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BOLGESEL FARKLILIKLARA GORE YORE HALKININ
ORMAN SUCLARINA YAKLASIMI
(DEVREK, MARMARIS, KANLICA ORMAN ISLETME
MUDURLUKLERI)

Ufuk Bostanci!, Gokge Gengay'”
! Bartin Universitesi, Orman Fakiiltesi, Orman Miihendisligi Anabilim Dal1,74100, BARTIN

0z

Bu arastirmanin amaci orman suglarinin yasal dayanaklarinin ortaya koyulmasi, farkli 6zelliklere sahip bolgelerde
yillara gére orman sug ¢esitlerindeki farkliliklarin veya benzerliklerin tespit edilmesi ve bu suglarin 6nlenebilmesi
icin bolgesel odakli tedbir 6nerilerinde bulunulmasidir. Ormanlart korumak amaci ile ¢ok iyi hazirlanmis yasal
diizenlemeler bile o kurallar1 uygulayacak kisilerin mevzuati iyi bilmesi ve etkilerinden ¢ekinmesine baglidir. Bu
nedenle bazen kurallar kusursuz olsa da sonu¢ toplumun bilincine ve ihtiyaglarina gore sekillenmektedir.
Calismada oncelikle orman mevzuatinda yazili olan hangi hareketlerin orman sugu olarak kabul edildigi, bu
hareketlerin 6zel goriiniis sekilleri ile ortaya koyulmustur.

Bu amagla Tiirkiye cografyasmin farkli bélgelerinden ii¢ orman bdlge miidiirliigiinde (Devrek Orman Isletme
Miidiirliigii, Kanlica (Istanbul) Orman Isletme Miidiirliigii, Marmaris Orman Isletme Miidiirliigii) son 10 y1l icinde
tespit edilen orman suglarinin gesit ve sayilari veri olarak kullanilmistir. Arastirmanin hipotezi secilen bolgelerdeki
ormanlarin ve ¢evresinin ¢esitli 6zelliklerine gore (agag tiirli, orman varligi, orman koy sayisi, niifus, kiiltiirel ve
sosyo ekonomik durumlar, iklim vb.) orman sug g¢esitlerinin miktarlarinin degistigi {izerine kurulmustur. Ardindan
sug cesitleri ve oranlar1 dikkate alinarak 6zgiin bir anket formu olusturulmus hem yetkili kisiler ile hem de yore
halki ile goriismeler saglanmustir. Anket galigmasi ile farkli bolgelerde farkli sug gesitlerine egilimin olup olmadig,
eger bolgesel farkliliklar ile sug cesitleri arasinda bir iligki var ise bu sug¢larin 6nlenmesinde yine bdolgesel
Ozelliklerden faydalanarak ¢esitli onlemler gelistirilmesi hedeflenmistir. Anket sonuglari ve sug¢ oranlari
degerlendirildiginde ise bolgesel farkliliklarin orman sug ¢esitleri ve miktarlarina etkisinin oldugu tespit edilmistir.

Anahtar Kelimeler: Orman suglari, orman mevzuati, ceza etkinligi, bolgesel farkliliklar

LOCAL PEOPLE’S APPROACH TO FOREST CRIME ACCORDING
TO REGIONAL DIFFERENCES (DEVREK, MARMARIS, KANLICA
FOREST MANAGEMENT DIRECTORATEYS)

Extended Abstract

The aim of this research is to reveal the legal basis of forest crimes, to determine the differences or similarities of
forest crimes in regions with different characteristics over the years, and finally to suggest measures according to
regional characteristics in order to take the necessary measures to prevent these crimes. Even well-prepared legal
regulations to protect forests depend on the people who will apply those rules to know the legislation well and to
be afraid of its effects. For this reason, sometimes the rules are perfect, but the result is affected according to the
consciousness and needs of the society. In the study, first of all, which actions written in the forest legislation are
accepted as forest crimes are revealed with the special appearances of these actions. Then, the types and numbers
of forest crimes detected in the last 10 years in three forest regional directorates (Devrek Forestry Management
Directorate, Istanbul Forestry Operations Directorate, Marmaris Forestry Operations Directorate) from different
regions of Turkey were used as data. The hypothesis of the research is based on the fact that the amount of forest
crime types varies according to the various characteristics of the forests and their environment in the selected
regions (tree type, forest presence, number of forest villages, population, cultural and socio-economic conditions,
climate, etc.). Then, a unique questionnaire was created by taking into account the crime types and rates, and
interviews were made with both the authorized persons and the local people. With the survey study, it was aimed
to develop various measures by taking advantage of regional characteristics to prevent these crimes, if there is a
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tendency to different types of crime in different regions, and if there is a relationship between regional differences
and crime types. When the survey results and crime rates are evaluated, it has been determined that regional
differences have an effect on forest crime types and amounts.

Key Words: Forest crimes, forest legislation, penal efficiency, regional differences
1. Girig

Toplum icerisinde yasayan insanlarin esit sartlarda, adaletli, diizenli ve huzurlu bir sekilde hayat yasamalarini
saglamak i¢in bazi kurallara ve bu kurallara uyulmamasi durumunda maddi yaptirimlara ihtiyag duyulmustur.
Toplum diizenini saglamak amaciyla belirlenen bu kurallar kendi igerisinde cesitli dallara ayrilmistir. Hukuk
kurallart icerisinde diizenli ve huzurlu yasami saglamak adina koyulan kurallara uyulmamasi sonucu yaptirimlar
uygulayan dala ceza hukuku denir (Mercimek, 2019).

Cezalar, tarih boyunca sugla miicadelede en etkili ve en ¢ok kullanilan yontem olmustur (Kizmaz, 2005). Sug i¢in
belirlenen maliyetin fazla olmasi sugun iglenme durumunu azaltacaktir (Liska, 1987; Kizmaz, 2005). Sug isleyen
birine verilen ceza, onun tekrar ceza isleme olasiligini azalttig1 gibi toplumda da sug isleme potansiyeli olan
sahislar1 yasaklanan davramslardan kaginmasina sebep olmaktadir. Ilk durumda cezamin caydiric1 etkisi
goriiliirken, ikinci durumda toplum diizeyinde de yasaklanan eylemi énleme islevi goriilmektedir (icli ve Ogiin’e
atfen Kizmaz, 2005). Bu durumun orman suglart i¢in de gecerli oldugu s6ylenebilir.

Tiirkiye’de orman sayilan yerler igerisinde iglenen suglar, orman suglarini olusturmakta olup orman suglarini ve
cezalarini igeren hukuk kurallari, ceza hukukunun &zel hukuk alani igerisinde kalmaktadir. Ozellikle orman igi
veya bitisik yerlesim yerlerinde yasayan insanlarin orman biitiinliigiinii bozmamasi, ormani tahrip etmemesi ve
su¢ olarak sayilacak davraniglardan kaginarak ormana zarar vermemesi i¢in caydirict hukuk kurallart
gerekmektedir. Sug¢ sayilan eylemlerde bulunulmasi halinde karsilasilacak yaptirimlarin agikga belirtilmesi
toplum {izerinde caydirici etki olusturmakta ve hukukun etkili bir sekilde kullanilmasini saglamaktadir.

Ormancilik tarihine bakildiginda, ge¢miste insanlar ormandan serbest¢e yararlanmis (Talu, 1944), ormanlara
verilen tahribatin sonuglar1 tam olarak kestirilememis, barinmak, beslenmek ve avcilik amact ormanlar tizerindeki
baskiy1 artirmustir. Ormanlar lizerindeki baski ormanlara ciddi oranda zarar vermis ve ormanlardan faydalanmak
belirli kurallara baglanmistir. 1870 Orman Nizamnamesi ile ormanlara zarar veren fiil ve davranislar orman sugu
sayilmis ve yaptirima baglanmistir (Birben vd., 2019).

Ormanlardan faydalanmay1 ormancilik teknigi ve hukuk diizeni ¢ergevesinde belirlemek, ormana zarar veren
davraniglari yasaklamak, yasaga aykiri davraniglar1 cezalandirmak orman biitiinliigiinii korumak i¢in olusturulan
yontemlerdendir (Elvan, 2005).

Hukuk kurallar1 ceza vermek amaci ile degil yasak davraniglarin 6niine gegmek amaci ile belirlenmis kurallardir.
Ormanin varhigmi ve sirdiriilebilirligini tehdit altina alacak her tiirlii davranigin yasalar gergevesinde
yasaklanmasi ve yaptiriminin olmasinin 6ncelikli amact sugun islenmemesi tizerinedir. Davranislari diizenlemek
icin koyulan kurallarin ilk amact zarar verici davraniglarin 6nlenmesidir. Tahribata sebep olan davraniglarin
engellenmesi ormanin biitiinliigiinii ve siirdiiriilebilirliginin devami agisindan olduk¢a 6nemlidir. Yasaklanan
davranislarda bulunanlarin eylemleri sonucunda ne gibi yaptirimlarla karsilasacaginin bilincinde olmasi, sugun
islenmesini engellemekte ve caydirici olmaktadir.

Tiirkiye’de aga¢ kesme sucu ve kagakgilik suglari hakkinda yapilan bir arastirma anketinde, yerel halk cezasi
olmasina ragmen sugu islemekten vazgegmeyecegini belirtmistir (Yiksel vd., 2009). Bunun sebeplerinden biri de
toplumun bagka ge¢im kaynaginin olmamasi bu suclar islemekten vazgecememelerine neden olmaktadir.
Toplumu bu diisiinceden uzaklastirmak i¢in bireylere ormandan kazang saglamak adina is verilmesi, verimsiz
orman topraklarim1 “6zel agaglandirma” yontemiyle halka kiralanmasi ve elde edilen kazancla ekonomik
sikintilarinin giderilmesi saglanmaktadir. Bu sahalarda gelir getirici tiirlerin yetistirilmesiyle toplumun ormana
olan ihtiyacinin ve ormana verdigi zararin azaldig goriilmektedir.

Ormanlardan faydalanmanin bir¢ok sekli oldugu i¢in farkli bolgelerde farkli ihtiyaglar i¢in kullanilabilecegi goz
oniinde bulundurulmalidir. Ornegin havanin daha soguk oldugu bir bélgede 1sinma ihtiyacini karsilarken, tatil
bdlgelerinde halkin stresini atacagi, dinlenecegi bir alan olarak degerlendirilmektedir. Bu farklilik bolgelerde
orman sug ¢esitlerinin ve oranlarinin degisiklik gostermesine sebep olabilmektedir. Aragtirmanin ana konusu;




BOSTANCI & GENCAY Bartin University International Journal of Natural and Applied Sciences
JONAS, 2023, 6(2): 109-123

farkli bolgelerde orman suglarinin gosterdigi farkliliklart ve halkin ormana bakis acisii ele almaktir. Bu
nedenlerle ¢aliymanin devaminda 6ncelikle ormanlarin nemi ve orman suglar1 hakkinda genel bilgiler verilmistir.

1.1. Ormanlarin Onemi

Ormanlar canli tiirlerinin en az ligte ikisine yasam alani saglar ve diinyadaki biyolojik ¢esitliligin %80'ini olugturur
(Contreras-Hermosilla, 2001). Ormanlar sadece insanoglunun yararlanip kullandigi degil tiim canlilarin da
siginagl durumundadir. Ormanlara yapilan en kiigiik miidahale tim canlilari etkileyebilmektedir.

20. yiizyilda ve i¢inde bulunulan yiizyilda hizla artan niifus i¢in ortaya ¢ikan gereksinimlerin biiyiik boliimii dogal
kaynaklardan karsilanmaktadir. Dogal kaynak olarak en 6nemlilerden olan ve iilke ekonomisi icin giin gectikce
degeri artan ormanlarin devamliliginin saglanmasi, gelistirilmesi ve bunun yaninda tahribatina sebep olacak
davraniglarin engellenmesi i¢in korunmast bir zaruret haline gelmistir. Cilinkii gelismekte olan bir ormandan elde
edilmek istenen yarar ancak korunarak ve devamliliginin saglanmasiyla elde edilebilecegi bilinmektedir (Bilgili,
2014). Ayrica ormanlar milli savunma konusunda da etkin rol oynamaktadir. Birgok askeri harekette de
ormanlarin fonksiyonu ¢ok ciddi 6nem tasimaktadir (Saat¢ioglu, 1974).

Ormanlarin, iilke ve milletlerin huzur ve gelecegi i¢in dolayli ve faydali etkileri vardir. Orman tahribati ve
ormanin dolayli faydalarinin bozulmasi topragin fakirlesmesi, kuraklik, su taskinlari, kuraklagsma gibi ekonomik
ve kiiltiirel ¢okiintiillere sebep olmaktadir. Ormanlarin korunmas: ve gelistirilmesi, atmosferdeki sera gazi
birikimini azaltmakta ve bu etki de iklim krizinin 6nlenmesine olanak saglamaktadir (Geray & Okan, 2008).
Ormanlari toplum i¢in vazgecilmez yapan 6zellik, uygun bir sekilde yonetildigi ve isletildigi durumda ormanlar
devamli olarak insanliga fayda sunacak olmasidir (Heske, 1957).

Ormanlar iklim degisikliginin sebep oldugu kiiresel 1sinmanin olumsuz etkilerini de azaltmaktadir. Ormanlar
atmosferin agir1 1sinmasina engel olur, yagis olusumunda 6nemli rolii bulunur, karbondioksiti emer ve oksijen
saglar, toprak ve i¢indeki canlilar1 agir1 sicak ve asir1 soguktan olusacak olumsuzluklardan korur (Kiris & Toprak,
2007).

1.2. Orman Sugunun Tanimi ve Cesitleri

Ormanlar, yasamin baglangicindan giiniimiize kadar insanlarin yasamlarini siirdiirebilmeleri, ihtiyaglarini
kargilayabilmeleri i¢in siirdiiriilebilirligi olan en degerli kaynaklardan biri olarak goriilmiistiir. Ormanlari
gelistirmenin yollarindan biri de ormanlara zarar veren eylemleri engellemek icin yasaklamaktir. Orman zararini
en aza indirmek icin cezalar diinya genelinde de kullanilmaktadir. Insanoglunun bu yenilenebilir enerjiyi uzun
stire kullanabilmesi i¢in kurallar koymasiyla orman kavrami daha farkli olarak ele alinmaya baslamstir (Velioglu,
2008).

Ormanlari korumak i¢in diisiiniilen ilk ¢6zlim zarar1 engellemek igin ¢ikarilan kurallar olmustur. Yasal ve idari
diizenlemeler ormanlar1 kurallara gore isletmek ve onlart korumak igin ¢ikarilmistir. Ormana zarar veren
eylemleri sug olarak kabul edip su¢un karsiligi olarak ceza verilmesi kararlagtirilmigtir. Ormanlara dogrudan veya
dolayli olarak zarar veren, gelecegini tehlike altina alan eylemleri engelleyen, ormanlarin gelismesini ve
korunmasini saglayan bu yasaklara ‘orman suglar1’ denilmektedir (Giines, 2004). Orman suglarinin engellenmesi
agaclarin, orman Ortiistiniin ve biyolojik ¢esitliligin korunmasini saglamaktadir (Bayindir, 2016). Orman suglar1
sadece maddi olarak zarar degil tehlike olusturan davramslar da kapsamaktadir. Ornegin ormanda ates yakilmasi
orman yanginina sebebiyet vermese bile sug olarak tanimlanmistir (Ayanoglu & Giines, 2003).

6831 sayil1 Orman Kanunu’na Aykir1 Fiiller;
1.Dikiliden Aga¢ Kesilmesi (Kesme) Sugu
2. Isgal ve Faydalanma Sugu

. Kullanma (Sarf) Sugu

. Nakil (Tagima) Sugu

. Orman Yangini Suglar1

. Fidan Ekim Sahasin1 Bozma Sugu

. A¢ma Suglart

. Otlatma Kabahati

. Kémiir Yapma Fiili

3
4
5
6
7
8
9
10. Zati ve Miisterek Ihtiyaglar ile Tlgili Suglar




BOSTANCI & GENCAY Bartin University International Journal of Natural and Applied Sciences
JONAS, 2023, 6(2): 109-123

11. Avlanma Su¢ ve Kabahatleri
12. izinsiz Tesis Kurma Suglar
13. izinsiz Maden Ocag1 A¢gma Suglar1 (OGM, 2011).

2. Materyal ve Yontem

Ormanlarin gelecegini dogrudan veya dolayli olarak tehdit eden, gelisme ve korunmasini katki saglayan yasaklara
orman suglar1 denilmektedir. Orman suglar1 6831 sayili Orman Kanunu’nda maddeler halinde belirtilmistir.
Orman Genel Miidiirliigli, orman suglarinin daha anlagilir olmasi i¢in tebligler yayimlayarak bu suglari ayrintilt
bir sekilde aciklamaktadir. 6831 sayili Orman Kanunu’nda ilgili maddelerce belirtilen su¢ olusturan davraniglarla
kargilasildiginda izlenecek adimlari anlatan “Ormanlarin Kanun Dis1 Miidahalelerden Korunma Esaslar1” adli1 293
nolu teblig 2011 yilinda yiiriirliige girmistir.

Bu ¢alismada Devrek, Kanlica, Marmaris Orman Isletme Miidiirliikleri (OIM) smirlar igerisinde son on yilda
islenen orman suglar1 hakkinda veriler elde edilmistir. Aragtirmaci ormancilik sektoriinde calistigi, bolgelerin
ozelliklerini bildigi ve gerekli bilgilere kolay ve giivenilir bir sekilde ulasabildigi i¢in bu bolgeler segilmistir.
Birbirinden farkli orman 6zelliklerine sahip olmalari, ¢evresinde yasayan halkin farkli kiiltiirel yapiya sahip
olmalar1 (Istanbul kalabalik niifuslu bélge, Devrek orman koyliisiiniin ¢ogunlukta oldugu bélge, Marmaris
yangina hassas yazlik bdlge) ve Karadeniz, Marmara ve Ege gibi {i¢ farkli bolgede islenen orman suglarindaki
farkliliklarin degerlendirilmesi amaciyla bu bolgelerde arastirma yapilmistir.

Orman Genel Miidirliigliniin resmi sitesinden alinan bilgilere gore Tiirkiye’nin verimli orman alan1 13.083.510
ha, toplam ormanlik alani 22.740.297 ha ve genel alan1 78.004.644 ha olarak bildirilmistir. Tirkiye nin
yiizdlgiimiiniin %29,2’si ormanlik alanla kaplidir (OGM, 2021). Bu ¢alismada 6rnek alan olarak secilen Devrek
OIM genel alam 81.058,80 ha iken toplam orman alam 53.788,20 ha’dir (URL-1, 2021). Devrek OIM’nin
%66,36’s1 orman alamdir. Kanlica OIM’nin genel alani 102.685,40 ha iken toplam orman alani1 39.903,20 ha’dir
(URL-2,2021). Kanlica OIM’nin %38,86’s1 orman alanidir. Marmaris OIM nin genel alan1 138.005,30 ha iken
toplam orman alani 116.481,40 ha’dir (URL-3, 2021). Marmaris OIM nin %84,40’1 orman alanidur.

Devrek, Kanlica ve Marmaris OIM igerisinde en biiyiik Marmaris iken en fazla orman varligi olan miidiirliik yine
Marmaris OIM’dir. Calismada &rnek alan olarak secilen ve bu isletme miidiirliiklerine bagli olan orman isletme
sefliklerinde tutulan son 10 yillik su¢ tutanaklari incelenmis, miidiirliik biinyesinde ¢alisan yetkili personellerle
goriisiilmils, arastirma yapilan bolgelerde anket calismasi yapilarak islenen suglarin bdlgelere gore gostermis
olduklar1 farklar ele alinmistir. OIM nin Tiirkiye iizerindeki cografi konumlar1 Sekil 1°de gosterilmistir.

R . 0 RPN
Sekil 1. Zonguldak, Kanlica ve Marmaris OIM nin cografi konumlari.

Calismaya baslamadan énce Devrek, Kanlica ve Marmaris Orman Isletme Miidiirliiklerinden son 10 yila ait sug
tutanaklar1 caligma hakkinda gerekli agiklamalar yapilarak talep edilmistir. Islenen suglarin sonucunda tutulan
su¢ tutanaklarinin sayis1 ve su¢ nevileri temin edilmis, bolgelere gore su¢ tutanak sayilart ve sugun tiirleri
bakimindan incelenmistir. Ortaya ¢ikan farkliliklar hakkinda bdlgenin orman koyliileri ve miidiirliik personelleri
ile bulunduklar1 miidiirliik biinyesinde suglarin ne sebeple islendiginin ortaya konulmasi amaciyla 6zgiin bir anket
hazirlanmis ve uygulanmigtir.
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Genel miidiirliiglin istatistiki verilerinin yani sira, toplumun orman suglar1 konusunda dogrudan goriislini
degerlendirme amaciyla sosyal bilgiler alaninda en ¢ok kullanilan yontem olan anket yontemi kullanilmistir. Daha
sonra bolgesel farkliliklar ve mevzuat dikkate alinarak bu caligma igin 6zgiin bir anket olusturulmus-tur.
Katilimeilarin sorulari objektif yanitlayabilmesi i¢in katilimcilardan isim veya imza istenmemistir.

Bolgesel farkliliklarin orman suglarina etkisinin degerlendirilmesi amactyla segilen bolgelerdeki orman koyliileri
ile rastgele yontemle yiiz yiize anket ¢alismasi gerceklestirilmistir. Anket iki boliim halinde hazirlanmistir. Anket
calismasinin ilk boliimiinde katilimeilarin cinsiyeti, yasi, egitim durumu, meslegi, bulundugu bolgede kag yildir
ikamet ettigi, hane halki sayis1 gibi genel bilgilerin oldugu sorularin cevaplanmasi istenmistir. Anket ¢aligmasinin
ikinci boliimiinde 16 adet soru hazirlanmis, katilimcilarin sorulara verecegi cevaplar goz 6niinde bulundurularak
farkli bolgelerde yasayan orman koyliilerinin ormanlarin insanlardan korunmasinin gerekip gerekmedigi,
yasadiklar1 bolgede ormana en ¢ok hangi sugun zarar verdigi, devletin ormani korumadaki yeterliligi, ormanlarda
karsilagilan ve insan giiciine ihtiya¢ duyulan durumlarda goniillii olarak yardim edilme durumu, ormanlari
korumada etkili olabilecek yontemleri, orman suglar1 hakkinda bilgi diizeyi, kanunda belirtilen orman suglarindan
hangisinin daha 6nemli goriildigii, orman suglarinin hangi gerekgelerle islendigi, ormanda sugla karsilagma
durumunda ihbar etme ihtimali, orman kdyliilerinin ormanlardan faydalanma durumu, ormanin topluma sagladigi
yararlar, ormanlarin miilkiyetinin sahislara geg¢irilmesi durumunda sug¢ islenme oraninin degisimi, orman
isletmesinin halki bilinglendirmek igin egitim verip vermedigi, orman isletme personeliyle iligkileri, ormanlarda
gecmisten giiniimiize kesim miktarindaki degisim gibi ¢esitli sorulara verecegi cevaplarla bolgelere gére orman
sug bilinci ve ormanlar hakkindaki genel diisiinceleri degerlendirilmistir. Elde edilen veriler sayisallastirilmus,
sonuglar bulgular kisminda degerlendirilmistir.

Anket calismalari haricinde segilen bolgelerdeki miidiirliik personeline orman suglarinin yiiksek olmasinin sebebi,
orman su¢larimi engellemek i¢in bolgesel 6zel calismalarin olup olmadigi, bélgede orman suglarinin engellenmesi
i¢in alinan 6nlemler, bolgedeki en yiiksek orman sugunun 6ne ¢ikmasinin sebebi, miidiirliik biinyesinde ¢alisan
orman muhafaza memuru sayisinin yeterliligi, kullanilan ORBIS sistemine su¢ tutanaklarmnin aktarilmasimin
nedeni gibi sorular sorulmus verilen cevaplar anket sonuglari ile karsilastirilarak bulgular kisminda
degerlendirilmistir.

Bu arastirmada, Devrek, Kanlica ve Marmaris bolgesinde islenen orman sug ¢esit ve sayilari ile orman koyliileri
ile yapilan anket caligmalarindan elde edilen veriler hem iilke genelindeki veriler ile hem de kendi aralarinda
karsilagtirtlirmis, elde edilen sonucun istatistiki veriler ile tutarli olup olmadiginin degerlendirilmesi yapilmistir.

3. Bulgular ve Tartisma
3.1. Orman Suglari ile ilgili Sayisal Veriler

Orman suglar diinyanin her bélgesinde ormanin varligini ve devamliligini etkileyen faktorlerin en 6nemlilerinden
olmaktadir. Toplumlarin bir arada ve diizenli yasamasina olanak saglayan hukuk kurallart orman suglarinin
engellenmesi i¢in de uygulanmistir. Ormanlarin siirdiiriilebilirligine etki edecek olumsuz davraniglar kanun olarak
yasaklanmis ve bu davranislarin engellenmesi igin cezalar konulmustur. Orman suglarinin kanunla yasaklanmis
olmas1 bu suglarin tamamen dnlenmesi anlamina gelmemektedir. Devrek OIM’de 2012-2021 yillarinda tutulan
orman sugu sayilart Tablo 1’de verilmistir.

Tablo 1. Devrek OIM’de son 10 yilda gerceklesen orman sugu sayilart

Su¢ Yili 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Agag¢ Kesme 14 23 20 3 8 11 16 6 32 25
Bulundurma 1 5 1 1 4 4 3 5 2 4
Nakil - 1 - - 2 2 - 2 1 5
Ag¢ma 1 2 13 - 2 2 3 1 3 5
Isgal ve Faydalanma 3 11 18 7 3 10 1 4 5 3
Sarf 1 1 - - - 1 - - - -
Orman Yangini 4 1 = 1 1 3 - 1 4 1
Hirsizlik - - - - - 1 -
Sahtecilik = = = = = = = = = 1

Devrek OIM’de son 10 yilda 319 adet orman sugu islenmistir. En yiiksek sug tiirii 158 adet ile ormandan agag¢
kesme sugudur. Orman sucunu 65 adet ile isgal ve faydalanma sucu izlemektedir. 2020 yil1 32 adet ile kesme
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sugunun en ¢ok islendigi y1l olmustur. 10 yillik periyotta ormandan aga¢ kesme ve iggal ve faydalanma sugundan
sonra midiirliik sinirlart igerisinde 32 adet agma, 30 adet bulundurma, 16 adet yangin, 13 adet nakil, 3 adet sarf,
1 adet hirsizlik, 1 adet resmi belgede sahtecilik sugundan sug tutanagi diizenlenmistir. 2014 yili toplam 52 adet
ile en ¢ok sucun islendigi y1l olmustur. Devrek OIM’de 10 y1llik siire icerisinde sug oranlar1 Sekil 2°de verilmistir.
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Sekil 2. Devrek OIM son 10 yillik sug oran degisimi.
Orman alam toplami 53.788,20 ha olan (URL-1, 2021) Devrek OIM’de sug¢ sayilarina bakildiginda kesme
sucunun diger suglardan daha fazla oldugu gériilmektedir. Sekil 2°de goriildiigii gibi Devrek OIM’de 2020 ve
2021 yillarinda kesme sugunun diger yillara gore artmistir.

Kanlica OIM’de 2012-2021 yillarinda tutulan sugu sayilar1 Tablo 2’de verilmistir.

Tablo 2. Kanlica OIM’de son 10 yilda gergeklesen orman sugu sayilari

Su¢ Yili 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Agac Kesme 62 S 24 21 16 28 26 37 20 27
Bulundurma 4 - 6 - - - 1 1 1 -
Nakil 24 - 5 4 5 5 14 6 4 9
Agma 19 - 13 25 23 59 59 73 63 45
Isgal ve Faydalanma 84 - 118 65 137 140 136 168 195 186
Sarf - - - - - - - 1 - -
Orman Yangini - - - - - 106 - - - -
Hirsizlik - - 3 - - - - - - -

*2013 y1l verileri bulunamamuistir. 2017 y1li hari¢ diger yillara ait yangin verilerine ulagilamamistir.

Kanlica OIM’de son 10 yilda 2.068 adet orman sucu islenmistir. En yiiksek suc tiirii 1.229 adet ile isgal ve
faydalanma sugudur. Isgal ve faydalanma sugunun en yiiksek oldugu y1l 195 adet ile 2020 yilidir. En ¢ok islenen
ikinci sug ise 379 adet ile agma sucgudur. 10 yillik siire igerisinde islenen diger suglarin ise 261 adet ormandan
agac kesme, 106 adet yangin, 76 adet nakil, 13 adet bulundurma, 3 adet hirsizlik, 1 adet sarf sucu oldugu tespit
edilmistir. Kanlica OIM’de sug sayisinin en yiiksek oldugu yil, 338 adet ile 2017 y1li olmustur. Kanlica OIM’de
10 yillik siire igerisinde sug oranlar1 Sekil 3’de verilmistir.
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Sekil 3. Kanlica OIM’de son 10 yillik sug oran degisimi.
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Toplam orman alani 39.903,20 ha olan (URL-2, 2021) Kanlica OIM’de islenen en yiiksek sug acik ara farkla isgal
ve faydalanma sugudur. Sug sayilar1 igerisinde isgal ve faydalanma sugunun yillar gegtikce artan bir grafige sahip
oldugu tespit edilmistir.

Marmaris OIM’de 2012-2021 yillarinda tutulan sucu sayilar1 Tablo 3’te verilmistir.

Tablo 3. Marmaris OIM’de son 10 yilda gerceklesen orman sucu sayilar

Su¢ Yilt 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Agac Kesme 8 - - 3 - 1 1 5 5 1
Bulundurma - - 1 - - - 1 - - -
Nakil - - - - 1 - - -
Ag¢ma 2 2 6 1 - 1 1 4 9
Isgal ve Faydalanma 3 3 7 1 - 3 2 3 21 11
Orman Yakma 19 20 21 16 14 14 23 24 25 22

Marmaris OIM’de son 10 yilda 305 adet orman sucu islenmistir. Bu suclardan en yiiksegi ise 198 adet ile yangin
sugudur. Yangin sugunun en yiiksek oldugu yil 25 adet ile 2020 yili olmustur. Yangin sugundan sonra ikinci
yiiksek sugun 54 adet ile isgal ve faydalanma sucu oldugu tespit edilmistir. Arastirma yapilan 10 yillik donemde
yangin ve isgal faydalanma sugundan sonra 26 adet agma, 24 adet kesme, 2 adet bulundurma, 1 adet nakil sugu
islenmistir. 55 suc tutanag1 diizenlenen 2020 yil1 en ¢ok sug islenen y1l olmustur. Marmaris OIM’de 10 yillik siire
igerisinde sug oranlar1 Sekil 4’te verilmistir.
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Sekil 4. Marmaris OIM’de son 10 y1llik sug oran degisimi.

Marmaris OIM’nin toplam orman alan1 116.481,40 ha’dir (URL-3, 2021). Son 10 yillik periyotta en ¢ok yangini
sucu islendigi tespit edilmistir. Sekil 4’te gosterildigi gibi Marmaris OIM’de sug tutanag: sayilariin en az oldugu
yillar 2016 ve 2017 yillaridir. Ozellikle 2018, 2019, 2020 ve 2021 yillarinda orman yangini sugu son 10 yillik
periyotta diger yillardan daha fazladir.

En gok ormanlik alana 116.481,40 ha ile Marmaris OIM’de sahip ancak en ¢ok sug tutanagi Kanlica OIM’de
tutulmustur. Bolgeler arasi sug tiirleri icerisinde ormandan agag¢ kesme, isgal ve faydalanma ve orman yangini
suglar1 6ne ¢ikmaktadir. Bulunulan alandaki yasayis tarzi, ihtiyaglar, iklim tiirii gibi degiskenler sebebi ile 6ne
¢ikan sug tiirlerinde gozle goriiliir degisiklikler goriilmektedir. Tiirkiye genelinde son 10 yildaki sug sayilarinda
oldugu gibi son yillarda Devrek OIM, Kanlica OIM ve Marmaris OIM’de de gdzle goriiliir bir artis bulunmaktadar.

Orman Genel Miudiirliigii is kapsami icerisine giren durumlarin daha ayrintili ve anlagilir olmasi igin tebligler
yayinlamaktadir. Kanunun ilgili maddelerince su¢ olan davranmislar karsisinda yapilacak islemleri anlatan
“Ormanlarin Kanun Dig1 Miidahalelerden Korunmasi Esaslar1” isimli 293 nolu teblig 2011 yilinda yayimlamustir.
Orman koruma ekiplerinin yapisi, sugiistii, arama, el koyma, idari para cezalari, sug tutanaklarinin uygulanma
asamalarini ayrintil bir sekilde agiklamaktadir. Ormanlarin yasadigi miidahalelerden korunmasi, kendi 6zel resmi
kiyafetleri olan ‘orman muhafaza memuru’ olarak gérev yapan ekipler tarafindan gergeklestirilmektedir. Korunan
alanin biiytikligii kurulan ekip sayisini degistirmektedir. 2.500 ha’dan daha biiyiik alanlarin korunmasi igin 2-7
kisilik ekip gorev yapmaktayken 500 ile 1.500 ha arasinda degisen alanlarda ise 1-2 kisilik ekip gdrev
yapmaktadir. Kurulan ekipler bulundugu sefliklerdeki bolmelerde 4 ay igerisinde en az 1 defa koruma
faaliyetlerini gerceklestirmekle gorevlidirler. Su¢ yogunluguna gore koruma faaliyetlerini daha sik
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yapmaktadirlar. Ekipler yasadisi faaliyetlerin sonucunda faili belli olmasa dahi su¢ tutanagi diizenleyerek
gorevlerini ifa etmektedirler.

3.2. Anket Sonuglan

Devrek, Kanlica ve Marmaris orman igletme miidiirliklerindeki kayitlara gore sug tiirii ve sayilari elde edildikten
sonra her miidiirliik i¢in anket ¢aligsmasi yapilmis, anket ¢aligmalariin sonuglart yontem boliimiinde belirtilen
analizlere gore degerlendirilmistir. Ankete toplam 339 kisi katilim gostermistir. Iki boliimden olusan anketin ilk
boliimiinde; bulundugu yerde ka¢ yildir yasadigi, egitim durumu, cinsiyeti, yas grubu, gelir kaynagi, hanede
yasayan insan sayisi gibi kisisel sorular sorulmustur. Ankete katilim gosterenlerin %62,2’si erkek, %37,8’i
kadindir. Katilimeilarin egitim durumunda %33,3 oraninda ilkdgretim 6ne ¢ikmis, ikinci en yiliksek oran
ortadgretim olmustur. Yag grubu olarak 65 yas iistii, bulunduklar1 bolgede 20 yil lizeri ikamet cevaplari en yiiksek
oranlara sahip olmustur. Hanede yasayan kisi sayisina %47,2 ile se¢ilen en yiiksek oran 3-5 kisi cevab1 olmustur.
Katilimeilara gelir kaynaklar1 sorulmus, en yiiksek oranin emeklilik, ikinci yiiksek oran ise hayvancilik olarak
tespit edilmistir.

Ankete katilim gosteren sahislar, geri kalan grubu temsil edebilecek ve anket galismasinin amacina uygun
Ozelliktedir. Orman suglar1 yiiksek oranda beden giicii gerektiren suglardir. Bu durumun orman suglarini
erkeklerin isleme potansiyelini arttirmasi katilimcilarin erkek oraninin daha yiiksek olmasi ¢aligma i¢in tercih
edilen bir durum olmustur. Calisma her egitim seviyesini temsil etme amacina uygun olarak yapilmis olsa da
oncelikli hedefi daha ¢ok kirsal kesimde bulunan, ormana yakin yerlerde yasayan, egitim diizeyi yiiksek seviyede
olmayan insanlarin orman suglartyla ilgili diisiincelerini degerlendirmektir. Bu nedenle katilimcilarin egitim
diizeyleri ele alindiginda en yiiksek oranlarinin ilkdgretim, ortaggretim ve lise olmasi ¢aligma amacina uygun bir
durumdur. Ankete katilim gosterenlerin gegimlerini yiiksek oranda hayvancilik ve ormanciliktan saglamalari,
gelir diizeylerinin diisiik olmasi, 1sitnmak i¢in oduna ihtiya¢ duymalari, orman bitisiginde ya da ormana yakin
yerlerde yagamalari, orman suguyla karsilagsmalart ya da orman sugu isleme ihtimallerini yiikseltecegi igin anket
sonuglarinin dogrulugu i¢in 6nemlidir.

Katilimeilarin suglarla ilgili bilgi diizeylerini, orman suglart ile ilgili diisiincelerini 6lgmek amaciyla anketin ikinci
boliimii hazirlanmistir. Genel olarak ormanlarin insanlardan korunmasi gerektigi sonucu ortaya ¢ikmistir (%77).
Anket sonuglar1 degerlendirildiginde Devrek bdlgesinde devletin denetim konusunda diger bolgelere oranla
yetersiz kaldig1 (%47) ancak Kanlica (%54) ve Marmaris (%70) bdlgesinde denetimin yeterli diizeyde yapildig:
sonucuna ulasilmistir.

Katilimeilarin yiiksek oranda orman kanununda yer alan orman suglarin bildikleri sonucuna vartmistir (%71).
Bolgelerdeki orman isletmesi tarafindan orman suglariyla ilgili egitim verilmesiyle ilgili soruya ise Devrek (%50)
ve Kanlica (%50) bolgesindeki halkin yarisi, Marmaris (%71) bolgesindeki halkin ise gogunlugu orman suglartyla
alakali egitim aldiklarin1 beyan etmistir. Katilimcilarin yagamlart boyunca ormanla temas halinde olmalari,
yasadiklar1 ortamda orman suglariyla karsilagmalari veya orman sugu islemeleri, orman isletmesinin vermis
oldugu egitimler orman suglar1 hakkinda bilgi edinmelerini saglamistir.

Katilimeilarin yiiksek cogunlugu orman suguyla karsilagmasi durumunda islenen sugu orman isletmesine ihbar
edecegi sonucunu isaretlemistir (%94). Anket bolgelerindeki katilimeilarin ¢ogunlugu isletme personeliyle
iligkilerinin iyi oldugunu belirtmistir (%72). Orman isletmesi personeliyle iliskilerin iyi olmasi, kisilerin
¢ekinmeden orman sugunu ihbar etmelerine olanak saglamaktadir.

Anket bolgeleri incelendiginde orman kdyliilerine taninan yasal haklar konusunda Devrek (%46) bolgesindeki en
yiiksek oran kismen biliyorum cevab: iken Kanlica (%65) ve Marmaris (%45) bolgesindeki Katilimcilarin
c¢ogunlugu bu haklar konusunda c¢ok az bilgisinin oldugunu belirtmistir. Ormandan faydalanma sorusu
soruldugunda Devrek (%58) ve Kanlica (%62) bolgesindeki cogunlugun ormandan yeteri kadar faydalanamadigi,
Marmaris (%48) bolgesindeki katilimcilarin ise yarisina yakin oranda ormandan yeteri kadar faydalanamadigi
sonucuna ulagilmistir. Orman igletmeleri 6zellikle orman koyliilerine taninan yasal haklar konusunda toplumun
bu konuda daha bilingli hale gelmesi i¢in egitimler diizenlemelidir.

Bolgelere bakildiginda Marmaris (%100) bolgesindeki katilimeilarin tamami, Devrek (%96) ve Kanlica (%98)
bolgesindeki katilimcilarin ise tamamina yakini yangin gibi durumlarda goniillii olarak ¢alismalarda yer almak
istedigini belirtmektedir. Orman yanginlarinda saniyelerin bile degerli oldugu durumlarda halkin goniillii olmasi
¢ok onemlidir.
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Glinlimiizde ormanlardaki kesim miktar1 soruldugunda ise Devrek, (%98) Kanlica (%92) ve Marmaris (%88) yani
tiim bolgelerde “cok daha fazla oldugu” cevabinin verildigi ortaya ¢ikmistir. Katilimcilarin yogunluk olarak 65
yas ve Ustii olmast gegmis yillar ile kiyaslanabilmesi agisindan sorunun amacina uygundur. Sonug olarak
iilkemizde ormanlar tizerindeki bu baskinin iiretim amagli oldugu ve giderek arttig1 tespit edilmistir.

Katilimeilara yagadiklar: bolgede en ¢ok hangi orman sugunun orman varligina ve biitiinliigiine zarar verdigi
sorusu sorulmus ve bolgelere gore cevaplarin yiizdesi Tablo 4’te verilmistir.

Tablo 4. Bolgelere gore ormana en ¢ok zarar veren suglar

Ormana en ¢ok zarar veren Suglar Devrek  Kanhca Marmaris Ortalama
Agac kesme 74,8 23,3 0,0 34,2
Orman yangini 0,0 9,5 97,1 33,0

Isgal ve Faydalanma 0,0 46,6 0,0 15,9
Kagcakeilik 24,4 15,5 2,9 14,7
A¢ma 0,8 52 0,0 2,1

*Degerler ylizde olarak verilmistir.

Anket sonuglart incelendiginde ¢aligma yapilan bolgelerde ormana en ¢ok zarar veren suglara verilen cevaplar
farklilik gostermistir. Devrek bolgesinde orman varligi ve biitiinliigline en ¢ok zarar veren sugun ormandan “agag
kesme sucu” oldugu sonucuna ulasilmistir. insanlarin 1s1nmak igin odun hammaddesine ihtiya¢ duymas, gelir
diizeylerinin yetersiz olmasi gibi nedenler bu su¢un iglenme oranini arttirmaktadir. Aga¢ kesme sugu ge¢misten
giiniimiize ormanlarin harap olmasi, ormanlarin biitiinliigiiniin ve siirdiiriilebilirliginin tehlike altina girmesinin
baslica nedenleri arasindadir. Ulkemizde de ormanlarin devamliligimin saglanmasi igin aga¢ kesme sugunun
islenme oranmin disiriilmesi, halkin egitimlerle bilinglendirilmesi, gelir diizeylerinin artirilarak ormanlar
lizerindeki baskinin azaltilmasi amaglanmalidir.

Kanlica bolgesinde “isgal ve faydalanma sugu” ormana en ¢ok zarar veren sug olarak cevaplanmustir. Ozellikle
arazi degerinin yiiksek oldugu Istanbul ve gevresi gibi yerlerde fabrika, tekstil, ev, topragi islemek i¢in tarim
arazisi, gibi ¢esitli amaglarda kullanilmak i¢in orman topragi isgal edilmek istendigi diisiiniilmektedir.

Marmaris bolgesinde ise “orman yakma sugu” ormana en ¢ok zarar veren sug olarak cevaplanmistir. Orman
yangini sugu zamaninda sondiiriilemediginde ¢ok biiylik orman arazilerinin zarar gérmesine, bdlge halkinin
yasam alanlarinin zarar gérmesine hatta bu sebepten can kayiplarina da yol agabilmektedir. Yanginin genel olarak
istemeden ¢ikarilmasi bu konudaki bilgi yetersizligini gozler 6niine sermektedir. Yangin sugunun failinin diger
suglara oranla bulunmasinin daha zor olmasi hukukun etkinliginin azalmasina sebep olmaktadir. Bu konuda
halkin egitimlerle sik sik bilgilendirilmesi biiyiik 6nem arz etmektedir. Sonug olarak bu degerlendirmelere gore
bolgeler arasinda 6nemli goriilen sug gesitlerinde farklilik oldugu goériilmektedir.

Orman suglarinin islenme sebepleri arastirildiginda katilimcilarin verdikleri cevaplar ormana zarar veren suglarin
nedenlerini ortaya koymaktadir. Bolgelere gore orman suglariim iglenme sebepleri sorusuna verilen cevap

oranlar1 Tablo 5’te verilmistir.

Tablo 5. Bolgelere gére orman suglarinin islenme sebepleri

Orman suclarmin islenme Devrek  Kanlica Marmaris Ortalama
Cezalarin caydiricihiginin az 17,6 81,0 16,3 38,9
Oduna olan ihtiya¢ 68,1 14,7 29 29,8
Istemeyerek 0,8 1,7 64,4 20,6
Gelir yetersizligi 12,6 2,6 0,0 53

Su¢ oldugunu bilmemek 0,0 0,0 16,3 5,0
Orman idaresi ile uyusmazhklar 0,8 0,0 0,0 0,3

*Degerler yiizde olarak verilmistir.

Devrek bolgesindeki katilimcilar orman suglarinin islenmesindeki en biiyiik sebebin “oduna olan ihtiyag”
oldugunu diisiinmektedir. Kanlica bolgesinde “cezalarin caydirict olmadigr” sonucuna ulagilmistir. Marmaris
bolgesinde ise katilimeilarin cogunlugu orman suglarmin “istemeyerek” islendigi cevabini vermistir. Insanlarin
1sinmak i¢in odun ihtiyacinin tam olarak karsilanamadigi, cezalarin suglarin islenmesini azaltmadig: ve halkin
goziinde yetersiz oldugu bu nedenle hukukun yeteri kadar caydirict olmadigi ve insanlarin dikkatsiz
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davraniglariyla istemeyerek orman sucu isledigi sonuglarina ulasilmistir. Goriilmektedir ki orman suglarinin
islenis sebepleri arasinda da bolgesel farkliliklar bulunmaktadir.

Ankete katilanlara ormanlarin yasadisi miidahalelerden korunmasina etki eden faktorlerin hangilerinin daha
o6nemli oldugu sorulmustur. Ormanlarin korunmasinda etkili olan faktorler bolgelere gore Tablo 6’da verilmistir.

Tablo 6. Bolgelere gore ormanlarin korunmasinda etkili olan faktorler

Ormanlarin korunmasinda etkili olan faktorler Devrek  Kanhca Marmaris
Yasal diizenlemenin varhgi 64 13,8 1
Cezalarin yiiksek olmasi ve caydiricihigi 98 93,1 46,2
Halkin bilinglendirilmesi 29 345 94,2
Halkin gelir diizeyinin arttirilarak ormana olan 0,8 0,9 0

Daha fazla orman koruma memuru istihdam 34 6,9 10,6
Denetimin arttirilmasi 76,5 52,6 59,6
Diger 0,8 0,9 0

*Birden fazla sik isaretlenmeye izin verildigi i¢in her sik kendi i¢inde segilip segilmemesine gore yiizde oranlanmustir.
Devrek ve Kanlica bolgesi ormanlarin korunmasinda “cezalarin yiiksek olmasi ve caydiricilig” en énemli faktor
olarak degerlendirmistir. Marmaris bolgesinde ise katilimcilar ormanlarin korunmasindaki en énemli faktoriin
“halkin bilin¢lendirilmesi”, “yasal diizenlemenin varlif1” segenegi oldugunu diisiinmektedir. Anket yapilan
bolgeler genel olarak denetimin arttirllmasinin ormanlarin  korunmasinda onemli bir etki yapacagin
diisiinmektedir.

Ormanlarin ¢ogunlugunun devlet eliyle yonetildigi bilinmektedir. Her boélgedeki katilimcinin “Orman
miilkiyetinin devlete ait degil de 6zel sahislara ait olmasi, sizce orman suglarinin azalmasinda ve ormanlarin
korunmasinda fark yaratir miydi?” sorusunu cevaplamasi istenmistir. Bolgelerdeki katilimcilarin cevaplarina gore
ormanlarin 6zel miilkiyete ait olmasinin orman suglarina etkisi ile ilgili oranlar Tablo 7°de gésterilmistir.

Tablo 7. Bolgelere gore ormanlarin 6zel miilkiyete ait olmasinin orman suglarina etkisi

Ormanlarin 6zel miilkiyete ait olmasi Devrek Kanlica Marmaris Ortalama
Evet 84,9 64,7 62,5 71,1
Belki olabilir 6,7 19,8 26,0 17,1
Hayir 8,4 15,5 115 118

*Degerler yiizde olarak verilmistir.

Orman isletmelerinin biinyesinde bulunan igletme sefliklerinin alan olarak ¢ok bilyiik olmasi, personel sayisinin
yeteri diizeyde olmamasi, koruma kontrollerinin de tam olarak yapilamamasina neden olabilmektedir. Anket
calismasi yapilan bolgelerdeki katilimcilar ormanlarin 6zel miilkiyete ait olmasiyla orman suglarinin azalacagini
diisiinmektedir. Ozellikle Devrek bolgesinde bu oran diger bolgelere gore daha yiiksek ¢ikmustir. Katilimcilar
ormanlarin 6zellestirilmesiyle sahislarin sahip olduklari alan1 daha iyi koruyacagini diisiinmektedirler.
Ormanlarin topluma sagladigi faydalar hakkinda bolge katilimcilarinin disiinceleri alinmis ve sonuglar Tablo
8’de verilmisgtir.

Tablo 8. Bolgelere gore ormanlarin topluma sagladig faydalar

Ormanlarin topluma sagladig faydalar Devrek Kanlica Marmaris
Odun hammadde kaynagi 100 94 51

Odun dis1 orman iiriinleri (¢ira, defne 91,6 73,3 26,9
Estetik giizellik 6,7 13,8 67,3
Rekreasyonel (piknik, dinlenme alani) 6,7 20,7 41,3
Temiz, kaliteli hava, oksijen tiiketimi 33,6 80,2 92,3
Erozyon ve sellerden korunma araci 68,1 46,6 62,5
Cesitli orman islerinde istihdam imkam 72,3 14,7 154

*Birden fazla sik isaretlenmeye izin verildigi igin her sik kendi i¢inde segilip segilmemesine gore yiizde oranlanmistir.

Tablo 8’de goriildiigii gibi her bolge i¢in ormanlarin topluma sagladig: faydalar farklilik géstermistir. Devrek ve
Kanlica bolgeleri ormanlarin toplum igin en 6nemli faydasi odun hammadde kaynagi olmustur. Isinma ihtiyacini
karsilamak igin odun ¢ok dnemli bir yer tutmaktadir. ikinci en énemli fayda olarak Devrek bélgesinde odun dist
orman {irlinleri, Kanlica bolgesinde temiz, kaliteli hava segenegi 6ne ¢ikmistir. Odun disi orman iiriinleri orman
koyliisiiniin ek gelir kaynagi olmasi sebebiyle dnem arz etmektedir. Marmaris bolgesinde ise ormanlarin topluma
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sagladigl en Onemli fayda temiz, kaliteli hava olmus, ikinci fayda olarak estetik giizellik sonucu ¢ikmustir.
Erozyon ve sellerden korunma araci segenegi arastirma yapilan bdlgelerde birbirine yakin degerlerde se¢ilmis, bu
durumda katilimeilar genel olarak ormanlarin bu konuda dnemli bir gorev iistlendigini diisiinmektedir. Ormanda
bulunan agaclar erozyon ve sel tagkinlarimin siddetini azaltmakta ve olusacak can ve mal kayiplarini en aza
indirmektedir. Ormanlardaki tretim islerinin gergeklestirilebilmesi i¢in insan giicline ihtiya¢ duyulmaktadir.
Devrek bolgesinde yiiksek oranda ormanlarin gesitli orman islerinde istihdam imkani sagladigi sonucu ortaya
¢ikmistir. Orman islerinde ¢alisma 6nceligi orman koyliilerine verilmis, kdyliilerin kalkinmasina destek saglamak
amaclanmigstir. Estetik agidan degerlendirildiginde ormanlar dogayi1 ve canlilar1 iginde barindiran essiz giizellikte
olusumlardir. Ayrica ormanlar insanlarin sehrin giiriiltiisiinden uzaklastig1, dinlenme, piknik gibi ¢esitli aktiviteler
icin kullandig1 alanlardir.

3.3. Orman Iidaresi Personeli Goriigleri

Orman suglarinda bolgesel farkliliklarin tespiti amaciyla anket ¢aligmast halk ile yapildiktan sonra orman isletme
personeli (orman muhafaza memuru, orman isletme sefi vb.) ile orman suglar1 ve alinan 6nlemler konusunda yiiz
yiize goriismeler yapilmustir.

Devrek OIM personeli ile yapilan goriigmelerde orman suglarmin yiiksek olmasimin baslica sebebinin odun
hammaddesine ihtiya¢ oldugu sonucuna varilmistir. Bolgedeki orman sinirlart igerisinde suglarin yogun olarak
islendigi yerlerde su¢ ve suclularin tespitinin saglanmasi amaciyla fotokapanlar yerlestirilmistir. Toplu koruma
ekiplerince siirekli olarak koruma kontrollerinin yapilmasinin orman suglarinin azalmasinda énemli caydirici
etkisi oldugu sdylenmistir. Bolgede goriilen en yiiksek su¢un ormandan aga¢ kesme sucu oldugu bunun sebebinin
ise maddi imkansizlik, oduna olan ihtiyag, son zamanlarda 1sinmak i¢in kullanilan diger yakit tiirlerine yapilan
zammi halkin karsilayamamasi olarak agiklanmigtir. Miidiirliikte calisan orman muhafaza memuru agigimin 2020
yilindaki alimda &nemli 6l¢iide giderildigi belirtilmistir. Orman Genel Miidiirliigiiniin kullanmis oldugu ORBIS
sisteminde sug tutanaklarinin depolandigi ve ihtiya¢ durumunda kisa siirede sug tutanaklarina erisimin saglandigi
ayrica sisteminin gelistirilme asamasinda oldugu, Adalet Bakanliginin kullanmis oldugu UYAP sistemine
dogrudan bilgi aktarimi yapilacagi boylece tutulan sug tutanaklarinin daha hizli siirede Cumhuriyet Savciligina
ulastirilmasinin amaglandigi ifade edilmistir.

Kanlica OIM personeli goriislerine gore; cezalarmn caydiriciligimin az olmasinin orman suclarinin yiiksek sayida
islenmesine sebep oldugu séylenmistir. Orman suglarinin engellenmesi i¢in koruma faaliyetlerinin her sefligin
kendi toplu koruma ekibince siklikla yapildigi, orman yangini vb. suglar i¢in yangin ilk miidahale ekiplerinin
hazir bekledigi ifade edilmistir. Bolgede goriilen en yiiksek su¢ oraninin iggal ve faydalanma sugu oldugu buna
Istanbul’daki arazinin degerli olmasmin sebep oldugu belirtilmistir. Miidiirliikte ¢alisan Orman Muhafaza
Memuru sayisinin yeterli olmadigi, norm kadronun yarisinin dolu oldugu sdylenmistir. ORBIS sistemine sug
tutanaklarinin depolanma amaciyla aktarildigi ancak asil amacin UY AP sistemiyle biitiinlesmis sekilde ¢aligmak
oldugu dile getirilmistir.

Marmaris OIM personeli ise, orman suglarinin istemeyerek (yangin gibi taksir ile orman sugu islenmesi)
islendigini belirtmistir. Orman suglarinin engellenmesi i¢in siklikla koruma faaliyetlerinde bulunuldugu ve orman
koyliilerine bilgilendirme toplantist yapilarak halkin bu konuda bilinglenmesinin amaglandig1 dile getirmistir.
Bolgedeki en yiiksek sug¢ oraninin orman yakma sugu olmasinin nedeni halkin bilingsizce, taksirle yangina sebep
olmasi olarak ifade edilmistir. Orman muhafaza memuru sayisinin yeterli olmadigi %50 oraninda norm kadronun
bos oldugu belirtilmistir. ORBIS sistemine su¢ tutanaklarinin aktarilmasinin, bilgiye hizli ulasma ve depolama
kolaylig1 saglamasi agisindan 6nemli oldugu agiklanmustir.

Miidiirliik personelleriyle yapilan goriismelerde genel olarak orman sugu oraninin diisiiriilmesi i¢in toplu koruma
ekiplerince koruma faaliyetlerinin yiiksek seviyede siirdiiriilmesi gerektigi agik¢a belirtilmistir. Orman muhafaza
memuru sayisinin Devrek bolgesi disinda yeterli seviyede olmadigi ve bu sebeple koruma faaliyetlerinde
aksakliklar olabilecegi diisiiniilmektedir. Her bolgede one ¢ikan sug tiiriiniin degisiklik gostermesi, yore halkinin
ormana olan bakis agisinin farkimi ortaya koymaktadir. Orman kdéyliisiine indirimli verilen odun miktarinin
artirilmasi, ormanda c¢aligma imkaninda dnceligin orman koyliisiine verilmesinde daha dikkatli davranilmasi,
halkin orman yangim vb. suglarda bilinglendirilmesi énem arz etmektedir. ORBIS sistemine aktarilan sug
tutanaklar1 hem depolanmasi hem de Adalet Bakanlig: tarafindan kullanilan UY AP sistemiyle biitiinlestirilmesi,
bu sayede tutulan sug tutanaklarinin ¢ok kisa siire igerisinde ilgili Cumhuriyet Savciligina ulasgtirilmasi agisindan
onemli goriilmektedir.
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4. Sonug ve Oneriler

Bu arastirma, Tiirkiye’deki orman suglarinin bdlgelere gore farkliliklarmin tespiti, katilimcilarin orman suglari
hakkindaki bilgi diizeylerinin dlgiilmesi ve orman suglari ile ilgili hukukun etkinliginin degerlendirilmesi
amactyla yapilmistir. Ulkemizin ii¢ ayr1 bolgesinde bulunan Devrek OIM, Marmaris OIM ve Kanlica OIM
siirlarinda islenen orman suglari, halkin orman suglar1 hakkindaki diisiinceleri, sugun islenme sebebi, sosyo
ekonomik sebepler, halk ile yiiz yiize yapilan anket ¢alismasindan elde edilen veriler karsilagtirilmigtir.

Arastirma yapilan bolgelerde halk ile yapilan anket ¢caligmasindan elde edilen verilere gore bolgeler ormanlarin
insanlardan korunmasi gerektigi diisiiniilmektedir. Devrek bolgesi en yiliksek oranda ormanlarin insanlardan
korunmas: gerektigini diisiinen bolge olmustur. Bunun sebebi ise orman kdyliisiiniin yakacak odun ihtiyacin
kargilamak i¢in ormanlardan kacak aga¢ kesmesi ve bu sucun diger suclara oranla daha kolay ve siirekli olarak
islenebilmesidir.

Devlet ormanlar1 korumak igin yeterli denetim yapiyor mu? sorusu sorulmus ve bolgeler karsilagtirildiginda
%70,2 oraninda denetimin yeterli oldugunu diisiinen en yiiksek bolge Marmaris boélgesi olmustur. Marmaris
bolgesinde dncelik ormanlardan emval iiretmek degil ormanlarin varligini korumaktir. iklim sartlar1 ve orman
agaclarinin ibreli tiir olmasi bolgeyi her an yangin ¢ikma ihtimali ile karsi karsiya birakmaktadir. Marmaris
bolgesinde orman emvali {iretimi az oldugu igin toplu koruma ekipleri koruma faaliyetlerini aksatmadan
yapabilmektedir.

Ormana en ¢ok zarar veren suclar degerlendirildiginde her bolgede farkli bir su¢ 6n plana ¢ikmaktadir. Devrek
bolgesindeki halk ormana en ¢ok aga¢ kesme sugunun zarar verdigini diigiinmektedir. Orman kdyliilerinin ormani
odun ihtiyacini karsilama alani olarak gérmesi ve bdlgede en ¢ok agac kesme sugunun islenmesi halkin bu sucu
One ¢ikarmasina sebep olmustur. Yasadist aga¢ kesme sugu ormanlarin kalitesini bozmakta ve ormansizlagsmaya
sebep olmaktadir (Contreras-Hermosilla, 2001). Kanlica bélgesinde yapilan ankette ise isgal ve faydalanma sugu
one ¢ikmistir. Kanlica OIM istanbul ilinde bulunmaktadir. Arazi degerinin ¢ok yiiksek oldugu Istanbul ve gevre
illerde fabrika, tekstil, tarim arazisi, konut gibi ¢esitli amaglarla insanlar orman alanlarini usulsiiz miidahalelerde
bulunarak iggal etmektedir. Marmaris’te yapilan ankette ise halk ormana en ¢ok zarari orman yangininin verdigini
diisiinmektedir. Ulkemizde en ¢ok orman yangim goriilen bolgelerin basinda Marmaris bolgesi gelmektedir.
Iklim, agac cinsi, tatil bolgesi olmasi sebebiyle insanlarin piknik, dinlenme gibi aktivitelerini orman alanlarinda
gerceklestirmesi, orman yangini riskini artirmaktadir.

Devrek halki orman suglarinin islenme sebebine oduna olan ihtiya¢ cevabini vermistir. Bolge halki ormant
yakacak odun ihtiyacimi karsilamak icin kullanmaktadir. Devrek OIM son 10 yillik periyotta en ¢ok agac kesme
sugunun iglenmesi de halkin ormana bakigini ortaya koymaktadir. Kanlica bolgesi orman sugu islenme sebebine
cezalarin caydiriciliginin az olmasi, Marmaris bolgesinde istemeyerek su¢ islenmesi cevaplarint vermistir.
Kanlica Istanbul ilinde kaldigindan isgal ve faydalanma sugunun gii¢lii ekonomiye sahip birey veya firmalar
tarafindan islendigi diisiiniildiigiinde cezalar yeterince caydirici olmadig1 sdylenebilmektedir. Marmaris halki,
insanlarin orman sugunu bilmeden, istemeyerek isledigini diisiinmektedir. Piknik gibi aktivitelerde yapilan
dikkatsiz davraniglar ¢ok biiyiilk orman yanginlarina sebebiyet verebilmektedir.

Segilen alanlarda yapilan anket ¢aligmalarindan elde edilen ortalamaya gore katilimcilarin %70,5’inin orman
suglar1 hakkinda yeterli bilgi diizeyine sahip oldugu tespit edilmistir. Orman suglarinin kanunlarla yasaklanmasi
gelismekte olan iilkelerde sik kullanilan bir yontemdir. Marmaris halki isletme personeli tarafindan orman suglari
ile ilgili yeterli egitim verildigini diisiinmekte ancak diger bolgelerde yapilan anket sonuglarinda halkin yarisi
egitimin verildigini diger yaris1 da egitimin verilmedigini diigiinmektedir. Devrek ve Kanlica bolgesindeki orman
isletme personelinin halka orman suglari ile ilgili daha fazla egitim vermesi gerektigi sonucu ortaya ¢ikmaistir.

Aragtirma yapilan bolgelerde, halk %94,1 ortalama ile orman sucuyla karsilasmasi durumunda bu sucu ihbar
edecegini belirtmistir. Katilimeilar orman suglarina karst hassas davranmaktadir. Orman isletme personeliyle
iligkileri soruldugunda, %72,3 oraninda iligkilerinin iyi oldugu sonucu ortaya c¢ikmistir. Orman idaresi
personelinin halk ile iyi iletisim kurmasi, halkin personele ¢gekinmeden soru sorma, yapacagi davranisin sug olup
olmadigini rahat bir sekilde 6grenme imkani da tanimaktadir.

Anket ¢alismasi yapilan bolgelerde halkin orman koyliilerine taninan haklar konusunda ¢ok az bilgiye sahip
olduklar tespit edilmistir. Ayrica orman kdyliileri %56,3 oraninda ormandan yeteri kadar faydalanamadigini
belirtmistir. Orman koyliileri, kendine taninan haklar konusunda yeterli bilgi sahibi olmadig1 i¢in ormandan yeteri
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kadar faydalanamadigi diisiinmektedir. Orman isletmeleri belirli araliklarla kdylerde orman kdyliilerinin yasal
haklar ile ilgili egitim vererek halkin bu konudaki bilgi eksikligini gidermelidir. Katilimcilar %71,1 oraninda
ormanlar 6zel miilkiyete ait oldugunda orman suglarinin azalacagi cevabini vermistir. Halk orman isletme
ekiplerinin denetimde yetersiz kaldigini, kendilerine ait olacak orman arazisini daha iyi koruyarak suglarin
azalmasini saglayacaklarini diigtinmektedir.

Anket sonuglar1 incelendiginde %92,9 oraninda ge¢misten giiniimiize ormanlardaki kesim miktarinin daha fazla
oldugu sonucu ortaya ¢ikmustir. Ulkemiz ormanlarindaki bu baskini iiretim amagh oldugu ve yillar gegtikce
arttig1 tespit edilmistir. Katilimcilar %97,9 oraninda orman yangini vb. toplumu etkileyen durumlarda goniillii
olarak yardima edecegini belirtmistir. Ozellikle orman yangini gibi egitimli insan giiciine ihtiya¢ duyulan
durumlarda halkin goniillii olarak yardima gidecegini belirtmesi oldukca degerlidir.

Orman koylilleri ormanlarin insanlara sagladig1 faydalar konusunda bolgelere gore farkli cevaplar vermistir.
Devrek bolgesindeki halk ormani odun hammadde kaynagi olarak gérmektedir. Kanlica bdlgesi halki temiz,
kaliteli hava olarak ormanlardan faydalandigini belirtmistir. Marmaris bolgesinde ise halk ormanlarin temiz hava
ve estetik gilizellik olarak topluma fayda sagladigini diisiinmektedir. Devrek bolgesinde odun ihtiyaci one
¢ikarken, Kanlica halki sanayilesmenin fazla olmasi sebebiyle hava kirliligiyle karsi karsiya kalmakta ve
ormanlar1 temiz ve kaliteli hava alan1 olarak gormektedir. Marmaris bolgesindeki halk ormanlarin estetik
giizelligini de vurgulamistir. Genel olarak {i¢ bolge halki da ormanlari erozyon ve sellerden korunma arac1 olarak
gormektedir. Ormandaki agaclar erozyon ve sellerin siddetini 6nemli dl¢iide azaltmakta, can ve mal kayiplarini
en aza indirmektedir.

Arastirma yapilan bolgelerde yillara gére orman sug sayilarindaki degisim incelendiginde, orman suglarinin son
yillarda artarak devam ettigi tespit edilmistir. Orman Genel Midiirligli’'niin 2020 yilinda yapmis oldugu ¢ok
yiiksek sayida personel alimi sonrasi orman sug¢ tutanaklarinda 6nemli artis gozlemlenmistir. Bolgeler arasinda
en fazla sucun Kanlica OIM smirlan icerisinde islendigi sonucuna varilmustir. Bulundugu bélgedeki niifus
yogunlugunun fazla olmasi su¢ sayilarinin fazla olmasina neden oldugu diisiiniilmektedir. Genel alan1 en ¢ok olan
bolge Marmaris bolgesi olmasina ragmen son 10 yillik periyotta en az sug tutanag1 Marmaris OIM’de tutulmustur.
Bolgede en fazla goriilen sugun orman yakma sugu olmasi ve diger suglarin az oranda islenmesi bu sonucu ortaya
¢ikarmustir.

Kastamonu’da yapilan arastirmada secilen iki isletmede islenen sug ¢esitleri incelenmis, su¢ oranlarinin diisiik
olmasinin sebeplerinden bir tanesinin de geng niifusun is bulmak ve okumak i¢in kdylerden sehirlere gd¢ etmesi
olarak degerlendirilmis, ekonomik degeri yiiksek suglarin biiyiik sehirlere yakin bdlgelerde kagirilan emvalin
kolay tasinabilecegi yerlerde islendigi sonucuna varilmistir (Mercimek, 2019).

Yapilan diger arastirmalar incelendiginde, hukukun egemen oldugu iilkelerde orman suglarinin ¢ok daha az sayida
oldugu ve giiclii cezalarin olmadigi, yargi bagimsizligina inanilmadigi durumlarda hukukun etkisiz oldugu
goriilmektedir. (Colhester, 2006). Orman suglarinin yiiksek sayida islenmesi ormancilik mevzuatinda cezalarin
yeterli diizeyde olmamasi ve denetlemelerin yetersizliginden kaynaklanmaktadir (Wardojo vd., 2001; Worl Bank,
2006). Orman suglarmin giderek artmasi dikkate alindiginda, devletin orman arazilerini yerel topluluklar ile
yonetmesini saglayan “topluluk orman yonetimi” ile orman suglarinin daha giivenilir bir sekilde 6nlenebilecegi
belirtilmistir (Brunner vd., 1999).

Benzer ¢aligmalar incelendiginde Bangladesh’te yasayan kirsal halk ile anket ¢aligmas1 yapilmis ve kanuna aykir
kesimlerin sebepleri orman kanunu hakkinda yeterli bilgiye sahip olmamalari, daimi is bulamamalar1 ve ge¢im
sikintist gekmeleri olarak degerlendirilmistir (Mukul vd., 2014). Orman suglarinin islenme sebeplerini inceleyen
bir diger ¢alismada da anket yapilmis, gelir diizeyi diisiik bolgelerde halkin ormandan yakacak odunu ihtiyacini
karsilamak gibi ekonomik degeri diisiik suclari isledigi, gelir diizeyi yliksek bolgelerde ise orman topraginin isgal
edildigi ve ekonomik degeri yiiksek odunlarin hukuka aykiri olarak kesimi suglarinin islendigi incelenmistir
(Chhetri vd., 2012).

Mercimek (2019) tarafindan yapilan arastirmada, halkin gelir diizeyi yiiksek oldugunda orman {irlinlerine ihtiyag
azalmis, egitim diizeyi ylikseldik¢e orman sugu ve yaptirimlara olan biling yiikselmis ve sug oranlarinda diisiis
goriilmiistiir.

Arastirma yapilan bolgelerde personel ile yapilan yiiz yiize goriismelerde, orman suglarinin engellenmesi igin
denetimlerin artirilmasinin gerekliligi belirtilmistir. Bolgelerde periyotlar halinde yapilacak orman kdyliilerini
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bilgilendirme toplantilarinda orman suglar1 ve cezalar1 hakkinda bilgi verilmesinin orman suglarini azaltacagi
ongoriilmektedir. Personelle yapilan goriismelerde kdyliilerle yapilan anket sonuglarinda oldugu gibi, yakacak
odun ihtiyaci, topragin degerinin yiiksek olmasi sonucu orman topraginin isgal edilmesi ve istemeyerek sugun
islendigi sonucuna varilmistir.

Marmaris bolgesinde oncelik orman varligini korumak oldugu igin korumada aksakliklar yasanmamaktadir.
Kanlica ve Devrek bolgesinde ormanlarda iiretim yogun olarak yapilmakta ve bu durumda koruma kontrollerinde
aksakliklar olabilmektedir. Midiirlikklerdeki orman muhafaza memuru eksikliginin tamamlanmasi ile koruma
faaliyetlerindeki sorunlarin giderilecegi diistiniilmektedir.

Kanunda belirtilen cezalarin sucu igleyenlerin gelirlerine gore belirlenmesi gelir diizeyi yiiksek olan yerlerde
suglar1 azaltabilecegi diisiiniilmektedir. Devrek ve Kanlica bolgelerinde isletmeler tarafindan orman koyliilerine
diizenli araliklarla orman suglar1 ve orman koyliilerinin yasal haklari ile ilgili egitim verildiginde halkin bilincinin
artacagi ve orman sugu islenme oranimin diisecegi diisiiniilmektedir.

Sonug olarak bu tez ¢alismasinin hipotezi dogrulanmis, bdlgesel farkliliklarin orman suglarina ve halkin bakisina
etkisinin oldugu tespit edilmistir.
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Abstract

Greenways are the systems that link both the urban and rural landscapes. Thus, they establish cultural and natural
corridors between these landscapes. Being one of the major rural landscapes, forests supply ecosystem services
by their recreation potential as well as wood and oxygen production. Hence, forest ecosystems that include roads
constitute rural greenways. The canopies of the trees and shrubs supply shading on these road surfaces. These
greenways play a significant recreational and safety role within the overall forest landscapes. They provide
shading, recreation, and safety for both the drivers and passengers. Thereby, tree and shrub canopy parameters
such as the closure and coverage are the determining factors on the safety, shading and recreation potential.
Amongst those tree and shrub canopy parameters, the Leaf Area Index (LAI), Light Transmission (LT), Gap
Fraction (GF) and Canopy Openness (CO) are the prominent ones. Therefore, the greenway route along the road
between Ulus Subprovince (Bartin) and Safranbolu Subprovince (Karabiik) at the northwestern Turkey, was
chosen as the study and research field in this study. The oriental planes (Platanus orientalis L.) are the immediate
roadside trees with their canopies shading on the surface of that road. Along 14 km road route, 71 different points
were defined for the hemispherical photographing during the summer of 2021. Based on the analyses of these
hemispherical photographs using the version 3.2 of the Hemisfer program, the LAI values ranged between 1.89
m?m2and 2.79 m? m?, being 2.34 m? m*? on average. However, the average LT and CO percentages were 17.9%
and 18.2%, whereas the average GF percentage was 7.7%. According to the overall results of this study, the
canopy parameters indicated relatively high canopy closure and coverage values even though with alternating
values and percentages for the different sections of the greenway route.

Keywords: Tree Canopy, Rural Landscape, Forest Ecosystem, Road Route, Greenway, Ecosystem Services
1. Introduction

Forest landscapes are the areas which compose the land uses’ mosaic where the forest ecosystems predominantly
occupy (Turner & Gardner, 2015). Forest landscapes possess social, aesthetic, and recreational dimensions as
well as their principle ecological, hydrological, and economical roles (Marsh, 2010). By their social, aesthetic,
and recreational services, they particularly offer temporary or permanent accommodation and employment
opportunities for the forest villagers and, supply trekking, picnic activities and, entertain road journey throughout
these forest landscapes for the local public or the visitors (Oztiirk et al., 2019). Hence, an entertaining and safe
road journey not only supply recreation for the passengers but also secure the travel for the drivers (Oztiirk, 2017).
Besides the road pavements and traffic signs, the surrounding environment also plays significant positive or
negative roles on both the recreation and safety potential of those travels. Therefore, the forest trees aligned or
scattered along the roadside constitute greenway system within the overall surrounding landscape.

Greenways, which are the connections of linear components, and which are composed of trees or shrubs, should
be planned, designed, and managed within the concepts of aesthetic, ecological, recreational, and cultural
dimensions. Thus, their usages should intend to achieve sustainability. (Ahern, 1995; Oztiirk & Gokyer, 2016).
Greenway systems sometimes link the urban and rural settlements such as from streets to towns and from districts
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to cities. Namely, within the urban and rural landscapes, they construct aesthetic and ecological corridors (Forman
& Godron, 1986; Forman & Alexander, 1998). One of the substantial constituents of the rural landscapes, forest
ecosystems offer services by providing recreation potential as well as primarily producing wood and oxygen.
Indeed, by means of the forest tree canopies on the roads, forest ecosystems constitute rural greenway systems.
Therefore, forest landscapes including the greenways, play significant role in terms of shading supply and
associated recreation potential and securing safety for the travellers. Thus, from the point of determining the
shading, safety and recreation potential of these greenway systems, canopy analyses are necessary for the
immediate surrounding trees. These canopy analyses particularly involving the determination of canopy density,
closure, coverage, and also light transmission levels, are very important.

Amongst the canopy parameters, Leaf Area Index (LAI), Light Transmission (LT), Gap Fraction (GF) and Canopy
Openness (CO) are the prominent ones which can be directly referred to identify the level of canopy closure and
coverage. Thereby, determining the degree of the tree canopy closures and coverages by using these tree canopy
parameters within a case intertown greenway system, constitutes the main aim of this study.

1750

meters

or C
Fig. 1. Study field (greenway system) and overall 71 hemispherical photographing points within Turkey
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2. Material and Methods

In the northwestern Turkey, at the Western Black Sea Region, there is a road between the Bartin and Karabiik
Provinces, which involve many greenway systems. Between the Abdipasa Town (Ulus, Bartin) and the Ovacuma
Town (Safranbolu, Karabiik), the road route, that carry the greenway system characteristics, was chosen as the
study field. Ovacuma tributary of the Ulus Stream is running together with the greenway system. The Abdipasa
side of the greenway system is more fragmented compared to the Ovacuma side. Oriental plane (Platanus
orientalis L.) trees together with their canopies dominate the greenway as if they have constructed vegetation
tunnel on the road itself. Along this road route within the greenway system, the hemispherical photographing
points were determined between the 32° 41' 19" and 32° 34' 17" eastern longitudes, and between the 41° 27' 20"
and 41° 30' 17" northern latitudes (Fig. 1). The length of the road route is about 14 km whereas its’ altitude ranges
between 135 m and 300 m above sea levels. In the study region, annual precipitation is 1044 mm on average
whereas the annual air temperature is 13°C on average (TSMS, 2013). Thereby, climate regime of the study region
can globally be described as mesothermal humid (Atalay, 2011). The surrounding forest ecosystems primarily
involve the sessile oaks (Quercus petraea [Matt. Liebl.]), European hornbeams (Carpinus betulus L.), oriental
beeches (Fagus orientalis Lipsky) and black pines (Pinus nigra L.) (TGDF, 2006). Due to the scenic beauty of the
oak and hornbeam trees in particular, the foliage and colours of these forest ecosystems become very spectacular
in autumn (Oztiirk & Gokyer, 2015).

71 different hemispherical photographing points were selected within this 14 km route in order to determine the
canopy parameters of these oriental plane trees along this greenway system (Fig. 1). The 14 km long road was
divided into 6 sections, each of which constitutes distinct canopies with different closures. The hemispherical
photographs were taken in mid-June of 2021. A digital camera (Canon EOS 5D digital SLR camera, Mark 11-
Canon Corporation) where an 8 mm fisheye lens (Sigma F3.5 EX DG Circular Fisheye-Sigma Corporation) is
mounted, was used to capture these hemispherical photographs. Hemisfer (version 3.2; Swiss Federal Institute for
Forest, Snow and Landscape Research) software was used during the analyses of the LAI, LT, GF, and CO
parameters (Schleppi et al., 2007). Methodology on LAI-2000 device (LI-COR Biosciences Inc.) was referred
during these analyses. The automatic thresholding was based on Nobis & Hunziker (2005) whereas the corrections
were applied according to the coupled methods by Chen & Cihlar (1995) and Schleppi et al. (2007).
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Fig. 2. Location of the first 15 hemispherical photographing points together with their LAI values, and LT, GF,

CO percentages in the Section 1

3. Results and Discussion

3.1. Section 1

Regarding to the study results, the LAI ranged between 2.06 m? m2 and 2.74 m? m™ for the first 15 hemispherical
photographing points where the mean LAI was 2.38 m? m within the Section 1 of the greenway research field
(Fig. 2). On the other side, the mean LT was 16.1% ranging between 10.2% and 20.2% whereas the mean GF was
5.6% ranging between 1.7% and 7.9%. Confirming these values, the mean CO was 16.5% varying between 10.2%
and 20.8% (Fig. 2). These values indicated that the canopies of the roadside trees were relatively dense and
therefore had high shading supply in this Section 1. Indeed, Cackowski & Nasar (2003) roadside vegetation had
remedial impacts on the disappointment of the drivers.
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Fig. 3. Location of the second 13 hemispherical photographing points together with their LAI values, and LT,
GF, CO percentages in the Section 2

3.2. Section 2

Regarding to the study results, the LAI ranged between 1.89 m? m2 and 2.54 m? m-2 for the next 13 hemispherical
photographing points where the mean LAI was 2.25 m? m within the Section 2 of the greenway research field
(Fig. 3). On the other side, the mean LT was 18.1% ranging between 12.8% and 27.4% whereas the mean GF was
6.7% ranging between 2.4% and 15.8%. Confirming these values, the mean CO was 18.4% varying between
12.9% and 27.8% (Fig. 3). The values of the canopy parameters pointed the relative sparsity of the roadside tree
canopies and therefore relatively lower shading supply in this Section 2. In fact, based on a driver simulator study,
the increment in the vegetation density did not lead to any speed reduction for the drivers (Fitzpatrick et al., 2016).
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Regarding to the study results, the LAI ranged between 1.92 m? m? and 2.79 m? m? for the following 13
hemispherical photographing points where the mean LAI was 2.37 m? m2 within the Section 3 of the greenway
research field (Fig. 4). On the other hand, the mean LT was 16.9% ranging between 12.5% and 23.4% whereas
the mean GF was 6.4% ranging between 3.2% and 9.8%. Confirming these values, the mean CO was 17.2%
varying between 12.8% and 24.3% (Fig. 4). The highest values of the canopy parameters showed the dense canopy
closure and associated high shading supply in this Section 3. Thus, as the closure of the canopy gets intensive, the
amount of light penetrating through that canopy diminishes (Kucharik et al. 1999). Therefore, this lower light
intrusion would lead to less distractibility for the drivers.
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CO percentages in the Section 4

3.4. Section 4

Regarding to the study results, the LAI ranged between 1.99 m? m?2 and 2.49 m? m for another following 10
hemispherical photographing points where the mean LAI was 2.27 m? m2 within the Section 4 of the greenway
research field (Fig. 5). On the other hand, the mean LT was 18.8% ranging between 15.1% and 24.9% whereas
the mean GF was 8.4% ranging between 4.6% and 13.4%. Confirming these values, the mean CO was 19.1%
varying between 15.2% and 25.6% (Fig. 5). The relatively lower values of the tree canopy parameters emphasized
the relatively more light intrusion beneath those canopies and consequently less shading supply in this Section 4.
However, landscapes with alternating between the forested and open spaces rose the stress level of the drivers
compared to the uniform forested or open areas, as indicated in another driver simulation study by Antonson et

al. (2009).
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3.5. Section 5

Regarding to the study results, the LAI ranged between 2.08 m? m2 and 2.71 m? m? for another next 11
hemispherical photographing points where the mean LAI was 2.36 m? m2 within the Section 5 of the greenway
research field (Fig. 6). On the other hand, the mean LT was 18.7% ranging between 13.5% and 23.2% whereas
the mean GF was 9.0% ranging between 3.6% and 12.2%. Confirming these values, the mean CO was 19.1%
varying between 13.9% and 24.1% (Fig. 6). These tree canopy parameter values remarked that the canopies of
the roadside trees were also relatively dense and therefore they had high shading supply in this Section 5. Contrary
to the previous mentioned study by Antonson et al. (2009), dependent upon the comparisons between the prior
and after crashes, Mok et al. (2006) reported that the alternating landscapes had positive impacts on the visual
perception of the drivers.
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Fig. 7. Location of the sixth 9 hemispherical photographing points together with their LAI values, and LT, GF,

CO percentages in the Section 6

3.6. Section 6

Regarding to the study results, the LAI ranged between 2.12 m? m2 and 2.56 m? m for the following last 9
hemispherical photographing points where the mean LAI was 2.39 m? m within the Section 6 of the greenway
research field (Fig. 7). On the other hand, the mean LT was 20.4% ranging between 13.5% and 34.7% whereas
the mean GF was 11.9% ranging between 3.4% and 29.1%. Confirming these values, the mean CO was 20.5%
varying between 13.4% and 35.3% (Fig. 7).
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4. Conclusions

From the point of global protection, maintenance, sustainability and management of the study region, ultimate
outcomes of this study provide significant data. Thus, the study region which hosts to the valuable greenway
systems, possesses broad dimensions; basically ecological, aesthetic, and recreational. Eventually, by referring to
this study outcomes, and also by integrating them with the possible further shading supply, associated recreation
potential and safety degree researches should be conducted. Hence, by constructing more comfortable,
recreational, and also by securing safer travel for both the drivers and passengers throughout the greenways within
the region, significant and valuable bases can be achieved for their long-term sustainability.

5. Acknowledgement

This study was orally presented, and abstract was published in the IDUPEM’22, International Landscape Planning
and Design Research Symposium, 2-4 December, [zmir, Tiirkiye.

References

1. Ahern J. (1995). Greenway as a planning strategy. Landscape and Urban Planning, 33: 131-155.
https://doi.org/10.1016/0169-2046(95)02039-V

2. Antonson H., Mardh S., Wiklund M. & Blomqvist G. (2009). Effect of surrounding landscape on driving

behavior: A driving simulator study. Journal of Environmental Psychology, 29: 493-502.

https://doi.org/10.1016/j.jenvp.2009.03.005

Atalay I. (2011). Climate Atlas of Turkey (in Turkish). Inkilap Bookstore Press, Istanbul, Turkey.

4, Cackowski J.M. & Nasar J.L. (2003). The restorative effects of roadside vegetation: Implications for
automobile  driver anger and frustration. Environment and Behavior, 35(6): 736-751.
https://doi.org/10.1177/0013916503256267

5. Chen J.M. & Cihlar J. 1995. Quantifying the effect of canopy architecture on optical measurements of leaf
area index using two gap size analysis methods. IEEE Transactions on Geoscience and Remote Sensing, 33:
777-787. https://doi.org/10.1109/36.387593

6. Fitzpatrick C.D., Samuel S. & Knodler Jr. M.A. (2016). Evaluating the effect of vegetation and clear zone

width on driver behavior using a driving simulator. Transportation Research Part F, 42: 80-89.

http://dx.doi.org/10.1016/j.trf.2016.07.002

Forman R.T.T. & Godron M. (1986). Landscape Ecology. John Wiley & Sons. Inc., USA.

8. Forman R.T.T. &Alexander L.E. (1998). Roads and their major ecological effects. Annual Review of Ecology
and Systematics, 29: 207-231+C2. https://doi.org/10.1146/annurev.ecolsys.29.1.207

9. Kucharik C.J., Norman J.M. & Gower S.T. (1999). Characterization of radiation regimes in nonrandom
forest canopies: theory, measurements, and a simplified modeling approach. Tree Physiology, 19: 695-706.
https://doi.org/10.1093/treephys/19.11.695

10.Marsh, W.M. (2010). Landscape Planning; Environmental Applications. Fifth Edition. John Wiley & Sons,
Inc., New Jersey, USA.

11.Mok J.H., Landphair H.C. & Naderi J.R. (2006). Landscape improvement impacts on roadside safety in
Texas. Landscape and Urban Planning, 78: 263-274. https://doi.org/10.1016/j.landurbplan.2005.09.002

12.Nobis M. & Hunziker U. (2005). Automatic thresholding for hemispherical canopy-photographs based on
edge detection. Agricultural and Forest Meteorology, 128: 243-250.
https://doi.org/10.1016/j.agrformet.2004.10.002

13.0ztiirk M. & Gékyer E. (2015). Seasonal variation in light transmission and canopy gaps of deciduous
roadside vegetation: Assessment within forest landscape. Eurasian Journal of Forest Science, 3(2): 1-11.

14.Oztiirk M. & Gokyer E. (2016). Spatio-temporal characteristics of roadside landscape components along the
coastal zone between Amasra and Kurucasile Cities of Bartin Province, Turkey. pp. 293-302. 5th Fabos
Conference on Landscape and Greenway Planning. Volume: Landscapes and Greenways of Resilience. 30
June-3 July, 2016. Budapest, Hungary.

15. Oztiirk M. (2017). Driver and passenger perception along the roadside landscapes: Safety and recreation. In:
Sustainable Landscape Planning and Design (Ed. Murat Ozyavuz). Peter Lang Publications. Frankfurt,
Germany. https://doi.org/10.3726/b11768

16.Oztiirk M., Gokyer E. & Palta S. (2019). Role of roadside vegetation canopy on trekking comfort along
Karakisla-Uluyayla route of highland forest landscape in Western Black Sea Region of Turkey. pp. 103-108.
I11. International Mediterranean Forest and Environment Symposium. 03-05 October, 2019. Kahramanmaras,
Turkey.

w

~



https://doi.org/10.1016/0169-2046(95)02039-V
https://doi.org/10.1016/j.jenvp.2009.03.005
https://doi.org/10.1177/0013916503256267
https://doi.org/10.1109/36.387593
http://dx.doi.org/10.1016/j.trf.2016.07.002
https://doi.org/10.1146/annurev.ecolsys.29.1.207
https://doi.org/10.1093/treephys/19.11.695
https://doi.org/10.1016/j.landurbplan.2005.09.002
https://doi.org/10.1016/j.agrformet.2004.10.002
https://doi.org/10.3726/b11768

OZTURK et al. Bartin University International Journal of Natural and Applied Sciences
JONAS, 2023, 6(2): 124-134

17.Schleppi P., Conedera M., Sedivy I. & Thimonier A. 2007. Correcting non-linearity and slope effects in the
estimation of the leaf area index of forests from hemispherical photographs. Agricultural and Forest
Meteorology, 144: 236-242. https://doi.org/10.1016/j.agrformet.2007.02.004

18. TGDF (Turkish General Directorate of Forestry). (2011). Forest Management Plans of Bartin, Amasra,
Kurucasile and Ulus Forest Administrations. Ankara, Turkey.

19. TSMS (Turkish State Meteorological Service). (2013). Daily meteorological data. Ankara.

20.Turner M.G. & Gardner R.H. (2015). Landscape Ecology in Theory and Practice; Pattern and Process.
Second Edition. Springer Science + Business Media LLC, New York, USA.



https://doi.org/10.1016/j.agrformet.2007.02.004

Review Article Bartin University International Journal of Natural and Applied Sciences
Derleme Makale JONAS, 6(2): 135-144 e-ISSN: 2667-5048
31 Aralik/December, 2023 DOI: 10.55930/jonas.1321901

METHOD OF VARIATION OF PARAMETERS FOR THE
THIRD-ORDER LINEAR PROPORTIONAL DYNAMIC
EQUATIONS

Tuba Gulsen®”, Mehmet Acar!
! Department of Mathematics, Faculty of Science, Firat University, 23119, Elazig

Abstract

The differentiation and integration of an integer order are known as fractional calculus. It is possible to think of
the proportional derivative as a generalization of a congruent fractional derivative, which is one of the types of
fractional calculus. In this article, utilizing the proportional derivative and its characteristics on the time scale, the
method of variation of parameters for the third-order linear nonhomogeneous differential equations is given. Then,
an example is provided to illustrate how to apply the provided approach.

Key Words: Time scales, variation of parameters, proportional derivative
1. Introduction

The conformable derivative is a unique mathematical operator that expands the idea of differentiation to non-
integer orders (Katugampola, 2014; Khalil et al., 2014; Abdeljewad, 2015). The conformable derivative offers a
more understandable and natural framework for dealing with non-integer differentiation than conventional
fractional calculus operators like the Riemann-Liouville or Caputo derivatives. Due to its capacity for modeling
complex events showing fractal or anomalous behavior, the idea of non-integer differentiation has received a great
deal of interest (Ortigueira & Machado, 2015). For the study of dynamic equations that incorporate both continuous
and discrete time periods, the conformable derivative on time scales offers a coherent framework. Time scales
expand the idea of real numbers to encompass discrete and continuous time domains, making it possible to
represent a wider range of equations in greater detail. The conformable derivative depends on forward and
backward difference quotients instead of integrals, which are necessary for fractional derivatives, making it easier
to obtain and compute.

The conformable derivative on time scales has a variety of advantageous characteristics, such as linearity, the
chain rule, and compatibility with conventional differentiation operators on real numbers. On time scales, physics,
engineering, biology, and finance are just a few of the disciplines that the conformable derivative is used in. The
conformable derivative on time scales has received a lot of interest recently from the scientific community
(Benkhettou et al., 2015; Benkhettou et al., 2016; Gulsen et al., 2017; Giilsen et al., 2018; Yilmaz et al., 2022).

Even if the more inclusive definition of the proportional derivative given in Definition 1 below meets some of the
characteristics of the fractional derivative, it is still best to consider the proportional derivative independently,
separate from the theory of fractional derivatives. As a result, the proportional derivative reported in Anderson &
Ulness (2015) was renamed a conformable derivative, and a prospective definition for the proportional derivative
on a time scale was found in Segi Rahmat (2019). A specific case of the proportional derivative is the conformable
derivative. When the order is equal to 1, the proportional derivative of a function defined on the time scale becomes
the Hilger derivative.

Non-homogeneous linear differential equations can be solved using the variation of parameters approach. When
used with third-order differential equations on time scales, it entails locating a specific solution under the
presumption that the coefficients of the solution are functions of the independent variable. This approach offers a
potent tool for resolving intricate differential equations that appear in a variety of scientific and engineering
disciplines. For the second-order nonhomogeneous dynamic equation via the proportional derivative, the variation
of parameters is given in Anderson & Georgiev (2020), but for the third-order nonhomogeneous dynamic equation
via the proportional derivative, it has not been studied before, according to our research.
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In this paper, we aim to explore the theory and applications of the variation of parameters for the third-order
nonhomogeneous dynamic equation via the proportional derivative. Basic ideas and notations relating to time
scales and proportional derivatives on time scales are presented in Section 2. The technique of variation of
parameters produced for solving the third-order proportional derivative nonhomogeneous linear dynamic
equations and an example are given in Section 3. The conclusion is provided in the final Section.

2. Materials and Methods

We examine the terms and ideas related to the time scale of proportional calculations that are necessary as they
are used in the following section.

Definition 1 (Anderson & Ulness, 2015) Lety € [0,1]. If O is the unit operator and O? is the standard differential
operator, then the differential operator OY is referred to as a proportional derivative. It is expressly stated that the
derivative function h=~h(t) has a proportional operator O and that only

O%(t)=h(t) and Dh(t)=h'(t), )

exists for it.

Remark 2 (Anderson & Ulness, 2015) The essential principle of proportional derivative is created based on the
use of a proportional-derivative controller with a controller output v at time ¢t. This controller, v(t), uses the

d
v(t)=KkpE(t) + K4 EE(t)'
algorithm (Li et al., 2006) .

In this instance, E stands for the error between the state and process variables, while k,, and k, are the proportional
and derivative gains, respectively.

Definition 3 (Anderson & Ulness, 2015) Consider y € [0,1], ko, k;: [0,1] X R = R{ to be continuous functions
and that

yll)rgl_'_ Ko (YI t) = 0! yll)rgl_'_ K1 ()/l t) = 1:
lim k,(y,0) = 1, lim x,(y,t) =0, (2
Y1 Y1~

KO(V' t) * Oly € (011]1 Kl()/l t) * 0' Y € [0:1):

to be accurate. The differential operator O defined by
OYh(t)=r, (v, )h(t) + Ko (¥, ORI (D), 3

in here, h is the error, k, is a kind of proportional gain «,, k, is a type of derivative gain x,, and v=0Vh is the
controller output.

To obtain the fundamental conclusions for the next section, we need to keep in mind a few fundamental time scale
ideas. The time scale T belongs to R's standard topology and is a closed, non-empty subset of R. The forward and
backward jump operators , p: T — T for t € T have the following definitions:

o(®)=inf{l e T:l > t}, p()=sup{l e T:I < t}.

According to this definition, inf@ =supT and sup@=infT. If a(t) > t,p(t) <t, and p(t) <t < a(t) t are,
respectively, right-scattered, left-scattered, and isolated (discrete) points. In contrast, t is said to be right-dense if
t < supT and o (t)=t, left-dense if t > infT and p(t)=t, and t is the dense point if p(t)=t=0c(t). The graininess
function u: T - [0,00) is defined as u(t)=c(t) —t. If T has a maximum point m, then T*¥=T — {m};
otherwise, T*=T. If T has a left-sided limit at both its right-dense and left-scattered points, then the function
h: T — R is referred to as being rd-continuous, and C,,(T) is used to represent the collection of rd-continuous
functions h. Let t € T* and h: T — R be a function. If Ve > 0 and h?(t) is a real number such that

[h(a(®)) — h()] = K4 (D)o (t) = sl| < elo(®) —s|, Vs €U,
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for all s in a neighborhood U of point t, then h(t) is referred to as the delta derivative of h at point t. There is an
inverse derivative H, H4=h(t), for any continuous rd-function h. For s € T,

fsth(‘r) At = H(t), vt € T.

On the time scale, (Aulbach & Hilger, 1990; Agarwal et al., 2002; Bohner & Peterson, 2001, 2004; Bohner &
Svetlin, 2016; Hilger, 1990) offer thorough details.

We'll now give the proportional delta derivative of the function h: T — R of order y € [0, 1] at point t € T*.
Suppose that in the following expressions, kg, k; : [0, 1] X T — R¢ are continuous functions and satisfy conditions

Q).

Definition 4 (Segi Rahmat, 2019) Let h: T — R be a function, and t € T*. Ve > 0,and for every s in a
neighborhood U of point t, if there is a real number OYh(t), y € [0, 1], such that

|res (v, ORDO[a () = 51 + 1o (v, O[R(0 (1)) = h()] = OTR(D)[a () — 51| < e [o(t) = 5], @)
that number is known as the y —th order proportional delta derivative of f at point t.

The set of all proportional delta differentiable functions will be displayed with (Segi Rahmat, 2019)
N(T)={h:T > R : Forany t € T¥, D" h(t) exists and is finite}.

Theorem 5 (Segi Rahmat, 2019) Assuming that h: T —» R and t € T.
(i) If h € 2(T), then h is continuous at t.

(ii) If h is continuous at t, t is right-scattered, and

A h(o () — h(t)
h (t)_ (t) —t y
exists, then h € 2(T). In this instance,

OYh(t)=ro(y, t) h(t) + 11 (v, t) h(8). (5)
(iii) If t is right-dense, and

h(®)=h(s) h(s)
t—

lti =h'(t),

exists as a finite number, then f € 2(T), and so
OVh(t)=xo(y,t) K'(t) + K1 (¥, t) h(D). (6)

Lemma 6 (Segi Rahmat, 2019) The following characteristics are given if h, g: T — R are proportional delta
differentiable at the t € T* point:
(i) OY[yh+0g]=yOYh+06D%g, ally, 0 € R,

(i) OV[hgl=h°O¥g + gO"h — h?gK,(y,.);

(iii) ©Y [ ] Zygi] + (g + ga) K1, g9° # 0;

g°OYh— hDVg

(iv) DV[ ] Kl()/,.), gg° # 0.

Definition 7 (Segi Rahmat, 2019) Let y € [0, 1]. If the condition

p@Q-k1(y, Q) k
—_ = NZeT
+ P u@ #0, allg

holds, p: T — R is considered to be y-regressive.

The whole collection of rd-continuous and y-regressive functions on T is represented by R, =R, (T).

Definition 8 (Segi Rahmat, 2019) Lety € (0, 1] and p € R,,. Suppose that p/x,, K1/, delta integrable functions
on T. The proportional exponential function on T for operator O is defined by
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1 p(() x1 (¥, Q)
é,(t, s)=exp [ G Log 7@ 3 u(@ )A(]

t
5 _ _ k@9
éo(t, s)—exp[ o Log (1 D —u(0) AZ], s,t €T,

where Log is the basic logarithm function. For u(t)=0,
ey )= [[ (M0 ) ), e sy=ep |- [ 220]
Lemma 9 (Segi Rahmat, 2019) Lety € (0,1] and p € R,. For fixed s € T,
O[é, (., )] =p(®)éy (., 5),

and for the proportional exponential function é,,

vl [ r@é o)
) “a e AT =h(0).

Definition 10 (Segi Rahmat, 2019) Assume that h € C,4(R), y € (0, 1], and t, € T. According to (7),
J OYh(Q4,{=h(t) + céy(t, ty), Vt €T, c ER,

defines the indefinite proportional integral (anti derivative), and according to Lemma 9

45,

Tk (y 0

f,f h(Q)éy(t, a(Q)) 4,(= j %ﬁg@)) e Az

denotes the definite proportional integral of h on [a, b]y.

Lemma 11 (Segi Rahmat, 2019) Let y € (0, 1], h € C,4(R). Then,
o7 ([ h@Q&(t, 0(@) 4,3 = h().

Lemma 12 (Segi Rahmat, 2019) If h, g € 2(T),

(i) J, O [@)] éo(t, a(D) 4,7 =[R(Q) & (t, s @], -

(ii) ff h(Q) O [g(Q] & (b, 0(D)A,3=[n(Dg(D) &(b, a(c))]f:

~[7 9° @O [h@®] — 11 (7, DRI (b, 5(0) 4y

)

®)

©)

(10)

(11

Theorem 13 (Anderson & Ulness, 2015) Letp € C,.q(T) NR,, q € C,4(T), t, € T, and y, € R. The solution of

the initial value problem
OVy=p(®)y+q(t), y(to)=Yo,
is given by
t
V(=10 (¢, t0)*+ [, a(eg(a() )4y, t € T,

(p—k1)(uk1—ko)

where g = ko+u(p-kq)

Think about the linear proportional dynamic equation

(O")3y+a(t) (D) 2y+b(£) (D' y)+c(0)y=F (t), t € T¥’,

(12)

(13)
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where a, b, ¢ € C,.4(T).

Definition 14 (Anderson & Georgiev, 2020) The function y € C2,(T) providing the Eq. (13) is referred to as the
solution of the equation.

Theorem 15 (Anderson & Georgiev, 2020) Suppose that the solutions to Eq. (13) are y,, v,, and y5. The solution
to Eqg. (13) for p,q,r € Risthus py; + qy, + rys.

Definition 16 (Anderson & Georgiev, 2020) Any functions y,, y,,y; € C;(T) have a proportional Wronskian
with definition

Y1 V2 V3
WO yy)=| Oy D'y Dy, |, (14)
O")2y; (O)%y, (D")%y;

Definition 17 (Anderson & Georgiev, 2020) The solutions y,, y,, and y; of (13) are referred to as the fundamental
solution set for (13) if the condition

W (1, y2,¥3)(t) # 0,

is true for any t € T*,
3. Results and Discussions

In this section, the formula of variation of parameters for the third-order linear nonhomogeneous dynamic equation
is found, an example is given related to this method, and then a different expression of Wronskian is demonstrated
for the two solutions.

Theorem 18 Think about the linear proportional dynamic equation

(O)3y+a(t) (D) ?y+b () (D" y)+c(t)y=F (b), (15)
where a, b, ¢, f € C,4(T). Assume that the basic solutions to the associated homogeneous equation
(O")3y+a(t) (D) ?y+b (£) (D" y)+c(t)y=0, (16)

are y;, v, and y5. Eq. (15) in this situation has a solution of

y(®)=c1y1 (1) +cy,(t) + c3y5(t)

t
5 ¥3 (5)(0"y3)9(5)=¥5 ($)(0"y2)7(s)
* <e’f1 (& to)+ ftOF ) W01 y25:)°(S) e"(a(s)’t)"”s> (0

t
5 _ ¥7(5)(0"y3)° (5)=¥§ ()01 (s) 4
+ <e"1 (& t) to F(s) W1, ¥2,53))°(5) €o(a(s), t)AV’tS> y2(5)

t
N o (Dy )a‘ A0 (Dy )a‘ N
+<ex1(t, o)+ f F(s) o e e “)eo(a(s).t)Ay,ts>y3(t). teT,
. v

where c;, c,, and ¢ are constants.

Proof Let y;,y,, y; be the fundamental set of solutions to the homogeneous Eqg. (16). Investigate the version
y(®)=p(O)y1(£)+q &)y, () +7(t)y3(8), (18)

of the solution to Eq. (15).

O'y(O)=(O"p)yf +p(O¥y1) — k1py? +(0VqQ)y7 +q(O"y,)

—K1qys +(O'r)ys +r(OVy3) — Kky7yg
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=p(6)(O"y1)+q () (DY y,)+7 () (DVy3), (19)
is deduced from the proportional derivative's product rule. Here, it is assumed that
(O"p)y? +(OY )y +(O'1)y3d =K1py7i +K1qy3 +17Y3 - (20)
Similarly, it is obtained
(O 2y=p((D")2y,)+(D'P)(O"y1)? —k1p (DY y1)7+q ((DV)?y,) + (D7 q)(DVy,)’

—11q(DVy,)7 + r((D")2y3)+(D'r)(D"y3)° — k7 (D y3)°

=p((9")2y1)+q((D")?y,)+r((D")?y3), (21)
by the assumption
(OVp) (O y1)7+(0¥ q) (OF y,) 7 +(OV1) (O¥ y3) =K1 p (D y1) 7 +K1q (O y,) 7 +1,7 (DY y3) . (22)

The third order proportional derivative of is

(O")y = O (p(D")?y;) + OV (q(D")?y,) + O (r(D")%y3)

= p((O")*y)+(O"P)((D)?¥1)7 — k1 p((DV)2y1) 7 +q (DY) y)+(DY ) ((97)?y,)”

—11q((D")%y,)7 + 1((D")%y3) + (') (D) ?y3)7 — Ky ((DV)?y3)°. (23)

If the formulae (18), (19), (21), and (23) are inserted in the Eq. (15), accounting for the assumptions of (20), and
(22), the equation

(O")2y+a(t)(D)?y+b () (DY y)+c(£)y = p(O(DY)y,+a(t) (D) 2y, +b () (D" y1)+c ()]
+q(O)[(O")y,+a(t) (D)2 y,+b () (D" y2)+c (1) y,]
+r(O)[(O7)*ys+a(t) (D) ?ys+b(£) (D ys)+c (t)ys]
+HO'P)((D)?y1)7 — k1p (D)) + (D) ((D")%y,)7
—k1q((D)?y2)7 + (D) (D) ?y3)7 — Ky ((D)?y5)7
= F(),

is discovered. We have recently found the system

©"p)y? + (OYQ)y7 + (O'1)ys = 1py! +Kk1qy7 +K7y3,

©O"p)(©Oy1)? + (D) (D'y,)? + (D) (DVy3)? = 1p(DVy1)? + k1 (DVy,)7 + 137 (DVy3)7,

©O"P) (D)) + (O P((D)?y2)? + (D) ((DV)?y3)7 =

= 1k,p((O")*1)7 + k1 ((D")?y,)° + kg (D) ?y3)7 + F(8).
We derive

y: (£)(OVy3)7 —y3 (£)(DVy,)?
W (1, ¥2,¥3))°(t)

_ YT (O)(Oy3)7 — ys (O (Oy1)?

0740 = (@ 09O = FO =475 = 550

| Y2 (©)(©77,)7 — y5 (D(Dy,)°
(PO = le OrO+H FO™ 000, v ©

O'p(t) = k1 (a, O)p(O)+F (1)

. teTK,
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from the previous system.

t a v o a Y o
t)=é. (tt F(s)22 (8)(©Yy3)7(s)—y5 (5)(DVy2)?(s) )4 )
O R O e GO

t g
_ _ VIO y5)7 (5)-y§ (5) (D" y1)(s) 5
| 0T8N o F) W1, y255)° () €o(a(s), t)4y,s,

t g
_ ¥ ($)(©Yy2)? (5)~y3 (DO y)I(s) K2
() =&t to) + fm Fs) W1, 7273)°(5) Go(0 () ays, LETT,

functions are identified using the formula (12). As a result,

y(©)=c1y, (®)+c ¥, (D) +c3y3(t)

t
~ Y3 (8)(0"y3)°(5)—y5 (8)(0"¥2)(s)
+ <eK1 (tl tO) + J;O F(S) (W(YL J’z.J’3))U(S) eO (O-(S)' t)A]/,tS> yl (t)

t
~ _ Y1 (8)(©0"y3)°(5)—y3 (5)(0"y1)°(s)
+ (eKl (t' tO) t F(S) (W(J’p yZ.Y3))J(S) eO (O-(S)' t)A]/,tS> y2 (t)

t

_ 7(5)(077,)7(9)-yS () (O ¥)(S) 5 2

+<e"1 (£, o) +f F(9)== (:;(ylsyz ii»s%s) = e"(a(s)’t)ﬂy‘t5> ys(t) e €T,
i V2

is the Eq. (15)'s general solution.
Theorem 19 While y; and y, are the solutions of
Oy + a()O"y + b(t)y =0, t € T,

where a, b € C,,(T),

W (y.,y,) = [(1 - HK_’:) (1 - E) + %] Wy, ¥2), (24)

Ko Ko
is provided.
Proof Given that

Y1 V2
Wy, y2)= |Dyy1 Dyy2| =y, 0%y, — y,0%y,

according to the Wronskian definition for two solutions,

yi y3
Wy, y2)= |(Dyy1)a (O¥y,)°

and

=7 (0"y2)? — ¥,7(DVy1)?,

14 -
po= BT ARR p 4 2 (OVh — kyh),
Ko Ko

it is derived that
u u
W (y1, y2)=y:° (Dyyz + P ((DY)ZYZ - Klgyh)) -y’ (Dyyl + P ((Dy)z)ﬁ - K1DYY1)>
0 0

ui u
= (1 - K_1> 0170y, —¥,°0%yy) + PN 17 (O) 2y, — y,7 (DV)yy).
) 0

Given that




GULSEN et al. Bartin University International Journal of Natural and Applied Sciences
JONAS, 2023, 6(2): 135-144

7 v

— yf yZU | _ Kq(Ko—pK1) W(y y )
O'y; Oy, (OM)2y,  (O")?y, vz

Ko

= (w) W1, ¥2), O'W (y1, y2)

Ko

([33], theorem 7.1.8, 7.1.10) in this situation,

2 _
Wy, y,) = (1 - #K_};l) Wy, y2) + K%(DVW()H'Yz) + mx(;io#mw(}’l:h))-

is the outcome. On the other hand, according to ([33], theorem 7.1.12) since

a(ky — ury) (kg — ury) bu
DYW(.VI!.VZ) = _< 2 L + 10 = W(}’p}’z),
Ko Ko Ko
the eventual result is
(o — i) (g — prey — ap) + bu?
WO (v, y2)= [ - e W1, ys)
(1 = ten) (1 — e ) | bt
_[(1 KO)(1 Ko K0)+ Kg]W(}’p}’z)-

Example 20 Assume that T =7, x,(y,t) = (1 —Y)t?,k,(y,t) = yt>A ", y € (0, 1], t € T. Take into
account the following differential equation

(o)
Firstly, we will find the solution of the corresponding homogeneous equation of Eq. (25)
()

by using the method in Anderson & Georgiev (2020). The auxiliary formula for (26) is
AB—-1=0, (27)

3 1
y — D3y=2t. (25)

3 1
y - Dgyzol (26)

and from here the roots are easily foundas 4, = 0,4, = —1,4; = 1.

We may reformat Eqg. (26) as follows:

1 1 1
o3 (05 +1) (05 -1) =0. (28)
Taking
1 1
(os+1)(05-1)y =y, (29)
we form
1
D§y1 = O,
and from theorem 13, the solution of this equation is
y1(t) = c1 & (¢, to), (30)
where c; is a constant. Now we get
1
(D5 -1)y =y, (31)
and from Eq. (28) we form
1
(05 +1)y, =0 (), (32)

or

1
D3y, = =y, + y1(0),
and using theorem (13), we find its solution as
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t

y,(H)=c,é_, (¢, t0)+f y1(0)ég, (r + L), te T, (33)
to 3
(C1-2e)2es-Les) : -
where g, = % and c, is a constant. From Eq. (31) considering the formula (33) and theorem (13)
§t3—1—§t3
it can be easily obtained that
t
y()=c3é,(t, t0)+f y2(D)é,, (T + 1,0)d1T,  t €T, (34)
3

to

R N . . . . .
where g, = % and c; is a constant. If we substitute the solutions (30) and (33) in the solution (34),
~t3+1-2t3
3 3
we obtain the solution of the homogeneous Eq. (26) as

t rs t
y(t)=c1f f (1, t0)€y, (T + 1,t)é,,(s + 1,t)A17415 + ¢, f €_1(1,t0)éy,(s + L,)A1T + c3€,(2, to).
to Yto 3 3 t 3

0

Thus if we compare the formula (17), we discovered that

t rs
v, () = f f éy(t, to)égl (t+ 1,t)ég2 (s + 1,t)A17415,
to /to 3 3
t

7.0 = [ €100, + 1041
to 3
y3(t) = &.(t, to).

So, it is possible to find the general solution of the given problem by while keeping in mind that these formulae
and F(t) = 2tin formula (17):

y(®)=c1y1 (1) +c,(t) + c3y5(t)
t 1 1

V2(s+1)03y3(s+1)=y3(s+1)D3y,(s+1)
2s W (1, 72.3)(s+1) Go(s + 10415 |y: (D)

+ ézé(t, to)+
3 to

‘ 1 1
5 o(t t) — g V(ST DD3Y3(s+1)—ys(s+1)D3ya (s+1) 5 1.4 ¢
| &z k) S W1, 723)(+D) fo(s +1,041,5 |72(0)

to

t

1 1
B IR P ACEN o ACR N SN A Y Dy s |y (0.
243 3

W1, ¥2,¥3)(s+1)
to

4. Conclusion

The variation of parameters was examined using the proportional derivative as a general example of a
conformable derivative for the third-order linear nonhomogeneous dynamic equation, and an example was given
on time scales with the special choice of the functions x,(y, t) and k,(y, t).

Acknowledgements: This research is part of the second author’s master’s thesis, which was carried out at Firat
University, Tiirkiye.
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Abstract

The textile industry is one of the sectors where water use is high. Textile wastewater contains a high percentage
of dyestuffs. Dyestuffs prevent photosynthetic activities in water and disrupt the ecological balance in water.
Treatment of dyestuffs is very important for the prevention of water pollution and for the health of living things.
There are several methods for the treatment of wastewater containing dyestuffs. In this study, it was aimed to
remove dyestuff from synthetic textile wastewater by using olive leaf by adsorption method. The effects of initial
pH, amount of adsorbent, contact time and temperature on adsorption were investigated. According to the data
obtained, optimum conditions were determined as pH 2, 0.25 g of adsorbent, 2 hours of contact time, and a
temperature of 25 °C. When the experimental data were applied to the kinetic models, it was observed that they
conformed to the pseudo-second-order rate equation. The data obtained at the end of the experiments were applied
to the Langmuir and Freundlich isotherm models. It was observed that the data obtained with olive leaf conformed
to the Freundlich isotherm. The reaction for the olive leaf is an exothermic and occurs spontaneously, according
to thermodynamic analysis. Negative entropy indicates a decrease in disorder in adsorption.

Key Words: Textile wastewater, dyestuff, adsorption, olive leaf
1. Introduction

The increase in the world population, insufficient environmental awareness, rapid developments in industry and
technology cause an increase in water use and a decrease in the amount of usable water. Water supplies are being
depleted as the demand for water is rising (Akin & Akin, 2007). Global water demand is expected to increase to
6,000 km3 per year by 2050, while developing countries are expected to face major water pollution and water
scarcity (Yusoff et al., 2023). With the increase in the world population, the need for clothing has also increased.
The textile sector has also been able to grow because to the fast-evolving fashion industry and advancing
technology. The share of the textile industry in Tiirkiye in production is around 20%. (Seker, 2007). The growing
textile industry has also led to a rise in water use and wastewater production. Textile industry wastewater contains
BOD, COD, AKM and high dyestuffs. The textile industry is the main user of dyestuffs (Bharathiraja et al, 2018;
Ganaie, 2023). Wastewater treatment is challenging due to the high levels of COD and dyestuff in wastewater that
cause the water's visual quality to deteriorate. Even trace amounts of dye in wastewater are highly visible and the
color of wastewater is the most visible contaminant (Crini & Badot, 2008). Wastewater containing dyestuffs, which
are discharged into receiving environments without being treated, prevents light from entering the water and
adversely affects photosynthetic activities under water. However, they accumulate in aquatic organisms and form
toxic and carcinogenic products. For this reason, they cause the flora of the environment to change. Due to the
presence of aromatic rings in the paint, it is very difficult to biodegrade. There are several reported methods for
the treatment of dyestuff containing wastewater (Srivastava & Choubey, 2021). Treatment procedures are carried
out after selecting the best techniques based on the composition of the wastewater produced by the textile industry
(Namal, 2017). Companies must develop unique process designs due to the industry's varying rates of water and
dyestuff usage (URL-1, 2022). The dyestuff removal in wastewater is carried out by choosing the most suitable
method for each process (Yagub et al., 2014). Treatment processes can be carried out in three different ways as
physical, chemical and biological “URL-2, 2022” (Dutta et al. 2021). The adsorption method, one of the physical
approaches, will be used in this study to remove dyestuffs from textile wastewater. Adsorption is a technique used
in wastewater treatment to remove dyestuffs by employing compounds referred to as adsorbents that can hold
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dyestuffs (URL-3, 2012). Adsorption processes are an advantageous approach for wastewater treatment, especially
since the adsorbent is cheap and does not require a pre-treatment step before it is applied (Moosavi, 2020).

Currently, various adsorbent materials are used to treat dye-containing wastewater, such as carbon-based nano-
adsorbents, bio-sorbents, polymer-based adsorbents, transition metal-based oxides, and MOFs (Ojedokun & Bello,
2017; Asadullah, 2010; Xue et al. 2010; Yao et al., 2011; Wang & Wei, 2017; Haque et al., 2010; Aboelfetoh et
al., 2020). Agricultural waste has low cost. These preferred wastes are biodegradable and sustainable. It is very
advantageous compared to carbon-based adsorbents (Bhatnagar & Sillanpaa, 2010). The study’s objective was to
use an organic waste, olive leaf, as an adsorbent material to remove dyestuff from synthetic textile wastewater.
Olive is a plant belonging to the Mediterranean climate. A by-product is produced every year because of the
cultivation and extraction of olives (Hannachi et al., 2010). Research to find new uses for the byproducts of olive
oil production is of great importance not only for the economy but also for the environment in olive growing
communities (Blazquez et al., 2011). One of the by-products of the olive tree is the olive leaf. Each tree produces
25 kg or more in leaves and branches of olives annually. Tiirkiye accounts for 9% of global olive production.
Consequently, a lot of waste olive leaf is generated. Thus, olive leaf is a cheap adsorbent material because it is
abundant and cost-effective (Geylan, 2016).

2. Materials and Methods

In this study, In this study, dyestuff removal by adsorption method using olive leaf from synthetic textile
wastewater was investigated. Olive leaf wastes were obtained from an olive oil producing factory in Canakkale
region. Olive leaves were washed with distilled water. For 72 hours, it was kept in a 40°C drying-oven. It was
ground in a grinder, sieved with a sieve and placed in a desiccator. 30 g NaCl, 1.6 g Na2CO3 and 0.1 g Sumifix
Supra Blue EXF were mixed in a beaker and distilled water was added and 1L solution was obtained. It was stirred
for 1 hour at 50°C via magnetic stirrer. The prepared solution was adjusted to have a pH of 6.9 in order to be close
to the textile industry wastewater, and a stock solution was prepared at a concentration of 100 mg/L. New solutions
were prepared in 50 ml volumes, with concentrations of 5,15,20,25,30,35 and 40 mg/L, respectively. The
absorbance values of the prepared solutions were determined with a Shimadzu UV-1280 spectrophotometer device
at a wavelength of 610 nm. Working line graph and equations were obtained with these values.

Regarding adsorption method, 50 ml of the solution with a concentration of 50 mg/L was taken and left in contact
with a specific amount of adsorbent in a shaking water bath at 25 °C for 24 hours. By using HCl and NaOH
solutions of different concentrations, the solution’s initial pH was modified to reflect various values and the
dyestuff removal was investigated. A solution of 50mg/L concentration was added to four flasks as 50 ml each,
0.25; 0.5; 1 and 1.25 g adsorbent was added respectively, and adsorption was carried out at optimum pH value.
These flasks were stirred in a water bath at 25°C for 24 hours. Olive leaf was added at optimum pH and optimum
amount of adsorbent by taking 50 ml each to the flasks from the 50 mg/L-concentrated solution. It was stirred at
25; 35 and 45°C in a water bath for 24 hours. Entropy, enthalpy, free enthalpy change, and equilibrium constant
were determined during adsorption, and a thermodynamic analysis of adsorption was investigated. 50 ml of the
solution, which has a concentration of 50mg/L, was taken into the flasks and mixed at 25°C in a water bath at
various time periods (1; 2; 3; 4; 5; 6; 7; 17; 20; 24 hours) at the optimum pH and adsorbent amount. The Langmuir
and Freundlich isotherm models were used to analyze the data that were acquired at the end of the experiments.
Experiment data were applied to pseudo-first order and pseudo-second-order rate equations.

Percentage dyestuff removal (Removal%) was calculated by using (1).
Removal % = ((Co- C) x100%) / Co (D)

where Co represents the initial concentration(mg/L). C is the concentration after a certain time of adsorption.
The amount of dyestuff that was calculated to have been absorbed on the adsorbent surface is

g =[(Co— Ce)V])/m 2

where Co and Ce(mg/L) are the dye concentrations at starting and equilibrium, respectively; and q is the amount
of dye adsorbed onto the adsorbent (mg/g); V is the solution's volume (L), and m is the adsorbent's mass (g).
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3. Results and Discussions
3.1 Characteristics of olive leaf

Surface morphologies were examined using scanning electron microscopy (SEM) and X-Ray Diffraction method
(XRD). SEM images were obtained using the JEOL-JSM 7100-F Scanning Electron Microscope. XRD data was
obtained with the PANalytical Empyrean instrument. At the same time, the chemical analysis of the samples was
determined with the EDX (Energy Distribution X-Ray Spectrometer) detector in the SEM device. The results are
given in Figures 1 and 2.

=

}
N

lum  COMU 12/7/2023 — lpm  COMU 12/7/2023

x10,000 10.0kV LED SEM WD 10mm _ 10:02:05 x10,000 10.0kV LED SEM WD 10mm  10:36:23

. Spectrum 7
At%

Fig. 1 Images captured by SEM of the raw olive leaves (a), olive leaves after adsorption (b) and EDX analysis of
the raw olive leaves (c), olive leaves after adsorption (d)

SEM images show that the dyestuff is adsorbed quite well on the raw olive leaf. Before the adsorption process,
the olive leaf used as an adsorbent has a porous and very rough structure (Fig. 1a). This structure provides a good
area for the adsorbent to adhere. After adsorption process, it is seen that the pores of the olive leaf are closed with
dyestuff and the surface is covered with dyestuff layers (Fig. 1b). In this image, the presence of active surface
areas, which are still present, can be observed. This shows that the pore capacity and area of the surface are
suitable for adsorption. Elemental analysis shows that the raw olive leaf consists of two major compositions, C
and O elements (Fig. 1c). The olive leaf analysis after adsorption includes elements of both the olive leaf and the
dyestuff, together with minor compositions (Fig. 1d). These images prove that the dyestuff is well adsorbed by
the olive leaf.
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Fig. 2 XRD results of the raw olive leaves (a), olive leaves after adsorption (b)

According to the XRD results, the wide diffraction peaks (decreased peak density) (Fig. 2a) of the raw olive leaf

mean that they have less crystallinity compared to the olive leaves form (Fig. 2b) after adsorption (Soleimanifard
etal., 2019; Liu & Wu, 2010).

3.2 Effect of initial pH

The pH value of the solution, which has a concentration of 50 mg/L, was measured as 6.9. The pH values studied
for this parameter are 2,4, 6.9 and 9. 0.25¢g of olive leaves were put into each flask and it was held for 24 hours in
a water bath with a shaking motion at 25C. The outcomes are represented in Fig.3.

Dyestuff removal %

100

.\.

80 -

60

pH

Fig. 3 The effect of initial pH value on dyestuff removal
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As it evident from the Fig. 3, it was determined that the highest dye removal occurred in the solution with a pH
value of 2. The surface charge of the adsorbent generally has a significant impact on adsorption. Olive leaf consists
of powerful plant polyphenols that are anti-oxidative. Scientific studies have shown that the oleuropein substance
contained in the olive leaf is much higher than the other parts and has revealed that it is an active phytochemical.
Oleuropein is hydrolyzed with acid and turns into (-) elenolic acid compound, which is reported as antiviral (URL-
4, 2022). Because there are too many protons in solutions, the negative charge on the surface of olive leaf is
diminished, which contributes to the good removal of dyestuff at lower pH levels. The system's pH falls as a
result, and the quantity of positively charged sites rises. Sumifix dyes are reactive dyes. Anionic dyes that are
extremely water soluble are reactive dyes. Electrostatic attraction makes the dyestuff anion more likely to bind to
a positively charged surface spot on the adsorbent.

3.3 Effect of adsorbent amount

To investigate the impact of adsorbent quantity, several quantities (0.25-1.25g) of ground olive leaves were used.
It was stored for 24 hours at 250C in a water bath that was shaking. The optimum amount of adsorbent was
determined as 0.25g. The percentage of dyestuff removal against the amount of adsorbent is given in Figure 4.
The effectiveness of dyestuff removal of the olive leaf was about between 99.6% and 99.9% in adsorbent quantity
of 0.25 and 1.5 g/50 mL, respectively. The lowest amount of 0.25 g was used as the optimum amount of adsorbent.
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Fig. 4 Effect of amount of the adsorbent on dyestuff removal

3.4 Temperature effect

To investigate the impact of temperature, 50 ml of the 50 mg/L-concentrated solution was taken into the flasks
and 0.25 g adsorbent was added at pH 2. Through the adsorption process, according to the values obtained from

the spectrophotometer, it was determined that the olive leaf reached the highest percentage of dyestuff removal
at 25°C (Fig.5).
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Fig. 5 Temperature effect on dyestuff removal

During adsorption, entropy, enthalpy, free enthalpy change and equilibrium constant are determined and
thermodynamic investigation of adsorption is performed. Accordingly, temperature is an important parameter.

Table 1. Thermodynamic data of olive leaf

Temperature Ke AG® AS° AH°
(°O) (kd/mol)  (I/mol K)  (kJ/mol)
25 126,86480 -11999,1
35 15,23209 -6973,8 -312,58 -104540,2

45 9,07643 -5831,4
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Fig. 6 The plot of 1/T versus dyestuff removal

During adsorption, entropy, enthalpy, free enthalpy change and equilibrium constant were determined, and the
thermodynamic investigation of adsorption was carried out. The graph of InKc vs. 1/T is given in Figure 6. The
thermodynamic data of the olive leaf, which is an adsorbent substance, are given in Table 1.

The variation in standard free energy (AG®), entropy (AS°) and enthalpy (AH®) of the following equations were
used to calculate:

AGe= -RT InK_c 3)

where T is the temperature in K, K is the equilibrium constant, and R is the gas constant. The estimated equilibrium
constant (K) is:

_ %
K=2 )

The van't Hoff equation indicates that:

Ink =2 — (5)

With the use of this equation, a 1/T graph was created against log Kc. This graph's slope is AH® and its cut point
is AS°. Evaluating according to the graph of the Van't Hoff equation, the parameters AH°, AS°® and AG® were
calculated (Table 1). The spontaneous behavior of the adsorption process is indicated by the negative values of
AGe at various temperatures. The negative value of ASo suggests that the system exhibits random behavior.

3.5 Effect of contact time

The contact time of the adsorbent and the dyestuff is a crucial parameter to reach the maximum removal
percentage. In order to establish the optimum contact time, 50 mg/L solutions with a pH 2 were shaken with 0.25
g olive leaves at 25°C for different times. Dye removal increased during 2 hours and reached equilibrium after 2
hours. The results are given in Figure 7. The water boundary layer that surrounds the adsorbent particles is broken
down through mixing. As a result, a layer is emerging from which solubilizing dyestuff molecules will be able to
resist sorbent diffusion. The molecules of the dyestuff can be held on the adsorbent's surface and pores when this
layer is lifted from the center.
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Fig. 7 The plot of contact time versus dyestuff removal

To make the mechanism of the adsorption process more descriptive, pseudo-first-order and pseudo-second-order
kinetic models were investigated. Lagergreen's equation provides a basic pseudo-first order equation (Ho, 2004):

ki
log(ge — q) =loggqe — ——.t (6)

2,303 "

where k1 is the rate constant od adsorption (h—1) and ge and qt are the amounts of dyestuff adsorbed (mg/g) at

equilibrium time and at time t (h), respectively. For olive leaf, the value of k1 was determined using the log(qge-
qgt) vs. t plot (Fig.8).
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Fig. 8 The plot of pseudo first-order model for olive leaf

Adsorption equilibrium capacity-based pseudo-second order equations may be expressed as follows (Ho, 2003):
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the pseudo-second order rate constant (g/mg min) is represented by k2. Experimentally, the slope and intercept
of the t/qt vs t plot can be used to calculate the equilibrium adsorption capacity (ge) and second order constants
(k2). (Fig. 9).
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Fig. 9 The plot of pseudo second-order model for olive leaf

Table 2. Kinetic constants

Oexp Pseudo-first-order Pseudo-second-order
2.49 K1 Qe R? K2 Qe R?
0.18 0.11 0.9833 4.49 2.5 1

Table 2 lists each constant and the models' linear regression coefficient values. In comparison to a second-order
kinetic model, the regression coefficient for a first-order kinetic model is lower. Additionally, the calculated and
experimental ge values are not coincide. The findings show that adsorption data cannot adequately characterize a
first-order kinetic model. The regression coefficient for the second-order kinetic model is 1. Furthermore, the
computed and experimental values of ge coincide fairly well. As a result, it can be seen that the adsorption
mechanism is justified by the pseudo-second order kinetic model. Other workers reported experiencing similar
outcomes. (Oztiirk & Bektas, 2004).

3.6 Adsorption isotherms
The relationship between the equilibrium concentration attained and the amount of material adsorbed per unit
adsorbent in the study was used to analyze equilibrium isotherm models. It was determined that the equilibrium

data obtained were compatible with the Freundlich and Langmuir isotherm models.
The Freundlich equation is shown by the equation that follows (Weber 1972):

logde = logKr + —logCe (®)

K (mg/g) which stands for the Freundlich intensity constant, and n, which stands for the Freundlich capacity
constant. A plot of linear Freundlich equation logCe versus logge is shown in Fig. 10.
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The Langmuir equation was applied for the adsorption equilibrium of the olive leaf (Weber 1972):

Ce 1 Ce
Co_ 1 Ce 9
Qe qm-Ke qm ( )

where Ce is the equilibrium concentration (mg/L), ge is the amount of dyestuff adsorbed at equilibrium (mg/g),
gm and KL are adsorbent’s maximum capacity and Langmuir equilibrium constant, respectively. A plot of linear
Langmuir equation Ce versus Ce/ge is illustrated in Fig. 11.
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Fig. 10 The graph of Freundlich isotherm for olive leaf
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Fig. 11 The graph of the Langmuir isotherm for olive leaf

Table 3 gives the isotherm constants. According to the correlation coefficients, Langmuir isotherm model is the
most suitable model.
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Table 3. Isotherm constants

Isotherm Freundlich Isotherm Langmuir Isotherm
Constant n Ks Om KL
-2,1696 1,904 1,927 -14,95

4. Conclusions

In this study, the amount of adsorbent, the effect of initial pH, contact time and temperature parameters on dyestuff
removal in textile wastewater were investigated. In the adsorption process in which olive leaf was used as
adsorbent, it was observed that the removal of dyestuff increased as the pH value decreased. As a result, the
optimum pH value was determined as 2. Another parameter is the amount of adsorbent. While examining this
parameter, no discernible difference was found on the dyestuff removal of the adsorbent used in different amounts.
Considering the cost issue, the optimum amount of adsorbent is 0.25 g, which is the lowest amount. When the
effect of contact time was investigated, it was found that the dyestuff removal rose for 2 hours and then stayed
constant. The optimum contact time was established as 2 hours since the adsorption reached equilibrium after 2
hours. The optimum adsorption temperature was found to be 25°C when the effect of temperature was
investigated. It was found that there was a direct proportionality between the temperature and the removal of the
dyestuff.

This study revealed that the adsorption of olive leaf conforms to Langmuir isotherms. When the experiments were
analyzed kinetically, it was determined that the olive leaf adsorption conformed to the pseudo-second-order rate
equations. When adsorption thermodynamics is investigated, it was found that the reaction was exothermic for
olive leaf adsorption for the reason AH*>0. This value is quite high and indicates that the adsorption is chemical
adsorption. A negative value of AG® indicates that the reaction takes place spontaneously. SEM images (Fig. 1a,
Fig. 1b) of the olive leaf also support that the pore capacity and surface area of the olive leaf are quite suitable for
adsorption. While the surface was quite rough before the adsorption process, the rough surface was covered with
layers of dyestuff after the adsorption process.
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Abstract

There is a number of architectural problems that airports must meet such as ensuring the circulation of passengers
in terminal building quickly and shortening the time between flights. This is related to the concept of level of
service (LOS) which aims to keep passengers in circulation at an affordable cost with minimum delay and
maximum comfort without being exposed to congestion. LOS standards have been developed by the International
Air Transport Association (IATA) for density analysis of airport terminal buildings. However, with the increase
in capacities and user density, there are gradual decreases in standards with sharp boundaries, and this situation is
true in the context of strict limits but does not fully reflect reality. Besides, a fuzzy assumption has been made to
the issue, both due to the fact that LOS are set with different values in standards published in different years, and
to allow rapid and efficient analysis of density changes in unexpected situations. Within the scope of the study,
the LOS standards of the check-in areas and sub-functions which are used extensively and host a large number of
passengers are modeled in matlab program by means of fuzzy logic. Four independent mathematical models were
created: a design decision support model for the architectural design related to the check-in section, and three
models for the check-in sub-functions, processing times and areas for business performance. In the models, output
data were obtained for each input data and LOS could be determined by interpreting these outputs degree of
representation.

Key Words: Fuzzy assumption, fuzzy logic, IATA, level of service, airport terminal
1. Introduction

Airports are places where arriving passengers get their first impressions of a country and departing passengers get
their last. In this respect, airport terminal buildings which act as a showcase that introduces a country are exposed
to the world and bring growth potential to the regions where they are located (Horonjeff et al., 2010; Kazda &
Caves, 2015). Therefore, it is important for terminal buildings to provide necessary comfort conditions for
passengers both in terms of obtaining positive impressions of passengers about a country and increasing user
satisfaction. With the increase in flights and the decrease in air transport fares, airport terminal buildings have
become places that people frequently use. Hitherto the Covid-19 pandemic in 2020 where a reported decrease of
60% in airport traffic was witnessed, other reports indicated a sustained increase in airport traffic up until 2019
and as of 2021 (ICAOQ, 2022; Thampan et al., 2020). Considering that airport strategic planning is made by taking
into consideration the estimates ranging from 20 to 50 years, the increase in user density over time brings with it
problems that need to be solved for future planning (Waltert et al., 2021).

As a result of the increase in the number of users of airport terminal buildings, there are a number of architectural
problems that airport terminals must meet, such as ensuring quick circulation of passengers within the building
to shorten the time between connecting flights (Tosi¢, 1992). It is possible to predict the overall size of a terminal
building design before determining detailed calculations of the areas to be designed for specific functions.
Projected total size of terminal projects are related to the concept of level of service (LOS) which aims to keep
passengers in circulation at an affordable cost with minimum delay and maximum comfort, without being exposed
to excessive congestion. The concept of LOS is also used in the density analysis of existing airport terminal
buildings and in the decision of investment strategies (IATA, 1995; Solak et al., 2009). Therefore, one of the main
problems for airport management is to be able to meet the increasing capacity while maintaining financial viability
and an acceptable LOS. Airlines, airport operators and relevant government agencies strive to anticipate airport
capacity and potential problems that will be caused by the increase in density (IATA, 2004). The development of
LOS measurements for airport terminals has been one of the most important issues for airport operators in recent
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years (Correia et al., 2008). LOS standards have been developed by the International Air Transport Association
(IATA) for density analysis of airport terminal buildings. LOS standards related to the functions of airport
terminal buildings can be reached from different editions of the Airport Development Reference Manual (ADRM)
published by IATA. The values corresponding to the LOS standards ranking from A (the best) to E (the worst)
have changed over the last three decades and have been increased in details according to the sub-functions of the
airport (such as check-in, security point or baggage claim). As understood from ADRMs, the LOS standards of
airport terminal buildings are determined within the framework of definite value ranges. However, it can be
predicted that the actual service perception cannot be in full correlation with the standards determined with sharp
boundaries. In addition, the definition of different values for standards in different editions of ADRM strengthens
the hypothesis that there cannot be strict boundaries between level of services (from A to E). Other than IATA,
studies on LOS include the Airport Cooperative Research Program (ACRP) report sponsored by the Federal
Aviation Administration (FAA) and the regulations of the Airports Council International (ACI) are available.
However, in the documents of ACRP and ACI, in the parts related to airport terminal level of service, IATA
standards are cited (ACI, 2012; ACRP, 2010).

As mentioned before, airport terminal buildings are starting to fail to meet the required LOS in the regulations
due to their architectural programs that increase in capacity over time. However, with the increase in capacities
and user density, there are gradual decreases in standards with sharp boundaries (e.g. a terminal with a density of
C level can drop to level D as a result of adding a single person), and this situation is true in the context of strict
limits, but does not fully reflect reality. Besides to this situation, the existence of different values related to
standards also requires a fuzzy assumption. Within the scope of the study, the LOS standards determined by IATA
for the check-in areas, which are used intensively and host a large number of passengers, due to the fact that
ADRMSs become more and more detailed in terms of standards, have been modeled and made flexible by means
of fuzzy logic. The LOS standards in different editions of ADRM were defined as membership functions, and the
data were modeled in the matlab program. Thanks to the four mathematical models built on the fuzzy approach,
the uncertainty of the LOS standards in the context of different regulations and the sharpness of the level drops
can be eliminated (Mcneill & Thro, 1994).

2. The LOS Concept of Airport Check-in Units

Planners and decision makers should keep in mind that travelers visit an airport for one reason: to catch a flight.
Therefore, the expectations and needs of passengers should be at the center of the planning process (IATA, 2004).
Passengers, airlines and other terminal users have their own ideas about the comfort, convenience and cost, and
therefore evaluate the terminal's performance in terms of such factors (Lemer, 1992). However, comfortable
walking for the movement of pedestrians is already a necessity in modern transportation systems (Cepolina et al.,
2018). Although large spaces may be needed for an unobstructed pedestrian flow, the fact that there are spaces
that are larger than necessary causes the resources not to be used effectively. The concept of LOS, introduced by
Transport Canada in the 1970s due to the inadequacy of the widely used definition of capacity, was developed by
planners and designers to provide a degree of precision in the design and capacity analysis for transport facilities
(Ashford, 1988; IATA, 2014). While the concept of capacity is always related to the level of service provided, an
airport system can operate with varying degrees of intensity and delays. For example, a particular system can
handle 1000 passengers per hour at the optimal service level or 1500 passengers per hour at an inadequate LOS
(e.g. in case of overcrowding) (IATA, 2014). However, it is difficult to establish a precise quantitative relationship
between available space, time and LOS. Many factors such as passenger behavior patterns, psychological needs
and passenger comfort can affect the required space depending on the waiting time (IATA, 1995). Passenger
characteristics vary according to the region they come from, travel purposes and flight destinations. For example,
a businessman/woman may travel with a small number of bags and arrive at the airport later than those traveling
for holiday purposes.

There are studies in the literature that take into account the waiting and processing times, the space requirement,
and different users (e.g. transit and arriving passengers) related to the LOS (Correia & Wirasinghe, 2007; de Barros
et al., 2007; Ronzani Borille & Correia, 2013). There are studies that aim to produce forecast models that will
allow calculating the daily and hourly density of passengers in the terminal (Kim et al., 2004; Liu et al., 2018). In
addition, passenger flow simulations are produced for different usage scenarios over real and hypothetical spaces
(Fonseca i Casas et al., 2014; Jim & Chang, 1998; Li et al., 2019; Roanes-Lozano et al., 2004). There are also
studies in the literature examining behaviors and processes of passengers at the terminal (Kalakou & Moura, 2021;
Stolletz, 2011). There is also a study using questionnaires to determine LOS (Park, 1999) and a study on the
compliance of IATA LOS standards with pandemic conditions (di Mascio et al., 2020). There are also studies that
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examine the time spent in check-in and baggage claim areas with fuzzy logic over both the time perceived by the
passengers and the number of people and luggage (Kiyildi & Karagahin, 2008; Yen et al., 2001). Within the scope
of this paper, unlike other studies that proceed through fuzzy logic, the LOS standards of the check-in departments,
both time and space, and only space needs are emphasized.

As mentioned above, there are different LOS definitions in different editions of ADRM. According to Table 1,
level C is recommended in order to obtain a good level of service with affordable cost and to use resources
effectively. There is no upper limit for level A. In the eighth edition of ADRM, published in 1995, there are LOS
standards for five different areas in terminal buildings (IATA, 1995) (Table 2).

Table 1. Definitions of level of services (IATA, 1995).

Level of

Service Definition
A An Excellent level of service. Conditions of free flow, no delays.
B High level of service. Conditions of stable flow, very few delays.
C Good level of service. Conditions of stable flow, acceptable delays.
D Adequate level of service. Conditions of unstable flow, acceptable delays for short periods of time.
E Inadequate level of service. Conditions of unstable flow, unacceptable delays.
F Unacceptable level of service. Conditions of cross-flows, system breakdowns and unacceptable delays.
Table 2. IATA LOS standards (sq. meter/occupant) (IATA, 1995).
A B C D E F
Wait / Circulate 2.7 2.3 1.9 15 1.0
Bag Claim Area (excl. claim device) 2.0 1.8 1.6 14 1.2
Check-in Queue Area 1.8 1.6 14 1.2 1.0 ?r/z;inc;own
Hold Room 14 1.2 1.0 0.8 0.6
GIS 14 1.2 1.0 0.8 0.6

In the ninth edition of ADRM, check-in LOS standards have become more detailed with four different possibilities,
according to row widths and the number of luggage and trolleys owned by passengers (Table 3).

Table 3. IATA LOS standards for the check-in queue (in a single line) (sq. meter/occupant) (IATA, 2004).

A B C D E

Few carts and few passengers with check-in luggage (row

width 1.2 m). 1.7 1.4 1.2 1.1 0.9
Few carts and 1 or 2 pieces of luggage per passenger (row

width 1.2 m). 1.8 15 1.3 1.2 1.1
High percentage of passengers using carts (row width 1.4 m). 2.3 1.9 1.7 1.6 15
'‘Heavy' flights with 2 or more items per passenger and a high

percentage of passengers using carts (row width 1.4 m). 26 2.3 2.0 19 18
Average of four different LOS 2.1 1.8 1.6 15 1.3

When the check-in LOS values in Tables 2 and 3 are compared, it can be seen that the values in Table 2 are close
to the values of row 2 in Table 3 (few carts and 1 or 2 pieces of luggage per passenger). In addition, since the
possible scenarios in Table 3 are situations that a terminal may be constantly exposed to, the values in each column
have been averaged in order to provide an optimum approach within the scope of the evaluation. The LOS concept
has been updated in the tenth edition of ADRM to reflect the dynamic nature of terminal operation more strongly.
Unlike previous ADRM editions, the new concept, which defines time as a LOS indicator has three levels as
indicated in Table 4 (IATA, 2014).
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Table 4. IATA LOS standards (IATA, 2014).

Level of Service Space Time

Overdesign Excessive or empty space. Overprovision of resources.
Sufficient space to accommodate the Accetable processing and waitin

Optimum necessary functions in a comfortable P P 9 9

- times.
environment.

Unacceptable processing and waiting

Suboptimum Crowded and uncomfortable. -
times.

While planning/designing the waiting areas of the facilities, two important variables determine LOS together, viz;
Queue area and waiting time. In Table 5, the space axis defines the amount of area per passenger, while the time
axis indicates the maximum waiting time for passengers waiting in line. Both axes are required to define the LOS
(IATA, 2014).

Table 5. IATA LOS space/time standards (IATA, 2014).
Space

Overdesign (>Y m?) Optimum (X to Y m?)  Suboptimum (<X m?)

Overdesign (<A mins) Overdesign Optimum %;rsg?/g;nen ts
o . . . . . Consider
1S
= Optimum (A mins to B mins) Optimum Optimum improvements
. . Consider Consider Underprovided,
Suboptimum (>B mins) improvements improvements reconfigure

If both space and time axes indicate optimum/suboptimum level, the facility offers an acceptable/unacceptable
LOS. When one of the axes indicates an optimum and the other suboptimum, it may be necessary to make
improvements in the facility. Operational improvements such as increasing the quality of personnel and processing
speeds, or physical improvements such as removing circulation from a queue, rearranging queues to increase free
space, or adding processing units can be made. Any facility that falls into "suboptimum" requires major
improvements and immediate action to be taken (IATA, 2014). LOS standards for check-in departments, both in
terms of space and time, are defined in the tenth edition of ADRM (Table 6).

Table 6. IATA Check-in LOS standards (IATA, 2014).

Space standards for waiting areas Waiting time standards for processing
(sq. meter/occupant) facilities (economy class — mins)
ADRM 9% Ed. A B C D E A B C D E
ADRM 10" Ed. Overdesign Optimum  Suboptimum  Overdesign Optimum  Suboptimum
Self-Service Boarding ~; ¢ 13-18 <13 0 0-2 >2
Pass / Tagging
Bag Drop Desk . .
(queue width 1.4-1.6 m) >1.8 13-18 <1.3 0 0-5 >5
Check-in Desk >1.8 13-18 <13 <10 10-20 >20

(queue width 1.4-1.6 m)

In the eighth, ninth and tenth editions of ADRMs, it is seen that the most detailed approach regarding the check-
in level of service in terms of space was carried out in the ninth edition where possible situations were taken into
account and 6 graded evaluation charts such as A, B, C, D, E and F (not shown except in table 2) were used. In the
tenth edition, the sub-functions of the check-in areas were examined. However, it can be seen that the square meter
values are repeated, and it is passed from the 6-grade evaluation chart to a 4-grade evaluation chart such as
overdesign, optimum, consider improvements and underprovided (not shown except in table 5). This situation
prevents the intermediate and/or limit values to be seen, apart from being good/moderate/bad/unacceptable. Apart
from these standards, eleventh and twelfth editions of ADRM have also been published (IATA, 2019; IATA 2022).
However, it is not added to the fuzzification model. Since it is seen that they are not open sources currently. Also,
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the main aim of this research is to constitute the mathematical evaluation models for the LOS standards. Thus, the
database can be extended effortlessly in the future.

3. Fuzzy Approach to the Concept of Level of Service

Fuzzy approach or fuzzy logic, introduced by L. Askerzadeh, is a system of thought that allows the definition of
propositions that cannot be expressed precisely and contain uncertainty through mathematics (Zadeh, 1965). It
requires fuzzy set logic to be able to use the values that we cannot distinguish precisely and cannot judge clearly
by machines such as computers. Thanks to this important expansion that fuzzy logic brought to literature and
practice, many points where Aristotle's dual logic missing within the framework of Ancient Greek philosophy
were revealed (Ross, 2010). In the context of architectural design, fuzzy logic is used to make precise and efficient
decisions and evaluations (Diker & Erkan, 2021). Besides, there are studies integrated with the analytical
hierarchy process and conducted with the spherical fuzzy set theory (Bostancioglu, 2020; Singer & Ozsahin,
2021).

The reasons for choosing the fuzzy approach in modeling levels of service are that it allows for taking into account
the differences between standards that change over time, for preventing of gradual decreases in LOS, and for
analyzing the intense changes in unexpected situations quickly and efficiently (Ballis et al., 2002; Klir & Yuan,
1995). Although the standards that change over time may seem close to each other, at some points the changes
can reach values such as 30% (the difference between the standards in different editions of ADRM for defining
the E level of service). For this purpose, the aforementioned LOS standards in different editions of ADRM are
gathered on a single graphic (Figure 1).
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Fig. 1. Check-in LOS space standards in different editions of ADRM.

u IATA 2014 - VALUE RANGE

In the ninth edition of ADRM, LOS standards have been introduced for four different situations that may occur
in check-in areas. In Figure 1, the minimum and maximum values of these standards defined in the ninth edition
are shown with an empty long rectangle and the average of the 4 values defined for each case is shown with a
hollow square. A similar situation exists in the tenth edition of ADRM. Here only the 1.3-1.8 sq. meter/pax range
(circle and double horizontal line) for LOS C is shown, but the average (1.55) is not shown.

4. Fuzzy Approach Models of Check-in LOS Standards

Within the scope of the study, four mathematical models were created with the fuzzy extension of matlab program
in order to evaluate the LOS of the check-in section. One of the four models is univariate and focuses on space,
while the other three are bivariate and focus on space and processing times. While there are space values in all
four models developed, a 6-level evaluation chart was used in Model 1 (univariate). However, since the output
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variables are 4 degrees in other models, a 4-grade evaluation chart was used for space values. Otherwise, the model
will be insensitive to extra input variables.

The fuzzification of check-in space LOS standards common to all four models was made using the values given
in Figure 1. To create mathematical models within the framework of fuzzy logic, the LOS values in the examined
standards are defined as membership functions (Figure 2). In order to define the membership functions of Model
1, the arithmetic average of the values existing in all three regulations was taken. While the arithmetic average of
the regulations was taken, each regulation was evaluated with an equal coefficient. For the averaged values in
Figure 1, the values are shown with an empty triangle, square and circle, and in Figure 2, they are expressed with
a solid rectangle. The value of 1.55, which is the average of the range of 1.3-1.8 for the 2014 IATA standard,
which is defined only for the level C, is included in the weighted average. The averaged A, B, C, D and E levels
are defined as the points where the fuzzy logic membership functions have a value of 1.00. The point where the
LOS A membership function is 1 is 1.90 sq. meter/pax, while for B, C, D and E itis 1.73, 1.52, 1.33 and 1.20 sq.
meter/pax, respectively. The part where the LOS F membership function is defined as 1 is the lowest value in the
ADRM (ninth edition) standard, which is 0.9 sq. meter/pax and below. The point where the LOS A is defined as
the maximum in the regulations is 2.60 sq. meter/pax. Values above this LOS are defined as A+ level. Each
membership function is given the name of the point or range where the membership degree is 1.00. The points
where each membership function takes the value 0.00 are defined where the neighboring upper and lower LOS
membership functions take the value 1.00. For values above 1.90 sq. meter/pax and below for A+ and above 1.20
sg. meter/pax for F, both membership functions take the value 0.00.

For Models 2, 3 and 4, each membership function of the 4-level evaluation chart defined for the space in the tenth
edition of ADRM is derived from the membership functions of Model 1. Overdesign, optimum, consider
improvements and underprovided levels are defined as fields where fuzzy logic membership functions have a
value of 1.00. The point where the overdesign LOS membership function is 1.00 is 1.90 sg. meter/pax and above,
while for the others it is 1.52, 1.20 and 0.90 sq. meter/pax and below respectively. Therefore, the values
corresponding to the B and D levels in the membership functions of Model 1 correspond to the intermediate values
in the space membership functions of Models 2, 3 and 4 (Figure 2).
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Fig. 2. Fuzzification of check-in LOS space standards.

In Figure 2, LOS standards and fuzzy membership functions are aligned with vertical dotted lines. The name of
each function is written in the upper right part of the peaks where the membership functions are 1.00. The value
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ranges of the membership functions of the models are defined between [0.5-3.00]. However, smaller or larger
values can be included in the membership functions < 0.90 or > 2.60, respectively.

The fuzzification of the check-in processing time standards defined in the tenth edition of ADRM was made using
the values given in Table 6 (Figure 3). The midpoints of the optimum service levels defined in Table 6 are defined
as the points where the membership functions are 1.00. The points where the optimum service levels were defined
as 0.00 were calculated by adding half of the optimum time interval to the maximum value of the optimum time
and subtracting half of the optimum time interval from the minimum value of the optimum time. If overdesign
LOS is defined as 0 (zero) minute, that point is also the point where the optimum LOS is defined as 0. The points
where optimum LOS are defined as 0.00 are also points where other membership functions are 1.00.

0 min 1min >3 mins
1.00

Membership function of
self-service boarding

pass / tagging 0.00
(economy class) %

0.00 1.00 2.00 3.00 4.00 mins
1.00 0 min 2.5 mins >7.5 mins
Membership function of
bag drop desk
(economy class) 0.00
0.00 2.50 5.00 7.50 10.00 mins
1.00 <5 mins 15 mins >25 mins
Membership function of
¢heck-in desk
(economy class) 0.00
0.00 5.00 10.00 15.00 20.00 25.00 30.00 mins

Fig. 3. Fuzzification of check-in LOS processing time standards.

In this section, in order to model the LOS standards of the check-in areas with a fuzzy approach, the data obtained
from the standards were defined as membership functions and thus, the fuzzification process was carried out. To
define the membership functions, the averages and min-max values of the data obtained from the regulations were
used. The rule base and defuzzification of the four models is explained in the sub-headings.

Within the scope of the study, Sugeno Fuzzy Inference System (FIS) was preferred. The weighted average method
was used for the defuzzification process. The reason why Mamdani method is not preferred is that the output
functions to be defined for A+ and F in Model 1 and for overdesign and underprovided in Model 2, 3 & 4 will be
in trapezoidal form, so the appropriate results from the geometric center of the area under these functions are not
given. However, since the Sugeno method separates each LOS in the output function in terms of category,
appropriate results can be obtained.

4.1.Model 1 - LOS of check-in areas

In Model 1, a mathematical model of the check-in sections was created only in the context of architectural design.
After the membership functions (Figure 2) have been created, the rules that can be expressed as “IF sq. meter/pax
is ... THEN level of service is ...” are written. While creating the rule base, the membership function indicating
each LOS is matched with the corresponding level:

1. IF (m2/occupant is <0.9) THEN (level_of service is F) (1)
2. IF (m2/occupant is 1.2) THEN (level_of_service is E) (1)

3. IF (m2/occupant is 1.33) THEN (level_of service is D) (1)
4. IF (m2/occupant is 1.52) THEN (level_of service is C) (1)
5. IF (m2/occupant is 1.73) THEN (level_of service is B) (1)
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6. IF (m2/occupant is 1.90) THEN (level_of service is A) (1)
7. IF (m2/occupant is >2.6) THEN (level_of_service is A+) (1)

Since each input variable was matched with a different output variable, a total of 7 rules were written. The
expression (1) at the end of the rules indicates the coefficient at which each rule affects the result. Within the
scope of this study, the coefficients of all rules were included in the system to be equal. As a result of defining 7
LOS for the defuzzification process, values between 0 to 6 were assigned to the output function and the LOS was
defined for each unit, 0, 1, 2, 3, 4,5, 6, as F, E, D, C, B, A and A+ respectively. For example, when 1.58 sq.
meter/pax value is entered in Model 1, the system gives the value 3.29. In this case, since the value of 3.29 is
between 4.00 (B) and 3.00 (C), it represents the level B by 29% and the level C by 71% membership grade.

4.2.Model 2 — LOS of self-service boarding pass/tagging area and processing time

In Model 2, a mathematical model of the check-in self-service boarding pass/tagging section was created in terms
of both area and processing time. After the membership functions (Figures 2, 3) have been created, rules that can
be expressed in the form of “IF processing time is ... AND sq. meter/pax is ... THEN level of service is ...” are
written. Table 5 was used while creating the rule base:

. IF (self-service_boarding_pass is 0Omin) AND (m2/occupant is >1.9m2) THEN (level_of_service is overdesign) (1)

. IF (self-service_boarding_pass is 1min) AND (m2/occupant is >1.9m2) THEN (level_of_service is optimum) (1)

. IF (self-service_boarding_pass is 3mins) AND (m2/occupant is >1.9m2) THEN (level_of_service is consider_improvements) (1)
. IF (self-service_boarding_pass is Omin) AND (m2/occupant is 1.52m2) THEN (level_of_service is optimum) (1)

. IF (self-service_boarding_pass is 1min) AND (m2/occupant is 1.52m2) THEN (level_of_service is optimum) (1)

. IF (self-service_boarding_pass is 3mins) AND (m2/occupant is 1.52m2) THEN (level_of_service is consider_improvements) (1)
. IF (self-service_boarding_pass is 0Omin) AND (m2/occupant is 1.2m2) THEN (level_of_service is consider_improvements) (1)

. IF (self-service_boarding_pass is 1Imin) AND (m2/occupant is 1.2m2) THEN (level_of_service is consider_improvements) (1)

. IF (self-service_boarding_pass is 3mins) AND (m2/occupant is 1.2m2) THEN (level_of_service is underprovided) (1)

10. IF (self-service_boarding_pass is 0Omin) AND (m2/occupant is <0.9m2) THEN (level_of _service is underprovided) (1)

11. IF (self-service_boarding_pass is 1min) AND (m2/occupant is <0.9m2) THEN (level_of_service is underprovided) (1)

12. IF (self-service_boarding_pass is 3mins) AND (m2/occupant is <0.9m2) THEN (level_of_service is underprovided) (1)

O©Coo~NOUOTDWNBE

Since there are 3 input variables for the processing time and 4 input variables for the sq. meter/pax, a total of 12
(3%4) rules were written. The expression (1) at the end of the rules indicates the coefficient at which each rule
affects the result. Within the scope of this study, the coefficients of all rules were included in the system to be
equal. As a result of the definition of 4 LOS for the defuzzification process, values between 0 to 3 were assigned
to the output function and the LOS was defined for each unit, 0, 1, 2, 3 as underprovided, consider improvements,
optimum and, overdesign respectively.

For example, when 1.5 minutes (90 seconds) processing time and 1.35 sq. meter/pax value are entered into the
Model 2, the system gives the value 1.22. In this case, since the value of 1.22 is between 1.00 (consider
improvements) and 2.00 (optimum), it represents the "consider improvements™ level by 78% and the "optimum"
level by 22%.

4.3.Model 3 -LOS of bag drop desk area and processing time

The mathematical model of the bag drop desk section in Model 3 which is created in terms of both area and
processing time is almost the same as the work done for Model 2. The difference is the use of the other
membership function in Figure 3 related to the processing time. Therefore, the rule base is the updated version of
the rule base used in Model 2.

For example, when 3.5 minutes (210 sec) processing time and 1.10 sg. meter/pax value are entered in Model 3,
the system gives the value 0.53. In this case, as the value of 0.53 lies between 0.00 (underprovided) and 1.00
(consider improvements), the “underprovided” level represents 47% and the “consider improvements” level by
53%.

4.4.Model 4 — LOS of check-in desk area and processing time

The mathematical model of the check-in desk section in Model 4 which is created in terms of both area and
processing time is also very similar to that of Model 2, as in Model 3. The difference is the use of the other
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membership function in Figure 3 related to the processing time. Therefore, the rule base is the updated version of
the rule base used in Model 2.

For example, when 10 minutes (600 sec) processing time and 1.70 sq. meter/pax value are entered in Model 4,
the system gives the value 2.26. In this case, since the value of 2.26 is between 2.00 (optimum) and 3.00
(overdesign), it represents the “optimum” level by 74% and the “overdesign” level by 26%.

5. Results and Discussions

Within the scope of the study, the LOS standards determined by IATA for the check-in areas were modelled and
made flexible by means of fuzzy logic. The LOS standards in different editions of ADRM are fuzzificated and
modeled. Thanks to the mathematical models built on the fuzzy approach, the uncertainty of the level of service
(LOS) standards in the context of different regulations and the sharpness of the gradual level decreases were
eliminated. In the models, output data were obtained for each input data and LOS could be determined by
interpreting these outputs degree of representation.

The four mathematical models using fuzzy approach have the potential to be used both as an architectural design
decision support model for airport check-in departments and to measure the instant performance of the check-in
departments thanks to the integration of the models with sensor technologies, on one hand, and to provide quick
measures and solutions for business and operation, on the other. In humanoid technologies, more accurate designs
and operations can be realized by using the decision-making models created in this study. It seems possible that
this study, which is carried out on the check-in sections, can also be applied to the other aspects of the airport.
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Oz

Bu caligma 2022-2023 yillar1 arasinda Bartin yoresindeki orman alanlarinda Carabinae ve Harpalinae (Carabidae:
Coleoptera) alt familyalarinin tiir ve alttiirlerini belirlemek amaciyla yapilmigtir. Arastirma bulgularma gore
Carabinae alt familyasina ait iki cins ve 10 alttiir (Carabus (Lamprostus) erenleriensis bithynicus Heinz & Korge,
1967, Carabus (Lamprostus) erenleriensis ahmetustaensis Cavazzuti, 1987, Carabus (Lamprostus) torosus
xanthicus Darge, 1992, Carabus (Oxycarabus) saphyrinus mengenensis Blumenthal & Breuning, 1967, Carabus
(Oxycarabus) saphyrinus yenicensis Lassalle, 1998, Carabus (Procerus) scabrosus mentor Blumenthal &
Breuning, 1967, Carabus (Procrustes) chevrolati internatus Heinz & Korge, 1964, Carabus (Procrustes)
chevrolati persimilis Csiki, 1927, Carabus (Tomocarabus) convexus erzeliki Schweiger, 1962, Cychrus anatolicus
ponticus Schweiger, 1962) ve Harpalinae alt familyasina ait ise {i¢ cins ve ii¢ tir (Anisodactylus poeciloides
Stephens, 1828, Bradycellus verbasci Duftschmid, 1812, Parophonus (Parophonus) mendax P. Rossi, 1790) tespit
edilmistir. Bu tiir ve alttlirlerin tamami Bartin ili i¢in yeni kayittir.

Anahtar Kelimeler: Yeni Kayitlar, Carabidae, Carabinae, Harpalinae, Orman, Bartin, Tiirkiye.

CONTRIBUTIONS TO THE CARABINAE AND HARPALINAE
(CARABIDAE: COLEOPTERA) FAUNA OF BARTIN PROVINCE

Extended Abstract

The Carabidae family, known as ground beetles, constitutes the largest family of the order Coleoptera in terms of
species diversity. This family has carnivorous, omnivorous or herbivorous members. Carnivorous ones are used
successfully in biological control against some harmful insects such as pine processionary moth. For this reason,
they are also considered beneficial insects. Harpalinae and Carabinae subfamilies belong to Carabidae family. The
Harpalinae is one of the largest subfamilies of carabids. The species of the Carabinae subfamily can be seen on all
continents except Antarctica. The research was conducted because samples of these subfamilies were found in the
surveys carried out in Bartin province, and the first study was carried out between 2014-2016. Hand picking and
pitfall trap methods were used to collect the species in this research (Toper Kaygin & Kara, 2018). As a result of
the study, six genus, 16 species and one subspecies belonging to the Harpalinae subfamily, and two species and
four different subspecies of a genus belonging to the Carabinae subfamily were identified. This study was carried
out in the same region between 2022-2023, and insects were collected by pitfall trap, hand picking and light trap
methods. Three species of three genera belonging to the subfamily Harpalinae (Anisodactylus poeciloides
Stephens, 1828, Bradycellus verbasci Duftschmid, 1812, Parophonus (Parophonus) mendax P. Rossi, 1790) have
been identified. There are ten subspecies belonging to two genera from the subfamily Carabinae (Carabus
(Lamprostus) erenleriensis bithynicus Heinz & Korge, 1967; Carabus (Lamprostus) erenleriensis ahmetustaensis
Cavazzuti, 1987; Carabus (Lamprostus) torosus xanthicus Darge, 1992; Carabus (Oxycarabus) saphyrinus
mengenensis Blumenthal & Breuning, 1967; Carabus (Oxycarabus) saphyrinus yenicensis Lassalle, 1998;
Carabus (Procerus) scabrosus mentor Blumenthal & Breuning, 1967, Carabus (Procrustes) chevrolati internatus
Heinz & Korge, 1964, Carabus (Procrustes) chevrolati persimilis Csiki, 1927; Carabus (Tomocarabus) convexus
erzeliki Schweiger, 1962; Cychrus anatolicus ponticus Schweiger, 1962) were recorded. All of these identified
species and subspecies are the first record for the Carabinae and Harpalinae subfamilies fauna of Bartin province.
Therefore, this research makes important contributions to the biodiversity of forests in Bartin province.

Key Words: New Records, Carabidae, Carabinae, Harpalinae, Forest, Bartin, Tiirkiye.
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1. Girig

Carabidae, yaklasik olarak 40.000 civarinda igerdigi tiir sayist ile Coleoptera takimimin (Curculionidae ve
Scarabaeidae’den sonra) en kalabalik tiglincii familyasidir (Hurka, 1996; Kesdek, 2012; Gokturk ve Celik, 2017).
Yeni tiirlerin teshisi ile birlikte diinya genelinde sayinin daha ¢ok arttig1 diisiiniilmektedir. Yer bocekleri olarak
bilinen bu familyanin en fazla tiir ve alttiire sahip olan iki ayr1 alt familyalar1 ise Carabinae ve Harpalinae’dir.
Carabinae alt familyasinda yaklagik 10 cins ve 1.400'den fazla tanimlanmig tiir ve alttiir bulunmaktadir (Url-1,
2023). Carabinae alt familyasma ait Tiirkiye’de kaydedilen yaklasik 94 tiir vardir ve bu tiirler viicut sekilleri
bakiminda diger alt familyalardan daha biiyiik boyuttadirlar. Metalik, parlak viicut renklerine sahiptirler. Bu alt
familya i¢inde biyolojik miicadeleye 6nemli katkilar saglayan tiirler bulunmaktadir. Carabinae tiirlerinin ¢ogu
predatordiir. Cam kese bocekleri Thaumatopea pityocampa Denis & Schiffermiiller, 1775 ve T. wilkinsoni Tams,
1925 ile biyolojik miicadelede kullanilan ve laboratuvar ortaminda iretimi yapilabilen Calosoma sycophanta
Linnaeus, 1758 bu alt familyanin 6nemli tiiriidiir (Avgin & Emre, 2008; Avgin & Cavazzuti, 2011). Harpalinae alt
familyast 19000 den fazla tiir sayisi ile Carabidae familyasinin en kalabalik alt familyasidir ve genellikle siyahimst,
kahverengimsi ya da yesilimsi renkli tiirleri igerir (Larochelle & Lariviére, 2005). Tiirkiye bu alt familyaya ait
tirler agisindan zengindir (Avgin & Emri, 2007; Dinler, 2019). Harpalinae alt familyasina bagl: tiirler genellikle
fitofag beslenirken, yasadiklar1 ortama gore oligofag beslenebilmektedirler. Fitofag beslenen Harpalinae tiirleri
O6nemli lirtin kaybina sebep olmaktadirlar. Bu alt familya igerisinde yer alan Pseuodoophonus rufipes (DeGeer,
1774) tiri 6nemli bir tarim zararhsidir. Aym1 zamanda laboratuvar ortaminda Aphis fabae Scopoli, 1763
(Aphididae) tiirii ile beslendigi de gézlenmistir (Kocatepe & Mergen, 2004; Kesdek, 2013).

Bartin yoresinde, biyolojik ¢esitlilik bakimindan 6nemli bir yeri olan iki 6nemli alt familyaya (Carabinae ve
Harpalinae) bagl tiir ve alttiirleri tespit etmek amaciyla bu arastirma yapilmustir.

2. Materyal ve Metot

Caligmanin temel materyalini 2022-2023 yillar1 arasinda Bartin ilinden toplanan Carabinae ve Harpalinae tiirleri
ile alttiirleri olusturmaktadir. Arazi ve laboratuvar ¢alismalar: seklinde gergeklestirilen bu aragtirmada ¢ukur tuzak,
elle toplama ve 151k tuzak yontemleri kullanilmigtir. Cukur tuzaklarin kurulumunda kiirek, ¢apa, kavanoz, GPS
aleti, tuzak kapagi, arazi kayit defteri; tuzaklara gelen bocekleri 6ldiirmede etil asetat ve drnek toplama kutulari
kullanilmistir. Boceklerin morfolojik ozelliklerinin detayli incelenmesi ve teshisinde Stereo mikroskoptan
faydalamlmistir. Toplamda 40 adet cukur tuzak (Bartin Orman Isletme Miidiirliigii igerisinde bulunan Karamazak
K&yii 70 nolu Karagam tohum bahgesine (Sekil 1) 20 ¢ukur tuzak ve Ulus Orman Isletme Miidiirliigii icerisinde
bulunan Giineyoren’e (Sekil 2) 20 ¢ukur tuzak) 20 m araliklarla rastgele yerlestirilmistir (Sekil 3). Bartin Orman
Isletme Miidiirliigii Akgamescit Deposuna mobilya tipi elektrikli 1sik tuzak (Sekil 4), Bartin Universitesi Agdaci
Kampiisii yesil alana ise glines enerjili 151k tuzak kurulmustur (Sekil 5). Akc¢amescit’de bulunan 11k tuzak aksam
saatlerinde prize takilip sabah saatlerinde prizden g¢ikarilmigtir. Carabidae tiirleri her 3-4 haftada bir tuzaklarin
kontrolii yapilarak toplanmistir. Elle toplama yonteminde ise bu tiirlerin 6zellikle tercih ettigi dere kenarlarina, tas
ve devrik agaglarin altlarina bakilarak aktif dolasan tiirler elle toplanmustir.

Sekil 1. Karamazak Koyt 70 nolu Karagam tohum bahgesi ¢alisma alani
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Sekil 2. Giineyoren Koyii’nde bulunan galigsma alani

Sekil 4. Ak¢amescit Deposuna yerlestirilen 151k tuzak
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Sekil 5. Bartin Universitesi Agdacit Kampiisii yesil alana yerlestirilen 151k tuzak

Toplanan boceklerin preparasyonu yapilarak, erkek genital organlart ¢ikarilip mikroskop altinda literatiir (Hurka,
1996; Trautner & Geigenmiiller, 1987; Neculiseanu & Matalin, 2000; Kryzhanovskij et al., 1995; Guéorguiev &
Guéorguiev, 1995; Casale & Vigna Taglianti, 1999; Turin et al., 2003; Cavazzuti, 2006; URL-2, 2022; URL-3,
2022; URL-4, 2022) yardimiyla teshisleri yapilmistir. Bazi tiirlerin teshisleri ya da teshis kontrolleri Entomolog
Daniel PRUNIER (Fransa) tarafindan yapilmistir. Teshisleri tamamlanan bocek numuneleri Bartin Universitesi
Orman Fakiiltesi Orman Miihendisligi Boliimii Orman Entomolojisi ve Koruma Anabilim Dali laboratuvarinda
(Bartin) muhafaza altina alinmistir.

3. Bulgular ve Tartigma

Arastirma sonucunda elde edilen bulgulara gore, Carabinae altfamilyasindan iki cins ve 10 alttir, Harpalinae alt
familyasindan ise ii¢ cins ve tg tiir tespit edilmistir. Bu tiir ve alttlirlerin tamami Bartin ili i¢in yeni kayittir. Bu
calismada tespit edilen tiirlerin toplandigi tarih ve konum bilgileri, toplama yontemi ve yayilislar1 asagida liste
halinde verilmistir.

Altfamilya: Carabinae Latreille, 1802

Carabus (Lamprostus) erenleriensis ahmetustaensis Cavazzuti, 1987

Toplanan Materyal: 41°33'45.21"N, 32°45'12.45"E Bartin-Ulus 870m, 5/10/2022 (29, 23), 4/9/2023 (2%, 23),
2/10/2023 (13).

Toplama Yontemi: Cukur Tuzak

Yayihsi: Tirkiye, Anadolu, Zonguldak, Karabiik-Ahmetusta (Casale & Vigna Taglianti, 1999; Avgin &
Cavazzuti, 2011; Avgmn & Prunier, 2015; Url-5, 2023; Url-6, 2023).

Carabus (Lamprostus) erenleriensis bithynicus Heinz & Korge, 1967

Toplanan Materyal: 41°33'44.67"N, 32°45'11.29"E Bartin-Ulus 870m, 5/10/2022 (13", 21/7/2023 (12, 23).
Toplama Yoéntemi: Cukur Tuzak
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Yayihsi: Tirkiye, Anadolu, Bolu, Diizce-Akgakoca (Casale & Vigna Taglianti, 1999; Avgin & Cavazzuti, 2011;
Avgm & Prunier, 2015; Url-5, 2023).

Carabus (Lamprostus) torosus xanthicus Darge, 1992

Toplanan Materyal: 41°33'44.67"N, 32°45'11.29"E Bartin-Ulus 870m, 27/8/2022 (43).
Toplama Yéntemi: Cukur Tuzak
Yayihsi: Tiirkiye, Anadolu, Cankiri (Casale & Vigna Taglianti, 1999; Avgin & Cavazzuti, 2011; Url-5, 2023).

Carabus (Oxycarabus) saphyrinus mengenensis Blumenthal & Breuning, 1967

Toplanan Materyal: 41°33'44.67"N, 32°45'11.29"E Bartin-Ulus 870m, 24/6/2022 (29, 23", 24/7/2022 (43),
18/11/2022 (22, 13), 2/10/2023 (13).

Toplama Yéntemi: Cukur Tuzak

Yayihsi: Anadolu, Bolu-Mengen (Casale & Vigna Taglianti, 1999; Url-5, 2023).

Carabus (Oxycarabus) saphyrinus yenicensis Lassalle, 1998

Toplanan Materyal: 41°34'12.96"N, 32°10'41.76"E Bartin-Karamazak 120m, 1/7/2022 (29), 25/10/2022 (29,
103), 23/5/2023 (19), 14/6/2023 (13), 25/10/2023 (52, 183); 41°37'08.04"N, 32°13'45.48"E Bartin-Sarayli
120m, 15/8/2023 (13), 17/8/2023 (18); 41°33'44.67"N, 32°45'11.29"E Bartin-Ulus 870m, 24/7/2022 (19),
27/8/2022 (23), 5/10/2022 (19, 28), 18/11/2022 (13), 21/7/2023 (29), 4/9/2023 (1), 2/10/2023 (13).
Toplama Yéntemi: Cukur Tuzak, Elle Toplama

Yayilisi: Anadolu, Karabiik-Yenice (Casale & Vigna Taglianti, 1999; Url-5, 2023).

Carabus (Procerus) scabrosus mentor Blumenthal & Breuning, 1967

Toplanan Materyal: N41,62591, E032,34326 Bartin- Halatg1 Yamasi 50m 31/10/2023 (19); 41°34'12.96"N,
32°10'41.76"E Bartin-Karamazak 120m, 22/9/2022 (13, 9/10/2022 (13), 21/9/2023 (19), 25/10/2023 (19, 13);
N41,62429, E032,34432 Bartin- Kemer Koprii 50m 25/10/2023 (19); 41°33'44.67"N, 32°45'11.29"E Bartin-Ulus
870m 27/5/2022 (19).

Toplama Yontemi: Cukur Tuzak, Elle Toplama

Yayihsi: Tiirkiye, Anadolu, izmir (Casale & Vigna Taglianti, 1999; Avgin & Cavazzuti, 2011; URL-18, 2023).

Carabus (Procrustes) chevrolati internatus Heinz & Korge, 1964

Toplanan Materyal: 41°34'12.96"N, 32°10'41.76"E Bartin-Karamazak 120m, 1/7/2022 (229, 138), 26/7/2022
(1), 25/10/2022 (29, 43), 19/7/2023 (13), 21/8/2023 (13), 25/10/2023 (63).

Toplama Yéntemi: Cukur Tuzak

Yayihsi: Tirkiye, Anadolu, Ankara (Casale & Vigna Taglianti, 1999; Avgin & Cavazzuti, 2011; URL-19, 2023).

Carabus (Procrustes) chevrolati persimilis Csiki, 1927

Toplanan Materyal: 41°32'56.20"N, 32°10'48.34"E Bartin-Karamazak 120m, 1/7/2022 (49, 53), 26/7/2022 (19,
13), 21/9/2022 (13), 25/10/2022 (29, 113), 15/8/2023 (19, 13), 21/9/2023 (19, 43), 25/10/2023 (19, 93);
41°33'44.67"N, 32°45'11.29"E Bartin-Ulus 870m, 15/10/2022 (19).

Toplama Yéntemi: Cukur Tuzak, Elle Toplama

Yayihisi: Tiirkiye, Anadolu, Tokat, Rusya (Kryzhanovskij et al., 1995; Casale & Vigna Taglianti, 1999; Avgin &
Cavazzuti, 2011; Url-5, 2023).

Carabus (Tomocarabus) convexus erzeliki Schweiger, 1962

Toplanan Materyal: 41°33'44.65"N, 32°45'12.13"E Bartin-Ulus 870m, 24/6/2022 (29, 1J); 41°33'44.67"N,
32°45'11.29"E Bartin-Ulus 870m, 21/7/2023 (19).

Toplama Yontemi: Cukur Tuzak

Yayilisi: Anadolu, Tiirkiye (Casale & Vigna Taglianti, 1999; Avgin & Cavazzuti, 2011).
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Cychrus anatolicus ponticus Schweiger, 1962

Toplanan Materyal: N41,83551, E032,70826 Bartin- Kurucasile 55m 11/09/2015 (19), 27/11/2015 (13);
41°33'44.67"N, 32°45'11.29"E Bartin-Ulus 870m, 24/6/2022 (19, 13), 24/7/2022 (29), 5/10/2022 (7%, 23),
18/11/2023 (109, 33), 21/7/2023 (59), 4/9/2023 (12, 13), 2/10/2023 (13).

Toplama Yontemi: Cukur Tuzak

Yayilisi: Tiirkiye, Anadolu, Bolu, izmit (Casale & Vigna Taglianti, 1999; Avgin & Prunier, 2010; Avgin &
Cavazzuti, 2011; Tezcan vd., 2018).

Altfamilya: Harpalinae Linnaeus, 1758

Anisodactylus poeciloides Stephens, 1828

Toplanan Materyal: 41°36'50.80 "N, 32°19'48.69"E Bartin-Kasapoglu 16m, 26/5/2022 (1%).

Toplama Yéntemi: Elle Toplama

Yayilisi: Almanya, Polonya, Afganistan, Azerbaycan, Kirgizistan, Avusturya, Bulgaristan, Belcika, Bilyiik
Britanya, Birlesik Krallik, Tiirkmenistan, Cekya, Cin, Ermenistan, Danimarka, Eski Yugoslavya, Giircistan,
Fransa, Hirvatistan, Hollanda, Iran, Irak, Isve¢, Kazakistan, italya, Kibris, Slovakya, Mogolistan, Macaristan,
Moldova, Ozbekistan, Romanya, Rusya, Tiirkiye, Ukrayna ve Yunanistan (Hieke & Wrase, 1988; Guéorguiev &
Guéorguiev, 1995; Kryzhanovskij et al., 1995; Teofilova et al., 2012; Kateaev & Wrase, 2016; Url-7, 2023; Url-
8, 2023; Url-9, 2023; Url-10, 2023; Url-11, 2023; Url-12, 2023; Url-13, 2023; Url-14, 2023).

Bradycellus verbasci Duftschmid, 1812

Toplanan Materyal: 41°32'06.42 "N, 32°22'49.18"E Bartin-Ak¢amescit 88m, 20/9/2022 (19).

Toplama Yoéntemi: Isik Tuzak

Yayihisi: Anadolu, Rusya, Ispanya, Fransa, Belgika, Italya, Danimarka (Kryzhanovskij et al., 1995; Casale &
Vigna Taglianti, 1999; Url-15, 2023; Url-16, 2023; Url-17, 2023).

Parophonus (Parophonus) mendax P. Rossi, 1790

Toplanan Materyal: 41°36'03.2"N,32°20'56.4"E Bartin- Agdac1 80m, 30/10/2023 (19).

Toplama Yontemi: Isik Tuzak

Yayilisi: Tiirkiye (Anadolu, Corum), Almanya, Arnavutluk, Avusturya, Bel¢ika, Bulgaristan, Fransa, Giircistan,
Hirvatistan, Hollanda, Iran, 1spanya, 1talya, Kazakistan, Liiksemburg, Macaristan, Malta, Portekiz, Romanya,
Rusya, Slovakya, Yugoslavya, Yunanistan (Casale & Vigna Taglianti, 1999; Lobl & Smenata, 2003; Kocatepe,
2011; Kateaev & Wrase, 2016).

Bartin ilinde Carabidae familyasina bagli Carabinae ve Harpalinae alt familyalar1 iizerine 2014-2016 yillari
arasinda yapilan bir aragtirmaya gore Carabinae alt familyasindan bir cins, iki tiir ve dort alttiir tespit edilmis olup
bunlar: Carabus (Procerus) scabrosus Olivier, 1795; Carabus (Oxycarabus) saphyrinus Cristoforis & Jan, 1837;
Carabus (Heterocarabus) marietti marietti Cristoforis & Jan, 1837; Carabus (Archicarabus) wiedemanni
wiedemanni Menetries, 1836; Carabus (Lamprostus) spinolai rouziei Breuning & Ruspoli, 1970; Carabus
Procrustes) chevrolati surejae Csiki, 1927°dir. Harpalinae alt familyasindan ise alt1 cins, 16 tiir ve bir alttiir
(Psedoophonus (Psedoophonus) griseus Panzer, 1797; Parophonus (Parophonus) dia Reitter, 1900;
Psedoophonus (Psedoophonus) rufipes De Geer, 1774; Ophonus (Ophonus) diffinis Dejean, 1829; Ophonus
(Metophonus) puncticollis Paykull, 1798; Ophonus (Metophonus) puncticeps Stephens, 1828; Ophonus
(Hesperophonus) azureus Fabricius, 1775; Harpalus (Pseudoophonus) calceatus Duftschmid, 1812; Harpalus
(Harpalus) tardus Panzer, 1797; Harpalus (Harpalus) serripes serripes Quensel in Schonherr, 1806; Harpalus
(Harpalus) honestus Dufischmid, 1812; Harpalus (Harpalus) dimidiatus Rossi, 1790; Harpalus (Harpalus)
caspius Steven, 1806; Harpalus (Harpalus) affinis Schrank, 1781; Dixus eremita Dejean, 1825; Harpalus
(Harpalus) attenuatus Stephens, 1828; Acinopus (Acinopus) laevigatus Menetries, 1832) tespit edilmistir.
Bahsedilen ¢alismadaki 6rnekler elle toplama ve cukur tuzak yontemleri ile toplanmigtir (Toper Kaygin & Kara,
2018). Bu ¢alismada ise gukur tuzak ve elle toplama yaninda 11k tuzak da kullanilmistir. Carabinae alt familyasina
ait iki cins ve 10 alttiir; Harpalinae alt familyasina ait {i¢ cinse bagli {i¢ tiir tespit edilmistir. Tespit edilen bu tiirler
ve alttiirlerin hepsi Bartin ili igin yeni kayittir.

Caligma alanlarindan biri olan Karamazak K6yl 70 nolu Karagam tohum bahgesinde en fazla gériilen Carabus
(Procrustes) chevrolati persimilis Csiki, 1927 alttiirii olmustur. Bu alttiire ait bireyler gukur tuzak ve elle toplama
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yontemleriyle toplanmustir. Calisma alami saf Karagam tohum bahgesidir ve etrafinda Giirgen, Mese agaglari ile
calilik bitkiler bulunmaktadir (Sekil 1). Diger ¢alisma alani ise Kayin, Goknar ile ¢alilik bitkilerden olusan Ulus
Orman Isletme Miidiirliigii’nde bulunan Giineydren Koyii’diir (Sekil 2). Bu alanda en yaygin olarak tespit edilen
tir ise Cychrus anatolicus ponticus Schweiger, 1962°dur. Bu tiire ait Ornekler ise gukur tuzak yontemi ile
toplanmustir.

Anisodactylus poeciloides Stephens, 1828 ve Bradycellus verbasci Duftschmid, 1812, Parophonus (Parophonus)
mendax P. Rossi, 1790 tiirlerinden birer 6rnek toplanabilmistir. A. poeciloides tiiriiniin serbest dolasan ergini
Bartin-Kutlubeydemirci Koyii Kasapoglu mahallesinden elle toplanmustir. B. verbasci tiirii Bartin Orman Isletme
Midirligi Ak¢amescit Deposuna yerlestirilen 151k tuzakla toplanmigtir (Sekil 4). P. mendax tiirii ise Bartin-
Agdacr’da bulununan 11k tuzaga gelmistir. A. poeciloides tiiriiniin bolge ya da sehir belirtilmeden Tiirkiye’de
varligina dair kayitlar bulunmakla birlikte lokalite olarak ilk kaydi Bartin ili olarak bu ¢alisma ile verilmistir.

Casale & Vigna Taglianti (1999), Carabus (Lamprostus) erenleriensis bithynicus Heinz & Korge, 1967; Carabus
(Lamprostus) erenleriensis ahmetustaensis Cavazzuti, 1987; Carabus (Lamprostus) torosus xanthicus Darge,
1992; Carabus (Oxycarabus) saphyrinus mengenensis Blumenthal & Breuning, 1967; Carabus (Oxycarabus)
saphyrinus yenicensis Lassalle, 1998; Carabus (Procerus) scabrosus mentor Blumenthal & Breuning, 1967;
Carabus (Procrustes) chevrolati internatus Heinz & Korge, 1964; Carabus (Procrustes) chevrolati persimilis
Csiki, 1927; Carabus (Tomocarabus) convexus erzeliki Schweiger, 1962; Cychrus anatolicus ponticus Schweiger,
1962 alttiirleri ile Bradycellus verbasci Duftschmid, 1812 ve Parophonus (Parophonus) mendax P. Rossi, 1790
tirlerinin Anadolu’da bulundugunu lokalite kaydi vermeden bildirmislerdir. Avgin & Prunier (2015), Carabus
(Lamprostus) erenleriensis ahmetustaensis Cavazzuti, 1987 (Ahmetusta, 1000m) ve Carabus (Lamprostus)
erenleriensis bithynicus Heinz et Korge, 1967 (Akcakoca, 600m) alttiirlerinin Tiirkiye i¢in endemik olduklarini
belirtmislerdir. Avgin & Prunier (2010), Cychrus anatolicus ponticus Schweiger, 1962 alttiiriiniin Bolu-Yedigoller
ile Izmit- Keltepe’de bulundugunu bildirmislerdir. Bu tiir ve alttiirlerin Bartin ilinde varhig1 yaptigimiz bu calisma
ile ortaya koyulmustur.
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Bu ¢aligmanin amaci otomotiv ve savunma sanayinde siklikla uygulanan sac levha biikiim islemlerinde dnemli bir
rol oynayan k-faktoriiniin belirlenmesidir. S6z konusu k-faktorii, par¢anin biikiimden 6nce lazer kesimde hangi
boyda kesilecegini hesaplamada kullanilmakta olup, dolayisiyla tolerans araliginda biikiim isleminin
gerceklestirilebilmesi i¢in dogru belirlenmesi gerekmektedir. Literatiirde, AISI 304 paslanmaz celik sac
malzemelerin kalinliga bagh k-faktorii ile ilgili kisitli bilgi bulunmaktadir. Bu g¢alismada, belirtilen sac
malzemenin 4 mm kalinliga kadar biikiim iglemlerinde kullanilmas1 gereken k-faktorii degerleri belirlenmistir.

Anahtar Kelimeler: AISI 304, sac levha, biikme, k-faktorii.

DETERMINATION OF THE K-FACTOR FOR BENDING OF
AlS| 304 SHEET MATERIAL

Extended Abstract

The aim of this study is to determine the k-factor, which plays an important role in sheet metal bending processes,
which are frequently applied in the automotive and defense industries. The mentioned k-factor is used to calculate
the length to be cut in laser cutting before bending, so it must be determined correctly in order to perform the
bending process within the tolerance range. Some equations are used to find the k-factor. However, these equations
are theoretical and have differences with real twists. This may sometimes not be a problem for parts with only one
twist. But problems are encountered with multiple twists. Because the length of the sheet metal after laser cutting
cannot be extended again. Cutting operations are not precise and increase labor costs. It also causes loss of time.
Although there are some exceptions, the k-factors of all sheet materials are expected to be different. Each company
should first determine the materials it uses and determine their k-factors through experimental studies. Designs
must be made according to the k-factors found. The wear on the dies and the usage time of the twisting machine
should not be ignored. Abrasions are a factor that prevents accurate and precise bending. For this reason,
maintenance work on the dies and twisting machine must be carried out regularly. In the literature, there is very
limited information about the thickness-dependent k-factor of AISI 304 stainless steel sheet materials. Generally,
studies have been carried out on calculating the amount of springback in bending and accordingly the required
bending forces, comparing the k-factors found using different upper and lower molds, and calculating the k-factor
using software programs such as C++. In this study, the values of k-factor that should be used in bending processes
of the specified sheet material up to 4 mm thickness were determined.

Key Words: AlSI 304, sheet metal, bending, k-factor.

1. Girig

Otomotiv ve savunma sanayilerinde iiretim asamasinda siklikla sac metal biikme islemleri yapilmakta olup, bu
islemlerin 6nemli bir bolimii hidrolik abkant preslerle gerceklestirilmektedir. Bu malzemeler alt ve iist kalip
arasinda sikistirilarak istenen geometrik model elde edilmektedir. Biikiimler malzemenin cinsine, kalinligina ve
biikiim boyuna gore farklilik gosterebilmektedir. Bu farkliliklar sirasiyla sunlardir: Digerine oranla sert olan
malzemeyi biikmek i¢in daha fazla kuvvet gerekir. Malzeme kalinlig1 arttik¢a biiylik kaliplarin kullanilmasi

*Sorumlu Yazar (Corresponding Author):

Yilmaz KUCUK; Bartin University, Faculty of Engineering, Architecture and Gelis (Received) :09.10.2023
Design, Department of Mechanical Engineering, Email: ykucuk@bartin.edu.tr Kabul (Accepted) :08.12.2023
74100, Bartin-Turkey. Basim (Published) :31.12.2023



KUCUK & ISIK Bartin University International Journal of Natural and Applied Sciences
JONAS, 2023, 6(2): 177-188

gerekir. Biikiim boyu alt kanal kalip agikligindan biiyiik olmasi gerekir. Farkli yart mamul tedarik¢ilerinden temin
edilen malzemelerin mekanik 6zellikleri farklilik gosterebilmektedir.

Malzemelerin mekanik o6zellikleri ve fiziksel 6zellikleri, dogrudan saclarin sekillendirilme islemlerini etkiler.
Bunu belirleyen mekanik 6zellikler; akma dayanimi ve ¢gekme dayanimi, yiizde elastik ve yiizde kesit daralmast,
kopma uzamasi, gerinim hizi hassasiyeti, deformasyon sertlesme iissii gibi degerler gosterilebilirler. Uretici
firmalar tarafindan verilen malzemenin ortalama mekanik 6zellikleri ile malzemenin gergek mekanik 6zellikleri
arasinda %10-15 civarinda farklilik goriilebilmektedir (Aydemir, 2017). Bu durum, yapilacak biikiimii dogrudan
etkileyen bir etkendir. Biikiimden once lazer kesime gonderilen sac aginimi tizerinde tekrar degisiklik yapilmasi
zordur. Parganin aginim boyunun dogru hesaplanmadigi durumda telafisi imkansiz hatali hurda iriin ¢ikmakta
veya ek maliyetler getirecek iglemler gerekecegi gibi buna ragmen istenen sonucun elde edilemedigi de
goriilebilmektedir.

Ostenitik paslanmaz gelikler agirlikga %8-25 Ni ile %12-25 Cr igerirler ve en yaygin kullanilan Cr-Fe-Ni bileseni
alasimlaridir. Ozellikle 304 L tipi paslanmaz celikler sekillendirilebilirligi ve korozyona kars: direnci nedeniyle
yaygin olarak kullanilirlar (Karakas vd. 2014). 304L paslanmaz ¢eligi yiiksek Cr i¢erigi nedeniyle oda sicakliginda
¢ok 1iyi korozyon direncine, yiiksek oksidasyon direncine ve iistiin mekanik 6zelliklere sahiptir. 304L paslanmaz
celigi niikleer reaktor bilesenleri, kimyasal igleme ekipmanlari ve petrol endiistrisi gibi alanlarla kullanilirlar
(Pasebani vd. 2019).

Sac metal endiistrisinde {iretim asamasinda gerceklestirilen biikme iglemleri siklikla kullanilan bir yontem olmasi
nedeniyle gerek Ar-Ge ve gerekse akademik arastirmalarin da konusu olmaya devam etmektedir. Aragtirmalar
dogru ve uygun bir biikiim i¢in sac acinim boyu hesabinin bilinmesi gerektigini vurgulamistir. Sac metal
biikiimiinde ancak k-faktoriiniin dogru bilinmesiyle ve uygulanmasiyla dogru sonuca ulasildigt goriillmiistiir.

Kovacevic vd. (2001) galismasinda sonlu elemanlar yontemiyle ANSYS programini kullanarak ve deneysel
incelemeye dayali lazerli sac biikkme simiilasyonu gergeklestirmislerdir. Simiilasyon yardimiyla biikiilme agisi,
gerilim-gerinim dagilimu, artik gerilim ve sicaklik parametre girislerini saglamiglardir. Lazer isinimi sirasinda agirt
hizli 1sitma ve sogutma prosesi ile biikiilme etkisinin olustugunu bildirmislerdir. Lazer 1sili taramanin sac levhay1
basarili bir sekilde biikebilecegini, sac levhanin mikro yapisina zararl bir etkisinin olmadigini ve paslanmaz gelik
bir sac levhada catlak veya gézenek olusturmadigint vurgulamiglardir.

Isiktag (2011) calismasinda V bitkme kaliplarinda DKP ve Paslanmaz malzemelerinden 1, 1,5 ve 2 mm
kalinligindaki sac levhalari kullanarak bunlarin geri esneme degerlerini incelemistir. Kalip ve malzeme
degiskenlerine gore geri esnemenin degistigini bildirmistir. Malzeme kalinligindaki artisin geri esnemeyi
azalttigi tespit etmistir. Bilkme acisinin artmastyla geri esneme degerinin azaldigini belirtmistir. Ust kalip
radyusunun biiylimesiyle geri esnemenin arttigini belirtmistir.

Dilipak vd. (2013) ¢alismasinda 4 mm kalinligindaki S235JR ¢eligini kullanarak 90° lik kaliplarda V biikiimiinii
gerceklestirmistir. 5 farkl radyusa sahip zimba kullanilarak yapilan biikiim islemlerinde st kalibi, sac levhanin
ustiinde 30 saniye bekletilerek ve bekletmeden hemen biikecek sekilde uygulamiglardir. Numuneleri
temperlenmis, normalize edilmis ve 1s1l islem gormemis olmak iizere ti¢ farkli sekilde hazirlamiglardir. Caligma
sonucu olarak {ist kalip yarigapr arttikca ileri esneme miktarinin da azaldigini bildirmislerdir.

Uslu (2014) calismasinda 1 mm, 1,5 mm ve 2 mm kalinligindaki DP800, DP600, DC01, DC04 ve DCO5 sac
malzemeleri 60°, 90° ve 120° kalip agilari ile biikerek geri yaylanma davranislarii incelemistir. Geri yaylanmanin,
kalip ve malzeme parametrelerine gore degistigini tespit etmistir. Akma mukavemeti diisiik sac malzemelerde geri
yaylanmanin daha az olustugunu ve yiiksek mukavemete sahip sac malzemelerde geri yaylanmanin daha fazla
olustugunu belirtmistir. Ayrica malzeme kalinliginin artmasiyla geri yaylanmanin azaldigini tespit etmistir.

Hekim (2016) ¢aligmasinda V biikiim kalibinda A11050 H14 sac malzemesinin sikistirma kuvvetlerini ve hadde
yoniine bagli olacak sekilde geri yaylanma davranigini incelemistir. Numune olarak 150x50 mm ebatlarinda 3 mm
sac kullanmiglardir. Sikistirma kuvveti arttikca geri yaylanmanin azaldigini bildirmistir. Geri yaylanmanin en az
oldugu yon 45° hadde yoniinde oldugunu ve geri yaylanmanin en fazla oldugu yon 90° hadde yoniinde oldugunu
belirtmistir.

Aydemir (2017) ¢aligmasinda Hardox 400 ve AISI 304L malzemelerinin mekanik 6zelligine bagli olacak sekilde
biikme kuvvetleri miktarlarini incelemistir. Bilkme deneylerinden 6nce malzemelere ¢ekme deneyi uygulayarak
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mekanik dzelliklerini belirlemistir. Bu degerleri firmalarin teorik olarak verdigi degerler ile kiyaslamis ve s6z
konusu malzemelerin mekanik ozelliklerinde tedarik¢i firmaya gore farkliliklar olustugunu gostermistir. Bu
farkliliklarin da sac malzemelerin biikiim kuvvetlerini etkiledigi belirtilmistir. Herhangi bir tasarim yapilirken
teorik degerlerin kullanilmamasi ve deneysel sonuglarla elde edilen degerlerin kullanilmasi gerektigi belirtilmistir.
Ayrica bu ¢alismada malzemelerin deney numunelerinde boyun artmasiyla bilkkme kuvvetindeki artis grafiginin
lineer ilerlemedigi goriilmiistiir. Bunun da hatalarin ortaya ¢ikmasina neden oldugunu belirtmistir. Hardox 400
numuneleri ile yapilan bilkkme deneylerinde biikme boyuna bagli olarak %35 daha fazla biikkme kuvvetleri ile
karsilasirken, AISI 304L numuneleri ile yapilan deneylerde %10 daha fazla biikme kuvvetlerinin okundugunu
belirtmistir.

Bozkurt (2018) caligmasinda 1, 2,3 ve 4 mm sac kalinlig1 aralifindaki EN10130 DCO1 ¢eligin (1.0330 soguk
haddelenmis diistik karbonlu ¢elik) agcinim boyu hesabinin dogru yapilmasi i¢in C++ yazilimi kullanarak program
yazmustir. Bu programa sac kaliliginin, biikiim sayisinin ve {ist kalibin radyusunun girilerek agimimin otomatik
olarak hesaplandigini bildirmistir. Ayrica biikkme kavis yarigapinin, sac malzemenin cinsine ve kalinliga gore
degistigini vurgulamistir. Kullanilan {ist kalip ucu radyus degeri ile biikiilecek parganin i¢ biikiimiindeki radyusun
ayni degerde olmasi gerektigi belirtilmistir. Alt kaliplarin malzeme kalinlastik¢a biiylidiigiinii ama iist kalibin 0,5
mm' den 15 mm' e kadar aynisinin kullanildigini, bu durumun ¢izilen ve tasarlanan {i¢ boyutlu parga ile yapilan
biikiim arasinda 6l¢tim farkina neden oldugunu ifade etmistir.

Malyer & Kayral (2018) 1 mm kalimliginda AA6061 aliiminyum alasgiminin geri esneme Ozelliklerini
aragtirmiglardir. Numunelerinin bir boliimiine mikrodalga firinda, diger boliimiine ise geleneksel firinda
yaslandirma islemi uygulanmig ve sonrasinda bitkme islemleri gergeklestirilmistir. Isitma oraninin, malzemenin
mekanik o6zelliklerine baskin etkisi oldugunu ve dolayisi ile mikrodalga firinda yaslandirilarak biikiilen
numunelerde geri esnemenin daha az oldugunu belirtmislerdir.

Sekerci vd. (2018) ¢alismalarinda biikme islemini yiizey alaninda degisimin ¢ok az ya da hi¢ olmadigi, dogrusal
eksen etrafinda gergeklesen metalin plastik sekil degisimi olarak ifade etmislerdir. Biikmenin diizgiin bir sekilde
gergeklestirilebilmesi i¢in diizgiin hizanin ve agikligin olmasi gerektigini vurgulamislardir. Biikme isleminin en
onemli faktorlerini; metali kirmadan verilebilecek en kiiclik bilkme capinin belirlenmesi, metalin sertliginin
bilinmesi ve kalinligimin belirlenmesi olarak belirtmislerdir. Ayrica biikiilen malzemenin kesitinde olusan
degisimlerin genel olarak, malzemenin kalitesine, malzemenin kalinligina, biikiim agisina, biikiim yarigapina ve
biikiim Kuvvetlerine bagl olduguna vurgu yapmislardir.

Lu vd. (2018) ¢alismalarinda SMAT y6nteminin paslanmaz ¢elik saclar tizerinde {i¢ noktali bilkmede gii¢lendirici
etkisini deneylerle incelemis ve analiz etmislerdir. Numunelerin biikiilmesiyle desteklenen ¢alismada oluklu sekil
ve SMAT yontemi birlesiminin biikiilme sertligi, mukavemet ve sertlesme acisindan 6nemli artis sagladigini
belirtmiglerdir.

Pekince (2019) galismasinda 3, 4, 5, 6 ve 8 mm kalinliklarinda St37-2, St52-3, DKP ve HRP sac malzemeleri,
acinimlart 100 mm olacak sekilde islemis ve olusan bu saclari tam ortasindan 90° olacak sekilde biikmiistiir. Ayn1
kalinliga sahip ve ayni alt kalipla biikiilen farkli malzemelerin k-faktoriintin farkli oldugunu gézlemlemislerdir.
St37-2 malzemesinin farkli kalinliklarinda ve ayni alt kalipla biikiimii sonucunda k-faktdriiniin degisiklik
gosterdigini belirtmislerdir. Alt kaliplarin degisken olmasinin malzemenin radyus degerini degistirdigini ve k-
faktoriinii degistirdigini bildirmislerdir. Ayrica malzeme kalinlig1 arttikga k-faktoriiniin arttigini vurgulamislardir.

Basmacit & Saym (2019) 1 ve 2 mm kalinliktaki Bakir sac numunelerini V biikme kalibi tasarlayarak 60°, 90° ve
120° agilarinda 2 ve 4 mm biikme radyuslu kaliplarda biikmiislerdir. Kalip acis1 ve levha kalinlig1 arttikga geri
esneme miktarinin azaldigini ve bitkme radyusu arttik¢a geri esnemenin arttigini goézlemlemislerdir. Kalip agisinin
artigt sonucu geri yaylanmanin azalmasinin biikiim islemi sonrasinda sac numunenin dis yiizeydeki sekil
degisikligine ugrayan bolgelerdeki uzama miktar1 azalisindan dolay1r olduguna vurgu yapmislardir. Geri
yaylanmanin azaltilmasinin biikme radyusunun azaltilmasiyla elde edilecegini bildirmislerdir.

Dogdu (2021) galismasinda tiim miihendislik malzemelerinin k-faktoriiniin 0,27 - 0,5 arasinda kabul gordiigiinii
bildirmistir. K-faktoriinii belirleyen unsurlarin en 6nemlisinin sac malzeme biikiim i¢ yarigcap degeri oldugunu
vurgulamistir. Aliiminyum sac malzemelerinde k-faktoriinii belirlemek i¢in yumusak ve orta sert olarak
degerlendirmek gerektigini belirtmistir. Ayrica, sdz konusu g¢aligmada k-faktorii degerinin 0,5' ten biiyiik
olamayacagi bunun sebebi olarak da plastik sekil degisimi igin sac malzemeye biikiim iglemi ile basma gerilmesine
maruz birakmak oldugu belirtilmistir. Biikiim iglemi sirasinda asil gerilmelerin sacin i¢ yilizeyinde olugsan basma
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gerilmeleri oldugu ifade edilmistir. Sacin dis yilizeyinde olugan gerilmelerin ise cekme gerilmeleri oldugu ve asil
gerilme olmadigr vurgulanmistir. Cekme gerilmelerinin sacin i¢ kisminda olusan basma gerilmelerine tepki olarak
olustugu ve bdylece sac iizerinde olusan basma gerilmelerinin her zaman ¢ekme gerilmelerinden bilyiik veya esit
olmasi gerektigi bildirmistir.

Cerci (2021) ¢alismasinda bitkkme esnasinda, sac malzemenin dis yilizeyinde ¢ekme kuvveti etkisiyle uzama, i¢
kisimlarinda ise basma kuvveti etkisiyle kisalma gergeklestigini belirtmistir. K-faktoriini, biikiim sabitini
hesaplama yontemi olarak malzeme kalinligina olan mesafenin malzemenin kalinligina orani olarak agiklamustir.

Al-Wahab & Bastiirk (2021) ¢alismasinda 0,5, 0,7 ve 0,8 mm kalinligindaki aliiminyum numuneleri dikdértgen,
dairesel ve iicgen kaliplar kullanarak ve yaglayict da ekleyip biikerek geri esneme etkilerini incelemislerdir. Sac
kalinlig1 artisinin geri esnemeyi azalttigini bildirmislerdir ve yaglayici tiiriiniin geri esnemeyi etkilemedigini
vurgulamislardir.

Kiigiikduran (2022) ¢alismasinda sac levhalarin birgok mekanik 6zelliginin saci sekillendirmede etkili oldugunu
belirtmistir. Sacin kalinliginin, akma gerilmesinin ve haddeleme yoniiniin biikkme islemini dogrudan etkiledigini
aciklamistir. Ayrica biikiilecek sac malzemenin akma gerilmesinin biiyiik olmasinin daha yiiksek biikme kuvvetini
gerektirdigini bildirmistir.

Literatiir caligmalar1 incelendiginde, ¢aligmalarin genelde biikiimde geri esneme miktarlarinin hesaplanmasi ve
buna bagli olarak gerekli biikme kuvvetleri, farkli alt ve iist kaliplar kullanilarak bulunan k-faktérlerinin
kargilagtirmasi, C++ gibi yazilim programlar: kullanilarak k-faktoriinii hesaplama iizerine yapildigi goriilmiistiir.
Bu caligmada savunma sanayi iiretimleri basta olmak iizere pek ¢ok alanda siklikla kullanildigindan dolay1 0,8
mm, 1 mm, 1,5 mm, 2 mm, 2,5 mm, 3 mm ve 4 mm AISI 304 kalite paslanmaz sac malzemeleri kullanilarak
yapilan biikme islemleri sonrasinda dogru sonucu veren K-faktorlerinin hesaplanmasi yapilmistir. Bu ¢alisma ile
abkant pres kullanarak biikiim islemi yapan her firma kendi k-faktorlerini hassas bir sekilde hesaplayip
kullanabileceklerdir.

2. Materyal ve Yontem

Calisma kapsaminda AISI 304 kalite paslanmaz malzemesi 0,8 mm, 1 mm, 1,5 mm, 2 mm, 2,5 mm, 3 mm ve 4
mm kalinliginda tedarik edilmistir. Solidworks programi kullanilarak ti¢ farkli k-faktorii ile her kalinlik igin {i¢
farkl sac aginimui olusturulmustur. Bu k-faktorleri 0,275, 0,35 ve 0,425 degerleridir. Bu degerler k-faktoriintin
0,200 ve 0,500 arasinda olmasi beklendigi igin 0,075 birim artirilarak secilmistir. Tedarik edilen sac numuneler
90° ag1 yapacak sekilde biikiilmiistiir. Malzemeler, biikiimden 6nce ve sonra detayli olarak incelenmistir. Olusan
biikiimlere gore dogru biikiimler i¢in dordiincii bir agimima gerek duyulmamis ve ayni k-faktorii degeri ile
dogrulama biikiimleri gerceklestirilmistir. Fakat tolerans dis1 kalan biikiimler i¢in dérdiincii bir 6ngorii k-faktorii
belirlenmistir. Belirlenen bu k-faktorlerine gore her kalinlik igin bir adet daha malzeme tedarik edilerek yine 90°
ac1 yapacak sekilde biikiilmiistiir. Tiim sonuglar gdz 6niine alindiktan sonra dogrusal interpolasyon hesaplamasi
ile yeni bir k-faktoriine ulagilmig ve bitkme islemi tekrarlanmis ve dogrulama biikiimleri yapilmustir.

Calismada, AISI 304 kalite paslanmaz sac malzemesinin belirtilen her bir kalinlik icin en uygun k-faktorii
belirlenmistir. Biikiimden sonrasi ylikseklik ve genislik degerleri 50x50 olmas1 istenmistir. Tiim biikiimler i¢in
ortaya ¢ikan sonuglar ise tablo haline getirilmistir.

SolidWorks programinda pargalar olusturularak, 0,275, 0,35 ve 0,425 k-faktorii degerleri ile aginimlart alinmigtir.
Olusan aginimlar Tablo.1” de belirtilmistir.

Tablo.1.Farkli kalinliklara gére 50x50 mm olmasi istenen tasarimin degisen K-faktorlerine gore olusan aginim

boylart.
Malzeme Kalinligt k: 0,275 k: 0,35 k: 0,425
0,8 mm 98,4 mm 98,5 mm 98,59 mm
1 mm 98 mm 98,12 mm 98,24 mm
1,5mm 97 mm 97,18 mm 97,36 mm
2 mm 96,01 mm 96,24 mm 95,48 mm
2,5mm 95,01 mm 95,3 mm 95,6 mm
3 mm 94,01 mm 94,36 mm 94,72 mm
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[ 4 mm | 92,01 mm | 92,48 mm [ 92,95 mm

2.1. K-Faktori

K-faktorii iiretilmesi istenen parganin biikiimden sonra dogru ebatlara gelmesini saglayan deger olarak
aciklanabilir. Uygun biikiim i¢in gerekli olan; aginim sacin, alt ve iist kaliplar ile biikiilmesi i¢in dogru ebatlarda
olmasidir. Bu aginimu etkileyen ise biikiim iznidir. Biikiim iznini ise k-faktori etkiler. K-faktorii sac levha
parcasinin kalinliga gore levhanin nétr ekseninin konumunu temsil eden bir orandir. Sac levha biikiildiikten sonra
merkez ¢izgisinde kayma meydana gelir ve notr eksen olusur. Notr eksen bitkme igleminden kaynaklanan ¢ekme-
basma deformasyonu etkisinin olusmadig1 kabul edilen sanal eksen olarak ifade edilebilir. Ozetle k-faktoriiniin
sayisal ifadesi bitkme islemi sonrasi n6tr eksen mesafesinin malzeme kalinligina oramidir.

Sac metal biikiimleri, K-faktoriiniin en fazla kullamildigi tiretim alamidir. K-faktoriinin kullanilan tiim
malzemelerde ve tiim kalinliklarda bilinmesi, tasarim biriminin hata toleransini en aza indirdigi bilinmektedir.

K-faktorii degeri icin genellikle varsayimlar kullanilmaktadir. Bu varsayimlar kullanilan malzeme sertligine veya
biikiim ucu yarigapina gore degismektedir. Matematiksel olarak olmasi gereken degeri ise 0 ile 0,5 degerleri
arasindadir. Bu degisikligin ana sebepleri, malzeme kalinliginin degismesi ve sac malzemedeki notr eksenin yeri
gibi degerlerin farkli olmasindan kaynaklanmaktadir. K-faktorii matematiksel olarak t / T orani ile agiklanabilir.

Sekil.1. k-faktorii oraninin sac metal tizerinde gosterimi (Bozkurt, 2018).

K-faktorii i¢in bir Ornek vermemiz gerekirse genisligi fark etmeksizin 60 mm yiiksekliginde ve 60 mm
uzunlugunda 3 mm bir parcay1 tasarlayalim. Biikiim i¢in kullandigimiz k-faktorii olarak da 0,35 degerini girerek
acinim olusturulursa uzunlugu 114,36 mm olarak goriiliir. Eger 0,5 degeri girilirse bu degerin 115,07 mm oldugu
goriliir. Sonug olarak farkli k-faktorii degerleri ile farkli sac aginim degerlerinin olustugu goriilmektedir.

60,00

3,00
3.00

O,
S
PO 60,00

Sekil.2. 3 mm kalinliginda 60 mm yiiksekliginde ve 60 mm uzunlugunda SolidWorks programi kullanilarak
olusturulmus bir parga tasarimi ve K-faktorii 0,35 olarak girildiginde par¢anin aginim boyu uzunlugu.

K-faktoriiniin sac aginimda matematiksel olarak kullanilmasi ise asagidaki gibidir (Bozkurt,2018).
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_2XxmXa(R+KXT)

BA v Q)
Burada kullanilan degerler su sekilde agiklanmaktadir;

BA = biikiim izni, & = biikiim ag1s1, R = biikiim yarigap ( i¢ bikiim yiizeyi) , K = k-faktorii ve T = sac kalinlig1
(mm).

2.2. Ac¢inim Boyu Hesabi

Biikiim islemi icin, tasarlanan agimm boyunun bulunmasi gereklidir. Ozellikle savunma sanayisindeki hassas
islerin siirdiiriilebilmesi i¢in bu nokta ¢ok énemlidir. SolidWorks, Inventor gibi tasarim yapilabilen programlar ile
biikiimlii parganin aginimi alinabilmektedir.

Biikiilen parganin biikmeden 6nceki hali olan aginiminin bulunmasi i¢in biikiilen kisim veya kisimlarin tarafsiz
eksen lizerinde tam boyu hesaplanabilmektedir. Bu hesabin yapilabilmesi igin asagidaki sekilde belirtilen sac
malzemesini, kalinligi, bilkmenin yarigap1 ve biikme agisin1 bilmemiz gereklidir.

tarafsiz eksen

L2

T acl

Sekil.3. A¢inim boyu bulmak i¢in gerekli olan bilgiler.
Biikme i¢in gerekli aginimin bulunmasinda uygulanan yarigap Tablo 2’deki gibi hesaplanabilir. (Bozkurt, 2018).

Tablo.2. Biikkme ucu degerleri ile K degeri baglantisi.

Biikme Ucu Degerleri K Degeri Biikme Kavis Yarigap1 (mm)
Yarigap, sac kalinligi ile ayniysa K=0,33xT R1=R +0,33XT
Yarigap, sac kalinliginin 2 ile 4 kat1 aras1ysa K=042xT R1=R +042XT
Yarigap, sac kalinliginin 4 katindan fazlaysa K=05x%T R1=R +05%T

Bu formiillerle kullanilan elemanlarin agiklamalari ise su sekildedir;

R = Biikiim ucu yarigap1 , R1 = Tarafsiz eksen biikiim kavis yarigap1 ve T = Sac malzemesinin kalinligi (mm), K
= K-Faktorii.

2.3. AISI 304 Kalite Paslanmaz Malzemesinin Ozellikleri

AISI 304 ¢eligi yiiksek mukavemete sahip olup, diinyada en fazla kullanilan paslanmaz ¢elik tiiriidiir. Cok iyi sekil
verilebilme ve kaynaklanabilme 6zelliklerine sahiplerdir. 900°C civarinda 1s1 bulunan bir ortamda oksidasyon
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dayanimlar1 gayet iyidir. Ancak nemli ve su bulunan 400 — 850°C arasi ortamlarda korozyon dayanimlari
diismektedir.

Saglik alaninda siklikla karsilagtigimiz AISI 304 ¢eligi; tencere, tava, kasik, bigak, catal gibi mutfakta kullanilan
araglarda karsimiza ¢ikmaktadir. Bunun yaninda dis cephe kaplamalari, 1s1 doniistiiriiciileri, civata, pul, somun ve
tij gibi baglanti elemanlarinda kullanilmaktadirlar. AISI 304 kalite paslanmaz geligin kimyasal 6zellikleri Tablo.3'
te ve mekanik 6zellikleri Tablo.4' te verilmistir.

Tablo.3.AISI 304 kalite paslanmaz alagiminin kimyasal 6zellikleri (Sahin, 2013).

Elementler | Karbon (C) | Manganez (Mn) | Fosfor Kiikiirt Silisyum Krom (Cr) | Nikel (Ni)
(P) O] (Si)

Kiitlece (%) 0,08 2,0 0,045 0,030 1,0 18,0—-20,0 | 80-10,5

Tablo.4.AlSI 304 kalite paslanmaz alasiminin mekanik 6zellikleri (Sahin, 2013).
Malzeme Kopma Mukavemeti (MPa) Akma Mukavemeti (MPa) Uzama Sertlik
AlSI 304 600 310 60 170

2.3. Abkant Biikiim Makinesi

Bu caligma kapsaminda gergeklestirilen biikiim islemlerinde hidrolik abkant pres kullanilmistir. Makinenin
Ozellikleri tiretici firma tarafindan su sekilde verilmistir. Baykal {iriinii APHS 31200 modelidir. Genislik 6lgiisii
3800 mm, derinlik 6l¢iisii 1850 mm, yiikseklik 6l¢iisii 2800 mm dir. Makine agirligr 10000 kg dir. Bask: giicii
200 kN dur. Biikiim uzunlugu 3100 mm ve dort eksenlidir. Biikiilen maksimum malzeme kalinligi 10 mm dir.
Dayama mesafesi olarak X ekseni 1000 mm, R ekseni 160 mm dir. Maksimum hareket hiz1 X ekseninde 350 mm/s,
R ekseninde 240 mm/s ve Z ekseninde 1000 mm/s dir. Pozisyon hassasiyeti X ekseninde +0,03 mm, R ekseninde
+0,05 mm ve Z ekseninde +0,05 mm dir.

Resim.1. Biikiimlerin gergeklestirildigi hidrolik abkant pres.

2.5. Kullanilan Kalhplar
2.5.1. Kullanilan Alt Kaliplar

Biikme islemlerinde kullanilan alt kaliplar sac malzemenin kalinligina bagl olarak degiskenlik gostermektedir.
Alt kaliplar CK45 malzemeden tretilmistir ve sertlik degerleri 51/54 HRC dir.
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Tablo.5.AISI 304 kalite paslanmaz sacinin biikiimde kullanilan alt kaliplar.

Malzeme Kalinligt Kullanilan Alt Kaliplar
0,8 mm V10
1 mm V10
1,5mm V12
2mm V12
2,5mm V12
3 mm V20
4 mm V20

2.5.2. Kullanilan Ust Kalip

Biikiim ¢alismalarmin timii 3,3 mm ug¢ radyiisli st kalipla gerceklestirilmistir. Kullanilan st kalip CK45
malzemeden iiretilmistir ve sertlik degeri 51/54 HRC dir. Tablo.6’ da CK45 ¢eliginin kimyasal kompozisyonu
verilmistir.

Tablo.6. CK 45 ¢eliginin kimyasal kompoziyonu (agirlik yiizdesi) (Akincioglu vd. 2021).

Demir (Fe) Karbon Silisyum Manganez | Krom (Cr) | Nikel (Ni) | Fosfor (P) | Kiikiirt (S)
© (Si) (Mn)
Diger 0,47 0,29 0,71 0,18 0,03 0,02 0,04

2.6. Dogrusal interpolasyonun Uygulanisi

Dogrusal (Lineer) interpolasyon, lineer polinomlarin kullanilmasi sayesinde, elde edilen verilerin bilinen
noktalardan yeni veri iiretilmesine yarayan bir egri uydurma metodudur. Bilinen iki nokta arasindaki lineer
interpolasyon denklemi su sekilde uygulanabilmektedir;

ilk degisken — son degisken  ilk deger — son deger

ara degisken — son degisken " ara deger — son deger

Burada ilk degisken ve son degisken hangi k-faktdrleri arasinda ise o degerleri alir. {lk deger ve son deger ise bu
iki k-faktoriine gore bikiilen sacin biikiim sonrasit boyunun degerleridir. Ara deger birimi sonuca ulagsmak
istedigimiz biikiim boyu uzunlugu olan 50 mm degeridir. Ara degisken ise istedigimiz k-faktoriidiir.

2.7. Sac Metal Biikiim Deneyleri

Biikme deneyleri gergeklestirilirken savunma sanayinde siklikla kullanilan malzemeler esas alinmistir. Deney
numuneleri Tablo.1' de verilen degerlere gére AISI 304 kalite paslanmaz malzeme olarak 4 mm kalinliga kadar
toplam 3 adet olacak sekilde tedarik edilmistir. Ug farkli k-faktoriinden birinde tolerans degerlerine gore uygun
bir biikkiim olugsmugsa dordiincii olarak dogrulayici bir biikiim daha yapilmistir. Eger ti¢ farkli degerde de uygun
bir bitkiim olugmamigsa, biikiim sonucu degerlerine gore tablodan tahminde bulunarak yeni bir k-faktorii degeri
ile aginim alimustir. Bu aginima gére numune tedarik edilmistir. Buna ek olarak ortaya ¢ikan tim sonuglarin
iizerine dogrusal interpolasyon hesaplamasi uygulanmis ve en yakin k-faktoriiniin bulunmasi hedeflenmistir.
Tahmin edilerek ortaya ¢ikan k-faktorii degerleri ile dogrusal interpolasyon hesaplamalari sonucu ortaya ¢ikan kK
degerleri kargilastirilmigtir. Deneyler V biikme kalibinda ve kuru ortamda yapilmistir (Sekil.4).
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Ust Kahp

s : Yasst malzeme kalinligi

\ -
AltKalp  Ri : Ust kalip yarigapi

V: Alt kalip kanal agiklig:

Sekil.4.Hidrolik abkant preste yapilan bitkkme isleminin sematik gosterimi.

3. Bulgular

0,275, 0,35 ve 0,425 k-faktorii kullanilarak olusan agimim boyutlari ile birer adet AISI 304 kalite paslanmaz
malzemesi biikiimleri gergeklestirilmistir. Bu biikiimler sonrasinda uygun olmayan biikiimler i¢in tahmin edilerek
ongoriilen bir k-faktorii ile aginim alinmis ve bir biikiim daha gerceklestirilmistir. Bu tahmin, 50 mm degeri hangi
aralikta bekleniyorsa o degerler arasinda se¢ilmistir. Tiim sonuglar iizerine dogrusal interpolasyon hesaplamast
yapilarak ortaya yeni bir k-faktorii ¢ikarilmistir. Bu degerler ile dogrulama biikiimii i¢in {iger aginim daha tedarik
edilmistir. Buna gore gergeklestirilen tiim biikiim numunelerin 6l¢iistiniin istenen 50,00 = 0,02 mm araliginda
oldugu dogrulanmustir.

Tablo.7. Ug farkli k-faktériine gore biikiim sonuglari, tahnmin edilen k-faktdriine gére biikiim sonuglar1 ve dogrusal
interpolasyon hesaplamalari sonucu ortaya ¢ikan k-faktoril.

AISI 304 kalite paslanmaz | k: 0,275 | k: 0,35 k: 0,425 | Tahmin Edilen k | Interpolasyon ile k
0,8 mm 50,00 50,11 50,19 0,275 = 50,00 0,275
1 mm 49,96 50,03 50,10 0,300 = 49,97 0,318
1,5mm 49,89 50,10 50,18 0,300 = 49,95 0,314
2mm 50,00 50,24 50,43 0,275 = 50,00 0,275
2,5mm 49,97 50,08 50,25 0,280 = 49,98 0,295
3mm 50,00 50,15 50,32 0,275 = 50,00 0,275
4 mm 49,97 50,10 50,24 0,310 = 50,05 0,292

Tahmin edilen k degeri ile dogrusal interpolasyon hesaplamasi ile bulunan k degerlerinin yakin degerler oldugu
goriilmektedir. Bu durum, AISI 304 malzemeleri i¢in tahmin edilmis k-faktorlerinin dogru biikiim i¢in gerekli
olan k-faktorlerine yakin oldugunu géstermektedir. Dogrusal interpolasyon hesaplamasinin yapilmas: hassas
biikiimlerin gergeklestirilmesi i¢in gerekli bir ¢alismadir. Buradaki hedef, numune biikiimlerle dogru ve uygun k-
faktoriiniin araligini belirlemek ve o aralik i¢in matematiksel yaklasimda bulunarak sonuca ulagsmaktir. 1,5 mm
AISI 304 kalite paslanmaz biikiimiinii ele alirsak ;

50,10-49,89 _ 0,35-0,275
50-49,89  x—0,275

@

denklemi sonucunda x degerinin 0,314 oldugu hesaplanmistir. Buradan ¢ikan sonug, 1,5 mm AISI 304 kalite
paslanmaz celiginin firma biinyesinde dogru k-faktoriiniin 0,314 oldugudur. Tiim kalinliktaki numuneler icin
hesaplamalar ayni sekilde yapilmustir.
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Pekince (2019) yaptig1 ¢aligmada st37-2 biikiimleri yaparak bunlarin k-faktérlerini belirlemistir. 2 mm i¢in 0,6 , 3
mm i¢in 0,53 , 4 mm i¢in 0,28 , 5 mm i¢in 0,31 ve 6 mm i¢in 0,41 k-faktorii buldugunu bildirmistir. Buldugu k-
faktorlerinin yukarida olusturmus oldugum Tablo.7 ile pek yakin degerlerde olmamasinin baslica nedenleri olarak
farkli malzeme cinsi ve kullanilan farkl: alt kaliplar olarak gosterilebilir. Pekince ¢alismasinda 2 mm i¢in V16, 3
mm i¢gin V26, 4 mm i¢in V35 alt kalibin1 kullanirken benim yapmis oldugum ¢aligmada AISI 304 kalite paslanmaz
celigi biikiimlerinde; 2 mm i¢in V12, 3 mm i¢in V20 ve 4 mm i¢in V20 alt kalib1 kullanilmigtir. Dolayisiyla ayni
kalinliklarda k-faktorii tablosu iki ¢alismada farkl alt kaliplar kullanilarak olusturulmustur. K-faktori degerlerinin
birbirine yakin olmamasi bu nedenle agiklanabilir.

0,4

—o— 304 kalite paslanmaz

celiginin 6ngorilen k-
0,3 Vé:w faktorleri

0,2
—— 304 kalite paslanmaz
0,1 celiginin dogrusal
interpolasyon hesaplamasi
0 : : : : : : ‘ sonucu ortaya ¢ikan k-
faktorleri

0,8mMm 1mm 1,5mm 2mm 2,5mm 3mm 4mm

Sekil.5. AISI 304 kalite paslanmaz ¢eliginin 6ngdriilen k-faktorleri ve dogrusal interpolasyon hesaplamasi sonucu
ortaya ¢ikan k-faktorleri kargilagtirilmasi.

Sekil.6. 1,5 mm AISI 304 kalite paslanmaz ¢eliginin verilen k-faktorlerine géré biikiimleri.

AISI 304 kalite paslanmaz ¢eligin istenen 50,00 mm 6lg¢iisii 0,8 mm, 2 mm ve 3 mm kalinliklarinda 0,275 k-faktorii
degerinde yani basta belirlenen degerlerde bulundugu i¢in iic adet dogrulama biikiimii bu degerlerden
gergeklestirilmistir. Diger dogrulama biikiimleri ise dogrusal interpolasyon sonucu ortaya ¢ikan k-faktorleri
kullanilarak alimmigtir. Tiim dogrulama biikiimleri {liger adet gerceklestirilip sonuglar asagidaki sekilde
gosterilmistir (Sekil.7). Sekil incelendiginde tiim biikiimlerin 49,98 mm ve 50,02 mm degerleri arasinda oldugu
goriilmektedir. ISO 2768 tolerans tablosuna gore 30 mm ve 120 mm arasi biikiimlerin f (fine) siifi +0,15 mm
dir. Yapilan biikiimlerin bu sinifa uymasi biikiimlerin hassas oldugunu gostermektedir.
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Sekil.7. AISI 304 kalite paslanmaz ¢eligin dogrulama biikiimleri sonucu ortaya ¢ikan degerleri.

4. Sonuglar

Calismalar i¢in dncelikle ti¢ farkli k-faktorii kullanilmistir. Alinan biikiim sonuglarina gore tahmin edilerek yeni
bir k-faktorii belirlenmis ve aginimi almarak biikiilmiistiir. Bunlarla beraber dogrusal interpolasyon hesaplamasi
kullanilarak bir k-faktorii daha belirlenmis ve biikiilmiistiir. Ayrica dogrusal interpolasyon hesaplamasi ile bulunan
k-faktorlerinin agimimlari i¢in ti¢ adet dogrulama biikiimii gerceklestirilmistir.

Her biikiim makinesinin hassasiyeti farklidir. Kullanilan alt ve iist kalibin zamanla aginmalarin1 da g6z Oniine
alirsak yapilan ¢alismalar sadece firma biinyesinde dogruluk gosterebilecegi bilinmelidir. Ayn1 kaliplar ve ayni1
biikiim makinesi kullanilsa bile, firmalar bakimlarini ayn1 periyotta yapmayabilir ve kalip aginmalari tamamen
ayni olmayacag i¢in k-faktorleri de birbirinden farkli olmasi beklenmektedir.

Yapilan ¢alismadan ¢ikarilacak sonuglar asagidaki gibidir:

e Malzemenin agmimi igin gerekli olan k-faktorii, kalinliga baglh olarak degisiklik gosterdigi tespit
edilmistir. AISI 304 kalite paslanmaz ¢eligi i¢in 0,8 mm den 4 mm e kadar bulunan k-faktérii degerleri
ortalama 0,275 ile 0,320 degerleri arasinda oldugu goériilmistiir.

e 0,8mm, 2 mm ve 3 mm AISI 304 Kkalite paslanmaz sacinin biikiimlerinde 0,275 k-faktoriinde biikiim
uzunlugu 50,00 mm olarak dl¢iilmiistiir. Ucer aginim daha alimarak dogrulama biikiimii yapilmistir. Tiim
numuneler 50,00 £ 0,02 mm araliginda dl¢iilmistiir.

e 1mm, 1,5 mm 25 mm ve 4 mm AISI 304 kalite paslanmaz sacinin biikiimlerinde istenen sonug olan
50,00 mm degeri igin K-faktorii degerlerinin 0,275 ve 0,35 degerleri arasinda oldugu ve 0,425 degerinden
uzak oldugu gézlemlenmistir.

e Dogrusal interpolasyon hesaplamasi ile bulunan k-faktorleriyle ticer adet dogrulama biikiimleri 50,00 +
0,02 mm araliginda 6l¢lilmiislerdir.
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Abstract

Adsorption of Deep Red (DR) on activated carbon (AC) produced from chestnut shell has been studied. Chemical
activation process with ZnCl2 was applied to the ground chestnut shells at 3:1 (ZnCl./Raw Material) impregnation
ratio, and then at 500 °C, the carbonization process was used to produce AC. The surface area of the AC was
defined as 2187 m?/g. Effects of AC dose, contact time, pH, temperature and initial concentration on DR adsorption
have been studied. In experimental studies, 97.4% dye removal was achieved using 0.1 g AC at pH 2.5, 45°C and
at 100 mg/L. Dye removal has been seen to increase at all initial concentrations as the temperature increased. The
kinetic data are corresponding to the pseudo 2nd order kinetic model. The finding was that the adsorption process
corresponding to the Freundlich isotherm model. According to AS, AH, and AG thermodynamic data, DR
adsorption on AC is an endothermic and chemical adsorption. The study’s findings revealed that AC prepared
from chestnut shell is suitable for removing DR from aqueous solutions.

Key Words: Adsorption, Deep Red, Activated Carbon, Chestnut Shell
1. Introduction

Water is essential to life, but the freshwater resources on earth are decreasing every year. The low amount of
precipitation as an effect of climate change, uncontrolled agricultural irrigation and excessive water consumption
are the biggest reasons for this (Dutta et al., 2021). Pollution of these diminishing resources for various reasons
also endanger usable water resources. Discharge of industrial wastes to fresh water resources is one of the main
pollution factors. The textile industry consists of processes that use a lot of water and produce excess wastewater.
Dyes constitute a large part of the pollution in textile wastewater. Many dyestuffs such as basic, acidic, reactive
and pigment are used in the textile industry. It is known that about 60% of the initial amount of such dyes,
especially for cotton fabrics, passes into wastewater (Rivera et al., 2011). Azo dyes have one or more -N=N- on
the aromatic rings. Deep Red (DR) is in the class of azo dyes (CAS:3564-22-5). The structure of the DR is given
in Figure 1. The IUPAC name, molecular formula and molecular weight is (4Z)-4-[(4-methyll-2-nitrophenyl)
hydrozinlidin]-N-(3-nitrophenyl)-3-oxynaphthalene-2-carboxyamide, C24H17NsOg, 471.42 g/mol, respectively.

H,C

Fig. 1 DR (Pigment Red 18)

The removal of dyes, which cause serious health and ecological problems, from wastewater is gaining importance
day by day. Many methods such as advanced oxidation techniques, electrolysis, filtration, ion exchange
coagulation and adsorption have been applied for the dye removal (Bal & Thakur, 2022; Aragaw & Bogale, 2021).
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In terms of ease of use and cost, adsorption is the most advantageous of these methods. Adsorption has been
studied by many researchers as a highly efficient, sustainable and environmentally friendly method for the dye
removal from wastewater.

Natural clay (Al Kausor et al., 2022; Bergaoui et al., 2018), MOFs (Beydaghdari et al., 2022), polymeric adsorbents
(Li et al., 2022; Saini & Dey, 2022), magnetic nanoparticles (Bayantong et al., 2021) and ACs (Sh. Gohr et al.,
2022; Xue et al., 2023) were used to increase the dye adsorption yield. Various adsorbents used for the azo group
dye adsorption and their adsorption capacities are given in Table 1.

Table 1. Various adsorbents used for adsorbing some azo dyes and their adsorbing capacities

Dye Adsorbent g (mg/g) References

. Hasani et al.
Basic Red 18 Nano-clay 714.3 (2017)

Maximova&
Basic Red 18 Perfil 12.82 Koumanova
(2008)
Basic Red 18 Hydrochared waste human hair 84.95 Isik et al,
' (2022)

; Bennani Karim
Basic Red 46 Moroccan clay 54 etal. (2009)
Acid Red 18 Magnetic porous polymer composite 301 Lu et al. (2019)

; Saratele et al.
Acid Red 18 Peach stone AC 34.32 (2016)
Acid Red 18 Zeolite/Chitosan Hydrogel 332.48 H'd(?g’lzt;)t al.

Kang et al.
Congo red FesO4s@AI-MOF 2446.18 (2023)
Congo red Zinc curcumin oxide nanoparticles 94.45 Agt())g)al.
Congo red Carbon stem of water hyacinth 14.367 Ext(rg(s)z;)t al.
. Lian et al.
Congo-red Ca-bentonite 107.41 (2009)
. Errais et al.
Reactive red 120 Fouchana clay 9.3 (2012)

Organo bentonite modified with
cetyltrimethylammonium bromide

DR (Pigmet Red 18) Chestnut AC 45.85 This study

Deep red 38.81 Tumsek (2019)

Among the adsorbents used for removal of dye, the ACs obtained from biomass are cheap and sustainable. High
adsorption capacity is also an important advantage for dye removal. AC can be made from many different
materials. Selected materials should be cheap and abundant for economy and efficiency (Husien et al., 2022). In
particular, waste biomass resources have a high potential in this respect. ACs, which have advanced surface
properties, can be made by physical and chemical process. Adsorption capacities of ACs are determined by surface
properties. The activation agent's chemical composition, in particular, has an impact on the AC's functional groups.
It is stated that these surface groups are in charge of the the adsorption process (Husien et al., 2022). Thanks to
these properties, AC is a very suitable adsorbent for waste water (Aragaw & Bogale, 2021). ACs produced from
many different biomass sources are frequently used for dye removal from waste water. For example, Jawad et al.
produced AC from the dragon fruit peel and used it for Methylene Blue (MB) adsorption and the highest capacity
was found as 195.2 mg/g in this study (Jawad et al., 2021). Foroutan et al., produce the AC from lemon tree and
use it for crystal violet dye adsorption. The most effective parameter was found to be pH and the highest capacity
was 23.6 mg/g (Foroutan et al., 2021). AC produced from waste coffee was used in adsorption of Congo Red dye
and the max capacity for adsorption was found as 90.9 mg/g (Lafi et al., 2019). In another study, the AC made
from Indian Slug Seeds was examined for the Victoria Blue adsorption and the capacity is 92.78 mg/g.
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Thermodynamic data have shown that adsorption occurs endothermic and spontaneously (Khan et al., 2022). AC
made from cactus fruit peels was used in the Basic Red 46 adsorption and the capacity was obtained as 806.38
mg/g under optimum conditions (Akkari et al., 2023). Chestnut shells have also been a very preferred waste
biomass source for AC production. Altintig et al. derived AC from chestnut shells and then deposited magnetic
Fes0, particles. This magnetic AC was used for the Malahite Green (MG) adsorption. It has 311.40 mg/g
adsorption capacity in optimum experimental conditions (Altintig et al., 2018). Zhang et al., produced the AC from
chestnut shells and used for removal of MB and the 1489.88 mg/g of capacity was found. The surface area of this
AC is 1539.41 m?/g (Zhang et al., 2021). Kong & Zhang (2022), derived an AC with ZnCl, activation from chestnut
shell and applied in methylene blue adsorption. The SBET of the carbon is 1539.4 m?/g. It has determined that the
adsorption process contains chemical adsorption. Capacity for adsorption was found as 1435.87 mg/g (Kong &
Zhang, 2022). ACs produced from chestnut shells are used in the adsorption of various heavy metals as well as
dye removal. Demiral et al., in their study, produced an AC by HsPO, activation from chestnut shells. A pore
volume of 0.7819 cm®g and a surface area of 1611 m?/g have been determined. This AC was used for the lead
adsorption (Demiral et al., 2014). Akbari and Olfati used ACs derived from chestnut shell, walnut shell, coconut
shell and peanut shells for arsenic adsorption (Akbari & Olfati, 2020). Oz¢imen & Meri¢boyu used ACs made
from chestnut shell and grape seeds as adsorban to adsorption the Cu (1) ions. Chestnut shell AC surface area has
been found as 1319 m%/g (Oz¢imen & Merigboyu, 2009).

In our study, the adsorption capability of the AC for removing DR dye was investigated after it had been produced
by activating ZnCl, from chestnut shell. A study on DR adsorption with AC produced from chestnut shell by ZnCl,
activation was not performed, although various dye and heavy metal adsorption experiments had been performed
with ACs obtained from chestnut shell. Our study is unique for adsortion of DR dye in this regard.

2. Materials and Methods
2.1AC

ZnCl; (MERCK) was used as dehydration agent in active carbon production from chestnut shell. The selected
impregnation ratio was 3:1 (ZnCl,/Chestnut shell). For the impregnation process, 90 g ZnCl; was dissolved in 300
ml of distilled water. 30 g of ground chestnut shells were added to the ZnCl; solution and mixed for 6 h at 75 °C
in the magnetic mixer. After the impregnation process, the aqueous solution was filtered and the remaining solid
part was dried for 24 h at 105 °C. The ZnCl, impregnated chestnut shell was placed in a stainless steel vessel and
carbonized in a vertical furnace (Carbolite TZF 12/75/700). The obtained sample was carbonized at 500 °C. 100
mL/min was the chosen the N> flow rate and the heating rate to 10 °C/min. Following carbonization, AC and a 0.5
N HCI acid solution were mixed for one hour. Then it was washed until the pH was between 6-7 with hot distiled
water then dried for 24 h. The N2 gas adsorption-desorption isotherm in 77 K was used to identify the surface
characteristics of the AC (Autosorb 1C (Quantachrome)). The functional groups of AC were determined using an
FT-IR instrument (The Bruker Tenor 27). Surface morphology of AC was determined by SEM analysis (Hitachi
Regulus 8230). Elemental analysis of AC is performed with EDS (Energy Dyspursive Spectroscopy).

2.2 Adsorption

The adsorption of Deep Red (DR) was performed in the shaking water bath (Memmert). The absorbance values of
the dye solutions were determined at 519 nm wavelength with UV spectrophotometer (Shimadzu). After preparing
a 1000 mg/L stock solution from DR dye, by diluting the stock solution, dye solutions at different concentrations
were prepared. On adsorption, the effects of the solution's pH, dye concentration, amount of AC, contact time, and
temperature were examined and the most appropriate conditions for dye removal were determined. All experiments
performed in 50 ml dye solution. To be able to study the pH effect, the samples were shaken for 24 hours at 25 °C
at different pH values ranges between 2.5 to 11.0 at a 100 mg/L concentration. HCI and NaOH were utilized for
pH adjustments of dye solutions. To be able to examine the effect of adsorban dose, experiments were conducted
for 24 h at pH 2.5, 25 °C and 100 mg/L concentration by using adsorban in the range of 0.025-0.2 g. For the
purpose of calculating the equilibrium time, experiments were conducted at 25 °C, 100 mg/L initial concentration,
pH 2.5 with 0.1 g of AC. During the adsorption process, samples were taken at regular intervals for 0.5-72 h and
concentrations of samples were calculated. With the obtained results, the most suitable kinetic model for the DR
adsorption was determined. It was studied at pH 2.5 values to investigate how temperature affects and dye
concentration. In research on adsorption, 0.1 g of AC was included in to the dye solutions made with various
concentrations in the range of 100-500 mg/L. Adsorption experiments were conducted at 25, 35 and 45 °C for 24
h. At the conclusion of the period of time, the absorbance values of the samples were read at 519 nm wavelength
and their concentrations were calculated.
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The compatibility of the results obtained with the models of the Freundlich and Langmuir isotherms has been
studied. Equation (1) was utilized to determined the quantitiy of dye adsorbed each unit of AC.

Ge="0"ty )
Qe : Adsorbed DR on unit adsorbent (mg/g)
Co : Initial DR concentration (mg/L)
Ce : Equilibrium concentration of dye solution (mg/L)
\% : Volume of the solution (L)
m : Adsorbant dose (g)

The percentage of dye removed from the solution was determined according to the Equation (2).

M 100
0 2

Removal % =

2.3 Kinetics

Pseudo-1st-order, 2nd-order and intra-particle diffusion models were used to analyze the kinetic data. The
Equation (3) derived by Lagergren (Demiral et al., 2008; Sharma & Bhattacharyya, 2005) is used to determine the
adsorption rate constant for pseudo-first order.

K
Iog(qe—q)=logqe—gtat ®)

Pseudo 1st order rate constant is ky (h'?), the amount of DR that was adsorbed on a unit amount of AC at time t is
shown by the symbol g: (mg/g). The contact time represented by the t (h). The slope of the log (g.-q:) plot against
tis used for finding the constants ki and n. (Figure 10).

Pseudo-2nd-order equation expression according to Equation (4) (Demiral et al., 2008),
t 1 t

q k2 Qe qe

4)

Pseudo 2nd order rate constant is k. (g mg™.h), The contact time is indicated by the symbol t (st). When t/q; and
t graphs are drawn, the slope of the line represents 1/g.. The intersection point of the line represents 1/(kz.(qe)?).
(Figure 11).

The intra-particle diffusion is expressed as Equation (5) (Shakoor & Nasar, 2016; Selengil & Yildiz, 2022),

qp=kjtt2+ C ©)

ki (mg/g.min'?) is the intra-particle diffusion rate constant (Figure 12). k; value is taken from the slope of the line
qc drawn versus t*2 and the line's intercept is used to find out the constant C. Table 2 displays the constants for the
kinetic models.

2.4 Isotherms

The fact that the adsorption isotherm is compatible with the Langmuir isotherm model indicates that monolayer
adsorption takes place on a homogeneous surface. The fact that the isotherm is compatible with the Freundlich
model. According to this model, the multilayer adsorption is likely to take place on a heterogeneous surface
(Yorgun et. al., 2017). Equation (6) expresses the Langmuir isotherm model. (Demiral et al., 2008; Yuh-Shan,
2004).
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Ce__1 _Ce )
de Qob Qg

The concentration of DR at equilibrium is Ce (mg/L). The equilibrium adsorption capacity defined as ge (mg/g)
and the adsorption capacity defined as Qo (mg/g). b (L/mg) is the adsorption constant. Langmuir adsorption
isotherm at 25, 35 and 45 °C is given in Figure 14. The slope and intercept of the plot of Ce/ge vs Ce were used to
calculate the Langmuir constants. Ry, defined in Equation (7), is known as the separation factor (Sharma &
Bhattacharyya, 2005; Kavitha & Namasivayam, 2007).

1

- - 7
1+bCp ()

RL

The initial concentration of the DR solution is designated Co (mg/L). The R. value takes the value of 0 <R < 1 if
the isotherm type is favorable, R >1 if unfavorable, R =1 if linear or R = 0 if irreversible (Liu et al., 2012).
Equation (8) gives the Freundlich isotherm's definition. (Selengil & Yildiz, 2022).

1
Inqe:Ian+EInCe (®)

where, adsorption capacity is measured by K¢ (L/g), while intensity is defined by the isotherm constant n. Figure
15 displays the In(Ce) versus In(qge) curves for the adsorption temperatures of 25, 35, and 45 °C. The slope and
intercept of the graph of In ge and In C. were used to determine the values for Ks and n.

2.5 Thermodynamics

Equation (9) and (10) was used to calculate the change in the adsorption's Gibbs energy (AG®).

q
K== ©
Ce
AG°=-RT InK ¢ (10)

Where, the temperature is denoted by T (K), and the gas constant by R (8.314 Jmol/K). K¢ is the equilibrium
constant it is obtained from the Equation (11) (Selengil & Yildiz, 2022). The parameters AH® and AS°® were
determined from the slope and intercept of the 1/T vs. In Kc graph, respectively.

_ AH° AS°
nKe=-2r* R

(11)
3. Materials and Methods
3.1 Characterization of AC

The surface characterization of AC produced from chestnut shells was made by N, adsorption. N, adsorption-
desorption isotherms are given in Figure 2. Figure 3 depicts the graph of the distribution of pore sizes.
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The AC's N, adsorption-desorption isotherm obtained from chestnut shell at 3:1 impregnation ratio and at 500°C
is suitable for Type | isotherm. The isotherm rose with a rapid slope up to the point where the relative pressure
was 0.1. In this region, the rate of nitrogen adsorption by the pores is high. It is understood that the pores are filled
at low relative pressures and this indicates that the AC consists of a microporous structure. In addition, in the
isotherm of AC, the adsorption and desorption arms are almost coincident and no hysteresis region is observed. In
this case, it can be said that AC contains a high percentage of micropores. At values of relative pressure greater
than 0.1, the isotherm proceeded parallel to the horizontal axis and increased upwards until high relative pressures.
This situation also shows that AC contains some mesoporous structure.

Figure 3 shows a graph of the distribution of pore sizes. The density of the pores was found to be in the range of
10-30 A. Observation of significant peaks at values less than 20 A indicated the presence of micropores. According
to pore size distribution figure, it is seen that the highest pore diameter density is around 12 A. This result indicates
that the pore structure of AC is mostly made up of micropores. SBET area and isotherm curves also supported this
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result. Calculations revealed that AC has a surface area of 2187 m?/g, micropore volume 0.770 cm?/g, total pore
volume 1.106 cm?/g, average pore diameter of 20.23 A. According to these results, 70% of the total pore volume
of AC consists of micropores. It can be said that AC is suitable for adsorption studies because of the presence of
the high density of micropores and also presence of the mesopores structure.

The band at approximately 3900-3700 cm™ in the FTIR spectrum of the AC given in Figure 4 is an O-H bond
vibration, it demonstrates that there are hydrogen bonds present in water. (Karapmar 2022; Kazemipour et al.,
2008; Sencan et al., 2015). The broad band at 3204-3000 cm! represents stretching vibration of carboxyls, phenols
or alcohols or —OH groups (Sun et al., 2016). The band in the 1590-1550 cm™ range explains the C=C aromatic
vibration (Shafeeyan et al., 2011; Hesas et al., 2013; Prahas et al., 2008). The band at 1300-1100 cm™ is caused
by the C=0 vibration found in acids, phenols, alcohols, ethers and/or ester groups (Prahas et al., 2008). It has also
been shown that the peaks between 600 and 900 cm™* may originate from C—CI bonds (Karapinar, 2022).
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Fig. 4 FTIR spectrum of AC

In order to examine the surface morphology of AC, SEM-EDS analysis was performed, the images are given in
Figure 5 and Figure 6.
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Fig. 6 EDS spectrum of AC

Figure 5 displays the porous structure of AC and the elemental distribution on the surface. In the image taken at
100 um, there was evidence that the pore structure was continuous inwards and that the pores were not connected
to each other at the surface. The pore entrances on the surface are of different sizes and the surface is irregular.

When the EDS result of AC was examined, it was seen that AC contained 93.75% C, 0.47% N, 5.78% O.
According to these results, it was determined that AC has high carbon content, micropore structure and a large
surface area. Adsorbing capacity of carbon, which has more active sites, is also high, thanks to a large surface area
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and micro-porous structure. In this respect, to remove DR from solution by adsorption, AC made from chestnut
shells is an appropriate adsorbent.

3.2 Effect of pH

Experiments examining the pH effect on adsorption of DR were performed at 100 mg/L initial concentration of at

25 °C for 24 h. In the experiments, 0.1 g of AC was used and the pH ranges have been changed from 2.5 to 11.0.
The results obtained are given in Figure 7.
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Fig. 7 pH's impact on DR adsorption

At pH 2.5, the highest amount of dye was removed (78.98%) under operating conditions and the g value was found
to be 39,49 mg/g. When the results were examined, There was a finding that the dye removal and the q value
decreased as the pH increased. At low pH values, positive ions predominate on the adsorbent surface due to H*
ions, and reactive dyes exist as negatively charged ions in aqueous media. There is an increase in the electrostatic
attraction forces because of the opposite charges between the positively charged adsorbent surfaces and the
negative dye ions. The increase in capability for adsorption at low pH level is thus explained by electrostatic
attraction forces. In the next experimental studies to be carried out with DR, at 2.5 pH adjustment was made to the
solution.

3.3 Effect of the adsorbent amount

Experiments were performed to investigate the impact of adsorbent dose at a concentration of 100 mg/L, at pH 2.5
and at 25°C for 24 h. The adsorbent dose was determined between 0.025 and 0.2 g. Obtained results are given in
Figure 8.

At the end of 24 hours, 88% DR removal was accomplished by adding of 0.1 g AC. It was calculated that the
removal % rised as the adsorbent dose rised. Approximately 96% removal was observed at the end of 24 h with
0.2 g of AC.
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Fig. 8 Adsorbent dose's impact on DR adsorption
3.4 Adsorption Kinetics
To determine the equilibrium time, experiments were conducted at an initial concentration of 100 mg/L including

0.1 g AC at pH 2.5 and 25 °C. Samples were taken at the specified time intervals and the value of absorbance was
read in the UV spectrophotometer. Figure 9 depicts the impact of contact time on DR adsorption.
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Fig. 9 Effect of contact time on DR adsorption

It is spotted that DR adsorption achieved equilibrium at approximately 72 h, but after 48 h, the removal % (87.4%-
91.7%) and the rate of increase of q values (43.7 - 45.9 mg/g) decreased. Consequently, it may be stated that the
adsorption achieves equilibrium in 48 h. The pseudo 1st order, pseudo 2nd order and intra-particle diffusion models
have been applied. The graphs are given in Figure 10, 11 and 12, respectively, and Table 2 displays the constants
of the kinetic model.
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Fig. 12 Intra-particle diffusion model

Table 2. Kinetic constants for pseudo-1st-order, pseudo-2nd-order, and intra-particle diffusion

pseudo-1st-order pseudo-2nd-order intra-particle diffusion
Qe (mg/g) -1 Qe 2 ka 2 ki 2
(experiment) ka (0™ (mg/g) R (g/mg h) % (mg/g) R ¢ (mg/g min*?) R
1.9018 1.358 0.997
45.849 0.0566 30.451 0.991 0.0046 47.846 0.997 14.245 0.642 0.998
28.962 0.264 0.972

The pseudo 1st order Lagergren rate constant k1= 0.0566 h'* and the pseudo 2nd order rate constant k2= 0.0046 g
mgth. Both kinetic models were revealed to be appropriate for the adsorption of DR on AC. However, according
to the correlation coefficients, it is seen that the adsorption kinetics is more appropriate for the pseudo 2nd order
model. In addition, the ge values found via experiments and the ge values calculated from the model are very close
to each other. In addition, the ge values that found experimentally and the ge that calculated from the model are
very close. According to the intra-particle diffusion plot, three phases developed, these phases showed that
adsorption proceeds by surface binding and intra-particle diffusion. As the dye concentration in the solution
gradually decreased diffusion started to slow down. Examining the diffusion coefficients, we see that the
coefficient of the last phase is the lowest. Kinetic results showed that the rate-limiting stage is the chemical
adsorption. It has been determined that the DR dyes is attached to the surface of the AC and the adsorption also
takes place in the pore by intra-particle diffusion.

3.5 Adsorption Thermodynamics
Experiments were performed at three different temperatures; 25, 35, and 45°C for 24 h to determine the effect of

temperature. Experiments conducted at pH 2.5 with 1200-500 mg/L initial concentrations and 0.1 g AC. Figure 13
presents the results.
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Fig. 13 The effect of temperature and initial concentration

With an increase in the dye's initial concentration, the removal % decreased. Additionally, the quantity of dye
absorbed per unit of adsorbent increased. The highest removal percentage was 97.44% in 100 mg/L solution at 45
°C. When the effect of temperature was examined, there was a finding that as the temperature rised, the removal
% rised in all initial concentrations. It can be said that as a result of increasing adsorption with increasing
temperature, the process proceeds endothermically and chemical adsorption takes place.

Using the obtained data, the suitability of the process to Langmuir and Freundlich models was examined.
Calculations of the adsorption of DR according to the Langmuir isotherm model and constants are given in Figure
14 and Table 3. The computation's findings related to the Freundlich isotherm model are shown in Figure 15 and

Table 3.
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Fig. 14 Isotherms of Langmuir at various temperatures
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Table 3. Constants of the Langmuir isotherm for DR adsorption
Langmuir Freundlich
Temperature
(°C) Qo(mglg) b (Limg) R? RL Ki 1n R?
25 178.57 0.0190 0.9836 0.1782 13.266 0.4614 0.9808
35 204.08 0.0351 0.9131 0.0128 24.594 0.3995 0.9529
45 192.31 0.0614 0.9674 0.0679 36.745 0.3321 0.9727

According to the results given in Table 3, although the correlation coefficients (R?) are high, it is seen that the DR
solution studied at 25 °C fits the Freundlich isotherm model more. From this situation, it can be deduced that the
adsorption occurs in a multi layer and heterogeneous on the adsorbent surface at 25 °C. The average of the
calculated R values for all temperatures and all initial dye concentrations is shown in Table 3. Since these average
R. values are between 0 and 1, adsorption takes place spontaneously at every temperature.

Thermodynamic data obtained from DR adsorption are shown in Table 4. Positive values of AH® indicated that
the process of adsorption is endothermic. A positive AS® value indicates the affinity of the dyestuff to the
adsorbent. During chemical adsorption at the liquid-solid interface, the disorder increases and the positive AS°®
value is an indicator of this. The AG® value decreased with the increase in temperature. This indicates greater
driving force at higher temperatures. This impact causes the adsorption capacity to rise as temperature rises.

Table 4. Thermodynamic parameters for the adsorption of DR onto AC

AG (kJ/mol K)
AH AS
R (kJ molY) (kJ mol* K1) 298K 308 K 318K
0.9958 71.332 0.255 4.624 7172 -9.720
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4. Conclusion

DR removal from the aqueous solution was investigated by using AC derived from chestnut shell with ZnCl,
activation. For determining optimal adsorption conditions, experiments were performed at different temperature,
AC amount, pH, contact time and concentration. Using 0.1 g AC at pH 2.5 and 45°C for an initial concentration
of 100 mg/L, 97.4% removal of dye was achieved. Thermodynamic and kinetic constants for the adsorption of DR
on AC were analyzed. Kinetic statistics demonstrate that its adsorption occurs in multiple steps. The step limiting
the adsorption fits the kinetic model of pseudo-2nd order. The most suitable isotherm was determined as the
Freundlich model. Thermodynamic data revealed that the adsorption of DR on AC was endothermic. 45.85 mg/g
adsorption capacity was found. In this study, it was shown that AC can be produced from chestnut bark and can
be used in DR adsorption. High surface area and microporous AC was found to be a suitable adsorbent for DR
adsorption. In our future studies, the usage cycle will be determined by regeneration of the AC.

Decleration of interests

The authors declare that they are not aware of any competing interests.

References

1.  Akbari, P. & Olfati, F. (2020). Preparing Activated Carbon from Chestnut Shell and Binding Polyacrylic
Amidoxime to Its Surface to Remove Some Metals from Aqueous Solution. Arc. Pharm. Pract., 1, 37.

2. AkKkari, I., Graba, Z., Bezzi N., Kaci, M.M., Merzeg, F.A., Bait N., Ferhati, A., Dotto, G.L. &
Benguerba, Y. (2023). Effective Removal of Cationic Dye on Activated Carbon Made from Cactus Fruit
Peels: A Combined Experimental and Theoretical Study. Environ. Sci. Pollut. Res., 30 (2), 3027-44.

3. Al Kausor, M., Gupta S.S., Bhattacharyya, K.G. & Chakrabortty, D. (2022). Montmorillonite and
Modified Montmorillonite as Adsorbents for Removal of Water Soluble Organic Dyes: A Review on Current
Status of the Art. Inorg. Chem. Commun., 143, 109686.

4.  Altintig, E., Onaran, M., Sari, A., Altundag, H. & Tuzen, M. (2018). Preparation, Characterization and
Evaluation of Bio-Based Magnetic Activated Carbon for Effective Adsorption of Malachite Green from
Aqueous Solution. Inorg. Chem. Commun., 220, 313-21.

5. Arab, C., El Kurdi, R. & Patra, D. (2022). Zinc curcumin oxide nanoparticles for enhanced adsorption of
Congo red: kinetics and adsorption isotherms study. Mater. Today Chem. 23, 100701.

6. Aragaw, T.A. & Bogale, F.M. (2021). Biomass-Based Adsorbents for Removal of Dyes From Wastewater:
A Review. Front. Environ. Sci., 9, 764958.

7. Bal, G. & Thakur, A. (2022). Distinct Approaches of Removal of Dyes from Wastewater: A Review. Mater.
Today: Proc., 50, 1575-79.

8. Bayantong, A.R.B., Shih Y.J., Dennis C.O., Abarca, R.R.M. Dong, C.D. & Luna, M.D.G. (2021).
Adsorptive Removal of Dye in Wastewater by Metal Ferrite-Enabled Graphene Oxide Nanocomposites.
Chemosphere, 274, 129518.

9. Bennani Karim, A., Mounir, B., Hachkar, M., Bakasse, M. & Yaacoubi, A. (2009). Removal of Basic
Red 46 dye from aqueous solution by adsorption onto Moroccan clay. J. Hazard. Mater., 168, 304-309.

10. Bergaoui, M., Nakhli, A., Benguerba, Y., Khalfaoui, M., Erto, A., Soetaredjo, F.E., Ismadji, S. & Ernst,
B. (2018). Novel Insights into the Adsorption Mechanism of Methylene Blue onto Organo-Bentonite:
Adsorption Isotherms Modeling and Molecular Simulation. J. Mol. Liq., 272, 697-707.

11. Beydaghdari, M., Saboor, F.H., Babapoor, A., Karve, V.V. & Asgari, M. (2022). Recent Advances in
MOF-Based Adsorbents for Dye Removal from the Aquatic Environment. Energies, 15 (6), 2023.

12. Demiral, H., Baykul, E., Gezer, M.D., Erkog, S., Engin, A. & Baykul, M.C. (2014). Preparation and
Characterization of Activated Carbon from Chestnut Shell and Its Adsorption Characteristics for Lead. Sep.
Sci. Technol., 49 (17), 2711-20.

13. Demiral, H., Demiral, I., Tiimsek, F. & Karabacakoglu, B. (2008). Adsorption of Chromium (VI) from
Aqueous Solution by Activated Carbon Derived from Olive Bagasse and Applicability of Different
Adsorption Models. Chem. Eng. J., 144 (2), 188-96.

14. Dutta, S., Gupta, B, Srivastava, S.K. & Gupta, A.K. (2021). Recent Advances on the Removal of Dyes
from Wastewater Using Various Adsorbents: A Critical Review. Mater. Adv., 2 (14), 4497-4531.




SELENGIL vd. Bartin University International Journal of Natural and Applied Sciences

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

JONAS, 2023, 6(2): 189-205

Errais, E., Duplay, J., Elhabiri, M., Khodja, M., Ocampo, R., Baltenweck-Guyot, R. & Darragi, F.
(2012). Anionic RR120 dye adsorption onto raw clay: Surface properties and adsorption mechanism. Colloids
Surf. A Physicochem., 403, 69-78.

Extross, A., Waknis, A., Tagad, C., Gedam, V.V. & Pathak, P.D. (2023) Adsorption of congo red using
carbon from leaves and stem of water hyacinth: equilibrium, kinetics, thermodynamic studies’, Int. J.
Environ. Sci. Technol., 20 (2) 1607-1644.

Foroutan, R., Peighambardoust, S.J., Peighambardoust, S.H., Pateiro, M. & Lorenzo, J.M. (2021).
Adsorption of Crystal Violet Dye Using Activated Carbon of Lemon Wood and Activated Carbon/Fe304
Magnetic Nanocomposite from Aqueous Solutions: A Kinetic, Equilibrium and Thermodynamic Study.
Molecules, 26 (8), 2241.

Hasani, S., Ardejani F.D. & Olya, M.E. (2017). Equilibrium and kinetic studies of azo dye (Basic Red 18)
adsorption onto montmorillonite: Numerical simulation and laboratory experiments. Korean J. Chem. Eng.
34 (8,), 2265-2274.

Hesas, R. H., Arami-Niya, A., Wan Daud, W.M.A. & Sahu, J.N. (2013). Preparation and Characterization
of Activated Carbon from Apple Waste by Microwave-Assisted Phosphoric Acid Activation: Application in
Methylene Blue Adsorption. BioResour., 8 (2), 2950-66.

Hidayat, E., Harada, H., Mitoma, Y., Yonemura, S., Halem, H.l.A. (2022). Rapid Removal of Acid Red
88 by Zeolite/Chitosan Hydrogel in Aqueous Solution. Polymers, 14, (5), 893.

Husien, Sh, El-taweel, R.M., Salim, A.l., Fahim, 1.S., Said, L.A. & Radwan, A.G. (2022). Review of
Activated Carbon Adsorbent Material for Textile Dyes Removal: Preparation, and Modelling. Curr. Res.
Green Sustain. Chem., 5, 100325.

Isik, Z., Saleh, M., M’barek, 1., Yabalak, E., Dizge, N. & Deepanraj, B. (2022). Investigation of the
adsorption performance of cationic and anionic dyes using hydrochared waste human hair. Biomass Conv.
Bioref., Mar., doi: 10.1007/s13399-022-02582-2.

Jawad, A.H., Abdulhameed, A.S., Wilson, L.D., Syed-Hassan, S.S.A., ALOthman, Z.A. & Khan, M.R.
(2021). High Surface Area and Mesoporous Activated Carbon from KOH-Activated Dragon Fruit Peels for
Methylene Blue Dye Adsorption: Optimization and Mechanism Study. Chin. J. Chem. Eng., 32, 281-90.
Kang Y., Zhang, B., Miao, J., Yu, Y., Fu, J., Jia, B. & Li, L. (2023) Superparamagnetic Fe304@Al-Based
Metal-Organic Framework Nanocomposites with High-Performance Removal of Azo Dyes. SSRN Journal
doi: 10.2139/ssrn.4359337.

Karapnar, H.S., (2022). Adsorption Performance of Activated Carbon Synthesis by ZnCl2, KOH, H3PO4
with Different Activation Temperatures from Mixed Fruit Seeds. Environ. Technol., 43 (9), 1417-35.
Kavitha, D & Namasivayam, C. (2007). Experimental and Kinetic Studies on Methylene Blue Adsorption
by Coir Pith Carbon. Bioresour. Technol., 98 (1), 14-21.

Kazemipour, M., Ansari, M., Tajrobehkar, S., Majdzadeh, M. & Kermani, H.R. (2008). Removal of
Lead, Cadmium, Zinc, and Copper from Industrial Wastewater by Carbon Developed from Walnut, Hazelnut,
Almond, Pistachio Shell, and Apricot Stone. J. Hazard. Mater., 150 (2), 322-27.

Khan, T.A., Nouman, Md., Dua, D., Khan, S.A. & Alharthi, S.S. (2022). Adsorptive Scavenging of
Cationic Dyes from Aquatic Phase by H3PO4 Activated Indian Jujube (Ziziphus Mauritiana) Seeds Based
Activated Carbon: Isotherm, Kinetics, and Thermodynamic Study. J. Saudi Chem. Soc., 26 (2), 101417.
Kong, L. & Zhang, M. (2022). Adsorption of Methylene Blue on Chestnut Shell-Based Activated Carbon:
Calculation of Thermodynamic Parameters for Solid—-Liquid Interface Adsorption. Catalysts, 12 (8), 813.
Lafi, R., Montasser, I. & Hafiane, A. (2019). Adsorption of Congo Red Dye from Aqueous Solutions by
Prepared Activated Carbon with Oxygen-Containing Functional Groups and Its Regeneration. Adsorp. Sci.
Technol., 37 (1-2), 160-81.

Li, C.J., Zhang, Y.J., Chen, H., He, P.Y. & Meng, Q. (2022). Development of Porous and Reusable
Geopolymer Adsorbents for Dye Wastewater Treatment. Journal of Cleaner Production 348, 131278.

Lian, L., Guo, L., Guo, C. (2009). Adsorption of Congo red from aqueous solution onnto Ca-bentonite.
J.Hazard. Mater., 161, 126-131.

Liu, T., Li, Y., Du,Q., Sun, J., Jiao, Y., Yang, G., Wang, Z., Xia, Y., Zhang W., Wang K., Zhu H. &
Wu D. (2012). Adsorption of Methylene Blue from Aqueous Solution by Graphene. Colloids Surf. B., 90,
197-203.

Lu, F., Dong, A., Ding, G., Xu, K., Li, J. & You, L. (2019). Magnetic porous polymer composite for high
performance adsorption of acid red 18 based on melamine resin and chitosan. J. Mol. Liq., 294, 111515.
Maximova, A. & Koumanova, B. (2008). Equilibrium and kinetics study of adsorption of basic dyes onto
perfil from aqueous solutions. J. Univ. Chem. Technol. Metall., 43 (1). 101-108.

Ozcimen, D. & Mericboyu, A.E. (2009). Removal of Copper from Aqueous Solutions by Adsorption onto
Chestnut Shell and Grapeseed Activated Carbons. J. Hazard. Mater., 168 (2-3), 1118-25.




SELENGIL vd. Bartin University International Journal of Natural and Applied Sciences

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

JONAS, 2023, 6(2): 189-205

Prahas, D., Kartika, Y., Indraswati, N. & Ismadji, S. (2008). Activated Carbon from Jackfruit Peel Waste
by HsPO4 Chemical Activation: Pore Structure and Surface Chemistry Characterization. Chem. Eng. J., 140
(1-3), 32-42.

Rivera, M., Pazos, M. & Sanroman, M.A., (2011). Development of an Electrochemical Cell for the
Removal of Reactive Black 5. Desalination, 274 (1-3), 39-43.

Saini, B., Dey, A. (2022). Synthesis and Characterization of Copolymer Adsorbent for Crystal Violet Dye
Removal from Water. Materials Today: Proceedings 61, 342-50.

Saratale, R.G., Sivapathan, S.S., Jung, W.J., Kim, H.Y ., Saratale, G.D. & Kim, D.S. (2016). Preparation
of activated carbons from peach stone by H4P,0- activation and its application for the removal of Acid Red
18 and dye containing wastewater. J. Environ. Sci. Health A., 51 (2), 164-177.

Selengil, U. & Yildiz, D. (2022). Investigation of the Methylene Blue Adsorption onto Waste Perlite.
Desalin. Water Treat., 262, 235-47.

Sencan, A., Karaboyaci, M. & Kili¢, M. (2015). Determination of Lead (I1) Sorption Capacity of Hazelnut
Shell and Activated Carbon Obtained from Hazelnut Shell Activated with ZnCl,. Environ. Sci. Pollut. Res.,
22 (5), 3238-48.

Sh. Gohr, M., Abd-Elhamid, A.l., ElI-Shanshory, A.A., & Soliman, H.M.A. (2022). Adsorption of
Cationic Dyes onto Chemically Modified Activated Carbon: Kinetics and Thermodynamic Study. J. Mol.
Lig., 346, 118227.

Shafeeyan, M. S., Daud, W.M.A.W., Houshmand, A. & Arami-Niya, A. (2011). Ammonia Modification
of Activated Carbon to Enhance Carbon Dioxide Adsorption: Effect of Pre-Oxidation. App. Surf. Sci., 257
(9), 3936-42.

Shakoor, Sadia, & Abu Nasar. (2016). Removal of Methylene Blue Dye from Artificially Contaminated
Water Using Citrus Limetta Peel Waste as a Very Low Cost Adsorbent. J. Taiwan Inst. Chem., 66, 154-63.
Sharma, A. & Bhattacharyya, K.G. (2005). Adsorption of Chromium (V1) on Azadirachta Indica (Neem)
Leaf Powder. Adsorption 10 (4), 327-38.

Sun, Y., Li, H,, Li, G., Gao, B., Yue, Q. & Li, X. (2016). Characterization and Ciprofloxacin Adsorption
Properties of Activated Carbons Prepared from Biomass Wastes by HsPO. Activation. Biores. Technol., 217,
239-44,

Tumsek, F. (2019). Investigation of deep red adsorption using bentonite clay modified with a surfactant.
Fresenius Environ. Bull., 28 (11), 7816-7822.

Xue, H., Gao, X., Seliem, M.K., Mobarak, M., Dong, R., Wang, X., Fu, K., Li, Q. & Li, Z. (2023).
Efficient Adsorption of Anionic Azo Dyes on Porous Heterostructured MXene/Biomass Activated Carbon
Composites: Experiments, Characterization, and Theoretical Analysis via Advanced Statistical Physics
Models. Chem. Eng. J., 451, 138735.

Yorgun, S., Karakehya, N. & Yildiz, D. (2017). Adsorption of Methylene Blue onto Activated Carbon
Obtained from ZnCl,. Desalin. Water Treat., 58, 274-84.

Yuh-Shan, H. (2004). Citation Review of Lagergren Kinetic Rate Equation on Adsorption Reactions.
Scientometrics, 59 (1), 171-77.

Zhang, M., Liu, X,, Li, B., Li, W. Tan, Z., Wang, Q., Zhang, L. (2021). Removal of Toxic Dyes from
Aqueous Solutions by Adsorption onto a Novel Activated Carbon Prepared from Chestnut Shell. Desalin.
Water Treat., 222, 246-58.




Research Article Bartin University International Journal of Natural and Applied Sciences
Arastirma Makalesi JONAS, 6(2): 206-224 e-ISSN: 2667-5048
31 Aralik/December, 2023 DOI: 10.55930/jonas.1390876

YESIL ARAYUZLERIN ISLEVLERINE ILISKIN BIR
ARASTIRMA, BARTIN ORNEGI
Fulden Gizli*", Hatice Selma Celikyay?

1 Bartin Universitesi, Lisansiistii Egitim Enstitiisii, Peyzaj Mimarlig1 Anabilim Dal1
2Bartin Universitesi, Miihendislik, Mimarlik ve Tasarim Fakiiltesi, Peyzaj Mimarlig1 Boliimii

0z

Varolusunun baslangicinda doga ile biitiinlesen bir yasam siiren insanoglu, bugiin yasadig1 kentsel ortamlarda hizla
artan niifus sebebiyle ¢evresel sorunlarla kargilagmaktadir. Giliniimiizde kentlesmenin artmasi beraberinde
‘¢evresel tasima kapasitesi’, ‘kentlerin yasanabilirligi® gibi kavramlar1 giindeme getirmektedir. Insanoglunun
dogadan giderek uzaklagsmasi ve betonlasan yapili ¢evre igerisinde kalmasi yasam kalitelerini giderek
azaltmaktadir. Giinliikk yasantisinin %80’nini i¢ mekanlarda gegiren kent insani, kalan zamanlarini da dogadan
uzak yapay cevrelerde gegirmektedir. Dolayisiyla ekoloji, kent ekolojisi, bina ekolojisi ve insan ekolojisi
kavramlar1 daha da 6nem kazanmaktadir. Doga ile daha ¢ok baglanti kurmaya olanak saglayan yesil alanlar yap1
kiitlelerinin arasindaki insanlar ve kentler icin iyilestirici 6zellikler barindirmaktadir. I¢ mekan ile dis mekanlarin
baglant1 noktalarinin tanimladig1 gecisim alanlarindaki yesil arayiizler ise dogay1 kente tagimakta ve yapay cevre
icerisindeki insanoglunun doga ile bulusabilmesine yardimci olmaktadir. Bu calisma bahsedilen kavramlar
cergevesinde gecisim alanlarinda uygulanan yesil araylizleri ve bu arayiizlerin islevlerini incelemektedir.
Arastirma alan1 Bartin ilinde bulunan kafe ve restoranlar olarak belirlenmis ve nitel bir ¢alisma yiiriitilmistiir.
Caligma sonugclart literatiir taramasindan elde edilen bilgiler 1s181inda yorumlanmustir.
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A RESEARCH ON THE FUNCTIONS OF GREEN INTERFACES,
BARTIN EXAMPLE

Extended Abstract

Human beings, who lived a life integrated with nature at the beginning of their existence, today face environmental
problems due to the rapidly increasing population in the urban environments they live in. Today, increasing
urbanization brings concepts such as ‘environmental carrying capacity' and 'livability of cities' to the agenda. The
fact that human beings are increasingly moving away from nature and staying in a concrete built environment
gradually reduces their quality of life. City people spend 80% of their daily lives indoors and spend the rest of
their time in artificial environments far from nature. Therefore, the concepts of ecology, urban ecology, building
ecology and human ecology are gaining more importance. Green areas, which allow greater connection with
nature, have healing properties for people and cities among the building masses. Green interfaces in the transition
areas defined by the connection points of indoor and outdoor spaces bring nature to the city and help human beings
in the artificial environment to meet nature. This study examines green interfaces applied in transition areas and
the functions of these interfaces within the framework of the mentioned concepts. The research area was
determined as cafes and restaurants in Bartin province and a qualitative study was conducted. Qualitative research
is a method that is inquisitive, interpretive and tries to understand the form of the problem. It is supported by data
collection techniques such as observation, interviews, document and discourse analysis. Qualitative research
analyzes problems with an interpretive approach in line with the data they collect. Since qualitative research can
be very comprehensive, it is necessary to determine the study group and narrow down the samples. In this study,
the samples were narrowed down to cafes and restaurants in Bartin province. The method used to identify, analyze
and report the themes in this study is the “thematic analysis” method. Thematic analysis allows organizing data
sets at the smallest size and describing them in depth. In the light of information from the literature, themes were
previously created and questions were compiled under these themes. These headings have been determined as
aesthetic, ecological, economic and spatial functions. In addition, a promotional brochure was given to the
operators before the meeting to make the concepts easier to understand. The interviews were recorded with the
permission of the operators, and the voice recordings were subsequently converted into written documents and
examined. The relationships of the cafes and restaurants examined in the study with their immediate surroundings
were also taken into consideration. In this way, a spatial analysis table was created to compare the analyzes with
each other and approach them from a holistic perspective. The answers were simplified by using the coding method

*Sorumlu Yazar (Corresponding Author):

Fulden GIZLI; Bartin University, Graduate School of Natural Gelis (Received) :14.11.2023
and Applied Sciences Department of Landscape Architecture, Kabul (Accepted) :30.12.2023
74100, Bartin-Turkey. Basim (Published) :31.12.2023



GIZLI & CELIKYAY Bartin University International Journal of Natural and Applied Sciences
JONAS, 2023, 6(2): 206-224

in order to make the analyzes of the interviews visible, to ensure that the data created semantic integrity and to
reach conclusions. While conducting the analyzes in this study, each question was grouped and examined under
its own thematic title. In this qualitative study, which was conducted to investigate the functional expectations of
cafe and restaurant operators from green interfaces, the data obtained after interviews with cafe and restaurant
operators who have included green interface designs in their transition areas were interpreted together with the
data from the literature and inferences were made.

Key Words: Green interfaces, urban ecology, Bartin
1. Giris

Mekan kavrami zamanla geliserek farkli tiirleri ve alt bagliklar1 ile biiyiik boyutlara ulasmistir. Bu nedenle
literatiirde mekana iliskin pek ¢ok tanim bulunmaktadir. Genel tanimiyla incelendiginde mekan, insan eylemleri
tizerine insa edilen ve diizenlenen ortamdir (Celikyay & Gizli, 2019). Mimarliktaki kullanimlar1 dikkate alinarak,
“i¢” kavrami, binanin mekéansal diizenini, binay1 olusturan boliimlerin programlanmasini tanimlarken, “dis”
kavrami ise binanin hacimsel diizenini, cephesini ve binay1 ¢evreleyen manzarayi tanimlamada kullanilmaktadir
(Benian, 2010). Bu baglamda mekan siniflandirmalari incelenirken i¢ mekan ve dis mekan iligkisi hem kamusal
hem de 6zel alan niteligi ile giindeme gelmektedir. I¢- dis birlikteligi, hem diisiinsel hem de fiziksel olarak
barindirdig1 karsitlik ve saydamlik yaratma etkisi ile gecirgen bir arayiizdiir (Oztiirk & Ismailoglu, 2017). Artan
kentli niifusu, kentsel yapilanma ve teknolojik gelisimler sebebiyle dogal yesil alanlar zarar gormekte, kent ici
parklar ve bahgelerin sayis1 giin gectik¢e azalmaktadir. Bu soruna karsi gelistirilen yesil arayiizler, kentlinin yesil
alanlara daha c¢ok yer verme arayigina, doga ile biitiinlesme istegine, dogal kaynaklari korumaya c¢oziim
niteligindedir.

Bu ¢alismanin konusu, i¢ mekan ve dis mekan birlikteliginden olusan geg¢isim alanlarinda kullanilan yesil
arayiizleri, kent, bina ve insan ekolojisi lizerindeki iglevleri lizerinden incelemektir. Daha nitelikli arastirmalar
yapabilmek i¢in ¢aligma Bartin ilinde, gecisim alanlarina sahip ve bu alanlarda yesil arayiiz tasarimlari bulunduran
kafe ve restoranlar olarak 6znellestirilmistir. Bu baglamda ¢alismanin amaci, kafe ve restoran isletmecilerinin yesil
arayliz tasarimlarmin islevsel beklentilerini ortaya koymaktir. Bu calismada yontem nitel arastirma olarak
belirlenmistir. Literatiirden gelen bilgiler 1s1ginda olusturulan soru grubu ile kafe ve restoran isletmecileri ile
goriismeler yapilmustir. Izinli ve kayit altina alinarak yapilan bu gériismeler yazili dokiiman haline getirilip
incelenmistir. Gorligmeler sonucu elde edilen g¢ikarimlar goriisme bulgulari kisminda literatiirden elde edilen
bilgiler ile entegre edilerek yorumlanmustir.

2. Yesil Arayiizler ve Kent, Bina, insan Ekolojisi ile iligkisi

Yesil arayiizler uygulanis bigimleri agisindan literatiirde farkli isimler altinda gruplandirilmaktadir. Ornegin dikey
bahge, duvarlarin yiizeyini bitki kompozisyonlari ile kaplayan ve tiim bigimleri ifade eden tamamlayict bir
terimdir. Biiyiiyen bitkilerin, binalarin veya bina cephelerinin belirlenmesinde kullanilmaktadir. Mir (2011)
calismasinda, dikey bahgeleri dogal bitki duvarlari, yesil cepheler ve yasayan duvar sistemleri olarak {i¢ grupta
incelemistir. Dogada kendiliginden var olan, dik agiya sahip ylizeylerde gelisen bitkisel alanlar dogal bitki
duvarlarini olusturmaktadir. Bu tiir duvarlar cografi olarak kendiliginden olusabilecegi gibi, yapisal yiizeylerde
bulunan bosluklardan, tag duvarlardan, terk edilmis yap1 cephelerinden de olusabilmektedir. Yesil cepheler ise,
0zel olarak tasarlanmis, tirmanici veya yer ortiicii bitkilerin kullanildig1 dikey bahgelerdir. Topraga ya da saksiya
dikilerek olusturulabilirler. Yasayan duvar sistemleri ise 6nceden diizenlenmis dikey modiillerle yapisal olarak bir
duvara sabitlenmis bitkilerden olugmaktadir. Bu sistemler modiiler sistemler, kece ylizeyli sistemler, mineral yiin
tabanl sistemler ve kopiik tabanli sistemler olabilmektedir (Mir, 2011; Kanter, 2014). Bunlara ek olarak, dikey
bahgeler yesil iskele, yesil alan duvarlari, biyo-yiizeyli duvarlar gibi farkli isim ve gruplandirmalarla da literatiirde
yer almaktadir (Tzortzi & Sophocleous, 2018).

Diinyada kentlesmenin artmasi beraberinde “cevresel tagima kapasitesi”, “kentlerin yasanabilirligi” kavramlarini
giindeme getirmektedir. Bu sebeple mevcut peyzaj kapasitesinin korunmasi, dogal gelisime miidahalenin sinirlt
olmasi, dogal goriiniimiin korunmasi, mevcut habitatlarin korunmasi ve onarimi gibi ekolojik degeri olan
yaklagimlar tercih edilmeye baglanmistir. Bu baglamda yesil arayiizlerin kent ekolojisine katki sagladig1 hususlar
bulunmaktadir. Ornegin yesil arayiiz tasarimlar1 biyo-gesitlilige katk1 saglayarak yasam alan1 olusturmakta, kuslar,
kelebekler, arilar gibi canlilarin su, yiyecek, korunma veya barinma gibi temel ihtiyaglarini karsilamaktadir.
Yapilan bir ¢aligmada bitkilerin giirtiltiiyii 5 dB. kadar azaltabilen ses emici 6zelliklerinin oldugu kanitlanmis olup
isyerlerinde ve evlerde 40 dB.’e kadar dis giiriiltiiyii ve titresimleri azalttig1 bilinmektedir (Ornek, 2011). Kentsel
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1s1 adasi, kentlesmeden dolay1 kentsel sicakligin gevredeki kirsal alanlardan daha yiiksek oldugu anlamina
gelmektedir. Gilin boyunca binalarin cepheleri ve sert yiizeyler giines 1siklarini emerek geceleri kentsel ortamin
sicakliginda artigsa neden olmaktadir (Tas, 2019). Yesil arayiiz tasarimlar ise buharlagma yiizeyini artirarak ve
giines 1sinlarini yansitarak kentsel 1s1 adasi etkisini azaltmada énemli bir rol oynamaktadir (Ekren, 2017).

Yesil arayiizler, binanin cephe yiizeyindeki elemanlarin diizenlemelerini (yiizeydeki malzeme, renk, doku, stiller,
doluluk-bosluklar ve agikliklarin boyutlari, oranlari, detaylar) ve kullanim sirasinda cepheye eklenen elemanlari
(glineslikler, sacak, tente, ciceklik, bitki tasarimlar1 vb.) kapsamakta ve binanin sicaklik yalittiminin
gerektirebilecegi enerji tikketimini de azaltmaktadir. (Ozsel, 2009). Yesil arayiizler, yagmur suyunun drenajini
yavaslatarak olugabilecek taskinlar1 onleyebilmektedir. Yesil arayiizlerde Uygulanan bitkiler yagmur sularin
filtrelemekte ve ekolojik dongiiye katki saglamaktadir (Tas, 2019). Dolayisiyla yesil arayiizler yagmur suyu
yonetiminde rol oynamaktadir. Hizli kentlesme ve kirsal alanlarin azaltilmasi tarim alanlarini olumsuz
etkilemektedir. Giliniimiizde yeni gida iiretim teknikleri artan niifus ve kentlesme nedeniyle denenmektedir.
Bunlardan biri, yatay alanlarin azalmasi nedeniyle ortaya ¢ikan dikey tarim uygulamalaridir. Bu sayede taze ve
giivenli yiyecek iiretilebilmekte ve siirdiiriilebilir kentsel modele /kentsel ekolojiye katki saglayabilmektedir. Ayni
zamanda kentsel tarim; su verimliligini ve organik geri doniigiimil gelistirmektedir. Binalarda enerji verimliligini
artirmakta ve mikro klimay1 gelistirmektedir (Basdogan & Cig, 2016).

Insan ekolojisi, insan ve gevresi arasindaki her tiirlii etkilesime olarak tanimlamaktadir. Insan ve dogal cevre
arasindaki enerji ve madde aligverisi, canliligini siirdiirebilmesi agisindan onem arz etmektedir. Cagimizda
teknoloji, dogal gevre, niifus artis hiz1 gibi etmenler bu enerji liretiminin miktarini etkilemekte, cok miktarda enerji
iiretimi ve dagitimi sirasinda toprak, su, hava gibi dogal ¢evreyi hizla kirleten sanayi artiklar1 canlilarin biyolojik
yasam kosullarint zedelemektedir (Maltag, 2015). Yesil arayiiz tasarimlari da bu baglamda iyilestirici etki
barindirmaktadir. Ornegin, i¢ mekanlarda kullanilan yesil arayiiz tasarimlari hava kalitesinin biyo-filitrasyonunu
diizenleyebilmektedir. Psikolojik agidan yogunlagsma {izerinde olumlu etkileri yaninda, 6ksiiriigii ve bogaz
kurulugunu da azaltmaktadir (Sezen vd. 2017). Kent 6l¢eginde degerlendirildiginde ise kent igerisindeki
gazlardan, trafikten kaynakli hava kirliliginden, ince toz partikiillerinin yarattigi konforsuzluktan, insanlar i¢in
rekreasyon alanlarinin yok olmasindan ve UV isinlarinin yarattigi zararlardan korunmak igin yesil arayiiz
tasarimlarina ihtiyag duyulmaktadir.

3. Yesil Arayiizlerin iglevleri
Yesil arayiizlerin iglevleri estetik, ekolojik, ekonomik ve mekansal olmak iizere dort baslik altinda arastirilmistir.
3.1.  Estetik iglevler

Duygusal alanin giizel olan kismini inceleyen “estetik” kelimesi, duyular, algi, duyu ile algilamak gibi anlamlar
igermektedir. Yesil arayiiz uygulamalarinda ise estetik, mekan kullanicilarinin gorsel olarak etkilenebilmesi igin
kullanilan bitkilerin kusursuz giizellige gore bilingli kullanilmasini kapsamaktadir. Bitkilerin boyutlar1, 6l¢ekleri,
bigimleri, renkleri, dokular1 ve birbirleriyle olan uyumlar1 estetik degerleri etkilemektedir (Kalay, 2019). Sikici
avlular, ruhsuz ve tekdiize mekanlar modern yap1 kabuklarina diisey diizlemde uygulanan yesil yiizler ile hayat
bulmaktadir. Bir bagka deyisle, mekanlara sanatsal katkida bulunmaktadir (Eling & Eling, 2010). Bireylerin
betonlasan yapili ¢evreye karsin dogaya olan 6zlemleri yesil arayiiz uygulamalartyla giderilebilmektedir. Bu
uygulamalar sirasinda hedeflenen etkiye gore bitkisel segimler yapilmaktadir. Odunsu bitkilerin dekoratif 6ge
olarak algilanmalarinda &ncelikle sahip olduklari dendrolojik 6zellikler yani bitkinin gévde, gévde kabugu, dallar,
yapraklar, ¢igekler gibi bigim, hacim, renk ve doku 6zelliklerine 6nem verilmektedir. Bu 6gelerin ¢esitli tasarim
ilkeleriyle olusturduklar1 kombinasyonlar sonucunda, kalic1 ya da y1l igerisinde degiskenlik gdsteren gorsel etkiler
elde edilir. Ozellikle, kullanilan bitkinin ¢igeklenmis veya meyve verdigi dénemler tasarimlarin gekiciligini
artirmaktadir (Erduran & Kabas, 2010). Bu baglamda biinyesinde geg¢isim alanlarina sahip kafe ve restoranlarin
mekansal tasarimlarini olustururken bitkilere de yer vermesi, tasarimlart daha degerli kilmaktadir.

3.2 Ekolojik iglevler

Yesil arayiizlerin ekosisteme pek ¢ok katkisinin oldugu yapilan ¢alismalarda belirtilmektedir. Kentler 6zellikle
hava kirliliginin yiiksek oldugu alanlardir. Havadaki kirli gazlar kentsel alanlarda ¢evredeki kirsal alanlara gore
5-25 kat, toz yogunlagmas1 ve partikiillerde de 10 kat daha fazladir (Yazici, 2017). Yesil arayiizler ise bu kirliligi
ortadan kaldirmada 6nemli rol oynamaktadir. Bitkiler riizgar hizin1 kesmelerinin yaninda, kok veya yaprak
bolgelerinde olusturduklar: nemli ortamlar araciligryla toz partikiillerini de tutmaktadir (Kanter, 2014). Ek olarak,
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bitki yogunlugunun kent igerisinde artmasi oksijen iiretimi ve karbondioksit tiiketimini ¢ogaltarak kent
atmosferinin yenilenmesinde yardimei olmaktadir. Ornegin herhangi bir sokaktaki 50 konutun tek cephesinin
bitkilendirilmesi bu sokaktaki 50 agacin oksijen iiretimi ile karbondioksit tiiketimini kargilayabilmektedir
(Erdogan & Khabbazi, 2013). Ayrica, kentsel ortamlarda giines 1smlarini kontrol ederek hava sicakligimi da
dengelemektedir. Kent ortaminda geceleri aga¢ altindaki sicaklik agik alanlara oranla ortalama 5-8 derece daha
yiiksektir (Atay, 1988). Uygulama ilkelerine dikkat edilerek olusturulmus giiriiltli perdeleri ise kentsel giiriiltiiyi
10 dB. kadar azalttig1 bilimsel arastirmalarla saptanmistir (Fang & Ling, 2003).

Ozetle, yesil arayiiz tasarimlarinin temiz hava kalitesini artirmasi, serinletme etkisinin olmasi, giiriiltiiniin ve kirli
havanin emilmesine yardimci olmasi, giinimiizde artan sera etkisini azaltmasi, yagmur suyu yonetimi, nem
dengelenmesindeki rolii, riizgar hizin1 dengelemesi gibi katkilar1 bulunmaktadir. Ancak yesil arayiizlerin ekolojik
faydalar1 uzun vadede kendini gostermektedir. Yesil arayiizlerin uzun siire basarili olmasini saglamak i¢in uygun
bitki bilesenlerini bir araya getirmek gerekir (Ornek, 2011). Yesil arayiizlerin uygulanacagi bdlgenin iklim
ozellikleri, dogal bitki ortiisii, benzer tiirlerin birlikte kullanilmasi, uygulama alaninin konumu, giines 1sinlarinin
gelis bicimi, bitkilerin gelisim giicline gore secilmesi, uygun uygulama ydntemlerinin kullanilmasi arayiiz
tasarimlarinin ekolojik islevlerine etkin katkilar saglamaktadir.

3.3 Ekonomik islevler

Birgok tasarimer ya da yatirimc yesil arayiiz sistemlerinin insaat esnasinda maliyetli oldugunu diisiinmektedir.
Fakat kazandirdig1 gorsel yarar ve etkileri, tiim standart tasarim malzemelerinin {istiinde olmaktadir (Aygencel,
2011). Uzun vadede bakildiginda havalandirma masraflari, enerji tasarrufu gibi durumlarda ekonomik faydalari
bulunmaktadir. Yazin sogutma maliyetlerini azaltirken kisin da 1sinma maliyetlerini azaltmaktadir. Herdem yesil
bitki tiirleri ile gergeklestirilen yesil arayiiz tasarimlari 1s1 izolasyonu gorevini ilistlenmektedir. Bitki ortiisii ile yap1
dis yiizeyi arasinda kalan hava katmani konveksiyon yoluyla kaybolan sicaklik miktarin1 azaltmaktadir. Bu
sebepten, kentsel alanlardaki bitkilerle yapilan gdlgelendirme, diger yiizeylere nispeten 1sinma miktarini biiyiik
Ol¢iide azaltmaktadir. Ancak yaliimdaki basari, secilen bitkinin tiirline, yasina, gelisimine, yon durumuna ve
bakim kosullarina gore degismektedir (Erdogan & Khabbazi, 2013). Ek olarak, dikey diizlemde uygulanan bitkiler
UV 1smlarmin dozunu azalttig igin, plastik yiizeylerde, malzemelerde, kaplamalarda ve boyalarda aginmalarin
Oniine gecer ve boylece seklinin uzun siire degisim gostermeden ayni kalmasini saglayarak genel sarfiyati
diistirmektedir (Sercan & Kiiciikali, 2020). Kafe ve restoranlarda uygulanan yesil arayiizler miisteriler i¢in keyifli
vakit gegirecekleri ortamlar hazirladiklarindan igverenlere ekonomik getiri olarak geri doniis saglamaktadir.
Uyguladiklari yesil arayiizlerde dikey tarim yapmayi tercih eden kafe ve restoranlar ise kendi sebze ve meyvelerini
iireterek bireysel ekonomilerine katki saglama imkani bulmaktadir.

3.4 Mekansal islevler

Ulkemizde solucan giibresi kullanimi ile konu hakkinda yapilan bilimsel calismalar giderek artmasina ragmen
heniiz istenilen diizeyde degildir. Calismalar arttik¢a tecriibe kazanimlart da artacagindan iiretimde yol gdsterici
olacaktir. Bilimsel arastirmalar olumlu sonug verdikge solucan giibresine olan giiven de artacaktir. Icerisinde
bulundugumuz global salgin, dogal afetler gibi 6n géremedigimiz olumsuz durumlar igin tohum gen bankalar1 olsa
da bitkisel liretim lizerinde durulmasi gereken 6nemli bir meseledir. Miimkiin oldugunca dogaya zarar vermeden,
ilaglama yapmayarak en yiiksek fayda amaglanmalidir. Cevreye bir zarar1 olmayan solucan giibresi, hem topraga
kazanimlar1 hem de atiklarin degerlenmesini saglamasi yoniiyle bitkisel iiretimde kullanim alani daha da
arttirilmalidir. Ciftgilere solucan giibresi kullanimi ve bagka organik alternatifler hakkinda egitimlerin katkis1 da
faydali olacaktur.

4. Materyal ve Yontem

Bu g¢alismanin ana materyalini geg¢isim mekanlarinda tasarlanmis yesil arayiizler olusturmaktadir. Bartin ili,
Merkez lgesinde, biinyesindeki gecisim alaninda yesil arayiiz tasarimina sahip olan 7 adet kafe ve restoran
secilmistir. Secilen kafe ve restoranlarin igletmecileri aragtirmanin 6rneklemini olusturmaktadir. Arastirma yapilan
kafe ve restoranlarin konumlarina iliskin uydu goriintiileri ile i¢ ve dis mekan goriinimlerine iliskin fotograflar
sunulmaktadir. Bu ¢aligma nitel olarak yiriitiilmiistiir. Nitel ¢alisma probleme iliskin sorgulayici, yorumlayici ve
problemin bi¢imini anlama ugrasinda olan bir yontemdir. Tarihsel olarak nitel arastirmaya, dogal olgularn
belirleme ugrasindan hareketle ‘dogal aragtirma’, probleme iligkin aragtirmacinin 6znel goriislerini barindirmasi
sebebiyle ‘yorumlayict aragtirma’ ve bir konuyu belirli bir sosyal ortam i¢inde derinlemesine incelemesinden
dolay1 ‘alan arastirmasi’ gibi farkli isimler verilmistir (Baltaci, 2017). Nitel arastirma probleme iligkin sorgulayici,
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yorumlayici ve problemin bi¢imini anlama ugrasinda olan bir yontemdir. Gozlem, goriismeler, dokiiman ve sdylev
analizleri yapmak gibi veri toplama teknikleri ile desteklenmektedir. Nitel arastirmalar, problemleri topladiklar
veriler dogrultusunda yorumlayici bir yaklagimla analiz etmektedir.

Nitel bir ¢alisma yiiriitmek icin dncelikle aragtirma probleminin belirlenmis olmasi gerekmektedir. Problem bir
olgu ya da olay olabilmektedir. Problem genellikle genel ifadeler bi¢iminde oldugundan konuya iligkin literatiir
taramalari ile problem sinirlandirilmaktadir. Literatiir taramasi hem konuyu sinirlandirirken hem de arastirmaciya
sonraki asamalar icin zemin hazirlamaktadir. Boylelikle kuramsal ¢ergeve de olugmaya baslamaktadir. Literatiir
taramalar1 gerceklesirken arastirma sorular1 da kuramsal gerceve ile beraber olugsmaya baslamaktadir. Sonrasinda
ise, nitel arastirma cok genis kapsamli olabileceginden g¢alisma grubunu belirlemek, 6rneklemeleri daraltmak
gerekmektedir. Bu ¢aligmada drneklemler Bartin ilinde bulunan kafe ve restoranlar olarak daraltilmistir.

Bu caligmadaki temalar1 belirleme, analiz etme ve raporlama ig¢in kullanilan yontem olan “tematik analiz”
yontemidir. Tematik analiz veri setlerini en kiigiik boyutlarda diizenlemeyi ve derinlemesine betimlemeyi saglar
(Braun & Clarke, 2019). Literatiirden gelen bilgiler 1s1¢1nda temalar 6nceden olusturulmus, sorular bu temalarin
altlarinda derlenmistir. Ozetle, biinyesindeki gecisim alanlarinda yesil arayiiz tasarimlarina yer vermis kafe ve
restoran igletmecileri igin dort tematik baglik altinda soru seti hazirlanmistir. Ayrica, goriisme dncesinde verilmek
lizere kavramlarin kolay anlagilmasi i¢in kafe ve restoran igletmecilerine tanitim brosiirii verilmistir. Goriismeler
izinli olarak kayit altina alinmis, sonrasinda alinan ses kayitlari yazili dokiimanlar haline getirip incelenmistir.
Caligsmada incelenen kafe ve restoranlarin yakin ¢evresiyle iliskileri de g6z 6niinde bulundurulmustur. Bu sebeple
analizler yapilirken birbirleriyle karsilastirip biitiinciil bir bakis agisiyla yaklasmak i¢in mekansal analiz tablosu
olusturulmustur (Tablo 1).

Yapilan goriismelerin analizlerini biitiinlestirmek ve sonuca ulagtirmak i¢in kodlama yontemi kullanilarak cevaplar
sadelestirilmistir. Kodlar, verinin arastirmacinin ilgisini ¢eken bir 6zelligini tanimlar ve “incelenen olguya iliskin
anlamli sayilabilecek bilgiye ya da ham verilerin en temel parcasina” karsilik gelmektedir (Boyatzis, 1998).
Kodlamada veriler, belirli igaret¢iler kullanilarak goriiniir hale getirilir. Bunun yaninda kodlama, verilerin belli bir
anlam biitiinliiglinii yakalamasini saglar, kodlama ile veriler daha kolay bir sekilde kavramsallastirilabilir (Keller,
1995). Bu ¢aligmada da analizler yapilirken her soru kendi tematik bagligi altinda gruplandirilarak incelenmistir.

4.1 Arca Kafe

Arga Kafe, Bartin kent merkezinin Bartin Cay1 kiyisinda “Yali Mevkii’ ismi ile anilan Tersane Caddesi tizerinde
yer almaktadir (Sekil 1), (URL-1, 2023). Tersane Caddesi hem ara¢ hem de yaya yogunluguna sahip bir caddedir.
Cadde boyunca uzanan Bartin Cay1 kenarindaki rekreasyon alaninda yiiriiyiis yollari, oyun alanlari, oturma
iiniteleri bulunmaktadir. Yolun diger tarafinda ise kafeler, restoranlar ve ticari mekanlar bulunmaktadir. Arga
Kafe’nin sag yaninda ticari mekén, sol yaninda ise baska bir kafe bulunmaktadir. Ancak sol yanindaki kafe
tamamen cam ile perdelenmis oldugundan ge¢isim alani barindirmaktadir. Cadde boyunca siralanmis kafeler,
restoranlar ve ticari mekanlarin arka tarafinda konut alanlar1 bulunmaktadir. Arca Kafe dis mekaninda,
kaldirimdan kafeye gegis alaninda bitki kasalar1 i¢ine yerlestirilmis bitkisel 6geler bulunmaktadir (Sekil 2).
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Sekil 2. Arca Kafe dis mekan ve i¢ mekanina iligkin goriiniimler

4.2. Kafe Karisik

Kafe Karisik Bartin kent merkezinde Kemerkoprii Mahallesi, Biilent Ecevit Bulvari iizerinde yer almaktadir (Sekil
3), (URL-2, 2023). Kentin merkez dig1 alanlarim1 merkeze baglayan ve yogun arag trafiginin oldugu bulvar boyunca
karsilikli ticari mekanlar, marketler, saglik klinikleri, kafeler, askeri alan ve polis merkezi bulunmaktadir. Biilent
Ecevit Bulvarinda arag yogunlugu kadar yaya yogunlugu da mevcuttur. Kafe Karisik’in sag yaninda askeri lojman
bolgesi, sol yaninda ise market bulunmaktadir. Kafe Karisik’in sol arkasinda kendine ait otoparki ve bu otoparktan
kafenin dis mekanina gecis bulunmaktadir. Kamusal alandan kafe alanina gecisim alanlarinda bitkilendirme
tasarim ve uygulamalar1 goriilmektedir (Sekil 4, Sekil 5).
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Sekil 5. Kafe Karigik dig mekan goriiniimleri
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4.3 Miibeccel Kafe

Miibeccel Kafe, Bartin kent merkezinde Davut Firincioglu Caddesi ile Sadirvan Caddesi arasinda kalan bslgede
konumlanmaktadir (Sekil 6, (URL-3, 2023). Ara¢ gegisine kapali bu alanlarda ¢ok yogun bir yaya trafigi
mevcuttur. Miibeccel Kafenin oniindeki yaya yolu, kent i¢in 6nem arz eden iki ana caddenin birlesim aksini
olusturdugundan gegisim i¢in kullanilmaktadir. Karsisinda bulunan bina ticari is hani, sag yani bos bir alan, sol
yani ise ticari mekan olarak kullanilmaktadir. Ayrica, kentin dogal iirlinlerinin satildig1 yerel pazar yerlerinin ¢ok
yakininda bulunmaktadir. Miibeccel Kafe’nin giris alanlarinda yesil arayiizler ve bitkilendirme tasarimlari yer
almaktadir (Sekil 7).
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AKas! Atm d Baltalar,Insaat KUYUMCU UNAT
Kollektif;Sirketi

“"
\

. ;
J BartiniKuyumcu

Garanti BBVA g
besi

Sekil 7. Miibeccel Kafe’nin giris alani, gecisim alan1 ve yaya yoluna iliskin goriintimler
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4.4 Bahhce Kafe

Bahhce Kafe, Bartin kent merkezinin Bartin Cay1 kiyisinda “Yali Mevkii’ ismi ile anilan Tersane Caddesi iizerinde
yer almaktadir (Sekil 8), (URL-4, 2023). Tersane Caddesi hem ara¢ hem de yaya yogunluguna sahip bir caddedir.
Cadde boyunca uzanan irmagin paralelinde yiiriiyiis yollari, oyun alanlari, oturma {initeleri bulunmaktadir. Yolun
diger tarafinda ise Bahhce Kafe gibi siralanmis kafeler ve ticari mekanlar bulunmaktadir. Bahhce Kafe’nin sag
yaninda bir baska kafe, sol yaninda ise arka sokaklara baglanan bir cadde bulunmaktadir. Kafeler ve ticari
mekanlarin sirali oldugu bu caddenin arka kisminda ve devaminda ise konutlar bulunmaktadir.

Bahhce Kafe’nin girig kismindaki kaldirimdan kafe alanina gegiste ve kafe dig mekaninin yan taraflarinda yesil
araylizler ve bitkilendirme tasarimlar1 yer almaktadir (Sekil 9, Sekil 10).

Sekil 9. Bahhce Kafe girisi ve dig mekan goriniimleri
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Sekil 10. Bahhce Kafe dis mekan goriiniimleri

4.5 Vakana Garden Kafe

Vakana Garden Kafe, Bartin kent merkezinin Bartin Cay1 kiyisinda “Yali Mevkii’ ismi ile anilan Tersane Caddesi
tizerinde yer almaktadir (Sekil 11), (URL-5, 2023). Tersane Caddesi hem ara¢ hem de yaya yogunluguna sahip bir
caddedir. Cadde boyunca Vakana Garden Kafe gibi siralanmis kafeler ve ticari mekanlar bulunmaktadir. Vakana
Garden Kafe’nin sag yaninda arka sokaklara baglanan bir ara yol, ara yolun diger tarafinda baska bir kafe
bulunmaktadir. Vakana Garden Kafe’nin sol yaninda ise konut binasi mevcuttur. Bu bina kafe ile bitisik yap1
diizeninde oldugundan, cephe yesil arayiiz duvari ile kaplanmistir. Kafeler ve ticari mekanlarmn sirali oldugu bu
caddenin arka kisminda konutlar bulunmaktadir. Kafenin dig mekani ile kamusal alan sinirinda yesil arayiizler ve
bitkilendirme tasarimlar1 yer almaktadir (Sekil 12, Sekil 13).

.
N

Sekil 11. Vakana Garden Kafe’nin konumu (URL-5, 2023)
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Sekil 13. Vakana Garden Kafe dis mekan goriiniimleri

4.6 Southill Kafe&Restoran

Southill Kafe& Restoran, Bartin kent merkezi disinda ¢evre yolunu merkeze baglayan Cumhuriyet Caddesi
tizerinde bulunmaktadir (Sekil 14), (URL-6, 2023). Ana yol {izerinden girisi bulunmadigindan, yan yoldan kafenin
onilindeki genis otoparka baglanan giris kullanilmaktadir. Kafenin sag yaninda konut sitesi bulunmakta, sol
yaninda ise kentin en biiylik marketi niteligindeki ticari mekan bulunmaktadir. Bu ticari mekan ile ortak kullanilan
otopark kafenin 6n tarafindaki giris cephesinde bulunmaktadir. Kafenin ve yanindaki bitisik ticari mekanin gevre
binalar ile yakin iliskisi bulunmamaktadir. On kisimda herhangi bir yaya yolu bulunmamaktadir. Bu sebepten yaya
yogunlugu yanindaki ticari mekénin kullanicilari tarafindan olugmaktadir. Southill Kafe& Restoran’in gegisim
alaninda yesil arayiizler yer almaktadir. Giris kismi ile i¢ bahgesinde bitkilendirme tasarimlari yapilmstir (Sekil
15, Sekil 16).
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Southill Kafe& Restoran dis mekén ve yesil arayiiz goriiniimleri

Sekil 16.
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4.7 Yuka Kafe&Bar

Yuka Kafe&Bar, Bartin ilinden 20 dk. uzaklikta Karadeniz kiyisinda bulunan tatil beldesi inkumu’nda yer
almaktadir (Sekil 17), (URL-7, 2023). Hem yaya hem de arag trafigi bulundugu Iskele Caddesi iizerindedir (Sekil
18). Cadde boyunca siralanmis konutlarin bazilarinin girig katlari ticari mekanlar olarak kullanilmaktadir. Yuka
Kafe&Bar da bunlardan biridir. Sag yan cephesinde arkadaki konut alanlarina gegisi saglayan ara yol, yolun hemen
diger yaninda ise baska bir kafe bulunmaktadir. Yuka Kafe&Bar’in sol yaninda ve arkasinda konutlar mevcuttur.
Dis mekaninda bitkilendirme tasarimlari, i¢ mekaninda yesil arayiizler bulunmaktadir (Sekil 18, Sekil 19, Sekil
20).

Sekil 18. Yuka Kafe&Bar’in dig mekéan goriiniimleri




GIZLI & CELIKYAY

Bartin University International Journal of Natural and Applied Sciences

JONAS, 2023, 6(2): 206-224

Sekil 20. Yuka Kafe&Bar’in i¢ mekan goriiniimleri

Asagida aragtirma yapilan kafe ve restoranlarin yaya yolu, arag yolu erigsimlerini ve giiriiltii durumlarini1 gosteren
mekansal analiz tablosu yer almaktadir (Tablo 1).

Tablo 1. Calismada yer alan kafe ve restoranlara iligkin mekéansal analiz tablosu

On On Sag yan | Sagyan | Solyan | Solyan
MEKAN cephede | cephede | cephede | cephede | cephede | cephede C?‘:;asel Ce;;e;el %?::ﬁfﬁ !
co . yaya arag yaya arag yaya arag J 8 o - g g
ISIMLERI yolu yolu yolu yolu yolu yold yogunlugu | yogunlugu | yogunlugu
ARCA X X X X X
KAFE
KAFE X X X X X X
KARISIK
MUBECCEL
KAFE X X X X
BAHHCE X X X X X X X X
KAFE
VAKANA
GARDEN X X X X X X X
KAFE
SOUTHILL X X X
KAFE
YUKA
KAEE X X X X X X X
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5. Gériugme Bulgular

Bu calisma Bartin ilindeki 7 farkli kafe ve restoran incelenerek ve isletmecileri ile goriigme yapilarak
tamamlanmistir. Demografik bilgilerine gore, goriisme yapilanlar 35 yas iizeri erkek isletmecilerden olusmaktadir.
Egitim durumlari ise lise ve liniversite mezunlar1 olmak iizere gruplandirilabilmektedir.

5.1 Estetik islevlere iliskin Bulgular

Gegcisim alanlarinda bulunan yesil arayiiz tasarimlarinin estetik iglevleri goriismeler dogrultusunda incelendiginde
elde edilen kodlarin literatiir aragtirmalar1 sonucunda elde edilen veriler ile biiylik olglide Ortligtiigii
saptanmaktadir. Ornegin giizellik algis1 soruldugunda kafe ve restoran isletmecilerinin tiimii kendi bakis acilar1
dogrultusunda “glizel” tasarlanmig mekanlar elde etmek icin yesil arayiiz tasarimlarindan faydalanmistir sonucuna
varilmaktadir. Yapilan goriismeler sonucunda, isletmeciler giizellik algisini giiniimiiziin betonlagmig yapilarindan
uzaklasip dogaya ait gibi goriinen mekanlar olarak tanimlanmaktadir. Estetik degerler ilizerine diistiniildiigiinde
her biri kendi mekani igin vurgu, hareketlilik, sinirlandirma gibi mekansal tasarimi etkileyen durumlarda yesil
arayiliz tasarimlarindan faydalanip estetik islevler elde etmeyi planlamistir. Renklerin, doku farkliliklarimin,
boyutlarin mekanlarinda yarattiklar1 etkiler bilingli olarak kurgulanmistir. Ornegin yesil arayiiz tasarimlarmnin yil
icindeki ¢igeklenmesi ve bu ¢igeklenmenin yarattig etkinin kafe ve restoran sahipleri tarafindan estetik bir igleve
sahip oldugu vurgulanmaktadir. Diger bir 6rnek ise, sarmasik ile olusturulabilecek bir giines kirici sistemin, hazir
satin alinabilen diger tasarim dgelerine tercih edilmis oldugu bildirilmektedir. Tercih sebebi ise giizel, dogal bir
mekan olusturma niyeti oldugu belirtilmektedir (Tablo.2).

Tablo 2. Estetik isleve iliskin goriisme sonuglar1 kodlama tablosu

SORU 1 SORU 2 SORU 3
MEKAN Yesil arayiiz tasarimlarmin Yesil arayiiz tasarimlaridaki Yesil arayiiz tasarimlarmin yil
ISIMLERI mekaninizdaki giizellik algisin1 | renk, boyut, form, doku gibi icerisindeki degisimi
tamamladigini diistiniiyor Ogeler mekaninizin tasarimini mekaniniza farklilik,
musunuz? etkiliyor mu? hareketlilik veya vurgu katiyor
mu?
ARCA Kod 1. Dogal hayat 6zlemi Kod 1. Tamamlayici eleman Kod 1. Giizel koku
KAFE Kod 2. Rahatlatict hissiyat Kod 2. Sicak ortam Kod 2. Yer degistirme
KAFE Kod 1. Insan dogast Kod 1. Tasarima hareket katma Kod 1. Hareketlilik katma
KARISIK Kod 2. Betonlagma karsiti Kod 2. Farklilik katma
MUBECCEL | Kod 1. Kagis mekam Kod 1. Biitiinleyici tasarim Kod 1. Yaprak dokiimlerinden
KAFE Kod 2. Betonlagma karsit1 Kod 2. Alana yonelik se¢cimler yararlanma
BAHCE Kod 1. Bahge hissiyati Kod 1. Giines kiric1 eleman Kod 1. Renk ile vurgu katma
KAFE Kod 2. Engelleyici eleman
VAKANA Kod 1. Yesil 6zlemi Kod 1. Ig-D1s mekan uyumu Kod 1. Cigeklenen bitki
GARDEN Kod 2. Sik yaprakl: bitki se¢imi | segimleri
KAFE Kod 3. Sarmasgik yapil1 bitki Kod 2. Cografyaya uygun bitki
secimleri secimleri
SOUTHILL Kod 1. Dogal hayat sevgisi Kod 1. Farklilik yaratmak Kod 1. Cigeklenen bitki
KAFE Kod 2. Gelecek keygisi Kod 2. Hareketlilik kazandirmak | segimleri
YUKA Kod 1. Bitki kullanimini Kod 1. Amaca yonelik bitki Kod 1. Cigeklenen bitki
KAFE vurgulamak se¢imi secimleri
Kod 2. Tazelenmis hissiyati Kod 2. Alana yonelik segimler
Kod 3. Mekansal ayirici eleman

5.2 Ekolojik islevlere iligkin Bulgular

Yesil arayiizlerin ekolojik katkilar1 6zel oOl¢iim cihazlar1 kullanilarak ve siire¢ igerisindeki Ol¢limleri
karsilastirilarak uzmanlar tarafindan belirlenmektedir. Bu sebeple, kafe ve restoran isletmecilerinin yesil
arayiizlerden ekolojik beklentileri diger islevlere gore daha yiizeysel kalmaktadir. Literatiirden dgrenilen bilgileri
gozlemleyemedikleri ve kisa vadede etkilerini tespit edemediklerinden igletmeciler bu bdliimde ¢ok ayrmtili
cevaplar verememektedir. Ornegin, yesil arayiizlerin giiriiltiiyii azalttig1 bilgisi literatiirden gelen bilgilerde
olmasina ragmen, ¢aligmada goriigiilen isletmeciler i¢in yesil arayiizlerin giiriiltii kesici 6zelligi bulunmamaktadir.
Isletmecilerin yesil arayiizlerin giiriiltii kesici 6zelliginin farkinda olmadig1 kafe ve restoranlara iliskin mekansal
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analiz tablosu incelendiginde bu kafe ve restoranlarin yogun ara¢ ve yaya trafiginin oldugu bolgelerde
konumlandigi goriilmektedir. Sonug olarak, mekansal konum isletmecilerin beklentilerini etkilemekte, ekolojik
islevlerine karsi diislincelerinin sekillenmesinde rol oynamaktadir. Bir taraftan da isletmeciler gzlemlenebilir
ekolojik iglevler olarak sayilabilen kedi, kus, kelebek gibi faunaya dahil hayvanlar i¢in yesil arayiizlerin bir
ekosistem olusturduklarini belirtmislerdir. Goriigme yapilan isletmeciler yesil arayiiz tasarimlarini bu beklentiyle
yapmasalar da yine de olusturduklari etkinin bilincinde olduklari kanisina varilmaktadir. Ayni sekilde, yesil
bitkilerin ince toz partikiillerini tutmasindan faydalandiklari bilgisi gériismeler sirasinda edinilmistir (Tablo.3).

Tablo 3. Ekolojik isleve iligskin gériisme sonuglari kodlama tablosu

Rk SORU 1 SORU 2 SORU 3
MEKAN Yesil arayiiz tasarimlari kent Yesil arayiiz tasarimlarinin Yesil arayiiz tasarimlarinin
ISIMLERI yasaminda biyo-gesitlilige katki | mekaninizin giineslenme mekaninizdaki giiriiltli ve hava
sagliyor mu? durumuna etkisi var mi? kirliligine etkisi var m?
ARCA Kod 1. Faunaya katki Kod 1. Glines kirma Kod 1. Polenlerden koruma
KAFE Kod 1. Faunaya katki Kod 1. Golgelendirme etkisi Kod 1. Giiriiltii kesici 6zelligi

KARISIK yok

MUBECCEL | Kod 1. Betonlagmis bir ¢evre Kod 1. Semsiye gorevi gorme Kod 1. Giiriiltii kesici 6zelligi
yok
Kod 2. Toz ve egzoz tutucu
BAHCE Kod 1. Faunaya katki Kod 1. Giines kiric etki Kod 1. Giiriiltii kesici 6zelligi

KAFE yok
Kod 2. Hava kirliligine katki

VAKANA Kod 1. Faunaya katki Kod 1. Golgelik etkisi Kod 1. Gliriilti kirliligi
GARDEN engelleme

SOUTHILL Kod 1. Faunaya katki Kod 1. Golgelik etkisi Kod 1. Giiriiltii kesici 6zelligi
KAFE Kod 2. Giines kirici etki

YUKA Kod 1. Faunaya katki Kod 1. Giines kirici etki Kod 1. Guriiltii kesici 6zelligi

Kod 2. Golgelik etkisi Kod 2. Hava kirliligine katk1

5.3 Ekonomik iglevlere iligkin Bulgular

Yesil arayiiz tasarimlarinin ekonomik islevleri goriismeler dogrultusunda incelendiginde literatiirden gelen bilgiler
ile ortiistiigii saptanmaktadir. Ozellikle yesil arayiizlerin serinletici etkisinin cogu kafe ve restoran isletmecisinin
bu konudaki beklentisini karsiladigr gériilmektedir. Klimalandirma etkisi yaratarak kendilerine maddi kazanimlar
getirdigi belirtilmistir. Dikey tarim konusunda ise, goriisiilen her isletmeci tarafindan en az bir kez diigiiniildiigii
fakat yetersiz bilgi ve mekansal sikintilar nedeniyle vazgegip, daha kiigiik 6l¢eklerde belirli amaca yonelik
tiretimler tercih edildigi 6grenilmistir. Ornegin, saksida yetisen feslegen, ya da ufak bir alanda biberiye, ada ¢ay1
gibi kii¢iik 6l¢ekli yenilebilir bitkiler tireterek ekonomilerine katki saglamay1 amagladiklari bilgisine ulagilmistir.
Gegisim alanlarinda uygulanan yesil arayiiz tasarimlarinin ekonomik islevlerinden isletmeciler i¢in en gegerlisinin
ise, miisteriler tarafindan tercih edilir bir mekana doniistiirme ¢abasi oldugu anlasilmaktadir. Begenilen, ilgi ¢eken,
etkili bir uygulama ile yesil arayiiz tasarimi yapildiginda, mekana yeniden gelen miisteriler ile ekonomik baglamda
geri doniise katki saglandigi belirtilmistir (Tablo.4).
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Tablo 4. Ekonomik isleve iligkin goriisme sonuglari kodlama tablosu

SORU 1 SORU 2 SORU 3
MEKAN Yesil arayiiz tasarimlari Yesil arayiiz tasarimlari Yesil arayliz tasarimlari
ISIMLERI mekaninizda sinirlandirma ya da mekaniizda fiziksel mekaninizda
paravan etkisi yaratryor mu? yonlendirmeye yardimci oluyor islevleri/kullanimlar1 birbirinden
mu? ayirryor mu?
ARCA KAFE | Kod 1. Yénlendirici olarak Kod 1. Girig Kod 1. Bahge ve sokak ayirici
kullanilmasi vurgulamasi/yonlendirmesi elemant
KAFE Kod 1. Girisg Kod 1. Yiiriime yolu vurgulamast | Kod 1. Balkon kismu ayirici
KARISIK vurgulamasi/yonlendirmesi elemant
MUBECCEL Kod 1. Paravan etkisi Kod 1. Smirlandirma etkisi Kod 1. Giris yolu ayirict
KAFE elemant
BAHCE Kod 1. Smirlandirma etkisi Kod 1. Giris vurgulamasi Kod 1. Yol ve ¢evreden ayirict
KAFE Kod 2. Paravan etkisi Kod 2. Keskinlik giderilmesi eleman
VAKANA Kod 1. Paravan etkisi Kod 1. Girig vurgulamasi Kod 1. Yol ve ¢evreden ayirici
GARDEN Kod 2. Béliimlerin vurgulanmasi | eleman
KAFE
SOUTHILL Kod 1. Simirlandirma etkisi Kod 1. Sinirlandirma etkisi Kod 1. Smurlandirma etkisi
KAFE Kod 2. Paravan etkKisi
YUKA KAFE | Kod 1. Sinirlandirma etkisi Kod 1. Kamufle etkisi Kod 1. Vurgulama etkisi
Kod 2. Vurgulama etkisi Kod 2. I¢ kisma yonlendirme
Kod 3. Paravan etkisi

5.4 Mekansal iglevlere iligkin Bulgular

Calismanin son kismi olarak mekansal iglevleri incelemek {izere gériismeler yapilmistir. Mekanlar kisilerin sadece
fizyolojik gereksinimlerini karsilamak {izere sinirlt alanlar degil, birlikte duygusal etkinlik barindiran duygu ve
distincelerini belirleyen psikolojilerini de etkileyen bilesenlere sahip olmalidir (Comak, 2020). Bu agidan
degerlendirildiginde yesil arayiiz tasarimlarinin kafe ve restoran kullanicilarinin konforlu vakit gegirmeleri i¢in
siir belirleyici, boliimlere ayirici, paravan etkisi yaratici 6zellikleri isletmecilerin beklentileri arasinda yer
almaktadir. Yesil arayiizlerin kullanicilar1 yonlendirmek, tasarimin bdliimlerini vurgulamak ya da kamufle etmek
amaciyla da kullanildig goriilmektedir. Ayrica, arag ve yaya yolu kenarinda konumlanan tiim kafe ve restoranlarin
ayirici eleman olarak yesil arayiiz tasarimlarini kullandig tespit edilmistir (Tablo.5).

Tablo 5. Mekéansal isleve iligkin goriisme sonuglar1 kodlama tablosu

diisiiniilityor

A SORU 1 SORU 2 SORU 3

MEKAN Yesil arayiiz tasarimlarinin Yesil arayiiz tasariminda Yesil arayiiz tasarimlari

ISIMLERI mekaninizin enerji verimliligine uygulanabilen dikey tarimdan mekaninizin ticari degerini
katkist var m1? mekanimiz faydalanabilir mi? etkiliyor mu?

ARCA KAFE | Kod 1. Is1 verimliligi Kod 1. Yiiksek maliyet Kod 1. Dikkat ¢ekici olmast
Kod 2. Serinlik hissiyatt1 Kod 2. Risk durumu

KAFE Kod 1. Sogutma ihtiyaci Kod 1. Tarimsal tiretim meveut | Kod 1. Koku ile etkileme

KARISIK karsilaniyor

MUBECCEL | Kod 1. Pervane ihtiyaci Kod 1. Tarimsal tiretim mevcut Kod 1. Etki durumu yok

KAFE Kod 2. Yetersiz alan

BAHCE Kod 1. Serinlik hissiyat1 Kod 1. Kentsel tarim denenmis Kod 1. Doga 6zlemi giderme

KAFE Kod 2. Sakinlik ile etkileme

VAKANA Kod 1. Serinlik hissiyati Kod 1. Kentsel tarim mevcut Kod 1. Doga 6zlemi giderme

GARDEN

KAFE

SOUTHILL Kod 1. Serinlik hissiyat1 Kod 1. Kentsel tarimdan Kod 1. Gorsel golen etkisi

KAFE vazgegilmis

YUKA KAFE | Kod 1. Klimalandirma etkisi Kod 1. Kentsel tarimdan Kod 1. Tlgi ¢ekici olmasi
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6. Sonug

Hizla yayilan kentlegsme, niifus artisi, teknolojik gelismeler ile insanlarin doga ile kurduklari bag giderek
zayiflatmaktadir. Bu caligma ile hem ekolojik degerlerimizin kent, bina ve insan temelli olarak &neminin
vurgulanmas: hem de gegisim alanlarinda uygulanabilecek yesil arayiizlerin yayginlastirilmasina yonelik
farkindalik olusturulmasi amaglanmaktadir. Daha derin bir arastirma yapabilmek i¢in ¢alismanin kapsami Bartin
ilindeki kafe ve restoranlarda bulunan geg¢isim alanlarindaki yesil arayiizler olarak daraltilmistir. Kafe ve restoran
isletmecilerinin yesil araytlizlerden beklentilerini incelemek i¢in islevsel olarak belirlenen dort tematik baglik
altinda goriismeler tamamlanmistir. Bu basliklar, estetik, ekolojik, ekonomik ve mekansal islevler olarak
belirlenmistir. Nitel bir ¢alisma olarak yiiriitillen bu ¢alismada, gériismeler sonrasinda elde veriler literatiirden
gelen veriler ile beraber yorumlanarak ¢ikarimlarda bulunulmustur.

Goriisme yapilan kafe ve restoran isletmecileri yesil arayiizlerden estetik beklentileri tanimlarken doga ile
biitiinlesen mekanlar hayal ettiklerini dile getirmiglerdir. Bu sebeple mekansal tasarimlart olustururken miisterileri
rahatlatan, kent hayatinin karisikligindan bir nebze olsun kurtaran, huzur bulmalarini saglayan mekanlar yaratma
cabasinda olduklart sonucuna varilmaktadir. Ayrica tasarimlar olusturulurken isletmecilerin ¢ogunun yesil
arayiizleri estetik islevleri agisindan bilingli kullandigi belirlenmistir. Yesil arayiizlerin ekolojik islevleri
incelendiginde ise isletmecilerin beklentilerinin daha kisitligi oldugu sonucuna varilmistir. Fakat yine de yesil
arayiizlerin faunaya katkilari, riizgar kesme 6zellikleri, ses izolasyonundaki katkilar1 gibi ekolojik islevlerinden
bahsedilmistir. Ozellikle arag trafik yogunlugu olan bolgelerde konumlanan mekéanlarin yesil arayiizler ile
smirlandirildiginda ince toz partikiillerini tutmasi mekan sahipleri i¢in belirgin bir iglev olarak goriinmektedir.
Glinliimiiz sartlarinda her kafe ve restoran isletmecisinin 6ncelik verdigi konulardan birinin de ekonomi oldugu
bilinmektedir. Bu sebeple yesil arayiizlerin ekonomik islevleri igletmeciler i¢in 6nem arz etmektedir. Is1
verimliligine katki saglayan, sogutma ihtiyaclarin1 giderebilen, klima etkisi yaratabilen yesil arayiiz tasarimlari
kafe ve restoran isletmecileri i¢in olumlu islevler olarak belirlenmistir. Diger bir 6nemli konu ise yesil arayiizlerin
kentsel tarima olanak tanimasi olarak nitelendirilebilir. Goriisme yapilan isletmecilerin ¢ogunun kentsel tarim
tecriibesi oldugu, mekanlarinda ekonomik katki saglamak i¢in yesil arayiizlerden faydalandiklar1 belirlenmistir.
Son olarak, kafe ve restoranlarin kullanicilar tarafindan konforlu, kolay algilanabilir, sinirlar1 belirgin alanlar
olarak algilanmasi 6nem arz etmektedir. Bu agidan degerlendirildiginde yesil arayiizlerin mekansal islevlerinden
faydalanildig1 gériilmiistiir. Ozellikle yol kenarlarinda sinirlandirma/perdeleme gorevi igin tercih edilen yesil
arayiizlerin, kafe ve restoran igletmecileri i¢in mekansal islevleri karsiladig bilgisine varilmistir. Gegisim alaninin
tamami bir biitiin olarak ele alindiginda ise ydnlendirme, vurgulama, siralama gibi islevlerin yesil arayiiz
tasarimlariyla sekillendirildigi goriilmistiir.
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