitli el sanatlarinin
ogretildigi atdlyeler ve bunlara yardimci mekanlar bulunurken, gosteri mekanlarinda ise fuaye, sinema odasi,
opera, bale, tiyatro, konser gibi faaliyetlerin ydriitilecegi biiyikk salonlar ile konferans ve seminerlerin
diizenlenecegi kiiciik salonlar bulunmaktadir. Sanat¢1 boliimiinde etkinlikler igin gelen sanat¢i ve konugmacilarin
gereksinimlerine yonelik odalar bulunmaktadir. Yonetim boliimiinde kiiltiir merkezinin isleyisinden sorumlu




KAHRAMAN & ANIKTAR Bartin University International Journal of Natural and Applied Sciences
JONAS, 2023, 6(1): 99-108

yoneticilerin odalar1 bulunurken, teknik birimlerde ise havalandirma, 1sitma, tamir- onarim gibi alt yap1 ile ilgili
islerin yiiriitiilecegi mekanlar bulunmaktadir. Son olarak kiiltiir merkezine gelen misafirlerin vakit gegirecegi,
etkinlik aralarinda dinlenebilecekleri kafeterya, kafe ve bunlara hizmet saglayan mutfak boliimii bulunmaktadir
(Ozkan, 1998)(URL-2, 2023).

Kiiltiir merkezi tasariminda bir¢ok islev bir arada kurgulandigindan tek islevli yapilara gére daha karmasik ve cok
unsurlu bir siire¢ ortaya ¢ikmaktadir. Bu da kullanict konfor ve ihtiyacinin kargilanmasi agisindan mekén
organizasyon agimin kisa, net ve en fonksiyonel sekilde planlamasini gerektirmektedir. Mekan organizasyonun
bicimlenisinde kullanici gereksinimleri kadar merkezin yapilacagi arazinin durumu, ¢evresiyle iliskisi, yerel iklim
verileri, erisilebilirlik durumu vb. faktérlerde oldukea etkilidir (Stitliioglu, 2007). Tiim bu kriterler degerlendirilip;
dolagim agmin bir dogru boyunca oldugu lineer, sirkiilasyon sisteminin bir noktadan baslayip bir noktada
toplandig1 1s1nsal, sirkiilasyonun birbirine dik iki aksta sekillendigi kafes, ag1 ve tekrar yoniinden birbirine bagl
olmayan fakat yine kesisimlerden meydana gelen sebeke ya da kopuk sirkiilasyon parcalarindan olusan molekiiler
sistemlerden uygun olan segilerek sirkiilasyon ag1 bigimlendirilmelidir (Bayram, 2016).

Kamusal mekanlar kent dokusu ile kiiltiiriiniin, hem takdim hem de tarif edilebildigi biricik mekanlardir. Kentin
mimari olusumunda 6nemli bir yere sahip bu mekanlar, kentleri sekillendirirken bir yandan da kent sakininin
algisini bi¢imlendirmektedir (Glimiis, 2018) . Kent ig¢inde var olan en 6nemli kamusal mekanlardan biri olan kiiltiir
merkezleri de kentin siliiet ve dokusunun olusumunda etkili olmaktadir. Konumu ve tasarimu itibariyla ¢evresine
kimlik kazandiran kiiltiir merkezleri, yapt kent iliskisini tanimlamanin yaninda simgesel deger tasimakta,
bulundugu yerlesim yeri icin odak noktas: haline gelmektedir. Oyle ki, mimari agidan farkli bi¢im ve dizaynlara
sahip kiiltiir merkezi tasarimlart hayli sik karsilagilan ve simgesellik durumu destekleyici argiimanlardir. Buradan
yola cikarak gorsel anlamda cazibeye sahip yapilarin kentin tanmirhigimi ve marka degerini yiikselttigi
soylenebilmektedir (Polat, 2020). Oyle Ornegin Azerbaycan’m baskenti Bakii’de bulunan Haydar Aliyev Kiiltiir
Merkezi tasarim itibariyla kentin simgelerinden biri olmustur. Tasarimin ana ¢ikis noktas1, Azerbaycan ve Islam
kiiltiirtinden beslenmektedir. Bu noktada kiiltiir merkezinin o bolgenin kiiltiiriinden izler tasimasi kent ile kurdugu
bag1 gozler Oniine sermektedir ve ¢okea degerlidir. Yine Paris’ten Centre Pompidou 6rnek verilebilir. 1977 yilinda
insa edilen yap1 kiiltiir merkezi tasarimina farkli bir soluk getirmistir. Ayni1 zamanda tasarim motivasyonunun ‘her
sey icin bir makine’ olusu mimari agidan oldugu kadar zihniyet olarak da farkli bir eser oldugu gostermektedir
(Bayram, 2016). Kiiltiir merkezleri mimari tasarimin sagladigi simgeleme durumunun yani sira ayni zamanda
yapilan etkinlikler sayesinde kiiltiirel cazibe merkezine doniismektedir. Bu sebeple kiiltiir merkezleri birgok
noktada kent yasamina ve dokusuna katki saglayan, kentle birlikte diigiiniilmesi gereken merkezler olarak
goriilmelidir.

4. Materyal ve Yontem

Anket caligmasinin konusu; kiiltiir merkezlerinin gorsel algisinin incelenmesidir. Amag ise kiiltiir merkezlerinin
gorsel algist iizerinden bu yapilarin kentle kurdugu bagi simgeleme ve aidiyet baglaminda irdelemek, yeni
yapilacak tasarimlarda kullanicilar tarafindan benimsenen ve kenti simgeleyecek unsurlarin belirlenmesine katkida
bulunmak ve yol gosterici olmaktir.

Anket c¢aligmasi iki boliimden olusmaktadir. Birinci boliimde katilimcilarin yasi, cinsiyeti, egitim durumu ve
meslegi gibi demografik bilgileri igeren sorular sorulmustur. Bu baglamda 100 kisinin katildigi ankette
katilmeilarin %51°1 18-24, %14°125-34, %17°si 35-44 ve %18’ 45 ve iistii yas araligindadir. %64 {inii kadinlarin,
%36’s1n1 erkeklerin olusturdugu katilimct profilinin %66°s1 {iniversite mezunu, %19°u yiiksek lisans/doktora,
%15°1 lise mezunudur. Katilimcilarin %30 unu mimarlar olustururken, %70’ini diger meslek gruplarina mensup
bireyler olusturmaktadir. Calisma kapsaminda analizi yapilacak olan kiiltiir merkezleri belirlenirken, diinyanin
cesitli tilkelerinden seg¢ilmis ikonik yapilar olmasina, ¢esitli mimari iisluplara ve tasarimlara sahip olmasina dikkat
edilmistir. Belirlenen merkezlere ise tablo 2’de yer verilmistir.
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(URL-4, 2023)

Cidade das Artes
Brezilya/Rio de Jenerio

Kunsthaus Graz
Avusturya/Graz

Casa de Musica

Centre Pompidou

(URL-7, 2022)

Avustralya/Sidney

% Portekiz/Porto Fransa/Paris
-
(URL-5, 2023)
HaydarM‘(:I;IZSZi Kiiltr Atatiirk Kiiltiir Merkezi
Azerbaycan/Bakii Tiirkiye/Istanbul
(URL-6,2022)
Sidney Opera Binasi Berlin Flarmoni Binas1

Almanya/Berlin

(URL-8, 2022)

Pekin Ulusal Sahne
Sanatlar1 Merkezi
Cin/Pekin

(URL-13, 2022)

Valencia Opera Binas1
Ispanya/Valencia

Anket caligmasinin ikinci boliimiinde ise segilen 10 adet kiiltiir merkezinin her biri i¢in kenti simgeleme derecesi,
kent dokusu icinde konumuna uygunluk ve algilanabilirlik baglaminda sifat g¢iftleri iizerinden sorular
yoOneltilmistir. Belirlenen sifat ¢iftleri; duragan-dinamik, sakin-agresif, al¢ak-yiiksek, hafif-agir, yumusak-sert,
sade-karmasik, soguk-sicak, geleneksel-yenilik¢i seklindedir. Tkinci boliimdeki tiim sorular 1 ile 5 arasinda bir
degerlendirmenin yapildigi ¢oktan se¢meli olacak sekilde hazirlanmistir. Anket sorulari olusturulurken kolay
anlagilabilir ve yonlendirmeden uzak ifadeler kullanilmigtir. Anket sonuglart MC excell programinda diizenlenip,
siiflandirilmistir. Daha sonra eldeki veriler ile grafikler olusturulmugtur. Olusturulan grafikler iizerinden sonuglar

yorumlanmustir.

4.1. Anket Bulgulan

Bu boliimde se¢ilmis 10 adet kiiltiir merkezinin, gorsel algt faktorleri lizerinden gerceklestirilen anket ¢aligmasi
sonucunda elde edilen bulgular aktarilmistir. Daha aciklayici ve anlasilir olabilmesi adina ise sonuglar grafikler

ile birlikte verilmistir.
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Cidade das Artes: Sifat giftleri {izerinden yapilan degerlendirmede genellikle ortalama degerlerin ¢iktigt
goriiliirken, geleneksel-yenilikgi karsilastirmasinda %41 oranla yenilik¢iligin ve %37 ile dinamizmin agir bastigi
goriilmektedir. Katilimcilarin yapida ilk dikkatini ¢eken ise %75 gibi biiyiik bir oranla bi¢im faktorii olmustur.
Anket sonucunda kent i¢indeki konumuna uygun 6lgekte bulunan yapinin algilanabilirligi ve kenti simgeleme
durumunun katilime1 nazarinda ortalama diizeyde kaldig: goriilmektedir.

Yapiyi sifat giftleri Uzerinden degerlendiriniz

Bl 3 HEE4
30
20
10
0

Duragan(1)-Dinamik(5) Sakin(1)-Agresif(5) Algak(1)-Yiksek(5) Hafif(1)-Agir(5) Yumusgak(1)-Sert(5) Sade(1)-Karmagik(5) Soguk(1)-Sicak(5) Geleneksel(1)-Yenilikgi(5)

Sekil 1. Cidade das Artes Kiiltiir Merkezi’nin sifat ¢ifti degerlendirme grafigi

Casa de Musica: Sifat ¢iftleri iizerinden yapilan degerlendirmede yap1 sade ve soguk bulunmustur. Hareketlilik
baglaminda duragana yakin orta ve yiikseklik baglaminda da orta diizeyde bulunmustur. Yenilik¢ilige yakin
bulunan yapinin sakin oldugu yoniinde cevap verenlerin sayisi gogunlugu olustursa da diger se¢enekler ile dengeli
bir dagilim oldugundan yapinin agresif oldugunu diisiinen katilime1 sayis1 azimsanmayacak kadar g¢oktur. %68
oranla yapida ilk dikkat ¢ceken unsur big¢im olurken, bunu %17 ile renk takip etmektedir. Yap1 kent igindeki
konumuna uygun ve algilanabilir bulunmasina karsin kenti simgeleme noktasinda oldukga basarisiz bulunmustur.

Yapiy sifat giftleri izerinden degerlendiriniz

40 HE EEN 2 3 EEs EES
30
20
10
[
Duragan(1)-Dinamik(5) Sakin(1)-Agresif(5) Algak(1)-Y Oksek(5) Hafif(1)-AgIr(S Yumusgak(1)-Ser(5) Sade(1)-Karmasik(5) Soguk(1)-Sicak(5) Geleneksel(1)-Yenlikgi(5)

Sekil 2. Casa de Musica Kiiltiir Merkezi’nin sifat ¢ifti degerlendirme grafigi

Haydar Aliyev Kiiltiir Merkezi: Sifat ciftleri lizerinden yapilan degerlendirmede son derece yenilik¢i ve dinamik
bulunan yapi, daha ¢ok yumusak hatlara sahip ve sade bulunmustur. Algak-yiiksek, hafif-agir, soguk-sicak
kiyasinda ise ¢ogunlukla ortalama cevaplar verilmistir. Sakin-agresif degerlendirmesinde yapinin sakin oldugunu
diistinen kadar agresif oldugunu diisiinen katilimcilar vardir. Bu agidan net bir cevap elde edilememistir. Bu yapida
da ilk dikkat ¢eken %83 ile bicim faktorii olmustur. Ardindan %10 ile doku faktorii gelmektedir. Yapinin kenti
simgeleme durumu, 6lgege uygunluk ve algilanma sorularinda oldukga yiiksek yiizdeli olumlu sonuglar alinmustir.

Yapiy: sifat giftleri tizerinden degerlendiriniz

LRI 3 N4 WS

0l e do ab J

Duragan(1)-Dinamik(5) Sakin(1)-Agresif(5) Algak(1)-Yiksek(5) Hatif{1)-Agir(5) Yumusak(1)-Sert(5) Sade(1)-Karmasik(5) Soguk(1)-Sicak(5) Geleneksel(1)-Yenilikgi(5)

Sekil 3. Haydar Aliyev Kiiltir Merkezi’nin sifat ¢ifti degerlendirme grafigi

Sidney Opera Binasi: Sifat ¢iftleri iizerinden yapilan degerlendirmede yapi fazlaca dinamik ve yenilik¢i
bulunmustur. Genel olarak ise agresif, yiiksek ve agir oldugu goriisii baskin gelmistir. Sade-karmasik, soguk-sicak
kiyasinda ortalama cevaplar verilmis, baskin bir se¢enck 6ne ¢ikmamustir. Sifat giftleri degerlendirmesinde son
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olarak katilimcilarin ¢ogunlugu yapinin sert hatlara hakim oldugunu diisiinse de ortalama cevap verenlerin sayist
da oldukga yiiksektir. lk dikkat ceken unsur %81 ile bicim olurken bunu %11 ile malzeme takip etmektedir.
Simgesellik, algilanabilirlik ve 6l¢ek uygunlugu oranlari ise dikkat gekici bigimde yiiksektir. Hatta simdiye kadar
incelenenler arasinda bu ii¢ kriter agisindan en 6ne ¢ikan yap1 6rnegidir.

Yapiyi sifat giftleri Uzerinden degerlendiriniz

ddddanal

Duragan(1)-Dinamik(5) Sakin(1)-Agresif(5) Algak(1)-Yiksek(5) Hafif(1)-Agir(5) Yumusgak(1)-Sert(5) Sade(1)-Karmagik(5) Soguk(1)-Sicak(5) Geleneksel(1)-Yenilikgi(5)

Sekil 4. Sidney Opera Binasi’nin sifat ¢ifti degerlendirme grafigi

Pekin Ulusal Sahne Sanatlari Merkezi: Sifat ciftleri tizerinden yapilan degerlendirmede duragan-dinamik
karsilastirmasinda verilen yanitlar birbirine ¢ok yakin oldugundan net bir ¢ikarimda bulunulamamigtir. Yapinin
sakin duragan oldugunu diisiinenler kadar dinamik oldugunu diisiinen katilimct sayisi bir hayli fazladir. Bununla
birlikte algak-yiiksek, hafif-agir, soguk-sicak kiyasinda ortalama cevaplar verilmistir. Yenilik¢ilige yakin oldugu
diistiniilen yapida yumusakligin, sadeligin ve sakinligin 6ne ciktigi goriilmektedir. Ulusal Sahne Sanatlari
Merkezi’'nde dikkat ¢ekici ilk unsurun %56 oranla bigim oldugu, bunu %26 ile malzemenin takip ettigi sonucuna
ulasilmistir. Algilanabilirlik noktasinda katilimcilardan tam not alan yapi, kent igindeki konumuna uygun dlgekte
olmasi ve kenti simgelemesi anlaminda ortalama diizeyde kalmustir.

Yapiy sifat giftleri izerinden degerlendiriniz

N .2 3 EE: EEsS
Duragan(1)-Dinamik(5) Sakin(1)-Agresif(5) Algak(1)-Ylksek(5) Hafif(1)-Agir(5) Yumugak(1)-Ser(5) Sade(1)-Karmagik(5) Soguk(1)-Sicak(5) Geleneksel(1)-Yenilikgi(5)

Sekil 5. Pekin Ulusal Sahne Sanatlari Merkezi’nin sifat ¢ifti degerlendirme grafigi

Kunsthaus Graz: Yapi dinamik, agresif, yiiksek, agir, sert, yenilik¢i, karmasik ve soguk bulunmustur. Bu noktada
simdiye kadar yapilan degerlendirmelerden farkli olarak en net cevaplarin verildigi ve biiyiik cogunlugun ayn
paydada bulustugu tek yapidir. Bu yapida ilk dikkat ¢ceken gorsel alg1 dgesi ise %77 ile bigimdir. Ardindan % 8
ile malzeme ve renk gelmektedir. Algilanabilirlik ve kent igindeki konumuna uygun 6l¢ekte olmasi bakimindan
ortanin iistiinde seklinde degerlendirilen yap1 simgesellik anlaminda biiyiik oranda basarisiz bulunmustur.

Yapiyi sifat giftleri Uzerinden degerlendiriniz

FEFYFEIY|

Duragan(1)-Dinamik(5) Sakin(1)-Agresif(5) Algak(1)-Yiksek(5) Hafif(1)-Agir(5) Yumusgak(1)-Sert(5) Sade(1)-Karmagik(5) Soguk(1)-Sicak(5) Geleneksel(1)-Yenilikgi(5)

Sekil 6. Kunsthaus Graz Kiiltiir Merkezi’nin sifat ¢ifti degerlendirme grafigi

Pompidou Kiiltiir Merkezi: Sifat ¢iftleri tizerinden yapilan degerlendirmede yapi1 dinamik, yiiksek ve agresif
olarak algilanmistir. Yap1 hafif- agir kiyasinda cogunluk tarafindan ortalama diizeyde bulunmus fakat agir ve ¢ok
agir segeneklerini yapanlarin sayisi da kiiciimsenmeyecek kadar fazladir. Yiiksek oranda karmasik bulunan yapida
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serte yakin bir algi olustugu goriilmektedir. Soguk-sicak, geleneksel-yenilik¢i karsilagtirmasinda ise ortalama
olarak degerlendirilmistir. Burada digerlerinden farkl olarak ilk dikkat ¢eken unsur %45 ile renktir. ikinci sirada
ise %26’sar oranla bigim ve malzeme gelmektedir. Olgek uygunlugu ortalama bulunan yapinin, algilanabilirligi
ve simgeselligi ortanin {istiinde seyretmektedir.

Yapiyi sifat giftleri Uzerinden degerlendiriniz

N EEZ 3 EEm4 EES

0

Duragan(1)-Dinamik(5) Sakin(1)-Agresif(5) Algak(1)-YOksek(5) Hafif(1)-Agir(5) Yumusak(1)-Sert(5) Sade(1)-Karmasik(s) Soguk(1)-Sicak(5) Geleneksel(1)-Yenilikgi(5)

Sekil 7. Pompidou Kiiltiir Merkezi’nin sifat ¢ifti degerlendirme grafigi

Atatiirk Kiiltiir Merkezi: Sifat giftleri iizerinden yapilan degerlendirmede algak-yiiksek, yumusak-sert, hafif-agir,
geleneksel-yenilik¢i kiyaslarinda baskin bir 6zellik ortaya ¢ikmamaktadir. Olduk¢a sade bulunan yapi aym
zamanda duragan ve sakin seklinde degerlendirilmistir. %45 ile bi¢cim faktorii yine ilk dikkati ¢eken unsur olurken,
%24 ile bunu malzeme takip etmektedir. Kent igindeki konumuna uygun 6lgekte olma ve algilanma agisinda orta
iistli iken simgesellik olarak ise ortalama diizeyde kalmustir.

Yapiy sifat giftleri izerinden degerlendiriniz

N EE: 3 Em4 EES5
40
1]
Duragan(1)-Dinamik(5) Sakin(1)-Agresif(5) Algak(1)-Y Oksek(5) Hafif(1)-Agir(5) Yumusgak(1)-Sert(5) Sade(1)-Karmagik(5) Soguk(1)-Sicaki5) Geleneksel(1)-Yenilikgi(5)

Sekil 8. Atatiirk Kiiltiir Merkezi’nin sifat ¢ifti degerlendirme grafigi

Berlin Flarmoni Binast: Y ap1 dinamik, agresif, sicak, karmasik ve yenilik¢i olarak yorumlanmistir. Algak-yiiksek,
hafif-agir, yumusak-sert kiyasinda ise 6ne ¢ikan baskin bir sifat bulunamamustir. Bu yapida dikkat ¢eken ilk unsur
Pompidou Kiiltiir Merkezinde oldugu renk olmustur, ardindan ise bi¢cim gelmektedir. Simgeleme, algilanabilirlik
ve konumuna uygun Slgekte olma noktasinda ise orta iistli seviyede basarili bulunmustur.

Yapiy sifat giftleri izerinden degerlendiriniz

3 M4
30
20
10
o

Duragan(1)-Dinamik(5) Sakin(1)-Agresif(5) Algaki1)-Yksek(s) Hafif(1)-AgIr(5 Yumugak(1)-Ser(5) Sade(1)-Karmagik(5) Soguk(1)-Sicak(5) Geleneksel(1)-Yenilikgi(5)

Sekil 9. Berlin Flarmoni Binasi’nin sifat ¢ifti degerlendirme grafigi

Valencia Opera Binasi: Yiksek, dinamik ve yenilik¢i bulunan yapinin, diger sifat ¢ifti degerlendirmelerinde 6ne
¢ikan bir 6zelligi bulunmamaktadir. Yapiya bakildiginda ilk dikkat ¢eken unsur bi¢im olurken, ardindan malzeme
gelmektedir. Algilanabilirlik acgisinda olduk¢a basarili bulunan yapi kent i¢indeki konumuna uygun o6lgekte
bulunmustur. Fakat simgesellik i¢in ayni basart s6z konusu degildir. Katilimcilar tarafindan ortalama diizeyde
bulunmustur.
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Yapiy sifat giftleri Uzerinden degerlendiriniz

N .2 3 EE: EEsS

all

Duragan(1}-Dinamik(3) Sakin(1)-Agresif(5) Algak(1)-Yuksek(5) Hafif(1)-Agir(5) Yumugak(1)-Sert(5) Sade(1)-Karmagik(5) Soguk(1)-Sicak(5) Geleneksel(1)-Yenilikgi(5)

Sekil 10. Valencia Opera Binasi’nin sifat ¢ifti degerlendirme grafigi
5. Sonug ve Oneriler

Kiiltiir merkezleri gerek tasarimi gerek konumu ve gerekse kiiltiirel aktivitelerin odagi olmasi sayesinde kent i¢in
6nemli bir unsurdur. Bu yapilar ¢evresi igin bir referans noktasi olmakta ve simgesel bir deger tagimaktadir. Fakat
tim kiiltiir merkezleri i¢in ayni seyi sOylemek miimkiin degildir. Mimari tasarim asamasinda gorsel algiy1
etkileyen bi¢im, renk, malzeme/doku gibi unsurlara dikkat edilmelidir. Bu faktorlerin kullanicilar tizerinde
olusturdugu fiziksel ve duyusal algi boyutu géz 6niinde bulundurulmalidir. Kullanicilarda olusan algisal boyutu
aragtirmak iizere yapilan anket kapsaminda sonuclar degerlendirildiginde asagidaki ¢ikarimlar yapilmistir;

e Ankette degerlendirilen kiiltiir merkezlerinin 8’inde bicim faktorii 6ne ¢ikarken, Berlin Flarmoni Binasi
ve Pompidou Kiiltiir Merkezi’'nde ise renk faktorii one g¢ikmaktadir. Bu merkezlerde rengin one
¢itkmasinin sebebi diger merkezlere gore daha yalin bicimlerin hakim olmasidir. Fakat rengin 6ne ¢iktigi
merkezlerde ikinci sirada dikkati ceken unsur yine bi¢cim olmustur.

e  Yapilar icinde en algilanabilir olanlar sirastyla; Sidney Opera Binasi, Haydar Aliyev Kiiltiir Merkezi ve
Valencia Opera Binasidir. Bu merkezlerin ortak 6zellikleri bi¢im faktoriiniin oldukga yiiksek olmasidir.
Bu noktada gorsel algilama siirecinde bicimin 6nemli bir yer tuttugu gézlemlenebilmektedir. Sifat
ciftleri iizerinden yapilan degerlendirmede ii¢ merkez de katilimcilar agisindan yenilik¢i ve dinamik
olarak yorumlanmustir.

e Cahsma kapsaminda secilen yapilar genel anlamda orta ve yiiksek diizeyde algilanabilir
bulunmustur. Ancak nispeten daha az algilanan merkez ise Cidade das Artes olmustur. Zaten sifat ¢iftleri
iizerinden yapilan degerlendirmede ¢ogunlukla ortalama cevaplar verilmis, iyi ya da kotii anlamda 6ne
¢ikan bir 6zellik gbze ¢carpmamaktadir.

e  Merkezlerin kent i¢indeki konumuna uygun 6l¢ekte olmasi degerlendirildiginde orta ve yiiksek arasinda
cesitli cevaplar verilmistir. Sidney Opera Binasi en yiiksek orani alirken, Casa de Musica ve Atatiirk
Kiiltiir Merkezi digerlerine gére daha az uygun bulunmustur.

e  Kiiltiir merkezinin kenti simgeleme durumu sorgulandiginda ilk ti¢ sirada Sidney Opera Binasi, Haydar
Aliyev Kiiltiir Merkezi ve Berlin Flarmoni Binasi gelmektedir. Bu noktada Sidney Opera Binasi ve
Haydar Aliyev Kiiltiir Merkezinin algilanabilirlik anlaminda da ilk siralarda gelmesi kenti
simgeleme ve algilanabilirlik arasinda bir iliski oldugunu gostermektedir. Ayni zamanda bu ii¢ yap1
i¢in dinamik ve yenilik¢i olmalari ortak 6zellikleridir.

e Kenti simgeleme agisindan en basarisiz bulunan merkezler ise Casa de Musica, Kunsthaus Graz ve Pekin
Ulusal Sahne Sanatlar1 Merkezi olmustur. Bu merkezlerin ortak ozellikleri soguk olarak algilanmalaridir
ve tasarim agisindan pek begenilmemeleridir. Algilanma agisindan degerlendirildiginde ise diger
yapilarin ¢ok da gerisinde kalmamakta, hemen hemen birbirine yakindir.

Anket degerlendirmesi sonucunda kiiltiir merkezi tasariminda bigim faktoriiniin oldukc¢a 6nemli oldugu yenilik¢i
ve dinamik tasarimlarin kenti simgeleme agisindan 6ne ¢iktig1 goriilmektedir. Algilanabilirligin 6nemli fakat tek
belirleyici unsur olmadigi, kiiltiir merkezinin kullanic1 ve ¢evre sakinlerinin begenisini kazanacak, sicak bir algi
uyandiracak sekilde tasarlanmasi gerektigine ulasilmigtir. Kiiltiir merkezlerinin hem egitim, kiiltiir, sanat gibi
alanlarda tistlendigi islevsel 6zellikler hem de mimari anlamda yaptig1 katki ile kentin vazgegilmez unsurlarindan
biri oldugu goriilmekle birlikte bu ¢aligmanin yeni planlanacak kiiltiir merkezlerinde kent i¢in simgesel ve algisal
degerin yiiksek oldugu tasarimlarin ortaya ¢ikmasina katkida bulunulacag diistiniilmektedir.
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