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Beyaz Hindiba (Cichorium Intybus), Cay (Camellia Sinensis), Meyan
(Glycyrrhiza Glabra) ve Sar1 Kantaron (Hypericum Perforatum) Bitki
Oziitleri Kullanilarak Yenilebilir Anti-Mikrobiyal Krem Eldesi.

Arastirmaci Gokalp Erkan' , Arastirmaci Zeynep Taviloglu'
'Ozel MEF Fen ve Teknoloji Lisesi

*Corresponding author: Gokalp ERKAN

OZET: Bu arastirmada gida maddesi olarak da tiiketilebilen kakao ve shea yaglari ile zeytinyagi; beyaz hindiba,
cay, meyan kokii ve sart kantaron ekstraktlari ve nisasta kullamilarak yenilebilir anti-mikrobiyal krem elde
edilmistir. Elde edilen krem karisimin, insanda deri enfeksiyonlarimin olusumuna yol agan ve sagligini olumsuz
etkileyen E.coli (gram negatif) ve S. aureus (gram pozitif) bakterileri tizerindeki anti-bakteriyel etkisi streptomisin
antibiyotik eklenerek karsilastirildigr disk difiizyon teknigi kullanilarak irdelenmistir. Calismada elde edilen
veriler krem yapiminda kullamlan oziitlerin gram(-) Ve gram(+) bakterilere ornek olarak segilen patojenler
tizerinde iyi bir anti-mikrobiyal etkisinin oldugunu gostermistir. Ayrica elde edilen karisimla ilgili yapilan fiziksel
parametrik analizler, karisimin endiistriyel olarak tiretilen ve ¢esitli amaglarla kullanilan kremlere benzer renk,
doku ve goriiniimde oldugu ortaya koymugtur. Bunlara ek olarak yapilan ¢alismada iiriiniin en az 6 aylik bir raf
omriine sahip oldugu tespit edilmistir. Bu sonug, ¢alismamn amacina uygun olarak yenilebilir anti-mikrobiyal
kremin ¢esitli hastaliklar sonucunda firsat¢t patojenlerin deride olusan enfeksiyonlarda, enfeksiyonlari énlemek
ve cildin ihtiya¢ duydugu bakimi saglamak icin giivenle kullanilabilecegini gostermigtir.

Anahtar Kelimeler: Yenilebilir, Krem, Anti-Mikrobiyal, Beyaz Hindiba, Cay, Meyan, Sar: Kantaron

Production of Edible Anti-Microbial Cream Using White Chicory (Cichorium Intybus), Tea (Camellia
Sinensis), Licorice (Glycyrrhiza Glabra), and St. John's Wort Extracts (Hypericum Perforatum).

ABSTRACT: In this research, an edible anti-microbial cream was obtained by using cocoa, olive oil, and shea
butter, which can also be consumed as food, and the extracts of white chicory, tea, licorice root, and St. John's
Wort extracts, and starch. The antibacterial effect of the cream mixture on E.coli (gram-negative) and S. aureus
(gram-positive) bacteria, which cause skin infections in humans and adversely affect health, was examined using
the disc diffusion technique, in which streptomycin antibiotic was used. The data obtained in the study showed that
the extracts used in cream production had a good anti-microbial effect on gram(-) and gram(+) bacteria selected
as examples. Furthermore, the physical parametric analyzes of the mixture obtained revealed that the mixture was
similar in color, texture, and appearance to the creams produced industrially and used for various purposes. In
addition to these, it has been determined that the product has a shelf life of at least 6 months. This result showed
that, following the purpose of the study, edible antimicrobial cream can be used safely in skin infections caused
by opportunistic pathogens as a result of various diseases, to prevent infections and to provide the care needed by
the skin.

Keywords: Edible, Cream, Anti-Microbial, White Chicory, Tea, Licorice, St. John's Wort
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GIRIS

Kozmetik, insanoglunun cilt saghig: ve giizelligi i¢in kullandigi malzeme ve metotlar biitiinii olarak
tanimlanabilir (Comoglu, 2012). Dilimize Fransizca “cosmetique” kelimesinden gelen ve anlamu
“giizellik miistahzan™ olan kelimenin asil kokeni Yunancadir. Yunanca “koocpém (kosmeo)”
diizenlemek, ¢eki diizen vermek, donatmak ve giizellestirmek anlamlarina gelmektedir (Kartal, 2018).
Her ne kadar kozmetik kelimesi ile akla ilk gelen makyaj {iriinleri olsa da, bununla birlikte sagtan tirnaga
kadar ¢ok genis bir yelpazede tedavi edici iiriinleri de kapsamaktadir (Caki ve ark., 2019). Bu sebeple

bu alan dermatoloji, mikrobiyoloji, toksikoloji ve farmakoloji gibi disiplinlerle yakin etkilegim igindedir
(Kurucu ve Demirel, 2006).

Eski Misir uygarliklarindan beri kozmetik {iriinlerinin elde edilmesinde ¢esitli madenler, hayvansal ve
bitkisel tiriinler kullanilmaktadir ve bu {iriinler sagtan deriye, disten tirnaga kadar krem, soliisyon, pudra
ve sabun formunda uygulanmaktadir (Caki ve ark., 2019; Akhtar ve ark., 2011). Buna uygun olarak bu
caligmada yenilebilir krem yapimui i¢in bitkisel iiriinler secilmistir. Secilen biitiin bitkisel materyallerin
projenin amacina uygun olarak oral yolla alindiginda insan viicudunda toksin etki gdstermemesine 6zen
gosterilmistir.

Kremler, cilde ya da mukozaya uygulanan yar kat1 emiilsiyon formundaki karisgimlardir. Bu karigimlar
icindeki yagl iirtinler deri tarafindan emilerek cildi veya mukozay1 nemlendirir. Bu sekilde uygulanan
viicut bolgesi nemlendirilmis olur (Edake, 2019).

Gecmisten giiniimiize kadar gelisen geleneksel tip metotlari, alopatik ilag metotlar iiretilene kadar
diinyada saglik hizmetlerinde kullanmilmaktaydi. Bu alopatik sistem modern biyoloji ve kimya bilgilerini
kullandigindan tip ¢evrelerinde hizli bir sekilde kabul gorerek geleneksel yontemlerin yerini almigtir
(Ravindra ve Muslim, 2013). Buna ragmen geleneksel olarak hazirlanan ilaglar, bu {iriinlerin giivenli
oldugu yoniindeki genel izlenim ve alopatik metotlarla hazirlanan sistemlerdeki tek molekiilliik etken
maddelerin insan saglig: ilizerindeki diger olumsuz etkileri sebebiyle hala kullanilmaktadir. Hatta son
yillarda bu tiir uygulamalara ilgi giderek artmaktadir (Akhtar ve ark., 2011; Kurucu ve Demirel, 2006;
Ravindra ve Muslim, 2013).

Deri, viicudun dis etkenlere karsi ilk savunma hattidir ve dolaysiyla cilt sagligi insan sagliginin
biitiinliigli i¢in ¢ok Onemlidir. Deri {lizerinde dogal olarak yer alan ya da dis kaynakli olarak gelen
mikroorganizmalara karsin, cildin kendi bagisiklik 6zelliklerinden dolayr enfeksiyon gelisimi olmaz
(Giil, 2016). Ancak yaslanma, diyabet gibi cildin kurumasina neden olan hastaliklar ya da kemoterapi
gibi genel bagisiklik baskilayici tedaviler cildin bu koruyucu 6zelliginin azalmasina ya da ortadan
kalkmasina yol agmaktadir. Bu sekilde cilt enfeksiyonlara agik hale gelmektedir (Cayirh ve ark., 2012).
Deri enfeksiyonlarina sebep olan mikroorganizmalarin baginca gram (+) bir bakteri olan Staphylococcus
aureus ve gram (-) bir bakteri Escherichia coli gelmektedir. Bu sebeple yapilan projede elde edilen
kremin anti-bakteriyel 6zelliklerini test etmek i¢in bu patojenler ¢alismaya dahil edilmistir.

Bu caligmada, herhangi bir yan etkiye sahip olmayacak, diyabet ya da kemoterapi alan kanser
hastalaninda deri enfeksiyonlarini 6nleyecek, cildi dogal olarak nemlendirecek ve derinin koruyucu
ozelliklerini geri kazanmasina yardim edecek; anti-mikrobiyal, hatta yenilebilir bir krem yapimi
amaglanmigtir. Ayrica elde edilecek bu krem dis etkenlerin etkisiyle yaslanacak olan cildin yaglanma
stiresini geciktirerek kisilerin kendilerini psikolojik agidan da iyi hissetmelerini saglayacaktir.

Bu calismada tiretilecek olan yenilebilir bitkisel krem igerisinde ¢esitli bitkisel yaglar (kakao yagi, shea
yag1 ve zeytin yagi), Tiirkiye’de dogal olarak yetisen ve oral yolla da kullanilan gesitli bitkilere [beyaz
hindiba (Cichorium intybus), cay (Camellia sinensis), meyan (Glycyrrhiza glabra) ve sar1 kantaron
(Hypericum perforatum)] ait dziitler ve ¢esitli bitkisel iiriinler (nisasta) kullanilacaktir.

Beyaz hidiba (Cichorium intybus) papatyagiller ailesinde yer alan ¢ok yillik otsu bir bitkidir ve
iilkemizde dogal olarak yetismektedir. Bitkinin kok, yaprak ve gicekleri birgok iilkede sebze olarak
tiikketilmektedir. Ayrica bitki icerdigi cesitli tanen molekiilleri sebebiyle geleneksel olarak i¢ parazitlerin
neden oldugu hastaliklarin tedavisinde kullamilmaktadir (Tilford, 1997). Ancak alanyazim
incelendiginde beyaz hindiba bitkisiyle bu ¢alismada kullanildigi sekilde yer aldigi bir ¢alismaya
rastlanmamustir. Bu durum yapilan bu ¢alismanin 6zgiin bir ¢alisma oldugunu gostermektedir.
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Cay (Camellia sinensis) caygiller ailesinde yer alan her dem yesil ¢ali ya da bodur aga¢ formunda ve
iilkemizde Karadeniz bolgesinin, Dogu Karadeniz bdliimiinde dogal olarak yetisen bir bitkidir (Cigdem
ve Bayrak, 2003). Cay bitkisi yapraklarinin tanen gibi anti-bakteriyel molekiiller igerdigi bilinmektedir.
Bitkiden elde edilen cesitli etken maddelerin kozmetik sektoriinde deri besleyici ve yaslanmayi
geciktirici etkisi oldugu yapilan c¢alismalarla gosterilmistir (Koch ve ark., 2019). Bu amagla cay
yapraklarindan elde edilen ekstrat bu ¢alismada elde edilen krem igerigine eklenmistir. Bu sekilde elde
edilen kremin yaslanmay1 geciktirici bir etkisi olacaktir.

Meyan (Glycyrrhiza glabra) baklagiller ailesinde yer alan ¢ok yillik ¢ali ya da bodur aga¢ formunda bir
bitkidir. Ulkemizde baharati ve serbeti yapilarak igecek olarak kullanilan bir bitkidir (Aydin,
2008). Diisiik dozlarda kullanildiginda insan saglig1 iizerinde olumlu etkisi olan meyan bitkisi kokiiniin
yalnizca anti-bakteriyel degil ayni zamanda anti-fungal 6zelliginin bulundugu yapilan caligmalarla
gosterilmistir (Mamedov ve Egamberdieva, 2019). Meyan kokii 6ziitii 6zellikle anti-fungal 6zelligi
sebebi ile bu calismada kullanilmustir.

Sar1 kantaron (Hypericum perforatum) melez bir tiir olarak sarikantarongiller ailesinde yer almaktadir.
Ulkemizde dogal olarak yetisen bitki zellikle deri olmak iizere birgok hastaligin geleneksel tedavisinde
kullanilmaktadir (Bayram ve ark., 2004). Yiksek dozlarda harici olarak uygulandiginda ya da oral
alindiginda ciddi alerjik etkilere yol agabilmesine ragmen ¢ok fazla patojen bakteri {izerinde anti-
bakteriyel 6zelligine sahip oldugundan geleneksel tipta kullanimi ¢ok yaygindir (Schempp ve ark.,
1999). Bu sebeple sar1 kantaron ekstratina, bu galismada {iretilecek olan kremin hem raf omriinii
uzatmak hem de beyaz hindiba 6ziitiiniin saglayacagi anti-bakteriyel etkiyi genisletmek amaciyla yer
verilmistir.

Bu projede elde edilecek olan yenilebilir anti-mikrobiyal krem yapimu igin baz olarak kullanilmak tizere
kakao yagi ve shea yagi secilmistir. Secilen her iki bitkisel yag ¢esidi insan sagligi agisindan bir tehlike
olusturmamaktadir ve gida endiistrisinde de yaygin kullanilan hammaddelerdir (Cisse ve Yemiscioglu,
2019; Lovett, 2015). Kakao ve shea yaglar oda sicakliginda kati formda bulunmaktadir. Bu nedenle
elde edilecek iirliniin krem formunda olmasi igin igerisine belirli bir oranda oda sicakliginda sivi olan
zeytinyagi eklenmistir (Edake, 2019; Ravindra ve Muslim, 2013). Kozmetik iiriin olarak elde edilen
kremlerin yag ve su olmak iizere iki farkli fazi bulunmaktadir. Su faz icin genellikle deiyonize su
yaninda gliserin yaygin olarak kullanilmaktadir (Dhase ve ark., 2014). Bu caligmada elde edilecek
kremin yenilebilir olmasi amaglandigi i¢in gliserin bu ¢alismada kullamilmamistir. Buna ek olarak
calismada emiiglator kullanilmayacagi i¢in deiyonize suda da eklenmemistir. Bunlarin yerine yag
fazinin deride olusturacag yagl hissi azaltmak i¢in nigasta tercih edilmistir. Nisastanin ayrica
emiilsiyon iiriinlerin stabilitesini de arttirdig1 yapilan ¢alismalarda gosterilmistir (Agama-Acevedo ve
Bello-Perez, 2017).

1. AMAC

Projenin amaci herhangi bir yan etkiye sahip olmayan, diyabet ya da kemoterapi alan kanser hastalarinda
deri enfeksiyonlarini 6nleyen, cildi dogal olarak nemlendiren ve derinin koruyucu Ozelliklerini geri
kazanmasina yardim eden; anti-mikrobiyal, yenilebilir dogal bir krem {iretmektir. Ayrica elde edilen bu
krem dis etkenlerin maruziyetiyle yaslanan cildin yaglanma siirecini yavaglatarak, insanlarin kendilerini
psikolojik agidan da iyi hissetmelerini saglayacaktir.

2. YONTEM:

Bu aragtirma nicel arastirma yontemlerinden biri olan deneysel yontem kullamlarak yiiriitiilmiistiir
(Ekiz, 2003). Yenilebilir anti-mikrobiyal krem, oral olarak aldiginda toksin etkisi olmayan materyaller
kullanilarak tretilmistir (Dhase ve ark., 2014). Elde edilen kremlerin anti-bakteriyel etkileri disk
diflizyon yontemi ile incelenmistir (Andrews, 2001). Ayrica endiistriyel olarak firetilen kremlerle
karsilastirilmak tizere fiziksel parametrik 6zellikleri test edilmistir (Ravindra ve Muslim, 2013; Sahu ve
ark., 2011; Senses, 2007).

2.1.  Kullamlan Arac-Gereg¢ ve Aygitlar

Soxhlet ekstrator seti (150 mL’lik), etiiv, pastor firini, viskozimetre cihazi, distilasyon seti (alkolii
ekstrattan ayirmak igin), hassas terazi, manyetik karistirici, balik, 250 mL’lik balon, krem kavanozlari
(20 mL’lik), sicak su banyosu, kriztalazuvar, penset, mikser, buzdolab1 ve 250 mL’lik beher cam.

|12



/ /

,C/' 16. UBAK, 11 - 12 March 2023, Ankara ,Q'
UBAK UBAK

2.2.  Kullanilan Kimyasallar

Etil alkol, bitki ekstrat eldesi i¢in 200 mL’ kullanilmigtir. 200 gram kakao yagi, 200 gram Shea yagi,
100 mL zeytinyag1 ve 10 gram nisasta krem yapimi igin sarf edilmistir (Misir Carsisindan temin
edilmistir).

2.3.  Bitkisel Materyal Eldesi

Calismada kullanilacak olan bitkiler Misir Carsisinda bir aktardan 50ser gram olarak satin almustir.
Biitiin tiriinler kiiflenmemesi i¢in kagit paketler i¢cinde temin edilmistir. Beyaz Hindiba ve Meyan kok,
Cay yaprak ve Sar1 Kantaron ¢igek olarak alinmustir. Bitkilerden daha verimli bir sekilde ekstre elde
etmek i¢in materyaller makas ile kii¢iik parcalara ayrilmis ve daha sonra ise havanda doviilerek toz
haline getirilmistir. Elde edilen bitkisel tozlar 20ser gram olacak sekilde tartilarak hazirlanan sokshlet
kapsiillerine yerlestirilmistir. Kalan bitki 6rnekleri daha sonraki ¢alismalarda kullanilmak tizere 1s1k
almayan ve nemsiz bir dolaba kaldirilmistir.

2.4.  Soxhlet Ekstratiirii ile Beyaz Hindiba, Cay, Meyan ve San Kantaron Bitkilerinden Oziit
Eldesi

Hazirlanan bitki kapsiillerini yerlestirmek ve ektrasyon islemi icin deney diizenegi kurulmustur.
Sokshlet cihazi 150 mL kapasitede oldugu i¢cin 200 mL etil alkol 250 mL’lik beher cam ile 6l¢iilerek
sistemdeki balon icine dokiilmiistiir. 20 gram bitki tozu iceren kapsiil sokshlet cihazi igine
yerlestirilmistir (Handali ve ark., 2011). Hazirlanan kapsiillerin sokshlet cihazinin sifon kolonu
gecmemesine 6zen gosterilmistir. Isitici alkoliin kaynama noktasi iizerine getirilerek (80°C) ve karistirict
250 rpm’e ayarlanarak sistem calistinlmustir (Handali ve ark., 2011). Ik elde edilen datalar sisteminin
20 dakikada bir sifon yaptigini gostermistir. Buna bagl olarak sistem 6 saat siiresinde 6ziit elde etmek
i¢in ¢aligtirilmustir,

25.  Distilasyon Sistemi ile Elde Edilen Oziitlerden Etil Alkoliin Ayrilmasi

Etil alkol ile elde edilen bitki 6ziitlerinden alkolii ayirmak i¢in distilasyon sistemi hazirlanmstir (Dhase
ve ark., 2014). Alkol igindeki oziit sistemde 3 saat boyunca bekletilerek etil alkoliin 6ziitten ayrilmasi
saglanmistir. Oziit icinde etil alkol kalmis olmasi ihtimali gdz oniinde bulundurularak 6ziit 80 °C
dereceye ayarlanmig etiivde bir saat boyunca bekletilmistir. Elde edilen son iiriin krem eldesi igin
kavanozlara konarak saklanmustir.

26. Krem Yapim

Krem yapimu i¢in belirlenen miktar 500 gram olarak belirlemistir. Buna baglh olarak ilk dnce 200 gram
kakao yagi ve 200 gram Shea yag1 40 °C dereceye ayarlanmus sicak su banyosu igine yerlestirilmis 1000
mL’1ik beher cam i¢ine konulmustur. Sivi hale gelen karisim igine 100 mL zeytin yagi eklenmistir (Cisse
ve Yemisgioglu, 2019; Dhase ve ark., 2014; Handali ve ark., 2011; Lovett, 2015). Bir karistirici ile
materyaller kanstirildiktan sonra karisim buz dolabinin dondurucu boliimiine yerlestirilmistir.
Araliklarla kontrol edilerek yagin st kismu kaymak olusturana kadar beklenmistir. Okul
laboratuvarindaki buzdolabinda bu formu elde etmek 30 dakika siirmiistiir. Uzeri kaymak tutmus olan
karigim bir kez daha oda sicakliginda yiiksek hizda bir kanstirict yardimiyla karistirilmstir. Buradaki
ama¢ emiiglatdr kullamlmadan hazirlanan krem karigiminin stabilizasyonunu arttirarak raf dmriinii
uzatmaktir. Elde edilen kremin ciltte olusturacagi yagh etkiyi azaltmak i¢in bu agamada karigim icerisine
10 gram nisasta teraziyle tartilarak eklenmistir (Agama-Acevedo ve Bello-Perez, 2017). Bir siire daha
¢irpma iglemi siirdiiriildiikten sonra karisim tekrar buzdolabinin dondurucu béliimiine yerlestirilmistir.
Dondurucuda 10 dakika bekletilen karigim igerisine elde edilen bitki 6ziitlerinden her 100 mL i¢in ayn
ayr1 0,5 gram olacak sekilde eklendi ve krem karisimu tekrar oda sicakliginda 10 dakika yiiksek hizda
bir karistiriciyla karistinilmistir (Cisse ve Yemiscioglu, 2019; Dhase ve ark., 2014; Handali ve ark.,
2011). Elde edilen kremler kavanozlara alinarak diger analizler igin saklanmuistir.

2.7.  Anti-bakteriyel etki
2.7.1. Besiyerlerinin Hazirlanmasi

Patojen mikroorganizmalarin ekimi i¢in kullanilacak olan besiyeri Mueller Hinton (Merck 105437)’dur.
Mueller Hinton besiyeri igin 6,8 gr toz besiyeri 200 mL saf su i¢inde ¢oziilmiistiir. Daha sonra otoklavda
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121°C'de 15 dakika sterilize edilip, 47°C'a sogutulmustur. Hazirlanan besiyeri 60 mm’lik Petri
kutularina 12,5'er mL dokiilmiistiir (Nworu ve Esimone, 2006; Yakupogullar1 ve ark. 2006; Weintraub,
2007; Richard ve ark., 2012).

2.7.2. Mikroorganizmalarin Ekimi

S. aureus (ATCC No. 29737) ve E. coli (ATCC No. 8739) suslar1 istanbul Capa Universitesi, Fen
Fakiiltesi, Biyoloji Boliimii Mikrobiyoloji laboratuvarinda rutin olarak kullamlan E. coli ve S. aureus
suslarindan temin edilmistir. Universite laboratuvarinda teslim edilmek {izere suslar serum fizyolojik
iginde 2 koloni slispansiyonu seklinde hazirlanmistir. Bu suslarin ekimi MEF Okullar laboratuvarinda

E. coli ve S. Aureus Mueller Hinton besiyerine yayma yontemi ile laminar flow kullanilarak yapilmistir
(Sutcliffe, 1978; Yu ve ark, 2004; Weintraub, 2007; Watkins ve ark., 2012).

2.7.3. Bitki Oziitlerinin ve Antibiyotik Disklerin Eklenmesi

Beyaz hindiba, ¢ay, meyan ve sari kantaron bitkilerinden elde edilen oziitler anti-bakteriyel testlerde
kullanilmak iizere hazirlanmistir. Hazirlanan 6ziitler 50 pl miktarinda difiize ettirildigi 6 mm’lik diskler
(non-impregnated disc) ile Strepromisin diski (10 mikrogram) bakteri ekiminin yapildigi Mueller Hinton
besiyerlerine sirast ile numaralandirilarak ekilmistir (Bauer ve ark., 1966; Bonev ve ark., 2008).
Strepromisin igeren diskler, test edilen her bakteri tiiriiniin duyarliliim karsilastirmak icin referans
olarak kullanilmistir. Deney, her bir ekstrakt i¢in ii¢ kez tekrarlanmustir.

2.7.4. Inkiibasyon

Bakteri ekimleri yapilan, 6ziit iceren disklerin ve streptomisin disklerinin yerlestirildigi petri kaplari 35-
37°C’de 24 saat beklemek {izere etiive yerlestirilmistir. inkiibasyon sonrasi petriler tek tek incelenerek
agar diskler etrafinda olusan inhibisyon zon ¢api milimetrik bir cetvel yardim ile 6lgiilerek tablo-1
tizerinde gosterilmistir (Bauer ve ark., 1966).

2.8.  Fiziksel Parametrelerin Analizi
2.8.1. Duyusal Ozelliklerinin Belirlenmesi:

Yenilebilir anti-mikrobiyal kremin goriiniimii triiniin rengi, plrizliligi ve dokusu gbéz Oniinde
bulundurularak degerlendirilmistir (Sahu ve ark., 2011; Senses, 2007).

2.8.2. pH’nin Belirlenmesi:

Saglikli bir derinin pH’s1 5,5’tir ve cilt sagliginin siirdiiriilebilmesi i¢in kullanilan kozmetik iiriinlerin
de bu pH degerini degistirmemesi gerekmektedir (Giil, 2016). Bunun i¢in elde edilen iiriinlerden 5 gram
terazi ile Ol¢lilmiis ve 45 mL distile su i¢inde ¢oziinmiistiir. Elde edilen siispansiyonun pH degeri oda
sicakliginda dijital pH metre ile 6l¢tilmiistiir (Ravindra ve Muslim, 2013; Senses, 2007).

2.8.3. Homojenliginin Belirlenmesi:

Yenilebilir anti-mikrobiyal kremin homojenligi goz ve dokunma ile test edilerek belirlenmistir (Sahu
ve ark., 2011; Senses, 2007).

2.8.4. Deriye Siiriilme Kapasitesinin Belirlenmesi:

Siiriilme kapasitesi, kremin deriye uygulanan bdlgedeki yayildigi alam ifade etmektedir. Olusturulan
formiiliin terapotik etkisi aynmi zamanda siiriilme degerine baghidir. Bu nedenle hazirlanan kremin
stirlilme kapasitesinin belirlenmesi gerekmektedir (Senses, 2007).

Bu sebeple iki cam slayt arasina yaklagik 5 gr krem teraziyle olciilerek uygulanir. 5 dakika siiresince
1000 gram agirligindaki bir kiitle cam slaytlar iizerine yerlestirilir. Presleme yapilirken iki cam slayt
arasinda homojen kalinlikta bir film olugmasina dikkat edilir. Bir makara sistemi yardimu ile {ist cama
10 gram agirhgindaki bir kiitle uygulanarak cam slaytlarin birbirileri iizerinde kaymasi saglanir ve iist
cam slaydin alt cam slayt {izerinde 10 cm’lik yer degistirmeyi kag saniyede aldig1 hesaplanir. Elde edilen
veriler agagidaki formiil yardimiyla kullanilarak {iriiniin siiriilme kapasitesi hesaplanir (Senses, 2007):
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S=mxL/
S: Siiriilme kapasitesi
m: Ust cam slayt1 hareket ettiren kiitlenin agirlig
L: Alt cam slayt lizerindeki hareket mesafesi
T: Hesaplanan siire
Bu 6l¢lim ii¢ tekrar seklinde yapilmistir ve elde edilen datalarin ortalama degerleri alinmustir.
2.8.5. Lekeleme (Smear) Tipinin Belirlenmesi:

Bu test biyoloji kuliibiinde gbrev alan 6grencilerin sol elleri {izerin uygulanarak gerceklestirilmistir.
Uygulama sonrasinda el {izerinde olusacak goriintiiniin tiiriine gore iiriiniin ¢cok yagli, orta yagl, az yagh
ya da yagsiz olduguna karar verilmistir. (Kuchekar ve Bhise, 2012; Senses, 2007).

2.8.6. Krem Tipinin Belirlenmesi:

Bu testle, elde edilen iiriiniin su ya da yag yardimiyla seyreltilerek olusan goriiniime gore krem tipinin
yag icinde su tipi mi yoksa su i¢inde yag tipi mi olduguna karar verilir. Ancak bu ¢alismada elde edilen

krem icin su fazi kullanmilmadigi icin elde edilen krem bu iki tip kremden farkli olmasi gerekmektedir
(Senses, 2007).

2.8.7. Viskozitenin Belirlenmesi:

Bu test i¢in fizik laboratuvarinda yer alan Brookfield marka viskozimetre cihazi kullanilmustir. Ol¢iim
oda sicakliginda ve 1 rpm sabit donme hizda {i¢ tekrar olacak sekilde gergeklestirilmistir. Olglimlerin
ortalama degeri alinmistir. (Ravindra ve Muslim, 2013; Senses, 2007).

3. BULGULAR

3.1.  Elde edilen bitki ekstratlarinin ve iiretilen kremlerin anti-bakteriyel analizi

Tablo-1 incelendiginde farkl: bitki 6ziitlerinin inhibisyon zonlarinin 7 mm ile 20 mm arasinda degistigi
goriilmektedir. Streptomisin antibiyotiginin anti-bakteriyel etkisi ile ilgili yapilan ¢alismalarda E. coli
bakterileri i¢in inhibisyon zonunun 15-25 mm arasinda ve S. aureus bakterileri i¢in inhibisyon zonunun
20-30 mm arasinda oldugunu gozlenmistir (Andrews , 2001; Nworu ve Esimone, 2006; WHO, 1961).
Buna gore bu arastirmada kullanilan bitki Oziitlerinin inhibisyon zonlamn tablo-1’de oldugu gibi
incelendiginde gram negatif E. coli bakterileri ile gram pozitif S. aureus bakterileri iizerinde iyi bir
antbakteriyel etkisi oldugu goriilmektedir.

Tablo 1: Beyaz hindiba, ¢ay, meyan ve sari kantaron bitkilerinden elde edilen oziitlerinin ve
Streptomisinin inhibisyon zonlar

Bitki Oziitleri ve | E.coli (gram negatif) inhibisyon | S.  aureus  (gram  pozitif)
Streptomisin zon ¢apt (mm) inhibisyon zon ¢api (mm)

Petri-1 Petri-2 Petri-3 Petri-1 Petri-2 Petri-3
Beyaz Hindiba 14 13 13 17 18 14
Cay Vhatale 11 10 9 9 13
Meyan Kok 13 10 16 17 g 14
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Bitki Oziitleri ve | E.coli (gram negatif) inhibisyon | S.  aureus  (gram pozitif)
Streptomisin zon ¢apt (mm) inhibisyon zon ¢apt (mm)

Petri-1 Petri-2 Petri-3 Petri-1 Petri-2 Petri-3

Sar1 Kantaron 17 15 20** 18 19** 11

.
Antibiyotik Disk 20* 2% o1* 24% 29% 29*

*  Streptomisin disk (Streptomycin antibacterial sustainability disc): 10 mikrogram

**

En yiliksek deger
*** En diisiik deger

Grafik-1"de oldugu gibi E.coli tizerindeki en zayif anti-bakteriyel etkinin ¢ay 6ziitiiniin (7 mm), oldugu
goriilmektedir. Ancak 4 farkli bitki 6ziitiinlin ortalama inhibisyon zon caplarn hesaplandiginda, bu
degerin 9 mm’nin {izerinde (Beyaz Hindiba ekstrati ortalama inhibisyon zon ¢ap1: 13,3+0,6 mm; Cay
ekstrat1 ortalama inhibisyon zon ¢api: 9,3+£2,1 mm ; Meyan Kokii ekstrati ortalama inhibisyon zon ¢api:
1323 mm ve Sar1 Kantarin ekstrati ortalama inhibisyon zon ¢ap1: 1942,5 mm) oldugu belirlenmistir
(Nworu ve Esimone, 2006). Tablo-1’deki veriler incelendiginde E. coli iizerindeki en giiglii anti

bakteriyel etkinin sar1 kantaron ve ikinci sira ise beyaz hindiba 6ziitlerinde oldugu tespit edilmistir
(Sutcliffe, 1978; Weintraub, 2007).

Grafik-2’de goriildigii gibi Beyaz hindiba, ¢ay, meyan ve sari kantaron bitkilerinden elde edilen
Oziitlerinin S. aureus tizerinde etkisi incelendiginde en zayif anti-bakteriyel etkinin Meyan kokii 6ziitii
oldugu tespit edilmistir. Fakat 4 farkli bitki 6ziitiiniin ortalama inhibisyon zon ¢aplar hesaplandiginda,
bu degerin 14 mm’nin iizerinde (Beyaz Hindiba ekstrat1 ortalama inhibisyon zon ¢ap1i: 16,3+2,1 mm;
Cay ekstrat1 ortalama inhibisyon zon ¢api: 14£2,3 mm; Meyan Kokii ekstrati ortalama inhibisyon zon
capt: 15,5445 mm ve Sar1 Kantarin ekstrati ortalama inhibisyon zon ¢apr: 16+4,3 mm) oldugu
belirlenmistir (Nworu ve Esimone, 2006). Tablo-1 incelendiginde S.aureus iizerindeki en giiglii anti-
bakteriyel etkinin beyaz hindiba (19 mm) 6ziitiine ait oldugu gériilmistiir (Yu ve ark, 2004; Watkins ve
ark., 2012).
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E.coli icin inhibisyon Zonu (mm)

Beyaz Hindiba Meyan Koku Sari Kantaron Antibiyotik Disk
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B PETRi-1 M PETRi-2 ® PETRI-3

Grafik-1: E.coli iizerindeki farkl bitki éziitlerinin ve Streptomisin antibiyotiginin antibakteriyel etkisi
(* standart sapma)

S. aureus icin inhibisyon Zonu (mm)

Beyaz Meyan Sari Kantaron Antibiyotik
Hindiba Kok Disk

35

30

25

2

o

1

]

1

o

(€]

o

B PETRI-1 M PETRi-2 ™ PETRI-3

Grafik-2: S.aureus tizerindeki farkl bitki oziitlerinin ve Streptomisin antibiyotiginin antibakteriyel
etkisi (£ standart sapma)
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3.2.  Elde edilen Yenilebilir anti-mikrobiyal kremin fiziksel parametrik analizi

Tablo-2’de yenilebilir anti-mikrobiyal kreme ait fiziksel parametrelerin analiz sonuglar karsilastirmali
olarak gosterilmistir.

3.2.1. Duyusal Ozellikler:

Elde edilen yenilebilir anti-mikrobiyal kremin parlak-lekesiz beyaz renkte oldugu belirlenmistir.
Kopiiksii bir goriintiisii olan kremin hos bir kokusu oldugu tespit edilmistir.

3.22. pH:

Elde edilen yenilebilir anti-mikrobiyal kremin pH degeri pH metre cihaziyla 5,9 olarak dl¢iilmiistiir.

Tablo-2: Elde edilen yenilebilir anti-mikrobiyal kremin fiziksel ozellikleri

Fiziksel Parametreler Gozlemler

Goriiniis Parlak Beyaz, Lekesiz

pH 59

Homojenlik Homojen, Kivamli, Piiriizsiiz
Stirtilme Kapasitesi Kolay siiriilebilir

Lekeleme Tipi Cok yaglh

Krem Tipi Yagh

Viskozite 11.000 cP

3.2.3. Homojenlik:

Elde edilen yenilebilir anti-mikrobiyal kremin homojen, piiriizsiiz ve kivamli bir yapida oldugu
gdzlemlenmistir.

3.2.4. Deriye Siiriilme Kapasitesi:

Elde edilen yenilebilir anti-mikrobiyal kremin siiriilme kapasitesi 100 gr.cm/sn. olarak hesaplamustir.

Bu sonug kremin kolay siiriilebilir 6zellikte oldugunu gostermistir (Ravindra ve Muslim, 2013; Senses,
2007).

3.2.5. Lekeleme (Smear) Tipi:

Elde edilen yenilebilir anti-mikrobiyal krem deri iizerinde yagli bir tabaka olusturdugu icin ¢ok yagl
ozellikte bir krem oldugu tespit edilmistir.

3.2.6. Krem Tipi:

Elde edilen yenilebilir anti-mikrobiyal krem igerigindeki yiiksek miktardaki yag dolayisiyla yagl krem
tiirleri arasinda yer almasi uygun goriilmiistiir.

3.2.7. Viskozite:

Elde edilen yenilebilir anti-mikrobiyal kremin viskozitesi oda sicakliginda (25 °C) ortalama 11,000 cP
olarak hesaplanmustir.
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Sekil-3: Elde edilen yenilebilir anti-mikrobiyal kremin 6 ay sonundaki goriiniisii. Sol gorsel yenilebilir
anti-mikrobiyal kreme, sag gorsel piyasan satin alinmg farkly bir kreme aittir.

Bu projede elde edilen yenilebilir anti- mikrobiyal krem endiistriyel olarak iiretilen ve gesitli amaglarla
kullanilan kremlere benzer renk, doku ve goriiniimde oldugu tespit edilmistir. Ilk olarak Temmuz

2021°de iiretilen kremler Kasim 2021’e kadar 6 aylik bir siirede gozlemlenmistir. Bu siire iginde
Yenilebilir anti-mikrobiyal kremde (Sekil-3):

a) Dokunun bozulmas: (yaglarin stispansiyon hale gelmesi),

b) Kokusunun degigimi,

C) Renk degisimi (bakteri ya da kiif olusumu) meydana gelmemistir.
4. SONUC VE TARTISMA:

Bitkisel tiriinler kullanilarak hazirlanan krem topikal olarak cilde uygulanabilir. Bu projede iiretilen bu
karigim istenirse gida iiriinil olarak da tiiketilebilir. Ciinkii tiretimi yapilan krem amacina uygun olarak
harici olarak ya da oral yolla alindiginda insan sagligini olumsuz etkileyecek bir madde igermemektedir.
Ayni zamanda yapilan anti-bakteriyel testlerden elde edilen veriler kremin E. coli ve S. aureus gibi
viicutta enfeksiyonlara neden olan patojenler iizerinde iyi bir anti-bakteriyel etkisi oldugunu gostermistir
(Cayirh ve ark., 2012). Buna gore kakao yagi, shea yagi ve zeytinyagi; beyaz hindiba, ¢ay, meyan kokii
ve sar1 kantaron oziitleri ve nisasta kullanilarak hazirlanan karisim hem gida maddesi olarak tiiketilmek,
hem de deri enfeksiyonlarint 6nlemek i¢in cilde topikal olarak uygulanmak {izere uygundur.

Bu calismada elde edilen yenilebilir anti-mikrobiyal krem zengin besin 6gelerine sahip olmasinin
yaninda son derece basit bir yontemle ve az miktarda ekipman kullanilarak tiretilmistir. Bu iiriiniin anti-
mikrobiyal 6zelliginin yaninda, cildi besleyici ve yaslanmay1 geciktirici etkisi bulunmaktadir (Koch ve
ark., 2019; Mamedov ve Egamberdieva, 2019; Schempp ve ark., 1999; Tilford, 1997). Bu iiriin saglikli
bireyler tarafindan cilt sagliginin siirdiiriilmesinde ve bagisikliginin gii¢lendirilmesinde kullanilabilir
(Cayirhi ve ark., 2012; Giil, 2016). Buna ek olarak derinin yaslanma etkisini azalttig1 i¢in bireylerin
psikolojisini de olumlu yonde etkileyecektir.

Yenilebilir anti-mikrobiyal Kremin iiretimindeki asil amag¢ bu {iriiniin cildin nemini yitirdigi ve
bagisikliginin azaldigi, diyabet hastalarinda ya da viicut bagisikligini1 baskilayan kemoterapi alan kanser
hastalarinda, olugmasit miimkiin deri enfeksiyonlarinin 6niine gegmek ve ayni zamanda derinin ihtiyag
duydugu bakimin saglanmasidir. Elde edilen sonuglar bu riiniin bu amaglar i¢in kullanilabilecegini
gostermistir.

Biitiin bunlara ek olarak alan yazim incelendiginde bu tiir bir formiilasyon kullanilarak hazirlanan ve
yukarida belirtilen amaglar i¢in kullanilan bir iirline rastlanmamustir. Bu durum yapilan bu ¢aligmanin
Ozglinliigiine isaret etmektedir.
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5. ONERILER:

Yenilebilir anti-mikrobiyal krem {iretilmesi igin segilen bitkilerden elde edilen Oziitlerin yapisal
Ozelliklerinin belirlenmesi icin spektrofotometrik metot kullamlarak analiz yapilabilir. Bu sekilde 6ziit
icinde hangi alifatik gruplar, alkol gruplari, karboksilik asit, keton, ester, eter gibi organik gruplarin
varlig1 tespit edilebilir.

Yenilebilir anti-mikrobiyal krem iiretilmesi i¢in secilen bitkilerden elde edilen Oziitler etil alkol
kullanilarak sokshlet cihaziyla elde edilmistir. Caligma kapsaminin artirilmasi i¢in hekzan, su gibi farkl
tipte ¢oziiciiler kullanilarak elde edilen sonuglar karsilastirilabilir.

Yenilebilir anti-mikrobiyal krem fiiretilmesi igin se¢ilen bitkilerden elde edilen 6ziitleri anti-bakteriyel
Ozellikleri test edilmistir. Meyan kokii Oziitiiniin alan yazininda anti-fungal o6zellikte oldugu
belirtilmistir. Bu sebeple yapilan ¢alismada elde edilen kremin anti-fungal 6zellikte oldugu ifade
edilmistir. Ileri bir ¢alisma olarak diger bitki dziitlerinin de anti-fungal 6zellikleri test edilebilir.

El ve viicut kullanimm i¢in tasarlanan yenilebilir anti-mikrobiyal kremin yiiz gibi hassas cilt bolgeleri
icin kullanimi dermatolojik olarak test edilerek, kremin hangi viicut bolgeleri igin kullaniminin uygun
oldugu belirlenebilir.
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OZET: Saglikli hiicrelere zarar vermeden sadece kanserli hiicreleri hedef alabilen ilag tagiyici sistemler kanser
tedavisinde ¢ok onemlidir. Supramolekiiler Kaliksaren bu acidan olduk¢a timit verici bir adaydir ve hedefe yonelik
tedavi igin ilag tastyici sistem olarak kullanilabilecek bir formiilasyona sahiptir. Kaliks[4] aren, uygun prosediirler
kullamilarak farkl konumlarda bir Furfuryamid grubu ile islevsellestirildi (5,11,17,23-Tetra-tert-biitil-25,27-bis-
Furfuryamid-26,28-dihidroksi kaliks[4]aren). Sentezlenen bilesigin yapisi, 1H-NMR ve FT-IR ile karakterize
edildi. PC3 ve L929 hiicre hatlart 96 kuyucuklu plakalara ekildi, %0.1 DMSO kullanilarak hazirlanan
Kaliks[4]aren furfuryamid 24-48-72 saat i¢in 8-1000 uM/ml konsantrasyonlarda seri diliisyon uyguland.
Sitotoksisite sonuglari kolorimetrik olarak XTT yontemi ve mikroskobik yontemlerle degerlendirildi. Bu ¢alismada
bildirilen sonuglar, Kaliks[4]aren Furfuryamid 'in bir ila¢ dagitim sistemi olarak in vitro sitotoksisitesinin, etkili
ve giivenli kanser tedavisi i¢in umut verici bir yaklasim sundugunu gostermistir.

Anahtar Kelimeler: fla¢ Tasininu; Kaliks4tiren Furfuryamid; L929; Pc3

Synthesis of Calyx"'4"arene Furfuryamide Derivative and Evaluation of Jts Cytotoxic Effect On Human
Prostate Cancer Cells (Pc3) With Mouse Fibroblastic Cells (L929)

ABSTRACT: Drug delivery systems that can target only cancerous cells without harming healthy cells are very
important in cancer treatment. Supramolecular calix[4]arene is a very promising candidate in this respect and
has a formulation that can be used as a drug delivery system for targeted therapy. Calyx[4]arene was
functionalized with a Furfuryamide group at different positions using appropriate procedures (5,11,17,23-Tetra-
tert-butyl-25,27-bis-Furfuryamide-26,28-dihydroxy calix[4]arene). The structure of the synthesized compound
was characterized by 1H-NMR and FT-IR. PC3 and L929 cell lines were cultivated in 96-well cell culture dishes,
Calyx[4]arene Furfuryamide prepared using 0.1% DMSO was applied in serial dilutions at 8-7000 uM/ml
concentrations for 24-48-72 hours. Cytotoxicity results were evaluated colorimetrically the XTT method and
microscopic technique. The results reported in this study showed that the in vitro cytotoxicity of Calyx[4]arene
Furfuryamide as a drug delivery system offers a promising approach for efficient and safe cancer therapy.

Keywords: Drug Delivery; Kaliks"4"arene Furfuryamide; L929; Pc3

1. INTRODUCTION

Cancer is one of the biggest global threats to human health. Although chemotherapy is an effective way
to treat cancer, most chemotherapeutic drugs show non-selective toxicity to cells, which not only causes
systemic side-effect reactions, but also reduces the effectiveness of treatment (D. Shetty, 2019).
Morever, many anticancer drugs (such as paclitaxel, doxorubicin, and curcumin) have poor water
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solubility and low stability, further limiting their effectiveness during clinical treatments (Fan, 2021).
Drug carriers have the potential to solve these problems. An ideal drug carrier can specifically target
cancer cells, release the drug slowly, and minimize the drug's side-effect reactions (Lebron et al., 2021).
Supramolecular approaches have been frequently preferred in the literature as drug delivery systems and
have attracted great interest among researchers in various disciplines. Supramolecules can encapsulate
different anticancer drugs through host-guest interactions or self-assembly processes, and these
supramolecules could be used in drug/gene delivery and bioengineering studies among potential
applications (Webber & Langer, 2017). Calixarenes are third generation supramolecular compounds.
Calixarene supramolecules have a hydrophobic cavity with adjustable size and conformation, and the
upper and lower edges of these molecules can be functionalized as required. Therefore, compared to
crown ethers and cyclodextrins, calixarenes have the added advantage that the self-assembly process
(and subsequent structure) can be more easily controlled. Kalixarene molecules can not only assemble
into molecular clusters of different order, but also aggregate into clusters with different morphologies
with metals, metal ions, non-metal oxides, and organic molecules. These clusters have been used to
identify biomolecules such as sugars, amino acids, peptides, proteins and nucleic acids, as well as to
load and transport different drug molecules (Basilotta et al., 2021). Calixarenes are a family of bowl- or
cone-shaped synthetic supramolecular macrocycles composed of phenol units and an aldehyde linked
by methylene bridges. In this work, we focus on Supramolecular approaches to design more complex in
vitro systems that mimic the complex environment of natural tissues. In parallel, it is important to note
that the structural and textural properties of fabricated biomaterials, as well as material chemistry,
determine cell response. For this purpose, 5,11,17,23-Tetra-tert-butyl-25,27-bis-Furfuryamid-26,28-
dihydroxy Calix[4]arene, a derivative of calix[4]arene, was synthesized. Cytotoxic analyzes were
performed using the synthesized calix[4]arene-derived prostate cancer cell line (PC3) and Mouse
Fibroblastic cell line (L929).

2. MATERIAL AND METHOD

2.1. Synthesis of 5,11,17,23-Tetra-tert-biitil-25,27-bis-Furfuryamid-26,28-dihidroksi
Calix[4]arene

P-tert-butylcalix[4]arene compounds with different functional groups were synthesized using
appropriate procedures. It was obtained as a result of the condensation reaction of formaldehyde and
phenol compounds in basic medium (Figure 1). 2.13 g of the diester compound synthesized in the second
step is weighed and dissolved in (2.5 mmol CH2CI2 :CH3OH dichloromethane (45 mi/45 ml) 15 mmol
furfurylamine is added. The reaction is stirred at room temperature for 48 hours on a magnetic stirrer.
Each step of the reaction was analyzed using *H-NMR and FT-IR Spectrum.

or lt’( I
1) NaOH, HCHO —— K,CO;
\ / Acetone
_—
2)Difenilether — =y
HO Ho OH OH \/O\(\Br
o
Ethyl bromoacetate
— NH
— B

3)
CLX-FUR

Figure 1: Synthesis of 5,11,17,23-Tetra-tert-biitil-25,27-bis-Furfuryamid-26,28-dihidroksi
Calix[4]arene.
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2.2. Cell Culture

Cytotoxic analyzes of calix[4]arene derivative prostate cancer cell line (PC3) and Mouse fibroblastic
cell line (L929) were used. RPMI 1640 containing 10% (v/v) fetal bovine serum (FBS) and 2 mM L-
glutamine, was used as the culture medium for the PC3 cell line. Gentamicin (1mg/ml) was added to the
medium to prevent bacterial infection. DMEM High glucose containing 10% (v/v) fetal bovine serum
(FBS) was used as the culture medium for the L929 cell line. To prevent bacterial infection was added
to the medium. Cells were grown to perform the planned studies in an incubator at 37°C, 5% CO2

(Fig.2).

Figure.2: Invert Microscope (10X) Image of Prostate Cancer Cell Line PC3 (A), Mouse Fibroblastic
Cell Line L929 (B).

2.3. Cytotoxicity Analyzes

XTT method was used for cytotoxicity studies. XTT solution (2,3- bis [2 — methoxy — 4 — nitro — 5 -
sulfophenyl] — 2H — tetrazolium — 5 — carboxyanilide salt) is based on the reduction of tetrazolium salts
to colored formazone compounds depending on cell viability (active mitochondria). The reduced
formazone compounds are water soluble and the compound density can be measured at wavelengths
determined spectrophotometrically, and this density is directly proportional to the number of
metabolically active cells (fig.3) (Zengin et al., 2015). During the study, the determined cell lines were
seeded in 96-well cell culture dishes and the calix[4]arene derivative was applied using the serial dilution
method starting from a concentration of 1000 uM/ml. 24-48-72 hours were determined as incubation
times. XTT was applied to the groups whose incubation was completed in an oven with 5% CO2 at 37°C
and incubated for 5 hours. After 5 hours of incubation at 37 °C, the optical density of the chromogenic
product resulting from dissolution of formazan crystals produced by mitochondrial enzymes of living
cells was measured at 460 nm with a 96-well plate reader (BioTek Epoch). Inhibition of cell proliferation
and ICso (inhibitor concentration 50) values were determined for each cell line.
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3.1. Characterization of 5,11,17,23-Tetra-tert-butyl-25,27-bis-Furfuryamide-26,28-dihydroxy

Calix[4]arene

The reaction is followed by "H-NMR and FT-IR to observe the conversion of the starting materials to
the product (EtOAc:n-hexane, 1:1). In addition, conversion of the ester carbonyl band at 1751 cm-1 to
the amide carbonyl band at 1661 cm-1 CLX-FUR was observed in reaction FT-IR spectroscopy (Fig.4).
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TH-NMR (400 MHz, CDCl,): § 1.01 (s, 18H, But) 1.26 (s, 18H, Bu?), 3.34 (d, In FT-IR spectroscopy, the conversion of the ester
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ArH), 7.02 (s, 4H, ArH), 9.10 (t, CO-NH, amid, 2H). band at 1661 cm-1 Calyx Furfuryamid was observed.

Figure 4. '"H-NMR and FTIR Analysis.

3.2. Cytotoxicity analyzes

As a result of the XTT we performed for cytotoxicity analyzes, the IC50 concentration that killed 50%
of the cells could not be calculated for the incubation periods of 24-48-72 hours in PC3 and L929 cell
lines. In other words, no death was observed even at 1000 pM/ml, which is the highest concentration
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for the substance used. There was no cytotoxic effect of the applied calc[4]arene derivative (Fig.5). It
was also photographed using an invert microscope (10X) at the end of the incubation periods before the
XTT analysis (Fig. 6ab). The % cell viability graph in the XTT method applied in our research and the
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microscope images displayed are in harmony with and support each other.
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Figure 5. PC3 Cell Line % Proliferation (A), L929 Cell Line % Proliferation.
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Figure 6a. Invert Microscope (10X) Images of The PC3 Cell Line After 24-48-72 Hours of
Incubation Before XTT Application. a) Control, b) 8 uM, ¢) 62.5 uM, d) 250 uM, e) 500 uM, f) 1000
uM.
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Figure 6b. Invert Microscope (10X) Images of L929 Cell Line After 24-48-72 Hours Incubation
Before XTT Application. A) Control, B) 8 uM, ¢) 62.5 uM, d) 250 pM, e) 500 uM, f) 1000 uM.

4. CONCLUSION

Calixarenes are frequently studied as drug delivery vehicles in the literature. Lebron et al. (2021) In their
study, they wanted to investigate whether calixarene-based liposomes improve their use as nano delivery
systems compared to bare calixarenes. He states that thanks to their unique structural properties,
calixarene-based liposomes can provide hybrid systems that will result in non-viral vectors with
synergistically enhanced cell transfection properties. More suitable calixarenes for the preparation of
calixarene-based liposomes have been reported as amphiphilic ones. Calixarene-based liposomes were
prepared for the delivery of genetic material and doxorubicin (Lebron et al., 2021). Xu et al. (2022) In
this study, an integrated nano-drug delivery system with calixarene is presented that enables tumor-
targeted delivery and in vivo monitoring of anti-cancer drugs. Hypoxia-sensitive calixarene exhibits
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high binding affinity to a number of anti-cancer drugs and rhodamine B (RhB) under normoxic
conditions, while reducing its binding affinity under hypoxic conditions, leading to drug release and
fluorescence, with concomitant recovery observed. Moreover, the hypoxia-responsiveness of hypoxia-
responsive calixarene carries nano drug delivery system with tumor targeting ability, resulting in
enrichment of the drug in tumors and increased tumor suppression in mice. In addition, the drug delivery
system could become a generic platform that allows the delivery of a wide variety of anti-cancer drugs
with strong host-guest interactions with hypoxia-sensitive calixarene (Xu et al., 2022).

In our study, the fact that the Kalixarene derivative does not have a cytotoxic effect on both healthy and
cancer cells proves its usability as a drug carrier vehicle.
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OZET: Kiiresel yesil enerji gecisiyle birlikte, akilli sebekeler, giic elektronigi sistemleri ve yenilenebilir enerji
tiretiminin giderek artan entegrasyonu ile birlikte karbon emisyonlariyla ilgili ¢evresel endiseler ele alinmaktadir.
Daguitik iiretim, elektrikli motor siiriiciileri, LED, BESS teknolojileri, robotlar ve bir¢ok dogrusal olmayan yiikiin
sebekelere entegrasyonu artmaktadir. Konvansiyonel elektrik sebekelerinde giic kalitesi icin tanimlanan frekans
araligi 0-2 kHz frekans bandum kapsamaktadir. Bununla birlikte, tiim bu yeni teknolojiler, 2-150 kHz frekans
bantlarindaki emisyonlar yoluyla sebekelerde sorunlara neden olmaktadir. Ayrica bir¢ok A sinifi cihaz ile 0-2 kHz
frekans bandi olgiimii yapilabilmektedir. Giiniimiizde ozellikle bu yenilenebilir teknolojilerin artmasiyla
olusabilecek bu tiir yiiksek frekansl emisyonlart olgebilen cihaz sayisi oldukca simirlidw. Bu ¢alismada YEDAS
Genel Miidiirliik Binasi'nda BESS ve Elektrikli Ara¢ Sarj Cihazi uygulamalari igin supraharmonik ol¢iim sonuglar
sunulmustur.

Anahtar Kelimeler: Gii¢ Kalitesi, Batarya Enerji Depolama Sistemleri, Elektrikli Ara¢lar, Supraharmonik

Supraharmonics Analysis Caused by Electrical Vehicle Charging Stations and Battery Energy Storage
System in Yedas Hq

ABSTRACT: With the global green energy transition, environmental concerns about carbon emissions are being
addressed by integrating smart grids, power electronics systems, and ever-increasing integration of renewable
energy production. The integration of distributed generation, electric motor drives, LED, battery technologies,
robots and many non-linear loads into grids are increasing. The frequency range defined for power quality in
conventional electricity grids covers the frequency band of 0-2 kHz. However, all these new technologies are
causing problems to the grids through emissions in the frequency bands of 2-150 kHz. In addition, 0-2 kHz
frequency band measurement can be carried out with many Class A devices. Nowadays, the number of devices
that can measure such high-frequency emissions, which may occur especially with the increase of these renewable
technologies, is quite limited. In this study, supraharmonics measurement results for BESS and EV Charger
applications are presented in YEDAS HQ Building.

Keywords: Power Quality, Battery Energy Storage Systems, Electrical Vehicles, Supraharmonics

1. INTRODUCTION

The fact that environmental pollution effects, high oil prices and the decrease of fossil fuel share in
energy production force the sector into green energy resources. There have been cutting-edge
developments last decade in this field. Renewable energy (RE) resources, battery energy storage systems
(BESS), electric vehicles (EV), and charging stations are among them. New problems occur along with
these new technologies and improvements [1-5]. Increasing demand for EVs requires increasing
installation of charging stations in various locations in the grid. However, the effects on the grid would
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be devastating. One of the effects is EVs consume a large amount of electrical energy. Especially DC
fast charging stations penetration in the grid would be enormous. This situation may lead to overlapped
peak demands and a decrease in the voltage level from the nominal [6]. The other one is the power
quality problems such as voltage drop, harmonics, and especially supraharmonics (SH) [7-9].

It’s been proposed to use EV chargers with REs plus BESS to overcome the penetration of EV charging
stations during peak demand hours in recent years in the literature [10]. This kind of concept requires
an energy management system (EMS) to use energy production by RE for charging the BESS and during
the peak demand hours charging the EVs via stored energy in the BESS. In addition to this concept,
vehicle-to-grid (V2G) applications have been studied over the last decade [11-13]. This concept uses
EV batteries to draw or inject power into the grid according to the grid’s requirements.

The other problem is about the power quality field. To charge the batteries of EV or BESS devices,
bidirectional power conversion systems (PCS) are required. The operation of PCSs generate harmonics
and SH (SH) which have negative impacts on the grid if it surpasses the allowed limits. Also, it must be
noticed that still there is no limitation for SH.

This paper presents a picture of the impacts of BESS and EV applications individually and concurrently
operations in the Yesilirmak Distribution System Operator (YEDAS) Headquarter building with real
measurement data.

2. POWER QUALITY

The developments in the power electronics field have made industrial and residential components more
efficient. Along with these developments, some power quality phenomena occurred in the grid such as
harmonics, short-duration voltage variation (voltage sags, voltage swells, and interruptions), voltage
unbalance, frequency deviation, flicker, and SH. In general, harmonics refers to a frequency higher than
the fundamental frequency and define as the n times of it. The distorted waveforms generally contain an
infinite number of waves. The frequency range that is being considered is the 50th harmonics which is
about 2.5 kHz [14]. Beyond this frequency considered SH in the range of 2-150 kHz.

Semiconductor switching devices produce large harmonics of voltages, as they suddenly chop
waveforms of voltage during their transmission from conductive to cut-off states. Due to the usage of
power electronic devices with high switching frequency such as inverters, variable speed drives etc, SH
exist in the grid. The undesirable repercussions of high frequency (HF) emissions identified so far are
malfunction and destruction of power electronic devices, lifetime degradation of grid-connected
equipment, resonance conditions, audible noise generation and disturbance to Power Line Carrier (PLC)
communication [15-18]. SH may cause faults in touch-controlled operator components and lamp
dimmers, reduction in the service life of LED lamps, communication problems (e.g. PLC
communication), overheating of transformers and capacitor banks, and communication losses with
intelligent meters. In addition, SH distortion caused by nonlinear loads increases power losses, which
can adversely affect electric utility distribution systems and components. In recent years, the number of
high-frequency-based electronic devices like PV and wind energy inverters, EV chargers, and computer
power supplies has increased. In this chapter, some of the sources for SH will be examined.

2.1. EV CHARGERS

Electric vehicle (EV) chargers play an important role among many SH sources. The HF emissions
caused by EV charging may vary on internal construction and the mode of charging. The different modes
of charging EVs are divided into inductive and conductive charging. Inductive charging, also known as
wireless charging, uses a high-frequency transformer. The charging process begins by combining the
primary winding located outside the vehicle with the secondary winding on the vehicle. Depending on
their power handling capacity, conductive charging has three levels: Level 1, 2, and 3. Level 1 and Level
2 are on-board chargers which is located in the EV. Level 3 chargers or DC fast chargers are installed
off-board due to their large size and heavy weight. They usually handle more than 20 kW. The related
charging characteristics are given in Table I.
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Voltage Phase Current Power Type
Level 1 208-240 V AC Mono 15-20 Amps | 2.8-3.8 kW Slow
Level 2 208-240 V AC Three 20-80 Amps | 3.8-15 kW Medium
208-240 V AC Three >85 Amps 15-96 kW Fast
Level 3 32-250
600 V DC DC Amps 15-240 kW Fast

Table I. CHARGING CHARACTERISTICS

EV chargers as an SH source result from the switching frequency of the AC-DC converter operations.
Manufacturers often do not specify the exact switching details of these converters. Therefore, the
existing literature on HF emissions from EV chargers is based on experimental evidence [19, 20]. Based
on the literature, EV chargers generate SH in 15 kHz up to 100 kHz.

Different standards have been put forward regarding EV charging stations around the world. These are
IEC 62196, CHAdeMO and SAE J1772. The charging station in this study case uses IEC 62196
standard’s Type 2 (Mennekes) charging socket. Devices in the IEC 62196 standard can transfer energy
up to 43.5 kW in 3 phases with AC charging. In these devices, the AC-DC conversion process is carried
out on the EV.

2.2. BATTERY ENERGY STORAGE SYSTEM INVERTERS

The BESS applications have beneficial impacts on the grid such as during the peak hour [21]. This
technology basically contains batteries, inverters, protection devices, auxiliary devices, HVAC systems
and its’ drivers. The cutting-edge semiconductor electronic devices generate harmonics and
supraharmonics. For BESS applications; inverter and HVAC drivers generate SH in this case. The
switching frequency of the BESS that has been measured is 20 kHz according to the specifications of
the inverter. Besides that, the switching frequency is not constant and it may vary in a certain range. In
this case, the switching frequency is around the 18-22 kHz range.

3. MEASUREMENT METHODS

Supraharmonics is the phenomenon of the transformation of high-frequency small-amplitude current
harmonics into high-frequency large-amplitude voltage harmonics. The required devices for the
measurement of this phenomenon must be capable of measuring the frequency of 2-150 kHz. When the
related devices were investigated, it was seen that class A devices such as A-Eberle PQ-Box 150, PQ-
Box 300, and PowerSide PQube 3 devices provide these features. The measurement was carried out
with the A-Eberle PQ-Box 300 device. However, since measurements at the MV level can be made via
voltage or current transformers, and since it is estimated that the sensitivity will decrease due to the
frequency response of these transformers and accurate measurement data will not be obtained, LV
measurements were performed in this study. In the LV measurements that were carried out, a Rogowski
coil was used for current measurements, and a crocodile-tipped probe was used for voltage
measurements. The measurement point is the YEDAS Headquarters building’s PCC point with the EV
charging station, building’s loads and the BESS.

4. FIELD MEASUREMENTS AND ANALYSIS

The methodology for high-frequency emissions measurement in the frequency band 2-150 kHz is not
defined in this section. The measurement was carried out with the A-class A-Eberle PQ-Box 300 device,
within the scope of IEC 61000-4-30 standard's Annex C section.

The measurement was carried out in the YEDAS HQ building which consists of BESS, two EV
Charging stations, PCs, and LEDs. The supraharmonic data obtained as a result of a monthly
measurement are given in Figure 1 as a color matrix.

As can be seen in Figure 1, there is a pattern of supraharmonics during BESS operation hours. Figure 2
is a close-up view of the BESS operation hours.
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According to the measurements, the maximum value is 727.37 mV in 16 kHz frequency which is related
to the EV charger. The EV charger’s effect goes up to 70 kHz but in a low effect. The pattern from 12

kHz up to 20 kHz is related to the BESS operation. Therefore, the BESS effects are maximum 300 mV
at 14 kHz.

The supraharmonics in dB (xV) according to the limit values mentioned in EN 50065 and IEC 61000-
3-8 standards are given in Figure 3.

As can be observed from the above figures, none of the SH exceed the limits. But there is a pattern
through SH frequencies. The inverter of BESS’s switching frequency is 20 kHz. So an increase in SH
for multiples of 20 kHz can be seen. Furthermore, the inverter of EV chargers’ switching frequencies is
15 kHz. Similarly, an increase in SH for multiples of 15 kHz can be seen.
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FIGURE I. MONTHLY MEASUREMENT OF SUPRAHARMONICS

FIGURE 2. SUPRAHARMONICS DURING BESS OPERATION HOURS
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FIGURE 3. SUPRAHARMONICS IN DB (uV)

5. CONCLUSION

In this paper, YEDAS Power Quality and Energy Storage Systems Department has conducted
measurements to observe two EV charging stations’ and the BESS’s effects on SH. The measurements
were carried out on the PCC of BESS and the EV charging stations located in the YEDAS HQ building.
As it is expected, high-frequency emissions have seen on 15 kHz and 20 kHz frequency bands due to
EV chargers and the BESS respectively. This paper presents a picture of these cutting-edge
technologies’ operations’ effects on SH. When the EV charging station and BESS are operational, it has
been observed that the supraharmonics increases.
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OZET: Giic kalitesi Elektrik Dagitim Sebekesinde olduk¢a onem arz etmektedir. Elektrik Dagitim sistemlerinde
Tedarik Siirekliligi, Ticari Kalite ve Teknik Kalite takibi yapilmaktadir. Ozellikle burada Teknik Kalite
parametreleri icerisinde Etkin Gerilim Degisimi(EGD), Gerilim Dengesizligi(GD), Gerilim Cokmesi(GC)
parametreleri takip edilmektedir. Ulkemizde Elektrik Dagitim Sisteminin teknik kalitesine iliskin usul ve esaslar
kapsaminda gii¢ kalitesinde GC sag-swell-sag/swell degerleri detayly analiz edilmektedir. Bu ¢alismamizda fider
bazly analiz yapumis olup fider baslangi¢ noktast olan Trafo Merkezindeki trafo ¢ikisindaki 6l¢ii noktasmdan ve
fider sonunda yer alan tiiketici 6l¢ti noktasmdan 6l¢iim alinmistir. Burada Class A niteliginde cihazlar kullanilmuis
olup 1 hafialik kayitlar incelenmistir. Gerilim olay kayitlari incelenmis ve ézellikle hangi tip olay kayitlar: oldugu
ve ne tiir bir ariza tipi kaydedildigi irdelenmistir. Bu ariza kayitlar: ile ariza lokasyon tespiti yapilarak ariza
kestirimi yapumustir. Ayrica bu ariza lokasyonundaki problem arastirilmis ve bakim kaynakli sorunlar giderilerek
gerilim ¢cokme sayilart ortadan kaldirilmistur.

Anahtar Kelimeler: Dagitim Sebekesi, Sag, Swell, Sag-Swell, Teknik Kalite

Region-Based Fault Estimation Method With Voltage Event Records Experienced in the Distribution
Network

ABSTRACT: Power quality is very important in the Electricity Distribution Network. Continuity of Supply,
Commercial Quality and Technical Quality monitoring are carried out in Electricity Distribution systems. In
particular, the parameters of Effective Voltage Change (EVC), Voltage Unbalance (VU) and Voltage Collapse
(VC) are monitored here within the technical quality parameters. Power sag-swell-sag / swell values in power
quality are analyzed in detail within the scope of the procedures and principles related to the technical quality of
the Electricity Distribution System in our country. In this study, a feeder-based analysis was performed and
measurements were taken from the measuring point at the transformer outlet in the substation, which is the starting
point of the feeder, and from the consumer measuring point located at the end of the feeder. Class A qualified
devices were used here and 1-week records were examined. Voltage event records were examined and, in
particular, what type of event records there are and what type of fault type is recorded were examined. Fault
location determination was made with these fault records and fault estimation was made. In addition, the problem
at this fault location was investigated and maintenance-related problems were eliminated, eliminating the number
of voltage crashes.

Keywords: Distribution Network, Sag, Swell, Sag-Swell, Technical Quality

1. GIRIS
Elektrik Dagitim sistemlerinde gerilim diisiimleri yillik bazda bir¢ok kez yasanmaktadir[1][2].
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Ayrica gerilim diisiimlerindeki olay kayitlariin karakteristigi Teknik kalite standartlan kapsaminda
incelenmektedir [3][4]. Birgok ¢alismada olgiilen gerilim degerlerinin verileri kullamlmaktadir fakat
burada 6lgiilen gerilim degerlerinin niteligi incelenmelidir. Bu ¢alismada bir fider lizerindeki baglangi¢
ve bitis 6l¢ii noktalarindaki gerilim olay kayitlar incelenmistir.

2. MATERYAL VE YONTEM
2.1. Gii¢ Kalitesi Parametleri

Gerilim Diismesi: Gerilimin bir tam dalgadan daha uzun bir siire %90’den daha diisiik bir degere
diismesidir. Nedeni sebeke yetersizligi, asin yiiklenme, biiyiikk motorlarin yol almasi ve kisa devreleridir.

Gerilim Yiikselmesi: Gerilimin bir tam dalgadan daha uzun bir siire %110’dan daha biiyiik bir degere
ctkmasidir. Nedeni yiik azalmasi ve sebekedeki ayar zayifligidir.

AG seviyesi i¢in 208V-254V arasi kabul edilebilir seviyedir. OG seviyesi i¢in 16368V-20005V (16kv-
20kv) arasi kabul edilebilir seviyedir[5].

Gerilim Cokmesi: Nominal frekanstaki sebeke gerilimi efektif degerinin (0.1 pu — 0.9 pu) kisa siireli
diismesi (0.5 — 30 periyot) olayina denir [6, 7, 8, 9]. Gerilim diisiimleri ve gerilim ¢okmeleri endiistri
kuruluslarinda 6nemli derecede iiretim kayiplarna sebebiyet vermektedir. Gerilim diiglimlerinin ana
sebepleri arasinda kisa devreler, transformatdrlerin ilk enerjilendirilme ani, kapasitér anahtarlama,
biiyiik yiiklerin devreye girmesi ve agir1 yiiklenmelerdir.

3. BULGULAR

o Trafo Merkezi trafo ¢ikig olgiim noktast Olay Kayitlar

OlayAdi  Nominal Deger Tarih Sure Depth Phase VaMin VaMaks Vb Min Vb Maks VcMin Ve Maks Ariza Tipi
Sag&Swell 18187 10120230925 015 1702 B 102906 14877 56312 170223 34235 130901  Tanimsiz Veri2
Sag 18.187 1.01.202309:25 0039 0827 C 80.866 104041 91341 109497 8272 92125  ikiFaz Toprak Arizasi
Sag&Swell 18187 10120230947 019 034 C 104274 148152 55007 150461 33978 133667  Tanimsiz Veri2
Sag 18187 10120230947 002 081 A 81019 88164 101.197 107291 105127 109.785  Upstream
Sag&Swell 18.187 1.01.202309:47 0078 1919 B 117485 13961 150358 19193 44533 81731  Tek Faz Toprak Arizasi
Sag&Swell 18187 101.202311:17 0149 1865 B 102549 14396 53442 186499  34.778 129403  Tanimsiz Veri2
Sag 18187 1.01.202311:17 0.148 0808 C 88.845 103511 89.751 109.936 80.754 90.359  Tanimsiz Veri2
Sag 18187 101.202311:17 004 082 B 88983 102574 81989 911 90859 10563  IkiFaz Toprak Arizasi

e Son tiiketici Olgiim Noktast Olay Kayitlar:

Nominal

Olay Adi . Tarih Sure Depth_ Phase_ VaMin_ VaMaks, VbMin_ VbMaks, VcMin_ VcMaks Ariza Tipi
+| Degel~ Jl = = v v v = v = = v

Sag&Swell 18.186  1.01.202309:25 0.29 1649 B 87.157 135478 59992 164908 67585  133.11 Tanimsiz Veri2
Sag&Swell 18186  1.01.202309:47  0.067 135 A 119905 13498 100914 131157 67578 75464 Tek Faz Toprak Arizasi
Sag&Swell 18.186  1.01.202309:47 0.2 0.594 B 82163 97545 59363 108.154 88976 135885 Tanimsiz Veri2
Sag&Swell 18186  1.01.202309:47  0.091 1933 B 94234 140984 104673 19326 4491 100.181 Tek Faz Toprak Arizasi
Sag&Swell 18186 1.01.202311:18  0.308 1871 B 80.728 137208 58312  187.131 44907 131.108 Tanimsiz Veri2

Sag 18186  1.01.202311:18 0.05 0.807 B 8519 105516 80.719 95178 89575 107.378 Upstream
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01.01.2023 11:18 Vb-Ib Osilo Kayd: incelendiginde Trafo merkezi trafo ¢ikisindan alinan 6lgtim
kayitlar iki faz toprak anzasi gérmiis ve son tiiketim noktasindan alinan dl¢iimde ise ariza kaynaginin
yukaridan geldigini gostermektedir. Bu sekilde arza yeri ve ariza kestirimi yapilabilmektedir.

03.01.2023 YASANAN OLAY KAYITLARI INCELEMESI

o Trafo Merkezi trafo ¢ikis olgiim noktast Olay Kayitlart

Nominal
Olay Adi Ded Tarih Sure Depth  Phase VaMin VaMaks VbMin VbMaks VcMin VcMaks Ariza Tipi
eder
Sag 18.187 3.01.2023 08:06 0.23 0.807 B 87636 101.395 80715 92025  90.155 103.815 ki Faz Toprak Arizas|
Sag 18.187 301.202311:21 0.219 0.81 B 88508 101.395 81037 91643  90.607  103.65 ki Faz Toprak Arizas|
o Son tiiketici Olgiim Noktasi Olay Kayitlari
Nominal . . . _—
Olay Adi Deger Tarih Sure Depth Phase VaMin VaMaks VbMin VbMaks VcMin VcMaks Ariza Tipi
Sag 18.186 3.01.2023 08:06 0257 0781 B 8324 103158 78133 95485 87431  104.242 Upstream
83627 102863 78229 96458  87.858  103.863 Upstream

Sag 18.186 3.01.2023 11:22 0.249 0.782 B
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4. SONUC VE ONERILER

Iletim ve Dagitim sistemlerinde gerilim olaylart ¢ok sik yasanan bir durumdur. Ozellikle dagitim
sistemlerinde elektrik sebekesi teknik kalite usul ve esaslar kapsamindaki standartlara gore analizler
yapilmaktadir. Burada gerilim c¢Okmeleri siire ve derinlik kavramlan irdelenerek sonuglar
cikarilmaktadir. Ayrica olusan olay kaydinin ariza tipi ve yOniiniin tespit edilmesi sebeke isletimi
agisindan 6nem arz etmektedir.

Bu calismada Trafo merkezi trafo ¢ikisi 6lgiim noktasindan veriler alinmig ve son tiiketici 6l¢ii
noktasindan alinan veriler ile detayli incelemeler yapilmistir. Alinan olglimlerin ¢ogu aym siire
zarflarinda gerceklesmis ve siire-derinlik kavramlari da oldukga birbirine yakin oldugu goriilmektedir.
Trafo merkezi ¢ikisindan bakildiginda arizanin iki-faz toprak arizasi oldugu goriilmektedir. Bunun yani
sira son tiikketim noktasindan bakildiginda dagitim sebekesi ve iletim sebekesinden kaynakli oldugu
goriilmektedir. Her iki olay kayitlari kiyaslamali bir sekilde incelendiginde arizanin aslinda iletim degil
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dagitim sebekesinde bir sorundan kaynakli oldugu goriilmektedir. Burada hem ariza konum ve ariza
kestirimi yapilmistir. Ayrica dagitim sebekesinde sorunlar taranmis ve bu sorunun aslinda sikibag-kirk
izolator-agac temasi gibi nedenlerden kaynaklandigr goriilmiistiir. Bakim faaliyetleri kapsaminda ilgili
sorunlar ¢ozilmiistiir. Yapilan galisma ile birlikte hem ariza kestirimi hem de ariza konum tespiti
yapilarak bakim faaliyetlerine destek olunmustur.

5. KAYNAKCA
[1] Dugan R. C., Electrical Power Systems Quality, McGraw — Hill, 2002

[2] O.1. Veand D. E. G. E. I. R. 1. Lmes, “Giig kalitesi parametrelerinin 6lgiilmesi ve de gerlendirilmes
i,”2008.

[3] E. Sistemleri, “Elektrik Dagitim Sisteminde Gerilim Cukuru Yo6nii Tespiti ve Ariza Tipi
Siniflandirmast Determination of Voltage Sag Direction and Classification of Fault Type in 1
Ankara,” pp. 125-130, 2018, doi: 10.5281/zen0d0.1482632.

[4] IEEE recommended practice for evaluating electric power system compatibility with electronic
process equipment, IEEE Standart 1346 — 1998

[5] “teknik kalite usul ve esaslar.”

[6] Bollen MJH., Understanding power quality problems, voltage sags and interruption. New York,
IEEE Press, 2000.

[7] Recommended practice for monitoring electric power quality,IEEE Standard 1159,2009.
[8] Schneider Electric, "Power Logic ION 7550/ION7650 Power and energy meters", 2010.

[9] EN 50160 Voltage characteristics of electricity supplied by public distribution systems. European
Standard, CENELEC, 2007

139



/ /

,@' 16. UBAK, 11 - 12 March 2023, Ankara ,Q'
UBAK UBAK

Presentation ID / Sunum No:15

Oral Presentation / Sozlii Sunum

ORCID ID:

Analysis of Power Quality Events in Distribution Grids With Synchro
Phasor Device: Yedas Case Study

Researcher Arsalan Bayatmakoo' , Researcher Kerim Kaya' , Researcher Caner Ozen'
1
YEDAS

*Corresponding author: Arsalan Bayatmakoo

ABSTRACT: Transforming a national traditional grid into an intelligent smart grid is possible with advanced
technologies to increase the reliability and robustness of a system. For the Distribution system operator (DSO), it
is necessary to determine the voltage and phase angle at critical locations in the grid. Synchro phasor technology
uses a monitoring device called a phasor measurement unit (PMU). A PMU is a power system device that provides
great potential for monitoring an electrical grid by measuring the synchronized current and voltage phasor across
a wide area. Concerning the electrical field experiences offered by PMUs, the power systems control and
monitoring are entirely revolutionized. However, communication and cost links significantly impact the number
of PMUs to be installed by DSOs. Additionally, identifying the appropriate PMU system application is a utility
problem that must be resolved. For utility operators, despite smart meter information, quality of measurement and
reporting records of devices for the prediction of blackouts and brownouts are critical.

Keywords: Distribution System Operator, Pmu, Power Quality, Grid

INTRODUCTION

Real-time monitoring of power systems is essential for DSOs. To perform real-time monitoring of grid
operation, measurement devices are integrated into the system. These devices transmit the
measurements they make at the point where they are located to the operators through various
communication media. Although the primary measuring devices and monitoring systems currently used
provide significant benefits to operators, new insights have been revealed with the systems. One of them
is PMU. These units have been used with the development of GPS technology. [1] PMUs designed for
transmission network operators have become available for distribution networks as their application
areas have expanded and their costs have been reduced.

PMU

Synchro phasors are a simple concept used for AC circuit analysis. Phasors are complex numbers that
represent a sinusoidal function with amplitude, angular velocity, and phase angle. Since the changes in
the power systems are not so fast, it can be assumed that the system is in a stationary regime, so phasors
help explain the system’s behavior. Phasors are used in many protection and data analysis functions.

The synchrophasor is obtained by calculating the phases of the voltage and current phasors according
to a standard time reference. The derived simultaneous measurement sets greatly benefit activities such
as advanced power system monitoring, protection, management, and control. According to recent
studies, synchrophasor technology is crucial in system imaging and controlling in vast areas.

Real-time monitoring of energy systems is important for the safety and reliability of the system. Among
the various methods used to monitor the power system, the “Supervisory Control and Data Acquisition”
(SCADA) system are one of them. Eventually, drawbacks of SCADA, like synchronous measurement,
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the low sample rates, complex mounting structure, and the significant number of fiber optic cables in
every center that needs to be monitored, have been recognized by utility operators.

Since the 1980s, GPS systems have been used in civilian applications, and the use of sampled
synchronized measurement data has been realized. The combination of the synchronization accuracy of
GPS and the technique of measuring AC symmetrical components has led to the emergence of the
synchrophasor measurement phenomenon. The first PMU was developed by Virginia Tech in the 1990s
and installed in many step-down distribution centers to test the validation and get the know-how of
these new measurement tools. IEEE also updated PMU’s previous standards by 2005. The relevant
standard defines PMU as wide-area monitoring systems used in the power industry's modern
monitoring, protection, and control systems. PMU is important for power engineers due to its ability to
synchronously measure real-time current and voltage phasors. PMU works well in terms of extensive
sampling and measurement accuracy compared to traditional measurements taken from SCADA. In
addition, the units placed on the busbar can also take measurement data from the other busbars.

SCADA technology uses data acquisition to monitor the power system completion in a few seconds. [2]
This situation has a drawback for the grid dispatcher to observe the dynamic structure of the system. In
systems under stress or in a faulty condition, the operators wrong fault location detection is one of the
main reasons for interruptions. In Table 1, you can find the comparison of SCADA and PMU
technologies.

Features SCADA PMU
Resolution 2-4 Sampling 50-60 Sampling
Measurement Analog Digital
Observability Steady-state Dynamic/Transient
Phase angle Not exist Exist
measurement
Measurement Data Voltage and Current, MW ve | Voltage and Current, Phase angle, MW ve
MVAR MVAR
Table.1

Regarding the characteristics indicated in the table, it can be seen that PMUs are faster compared to
SCADA. PMU provides a significant advantage with a sampling rate of up to 50 per second and reflects
the changes to the operator by high resolution. One of the main reasons for this advantage is that the
phasor measurement units work synchronously using GPS technology. Conventional monitoring
systems like SCADA use an operator-specified reference angle, while PMU uses a global one. In
addition, phasor measurement units measure phase angles directly instead of calculating them. [3],[4]

Studies were carried out after the major outages in the USA and Europe in 2003 and 2004. It was
revealed that the main reasons for these outages were the inability to monitor the system. When looking
at the outage reports, the importance of the lack of wide-area monitoring and the problems caused by
the lack of data synchronicity was emphasized. On the other hand, while PMU technology allows
monitoring of the system in large areas, it is superior to SCADA technology in terms of simultaneously
determining the system status with the data it provides. These features, while enabling operators to see
the dynamic behaviors in the system, provide them with benefits such as predicting the problems that
may occur in advance and determining the correct control actions.

PMU MEASUREMENT FEATURES

The purpose of the PMU is to calculate and transmit the synchrophasor values. The variety of data to be
received is shaped according to the user's request. The accuracy of measurements, reporting time, and
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evaluation stages should be carried out according to specific standards. The main ones of these standards
are C37.118.1-2011/2014 and C37.118.2-2011.

The primary measurement values calculated by PMUs are voltage magnitude, current magnitude, and
power flow values. In addition to these measurements, PMUs can measure the voltage and current phase
angles at their location according to a global reference by direct measurement. These characteristics are
among the most significant differences between PMUs and conventional measuring devices. Another
difference is that the PMU can calculate the positive, negative, and zero sequences of the voltage and
current, and frequency change rates. [5] With these calculations, the unit sends a wide range of
information to the operator about its location. In this way, the operator can observe the system more
clearly.

PMU measures 50 Hz. AC waves with a high sampling rate. These properties make them effective in
detecting fluctuations in voltage or current. They are used to measure the values of the magnitude, phase
angle, frequency, and frequency change rate of the signal at the input terminal. For this measurement,
PMU uses a cosine wave, and this wave has the following form:

X= A.cosi(wt+0) 1)
A: Voltage or current amplitude
w: Angular frequency and is equal to the value of 2nf
0: Difference in the phase angle

The analog signals detected by the PMU are converted into digital signals by a converter (ADC). [6]
With the help of GPS technology, high-speed synchronicity is done, and measurements made at different
locations are sent to the specified data center.

SYNCHROPHASOR DEVICE IN DISTRIBUTION NETWORK

The application of synchrophasor technology in distribution networks first started in the USA. The first
studies were created in the pilot region in 2003 with the joint efforts of the American Department of
Energy (DOE), The University of Tennessee, Knoxville, and Oak Ridge National Laboratory. 270
PMUs were placed in the region for low-cost, easy-to-install, GPS-synchronized wide-area frequency
measurement.

Following the information obtained after this study, research and investigations continued. By 2013, a
new project was revealed by the same organization. This project aimed to improve the R & D studies
conducted previously and improve data analysis.

In the following years, new topics, such as cyber security, began to be added to the research. The reason
for this, as mentioned earlier, was to enhance the system’s security to the highest level and to prevent
possible cyber attacks. Investigation consistently proceeded, and phasor measurement units were
mounted in the existing networks.

In the same year, similar research was started in Switzerland. The first purpose of this study was to
understand the synchrophasor concept and to make improvements to it. Priority was given to the cyber
security and control operations, and observations were started to be made in existing networks. Finally,
the city of Lausanne was designated as a pilot zone, and the network behavior of this city was examined.

As another example, Belgium can be shown. In the study carried out in the Sibelga network of Belgium,
3 PMUs were placed. This study ensures that parallel switching at an important network node is
performed correctly. Phase angle measurements were done with the PMUs positioned in the system at
the position where the switching happened.

In addition to pioneering studies, research on phasor measurement units is continuing in many countries.
Require the system’s imaging to be more precise and faster, so the phasor measurement unit technology
is gaining more and more importance. In this context, when we think about the energy system in Turkey
and the region, phasor measurement unit technology is essential for Turkish grid operators in terms of
monitoring, control, and security.
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In the YEDAS case study, we mounted PMU to validate the features and monitor some of our
distribution feeders in a real-time. You can find figure 1 and figure 2, which show the voltage and current
magnitudes, respectively. PMU’s precise time-stamped GPS-synchronized readings of voltage and
current phasors lead us to track the outage and events as fast as possible.
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Figure.2

CONCLUSION

As a result of the analysis carried out:

I. Events that are impossible to be recorded by the network operator can be recorded with PMUSs,
I1. Exact fault location detection,

I1l. PMUs can be used to find the sources of voltage peaks through events occurring in the distribution
network (fault source, capacitor switching source, transmission system source ...).
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OZET: Telemetri bir sistemin kablolu veya kablosuz olarak uzaktan kontrol edilmesidir. Telemetri sistemi
sayesinde uzak veya ulagilmast kolay olmayan bir mesafeden veriler toplanir ve bu veriler gériintiilenecegi bir
noktaya iletilir. Telemetri sistemine havacilik ve uzay, saghk, dogalgaz-elektrik sayaglarini okuma gibi uygulama
alanlarinda ihtiva¢ duyulur. Ozellikle, havacilik ve uzay sektoriinde ugak, mithimmat ve firlatma araclart gibi
cesitli cisimlerin test edilmesinde telemetri sistemine ihtiyag duyulur. Fiize Telemetri Sistemi (FTS), miihimmata
ait ethernet paket verilerini, sicaklik, basing, titresim, gerinim gibi sensdorlere ait verileri toplar. FTS bu verileri
uygun formatta ger¢ek zamanl olarak yer istasyonuna veya bir kayit ortamina kaydeder. Telemetri sisteminin
mimari yapist kullamlan ekipmanlarin yapist ve ozellikleri tarafindan belirlenir ve bunlar hakkinda bilgi sahibi
olmak gerekir. Bu ¢alismada, fiize iistii telemetri sistem tasarimina ve bu tasarim dogrultusunda gelistirilen
Telemetri Sistem Performans Hesaplayict Arayiizii sayesinde, telemetri sisteminde kullanilan hem verici hem de
alict taraftaki RF haberlesme degerleri ve modiilasyon ¢esitleri dikkate alinarak S/N Link Marjin degeri
hesaplanip telemetri haberlesme performanslart karsilastirilacaktir. Calisma sonucunda, BPSK ve QPSK
modiilasyonlarinda S/N Link Marjin degerleri BFSK, 4-FSK, PCM/FM, 8-PSK modiilasyonlarina gore daha iyi
ctkmugtur.

Anahtar Kelimeler: Telemetri, Fiize Telemetri Sistemi, Rf Haberlesme, S/n Link Marjin
Missile Telemetry System Design and Performance Analysis

ABSTRACT: Telemetry is the wired or wireless remote control of a system. Thanks to the telemetry system, data
is collected from a distance that is not far or easy to reach and transmitted to a point where it will be displayed.
It is needed in various applications such as aviation and space, health, natural gas-electricity meter readings. A
telemetry system is needed in testing various objects such as aircraft, ammunition and launch vehicles in the
aerospace industry. The missile telemetry system (MTS) collects the ethernet packet the ammunition data, the data
from the sensors such as temperature, pressure, vibration, strain. MTS saves this data in the appropriate format
in real time to the ground station or a recording medium. To know the architectural structure of the telemetry
system, it is necessary to have information about the structure and features of the equipment used. In this study,
thanks to the onboard telemetry system design and the Telemetry System Performance Calculator Interface
developed with this design, S/N Link Margin value can be calculated and telemetry communication performances
can be compared by taking into account the RF communication values and modulation types for both the
transmitting and receiving side used in the telemetry system. As a result of the study, S/N Link Margin values in
BPSK and QPSK modulations were better than BFSK, 4-FSK, PCM/FM, 8-PSK modulations.

Keywords: Telemetry, Missile Telemetry System, RF Communication, Link Margin of S/N

1. INTRODUCTION

Telemetry is the wired or wireless monitoring or control of a system. It literally means ‘receiving remote
measurement'. The purpose is to perform data collection. A wireless communication system is used in
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missile telemetry [4]. The general telemetry system structure is shown in Figure 1. Thanks to the missile
telemetry system, measurements are taken from certain locations on the missile and transmitted to the
subsystems, and it starts its functions. Acceleration, temperature, strain, pressure etc. of the ammunition.
It collects the ethernet packet data of the missile and sends this data to the ground station in real time in
the appropriate format. In munitions under development, a telemetry system is placed in the Test Head
instead of the Warhead. As the working principle of the missile telemetry system, the data belonging to
the sensors and missile are collected by the data collection system. Thanks to the transmitter, after the
message signal is modulated with a carrier signal, it transmits the incoming signal via RF (Radio
Frequency) to the transmitting antennas. Then the receiving antenna receives the modulated RF signal
and after the signal is demodulated at the receiver, it is sent to the ground station to display the data [3].

Recorder /
Y Time
SENSORS [ i
Pressure — A\ e Communication Chamel
\ . = (Radio Frequency)
Temperature —» N N _— —_—
Accelerometer —»
: . Monitor
AIRBORN SYSTEM GROUND SYSTEM

Figure 1. Basic Telemetry System

2. MATERIALS and METHOD

In telemetry tests, the data received from the missile is transmitted to the ground station by RF
communication. In this communication, two antennas are used, a transmitter and a receiver. Thus, it is
ensured that the data progresses with a high frequency and a small wavelength signal [1]. In order to
know the structure of the telemetry system, first of all, it is necessary to know the communication
components well. The structure of the basic communication system is shown in Figure 2.

Input Message
Message Signal
: :
A :
Information ' Input ! Transmitter
Source Transducer

Transmitted Signal

Communication
Channel

Output

Message Output Signal
i

Received Signal

! H
s : ] 4
Destination Output PR Recevier

Source Transducer

Figure 2. Basic Communication System

In RF communication, there are some loss or gain situations. This has a direct effect on the signal
strength. For RF system losses:

* Reflection Due to Impedance Mismatch, (Voltage Standing Wave Ratio — VSWR)
* Polarization
* Free Space Path Loss (FSPL)

| 46



\I ~
C/ 16. UBAK, 11 - 12 March 2023, Ankara Q
UBAK UBAK

* Noise

* Multipath

* Attenuation is given as an example.
For RF system gains:

* Low Noise Amplifier (LNA)

* Antenna is given as an example.

For this system to work correctly, it is necessary to make correct design and link margin calculations.
In this study, both telemetry system design and telemetry performance analysis are performed.
"Telemetry System Performance Calculator Interface’ software has been developed to provide telemetry
performance analysis. Thanks to this software, Range — Link Margin of S/N calculation is made by
entering the communication parameter values on the transmitter and receiver side according to the
modulation type. S/N is one of the important measures used to evaluate the performance of the system
while designing the communication system. Also, the interface has features such as BER — Eb/NO,
Range — FSPL and Range — Link Margin of Received Signal calculation.

2.1. Airborne Telemetry Station

Analog and digital data over the missile are collected by the data acquisition system. These data are
acceleration temperature, pressure, serial data etc. it could be. If the collected data is an analog signal,
it is converted into digital data via PCM (Pulse Code Modulation). This digital data is collected by the
commutator. The Commutator structure includes TDM (Time Division Multiplexing) and PCM
Generator structures. TDM collects each sensor and ethernet packet data and creates the PCM major
frame structure. PCM Generator takes each minor frame and converts it into a single line (Figure 3) [5].

SubFrame 1D W - wor

S, S S S 5 S FS Minor Frame

Major Frame
S0 S 5 s, S 3 S S Fs Frame
Synchronization

Figure 3. PCM Frame Structure
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Figure 4. Airborne Telemetry System

Some coding varieties are available. These are source coding, channel coding and line coding. Source
coding is used if it is necessary to compress the collected digital data. During data transmission, there
may be malfunctions in the file. Channel coding is used in this. Line coding is used to convert digital
data into a physical signal [2].

A pre-modulation filter is used to limit the bandwidth of the signals. Then, the signal enters the
modulation process. The modulated signal is transmitted to the transmitting antennas. Transmitter
antennas send the modulated signal via RF to the receiving antenna.

The Airborne Telemetry System described above is shown in Figure 4.
2.2. Telemetry Ground Station

Telemetry Ground Station is a hardware structure used for receiving data from the aerial telemetry
transmitter, processing, displaying the data, and recording it on a recording medium.

RF signal is received by the antenna in the telemetry ground station. It enters a bandpass filter. Low
Noise Amplifier (LNA) is used to increase the noise and gain in the signal. Thanks to the receiver, the
signal is downloaded to IF (Intermediate Frequency), filtered and demodulated, separating it from the
carrier frequency and obtaining the baseband signal [3]. Then the reverse of the operations used on the
missile is applied to the signal. The structure of the Ground Station System is shown in Figure 5.
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Figure 5. Telemetry Ground Station

2.3. A Complete End to End Link Margin Calculations

This section includes end to end link margin calculations according to S/N and receiver sensitivity. The
formulas used to obtain these calculations are described below.

Equation 2.3 shows how to obtain Noise Factor of Transmitted Antenna.

4.VSWR

PL = Pt * m (21)
where P is transmitted power, P is incident power.

- &
G = ~ (2.2)
where G is gain.

1

F= = (2.3)
where F is noise factor.
Equation 2.4 is obtained Noise Figure of Transmitted Antenna using equation 2.3.
NF = 10logF (2.4)

where NF is noise figure.



/ /

C/ 16. UBAK, 11 - 12 March 2023, Ankara Q
UBAK UBAK

Effective Isotropic Radiated Power (EIRP) is given by

EIRP = PTransmitter Output (dBm) + GTranmitter Antenna (dB) -
PCable, Connector, Other Losses (dB) (2-5)

|50
The signal level coming to the receiver is obtained in equation 2.6.

Prx(total) = PEIRP (dBm) - PFSPL (dB) - PReceive Antenna Polarization Losses (dB) +
GReceive Antenna Gain (dB) + GLNA (dB) -

PReceive Side Connection Loss(cable/connectorinsertion losses and reflection) (dB) -

POther Losses (between LNA and receiver if any) (dB) (26)

According to the receiver sensitivity, the receiver's link margin formula is obtained in equation 2.7
below.

Link Margin Of Receiver = Prx(total) (dBm) — Preceiver Sensitivity (dBm) (2-7)
The thermal noise obtained after LNA is obtained in equation 2.8.
Nreceived =K.T.B (dBm) + GLNA (dBm) (28)

BER and Eb/NO formulas are calculated according to modulation types. If the BER value is known, the
Eb/NO value can be calculated. The C/N value is obtained in equation 2.9.

_E, BW

No BR

9)

R =lo

Equation 2.12 is obtained using equation 2.10 and equation 2.11.

Needed% = Needed i—” - % (2.10)
0

Link Marginof C/N (dB) = Obtained% — Needed% (2.11)

Link Margin of C/N (dB) = Obtained% - Neededf]—l; + % (2.12)

2.4. Telemetry System Performance Calculator Interface

It is an interface developed for telemetry performance analysis. By entering the communication
parameter values on the transmitter and receiver side, Range-FSPL, BER-Eb/NO, Range-Link Margin
of Received Signal and Range-Link Margin of S/N graphs are drawn (Figure 6). In addition, the values
obtained against the inputs are calculated as shown in Figure 7.
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3. CONCLUSION

In this study, the S/N Link Margin value is calculated, and the telemetry communication performances
are compared, taking into account the RF communication values and modulation types used in the
telemetry system, on both the transmitter and receiver sides. As a result of the study, S/N Link Margin
values in BPSK and QPSK modulations are better than BFSK, 4-FSK, PCM/FM, 8-PSK modulations
(Figure 8).
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ABSTRACT: The most recent version of the wireless local area networks (WLANS) standard is IEEE 802.11ax-
2021, also referred to as high-efficiency wireless (HEW) or WiFi-6. The function of the Access Point (AP) in Wi-
Fi networks has changed notably with the implementation of Orthogonal Frequency Division Multiple Access
(OFDMA) in 802.11ax. This is because it gives the chance to use more sophisticated timing algorithms to manage
Downlink (DL) traffic patterns and serve as a controller for Multi User Uplink (MU UL) transmissions at the same
time. It becomes essential in this situation to develop a model for network analysis. In this paper, a model is
developed to perform the network analysis of the IEEE 802.11 ax. The development of the model takes into account
both UL and DL transmissions in addition to all the key performance-affecting variables. A theoretical study using
Markov chains is presented. In addition, the simulation is used to validate the developed performance model.

Keywords: IEEE 802.11ax, OFDMA, WIFI-6, WLAN

1. INTRODUCTION

WLANSs (wireless local area networks), are gaining popularity, raising concerns about how to handle
the unavoidable overcrowding and slow communication that will inevitably result from the increase of
new methods, technologies, and apps. Because there are many sites and access points in some
environments, IEEE 802.11 evolved the IEEE 802.11ax standard.

Orthogonal frequency division multiple access (OFDMA) based up-link multi-user (UL MU)
transmission, which splits a transmission into some sub-channels and concurrently sends data packets
for numerous users, is realized by a later released standard known as 802.11ax (IEEE, 2021). Getting
precise communication synchronization between communicating stations (STAS) that have been set up
to function in a completely distributed way is one challenging aspect of using OFDMA in Wi-Fi (Son,
2018). 802.11ax's ability to manage OFDMA signals in the downlink (DL) and uplink (UL) paths helps
to get around this problem. By assigning OFDMA resources to the stations and scheduling UL
broadcasts for them, the access points (APs) gather the transmission purpose from the stations. More
significantly, it broadcasts a "trigger frame" to the WLAN, which starts the stations' real UL
communication. Nevertheless, this results in IEEE 802.11ax stations having entrance to the channel in
a totally different manner from current older nodes, as well as in inevitable alterations to MAC layer.

For future WiFi use-cases, single-user communication technologies like orthogonal frequency division
multiple (OFDM) may not be successful, so 802.11ax has depended on MU technology. Each channel
Is split into numerous orthogonal sub-carriers (SCs) in the MU-OFDMA method, and a collection of
these SCs constitutes re-source units. MU multiple input multiple output (MIMO) operation, i.e., the
simultaneous transmission of data from multiple users over the identical resource unit (RU) utilizing
multiple antennas, is feasible in each resource unit with a capacity of 106 sub-carriers or more. The
channel status information (CSI) should be accessible at the AP in order to precisely decrypt this data.
Additionally, the channel traits are more likely to affect this CSI information. As a result, the access
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point must use the channel sampling (Son, 2018; Bellalta, 2017; Choi, 2016) procedure to ask for CSI
information from the stations more frequently. The MAC layer access method of 802.11ax networks is
significantly impacted by these MU-OFDMA + MU-MIMO characteristics.

According to (Bellalta, 2017), utilizing specified factors when configuring an IEEE802.11ax network
can result in effective utilization of both MU-MIMO and OFDMA.. Additionally, the study using math
and simulations demonstrates that MU communications can be secured in big-picture situations. Along
with MU-MIMO and OFDMA, non-continuous channel sharing and link adaptation are assessed to
confirm the performance enhancement of IEEE 802.11ax. The computer outcomes demonstrate this
amendment's unmistakably higher output, improved quality of service (QoS), as well as increased multi-
channel effectiveness (Lin, 2016).

The contributions made by this study are listed below:
» Inorder to analyze IEEE 802.11ax performance, the paper provides an analytical study.

» The efficiency of the system may be impacted by certain parameters. A theoretical study based on
the Markov's chain model derives relationships among performance measures.

» The numerical results are presented to verify the analytical study.

The rest of the paper is ordered as follows: Section 2 describes an overview of IEEE 802.11ax. Section
3 provides the system model. Section 4 gives the numerical results. Lastly, Section 5 provides the
conclusions.

2. OVERVIEW IEEE 802.11ax

IEEE 802.11ax suggests a number of important technologies in reaction to the high-density
implementation situations and the technological and objective criteria.

Some novel transmission and encryption methods are adopted by IEEE 802.11ax. First, the highest
transfer rate could be increased even more by adding 1024-QAM. The IEEE 802.11ax can theoretically
attain a high transfer speed of 9.6 Gbps. Second, dual carrier modulation improves the resilience of
communications in UL transmission as well as outdoor situations. Ultimately, IEEE 802.11ax has
decided to make binary convolutional encoding and low-density parity check mandatory encryption
methods.

A new SC division technique is used for IEEE 802.11ax that is more precise than standard IEEE 802.11.
The 20 GHz frequency is split into 256 subcarriers spacing in IEEE 802.11ax, which is four times as
many as in the original IEEE 802.11. With the help of this novel subcarrier division method, OFDMA
resources can be scheduled more precisely and effectively, further enhancing frequency economy. The
numerous access technique built on OFDMA and MU-MIMO is improved by IEEE 802.11ax to ensure
MU simultaneous propagation in both the frequency and geographic domains. This offers a strong basis
for raising WiFi effectiveness.

Access points and/or stations can send frames on non-continuous channels thanks to the improved
channel boundaries in IEEE 802.11ax, which increases channel usage and completely utilizes the
increased capacity. The improvement of MU-MAC is the most significant change made to IEEE
802.11ax's MAC layer. High-efficiency multiple-access (MU-MAC) technology allows multiple users
to adhere to predetermined access guidelines to send UL data simultaneously (familiar as UL MU-MAC)
or DL data simultaneously (familiar as DL MUMAC) through predetermined network access resources
(i.e. time domain, frequency domain, and space domain resources). MU-MAC includes the MU-MIMO-
based and OFDMA-based multiple access techniques that IEEE 802.11ax debuted.

First, IEEE 802.11ax is the earliest to implement UL MU-MAC for WiFi. Two specific methods are
presented in depth, namely UL MU-MIMO and UL OFDMA. Second, IEEE 802.11ac only allows DL
MU-MIMO for DL MUMAC, whereas IEEE 802.11ax adds DL OFDMA to improve DL concurrent
access.

Additionally, to further increase MAC efficiency, IEEE 802.11ax suggests a cascaded MU MAC that
enables the DL and UL MU transmissions to happen alternately during a transmission chance time
period.
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This part employs the standardization procedure of IEEE 802.11ax as an illustration to make the
comprehension of the IEEE 802.11 standardization process easier. High efficiency WLAN (HEW) is
the designation of the study group (SG) that IEEE 802.11 instantly forms following the introduction of
IEEE 802.11ac in March 2013 (Hew, 2014). A number of characteristics have been verified as the
primary technologies for the next-generation WLANs through thorough debate. The criteria for
standards development (CSD) (IEEE, 2014a) and the PAR (IEEE, 2014b) were the next two significant
papers that HEW finished. While CSD defines the technical criteria standardization process, PAR, one
of the most crucial papers in the standardization procedure, explains the goals and technical standards.
HEW was superseded by the IEEE 802.11 task group (TGax) in March 2014 (IEEE, 2017). This is the
first time, MU and SR were considered the most crucial study paths during the creation of TGax. TGax
made the decision to first create a standard framework document (SFD) (IEEE, 2016) in order to create
the ultimate IEEE 802.11ax revision. SFD is typically used to describe the standard update and specify
which technologies the document should include. SFD's work came to a close at the beginning of 2016,
and the initial version of IEEE 802.11ax was published in March of that same year. Draft 3.0 of IEEE
802.11ax was published in October 2018 (IEEE, 2018). Additionally, IEEE 802.11ax's ultimate form
will be made available in 2019. The timetable for the IEEE 802.11ax standardization procedure is
depicted in Figure 1.

2013 2014 2015 2016 2018 2019
PAR
Space Frame Draft 1 .
Study Group '(I;»?;SUI; BncLUment Draft 1.3 Draft 2 Final 802.11ax

Figure 1. Standardization Process of IEEE 802.11ax.

3. SYSTEM MODEL

We model the performance study of IEEE 802.11ac (Machrouh, 2016) on the Bianchi model, which we
use for the mathematical model of our network. In terms of evaluating WiFi networks and determining
traffic, the model performed remarkably well. We take into account a single AP and a number of STAs
that are close to one another and have similar powers. It is assumed that the STAs and AP always have
packets available for delivery; these packets are then combined. Figure 2 shows single user transmission
for UL and DL. Figure 3 and 4 show DL and UL for multi-user transmissions, respectively.

The MU-RTS frame, which contains details about the STAs and the channel lengths, is a variation of
the trigger frame. The AP only sends to the STAs that have responded, and each STA responds with a
CTS frame. Aggregating ACK packets into a single MU-STAs Block ACK to minimize latency is
another appealing feature.

Access Point / RTS Data
Station

Station / Access CTS BACK
Point

Figure 2. Single User Transmission For UL and DL.
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Figure 3. Multiple User Transmissions for UL.
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Figure 4. Multiple User Transmissions for DL.

A DL transmission begins when the counter of AP backoff hits zero, whereas STAs begin UL
transmissions when their backoff counters also reach zero. The Markov Chain Model can be used to
calculate the likelihood that a station will broadcast and the likelihood that there will be accidents.
Additionally, it is possible to calculate the energy efficiency, which is the amount of energy spent to
transferred data over a given time period.

The drawback is that the AP must collect channel and buffer status data from user units, which could
result in a substantial amount of waste. As a result, there is a trade-off between the waste caused by such

information and the quantity and pace at which it is needed. The two scenarios covered by the
mathematical model are effective transfer and impact.

We describe the transmission probability zand the collision probability Pc using the same Markov Chain
Model in (Karabulut, 2020). z can be written as

" L=2P)(CW +1) + PCW(L—(2P)™)

Pc can be given as
P=1- PCUL_PCDL’ )]

where P” and P™ are collision probabilities for UL and DL transmission, respectively. They can be
expressed as (Lee, 2019)

F’CDL zz'(l—z')N , (3)
@)

-1

P =Nz(1-7)"
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The channel will be occupied if any one of the N nodes transmits a message during a time period.
Consequently, Ps can be given as

P =1-(1-7)". ®)

Ps stands for the probability that a message will be properly transmitted and conveyed, and it can be
written as

N-1

p Nr(l—z’)N . (6)
1-(1-7)

S, the ratio of data sent in a slot time to the typical slot time length, is the normalized system throughput.
It can be depicted as

_ E[payload information transmitted in a slot time]

S : (7)
E[length of slot time]

The operator for the mean value is shown here as E[.]. Then, it could be stated as

s BhRL ®)

T

e

Here, L refer data size. In the instance of a Markov chain, Te is the expected duration of a node and is
written as

T, =(0=R)Tyu +RRT + R A-F)T. ©)

lot

Here, the durations of successful and colliding packet transfer are denoted by Ts and T, respectively,
which can be given as

L
T =Toies + Trrs + Tors + R_ + Tack ? (10)

s
d

T, =Trrs + Toips + Tack - (11)

Here, Trrs, Ters, Tack, Tsiks are request to send (RTS), clear to send (CTS) acknowledgment (ACK),
short inter-frame space (SIFS), times, respectively. Rq refers transmission rate.

4. NUMERICAL RESULTS

In this part, the analytical model is verified, and network performance is examined through numerical
analysis carried out in MATLAB.
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We concentrate primarily on output because it has been significantly improved by the ax change. In our
tests, we selected a base service set with a single entry point and a number of stations that were
distributed at random within one another's broadcast range. We investigate how aggregation affects
speed and emphasize how well different modulation and coding algorithms work when used with
varying channel lengths. We then demonstrate how the number of nodes affects WiFi performance. The
values used for the numerical results are listed in Table 1.

Table 1. Parameter Values Utilized in Numerical Results

Parameters Values
Tars s Tows (HS) 16, 34
RTS, CTS, ACK, L, (bytes) | 26, 20, 14, 6000
R, (Mbps), N 11, 100
CW, mr 32,5

Figure 5 shows the throughput according to the number of STAs. The number of stations is considered
as 50 and the comparison is made. The lower number of stations provides higher throughput as well as
supports more efficient communication. The throughput is decreasing as the number of stations is
increased. Because there will be increased competition and more collisions due to excess packets in the
channel for transmission. Channel bandwidth has been studied. An increase in throughput is observed
with the increase in channel bandwidth.

Figure 6 shows the throughput versus packet size for several key parameters of the standard. The number
of stations is compared between 25 and 100. The lower number of stations provides higher throughput.
Throughput is increased with the increase in the packet size. The usage of channel improves as the
packet length increases.
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Figure 5. Throughput for Different Channel Bandwidth.

|58



/ /

,C/' 16. UBAK, 11 - 12 March 2023, Ankara ,Q'
UBAK UBAK

—+—N=100
——N=75
5t —¥— N=50
N=25

Throughput (Mbps)
w B

[\
T

1

04::' 1 1 Il 1
0 1000 2000 3000 4000 5000 6000
Packet Size

Figure 6. Throughput for Different Packet Size with Different Number of Stations.

5. CONCLUSION

In this paper, we show a numerically validated mathematical model for the IEEE 802.11 ax standard.
The suggested model is validated analytically under saturated circumstances, and the WLAN is assessed
for different network characteristics. Depending on the context of the situation, changing one or more
of these factors can result in significant changes in efficiency.
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OZET: Operasyonel alanda kullamlmakta olan insansiz hava araglarina (IHA) ek olarak IHA lar ile birlikte
kullanilan taktik giidiimlii miihimmatlar da savunma sanayii alaninda giderek dnem kazanmaktadir. Calisma
kapsaminda hem IHA lart hem de taktik giidiimlii miihimmatlar: olusturan alt sistem bilesenleri aciklanmaktadir.
Calismanin asil amact ise [HA lar ile IHA larla birlikte kullamlan taktik giidiimlii mithimmatlarin arasindaki
dijital haberlesme veri baginin ozelliklerine ve parametrelerine yer vererek bir tasarim ve optimizasyon yapmaktir.
Uygulama kisminda tasarim girdi parametreleri olusturulup ve farkli dijital modiilasyon yontemleri segilerek
farkli  veri hizlarinda  tasarimlar  gerceklestirilmektedir. Modiilasyon  yontemlerinden olan QPSK,
hesaplamalardan da anlasilacagi iizere on plana ¢ikmaktadir. Ayni veri hizina sahip diger modiilasyon
yontemlerinden (BPSK, 4-QAM) ise hem bant genisligi kullanim verimi hem de giic kisitlamasi agisindan daha on
plana ¢ikarak avantajint gostermektedir. Optimizasyon asamasinda ise Modefrontier optimizasyon programi
vasitasiyla MOGA (Multi-Objective Genetic Algorithm) optimizasyon algoritmasi kullanilarak 400 farkl en iyi
tasarimlardan meydana gelen bir tasarum kiimesi olugturulmaktadir. Gergeklestirilen tasarim girdi parametreleri
ve modiilasyon yontemi, Modefrontier tarafindan olusturulan tasarim kiimesi icerisinde kendine yer bulmaktadir.
Sonug¢ olarak gerceklestirilen tasarim, optimizasyonla kendini dogrulamaktadir. Bu tarz optimizasyon
programlarimin kullamimu sayesinden hem tasarimda zaman kaybimin hem de olusabilecek maliyetin oniine
gegilecegi tespit edilmektedir.

Anahtar Kelimeler: fha, Taktik Giidiimlii Miihimmat, Veri Bagi, Optimizasyon, Dijital Haberlesme
Data Link Design and Optimization Between Unmanned Aerial Vehicle and Tactical Guided Munition

ABSTRACT: Tactical guided munitions are becoming more significant in the military industry, along with
unmanned aerial vehicles (UAV) utilized in the operational field. The paper explains the subsystem components
of tactical guided bombs and unmanned aerial vehicles (UAVs). The major goal of the project is to design and
optimize a digital communication data link between tactical guided munitions and UAVs using their characteristics
and specifications. By defining design input parameters and selecting various digital modulation techniques,
designs are realized at various data rates in the application portion. As can be seen from the calculations, one of
the modulation methods, QPSK, comes to the fore. It stands out in terms of bandwidth utilization effectiveness and
power restriction when compared to other modulation techniques (BPSK, 4-QAM) with the same data rate. During
the optimization phase, the MOGA (Multi-Objective Genetic Algorithm) optimization algorithm via the
Modefrontier optimization program is used to generate a design set of 400 different best designs. The actualized
design input parameters and modulation technique have a place in the Modefrontier design set. By optimization,
the resulting design confirms its own validity. It is found that both the potential cost increase and design time loss
will be avoided by the usage of such optimization programs.

Keywords: Uav, Tactical Guided Munition, Data Link, Optimization, Digital Communications
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1. INTRODUCTION

Unmanned aerial vehicles (UAV) are finding more and more applications as battery life extends and
electronic flying components become more affordable (sensors, microprocessor, etc). They are used
today in a wide range of industries, including target identification and tracking, surveillance, search and
rescue in hazardous locations, agricultural spraying, traffic tracking and mapping, etc. UAV systems
used for military purposes generally consist of their own subsystems, navigation systems,
communication systems, payloads (various reconnaissance or surveillance cameras, tactical munitions,
various communication relays, moving target indicators), ground control stations, launch-recovery
systems and ground support equipment [1-12].

Tactical guided munitions are increasingly used by UAVs as payloads due to their evolving combat
operational concepts. These munitions often belong to the air-to-air or air-to-ground munition
categories. The tactical guided munitions generally consist of airframe, engine/propulsion, warhead,
fuse, and their own control surfaces [14].

Figure 9. Digital RF Communication on the "Man in the loop™ Concept

Satellite

Double Sided BLOS
ta Link
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Tactical guided munitions and UAVs with precision strike capability are crucial to winning due to
shifting war conceptions and evolving technology. These tactical guided weapons give UAVS an
advantage in terms of combat capability.

In this situation, the RF data link communication system between tactical guided munitions and UAVs
has turned into a requirement for the UAVs to successfully complete their missions with tactical
munitions and in order to improve the effectiveness of the munitions. These systems, called the "man in
the loop" concept, will undoubtedly be used more and more in the future [13].

Depending on whether the data link has line of sight or not, there are two possible sub-branches for how
it might be used. By having a line of sight, UAVs might communicate with mission planning and control
centers directly (LOS). Alternatively, UAVs can use the beyond line of sight (BLOS) concept to connect
with mission planning and control stations via satellites [15].

The UAYV and tactical guided munitions are connected by digital communication technologies. And in
these systems, digital modulation techniques are employed. The fundamental idea behind digital
modulation is to alter the properties of the analog sinusoidal carrier signal that will be used to
superimpose the digital information or message signal. The analog sinusoidal carrier signal in issue can
have variations in amplitude, phase, frequency, or even both. The transmission channel's condition
affects these distinguishing characteristics [16,17].
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Table 1. General Modulation Types

# Digital Modulation Analog Modulation Pulse Modulation
Channel Space/Air Space/Air Baseband
Carrier Signal Sinusoidal Sinusoidal Pulse
Message Signal Digital Analog Digital/Analog
ASK, FSK, PSK, QAM, AM, FM, PM PCM, PAM, PWN,
Instance Types M-ary PPM

Superior features of digital modulation over analog modulation;
« Information capacity is greater.
« Good compatibility with digital data services.
« Data security is higher than analog modulation.
It provides better quality communication.
« It is more immune to noise.
»  Provides easier multiplexing.

Factors such as free space path loss effect, multipath effect, doppler effect, atmospheric refraction effect,
communication channel noise effect and munition exhaust (plume) attenuation effect reduce the digital
communication quality of the data link between the UAV and tactical guided munitions [16].

2. METHODS
2.1. Data Link Design

There is a bilateral TDM digital communication data link between the UAV and tactical guided
munition. Identical data link modules provide this two-way communication. The general technical
specifications of the data link modules that are planned to be used in the design are given in

Table 2.

Table 2. The General Technical Specifications of The Data Link Modules
Adjustable Frequency Range 2 GHz - 6 GHz
Adjustable RF Output Power 0 - 15 Watt

BPSK, QPSK, Octal-PSK, Quad-QAM, 16-QAM, 32-
QAM, 64-QAM, BFSK and MSK/GMSK

Available Modulation Options

Source Coding Options Run-Length, Huffman, Lempel- Ziv

Channel Encoding Options (FEC) Reed Solomon, Hamming, Convolutional, Turbo
Line Encoding Options NRZ-L, NRZ-S, NRZ-M

RF Sensitivity -95dBm

One of the main factors affecting the performance quality of communication systems is the ratio of the
power of the signal reaching the receiver to the noise it is exposed to. In other words, it is the C/N
(Carrier Signal Power / Thermal Noise Power) value, which is the digital communication equivalent of
the SNR (Signal power to Noise power ratio). In current digital communication systems, the receiver of
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each system has its own characteristic C/N link margin value. This link margin value is the difference
between the C/N value that comes to the receiver instantly and the C/N value needed for healthy and
quality communication. This value has been given hypothetically within the scope of the study [19,20].

Link Margin = Obtained < — Needed < (2.1)
N N | 64
NeededZt = Needed< + 2% (2.2)
Ny N  BR
Needed < = Needed 22 — 2~ (2.3)
N No BR
Where BW: Bandwidth, using equation 2.1 and equation 2.3, equation 2.4 is obtained.
Link Margin = Obtained > — Needed =2 + 2% (2.4)
N No BR
If equation 2.4 is taken as logarithmic, equation 2.5 is obtained.
Link Margin(dB) = Obtained% (dB) — Neededi—” + (BW(dB) — BR(dB)) (2.5)
0
BR(dB) = Obtained% (dB) — Needed z—b — BW(dB) — Link Margin(dB) (2.6)
0

Equation 2.6 shows how to obtain the data rate logarithmically from the obtained signal/noise, the
needed Eu/No, the given bandwidth and the link margin of the receiver. C/N in Equation 2.6 is obtained
as a result of the following equations:

Efective Isotropic Radiated Power (EIRP) = Transmitter Output Power (dBm) +

Transmitter Antenna Gain (dB) — Transmitter Cable/Connector Losses (dBm) 2.7
FSPL (Free Space Path Loss)dB = 32.5 + 20log(Range) + 20 log(Frequency) (2.8)
C = EIRP — FSPL + Receive Side Antenna Gain (dB) + LNA Gain (dB) —

Antenna Polarization Losses — Receive Side Cable — Connector Losses (2.9)

The free space path loss value is subtracted from the effective isotropic radiated signal power provided
by the transmitter. In addition to cable and connector losses on the receiver side, losses caused by factors
such as rain and snow are subtracted from the obtained value. Then, the receiver side antenna gain and
RF amplifier value are added to the obtained value. The value obtained as a result of these operations
will be carrier signal power (C). In addition, the channel thermal noise value (N) is obtained from
equation 2.10.

N=k.Te.BW (2.10)

Where, N: Thermal Noise Power, k: Boltzmann Constant, Te: Effective Noise Temperature in Kelvin,
BW: Bandwidth Used [19,20].
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Table 3. BER and Needed Eb/ No Formulas According to Modulation Methods

MO.?.;ISgion BER Formula Needed En/No Formula
BPSK 1 E, ,
2P5K) BER = (E) Lerfe \/N:o) (erfcinv(2. BER))?
QPSK BER = (= By inv(2.BER))?
(4-PSK) = (E) .erfc( N—O) (erfcinv(2. )
Octal-PSK N f3.Eb .o ) . T,
(8-PSK) BER = (§> cerfe( N_o .51n(§)) ((erfcmv(B.BER)/sm(g)) /3
(M — PSK) BER = (1) erfc( k- By sin(—)) ((erfeinv(k. BER) /sin(x=))? [k
k) N, T M ' M
QAM (2 1 3.2.E ,
aomvy | BER= (5).(1 g erfel [ (erfcinv(2. BER))?
Octal-QAM (2 1 3.3.E, __6.BER__, i
(8-QAM) BER = (§>'(1 _ﬁ) erfc( 2.(7).N0) (erfcmv(4_ \/f)) / 12
Octal-QAM (2 1 3.4.E, __6.BER__, i
ae-0am) | CER= (Z ) A= erfe Iz. 15N, (erfeinv(— 50" 13
(2 1 ’ 3.5.E, _ 54/32.BER __, 15
32-QAM BER = (g).(l _E) erfc( —2.(31).1\[0) (erfcmv(—z V52 1)))2/ o
2 1 3.6.E 18.BER 1
64-QAM | BER = (g)-(l ~ = erfel fﬁ) (erfeino(——)?/ =
AEE (erf cinv(—k' VM. BER ))?
M-QAM | (3) (=Y erfe |—3kBo 2-(1—§/Iz)
k VM 2.(M = 1).N, / R
Bk — (L) o2k (—2).In(2. BER)
(Noncoherent) BER = (E)'e o e
MSK, GMSK 1 2VIn2).E 2,/In(2
(Noncoherent) BER = (E) erfe( ( 3T.lN0) b) (erfeinv(2. BER))*/ ;( :
k= log,M | “k” is the number of bits per symbol, “M” is the symbol level
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Parameter Explanation Value Unit
Frequency Operating Frequency 2200 MHz
Power_Tx Transmitter Module RF Output Power 10 Watt
Gain_Tx Gain of Transmitter Antenna 8 dBi
Loss Tx Transmitter Side Cable and Connector 175 dB
- Losses
Source Coding Not Available - -
. Selected Coding Method Convolutional
Channel Coding Coding 2 dB
Line Coding NRZ-L - -
BW Available Bandwidth of the Communication 10 MH3z
Channel
CIN_Link Margin Receiver's Characteristic C/N Link Margin 85 4B
Value
Gain_Rx Gain of Receiver Antenna 8 dBi
Loss_Rx Receiver Side Cable and Connector Losses 2.5 dB
Pol_Loss Polarization Losses Due to Antennas 0 dB
LNA Low Noise Amplifier on The Receiving Side 0.5 dB
. Ambient Losses Due to Effects Such as
Ambient_Loss Snow, Rain 0.6 dB
Te Effective Noise Temperature in Kelvin 290 Kelvin
BER Bit Error Rate 10° -
Range_Km Maximum Distance Bet_ween Transmitter 100 Km
and Receiver

As shown in Table 4, the input parameters are given for the TDM data link design between the UAV
and tactical guided munition. The reason for choosing the bit error rate of 10° is that the currently
accepted value for healthy and quality communication in the receivers of digital communication systems
is 10°®.

The reason why the maximum distance between the transmitter and the receiver, in other words the

maximum distance between the UAV and tactical guided munition is 100 Km, is the concern of not
losing the line of sight between the UAV and the munition.

In the framework of the design, the antenna of both the UAV and the munition are considered identical,
thus ignoring the polarization losses.

In addition, the LNA value has been ignored and near zero dB has been accepted. The reason for this is
that amplifiers are not generally used in duplexer communication systems.

2.2. Optimization

Within the context of the study, optimization is carried out using the ModeFrontier application, which
IS a design optimization platform that can interact with a wide range of other programs (Microsoft Excel,
LabVIEW, MATLAB Script, JavaScript, Python, CATIA V5, NX, SolidWorks, etc.).
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Figure 10. Workflow of the Optimization
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The program consists of exactly three parts. The first part is "Workflow Editor", the second part is "Run
Analysis" and the third part is "Design Space". As shown in Figure 10, the MATLAB code consisting
of equations is embedded in the optimization program. Then, each input parameter and output parameter
are defined with their limits and purposes. Additionally, as shown, "SOBOL" has been chosen as the
design of experiment algorithm and "MOGA (Multi — Objective Genetic Optimization Algorithm)™ has
been chosen as the optimization algorithm of the program [21,22].

The DOE technique chooses the optimal set of design input parameters to maximize the effectiveness
of the selected optimization procedure. In contrast to conventional methodologies that alter one input
parameter at a time, the DOE approach offers the opportunity to adjust many input parameters
simultaneously. The "Sobol DOE Algorithm," one of the effective gap-filling DOE algorithm strategies
based on pseudo-random number generator, is employed in the thesis, as depicted in Figure 11.

Figure 11. DOE Options
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In terms of their general use, optimization algorithms' fundamental goal is to select the optimal design
alternatives in accordance with particular restrictions and objectives. Iterative comparison of the
currently defined options until the best answer is identified is the fundamental tenet of optimization
algorithms. Because MOGA requires a defined population rather than a single starting point, works with
parameter sets rather than the parameters themselves, generates faster and more accurate solutions, and
only works with itself rather than the derivative of the objective function, it is superior to other
deterministic algorithms. While the general features of the MOGA optimization algorithm are given in
Table 5, the values of the input parameters are given in Table 6 [21,22].

Table 5. Optimization Algorithm Parameters

Parameter Value

Number of Generation 20
Probability of Selection 0.05

|67



/

/

O 16. UBAK, 11 - 12 March 2023, Ankara O
UBAK UBAK
Parameter Value
Probability of Directional Cross-Over 05
Probability of Mutation 0.1
DNA String Ration 0.05
Table 6. Workflow Input Parameters
- Variable Lower Upper
Parameter Explanation Type Sl Eo
Frequency Operating Frequency Variable 2.000 MHz 6.000 MHz
Power_Tx Transmitter Module RF Output Variable 1 Watt 15 Watt
- Power
Gain_Tx Gain of Transmitter Antenna Variable 1 dBi 15 dBi
Transmitter Side Cable and :
Loss Tx Connector Losses Variable 1dB 10dB
Available Bandwidth of the :

2 Communication Channel VAT LS 2Ll 15 Mg
Gain_Rx Gain of Receiver Antenna Variable 1 dBi 15 dBi
Loss Rx REEVEL SO CENDE Variable 1dB 10dB

- Connector Losses
Maximum Distance Between :

Range_Km Transmitter and Receiver Variable 1 Km 1000 Km

LNA Low Noise AmplifieronThe | 0o 0.5dB

Receiving Side
Te Effective Noise T_emperature in SO 290 Kelvin
Kelvin

BER Bit Error Rate Constant 10°

C/N _Link Receiver's Characteristic C/N
Margin Link Margin Value B 8.5dB

3. RESULTS AND DISCUSSION
3.1. Data Link Design Results

These given input parameters have been calculated by means of the MATLAB calculation code which
is occurred by the above equations and the output parameters shown in Table 7 below has been obtained.

Of course, data rate values are very important here.

Table 7. Calculated Output Parameters

# Modulation Type Data Rate (Mbps) Needed En/No (dB)
1 BPSK 7.4971 10.5298
2 QPSK 7.4971 10.5298
3 8-PSK 3.4113 13.9495
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# Modulation Type Data Rate (Mbps) Needed Ev/No (dB)
4 4-QAM 7.4971 10.5298
5 8-QAM 4.8812 12.3934
6 16-QAM 3.0740 14.4017
7 32-QAM 1.8806 16.5359
8 64-QAM 1.1273 18.7584
9 2-FSK 3.2273 14.1904
10 MSK, GMSK 41612 13.0866

As it could be understood from the calculations, the data rate is very important in a communication with
a fixed bit error rate and bandwidth. As shown in Table 7, the data rate values obtained from BPSK,
QPSK and 4-QAM modulation methods are quite high and the required Es/No values are quite low as
desired.

3.2. Optimization Results

As shown in Error! Reference source not found., 334 of 400 designs are feasible, while 66 of them
are unfeasible.

Figure 12. Number of Feasible and Unfeasible Designs After Optimization

st [ 500]

While the Sobol algorithm was preferred in the experimental design, the Multi-Purpose Genetic
Optimization Algorithm (MOGA) was preferred as the optimization algorithm. In addition, the first
eight modulations with high data rate values shown in Table 7 were preferred and optimization was
carried out. The design results and DOE (Experimental Design) results obtained as a result of the
optimization are available and displayed in the Modefrontier program.
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Figure 13. History Graphics of BPSK, QPSK, QAM Modulation in The Design Table
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Figure 13 shows the places in the design set of the three modulation methods (BPSK, QPSK, 4-QAM)
with the best data rate values from the 400 best design sets obtained.

4. CONCLUSION

The calculations show that, in comparison to other modulation methods, the data rate value achieved
from BPSK, QPSK, and 4-QAM modulation methods is the highest and the desired Eb/NO value is the
lowest. These three modulation techniques have come to the forefront because of the high data rate
values and low needed En/No values.

Even though the data rates for these three widely used modulation techniques are same, QPSK is seen
to be better than BPSK since it makes use of more symbols while using the bandwidth. Moreover, QPSK
is more effective than 4-QAM in terms of power restriction since only phase switching requires energy
in QPSK, but both amplitude and phase switching do in 4-QAM.

Also, the output data rate values according to eight different digital modulation methods obtained as a
result of the design input parameters and calculations determined in the design framework are within
the design limits obtained as a result of the optimization program. In this way, both design and
optimization confirm each other.

Another inference obtained as a result of the thesis is that the use of such optimization programs both
saves time for different engineering disciplines and prevents possible errors in the design process.
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OZET: Giinliik hayatta kullamilan her tiir plastigin kullanmilmaya basladigi andan itibarencevreye cok kiigiik
boyutlardaki parcaciklart olan mikroplastik (1 um<MP<5mm) ve nanoplastikleri (I nm<NP<I um)
saldigibilinmektedir. Global ol¢ekte yapilmis aragtirmalar, cevredemeydana gelen mikroplastik kirliligine sentetik
tekstil liflerinin katkisinin oldukga fazla oldugunu ortaya koymaktadwr. Her yil 200.000 ila 500.000 ton arast
sentetik tekstil kaynakli mikroplastik (polyester, polyamid, akrilik gibi) kiiresel deniz ortanina girmektedir.Sentetik
mikrofiber (SMF) olarak da tanimlayabilecegimiz sentetik tekstil lif dokiintiileri deniz, kara ve hava ortamlarinda,
kisaca her ortamda tespit edilmis durumdaduwr. Yalnizca basit bir yeme i¢me islemi sirasinda bile, havadan ¢okelen
MP'lerin yutulmas: yilda milyonlarca adete ulasabilir. Insanlarin kullandigi sentetik kiyafet veya sentetik ev
tekstiline baglh olarak bu oran, dis mekanlara nazaran I¢ mekanlardadaha fazladir. Bir tekstil iiriiniinden etrafa
dékiilecek MF miktary iiriinde kullanilan sentetik tekstil tiriiniiniin dokuma sekline ve kullanilan sentetik malzeme
oranlarina gore degisiklik gosterebiliv. Bu calismada piyasada yaygin olarak kullanmilan farkli polimer
malzemeden iiretilmiy iplik tiirlerinin sentetik SMF salim oranlart incelenmistir. Arastimalarda kullanilan ipler
mikroskop altinda incelendikten sonra kimyasal yapilari da belirlenmistir. Polyester, polyamid, akrilik,
polipropilen ve poliiiretan tiirevi malzemelerden yapilmis oldugu belirlenen bu iplik iiriinleri tizerinde bir
iklimlendirme kabini icerisinde kontrollii sartlarda yaglandirma testleri yapilmistir. Yaslandirma testleri
neticesinde belli periyotlarda alinan numunelerin SMF salim potansiyeli incelenmistir. Inceleme islemlerinde, son
zamanlarda mikroplastik incelemede kullamsly oldugu anlasilan Nil fkirmizisi boyama Floresan teknigi
kullanmilnustir. Elde edilen sonuglar kullamlan iplerin formunun ve yapisal ozelliklerinin mikroplastik saliminda
onemli oldugunu gostermistir.

Anahtar Kelimeler: Salinim, Sentetik yiin, Tekstil, Iplik, Mikroplastik, Mikrofiber, Akrilik.
Investigation of Microplastic Release from Synthetic Wool and Yarns

It is known that all kinds of plastics used in daily life have released microplastics (I um<MP<5mm) and
nanoplastics (I nm<NP<I um), which are tiny particles, into the environment since they are used. Studies
conducted on a global scale reveal that the contribution of synthetic textile fibers to microplastic pollution in the
environment is quite high. Every year, between 200,000 and 500,000 tons of synthetic textile-derived microplastics
(such as polyester, polyamide, and acrylic) enter the global marine environment. Synthetic textile fiber waste,
which we can also define as synthetic microfiber (SMF), has been detected in sea, land and air environments, in
short, in every environment. Ingestion of airborne MPs can amount to millions per year, even during just a simple
eating and drinking process. Depending on the synthetic clothing or synthetic home textile people use, this rate is
higher indoors than outdoors. In this study, aging tests were carried out under controlled conditions in a
weathering chamber on yarns determined to be made of polyamide, acrylic, and polypropylene derivative
materials. The microplastic release potential of the samples taken as a result of aging tests was examined. Nile
red staining Fluorescence analysis technique was used in the analysis, which has recently been found to be useful
in the microplastic examination. The obtained results showed that the form and structural properties of the yarn
used can be highly effective in the release of microplastics.

Keywords: Synthetic wool, Textile, Yarn, Microplastic, Microfiber, Acrylic.
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GIRIS

Global 6lgekte plastik kullamm oram yaklasik 70 yildir katlanarak artmaktadir. Iginde bulundugumuz
jeolojik donem olan Antroposen donemi Plastisen donemi (Plastik Cag) olarak da adlandirilmaktadir
(Haram vd., 2022). 1907'de baslayan Plastisen, 1950' lerden bu yana yiikselisle devam etmektedir. Bu
cagda, liretim ve bununla dogru orantil1 sekilde tiiketim, plastige bagimli bir duruma gelmistir, plastiksiz
bir yasam neredeyse imkansiz goriinmektedir. Ozellikle son yillarda gevre kirliligine sebep olan atiklarin
biiyiilk oranda plastik atiklardan olustugu bilinmektedir. Kayaglar1 inceleyen ve maalesef jeolojik
yapinin igerisinde bir ¢ok plastik tiireviyle karsilagan bilim insanlar1 bu kayalar1 Plastiglomera olarak

isimlendirmeye baglamistir. Sekil 1’de Plastisen'e 6zgii yeni olusumlarin ornekleri goriilmektedir
(Rangel-Buitrago vd., 2022).

. LA e :
Sekil 1. Plastiglomera seklinde tanimlanan kaya 6rnegi (Rangel-Buitrago vd., 2022)

Oyle ki bu durum yalmzca kayaglarla simirli degildir. Tarim yapilan topraklarda, derin okyanus
sedimentlerinde ve uzay da dahil olmak {izere insanligin ulastigi her yerde plastik atiklara
rastlanmaktadir (Napper vd., 2023). Cevreye bilerek veya kazayla atilmis atiklar, ortamlarda
bozunmadan kalarak, birikebilmektedir. Bu atiklarin, pargalanarak mikro ve nanoplastiklere doniigsmesi
ve icerigindeki toksik kimyasallarin (agir metaller, Bisfenol-A, ftalatlar, Per ve poli-floro-alkiller,
pestisitler, kalict organik kirleticiler) sizmasi sebebiyle su-toprak-hava kalitesi ve bu ortamlardaki
yasam giinden giine bozulmaktadir (Bank vd., 2023).

Gilinlimiizde tekstil ve moda endiistrisinde kullanilan malzemelere dikkat edildiginde biiyiik
cogunlugunun sentetik polimerlerden yani plastiklerden olustugu anlasilmaktadir. Kiyafetlerde 6zellikle
polyester, polyamid, akrilik, polipropilen malzemelerden iiretilen sentetik tekstil iirtinlerinin kullanimi
oldukg¢a yaygindir. Yalmzca bununla kalmayip, ev tekstilinde ve diger bir ¢ok alanda kullanim igin
iiretilen {irlinlerde de sentetik tekstil malzemelerinin kullanimi s6z konusudur. Kullanilan tekstil
iiriinlerinin kullanim émrii dolduktan sonra veya 6mrii dolmasa bile firmalarin ticari kaygilari sebebiyle
atik haline gelmekte ve bertaraf ihtiyact dogmaktadir. Bu da, yiizyillarca ¢evrede bozunmadan kalan
plastiklerin ¢cok hizli bir sekilde dogaya ve kaderine birakilmasi ve birikmesi anlamina gelmektedir.
Ciinkii tekstil endiistrisinde kullamlan hammaddeler agirlikli olarak sentetik polimerlerden
olusmaktadir.

fgililer tekstil atiklarmin bertarafina ¢dziim arayisi icerisindedir. Bu kapsamda, yerlesimden uzak
bolgelere atik transferi ile tekstil atiklarina ¢oziim sagladigim diisiinen firmalar bulunmaktadir. Ornegin,
Sili'deki diinyanin en kurak ¢6lii olan Atacama ¢6lii, hizli modanin neden oldugu kirlilikten giderek daha
fazla zarar gormektedir (Sekil 2). Maalesef tekstil ve moda endiistrisinden kaynaklanan atiklar, global
problem olan iklim degisikligi krizine de bilyiik katkida bulunmaktadir.
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Sekil 2. Sili'de (Iquique) Atacama Colii'ne atilmig kullanilmusg giysiler (Martin Bernetti/AFP)

Sentetik tekstil {irinlerinden kaynaklanan atiklar incelendiginde, kullamlan elyaftan kopan-salinan
liflere kadar gok farkli ebatlarda ve tiplerde plastik pargalarina rastlanmaktadir. Sentetik tekstil liflerinin
en 6nemli kaynaklarinin baginda ¢amasir yikama sulart gelmektedir (Cesa vd., 2017; Carney Almroth
vd., 2018; Dris vd., 2016). Diinyada bir¢ok iilkede, yikama atiksulari kanalizasyon sistemleri araciligiyla
eninde sonunda atiksu aritma tesislerine ulagmaktadir. Kanalizasyon atik suyunda mikroplastiklerin
salinmasimi dikkate alan arastirmalar, mikroplastik parcaciklarin % 70-99' unun c¢amurda
tutulabilecegini gostermektedir (Bilgin vd., 2020; Cydzik-Kwiatkowska vd., 2022; Talvitie vd.,.2017).

Bununla birlikte, desarj edilecek olan aritilmis atiksularda da giderilmemis mikroplastik liflerin kalacag
asikardir. Bununla ilgili olarak saatte 1770 partikiiliin (veya yaklasik 0,009 partikiil/L) tizerindeki
seviyelerdeki mikroplastikler rapor edilmistir (Magnusson ve Norén 2014). Bu liflerin dogrudan sucul
sistemlere (Dris vd., 2015) ve camurun serilmesi yoluyla karasal sistemlere ulastigi bilinmektedir
(Habib ve ark. 1998) .

Ingiltere’ de yapilmis bir calismada, polyester, polyester-pamuk karistmi ve akrilikten iiretilmis
kumaglardan salinan mikroplastik lifler incelenmis ve sonuglar 6 kg camagir yikandiginda salinan lif
sayistnin 700.000'den fazla olabilecegini gostermistir (Napper ve Thompson 2016). Sekil 3’ te,
¢aligmada kullandiklar orijinal giysilere ait goriintiiler verilmistir. Her biri polyester-pamuk karigimu,
polyester ve akrilikten yapilmus farkli bir kumagsi temsil eden kiyafetler ve her bir kumastan tipik bir
elyafin taramali elektron mikroskobu (SEM) goriintiileri (2500 x biiyiitme) bulunmaktadir. Yikama
sirasinda salinan liflerin ortalama boyutlart ve her yikama sirasinda kumastan salinan tahmini miktarlar
(6 kg'lik tipik bir yikama yiikil varsayilarak) verilmistir. Buna gore, polyester-pamuk karisiminin bir
yikama ylikiiniin (6 kg) 137.951 lif, polyesterin potansiyel olarak 496.030 ve akrilik 728.789 lif saldig1
tahmin edilmistir. Sonug olarak bu c¢alisma, giysi yapiminda yaygin olarak kullanilan ii¢ kumastan
(polyester, polyester-pamuk karigimi ve akrilik) tekstil liflerinin salinimini incelemis ve 6 kg sentetik
malzemenin yikanmasinin, yikama basina 137.951-728.789 lif ag18a ¢ikarabilecegini gostermistir. Bu
nedenle, giysiler yikandiginda salinan ¢ok sayida elyafin, ¢evredeki mikroplastik kontaminasyonuna
onemli bir katki yapmasi s6z konusudur (Napper ve Thompson 2016). Sentetik mikroliflerin, bu tiir
plastik lifleri (polyester) yuttuklart bilinen Daphnia magna gibi organizmalar {izerinde de olumsuz
etkilerinin bulundugu ve sonug olarak 6liim oraninin arttig1 bilinmektedir (Jemec vd., 2016).
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Sekil 3. Farkli bir kumasi temsil eden kiyafetler ve sentetik mikroliflerine ait SEM goriintiileri

Bir tekstil {irlinlinden etrafa dokiilecek pargacik miktar iiriinde kullanilan sentetik tekstil {irliniiniin
dokuma sekline ve kullamlan sentetik malzeme Ozelliklerine gore degisiklik gosterebilmektedir. Bu
calismada yaygin satisi olan ve 6rgii yapilarak kullanilan ipliklerden salinan mikroplastik miktar ve
Ozellikleri ortaya konmaya ¢alisilmustir.

MATERYAL VE METOT

Numune olarak piyasada satilan farkli polimer malzemeden iiretilmis iplikler satin alinarak bu iplik
tiirlerinin sentetik mikroplastik salim oranlar1 incelenmistir. Arastirmalarda kullamlan iplikler 6ncelikle
mikroskop altinda incelendikten sonra ATR-FT-IR analizi ile kimyasal yapilar1 belirlenmistir. Daha
sonrasinda ise kontrollii yaslandirma islemleri uygulanarak her bir ipin ayr1 ayr1 mikroplastik salim
potansiyeli arastirlmustir. incelenen iplere ait olarak etiketlerinde belirtilen polimer bilgisi Tablo 1° de
gosterilmistir.

Tablo 1. incelenen ip gesitleri

Ip-1 %100 Polipropilen

Ip-2 %100 Mikro Akrilik

Ip-3 %2100 Akrilik

Ip-4 %50 Akrilik-%50 Polyamid

Calismalarda kullanilan iplikler 1 m 6l¢iilerek dikkatlice kesilmis ve uglardaki kalmti liflerin yapilacak
salim deneylerini bozmamasi i¢in kesme yapildiktan sonra en uglarda kalan dokiintiiler alinmistir. Daha
sonra numuneler, deterjanla yikanmis ve ultra saf sudan gegirilmis olan cam beherlerin igerisine
yerlestirilmigtir. Deneyler {izerinde herhangi bir kontaminasyonu oOnlemek igin, ekstraksiyon
islemlerinde kullanilan ultra safsu, H202 ve Nil kirmizisi ¢ozeltisi gibi tiim ¢ozeltiler 0.45 pm seliiloz
filtre kagidindan siiziilmiistiir. Numunelere belli sicaklik, 15tk ve nem (60 °C, %80 nem, 10.000 lux)
degerlerinde 40 giin eskitme islemi uygulandiktan sonra mikroplastik miktarlar1 incelenmistir.

Bu incelemelerde makas kullanilarak 1m uzunluklarinda kesilen ve yaslandirma kabininde muamele
edilen ip numuneleri, bekleme siiresi sonrasinda alinarak iizerine, 0.45 um pore ¢apa sahip seliiloz asetat
filtre kagidindan siiziilmiis olan ultra saf su eklenmistir. Daha sonra 5 mL H202 (%30’1uk) eklenerek
calkalayicida 150 rpm’de 60 dakika boyunca ¢alkalanmis ve 8 saat bekletildikten sonra bir cam elyaf
filtre kagidi iizerine filtre edilerek lipofilik bir boya olan Nil kirnmzis1 boyama metoduna uygun sekilde
(Shim vd., 2016) boyanip, Floresan mikroskop altinda incelenmistir.
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BULGULAR

Aragtirmada kullamlan ip numunelerinin mikroskop altindaki goriintiileri ¢ekilmis ve
kimyasal yapi analizleri yapilmustir. Iplere ait goriintiiler Sekil 4” te verilmistir.

. | 76
Ip 1: %100 Polipropilen

Kalinlik:1 575,226 um
(magn. 4x)

_‘I O(Fum_

Ip 2: %100 Mikro
Akrilik

Kalinlk:1 763,67 um
(magn. 4x)

1000 um

-

Ip 3: %100 Akrilik
Kalmmlk:1 447,626 pm

(magn. 4x) .

1000 um

7|

Ip 4: %50 Akrilik %50
Polyamid

Kalinlk: 1469,633 pm

(magn. 4x)

Sekil 4. Ip numunelerine ait goriintiiler

hcelenen ip numuneleri tuhafiyelerde satilan tamamiyle sentetik malzemelerden {iretilmis iplerdendir.
Iplerin kalinliklan yaklagik 1,5 mm civarindadir. Mikro akrilik yapisindaki ip, incelenenler arasindaki
en hacimli olandir.

Aragtirmalarda kullamilan ip numunleri {izerinde yapilan ATR-FT-IR analizleri sonucunda elde edilen
spektralara ait bazi 6rnekler asagida Sekil 5’te sirasiyla verilmistir.
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Sekil 5. Iplerin ATR-FT-IR analizleri

Spektrada kirmizi incelenen 6rnegi, mavi ise kiitliphane eslesmesini gdstermektedir. Elde edilen
sonuglar, iirlinlerin etiketinde belirtilen bilgilerle uyumludur.
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BULGULAR VE SONUC

Calismada kullanilan iplerde genel goriiniis itibariyle polipropilen ip tiftiksiz, diger ipler ise tiftikli bir
goriiniime sahipti. Ancak mikroskobik goriintiileme sonucunda elde edilen goriintiilerden, polipropilen
iplikten ve yari yanya akrilik-polyamid kansimi olan iplikten, uzun filament yapisinda (eni kalin ve
dairesel) dokiintiilerin olustugu, akrilik iplik tiirlerinden ise daha ¢ok ince liflerle minik dokiintiilerin
olustugu anlagilmaktadir. Boyama sonrasi incelenen mikroplastikler sekillerine gore parcacik, film ve
lif olmak {izere simiflandirilmustir.

Numune 1: %100 Polipropilen ip

Numune 2: %100 Mikro Akrilik ip

Numune 4: %50 Akrilik-%50 Polyamid ip

Sekil 6. Nil kirmizist ile boyama-Floresan analizi teknigi ile elde edilen MP goriintiileri

Yapilan bir ¢alismada (Carney Almroth vd., 2018), farkli 6l¢ii ve teknikler kullanilarak Oriilmiis ti¢
malzeme (akrilik, naylon, polyester) igin sentetik tekstillerden dokiilen mikro elyaf miktari olgtilmiistiir
ve tiim bu kullanilan plastik kaynakli tekstillerin lif doktiigii tespit edilmistir. Ancak polyester yiinlii
kumaslarin, 87 lif/m?/L™* tiiy doken polyester kumaslarla karsilastinldiginda, bir yikamada ortalama
7360 liffm%/L™ ile en biiyiik miktarlar1 doktiigii ortaya konulmustur. Gevsek tekstil yapilarinin, asinmus
kumaglarda oldugu gibi daha fazla tity doktiigii ve tily dokiimiinii azaltmak i¢in yiiksek biikiimlii
ipliklerin tercih edilmesi gerektigi bildirilmistir. Giysilerden elde edilen elyaf, potansiyel olarak 6nemli
bir mikroplastik kaynag oldugundan, daha akilli tekstil yapimi, iiretim alanlarinda 6n yikama ve
vakumla bosaltma ve ev tipi camasir makinelerinde daha verimli filtrelerin kullanilmasinin bu sorunu
hafifletmeye yardimci olabilecegi 6nerilmektedir.
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Sekil 7. Iplerden salinan MP miktar

12000

Sentetik polimerlerden imal edilmis olan iplerin incelendigi bu arastirma sonuclarma gore (Sekil 7 ve
Tablo 5), %100 polipropilen ipten ortalama 7666 adet, %50 akrilik-%50 polyamid karisimi olan ipten
8413 adet, %100 akrilik ipten 10093 adet ve %100 mikro akrilik ipten ise 11370 adet mikroplastik

salimi gerceklesmistir.

Tablo 2. Iplerdeki Mikroplastikler

MP salim (adet/1m)

ip6 Pargacik Film Lif Toplam

ort 3714,66667 3093,33333 858,666667 7666,66667
medyan 3000 2800 800 7400
Sta.sapma 2031,57676 1684,69528 669,629452 2634,86619
ip7 Parcacik Film Lif Toplam

ort 7380 3600 390 11370
medyan 6750 3600 9900
Sta.sapma  3226,2207 2417,34802 534,255156 5243,62879
ip8 Pargacik Film Lif Toplam

ort 5853,33333 3075,55556 1164,44444 10093,3333
medyan 4200 2800 800 8200
Sta.sapma 5026,65256 1808,48879 1195,71436 5796,87634
ip9 Pargacik Film Lif Toplam

ort 4453,33333 1573,33333 2386,66667 8413,33333
medyan 3200 1200 1000 6000
Sta. sapma 3976,11258 1794,80732 2679,13179 6504,73214

mini graf

Nil kirmizisi ile boyama-Floresan analizi teknigi ile incelenen numune sonuglarina gére mikro akrilik
ipten salinan pargacik miktari, digerlerine oranla en fazla olup fiber (lif) orani ise en azdir. % 50akrilik -
%50 polyamid karigimu iplikten ise lif salimm en fazladir ve Sekil 6 sol en altindaki fotografta goriildiigii
gibi lif formunda olanlar PA6 yani naylon fiberlerdir. En az parcacik yapisi ise polipropilen iplikten
kaynaklanan mikroplastiklerde goriilmiistiir (Sekil 8).
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Sekil 8. Iplerden salinan parcacik, film ve lif formundaki MP oranlar

Calismadan elde edilen tiim bulgular, tekstil tiriinlerinden kaynaklanacak sentetik mikroplastik liflerin
miktar ve 6zelliklerinin (biiytlikliik, sekil, yapi, tip) kullamlan tekstil tiiriine son derece bagli oldugunu
gostermektedir.

Bununla beraber, tekstil endiistrisinde 6zellikle 2006’ dan bu yana “Yavas Moda” terimi popiilerlesmeye
baglamistir. Yavas Moda-slow fashion, glinlimiizdeki ¢ok hizli degisen moda akimlarina, egilimlerine
ve hizli Gretime karst dogmus bir yavas hareketidir. Tamimlar irdelendiginde, plastikler gibi sentetik
malzemeleri yogun bir sekilde kullanarak yavas moda, yani dogaya saygili bir tiiketim maalesef
miimkiin gorlinmemektedir (Musova vd., 2021).
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OZET: Magnezyum alasimlarinin yogunlugunun diisiik olmasi, islenebilirliginin kolay olmasi, hafif olmast gibi
nedenler miihendislik ve tasarum alanlarinda oldukga fazla kullanim alani bulmasina neden olmaktadwr [1,2].
Ozellikle sulu ¢ozeltilere ve deniz tuzuna maruz kalan magnezyum yiizeyinde olusan korozyon, kullammda
stirlamalara yol ag¢maktadir [3,4]. Korozyondan korunmada bir¢ok yontem kullamimakla beraber son
zamanlarda yiizeyde etkili bir kaplama olusturarak aginmaya neden olan ortam ile malzeme arasinda dogrudan
temast keserek korozyona inhibitér etkisi olusturmak icin calismalar yapilmaktadw [5]. Bu ¢alismada alkol
cozeltisi igerisinde dimetil kloro silan ve viniltrietoksi silan bilesikleri kullanilmistir. Calismada farkl siireler ve
farkli derisimlerde dimetil kloro silamn etil alkolde hazirlanan karisimina magnezyum alagimi elektrotun
dogrudan daldirilmasiyla yiizeyde koruyucu kaplama olusturmasi saglanmigtir. Karbon sayisini arttirmanin
silamin koruyucu etkisine katkisini gorebilmek amaciyla da dimetil kloro silan, viniltrietoksi silan ile karistirilarak
etil alkol igerisinde karisim hazirlanmis olup bu hazirlanan karisima da magnezyum alasimi dogrudan
daldirlarak yiizeyde koruyucu kaplama olusturmasi saglanmistir. En uygun iglem kosullar belirlendikten sonra
magnezyum alasimi elektrotun korozyon davramislary yapay yagmur suyu igerisinde izlenmigtir. Bu amagla
korozyon potansiyelleri ve lineer polarizasyon ol¢iimleri yardimiyla Rp degerleri hesaplanmistir. Bunun yani sira
AC impedans élgiimleri yapilmigtir. Olugturulan koruyucu kaplamalarin karakterizasyonu icin bu kaplamalarin
SEM analizleri ve temas agisi dlgtimleri yapilnustir. Sonug olarak dimetil kloro silanin alkolde hazirlanan
karisiminda en iyi koruyucu kaplama % 20 derisimde 15 dakika dogrudan daldirma ile elde edilmistir. Bununla
birlikte iki farkli silan bilegiginin karisinunin olusturulmasinin koruyucu etkiyi daha fazla arttirdigi goriilmiistiir.
%20 lik dimetil kloro silan ¢ozeltisinden elde edilen kaplamanin koruyucu etkisi %659,3 iken dimetil kloro silan ile
viniltrietoksi silan bilesiklerinin karisimindan elde edilen kaplamamn koruyucu etkisi %78,8 olarak
hesaplanmistir.

Anahtar Kelimeler: Magnezyum Alagimi, Silan, Dogrudan Daldirma, Inhibitor, Korozyon
Corrosion Protective Coatings for Magnesium Alloys

ABSTRACT: Magnesium alloys are widely used in engineering and design due to their low density, easy
machinability, and lightweight [1,2]. Corrosion on the surface of magnesium, especially when exposed to aqueous
solutions and sea salt, leads to limitations in use [3,4]. Although many methods are used in corrosion protection,
studies have been carried out recently to create an effective coating and an inhibitory effect on corrosion by cutting
the contact between the environment and the material that causes corrosion [5]. This study used
dimethylchlorosilane and vinyltriethoxysilane compounds in an alcohol solution and a protective coating was
formed on the surface by direct immersion of the magnesium alloy into the mixture of dimethylchlorosilane
prepared in ethyl alcohol for different times and different concentrations. In order to see the contribution of
increasing the carbon number to the protective effect of the silane, a mixture was prepared in ethyl alcohol by
mixing dimethylchloro silane with vinyltriethoxy silane, and magnesium alloy was directly dipped into this
prepared mixture to form a protective coating on the surface. The corrosion behavior of the magnesium alloy was
monitored in artificial rainwater. Rp values were calculated with the help of corrosion potentials and linear
polarization measurements, and AC impedance measurements were made. SEM analyses and contact angle
measurements were made to characterize As a result, the best protective coating in the mixture of
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dimethylchlorosilane prepared in alcohol was obtained by direct immersion at 20% concentration for 15 minutes.
However, it was observed that the formation of a mixture of two different silane compounds increased the
protective effect more. While the protective effect of the coating obtained from a 20% dimethylchlorosilane
solution was 59.3%, the protective effect of the coating obtained from a mixture of dimethylchlorosilane and
vinyltriethoxysilane compounds was calculated at 78.8%.

Keywords: Magnesium Alloy, Silane, Direct Dipping, Inhibitor, Corrosion

1. GIRIS

Magnezyum elementi yogunlugu diisiik (1,74 g/cm®) olduk¢a hafif bir element olmasi nedeniyle
ozellikle havacilik, otomobilve uzay sanayinde kullanilmak istenen bir elementtir. Hafif bir element
olmasi nedeniyle yakit tasarrufu saglanarak enerji kaynaklarinin daha verimli kullanilmasi
saglanacaktir. Fakat saf halde bulunan magnezyumun kimyasal etkinliginin yiiksek olmasi kullaniminda
kisitlamalar olusmasina neden olmaktadir. Bu nedenle magnezyum elementinin dayanimini arttirmak
amaciyla aliiminyum, ¢inko, mangan gibi elementler ile metal alagimlari olusturulmustur (Song and
Zhiming., 2014:126-140; Demir., 2019:1-8). Magnezyum alagimlarinin korozyona karsi dayanimini
arttirmak i¢in ¢esitli yontemler kullanilmaktadir. Korozyon olayinda metal anot olarak davrandigi ve
korozyon olay1 metal ¢dzelti ara yilizeyinde gergeklestigi icin metalin ¢ozelti ile temasini kesecek her
tiirlii uygulama korozyon hizini azaltacaktir. Korozyon hizint azaltmada inhibitor kullanimi, anadik
koruma, katodik koruma, malzemenin tasariminin degistirilmesi gibi yontemler kullamilmakla birlikte
koruyucu kaplama olusturma 6nemli yer kaplamaktadir. Koruyucu kaplamalarda metelin yiizeyinde
koruyucu bir tabaka olusturarak metalin ortam ile dogrudan temasi kesilmektedir (Nalli.,2010).
Koruyucu kaplama olusturulurken metale korozyona kars1 dayanim kazandirmak ile birlikte giinliik
hayatta kullanimina uygun elektriksel ve 1sil 6zelliklerde kazandirilabilmektedir. Son zamanlarda
yiizeyde kaplama olustururken kendiliginden toplanmaya dayanan fonksiyonel kaplamalarin
olusturulmasi tizerine calismalar yapilmaktadir. Kendilignden toplanmanin olabilmesi i¢in g¢apraz
baglanma yapabilecek bir malzemeye ihtiya¢ duyulmaktadir. Bu noktada silan bilesikleri oldukga
yiiksek performans gostermektedir. Sialn bilesiklerinin metal yiizyinde tutunmasini saglamak igin
organic ¢oziiciilerden yararlanilmaktadir.

Bu ¢alismada dimetil kloro silanin farkli derisimleri alkol ile birlestirilerek dogrudan daldirma ile
magnezyum alasim yilizeyinde koruyucu kaplama olusturulmaya calisilmigtir. Capraz baglanmanin
daha iyi gerceklesmesi igin karbon zincirini arttirmak amaciyla dimetil kloro silan bilesgi ile
viniltrietoksi silan bilesigi karistirilarak organic bir ¢oziicii olan etil alkol igerisinde hazirlanan karigima
dogrudan daldirma ile korozyona kars1 koruyucu kaplamalar elde edilmistir.

2. MATERYAL-METOD

Magnezyum alasimlarini korozyondan korumak icin yiizeyde kaplama olusturabilmek amaciyla
kullanilan etil alkol, dimetilkloro silan ve viniltrietoksi silan bilesikleri analitik saflikta olup Merck
firmasindan temin edilmistir. Calisma elektrotu AZ63 magnezyum alagimindan (%91,184 Mg, %5,845
Al, %2,728 Zn, %0,293 Mn) silindirik metal ¢ubuklar kesilmis ve bu ¢ubuklar da boyu 5 cm olacak
sekilde kesilmistir. Olciimler sirasinda iletkenligi saglamak amaciyla kesilen magnezyum alasimimin bir
ucuna bakir tel gegirilerek ¢aligma yiizeyi agikta kalacak sekilde polyester ile kaplanarak elde edilmistir.
Elektokimyasal dlgtimler Sekil 1’de goriilen CHI 660C cihazinda 3 elektrot yontemiyle yapay yagmur
suyu ¢ozeltisi icerisinde yapilmustir. Calisma elektrotu olarak islem gérmemis magnezyum alagimi
elektrot ile yilizeyinde silan kaplama olusturulmus magnezyum alasimu elektrot kullanilmistir. Refarans
elektrot olarak giimiis-giimiis kloriir elektrot (Ag/AgCl/Cl" 3M), kars1 elektrot olarak platin elektrot
kullanilmustir.

Cizelge 1. Yapay Yagmur Suyunun Igerigi(Dehri ve ark,1999)

Eklenen madde Siilfurik Asit Amonyum Sodyum Nitrik Asit Sodyum Sodyum
Stilfat Stilfat Nitrat Kloriir
Miktari(ppm) 31,85 46,20 31,95 15,75 21,25 84,85
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Sekil 1..Elektrokimyasal 6l¢iimlerde kullanilan deney diizenegi

Magnezyum alasimi yiizeyinde olusturulmak istenen silan kaplamalar dimetikloro silanin %5, %10,
%20 derisiminde alkol igerisinde ve karbon zinciri arttinldiginda daha etkili kaplama elde edilecegi
diisiiniildiigiinden dimetil kloro silan ile viniltrietoksi silamn % 5 derisimde karisgiminin etil alkol
icerisinde hazirlanan karisimlara dogrudan daldirma ile farkli siirelerde (15,30,45,60 dakika) bekletilip
70°C’de etiivde 1 saat kurutulmasiyla elde edilmistir. Impedans 6lgiimleri 10°-107? Hz frekans araliginda
5 mV genlikte elde edilmis olup sonuglar Nyquist ve Bode egrileri seklinde verilmistir. Akim potansiyel
egrilerini elde etmek i¢cin dncelikle korozyon potansiyeli belirlenmis ve saniyede 1 mV tarama hizinda
korozyon potansiyelinden 0,2 V’a kadar egriler elde edilmistir. Elde edilen egriler islem gérmemis
magnezyum alasimu ve yiizeyinde silan kaplama olusturulmus magnezyum alagimi elektot i¢in birbiriyle
kiyaslanmigtir. Kaplamalarin yiizey morfolojisini 6grenmek icin SEM Olciimleri ve hidrofobik-
hidrofilik karakteri hakkinda bilgi sahibi olabilmek i¢in temas agisi 6lgtimleri yapilmustir.

3. BULGULAR VE TARTISMA

%5,%10,%20 derisimde dimetilkolor silanin alkolde olusturulan karisimlarinda dogrudan daldirma ile
olusturulmaya ¢alisilan silan kaplamalarin korozyona karsi korumada en etkilisinin Cizelge 2’de karisim
cozeltide 15 dakikada elde edildigi goriilmiistiir. Sekil 2 ve 3’te yiiksek frekans bolgesinden baglayarak
diisiik frekans bolgesinde kapanan cift eliptik lup goriilmektedir. Nyquist egrisindeki yiik transfer
direnci ilk eliptik lupu, yiizeyde biriken tiirlerin direnci ise ikinci lup olarak goriilmektedir. Egdeger
devrede goriilen kapasitif 6zellikler sabit faz eleman1 (CPE) ile temsil edilmistir.
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Sekil 2. islem gérmemis magnezyum alasinu (a) ve % 20 derisimde15 dakikada silan kaplama yapilnus
magnezyum alasimi(b) icin Nyquist(1), Bode(2) egrileri ve esdeger devre(3)
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Sekil 3. Islem gérmemis magnezyum alasinu (a) ve karisim ¢dzeltide silan kaplama yapilmis magnezyum
alagimi(b) i¢in Nyquist(1), Bode(2) egrileri ve esdeger devre(3)
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Cizelge 2°de verilen direng degerlerine gore hesaplamalar yapildigida magnezyum alasimi yiizeyinde
%20 silan derisiminde 15 dakikada olusturulan kaplamanin korozyona karsi koruyucu etkisinin %59,3
karnigim ¢zoeltide olusturulan silan kaplamanin koruyucu 6zelligi ise %78,8 oldugu goriilmiistiir. Bu
durum silan bilesiklerinde zincir uzamasinin korozyondan koruyucu kaplama olusturmada olumlu etkisi
oldugunu gostermektedir.
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Cizelge 2. %20 derisimde ve karisim silan ¢ozeltisinin farkl: siirelerdeki impedans 6l¢iim sonuglari

R3
Mg CPE1 R2 CPEZ -
n ) o oI
de | Sseet ohm cm® | §sect ,
cm
Kaplamasiz 0 3,26x10° 0,97 | 631 5.87x10° | 0,68 1627
%20 Alkolde | 15 2416x10° | 098 | 9724 358x10% | 0,50 | 4576
Olugan 30 2.36x10°¢ 0,8 | 2300 - - -
Kaplama 45 1,13x10°% 034 | 1001 - - -
Yapay
yagmur 60 4.35x107 0,61 | 6674 - - -
suyunda
Karisimda 15 9.04x10° | 0,90 | 1376 442x10¢ [ 051 | 9272
Olugan 30 236x10% | 0.8 | 2300 - - -
Kaplama 45 1,13x10°¢ 0,34 | 1001 - - -
Yapay
yagmur 60 4,35x107 0,61 | 6674 - - -
suyunda

Cizelge 3’te akim potansiyel egrilerinden hesaplanan akim degerleri verilmistir. Impedans 6lgiimleri ile
paralel olarak %20 derisimde 15 dakikada ve karisim c¢ozeltide olusturulan silan kaplamamlarin
koruyucu etkisinin en fazla oldugu goriilmektedir. Sekil 4’te de gorildiigi gibi korozyona karsi
koruyucu kaplamalarin akim degerlerinde diisiis oldugu bulunmustur.

Sekil 4.Islemsiz Mg alasim elektrot (a) ve %20 derisimde 15 dakikada silan filmi olusturulan Mg
alagim elektrotun (o) akim-potansiyel egrileri (1), Islemsiz Mg alagim elektrot (a) ve karisim ¢ozeltide

a (b) /] L
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Cizelge 3.%20 derisimde ve karisim silan ¢dzeltisinin farkl siireler i¢in akim-potansiyel egrilerinden
elde edilen korozyon parametre degerleri

Mg Eie I I
dk W) A/cm? A/cm? | 87
(0,0V) (0,2V)
Kaplamasiz 0 -1,366 3,07x10* 3,07x10*
%020 Alkolde 15 -0,258 2,25x10° 5,04x10-3
olusan kaplama 30 -1.372 2.91x10 3,66x10
yapay yagmur 45 -1,389 5,05x10% 6,07x10*
suyunda 60 -0,428 4 80x10°7 8,02x107
15 -0.191 1,63x107 2,6x107
Karisimda olusan
30 -0.673 5,12x10 6,21x104
kaplama yvapay
45 -0.896 6.74x10+* 6.91x10*
vagmur suyunda
60 -1,122 7.63x10+ 7,84x104

Sekil 5. Islem gérmemis magnezyum alasimi elektrotun (a), Karisim ¢ozeltide silan kaplama
olusturulmus elektrotun fotograf makinesi ile elde edilen resmi (b)

Sekil 5°te karigim ¢ozelti icerisinde elde edilen silan kaplamanin magnezyum alagimi yiizeyini tamamen
kapadig1 goriilmektedir.
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Sekil 6. Islem gérmemis magnezyum alasimu elektrotun SEM goriintiisii (a), karisim ¢ozeltide silan
kaplama olusturulmus magnezyum alagim elektorotun SEM goriintiisii (b)

Sekil 6’da 1000 biiyiitme oraminda alman SEM 6lciim sonuglari verilmistir. Islem gormemis
magnezyum alagim yiizeyinde yiizeyi tamamen kapatan silan kaplama olustugu goriilmektedir.

Sekil 7. Islem gérmemis magnezyum alasimi elektrotun (a), karisim ¢ozeltide silan kaplama
olusturulmus magnezyum alasim elektorotun temas agisi 6l¢timii (b)

Sekil 7°de islem gérmemis magnezyum alasimi elektrot ile yilizeyde silan kaplama olusturulan
magnezyum elektrot kiyaslandiginda yiizeyde silan kaplama olusturmanin metal yiizeyini 1slanmaya
karst korudugu goriilmektedir. Buda olusturulan kaplamanin metal ile ¢ozelti ara yiizeyinde
gerceklesecek korozyon hizini yavaslatacak etkiye sahip oldugunu gostermektedir.

4. SONUC

Metalik malzemelerin korozyona karst dayanimini arttirmak i¢in magnezyum alagim yiizeyinde silan
bilesikleri ile koruyucu kaplama yapilmaya c¢alisilmis bu nedenle dogrudan daldirma yonteminden
yararlanilmigtir. Farkli derisimde dimetil kloro silan igeren alkol ¢ozeltileri manyetik karistiricida 72
saat karistirma ile elde edilmis olup bu ¢ozeltierde en iyi koruyucu kaplama EIS 6l¢iimleri ve akim
potansiyel egrileri g6z dniine alindiginda %20 derisimde 15 dakika siirede elde edilmistir.

Bununla birlikte silan bilesiginde bulunan karbon zincirini arttirmak igin dimetil kloro silan ile
viniltrietoksi silan bilesiklerinin karigim ile elde edilen silan kaplamanin korozyon direncinin daha da
yiiksek olmasi silan kaplamada kullamlacak olan silan bilesiginin daha fazla karbon igermesinin
korozyona karsi korumada olumlu etki yarattigini gostermektedir. Silan bilesikleri korozyona karst
korumada fonksiyonel kaplama 6zelligi gostermektedir.
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OZET: Bu ¢alismada Co(Il) iyonlarinin sulu donor fazdan yine sulu akseptor faza yeni gelistirilmis CDSM (cok
damlacikly sivi membran sistemi) sistemi ile ekstraksiyon ozellikleri incelenmigtir. CDSM sistemi son birkag yildwr
gelistirilmis olup bir¢ok agidan mevcut ekstraksiyon sistemlerine gére iistiinliikler géstermektedir. S6z konusu
sistem ile devamli bir organik faz-su fazi etkilesimi saglanmakta, daha az reaktif kimyasal kullamlarak
ekstraksiyon sistemi gerceklestirilmektedir. Ayrica uygulanan islem sonucunda geleneksel ekstraksiyon
sistemlerine gére daha az kimyasal artik olusmaktadir. Deneysel ¢alismalarda kerosen iginde ¢oziinmiis D2EHPA
tasiyict ligand olarak etkin sekilde kullanilmistir. Co(1l) iyonlarimin tagimm oranlari belirli zamanlarda sistemden
numuneler alinarak, UV-Vis spektrofotometresinde incelenerek tespit edilmistir. Bu dlgiimlerde renkli kompleks
olusturmak amaci ile %5 KSCN c¢ozeltisi kullamlnugtir. Yiiksek oranda tasmimi ve kinetik verilerin en uygun
degerlerde oldugu tasiyici ligand konsantrasyonu, pH, sicaklik gibi sistem bilesenleri tespit edilmigtir. Ardindan
farkli metal iyonlarimin (Ni(Il), Fe(Il), Mo(VI) ve Mn(1l)) dondr fazda varliginin tasinimi nasil etkilediginin tespit
edilmesi icin deneyler gerceklestirilmigtir.

Anahtar Kelimeler: Ekstraksiyon, Kobalt, Stvi Membran
Extraction of Co(ll) ions from the medium containing some metal ions through the MDLM system

ABSTRACT: In this research extraction behaviours of Co(ll) ion from aqueous donor phase to aqueous acceptor
phase via MDLM (multi droplet liquid membrane) were investigated. MDLM system has been developed for the
last few years and has superiority in many respects compared to existing extraction systems. A continuous organic
phase interaction is provided with the system in question and extraction system is realized using less reactive
chemicals. In addition, less chemicals are formed than traditional extraction systems.

In experimental studies, the D2EHPA carrier dissolved in kerosene was used effectively as a ligand. The
transportation rates of Co (Il) ions were determined by taking samples from the system at certain times and
examining the UV-vis spectrophotometer. In these measurements, a 5 %KSCN solution was used to create a
colorful complex. System components such as carrier ligand concentration, pH and temperature, where high
transportation and kinetic data are most suitable values, have been identified. Then, experiments were performed
to determine how different metal ions (Ni (1), Fe (111), Mo (V1) and Mn (1l)) affect the transport in the donor
phase.

Keywords: Extraction, Cobalt, D2EHPA, Liquid membranes system

1. GIiRiS
Bilim ve teknolojinin gelismesi, yasamin refahim artirmaya iliskin insan diisiincelerinin ve
kavramlariin gelisiminin bir kamtidir. Bu, diinyadaki endiistrilerin hizli gelisimi ile kanitlanmustir.
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Ancak bu endiistriyel gelisme ayni zamanda su, toprak ve hava kirliligini de igeren ¢evre kirliligi gibi
insan hayatini tehlikeye atabilecek yeni sorunlarin ortaya ¢ikmasina da neden olmustur. Tehlikeli ve
ciddi sekilde ele alinmasi gereken ¢evre kirliliklerinden biri de hem ¢dzelti hem kati hem de gaz
halindeki agir metal atiklarindan kaynaklanan ¢evre kirliligidir.

Kobalt, alagimlardan sarj edilebilir lityum iyon pillere (bugilin diinyanin tedarik edilen kobaltimin
%S50'sine yakini) kadar ¢ok sayida uygulama i¢in yaygin olarak kullanilan bir metaldir [1-3]. Elektrikli
araglar icin sarj edilebilir pil pazarinin biiylimesiyle birlikte kobalt talebinin giiclii bir sekilde artmasi
beklenmektedir. [3, 4], bu da 6niimiizdeki yillarda bu gecis metali i¢in tedarik riskinde 6nemli bir artisa
neden olabilir [S]. Bu artan talebi karsilamak igin kobaltin birincil [6] ve ikincil kaynaklardan [7,8]
¢ikarilmasi ve ayrilmasi ¢ok biiyiik 6nem arz etmektedir. Divalent kobalt iyonunun ayrilmasi ve mikro
ekstraksiyonu da kimya anabilim dallarinin amaglari i¢in 6nemli bir konudur [9-12].

Cesitli agir metal iyonlari iceren galvanik kaplama endiistriyel atik su aritimi, kimyasal-fiziksel islemler
(indirgeme ve ¢okeltme), fiziksel adsorpsiyon islemleri, iyon degistirme islemleri, buharlastirma
islemleri ve elektrokimya ile gergeklestirilebilir [13]. Bununla birlikte, bu siirecler nispeten pahalidir ve
bu bilesiklerin ¢okeltilerde ve suda yasayan organizmalarda birikmesi gibi yeni sorunlara neden olma
egilimindedir [14].

Endiistriyel agir metal atiklarina uygulanan kimyasal c¢Oktiirmenin genel ilkeleri, agir metal
hidroksitlerin, tuzlarin veya siilfiiriin diisiik ¢oziiniirliigiine dayanir. Ancak, diisiik ¢oziinirlik yontemi
daha az verimli yontem olarak bilinir [15]. Aksine, diisiik konsantrasyonlu agir metal atik isleme
yontemleri s6z konusu oldugunda bu daha etkilidir. Membranlar ve membran igleme teknikleri ilk olarak
kimya ve biyomedikal laboratuvarlarinda analitik uygulamalar icin kullanilnustir. Onemli teknik ve
ticari etkilere sahip olmasi nedeniyle endiistriyel iirlinlere donistiiriilme ve bu yontemlerin uygulama
alam olarak ¢ok hizh bir sekilde gelismistir [16,17].

Metalleri geri kazanmak i¢in sivi-sivi ekstraksiyonu bagka bir alternatiftir, ancak birkag ekstraksiyon ve
geri ekstraksiyon asamasi kullandigindan daha az ekonomik ve daha az verimlidir. Giiniimiizde halen
gelistirilmekte olan ayirma teknigi, sivi membran emiilsiyonlarina dayali bir tekniktir. Bu teknik,
kullanim kolayligi, nispeten ucuz ve verimli isletme maliyetleri (ekstraksiyon ve geri ekstraksiyon
asamalar1 bir agamada gerceklesir) ve yiiksek secicilik gibi 6zelliklerinden dolay1 genis ve potansiyel
bir uygulama yelpazesi sunmaktadir [18]. Diger ayirma teknikleriyle karsilastirildiginda, stvi membran
(LM) teknigi, hareketli ve segici olarak temsili bir maddenin varhigiyla daha iyi segicilik ve verimlilik
gosterir [19].

Bu calismada diger tekniklere gore daha pratik ve daha etkili yeni bir yontem olan Cok Damlacikli Siv1
Membran (CDSM) sistemi ile diger metal iyonlarin varliginda Co(Il) iyonlarinin ekstraksiyonu
incelenmistir. Kobalt iyonlarinin ekstraksiyonunu etkileyen parametreler (dondr ¢ozelti pH’1, akseptor
faz pH’s1, tastyici ligand D2EHPA konsantrasyonu, sicaklik vb.) belirlenmistir. Tek basina kobalt
iyonlarinin yaninda ayri ayri dort farkli Ni(IT), Mn(1II), Fe(III), Mo(VI) iyonlari ile birlikte ekstraksiyonu
incelenmistir. Ayrica bu dort farkli metal iyonlarinin birlikte oldugu durumda da se¢imli olarak kobalt
iyonlarinin ekstraksiyon ¢alismalari yapilmistir.

2. MATERYAL VE METOD
2.1. Kimyasallar ve ¢ozeltiler

Rafine kerosen TUPRAS, A.S.’den (Tiirkiye Petrol Rafinerileri A.S.), Co(Il) nitrat, potasyum
tiyosiyanat, nitrik asit, sodyum karbonat Merck firmasindan, D2EHPA (Bis(2-etilheksil)fosfat) ise
Sigma Aldrich'ten temin edilmistir. 0.3087 g Co(NO3)2 suda ¢oziilerek 250 ppm Co(II) stok soliisyonu,
stok soliisyonun seri seyreltilmesi ile daha diisiik konsantrasyonda Co(Il) ¢6zeltileri hazirlanmistir. 250
mL %5 KSCN ¢ozeltisi, 12.5 g KSCN'nin agirlikga %50 su ve %50 etanol ¢oziiciiler ile ¢oziilmesiyle
hazirlanmustir.

2.2. Deneysel Prosediir

Deneysel kisimda Pamukkale Universitesi'nde gelistirilen Cok Damlacikli Stvi Membran (CDSM)
teknigi kullanilmustir. Sistemin sematik diyagrami Sekil 1'de verilmistir.
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ORGANIC
PHASE

( ORGANIC
PHASE

ACCEPTOR
PHASE

Porous glass (160-250 jm)

Sekil 1. CDSM sisteminin sematik gosterimi.

Sistem iki reaktorden olugmaktadir ve her reaktoriin altinda poroz bir cam plaka bulunmaktadir. Bu
poroz cam sayesinde homojen ve ¢ok sayida damlacik elde edilebilmektedir. Bu sistemde reaktdrlerden
birinde alt fazda besleme ¢ozeltisi (suda ¢oziinmiis agir metal iyonlar) ve {istte icinde tasiyici madde
¢Oziinmiis organik faz icerir. Coziiciilerin polarite 6zelliklerinden dolayi her iki reaktorde iki faz vardir.
CDSM sistemlerinde diisiik yogunluklu organik fazlar tercih edilir. Organik fazin sirkiilasyonu bir
peristatik pompa tarafindan gerceklestirilir ve kapal1 basing sisteminde bu faz siirekli olarak her su bazli
¢ozelti icinden ¢ok sayida damlacik olarak gecer. Gegis sirasinda kimyasal etkilesimler meydana gelir
ve ¢ozeltilerin farkli pH seviyeleri nedeniyle metal iyonlan, alic1 fazda organik fazdan su fazina geger
ve dondr fazda tam tersi sekilde su fazindan organik faza metal iyonlar gecisi gerceklesir.

Reaktorlerin sicakligi ¢evrelerinde bir su sirkiilasyonu ile sabitlenmistir ve bu amagla termostat (Labo
SM3 kreozot cihazi) kullanilmustir. Bir reaktorden digerine organik fazin gecis hizimi ayarlamak igin
sisteme bir peristatik pompa takilmistir. Sistem kurulduktan sonra pompa ¢alistirilir ve belirlenen zaman
araliklarinda dondr ve akseptor fazdan bir valf ile numuneler alinir, daha sonra numuneler bir kompleks
olusturucu (Vogel reaktifi) ile birlestirilerek renkli bir ¢ozelti elde edilir ve UV-vis spektrometre analizi
ile absorbans degerleri tespit edildikten sonra iyon derisimleri hesaplanir.

2.3 Analitik cihazlar

Deneyler sirasinda alinan numunelerin absorbanslarini belirlemek i¢in Shimadzu UV-1201 V Model
Spektrofotometre, membran sistemimizin sicakligini sabit bir sicaklikta tutmak i¢in Labo SM3 model
kreozot cihazi, organik fazin sirkiilasyonunu kontrol etmek i¢in Pompa BT300-2J modeli peristatik
pompa, her iki fazda ¢6zelti pH 6lgiimlerinde WTW marka pH 7110 model pH metre kullanilmustir.

2.4 Kinetik Hesaplamalar

CDSM sisteminde dondr fazdan organik faza bu fazdan tekrar akseptor faza Co(Il) iyonlarimin
ekstraksiyon mekanizmasi agagida verilen tepkimeye gore birinci mertebeden gerceklesmektedir.

K,k
A3B3c (1)

Esitlik (1)’de A dondr fazdaki Co(Il) iyonu derisimini, B organik fazdaki Co(II) iyonu derigimini ve
C’de akseptor fazdaki Co(II) iyonu derigimini simgelemektedir. ki ve k2 reaksiyon hiz sabitleridir.

CDSM sisteminde Co(II) iyonlarinin donér fazdan organik faza ve organik fazdan tekrar akseptor faza
ekstraksiyon ve geri alim islemleri, birinci dereceden hiz reaksiyonlarina uymaktadir. Sistem i¢indeki
CO(II) iyonlarinin baslangi¢ konsantrasyonunu Co, Ce ise herhangi bir t anindaki konsantrasyonu ifade
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etmektedir. Sistemde gerceklesen reaksiyonlar icin kinetik parametrelerden K, ko, CJak, tmak, ]g"ak,

Jmak ve aktivasyon enerjinin (Es) hesaplamalarinda kullanilan denklemler asagida verilmistir [20-22].

k
(e _ 26 @
ki—k; |93
Kpn 2~

CRak = €y ()t ©

n D
L ?
J— (%)—kl/(kl—kz) ()

2
]lgnak — kz(:_:)—kz/(krkz) (6)
() = In(4) ~ % &) Y’

3. BULGULAR VE TARISMA

Co(ID) iyonlarimin CDSM teknigi ile ekstraksiyonunun gerceklestirilmesi i¢in, tagtyici madde olarak
kerosen i¢inde ¢oziinmiis D2EHPA reaktifi (organik faz), donor faz olarak 100 ppm Co(1II) ¢ozeltisi ve
akseptor faz olarak da 1.50 M nitrik asit ¢ozeltisi kullanilmustir.

Co(I) iyonlarimin kerosen i¢inde ¢oziinmiis tasiyict ligand D2EHPA ile CDSM sisteminde eksraksiyon
caligmalarinda elde edilen optimum sartlar Tablo 1°de verilmistir.

Tablo 1. Co(Il) iyonlarinin ekstraksiyonunda elde edilen optimal parametreler.

Akseptor faz pH 1.5
Dondr faz pH 5.25
Donor faz konsantrasyon 100 ppm

Organik faz ligand konsantrasyon  0.75%

Sistem sicakligi 25°C
Peristatik pompa hiz1 20 rpm
UV-vis 6lglim 325 nm

Bu deneyler sonucunda elde edilen taginim grafigi Sekil 2 ve In [Co]/[C]’ye kars1 zaman grafigi ise Sekil
3’te verilmistir.
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Sekil 2. Co(Il) metal iyonlanmin CDSM  Sekil 3. Co(Il) metal iyonlarinin CDSM sisteminde
sisteminde  ekstraksiyonunda metal iyon ekstraksiyonunda In [Co]/[C]’ya karst zaman
derisimlerinin  farkli  fazlardaki ~zamanla grafigi.

degisimi.

Ekstarksiyon ¢alismasi sonucunda elde edilen kinetik veriler Tablo 2’de halinde verilmistir.

Tablo 2. Co(IT) metal iyonlarinin CDSM sisteminde ekstraksiyonu sonrasi elde edilen kinetik verileri

D2EHPA Kons. k1X102 kzXlO2 tgmk Cgmk ]Zinak ](Znak

(mol/L) (dak?) (dak?) (dak) (mollL)  (dak)  (dak)
0.023 354 127 1391 1697 -0.0216 0.0216

CDSM sisteminden metal iyonlarinin taginmasi veya ekstraksiyonunun temel bir unsuru aktivasyon
enerjisidir. Kullandigimiz sivi membran teknigi ile dort farkli sicaklik araliinda aktivasyon enerji
degeri 13.80 kkal/mol (Sekil 4) olarak hesaplanmis olup, Co(Il) iyonlarinin ekstraksiyonuna iliskin
taginim mekanizmasinin kimyasal kontrollii olarak gerceklestigi gozlenmistir.

y =6,9467x - 19,356
R =0,9904

3,00

32 325 33 335 34 345
(LUT)X103 (K1)

Sekil 4. Arrhenius denkleminin grafiksel gosterimi
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Elde edilen %99.6’lik metal iyonu tasinim sonrasinda farkli metal iyonlarinin dondr fazda bulunmasinin
ekstraksiyon sistemini nasil etkiledigini izlenmesi amaciyla bir seri deney gergeklestirilmistir. Bu
deneyler esnasinda 100 ppm Co(Il) iyonlarina ek olarak dondr fazda her bir deneyde 50 ppm olmak
iizere Ni (1I), Fe (I1I), Mo (VI) ve Mn (II) metal iyonlart kullanilmistir. Ayri ayri her bir metal iyonlarinin
varliginda Co(Il) iyonlarinin CDSM sisteminde her ii¢ fazdaki ekstraksiyonunun zamanla degisi ile
birlikte In(Co/C) degisim grafikleri Sekil 5-12°de verilmistir.

Deneyler sirasinda diger tiim faktorler, her fazin 100 mL hacmi, 0.023 mol/L. D2EHP A konsantrasyonu,
alic ve verici faz igin sirastyla 1.5 ve 5.25 pH degerleri, 20 rpm pompa hizi ve son olarak 25°C sistem
sicaklign olarak sabit tutulmustur. Her bir metal iyon varliginda yapilan Co(Il) iyonlarinin
ekstraksiyonunda elde edilen kinetik veriler Tablo 3’de verilmistir.

120
100 o. oot od
— gn | R o®
g_ 80 < p
= 60 h 4
g > ® ®—D (ppm)
IS N/ *—0 (ppm)
& 40 P ®— A (ppm)
= 1)
O
20 + S L] : [ ]
[ ] [ ]
.. o S ' @ e
0 ”g T T T \%—.—.‘\
0 25 50 75 100 125 150 175
Zaman (dak)

Sekil 5. Ni(Il) iyonlarmin varhginda Co(Il)

6,00
y =0,0283x - 0,3138

5,00 - R>=0,9845

4,00

3,00 -

In [C.J/[C]

2,00 -

1,00 -

0,00 &#® : x x
0 50 100 150
Zaman (dak)

200

iyonlarinin ekstraksiyonunda her ii¢ fazdaki Sekil 6. Ni(Tn iyonlanmn varliginda  Co(II)
iyonlarinin ekstraksiyonunda In [Co)/[C]’ya karsi

derisimlerinin zamanla degisimi.

120
100 @ o—0—0
°
'Y [
/\80 .
g . 4
=
60 \ f *—D (ppm)
S \ *—O (ppm)
& 40 p oA (ppm)
o
o [}
20 - (
o® $ * e 0
g 9 0. :
0 .y.! : : “‘_.—==
0 25 50 75 100 125 150
Zaman (dak.)

zaman grafigi.

1,50
y = 0,0236x - 0,0857
R? = 0,9339

1,00 -
)
S
2050 -

0,00 ¢ Z x

0 10 20 30 40
Zaman (dak)

50 60

Sekil 7. Mn(Il) iyonlarinin varliginda Co(II) Sekil 8. Mn(Il) iyonlarinin varliginda Co(II)
iyonlarinin ekstraksiyonunda her ii¢ fazdaki iyonlarinin ekstraksiyonunda In [Co]/[C]’ya karst

derisimlerinin zamanla degisimi.

zaman grafigi.
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Sekil 9. Mo(VI) iyonlarinin varliginda Co(ll) §ekil 10. Mo(VI) .iyonlarlmn Varhglnd’a Co(II)
iyonlarnin ekstraksiyonunda her ii¢ fazdaki iyonlarimn ekstraksiyonunda In [Co]/[C]’ya karsi
zaman grafigi.

derisimlerinin zamanla degisimi.

120
100 @
° )
= 801 "
o e of
8 [ 4
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T 40 A % o— A (ppm)
S e
o °
201 of u *eeq, -
o . °
0 ¢. ‘ .‘ ® o 000 o
0 25 50 75 100 125
Zaman (dak)

§ekil 11. Fe(Il) iy(?nlarlnln Varhglflda CO(ID Sekil 12. Fe(lll) iyonlarimn varliginda Co(Il)
iyonlarin ekstraksiyonunda her ¢ fazdaki iyonlarinin ekstraksiyonunda In [Co]/[C]’ya karst
zaman grafigi.

derisimlerinin zamanla degisimi.

Yukaridaki sekillerden tiim deneylerde donor fazdan organik faza organik fazdan tekrar akseptor faza
Co(I) iyonlarinin gegis yiizdeleri dikkate alindiginda, Co(Il) iyonlari, Fe(Ill) iyonlarimin varligi

/

8,00
y = 0,0708x + 0,1478
R = 0,997
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O
=/4,00 -
S,
=

2,00 -

0,00 & : x

0 20 40 60
Zaman (dak)

80

100
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4.00 1 R2=0,9979
_3.00 -
O,
$.2,00 -
=
1,00 -
0,00 L T T T T T
0 15 30 45 60 75

Zaman (dak)

haricinde %99'un iizerinde bir verimle ekstrakte oldugu goriilmektedir.

Zamana kars1 In (Co/Ce) gizilerek elde edilen grafiklerde tiim R? degerlerinin 1'e ¢ok yakin olmasi, tutarls
sonular elde edildiginin gostermektedir. En hizli reaksiyon Mo(VI) varliginda, en yavas reaksiyon ise
Fe(Il) iyonlarimin varliginda elde edilmistir. Mo(VI) iyonlarmin varliginda Co(Il) iyonlarinin

ekstraksiyonunda sinerjik bir etkiye sahip oldugu sdylenebilinir.

90
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Tablo 3. CDSM sisteminde her bir farkli metal iyonlarinin varliginda Co(II) iyonlarinin ekstraksiyonu
sonrasi elde edilen kinetik verileri.

k1X102 kzX:I.O2 t}rgnak Cglak ]Zlnak ]Crlnak

(dak?) (dak?) (dak) (mollL)  (dak)  (dak)
Ni(ll) 283 520 2557 2621 -0014 0014
Mn(ll) 236 600 2558 2143  -0.013 0.013

Mo(Vl) 708 212 7.76 1925 -0041 0.041
Fe(lll) 634 70 15 3498  -0024 0.024

Metal

Co(ID) iyonlarmin diger metal iyonlarin varliginda ekstraksiyonunda elde edilen verilerin optimum
kosullarda edilen veriler ile karsilastirildiginda degiskenlik gosterdigi tespit edilmistir. Ni(Il) ve Mn(II)
iyonlarinin varliginda Co(Il) iyonlarinin organik fazda birikim gosterdigi ve akseptor faza Co(ll)
iyonlarinin ekstrasiyon siiresinin bir miktar arttigi gézlenmistir. Co(Il) iyonlarinin bu metal iyonlarinin
varliginda se¢imli olarak ekstrakte oldugu ve bu metal iyonlarindan etkilenmedigi sdylenebilir.

Dort farkli metal iyonlar1 ile birlikte Co(Il) iyonlarmmin ekstraksiyon denemelerinde ise Co(Il)
iyonlarinin her {i¢ fazdaki zamanla konsantrasyon degisimi Sekil 13 ve In(Co/C) degisim grafigi Sekil
14°de verilmistir.

120 —
100 ¢ y = 0,0115x + 0,0268
0. R2=0,9978
1,20
=01 e esoooe®
o { » —_
~ [ ] »
5 ., ey 20,80 -
ppm S
= s e, *— A (ppm) =
Do) o ® - i
O py 13 T PPN el
o¥ '00...
0 & ettt snsssesr— 0,00 : . :
0 50 100 150 200 250 0 40 80 120 160
Zaman (dak.) Zaman (dak)

Sekil 13. Ni(ll) Mn(ll) Mo(VI) ve Fe(lll) ekil 14. Ni(ll) Mn(ll) Mo(Vl) ve Fe(lll)
iyonlarmin  varhginda  Co(Il)  iyonlarinin iyonlarimn  varhiginda  Co(Il)  iyonlarimin

ekstraksiyonunda her Gi¢ fazdaki derisimlerinin ekstraksiyonunda In [Co)/[C]’ya karsi zaman
zamanla degisimi. grafigi.

Sekil 13’den goriildiigii lizere Co(Il) iyonlarinin diger metal iyonlarinin varliginda ekstraksiyon
veriminin azaldigi bununla birlikte ekstraksiyon siiresinin ise uzadigi goriilmektedir.

Co(II) metal iyonlarinin dort farkli metal iyonlarinin varliginda ekstraksiyon sonrasi elde edilen kinetik
verileri Tablo 4’de verilmistir. Tablo 4’den goriildiigii {izere optimum kosullarda Co(II) iyonlari igin
elde edilen kinetik veriler karsilastinldiginda ¢ok biiyiik farklarin oldugu goriilmektedir. Co(II) metal
iyonlarinin dort farkli metal iyonlarinin varliginda ekstraksiyonu se¢imli olmadigi ve Co(II) iyonlarinin
ekkraksiyon ylizde verimi yaninda siiresinin arttigi tespit edilmistir.
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Tablo 4. Co(ll) metal iyonlarinin dort farkli metal iyonlarinin varliginda ekstraksiyon sonrasi elde
edilen kinetik verileri

k1X102 |(2X:|.02 tlrgnak Cglak ]glak ]Zl"ak

Metal (dak?) (dak?) (dak) (mollL) (dak)  (dak)

Ni(I1) Mn(11) Mo(V1) ve

Fe(lll) 115 500 3821 1485 -0.0074 0.0074

4. SONUCLAR

Yakin gecmiste gelistirilen sivi membran sistemi (CDSM), sulu ortamdan Co(Il) iyonlarinin
ekstraksiyonu i¢in basariyla kullanildi. pH araligi, tasiyic1 ajan konsantrasyonu, sistemin sicakligi ve
diger baz1 metal iyonlarinin dondr fazdaki varligi gibi sistem parametreleri degisken olarak kullanilmis
ve toplanan veriler degerlendirilmistir. Optimum parametreler; donor ve akseptor fazin sirasiyla 1.5 ve
5.25 pH degerleri, organik fazda 0,023mol/L D2EHPA konsantrasyonu, 25°C sistem sicakligi olarak
belirlenmistir. Belirtilen kosullar altinda reaksiyon yiiksek tagima orani (%99.56) vermis ve elde edilen
kinetik veriler giivenilir olmustur. Ayrica tiim kinetik verilerin yiiksek tutarlilikta hesaplanabilmesi i¢in
reaksiyon istenilen hizda ger¢eklesmistir. Elde edilen sonuglara gore tasima reaksiyonu tersinmez ve
birinci dereceden olmustur.

Farkli metal iyonlarinin donor fazda bulunmasinin ekstraksiyon islemini nasil etkiledigi de incelenmis
olup, Fe(Ill) iyonlarmin bulundugu ortam haricinde diger metallerin ekstraksiyon verimliligini
etkilemedigi ve secimli olarak Co(Il) iyonlarim1 ekstrakte edebilecegi tespit edilmistir. Fe(IIl)
iyonlarmin varhigmnda tasinim %85 dolaylarinda gergeklesmis olup, daha uzun deneysel ¢alismalarla
taginimun daha yiikksek oranlarda gergeklesebilecegi Ongoriilmiistiir. Dort farkli metal iyonlarimn
varliginda ise Co(Il) iyonlarinin ekstraksiyonu se¢imli olarak gerceklesmedigi, sonraki calismalarda
Co(Il) iyonlar igeren ve gevresel atik olarak bulunan kirli su Ornekleri alnarak ekstraksiyon
caligmalarinin gerceklestirilmesi ve ¢alismalarin ilerletilmesi planlanmaktadir.

CDSM teknigi hacimli sivi membran sistemleri ile benzerlik gostermekle birlikte organik faz ve su
fazlan arasi etkilesimin siirekliligi ile daha etkin bir sistem olarak 6ne ¢ikmaktadir. Bu teknigin
avantajlar1 sOyle siralanabilir: basit bir yapida olmasi, hareketli parca olmamasi, hafif ve tasinabilir
olmasi, operasyonda esnek calisilabilmesi, yiiksek membran kapasitesi, yiiksek ayirma faktdriine sahip
olmas1t CDSM sisteminin genel iistiinliikleridir.
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Su Siimbiilii Bitki Kokii Biyokiitlesi ile icme ve Atik Sulardan Kobalt’ in
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OZET: Ozet Bu ¢alismada icme ve atik sularda yaygin olarak bulunan agir metallerden kobaltin su siimbiilii
(Eichhorni crassipes) bitki kokii biyokiitlesinin kullanabilirligi, optimummetal uzaklastirma sartlari, metal
baglama kapasitesinin aragtirilmasi ve metal baglama mekanizmasi incelenmigtir. Yapilan ¢alismanin sonucunda;
Su siimbiilii biyokiitlesi tanecik boyutunun kiigiilmesi ile baglama miktarimin artigi, kobal tin biyokiitle tizerine
baglanmasimin  ¢ok hizli  gerceklestigi, ortamda bulunan metal konsantrasyonunun artmast ile metal
baglanmasimin da arttigr ve optimum sartlarda ¢alisilan Kobalt'in baglanma derecesinin %85 ‘in tizerinde
gergeklestigi, diistik pH degerlerinde diisiik metal baglanmasi gézlenirken yiiksek pH degerlerinde hizla arttigi
goriilmiistiir

Anahtar Kelimeler: Aktivasyon , Su Siimbiilii, Kobalt, Metal Baglamasi
Removal of Cobalt From Drinking and Wastewater With Water Hyacinth Plant Root Biomass

ABSTRACT: In this study, the usability, optimum metal removal conditions, metal binding capacity and metal
binding mechanism of water hyacinth (Eichhorni crassipes) plant root biomass of cobalt, one of the heavy metals
commonly found in drinking and wastewater, were investigated. As a result of the study; At low pH values, the
binding amount of water hyacinth biomass decreases with the decrease in the particle size, the binding amount
increases, the binding of cobalt on the biomass occurs very quickly, the metal binding increases with the increase
in the metal concentration in the environment, and the binding degree of cobalt, which is studied under optimum
conditions, is above 85%. While low metal binding was observed, it was observed that it increased rapidly at high
pH values.

Keywords: Activation, Water Hyacinth, Cobalt, Metal Binding

1. Giris

Agir metallerden kobaltin canli organizmalarin {izerinde toksit etkileri vardir. Biyolojik bozulmaya
yatkin organik kirleticilerin aksine agir metallerin zararsiz iiriinlere doniismezler. Bu neden dolay1 icme
ve atik sularda bulunan toksit ve agir metal kirleticilerin uzaklastirilmast en énemli ¢evre olaylarin
basinda gelmektedir. Bu olumsuzlugu bertaraf etmek i¢in kullanilan yontemler sinirhidir. Seyreltik sulu
¢ozeltilerden metal iyonlarini uzaklagtirmak igin kullanilan en yaygin islemler; kimyasal ¢oktiirme, iyon
degistirme, ters ozmoz ve ekstraksiyondur. Bu islemlerle tam olmayan metal uzaklastirilmasi, yiiksek
miktarda enerji-madde ihtiyact ve uzaklastirilmasi gerekli toksit ¢amur veya diger atik irtinlerinin
olugmasi gibi 6nemli dezavantajlara sahiptir.

Cesitli organizmalarin metal iyonlarim biriktirmesi son yillann ilgili odaklarindan biri haline geldi.
Endiistriyel atiklarin iyilestirilmesi ve metalleri geri kazanilmasinda biyokiitle kullanilmasinin 6nemli
avantajlari;
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- Aktif baglama bolgelerinin ¢ok olmasi,
- Sekillerinin kiigiik ve degismez olmast,

- Alkali ve toprak alkali metallerin girisiminden, iyon degistirici reginelerden daha az
etkilenmesi’ dir.

Bu c¢alismada igme ve atik sularda yaygin olarak bulunan agir metallerden kobalt metalinin
uzaklastirilmasinda cansiz Su Siimbiilii bitki kdklerinin kullanilabilirliginin incelenmesi, optimum metal
uzaklagtirma sartlarinin aragtirilmasi amaci ile bu ¢alisma yapilmistir.

2. Materyal ve metot
2.1. Kullanilan Aletler

Kobalt tayini Varian Spectr AA 20 model alevli atomik spektrofotometresi (AAS) ve pH OSlciimleri
Jenway 3040 654 model pH metre ile yapildi. Kobalt ¢éeltisini HCI asitle hazirlandi.

2.1.2. Kullamlan kimyasallar

Kobalt %99.999 safliktaki toz metalinin HCI asit ile ¢6zeltisi hazirlandi. Kobalt stok ¢ozeltisi 2+
degerlikli seyreltik ¢ozeltisi kullanildi. pH ayarlamasi icin HNOs ve NHs, asit ve bazla 6n yikama islemi
i¢in NaOH ve KOH kullanildi.

2.1.3. Biyokiitle Orneklerinin Toplanmasi ve Biyosorpsiyona Hazirlanmasi

Kendim olusturdugum serada yetistirdigim Su Siimbiilii bitkilerinin kok kisimlarini kopararak bitkiden
ayrildi. Laboratuvarda bu bitki kokleri, tizerindeki toprak ve planktonlarin i¢in ¢esme suyu ile iyice
yikand1. Son olarak destile su ile birkac kez yikanan kokler 80°C de 48 saat kurutuldu. Kurutulmus bitki
kokleri mikserle ogiitiilerek standart elekle elendi. <150, 150-355, 355-710, 710-1700,>1700 um tanecik
biiylikliigiine ayrilan bitki kokleri analizlerde kullanilmak tizere ayri ayri siselenerek saklandi.

2.1.4. Atomik absorpsiyon Spektrofotometresi calisma Kosullar
Kobalt metali alevli atomik absorpsiyon spektrofotometresi modunda tayin edildi.
2.2. Deneysel prosediir.

2.2.1. Cahsilan Agir Metalin Su Siimbiilii Bitki Kokii Biyokiitlesi ile Optimum Uzaklastirilma
Sartlarimin Belirlenmesi

Igme ve atik sularda yaygin olarak bulunan agir metallerden kobalt metalinin Su Siimbiilii bitki kokii
biyokiitlesi ile uzaklastirllmasinda optimum sartlarin belirlenmesi amaciyla; metal baglanmasi iizerine
biyokiitle boyutunun, miktarnin, karistirma siiresinin, baglangic metal konsantrasyonunun ve pH’in,
etkisi incelenmistir.

2.2.2. kobalt Baglanmasi Uzerine Biyokiitle Boyutunun Etkisi

Su Stimbiilii bitki kokii biyokiitlesinden 150 mg’lik 6rnek alindi. 50 mL, 5 ppm kobalt ¢6zeltisinin
baslangi¢c pH’ s1 5’ e ayarlanarak degisik tanecik boyutuna sahip biyokiitleler ile 20 dakika siireyle
kanigildi. Bu siire sonunda biyokiitle ile ¢ozelti siiziilerek birbirinden ayrildi. Cozeltide kalan kobalt
miktar1 AAS ile tayin edildi. Sonuglar Tablo 2.1.” de verildi.

Tablo 2.1. kobalt Baglanmas: Uzerine Biyokiitle Boyutunun Etkisi

Biyokiitle Cozeltide kalan Biyokiitlenin
boyutu S Co kuru agirhg
on o -
(AAS) basina bagladig:
Co (mg/g) % Co
(um) pH (mg/L) Baglanmasi

<150 6.53 1.446 1.185 71.08
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Biyokiitle Cozeltide kalan Biyokiitlenin
boyutu Son Co kuru agirhg:
(AAS) basina bagladig:
Co (mg/g) % Co
(um) (mg/L) Baglanmasi
pH
150-355 6.50 1.541 1.153 69.18
355-710 6.17 1.868 1.044 62.64
710-1700 6.03 2.144 0.715 57.12

2.2.3. Kobalt Baglanmasi iizerine Biyokiitle Miktarimn Etkisi

150-355 um tanecik boyutuna sahip kurutulmus Su Siimbiili bitki kdklerinden 50-1000 mg arasinda
tartimlar alindi. Baslangic pH’ s14.5’ e ayarlanmis olan 50 mL, 5 ppm’ lik kobalt ¢ozeltileriyle 20 dakika
kanstirildi. Karigtirma siiresinin sonunda ¢ozeltler siiziildii ve ¢dzeltide kalan kobalt miktarlarn AAS ile
tayin edildi. Sonuglar Tablo 2.2.” de, biyokiitle miktar ile kobalt baglanma yiizdesi arasinda ¢izilen
grafik Sekil 2.2.” de goriilmektedir.

Tablo.2.2. Biyokiitle miktarinin Kobalt Baglanmas: Uzerine Etkisi

Biyokiitle Cozeltide kalan Biyokiitlenin
miktari S Co kuru agirhg:
on - 9
(AAS) basina bagladig1
Co (mg/g) % Co
(mg) (mg/L) Baglanmasi
pH
50 6.91 1.851 2.149 62.98
100 6.98 1.489 1.756 70.22
150 6.99 1.458 1.181 70.84
250 6.95 1.772 0.646 64.56
500 6.94 1.963 0.304 60,74
750 6.92 2.321 0.179 53.58
1000 6.88 2.270 0.137 54.60
80
é 60
=
(C
o 40
S
S 20
X
0
0 2 4 6 8
Biyokiitle miktari (mg)

Sekil 2.2. Biyokiitle Miktarin Kobalt Baglamasi Uzerine Etkisi
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2.2.4. Kobalt Baglanmasi Uzerine Kanstirma Siiresinin Etkisi

150-355 pm tanecik boyutuna sahip kurutulmus Su Siimbiilii bitki koklerinden 50 mg’ lik ara tartimlar
alindi, baglangic pH’ s1 4.5’ e ayarlanmis olan 100 mL, 5 ppm’ lik kobalt ¢ozeltileriyle karistirildi.
Secilen zaman araliklarinda 5 mL’ lik 6rnekler alinarak siiziildii ve ¢ozeltide kalan kobalt miktarlart
AAS ile tayin edildi. Sonuglar Tablo 2.3.” de, biyokiitle miktari ile kobalt baglanma yiizdesi arasinda
cizilen grafik Sekil 2.3.” de goriilmektedir.

Tablo 2.3. Karistirma Siiresinin Kobalt Baglanmasi Uzerine Etkisi

Kanstirma Cozeltide kalan Biyokiitlenin
siiresi S Co kuru agirhg:
on o w
(AAS) basina bagladig1
Co (mg/g) % Co
(dakika) oH (mg/L) Baglanmasi
1 6.46 2.095 0.581 58.10
2 6.59 1.932 0.633 63.24
3 6.64 1.782 0.679 67.92
4 6.67 1.687 0.713 71.32
5 6.70 1.655 0.735 73.52
10 6.79 1.586 0.762 76.21
15 6.82 1.504 0.789 78.94
20 6.87 1.435 0.813 81.35
25 6.88 1.490 0.821 82.12
30 6.93 1.519 0.833 83.29
60 7.19 1.461 0.853 85.39
100
a 80
©
£
S 60
TS
S 40
(o}
(]
X 20
0
0 10 20 30 40 50 60 70

Karigstirma suiresi (dakika)

Sekil 2.3. Karistirma siiresinin Kobalt Baglanmasi Uzerine Etkisi

2.4. Kobalt Baglanmasi Uzerine Kobalt Konsantrasyonunun Etkisi

150-355 um tanecik boyutuna sahip kurutulmus Su Stiimbiilii bitki koklerinden 150 mg’ lik tartimlar
alind1 Degisik konsantrasyonlarda (1-20 ppm), 50 mL’ lik kobalt ¢ozeltileri hazirlanarak baslangic pH’
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s14.5” e ayarlandi. 20 dakika siireyle biyokiitle ile karigtirilan ¢dzeltiler siiziildii ve ¢ozeltide kalan kobalt
miktarlart AAS ile tayin edildi. Sonuglar Tablo 2.4.” de, biyokiitle miktar ile kobalt baglanma yiizdesi
arasinda ¢izilen grafik Sekil 2.4.” de goriilmektedir.

Tablo 2.4. Kobalt Baglanmas1 Uzerine Kobalt Konsantrasyonunun Etkisi

Baslangic¢ Cozeltide kalan Biyokiitlenin
Co Son S bapm bean
konsatrasyonu (AAS) Co (mg/g) % Co
(mg/L) oH (mg/L) Baglanmasi
1 6.63 0.481 0.173 51.90
2 6.69 0.890 0.370 55.50
3 6.81 1.129 0.624 62.37
4 6.89 1.221 0.926 69.48
5 6.98 1.339 1.220 73.22
10 6.88 3.061 2.313 69.39
15 6.85 5.202 3.266 65.32
20 6.79 8.303 3.899 58.49
80
g 60 /\‘\‘
c
T
o 40
3
)
O 20
X
0
0 5 10 15 20 25
Baslangic Co konsantrasyonu (mg/L)

Seksl 2.4. Kobalt Baglanmas1 Uzerine Kobalt Konsantrasyonunun Etkisi

2.5. Kobalt Baglanmasi Uzerine pH’ min Etkisi

150-355 pum tanecik boyutuna sahip kurutulmus Su Siimbiilii bitki koklerinden 150 mg’ lik tartimlar
alind1 50 mL, Sppm’lik kobalt ¢ozeltileri hazirlanarak baslangic pH’ lar1 2 ile 10 arasinda ayarland:.
20 dakika siireyle biyokiitle ile karistirllan ¢ozeltiler siiziildii ve ¢ozeltide kalan kobalt miktarlart AAS
ile tayin edildi. Sonuglar Tablo 2.5.” de, biyokiitle miktar ile kobalt baglanma yiizdesi arasinda gizilen
grafik Sekil 2.5.” de goriilmektedir.
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Tablo 2.5. Kobalt Baglanmas1 Uzerine pH’ nin Etkisi

Cozeltide kalan Biyokiitlenin
Co kuru agirhig:
Baslangi¢ son (AAS) basina bagladig1
Co (mg/g) % Co
pH pH (mg/L) Baglanmasi
2 2.04 4.995 0.002 0.10
3 5.05 1.876 1.041 62.48
4 6.49 1.552 1.149 68.96
5 6.61 1.525 1.158 69.50
6 6.69 1518 1.161 69.64
7 7.09 1.450 1.220 71.00
8 7.10 1.339 1.200 72.02
9 8.56 2.917 0.694 41.66
10 9.92 0.794 1.402 84.12
100
= 80
€
& 60
]
o 40
(]
X 20
0
0 4 6 8 10 12
pH

Sekil 2.4. Kobalt Baglanmas1 Uzerine pH nin Ekisi

3. Bulgular

3.1. Metal Baglanmasinin Biyokiitle Tanecik Boyutuna Baghhg:

Tablo 2.1 ve Sekil 2.1 de goriildiigii gibi Su siimbiilii bitki kokii biyokiitlesinin tanecik boyutunun

kiiglilmesi kobalt metalinin biyokiitle {izerine baglanma yiizdelerini arttirmaktadir.

3.2. Metal Baglanmasinin Biyokiitle Tanecik Miktarina Baghhgi

Tablo 2.2. ve Sekil 2.2 de goriildiigii gibi biyo kiitle miktarininarmasi ile metal baglanmasinin artigt
beklenitken azaldigi goriildi. Bunun nedeni Su Siimbiilii biyokiitlesinin yogunlugu sudan az
oldugundan biyokiitle suda yilizmesidir. Normalde bitki suya tam batinlip kanstirildiginda metal

baglanmasi artacaktir.
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3.3. Metal Baglanmasinin Karistirma Siiresine Baghhgi

Tablo 2.3 ve Sekil 2.3 de goriildiigii gibi Su Stimbiilii bitki kokil biyokiitlesinin kobalt metali baglanmasi
oldukga hizli olmustur. Maksimum metal baglanmasi ilk dakikalarda gergeklesti.

3.4. Kobalt Baglanmasinin Ortamdaki Metal Konsantrasyonuna Baghhgi

Tablo 2.4 ve Sekil 2.4 de goriildiigii gibi metal baglanma yiizdesi baglangicta artig gostermekte daha
sonra metal baglanmast diisiis gostermektedir. Bunun nedeni ortamda metal iyonlarinin
azalmasindandir. Aslinda metal baglanma miktar1 ortamda bulunan metal iyonu miktarindaki artigla
artmaktadir. Metal iyonunun artmasina karsilik biyokiitlenin kuru agirligi bagina bagladigi metal miktart
da artmisgtir.

3.5. Metal Baglanmasimin pH’ ya Baghhg1

Tablo 2.5 ve Sekil 2.5 goriildiigii gibi Su Siimbiilii bitki kokii biyokiitlesinin kobalt metalini baglanmasi
kuvvetle pH’ ya bagli oldugu goriilmektedir. pH 2 ve pH 3’ {i¢iin {izerine ¢ikinca metal baglanma hizla
artig gostermistir. Bu artis pH 9 ve pH 10 da kendini gostermistir.

Sonug¢

Su Siimbilii bitki kokii biyokiitlesinin boyutu kiigiik olmasi yiizey alaminin biiylimesiyle metal
etkilesimi yiiksek olmasi sonucunda metal baglanma istenilen diizeyde ger¢eklesmistir. Kiitle miktarinin
artmasiyla baglanmanin hizli gergeklestigi kisa bir siire sonra bir diisiis gdzlenmistir. Bunun sebebi
ortamda metalin bulunmamasindan kaynaklidir.Karistirma siiresi arttikca metal baglanmasi artmakata,
diisiik pH larda baglanmanin az oldug yiiksek pH larda ise(9 -10 pH) yiiksek baglanmanin gerceklestigi,
Konsantrasyon artisi ile metal baglanmasi atis gostermistir.Bu ¢aligma sonuglarina gére Su Stimbiilii
bitki kokii biyokiitlesi agir metal uzaklastirmasinda kullamlabilecegini gostemistir.
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Traversler ve Konsollar icin izolatorsiiz Model Tasarim
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OZET: Lzolatérler, havai enerji nakil hatlarini tasiyan veya durduran travers ve konsollarda izolasyon saglamak
icin kullamilan ag elemanlandir. Izolatorlerde kirilma ve catlamaya bagl sebeke arizalar ile sikhikla
karsilagimaktadir. Izolatérler; nem, ani hava degisimleri, kuvvetli riizgar, kirlenme gibi cevresel etmenlere karst
fiziksel dayammlart zayif oldugundan kolayca catlamakta ve kirilmaktadir. Izolatérlerde olusabilen catlak ve
fariklardan dolayr enerji nakil hatlarinda yeterli izolasyon saglanamamakta ve buna bagli olarak enerji kesinti
sayisi/siiresi (SAIFI, SAIDI) artmaktadir. Ayrica hat ile travers/konsollar arasinda izolasyon saglanamamasi
nedeni ile direk dogrudan enerjilenmekte ve bu durum can ve mal giivenligini tehlikeye atmaktadwr. Bu ¢calisma ile
cam elyaf takviyeli plastik geri doniisiimlii kompozit malzemeden olusan yalitkanlig yiiksek travers ve konsollarin
izolatorsiiz olarak tasarimlart ve iiretimleri gerceklestirilmistir. Bu sayede s6z konusu tiriiniin yayginlagmasi ile
izolatér kaynakli sebeke arizalarin éniine gegilmesi saglanacaktir. Izolatorsiiz olarak iiretilen kompozit yapil
travers ve konsollar, izolatér kullamlmadigindan dolayr maliyeti daha diisiik, daha hafif, daha kolay montaj
edilebilir hale gelmistir. Ayrica malzeme yapisi geregi yanmaya Ve cevresel sartlara karsi daha direncli, daha
uzun omuirlii bir tirtin ortaya konulmustur.

Anahtar Kelimeler: Havai Hat, Travers, Konsol, Izolatér, Sebeke, Ariza, Izolasyon
Designing Isolatorless Model for Traverses and Consoles

ABSTRACT: Insulators are network elements used to provide isolation in traverses and consoles that carry or
stop overhead power transmission lines. Network failures due to breakage and cracking in insulators are
frequently encountered.Insulators; Since their physical resistance is weak against environmental factors such as
humidity, sudden weather changes, strong wind and pollution, they easily can be cracked and broken. Due to the
cracks and fractures that occur in the insulators, adequate insulation cannot be provided in the energy
transmission lines and accordingly, the number/duration of energy interruptions (SAIFI, SAIDI) increases. In
addition, due to the lack of isolation between the line and the traverse/console, the pole is directly energized and
this situation endanger the safety of life and property.In this study, the designs and productions of traverses and
consoles with high insulation, consisting of glass fiber reinforced plastic recycled composite material, without
insulators were carried out. So, it will be ensured that the product becomes widespread and network failures
caused by insulators will be prevented. Composite structured traverse and consoles produced without insulators
have become lower in cost, lighter and easier to install since no insulators are used. In addition, due to its material
structure, product becomes more resistant to fires and environmental conditions and has a longer life.

Keywords: Overhead Lines, Travers, Console, Insulator, Grid, Fault, Insulation

1. Giris
Elektrik enerjisi; aydinlatma, 1sitma, sogutma, ev aletleri, bilgisayarlar, elektronik cihazlar, makineler
ve toplu tasima sistemleri gibi bircok sistemin calistirilmasi i¢in kullanilan giiniimiiziin en 6nemli
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kaynaklarindan biridir [1]. Bir elektrik kesintisinin ardindan elektrik dagiimindaki kayiplar, ¢cok sayida
insani etkileyen zamansal, ekonomik ve can kaybi gibi birgok olaya sebep olabilir [2]. K&tii hava
kosullar1 veya ekipman arizasi gibi faktorlerin neden oldugu kesintilerin ardindan elektrik gii¢
sebekelerinin verimli ve hizli bir sekilde onarilmasi, elektrik enerjisi dagitimindaki problemlerden
biridir [3]. Elektrik yalitkanlari, iletkenleri yerinde tutmak, birbirlerinden ve gevre yapilardan ayirmak
i¢in kullanilir. Bir elektrik devresinin enerji verilen parcalart arasinda bir set olustururlar ve akim akigini
istenildigi gibi tellere veya diger iletken yollara sinirlarlar. Elektrik devrelerinin yalitimu, tiim elektrikli
ve elektronik cihazlarin basarili bir sekilde ¢alismasi i¢in zorunlu bir ihtiyagtir. Elektrik yalitkanlar
olarak cesitli tipte malzemeler kullanilir, se¢im Oncelikle her uygulamanin 6zel gerekliliklerine gore
yapilir. Havai Enerji Hatlarinda hava sartlarindan dolay1 porselen/cam izolatorler kullanilir [4].
Izolatérler; enerji nakil havai hatlarinda kullamlan iletkenlerin direklere tespitine yarayan, iletkenleri
hem tagimaya hem de toprak ile diger iletkenlere karsi izole etmeye yarayan sebeke malzemeleridir [5].

Enerji iletim ve dagitim sebekelerinde kullanilan izolatorlerin iki ana gorevi vardir [5].
v Elektriksel bakimdan iletkenleri topraktan ayirmak
v lletken agirligim ve iletkenlere gelen ek yiikleri karsilamak

Izolatdrler, elektrik akimina karsi biiyiik direng gdsteren, sicak ve soguk hava sartlarina dayamkli
malzemeler olan porselen ve camdan imal edilir. Bunlara ilaveten, silikon ve epoksi regineli izolatorler
de yapilmakta ancak maliyeti yiiksek oldugundan pek kullamlmamaktadir. Izolatorlerin iletkenlere
gelebilecek yiikleri emniyetli bir sekilde tagiyabilmeleri i¢in mekanik dayanimlarinin da iyi olmasi
gerekir [5].

[zolatorler; Govde, tutturma yuvasi, etek ya da siper (damlalik), iletken yuvasi ve izolator demiri olmak
iizere Sekil 1’deki gibi bes kisimdan olusur. Enerji nakil havai hatlarinda izolatorler traverslere ¢elikten
yapilmis izolatdr demirleri vasitasiyla baglanirlar. izolatér demirleri yiiksek gerilimde ¢imento ile
yapilan hargla izolatore tutturulur, algak gerilimde ise ¢cimentonun yerine al¢i kullanilabilir [6].

e iletken yuvas:
::. —iletken yuvasi

Yuva setti

iletken

izolatér
demiri

izolatér

Sekil 1 izolator kisimlari [6].

Izolatérlerin de direklere tutturulabilmesi traversler araciligi ile saglamir. Traversler enerji nakil
hatlarindaki iletkenlerin demir veya beton direkler iizerinde emniyetli gecisini ve taginmasini saglar.
Traversler iki tarafli olup direklerde kullanilacak travers sayisi ve sekilleri kullanilacak iletken sayisina,
gerilme kuvvetine, agirliklanna, izolator ve direk tipine bagh olarak degisir. Traverslerin se¢iminde;
iletken sayist, iletkenin gerilme kuvveti ve agirligi, izolator ve direk tipi, isletme gerilimi, tesisin kurulusg
yeri gibi unsurlarin g6z 6niinde bulundurulur. Traverslerin sayisi iletkenlerin tertibindeki durumuna ve
diregin tastyici, kose, durdurucu, nihayet, brangman veya tevzi diregi olusuna gore degismektedir. Celik
kafes direklerde oldugu gibi beton direklerde de hava hatlarinin izolatére baglanmasi ve izolatorlerin de
direklere tespit edilmesi i¢in beton traversler kullanilir. Bir beton direkte kullanilacak travers sayisi,
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teskil edilen hattin iletken tertibine ve diregin tipine bagli olmaktadir. Traversler genel olarak iki sekilde
yapilir. Bunlar beton ve demir traverslerdir (Sekil 2,3). Beton traversler vibre beton, demir traversler ise
putrel demirden yapilmaktadir. Travers gesitleri ise tasiyici, durdurucu ve nihayet traversleridir [7].

| 109

Sekil 2 Beton traversler [7]

Sekil 3 Demir ve agac traversler [7].

Izolatérleri direklere tutturulmasim saglayan bir diger ara¢ konsollardir. Konsollar aym traversler gibi
iletkenleri tasimaya yarayan ve izolatorleri direklere tutturmaya yarayan tek tarafli tasima pargasidir.
Konsollar, elektrik enerjisinin iletim ve dagitim hava hatlarinda kullanilan demir ve beton direklerde
izolatorleri tespit etmek i¢in kullamlir. Konsollar tasiyici, durdurucu, nihayet direkleri icin ayr sekil ve
yapida olur. Demir ve betondan olmak iizere iki farklt malzemeden yapilir (Sekil 4). Konsol
elemanlarina yatay Z, G kuvvetlerinden ve dikey Y kuvvetlerinden yiik gelir. Z kuvveti hat yoniinde
direge gelen kuvvet olup iletkenin gerilmesi ile olusan cer kuvveti etkisidir. Konsollar ve direkler hava
hatt1 iletkeninin herhangi bir sebeple kopmasi varsayimina gore yapilir. G kuvveti hat istikametine dik
olarak gelen kuvvet olup daha ¢ok riizgar kuvvetinin olugur. Y kuvveti direkten ve dolayisiyla konsoldan
asagiya dogru iletkenin kendisi ve {izerinde olusabilecek buz yiikii agirhiimin etkisiyle olusabilecek
kuvvettir. Konsollarin da tastyici, nihayet ve kose konsollar1 olmak iizere ii¢ farkl tipi mevcuttur [7].
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Sekil 4 Beton ve demir konsollar [7].

Kompozit malzemeler, farkli 6zelliklere sahip iki veya daha fazla malzemenin bir araya getirilmesiyle
olusturulur. Farkli malzemeler, kompozite farkli Ozellikler vermek amaciyla birlikte islenir.
Kompozitler; mukavemet ve diger mekanik 6zelliklerin iyilestirilmesinin yani sira 1sty1 iyi iletebilecek,
yalitabilecek ve belirli manyetik 6zelliklere sahip olacak sekilde tasarlanabilmesi sayesinde spesifik
Ozelliklere bagli olarak gelistirilebilen 6nemli malzemelerdir. Kompozit malzeme ic¢indeki lifler
hizalanarak tabakay1 bir yonde ¢ok giiclii, ancak giiciin ¢ok dnemli olmadig1 bagka bir yonde daha zayif
hale getirebilirler. Uygun bir matris malzemesi segilerek 1siya, kimyasallara ve hava kosullarina
dayamklilik gibi 6zelliklerde de tasarlanabilir. Kompozit malzemelerin en biiyiik avantaji, hafiflik ile
birlikte mukavemet ve sertliktir. Ureticiler, uygun bir takviye ve matris malzemesi kombinasyonu
segerek, belirli bir amaca yonelik belirli bir yapinin gereksinimlerine tam olarak uyan ozellikler
iiretebilen kompozit malzemelerin bir diger avantaji da tasarim esnekligi saglamasidir. Kompozitler,
karmasgik sekiller halinde kaliplanabilir [8]. Riizgar tiirbini, devre kesiciler, sigorta panelleri, aydinlatma
govdeleri, elektrik dagitim panolari, giines panelleri, kablo tastyicilar, yalitkan platformlar vb. gibi
yapilarin elektrik-elektronik aksamlarinda da onemli bir konuma sahiptir. Kullanilan en yaygin
kompozit malzeme cam elyaf tipli kompozit yapilardir.

Cam elyaf takviyeli plastik, kompozit malzemeler ve baglayicilardan (sentetik regine) laminasyon,
sarma ve kaliplama islemi ile yapilan hafif, milkemmel korozyon korumali, iyi 1s1, elektrik ve ses
yalitimi 6zelliklerine sahip yeni bir kompozit malzeme tiiriidiir. Cam elyaf takviyeli plastik, tasarim
esnekligi, kolay bicimlendirme vb. 6zelliklerin iist diizey performansi sayesinde insaat, ulusal savunma,
ulagim, kimya miihendisligi ve enerji alanlarinda yaygin olarak kullanilmaktadir. Cam elyaf takviyeli
plastiklerin bir¢ok geri doniigiim ve kullanim yontemi vardir. Geri doniisiim yontemi, atigin tiirlerine ve
ozelliklerine bagh olarak; kimyasal geri doniisiim, fiziksel geri doniistim, enerjisel geri doniisiim ve
kapsamli geri doniisiim olmak tizere dort tiire ayrilir [9]. Cam elyaf takviyeli plastiklerin; 6zellikleri,
uygulanabilirligi ve ekonomik katkisi g6z oniine alindiginda yayginlastinilmasi gereken 6nemli bir
malzeme tiiriidiir.

Kompozit travers (Sekil 5) ve konsollar; korozyona ugramamasi, UV dayanimi, igerisine uygulanan
fiber katkilar ile ¢cekme, egilme ve burulma mukavemetlerini artirilabilme gibi 6zellikleri sayesinde
Amerika Birlesik Devletleri’nin &zellikle nemli ve hava sartlannin ani degigiminin ¢ok oldugu
bolgelerde kullanilmaktadir. Firtina ve ani hava degisimlerinden kaynakli aga¢ direklerin zarar gérmesi
ve uzun siireli kesintilerin dniine gegilmesi icin kompozit 6zlii direk ve traversler kullamlmistir. Ote
yandan ulagimi ve miidahale zorlugu yasanilan bolgelerde agir ekipmanlarnn ve parcalarin degisimi
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yerine kompozit iiriinler tercih edilerek nakliyat kolaylagtinlmis, daha hizli ve basit kurulum
saglanmuistir.
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Sekil 5 Kompozit Travers.

Izolatérler; yiiksek elektrik alan, kirlilik, 1slanma olaylari, korona, sicaklik degisimi, mekanik sok, kus
vb. hayvanlarla etkilesim, riizgar, glines radyasyonu, yag sizintilari, yildirim ve anahtarlama darbeleri,
biyolojik biiyiime ve titresim kaynakl birgok olaya maruz kaldigindan gii¢ sistemlerinde arizaya neden
olurlar Ayrica izolatorlerin hassas yapilarindan dolay: iiretimi, nakliyesi ve kurulumu asamalarinda
zorluklar yasanmaktadir. Enerji nakil havai hatlarinin biiylik niifuslarin enerji ihtiyacim karsiladi g
diisiiniildiigiinde, izolator kaynakl1 kiiciik arizalar bile ciddi sorunlara yol agmaktadir [10]. Izolatdr
arizlarinda dolayi, havai enerji hatti ile travers/konsollar arasinda izolasyon saglanamaz ve direk
dogrudan enerjilenir, bu durum can giivenligini tehlikeye atmakta ve maliyetli sonu¢lar dogurmaktadir.
Sekil 6’da izolatdr arizalarina ait gorseller gosterilmistir.

Sekil 6 izolator Anizalan [10].

Yapilan arastirmalar sonucu Yesilirmak Elektrik Dagitim A.S. (YEDAS) sorumluluk bolgesi havai hatli
dagitim gebekelerindeki yalitim kaynakli ¢ikan anzalarin neden oldugu ortalama kesinti siiresi
istatistiksel olarak belirlenmis ve bu istatistiklere gore 2021-2022 yillarinda iletkenlerin {izerinde
meydana gelen buz yiikii, siddetli yagis ve riizgar, tozlu hava, kus vb. canlilarin iletkenlere carpmasi,
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iletkenin sik1 bagdan kurtulmasi gibi sebeplerle elektrik direklerinin enerjilendigi ve uzun siireli elektrik
kesintilerine neden oldugu tespit edilmistir. 2021-2022 yillar1 arasinda sebekede meydana gelen
arizalarin neden oldugu yaklasik 26.000 saatlik kesintinin 3.742 saati izolator kaynakli, 5.913 saati siki
bag kaynakli, 1.852 saati kus carpilmasi ve 14.573 saati iletkene temas eden agac kaynakli oldugu tespit
edilmigtir. Bu durum enerji nakil havai hatlarinin yalitim seviyesinin arttirilmasi gerektigini ortaya
¢ikarmustir.

Bu ¢alismada cam elyaf takviyeli plastik geri doniisiimlii kompozit malzemeden olusan yalitkanligi
yiiksek travers ve konsollarin izolatorsiiz olarak tasarimlari ve liretimleri gerceklestirilmistir. Travers ve
konsollarin yalitkan olmasi sayesinde izolator ihtiyacina gerek kalmayacak ve izolator kaynakli sebeke
arizalarin Oniine gegilmesi saglanacaktir. Izolatdrsiiz olarak iiretilen kompozit yapili travers ve
konsollar, izolatdr kullanilmadigindan dolay1 yiiksek maliyet kazanci saglayan, mukavemeti daha giiclii,
daha hafif, daha kolay montaj edilebilir hale gelmistir. Ayrica malzeme yapisi geregi yanmaya ve
cevresel sartlara karst daha direncgli, daha uzun émiirlii bir {iriin ortaya konulmus sebekeye yeni bir
model kazandirilmastir.

2. Traversler ve Konsollar i¢in Izolatorsiiz Modelin Tasarlanmasi

Bu bolimde, CAD-CAE ve Solidworks programlan ile algak gerilim ve orta gerilim dagitim
sebekelerinin daha giivenli ve fonksiyonel olmasim saglayacak, YEDAS sorumluluk bolgesindeki G-
K1", G-K2", G-10I" ve G-12I" direk tiplerine uygun, cam elyaf takviyeli plastik geri doniisiimlii
kompozit malzemeden olusan izolatdrsiiz konsol ve traverslerin tasarlamasi ve {iretilmesi
gerceklestirilmistir. Tasarimlar, simiilasyon ¢alismalar ile analizler yapilarak dogrulanmistir. Calisma
kapsaminda; iiriiniin 3 boyutlu tasarimlari, kalip sistemlerinin olusturulmasi, farkli et kalinliklarinda ve
govde c¢aplarindaki tasarimlar, paket programlar ile farkli deformasyon tiirlerinde ve kuvvetlerinde
maksimum ytik noktalar1 ve degerlerinin belirlenmesi, simiilasyon degerlerine gore tasarimin optimize
edilerek en uygun ol¢iilerin belirlenmesi ¢aligmalart gergeklestirilmistir.

Dagitim sebekesinde kullanilan travers ve konsollarin izolator kullanilmadan tasarlanabilmesi i¢in
iletkenlerin kendi ve direk ile arasinda yer alan atlama mesafesinin ayarlanabilmesi olduk¢a 6nemli bir
konudur. Yapilan tasarim ¢caligmalarninda kuvvetli akim tesisler yonetmeligine uygun olarak iletkenlerin
atlama mesafeleri dikkate alinmustir.

Malzeme, kesit, salgi ve anma gerilimleri ayni olan, ayni ya da farkli yatay yiizeylerde bulunan iletkenler
arasindaki en kiiciik (D) uzaklik;

D = k. (Fnare + D5 + (Tos075) 1)
D : Direk iizerinde iletkenler arasindaki uzaklik (m)

K AlakGerilim 10,35

Kortagerilim 10,50

Fmak : Hesaplanan diregin en biiyiik acikligina iligkin en biiyiik salgi (m)

| : Tastyic1 zincir izolatdriin uzunlugu (m) (Mesnet izolatoriinde 1 = 0 alinacaktir.)

U : Hattin fazlar aras1 anma gerilimi (kV)

Iletkenlerin birbirlerine olan minimum uzakligi calisma yapilacak olan direklerin en biiyiik acikligina
olan en biiyiik salgi (Fmak) boyutuna gore belirlenmistir. Hat iletkenleriyle topraklanmis metal boliimler
arasindaki uzaklik ise; en az

( U (kV) + 0,05(m)> olacaktir.

150(’;—")
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Bu uzaklik yiiksek gerilimli havai hatlarinda 0,20 m’den, al¢ak gerilimli havai hatlarinda ise 0,05 m’den
az olmayacaktir. 36 kV lik fazlar arasi anma gerilimi olan bir hatta hat iletkeninin metal bdliimlere
minimum uzaklig;

U(kv)
D = 2
(150(,:1,) + 0,05(m)>m (@)
36(kV)
D = = 2
(150(,;_‘,) + 0,05(m)>m 0,29 m 3)

0,4 kV lik fazlar aras1 anma gerilimi olan algak gerilim hattinda ise;

D= (;’:O((’;VV’) + 0,05(m)>m =0,0527 m @)

Sekil 7 izolatorsiiz OG Kompozit Travers a) Kafes direk b) U tipi direk ¢) Agag Direk.
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Sekil 8 izolatorsiiz AG Kompozit Travers a) Kafes direk b) U tipi direk ¢) Agag Direk.

Tasarimlart hazirlanan izolatorsiiz AG ve OG kompozit traverslerde hammadde igerigi olarak
termoset malzemenin matris seklinde dizilen cam elyaf takviye ile birlestirilmesi ile meydana gelen
kompozitten iiretilmesi ve bu sayede dayaniminin artirilarak istenilen ¢ekme, germe ve tasima
kapasitelerine ulagilmasi saglanmistir. Kompozit iiriiniin elyaftakviye agirligi %65-%80, regine ve diger
katki maddeleri agirligi ise %20-35 olarak mekaniksel, elektriksel, fiziksel ve alev dayanimi saglayacak
matris seklinde dizilmesi ile olusturulmus hammaddeden tiretilmistir. Fiziksel, mekaniksel ve elektriksel
gibi ozellikler, kullanilan elyaf icerik oranina, ayrica elyafin kompozit malzeme igerisinde dizilim
sekline gore artirilip azaltilabilmektedir. Tablo 1°de iiretilen cam elyaf takviyeli plastik geri doniisiimlii
kompozit malzemeden olusan traversin 6zellikleri verilmistir.

Tablo 1 izolatdrsiiz kompozit traversin dzellikleri.

Ozellikler Degerler
IP Sinifi IP65
Optimum Calisma Sicakligt  (-25) - (+125) °C
Yiiksek Gerilime Dayanim 3000 V(AC)

Darbe Deneyi 0,74 kgf/mm?
Paslanma Deneyi +
Darbe Dayanimi 39 kJ/m?

Gerilme Dayanimi 78 N/mm?
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Ozellikler Degerler
Cekme Dayanimu 100-250 N/mm?
Egilme Dayanim 80-250 N/mm?
Cekmede Uzama %1,6-2,8
Dielektrik Dayanimi 9,4 kV/mm
Gegis Direnci 2x1082Q cm
Yogunluk 1,8-1,9 grlcm?
Su Absorsiyonu 30 mg
UV Dayanim +
Kizgin Tel Deneyi Stufe BH2-20 mm
Yanabilirlik Sinifi UL-94 V-0
Alev Geciktiriciligi ar

Izolatérsiiz kompozit traverslerin tasarima uygun olarak sekillendirilmesi ve istenilen malzeme
ozelliklerinin saglanmasi igin el yatirma yontemi ile olusturulan kalipta tiretimi gergeklestirilmistir.

3. Sonuglar ve Tartiyma

Bu boliimde Tablo 1°de verilen izolatdrsiiz kompozit travers 6zelliklerinin saglanabilmesi igin cam fiber
takviyelerinin _kompozit iriine optimum miktarda ve yonde ilave edilerek en uygun hammadde
miktarlar belirlenmistir. izolatdrsiiz kompozit traversin; isletme kosullari, malzeme recetesi, maliyet
analizi ve G-K1", G-K2", G-10I", G-12I" direk tipleri dogrultusunda tiim teknik hesaplama ve analizleri
yapilarak Tablo 2’deki boyutlarda optimum tasarimi ve Tlretimi gerceklestirilmis Sekil 9°da
gosterilmistir.

Tablo 2 izolatdrsiiz Kompozit Traversin Boyutlari.

Gerilim Travers Tipi Boy (cm) Genislik (cm) Yiikseklik (cm)

OG 1gT-200 200 10 6
OG 1 gD-250 250 10 6
AG 3 06.5U-100 100 5 5
AG 3 06.5U-80 80 5 5
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Sekil 9 izolatorsiiz kompozit travers a) AG i¢in b) OG igin.

Uretimi yapilan izolatorsiiz traversin ¢ekme, egme ve sertlik degerlerinin hesaplanmasi icin; sertligin
Olgtilmesini ve mukavemetleri hakkinda bilgi edinilmesini saglayan mikrosertlik testi, malzemenin
birlestirme ylizeyi ve ¢evresindeki siireksizlikleri tespit etmek amaciyla lic nokta egme testi, davranigini
belirlemek amaciyla yapilan kontrollii gerilimle iirline bir yiik altinda belli bir seviyeye kadar olarak
veya tamamen malzeme kopana kadar malzemeye kuvvetin uygulandigi ¢gekme testi gergeklestirilmistir.

Mikrosertlik testi, Wilson Hardness marka 402MVD model MikroVickers sertlik 6l¢iim cihazi ile
numunenin yiizeyinden sirali mikrosertlik (microVickers — HV) uygulamasi yapilmistir. Sertlik 6lgtimii
alinan numuneye ait sematik gosterim gorseli Sekil 10°da gdsterilmistir. Sertlik malzemenin her yonii
boyunca birbirine yakin olarak 6l¢iilmiistiir. Numuneden ¢ikan sonug yaklasik 34,35 (50 gr) HV’ye
karsilik gelmektedir. Deney standardi TSE EN ISO 6507 dir. Aym1 sekilde dogru 6l¢limiin yapilabilmesi
icin belirtilen kesit ve yonlerde en az 15 6l¢iim alinarak ortalama sonug tespit edilmistir. Ancak elde
edilen veriler ASTM D 2583-72 standartinda verilen Barcoll Sertlik doniisiim tablolarina gére 49-50
HBa Barcol sertligi olarak hesaplanmustir. Bu deger 45 HBa lizerinde oldugundan ve malzemenin sertlik
standardina uygun oldugu goriigmiis sonuglar Tablo 3’de gosterilmistir.

Tablo 3 Mikrosertlik test sonuglari.

Ortala
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31, 35 3435
9 7 (HV)
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Sekil 10 Sertlik izlenim 6rnekleri.

Uc nokta egme testinde kullanilan numune boyutlar1 100x10x5mm olup ISO178 standartlarinda
gerceklestirilmistir. Elde edilen maksimum kuvvet, maksimum gerilme, maksimum uzama, maksimum
sekil degisimi sonuglarinin istenilen degerleri karsiladigi goriilmiis Tablo 4 ve Sekil 11°de gosterilmistir.

Tablo 4 Egme testi sonuglart.

Numune Maksimum Maksimum Maksimum Maksimum Sekil
Kodu Kuvvet Gerilme Uzama Degisimi
1 757,813 4546,88 6,284 0,01885

2 868,75 5212,5 9,09 0,02727
3 567,188 3403,13 7,968 0,0239
4 718,75 43125 6,564 0,01969
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Sekil 11 Egme testi sonuglar.

Cekme testi en yaygin mekanik test tekniklerinden biridir. izolatdrsiiz kompozit traversin ne kadar giiglii
oldugunu ve kirilmadan 6nce ne kadar gerilebilecegini bulmak i¢in Cekme testi ASTM D 638-71
standartlarina gore gergeklestirilmistir. Bu test yontemi ile kopma kuvveti, kopma gerilmesi, kopma
sekil degisimi, maksimum kuvvet, maksimum gerilme ve maksimum uzama miktarlari 6l¢iilmiis Tablo

5 ve Sekil 12°de gosterilmistir. Gergeklestirilen ¢cekme testi sonuglari incelendiginde elde edilen
sonuglarin istenilen diizeyde oldugu goriillmiistiir.

Tablo 5 Cekme testi sonuglar.

Olgiim Kopma Kopma Kopma Maksimum  Maksimum  Maksimum
Kodu Kuvveti Gerilmesi Sekil Kuvvet Gerilme Uzama
(N) (N/mm?) Degisimi (N) (N/mm?) (mm)
(%)
1 11839,1 236,781 0,5745 11901,6 238,031 6,894

2 13401,6 268,031 0,5335 13403,1 268,063 6,402
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Sekil 12 Cekme testi sonuglari.
4. Sonuclar

Bu calismada cam elyaf takviyeli plastik geri doniisiimlii kompozit malzemeden olusan yalitkanlig
yiiksek travers ve konsollarin izolatorsiiz olarak tasarimlari ve tiretimleri gergeklestirilmistir.

Izolatérler; yiiksek elektrik alan, kirlilik, 1slanma olaylari, korona, sicaklik degisimi, mekanik sok, kus
vb. hayvanlarla etkilesim, riizgar, giines radyasyonu, yag sizintilar, yildinm ve anahtarlama darbeleri,
biyolojik biiylime ve titresim kaynakl birgok olaya maruz kaldigindan gii¢ sistemlerinde arizaya neden
olurlar. Ayrica izolatorlerin hassas yapilarindan dolayi iiretimi, nakliyesi ve kurulumu agsamalarinda
zorluklar yasanmaktadir. Enerji nakil havai hatlarinin biiylik niifuslarin enerji ihtiyacim karsiladi g
diisiiniildiigiinde, izolatdr kaynakli kiigiik arizalar bile ciddi sorunlara yol agmaktadir. izolatdr
arizlarinda dolay1, havai enerji hatti ile travers/konsollar arasinda izolasyon saglanamaz ve direk
dogrudan enerjilenir, bu durum can giivenligini tehlikeye atmakta ve maliyetli sonuglar dogurmaktadir.
Yesilirmak Elektrik Dagitim A.S. (YEDAS) sorumluluk bdlgesi havai hatli dagitim sebekelerindeki
yalitim kaynakl ¢ikan arizalarin neden oldugu ortalama kesinti siiresi istatistiksel olarak belirlenmis ve
bu istatistiklere gore 2021-2022 yillarinda iletkenlerin {izerinde meydana gelen buz yiikii, siddetli yagis
ve riizgar, tozlu hava, kus vb. canlilarin iletkenlere ¢arpmasi, iletkenin siki bagdan kurtulmasi gibi
sebeplerle elektrik direklerinin enerjilendigi ve uzun siireli elektrik kesintilerine neden oldugu tespit
edilmistir. 2021-2022 yillar arasinda sebekede meydana gelen arizalarin neden oldugu yaklasik 26.000
saatlik kesintinin 3.742 saati izolator kaynakli, 5.913 saati siki1 bag kaynakli, 1.852 saati kus ¢arpilmasi
ve 14.573 saati iletkene temas eden aga¢ kaynakli oldugu tespit edilmistir.

Yapilan bu ¢aligmada, CAD-CAE ve Solidworks programlari ile algak gerilim ve orta gerilim dagitim
sebekelerinin daha giivenli ve fonksiyonel olmasimi saglayacak, YEDAS sorumluluk bélgesindeki G-
K1", G-K2", G-10I" ve G-12I" direk tiplerine uygun, cam elyaf takviyeli plastik geri doniisimlii
kompozit malzemeden olusan izolatorsiiz kompozit traversler tasarlanmis ve traverslerin tasarima uygun
olarak sekillendirilmesi ile istenilen malzeme Ozelliklerinin saglanmasi i¢in el yatirma yontemi
kullanilarak olusturulan kalipta iiretimi gergeklestirilmistir.

Uretimi yapilan izolatdrsiiz kompozit traversin cekme, egme ve sertlik degerlerinin hesaplanmasi igin;
sertligin Ol¢lilmesini ve mukavemet degerleri hakkinda bilgi edinilmesini saglayan mikrosertlik testi,
malzemenin birlestirme ylizeyi ve ¢evresindeki siireksizlikleri tespit etmek amaciyla {i¢ nokta egme
testi, davranigini belirlemek amaciyla yapilan kontrollii gerilimle iiriine bir yiik altinda belli bir seviyeye
kadar olarak veya tamamen malzeme kopana kadar malzemeye kuvvetin uygulandigi ¢ekme testi
gergeklestirilmistir.

Test sonuglart incelendiginde; Ortalama sertlik 34,35 Hv0,05 olarak olglilmiis ve Barcoll Sertlik
donigiim tablosundan 49-50 HBa oldugu belirlenmistir. Cekme degerleri ise numunelerin
dayanabilecegi maksimum kuvvet ortalama 11,9-13,4 kN arasinda degisirken, maksimum uzama 6,5-7
mm ve maksimum gerilme degerlerinin 236,781-268,031 N/mm?2 araliginda oldugu goriilmiistiir. Egme
dayamm degerleri 550-850 N araliginda degismekte ve maksimum gerilme degeri 3403,13-5212,5
N/mm?2 araliginda elde edilmistir.
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Bu calisma ile cam elyaf takviyeli geri doniistiiriilebilir polimer esasli kompozit malzemelerden hafif,
cevresel kosullara dayanikli izolatdrsiiz kompozit travers ve konsollar gelistirilmis ve mevcutta
bahsedilen problemlere hem ¢evreci hem ekonomik hem de uygulamasi kolay olan, efektif bir ¢6ziim
getirmistir.

Mevcutta demir, beton veya galvaniz gelikten yapilan travers/konsollarda hattin traverse diismesi ve
diregin enerjilenmesi ile is kazalart meydana gelmektedir. Cam elyaf takviyeli geri doniisiimlii plastik
kompozit malzeme kullanilarak yalitim saglanmis ve izolator ihtiyacimi ortadan kaldirarak; hafif,
yalitkan, yanmaya ve ¢evresel sartlara karg1 direngli, ¢evreci, giivenli, uygulanmasi kolay, uzun émiirli
ve diisiik maliyetli bir {iriin ortaya ¢ikmustir. Uretilen bu iiriiniin yayginlasmast ile enerji kesinti siireleri
onemli bir Ol¢iide azalacak ayni zamanda ciddi yaralanma ve Olimle sonuglanan kazalarin oniine
gecilerek bolgedeki insanlarin ve hayvanlarin giivenligi saglanacaktir.
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ABSTRACT: The purpose of this study is to identify the methods for determining the level of digitization of electric
utilities in Turkey, to determine the tools to be used, and to evaluate the results of the field studies to be conducted
for this purpose. By determining the level of digitalization of electricity distribution companies, it will be possible
to determine which areas are prioritized by the strategies identified and whether they are on the right track in
terms of transforming business processes in these areas. Secondly, by identifying the levels of digitization maturity,
electricity distribution companies can determine in which areas they have what need for improvement and
investment in order to eliminate the deficits in strategy, implementation and cultural transformation as part of the
digitization roadmaps. These, in turn, provide the companies with important information that provides insight into
the direction of digitization.

Keywords: Digitalization , Digital Maturity Index Model, Digital Transformation

1. Introduction

Digitization indicates the importance of placing advanced technology at the center of all processes,
products and services [1]. Digitization is the process of converting information from a normal form to a
digital system.

Digitization of businesses helps to increase the efficiency, consistency and quality of processes [2]. The
widespread digitization of organizations and business models is one of the strongest trends reshaping
today's global economy. The move to digitize processes is fueled by the strong assumption of achieving
higher overall organizational performance and creating competitive advantages. This is key to both
survival and growth [3,4]. Thanks to digitalization, manually repetitive processes are automated, helping
businesses work more efficiently and enabling them to focus on more difficult and innovative initiatives.
With automation systems, tasks can be done faster and with less errors [5].

Parallel to the development of technology, as in many other sectors, the electricity distribution sector is
going through an extensive transformation process. Developments in information, communication and
sensor technologies as the basic building blocks of digitalization have made the collection, transmission
and processing of data in almost all sectors, especially in distribution systems, much easier than before,
and primarily with technology adaptation, digitalization of existing analog/manual processes and
telemetry in particular. Many information technology (IT) - operational technologies (OT) have
accelerated the deployment of interactive systems.
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Digitization of the energy system is defined as the process of implementing and operating a set of assets
through monitoring, transfer and analysis of data produced by one of the actors in the energy system [6].

Electricity distribution companies have huge databases of their systems and strive to constantly update
and store data. They aim to design, develop and integrate new tools to take advantage of them. Central
Supervision Control and Data Acquisition (SCADA) systems are the first systems developed to enable
electricity distribution companies to monitor and control the high voltage system. The Outage
Management Systems (OMS) help shorten power outages by informing the electricity distribution
companies of fault locations in a timely manner. Electricity models of distribution networks for the
planning and operation of networks allow electricity distribution companies to calculate power
transmissions and use them in their analysis. Typically, these vehicles require only electric models,
which means the electrical parameters of the equipment and the connectivity of the network, but no
details about their coordinates or locations are essential. However, geographic information systems
(GIS) are helpful in modeling the distribution system, allowing it to be added to the maps of the area of
interest. This type of GIS information is very useful for maintenance teams to model in isolating and
restoring service, correlating network operations with weather conditions, and increasing security. The
Distribution Management System (DMS) consists of a set of tools to control and monitor the entire
distribution system. This diversity of vehicles, different functions, information requirements, updating
huge databases that need to be integrated and compatible with each other is a challenge for distribution
companies [7].

Electricity distribution companies have an important role in applying innovative ideas and technologies
to optimize the functioning of electricity distribution networks and make improvements to benefit
consumers. In recent years, with the increase in the integration of distributed generation, the maturation
of grid-connected electric vehicles (EV) and smart grids, the need for the use of innovative technologies
that will facilitate the monitoring and management of the grid has increased even more. The effective
use of these innovative technologies is only possible with the successful implementation of the
digitalization process.

Technological investments to improve the management of electricity distribution networks are generally
long-lasting and therefore investments to be made should be planned by making a cost-benefit analysis
in advance. To achieve this, a digitalization strategy should be created and the necessary investments
made according to this strategy. The rapid and effective execution of the digitalization process ensures
the reduction of total costs, better targeting of investments and improvement in service quality. These
investments should not be thought of as merely purchasing technology.

For example, strengthening the company's analytics department is also an investment in the
digitalization process. In this context, a company that handles the digitalization process from end to end
will not only be technologically advanced, but also strengthen in terms of operational efficiency and
contribute to increasing customer satisfaction.

The digital maturity level shows how well a company or institution can adapt to the digital
transformation process and their ability to benefit from the innovations brought by digital technologies.
In this context, the company must be in the process of constantly adapting to the changing digital world
by changing its strategy, workforce, culture, technology, structure, to meet the digital expectations of
customers, employees and business partners and by applying new technologies. The digital maturity
index, on the other hand, is a numerically comparable output that identifies the level of digital maturity.

As the first step of developing a digitalization incentive system in electricity distribution companies,
digital maturity should be measured fairly. Within the scope of this study, the Digital Maturity Index
model was developed for electricity distribution companies and using this developed model, the digital
maturity values of three different electricity distribution companies were measured. Electricity
distribution companies are named as A, B, C companies. Using the model and the practices developed
in the present study, the periodic measurement of the digital maturity of electricity distribution
companies in Turkey is supported by the results.
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2. Model and Measurement Application

In the digital maturity model application section for Yesilirmak Electricity Distribution Company, the
development of the model, the collection of answers and the evaluation were carried out.

In the process of developing the digital maturity model;
- ldentifying questions and options 1123
- Determination of categories and weights

- Determination of scoring based on answers

In the process of collecting and evaluating the answers;

- The relevant units of Yesilirmak Electricity Distribution Company give appropriate answers to the
questions.

- Collection of documents supporting answers

- Conducting online meetings

- Making field evaluations

- Scoring based on answers, documents, meetings and field evaluations

steps are completed. In the process of developing the digital maturity model; Academic literature review,
private sector applications review, opinions of industry experts and feedback received from Yesilirmak
Electricity Distribution Company's sources were used.

2.1. Developing the Digital Maturity Model

Before the digital maturity model was developed, academic literature and private sector applications
including various digital maturity models were examined in detail. Important information was obtained
and this information formed the basis of the developed model methodology. In these studies, models
with various depths and addressing different sectors were encountered. All models have some common
points and these common points have guided the development of our model.

First of all, there are 2 common model evaluation methods. These are self and expert assessments. As
shown in Table 1, there are several methods of assessing digital maturity.

Table 8. Digital maturity assessment methods

Self Assessment Expert Evaluation
- The degree of digital maturity is determined by the - It is the evaluation of the subject experts of the institution
institution or company in the form of answers to questions or company whose digital maturity level will be
and options. determined, on the basis of the determined criteria.
- The application is fast - Its application is relatively slow.
- Low reliability and inter-firm consistency. - It is highly reliable and consistent between companies.

Table 1 shows the advantages and disadvantages of self-assessment and expert evaluation. Self-
assessment is faster, but open to bias by the company answering the questions. Expert evaluation is more
reliable but slower than self-evaluation. In this study, self-assessment and expert evaluation were used
together to collect quick answers and keep results reliable. For self-assessment, questions and options
were created to measure digital maturity in a holistic way. In addition, in order to make evaluations in
all models detailed enough, categorization and weighting were made according to effects of these
categories on the digitalization process.

The models in previous literature and applications do not go into detail or consider sector-specific
technologies. To create our model for the electricity distribution sector, we fed the expertise of the sector
with digital maturity methodologies from previous literature, along with opinions from three companies
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about what is needed for this industry. Each question was given a different weight, and each question
was labeled with a relevant subcategory. The main diagram of the model showing main categories,
subcategories and weights is shown in Figure 1.

Table 2 shows the criteria measured in the strategy and culture category, Table 3 shows the criteria
measured in the technology use and operational processes category, Table 4 shows the criteria measured
in the cyber security category, and Table 5 shows the criteria measured in the customer experience
category.

‘ Strategy and Culture ‘ ‘ Custormer Experience ‘ ‘ Technology Use and Operational Processes
Weightness: %25 ‘Weightness: %25 L Weightness: %35
‘ Do et ‘ %60 ‘ ‘ Dl eraret St ‘ %60 ‘ ‘ SEADS f‘“d,f;‘e‘g" ’ %12 ‘ et andt Mot caanc e %8 ‘

Talent Management and
Innovation

‘ Cyber Security ‘
‘Weightness: %15

040 ‘ ’ Digital Media and ‘

Information

OoMms

Workforce Management

E

%10

Data Management and
Analytics

Project Planning, Facility
and Process Management

HR & Performance
Management

GIS

%30 Sensor and Smart Meter
Usage
Equipment and
quipn ] 0440
Information Security

Employee Awareness
and Competence

%12

General Safety
Procedures

%10

Modern IT/OT Usage

%9

Figure 14. Model main categories, subcategories and weights

Table 2. Strategy and Culture

Digitalization Talent Management and Innovation

- How the digitalization process is structured ) ) )
i ) L - Accommodating employees who will adapt quickly to the
- The importance given to digitalization by the management djgitalization process

- How central the digitalization process is in the company . Training and certification support to increase digitalization
- Compliance of company culture to the digitalization competencies
process - Innovative collaborations

- The content of the goals and projects set in the _R&D & innovation centers
digitalization process
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Table 9. Technology Use and Operational Processes

SCADA and Energy Monitoring Geographic Information System (GIS)
- Monitoring and control level with SCADA at transformer, - System integrations
distribution center, feeder points - Systems run over GIS
- SCADA integrations - Data quality in the system
1125
- SCADA emergency backup - Data update speed
- SCADA operators and training - Incorrect data entry detection and prevention
Modern IT/OT Usage Outage Management System (OMS)

- Use of communication technologies - Outage and interruption point estimation

- Estimation of the number of subscribers affected by the
- 10T usage

outage
- Use of cloud technologies - System integrations

- Use of the digital twin method

- Data update
Distribution Management System (DMS) Sensor and Smart Meter Usage
- Usage status of distribution management system modules - OSOS usage level
- Data transfer from GIS - Effective use of sensor data
Data Management and Analytics Project Planning, Facility and Process Management

- Supply of data (data read in meters, weather) - Preparing facility progress payment sheet
- Presence of analytics department and analytical studies - Distributed generation connection permissions
- Content of demand forecast - Programs used for supplier evaluations
- Use of reporting and data visualization tools - Programs used for litigation, document tracking

Customer Information System HR & Performance Management

- Data kept related to customers in the customer information . . .
system - Use of digital tools in recruitment processes
- ldentification of affected customers in case of outage SRR RIS Ot Al gy

- Customer analytics studies - Use of digital tools in personnel performance monitoring

Table 10. Cyber Security

General Safety Procedures Equipment and Information Security

- Risk measures related to ICT devices and data access
- Industrial Control System (ICS) enclosure
] ] ) - Infrastructure security
- ICT (Information Technology) security policy
- Cyber threat management
- Emergency roadmap
- Information confidentiality procedure

- Physical security measures

Employee Awareness and Competence

- Awareness level of ICT security policy
- Cyber security trainings

- Cybersecurity certified employees

- Periodic tests (phishing mail etc.)

- Customer behavior analysis via web application and mobile application




/ /

,@' 16. UBAK, 11 - 12 March 2023, Ankara ,Q'
UBAK UBAK

Table 11. Customer Experience

Digital Service Solutions Digital Media and Information

- Update customer data

- Survey studies - Digital reference channels
- Automatic transactions in the call center - Customer information methods
- CRM (Customer Relationship Management) team - Web application content
- Ability to advance processes before customers come to the - Mobile app content
office . . L
- Customer behavior analysis via web application and
- Chatbot service mobile application

- Call center waiting time

2.2. The Process of Collecting and Evaluating the Answers

After developing the draft version of the model, the self-evaluation process initiated by Yesilirmak
Electricity Distribution Company began. Relevant units of Yesilirmak Electricity Distribution Company
marked the most appropriate options in questions and provided open-ended answers if the option was
not sufficient. In this process, other companies also gave feedback to the questions and options. With
adjustments made according to these feedbacks, the model reached its final form. After reaching its final
form, the process of showing the accuracy of answers received from electricity distribution companies
and scoring began.

In the self-assessment stage, scoring was determined for each option. The documents that were taken
include screenshots, reports and presentations. Online and/or physical meetings were held to inquire
about the details of the answers given. In particular, it is aimed to understand the level of the steps stated
in the answers. Field visits were made in order to ensure the accuracy of the answers given, and to more
accurately score the issues that remained obscure in document sharing and online/physical evaluation.
Field evaluation was carried out with A, B, C companies and in this field evaluation, especially the areas
of cyber security and effective use of technology were emphasized.

3. Findings and Discussion

Table 6 and Figure 2 show the category-based scores received by companies A, B, and C. Strategy and
culture are the most important categories, showing what the speed and quality of a company's digital
transformation will be in the long run rather than just current adequacy. Company C got the highest
score because it has established a digital transformation office in addition to its technology and R&D
units.

All three companies received similar scores in the technology usage and operational processes category.
Company A and C automatically determine their rural subscribers via OMS; company C updates
network data daily, much faster than company A, which makes use of OMS-MBS integration for
planned outages as well as unplanned outages. Firm C's demand forecasting system integrations are
more mature than those of companies A and B; firm C also has digital twin technology, which allows
for monitoring, simulation, forecast optimization and more. Digital technology can lead to greater
deployment of digital technology to control, monitor and maintain power transmission and distribution;
it helps make better use of existing grids.

With the expansion of the grid systems based on the increasing energy demand, digitalization has
become a necessity for the application of the current developing technology. Cyber security has been a
category in which all electricity distribution companies receive high scores. All companies have a
comprehensive ICT security procedure.

In addition, companies conduct customer analysis studies such as viewing and time spent in web and
mobile applications. In the customer experience category, companies received scores close to each other.
When the customer calls, company C provides a more comprehensive service such as instant question

1126



/

(./ 16. UBAK, 11 - 12 March 2023, Ankara

UBAK

and answer, connection application and digital signature, compensation transactions on the website, and

can receive applications via e-government.

Table 12. Digital Maturity Score of Firms Based on Main Category and Subcategories

<
U

g
BAK

. Firm Firm
) ) Firm A B C
Main Category Sub Category Weightness
Scores  Scores  Scores
Digitization Roadmap 60% 62.7 67.7 74.6
Strategy and : 0
Culture (%625) Talent Management and Innovation 40% 68.3 69.8 89.0
Total 100% 64.9 68.5 80.4
SCADA and Energy Monitoring 12% 57.8 44.8 86.0
DMS 7% 52.5 22.5 26.3
OMS 10% 78.0 61.8 76.8
GIS 12% 48.8 66.3 56.8
Sensor and Smart Meter Usage 10% 77.5 77.5 37.5
Modern IT/OT Usage 9% 32.7 45.6 53.8
Technology
Use and Asset and Maintenance Management 8% 50.5 66.0 45.0
Operational 0
Processes Workforce Management 6% 76.3 76.3 81.3
(%035) Data Management and Analytics 10% 88.8 84.0 84.5
Project Planning, Facility and Process Management 5% 60.4 73.0 91.0
MBS 8% 66.0 68.8 67.3
HR & Performance Management 3% 64.0 64.0 100.0
Total 100% 62.7 62.3 65.1
General Safety Procedures 30% 97.0 97.0 97.0
Cyber Security Equipment and Information Security 40% 92.4 92.4 77.0
(%15) Employee Awareness and Competence 30% 89.5 89.5 80.0
Total 100% 929 92.9 83.9
Digital Service Solutions 60% 65.5 56.8 73.5
Custormer
Experience Digital Media and Information 40% 60.5 59.8 60.3
%25
(%625) Total 100% 635 580 682
Total Score 68.0 67.3 725
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Fig 2. Digital maturity score summaries of companies

4. Conclusion

In this study, methods for determining the level of digitalization of electricity distribution companies
have been determined, tools to be used in these methods have been determined and three companies
were examined on-site in order to gather results. In the implementation section, firstly questions and
options were created in order to determine the level of digital maturity of the companies. To make it
more detailed, categorizing and weighting the categories according to their influence on the
digitalization process were done in order to rate the answers according to these weights. Then,
appropriate answers for each question were gathered together with supporting documents such as
online/physical meetings, field research and finally scoring based on these points occurred. According

to this scoring result, A, B and C firms obtained total digitalization scores respectively as 68.0%, 67.3%
and 72.5%.

By evaluating the levels of digitalization of companies, the roadmap for digitalization strategy and
culture, technology use and operational processes, cyber security, customer experience categories has
been determined which needs to be addressed in specific areas and also revealed that companies need to
determine their priorities in terms of technology and investments in terms of directions and amounts.
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Catlak Sekil Oram (A/c) ve Yaricaplar Oranimin (Ri/ro) Cekme
Gerilmesine Maruz I¢i Bos Silindirlerde Bulunan Donmiis Eliptik Yiizey
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OZET: Lineer Elastik Kirlma Mekanigi 'nde catlaklar, parca boyutlar, ¢atlagin sekil orani ve par¢anin maruz
kaldig1 yiikleme durumuna gore hesaplanan gerilme siddet faktorii adi verilen K'nin, ilgili par¢anin malzeme
ozelligine bagl olan kritik gerilme siddet faktorii, Kc ile karsilastirilmasiyla incelenmektedir. Béylece tasarim
asamasinda gekil ve boyutlari belirlenmis parcalarda, ani kirilmadan once izin verilebilecek maksimum c¢atlak
boyutlari ve/veya maksimum gerilme belirlenebilmektedir. Bu ¢alismada, miihendislik uygulamalarinda en ¢ok
karsilasilan geometrilerden biri olan i¢i bos silindirik yapilardaki dénmiis yiizey catlaklar: ele alinmistir.
Zenginlestirilmis eleman yontemi temelli sonlu elamanlar yazilimi olan FCPAS programi kullanilarak, eksenel
¢cekme gerilmesine maruz igi bos silindirlerde donmiis eliptik yiizey ¢atlaklarimin karistk mod kirilma analizleri,
gergeklestirilmistir. Catlak derinligi/catlak genisligi (a/c) ve silindir i¢ yarigapv/silindir dis yari¢apt (Ri/Ro)
parametrelerinin ¢atlak 6nii boyunca normalize edilmis karisik-mod gerilme siddet faktorlerine etkileri
incelenmigtir. Elde edilen sonuglara gore, a/c degerinin artmasi, boyutsuz mod-III gerilme siddet faktorii KIII tin
her zaman sifir degerini aldigi ¢atlak ucunda, boyutsuz mod-I gerilme siddet faktorii KI ve boyutsuz mod-11 gerilme
siddet faktorii KII'yi arttirmaktadir. Ri/Ro’nun artmasi ise KI'i azaltmakta KII ve KIII degerlerinde ise kayda
deger bir degisim meydana getirmemektedir.

Anahtar Kelimeler: Kirilma Mekanigi, Gerilme Siddet Faktori, Silindirlerde Donmiis Yiizey Catlagi, Sonlu
Elemanlar Analizi

The Effects of Crack Shape Ratio (A/c) and Ratio of Radii (Ri/ro) On Fracture Parameters of Deflected
Surface Cracks Contained in Hollow Cylinders Subjected to Tensile Stress

ABSTRACT: In Linear Elastic Fracture Mechanics, the cracks are analyzed by comparing the stress intensity
factor K, which is calculated based on part geometry, crack dimensions and loading, with critical stress intensity
factor Kc, which is a material property of the corresponding part. In this way, before fracture takes place, tolerable
maximum crack dimensions and/or maximum allowed load or stress in the part, whose shape and dimensions are
decided at the design stage, can be determined. In this study, hollow cylindrical structures, which are one of the
most common geometries in engineering applications, are analyzed. Mixed mode fracture analyses of deflected
elliptical surface cracks in hollow cylinders subjected to axial tensile stress were performed using FCPAS
program, which is a finite element software based on enriched element method. The effects of crack depth/crack
width (a/c) and cylinder inner radius/cylinder outer radius (Ri/Ro) on normalized mixed-mode stress intensity
factors along the crack front were investigated. According to the obtained results, as the a/c value increases, at
the crack depth point, where non-dimensional mode-I11 stress intensity factor KllI always receives a zero value,
non-dimensional mode-I stress intensity factor KI and non-dimensional mode-Il stress intensity factor Kill
increases. On the other hand as Ri/Ro increase, Kl reduces, while there is no significant change in KlI and KIII
values.
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1. INTRODUCTION

Almost all engineering materials and structures have initial defects such as microcracks, intergranular
gaps, air bubbles formed during casting, corrosion and notches caused by the lack of perfection of
production methods. These defects eventually form cracks over time and cracks progress in the service
conditions of the materials, merge with each other and become visible to the eye. Especially under cycled
loads, reaching their critical sizes, these cracks result in fracture. Such situations can be encountered as
machines breaking down much earlier than expected service lives, being unable to perform their duties,
generating high costs and, most importantly, causing losses of lives. In terms of economic development,
considering the reduction of maintenance and repair costs and the importance of humans’ lives, impact
of fracture mechanics science is increasing day by day, especially in the areas of defence, energy and
transportation.

Most of the encountered problems in practical engineering applications usually involve complex
geometries and loading conditions. Therefore, it is desirable to know the stress intensity factor (SIF)
distributions of certain model geometries containing known crack sizes in advance and/or at the design
stages. There are theoretical, experimental and numerical methods to calculate SIFs. Among these
methods, due to its advantages compared to other methods in terms of time and cost, as a humerical
method, finite element analysis is mostly used in the last four decades. In this study, enriched finite
elements are used to compute mixed mode SIFs for deflected surface cracks in hollow cylindrical
structures.

2. PROBLEM DESCRIPTION

Cylindrical structures are one of the very basic elements mostly used in real life implementation of
engineering designs. For this reason, it is very important to know the stress intensity factors for cracks
contained in cylindrical structures under different loading and geometrical situation.

It is observed that many different methods are used on cracks in cylindrical structures:in the literature.
(Raju & Newman, 1986) studied the SIFs of pipes and cylindrical rods with mod-1 surface cracks under
tensile and bending loading in their work published in 1986. They used cracks with different a/c ratios
for pipes and performed finite element analyses with various a/t and R/t (cylinder inner radius)
parameters.

(Carpinteri, 1992), (Shin & Cai, 2004) performed experimental and finite element analyses based on a/c
and a/D (crack depth/cylinder diameter) variables in a circular shaft subjected to tensile and bending
stress and containing an elliptical surface crack. In (Couroneau & Royer, 1998), under mode-I affect,
the propagation of surface cracks with fatigue in rods with a circular cross section was numerically
studied depending on the parameters a/c and a/R (crack depth/cylinder radius). In addition, by making
crack propagation estimates, they analytically calculated fatigue life cycle of parts. (A. O. Ayhan, 2011)
compared the results with the analytical solutions of the problem by using tetrahedron (4-sided) elements
in the crack region in a cylinder with a circle-shaped (penny-shaped) embedded oblique crack exposed
to tensile stress. (Fu et al., 2017) examined inclined cracks in pipes subjected to tensile and bending
stress using the J-integral method and finite element analysis, taking into account various a/c, a/t and
t/R (cylinder wall thickness/cylinder outer radius) parameters. (Teh et al., 2021) examined cylinders
with inclined surface cracks subjected to tensile stress using different methods such as finite element
method and dual boundary element method (DBEM) and compared the results for parameters a/c=1,
1.5, 2; a/D= 0.025, 0.05, 0.1. (Ramezani et al., 2018) empirically examined cylinders with inclined
surface cracks under torsional loading using DBEM method and presented the results for different cases
of crack depth/diameter values; a/D=0.025, 0.05, 0.075, 0.1. (Toribio et al., 2014) have developed
software based on the parameters a/c, a/D, x/c (instantaneous position in front of the crack / crack width),
which calculates the progression profile of initial cracks under repeated bending and tensile stress of
cylinders with semi-elliptical surface cracks based on the Paris-Erdogan law.

When looking at fracture studies in the literature that are related to cylindrical structures containing
cracks, it is observed that mostly full cylindrical structures with horizontal cracks subjected to tensile
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and bending stress are examined. In the studies related to hollow cylinders, only inclined cracks were
examined. Therefore, mixed-mode fracture analyses of external deflected surface cracks in hollow
cylindrical structures subjected to tensile stress have been performed within the scope of this study, and
as aresult, it isaimed to create a fairly wide library of stress intensity factors and investigated effects of
problem parameters to normalized SIF distributions. Since presenting all of the generated solutions for
all values of the parameters affecting the problem and their empirical equations is not possible due to
time limitations on presentable data in the conference, the solution method and only the effects important
parameters on the mixed mode fracture parameters are presented in this paper.

The stress intensity factor is not a material-dependent property, but depends on the dimensions of the
part, the geometry of the crack and the loading condition. For this reason, cracks with various widths
and depths at different deflection angles are desired to be analyzed and their SIFs to be calculated in
advance based on sizes of the part and the contained cracks and the acting load. By comparing the
computed SIF value with the fracture toughness of the material of the part, it can be decided whether
the existing crack will progress or not and the maximum allowable stress and crack length/depth on the
part.

The parameters of problem are a (crack depth), 2c (crack surface length), Ri (cylinder inner radius), Ro
(cylinder outer radius), t (cylinder wall thickness), « (rotation angle of the crack with a horizontal plane
around the x axis), 2H (full length of the cylinder) and are given in Fig. 1. Within the scope of the thesis
study, the distributions of stress intensity factors depending on a/c, a/t, Ri/Ro, a variables were
extensively examined by performing mixed mode fracture analyses and the effects of certain parameters
on SIFs are presented in this paper.

In all models, cylinder height (2H) is six times the cylinder outer radius (6*Ro0), crack depth a=1 unit
(m), applied tensile stress o=1 unit (Pa) are used and all parameter values of hollow cylinder and crack
are given in Table 1.

Figure 15. Surface Crack in a Hollow Cylinder Subjected to Axial Tension Loading.

Table 13. Model Parameters Used in the Analyses.
alc alt RiIRe «a

025 005 01 0°
05 01 0.3 15°
1 025 06 30°
2 0.5 09  45°
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08 09 60°
75°

Total cases of all parameter
values in combination

4x5x5x6=600 1133

3. MATERIAL AND METHOD
3.1. Method of SIF Computation

A hollow cylinder model with surface crack deflected by 45 degrees, created in (Ansys, 2009) are shown
in Fig. 2. In order to create more mesh density in the middle of the cylinder where the crack will be
located, the cylinder was divided into three equal volumes and the crack was placed in the middle region.
Crack depth (a) was taken as 1 unit for modelling and other variables are determined according to the
ratios of the parameters in Table 1.

Figure 16. ANSYS APDL Model of Hollow Cylinder and Deflected Surface Crack.

Tunnels of
Crack
elements

2H/3

2H/3

Lines of
crack front

2H/3]

=X

Volume beetwen crack tunnel
and cylinder outer face

Since the model is symmetrical with respect to the y-z plane, in order to reduce the computation time,
the cylinder was cut with respect to the y-z plane and half of the total volume was discarded, and the
half cylinder model remaining on the right side was used for meshing stage. 20-node quadratic
hexahedral Solid-95 elements were used in tunnels of crack elements shown in Fig. 2 and tetrahedral
elements were used for remaining volumes.

Finite element mesh structure of the half hollow cylinder and implementation of boundary conditions
and loads are shown in Figure 3.
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Figure 17. Mesh Structure of Half Cylinder and Implementaion of Boundry Conditions.

Ux = 0 (faces of plane
symmetry)

| 134

Ux=0
( faces of plane
symmetry)

Unit tensile distributed loading was applied to the lower and upper surfaces of the cylinder to express
the uniform tensile stress. The model is fixed from two different points at its bottom base, one point in
z and y directions and another point only in the z direction to prevent rigid body motion. In addition, in
order to represent full body of cylinder, all nodes on the y-z plane are constrained in z direction
(symmetrical displacement boundary condition).

To computed the SIFs, FCPAS (Fracture and Crack Propagation Analysis System) program includes the
enriched element formulation in the displacement and strain formulas of the elements surrounding the
crack front. Using the FRAC3D solver, it calculates unknown stress intensity factors together with
element displacements directly without the need for post-processing.

Figure 18. Hexahedral Quadratic Crack Tip Enriched Element with 20 Nodes (A. Ayhan, 2004).

According to the global coordinate system (X Y Z) in Fig. 4. the general form of the enriched element
displacements u, v, w are given in Equations 1-3.

u(€,m,p) = XM Ny (€., 0 + Zo(,m, p){FL (€0, 0) TP Ny (DK + Gy (§,m,0) 1P Ni(DKy +

Hy (&1, p) T1P N(D)Kfy ) (1)
v(fr n P) = Z;nzl IVJ (f! n P)U] + ZO (6' n p){Fz(f, n p) Z:l:t;p Ni (F)KIL + GZ (f; m, p) Z:l:tllp Ni (F)KILI +

Hy (&1, 0) X7 N (DK} ®)
w(&n,p) = STy N; (€1, )W, + Zo(&,1, p)(F5 (€., ) TP Ny(DKF + Gs(€,m, p) TP Ny(DKy +

H3(&En, p) X1P N, (D Ky} 3)



/ /

C/ 16. UBAK, 11 - 12 March 2023, Ankara C/
UBAK UBAK

In the equations, m is total node number of the element and &, 1, p are isoparametric coordinates ranging
-1 to 1 values at corner nodes and getting zero value at midside nodes of quadratic element according
to local coordinate system. u, v, w are expressions which gives displacements of global coordinate
system at any point within the element when &, 1, p isoparametric coordinates is entered. Nj are element
shape functions, uj, vj, wj show the unknown displacement components for each nodal point of the finite
element. The equations contain the normal finite element isoparametric interpolation and unknown Ki,
Ku, Kin stress intensity factors at the nodal points along with asymptotic crack tip displacement fields
(F, G, H).

Since normal elements do not contain the asymptotic expressions contained in the enriched elements,
compatibility equations cannot be provided directly on the surfaces, edges or points that the enriched
elements share with the normal elements. Therefore, it is necessary to use transition elements between
normal and enriched elements (Fig. 5b). Zo is a lineer transition function that takes the value 1 at the
enriched finite elements in the formulation and at the nodal points of the transition elements contacting
the enriched elements, and 0 at the nodal points of the transition elements contacting the normal finite
elements.

Figure 19. (a) Line of Crack Front and Element Edge Size at Crack Tip, (b) Normal, Transition and
Enriched Elements along the Crack Front.

Regular
elements

Line of crack
front

Transition
elements

Enrichment
elements

(@ (b)

The terms Fi, Gi, Hi are obtained by subtracting simply constants computed from asymtotic displacement
functions expression multiplied by shape functions, from asymptotic displacement functions, which are
the coefficients of mode-I, mode-Il and mode-I1l SIFs transformed to global coordinate system.

I" is an isoparametric coordinate ranging from -1 to 1, and Ni(T') is a one-dimensional interpolation of
unknown stress intensity factors along the nodal points that contact the front of the crack, while ntip
represents the number of nodal points that contact the crack tip. In the enriched element, the edge that
contacts the crack front determines which isoprametric coordinate of the element is parallel to coordinate
I'. For detailed explanations of the expressions found in the equations (1-3) and general enriched finite
element approach, references (A. Ayhan, 2004; A. Ayhan & Nied, 2002; A. O. Ayhan, 2011; A. O.
Ayhan et al., 2006; Barsoum, 1976; Benzley, 1974; Kaya & Nied, 1993; Prof. Dr. Ali Osman Ayhan,
2022) can be reviewed.

3.2. Convergence of SIF Solutions

In finite element analysis, displacements at the nodal points of the used elements are calculated by
making use of element shape functions for interpolation within a finite dimension or domain. Therefore,
element size has a great impact to obtain converged results. For mixed mode fracture analyses, especially
when the relatively coarse element size is used in the crack tunnel, the results may not converge to
correct solution. If rough elements, whose edge lengths are relatively bigger in terms of element edge
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size/crack size ratio, are used in meshing to analyze model, there will be high error difference between
obtained result and the acceptable result of the problem. But if very small elements are used, matrices
with thousands or even millions of node points need to be solved and it will increase the solution time
depending on the computer characteristics. Therefore, determining the element size of mesh structure
requires an optimization.

For convergence study, a/50, a/100, a/200, a/400, a/500, a/600 for the element size in the crack tunnel
and 10, 20, 45, 60, 90 for the number of divisions of the crack front line, were selected and the analyses
were carried out for a/c=0.2, a/D (crack depth/cylinder diameter) = 0.2.

In the mixed mode fracture analyses performed using the enriched finite element method, according to
the studies carried out by (A. Ayhan & Nied, 2002), it was found that the most effective parameters for
the convergence of SIFs are firstly gaussian quadrature and then mesh quality. For this reason. the
gaussian quadrature number was used as 24x24x24. In order to determine optimum mesh size, a
convergence study was carried out on the edge lengths of element whose edge line contacting the front
of the crack and number of element divisions along the crack front line. The results are shown in Table
2.

Table 14. Convergence study for crack tip element size and number of element divisions along crack

front.
i Nl g T Nz
elesr;wzeents crack tip difference front crack tip difference
line
a/50 1.14744 - 10 1.14123 -
a/100 1.14577 -0.14554 20 1.13807 -0.27689
a/300 1.14593 0.01396 45 1.14239 0.37959
a/400 1.14682 0.07767 60 1.14601 0.31688
a/500 1.14969 0.25026 90 1.14516 -0.07417

a/600 1.15272 0.26355

According to the convergence results, a/100 (crack depth/100) was selected as the crack tip element
size, and 60 was selected for the number of divisions along the crack front line.

3.3. SIF Comparison with Literature Data

In this section, normalized stress intensity factors calculated by using FCPAS were compared
with some studies in the literature. a/c=0.6 and a/D=0.1, 0.2, 0.3, 0.4, 0.5 models from studies of (Raju
& Newman, 1986), (Shin & Cai, 2004) and (Carpinteri, 1992) and a/c=1, a/D (crack depth/diameter of
solid cylinder) =0.025, 0.05, O; B (inclination angle of crack)=45° from (Teh et al., 2021) were selected
and the normalized SIF distributions were compared with FCPAS. Comparisons of results are shown in
Fig. 6-7. It can be seen from the results that the computed SIFs using FCPAS agree well with those from
the literature.
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Figure 6. a/c=0.6; a/D=0.1, 0.2, 0.3, 0.4, 0.5, Mode-I Normalized SIF Comparison.
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Figure 7. a/c=1; a/D=0.025, 0.05, 0.1; B=45°; ; (a) Mode-I, (b) Mode-II, (c) Mode-Ill, Mixed
Mode Normalized SIF Comparison
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4. MIXED MODE FRACTURE ANALYSIS

Among the parameters a/c, a/t, Ri/Ro, a defining the mixed mode fracture problem, the analyses were
performed by changing the parameter whose effect to be studied according to values in Table 1, while
using intermediate values of the other parameters in its studied limits (a/c=1, a/t=0.5, Ri/R0=0.6, 0=45°).
The effects of a/c and Ri/R, on normalized mixed-mode SIF distributions along dimensionless crack
front position are presented in Figs.7 and 8.

The stress intensity factors calculated from the analyses are normalized with K, = g+a. Also
normalized position (s) along the crack front has values ranging between 0 and 1, between the two free
surfaces, and takes the value of 0.5 at the crack depth point.
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Figure 7. Effects of Parameter a/c on; (a) Mode-I, (b) Mode-II, (c) Mode-111, Normalized SIF
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Figure 8. Effects of Parameter Ri/Ro on; (a) Mode-I, (b) Mode-II, (¢) Mode-Ill, Normalized
SIF Distributions.
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5. RESULTS

It is observed from Fig. 7 that decrease of parameter a/c, which means increase of crack length for a
constant crack depth, increases normalized K and Ky values while it decreases the Ki.

As also seen from Fig. 7, when alc, a/t, o are kept constant, hollow cylinders having smaller ratio of
inner and outer radii causes greater Ki. On the other hand, there is no significant change in Ku and Ku
values.
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OZET: Kiiresel grafitli dokme demir, bir perlit-ferrit matrisine gomiilii grafit kiireciklerine sahip bir demir ve
karbon alagimindan olusmaktadir. GGG40 dékme demir imalat sanayinde en yaygin kullanilan dokme
demirlerden bir tanesidir. Yiiksek darbe ve kuvvete karsi saglamligim koruyabilen bu malzemenin elektrik
iletkenligi de son derece yiiksek olup, elverisli bir iglenebilirlige sahiptir. Bu ¢alismada GGG40 dékme demire
yiizey frezeleme islemi uygulanmis ve deneyler esnasinda kesme bolgesinden termal kamera ile sicaklik ol¢iimleri
alinarak kesme sicaklikliar: olciilmiistiir. Deneylerde; ii¢ farkll kesici u¢ (PVD teknigi ile TiALN kaplamal,
kaplamasiz ve PVD teknigi ile TiB2 kaplamaly), ii¢ farkli kesme hizi (280, 360 ve 480 m/dak) ve ii¢ farkli ilerleme
(0.15, 0.35 ve 0.55 mm/dis) kullanmilnistir. Deneysel tasarim igin, tam faktoriyel tasarim kullanilarak 27 (33) deney
yapilnmistr. Her bir deney esnasinda, talas kaldirmaya baslandiginda kesme bélgesinden termal kamera ile
sicaklik olciimleri yapilmistr. Elde edilen deneysel sonuglar varyans analizi ve ii¢ boyutlu grafiklerle
degerlendirilmistir. Deneylerde en diisiik sicaklik, PVD teknigi ile TiB2 kaplamali kesici ug, 280 m/dak kesme hizi
ve 0.55 mm/dis ilerleme oramnda elde edilmistir.

Anahtar Kelimeler: Ggg40, Yiizey Frezeleme, Kesme Sicakligi, Kaplamali Uglar

Investigation of the Effects of Cutting Parameters On Cutting Temperature in the Surface Milling Process of
Ggg40 Cast lron

ABSTRACT: Spheroidal graphite cast iron consists of an alloy of iron and carbon with graphite globules
embedded in a pearlite-ferrite matrix. GGG40 is one of the cast iron manufacturing industry's most widely used
cast irons. This material, which can maintain its robustness against high impact and force, has extremely high
electrical conductivity and favorable machinability. In this study, surface milling was applied to GGG40 cast iron,
and cutting temperatures were measured by taking temperature measurements from the cutting zone with a thermal
camera during the experiments. In experiments, three different inserts (TIALN coated with PVD technique,
uncoated and TiB2 coated with PVD technique), three different cutting speeds (280, 360, and 480 m/min), and
three different feeds (0.15, 0.35, and 0.55 mm/tooth) were used. For the experimental design, 27 (33) experiments
were conducted using the full factorial design. During each experiment, temperature measurements were made
with a thermal camera from the cutting zone when machining started. Obtained experimental results were
evaluated with analysis of variance and three-dimensional graphics. The experiments obtained the lowest
temperature with the PVD technique, TiB2 coated cutting edge, 280 m/min cutting speed, and 0.55 mm/tooth feed
rate.

Keywords: Ggg40, Face Milling, Cutting Temperature, Coated Inserts
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1. GIRIS

Dokme demirlerin gelisen kullanim alanlar ile birlikte farkli ihtiyaglar igin daha yiiksek performansli
malzemelere ihtiya¢ duyulmustur. Bu ihtiya¢ dogrultusunda dokme demirler {izerinde gelistirilmeler
yapilmistir (Cavallini vd., 2008:694). Malzemelere uygulanan alasimlama teknolojisinin gelismesi ile
birlikte, dokme demirin istenilen 6zellikte ve istenilen kullamim alamina sahip olmasi saglanmaktadir.
Dokme demirlerde alagimlama sirasinda karbonun katilasmasi ile alagimin igerisinde olusturdugu sekil
ve bigimler dokme demirin tiplerini belirlemektedir. Dokme demirlerde gesitli sekillere gore gruplama;
malzemenin kompozisyonu, iiretim yontemi, soguma hizi ve 1sil islemlere gore belirlenmektedir
(Cavusoglu, 1981). Ergiyik demirin dokiimden 6nce az miktarda magnezyum (Mg) veya seryum (Ce)
gibi kiiresellestirici elementlerin ilavesi ile alasimlanmasi sonucu Kiiresel Grafitli Dokme Demir
(KGDD) olugmaktadir (Kalpakjian ve Schmid, 2009). Grafitin yuvarlak sekli, malzemenin ¢atlama veya
kirlganlik egilimini ortadan kaldirip gatlaklarin malzeme icinde yayilmasini Onlemeye yardimci
olmaktadir. Boylece yapt milkkemmel gerilme mukavemetine ve slineklige sahip yeni bir malzeme
olmaktadir. Ustiin mekanik &zellikleri sayesinde KGDD’ler 6zellikle otomotiv sektdriinde tercih
edilmektedir. Ayrica bu istiin mekanik 6zelliklerinin yant sira ulagilabilir ve diisik maliyetlerinden

dolayr mithendislik sektoriinde ¢elik dokiimlerin veya dovmelerin yerini almaktadir (Silman vd.,
2007:16).

Literatiir incelendiginde dokme demirlere uygulanan islenebilirlik caligmalarina rastlamak miimkiindiir.
Aslantas ve Ucun’un yaptigi calismada ferritik yapiya sahip Ostemperlenmis sfero demirin
islenebilirligini incelemislerdir. Calismada ii¢ tip sfero dokiim malzeme ve iki farkl: tipte kesici takim
malzemesi (seramik ve sermet) kullanilmistir. Hem seramik hem de sermet takimlarin performansi,
ylizey puriizliiliigii ve takim yanak asinmasina gore degerlendirilmistir. Kesici takimlarin aginma
kosullar1 taramal1 elektron mikroskobu ile karakterize edilmistir (Ucun ve Aslantas, 2009:642). Adir,
ostemperlenmis GGG-70 KGDD’in islenebilirligini aragtirmigtir. Numuneleri 120 dakikada 930 °C'de
Ostenitledikten sonra 350 °C'de 120 dakika 6stemperleme 1s1l islemi yapmustir. Farkh talas derinlikleri,
kesme ve ilerleme hizlan uygulayarak kesme kuvveti, kesici takim asinmasi ve yiizey pliriizliliigi
parametreleri 6lciilmiistiir. Islenebilirlik testleri sonunda talas derinliginin en fazla kesme kuvveti ve
yiizey puriizliliigi izerinde etkisi oldugu bulunmustur (Adir, 2021). Kogak ve Uzun yaptig1 ¢aligmada,
krank mili olarak kullanilan GGG-90 sfero dokiimiin sermet ve karbiir kesici takimlarla islenmesinde
takim aginmasinin kesme kuvvetine etkisini aragtirmiglardir. Calismalarinda sermet takim, yanak
asinmasi acisindan karbiir takimdan daha iyi performans gostermis, ayrica karbiir takim ile yapilan
testlerde daha diisiik kesme kuvvetleri elde edilmistir (Kogak ve Uzun, 2018:695). Yan vd. biiyiik boy
sfero dokme demirin hassas frezelenmesinde kesme parametrelerinin kesme performansi iizerindeki
etkisini sistematik olarak aragtirmuslardir. Calismalarinda; kesme hizi arttikga yiizey piirtizliligi Ra
dogrusal olarak azalirken, Ra'min degisim egilimi ilerleme hiz1 ve kesme derinligi olarak anlamli bir
sonu¢ vermemistir. Kesme hiz1 arttikca, talas boyutunun kisaldigi ve talas yogunlugunun arttigi
gozlemlenmistir (Yan vd., 2020:1). Yiiksek Kromlu Dékme Demir (YKDD) ¢ogunlukla siddetli aginma
ve korozyon kosullart altindaki ortamlarda kullanilir, bu malzeme iizerinde niyobyum eklenmis
arastirmalar aginma direnci konusunda olumlu sonuclar elde etmistir. Da Silva vd. yaptig1 ¢alismada,
%0,5 Nb ilavesinin %25,6 Cr ve %3,2 C ile bir YKDD alagimimin mikroyapist ve islenebilirligi
tizerindeki etkisini aragtirmiglardir. Numuneler 1s1l isleme tabi tutulmus ve daha sonra kuru kesme
kosullarinda islenmistir (Da Silva vd., 2020:1). Da Silva vd. yaptig1 bu ¢alismada, kompakt grafitli
dokme demirlerin frezeleme isleminde mikro yapidaki (matris ve grafit) degisikliklerle islenebilirligini
degerlendirmislerdir. Girdi degiskenleri olarak is malzemesinin ii¢ farkli versiyonu (normal versiyon;
rafine grafitli; rafine grafitli ve Mo ilaveli), iki farkli kesme hizi, ilerleme hizi, takim geometrileri, takim
kaplamalar ve isleme atmosferlerine bakilmustir. Islenebilirlik, takim démrii ve asinma mekanizmalari,
yiizey kalitesi ve elektrik akimu tiiketimi dikkate alinarak degerlendirilmistir (Da Silva vd., 2020:63).
Usta ve Kayir, GGG-40 malzemesi ile CNC torna tezgahinda delik delme deneyleri yapmistir. GGG-40
malzemesi, @14 mm TiAIN kaplamal1 ve kaplamasiz igten sogutmali karbiir matkaplar ile delinmistir.
Yapilan testler sonucu, delik delme kuvveti, moment ve sicaklik Slglimleri yapilmstir. Delik delme
deneyleri, farkli kesme hiz1 ve ilerleme kullanlarak gergeklestirilmistir. ilerleme arttikga delme kuvveti
ve momentin artt1gi, kesme hizinin arttiginda ise delme kuvveti ve momentin azaldigr gériilmiistiir (Usta
ve Kayir, 2017:231).
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Yapilan literatiir taramasinda GGG40 malzemesine yiizey frezeleme islemi uygulanarak, kesme
sicakliklarinin degerlendirildigi bir ¢alismaya rastlanmamustir. Dolayisiyla bu acgidan bu ¢alisma
Ozgiindiir. Bu calismada; ti¢ farkli kesici ug, ii¢ farkli kesme hiz1 ve ii¢ farkli ilerleme kullamlarak
GGG40 dokme demire ylizey frezeleme islemi uygulanmustir. Deneyler esnasinda kesme bolgesinden
termal kamera ile sicaklik 6lgtimleri yapilmis ve kesme parametrelerinin sicaklik tizerine etkileri varyans
analizi ve ii¢ boyutlu grafikler ile incelenmistir.

2. MALZEME VE METOT

Frezeleme deneyleri, maksimum 10000 dev/dak devir sayisi olan AWEA marka AF1060 model ii¢
eksenli dikey freze tezgahinda yiiriitiilmiistiir. Tezgaha ait teknik 6zellikler Tablo 1°de verilmistir.

Tablo 1. Deneylerde kullanilan tezgahin teknik 6zellikleri.

Tezgéh giicii 40 kVA
Maksimum devir sayisi 10000 dev/dak
Isletim sistemi Mitsubishi M80
Isletme Basinci 5-7 bar
Olgii Hassasiyeti 0,003 mm
Tabla Olgiisii 1200x600 mm

Deneylerde 80x200x24 mm ebatlarinda GGG40 malzeme kullamlmustir. Bu malzemeye ait teknik
bilgiler Tablo 2 ve Tablo3’de verilmistir. Deney numunesinin Brinell sertlik degeri 93.25 HB olarak
Olciilmiistiir.

Tablo 2. GGG40 dokme demirin kimyasal yapist (Caligulu vd., 2017:6)

C Fe Mn P Si S
% 3,4-3,85 | %92,83-94,19 | % 0,10-0,30 %.0,1 % 2,3-3,1 % 0,2

Tablo 3. GGG40 dékme demire ait mekanik 6zellikler (Caligulu vd., 2017:6)

(CRims . Sertlik Brinell Akma dayanim Elastik modiilii Vi
mukavemeti dayanim
400 N/mm? 160-190 210 N/mm? 160 N/mm? 220 N/mm?

Frezeleme deneylerinde WIDIA (Germany) kesici takim firmasina ait TN6510 kodlu PVD teknigi ile
TiAIN Nanolayer kaplanmig, THM-U kodlu kaplamasiz ve TN6501 kodlu PVD teknigi ile TiB:2
kaplanmis 12 kesme kenarina sahip kesici uglar kullanilmigtir. Takim tutucu olarak WIDIA firmasina
ait iki agizli Victory M1200 mini takim tutucu kullanilmustir. Takim tutucu ve Kkesici ucun teknik
resimleri ile gorseli Sekil 1° de verilmistir.
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Sekil 1. Deneylerde kullanilan takim tutucu ve kesici uglar detayi

Deneyler sogutma sivist kullanilmadan kuru ortamda yiiriitiilmiistiir. Calismada kesme parametreleri
belirlenirken takim {ireticisi katalog degerleri dikkate alinmustir. Deneyler icin secilen kesme
parametreleri Tablo 4’de gosterilmistir.

Tablo 4. Kesme parametreleri

Parametreler Seviye 1 Seviye 2 Seviye 3
Kesici uglar (Ku) TiALN Kaplamasiz TiB2
Kesme iz 280 360 480
_ (V. m/dak)
Ilerleme oran1 0,15 0,35 0,55
(f, mnvdis)

Her bir deney i¢in kesici takim talag kaldirmaya bagladiktan 3 sn sonra kesme bdlgesinin orta
noktasindan Fluke TiS20 model termal kamera ile sicaklik dlgiimleri yapilmistir. Kullamlan termal
kamera -20 °C ile 350 °C aras1 6l¢iim yapabilen, dedektor ¢oziiniirligii 120x90, goriis alam 35,7° x 26,8°
ve 9 Hz kare hizina sahiptir. Kullamlan malzemenin emissivity (yayinim) degeri 0,82 olarak alinmustir.
Olgiimler 20 °C ortam sicakliginda yapilnustir.

3. BULGULAR VE TARTISMA
3.1. Deneylerin Yiiriitiilmesi

Deneysel tasarim icin tam faktdriyel tasarim (3°) kullamlarak 27 adet deney yapilmistir. Deneysel
tasarim ve deneysel sonuglar Tablo 5’de gosterilmistir.



/

UBAK

/

,@ 16. UBAK, 11 - 12 March 2023, Ankara Q
UBAK

Tablo 5. Deneysel tasarim ve 6lgiilen sicaklik degerleri

Kesme Parametreleri

o

<

g Kesici uglar (Ku) I?\i%:;;al; H?g;“;g/ gir:)m S(:,ai((ljl)k
1 TiB; 480 0,55 35
2 TiB; 280 0,55 32,7
3 TiB; 360 0,35 38,4
4 Kaplamasiz 280 0,35 59,2
5 TiB; 480 0,35 34,7
6 TiALN 480 0,15 49,2
7 TiB> 280 0,35 39,6
8 Kaplamasiz 360 0,35 37,5
9 TiB; 360 0,55 35,6
10 TiALN 280 0,15 41,6
11 Kaplamasiz 480 0,35 35,5
12 TiB> 360 0,15 38,5
13 Kaplamasiz 280 0,55 52,4
14 TIALN 360 0,15 40,7
15 TiB; 480 0,15 36,1
16 Kaplamasiz 480 0,15 33,7
17 TIALN 280 0,55 43,8
18 TIALN 480 0,55 32,8
19 Kaplamasiz 360 0,15 455
20 TiALN 280 0,35 40,1
21 TiB; 280 0,15 37,6
22 TIALN 360 0,55 39,5
23 TIALN 480 0,35 38,7
24 Kaplamasiz 480 0,55 36
25 Kaplamasiz 360 0,55 38
26 TIALN 360 0,35 46,5
27 Kaplamasiz 280 0,15 414
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SICAKLIK ( °C)
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Sekil 2. Olgiilen sicaklik degerleri

Sekil 2°de 27 deneyden elde edilen sicaklik degerlerinin grafigi gosterilmistir. Burada en diisiik sicaklik
degeri 2. deneyde elde edilmistir. Bu durum ilerleme degerinin yiiksek olmasi nedeniyle birim zamana
diisen siirtiinmenin az olusundan kaynaklandigy diisiiniilmektedir. Diger taraftan en yiiksek sicaklik
degeri ise 4. deneyde elde edilmistir. Bu durum kesme hizina ve kesici ucun kaplama tipine
atfedilmektedir.

3.2. Varyans Analizi (ANOVA) ile Degerlendirme

Deneysel sonuglar varyans analizi ile degerlendirilmis, kesme parametrelerinin sicaklik iizerine etki
yiizdeleri elde edilmistir. ANOVA sonuglar1 Tablo 6’da gosterilmistir.

Tablo 6. Varyans analizi sonuglari

Serbestlik Kareler Kareler Faktor

Parametreler derecesi toplanu ortalamast | F.Degeri | P-Degeri etkisi
(DoF) (SS) (MS) %)

Sicaklik
(T, °C)
Kesici takim (Ku) 1 111 111 3,73 0,066 11,21
Kesme hiz1 (V) 1 176,38 176,38 5,93 0,023 17,80
flerleme orani ) 1 19,01 19,01 0,64 0,432 1,92
Hata (e) 23 684,25 29,75 69,07
Toplam 26 990,65 100

Tablo 6°da varyans analizi sonuglari verilmistir. Tablo 6’da sicaklik tizerine en etkili parametre %17,80
ile kesme hizi olmustur. Ikinci etkili parametre %11,21 ile kesici ug olmustur.

3.3. Termal Goriintiilerin Degerlendirilmesi

Her bir deney esnasinda termal kamera ile kesme bolgesinden termal goriintiiler alinmistir. Deneylerden
elde edilen termal goriintiiler Sekil 3’de gosterilmistir. Sekil 3’de, termal kamera ile ¢ekilen goriintiilere
yer verilmistir. Olgiim bdlgesinde maksimum, minimum ve ortalama sicaklik degerleri belirtilmistir.
Olgiimlerde, dlgiim bdlgesindeki maksimum sicaklik degeri esas olarak alinmustir. Sekil 3’de goriildiigii
gibi 6l¢timlerde, en diisiik sicaklik degeri, 2. deneyde ve en yiiksek sicaklik degeri ise 4. deneyde
Ol¢lilmistiir. 2. Deneyde maksimum sicaklik degeri 32,7 °C, minimum sicaklik degeri 17 °C ve ortalama
sicaklik degeri 20,6 °C olarak olgiilmiistiir. 4. Deneyde ise maksimum sicaklik degeri 59,2 °C, minimum
sicaklik degeri 16 °C ve ortalama sicaklik degeri 19,1 °C olarak ol¢iilmiistiir.
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Sekil 3. Termal gortintiiler

3.4. Kesme Parametrelerin Sicakhik Uzerine Etkisi

Deneylerde kullanilan kesici ug tipi, kesme hizi ve ilerleme oranlarimn sicaklik iizerine etkilerinin
yorumlanmasinda {i¢ boyutlu grafiklerden faydalanilmistir (Sekil 4).



/ /

O 16. UBAK, 11 - 12 March 2023, Ankara Q
UBAK UBAK

6
60
55
¢ ¢
g g
z I > 50 z*
M <47 35 I > 40
i <5 » =t
< <31
M <32 .
% =
=
%,
() 2 = 4
B -
72
a « b

Sekil 4. Kesme parametreleri ve sicaklik i¢in ii¢ boyutlu grafikler (a: kesme hizi, kesici ug ve sicaklik
grafigi, b: ilerleme orani, kesici ug ve sicaklik grafigi)

Sekil 4a’da kesme hiz1 ve kesici u¢ parametrelerinin kesme sicakligi {izerine etkileri gosterilmistir.
Burada en yiiksek sicaklik kaplamasiz kesici u¢ ve 280 m/dak kesme hizinda oldugu goriilmektedir.
Ancak kesme hiz1 arttiginda, diger bir ifadeyle 480 m/dak kesme hizinda ve kaplamasiz ugta en diisiik
sicakligin olustugu goriilmektedir. Bu durum kesme hizinin sicaklik iizerine etkili bir parametre
oldugunu gostermektedir. Bu sonug, ANOVA etki degerleri ile ortiismektedir. Ayrica Sekil 4a’da TiB2
kaplamali ucta, biitiin kesme hizlarinda diisiik sicakliklarin elde edildigi goriilmektedir. Deneysel
sonugla incelendiginde en diisiik sicakligin bu kaplamaya ait deneyde olustugu goriilmektedir. Bu durum
kesici ug kaplama tipine atfedilmektedir. Sekil 4b’de ilerleme orani ve kesici uglarin sicaklik {izerine
etkileri gosterilmistir. Burada en iyi sonucu biitiin ilerlemelerde TiB2 kaplamaya ait u¢ vermistir. Bu
durum Sekil 4a ile paralellik gostermektedir. Sekil 4b’de TiALN kaplamali ug¢ ve 0,55 mm/dis ilerleme
oraninda az da olsa sicaklikta bir diisiis olmustur. Ilerleme oranmin artmasi, kesici ucun malzeme
tizerinde daha hizli hareket etmesine ve dolayisiyla siirtiinmenin azalmasina sebep olmustur. Bu durum

da sicakligi diisiirmiistiir. Ug¢ boyutlu grafikler genel olarak degerlendirildiginde, diisiik kesme
sicakliklar1 i¢in en iyi performanst TiB2 kaplamali u¢ gostermistir.

4. SONUCLAR

Bu c¢alismada ti¢ farkli kaplama tiiriinde kesici ug, ii¢ farkli kesme hiz1 ve ii¢ farkli ilerleme oram
kullanilarak, GGG40 malzemesine ylizey frezeleme islemi uygulanmistir. Tam faktoriyel tasarim
kullanilarak 27 adet deney gergeklestirilmistir. Her bir deney esnasinda kesme sicakliklari termal
kamera ile Olgiilmiistiir. Deneysel sonuclar varyans analizi ve ii¢ boyutlu grafikler kullanilarak
degerlendirilmistir. Calismadan elde edilen sonuglar su sekilde siralamak miimkiindiir.

- Varyans analizi sonucu sicakliZa etki eden en etkili parametre % 17,80 ile kesme hizi gikmustir.
Ikinci siradaki etkili parametre ise % 11,21 ile kesici u¢ olmustur.

- Termal goriintiiler ve deneysel sonuglar incelendiginde en diisiik sicaklik, TiB2 kaplamali kesici
ug, 280 m/dak kesme hizi ve 0,55 mm/dis ilerlemede olmustur.

- Termal goriintiiler ve deneysel sonuglar incelendiginde en yiiksek sicaklik, kaplamasiz kesici
ug, 280 m/dak kesme hiz1 ve 0,35 mm/dis ilerleme oraninda olmustur.

- Tim deneysel sonuglarin dikkate alindiginda ve ti¢ boyutlu grafikler incelendiginde ilerleme
orani arttik¢a sicaklik diigsmiistiir.

- Grafiklerde TiB:2 kaplamali ug ile yiiriitilen deneylerde, hem kesme hizina bagli grafikte, hem
de ilerleme oranina bagli grafikte en diisiik sicakliklarin dlgiildiigii gozlemlenmistir.

- QGrafikler incelendiginde en yiiksek sicakliklarin kaplamasiz kesici ugta oldugu goriilmiistiir.
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GGG40 malzemesine uygulanacak yiizey frezeleme islemlerinde TiB2 kaplamali kesici ug¢ kullanilmasi
onerilmektedir. Bu ¢alismanin devami olarak sonraki ¢alismalarda, ayni deneysel tasarim kullanilarak
yiizey frezeleme islemleri ile ylizey piirtizliiliigii ve islemeye bagli takim asinmalari incelenebilir.
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ABSTRACT: Maritime pilotage, which is a profession that relies on expertise and experience, is a vital component
of the procedures that take place during port operations. The actions of the pilotage play an essential part in
guaranteeing the safe navigation of vessels and the efficiency of doing so in problematic locations. In the
traditional pilotage, the marine pilot must physically board the vessel in order to do the task. But, as a result of
technology improvements, the features of the maritime business have changed fast, and a new term, remote
pilotage, has entered our lives to describe the process by which a pilot is able to carry out piloting operations
while stationed on shore. The purpose of this research is to conduct a literature review and an analysis of the
benefits and drawbacks associated with remote pilotage operations.

Keywords: Remote Pilotage, Shore Based Pilotage, Technology, Innovation

1. Introduction

Pilotage is a subfield of maritime operations that refers to the services of a pilot, who boards a vessel in
order to navigate it over safe waterways inside and outside of a port or when it is out at sea (Park et al.,
2019). Pilotage operations has a lengthy history and the majority of port states have their own rules and
regulations that cover the domain of pilotage (Bach, 2009), which is a profession based on knowledge
and experience and are an essential part of port transfer processes (Ernstsen et al., 2018). Pilotage not
only has a big effect on both direct and indirect costs by preventing delays, minimizing accidental
damage, cutting down on the need for tows, and reducing the operational restrictions on ports (Crawford,
2003), but also improve safety and efficiency for navigation in challenging waters (Ernstsen et al., 2018).
By defending the public interest in ensuring the efficient conservancy functions of harbor authorities
and the protection of the environment, ensuring the orderly transit of pilotage districts in accordance
with local regulations and rules for navigation, and protecting port facilities and commerce, pilotage
operations play a crucial role in ensuring the safe navigation of vessels (Darbra et al., 2007). Pilotage
has a few different subfields, with port pilotage and deep sea pilotage being the most common. In the
case of port pilotage, the pilot stays on board for as long as it takes to get to or from the port, which is
usually just a few hours. Yet, if the pilot is doing deep sea pilotage, he or she may stay on board the ship
for several days (Bach, 2009). The traditional method of piloting requires a marine pilot physically board
the vessel (Betz, 2015).

Marine pilots are the most important part of pilotage because they manage the operation (Lappalainen
et al., 2014; Kitamura et al., 2014), and coordinate maneuvering by giving important advice about safe
navigation to the ship's master (Mikkers etal., 2012; Murai et al., 2013). Pilots are the experts who know
a lot about the area and what could threaten the safety of navigation while working with the port
authorities, vessel traffic services (VTS), tugs, and mooring teams to make sure everything goes
smoothly (Bruno and Liitzh6ft, 2009; Lappalainen et al., 2014), and help the vessels as they go through
locations that are known to be challenging to navigate (Betz, 2015). According to the International
Maritime Pilots Association (IMPA) and the European Maritime Pilots Association (EMPA), a marine
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pilot's primary duty is to aid a ship's master in all navigational and operational concerns by using his or
her local expertise and specialized ship-handling experience.

The most dangerous part of a marine pilot's job is getting on and off the ship which called as pilot
transfer operation. This is done by using a pilot transfer arrangement (PTA) which is a pilot ladder or a
combination if vessel freeboard is more than 9 meters. PTA is used while transfer of a pilot from one
ship to another, usually between a ship and a pilot boat (Kitamura et al., 2014; Lee et al., 2017). At many
ports around the world, marine pilots transferred by helicopter. Even though these transfers pose less
risk to the pilots, they still need to use safety precautions and manage risks carefully (Behforouzi, 2021).
The nature of the job makes the procedure of pilot transfer operations risky and for example, a pilot
could fall off the pilot ladder and into the water or crashed with pilot boat even worse smash between

vessel and pilot boat, which could cause an accident serious enough to injury or even dead (Tungel et
al., 2022).

Because of the evolution of the shipping industry over the years, ship sizes and velocities have gotten
faster, which has made the job of a pilot more difficult and demanding, throughout the past few decades,
the peculiarities of maritime industry have brought about changes in pilotage operations as well (Van
Erve and Bonnor 2006). The management of ships and the operations of ports in the maritime sector are
becoming more dependent on advances in technology (Betz, 2015), and moving in the direction of
attaining more autonomy over time (Behforouzi, 2021). On the other hand, VTS are a relatively new
form of safety system in comparison to pilotage, and are often placed in areas that are already covered
by pilot services, to aid ships in making their way from one geographical location to another in a safe
and efficient manner (Bach, 2009). Even if the maritime piloting industry has made some first steps
toward the use of new technology, there is still much untapped potential for additional improvements in
the field of using technology to produce more dependable navigation safety systems (Betz, 2015).

The number of pilot transfer accidents might be reduced and general safety standards raised if
eliminating pilot transfer operations became regular practice (Lahtinen et al., 2020; Behforouzi, 2021).
A shore-based pilotage (SBP) system, which might be interpreted as synonymous with remote pilotage,
enables the pilot to execute piloting duties from a place other than onboard the vessel by means of a
communication link with the ship's crew (Betz, 2015). According to the International Standard for
marine Pilot Organizations (ISPO), "remote pilotage" refers to the practice of piloting a ship from a
location other than on board by a pilot licensed for that region (ISPO, 2023). Although the concept of
remote pilotage employing technology to assist ships in navigation has been examined extensively, only
a small number of European pilotage authorities have begun testing the concept out (Betz, 2015), hence
remote pilotage as an alternative to traditional piloting remains mostly unexplored (Danish Maritime
Authority, 2014). According to Hadley and Pourzanjani (2003), remote pilotage is not a new concept
and was being considered for use by many years ago. Although progress is being made, it is likely to be
gradual because of opposition; a commercial advantage has not been shown; the necessary legislative
framework has not been put in place; and the problem of responsibility has not been settled. Remote
pilotage operations in Rotterdam between Maas pilot station and off the Hoek Van Holland is good
example for (Lahtinen et al., 2020).

Because of the potential for infection and the shortage of marine pilots at some ports as a result of
guarantine requirements, there have been limits placed on the movement of vessels, particularly during
the course of the covid epidemic. These restrictions force several ports to begin mandating the use of
remote pilotage for vessels that come from countries with a high risk of COVID-19 infection or for
vessels that have recently recruited crew members from countries with a high risk of infection. This
applies to both vessels coming from countries with a high risk of COVID-19 infection and vessels
recruiting crew members from countries with a high risk of infection (Dolan, 2020). In certain nations,
like as Australia, there was an issue with a shortage of marine pilots, which was caused by a lack of
available applicants (Crawford, 2003).

In addition, there are rare instances in which pilots have been prevented from embarking in a safe manner
at their customary boarding station due to the presence of unfavorable weather conditions. This, of
course, caused disruptions in commerce, which sparked a healthy interest on the part of the ports and,
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in some cases, the national maritime authorities in looking for a solution that would ease the flow of
business under these circumstances (Hadley and Pourzanjani, 2003).

The use of remote pilotage considered as an alternative to certificates required for pilotage exemptions
for the experienced captains in some ports may be able to contribute to an increase in the pilotage
operation's overall level of safety while also ensuring its continued financial viability (Lahtinen et al.,
2020). The utilization of expensive professional resources is also made possible thanks to the fact that
remote pilotage eliminates the need for pilots to spend any time going to and from the vessel that they
are piloting which maximize the efficiency (Danish Maritime Authority, 2014). Benefits of remote
pilotage also include reduced fuel usage, less wear and tear on pilot boats, and less hassle in securing a
pilot for arriving and departing vessels (Behforouzi, 2021).

Besides the advantages of remote pilotage listed on the above paragraphs; there are also some
disadvantages when compared with the traditional pilotage where the marine pilot physically onboard
the vessel.

Disadvantages listed by Behforouzi (2021) and Danish Maritime Authority (2014) as; time, effort, and
a significant amount of money are required in order to prepare the necessary infrastructures for this
concept as well as to deploy cameras and other pieces of technology to vessels. Training of the proper
kind was necessary for all parties, both onboard and onshore, in the event of an emergency. Remote
pilots may not have access to trustworthy data from the ship's navigational equipment. Problems with
lack of effective and continuous contact with ship to shore. Despite the fact that these technologies and
navigation systems have undergone advancements, they still have the potential to fail, and on occasion,
they do so in a way that is not discovered by the bridge crew in time to avert a catastrophe, according to
Dolan (2020).

According to Betz (2015), there is a conflict is brewing in the industry that is resistant to change and
deeply rooted in its history of practice. The disagreement stems from the question of how to make use
of developing technology that has the potential to enhance marine piloting in terms of both safety and
efficiency. On one side of the discussion are the practitioners, who are also known as maritime pilots.
These individuals have been boarding ships for centuries to guide them into and out of various ports
across the globe. Ship owners, port authorities, regulators, and other maritime stakeholders, on the other
hand, are advocating for innovative technology-driven techniques to help boats work within the confines
of port infrastructure (Betz, 2015).

In conclusion, there is not much information about remote pilotage in the context of new technology in
order to improve pilotage operations or allow ships to be directed from the coast (Bruno and Liitzhoft,
2009; Danish Maritime Authority, 2014). So, more investigations, research, simulation tests and real
field tests are needed for a deeper comprehension of the dangers connected with the application of
developing technologies, landscape characteristics, and environmental occurrences (Behforouzi, 2021;
Lahtinen, 2020).

2. Literature Review

Behforouzi (2021) intends to find and use digital technologies to enhance the safety of pilots and prevent
needless delays caused by ships anchored at quarantine anchorages during pandemics. For the purpose
of the study, a questionnaire on the hazards and their causes which pose a threat to the lives of pilots
was produced and delivered to experts working in the marine industry and in port operations. In addition,
interviews were conducted with three professionals in the marine industry about the remote pilotage.
The goal of this project is to put into action the digital technology that will soon make it possible for
pilots to avoid coming on board a vessel in favor of staying at the port control or VTS office. Behforouzi
exampled of marine pilots in Finland who practice remote pilotage by sitting in an office or on a pilot
boat. Yet, there's a major disconnect between the Master and the pilot despite all of their efforts to
communicate. In addition, the pilots are unable to sense the precise movement of the vessel or the
circumstances of the environment around them. Behforouzi argues that the marine sector may implement
a smart pilotage system by making use of digital technology and installing temporary and fixed cameras
onboard and in the port area. Nevertheless, consistent and extensive network coverage must be available
in the area between the pilot station and the port.
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According to Dolan (2020); through the use of remote piloting, certified pilots may steer the vessel while
they are located on shore or on a pilot boat. Experienced VTS personnel, seated at their screens in the
control center ashore, may also provide instructions to the master. Dolan’s recommendation is still that
this kind of remote pilotage should only be carried out in situations in which doing so is required by the
legislation governing the port. In any other situation, unless there is an urgent situation or a compelling
necessity to ensure the safety of the ship or the crew members, it is not acceptable to proceed with it.
The scope of the pilotage should be restricted to guiding the ship from the typical pilot boarding position
at the port to the customary anchorage, which is where ships wait for their berths and the use of remote
pilotage for berthing, unberthing, or joining tugs during the journey is not something that suggested
(Dolan, 2020).

Using an approach that includes an empirical survey, management interviews, and eventually a series
of tests in a simulated environment, Lahtinen et al. (2020) provide a novel setup for conducting remote
piloting operations inside intelligent fairways. It has been proved that remote piloting, when carried out
under well orchestrated settings, may be a risk-free choice in some fairways. On the other hand, there is
a dearth of research that focuses on the infrastructure of fairways. For the purpose of risk management
in remote piloting, it is necessary to have an awareness of the influence that operational methods have,
not only in typical but also in abnormal environmental situations. As a result, any future operational
framework for remote pilotage should take into account threshold values for the safe beginning of
remote piloting. Taking into account the following factors and associated operational requirements, the
online poll, the interviews, and the simulation tests all suggested that remote pilotage may be a viable
option. In this scenario, the remote piloting system and the crew of the vessel continue to have faith in
one another, the weather is ideal, the data stream from the remote pilot is complemented by the
intelligent fairway, the crew's expertise is sufficient, and the comprehensive operational framework
takes into account all aspects of pilotage. As a growing industry, remote piloting has the potential to one
day replace pilotage exemptions (Lahtinen et al., 2020).

Shore-based pilotage is analyzed in the research by Danish Maritime Authority (2014), along with its
potential benefits and drawbacks. Report summarizes that; if there is a pilot on board, then that person
has the power to take command of the ship and respond appropriately to any crisis that may emerge.
With shore-based pilotage, this option is not going to be available, hence the competence of the crew is
going to be the deciding factor. If the pilot is not on board, they will not be able to judge the
maneuverability of the vessel or be aware of any potential threats, such as visual impressions, because
they will not be there (Danish Maritime Authority, 2014).

Betz (2015), investigate the potential applications of new navigation and communication technologies
in the field of maritime pilotage, with the end goal of enhancing both the safety of marine travel and the
effectiveness of the industry as a whole. In the past few years, technology has changed quickly, and it
is undeniable that human can now control ships from afar. But there are many things that make it hard
to put the plan into action, and most of them are not technical. For hundreds of years, pilots have used
traditional methods to guide ships. The success of these methods depends a lot on how well the pilot can
communicate with people from different countries, cultures, and languages. Taking the pilot out of the
ship and having them practice their craft from afar is a structural change to an old system that will require
careful thought and a reevaluation of how things are done now. Getting a remote piloting system up and
running will require a lot of people to work together. It's not something a single piloting group could do
on its own. There will be a need for new rules and perhaps even global consensus. Further improvement
of remote ship control requires integrating ship and land-based navigation and communication systems.
To be completed by a single crew of pilots would be an impossible task (Betz, 2015).

Bruno and Liitzhoft (2009) are conducted an in-depth study of remote pilotage to learn more about and
then suggested several ways to fix control problems in remote pilotage by getting qualitative data from
interviews were done with active pilots and VTS operators.

Academic works on remote pilotage seems to be popular in close future since researches have been
conducted recently (Hadley and Pourzanjani, 2003; Brooks et al., 2016; Gucma and Lazuga, 2019);
nonetheless there is still a significant distance to go.
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3. Conclusions

In recent years, there have been great developments in the integration of technology into the maritime
industry. As a result of these advances, several conventional marine techniques or activities have
undergone adjustments and upgrades. Pilotage operations have not much affected by these modern
techniques as fast as other part of the industry operations. Today’s pilotage paradigm requires a marine
pilot physically board the vessel to perform pilotage duties. However, a new term remote pilotage where
pilot can provide pilotage services from distance in shore have been argued recently by industry.

By conducting an impartial analysis of the available literature on the topic of remote piloting, the
purpose of this paper is to determine the benefits and drawbacks of using remote piloting. The idea of
remote pilotage offers positive developments such as preventing accidents during pilot transfer
operations, carrying out port operations more effectively as ships' waiting times for pilots will decrease,
and eliminating factors such as the risk of transmission between the ship and the shore in pandemic
situations such as covid 19. At the same time, the existence of a secondary system that can back up the
existing pilotage service in critical manoeuvring may reduce human related errors and make it safer by
increasing the safety of life, navigation and environment at this point.

Although the remote pilotage looks positive on paper with the potential advantages it may provide;
occupational abilities of critical importance such as communication with teams, coordination with
teams, physical observation and sensing ship movements due to the nature of the piloting profession
seem to be possible only if the pilot is physically present on the bridge of the ship and is a part of the
bridge team.

With the introduction of technology and remotely controlled unmanned ships into our lives, remote
piloting service seems inevitable. On the other hand, it is an easily foreseeable paradox that the
application of technology, infrastructures and legal standards which can replace the essential
requirements of the profession without testing and risk analysis can reduce the safety of pilotage
services.

To achieve a greater understanding of remote pilotage, more investigations, research, simulation testing,
and actual field tests are required. This paper will be a noteworthy contribution to literature in this
respect.
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Yataga Bagimh Bireylerin Yatak Odasi ve Mobilya Kullannmlarinin Analizi
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OZET: Saglik: bedenen, ruhen, zihinsel ve sosyal olarak tam bir iyilik hali olarak tammlanmaktadir (WHO)
Fiziksel olarak saglikl bir bedene sahip olmak her bireyin isteyecegi bir durumdur. Bedenen saghkli olan Insan
ruhen de gii¢lii olmaya, giizel bir yasama ve yapacag her tiirlii aktiviteye kendini hazir hisseder. 2002 sayimina
gore Tiirkiye niifusunun %12.29 u engellilerden olusmaktadir. Bunlarin %2’si fiziksel engellilerdir. Bu bireylerin
topluma esit kattlim saglamalarina iliskin ¢alismalar giin gegtikce artarak devam etmektedir. Engellilerin
dezavantajl durumunu hafifletmek icin toplumsal yagsama katilim, istihdam, ulagim, sosyal hizmetler alanlarinda
diizenlemeler yapimaktadir. Bununla birlikte, engelli bireylerin ev i¢i yasamlarim kolaylastirmaya yonelik
diizenlemelere de ihtiya¢ duyulmaktadir. Aile ve Sosyal Hizmetler Bakanlhginin 2016 yilmdaki Tiirkiye Saglik
Arastirmast ¢alismasimin sonucglarina gore ‘Temel aktiviteler zorlugunu siirekli yasayan kisiler’ in oram
%16.2 dir. Toplumun énemli bir kesimini olusturan bu kisilerin yagadigi bircok sorun ¢oziim beklemektedir.
Buradan hareketle bu ¢alismada immobil bireylerin yatak odalarinda mekdn ve mobilya kullanimlarinda
karsilastiklar: zorluk ve kolayliklarin tespiti, sosyal yasam ve mobilya-mekan bagimliligina iligkin memnuniyet
durumunun analiz edilmesi ve sonug olarak arastirma hedefleri dogrultusunda immobil/hareket kisitligr olan
bireylerin yasam kalitelerini artirmak amaglanmistir. Bu amag dogrultusunda Ankara ili stmirlar icinde ikamet
eden ve ev ziyaretini kabul eden hastalar, Tiirkiye sumrlart icerisinde iletisim aglart kullamilarak ulasilabilen
yataga bagimli kullanicilar veya yakinlar: arastirma alani olarak secilmistir. Yiiz yiize ve dijital ortamda ulagilan
bireylere anket uygulanmis ve gézlem yapilmistir. Arastirma sonuglarina gore; Immobil bireylerin giin igerisinde
en fazla vakit gecirdikleri yerin yatak odalarimn psikolojik ve biyolojik saghklart icin biiyiik olgiide yeterli
olmadigi, memnuniyet oranlarimn diisiik oldugu, mobilya ve donatilarin ihtiyaglarimi karsilamadigi tespit
edilmigtir.

Anahtar Kelimeler: Yataga Bagimli Bireyler, Yasam Kalitesi, Mobilya, Yatak Odas, Bireysel Yeterlilik.
AN ANALYSIS OF BEDROOMS AND FURNITURE USES OF BEDRIDDEN INDIVIDUALS

ABSTRACT:This research was carried out in order to determine the difficulties and conveniences that bedridden
individuals encounter in the use of space and furniture in their bedrooms. In addition, these individuals; it was
aimed to analyze the satisfaction with social life and furniture-space addiction and, as a result, to increase the
quality of life of individuals with bedridden / mobility restrictions in line with the research objectives. For this
purpose, a satisfaction determination survey was prepared and this survey was conducted with 101 bedridden
individuals and their relatives. The data obtained afterwards was recorded. The results of the survey were analyzed
and the following results were obtained. 28.96% of bedridden individuals use bedroom equipment. 22.08% use
bedroom furniture. It was observed that 36.86% had too much difficulty in personal care and 28.88% in vital
activities. Therefore, it has been observed that the quality of life has decreased significantly. As a result, in order
to increase the quality of life of bedridden individuals; it has been concluded that improvements should be made
in bedroom furniture, in the placement of space equipment and in facilitating the use of these equipment, and the
awareness of the whole society, especially around the bedridden people, should be raised.

Key Words: Bedridden individuals, life quality, bedroom furniture, individual competence.
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1. GIRIS
Insanin zihinsel ve sosyal olarak, ruhen ve bedenen tam bir iyilik i¢erisinde olma durumuna saglik denir.
Ruhen iyi hissetmek oldukc¢a dnemli olsa da fiziksel olarak da iyi bir bedene sahip olmak herkesin

isteyecegi bir durumdur. Bedenen saglikli olan bir kisi kendini yapacag her tiirlii aktivite ve hatta giizel
bir yagam i¢in hazir hisseder.

Insan Haklar1 Evrensel Bildirisinde yer alan madde 3 (Herkesin yasama hakki ile kisi 6zgiirliigii ve
giivenligine hakki vardir.) ve madde 25 (Herkesin, kendisinin ve ailesinin sagligi ve iyi yasamasi i¢in
yeterli yasama standartlarina hakki vardir; bu hak, beslenme, giyim, konut, tibbi bakim ile gerekli
toplumsal hizmetleri ve issizlik, hastalik, sakatlik, dulluk, yashlik ya da kendi denetiminin disindaki
kosullardan kaynaklanan baska ge¢imini saglayamama durumlarinda giivenlik hakkini da kapsar.) de
belirtildigi iizere herkesin yasama ve bu yasamu bireysel yeterlilikle siirdiirebilme hakki vardir. Bu
yeterliligin azalmasina sebep olacak durumlardan dolay: insanin en dogal haklarindan biri olan temel
ihtiyaclarimi giderememesi, yasam kalitesini diistirmektedir.

Yataga bagimli birey, yemek yeme-igme, banyo ve tuvalet yapma, giyinme, hareket etme ve kisiler ile
iliski kurma gibi giinliik yasam aktivitelerinde bir baskasinin destegine ihtiya¢c duyan birey olarak
tanimlanabilmektedir.

Gilinlimiizde birgok birey cesitli rahatsizliklardan dolayr yataga bagimli olarak hayatina devam
etmektedir. Bu durum, yataga bagimli bireylerde psikolojik ve fiziksel birgok soruna yol agmaktadir.

Yataga bagimli bireylerin hareket kabiliyeti azalir, kisisel temizlikleri konusunda sikintilar yasarlar.
Bireyin hareketleri kisitlandigi i¢in sag, agiz ve viicut bakimi gibi kisisel temizlik ihtiyaclarim tam
olarak saglayamaz. Bu durum, temizligi saglanamayan viicut bolgelerinde yara ve enfeksiyonlara yol
agabilir.

Bu durumlara ek olarak yataga bagimli bireylerin hareketleri kisitli oldugu i¢in kendi kendilerine
beslenmeleri miimkiin olmayabilir ve kendileriyle ilgilenen kisinin yardimina ihtiya¢ duyarlar. Her
bireyde oldugu gibi yataga bagimli bireylerde de dengeli bir sekilde beslenmekte olduk¢a dnemlidir.
Dengeli beslenme yasamsal sistemlerin devamliligini, viicudun kendini yenilemesini ve hastaliklara
kars1 direncini saglamaktadir.

Yataga bagiml bireylerin yasadig1 diger dnemli sorunlardan bir digeri ise kas ve iskelet sisteminde
olusan rahatsizliklardir. Hareketsizlikten dolayr kaslarda erime meydana gelebilir ve eklemlerde
rahatsizliklar olusabilir ve bu rahatsizliklar agriya neden olabilir. Iskelet sisteminde olusan problemler
arttikca ve ilerledikge, yataga bagimli bireyin viicudunda sekil bozukluklar meydana gelebilir. Solunum
kaslan da giigsiizlesebilecegi i¢in nefes alip vermeyle ilgili de rahatsizliklar yaganabilir.

Bu tanimlara ek olarak, ¢6ziim Onerisi niteliginde olan, akademik ve bilimsel bir¢ok caligmada
literatiirde yer almaktadir.

Miilayim (2017), yatagin konumlandirilmasinda giines 1s1gimin gelis yonii ve pencerenin 6nemli
oldugunu, tercihen yatagin pencereye paralel olarak konumlandirilmas: gerektigini ve ek olarak yataga
transfer icin uygun mekanik sistemlerin kullamlmasi gerektigini savunmustur. Ve yine ayni
calismasinda, konutun hicbir yerinde keskin koseler bulunmamasi, duvar kdselerine mutlaka kavis
verilmesi gerektiginden ve ellerini kullanmakta giicliik ¢eken engelliler i¢in acil diigmeleri tek bir
diigmeyle calisan, uzun siire basmak gerekmeyen ve kesinlikle dondiirmeli olmayan ozellikte
diisiiniilmesi gerektiginden bahsetmistir.

Ozlii (2016), ‘Tenimiz biitiin bedenimizi kaplar, korur ve en énemli hissetme orgammuzdir. Hasta bir
bireyin, eger bilinci yerindeyse, en dnemli iletisim organi tenidir. Ailesiyle veya bakicisiyla duygusal
iletisimi bu sayede kurabilmektedir. Bu yiizden evde bakilan hastalann cilt temizligi ¢ok 6nemlidir.
Yataga bagimli bir hastanin banyo yaptirilmasi olduk¢a zordur. Bu sorunun en iyi ¢6ziimii yatak igi
banyo iiriinleri kullanmaktir. Bu sayede hasta yataktan kaldirilmadan bol su ile banyo yapabilmektedir.
Tekerlekli sandalyeye oturabilen hastalar i¢in sudan etkilenmeyen dus sandalyeleri vardir. Hasta bu tip
tekerlekli sandalye iizerinde rahatlikla banyo yaptirilabilir.” diyerek yataga bagimli bireylerin
yasamlarini kolaylastirict fikirler vermistir.
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TUIK, Tiirkiye Saglik Arastirmasi ile kisisel bakim faaliyetlerini gergeklestirirken zorluk g¢eken
bireylerin cinsiyet dagilimim 2008-2010-2012-2014-2016 yillarina gore incelemistir. 2008 yilinda
kadinlarin en ¢ok giyinme ve elbiselerini ¢ikarmada, erkeklerin ise yataga yatma ve kalkma ile
sandalyeye oturma ve kalkmada zorlandigini tespit etmistir. 2010 yilinda erkeklerde durum
degismezken kadinlarin en ¢ok yataga yatma ve kalkma ile sandalyeye oturma ve kalkmada zorlandigini
tespit edilmistir. 2012 yilinda erkeklerin ve kadinlarin en ¢ok zorlandign durum banyo yapma olarak
gozlemlenmistir. 2014 ve 2016 yillarinda ise her iki cinsiyetinde en ¢ok zorlandigi durum yataga yatma
ve kalkma ile sandalyeye oturmadir.

Ulusal ve uluslararas literatiire gore konut, mobilya ve sosyal yasam alanlarinda, yataga bagimli
bireylere yonelik akademik ve bilimsel ¢alismalar yapildig: goriilmektedir. Yapilan tiim bu ¢aligmalari
inceledigimizde yataga bagiml bireylerin ihtiyaclar1 sadece mobilya degil, sosyal yasama katilimlari,
egitimleri ve istihdamlan konusunda bulunan mevcut engellerin kaldirilmas1 gerekmektedir. Y ataga
bagimli bireylerin, kendi kendilerine yeterliliklerinin saglanmasi, firsat esitliginin gerceklestirilmesi ve
topluma, aktif ve iiretken bireyler olarak katilimlarinin saglanmasinin, kendilerinin ve iilkemizin
gelecegi acisindan biiyiik 6nem tasidigini unutulmamalidir.

2. ARASTIRMA YONTEMI
2.1. Arastirmanin Amaci

Bu calismada yataga bagimli kullanicilarin mekan ve mobilya kullamminda karsilastiklar1 sorunlarin
belirlenmesi, yasam kalitelerinin arttinnlmasina yonelik arastirmalarin yapilmasi ve analiz edilmesi ile
birlikte ideal yatak odasi tasariminin yapilmasi amaglanmistir. Bu amaglar hipotez olarak asagida ifade
edilmistir.

H1: Tirkiye’de yataga bagimli bireyin yasadigi sikintilara ¢éziim olacak c¢alismalar yeterli sayida
degildir.

H2: Yataga bagimli bireyin yatak odasi ihtiyaclan konusunda bakimimn iistlenen kisiler yeterli bilgiye
sahip degildirler.

H3: Yataga bagimli birey disaridan bakan insanlarin ne diisiindiigiinii kendi ihtiyaglarindan daha ¢ok
Onemsemektedir.

2.2. Arastirma Alam

Arastirma, Ankara ili sinirlari iginde ikamet eden ve ev ziyaretini kabul eden hastalar, Tiirkiye sinirlari
igerisinde iletisim aglart kullanilarak ulasilabilen yataga bagiml kullamcilar veya yakinlar arastirma
alani olarak sec¢ilmistir.

2.3. Arastirma Metodu
Arastirmanin amacina ulagmak igin gbzlem ve anket arastirma metotlar1 kullanilmustir.
2.3.1. Yataga Bagimh Kullamicilar1 Tammma Anketinin Tasarim

Hastalarnn yas, cinsiyet, egitim gibi sosyo-demografik ozellikleri ile genel olarak yasadiklar1 sorunlari,
sahip olduklar {iriin - mekan sartlarim degerlendiren temel sorunlar belirlenmis ve ihtiya¢ duyulan
detaylar ile ilgili 15 soru hazirlanmistir. Bu sorular 5 farkl kisiye gonderilmis ve anlasilmadigi / eksik
bulundugu diisiiniilen kisimlar degistirilmistir. Alinan verilerden gerekli detaylann elde edilemedigi
sorulara ek sorular eklenerek anket soru sayisi 19’a ¢ikarilmustir. Sorular ¢oktan segmeli olacak sekilde
hazirlanmigtir fakat ek bilgi vermek isteyenler i¢in yazili cevap alanlan birakilmistir.

2.3.2. Yataga Bagimh Kullanmicilar1 Tamima Anketinin Uygulanmasi

Sorular Google Formlar ile dijitale aktarilmis ve 6rneklem grubuna link olarak iletilmistir. Ayrica 2
yataga bagimli birey ile yiiz yiize goriiserek, anket el ile doldurulmustur.

2.3.3. Gozlem

Komutta yataga bagimli bireylerin gozlemlenmesi igin 28 kisi ile gorlisme saglanmis, ancak pandemi
stirecine denk gelmesi ve kisiye 6zel durumlar s6z konusu oldugundan yogunluklu olarak olumsuz cevap
alinmigtir. Bu sonug dogrultusunda gozleme tabi tutulacak birey sayisi 2 olmasi uygun gorilmiis,
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arastirmanin amacina uygun olarak ayni evde yasayan ve es olan yataga bagiml bireyler gézlem altina
alinmustir.

Bireylerden biri ev igerisindeki hareketini koltuk degnegiyle, digeri ise yiiriiteg ile saglamaktadir. Yatak
odasinda mobilya kullanim sekli, ev igerisinde hareket etme sekli bireyler tarafindan gosterilmis ve
gerekli veriler alinmustir.

2.4. Orneklem

Arastirmanin 0rneklemini; iletisim becerilerini kaybetmemis yataga bagiml hastalar ile yakinlari,
iletisim giigliigii ¢eken hastalarin yakinlari, evde bakim hizmeti veren bireyler ve konuya hakim saglik
calisanlar olusturmaktadir. Ankete toplamda 100 kisi katilmistir. Bu kisilerin %751 yataga bagimli
birey yakini / bakan kisi, %15’1 saglik ¢alisani, %10’u yataga bagimli bireydir.

3. BULGULAR
3.1. TUIK Bulgulan

Tiirkiye de ki engellilik oram, TUIK in 2002 yilinda paylasms oldugu Tiirkiye Engelliler
Arastirmasindan elde edilen veriler sonucunda yas grubu, yerlesim yeri ve engellilik tiirli olmak iizere
3 farkli bashk altinda agiklanmustir. Bu verilere gore, Tiirkiye de ki toplam engelli niifusun %11,1 ini
erkekler, %13,5 ini kadinlar olusturmaktadir.

TUIK in 2010 yilinda paylasmis oldugu Engellilerin Sorun ve Beklentileri Arastirmasinda, kayitl olan
engelli bireylerin yasadiklar yerdeki fiziksel ¢evre diizenlemelerinin, engelli bireyin kullanimina uygun
olup olmadig hakkindaki diisiincelerinin engel tiiriine gore dagilimini gdsteren verileri agiklamustir.
Oturulan bina, kaldirim / yaya yolu ve yaya gecidi, kamu binalari, postane / banka, diikkan / market /
magaza / lokanta, park / yesil alanlarda uygun degil diyenlerin orani, uygun diyenlere kiyasla daha
fazladir. Spor tesisleri, sinema / tiyatro, tatil yerleri / oteller i¢in ise fikri olmayanlarin sayist uygun ve
uygun degil diyenlere kiyasla daha fazladir. Bu veri, engelli bireylerin bu alanlar1 daha az kullanmakta
olmasindan kaynaklanmaktadir. Yine bu verilere gore, zihinsel engelliler hari¢ diger engel tiirlerinin en
fazla uygun bulmadiklari ortam, kaldirim, yaya yolu ve yaya gecitleridir. Zihinsel engellilerde ise en
fazla uygun bulunmayan ortam oturduklari binalardir. Tiim engel tiirlerinde en fazla uygun bulunan
ortam ise oturduklarn binalardir.

3.2. Anket Bulgulan

Yataga bagimli bireyler ve yakinlariyla yapilan anket caligmalari sonucunda; yataga bagimli bireylerin
O0grenim durumlari, yas ortalamalari, devletten aldigr hizmetler, kisisel ve sosyal ihtiya¢larim karsilama
zorluklari, yatak odast donatr ve mobilyalarini kullanim durumlari ve hangi durumlarda zorlandigina
dair bulgular elde edilmistir. Bu bulgular, orantisal tablolar ve grafik dagilimlart seklinde analiz
edilmistir. Bu analizler sonucunda yataga bagimli bireylerin yasam kalitelerini diisliren unsurlar tespit
edilmis ve incelenmistir.

Yapilan anket sonucunda elde edilen genel bulgular su sekildedir;

e Ankete katilan bireylerin %46,5 1 46 yas lizerindedir ve en fazla katilim bu yastan gergeklesmistir.
%0 ile 0-19 yas arasinda hi¢ katilim yer almamaktadir.

e Ankete katilan bireylerin %61,4 {i kadin, %38,6 s1 erkektir.

e Ankete katilanlarin %80,2 si {iniversite / yiiksekokul mezunu olup, en fazla katilim bu gruptan
saglanmigtir. Okuryazar olmayan kisi bulunmamaktadir.

e Ankete katilan bireylerin %62 si evli, %38 i bekardir.

e Yataga bagimli bireylerin ihtiyaglarinin giderilmesine katki saglayanlarin genellikle ¢ocuklari
oldugu gozlemlenmistir.

e Yataga bagimli bireyin yagamsal faaliyet durumlarindaki zorlanma dereceleri degerlendirildiginde,
yataga bagimli bireyler en ¢ok disarida yer alan etkinliklere katilmakta zorlanirken, en az telefon
goriismesi yapmakta zorlanmaktadirlar.
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Yapilan anket sonucunda elde edilen detay bulgular su sekildedir;

Ankete verilen yanitlardan ¢ikarilan sonuca gore Tablo 4.1. de de goriildiigii gibi, yataga bagiml
bireylerin %34,3 i herhangi bir hizmetten yararlanmamaktadir. En fazla yararlanilan hizmet ise
%25,9 ile tibbi destek hizmetidir.

Cizelge 4.1. Yataga Bagimli Bireyin Aldig1 Hizmet Durumu

ALINAN HiZMET DURUMU
KISi YUZDESI
SECENEKLER | ¢n\q %)
Danigmanlik 4 2.8
Psikososyal
Destek v 4.9
Hasta Haklan 11 1,7
Maddi Destek 12 8,4
Egitim 4 2,8
Tibbi Destek 37 25,9
Ev Isleri
Hizmeti Ll ™
Ulasim 8 5,6
Yararlanmiyor 49 34,3

Tablo 4.2. de yer alan verilere gore, tekerlekli sandalyeye %0 bagimli olan 16 kisi ve %100 bagimli
olan 12 kisi yer almaktadir. Genel olarak en fazla (%100) bagimli olma durumu 20 kisi ile insan
destegi ile hareket kategorisindedir. Yataga bagimlilik kategorisinde %0, %25 ve %50 bagimlilik
esit miktarda bir dagilim gostermistir.

Cizelge 4.2. Yataga Bagimli Bireyin Hareketlilik ve Tasinmada Bagimlilik Durumu

HAREKETLILIK/TASINMADA BAGIMLILIK
DURUMLARI

SECENEKLER BAGIMLILIK DERECESI (%)

0 25 50 75 100
g:ﬁg;'@‘;" 16 | 6 | 11 | 6 | 12
Koltuk Degnegi 16 10 5 7 11
Yiiriiteg 14 11 7 7 10
Yataga Bagiml 10 10 10 7 13
Insan Destegi 5 13 13 15 20
Bagimsiz 30 7 8 3 3
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Kullanilan yatak durumu degerlendirildiginde, %100 memnuniyet duydugunu; normal yatakta 21
kisi, hava yataginda 4 kisi, manuel hasta yataginda 4 kisi, elektrikli hasta yataginda ise 6 kisi ifade
etmistir. Ankete yanit verenlerin %39 u normal yatak kullanmaktadir ve 21 kisi de normal yataktan
%100 memnun oldugunu belirtmistir. Bu memnuniyette, bireylerin alim giicli dolayisiyla 6zellikli
yataklart alamamasi ve deneme imkanimn olusmamasi da etkili oldugu diisiiniilmektedir.

Kapi, pencere ve elektrik elemanlar1 kullamimlan degerlendirildiginde, kapt kullanimlarinda en
fazla (%100) zorlanilan durum kapryr agabilmektir, en az (%0) zorlanilan durumlar ise kapiya
yaklagabilmek ve kapidan gegebilmektir. Pencerelerde en fazla (%100) zorlanilan durum disariy1
izleyebilmektir, en az (%0) zorlanilan durum ise pencereye yaklasabilmektir. Tabi bu donati
elemanlarimt kullanimda mekanin yataga bagimli bireylere uygun tasarlanmis olmasi etkin rol
oynamaktadir. Elektrik elemanlarinda ise yataga bagimli bireyler aydinlatma anahtarlarm
kullanmakta prizlere kiyasla daha ¢ok zorlanmaktadirlar. Bunun sebebi prizlerin yatak hizasina
konumlandirilmasi hatta bazi hasta yataklarinin priz igermesi olabilir.

Yataga bagimli bireyler oda igerisinde hareket ederken, en ¢ok esyalara takilmamakta
zorlanmaktadirlar. Ayni zamanda en az zorlanma da yine bu kategoride yer almaktadir. Bu ¢eliski,
oda i¢i dizaynin yataga bagimli bireylere gore diizenlenmis ve diizenlenmemis olmasinin iki farkli
sonucu olarak degerlendirilebilir.

Yataga bagimli bireylerin yatak iizerindeki yasamsal faaliyet durumlar1 degerlendirildiginde, en
fazla zorlamlan faaliyet okuma / yazma ve yatak iizerinde kisisel bakim ihtiyaclarimin
giderilmesidir. En az zorlamlan faaliyet ise yatak tlizerinde telefon / tablet / pc gibi elektronik
cihazlarin kullanimudir.

Yataga bagimli bireyin elbise dolabi ve diger mobilyalar1 kullanim durumlarindaki zorlanma
dereceleri Tablo 4.3. te yer almaktadir. Bireyler alt boliimleri kullanmakta olduk¢a zorlanirken,
askilart ve st boliimleri kullanmakta daha az zorlanmaktadirlar. Bireyin tekerlekli sandalye
kullanirken veya cesitli destekler ile ayakta dururken, bir dolabin alt bdliimlerine ulasmak i¢in
egilmesi pek miimkiin olmamaktadir.

Cizelge 4.3. Yataga Bagimli Bireyin Elbise Dolabin1 Kullanmakta Zorlanma Derecesi
ELBISE DOLABI KULLANIM DURUMU

SECENEKLER ZORLUK DERECESI (%)

25 50 75 100

Kapaklan Agabilmek 29 16 8 17

Cekmeceleri Acabilmek 21 21 8 19

Alt Bolumleri

Kullanabilmek 26 18 8 20

Orta Bolimleri
Kullanabilmek

Ust Boliimleri
Kullanabilmek

Askilan Kullanabilmek

23 19 7 15

22 17 9 18

18 20 9 17

NN ON NN PN DN PN O
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3.3. Gozlem Bulgulan

Yapilan genel gézlemlerin analizi sonucunda, yataga bagimli bireylerin en fazla yatak yaralarindan ve
kisisel temizlik ihtiyaglanm destek almadan giderememelerinden rahatsiz olduklan anlagilmstir.
Ayrica, bu bireylerin yagsam kalitelerini artirma bilincinin birgok kiside heniiz olusmamus oldugu fark
edilmistir. Ornegin, ev icerisinde gerekli diizenlemelerin yapilma orani olduk¢a azdir. Arastirmanin
amacinin anlatimu ile birlikte bu konuda yapilmis birgok ¢alisma oldugundan bahsedilmistir.

Hipotezler dogrultusunda fikirleri sorulmus ve rahatsizliklarinin baglarinda bagka insanlarin nasil
gordiiklerini, ne diisiindiiklerini ¢ok fazla dnemsediklerini fakat zamanla kendi konforlarini 6n plana
koyduklarindan bahsetmislerdir. Yardime1 olan, ilgilenen kisilerin ilgi ve motivasyonlarinin, kendi
duygularim da dogrudan etkilediginden bahsetmislerdir.

4. SONUC

Yapilan gozlemler sonucunda, yatak odasi ve esyalan bireylerin giinliik yasamim kolaylastiracak
sekilde alternatif ¢ozlimler ile diizenlenmistir. Fakat yine de odada yeterli alanin olmadig, yatagin
bireyler i¢in kullamighh olmadigi ve elbise dolabinin ihtiyact tam anlammyla karsilamadigi
gozlemlenmistir.

Yapilan anket sonucunda, bazi konularda hem en iyi hem de en kotii degerlendirmeler ayni cevap
iizerinde toplanmis, bu durum yataga bagimli bireye bakan kisilerin bilingli oldugu durumlarda
olumsuzluklarn azaldigi ama tam tersi durumlarda sorunlarin arttigini netlestirmistir.

Sonug olarak, yataga bagimli bireylerin yatak odalarindaki yasam kalitelerini artirmak icin, biiyiik
odalarin tercih edilmesi, oda igerisinde ¢ok fazla egya barinmamasi, icerinin yeterli 15181 alabiliyor
olmasi olduk¢a 6nemlidir. Mobilya se¢iminde, ideal kullamm 6lgiileri g6z 6niinde bulundurulmali, sivri
koseli olanlar tercih edilmemelidir. Bulundugu ortamda engellere takilmayan, istedigi seylere rahatga
ulasabilen bireyler kendilerini rahat hissedecektirler. Yataga bagimli bireylerin giin igerisinde en fazla
vakit gecirdikleri yerin yatak odasi olmasi sebebiyle de, psikolojik ve biyolojik sagliklar i¢in
hissedecekleri bu rahatlik olduk¢a 6nem arz etmektedir.

Yataga bagimli bireyler ile ilgili ¢alismalar yapilmasi igin ilgili kisiler tesvik edilmeli, yapilan
caligmalarda 6nemli bulgular hayata gecirilmelidir.

Toplumsal anlamda, 6ncelikli olarak yataga bagiml bireye bakan kisi ve ¢evresinde yer alan herkesin
bilinglendirmesi ile ilgili ¢alismalar yapilmalidir. Bakimu iistlenen kiside bir yasamu tistlendiginin bilinci
olusturulmal1 ve gerekli konularda egitimler almasi i¢in tesvik edilmelidir.
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OZET: Helikopterler dogas: geregi ¢ok fazla donel elemana sahip ve yogun bir sekilde titresime maruz kalan hava
araglaridw. Bu titresimler ¢ogu zaman risk teskil etmese de bazi durumlarda ¢ok riskli olabilmektedir. Tiim
yapularin oldugu gibi helikopterlerde de dogal frekans degerlerine sahiptirler ve bu dogal frekans degerleri tahrik
frekanst degerleri ile ¢akistiginda yapi rezonansa girerek statik yiiklerden daha fazla dinamik yiiklere maruz
kalabilmektedir. Bu dinamik yiikler ise kirima kadar ulasabilecek durumlara sebebiyet verebilir. Yapilacak
calismada tahrik frekansi ile ¢akisan dogal frekans degerleri icin yapisal bir optimizasyon ¢alismasi yapilacak ve
bu degerler otelenmeye c¢alisilacaktir. Dogal frekansin degisimi yapinin séniimlemesinin, agirliginin veya
katilhigimn(rijitliginin) degisimi ile miimkiin olmaktadir. Helikopterlerin yapisal kisimlarinda genellikle
sontimleme amaciyla kullanilan bir yapt bulunmamaktadir. Bu sebeple agirlik ve katiligin degisimi oldukca biiyiik
onem arz etmektedir. Yapisal optimizasyon kapsanminda helikopter kuyrugunun yapisal elemanlarimn
malzemeleri, kalinliklari ve kesitleri degistirilecektir. Boylece yapinin katiligi ve agirligi degistirilecek ve bu
degisiklikler sonlu elemanlar modelinde yansitilarak her degisiklik icin model olusturulan kosturularak sonuglar
incelenecektir. Calisma sonucunda agirlik ve katiligin degigimi ile dogal frekans degerlerinin ne sekilde degistigi
incelenecektir.

Anahtar Kelimeler: Helikopter, Dogal Frekans, Modal Optimizasyon
Natural Frequency Change Of The Helicopter Tail Cone By Structural Optimization

Abstract: Helicopters are aircraft that have many rotating elements and subject to intense vibration by nature.
Although these vibrations do not pose a risk most of the time, they can be very risky in some cases. Like all other
structures, helicopters also have natural frequency values, and when these natural frequency values coincide with
the drive frequency values, the structure can resonate and be exposed to more dynamic loads than static loads.
These dynamic loads can cause situations that can reach up to breaking. In this study, a structural optimization
study will be made for the natural frequency values that coincide with the drive frequency and these values will be
tried to be shifted. The change of the natural frequency is possible by changing the damping, weight or stiffness of
the structure. There is no damping element used for the structural parts of helicopters. For this reason, the
variation of weight and stiffness is of great importance. Within the scope of structural optimization, the materials,
thickness and cross-sections of the structural elements of the helicopter tail will be changed. Thus, the stiffness
and weight of the structure will be changed with these changes. And these changes applied to finite element model,
and the results will be examined by running the model for each change. As a result of the study, it will be examined
how the natural frequency values change with the change of weight and stiffness.

Keywords: Helicopter, natural frequency, mode optimization
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1. INTRODUCTION

As seen in figure below, the main components of a helicopter can be listed as fuselage, landing gear,
power generation system (engine/s), power transmission system (transmission), main rotor and tail rotor
systems. These components must protect their structural integrity under the applied static and dynamic
loads. Static loads caused by flight, landing and miscellaneous load for various conditions. Dynamic
loads are usually caused by the vibration of rotating elements such as the main rotor, tail rotor, gear
wheels and bearings. In order to avoid excessive vibrations that cause dynamic loads, it is an undesirable
situation for the structure to resonate by overlapping the blade passage frequencies and the natural
frequency of the structure.

_Main rotor system

Tail rotor system

/— Transmission

9L Airframe

Powerplant

HCL L

Figure 20 Main components of helicopter [1]

2. LITERATURE SURVEY

Studies on helicopters date back to old times, Leishman explained the basics and details of helicopter
aerodynamics with examples in his book [2]. Bielawa, on the other hand, worked in the fields of
structural dynamics and vibration as well as aeroelasticity in his book [3]. Like all other structures it is
an undesirable situation for the drive frequency and the natural frequency of the structure to coincide in
helicopters. In such cases, either the driving frequency should be changed or the natural frequency value
should be changed with the changes to be made in the structure. Abdurohman, Sakti and Silitonga
examined the effect of weight on the natural frequency by working on the operational empty weight and
maximum take-off weights without making any structural changes for the wing of the N219 aircraft. In
their study, they observed that the natural frequency decreases with increasing of weight [4]. Also,
Camargo, Jacobsen and Strafacci tried to extend the periodic maintenance intervals of the helicopter by
examining the changes in natural frequency and vibration levels by conducting flight and ground tests
with the helicopter in the standard configuration and the helicopter with the payload added close to the
center of gravity. They performed a single-shake test and flight test on the ground with 26 accelerometers
placed on the helicopter in the standard configuration. As a result of these tests, they observed the same
mode shapes in the flight test at lower natural frequency values compared to the ground test. Flight tests
were also carried out with a helicopter with payload added, and a slight increase in vibration levels was
observed, but they did not see a significant decrease in natural frequency values. They interpreted the
fact that the added payloads were exactly at the horizontal tail level and the aerodynamic effect changed
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as the reason why there was no significant decrease in the natural frequency values despite the increase
in the weight of the structure [5].

3. ANALYSIS

Modal analysis is the analysis made in order to understand the dynamic behavior of structures. As a
result of these analyzes, it is understood how the structures will vibrate and how they will react to the
input force. As a result of the analysis, the natural resonance frequencies and damping parameters of the
structure can be calculated and the mode shapes can be visualized on an animated geometry of the
measured objects. Normal mode analysis is also called eigenvalue analysis or eigenvalue extraction. In
summary, normal mode analysis is a technique used to calculate the vibration patterns and associated
frequencies that a structure will exhibit. Lanczos solution method and mass normalization method were
used in order to get the most appropriate results in the analysis.

3.1. Engine Drive and Blade Passage Frequency

Table 6 Frequency values for various helicopters [6]

Helicopter Q(Hz) Nb o (Hz)
Bell B204 4.9 2 9.8
Sikorsky H-60 Black Hawk 4.3 4 17.2
Robinson R22 8.8 2 17.6
Mil Mi-26 2.2 8 17.6
Agusta Westland (now Leonardo) AW139 4.95 5 24.75

In the study, an optimization study was carried out for the structural elements of the tail, which is
considered for a general-purpose helicopter with a maximum take-off weight of 6 tons, 5 main rotor
blades and 4 tail rotor blades.

Therefore, according to information given, the rotation speed of the main rotor is accepted as 300 rpm.
In helicopters, the intermediate gearbox usually increases the speed between 3-6 and transmits it to the
tail rotor, as a result, the speed of the tail rotor main rotor varies between 3-6 times, so the rotation of
the tail rotor is accepted as 1440 rpm.

For the primary analysis results, the natural frequency values for the helicopter horizontal stabilizer (HS)
component were found to be 23.09 Hz, and this value will be tried to be shifted out of the 10% critical
range with the optimization work to be done.

3.2. Optimization

For optimization study, firstly tail cone longeron structure sections change to L, C and HAT section and
these sections change effect both weight and stiffness but longeron structures are far away from HS so,
these changes did not cause any major change natural frequency of HS.

L Section C Section Z HAT section

Figure 2 Longeron sections
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After that, symmetric and asymmetric additional mass are connected to HS high displacement area. For
symmetric additional mass as seen in Figure 3, masses are increase until 6 kg for avoid 10% band of
drive frequency. For asymmetric additional mass, only left side 1 kg additional mass (Case 3) can shift
natural frequency from 10% avoidance band as seen is Table 2.

Frequency Change

35
30
3 25
S 7. Mod
>
g 20 8. Mod
:—: 15 9. Mod
§ 10. Mod
5 10 ©
e \/liN
5
e— \aX
0
0 1 2 3 4 5 6
Additional Mass
Figure 3 Natural frequency change with symmetrical additional mass
Table 7 Natural frequency change with asymmetrical additional mass
Additional Mass (kg)
Case 0 Case 1l Case 2 Case 3 Case 4 Case 5 Case 6
Right | Left [Right | Left [ Right | Left | Right | Left |[Right | Left | Right | Left
0 0 05| 05 0 0 1 1 0 05 1 1 05
= |7
= mode | 20.5 20.36 20.02 19.99 19.32 19.43 19.1
(&)
G 8.
% mode | 23.1 22.15 22.44 21.43 22.01 21.36 21.67
- 9
mode | 30.1 29.14 29.12 28.32 28.27 26.71 26.69
10.
mode | 31.1 30.61 30.68 29.78 30.12 28.88 29.05

In third iteration, the aluminum material of the tail was changed to steel, titanium and magnesium. Due
to the parallel change of stiffness and weight in material change, no significant changes were observed
in natural frequency values as seen in Table 3.
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Table 8 Natural frequency change with material

Material Natural Frequency (Hz)
Aluminum 23.09
Steel 24.8
Titanium 23.55
Magnesium 22.72

In the continuation of the studies, thickness of some HS structural part reduced. As a result of weight
reductions, a total weight of 240 g has been reduced. As a result, the natural frequency value increased
from 23.09 Hz to 24.12 Hz. In this analysis step, it was seen how effective small changes made in critical
regions could be.

Finally, honeycomb structure is used as composite material instead of sheet metal metallic material as
horizontal tail material.

Table 9 Core and sheet metal material natural frequency

Sheet Metal HS Core HS
Weight (kg) 20.5 20.5
Generalized Stiffness 21043 17666
Natural Frequency (Hz) 23.09 21.15
Displacement (mm) 16.78 7.95

4. Conclusion

As a result of the analysis, it was observed that the natural frequency value did not change to a large
extent in parallel increase and decrease of both stiffness and weight. Therefore, the increase or decrease
in thickness in the same section does not contribute to the natural frequency change. For this reason, in
order to shift the natural frequency value, it is necessary to increase or decrease the weight of the
structure by keeping the stiffness constant, or to change the stiffness by keeping the weight constant.
For this purpose, instead of the thickness change in the same section, analyzes were run with elements
with different sections. However, changes in mode shape in places far from the high displacement region
do not cause large differences for natural frequency and mode shape. According to the FE model results,
weight addition and weight reduction studies were carried out for high displacement places, and the
most successful results for natural frequency translation were seen in these analyzes. In addition, the
natural frequency values for the horizontal stabilizer design, which is modeled with honeycomb material
instead of sheet metal material, have also changed greatly. Here, too, the drastic change in the rigidity
of the structure has caused this effect.
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OZET: Bu ¢alisma, bioXL3p adli bir MS Excel Visual Basic for Applications (VBA) aract kullamilarak azot
giderimi igin pre-anoksik ve post-anoksik sistemlerin aritma maliyeti analizinin arastirildigi bir modelleme
calismasimin  bulgularini sunmaktadw. 3600 m®lsaatlik bir giris atiksu debisi icin iki varsayimsal sistem
tasarlanmustir. Her iki sistem icin de giris kimyasal oksijen ihtiyact (KOI) ve toplam fosfor konsantrasyonlar:
sirasiyla 400 g/m® ve 4 g/im?® degerlerinde sabit tutulmus; diisiik, orta ve yiiksek giris azot yiikleri icin toplam azot
(TN) konsantrasyonlart swasiyla 20, 40 ve 60 g/m® kabul edilmistir. Sonuclar, diisiik, orta ve yiiksek azot
yiiklerinde pre-anoksik sistemde azot giderim verimlerinin sirasiyla %82,55, %77,65 ve %73,81; isletme
maliyetlerinin (valnizca elektrik maliyetleri) ise 0,2, 0,25 ve 0,3 m pompa basma yiiksekliklerinde 6.900 $/yil,
8.600 $H1l ve 10.300 $/vil oldugunu gostermistiv. Post-anoksik sistemde ise igletme maliyetleri eklenen harici
karbon (metanol) maliyetleri olarak analiz edilmis olup, diisiik azot yiikiinde azot giderim verimi %88,8 ve isletme
maliyeti 73.600 $/yil; yiiksek azot yiikiinde ise azot giderim verimi %64,06 ve isletme maliyeti 736.000 $/yil olarak
hesaplanmistir. Elde edilen bulgular, ozellikle kullanilacak harici karbon kaynaginin fiyati yiiksek oldugunda, pre-
anoksik sistemin atiksulardan azot giderimi agisindan daha ekonomik oldugunu gostermektedir.

Anahtar Kelimeler: Azot Giderimi, Pre-Anoksik Proses, Post-Anoksik Proses, Aritma Maliyeti, Aktif Camur
Modeli

Model-Based Analysis of Treatment Costs by Pre-Anoxic and Post-Anoxic Processes for Low, Medium, and
High Nitrogen Loads

ABSTRACT: This study presents findings of a modeling work in which analysis of treatment cost by pre-anoxic
and post-anoxic systems with nitrogen removal efficiencies have been investigated using an MS Excel Visual Basic
for Applications (VBA) tool, named bioXL3p. Two hypothetical systems were designed for an influent wastewater
flowrate of 3600 m3/h. For both systems, influent chemical oxygen demand (COD) and total phosphorus
concentrations were 400 g/m® and 4 g/m® where total nitrogen (TN) concentrations for low, medium, and high
nitrogen loads were 20, 40, and 60 g/m®. The results showed that, in a pre-anoxic system with low, medium, and
high nitrogen loads, the nitrogen removal efficiencies were 82.55%, 77.65%, and 73.81%, respectively, while the
operating costs (electrical costs only) at different nitrogen loads were analyzed as about 6,900 $/year, 8,600 $/year
and 10,300 $/year for 0.2 m, 0.25 m, and 0.3 m pumping heads, respectively. In a post-anoxic system, operating
costs were analyzed as the costs of external carbon (methanol) added. Results showed that, at low nitrogen load,
the nitrogen removal efficiency was 88.8% at an annual operating cost of about $73,600, while, at high nitrogen
load, the nitrogen removal efficiency was 64.06% at an annual operating cost of about $736,000. Results of the
study suggested that employing a pre-anoxic system for treatment is more economical for nitrogen removal
especially if external carbon source is expensive.

Keywords: Nitrogen Removal, Pre-Anoxic Process, Post-Anoxic Process, Treatment Cost, Activated Sludge Model
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1. INTRODUCTION

The wastewater in which compounds such as nitrate, ammonia, nitrite, and organic bound N could be
harmful to the water bodies and it affects the suitability of water and wastewater for reuse. Removal of
nitrogen is important to protect the water resources, especially in the regions that already face water
shortage (Cherchi et al., 2009). Therefore, many countries have enforced standards in recent years for
the discharge of nitrogen. For instance the concentration of (TN and COD) from the effluent of
municipal wastewater treatment plants in Tiirkiye should be less than 15mg/L for population of 10,000-
100,000 and 125 mg/L for populations below 10,000, that is why various of the recent studies and
researches have been taken place on creating new technologies (Ayaz et al., 2015). In regard to its
deteriorating effects on receiving water bodies, nitrogen removal from wastewater have become a
priority, with numerous research studies dedicated to the nitrogen removal techniques, to improve the
quality of effluent with a reduced cost of the treatment. Although many of the common single-sludge
biological processes like the Bardenpho process are effective at removing nitrogen, they are frequently
unfavorable or insufficient in terms of process optimization, retrofitting, or economics. Therefore, it has
become desirable to look for technically feasible and cost-effective nitrogen removal technologies for
less demanding nitrogen removal. In fact, nitrogen removal can be accomplished by simply turning on
and off the air to the reactor to maintain continuously alternating aerobic-anoxic conditions (Beylier et
al., 2011). Ammonium is converted into nitrate during the air-on phase, and nitrate is employed for
oxidizing organic carbon during the air-off phase. In order to reduce eutrophication in receiving water
bodies, biological nitrogen and phosphorus removal has been used widely in wastewater treatment
processes (Ali et al., 2021). Biological nitrogen removal (BNR) is the most proper way to meet lower
effluent N concentrations (Eom and Park, 2023). Biological removal of nitrogen is accomplished using
nitrification and denitrification processes. Under aerobic conditions (nitrification) ammonia (NH4*-N)
is oxidized to nitrite (NO2-N) and nitrate (NOs™-N). Under anoxic conditions (denitrification), nitrate is
converted to nitrite and to N2. The denitrification process requires organic matter as electron donor (Li
et al., 2023).

Nitrification and denitrification processes can be done in two different ways as pre-denitrification and
post-denitrification. The sequence is anoxic/oxic in pre-denitrification (Ravishankar et al., 2022), and
oxic/anoxic in post-denitrification. Both systems have different advantages and disadvantages compared
to each other. While there is a need for an internal recycle for nitrite/nitrate return in pre-denitrification
(Woo et al., 2022), an external carbon source may be needed in post-denitrification. One of the most
important factors that might directly affect the effectiveness of biological nitrogen removal is the
influent's C/N ratio. For denitrification the stoichiometric requirement of organic substrate is known as
2.86 g COD/g N, and several studies have demonstrated that C/N ratios between 6 and 11 g COD/g N
is required in order to obtain sufficient nitrogen removal efficiencies (Pelaz et al., 2018). Therefore,
external carbon sources can be used to achieve high-efficiency nitrogen removal, especially in regions
with low discharge standards. Although methanol requires a longer adaptation period, it is often
preferred as an external carbon source due to its relatively low cost and easy availability (Yin and Guo,
2022).

This study describes the findings of a modeling project in which the bioXL3p tool from MS Excel's
Visual Basic for Applications (VBA) was used to analyze the analysis of treatment cost by pre- and
post-anoxic systems with nitrogen removal efficiency. Two hypothetical systems were created for a
3600 m*h influent wastewater flowrate. In both systems, the effects of different external carbon ratios
on influent COD and total phosphorus concentrations of 400 g/m® and 4 g/m® were examined. Total
Kjeldahl nitrogen (TKN) values for low, medium, and high nitrogen loading were 20, 40, and 60 g/m?
in both systems.

2. MATERIALS AND METHODS
2.1. Activated Sludge Process

A pre-anoxic and a post-anoxic system were designed for an influent wastewater flowrate of 3600 m*/h.
The post-anoxic system consisted of an aerobic reactor followed by an anoxic reactor and secondary
clarifier while the sequence of aerobic and anoxic were changed in the pre-anoxic system, and an internal
recycle line for nitrate recycle from the aerobic reactor to the anoxic reactor was established. For both
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systems, the return activated sludge (RAS) was taken from the secondary clarifier (bottom), mixed with
influent wastewater (primary effluent) and discharged to the first process reactor in the system. Waste
activated sludge (WAS) was taken from the secondary clarifier (bottom). The RAS ratio was 80% (2880
m*/h). The WAS flowrate was adjusted around 82 m*h for setting the sludge retention time (SRT)
around 10 days. For both systems, the hydraulic retention times (HRTS) of aerobic and anoxic reactors
were 8 and 3 hours, respectively. The total surface area of the secondary clarification unit was 6500 m?
with a side-wall depth of 3 m. The ratio of internal recycle (IR) flowrate to influent flowrate in the pre-
anoxic system was 200% (7200 m*/h). Flowchart of both systems are shown in Figure 1, and the design

specifications are given in Table 1.
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Secondary clarifier

Effluent

Return activated sludge

Anoxic Aerobic

Influent

e

Internal recycle

Waste activated sludge

Secondary clarifier Effluent

Waste activated sludge

Return activated sludge

Figure 1. Flowchart of the Processes. A) Post-Anoxic Process, B) Pre-Anoxic Process

Table 1. Design Specifications of Activated Sludge Processes

Dimensioning Value
Process reactors

Aerobic volume 28800 m®

Anoxic volume 10800 m?

Total hydraulic retention time (HRT) 11h
Return activated sludge (RAS) flowrate 2880 m/h (80%)
Waste activated sludge (WAS) flowrate 82 m’/h
Internal recycle (IR) flowrate (only pre-anoxic) 7200 m?/h (200%)
Sludge retention time (SRT) 10 days
Secondary clarifier

Total surface area 6500 m?

Surface loading Around 1 m¥/m?.d

Side-wall depth 3m

Hydraulic retention time (HRT) Around 3 h

Inlet depth

1.5 m from surface
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2.2. Wastewater Characterization

The purpose of simulations were to obtain steady-state nitrogen removal efficiencies of the
processes under low, medium, and high nitrogen concentrations in the influent. For this purpose, influent
C/N ratios of 100/5, 100/10, and 100/15 were assumed. In all cases, influent C/P ratio was 100/1. Influent
chemical oxygen demand (COD) and total phosphorus concentrations were 400 g/m?, and 4 g/m? in all
simulations. For low, medium, and high nitrogen loads, total Kjeldahl nitrogen (TKN) was 20, 40, and
60 g/m?, respectively. The data summarized (Rossle and Pretorius, 2001), was adapted for calculating
influent component concentrations in the activated sludge model. Wastewater characterization used in
simulations are shown in Table 2.

Table 2. Influent Wastewater Characterization

Characterization Concentration

Conventional characteristics

Chemical oxygen demand (COD) 400 g/m® as COD
Total Kjeldahl nitrogen (TKN) 20, 40, 60 g/m? as nitrogen
Total nitrogen (TN) 20, 40, 60 g/m? as nitrogen
Total phosphorus (TP) 4 g/m® as phosphorus
Alkalinity 5 mol/m? as HCOs
Temperature 20°C

Activated sludge model components
Inert soluble organics 20 g/m? as COD
Readily biodegradable organics 140 g/m? as COD
Inert particulate organics 20 g/m3 as COD
Slowly biodegradable organics 220 g/m® as COD
Ammonia+ammonium nitrogen 7.5, 27.5, 47.5 g/m?® as nitrogen
Nitrite+nitrate nitrogen 0
Phosphate phosphorus 2.7 g/m?® as phosphorus

2.3. Simulation Tool

An open-access MS Excel Visual Basic for Applications (VBA) tool was used in simulations. The toll,
called bioXL3p, is an improved version of bioXL (Manav Demir and Demir, 2017) and bioXL3 (Demir
and Manav Demir, 2020), with an improved, user-friendly interface. It has extensive error handling
procedures that produce proper warning messages in case of erroneous entries. The tool allows the
topology of the activated sludge process by reactors and links connecting these reactors. It assumes
complete-mixing in all reactors and is capable of performing steady-state and unsteady-state solutions
for the system.

bioXL3p employs Activated Sludge Model No. 3 (ASM3) (Gujer et al., 1999) extended with the
EAWAG bio-P module (Rieger et al., 2001), together called ASM3p. The extended model contains 23
processes including several of each heterotrophic, autotrophic and phosphorus removal processes as
well as 16 individual components, 8 of which is in dissolved form and 8 is in particulate form. The
relationships between processes and individual components are defined with 26 stoichiometric and 44
kinetic parameters. The tool incorporates a one-dimensional, ten-layered secondary sedimentation
model with Takacs double-exponential model (Takacs et al., 1991) for settling velocities. In all
simulations default values of stoichiometric, kinetic, and settling parameters were used.
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2.4, Cost Comparison

The post-anoxic and the pre-anoxic systems were the same in terms of construction costs. The exception
is that an internal recycle line (pump and piping) was used in the pre-anoxic system while a storage tank
and dosing unit for the external carbon source was used in the post-anoxic system. The installation costs
of the internal recycle and the external carbon dosing system were assumed as equal. Therefore, the
systems were different only in terms of operating costs, and the cost comparison of the processes were
performed based on nitrogen removal effectiveness, which is defined as the cost of removing unit mass
(kg) of nitrogen from the wastewater, and calculated as the ratio of the annual operating cost of the
process to the annual mass of nitrogen removed.

For the pre-anoxic system, annual pumping cost of the internal recycle flowrate was calculated using
the general power formulation as:

E, = 8.760‘2”’7*"“1 (1)

where Qr is the internal recycle flowrate (m¥s), p is the density of wastewater (kg/m?), g is gravitational
acceleration (9.81 m/s?), Ah is the pumping head (m of water column), # is the overall efficiency of the
pump, and E: is the annual electrical energy consumed (kWh). For the purpose of estimating operating
cost (electrical cost of pumping) of the pre-anoxic system, the total pumping head in the internal recycle
line is taken as the sum of difference of the heads in both reactor and the headloss in the pipe. The total
pumping head in the internal recycle line was assumed as 0.5 m of water column for all practical
purposes. The cost of electricity was assumed as $0.11 per kWh. For the post-anoxic system, annual
cost of the external carbon was calculated using

E, = 315360,,C (2)

where Qu is the influent flowrate (m®/s), C is the external carbon dose for effective denitrification (g/m?),
and E: is the mass of external carbon consumed yearly (kg). External carbon added to the aerobic reactor
was assumed as methanol. For the purpose of estimating operating cost (cost of methanol) of the post-
anoxic system, the cost of methanol was assumed as $0.5 per kg. It should be noted that this cost is
based on the free-onboard price of methanol from the manufacturer, and does not include shipping and
customs taxes etc. The actual cost of methanol will depend on its availability and purity etc.

3. RESULTS AND DISCUSSION

Simulations performed for post-anoxic and pre-anoxic systems with low, medium, and high nitrogen
loads to predict carbon and nitrogen removal performances of the treatment systems as well as the
operating costs for nitrogen removal.

3.1 Pre-Anoxic Process
In this system three different loads of nitrogen were used:

e Low Nitrogen Load (LNL): The ratio of C/N/P was used as 100/5/1 after the simulation of
LNL effluent concentration COD was observed as 30.73 g/m® corresponding to removal
efficiency up to 92.31%, where total nitrogen TN from effluent was calculated up to 3.49 g/m?
with the removal efficiency upto 82.55%.

e Medium Nitrogen Load (MNL): The ratio of C/N/P was used as 100/10/1, where after
simulation it shows that the COD concentration in effluent was up to 30.41 g/m® and TN was
8.94 g/m®, the removal efficiencies in (MNL) process was 92.39% and 77.65% .

e High Nitrogen Load (HNL): The ratio of C/N/P was used as 100/15/1, after the simulation the
results in HNL COD from the effluent was 30.63 g/m® and TN was 15.71 g/m® corresponding
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to removal efficiency up to 92.34% and 73.81%. Figure 2 shows the removal efficiencies of
COD and TN in pre-anoxic process with low, medium and high nitrogen loads.

B Effluent COD (gCOD/m?) BEffuent TN (N/m%)
35.00

g 30.73 3041 30.63

E 30.00

=

é 25.00

Z o 2000

LB -

23 1500

=)

8 1000

bt

é? 5.00

0.00

100/10/1 100/15/1
C/N/P

Figure 2. Pre—Anoxic Process with Low, Medium and High Nitrogen Loads

3.2 Post—Anoxic Process

In the post-anoxic process, same Influent wastewater characterization taken as in the pre-anoxic process.
In this system, different ratios of nitrogen loads for example: low, medium and high 20 g/m?®, 40 g/m?,
and 60 g/m® used with seven different ratios of external carbon. As a source, carbon plays important role
in the post-anoxic process. It acts as an electron donor and with that, it is the energy source for microbial
metabolism for the process and it is one of the main factors (Janus and Ulanicki, 2015), therefore
different ratio of carbon added with nitrogen loads to check the performances, removal efficiencies of
TN, COD and find the cost-effective system. The external carbon ratios, which used while the simulation
was 0 kg/h, 25.2 kg/h, 50.4 kg/h, 75.6 kg/h, 126.0 kg/h, 188.0 kg/h, and 252.0 kg/h. After simulation,
the result, which obtained are in Figures 3, 4, and 5.
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Figure 3. Post—Anoxic Process with Low Nitrogen Loads
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m Effluent COD (gCOD/m?*) BEEffluent TN (gN/m?)

32.87

31.96

External carbon (kg/h)

33.15

3339

33.72

Figure 4. Post—Anoxic Process with Medium Nitrogen Loads

m Effluent COD (gCOD/m?) B Effluent TN (gN/m?)
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Figure 5. Post—Anoxic Process with High Nitrogen Load

COD & TN Removal Efficiencies

In low, medium, and high nitrogen loads where wastewater temperature was 20°C, COD 400 g/m?,
TKN 20 g/m®, TN 20 g/m®, and TP 4 g/m® with various external feed rates simulation was performed.

Results of the post-anoxic process with removal efficiencies are illustrated in Table 5.

Table 5. Removal Efficiencies of COD and TN with Various External Carbon Rates in Post-Anoxic

Process
Removal Efficiencies
External - - - - -

S.NO Carbon Low Nitrogen Load | Medium Nitrogen Load | High Nitrogen Load

' 20 g/m? 40 g/m? 3

(kg/h) (20 g/m) (40 g/m?) (60 g/md)
COD (%) | TN (%) | COD (%) | TN (%) | COD (%) | TN (%)
1 0 91.45 89.55 91.82 66.37 91.82 45.75
2 25.2 91.18 88.80 91.80 69.02 91.80 47.58
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Removal Efficiencies
External - - - Hiah Ni Coad
SNO Carbon Low Nitrogen Load | Medium Nitrogen Load Igh Nitrogen Loa
' (20 g/m®) (40 g/m?) 3
(kg/h) (60 g/m®)
COD (%) | TN (%) | COD (%) TN (%) COD (%) | TN (%)
3 50.4 90.86 88.05 91.78 71.7 91.77 49.41
4 75.6 90.63 87.35 91.76 74.32 91.75 51.26
5 126.0 89.76 85.95 91.71 79.5 91.71 54.95
6 188.0 89.96 85.35 91.65 86.05 91.66 59.45
7 252.0 83.26 82.35 91.57 89.90 91.60 64.06

3.3 Cost Analysis of Pre-Anoxic and Post-Anoxic System

In this section, both systems were analytically compared according to their costs, to find out which
system is more cost-effective and economical. In the pre-anoxic system, three different pumping heads
were used e.g.: Ahl=0.2m, Ah2=0.3m and Ah3= 0.25m and cost comparison was done between them,
results showed that as the pumping head rate increment was directly proportional to the electrical energy
cost and the cost of the system as shown in Figure 6. In post-anoxic system, various amount of nitrogen
load and external carbon source (methanol) was used because it is cost effective than other sources.
Consequently, the comparison of the results showed that as the carbon source was increased the cost of

the system was increased as well as shown in Figure 7.

g Consumed electrical energy (kWh/year) = mbe= = COst Of system (S/year)

T 100,000
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= -
% 80,000 ,.--""".- 10,312
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f_E‘J 6,875
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W
o
o
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c
o
(v}

0

0.2 0.25 0.3

Pumping head - Ah (m)

Figure 6. Cost Analysis of Pre-Anoxic System
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Figure 7. Cost Analysis of Post-Anoxic System

3.4 Discussion
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This section compares the removal efficienies of COD and TN with findings from previous studies.
Results of the comparison are listed in Table 6.

Table 6. Removal Efficencies of COD and TN with Previous Studies

Removal Efficiencies
System Wasé;e[\)/\éater Process g/t'i\i) (%) References
COoD TN
100/5 93.77 78.44
pre-anoxic 50/5 93.99 78.07
SBR ; 25/5 94.27 66.34 | Jafarzadeh
(Sequencing \?v)éz;{zs\gfer Ghehi et al.,
batch reactor) 100/5 89.96 78.09 2014
post-anoxic 50/5 94.15 72.82
25/5 94.31 59.34
SBR _ Domestic pre-anoxic 78.6 82.7 Alagha et al.,
(Sequencing - 9/1 202
batch reactor) | \VeStewater post-anoxic 90.7 77.1 020
100/5 92.31 8255
pre-anoxic 100/10 92.40 77.65
This stud Domestic 100/15 97.32 7381 _
Yo | wastewater 100/5 91.45 89.55
) 100/10 91.82 66.37
post-anoxic
100/15 91.82 45.75

4. CONCLUSIONS

Model-based analysis of treatment cost by pre and post-anoxic systems and removal efficiencies of
nitrogen at various nitrogen loads in pre-anoxic systems, and in post-anoxic systems with various
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external carbon ratios were investigated. Both systems were designed for an influent wastewater
flowrate of 3600 m*h in all simulations. In both systems, low, medium, and high nitrogen loads as well
as the Kjeldahl nitrogen (TKN) was 20, 40, and 60 g/m®,

e In the pre-anoxic system, the removal efficiency of system with a low, medium, and high
Nitrogen load were 82.55%, 77.65%, and 73.81% respectively. This showed that the quantity
(TN) isinversely proportional to the removal efficiency. For cost analysis in pre- anoxic system,
3 sizes of pumping heads 0.2 m, 0.25 m, and 0.3 m were used and the results showed that with
increasing of pumping head, the cost of the system increased; 0.2 m pumping head cost was
6,900 $/year, 0.25 m cost was 8,600 $/year and 0.3 m cost was 10,300 $/year.

e In post- anoxic system, the same load of nitrogen used in the pre-anoxic system were used.
Results showed that at low nitrogen and external source ratios, the removal efficiency of
nitrogen was 88.8% and the cost of the system 73,600 $/year. The higher external source ratios
of the removal efficiency of nitrogen was 64.06% and cost of the system 736,000 $/year.

According to the nitrogen removal comparison of both systems effluents, post-anoxic system
performances were higher but not economical according to cost analysis. However, the pre-anoxic
system for the influent wastewater concentration of 3600 m*h is more economical and suitable.
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OZET: Yiizey plazmonlari, bir metal ve dielektrik yiizey arasinda elektronlarin topluca titresim hareketi yapmast
sonucu (surface plasmons) olusur. Grafenin plazmonik davranisi, orta ile uzak kizildtesi (IR) spektral aralig
arasinda gozlenmektedir. Bu spektral aralik arasinda grafen, yiizey plazmonlart uyarimi yoluyla 15181 kontrol
edebilir, simwrlayabilir ve manipiile edebilir. Elektronlarin (veya desik/hole) gazimn iki boyutlu grafen
levhalardaki toplu salimmlary, giiclii alt dalga boyu hapsi ile yonlendirilmis elektromanyetik dalgalar iiretebilir.
Bu ¢alismada, platformun THz frekans araliginda iki farkl rezonansi destekledigi U-sekilli grafen plazmonik
anteni sunmaktayiz. Onerilen grafen yapisi, bir (silikon nitriir) SiN alttast iizerinde durmaktadir. Sunulan yapida
gozlenen cift bantli rezonanslar birbirinden bagimsiz olarak ayarlanabiliv. Onerdigimiz yapimn numerik
analizleri sonlu fark zaman alan: (Finite Difference Time Domain, FDTD) yontemi (Lumerical Solutions Inc.) ile
yapumstwr. Yari-iletken grafenin optik yaniti iletkenligi ile belirlenir. Orta IR araliginda, grafen metalik karakter
gosterir ve iletkenlik Drude formiilii ile belirlenir. Rezonans modlari, yiizey plazmon dagilim iligkisine Drude
formiilii eklenerek hesaplanir. Calismamizda rezonans tepe noktalarimin davramisi, grafen antenin geometrik
parametreleri degistirilerek incelenmistir. Bu rezonans modlarin fiziksel kaynagi, yakin alan hesaplamalariyla
gosterilir. Yapinin periyodu, grafen katman sayisi, antenin genigligi ve substratin karilma indisindeki degisimlerin
iletim spektrumu iizerindeki etkileri arastirilmistir. Bu tiir grafen geometrisi, deneysel olarak elektron igim
litografisi (Electron Beam Litography, EBL) tabanli nano fabrikasyon teknikleri ile elde edilebilir. Ancak bu 6n
calismada grafen plazmonik anten teorik olarak incelenmistir. Rezonans tepe noktalarimin davranisinin bu yapisal
parametrelerden biiyiik él¢iide etkilendigi gozlemlenmistir. Grafen yapisinin periyodu, katman sayisi, genisligi ve
substratin karilma indisindeki degisimleri sonucu U seklindeki grafen plazmonik antenin rezonans tepe
noktalarinda mavi ve kirmizi kaymalar gozlemlenmistir. Onerdigimiz bu yapinin rezonans tepelerinin istenilen
frekansa ayarlanabilirligi bu yapumin frekans segici filtre, sensor, sogurucu gibi bir¢ok uygulamada
kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Grafen, Plazmonik Anten, Cift-Bant, Yiizey Plazmon
U-Shaped Graphene Plasmonic Antenna

ABSTRACT: Surface plasmons are excited propagating electromagnetic waves at the interface between a metal
and dielectric. Graphene’s plasmonic behavior is observed between mid-to far-infrared (IR) spectral range.
Between this spectral range, graphene can control, confine, and manipulate light through surface plasmon
excitation. The collective oscillations of the electrons (or hole) gas in two-dimensional graphene sheets can
produce guided electromagnetic waves with strong subwavelength confinement. In this work, we present U-shaped
graphene plasmonic antenna supporting two independent resonances in the THz frequency range. The proposed
graphene structure sits on a (silicon nitride) SiN substrate. The dual-band resonances can be tuned independently.
The numerical analysis of the proposed structure has been done with finite-difference time-domain (FDTD)
method (Lumerical Solutions Inc.). The optical response of graphene is determined by its conductivity. In Mid-IR
range, graphene shows metallic behavior, and the conductivity is determined through the Drude formula. The
resonance modes are calculated by considering the Drude formula into the surface plasmon dispersion relation.
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The behavior of the resonance peaks is investigated by changing the geometrical parameters of the graphene
antenna. The physical origin of these modes is shown by nearfield calculations. We investigate the effect of period,
the number of graphene layers, width of graphene antenna, and refractive index of substrate on the transmission
spectrum. The proposed graphene geometry can be fabricated with electron beam lithography (EBL)-based nano-
fabrication techniques. However, in our initial work, we theoretically investigate the graphene plasmonic antenna.
We observe that the behavior of the resonance peaks is strongly affected by these structural parameters, and
change in parameters can induce a blue and red shifts in resonance peaks of the U-shaped graphene plasmonic
antenna. Our results show that the proposed platform can be used as a frequency selective filter, sensor, absorber,
and etc. applications with its tunability.

Keywords: Graphene Plasmonics; Dual-Band; Antenna; Surface Plasmons

INTRODUCTION

The collective electron oscillations propagating at the interface between a metal and a dielectric are
known as surface plasmons. The confinement of light with large near-field intensity enhancements
(Stern, 1960:130; Ozbay, 2006:189; Maier 2007) enables various applications like surface-enhanced
vibrational spectroscopy (Kneipp, 1997:1667; Kundu, 2008:115, Adato, 2009:19227), label-free
biosensing (Kabashin, 2009:867;Artar, 2009:051105) and high-efficiency photovoltaics (Atwater ve
Polman, 2010:205). Graphene is a single two-dimensional plane of carbon atoms arranged in a
honeycomb lattice with a zero-gap semiconductor.

Graphene’s plasmonic behavior is observed between mid-to far-infrared (IR). Graphene’s plasmons can
be dynamically tuned by electrostatic gating, in contrast to conventional plasmonic materials such as
noble metals. By this promising plasmonic behavior graphene can control, confine, and manipulate light
through surface plasmon excitations (Grigorenko, 2012:749, Low, 2014:1086, Garcia de Abajo,
2014:35, Geim, 2007:183). The use of graphene plasmonic platforms, covering mid- to far-IR frequency
ranges (Grigorenko, 2012:749, Koppens, 2011:3370) is very promising for variety of applications, e.g.,
optoelectronic devices (Bonaccorso vd.,2010:611), ultrafast transistor based photodetectors (Xia vd.,
2009:839), transparent solar cells (Wang vd, 2008:323)and biosensors (Rodrigo vd., 2015:349).

In this work, we introduce a plasmonic platform based on multi-resonant U-shaped graphene plasmonic
antenna arrays as shown in Figure 1. The proposed structure presents two distinct resonant peaks in the
THz frequency range. The plasmonic resonant peaks depend on period, the number of graphene layers,
width, and refractive index of medium. The system is investigated by using Finite-Difference Time-
Domain (FDTD) method through simulation. The paper is organized as follows: In Methods section, the
conductivity and plasmonic behavior in terms of conductivity are explained. In Results section, the effect
of period, graphene layes, width of antenna and refractive index of medium are explained in detail. The
physical origin of each plasmonic mode is shown in nearfield analyses with FDTD simulations. The
proposed geometry can be fabricated and experimentally obtained by using electron beam lithography
(EBL) method.
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Fig 1. Schematic view of the U-shaped graphene antenna. The geometrical device parameters are
H(height), L(length), w(rod width), P (period) of the antenna array. The graphene structure stands on a
SiN substrate.

METHODS

The optical behavior of a condensed-matter system at thermal equilibrium in the presence of a small
external field is investigated by the linear response theory. The response of the system to external field
is expressed by Kubo formula (Zhao vd., 2013:17118; Falkovsky ve Pershoguba, 2007:1; Hanson,
2008:747; Falkovsky, 2008:012004; Gan, vd., 2012:125431). The optical response of graphene is
determined by its conductivity. The relaxation time t = pcp/evg, u. = Avgymn, v = 10°m/s, and p.
is the chemical potential, e is the elemantary charge, u is the carrier mobility of electrons in graphene
and n is the carrier density. For u. = 0.4, T = 0.5ps, n = 1.47 X 103cm™2, p = 1000cm?/Vs. N,
number of graphene layer, d thickness of substrate. Since graphene has semiconductor behavior,
conductivity of graphene that consists of inter- and intra-band transitions mainly controlled by the
electron-hole excitations. The conductivity of graphene is:

o(w) = e:[_(;: [f+°° deﬂdfo(f) _ f+°° d fo(=€)—fo(&) oy

w? de 0 (w+i8)2—4¢2

T isthe finite temperature, f,(¢) = 1/6(8_“6)” + 1isthe Fermi-Dirac distribution, € isthe energy. Eq.1

can be evaluated in the local limit of random phase approximation (RPA) with finite T and finite
relaxation time t (Jablan vd., 2009:245435; Wunsch vd., 2006:318).

2e2T i 4iw H(g) —H(w/2) 5
o(w) = h ml‘)g[z cosh(p./2kp ]+4—[H(w/2) +—J de N pyye (2)
Where
H(e) = sinh(he/kgT)

cosh(u./kgT) + cosh(he/kgT)

and kg is Boltzmann constant. The first term in Eq. (2) is known as intra-band, and the second term
corresponds to inter-band transitions. The Drude response for intra-band transitions dominates at low
frequencies when 1 /7 = 0. Inter-band transitions occur when A w > 2u,. at short wavelengths.
However, graphene plasmons occured at long wavelengths (mid- and far-IR frequency ranges) so intra-
band transitions has to be considered, A w <2 .

2

he log[2 cosh(pu, /2 kg T| (3)

(@) intrq = i

Drude formula in Eq (3) inserted to the surface plasmon dispersion relation in Eq (4)

2
ksp~ (462# e+ Dw(w+ it™1) @)
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RESULTS

We investigate the effect of parameters: P, w, number of graphene arrays, refractive index of medium
to the optical behavior of U-shaped graphene antennas by FDTD simulations (Lumerical Solutions Inc.)
(Lumerical, 2014). The antenna system supports multi-band spectral response.The parameters play an
important role in the spectral position of the plasmonic resonances. The graphene structure stands on a
SiN substrate in Figure 1. Normal incident light source impinges on the graphene substrate, polarized
along the long edge of the antennas as depicted in the Figure 1.
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Fig 2. (a) Schematic view of the U-shaped graphene antenna. The geometrical device parameters are
H(height), L(length), w (rod width), P (period) of the antenna array. The graphene structure stands on a
SiN substrate. (b)The transmision vs. resonance wavelength for parameters uc=0.4eV,N=1,7t=0.
5ps,P=05pum, L =0.325 um, w=0.15um, H=0.1 pym, d = 0. 07 um, 1, = 21.9 um, 1, = 43.55
um. (c) Total electric field intensities (| E|?) at air-graphene interface are presented for the resonances.

The electromagnetic field intensity enhancement calculated on the top surface of the graphene is due to
the excitation of localized surface plasmons, which show a dipolar character and induces strong nearfield
enhancements particularly on the edge of U-shaped antennas in Figure 2(c).

A1 = 21.9 um shows enhancement at the bottom edge of U-shape antenna whereas A, = 43.55 um
shows enhancement at the top of the U-shaped antenna. Along x- and y-axes, periodic boundary
condition is used and along the direction of the incident light (z), perfectly matched layer is used. First,
we investigate the dependence of the transmission spectrum to the U-shaped graphene antenna’s period
in Figure 3.
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Fig 3. Transmission spectrum of U-shaped graphene antenna arrays with zc= 0. 4 eV, ¥ =1, r= 0.
5ps, L=0.325 um, w=0. 15 ygm ,H=0.1 um, d= 0. 07 um for different values of period.

In Figure 3, as period increases the separation between each U-shaped antenna increases so coupling
between the arrays decreases. At A, = 43.55 um resonance modes shift to shorter wavelengths however
for 1, = 21.9 um, the behavior of the resonance modes are not regular like A,. We also observe a
reduction in the transmission at A,for larger periodicity; one reason behind this weakening of the
coupling strength between each U-shaped antenna. The second reason is that as the period increases the
ratio between the number of photon impinges on the U-shaped antenna and the that of the incident
photon increases.
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Fig 4. Transmission spectrum of U-shaped graphene antenna arrays with zc= 0. 4 eV, ¥= 1, = 0.
5ps, L= 0.325 pm,, P=0.5 um, H=0.1 um, &= 0. 07 pm for different values of width.

In Figure 4, we investigate the dependence of the transmission resonances supported by the U-shaped
graphene antenna array on the width of the antenna (w). At A, = 43.55 um resonant modes shift to
shorter wavelengths, however at 4, = 21.9 um resonant modes shift to longer wavelengths. The
transmission amplitude increases in both cases.
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Fig 5. Transmission spectrum of U-shaped graphene antenna arrays with zc= 0. 4 eV, ¥ =1, r= 0.
5ps, L= 0.325 pum, w=0. 15 pm , P=0.5 pm H=0.1 um, &= 0. 07 pm for different values of
refractive index.

We also consider the effect of the refractive index on the transmission spectra of the U-antenna by
changing the refractive index of the medium, while other parameters are kept constant. The transmission
peaks are shifted to longer wavelengths (red shifted). The transmission amplitude decreases with
increasing refractive index in Figure5.
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Fig 6. Transmission spectrum of U-shaped graphene antenna arrays with gc= 0. 4 eV, r= 0. 5 ps, L
= 0.325 yum, w=0. 15 pm ,P=0.5 um H=0.1 um, d = 0. 07 pm for different values of number of
graphene layers.

We investigate the effect of the number of graphene layers (N) on the transmission spectra of the antenna
system. The total optical conductivity can be evaluated by considering the individual layers with total
dynamical conductivity. For larger number of layers, number of electrons that contributes to the
plasmonic oscillations increases. Thus, for A, = 43.55 um.(the corresponding transmission spectra
shifts to shorter wavelengths from N =1 to N = 3. The spectral window of interest, multi-band behavior
is no longer observed for N=2 and 3.

CONCLUSION

We investigate the dependence of the optical behavior of U-shaped graphene antennas on structural and
other material parameters by Finite-Difference Time-Domain (FDTD) simulations (Lumerical Solutions
Inc.) Along x- and y-axes, periodic boundary condition is used and along the direction of the incident
light (z), perfectly matched layer is used. The antenna system supports multi-band spectral response. It
supports two resonances, where their peak wavelength depends on period, width, refractive index of
medium and number of graphene layers suggesting a fine-tuning mechanism of optical responses. The
parameters play an important role in the spectral position of the plasmonic resonances. The physical
origin of this dependence is investigated by nearfield calculations. The intra-band conductivity of
graphene at low frequencies is modeled with Drude approximation at 7 = 300 K and scattering length
I'=12t where the total conductivity is studied at the entire far-IR frequency range. The proposed antenna
can be used as a frequency selective filter, sensor, absorber, etc.
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OZET: Kiiresel isinmanin sonucu meydana gelen ani mevsim degisimlerinden kaynakli beklenmeyen yagislar
tiiketicilerin dis giyim tiriinlerinde su iticilik fonksiyonel ozellige talebi arttirnustir. Her mevsim tercih edilen siki
dokuma yapisiyla riizgart kesen, su itici ozellige sahip, yagmurlu havalarda kullanilabilen ve ayni zamanda nefes
alabilen trencgkot kumaglarinin gelistirilmesi ihtiya¢ haline gelmistir. Bu ¢alismada seliilozik esasli karisim orani
%66/34 PES RECY/BCI Pamuk olan trengkot kumagi dokunmusg ve renklendirilmigtir. Ardindan boyanms trenckot
kumagimn su iticilik ozelliginin gelistirilmesi ve bu ozelligin kullamm 6mrii boyunca kalicihgimn saglanmast
amacwyla 3 farkl proses denenmistir. Ilk olarak kumasa su itici ézellik kazandirilmast icin apre uygulamast
yapilnug, sonrasinda bu ozelligin kalicigimin arttirilmast hedeflenerek kumasa apre oncesi ve sonrast kalandir
islemi uygulanmistir. Elde edilen numunelerin fiziksel (yirtilma mukavemeti, boncuklanma ve dikis kaymasi tayini)
ve yikama oncesi ve sonrast (5 ve 10 ytkama) performans (su iticilik) testleri yapilmistir. Sonug olarak kalandir
uygulamasinin fiziksel test sonuglarinda anlaml bir fark olusturmadigr gériilmiistiir. Kalandir isleminin su itici
ozelligi arttirdig1 fakat oncesinde veya sonrasinda yapimasimin bu ozelligi degistirmedigi tespit edilmigtir.
Boyama sonu su iticilik ozelligi TS EN 1SO 4920:2013 standardina gére ISO 1 iken, apre uygulandiktan sonra bu
deger ISO 2’ye, dncesi ve sonrasi kalender uygulamalarinda da ISO 2,5 degerinde ¢ikmistir. Yikama dncesi ve
sonrasi (5 ve 10 ytkama) su iticilik degerlendirilirken yapilan test sonuclari ISO 2,5 degerini verdiginden yapilan
kalandir isleminin kaliciligi arttirmada etkili oldugu tespit edilmistir.

Anahtar Kelimeler: Su Iticilik, Kalandiw, Dokuma Kumas, Trenckot Kumagi
Development of Trench Coat Fabric With Water-Repellent Properties and Investigation of Its Permanence

ABSTRACT: Consumers' demand for water-repellent functional properties in outerwear products has increased
due to sudden seasonal changes caused by global warming and precipitation. It has become a necessity to develop
trench coat fabrics, which are preferred in all seasons with their tight woven structure, which cuts the wind, has
water repellent properties, can be used in rainy weather and are also breathable. In this study, trench coat fabric
with a cellulosic-based mix ratio of 66/34% PES RECY/BCI Cotton was woven and colored. Then, 3 different
processes were tried in order to improve the water repellent property of the dyed trench coat fabric and to ensure
the permanence of this property throughout its lifetime. First of all, finishing was applied to give the fabric a
water-repellent feature, and then the calender process was applied to the fabric before and after finishing, aiming
to increase the permanence of this feature. Before and after washing (5 and 10 washes) performance (water
repellency), physical (tear strength, pilling and seam slippage determination) tests of the obtained samples were
carried out. As a result, it was seen that the calender application did not make a significant difference in the
physical test results. It has been determined that the calendering process increases the water repellent property,
but doing it before or after it does not change this property. While the water-repellent property at the end of dyeing
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was I1SO 1, this value increased to ISO 2 after applying the water-repellent finish, and to ISO 2.5 in calender
applications before and after the dyeing. Since the test results when evaluating the water repellency before and
after washing (5 and 10 washes) gave the ISO 2.5 value, it was determined that the calendering process was
effective in increasing the permanence.

Keywords: Water Repellency, Calender, Woven Fabric, Trench Coat Fabric

1. GIRIS

Tekstil yiizeylerine uygulanan fonksiyonel bitim islemlerinden biri ve en ¢ok uygulanani su iticilik bitim
islemidir. Su iticilik calismalart ilk olarak 1940’1 yillarda baslamistir ve geliserek giiniimiize kadar
tekstil giyimi alaninda varligim siirdiirmektedir. Tekstil kumaslarinda 6zellikle pamuklu kumaslar
konfor yetenegine sahip cok yonlii bir liftir. Ayn1 zamanda da nisbi nem degeri %8,5 oraninda
oldugundan dolay1 ortamdaki nemi iizerine ¢ekerek hidrofil 6zellik saglar. Pamuklu kumastan iiretilmis
bir giysinin koruyucu 6zellik saglayabilmesi i¢in su iticilik en yaygin kullanilan konfor 6zelliklerinden
biridir. Su iticilik bir tekstil yiizeyinin 1slanmaya kars1 gosterdigi direng olarak tanimlanabilir. Prensip
olarak su damlasinin yiizey ile temas agist Slgiimiine dayanmaktadir. Kumas yiizeyi ile su damlasi
arasindaki a¢1 0° oldugunda tamamen islanir, ag1 180° oldugunda hi¢ 1slanma olmamasi anlamini
tasimaktadir (Ozseving, 2012).

Su Yag
(72dyn/cm) (24dyn/cm)

Pamuk 200 mN/m

Florkarbon 10 mN/m

Pamubk 200 mN/m

Sekil 1. Florokarbon ile Islem Géren ve Gormeyen Kumasin Davranisi (Ozen ve Demiryiirek,
2012:14)

Tekstil ylizeylerine su itici 6zellik saglayabilmek i¢in birgok kimyasal bulunmaktadir. Bu kimyasallarin
gorevi tekstil kumasinin yiizeyindeki ipliklerin liflerine kovalent bag gibi ¢ekim kuvvetleriyle
baglanarak hidrofob ylizey olusturmaktir. Kimyasallar ile yapilan bu hidrofob tabaka sayesinde kumasg
ylizeyi tamamen kapanmaz, gozeneklerden nefes alabilir ve su gecisi saglanabilir yiizeyler elde
edilebilir. Fakat su itici 6zellik, bu kimyasal baglar sebebi ile sinirli seviyede olmaktadir (Demiryiirek
ve Ozen, 2012).

Huang ve arkadaslarn 2018’de yaptiklar bir ¢aligmada, hidrofobik bir bilesik olan betulin maddesini
pamuklu kumaslarda su itici dzelligi saglamak amacryla kullanmislardir. ilk olarak betulin maddesi ile
emdirilmis pamuklu kumas test edilmis daha sonra betulin maddesinden bir kopolimer elde ederek bu
kopolimer ile emdirilen pamuklu kumag test edilerek 70°lik bir su iticilik puanina ulasmglardir. Daha
sonra hem betulinden hem de betulin kopolimerinden filmler hazirlayarak kaplama yontemiyle
kumaslar1 kaplamislardir. Bu sayede daha iyi bir su iticilik puanina ulagmslardir.
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Agirgan ve arkadaglar1 2015 yilinda yaptiklan g¢aligmada dokuma kumaglarin su itici 6zellikleri igin
nano teknolojinin konvansiyonel yonteme gore karsilastirmasimi incelemislerdir. Dokuma kumasg
ozelliklerini pamuk, polyester ve pamuk/polyester karisimli olarak secerek numunelere nano partikiillii
ve konvansiyonel su itici kimyasallari emdirerek termofiksaj islemi yapmuslardir. Sonug olarak nano
partikiillii su itici kimyasallar hem yikama sonrasi kalicilik olarak da iyi performans sergilemislerdir.
Numunelerin SEM goriintiileri incelendiginde yapilan denemelerin ylizeyde bir fark olusturmadigini
gozlemlemislerdir.

Tekstil materyalleri genellikle seliiloz esasli elyaflarla dokunmuslar ise hidrofil 6zellikleri ¢ok iyidir.
Bu durumda genellikle su ile temas halinde 1slanirlar. Ozellikle dis giyim olmak iizere teknik alanda
kullanim saglayan performans kumaslarina kadar su iticilik 6zelligi kazandirilmaktadir. Su iticilik
ozelligi sayesinde kumas mikro boyutta gdzeneklerden disariya nemi transfer edebilir hem de disaridan
gelen biiyiik su molekiillerinin igeriye sizmasina karst koruma saglar. Su iticilik iglemi iki metot ile
gerceklestirilebilmektedir; kaplama (su gegirmezlik) ve su itici yiizey seklindedir. Kaplama ile elde
edilen su iticilik performans olarak iyi sonu¢ vermekte fakat kumasin yilizeyinde kaplama yiiziinden
hava gegirgenligi iyi olmamaktadir. Su itici yiizey ise ¢esitli kimyasallarla kumagsi olusturan liflere
baglandig1 i¢in kumagin yiizeyinde herhangi bir degisiklige neden olmamakla birlikte hava gecirgenligi
de artmaktadir. Sonug olarak da su iticilik kaplama yontemine gore belirli bir seviyededir. (Korkmaz,
2015; S.71)

Gergeklestirilen bu ¢alismanin temel hedefi ise 6zellikle dis giyim kumaslarinda teknik performans
saglayabilecek su itici Ozellikte ve kullamm 6mrii boyunca bu o6zelligi koruyabilecek kumas
gelistirilmesidir. Yapilacak kalandir isleminin tasarlanan trenckot kumasi lizerinde su itici 6zelligin
kaliciliginda olumlu bir etki saglamasi diisiintilmektedir.

2. MATERYAL VE METOT

Karisim oranm %66/34 PES RECY/BCI Pamuk olan, ¢6zgii ipligi 150 Den PES F144 SOFT IMG RCY,
atkr ipligi Ne 40/1 PAMUK PENYE COMPACT BClI, ¢ozgii siklig1 54 tel/cm, atki sikligi 34 atki/cm,
orgiisit D 2/1 (S) olan trenckot kumagi dokunmustur. Dokunan kumas boyama 6ncesi 6n islemden
gecirilerek Somon rengine boyanmistir. Boyali kumasa 3 farkli proses uygulanarak su iticilik 6zelligi
ve kalicilig arastirilmustir. Tlk olarak boyanan kumasa 60 g/L Repellan YFC ticari adiyla florokarbon
bazli su itici apre maddesi uygulanmigtir. Kaliciliginin arttinlmast i¢in apre malzemesi 6ncesinde ve
sonrasinda olmak iizere soguk kalandir islemi 37°C ve 40 metre/dakika hizda yapilmistir.

Su itici apre ve kalandir islemi uygulanmis kumas drneklerinin yiizeyleri Spektrofotometre ile 6lgiim
yapilarak renk degisimleri incelenmis ve fiziksel (yirtilma mukavemeti, boncuklanma ve dikis kaymasi
tayini) testleri yapilmustir. Ayni zamanda yiizeydeki gorintii degisimi i¢in Taramali Elektron
Mikroskobu (SEM) ile goriintii alinmustir. Su iticilik 6zelligi 5 ve 10 yikama Oncesi-sonrasi Sprey Test
metodu TS EN ISO 4920:2013 standardina gore tespit edilmistir.

1 190



< J
16, UBAK, 11 - 12 March 2023, Ankara /—~
UBAK UBAK

|191

Sekil 2. Uzerlerine sirasiyla Yag, Cay, Su (1; boya sonrasi, 2; su itici apre uygulanmus, 3; su itici apre
ve kalandir uygulanmus, 4; kalandir ve su itici apre uygulanmis)

3. SONUCLAR

Su itici Ozellikte trenckot kumaginin su itici apre, Oncesi ve sonrast kalandir iglemine ait
spektrofotometrik 6l¢iim sonuglar1 Tablo 1, 2, 3 ve 4’de goriilmektedir. Spektrofotometrik 6lgiime
bakilarak kumaslarin boya sonrasi, su itici apre uygulamasinin ve kalandir isleminin renge olumsuz
etkisi olup olmadig tespit edilmistir.

Tablo 1. Boya Sonrast Kumas Standart Alinmis Renk Olgiim Sonugclart
L* a* b* Cc* he AE

Boya sonrasi (standart)
Su ltici Apre 151 [229 [075 |165 |-1.75 |1.66
Sultici Apre + Kalandr | 305 | 099 |[1.00 |1.32 [-049 |1.39
Kalandir + Su itici Apre [ 220 |[1.98 [1.80 |247 |[-1.05 | 151
Su Itici Apre (5 ytkama) 1.92 1.76 1.20 1.82 -1.10 | 1.35
Su ltici Apre (10 ytkama) | 1.80 | 197 |1.13 [1.85 |[-131 |145

CIELab renk koordinatlar karsilastirildiklarinda 0-100 araliginda olmasi gereken L* degerinde ¢ok
fazla sapmalarin olmadig1 goriilmistiir.

Tablo 2. Su Itici Apre Uygulanmis Kumas Standart Alinmus Renk Olgiim Sonuglari
L* a* b* C* he AE

Su ltici (standart)
Su ltici Apre + Kalandir | 0.69 -0.48 | 0.68 0.41 0.72 0.67
Kalandir + Su Itici Apre 0.34 -0.29 0.56 0.38 0.50 0.46
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L* a* b* c* he AE
Su itici Apre (5 yikama) 0.06 -0.23 0.19 0.07 0.28 0.24
Su Itici Apre (10 yikama) | -0.17 -0.06 | 0.60 0.52 0.31 0.32

Tablo 2°dekiAE degerine bakildiginda su itici apre yapilmis kumas standart alinarak iizerine yapilan
kalandir igleminin rengi geriye goétiirmedigi ve yikama sonrasi denemelerinde renge olumsuz etki

yaratmadig tespit edilmistir.

Tablo 3. Su itici Apre ve Kalandir Uygulanmis Kumas Standart Alinmis Renk Olgiim Sonuglari

L* a* b* Cc* he AE
Su Itici + Kalandir
(standart)
Su Itici Apre + Kalandir -0.09 0.04 0.14 0.14 0.02 0.06
(5 yikama)
Su ltici Apre + Kalandir | -0.05 -0.05 -0.26 -0.25 -0.06 0.10
(10 yikama)

Tablo 3 ve 4’de goriildiigii gibi yikama isleminin spektrofotometrik 6lgiim sonuglarindan hareketle

renkte, agiklik-koyuluk degerlerinde olumsuzluk tespit edilmemistir.

Tablo 4. Kalandir ve Su itici Apre Uygulanmis Kumas Standart Alinnmis Renk Olgiim Sonuglari

= e b* C& he AE
Kalandir + Su ltici
(standart)
Kalandir + Su Itici Apre 0.10 -0.27 -0.23 -0.32 0.15 0.17
(5 yikama)
Kalandir + Su Itici Apre | -0.09 -0.11 0.28 0.21 0.22 0.19
(10 yikama)

Boyutsal stabilite test sonuglarinda su itici apre uygulanmis, 6ncesi ve sonrasi kalandir islemine tabi

tutulmusg kumaslar arasinda anlamli bir fark olmadig1 sonucuna varilmustir.

Tablo 5. Boyutsal Stabilite Test Sonuglari

Boyutsal stabilite (TS 5720 EN 1SO 6330)
20 +/-2°C ve %65+/-4 Bagil Nem 40°C

Yikama sonras1 Utii sonrast

Su itici Apre Atk1 (%) -0,3 -0,1
Cozgii (%) -1,1 -1,3

Su Itici Apre + Kalandir Atk (%) -1,8 -1,5
Cozgii (%) -2,0 -2,0
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Boyutsal stabilite (TS 5720 EN 1SO 6330)

20 +/-2°C ve %65+/-4 Bagil Nem 40°C

Yikama sonrasi

Utii sonrast

Kalandir + Su Itici Apre

Atk (%)

-1,0

-1,0

Cozgii (%)

-1,3

-1,3

Tablo 6. Tek Yirt:ima Metoduna Gore Kumaslarin Mukavemet Olgiim Sonuglart

Tek Yirtilma Metodu (TS EN ISO 13937-2)
20 +/-2°C ve %65+/-4 Bagil Nem

Atk1 Yoniinde Cozgii Yoniinde
Boya Sonrasi 7,26 N Test sonucu verilemiyor
Su Itici Apre 8,73N Test sonucu verilemiyor
Su Itici Apre + Kalandir 7,44 N Test sonucu verilemiyor
Kalandir + Su ltici Apre 7,10N Test sonucu verilemiyor

1193

Mukavemeti degerlendirmek i¢in yapilan tek yirtilma metoduna gore cikan sonuglar Tablo 6’da
gorlilmektedir. Cozgii yoniinde mukavemet her bir numune igin olumlu sonug¢ vermistir. Atki yoniinde
mukavemet degerlendirilmesinde su itici apre ve kalandir islemlerinin kumasin mukavemetini geriye
gotiirmedigi hatta bir miktar arttirdig gézlemlenmistir.

Tablo 7. Boncuklanma Test Sonuglar

Boncuklanma (TS EN ISO 12945-2)
20 +/-2°C ve %65+/-4 Bagil Nem, 415 +/-2 ¢
On Arka
Boya Sonrasi 4-5 4-5
Su itici Apre 4-5 4-5
Su itici Apre + Kalandir 4-5 4-5
Kalandir + Su ltici Apre 4-5 4-5

Boncuklanma test sonuglart kumasin polyester esasli olmasindan da kaynakli olarak iyi bir sonug
vererek 4-5 puan ¢ikmustir.

Tablo 8. Dikis Kaymasi Tayini Test Sonuglar
Dikis Kaymasi Tayini (TS EN ISO 13936-2)

20 +/-2°C ve %65+/-4 Bagil Nem, 60N

Atkilar tizerindeki ¢ozgii

Cozgiiler iizerindeki atki

Su itici Apre 1,53 1,53
Su itici Apre + Kalandir 1,66 1,53
Kalandir + Su Itici Apre 1,60 1,46
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Tablo 8’deki dikis kaymasi test sonuclart anlamli bir fark olusturmayarak su itici kumasa

kalandir isleminin etkisine olumlu sonug vermistir.

Tablo 9. Su Iticilik Sprey Testi Sonuglart

Su ticilik Sprey Testi (TS EN ISO 4920:2013)
20 +/-2°C ve %65+/-4 Bagil Nem
Su Iticilik Degeri 5 Yikama 10 Yikama
Boya Sonrasi ISO1 - -
Su Itici Apre ISO 2 ISO 2,5 ISO 2,5
Su Itici Apre + Kalandir ISO 2,5 1ISO 2,5 1ISO 2,5
Kalandir + Su Itici Apre ISO 2,5 1ISO 2,5 1ISO 2,5

Sprey Test metoduna gore su iticiligi belirlemede elde edilen 6l¢iim sonuglart Tablo 9’da verilmektedir.
Boyama sonrasi su iticilik TS EN ISO 4920’ye gore ISO 1 degerinde iken, su itici apre uygulandiktan
sonra 2’ye yiikselmistir. Oncesi ve sonrasi kalandir uygulamalarinda ise bu deger 2,5’dir. Kullanim
omrii boyunca su itici 6zelligi saglayabilmesi adina 5 ve 10 yikama sonrasi yapilan deneylerden elde
edilen sonuglar ISO 2,5 degerinde ¢ikmast sonucu kalandir isleminin kalicilig: arttirdigim s6yleyebiliriz.

TORAL LA (A

%
I W
% PN \
- S A

‘TM3030Plus6175 HM D45 x50

Zmm  TM3030Plus6157 HM D45 x50 2mm  TM3030Plus6166 TV D45 x50

2mm

Sekil 3.Sirastyla Su Itici Apre, Su itici Apre ve Kalandir, Kalandir ve Su Itici Apre Uygulanan
Kumaglarin x50 SEM Goriintiisii

\ >
TM3030PIus6177 HM D45 x200 500 pm  TM3030PIus6159 HM D45 x200 500 pm TM3030Plus6168 HM D45 x200 500 pm

Sekil 4.S1rastyla Su Itici Apre, Su itici Apre ve Kalandir, Kalandir ve Su Itici Apre Uygulanan
Kumaglarin x200 SEM Goriintiisii
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TM3030PIus6179 HM D45 x500 200pm TM3030Plus6161 HM D45 X500 200 M  TM3030PIus6170

HM D45 x500 200 pm

Sekil 5.S1rastyla Su Itici Apre, Su itici Apre ve Kalandir, Kalandir ve Su Itici Apre Uygulanan
Kumaslarin x500 SEM Goriintiisii

SEM goriintiilerinde su itici apre uygulanmis kumasta iplik kopmasi gozlemlenmistir. Diger iki kumasg
numunesinde ipliklerin yassilastig1 ve yiizeyi kapattig1 goriilmektedir. Bu sayede de kalandir isleminin
ylizeyi stabil hale getirme ve su itici 6zellige katki saglamada olumlu etki gdsterdigini sdyleyebiliriz.

4. GENEL DEGERLENDIiRME

Bu calisma ile trengckot kumaglarinda su itici apre uygulamasinin kaliciliginin saglanmasi
hedeflenmistir. Kullanim 6mrii boyunca kalicilik i¢in yapilan kalandir islemi degerlendirilerek gerekli
fiziksel ve performans testleri yapilmistir. Boylece kalicilikta istenilen sonuglar elde edilmistir.

Elde edilen tiim sonuglar genel olarak degerlendirildiginde, boyama dncesine gore artan su iticilik, 5 ve
10 yikama sonrasinda da kalicilikta istenen degerleri saglamistir. Cozgii yoniinde yapilan kalandir
isleminin SEM goriintiilerinde yiizeydeki iplikleri yassilastirdigi goriilmiistiir. Bu yassilagsmanin yiizeyi
daha kapali hale getirdigi ve su itici 6zelligi arttirdig diistiniilmektedir. Hafif asidik ortamda yapilan su
itici apre isleminin SEM goriintiisiinde de gorildiigii gibi pamuk ipliklerinde deformasyon
olusturabilecegi gozlemlenmistir. Her 3 kumasg yapisi i¢inde dayanimda bir azalma olmamustir. Fiziksel
test sonuglar1 genel olarak degerlendirildiginde 6ncesi veya sonrasi kalandir isleminin mukavemeti
geriye gotiirmedigi, boncuklanmaya karst olumsuz bir etki gostermedigi tespit edilmistir. S6z konusu
kalandir isleminin su itici 6zelligin kaliciliginin arttirmada etkili oldugu sonucuna varilmistir.

5. KAYNAKLAR

AGIRGAN, A.O, KANAT, Z.E, OZEK, H.Z., (2015). Nano Partikiillii Su Iticilik Maddeleriyle Islem
Gormiis Pamuklu ve Polyester Dokuma Kumaslarin Karsilastirilmasi. Tekstil ve Miihendis.
Say1: 69, S:13.

HUAN, T, LI, D., EK, M., (2018). Water Repellency Improvement of Cellulosic Textile Fibers by
Betulin and a Betulin-Based Copolymer. Cellulose. 25:2115-2128.

KORKMAZ, R.B. (2015). Giniimiiz Tekstillerinde Kumasa Kazandirilan Teknik Ozellikler, Yiiksek
Lisans Tezi, Marmara Universitesi Giizel Sanatlar Enstitiisii Tekstil Anasanat Dali.

SEVENCAN, H., UREYEN, M.E., (2020). Tekstil ve Giysi Tasariminda Biyomimetik Uygulamalari,
International Journal of Interdisiplinary and Intercultural Art, Cilt: 5, Say1: 10, Haziran-Temmuz
/2020.

OZEN, 1, DEMIRYUREK, O., (2012). Su lticilik Bitim Igleminin Farkli Yapidaki Tekstil
Malzemelerine Uygulanmasi ile Saglanan Su Gegirmezlik Ozelliklerinin Arastinlmasi, Erciyes
Universitesi Bilimsel Arastirmalar Projeleri Koordinasyon Birimi, Kayseri.

OZSEVINC, A. (2012). Konvansiyonel ve Nanoteknoloji Esash Su lIticilik Bitim Kimyasallari
Kullanilarak Farkli Yapidaki Tekstil Malzemelerinin Su  Gegirmezlik Ozelliklerinin
Aragtirilmasi, Yiiksek Lisans Tezi, Erciyes Universitesi Fen Bilimleri Enstitiisii, Tiirkiye.

1195



/ /

C/ 16. UBAK, 11 - 12 March 2023, Ankara Q
UBAK UBAK

Presentation ID / Sunum No:72

Oral Presentation / Sozlii Sunum

ORCID ID:

Su Itici Ozellikte Trenckot Kumasi1 Gelistirilmesi ve Kalicihgimin
Arastirilmasi

Arastirmaci ipek Yildiran® , Prof.Dr. Dilek Kut?, Prof.Dr. Burcu Yilmaz® ,
Arastirmaci Esra Mert' , Arastirmaci Bugce Seving' , Arastirmaci Hiisnii Giilten'
Arastirmaci Hatice Salar'

ISYK Tekstil Ar-Ge Merkezi
’Bursa Uludag Universitesi Miihendislik Fakiiltesi Tekstil Miihendisligi Boliimii
*Marmara Universitesi, Teknoloji Fakiiltesi Tekstil Miihendisligi Boliimii

*Corresponding author: Esra Mert

OZET: Kiiresel isinmanin sonucu meydana gelen ani mevsim degisimlerinden kaynakli beklenmeyen yagislar
tiiketicilerin dis giyim tiriinlerinde su iticilik fonksiyonel ozellige talebi arttirmistir. Her mevsim tercih edilen stk
dokuma yapisiyla riizgart kesen, su itici dzellige sahip, yagmurlu havalarda kullamilabilen ve ayni zamanda nefes
alabilen trengkot kumaglarinin gelistirilmesi ihtiyag haline gelmistir. Bu ¢calismada seliilozik esasli karisim orani
%66/34 PES RECY/BCI Pamuk olan trengkot kumasgi dokunmusg ve renklendirilmistir. Ardindan boyanmug trengkot
kumagimn su iticilik ozelliginin gelistirilmesi ve bu ozelligin kullamm 6mrii boyunca kalicihgimn saglanmast
amaciyla 3 farkl proses denenmistir. Ilk olarak kumasa su itici ézellik kazandirilmast icin apre uygulamasi
yapilnug, sonrasinda bu ozelligin kalicigimin arttirilmast hedeflenerek kumasa apre oncesi ve sonrast kalandir
islemi uygulanmistir. Elde edilen numunelerin fiziksel (yirtilma mukavemeti, boncuklanma ve dikis kaymasi tayini)
ve ytkama oncesi ve sonrast (5 ve 10 ytkama) performans (su iticilik) testleri yapimistir. Sonug olarak kalandir
uygulamasinin fiziksel test sonuglarinda anlamly bir fark olusturmadigi goriilmiistiiv. Kalandir igleminin su itici
ozelligi arttirdig1 fakat oncesinde veya sonrasinda yapilmasimin bu ozelligi degistirmedigi tespit edilmistir.
Boyama sonu su iticilik ozelligi TS EN ISO 4920:2013 standardina gore ISO 1 iken, apre uygulandiktan sonra bu
deger ISO 2’ye, dncesi ve sonrasi kalender uygulamalarinda da ISO 2,5 degerinde ¢ikmistir. Yikama oncesi ve
sonrasi (5 ve 10 ytkama) su iticilik degerlendirilirken yapilan test sonuclari ISO 2,5 degerini verdiginden yapilan
kalandir isleminin kalicihigr arttirmada etkili oldugu tespit edilmistir.

Anahtar Kelimeler: Su Iticilik, Kalandiw, Dokuma Kumas, Trencgkot Kumasgt

Development of Trench Coat Fabric With Water-Repellent Properties and Investigation of Its Permanence

ABSTRACT: Consumers' demand for water-repellent functional properties in outerwear products has increased
due to sudden seasonal changes caused by global warming and precipitation. It has become a necessity to develop
trench coat fabrics, which are preferred in all seasons with their tight woven structure, which cuts the wind, has
water repellent properties, can be used in rainy weather and are also breathable. In this study, trench coat fabric
with a cellulosic-based mix ratio of 66/34% PES RECY/BCI Cotton was woven and colored. Then, 3 different
processes were tried in order to improve the water repellent property of the dyed trench coat fabric and to ensure
the permanence of this property throughout its lifetime. First of all, finishing was applied to give the fabric a
water-repellent feature, and then the calender process was applied to the fabric before and after finishing, aiming
to increase the permanence of this feature. Before and after washing (5 and 10 washes) performance (water
repellency), physical (tear strength, pilling and seam slippage determination) tests of the obtained samples were
carried out. As a result, it was seen that the calender application did not make a significant difference in the
physical test results. It has been determined that the calendering process increases the water repellent property,
but doing it before or after it does not change this property. While the water-repellent property at the end of dyeing
was ISO 1, this value increased to ISO 2 after applying the water-repellent finish, and to ISO 2.5 in calender
applications before and after the dyeing. Since the test results when evaluating the water repellency before and
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after washing (5 and 10 washes) gave the ISO 2.5 value, it was determined that the calendering process was
effective in increasing the permanence.
Keywords: Water Repellency, Calender, Woven Fabric, Trench Coat Fabric

1. GIRIS

Tekstil yiizeylerine uygulanan fonksiyonel bitim islemlerinden biri ve en ¢ok uygulanan su iticilik bitim
iglemidir. Su iticilik ¢aligmalart ilk olarak 1940’11 yillarda baglamistir ve geliserek giiniimiize kadar
tekstil giyimi alaninda varligimi siirdiirmektedir. Tekstil kumaslarinda 6zellikle pamuklu kumaslar
konfor yetenegine sahip cok yonlii bir liftir. Aym zamanda da nisbi nem degeri %8,5 oraninda
oldugundan dolay1 ortamdaki nemi iizerine ¢ekerek hidrofil 6zellik saglar. Pamuklu kumasgtan iiretilmis
bir giysinin koruyucu 6zellik saglayabilmesi i¢in su iticilik en yaygin kullanilan konfor 6zelliklerinden
biridir. Su iticilik bir tekstil yiizeyinin 1slanmaya kars1 gosterdigi direng olarak tanimlanabilir. Prensip
olarak su damlasinin yiizey ile temas agisi 6lgiimiine dayanmaktadir. Kumas yiizeyi ile su damlasi
arasindaki a¢1 0° oldugunda tamamen 1slanir, a¢ct 180° oldugunda hi¢ 1slanma olmamasi anlamini
tasimaktadir (Ozseving, 2012).

Su Yag
(72dyn/cm) (24dyn/cm)

S
Pamuk 200 mN/m

: | 1_
. )

Florkarbon 10 mN’/m
Pamuk 200 mN'm

Sekil 1. Florokarbon ile Islem Géren ve Gormeyen Kumagsin Davramsi (Ozen ve Demiryiirek,
2012:14)

Tekstil ylizeylerine su itici 6zellik saglayabilmek icin birgok kimyasal bulunmaktadir. Bu kimyasallarin
gorevi tekstil kumasinin yilizeyindeki ipliklerin liflerine kovalent bag gibi ¢ekim kuvvetleriyle
baglanarak hidrofob ylizey olusturmaktir. Kimyasallar ile yapilan bu hidrofob tabaka sayesinde kumas
ylizeyi tamamen kapanmaz, gozeneklerden nefes alabilir ve su gecisi saglanabilir yiizeyler elde
edilebilir. Fakat su itici 6zellik, bu kimyasal baglar sebebi ile sinirli seviyede olmaktadir (Demiryiirek
ve Ozen, 2012).

Huang ve arkadaslar1 2018’de yaptiklar bir ¢aligmada, hidrofobik bir bilesik olan betulin maddesini
pamuklu kumaslarda su itici dzelligi saglamak amacryla kullanmislardir. ilk olarak betulin maddesi ile
emdirilmis pamuklu kumas test edilmis daha sonra betulin maddesinden bir kopolimer elde ederek bu
kopolimer ile emdirilen pamuklu kumas test edilerek 70’lik bir su iticilik puanina ulagsmglardir. Daha
sonra hem betulinden hem de betulin kopolimerinden filmler hazirlayarak kaplama yontemiyle
kumaglar kaplamiglardir. Bu sayede daha iyi bir su iticilik puanina ulagmiglardir.

Agirgan ve arkadaglar1 2015 yilinda yaptiklan ¢aligmada dokuma kumaslarin su itici 6zellikleri i¢in
nano teknolojinin konvansiyonel yonteme goére karsilastirmasim incelemislerdir. Dokuma kumas
ozelliklerini pamuk, polyester ve pamuk/polyester karisimli olarak segerek numunelere nano partikiilli
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ve konvansiyonel su itici kimyasallar1 emdirerek termofiksaj islemi yapmislardir. Sonug olarak nano
partikiillii su itici kimyasallar hem yikama sonrasi kalicilik olarak da iyi performans sergilemislerdir.
Numunelerin SEM goriintiileri incelendiginde yapilan denemelerin ylizeyde bir fark olusturmadigini
gozlemlemislerdir.

Tekstil materyalleri genellikle seliiloz esasli elyaflarla dokunmuslar ise hidrofil 6zellikleri ¢ok iyidir.
Bu durumda genellikle su ile temas halinde 1slanirlar. Ozellikle dis giyim olmak iizere teknik alanda
kullamim saglayan performans kumaslarina kadar su iticilik 6zelligi kazandirilmaktadir. Su iticilik
ozelligi sayesinde kumas mikro boyutta gozeneklerden disartya nemi transfer edebilir hem de disaridan
gelen biiyiik su molekiillerinin igeriye sizmasina karst koruma saglar. Su iticilik iglemi iki metot ile
gerceklestirilebilmektedir; kaplama (su gecirmezlik) ve su itici yiizey seklindedir. Kaplama ile elde
edilen su iticilik performans olarak iyi sonu¢ vermekte fakat kumasin yiizeyinde kaplama yiiziinden
hava gegirgenligi iyi olmamaktadir. Su itici yiizey ise ¢esitli kimyasallarla kumagi olusturan liflere
baglandig1 i¢in kumasin yiizeyinde herhangi bir degisiklige neden olmamakla birlikte hava gecirgenligi
de artmaktadir. Sonug olarak da su iticilik kaplama yontemine gore belirli bir seviyededir. (Korkmaz,
2015; S.71)

Gergeklestirilen bu caligmanin temel hedefi ise 6zellikle dig giyim kumaglarinda teknik performans
saglayabilecek su itici Ozellikte ve kullamm Omrii boyunca bu 06zelligi koruyabilecek kumas
gelistirilmesidir. Yapilacak kalandir isleminin tasarlanan trenckot kumast lizerinde su itici 6zelligin
kaliciliginda olumlu bir etki saglamasi diisiiniilmektedir.

2. MATERYAL VE METOT

Karigim oran1 %66/34 PES RECY/BCI Pamuk olan, ¢6zgii ipligi 150 Den PES F144 SOFT IMG RCY,
atk1 ipligi Ne 40/1 PAMUK PENYE COMPACT BCI, ¢ozgii sikligr 54 tel/cm, atki sikligr 34 atki/cm,
orgiisit D 2/1 (S) olan trenckot kumagi dokunmustur. Dokunan kumas boyama 6ncesi 6n islemden
gecirilerek Somon rengine boyanmustir. Boyali kumasa 3 farkli proses uygulanarak su iticilik 6zelligi
ve kalicilig arastirilnustir. {1k olarak boyanan kumasa 60 g/L Repellan YFC ticari adiyla florokarbon
bazli su itici apre maddesi uygulanmustir. Kalicihginin arttirilmasi i¢in apre malzemesi oncesinde ve
sonrasinda olmak iizere soguk kalandir islemi 37°C ve 40 metre/dakika hizda yapilmistir.

Su itici apre ve kalandir islemi uygulanmis kumas 6rneklerinin yiizeyleri Spektrofotometre ile 6lgiim
yapilarak renk degisimleri incelenmis ve fiziksel (yirtilma mukavemeti, boncuklanma ve dikis kaymasi
tayini) testleri yapilmustir. Aym1 zamanda ylizeydeki goriinti degisimi icin Taramali Elektron
Mikroskobu (SEM) ile goriintii alimmustir. Su iticilik 6zelligi 5 ve 10 yikama oncesi-sonrasi Sprey Test
metodu TS EN ISO 4920:2013 standardina gore tespit edilmistir.

Sekil 2. Uzerlerine sirastyla Yag, Cay, Su (1; boya sonrast, 2; su itici apre uygulanmus, 3; su itici apre
ve kalandir uygulanmis, 4; kalandir ve su itici apre uygulanmis)
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3. SONUCLAR

Su itici oOzellikte trenckot kumasinin su itici apre, Oncesi ve sonrasi kalandir iglemine ait
spektrofotometrik Sl¢lim sonuglar1 Tablo 1, 2, 3 ve 4’de goriilmektedir. Spektrofotometrik 6l¢lime
bakilarak kumaslarin boya sonrasi, su itici apre uygulamasinmin ve kalandir isleminin renge olumsuz
etkisi olup olmadig tespit edilmistir.

Tablo 1. Boya Sonrast Kumas Standart Alinmis Renk Olgiim Sonuglar

L* a* b* Cc* he A

Boya sonrasi (standart)
Su itici Apre 151 2.29 0.75 1.65 -1.75 | 1.66
Su itici Apre + Kalandir | 3.05 0.99 1.00 1.32 -0.49 | 1.39
Kalandir + Su Itici Apre | 2.20 1.98 1.80 247 -1.05 | 151

Su Itici Apre (5 yikama) | 1.92 1.76 1.20 1.82 -110 | 1.35

Su itici Apre (10
yikama)

1.80 1.97 1.13 1.85 -131 | 145

CIELab renk koordinatlar1 karsilastirildiklarinda 0-100 araliginda olmasi gereken L* degerinde ¢ok
fazla sapmalarin olmadig1 gorilmiistiir.

Tablo 2. Su itici Apre Uygulanmis Kumas Standart Alimus Renk Olgiim Sonuglari

L* a* b* Cc* he Le

Su itici (standart)
Su Itici Apre + Kalandir | 0.69 -0.48 0.68 0.41 0.72 0.67
Kalandir + Su Itici Apre | 0.34 -0.29 0.56 0.38 0.50 0.46

Su Itici Apre (5 yitkama) | 0.06 -0.23 0.19 0.07 0.28 0.24

Su Itici Apre (10
yikama)

-0.17 | -0.06 0.60 0.52 0.31 0.32

Tablo 2’deki AE degerine bakildiginda su itici apre yapilmis kumas standart alinarak {izerine yapilan
kalandir isleminin rengi geriye goétiirmedigi ve yikama sonrasi denemelerinde renge olumsuz etki
yaratmadig tespit edilmistir.

Tablo 3. Su ltici Apre ve Kalandir Uygulanns Kumas Standart Alinmis Renk Olgiim Sonuglar
L* a* b* C* he AE

Su Itici + Kalandir
(standart)

Su itici Apre + Kalandir | -0.09 | 0.04 0.14 0.14 0.02 0.06
(5 yikama)
Su Itici Apre + Kalandir | -0.05 -005 |-026 |-0.25 -0.06 | 0.10
(10 yikama)

1199



/ /

O 16. UBAK, 11 - 12 March 2023, Ankara Q
UBAK UBAK

Tablo 3 ve 4’de goriildiigii gibi yikama igleminin spektrofotometrik 6l¢lim sonuglarindan hareketle
renkte, aciklik-koyuluk degerlerinde olumsuzluk tespit edilmemistir.

Tablo 4. Kalandir ve Su Itici Apre Uygulannms Kumas Standart Alinnmis Renk Olgiim Sonuglart

- [ & | b [ o [ h | AE 1200
Kalandir + Su Itici

(standart)

Kalandir + Su Itici Apre | 0.10 -0.27 |-023 |-032 |0.15 0.17

(5 yikama)

Kalandir + Su itici Apre | -0.09 | -0.11 | 0.28 0.21 0.22 0.19

(10 yikama)

Boyutsal stabilite test sonuglarinda su itici apre uygulanmis, oncesi ve sonrasi kalandir islemine tabi
tutulmug kumaslar arasinda anlaml bir fark olmadig1 sonucuna varilmustir.

Tablo 5. Boyutsal Stabilite Test Sonuglari

Boyutsal stabilite (TS 5720 EN 1SO 6330)
20 +/-2°C ve %65+/-4 Bagil Nem 40°C
Yikama sonrast Utii sonrast
Su itici Apre Atk (%) -0,3 -0,1
Cozgii (%) -1,1 -1,3
Su Itici Apre + Kalandir Atk (%) -1,8 -1,5
Cozgii (%) -2,0 -2,0
Kalandir + Su Itici Apre Atk1 (%) -1,0 -1,0
Cozgii (%) -1,3 -1,3

Tablo 6. Tek Yirtilma Metoduna Gére Kumaslarin Mukavemet Olgiim Sonuglar

Tek Yirtilma Metodu (TS EN ISO 13937-2)
20 +/-2°C ve %65+/-4 Bagil Nem
Atk1 Yoniinde Cozgii Yoniinde
Boya Sonrasi 7,26 N Test sonucu verilemiyor
Su Itici Apre 8,73 N Test sonucu verilemiyor
Su Itici Apre + Kalandir 7,44 N Test sonucu verilemiyor
Kalandir + Su Itici Apre 7,10 N Test sonucu verilemiyor

Mukavemeti degerlendirmek icin yapilan tek yirtilma metoduna gore cikan sonuglar Tablo 6’da
gorlilmektedir. Cozgii yoniinde mukavemet her bir numune igin olumlu sonug¢ vermistir. Atki yoniinde
mukavemet degerlendirilmesinde su itici apre ve kalandir islemlerinin kumasin mukavemetini geriye
gotlirmedigi hatta bir miktar arttirdig1 gézlemlenmistir.
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Tablo 7. Boncuklanma Test Sonuglari

Boncuklanma (TS EN I1SO 12945-2)
20 +/-2°C ve %65+/-4 Bagil Nem, 415 +/- 2 g
On Arka
Boya Sonrasi 4-5 4-5
Su Itici Apre 4-5 4-5
Su Itici Apre + Kalandir 4-5 4-5
Kalandir + Su Itici Apre 4-5 4-5

Boncuklanma test sonuglart kumagin polyester esasli olmasindan da kaynakli olarak iyi bir sonug
vererek 4-5 puan ¢gikmusgtir.

Tablo 8. Dikis Kaymasi Tayini Test Sonuglar
Dikis Kaymasi Tayini (TS EN ISO 13936-2)

20 +/-2°C ve %65+/-4 Bagil Nem, 60N

Atkilar iizerindeki ¢cozgii Cozgiiler iizerindeki atki
Su itici Apre 1,53 1,53
Su itici Apre + Kalandir 1,66 1,53
Kalandir + Su Itici Apre 1,60 1,46

Tablo 8’deki dikis kaymasi test sonuglart anlamli bir fark olusturmayarak su itici kumasa kalandir
isleminin etkisine olumlu sonu¢ vermistir.

Tablo 9. Su iticilik Sprey Testi Sonuglart

Su Iticilik Sprey Testi (TS EN ISO 4920:2013)
20 +/-2°C ve %65+/-4 Bagil Nem
Su Iticilik Degeri 5 Yikama 10 Yikama
Boya Sonrast ISO 1 - -
Su Itici Apre ISO 2 ISO 2,5 ISO 2,5
Su Itici Apre + ISO 2,5 ISO 2,5 ISO 2,5
Kalandir
Kalandir + Su Itici ISO 2,5 ISO 2,5 ISO 2,5
Apre

Sprey Test metoduna gore su iticiligi belirlemede elde edilen 6l¢iim sonuglari Tablo 9°da verilmektedir.
Boyama sonrasi su iticilik TS EN ISO 4920’ye gore ISO 1 degerinde iken, su itici apre uygulandiktan
sonra 2’ye yiikselmistir. Oncesi ve sonrasi kalandir uygulamalarinda ise bu deger 2,5’dir. Kullanim
Omrii boyunca su itici 6zelligi saglayabilmesi adina 5 ve 10 yikama sonrasi yapilan deneylerden elde
edilen sonuglar ISO 2,5 degerinde ¢ikmasi sonucu kalandir isleminin kaliciligr arttirdigim soyleyebiliriz.
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TM3030PIus6175 HM D45 x50 2mm  TM3030Plus6157 HM D45 x50 2mm  TM3030Plus6166 HM D45 x50 2 mm

Sekil 3.Sirastyla Su Itici Apre, Su Itici Apre ve Kalandir, Kalandir ve Su Itici Apre Uygulanan
Kumaglarin x50 SEM Goriintiisii

\
TM3030PIus6177 HM D45 x200 500pm TM3030PIus6159 TM3030PIus6168 T DAS X200 500 pm

HM D45 x200 500 pm

Sekil 4.Sirastyla Su Itici Apre, Su itici Apre ve Kalandir, Kalandir ve Su Itici Apre Uygulanan
Kumaslarin x200 SEM Goriintiisii

- v ‘
\ %
W

TM3030PIus6179 HM D45 x500 200pm TM3030Plus6161 HM D45 X500 200 pm  TM3030PIus6170 HM D45 x500 200 pm

Sekil 5.S1rastyla Su Itici Apre, Su itici Apre ve Kalandir, Kalandir ve Su Itici Apre Uygulanan
Kumaslarin x500 SEM Goriintiisii

SEM goriintiilerinde su itici apre uygulanmis kumasta iplik kopmasi gézlemlenmistir. Diger iki kumag
numunesinde ipliklerin yassilastig1 ve ylizeyi kapattig1 goriilmektedir. Bu sayede de kalandir isleminin
yiizeyi stabil hale getirme ve su itici 6zellige katki saglamada olumlu etki gosterdigini soyleyebiliriz.

4. GENEL DEGERLENDIiRME

Bu calisma ile trengkot kumaslarinda su itici apre uygulamasinin kaliciliginin saglanmasi
hedeflenmistir. Kullanim émrii boyunca kalicilik igin yapilan kalandir islemi degerlendirilerek gerekli
fiziksel ve performans testleri yapilmistir. Boylece kalicilikta istenilen sonuglar elde edilmistir.

Elde edilen tiim sonuglar genel olarak degerlendirildiginde, boyama dncesine gore artan su iticilik, 5 ve
10 yikama sonrasinda da kalicilikta istenen degerleri saglamstir. Cozgli yoniinde yapilan kalandir
isleminin SEM goriintiilerinde ylizeydeki iplikleri yassilastirdig1 goriilmiistiir. Bu yassilagmanin yiizeyi
daha kapal1 hale getirdigi ve su itici 6zelligi arttirdig1 diistiniilmektedir. Hafif asidik ortamda yapilan su
itici apre isleminin SEM goriintiisiinde de gorildiigii gibi pamuk ipliklerinde deformasyon
olusturabilecegi gdzlemlenmistir. Her 3 kumas yapisi iginde dayamimda bir azalma olmamustir. Fiziksel
test sonuglari genel olarak degerlendirildiginde Oncesi veya sonrasi kalandir isleminin mukavemeti
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geriye gotiirmedigi, boncuklanmaya karsi olumsuz bir etki gostermedigi tespit edilmistir. S6z konusu
kalandir igleminin su itici 6zelligin kaliciliginin arttirmada etkili oldugu sonucuna varilmustir.
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OZET: U boyutlu bask: teknolojileri, geleneksel kaliplar yerine dijital olarak olusturulan sekillerin katmanl
tiretimine olanak saglayan, diinyada giderek yayginlasan bir eklemeli imalat teknolojisidir. Mevcut iti¢ boyutlu
yazicilardan fotopolimerizasyon prensibi ile calisanlar svvi haldeki ¢capraz baglanabilir reginelerin ultraviyole isik
altinda fotopolimerizasyonuna dayanmaktadir. Bu yontem ile ince detayli nesnelerin iiretimi ¢cok daha kolaydir.
Fotopolimerizasyon tabanli ii¢ boyutlu yazicilarda temel malzeme 151kla polimerize edilmis monomerlerdir. Bu
yontemle tiretilecek polimerin bilesenleri monomerler, oligomerler, fotobaslaticilar ve istege bagl olarak eklenen
nanopartikiillerdir. Bu yontemde kullanilan reginelerin, islem sonucunda diigiik mekanik ozellikler gosterebildigi
bilinmektedir. Bu dezavantaji ortadan kaldirmak icin SiO2 nanoparcacik takviyeleri kullamlmistir. Bu sayede
cekme orami diisiik, mekanik ozellikleri yiiksek nanokompozit tiretimi tamamlanmistir. Proje kapsaminda oncelikle
sol-jel yontemi ile SiO2 nanopargaciklar: sentezlenmistir. Sentezlenen bu nanopartikiiller, silanizasyon islemine
tabi tutulmustur. Daha sonra swrasiyla XPS, SEM, FT-IR, DLS ve XRD analizleri sonucunda nanopartikiillerin
elementel analizi, morfolojik yapisi, organik bag yapusi, partikiil boyutu ve faz yapist belirlenmigtir. Bu dlgiimler
sonucunda %5 SiO2 ilave edilen numunenin ¢ekme ve dayanim oranlarinda en iyi sonucu verdigi goriilmiistiir.
Parcacik boyutu 32 nm olarak élgiilmiistiir. Polimerizasyon sonrast ¢ekme oram %2.39 olarak 6l¢iilen
nanokompozit reginenin viskozitesi 0.24 Pa.s ve egilme dayanumi 175 MPa olarak él¢tilmiistiir. Bu ¢aligsmada SiO2
nanoparg¢acik katkili nanokompozit reginenin ii¢ boyutlu yazicilarda kullanima uygun oldugu belirlenmigtir.

Anahtar Kelimeler: Nanokompozit, Fotopolimerizasyon, Ug Boyutlu Yazici, Regine.

1. GIRIS

Ug boyutlu yazdirma teknolojileri, son yillarda hem giinliik kullanim hem de endiistriyel iiretimde
(6rnegin; kisisellestirilmis tiiketici iirlinleri, dis hekimligi, gida endiistrisi, ila¢ endiistrisi, biyomalzeme
endiistrisi) revagta olmakla beraber, cok¢a avantaji bulunan bir yontemdir. En basit haliyle {i¢ boyutlu
yazicl, bilgisayar ortaminda saklanan verinin bilgisayar destekli tasarim (CAD) yoluyla, fiziksel gercek
nesnelere doniistiiriilmesini saglayan cihazlardir. Bu teknoloji aym1 zamanda, geleneksel imalat
yontemleri ile elde edilemeyecek geometrileri de iiretebilmektedir. Ug boyutlu (3B) iiretim olarak
adlandirilan bu teknoloji, masaiistii imalat ya da eklemeli {iretim (additive manufacturing) olarak da
literatiirde yer edinmis bir iiretim bi¢gimidir. Bu yazicilar ile iiretimi ger¢eklestirebilmek igin birgok farkl
teknoloji kullanilmaktadir. Bu teknolojiler arasindan sik kullanilanlar Birlestirmeli Yigma Modeli-
FDM (Fused Deposition Modelling), Secici Lazer Sinterleme- SLS (Selective Laser Sintering),
Tarayarak Isikla Kiirleme Teknigi- SLA (Stereo Lithography Apparatus), Tabakali Yapistirmali Parga
Imalati- LOM (Laminated Object Manufacturing) seklinde siralanabilir. Bu yontemler arasinda
fotokimyasal prensip ile ¢alisan Isikla Kiirleme Teknigi (SLA), siv1 foto-gapraz baglanabilir reginelerin
UV-is1k altinda fotopolimerizasyonu ile ince detayl nesnelerin olusturulabilmesi ve iiretimi agisindan
son derece cazip ve kullamiglidir. Ayni zamanda gevresel (6rn. diisiik miktarda ugucu organik bilesikler),
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ekonomik (diisiik enerji tiiketimi) ve iiretimsel faydalan (mekansal ve zamansal kontrol cesitliligi)
agisindan da 6nemlidir [1,2].

Fotokimyasal prensip ile ¢alisan lic boyutlu yazicilarda, yapt malzemesi olarak 1sik ile polimerize
olabilen regineler kullanilmaktadir. Fotopolimer olarak da bilinen bu malzemeler, en yalin tamimlariyla,
UV 151k ve lazer 1sinlan altinda kimyasal olarak degisime ugrayan polimerlerdir. Bu temelde liretilecek
malzeme; monomerler, oligomerler, fotobaslaticilar, ve ek olarak istege bagli eklenebilen
nanopartikiiller ve renk pigmentlerinden olusan fotokiirlenebilir reginelerdir.

Fotokiirlenebilir regineler, UV 1s181na maruz kaldiklarinda 6zelliklerini degistiren 1s18a duyarli polimer
bazli malzemelerdir. Fotokiirlenebilir re¢inelerin mekanik 6zelliklerini (mukavemet, sertlik, biiziilme
orani, viskozite) i¢erisinde bulunan monomer ve oligomer kompozisyonlari belirler. Viskoziteleri ve
dolayisiyla mukavemet degerleri yiiksek olan monomerlere, bu etkiyi ortadan kaldirmak i¢in esneklik
saglayan seyreltici monomerler eklenebilir. Esneklik saglayan bu seyreltici monomerler genellikle
diisiik viskoziteye, diisikk camsi gegis sicakligina ve yliksek biiziilme oranlarina sahip uzun zincirli
monomerlerdir. Bu monomer karisimi, reaksiyon kabina eklenen fotobaslaticilar yardimiyla uygun
dalga boyundaki isiklara maruz kaldiklarinda capraz baglar olusturarak birbirlerine baglamr ve
hedeflenen polimer elde edilir [3].

Biyobazli reginelerde ise mekanik 6zellikler daha diisiik degerlerde seyretmektedir. Cevreyi korumak
ve ekosisteme katki saglamak adina tercih sebebi olan biyobazli recinelerin bu dezavantajinin ortadan
kaldirilmasi igin ise regineye nanopartikiil ilavesi yapilabilmektedir. Bu calismada; doniisiim
derecesi, akma mukavemeti, elastisite modiilii gibi degerlere dogrudan pozitif etki ettigi bilinen SiO2
kullanilmigtir. Kullanilan bu nanopartikiiller, aglomerasyon egilimi gosterdiklerinden, regine igine
homojen karismayip mekanik testlerin sonuglarina dogrudan etki etmistir. Bu negatif etkinin ortadan
kaldirilmasi amacrtyla, bu nanopartikiiller silanizasyon islemine tabi tutulmustur [4,5].

2. MATERYAL ve METOT
2.1. SiO2 Nanopartikiillerinin Uretimi

SiOz nanopartikiillerinin sol-gel yontemi ile tiretilmesi i¢in dncelikle, TEOS (Tetraetoksi silan) ve EtOH
(etanol) kullanilarak sol hazirlanmustir. 40 ml EtOH igerisine yavasga 4,5 ml TEOS eklenerek hazirlanan
1,39 NTU tiirbidite degerine sahip 0,5 M ¢6zeltinin igerisine 3 ml %25’lik NHs eklenmistir. pH degeri
9 olan ¢ozelti, manyetik karistiricida 4 saat kanstirildiktan sonra 1 gece oda sicakliginda yaslandirilmus;
daha sonra elde edilen jel 250 °C sicaklikta 2 saat kurutulmus ve 550 °C’de 2 saat kalsine edilmistir. Bu
islemlerin ardindan nanopartikiiller basariyla iiretilmistir [6].

2.2. Faz Analizi

Sol-jel ile iiretimi gergeklestirilen SiO2 nanopartikiillerinin faz analizi, XRD kullanilarak yapilmustir.
Elde edilen XRD grafigi Sekil 1°’de gosterilmektedir. Analiz sonucunda goriinen genis pik, elde edilen
SiO2 tozlarmin amorf yapida oldugunu gostermektedir. Ayni sekilde grafikte baska piklerin olmamasi
da yapida safsizlik gbzlemlenmedigini kanitlamaktadir [7].
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Sekil 1: SiO2 Nanopartikiillerinin XRD Goriintiisi

2.3. Kimyasal Analiz

Uretimi gerceklestirilen tozun elementel analizini yapmak amaciyla XPS kullanlnustir.
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Sekil 2: SiO2 Nanopartikiillerinin XPS ¢iktist

2.4. SiO2 Nanopartikiillerinin Silanlanmasi

Her 1 g toz i¢in 25 mL etanol kullanilarak bir ¢ozelti hazirlanip, bu ¢ozeltiye eser miktarda su ve
amonyak ilave edilmistir. Ardindan silan malzemesi olan MPS, kullanilan toz miktarinin agirlik¢a %601
olacak sekilde ayarlanarak ¢ozeltiye eklenmis ve bu ¢ozelti manyetik karnistirict iizerinde 12 saat oda
sicakliginda karigmaya birakilmistir. Ardindan 8 saat 70°C’de kurutma islemine tabi tutulmus ve
silanizasyon islemi basariyla ger¢eklestirilmistir. [5]
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Sekil 4: Silanlanmis SiO2 FT-IR Spektrumu

Kullanilan silan malzemesi MPS’nin 1704 bandinda pik verdigi bilinmektedir. Sekil X’de varolmayan
1704 pikindeki titresim, Sekil ‘de gbzlemlenmektedir. Bu sayede silanizasyon isleminin basariyla
gerceklestigi anlagilmaktadir. [5]

2.5. Reginelerin hazirlanmasi

Bir adet katkisiz saf re¢ine olmak iizere agirlikga %0.5, %1, %1.5, %2, %5 toz oranlarinda numuneler
hazirlanmigtir. Toz katkili sivi haldeki bu regineler, DLP tipi {i¢ boyutlu yazicida egme ve ¢ekme
numunesi standartlarina uygun boyutlarda kiirlenmistir.
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2.6. Mekanik Analizler
2.6.1. Egme Testi

Ug noktali egme testi sonucu farkli kompozisyonlarda elde edilen degerler Tablo 1°de siralanmustir.

Tablo 1:Katki Oranlarina Gore Maksimum Gerilme Miktarlari

Katki Katkisiz 0.5 1 15 2 5

Oranlan
(%)

Maksimum 53.91 62.56 7291 78.43 87.45 44 .48
Gerilme
(N/mm?)

Agirlikga %2 toz katkisina kadar, katki miktar1 arttikca yiikselis gdsteren maksimum gerilme miktari,
%S5 katkili numunede diisiis gdstermistir.

2.6.2. Cekme Testi

Tablo 2’°de gosterilen farkli kompozisyonlarda iiretilen numunelerin elastisite modiillerine bakildiginda,
en yiksek elastisite modiiliine sahip numunenin agirlikca %0.5 SiO2 katkili numune oldugu
goriilmiistiir. Seramik katkisi arttik¢a, malzemenin elastisite modiiliiniin diistiigii gdzlemlenmistir.

Tablo 2: Katki Oranlarina Gore Elastisite Modiilleri

Katki Katkisiz 0.5 1 15 2 5
Oranlan
(%)

Elastisite 2.74 3.01 2.90 2.82 2.74 2.73
Modiilii
(GPa)

3. SONUC

Yapilan bu ¢alismada, varolan ticari epoksi recinelerden farkli olarak daha diisiik mekanik 6zelliklerde
seyreden biyobazli reginelere, nanoboyutta seramik katki yapilarak mekanik 6zelliklerin pozitif yonde
etkilenebilecegi goriilmiistiir.
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OZET: Miihendislik yapilarimn hasara ugramas: siklikla karsilagilan sorunlardan biridir. Bu sorunlar
cogunlukla kullanilan malzemenin yapisindaki mikro ¢atlaklar veya iiretim yontemine bagl olarak ortaya ¢ikan
baslangi¢ kusurlarmin parcanin émrii boyunca maruz kaldig: yiikler altinda ilerlemesi sonucu olusan kirilmalar
olarak meydana gelmektedir. Bu sorunlarin dnceden tahmin edilebilmesi ve/veya omiir tahmini igin kirilma
mekanigi yontemleri kullantlarak gerilme siddet faktorleri hesaplanabilmektedir. Bu c¢alismalar sonucunda
olusabilecek hasarlart en aza indirgemek miimkiin olabilmektedir. Hasara ugramis yapilarin incelenmesi
sonucunda, nasu hasara ugradigi ¢ogunlukla tespit edilebilmektedir. Bu tespite gére hasara ugramis par¢a
bolgesel olarakiginde ¢atlak barindiran levha, igi bos silindir ve dolu silindir gibi daha kii¢iik geometrik modellere
indirgenebilmektedir. Bu modellere uygulanan gerilmeler ve sumir sartlart sonucu gerilme giddet faktorleri
hesaplanabilmektedir. Bu tez ¢alismasi kapsaminda, egilme momentine maruz i¢i bos silindirik yapilarda déonmiig
dis yiizey catlaklarinin karisik modlu gerilme siddet faktorleri hesaplamalarinda FCPAS sonlu elemanlar yontemi
kullantlmistir. Problemi tamimlayan ¢atlak sekil orant (a/c), ¢atlak derinligi/silindir et kalinlhigi (a/t), silindir i¢
yarigapy/silindir dis yarigapt (Ri/Ro), ¢atlak donme agist (o) gibi parametrelerinin gerilme siddet faktorlerine
etkisi incelenmistir. Elde edilen sonuglar grafiklerde gosterilmistir. Bu sonuglara gore serbest yiizey noktasi ve
catlak ucu derinlik noktast i¢in empirik denklemler gelistirilmis olup, bu empirik denklemler icin dogrulama
calismalart yapilmigtir.

Anahtar Kelimeler: Sonlu Elemanlar Analizi, Kirilma Mekanigi, Ug Boyutlu Kirilma, Gerilme Siddet Faktorii,
Silindirlerde Donmiis Yiizey Catlagi, Fcpas

Mixed Mode Fracture Analyses of Deflected External Surface Cracks in Hollow Cylindrical Structures Under
Bending Moment

ABSTRACT: Damage to engineering structures is one of the frequently encountered problems. These problems
mostly occur as microcracks in the structure of the material used or as a result of the initial defects that occur due
to the production method, as a result of the progression of the part under the loads it is exposed to throughout its
life. Stress intensity factors can be calculated by using fracture mechanics methods to predict these problems
and/or predict life. It is possible to minimize the damages that may occur as a result of these studies. As a result
of the examination of the damaged structures, it can often be determined how they were damaged. According to
this determination, the damaged part can be reduced to smaller geometric models such as cracked plate, hollow
cylinder and solid cylinder locally. Stress intensity factors can be calculated as a result of the stresses and
boundary conditions applied to these models. Within the scope of this thesis, FCPAS finite element method was
used in the calculation of mixed-mode stress intensity factors of rotated outer surface cracks in hollow cylindrical
structures subjected to bending moment. The effect of parameters such as crack shape ratio (a/c), crack
depth/cylinder wall thickness (a/t), cylinder inner radius/cylinder outer radius (Ri/Ro), crack deflection angle (o)
on stress intensity factors. examined. Obtained results are shown in graphics. According to these results, empirical
equations were developed for the free surface point and the crack tip depth point, and validation studies were
carried out for these empirical equations.
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1.GIRIS

Miihendislik yapilarinda hasarlar cogunlukla yap1 elemaninin veya parcgasinin hizmet 6mrii boyunca,
iiretim asamasinda veya iiretim tamamlandiktan sonra meydana gelir. Yapisal pargalar, geometrik
boyutlarina ve kullanilan malzemeye bagl olarak belirli bir kritik yiik degerinin {izerindeki yiiklere
maruz kaldiklarinda yiiksek gerilme ve deformasyon sonucu hasar gérebilirler. Ilk catlaklar, daha diisiik
ve tekrarlanan yiik seviyelerinde de olusabilir. Catlak olustuktan sonra yap1 aniden kirilabilir ya da bu
catlak ilerleyebilir ve belli bir siire sonra kirllma meydana gelebilir. Bu nedenle yapisal pargalarda catlak
olusumu ve ilerlemesi engellenmeli veya catlak boyu kritik bir degere ulagsmadan parca degistirilmeli
veya onarllmalidir. Bu siiregte ¢esitli modeller gelistirilerek farkli geometrik boyutlara ve dénme
acilarma sahip catlaklar ilgili ytlikler altinda analiz edilebilir ve gerilme siddet faktorleri (GSF)
hesaplanabilir.

Literatiirde, 1. S. Raju ve J. C. Newman ¢alismalarinda ¢ekme ve egilme gerilmesine maruz ve yiizey
catlagn igeren i¢i dolu ve ici bos silindirik yapilarin GSF‘lerini incelemislerdir [1]. I¢i bos silindirik
yapilarda farkli a/c (¢atlak derinlik uzunlugu/ ¢atlak genislik uzunlugu) oranlarinda gatlak barindiran
yapilar igin gesitli a/t (¢atlak derinlik uzunlugu / silindir cidar kalinligi) ve R/t (Silindir i¢ yarigap1/
silindirin cidar kalinlig1) parametrelerine bagli olarak analizler gerceklestirmislerdir. Problem
parametrelerinin normalize edilmis gerilme siddet faktorlerine olan etkilerini kiyaslamisglardir. G. Fu,
W. Yang ve C. Q. Li ¢ekme ve egilme gerilmesine maruz ve egik catlak barindiran i¢i bos silindirik
yapilarda a/c, a/t ve t/R (silindir et kalinligi/silindir dis yarigap1) parametrelerine bagli olarak analizler
gergeklestirmislerdir [2]. Bu analizlerde 15°°den 90°’e dogru artan egim agisina bagli olarak catlak
derinligi (a) ve ¢atlak genigliginin artmasiyla normalize ettikleri mutlak mod-I, mod-1I, mod-II|
degerlerinde artis gézlemlemislerdir. O. M. Fakhri ve ark. ¢aligmalarinda egilme gerilmesine maruz ve
i¢ ylizey catlag1 ve dis ylizey ¢atlag1 barindiran i¢i bos silindirik yapilarda a/c, a/t ve t/R (silindir et
kalinlig/silindir dis yarigap1) parametrelerine bagli olarak mod-I gerilme siddet faktorleri i¢in analizler
gerceklestirmislerdir [3]. I¢ basing altinda ve gekme gerilmesine maruz yapida i¢ yiizeyde ve dis
yiizeyde bulunan eliptik ¢atlaklarin GSF’lerini kiyaslamiglardir.

2. PROBLEM TANIMI

Bu calisma kapsaminda, egilme gerilmesine maruz i¢i bos bir silindirin dis ylizeyinde bulunan dénmiis
yiizey catlaklan igin, probleme etki eden biitlin geometrik parametreler goz Oniine alinarak FCPAS
(Fracture and Crack Propagation Analysis System — Kirilma ve Catlak ilerleme Analiz Sistemi) [4]
yazilim ile yapilan kirilma analizlerinden elde edilen kansik mod gerilme siddet faktdrleri (GSF)
grafikler halinde sunulmustur. ici bos silindirik yapilarda yiizey catlagi parametreleri sirasiyla catlak
derinligi a, catlak yiizey uzunlugu 2¢ ve donmiis yiizey ¢atlaginin yatay eksenle yaptigi ag1 a olarak
belirlenmistir. Catlak ucu bolgesindeki GSF’lere etki eden parametreler sirasiyla; silindir yaricaplan
orani Ri/Ro, silindir et kalinligi t (dis yarigap-i¢ yarigcap, Ri-Ro=t), catlak sekil orani a/c, g¢atlak
derinligi/silindir et kalinlig1 aft, ¢atlagin yatay eksen ile yaptigi ag1 a’dir. Problem modeli Sekil 2.1.”de
gosterilmistir.
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2H

A j ‘G

Sekil Error! No text of specified style in document..13. Egilme yiikii altinda bulunan igi bos silindire
yerlestirilen donmiis yiizey ¢atlagi ve problem parametreleri.

Analizi yapilan biitiin modellerde a=1 birim olarak se¢ilmistir. Silindirin yiikseklik parametresi (2H)
biitiin analizlerde biiylik yarigapin 6 kat1 olarak belirlenmistir. Bu sinirlandirmalar belirlendikten sonra
(alc) oranlar sirastyla 0.25, 0.5, 1, 2; (alt) oranlan sirasiyla 0.05, 0.1, 0.25, 0.5, 0.8 degerleri ile ele
alinmig ve bu degerlerin olusturdugu tiim kombinasyon durumlarina karsilik gelen sonlu eleman
modelleri olusturularak FCPAS ile kirilma analizleri gerceklestirilmistir. Catlagin yatay eksen ile
yaptigr aginin 0° olmasi durumda GSF’nin diizlem i¢i kayma modu ve diizlem dis1 kayma modunun sifir
olmast nedeniyle sadece acilma modu (Mod-I) GSF meydana gelmektedir. Fakat catlagin yatay
diizlemle olusturdugu agimin sifirdan farkli olmasi durumunda catlak 6nii boyunca diizlem i¢i kayma
modu (Mod-II) ve diizlem dist kayma modu (Mod-Ill) gergeklesmektedir. Catlagin yatay eksenle
yapmis oldugu o donme agis1 0°, 15°, 30°, 45°, 60°, 75° olarak ele alinmis olup, yukarida belirtilen tim
kombinasyonlar dahilinde silindir {izerine yerlestirilen biitiin donmiis yiizey ¢atlaklar i¢in 600 adet
analiz gergeklestirilmistir.

3. KARISIK MOD GERILME SIDDET FAKTORLERININ HESAPLANMASI

Literatiirdeki bazi ¢aligmalardan da gortilebilecegi iizere, sonlu elemanlar yontemini kullanarak,
karmasik geometrileri ve karma mod yiikleme kosullarim igeren kirilma mekanigi problemlerini analiz
etmek miimkiin olmustur. Bu g¢alismada, ANSYS APDL'de [5] zenginlestirilmis sonlu elemanlar
yontemi kullanilarak catlak ucu boyunca GSF’ler hesaplanmis, problem parametreleri kullanilarak
modeller olusturulmustur. Daha sonra bu modellere eleman ve sinir kosullari uygulanmustir. Elde edilen
ciktilar FRAC3D'ye aktarilarak GSF’ler hesaplanmustir. Sekil 3.1°de goriilecegi tizere Ri/R0=0.3, a/c=1,
a/t=0.25, a=15° parametreleri i¢in, ¢atlak ucu eleman kenar uzunluguna bagli olarak yakinsama
caligmasi yapilmistir. Bu yakinsama ¢alismasi sonucunda ¢atlak ucundaki zenginlestirilmis elemanlarin
catlak oniine dik kenar uzunlugunun, c¢atlak derinliginin (a) 1/100' olarak belirlenmistir. Yakinsama
calismasi Sekil 3.1°de gosterilmektedir. Ri/Ro= 0.6, a/c = 1.0, a/t = 0.5, a =30° parametreleri igin 6rnek
bir sonlu eleman modeline genel bakis Sekil 3.2°de gosterilmektedir. Eleman boliintiilleme (mesh)
isleminde catlak tiineli hacimlerinde 20 diigiim elemanli (Solid-95), ikinci dereceden alt1 yiizlii kati
elemanlar kullanilmistir. Geri kalan hacimler igin ise alt1 yiizlii elemanlarin indirgenmesi sonucu olusan
dort yizli elemanlar kullanilmis ve sonlu eleman ag yapisi olusturulmustur.
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Sekil 3.1. Farkli ¢atlak ucu eleman boyutlan kullamlarak silindirde bulunan donmiis yiizey ¢atlaginin
catlak 6nii boyunca normalize edilmis mod-I GSF dagilimlar i¢in gatlak ucu eleman boyutu yakinsama
¢alismasi; Ri/Ro= 0,3 , a/c=1, a/t=0,25 , a=15°.

z
Y\\T/(x

Sekil 3.2. Yarim simetrik model igin sonlu eleman ag yapisi. (Ri/Ro= 0.6, a/c=1.0, a/t=0.5 «a =30°).

Gegis Elemanlan

Catlak Ucu \

Catlak Yiizeyi

(@) (b)

Sekil 3.3. Zenginlestirilmis elemanlarin ve ge¢is elemanlarinin goriiniimleri (a), Yakinlastirilmg
goriiniimleri (b).
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Catlak cephesini ¢evreleyen ve konumlandiran zenginlestirilmis sonlu elemanlarin detayl goriiniimleri
Sekil 3.3'te verilmistir. Sekil 3.3b'deki sar1 renkli elemanlar gegis elemanlari, kirmizi renkli elemanlar
ise zenginlestirilmis elemanlardir. Ug boyutlu zenginlestirilmis ¢atlak ucu elemanlarinin izoparametrik
yer degistirme formiilasyonu Denk. (1)’ dir. Zenginlestirilmis sonlu eleman ¢oziimiindeki yer degistirme
fonksiyonuna ek olarak, diigiim noktasindaki yer degistirmelere (u}‘), (k)), (k) (Kf;) terimleri
eklenir. Zo, zenginlestirilmis 6ge islevinin uygulanacag sirayi belirleyen, 0 veya 1 degerini alabilen bir
sifirlama fonksiyonudur. Gegis fonksiyonu, zenginlestirilmis elemanlarda ve zenginlestirilmis
elemanlara temas eden ylizeylerde 1, gecis elemanlarinin normal elemanlara temas eden yiizeylerde 0
degerini alir. Diigiim noktalarindaki yer degistirmeler u}‘ , normal elamanlarin sekil fonksiyonlar1 N;

terimleri ile interpolasyon edilmektedir. £, g5 ve hf terimleri, bolgesel koordinat sisteminden global

koordinat sistemine doniistiiriillmesiyle elde edilen mod-I, mod-Il ve mod-III deplasman bilesenleri olup
asimptotik ¢atlak ucu deplasman ifadelerinden elde edilebilmektedir. m, eleman tiiriine gére 10 veya 20
olabilir ve ntip quadratik elemanlar (kenarinda bir adet kenar ortasi diigiim noktasi bulunduran
elemanlar) icin 3’tiir. I ise -1 ile 1 arasinda degismekte olan izoparametrik koordinattir. [6].

u (¢, m,p) = ZN,-(E.n.p)u}‘
j=1

J

+ 2o | FEn e - D NEno | D MK
j=1 i=1
m ntip (l )
+Zo(&m.p) | g n.p) — Zl\/j(f.n.p) g5 z N;(D) Ky
j=1 i=1
ntip

+ZEn ) | HeGEn ) = Y NEnp gl || D MKy

J

Bu calismaya dahil edilen tim durumlar i¢in literatiirdeki calismalardan elde edilen sonuglarla
hesaplanan karisik modlu GSF'ler, analizler yapilmadan 6nce dogrulanmistir. Bu amagcla, dis yiizeyinde
egilme yiikii etkisi altinda egik yiizey catlag olan modelden zenginlestirilmis sonlu elemanlar yontemi
kullanilarak elde edilen sonuglar ve referans model ¢oziimii karsilastirilmistir. Fu, Yang ve Li yapmis
oldugu ¢alismalardan referans model parametreleri a/c=1.5; a/d=0.5; d/R=0.1, f=45° se¢ilmistir. Burada
a/c: gatlak derinlik uzunlugu/gatlak genisligi uzunlugu, a/d: ¢atlak derinlik uzunlugu/silindir et kalinligi,
d/R: silindir et kalinlig1 / silindir dis yar1 ¢ap1, S: egik catlagin yatay eksenle yaptigi ac1 olarak ifade
edilmektedir. Modelde rijit govde hareketi engellenerek alt ve iist yiizeylere egilme yiikii uygulanmistir
[2]. Sekilden de goriilecegi tizere Kr formiilasyonu [7] ile normalize edilmis analiz sonuglarinin ilgili
referans modelin sonuglari ile benzerlik gostermektedir.

1.65
Q=1+1464(2) ";  f<1 (2)

c

1.65
Q=1+1464 (%) ;  >1 (3)

Ta 4
Keos [(22) ()
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Sekil 3.5. Egilme gerilmesinin etkisi altinda bir silindirin dis yiizeyindeki egimli ylizey ¢atlagi modeli
icin normalize edilmis kangik mod gerilme siddet faktorii karsilastirmast.

4- KARISIK MOD GERILME SIDDET FAKTORU COZUMLERI

Egilme gerilmesi altinda yiizey ¢atlaginin, yatay pozisyonda yani a =0° agisal konumunda normal
gerilme maksimum oldugu i¢in sadece acilma modu (mod-I) meydana gelmektedir. Catlagin donme
acist o degeri arttikga, ¢atlagin bulundugu ilgili kesitte azalan normal gerilmenin yani sira kayma
gerilmeleri de meydana gelmektedir. Bu kayma gerilmeleri etkisi altinda diizlem i¢i kayma modu (mod-
1) ve diizlem dis1 kayma modu (mod-III) olan gerilme siddet faktorleri meydana gelmektedir. Calisma
kapsaminda biitlin parametrelerin kombinasyonlarim igeren tiim durumlar analiz edilmistir. Ancak, bu
bildiri makalesine sigamayacagi icin, bu analiz sonu¢larindan sadece bazilan 6mek olarak
verilebilmektedir. Silindir yarigap oran1 Ri/Ro=0.3; ¢atlak sekil oran1 a/c=0.5; ¢atlak derinliginin silindir
duvar kalinhigina oran1 a/t= 0.25 , donme agis1 o = 0°, 15°, 30°, 45°, 60°, 75° problem parametreleri
secilerek yapilan analizlerden elde edilen karisik mod gerilme siddet faktorleri, denklem 4 ile normalize
edilmis olup elde edilen sonuglar Sekil 4.1’de gosterilmektedir.

1,20
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Sekil 4.1. Normalize edilmis boyutsuz GSF dagilimlari, Ri/R0=0.3 a/c=0.5, a/t=0.25 (a) Mod-I, (b)
Mod-II and (c) Mod-I1I1

Sekil 4.1 incelendiginde donme agisinin sifir olmasi durumunda beklenildigi gibi normalize edilmis Ki
degerinin maksimum oldugu, donme agisinin artmasi durumunda Ki gerilme siddet faktoriiniin giderek
azaldig1 goriilmektedir. Maksimum kayma gerilmesi c¢atlagin donme agisinin 45° olmast durumunda
meydana geldigi i¢in normalize edilmis Kii ve Kin degerlerinin maksimum oldugu goriilmektedir.

5- DENKLEM GELiSTIRME CALISMALARI VE SONUCLARIN KARSILASTIRILMASI

Bu boliimde yapilan denklem gelistirme ¢alismalarinda gatlak ucu derinlik noktasi degeri (s=0.5) ve
silindirin yiizeyine gore % 5 igeriden nokta belirlenerek serbest yiizey noktasi (5=0.05) se¢ilmistir.
Serbest yiizey noktasindaki Ki, Kiive K gerilme siddet faktorleri ve catlak ucu derinlik noktasindaki
Ki ve Ki gerilme siddet faktorleri icin empirik denklemler gelistirilmistir. Elde edilen sonuglar, yiiksek
dogruluk orani ile tek bir denklem ile ifade edilememektedir. Bu yiizden belirlenen a/c oram igin, 0.25
<alc <1 ve 1< alc <2 belirlenen araliklarina gére Minitab programu [8] ile ¢oklu regresyon analizleri
yapilarak denklemler tiiretilmistir. Bu denklemlere 6rnek olarak, 1 <a/c <2 araligindaki problemler i¢in
catlak ucu derinlik noktasi ve serbest ylizey noktasi mod-I gerilme siddet faktorii denklemleri Tablo 5.1-
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5.2’de ifade edilmistir. Tiiretilen bu denklemler ara deger modelleri ile dogrulanmis olup analiz
sonuglari ile denklem sonuglarinin uyum i¢inde oldugu grafik halinde Sekil 5.1°de goriilmektedir. Diger
parametre degerlerindeki ve diger mod GSF (mod-Il ve mod-III) denklemleri de gelistirilmis olup, bu
bildiri makalesine sigamayacagi i¢in, burada dahil edilememistir. Bu detaylarin tamamu yiiksek lisans
tezi ¢calismasindan [9] goriilebilir.

Tablo 5.1. s=0.5 derinlik noktasi i¢in Mod-I denklemi (1 <a/c <2).

Terim Katsayi Terim Katsay

Sabit 1,61E+04 A*C 3,77E-01 | A=Ri/Ro
B -5,40E-01 A*A*D -8,97E-04 | B=alc

C -3,34E-01 A*B*C*D*D -3,80E-05 | C=alt

D -3,35E-03 B*B*B*B*D 2,25E-04 | D=o.
D*D -1,30E-04 B*C*D*D 3,60E-05

Tablo 5.10. s=0.05 serbest yiizey noktasi i¢in Mod-I denklemi (1 <a/c <2).

Terim Katsayi Terim Katsayi
Sabit 1,48E+04 B*D -1,89E-02
A 1,80E-02 C*D -9,30E-04
B -1,73E-01 D*D*D -1,70E-05 | A=Ri/Ro
C 3,04E-01 A*B*D 1,27E-03 | B=alc
D -5,35E-03 B*C*D 2,29E-03 | C=alt
C*C 2,64E-01 B*D*D 521E-04 | D=a
A*B 1,76E-02 C*C*D -4 56E-03
A*D -3,91E-03 B*D*D*D -4,00E-06
B*C -2,16E-01 D*D 3,710E-04
= Ri/R0=0.2 a/c=0.4 a/t=0.2 q=25° ====Ri/R0=0.2a/c=0.8 a/t=0.40=50°
= Ri/R0=0.4 a/c=0.4 a/t=0.2 6=65° Ri/Ro=0.4 a/c=0.4 a/t=0.4a=35°
e RiI/RO=0.4 a/c=1.25 a/t=0.20=55° ===Ri/R0=0.8 a/c=1.25 a/t=0.6a=20°
1,20
1,00
0,80
0,60
g‘ 040 [
0,20
0,00
-0,20
20,40
-0,60 . . . .
0 02 0.4 0,6 0.8 1
(%)

Sekil 5.1. Parametrelerin ara degerleri igin denklemlerin dogrulanmasi (Mod-I).
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6-SONUC VE DEGERLENDIiRME

Bu c¢alisma kapsaminda, FCPAS programu kullamlarak dig ylizeyinde eliptik donmiis yiizey catlag:
bulunan, i¢i bos ve egilme gerilmesine maruz silindirlerin karigtkk mod kirilma analizleri
gerceklestirilmistir. Model parametrelerine bagli olarak 6 farkli donme agisi igin gerilme siddet
faktorleri hesaplanmustir. 600 farkli modelin analizi ile elde edilen analiz sonuglar1 kullanilarak olduk¢a
genis bir gerilme siddet faktorii ¢oziim kiitliphanesi olusturulmustur. Bu ¢oziim kiitiiphanesi
kullanilarak, problemde var olan her bir mod i¢in serbest yiizey noktasi ve ¢atlak ucu derinlik noktasi
degerlerini tahmin eden empirik denklemler de gelistirilmistir. Bu bildiri makalesine sigamayacag i¢in,
yiiksek lisans tezi [9] kapsaminda elde edilen tiim GSF sonuglar ve tiim denklemler dahil edilememis
olup, baz1 sonuglar verilebilmistir. Calismanin tiim detaylar1, yiiksek lisans tez ¢alismasindan [9] elde
edilebilir. Calisma sonunda varilan sonuglar asagidaki gibi siralanmustir.

1. Ki gerilme siddet faktoriiniin, maksimum degerleri 0° donme agisinda olugmaktadir. Dénme
acist degeri arttikca boyutsuz mod-I gerilme siddet faktorii degerinin azaldigi goriilmiistiir. Diger
parametreler sabit iken a/t oraninin artmasiyla ¢atlak ucu derinlik noktasi degerinin azaldigi, serbest
yiizey noktasi degerinin ise arttig1 goriilmiistiir. Diger parametreler sabit iken a/C oraninin 0.25’ten 2’ye
dogru artmast durumunda serbest ylizey noktasi ve ¢atlak ucu derinlik noktasi degerlerinin azaldig
goriilmiistiir. Diger parametreler sabit iken Ri/R0O oraninin biiyiimesi durumunda catlak ucu derinlik
noktasi degerinin arttig, serbest yiizey noktasi degerlerinde ise diisiis oldugu goriilmiistiir.

2. Ki gerilme siddet faktorii degerleri, ylizey catlaginin donme agist  (0=0°) sifir olmasi
durumunda sifirdir. Catlak ucu derinlik noktast maksimum degerlerin 45°’de oldugu goriilmekte olup
60°, 30°, 75°, 15° seklinde giderek azalmaktadir. a/c oraninin 0.25’ten 2’ye dogru artmasi durumunda
catlak ucu derinlik noktasi degerinin azaldig1 goriilmiistiir. Serbest yiizey noktasi ve ¢atlak ucu derinlik
noktasi degerleri igin a/t ile Ri/Ro degisimine bagli olarak yakin sonuglarin elde edildigi goriilmiistiir.

gi Kii gerilme siddet faktorii degerleri, ylizey catlaginin donme agist  (a=0°) sifir olmasi
durumunda sifirdir. Maksimum degerlerin 45°’de oldugu goriilmekte olup 60°, 30°, 75°, 15° seklinde
giderek azalmaktadir. a/c oraninin 1 olmasi durumunda serbest yiizey noktasi degerinin maksimum
oldugu goriilmiistiir. Serbest ylizey noktasi degerleri i¢in a/t ile Ri/Ro degisimine bagl olarak yakin
sonuglarin elde edildigi goriillmiistiir.

4, Gelistirilen empirik denklemlerin ara deger modelleri ile dogrulama g¢alismalar1 yapilmustir.
Parametrelerin ara degerlerini igeren modellerin analiz sonuglarindan elde edilen ¢atlak ucu derinlik
noktasi degerleri ile denklem sonuglar arasindaki farkin %10°un altinda kaldig goriilmiistiir.
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ABSTRACT: In such mechanical parts as circular cross-section bars and shafts, which are widely used in
practice, initial defects or cracks may occur due to manufacturing defects and/or crack initiation and propagation
may take place under fatigue loads. In order for structural parts to maintain its function safely, safety and
mechanical life calculations needs to be done using the principles of strength of materials and fracture mechanics.
The finite element method is a technique commonly used to present accurate solutions to structural mechanics
problems for which analytical solutions are not available or difficult to obtain. In this study, the solid cylinder
model, containing the deflected surface crack, was created in ANSYS Mechanical APDL. Mixed-mode stress
intensity factor (KI, KIl, KIII) solutions were obtained by transferring the necessary finite element model
information to FCPAS (Fracture and Crack Propagation Analysis System). In surface crack problems where the
angle with the horizontal axis is zero, only the opening mode (KI) occurs. In deflected crack problems, where the
angle with the horizontal axis is different from zero, in addition to the opening mode, the sliding (KII) and tearing
(KIIT) modes also become active.

Keywords: Fracture Mechanics, Stress Intensity Factor, Finite Element Method, Solid Cylinder
INTRODUCTION

Bars and shafts with circular cross-section, beams, bolts, pins are quite widely used mechanical parts in
practice. These structures can be exposed to various loads and can be damaged as a result of
deformations in the structure of the material. Fracture occurs as a result of damage to a certain part of
the structure. With the concept of linear elastic fracture mechanics, crack behavior in structural parts
seen in practice can be evaluated. The brittle fracture event can be interpreted with the stress intensity
factor (SIF) calculations. In order to examine the problems, which are mostly encountered as mode-I,
in three dimensions, it is necessary to position the crack at a certain angle with the horizontal axis. It is
possible to find studies on such problems in the literature, where studies on inclined surface cracks in
solid cylinders received attention.

Raju & Newman, (1986) performed mode-I SIF calculations with the finite element method for free
surface and depth points of semi elliptical surface cracks in pipe and rod structures subjected to tension
loads. Carpinteri, (1992) did mode-I SIF calculations with the finite element method along the crack
front for elliptical surface cracks in round bars subjected to tension loading. Levan & Royer, (1993)
calculated mode-I SIFs along the crack front of semi elliptical and semi-circular surface cracks in round
bars subjected to uniform tensile stress. Shih & Chen, (2002) obtained mod-I SIF solutions for the free
surfaces and depth points of a semi elliptical surface crack in a round bar subjected to tension loads.
Shin & Cai, (2004) presented mode-I SIF solutions for semi elliptical surface cracks in a circular shaft
under tension loads. Ayhan, (2011) performed mixed mode SIF analysis for embedded inclined circular
crack in a large cylindrical body under uniform tensile load. By using tetrahedral enriched finite
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elements, Ayhan prepared large cylindrical body for analysis with a half model by giving symmetry
condition and has confirmed the results by comparing them with the analytical solution. Ismail et al.,
(2012) presented mode-I SIF solution along the crack front for semi elliptical surface cracks in round
bars under tension loading. Ismail et al., (2015) presented numerical solution of the inclined semi-
elliptical surface cracks in a round bar subjected to tension loading for mode-I SIF using ANSY'S finite
element software. Teh et al., (2021) performed mixed mode SIF analyses for an inclined semi elliptical
surface crack ina solid cylinder under tension loading. They have created the finite element model with
10 node tetrahedron quadratic element mesh in ANSYS. They used the double boundary element method
in BEASY software. It is stated that the double boundary element method is applied with the boundary
integral equation. Alegre et al., (2022) presented SIF solutions for an embedded elliptical crack in round
bar subjected to tensile load. They used ABAQUS software for finite element modeling and formed the
numerical model for SIF solutions using 20 node quadratic elements with reduced integration. Ramezani
et al., (2022) obtained SIF solutions by using the double boundary element method in cylindrical bars
subjected to tensile load. In their analysis using BEASY software, they presented the effects of different
crack aspect ratios, different crack depth ratios and inclination angles on SIF solutions.

In this study, the effects of crack aspect ratio and crack depth ratio parameters on mixed mode stress
intensity factor solutions are tackled.

MATERIALS and METHOD

The finite element method is used to present numerical solutions to structural mechanics, heat transfer,
electromagnetic and computational fluid dynamics problems. Because most practical engineering
problems can be defined by detailed mathematical models due to the inherent physics of the related
problems, they involve differential equations with complex boundary or initial conditions. One of the
ways to be able to solve these equations goes through the implementation the numerical methods. The
most commonly used technique for these kinds of problems is called the finite element method. In the
method, the region of the corresponding problem is divided into a series of small elements and nodes
and the basic parameter distribution is obtained by the computed numerical values at nodes.

ANSYS Parametric Design Language (APDL) is one of the most powerful features of ANSYS. It
ensures to define a part or all of the model (geometry, material properties, loads, boundary conditions,
etc.) as parametrically. In this context, solid cylinder models were created in the APDL interface. Then,
the necessary finite element model information was defined. FCPAS (Fracture and Crack Propagation
Analysis System) software makes calculation of the stress intensity factor in geometric structures
containing through-thickness and three dimensionally curved cracks. There are no solid modeling and
meshing modules in FCPAS software. The information in the finite element model is element, node,
load and boundary conditions. The necessary finite element model information is transferred from
ANSYS to FCPAS software, which contains the enriched finite element solver FRAC3D, and fracture
analyses are performed.

Problem Description

Fig. 1 depicts the loading situation in the solid cylinder and the coordinate system in which the crack is
defined. The case that the loading axis and the horizontal axis of the crack are perpendicular to each
other is an opening mode (mode-I) problem. When the horizontal axis of the crack is rotated by the angle
a, three dimensional mixed-mode loading condition occurs. Thus, in addition to opening mode (mode-
), the sliding mode (mode-I1) and tearing mode (mode-111) components are also activated. For the solid
cylinder, according to the parameters depicted in Fig. 1, the diameter is D, and the half-lenght height is
H. In addition, the parameter that defines the axial tensile load is go. The parameters defining the semi
elliptical surface crack are appointed as crack depth a, crack length 2c, and the angle of the elliptical
surface crack with horizontal axis a. The parameters affecting the mixed-mode SIFs along the crack
front are the crack aspect ratio, a/c, crack depth ratio, a/D, and the deflection angle of the crack plane
with the horizontal axis, . The values of the basic parameters in a solid cylinder have been chosen over
a wide range that can be seen in practice. The values given in the Table 1, which results in 120 different
cases in combination, are used for fracture analyses. It is aimed to create a wide solution library by
creating all combination of all parameters. In all analyses, the crack depth, a, is assigned to have a unit
length.
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(@) ®
Figure 21: Geometry and loading conditions of the problem.

[}

Table 15: The number of cases and analyzed values of parameters.

Parameters alc a/D o Total
Number of Cases 4 5 6 (4x5x6) =120
00
0.25 s 150
05 U5 300
Parameter Values ) 0.25
1.0 05 45°
2.0 0'8 60°
' 75°

Computation of Mixed-Maode Stress Intensity Factors

In this study, mixed mode SIF values are calculated along the crack front using the enriched finite
element method. The finite element models are created in ANSYS APDL (ANSYS, 2009), then the list
of element numbers, node numbers, pressure loadings and boundary conditions are imported into
FCPAS (Fracture and Crack Propagation Analysis System). *.geo file is created with the help of these
lists in FCPAS, then *.run file is created for material information and analysis parameters. Finally,
FCPAS with its FRAC3D solver performs a mixed mode SIF solution using *.geo and *.run files. Fig.
2a depicts the finite element model of a solid cylinder subjected to uniform tension load (a/c = 1.0, a/D
=0.1, «=75°), and presents also a close-up view of the crack region in Fig. 2b. Elements used along the
crack front line are called enriched elements. The edge dimensions used in planes perpendicular to the
crack line are determined as 1/200 of the crack depth (a) or half-surface length (c), whichever is smaller,
to obtain converged results. The element type used in the models was chosen as element Solid-95 with
20 nodes.
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(@) G
Figure 22: (a) View of the global finite element model of a solid cylinder , (b) close-up view of the finite element
model near tensile loads and crack region, a/c=1.0, a/D=0.1 and & =75°.

In Fig. 3, the view of the free surface area and the elements surrounding the crack tip are given. In order
to better understand the elements surrounding the crack front, the image is shown with some removed
element layers. The red-coloured elements are the enriched elements. The isoparametric displacement
formulation of three-dimensional enriched crack tip elements are given in Eq. (1). As can be seen in the
equation, SIF functions for the elements at the crack tip are added to the displacement function in the
finite element formulation. As a result of the finite element analysis of the whole model, both the nodal
displacements and all SIF values along the crack front are calculated directly and simultaneously. The
blue colored elements are seen between the red colored enriched elements and the green colored standard
finite elements and these elements are called transition elements.

Zo in Eq. (1), which is considered as the zeroing function, determines the level at which the enriched
element function will be applied. As seen in Fig. 3, Zo takes value of 1 at the enriched elements, and 1
at the nodes of the transition elements adjacent to the enriched elements, and O at the nodes of transition
elements adjacent to regular elements. N; symbolizes the shape functions of the normal elements, and

u}‘ terms represent the displacement data at the nodal points. Fig. 4, depicts the arbitrarily oriented the
crack front element. fj", g]’-‘ ve h}‘ functions can be found from the asymptotic crack tip displacement

expressions, along with being the displacement components of the opening, sliding (in plane shear) and
tearing (out of plane shear) mode, which are converted from the local coordinate system to the global
coordinate system. A much more detailed explanation related to this subject is available in Ayhan &
Nied, (2002).
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Figure 23: Enriched, transition and regular elements along the crack front near the free surface region;
a/c=0.5, a/D=0.25 and « =30°.
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Solutions of Mixed-Mode Stress Intensity Factors

Verifications of mod-1 SIFs

Before starting to solve the values in the analysis library, cylinder problems related to elliptical surface
cracks in the literature were examined and solutions of the problems obtained from FCPAS were
compared with the literature results. Shin & Cai (2004) have presented solutions with varying crack
aspect ratios in a circular shaft subjected to tension loads. Comparisons were made with the solutions in
the cylinder including elliptical crack be formed with the enriched finite element method. Parameters
are crack depth a, crack surface length b, cylinder diameter D. The FRAC3D solutions were obtained
by modeling the shaft symmetrically. The crack front position represents s=0 the depth point and s=1
the free surface point. Looking at the distributions, it is seen that generally close results are obtained.
For the a/b=1 value representing the semi-circular crack, the difference between the results at s=0 is less
than 13%. In addition, in modeling studies, cylinder half-length heights were taken as 5 times the
diameter and analyses were carried out using FCPAS. The computed mode-I SIFs are normalized by K=
oo(ma)’* and results are given in Fig. 5.

1.20
1.00
0.80
R
e
~ 0.60
Q e FRAC3D a/b=0.0
"""" C.S.SHIN a/b=0.0
[ = FRAC3D a/h=0.3
040 F
L seeees C.S.SHIN a/bh=0.3
e FRAC3D a/b=0.6
b sesess C.S.SHIN a/bh=0.6
0.20 r
L e FRAC3D a/b=1
"""" C.S.SHIN a/b=1
0 00 [ I I I I 1 I I I I 1 I I I I 1 I I I I 1

0 0.2 0.4 0.6 0.8 1

Dimensionless Crack Front Position (s)
Figure 25: Comparison of the results of different crack aspect ratios in a circular shaft that includes crack depth
ratio a/D=0.2 and subjected to tension loads.

Verifications of mixed-mode SIFs

For the solid cylinders subjected to axial stress, specific cases were analyzed with FRAC3D and mixed
mode stress intensity factor solutions were compared. Comparison of results with Teh et al., (2021) are
shown in Fig. 6. While the dimensionless Ki and Ku distributions obtained are viewed quite close to the

results of the literature, it is seen that the results also agree reasonably well in the dimensionless K
distributions.
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Figure 26: Comparison of dimensionless K, Ky, K results for a/c=1.0, a/D=0.1 and ;=45° (Teh et al., 2021).

The Effects of Crack Aspect Ratio (a/c) and Normalized Crack Depth (a/D) On Fracture
Parameters

The situation where the angle between the crack and the horizontal axis is zero produces only Ki values,
and as the angle of deflection increases, Ku and Kii values also occur. The non-dimensional Ki values
calculated for the sliding mode are usually negative. In terms of the tearing mode, usually one of the
half-regions of the K distribution curve is positive and the other is negative. In order to better
understand the graphics, dashed and dotted lines were also exploited. The effects of a/D and a/c ratios
are given in the same graph, taking a mid-level deflected angle as a constant, and representing different
a/c and a/D ratios in each graph (a=45°). Non-dimensional mixed-mode K distributions in order of
analysis are presented in the graphs that follow. Thus, the crack depth ratio changes are shown in Fig.7.,
and the crack aspect ratio changes are shown in Fig.8.
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Figure 27: Dimensionless SIF distributions along the crack front for a/c=0.5 (left side) and a/c=2.0 (right side).
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Figure 28: Dimensionless SIF distributions along the crack front for a/D=0.1 (left side) and a/D=0.5 (right
side). (a) dimensionless K;, (b) dimensionless K;; and (c) dimensionless K.

RESULTS and DISCUSSION

In this report, solutions of stress intensity factor values formed along the crack front for the solid cylinder
models containing 45-degrees deflected semi-elliptical surface cracks under axial tensile load have been
presented. The necessary technical calculations for the stress intensity factors were obtained with
FCPAS finite element analysis software including enriched element formulation. The effects of the
parameters determined as crack depth/solid cylinder ratio (a/D), crack aspect ratio (a/c), on stress
intensity factors were investigated. As the crack aspect ratio remains constant and the solid cylinder
diameter decreases; in other words, as the non-dimensional crack depth (a/D) increases, the
dimensionless K values along the crack front increase. At the same time, although the dimensionless
Ku values are negative, their magnitudes increase. It was also observed that the magnitudes of the non-
dimensional K distributions for a/c=0.5 decreased with increasing non-dimensional crack depth. As
the a/c value increases, the non-dimensional Ki values at the depth point decrease. The magnitudes of
non-dimensional Ku distributions also decrease as the a/c value increases.
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OZET: Tarihi endiistriyel yapilarin degisen adaptasyonlari, belirlenen siirecin basindan itibaren
biitiinciil bir yaklasimla uygun bir karar vermeyi gerektiven kiiciik degisiklikler sayesinde korunur. Endiistriyel
miras binalarimi korumak ve siirekli kullamimlarim saglamak igin etkili bir strateji, uyarlanabilir yeniden
kullanimdir. 20. yiizyildan itibaren endiistriyel miras yapilarinin korunmasi, yapuldiklart donemin sosyal, kiiltiirel
ve ekonomik yagamina agilan bir kapr gorevi gormeleri nedeniyle 6nemli bir konu haline gelmistir. Bu ¢alismanin
amact, endiistriyel miras yapilarimin mimari koruma baglaminda uyarlanmasimn etkinligini ve bu yapilarin
gelecege yonelik strdiiriilebilirligini incelemektir. Tarihi yapilar i¢in karmasik uyarlamali yeniden kullanim
stireci, onlary simdi ve gelecekte kullamim igin degistirirken estetik niteliklerini korumay amaclar. Sonuglar,
uyarlanabilir yeniden kullanim yaklasiminin, bu onemli endiistriyel binalarin korunmasimin yam sira ¢evredeki
alanlarm sosyal, fiziksel ve ekonomik saglig iizerinde ¢esitli ekstra olumlu etkileri oldugunu gostermektedir.
Uyarlanabilir yeniden kullaminun siiregteki yaklagimi ve olasi kullamimlari, bir literatiiv taramasi, istatistiki
veriler, mekansal veriler ve Istanbul'daki Beykoz Deri ve Ayakkabi Fabrikasi vaka calismas: araciligiyla
agiklanmaktadir.

Anahtar Kelimeler: Uyarlanabilir Yeniden Kullanim, Tarihi Sanayi Yapilari, Siirdiiriilebilir Koruma, Mimari
Koruma, Beykoz Deri ve Ayakkabi Fabrikasi

Adaptive Re-Use Of Historical Industrial Buildings In Istanbul

ABSTRACT: Altering adaptations of historical industrial buildings are retained thanks to little changes which
requires an appropriate decision with a holistic approach from the beginning of the process that has been
identified. One effective strategy to preserve industrial heritage buildings and provide their ongoing use is
adaptive reuse. Since the 20th century, the preservation of industrial heritage buildings has become a major topic
because they serve as a gateway into the social, cultural, and economic life of the time they were built. The aim of
this study is to examine the effectiveness of adapting industrial heritage buildings in the context of architectural
conservation and sustainability of these buildings for the future. The complex process of adaptive reuse for historic
structures aims to preserve their aesthetic qualities while modifying them for usage in the present and the future.
Results suggest that the adaptive reuse approach has had a variety of extra positive effects on the preservation of
these important industrial buildings as well as the social, physical, and economic health of the surrounding areas.
The approach and possible uses of adaptive reuse in the process are explained through a literature review, statistic
data, spatial data, and a case study of Beykoz Leather and Shoe Factory in Istanbul.

Keywords: Adaptive Reuse, Historical Industrial Buildings, Sustainable Preservation, Architectural
Conservation, Beykoz Leather and Shoe Factory
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1. INTRODUCTION

In the modern world of architecture, historical buildings in particular are gaining a greater amount of
attention in the context of adaptive reuse. Multiple types of facilities have successfully implemented
adaptive reuse. The adaptations that receive the most attention are generally museums, art galleries,
interactive environments, dining facilities, common workplaces, residential properties, schools, etc.
Apart from these facilities, historical industrial buildings that serve different purposes newly are located
in various parts of the world with their adaptively reused versions.

Altering adaptations of historical industrial buildings are retained thanks to little changes which requires
an appropriate decision with a holistic approach from the beginning of the process that has been
identified. Since the 20th century, the preservation of industrial heritage buildings has become a major
topic because they serve as a gateway into the social, cultural, and economic life of the time they were
built. Industrial heritage buildings are important because they represent and provide a window into
linked historical eras. They should be preserved rather than destroyed because they show the way of life
and culture of those who live there or nearby. Future generations can benefit from understanding their
origins by preserving these heritage buildings and offering them new uses that fit with their location,
scale, and capability. In order to avoid providing incorrect or inaccurate data to following generations,
any functions and interventions made to heritage buildings should maintain their individuality and
architectural identity. One effective strategy to preserve heritage buildings and provide their ongoing
use is adaptive reuse. Adaptive reuse isa reliable solution to destruction and rebuilding since it generates
less pollution and effort and can have positive social effects by reviving well-known landmarks.

Adaptive reuse is a significant approach since heritage buildings have a rich history and contribute to
the identity of a neighborhood, city, or region. The aim of this study is to examine the effectiveness of
adapting industrial heritage buildings in the context of architectural conservation and sustainability of
these buildings for the future. The complex process of adaptive reuse for historical buildings aims to
preserve their aesthetic qualities while changing them for usage in the present and the future. In order
to preserve the historic fabric's cultural value, the planned new function has to be suitable. It is essential
to identify the most suitable application for the context in order to maintain the heritage building's unique
character. To determine the best approach for the adaptive reuse project, the choice of the new
application ought to be founded on a mathematical and theoretical methodology. ‘A successful
adaptation is one that respects the existing building and its historical contexts and adds a contemporary
layer to the heritage building rather than destroying its character,’’ [1] (DEH,2004).

In order to answer the research question that °’ Is adapting industrial heritage buildings an appropriate
conservation strategy?’’ the study conducts the literature review and focuses on this matter and provides
a case study of the Beykoz Leather and Shoe Factory in Istanbul. Accordingly, the objectives of this
study are to investigate the degree of proper treatments and alter as well as potentially beneficial and
detrimental tangible effects on the buildings as a result of the adaptive reuse process; the lifetime of
these buildings concerning adaptation that used this type of reuse strategy, and how the adaptive reuse
method affects the environment in which they are positioned in terms of its physical, social, and
economic well-being.

2. BACKGROUND

Existing industrial buildings were eliminated by newly built ones that were in accordance with
technological advancements as a result of the Industrial Revolution, which began in the mid-20th
century.

The preservation, documentation, and enlightenment of future generations are advised for historical
industrial buildings. They came to be a point of concern because they exhibit the intellectual, cultural,
architectural, historical, and technological aspects of their time. Reusing them in an adaptable way is
regarded being one of the effective methods for preservation, ongoing usage, and maintenance. Due to
several factors, such as the need to conserve the building, there are some hazards and unknowns in the
adaptive reuse process. They might be minimized by taking into account previous reused instances
adapted for a related use and considering potential alternative methods and treatments appropriate for
the qualities of the building to be utilized along with their results.

| 231



/ /

C/ 16. UBAK, 11 - 12 March 2023, Ankara Q
UBAK UBAK

2.1 Industrialization Period in Turkey

The economy of the Ottoman Empire was primarily agricultural from the 16th century until the
beginning of the 19th century, with industrial production being restricted to the requirements of the
authority and army. ‘‘With the initiation of the Industrial Revolution in the western countries, as an
attempt to accord these technological developments, some factories and technical education institutions
were opened, people were sent to Europe to follow the developments, and regulations/laws were set to
encourage establishing industrial production facilities,”’[2][3](Yap1 Kredi Kiiltiir Sanat Yayincilik,
2004),(A.Giz, 1985). ‘“However, desired results could not be achieved, due to underpopulation, wars
and capitulations, lack of technical knowledge, and insufficient transportation and communication
infrastructure,”’ [4] (Z. Toprak, 1985). Industrialization was maintained and expedited during the
Republican era after the 1920s under official regulation. Similar to the rest of the globe, the majority of
the industrial buildings constructed inside the present Turkish boundaries since attempts at
industrialization have been abandoned, particularly in light of the technological advancements made
during the second half of the 20th century. ‘It was determined in an analysis that, by the year 2020, 225
out of 643 facilities identified to be built since the 15th century till 1980 within the current borders of
Turkey were still present, and 75% of the 55 reused facilities were adopted only after 2000,”” [5] (H.Y.
Cakir, 2021).

3. METHODOLOGY

The data was first gathered through a literature review, and the components were identified by
guantitative research. In light of the literature review, components that influence the choice of the proper
purpose for the adaptive reuse of historical buildings have been described. Each component has been
outlined after a review of related published studies. To accomplish the study's aim, the paper utilizes a
number of methods connected to the importance and outcomes of industrial heritage adaptive reuse.

Process1 Process 2 Process 3 ‘ Process 4 ‘ Process 5
Research | Constructing complex Selectiing and determination Comprehensive | Adaptability mechanism | Classifying the adaptive |:
Process [ — _’ :

: | adaptive system framework of factors and constructing evaluation based on of historic builidngs
: of historic builidng evaluation index system factors, rules and weights reuse strategies

Fig. 1. Research Process, (G. Wang & S. Liu, 2021).

The paper follows 3 steps:
1. Formation of the paper’s aim and the research questions

The purpose of the literature review was to address the question: Is adapting industrial heritage buildings
an appropriate conservation strategy?

2. Selection and evaluation of the pertaining studies after scanning the available publications

Data were looked up in the Bahgesehir University Barbaros Library database to address the research
question. A particular search of the keyword ‘‘adaptive reuse of historical buildings’’ was conducted
that resulted in 122 publications. Additional broad search syntaxes were introduced, including
“‘industrial heritage buildings’’ and *‘Istanbul," to enhance the accuracy of the research.

3. Examination of the publications with the arrangement of the literature

10 publications from the assessed literature provide a specific methodological approach for the
assessment of the adaptive reuse process for historical industrial buildings.

4. LITERATURE REVIEW

In today’s world historical industrial buildings have significantly improved the city's aesthetic appeal
and urban regeneration. Historical industrial buildings are notable architecturally for their scale, minimal
decoration, and effectiveness. These essential buildings which are called industrial heritage buildings in
the context of architectural preservation have significant aesthetic value due to the excellent high
reputation of their design, architecture, and planning, as well as the social value that contributes to a
strong sense of identity. The richness and individuality of urban heritage and culture are expressed

categories for adaptive |:
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through the industrial heritage buildings, which serve as significant social aspects and existing resources
for sustainable urban development. For a variety of causes, these historical buildings may become
obsolete. ‘‘Mostly because they are no longer suited for the original function and a new use has not
been identified,”” [6] (Orbasli, 2008). Industrial buildings that are examples of modern heritage should
be conserved and offered new purposes. At this point, heritage buildings can receive support from
architectural preservation on a financial, cultural, and collective level in the context of adaptive reuse.
Adaptive reuse is a desirable method for revitalizing an industrial building's heritage and cultural
significance. Building deconstruction and restoration are alternatives to adaptive reuse since it consumes
fewer resources and produces lower pollution. Reusing and adapting existing buildings has started to
become a growing trend in architectural design. Heritage buildings can be converted into functional, and
reachable areas through adaptive reuse, and new spaces can be created that are compatible with human
habitation.

“The most successful adaptive reuse projects add a contemporary layer that provides
value for the future and also respect and retains a building’s heritage significance,’”’
[7] (DEH, 2004). In the present philosophy and practice of preservation, adaptive reuse
is seen as a crucial method for industrial heritage. By preserving and enhancing
existing buildings in a way that highlights their key qualities rather than removing them,
it is feasible to create diversified surroundings using a variety of construction methods
from various eras. Choosing the best possibilities has increasingly become the center
of debates among decision-making authorities because there are several ways to reuse
historical buildings and since these strategies are adaptable that are demanding an
extensive and clear assessment process.

One of the most important components of maintaining industrial heritage is properly conserving the
characteristics of historic buildings and expanding their benefits while taking into account different
factors including culture, finance, and architectural aspects.

Historical buildings encompass a wide range of target values which are both physical and intellectual,
including social and cultural characteristics as well as the physical construction and surrounding
environment. Therefore, the ranking of the historical building reuse possibilities was directly impacted
by fluctuations in monetary, societal, and environmental aspects.

The design method should be developing and evaluating the adaptive reuse plan for a chosen modern
industrial site. Determining conservation strategies is necessary because the architectural possibility for
adaptive reuse for the intended application should be assessed. For the purpose of determining the best
strategy for a heritage building, structures should be evaluated for each aspect individually.
Implementing the alternate solution for adaptive reuse demands diverse goals and assessment methods
because every historic building demonstrates a geographically different context and a distinct enrollment
value. The background and historical purpose of heritage buildings must always be thoroughly
examined. Heritage buildings must be evaluated individually for each historical value. To provide a
successful adaptive reuse process, the current material ought to first be analyzed, taking into account its
original function, structural qualities, possibilities for sustainable construction, and regional necessities.
The historical industrial buildings’ cutting-edge components and effective designs are routinely
maintained and upgraded, so finding suitable new uses for buildings has emerged as the primary
preservation challenge. Hence, it is important to look into the fabric's physical properties. Additionally,
it is crucial to look further into the neighborhood's needs by assisting them with observations and
interviews. Regarding the lifespan of the adaptive reuse plan, the choice of a new solution based on the
necessities of the neighborhood is crucial.
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Adaptive Reuse Strategies for Historic Buildings
General Strategies (G) Principle Strategies (P)

Architectural ~ G1 Protect the original architectural style; Pinciple component and variables for AN
Noumenon (AN) G2 Comply with the local requirements of ) - _ _
architectural safety and style coordination; Architectural || P1 Decision of the adaptive function based on
G3 Adjust the architectural function to adapt FL,ICt'on multi-agent participantion; o
the demands of different people; AfChéietl‘»tural P2 Inherit the original architectural characteristic
G4 Improve preservation and restoration Architl® rat|| With traditional culture; .
technologies to prolong the life cycle; Renovation || P3 Introduce new techology for renovation......
GS ... Pinciple component and variables for SE
Spatial G6 Improve the spatial quality and identity; EfoF::‘i‘SsL P4 Improve the spatial management to increase
Environment (SE) |G7 Harmonize with surrounding environment; SI altial Y ||the availability for different agents;
G8 Promote spatial accessibility; Q'L)Ia“ty P5 Improve the rationality of §patlal layout and
G9 Strengthen spatial management; Spatial  ||thermal comfort of human beings;
G10 ... Feature P6 Outstand spatial identity and attraction......
. - - Pinciple component and variables for MA
Multi-agents (MA) ' G11 Provide opportunities for public . g . e
participation in adaptive reuse; Historical || P7 Integrate cultural resources to create
G12 Balance investment and benefit among Culture [l historical scenes and atmosphere;
multi-agents; Idi’:t?é'g:t?én P8 Reproduce the scenes in meories through
G13 Enhance multi-agent cooperation; Economic || €W technique, like VR;
G14 ... Benefit P9 Develop the adaptive cooperation modes......

Fig. 2. Adaptive Reuse Strategies for Historic Buildings, (G. Wang& S. Liu,2021).

5. CASE STUDY

With the growth of cities, historical buildings that have long supported the economy but have since lost
their purposes now emerge as ruins in the middle. These buildings would be conserved and utilized to
provide sociocultural amenities if they could be made to function once more. Unoccupied and
abandoned buildings can continue to exist and adapt their new purposes while they were improving
urban life during the process.

The buildings must be altered to meet local demands while preserving their historic significance so that
they can blend in with the rest of the city. By using the example of the Siimerbank Beykoz Leather and
Shoe Factory in Istanbul, this study aims to demonstrate the significance and need for adaptive reuse of
industrial heritage buildings in the urban core. Within this perspective, the factory's location, historical
significance, urban demands, and building's architectural characteristics are considered in this context.

5.1 Siimerbank Beykoz Leather and Shoe Factory

On Istanbul's Asian side, there is an industrial location known as Beykoz that is nearby to the Bosporus.
Beykoz Leather and Shoe Factory were established in Istanbul in 1809. It is well-known for its paper
and glass factories, which were built during the Ottoman era and served as a significant financial hub
for the leather industry. Beykoz Leather and Shoe Factory have grown over time, increased its
production, and turned into a modern factory by adding new parts since the republican period. It was
initially built as a tanning yard and has continued to operate as a factory under different ownership for
various approaches. After the Republic, it continued as Siimerbank Leather and Shoe Factory. It has
developed the city economically and socially and offered new opportunities to the community. The
complex is an industrial settlement that served the city for 190 years. It resides in over 30 industrial
buildings constructed at distinct periods. Production activities at the factory were stopped in 1999 due
to the cost of the factory and the pollution of the Bosphorus. The factory, whose privatization was
determined in 2005, continued to support the creative sector by operating with respect for its cultural
value, and with the filming opportunities in 2005, it turned into a plateau that serves the TV series and
cinema industry. ‘After the privatization of the factory by a private holding in 2004, conservation
authorities were invited and 25 of those buildings and 10000 trees were listed,”” [8] (Semercioglu C.,
2015).
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Fig.3. Representation of the Chronology of Additions of the Structures in Beykoz Leather and Shoe
Factory on the Site Plan, (Ozdemir, 2015).

Due to its historical origin, the Beykoz Leather and Shoe Factory has cultural importance since it offers
a connection to the past and a sense of persistence as one of Turkey's significant historical and cultural
values with a long history of more than 200 years. ‘‘Furthermore, it has a symbolic meaning since it
owns a deep-rooted history as a venue which continued its activities as Stimerbank Beykoz Leather and
Shoe Factory after the proclamation of the republic until 1999, [9] (Alpler, Z. B., Sahin, N. P., &
Dagli, U. U., 2020). It played a crucial part in Beykoz's social and economic context. The crucial
assessment of Beykoz Leather and Shoe Factory has pointed out the Rubber Revision Section for this
study. This part of the factory is representative of its historical and cultural value in the architecture of
industry. The industrial buildings that resist time have continued to exist in this historical region, which
is one of the most attractive parts of the city because of its location.

Yapi No. Islevi Adedi Yapt No. islevi Adedi

B4 Is¢i Kantini 4 — - -

B5:B7:B8 Lastik Isletmesi 1 B43h Deri 1sletmesi’Hamderi 1
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g?E;B%B%BIZ 204_“1 De";_ll llﬂm::lSi _ } B44;B45 Deri isletmesi/Asma kurutma 1
ami ve Hal ati yest : -

Blla:B11b:Bllc Kart Basma 1 - X - - .me'e“ - -

B2 Tastik Isletmes: ok bina 3 B46.B47:B48;B49;B56 Deri |s]elmes!fHamden debagat, 3

BI3 Depo 1 Kurutma, Kesim

Bl4a;B14b Depolar 4 B51;B53:B54 Teknik hacimler 4

Bl5a,B15b Yemekl 4 B52 Teknik Midiirliik + Kiitiiphane 1

B17a;B17b;B17¢;B17d Uriin Satis M ve Depolar 4 B60 Baraka 3

BI18 Soliisyon igletmesi 4 — —

B9 Mamul Ambart 3 Bo6la:Bslh Bal_nmhsc] 1e:_113|lc1]!g1 4

B2la:B21c:B21d Hamderi soguk hava depolart 3 B62 El imalathanesi saraciye, soyunma | 3

B21b Hamderi sofuk hava depolar: 4 B63:B64 Carkhane 1

g;i "ie";iﬂ Servisi 2 B65 B65 Mamul Ambari | 1
mbar i R

B2 Deri i Hamderi debagal |3 ggg‘B T :ga'ﬁe A'}ﬂl’ar _ :

B25.B26 Deri | B ve Kromaj | 2 -BOE;) undura 15letmest

B27.B28:B29.830 Elekirik Santrali ve Kazan Dairesi | 1 B70. B71a;B71b;B71c Kundura Isletmesi 2

B32 L i lojman 2 B71 Dikili Tag 1

B33 Doktor 4 B72 Sosyal Tesis 2

B34 Yonetim 2 B4 Is¢i Kantini 4

B35;B36;B37,B40;B41 Lojmanlar B5:B7:B8 Lastik i$|er_mesi 1

Fig. 4. Beykoz Leather and Shoe Factory Structures’ Function Chart, (Kiigiikerman, 1988).
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Fig. 5. Rubber Revision Building’s Ground Floor Plan and Section Drawing, (Mekan Katalogu from
Beykoz Kundura Offical Website, 2022).

The Rubber Revision Building was built for the Hamidiye Paper Factory in 1893-94 during the Ottoman
period. In the following periods, the structures are called “Rubber Operation and Revision” where rubber
shoe soles are produced. During the Stimerbank period, it was used as the cafeteria and cinema of the
factory in earlier periods. Today, it hosts concerts, catalogs, and advertisement filming. The display area
of this building, which draws attention with its texture, is located in the Carpenter House
(Marangozhane). The spaces can be separated from each other or used together.

o

Fig. 6. Exterior and Interior View of Rubber Revision Building, (Beykoz Kundura Official Website,
2022).

In the past, Beykoz Leather and Shoe Factory had a significant impact on the way of life in Beykoz. For
the residents of the neighborhood, the festivals conducted at the Factory have become significant cultural
occasions. Also, it had an impact on both the physical development of Beykoz and its social and cultural
outcomes. It is conceivable to claim that the factory represents the Republican era's industrialization
effort. Beykoz Leather and Shoe Factory, one of the region's most significant economic drivers at one
point, still retains the imprint of the area's industrial, historical, and sociocultural heritage. The change
of the buildings simply should not be taken into consideration when re-purposing the factory in the
context of industrial heritage. The adaptation needs to be tackled comprehensively and seen as a field
transformation. Decisions that should form a relationship with the buildings' new functions should be
taken in this manner while taking the functions of the structures into consideration. It is possible to add
the building in new structures in aesthetically pleasing ways in addition to giving the buildings a new
appearance and transformation, which maximizes the originality of the area in the context of adaptive
reuse. The possibility of creating a design in the area that combines modern and traditional architecture
while drawing attention to itself should not be discounted.
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5.2. Beykoz Leather and Shoe Factory in Today

Beykoz Leather and Shoe Factory were required to shut down the leather section in 1993 owing to
contamination of the environment and the Bosphorus. The process of closing the factory began in 1999,
and it was sold to a private holding in 2004, while Stimerbank Stores began to close in 2002. The
manufacturing complex began hosting television and film projects under Beykoz Kundura in 2005.
Following this era, this industrial historic building continued to support the creative industries by acting
responsibly with regard to its cultural significance. "Oyle Bir Geger Zaman Ki," the first television series
incorporating street decor, premiered in 2010. Youtube Turkey had its first international event in 2013.
Kundura Hafiza's historical research began in 2015, and Beykoz Kundura's doors were reopened to
former industrial workers as part of the scope of the project.

Fig. 7. Youtube Launch 2013 & Demirane Drawings, (Demirane, Beykoz Kundura Official Website,
2022).

Restore Film Days, Beykoz Kundura's first-ever open-air film event, took place in 2017. Kundura
Cinema began with the renovation of the Boiler Room (Kazan Dairesi), the core of Beykoz Kundura's
cultural and artistic identity. The Russian Cauldron (Rus Kazani) housed a historically significant oven.
The bakehouse's former warehouse is now a movie theater; the bakehouse's former location serves as a
foyer and dining and drinking area. A section of the Boiler Room was converted into a cinema theater
in response to the film screenings organized with the involvement of both employees and residents of
Beykoz during the manufacturing time. A movie theater with Christie brand Digital Cinema Projection,
Spectral cinema screen, and Luis Wassman sound system was developed. Kundura Cinema, with a
seating capacity of 135 people, opened its doors on October 27, 2018, with the first closed special
screenings as part of Unesco Audio-Visual Heritage Day.

Before beginning ticketed screenings in November 2018, it began hosting viewers and introducing them
to the world of Kundura through a variety of pop-up events. Since November 2018, Kundura Cinema
has been presenting curatorial selections that have been frequently refreshed.

Fig. 8. Kundura Cinema, (Kundura Sinema Fig. 9. Kundura Stage, (Kundura Sahne from
from Beykoz Kundura Official Website, 2022). Beykoz Kundura Official Website, 2022).

Kundura Sahne, designed as a theatre, concert, and performance hall, opened its doors in 2020. Kundura
Stage, repurposed from Beykoz Kundura's ancient boiler chamber, is Istanbul’s latest cutting-edge venue
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for modern theatre, dance, and performance. Being part of the industrial cultural history, it draws on the
distinctive aspects of the spaces to create a shifting cultural environment with the audience it attracts
through this method. It is a location where creative practices collide, where international and local artists
share the stage, where multidisciplinary works are performed and developed, and where spectators will
confront strong viewpoints on a variety of unique performance forms and methodologies.

6. RESULTS AND DISCUSSIONS

Making decisions on adaptive reuse is influenced by a variety of elements, all of which must be carefully
considered for a successful project to be completed. These elements include analysis of decision-making
criteria for adaptive reuse, analysis of examples of adaptive reuse in various cultural contexts,
examination of current fabrics, choosing appropriate conservation strategies, identification of
possibilities for adaptive reuse, and decision regarding a possible new function. The aspects that are
mentioned are what have an impact on the process of adaptation and reuse. The final project which
offered for adaptive reuse has to be sustainable from a societal, financial, and environmental perspective.

It is crucial to identify the original use when choosing the most appropriate course of action. Finding
the most suitable new use for the heritage building requires careful analysis of its physical attributes.
Geography, the scale of the structure, construction method and component locations, building materials
and techniques, number of stories, type, era, physical state, spatial organization, ornamental facade
qualities, and natural light are all included. Before deciding on a new adaptation, each of these criteria
needs to be carefully examined. Defining historical values is the other crucial decision-making aspect
that has a variety of influences on the choice of a new function. After that, the neighborhood's demands
should be assessed to determine the best use for the historical buildings. In order to establish relevant
solutions for the building for continuous adaptive reuse, it is essential to understand the potential of the
building. Decisions regarding the new usage strategies should be made after all steps in the decision-
making process have been evaluated. All of these considerations should be taken into account
simultaneously in order to determine the best approaches for heritage buildings. A management plan
should be created by the professionals as the last stage following the decision to move forward with the
new use.

7. CONCLUSION

This study finds that adapting industrial heritage buildings into creative hubs of production is a better
option, particularly when accomplished permanently, and presents the design and implementation from
the beginning. The evaluation of the literature for this study revealed that choosing an acceptable
function and projecting its future efficiency are crucial and vital issues from the viewpoint of many
researchers. Findings suggest that the adaptive reuse strategy has had a variety of extra benefits for the
preservation of the historically important structures as well as the social, physical, and economic health
of the surrounding areas. The study concludes by saying that cultural value is preserved because there
are few exterior aspects that have changed. It has been revealed that distinct ages of buildings with
different spatial configurations and scales have had different effects on their adaptive reuse. As a result,
the adaptive reuse of buildings has improved the livability and environmental performance of
surroundings. According to this study, an adaptive reuse strategy raises awareness of historical industrial
buildings. In this context, adaptive reuse involves not only giving historical industrial buildings new
uses but also recommending suitable ways for decision-makers to maximize the benefits of cultural
continuity and environmental enhancement. To determine the most suitable reuse strategy for heritage
buildings, careful consideration of the adaptive reuse's multiple aspects should be made during the
decision-making process. An enlightened workflow for a specific new purpose or a specific building in
adaptive reuse projects, particularly those that involve heritage buildings, can simplify the process and
remove ambiguity and hazards by looking at equivalent previous examples through a methodical
database. By utilizing the already existing structures, the adaptive reuse of heritage buildings contributes
to the development of sustainable environments. On the other hand, conserving heritage buildings,
particularly industrial ones, and providing them with fresh breath, assures the preservation of cultural
identity. The outputs of this study could help the conservation methods and adaptive reuse transition to
more environmentally friendly methods, plans, and outcomes. It is intended that this study would help
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scientific collaboration as well as additional investigation and evaluation of incidents similar to this one,
especially in Turkey.
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ABSTRACT: The importance of space comes mainly from its context regardless of its size and type, the
environment that surrounds the area and the atmosphere that it offers is what determines its quality. Nowadays,
the need for urban spaces is increasing rapidly. City centers have countless empty spaces that have no use or
function, these spaces are normally defined as Neglected Spaces. They have mostly ignored spaces that might have
been lost throughout the time of their original function, their users and inhabitants, and moreover, their value.
Therefore, these neglected spaces are likely to become a breeding ground for criminal behavior that threatens the
safety of new inhabitants and visitors. Redesigning those neglected spaces can offer new opportunities for
remodeling a city’s design and appearance. In addition to that, assigning new functions for those areas enhances
the way an area is used and offers a pleasant experience for its users. The effects of neglected and un-designed
urban spaces on the rise in crime rates need to be better understood. Therefore, this study contributes to
understanding the relationship between neglected spaces and crime rates. It will first identify the meanings of
neglected spaces, where can they be found, and how they attract criminal behaviors. Then, it will demonstrate the
advantages of redesigning those spaces against any criminal act. In addition to that, it will also illustrate the
meaning of crime and criminal behavior, how it is developed in neglected areas, and what design methods are
used in order to minimize the number of criminal acts occurring in those areas. This research uses qualitative
data conducted from different case studies that share the same aim. The study will also suggest redesigning
techniques to reuse neglected areas and make them beneficial.

Keywords: Neglected Spaces, Criminology, Safety, Quality, Redesign

Introduction

During the process of the city’s expansion, the changes in functions and zoning may contribute to the
rise of neglected spaces. Therefore, numerous numbers of unoccupied and unused lands can be spotted
easily in different cities. The concept of neglected spaces carries several meanings, whether it is the
leftovers, the unused parts, the spaces that have no defined function or purpose due to poor planning,
losing the main purpose or the disappearance of the main users, and finally, cities expansion.*

In addition, the term crime also carries various definitions, whether a serious or a petty crime; the list is
long, and it needs to be well-identified and customized according to the context.?

Therefore, the aim of the study focuses on assigning new functions to the neglected urban spaces as it
would not only affect its context and change people’s experiences while using the space but will also
contribute to providing a safe environment within an urban space.

L yu Hui Sung, B. (2009) “New uses for neglected spaces” Landscape Architecture. Texas Tech University. pp. 04 - 05.

2 Paul, Van Soomeren. (2013) “Tackling crime and fear of crime through urban planning and Architectural Design” Crime
Prevention through Environmental Design. Amsterdam, The Netherlands. pp. 05— 06
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Methodology

The collected data for this exact research study includes a set of case studies performed by us and other
authors that showed their concern in this specific topic. In addition to that, literature reviews, site
analysis, and landscape architectural techniques will also be a method of carrying out this study to
identify neglected spaces first and suggest ways of redesigning them.

Neglected Spaces

According to Damashkieh (2022), Neglected spaces are lands that have been forgotten by the users and
the government making these land gaps scattered around the city.® These areas can have negative effects
on the urban landscape as it decreases the quality of life, and increase criminal activities and fear of
crime. From another perspective, as indicated by Yu Hui Sung (2009), Neglected spaces are more than
ignored spots; they can be abandoned spaces or even incomplete walkways. Nowadays, even some
private lots have become ignored and neglected due to low maintenance. Well-designed and planned
urban spaces attract high-quality interference and stand against criminal behaviour. Therefore, if we can
redesign neglected spaces concerning their context, we can provide much safer spaces resistant to
criminal acts.

A good urban space will not only add to the visual image of the city but will also simulate human
interactions and offer flexibility and safety. Therefore, a key design in neglected spaces is to insure that
there is high connectivity between different streets and neighborhoods. According to Jane Jacobs (2016),
urban spaces provided more safety when there were more eyes looking at the street, the idea is to attract
people’s attention to the life of the street in order to monitor it. Where there are no “eyes on the street
urban spaces are neglected and thus, less likely to be safe.

Disadvantages of neglected spaces:

- A waste of valuable space in the urban context, especially in the city centers, where the prices of land
are getting higher than usual due to huge demand and economic growth.

- Due to those spaces being ignored and left with no purpose, they do not add to their surroundings or
to the city. Therefore, it created a huge loss in space opportunities

- Having neglected and ignored areas can attract all kinds of illegal and criminal behavior that can harm
the city generally and visitors specifically.

- Distorting the city’s appearance and visual quality.
Crime

Crime is a delinquent act that is defined as breaking rules. These rules vary throughout the difference of
place and time. Rules are usually defined by the standard morals of human beings.*
Big cities around the world have been the center of attention for many tourists and visitors from rural
areas due to the wide range of opportunities offered there, the financial power, culture, and tourism.
Besides the fact that this has a positive outcome for the city itself, but it carries many underlying risks
and issues related to coping with the newcomers, offering the required amount of quality and affordable
housing, as well as a variety of job opportunities. If the process fails to meet the needs of the users in
large cities it is often due to a lack of social coherence and social networks.> Eventually, a decrease in
the quality of life will occur and lead to people seeking their needs through illegal acts.

Benefits of redesigning neglected spaces:

- Assigning new functions will benefit those areas, no matter what that function is going to be, as it will
give it a purpose and attract visitors who are going to feel more involved according to the different
activities offered there.

3 Malek Damashkieh . (2022) “Reviving the neglected urban spaces using recreational facilities” Architecture and Planning
Journal. Beirut, Lebanon. pp. 01 — 02.

4 Salah Eddine, Missi. & Maged, Youssef. (2018). “Architecture against Crime”. Beirut, Lebanon.

5 Paul, Van Soomeren. (2013) “Tackling crime and fear of crime through urban planning and Architectural Design” Crime
Prevention through Environmental Design. Amsterdam, the Netherlands. pp. 01— 02.
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- Eliminating all the dangerous factors of the area by providing a safer environment. This way the
neglected space will no longer be a possible risk area for the visitors as it will also minimize their fear
of crime.

- Serving the people’s needs and demands. This can be achieved by doing a site analysis and responding
to the missing points and the user’s profile.

- Enhancing the city’s look and visual quality.

- Can be designed as a new public area where there are not enough public open spaces as it is essential
to have a gathering point for every number of buildings, as it will decrease the heavy traffic from the
main public area of the district and group people in smaller numbers.

- Encourage greenery and provide parks or pocket parks when there are not any. This will improve
Oxygen quality and will provide a relaxing atmosphere for the users.

Case studies:
1- Cohen Alley in San Francisco:

Cohen Alley is a dead-end street in the Tenderloin neighbourhood of San Francisco. This alley is located
between 2 buildings. It used to be neglected and used to attract dumps, defecation and drug use which
is considered criminal behaviour. Therefore, the Luggage Store Gallery, which is located next to this
alley, consulted with neighbours about how to retrieve this alley as a community art space. The aim was
to create a beneficial, healthy and appealing atmosphere. They removed the asphalt in a couple of spots
to plant trees. This helped soften noises in the neighbourhood and cooled the air.

This project illustrates the importance of greenery and how it can convert a neglected street into a
national forest (Melcher, 2008).°

In addition to that, Cohen Alley Street started also attracting artists as it offers them spaces to meet and
collaborate which has led to the emergence of an artistic community in the neighbourhood in conclusion,
drug dealers that used to visit this street daily started vanishing out of respect for the newly designed
space.

Figure 2.1. Luggage Store Gallery- the Figure 2.2. Luggage Store Gallery- the present
previous condition condition.

2- The High Line in Manhattan:

The High Line is a public park on the west side of Manhattan, New York. Back in the day, the High
Line was originally an elevated train railway. It was abandoned and neglected any functions or uses
since 1980. In advance, filled with many negative factors and hosts a nest for criminals to commit illegal
acts.

6 Carrie, sisto. (2017), “Hidden Gem: Inside the Tenderloin National Forest” Cohen Alley.

| 243


http://www.luggagestoregallery.org/2009/12/cohen-alley-1989-2009/
http://www.luggagestoregallery.org/2009/12/cohen-alley-1989-2009/

/

(-/ 16. UBAK, 11 - 12 March 2023, Ankara (-/
UBAK UBAK

/

Collaborative work was proposed by Diller Scofido and Renfo with the urban planner and Landscape
architect James Corner, to revive the abandoned railway and assign a function for it in order to attract
people to it and moreover, enhance the overall visual image of the city.

Essentially, Corner’s plan was to divide the High Line rail into sections rather than changing the railway
into a park at once. Each section provided different activities and experiences.

In addition to that, the High Line railway kept many of the original features. For example, tracks from
the original train railway can be found along the line of walking, also some of the plant life that inhabited
the railway when it was abandoned was also trimmed and kept there.
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Figure 3.1. The original tracks of the old train Figure 3.2. The High Line project extended
railway. between the buildings.

3- Akaretler District in Istanbul:

Akaretler is a district located in the city of Istanbul, Turkey. It consisted of a collection of row houses
which is located on the intersection of the Sair Nedim and Siileyman Seba streets in the Besiktas district.
Due to its central location and historical heritage, Akaretler is considered an area that holds huge
potential.

By the beginning of the 1980s, according to Ronael (2019), Akaretler had faced many physical and
social issues, the inhabitants and the users of the area felt unsafe as it lacked safety and security. ’
Therefore, the ministry of culture and tourism suggested a new plan for the restoration of row houses
(Milliyet Newspaper, 1980).

The reconstruction project went through several changes due to continuous changes in the requirements,
but in the end, the area has witnessed a radical transformation as it has been converted into an art and
design district.

" Mehmet Ronal. (2019) “The case of Akaretler row houses” Residents’ experiences of a gentrified neighborhood in Istanbul.
Istanbul, Turkey. pp. 22-23.
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Figure 4. Akaretler row houses before and after restoration. (Bilgili Holding)

Inhabitants who lived in the area for more than 30 years have confirmed that the restoration has been
successful in changing the visual quality of not only the district but also Istanbul as a city. They were
also pleased with how their own properties have been positively affected. Inhabitants are feeling safe as
they walk through the high-quality streets of Akaretler.

At the present time, the blocks that have served previously as shops and boutiques have been
transformed into branded restaurants, cafes, and art galleries. The area now hosts upper-middle and
upper-income groups as well as a diversity of visitors from all over Istanbul.

4- Superkilen Park in Copenhagen:

Superkilen Park is a public space located in the Norrebro district of Copenhagen. Norrebro
neighborhood hosted several types of crime, protests, and riots. Therefore, the aim here was to create an
open space that promoted acceptance of different religions, ethnicities, races, and languages in order to
upgrade the district and inspire other cities facing similar challenges.

A collaboration between architects, landscape architects, and artists was the reason for the emergence
of such a creative and aesthetically pleasing public space.

The park is divided into three different zones; Marked out by three different colors:

- The red zone: an extension for sports and cultural practices. The material used was in reddish tones.
On weekends it hosts a market that attracts many people.

- The black zone: an outdoor “living area” where people gather and meet for different activities. Full
with wavy white lines that direct the users as well as curves around the existing elements.

- The green zone: a park for picnics that served the people their need for more green spaces.
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Figure 5.1. The three zones of the Photographs above are taken by
Superkilen Park Torben Eskerod.
Findings

Neglected spaces can attract many negative factors and crime is one of them. Redesigning those areas
is a must in order to reduce crime rates. Therefore, different ways and methods can be used in order to
retrieve those abandoned areas; those methods can be:

- Increasing the green elements in order to decrease the noise and purify the air as well as keep an area
from looking neglected.

- Natural surveillance by connecting all the outdoor elements to each other through a landscape design
that allows the people to see, and therefore monitor the area.

- Maintenance is an important tool that needs to be practiced occasionally in order to express the
ownership of a certain space.

“The Broken Window” theory could be used as a useful tool in order to understand the importance of
maintenance in preventing crime. According to Wilson & Kelling (1982), the presence of a broken
window in a specific territory will encourage deviants to brake more windows.* Therefore, the sooner
a broken window is fixed, the less likely it is that such criminal behavior will occur.

Conclusion

Neglected spaces are spaces that have been abandoned by their original inhabitants, leftover parts of the
city, or spaces that get generated due to the city’s expansion. These spaces have many negative factors
that affect the people and the overall visual image of the city. It also attracts illegal and criminal acts
despite the type of crime that might occur. This will affect the spaces as it will generate fear of crime
for the users, distort the city’s visual quality, and minimizes the opportunities for a better space.

Working on redesigning these neglected spaces and assigning them new functions can help reduce the
crime rates in these areas as well as enhance the quality of the atmosphere that each area provides. The

! George L. Kelling & James Q. Wilson. (1982) “Broken Windows: The police and neighborhood safety”. Washington, D.C.
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methods of redesigning those neglected spaces can differ depending on the demands of the people in
these areas and on the analysis that needs to be carried out before starting the design process.
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OZET: Post modern diinyada teknolojinin hzli gelisimiyle birlikte teknolojive kolay erisim hareketliligin
kapasitesini genisletmekte, gercek ve sanal diinyada yeni mekanlar tiretmektedir. Giiglii teknolojik alt yapiya sahip
ve bircok aktivite ve eylemin ger¢eklestigi sanal mekanlar kullanicilarin mekana yaptiklar: katilimlarla etkisini
artirarak giinliik hayatin belirleyici dinamiklerinden biri olmaktadir. Eglenme, bos vakit gecirme, arkadas edinme,
calisma ve karsilikli bilgi paylasim gibi sanal sosyal aktivitelerle kullamlan sanal mekanlarin kullanim siiresi
giderek artmaktadir. Dolayistyla ¢cagin baslica temsil mekanlarindan biri olan sanal mekanlar giinliik mekansal
pratiklerin vazgegilmez bir ortami olmaya baslamistir. Bu baglamda sanal mekanlarin bilesenlerine ayrilarak
coziimlenmesi beden ve yerle iligkisinin ortaya konmast agisindan énem arz etmektedir. Bu ¢alismada sanal
mekanlarin toplum, mekan ve yer iliskisi mekan tartismalar: ve literatiirdeki farkli kaynaklarin yorumlar:
tizerinden irdelenmistir. Metaverse orneklemi iizerinden sanal mekanlar Henry Lefebvre’ iin mekdnsal ti¢liisti
aracihigla ¢oziimlenmistir. Sanal ortamlar sosyal medya oyunlarinda goriildiigii gibi sanal sosyal aktivitelerin
disinda ayni zamanda onemli bir tiiketim mekanidir. Fiziksel temasin olmadigi sanal mekanlarda cografi mesafe
kisalsa da bedensel mesafenin artmast sosyal iligkilerin daha yiizeysel yasanma ihtimalini de beraberinde
getirmektedir. Yer hissinin bedenin mekani deneyimi sonucu ortaya ¢iktigr diistiniildiigiinde sanal mekanlarmn
birden fazla fiziksel algiyr harekete gegiren teknolojik donanimlarla desteklenmesi bedeni daha aktif hale getirecek
ve sanal mekanda yer duygusunun olusumunu olumlu etkileyecektir.

Anahtar Kelimeler: Sanal Mekan, Sanal Toplum, Metaverse, Henry Lefebvre, Mekansal Uglii

An Analysis of the Virtual Space-Body-Place Relationship Through the Metaverse, the Digital Twin of the
Physical World

ABSTRACT: With the rapid development of technology in the post-modern world, easy access to technology
expands the capacity of mobility and creates new spaces in the real and virtual world. Virtual spaces, which have
a strong technological infrastructure and where many activities and actions take place, become one of the
determining dynamics of daily life by increasing the impact of users with their participation in the space. The
duration of use of virtual spaces, which are used for virtual social activities such as having fun, spending free
time, making friends, working and sharing information, is gradually increasing. Therefore, virtual spaces, one of
the main representation spaces of the age, have become an indispensable environment of daily spatial practices.
In this context, the analysis of virtual spaces by separating them into components is important in terms of revealing
the relationship between body and place. In this study, the relationship of virtual spaces to society, body and place
is examined through space discussions and interpretations of different sources in the literature. Virtual spaces are
analyzed through the spatial triad of Henry Lefebvre through the metaverse sampling. Virtual environments are
an important consumption space apart from virtual social activities as seen in social media games. Although the
geographical distance is shortened in virtual spaces where there is no physical contact, the increase in physical
distance brings the possibility of social relations to be experienced more superficially. Considering that the sense
of place emerges as a result of the experience of the body's space, supporting virtual spaces with technological
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equipment that activates more than one physical perception will make the body more active and positively affect
the formation of the sense of place in the virtual space.

Keywords: Virtual Space, Virtual Society, Metaverse, Henry Lefebvre, Spatial Trinity

GIRIS

Postmodernizmle birlikte ekonomik, siyasi ve sosyal yapida ¢ogulcu, farkliliklar igeren ve bireyin
Ozgiirligiinii savunan bir ortam olugmustur. Modern sonrasi donemi hipergergek olarak agiklayan
Baudrillard' a gdre postmodern diinya gergekligin yanilsamalarindan olugmakta ve gerceklik
simiilasyonla yeniden iiretilmektedir. Ozellikle teknolojinin gelisimi ile farkli gergeklik teknolojilerinin
kullanilmaya baslanmasi hipergergek anlayisini daha grift hale getirmistir. Bu durum Postmodern

insanin diger alanlarda oldugu gibi zamanla gercek ve hiper gercek arasindaki ayrimi yapamamasini
beraberinde getirmistir (Dumlu, 2021).

Post modern donemde 1sik ve hizin egemenliginde zaman ve mekan referansh diisiiniimselllik
gecerliligini kaybetmektedir (Aytag, 2017). Teknik ve teknolojik gelismeler sonucu zaman ve mekanin
Ozgiirlesmesi zaman ve mekan algisinda kopmalar yagsanmasina sebep olmaktadir. Zaman ve mekéandaki
kisitlamalarin azalmasiyla post modern dénem siireksiz, diizensiz ve kaotik bir nitelige doniismiistiir
Teknolojinin zaman ve mekan algisin1 degistirmesi sosyal hayatin dinamiklerini de etkilemektedir
(Ozkazang ve Esentiirk, 2020). Coklu kimlik olgusu ortaya ¢iknus ve sonucunda birey Postmodern
diinyamn kiiresel smirsizlign ile farkli ortamlarda farkli kimliklerle var olmaya baslamistir (Dumlu,
2021).

Ulasim, bilgi ve iletisim teknolojilerinin gelismesi ile cografyadan kopuk sabit olmayan "sanal
mekan"lar tiiremistir. Sanal mekanlar teknolojinin kullanimimi simirlandiran ve yonlendiren fiziksel
mekanlardan beslenmesine ragmen gercek diinyadaki kisithiliklardan siyrilan bir tasarlama ortamina
sahiptir (Giizelkahraman, 2019). Gergek diinya ortamini taklit eden sanal ortamlarda mekan, zaman,
mekanik ve diger maddi fiziksel ortam ve yasalar gecersiz olup fiziksel gergekligin sinirlari asilmaktadir
(Milgram ve Kishino, 1994). Kullanicilar i¢in 'yerlere' doniisen sanal mekénlarda gergek mekamn
parametreleri sanallikla birleserek bagkalagmaktadir. Foucault (2005) boyle mekanlari heterotopya
olarak ifade etmektedir. Foucault heterotopik mekanlarla ilgili alt1 ilke belirlemis ve her ilkeyi alti
mekan iizerinden betimlemistir. Sanal mekanlar bu alt1 ilkenin tiimilyle iliskili oldugu icin yeni bir
heterotopik mekan olusturmaktadir (Ozkazang ve Esentiirk, 2020). Tanyeli’ ye gdre bu mekanlarda
simiile iligkiler, yaratilmus kimlikler ve simdi algisinda kaybolan bir tarihsellik mevcuttur (Tanyeli,
2000).

Sahtenin gerceklik algisinin artmasi ve iletisim olanaklarimin simirsizligi sanal mekanlarla olan
etkilesimi giin gectikge artirmaktadir (Sucu, 2012). Covid 19 Pandemi déneminde kullamm artan
cevrimigi sosyo-Kkiiltiirel ve teknolojik ortam neticesinde sanal mekanlarin kullanim artmis ve giinliik
yasantimiza sanallikla ilgili yeni kelimeler eklemistir. Lee’ ye gdre neredeyse her 10 yilda bir bilgi ve
iletisim teknolojileri bir paradigma degisimine ugramaktadir. 1990’ larda bilgisayar ile iletisim, 2000’
lerde web, 2010’ larda mobil iletisimde degisimler yasanmustir. 2020° lerdeki degisimin anahtar
kelimesi ise “’Metaverse’” diir (Lee, 2021). *’Fiziksel diinyanin dijital ikizi’> veya °’Giinliik yasamin
dijital katman1’’ olarak tanimlanan Metaverse AR/VR/MR teknolojilerinin ve iceriklerinin genisledigi
(Lee, 2021) ve farkli dijital ortamlarin birlestigi kurgusal bir mekandir (Lee vd., 2021). Metaverse “’3D
oyun’’ ve’’3D deneyim’’ den daha fazlasi olup gergek diinyayla baglantili baska bir diinyadir.
Glintimiizde Metaverse’ iin egitim, iletisim ve etkilesim, ticari, kiiltiir, sanat, oyun amagl kullaniminin
yaninda metafiziksel ¢ok katmanli diinya goriisii, 3B sanal diinya ve avatarlarin tasarim mekanizmasiyla
ilgili gesitli aragtirmalar yapilmaktadir (Lee, 2021).

Bu ¢alismada sanal mekanlarin toplum, beden ve yer iliskisi mekan tartigmalari ve literatiirdeki farkli
kaynaklar {izerinden irdelenmistir. Metaverse 6rneklemi iizerinden sanal mekanlar Henry Lefebvre’ {in
mekansal tigliisii araciligiyla ¢6ziimlenmistir. Sonug olarak ¢cagin baslica temsil mekanlarindan biri olan
sanal mekanlar giinliik mekansal pratiklerin vazgecilmez mekan olmaya baslamistir. Gergek yasamda
yapilamayan birgok aktivite ve eylem sanal diinyada gergeklesmektedir. Eglenme, bos vakit gecirme,
arkadas edinme, calisma ve karsilikli bilgi paylasimi gibi ¢esitli islevlerle (sanal sosyal aktiviteler)
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kullanilan sanal mekanlar giderek bagimlilik yaratmaktadir. Fiziksel temasin olmadigi sanal mekanlarda
cografi mesafe kisalsa da bedensel mesafe artmaktadir. Bu durum sosyal iliskilerin daha yiizeysel
yaganmasi ihtimalini de beraberinde getirmektedir. Sanal diinyay:1 tasarlayanlar yer duygusunun
olusumundan sorumludur. Mekéanin bedenle deneyimlenmesi ve mekana yiiklenen anlamlar sonucu
mekanlar yere doniiglir. Sanal mekanlarn yere doniisiimil i¢in bedenin daha aktif kullanimi énemli
olmaktadir.

SANAL MEKAN-BEDEN-YER iLiSKiSi

Sanayilesme doneminde mekanik kentler, teknoloji doneminde sanal kentler insa edilmistir.
Giliniimiizde dijital ve sibernetik teknolojisi ile dijital/akilli kentler insa edilmeye baglanmistir (Dag,
2020). Akilli binalarin tasarlanmasi ile sanallik kavrami mimarlik diizlemine taginmigtir. Mimarlik
kuramcist John Rajchman' a gore sanal mekén duvarlarla ¢evrilmeyen, ekranda bilgi parcalar1 gibi
hareket eden imgelerden olusan ve bireyin sanal ortamda baska zihinlerle irtibatta olmasini saglayan bir
zihin mekamdir. Sanal mekanda islevler mimari ¢oziimlerden ziyade bilgisayarlar yardimyla sanalligin
mekana dahil edilmesiyle yerine getirilir (Rajchman, 1998). Bedenin kisitli oranlarda kullamldig: sanal
mekanlarin bedene mecburiyeti yoktur. Baudrillard' a gore "teknoloji bedenin uzantist" dir (Baudrillard,
1994). Teknoloji bireyin bedensiz zihnidir ve sanallik aracilifiyla mekan ve zamandan bagimsiz bir
sekilde dis diinyayla baglantisin1 saglamaktadir (Kagmaz ve Uluoglu, 2010). Sanal mekan veri agindan
olusan ve beden yerine bilingle deneyimlenen etkilesimli dijital bir habitattir. Bu habitatta beden ve
gercek mekan etkilesimi azalmakta, kisi ag sistemi lizerinden Oolgiilebilir uzakliklarn o6tesine
gecmektedir (Ulkeryildiz ve Uslu, 2021).

Merleau-Ponty' ye gore "Bedenimiz olmasaydi mekanlarda olmazdi". Bedenle deneyimlenen mekana
dair olusturulan zihinsel kodlamalar mekansal algiy1 sekillendirmektedir (Ozkazang ve Esentiirk, 2020).
Algilama edimi hem psikolojik hem de sosyolojik bir olgu olup kisiye gore farklilagmaktadir. Alg: digsal
faktorlerin etkisiyle yonlendirilebilir ve kontrol edilebilir (Siiar, 2017). Sanal ortamlarda olusturulan algi
yanilsamast ile yeni bir ger¢eklik ortamini deneyimleyen kullanicinin fiziksel mekanla bag kopmaktadir
(Siiar, 2017). Sanal mekan algisi teknoloji ve beden iliskisine gore sekillenmektedir (Ozkazang ve
Esentiitk, 2020). Artirllmug gerceklik/AR teknolojisinde sentetik takviyeler (gozlik, baslik, saat,
ayakkabi, kulaklik vb.) ger¢ek mekana eklemlemektedir. Sanal gergeklik/VR teknolojisinde gergek
diinyamn zaman ve mekanindan bagimsiz sanal bir gerceklik yaratilmaktadir. (Bimber ve Raskar,
2004). VR ortaminda temel amag¢ katilimcilarin yapay ortamin ger¢ek oldugunu ve sanal ortamda
gercekten var olduklan izlenimi olusturmaktadir (Milgram ve Kishino, 1994). VR nesneleri sanal
ortama getirip kullanmicinin kendisini onlara kaptirmasina izin veritken, AR ger¢ek diinyaya bilgi
eklemektedir. Nesnelerin iginde AR ve VR etkilesim se¢eneklerinin birlikte bulundugu durum MR yani
Karma Gergekliktir (Lee, 2021). Genisletilmis gerceklik (XR) teknolojisi ise diger gergeklik
teknolojilerini kapsayan semsiye bir terimdir. Ug boyutlu gorsellestirme ve ara yiizler fiziksel diinyanin

sanal ortama dahil edilmesini ve sanal bilesenlerin fiziksel diinyaya eklemlenmesini saglamaktadir
(Andrews vd., 2019).

Jean Baudrillard, simiilasyon kavramu ile asir1 uglar arasinda gidip gelinen yeni bir evrene isaret eder.
Baudrillard “ilkel toplumun maskeleri, burjuva toplumunun aynalar1 vardi. Bizimse imgelerimiz var,”
der (Baudrillard, 1998). Gergek olan maddeseldir ve fiziksel bir varli§a sahiptir. Temsil gergege
referans verir ve onun anlamimi veya kavramini yansitir. Sanal olanin ise fiziksel bir varligi
bulunmamakla birlikte ger¢ege de referans vermemektedir. Sanallik kendi gercegini olusturmustur
(Baudrillard, 2001). Hakiki olamin yerine gecen simiilakrlarin diinyasinda gergek ile sahte arasindaki
ayrim anlamsizlasmaktadir. (Baudrillard, 1998). Hakikat sonrasi ¢cagda sibernetik mekéanda hakikat ile
sahte arasindaki fark giderek bulaniklagmaktadir (Celik, 2021). Belirli bir goriintiileme durumunda
sunulan nesnelerin karisimindan olugan sanallik siirekliliginde gercek ortam ve sanal ortam ug
noktalarda yer almaktadir. Gergek ortam nesnel bir varliga sahip ger¢cek nesnelerden olugmaktadir.
Gergek sahnelerin dogrudan gozlemlenmesi ya da elektronik goriintiileme sistemi araciligiyla
gosterilmesidir. Sanal ortam ise bir tanim veya model araciligiyla simiile edilen, bi¢imsel veya fiili
olmayan sanal nesnelerden olugsmaktadir (Milgram ve Kishino, 1994). Sanal gerceklikte gercek
durumlar bilgisayar tarafindan olusturulan simiilasyonlarla yeniden iiretilmektedir (Siiar, 2017).
Bilgisayarda olusturulan modellerde sayilar ve iliskilerden olusan degisik soyutlama diizeyleri
bulunmaktadir. Arayiizler bilgisayar modelleriyle etkilesimi saglayan ve hafizadaki modeli kullaniciya
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¢ikt1 olarak sunan araglardir. Programlar arayiizler araciligiyla sembolik olan modeli gercekgi ikonik
modele doniistiirerek kullaniciya sunmaktadir. Bu baglamda sanal gergeklik sembolik model ile ikonik
arayiiziin olusturdugu gergeklik duygusu olarak tariflenebilir (Baykan, 2002).

Bireyin mekanla kurdugu iliski, yasanilan deneyimler ve mekana yiiklenen anlamlar mekanin yere
doniistimiinii etkilemektedir (Ghulyan, 2017). Mekanda sekillenen bireysel ve sosyal iliskiler sonucu
mekan katmanli sosyal bir boyut kazanmakta ve zamanla bellegin bir pargasi olmaktadir (Giirkas ve
Barkul, 2012). 21. yiizyilda teknolojinin mekanlart doniistiirmesiyle birlikte yer duygusu degisip
doniisime ugramustir. Modernizmle birlikte yerden bagimsizlasip soyutlasan mekanlarin aynilasarak
metalagmasi (Kogyigit ve Gorbon, 2012) kullanicinin mekani1 deneyimlemesi ile olusan yer duygusunu
olumsuz etkilemektedir. Yerler fiziksel mekanlarn Gtesinde iliskilerin, hislerin ve deneyimlerin
mekamdir (Ozkazang ve Esentiirk, 2020). Yer fiziksel olandan &te tamsikhik, iliskisellik, aidiyet ve
varolus sebebi gibi soyut kavramlari iceren zihinde bir deneyim olabilir. Buna gore yer bedenden
bagimsiz olabilmektedir. Sanal ortamda sohbet eden veya oyun oynayan kisi bedenini ¢ok az
kullanmasina ragmen ekran karsisinda olmak kiside tanmidiklik, giiven, rahatlik gibi duygulari
yaratabildigi i¢in mekanla kurulan iliskinin zay1f olmasiyla birlikte yer hissinden bahsedilebilir (Leach,
1997).

SANAL TOPLUMUN BiR URUNU OLARAK SANAL MEKAN

Fransiz diistiniir Henri Lefebvre’ nin toplumsal mekan tanimi yerin tanimiyla benzerlik tasimaktadir.
Lefebvre mekam algilanan, tasarlanan ve yasanan mekan olarak farkli boyutlarda irdelemis ve mekanin
toplumsal olarak iiretildigini savunmustur (Leach, 1997). Lefebvre’e gore mekan toplumsal bir iiriindiir.
Her toplum, dolayisiyla her liretim bi¢imi kendi mekanini iiretir. Yeni toplumsal iligskiler yeni mekanlart
ve/veya yeni tiretilmis mekanlar yeni toplumsal iligkileri gerektirir. Kullanilan ve tiiketilen mekan aymn
zamanda toplumsal iligkileri sekillendiren bir iiretim aracidir. Lefebvre’ ye gore kapitalist geligme
i¢inde, sermaye mekani bir meta haline getirmistir. Dolayisiyla mekan edilgen, cografi bir alan olmaktan
cikip islevsellik kazanmistir. Toplumsal mekéan cok ¢esitli nesne, ag, zincir, maddi miibadele ve
enformasyon araglarini igermektedir. Ancak igerdigi nesneler ve bunlarin toplamindan daha fazlasidir.
Ciinkii bu nesneler ‘sey’ olmaktan ote iligkidir (Lefebvre, 2015).

Giiniimiiz diinyast insant varliimi zaman ve beden o&tesi iki farkli gergeklikte ispat etmeye
zorlanmaktadir. Bu durum teknolojiyle kurgulanan yeni mekanlarla etkilesimi zorunlu hale
getirmektedir. Sanal etkilesimler ve topluluklar yeni zamansal ve mekéansal karsiliklar olusturarak
mekanin yeni kullanim bi¢imlerini ortaya koymaktadir (Giizelkahraman, 2019). Degisen sosyal hayat
ve calisma diizeni, bilgisayar teknolojisi ile gelistirilen kiiresel finans sistemleri siber mekam
degistirmeye devam etmektedir. Ozne konumundaki benlik bu sistemde kod haline ¢evrilmis ve
manipiile edilebilen bir veriye dolayisiyla bir nesneye doniistiiriilmiistiir (Ulkeryildiz ve Uslu, 2021).

Siber mekanin temsil 6znesi agdas, temsil nesnesi bilgi, temsil araci ise ekrandir. Bilgi sosyal bir {iriin
olarak tiretilmekte ve sistemin 6znesi olan agdas tarafindan paylasilmaktadir. Siber mekénin araci olan
ekran, ardindaki etkilesim ortaminda kitleler arasi iletisimi saglamaktadir. Siber mekénin 6znesi agdas
ekran arkasindaki kurgusal gergekligi deneyimlerken benligini yeniden iireterek yeni bir kimlik insa
etmekte ve kamu tiiketimine sunmaktadir (Ulkeryildiz ve Uslu, 2021). Sanal platformlardaki kullanicilar
coklu kimliklerle birbirleriyle iletisime ge¢mektedir. Kimliklerin sahteligi sanal iletisimde yapay bir
gerceklik olusturmaktadir. Kisi bu ortamlarda vakit gecirdigi siirede yarattigi yeni kimlikle gercek
yasamdan soyutlanmaktadir (Sucu, 2012). Birincil gercek iliskilerin yerini yapay iligkiler almaktadir
(Dag, 2020). Bireylerin sanal ortamlarda 6zel hayatlar ile ilgili paylastiklart bilgiler kamusal ve 6zel
alan arasindaki sinir1 da gevsetmektedir (Sucu, 2012).

Sanal mekéan enformasyonu tagiyan bir ara¢ olmanin Gtesinde ayni zamanda kamusal iligkilerin
yasandig1 bir platformdur. Yeni toplumsal iliskilerin iiretildigi yeni bir toplumsal mekandir (Sucu,
2012). Siber mekandaki toplumsal tartigma ortamlar1 fiziksel mekanda gercek insanlarin eylem
iiretiminden daha ¢ok sanal mekanda sanal kimliklerin sdylem iretimi ile kisith kalmaktadir
(Ulkeryildiz ve Uslu, 2021). Baudrillard hiper gerceklikte olusturulmus kamuoyunun meseleler
hakkinda olusturduklar1 sdylemleri sanal etkilesim 6zgiirliigii olarak betimlemekte ve gercek anlamda
tam olarak sosyal politik bir eylem olugturamamasindan bahsetmektedir (Baudrillard, 1994).
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Sanal mekanlarda zaman sinirlamasi kalkmakta ve hareket fiziksel kisitlamalardan bagimsizlagsmaktadir
(Giizelkahraman, 2019). Kullanicilar ayn1 zaman diliminde ¢oklu/paralel ortamlan kullanarak birden
fazla eylemi bir arada gergeklestirebilmektedir. Ornegin kisi aym zaman diliminde bilgisayarda oyun
oynayabilir, sosyal agda mesajlasabilir ve televizyondan film izleyebilir (Sucu, 2012). Gergek ve sanal
diinyada iki farkli bedenle var olmaya ve iletisim kurmaya ¢alisan bireyin bir siire sonra yer ve yon algisi
zayiflayabilir (Giizelkahraman, 2019). Aym fiziksel ortami paylasan ancak teknolojik aletler {izerinden
sanal ortamda gezinen kisiler bulunduklar fiziksel mekanin diginda farkli bir gercekliktedirler. Bu
kisiler ayn1 fiziksel ortamu paylastiklar insanlarla degil ayni sanal ortamm paylastiklari insanlarla iletisim
kurmaktadirlar. Bir siire sonra bireyin zihninde digerlerinin nerede oldugu diisiincesi belirmektedir
(Kagmaz ve Uluoglu, 2010).

Postmodern toplumun sosyalligi daha bireysel, gegici ve devingen bir nitelikte olup kalic1 ve istikrarl
bir sosyal birliktelik sunmamaktadir (Aytag, 2017). Sanal ortam birey ile digerleri arasina belli bir
fiziksel ve sosyal mesafe koymaktadir (Kagmaz ve Uluoglu, 2010). Sanal ortamda ag tizerinden kurulan
iletisim gercek hayattaki gibi ¢ift yonlii olsa da beden dilinin kullammu kisithdir. Kisiler arasi iletisimde
cografi mesafe kisalmasina ragmen fiziksel temas olmadig1 i¢in bedensel mesafe artmaktadir. Sosyal
ortamda iletisim agimin kesilmesiyle iletisim kopmaktadir. Bu nedenle yiiz yiize iletisimin stirekliligi
sosyal ortam iizerinden iletisime gore daha fazladir. Sanal mekanda iletisim zamansal ve mekansal
acidan sanal bir uzamda gergeklestigi icin bireylerin tiimiiyle yalnizliklarindan siyrilip tam olarak
sosyallesmeleri de miimkiin degildir (Sucu, 2012).

HENRY LEFEBVRE’UN ALGILANAN, TASARLANAN VE YASAYAN MEKANLARI

Marksist filozof Lefebvre, ‘Mekanmn Uretimi’ kitabinda mekan1 Marksist bir bakis agistyla yeniden
yorumlamigtir. Mekan birey, toplum ve ideolojilerden etkilenirken bir yandan da bunlart yeniden
iiretmektedir (Lefebvre, 2015). Lefebvre’ ye gore toplumsalligin bir iiriinii olan mekan algilanan,
tasarlanan ve yasanan olmak lizere li¢ farkli sekilde deneyimlenmektedir. Sirasiyla bu mekanlar
mekansal pratik, mekan temsili ve temsili mekanlar olarak kavramsallagtirmaktadir. Bu mekan tiirleri
gecirgendir ve birbirlerinden etkilenmektedir. Mekansal tiglii fiziksel, zihinsel ve toplumsal mekanlarin
deneyimlenmesi, aralarindaki iligkinin ¢6ziimlenmesine imkan saglamaktadir (Tablo 1).

Mekanlarin bu sekilde ayristirilmasi tarih boyunca farkli toplum, donem ve iiretim tarzlarina
genellestirmek miimkiindiir (Lefebvre, 2015). Mekéan {iretimi varsa tarihin de olmasi gerektigini
belirtmektedir. Uretici giiclerin, iiretim iliskilerinin mekanin iiretilmesinde s6z sahibi oldugunu ve
iretim tarzlan arasindaki gegisi mekdni tamamen degistirebilen toplumsal {iretim iliskileri olarak
degerlendirmektedir. Her {iretim tarzinin kendisine uygun bir mekana sahip oldugunu ve her gecisin
yeni bir mekan tirettigi, ardindan da mekan diizenlenisini ortaya koydugu saptamasinda bulunmaktadir.
Fakat nasil her iiretim tarzinda bir 6ncekinin tamamen kaybolmadigi gibi, hatta bazi durumlarda
birbiriyle i¢ ice ge¢mis iiretim tarzlarinin ve toplumsal iliskilerin s6z konusu oldugu gibi mekan
konusunda da bdyle bir durum bulunmaktadir (Lefebvre, 2015).

Tablo 1. Lefebvre’in Mekansal Trialektigi

Mekinsal Pratik Mekan Temsili Temsil Mekinlan
Algilanan Tasarlanan Yasanan

Maddesel/ Somut Kavramsal/ Soyut Sembolik/ Deneyimsel
Fiziksel Zihinsel Toplumsal

Birincil mekanlar

Ikincil mekanlar

Uciinciil mekanlar

Giindelik pratik ve
rutinlerin mekéani

Kentsel ve mimari mekan:

Yasama, ¢alisma,
sirkiilasyon, rekreasyon
alanlari...

Tasarim ve insa siiregleri
Planci, teknokrat ve
tasarimcilarin mekani

Perspektif, plan, kesit,
kodlar, isaretler, cephesel

iligkiler. ..

Toplumsal siiregler

Aykarilik, farklilik,
Ozgiirliklerin mekani
Festivaller, performanslar,
protesto, kollektif deneyimler,
anlik eylemsellikler,

~ karsilagmalar...
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Mekaénsal pratik giindelik pratiklerin ve rutinlerin gergeklestigi mekanlardir. Lefebvre’ye gore mekansal
pratikler kendi mekanim iiretmektedir. “Uretimi ve yeniden iiretimi goreli bir baglihk icinde siirekliligi
saglayan her toplumsal olusuma has 6zgiil yerleri ve mekansal kiimeleri” icermektedir (Lefebvre, 2015).
Toplumun yasam stratejileriyle iliskilidir ve fiziksel olarak mekanin nasil kullanildiginin desifre
edilmesiyle kesfedilir. Yasama, ¢alisma, dinlenme ve sirkiilasyon alanlarn olarak kullanilan sivil mimari,
is merkezleri/ofisler, rekreasyon alanlar1 ve yol aglarn ampirik olarak gdzlemlenebilen bu tiirden
mekanlardir. Dogrudan deneyimlenebildigi i¢in bu mekanlar algilanan mekanlarla yakindan iliskilidir.
Fiziksel ¢evrenin ve kentsel mekanin yeniden {iretimi iizerinde de etkili olan mekansal pratikler
planlama ve mimari pratikler lizerinden tasarlanan mekanlarla da iligkilidir (Lefebvre, 2015). Soja
fiziksel ve net olan algilanan mekéanlar1 birinci tiir mekanlar olarak tariflemektedir (Soja, 1996).

Mekan temsilleri erkin giiciiniin belirgin oldugu, planlamaci, mimar, teknokrat ve sanatcilar tarafindan
bilgi, isaret, kod, norm ve cephesel iliskilerle tasarlanan mekéanlardir. “Mekan lretiminde mekan
temsillerinin 6nemli bir kapsami ve 6zgiil bir etkisi olur” (Lefebvre, 2015). Lefebvre’ ye gore
“entelektiiel olarak olusturulmus bir gostergeler sistemine yonelme egilimi gosterir” (Lefebvre, 2015).
Siyasi otorite, hakim sdylem ve ekonomik diizene gore diizenlenmis ve iiretilmis mekanlardir.
Tasarlanan mekanlarda toplumsal iiretim siirecleri ve diisiince bigimlerinin etkisi vardir. Bu mekanlar
zihinsel bir iiretim olup planlama, simge ve kurallardan olusan soyut mekanlardir. Bu mekanlar
mekansal pratiklerle sonradan fiziksel forma doniismeleri dolayisiyla mekénsal pratiklerin
deneyimlendigi algisal mekanlarla iliskilidir.

Lefebvre’ ye gore kullanicinin alam yaganir, temsil edilmez (veya tasarlanmaz). Uzmanlarin (mimarlar,
sehirciler, plancilar) soyut alani ile karsilastinldiginda, kullanicilarin giinliik aktivitelerinin alam somut,
yani 6zneldir. Mimarin '6znel' alani fazlasiyla nesnel anlamlarla yiikliidiir. Hayal giiciiniin diismani olan
"gOriintii diinyasi‘’ndan olusan ve planlara, imgelere indirgenmis bir alandir. Mimari soylem, iktidar
soylemini ¢ok sik taklit etmekte ve 'gercekligin' 'nesnel' bilgisine grafik temsiller yoluyla ulasilabilecegi
yanilgisindadir (Leach, 1997).

Mekana eslik eden imgeler ve sembollerle iliskili “’oturanlarin’’, “’kullananlarin’’, ’sanatgilarin’,
“mekamn tarif edenlerin’” mekanidir. “’ Temsil mekénlar yaganir, konusur; duyumsal bir ¢cekirdegi ya da
merkezi vardir: Ego, yatak, oda, konut ya da ev; meydan, kilise, mezarlik... Bu mekéanlar, tutku ve eylem
yerlerini, yagsanan durumlarin yerlerini kapsar, dolayisiyla zamanm dogrudan igerir.”” (Lefebvre, 2015).
Farkli bir giindelik hayatin olasiligim ortaya koyarak egemen sdylem ve pratigi alt {ist eder. Bu nedenle
temsil mekanlarmin Ozgiirlestirici bir potansiyeli vardir. Soja bu tiir mekanlar diger mekanlarin
catlaklarindan ¢tkma ihtimali olan tigiincii tiir mekanlardir (Soja, 1996). Giindelik hayatin kaynagi olan
bu mekanlarda festival, yiiriiylis, protesto gibi kollektif deneyimler ve anlik pratiklerin yasanmaktadir.

Yasanan mekéanin karmagik sembolizmlerden olusmasi, toplumsal yasamin yasadisi ve yeralt tarafina
bagli olmasi, kullanicilarin her giinkii edimlerin 6znel mek&n1 olmasi nedeniyle diger iki mekan kadar
okunakli degildir. Kdkeni tarih olan temsil mekanlarinda diger mekanlarin mekéanlarda goriilen tutarlilik
ve baglant1 olmayabilir. Mekan temsilleri mekéansal dokuyu doniistiirerek sembolik olanin i¢inde
kaybolmadan baglama katlirlar, dolayisiyla mekanin iiretiminde etkilidir. Buna karsilik ¢ Temsil
mekanlar genellikle biricik olan, kimi zaman estetik bir yonii belirten bir dizi ifadeye ve imgelemin
i¢ine diizenlenen seferlere yol actiktan sonra belli bir siirenin ardindan yok olan sembolik eserler diginda,
iiretici degildir.”” (Lefebvre, 2015). Lefebvre’ ye gore yasanan mekanin potansiyeli kapitalist diizenin

ve metalasmanin onemsedigi degisim degeri yerine kullamim degerinin 6n plana ¢ikmasiyla vuku
bulabilir (Lefebvre, 2015).

FiZiKSEL DUNYANIN DIJITAL iKiZi METAVERSE’UN MEKANSAL TRIALEKTIiGI

Metaverse Yunanca ‘’Meta’’ ve Ingilizce ’Universe’’ kelimelerinin birlesiminden olusan fiziksel
diinyayla baglantili varsayimsal/sanal sentetik bir diinyadir (Lee vd., 2021). Kus’ un (2021) iletisim
perspektifinden tanimladigi Metaverse “’ Yeni bir gerceklik, anlam diinyasi ve is birligi firsatlari sunan;
kiiltiirel, entelektiiel ve ekonomik {iretim i¢in alt yap1 ve etkilesim olanaklan tamiyan; farkl gelismis
teknolojilerin es zamanli ve entegre bir bicimde kullanildigi; siber toplumsal bir diizlem’dir.
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Sekil 1. Metaverse Mimarisi (Lee vd., 2021)

Sosyal Kabul Edilebilirlik icerik Olusturma

Sanal Ekonomi
Giivenlik Giiven
Gizlilik Hesap Verebilirlik
Avatar

EKOSISTEM

METAVERSE

Kullanie1 Etkilesimi Genisletilmis Ger¢eklik/XR

Bilgisayar Gorii Yapay Zeka Robotik
i Blokzincir ToT
Uc

Bulut Bilgisayar Ag1

IFOTTONMIL

Donanim Altyapisi

Metaverse’ de sanal varliklarin fiziksel diinyaya tam entegrasyonu amaglanmaktadir (Nalbant ve
Uyanik, 2021). Hiper baglant1 ve hiper yakinsama araciligiyla gercek diinya ve sanal diinya bir araya
getirilmektedir (Lee, 2021). Metaverse mimarisi ¢esitli teknolojiler ve metaverse ekosisteminden
olugmaktadir (Sekil 1). Yapay zeka, blokzincir, bilgisayar goriisii, bilgisayar agi, donanim alt yapisi,
uc/bulut, kullanict etkilesimi, genisletilmis gerceklik ve robotik gibi <’Metaverse Teknolojileri’” sosyal
kabul edilebilirlik, giivenlik, hesap verilebilirlik, icerik olusturma, sanal ekonomi ve avatarlari iceren
“’Metaverse Ekosistemini’” olusturmaktadir (Lee vd., 2021). Duan vd. (2021) ise Metaverse mimarisini
ii¢c katmana ayirmustir: alt yapi, kesisim ve sanal diinya. Alt yap1 blokzincir ve depolama, iletisim ve ag,
bilgisayim giicilinii; kesisim kapsayici kullanic1 deneyimi, dijital ikizler, icerik yaratim arayiiziinii, sanal
diinya ise kullanic1 kaynakli igerik, ekonomi, yapay zekay: icermektedir (Sekil 2). ki arasgtirmanin
ortaya koydugu Metaverse mimarisinin benzer bilesen ve hiyerarsiden olustugu goriilmektedir.
Metaverse bilesenleri incelendiginde giiclii teknolojik donanim sayesinde sosyal, kiiltiirel ve ekonomik
hayatin dijital ikizler aracihigiyla sanal bir diinyaya entegre edilerek doniistiiriildiigii ve bagimsiz
teknolojik gelismelerin sistem iginde bir araya getirildigi yorumu yapilabilir (Kus, 2021).

Sekil 2. Metaverse Mimarisi’nin Uglii Yapisi (Duan vd., 2021)

*  Kullama Kaynakh Arayiizi

Sanal Diinya —— EKosistem - Ekonomi
) +  Yapay Zeka

.. *  Kapsayia Kullama Deneyimi
( Kesisim »— Kesisim * Dijital Ikizler
i «  Igerik Yaratum Arayiizii

S| e R
Fiziksel Diinya-—— A jvan, ; mﬁéim‘::_:émp"hm
yap . Bilgisaym Giicii

Covid 19 Pandemi doneminde yiizyiize olmayan ¢evrimigi kiiltiirel ve teknolojik bir ortam olugmustur.
Pandemi siirecinin fiziksel mekanlarda gerceklesen sosyo-kiiltiirel ve ekonomik yasantiyr sekteye
ugratmasiyla giinliikk yasantimizin rutinleri ve beklenmedik karsilagmalar sanal ortamlara taginmistir. Bu
stirecte farkli iilkelerde AR/VR/MR teknolojilerinin gercekei igerikleri kullamlarak sanal deneyim
salonu, bunama 6nleme beden egitim dersi, cocuk sporlari giinii, sanal fabrika ve konserler gibi ¢esitli
egitim, etkinlik ve eglenceler Metaverse ortaminda gerceklestirilmistir. Gegmiste sadece fiziksel
mekanlarda gerceklesen yasantilar sanal mekanlara taginmis ve sanal mekanlar mekansal pratiklerin yeri
olmaya baglamustir. Sanal platformlar1 biraraya getiren Metaverse ortami ayni zamanda cesitli sanal
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iletisim ortamlarinda gerceklesen eylemler, kampanyalar, protestolarla bir temsil mekani niteligine
sahiptir (Tablo2).

Tablo 2. Metaverse’iin Mekansal Trialektigi

MEKANSAL PRATIK MEKAN TEMSILI TEMSIL MEKANLARI

Egitim platformlart Teknolojik altyapi Konser

Calisma platformlari Fiziksel diinyaya sanal Etkinlik

Eglence platformlar L Sanal iletisim ortamlari
Sanal diinyaya fiziksel

eklentiler Korsanlar, imza karppanyalan,
sanal oturma eylemleri. ..

Dijital Ikizler

Metaverse’ de farkli platform, yazilim ve teknolojik altyapi biraraya getirilerek fiziksel diinyayla
baglantili paralel bir diinya olusturulmaya c¢alisilmaktadir. Gergek diinyada fiziksel bedeni ile var olan
kullanici sanal mekénlan avatarlariyla deneyimlemektedir. AR/VR/MR ve diger giyilebilir teknolojiler
kullanilarak suni hisler olusturulmakta ve boylece kullamcilarin gerceklik algisi manipiile edilmektedir.
Algisal olarak fiziksel mekandan kopan kisi zaman ve mekan algisini kaybedecek ve bir siire sonra neyin
gercek neyin sahte/sanal oldugunu ayirt edemeyecektir. Dolayisiyla Metaverse evreninin mekan
temsilleri teknolojik altyapr kullamlarak fiziksel diinyaya eklenen sanal igerikler ve sanal diinyaya
eklenen fiziksel igeriklerle olusturulan dijital ikizlerden olusmaktadir. Kullanicilanin igerik
olusturmasina izin veren Metaverse, mekan temsili iiretiminde katilime1 bir yaklasima da sahiptir
denilebilir.

SONUC

Post modern diinyada teknolojinin hizli gelisimiyle birlikte teknolojiye kolay erisim hareketliligin
kapasitesini genisletmis, gercek ve sanal diinyada yeni mekanlar tiretmektedir. Giiglii teknolojik alt
yaptya sahip sanal mekanlar kullanicilarin mekéna yaptiklar katilimlarla etkisini artirarak glinliik
hayatin belirleyici dinamiklerinden biri olmaktadir. Bu baglamda sanal mekéanlarin bilesenlerine
ayrilarak ¢oziimlenmesi beden ve yerle iliskisinin ortaya konmasi agisindan dnem arz etmektedir.

Postmodern insan varligini fiziksel mekanla birlikte farkli sanal mekanlarda da ispat etmek zorunda
kalmaktadir. Kisi fiziksel mekénda gerceklesen eylemlerin aksine sanal mekéanda algisal kopmalar
yasamakta, zaman ve mekandan soyutlanmaktadir. Bu durum yeni bir gerceklik algisinin olusumuna
sahte/ simiile olanin gercek gibi algilanmasina dolayisiyla postmodern insanmn algi yanilsamasi
yasamasina neden olmaktadir.

Artik giinliik yasantinin birgok aktivitesinin gerg¢eklesebildigi sanal mekanlarda daha bireysel, gegici ve
mesafeli sosyal birliktelikler yasanmaktadir. Kullanicilar sanal mekéanda avatarlar1 tarafindan temsil
edilmekte, hosuna gitmedigi bir durumla karsilastiginda fiziksel mekanin aksine muhatabi ile olan
bagini daha kolay koparabilmektedir. Fiziksel temasin olmadig1 sanal mekanlarda cografi mesafe kisalsa
da bedensel mesafe artmaktadir. Bu durum sosyal iliskilerin daha yiizeysel yasanmasi ihtimalini de
beraberinde getirmektedir.

Mekéanin bedenle deneyimlenmesi ve mekana yiiklenen anlamlar sonucu mekanlar yere doniisiir. Yer

hissi her ne kadar zihinsel bir olgu gibi goriinse de edinilen tecriibe, duygu ve diisiinceler bedenin
mekam deneyimi sonucu ortaya ¢ikmaktadir. Bu nedenle sanal mekanlarin yere doniigtimii i¢in bedenin
daha aktif kullammi 6nemli olmaktadir. Bu baglamda sanal mekanlarin gorsel algilama disinda diger
algilar1 da harekete gegiren teknolojik donamimlarla desteklenmesi bedeni daha aktif hale getirecek ve
sanal mekanda yer duygusunun olusumunu olumlu etkileyecektir.

Teknolojik donamimla desteklenen sanal mekanlar giin gectikce daha fazla hayatimizin bir parcasi
olmaktadir. Gergek yasamda yapilamayan birgok aktivite ve eylem sanal diinyada gerceklesmektedir.
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Eglenme, bos vakit gegirme, arkadas edinme, ¢alisma ve karsilikli bilgi paylagim gibi ¢esitli islevlerle
(sanal sosyal aktiviteler) kullanilan sanal mekanlar giderek bagimlilik yaratmaktadir. Sosyal medya
oyunlar1 gibi sanal ortamlar ayn1 zamanda tiiketim mekanlari haline gelmektedir. Tiiketim kullanicilann
imaj gosterisi haline doniismekte, tiiketilen iirlinler ise bu imaj doyumunun bir araci olmaktadir.
Dolayisiyla ¢agin baslica temsil mekanlarindan biri olan sanal mekanlar giinliikk mekéansal pratiklerin
vazgecilmez mekani olmaya baglamustir.
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OZET: Giiniimiiz kentlerinin problemlerinden olan hizh, ¢arpik ve kontrolsiiz biiyiimenin yaminda pandemi, iklim
degisikligi, demografik ve toplumsal degisiklikler gibi durumlar ulasim aglar tizerinde baski olusturmakta ve
kentsel mekdnda gergeklesen hareketliligi durma noktasina getirmektedir. Sonucunda ise giinliik hayata olan
olumsuz etkinin artmasiyla hareketlilik sistemlerinde yeni yaklasim ve ¢oziim arayiglart ortaya ¢ikmigtir. Bu
duruma bir cevap olarak, olumsuz gevresel etkileri azaltacak, kentsel yasam kalitesini ve mevcutta bulunan
hareketlilik sistemlerinin birbiriyle bagini gii¢lendirecek, giinliik hayatin erigimini arttiracak, dijital teknolojilerin
etkin kullaminun saglayacak yenilikci araglardan biri olarak paylasimli e-skuter sistemleri, kent yonetimlerinin
gilindemine girmistir. Paylasimli e-skuter sistemleri, mikro hareketliligin bir parcasi olmakla birlikte kentsel
hareketliligi cesitlendiren; bireysel kullanima uygun iken kitlesel hareketlilige de destek veren, kisa mesafelerdeki
kullanimlariyla o6zel arag sahipliligini azaltarak siirdiiriilebilir hareketlilige katkida bulunmasi ongériilen kiiciik,
esnek ve islevsel araglardir. Kent icerisinde serbest dolasima izin vermesi, toplu tasima sistemlerine erigimi
kolaylagtirmalar: e-skuter sistemlerinin kentlerde kolayca yer almasin saglamistir. Bir mobil uygulama araciligi
ile kilidi ac¢ilarak kullamma uygun hale gelmekte ve belirlenen mekanlar dahilinde kilitli bir sekilde
birakabilmektedir. Bu sistemler sahip olduklart yolculuk bi¢imiyle bir yandan deneyim agisindan pozitif etkilere
sahip olurken diger yandan park alanlari, ayrimis seritler gibi gerekli mekdansal diizenlemelerin olmamasi ve
toplum igerisinde yeterince kullanici bilincinin olusmamasiyla giivenlikte endiselere; yaya hareketliliginde
engellere, mekanda ise karmasaya ve diizensizlige yol agmaktadir. Dolayisiyla hem bir¢ok ozelligi ile aktif bir
hareketlilik saglayan paylagimly e-skuter sistemleri, yenilik¢i yonleriyle giinliik hayatta erisimi kolaylastirici bir
unsur olarak kent sakinlerinin seyahat davranislarini etkileyerek potansiyel olugturmakta hem de fizik mekanda
kullamim alam tammsizligr ve yetersizlikler sonucu olusan durumlarla etkilesim icinde krizleri beraberinde
getirmektedir. Bu bildiri, e-skuter sistemlerinin kentsel hareketlilik mekanlarindaki miidahaleler kapsaminda
diizenlemeleri temel alarak giivenlik, erisilebilirlik, yaya hareketliligi konularimi agiklamakta; ulusal ve
uluslararast makaleler ile arastirmalardan yola ¢ikarak derlenen bilgiler dahilinde 6rnekler sunmakta; seyahat
davramslarina olan etkilerini incelemekte, wulusal olgekte kullamimlara iliskin oneriler ve ¢ikarimlarda
bulunmaktadir.

Anahtar Kelimeler: Kentsel Hareketlilik, Erisilebilirlik, Seyahat Davranislari, Paylasimli E-Skuter Sistemleri,
Mekdnsal Organizasyon.

Reflections of Shared E-Scooter Systems On Spatial and Travel Behaviors: Crisis Or Opportunity ?

ABSTRACT: In addition to the rapid, distorted and uncontrolled growth, which is one of the problems of today's
cities, situations such as pandemics, climate change, demographic changes put pressure on the transportation
networks. As a result, with the increase in the negative impact on daily life, new approaches and solutions have
emerged in mobility systems. As a response to this situation, shared e-scooter systems have entered the agenda of
city administrations as one of the innovative tools that will reduce negative environmental impacts, increase the
accessibility of daily life, and ensure the effective use of digital technologies. Shared e-scooter systems are small,
flexible and functional vehicles that, while being a part of micro-mobility, diversify urban mobility, support mass
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mobility while being suitable for individual use. It can be unlocked via a mobile application and become suitable
for use, and can be left locked within designated locations. While these systems have positive effects in terms of
experience, on the other hand, the lack of necessary spatial arrangements such as parking areas, separated lanes
and the lack of user awareness in the society cause security concerns, obstacles in pedestrian mobility, and
confusion and disorder in the space. Therefore, shared e-scooter systems create a potential by affecting the travel
behaviors of city residents as an element that facilitates access in daily life with their innovative aspects, and also
bring crises in interaction with the situations that occur as a result of the undefined usage area and inadequacies
in physical space. This paper explains the issues of safety, accessibility, pedestrian mobility, based on the
regulations of e-scooter systems within the scope of interventions in urban mobility spaces; presents examples
within the information compiled from national and international articles and research; examines its effects on
travel behaviors, makes recommendations and inferences for national use.

Keywords: Urban Mobility, Accessibility, Travel Behaviors, Shared E-Scooter Systems, Spatial Organization.

Calismanin Amaci ve Yontemi

Gilinlimiiz kentlerinin problemlerinden olan hizli, ¢arpik ve kontrolsiiz biiyiimenin yaninda pandemi,
iklim degisikligi, demografik ve toplumsal degisiklikler gibi durumlar ulasim aglan {izerinde bask1
olusturmakta ve kentsel mekanda gergeklesen hareketlili§i durma noktasina getirmektedir. Sonucunda
ise giinliik hayata olan olumsuz etkinin artmasiyla hareketlilik sistemlerinde yeni yaklagim ve ¢ziim
arayislari ortaya ¢ikmistir. Bu duruma bir cevap olarak, olumsuz g¢evresel etkileri azaltacak, kentsel
yasam kalitesini ve mevcutta bulunan hareketlilik sistemlerinin birbiriyle bagini giiglendirecek, giinliik
hayatin erisimini arttiracak, dijital teknolojilerin etkin kullanimim saglayacak yenilik¢i araglardan biri
olarak paylagimli e-skuter sistemleri, kent yonetimlerinin giindemine girmistir.

Paylasimli e-skuter sistemleri, mikro hareketliligin bir pargasi olmakla birlikte kentsel hareketliligi
cesitlendiren; bireysel kullanmima uygun iken kitlesel hareketlilige de destek veren; kisa mesafelerdeki
kullanmimlartyla 6zel ara¢ sahipliligini azaltarak siirdiiriilebilir hareketlilige katkida bulunmasi 6ngériilen
kiigiik, esnek ve islevsel araglardir. Kent igerisinde serbest dolagima izin vermesi, toplu tagima
sistemlerine erisimi kolaylastirmalan e-skuter sistemlerinin kentlerde kolayca yer almasini saglamustir.
Bir mobil uygulama aracilig ile kilidi agilarak kullanima uygun hale gelmekte ve belirlenen mekanlar
dahilinde kilitli bir sekilde birakabilmektedir. Bu sistemler sahip olduklar yolculuk bi¢imiyle bir
yandan deneyim agisindan pozitif etkilere sahip olurken diger yandan park alanlar1, ayrilms seritler gibi
gerekli mekansal diizenlemelerin olmamasi ve toplum igerisinde yeterince kullanici bilincinin
olusmamastyla giivenlikte endiselere; yaya hareketliliginde engellere, mekanda ise karmasaya ve
diizensizlige yol agmaktadir. Dolayistyla hem bircok Ozelligi ile aktif bir hareketlilik saglayan
paylasimli e-skuter sistemleri, yenilik¢i yonleriyle giinlitk hayatta erisimi kolaylastirici bir unsur olarak
kent sakinlerinin seyahat davramiglarim etkileyerek potansiyel olusturmakta hem de fizik mekénda
kullanim alam tamimsizhigi ve yetersizlikler sonucu olusan durumlarla etkilesim iginde krizleri
beraberinde getirmektedir. Bu bildiri, e-skuter sistemlerinin kentsel hareketlilik mekanlarindaki
miidahaleler kapsaminda diizenlemeleri temel alarak giivenlik, erisilebilirlik, yaya hareketliligi
konularim agiklamakta; ulusal ve uluslararasi makaleler ile arastirmalardan yola g¢ikarak derlenen
bilgiler dahilinde drnekler sunmakta; seyahat davramiglarina olan etkilerini incelemekte; ulusal 6lgekte
kullanimlara iligkin oneriler ve ¢ikarimlarda bulunmaktadir.

Arastirma Bulgulan

Giinlimiiz kentlerinin niifus dinamiklerinin mzla degisimi, plansiz ve kontrolsiiz biiyiiyen kent formu ve
mekansal politikalarn biitiinciil degerlendirilmemesi kentsel ulasim aglarn lizerinde baski olusturmakta
ve trafik sikisikligini meydana getirmektedir. Diger yandan verimsiz ve uzun siiren yolculuklar1 da
beraberinde getirirken yasam kalitesinin diigmesine sebep olmaktadir. Ayni zamanda trafigin neredeyse
durma noktasina geldigi kentlerde yolculuk etmek, zahmetli ve yorucu hale gelmektedir. Tiim bunlarin
tizerine COVID-19 pandemisi gibi beklenmedik olaylar kent sakinlerinin hareketliligini etkileyen ve
degistiren olaganiistii kriz durumlarini olusturmaktadir. Bu durumlara karsilik son yillarda ortaya
¢ikmig ve popiilerligi ile kent yonetimlerince oldukga dikkat ¢eken sistemler olarak paylasimli mikro
hareketlilik araglari benimsenmis olup bunlardan biri de paylasimli e-skuter sistemleri olmuslardir.
Mevcutta kullanilan sistemlerin getirdigi emisyon fazlaligi, sikisiklik, giiriiltii gibi problemlere karsin
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verimli bir sistem sunmay1 amaglayan e-skuter araclar, kentlerdeki hareketlilik problemlerine ¢6ziim
olacak potansiyelde yeni ve yenilikgi bir sistem olarak yer almaktadir. Ancak altyapi eksikligi, mekéansal
kosullarin hazir olmamasi veya yeterli bilincin olugmamasi sonucu aslinda potansiyel olarak goriilen e-
skuter araglari kriz durumlarina doniisebilmektedir.

Glntimiiz teknolojik gelismeleri kullanmak, kentsel hareketlilikte yeni sistemler gelistirmektedir.
Ozellikle konum hareketliliginin eszamanli olarak aktif bir sekilde takip edilebilmesi gibi internet
kaynakli (IoT) ve GIS tabanli teknolojilerin gelismesi, paylasimli e-skuter gibi yenilik¢i sistemleri de
mekanda yer alma oranim arttirmustir. Bu teknolojik arayiizler, e-skuter hareketinin bilgilendirilmesi
icin yeni arayiizlerin tasarlanmasini desteklemekte ve ihtiyag olan bolgelerde e-skuter araglarinin
kullaniminmin artmasi gibi potansiyellerin tespit edilmesini saglamaktadir. Bir akilli telefonda bulunan
mobil uygulama araciligi ile kullanimi saglanan e-skuter sistemleri, gelecegin hareketlilik vizyonunda
yer almast muhtemel olan, siirdiiriilebilirlige dair mevcut problemlere ¢6ziim niteliginde mekanda
bulunan ulagim araglaridir.

Glinlimiizde e-skuter araglarn paylasimli olmalar1 dolayisiyla kitlesel kullanima olanak saglarken ayni
zamanda bireysel kullammlar dolayisiyla kisisel bir yolculuk deneyimi de olusturmaktadir. Bireysel
olarak kullanima uygun olmalar1 dolayisiyla paylasimli bir e-skuter sisteminden yararlanan kullanici,
kendi rotasim ¢izebilmekte ve varis noktasina bu rota tizerinden ulasabilmektedir. Bu durum, e-skuter
sistemleri i¢in avantaj olarak nitelendirilirken, kentsel hareketlilik sistemlerinde cogunlukla toplu tasima
araclarimin ulasamadigi yerlere kisinin kendi rotast {izerinden ulasmasi da bir diger avantaj
olabilmektedir. Kentsel dl¢ekte olumlu etkiler yaratan olan bu durum iiretim, kullanim ve altyapi
kapsaminda e-skuter sistemlerini diger sistemlere kiyasla daha diisik maliyetlerde isletilebilmeleri
dolayisiyla 6ne ¢ikarmaktadir.

Paylagiml e-skuter sistemlerinin gelisimi incelendiginde, kentsel hareketlilikte kitlesel ve paylasimli
olarak kullanimlarinin ilk adimlar1, 2000°li yillarin basinda atilsa da ilginin yogunlagmasi ve kullanimin
artmast COVID-19 pandemisi Oncesi olmustur. 2018 ve 2019 yillari, mikro hareketlilikte yatirim
tercihlerinin arttig1 ve bu alanin giderek gelistigi yillardir. Paylagimli e-skuter sistemleri de paralel
olarak gelisme gostermis olup her kentin benimsedigi ulasim politikalar ile etkilesimli olarak mekanda
yer almislardir. Bir mobil uygulama araciligiyla kullanilan e-skuter sistemlerinde yolculuk sonuna kadar
akill1 telefon iizerinden erisilen bu uygulama kullanilmaktadir. Oncelikle uygulama iizerinden erisimi
saglanan ve anlik giincellenen haritada, kullanicilara en yakin e-skuter araci tespit edilmekte ve bu aracin
kullanimi igin talepte bulunulmasi iizerine QR kod ile agilan ara¢ kilidi sonucu siiriis baglamaktadir.
Odeme islemlerinin gergeklestirilmesi igin mobil uygulamaya dnceden kaydedilmis kredi kart1 ya da
banka karti bilgileri halihazirda bulunmaktadir. Siiriisiin baglamasi ile 6deme sistemi aktiflesmekte ve
siirlis sonunda park edilene kadar gegen siireye gore ticretlendirilerek 6deme saglanmaktadir. Park etme
alanlan ise genellikle kaldirnm, kamusal alan, acik ve yesil alanlar gibi operatorler tarafindan
belirlenmistir. Park edilen e-skuter aracinin fotografinin uygulama iizerinden gonderilmesi sonucu
yolculuk sona ermektedir. Kentsel hareketlilikte akilli telefonlar araciligryla teknoloji temelli olarak yer
almaya baglayan paylasimli e-skuter sistemleri bir¢ok alan ile iligkili olarak degerlendirilmektedir. Bu
alanlar ekonomik, ekolojik, mekansal ve siiriis kosullar baglaminda su sekilde agiklanmaktadir (Glavic
vd., 2021; Irfan, 2018; Hardt ve Bogenberger, 2019);

e Ekolojik agidan degerlendirildiginde, trafik sikisikligini azaltma potansiyelleri ve giiriiltii kirliligi
baglaminda iyilestirici etkileri agisindan olumlu etkilere sahiptir. Ayn1 zamanda trafik sikisikligini
azaltmasi, hava kirliligini azaltma yoniinde katkida bulunmasi da siirdiiriilebilir bir kentsel
hareketlilik saglamaktadir. Elektrikli araclar olmalar1 sonucu karbon ayak izi diisiik yolculuklara
imkan vermekte ve neredeyse sifir emisyona sahip olarak kirletici madde yaymalar1 da gevresel
verimlilik acisindan pozitif etkiler yaratmaktadir. Tasarim siireclerinde pil iliretimi gibi agamalarda
ve bazi sistemlerin “topla-sarj et-yeniden dagit” yontemiyle giic saglamalari olumsuz olarak
degerlendirilse de i¢ten yanmali arag sistemleri karsisinda kullanimlarn potansiyel olusturmaktadir.

e Ekonomik agidan degerlendirildiginde, paylasimli e-skuter sistemleri i¢in iki yonlii bir fayda
saglama durumundan bahsedilebilmektedir; kullamicilar ve operatorler. Kullanicilar tarafindan
degerlendirildiginde bazi1 kentlerde yolculuk basina diisen e-skuter kullaniminin toplu tagima
kullanmaktan veya bisiklete binmekten daha pahali oldugu belirtilirken bazi kentlerde
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kullanimlarini tegvik etmek amaciyla daha az maliyetli oldugu agiklanmaktadir. Ancak genel olarak
bakildiginda 6zel otomobil kullanimindan ¢ok daha uygun ve etkin maliyetlerde kullanimlar
gerceklesmektedir. Bununla birlikte kullanimlarini arttirmak igin liretilen farkli kampanyalar ve
igbirlikleri bulunmakta indirimler uygulanmaktadir.

o Siiriis kosullan agisindan degerlendirildiginde trafik giivenligi 6ne ¢ikan konular arasinda yer
almaktadir. Yasal ve yonetsel diizenlemeler, giivenligin saglanmasi agisindan en giiclii araglar
arasinda yer almaktadir. Ozellikle iz simirlamalari, kullanim mekanlarinin belirlenmesi, kullanim
kosullarinin agiklanmasi ve yonlendirici tabelalarin yer almasi hem kullanicilar hem de diger
siirliciiler agisindan farkindalik olugturmaktadir. Boylece e-skuter araglarn ile yapilan kazalarin orani
Onemli dlcilide azaltilabilmektedir.

e Bir yandan giivenlik agisindan diger yandan erisilebilirlik agisindan 6nemli olan bir diger boyut
mekdnsal kosullardir. Kentsel mekanin paylasimli e-skuter sistemlerinin ve diger mikro hareketlilik
baglaminda yer alan bisiklet gibi araclarin kullanimina yonelik olarak diizenlenmesi yolculuklari
tyilestirerek kullanimlarim da tesvik etmektedir. Aym1 zamanda kentsel mekanin organizasyonu,
diizeni saglamakta ve karmasay1 onlemektedir. Paylasimli e-skuter sistemlerinin verimli bir sekilde
isleyebilmesinin &n kosulu ise mekansal ve altyapisal diizenlemelerdir. Ozellikle sokak aglarinda
bulunan ylizey malzemelerinin yapisi ve 6zellikleri, mevcut durumda arag ve yayalarin kullandiklart
alanlarin fiziksel sinirlan e-skuter araglarmnin kullammu igin uygun olmamaktadir. Ornegin, yiizeyi
parke tasindan veya levhalardan yapilmis sokaklarda veya tramvay raylarinin bulundugu alanlar gibi
mekanlarda e-skuter araglarimin kiiciik tekerleklere sahip olmalan ile yaricaplart uygunluk
gostermemektedir. Mekansal diizenlemelerin yolculuk yapilan alan, park etme alanlan, sarj
istasyonlar1 gibi donatilar ile diistiniilmesi, paylasimli e-skuter sistemlerinin kullanimini tesvik
etmektedir.

Paylagimli e-skuter sistemlerinin biitlinciil olarak ekolojik, ekonomik, mekansal ve siiriis kosullari
baglaminda diistiniilerek yolculugun etkili bir sekilde gerceklestirilmesi kentsel hareketlilik baglaminda
6zel otomobil kullanimini azaltacak potansiyelde olup siirdiiriilebilirligi destekleyecek sistemleri ortaya
¢ikaracaktir. Kisa mesafelerde kullanima uygun olan e-skuter sistemleri, yolculuk mesafesini temel alan
ilk mil-son mil baglaminda degerlendirildiginde arag ile yapilan yolculuklari azaltma yoniinde 6nemli
etkiler yaratabilmektedir.

NHTS (National Household Travel Survey) tarafindan 2017°de yapilan bir anket ¢alismasi sonuglarina
gore, ara¢ yolculuklarinin %60°1 yaklagik 10 kilometreden daha az mesafede gerceklesmektedir. Bu
durum, kisa mesafeli yolculuklarda e-skuter sistemlerinin kullaniminin ara¢ kullanimini azaltma
kapsamindaki onemini vurgulamaktadir. Paylasimli e-skuter sistemleri, boyutlari, hizlari, manevra
yapabilme kabiliyeti ile kolay yonetilme 6zellikleri ile kisa yolculuklar i¢in en uygun ¢éziimler olarak
nitelendirilmektedir. Genellikle 3-6 kilometreye kadar yapilan yolculuklar i¢in e-skuter araglart bir
alternatif olusturmakla birlikte bu mesafede yapilacak 6zel otomobil yolculugunun yerini aldiginda
kentsel hareketlilikte siirdiiriilebilirlik i¢in olumlu katkilar olusturarak potansiyel olacag
ongoriilmektedir. Bu potansiyel Avrupa ve Amerika kentlerinde yapilan ¢aligmalar sonucunda ortaya
koyulan istatistikler ile agiklanmaktadir. Ornegin, Ingiltere’de yapilan arastirmalar sonucu yapilan
yolculuklarin %24’iiniin 3 kilometreden daha kisa oldugu ifade edilmistir. Bu durumun paylasimli e-
skuter kullanma olasiligin1 yiikseltmesi ve 6zel otomobil kullanimini orantili olarak azaltmasi
beklentiler arasinda yer almaktadir. Bu durum Amerikan kentlerinde de benzer sekilde yer almaktadir.
Yapilan ¢caligmalara gore, birkag Amerikan kentinin baz alindig1 veri sisteminde yolculuklarin %68’inin
1,5 kilometreden daha kisa oldugu sonucuna ulasilmistir (Weschke vd.2022; Glavic vd. 2021). Sonuglar,
paylasimli e-skuter sistemlerinin yayginlastirilmasi i¢in olumlu etkiler yaratmakla birlikte toplu tagima
ile entegrasyonunu da vurgulamaktadir. Farkli kentler temel alinarak yapilan diger ¢aligmalar ise su
sekildedir (Department for Transport, London, 2019);

e Paris’te yapilan ¢alismalar sonucu, yolculuklarin %23’{iniin paylasimli e-skuter sistemleri gibi
baska bir tagima araci ile desteklendigi, %66’sinin ise toplu tagima sistemleri ile gerceklestigi
sonuglar arasinda yer almistir. Bu durum paylasimli e-skuter sistemlerinin yaygmlastirilmasi ve
toplu tagima sistemleri ile entegrasyonunun saglanmasi i¢in etkili olmaktadir.
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e Helsinki’de yapilan anketler sonucu yaklasik 14.500 ara¢ yolculugu analiz edilmis olup %3 gibi bir
oranda katilimcilar toplu tagima seklinde yeterli ve uygun maliyetli bir alternatife sahip olmadiklar
ifade etmislerdir. Yapilan yolculuklarin ¢cogu ise 1,4 kilometreye kadar siirmekte ve toplu tagima
sistemlerinin alternatifi olarak yiirlime ve bisiklete binme gosterilmektedir. Buna karsilik olarak 6zel
otomobil kullamimlarinin  yaklagik %351 500 metreye kadar olan kisa mesafelerde
gerceklestirilmekte ve genellikle yiiriimenin baskin oldugu hareket alanlarinda yer almaktadir. Bu
durum paylasimli e-skuter sistemlerinin Helsinki’de yayginlagtirilmasi igin bir sebep olarak
gorlilmektedir.

e Portland da ise yapilan bir ankette, kent sakinlerinin %341, ziyaretcilerin ise %48’i 6zel otomobil
veya taksi kullanmak yerine paylagimli e-skuter araglarim tercih ettiginin belirtmiglerdir. Ankete
katilanlarin %6’s1 ise ara¢ kullanimini tamamen birakarak e-skuter kullammina yonelmeyi ifade
etmiglerdir.

e Arlington’da yapilan bir arastirmada ise, ankete katilanlarin %52’si e-skuter kullanmaya
basladiklarindan beri 6zel otomobil, taksi ya da Uber gibi paylasimli ara¢ sistemlerini daha az
kullandiklarin1 sdylemislerdir. Ancak bu ankette her ne kadar ara¢ kullanimina yonelik tutum
olumlu olsa da endise verici sonuclar da elde edilmistir. Katilimcilann %44’i bisiklete binmeyi,
%28’1 ise ylirlimeyi azalttigini ve yerine e-skuter kullandigini belirtmistir.

Arlington’da yapilan ¢alismalarda goriildiigii gibi, e-skuter araclarimin kullanimi yaya olarak yapilan
yolculukta kullamilirsa ya da toplu tasima sistemleri yerine bireysel olarak tercih edildiginde
stirdiiriilebilirlige katkisi yerine aksine zarar1 olmaya baslamaktadir. Dolayisiyla hangi ulagim tiiriine
alternatif olarak kullanildigi 6nemli bir konu haline gelmektedir. Bu durum, kent formu ve yerlesim
modelleri ile dogrudan iliskili olmakla birlikte kentsel mekéan organizasyonunun yolculuk yapilacak
araci da belirledigi sdylenebilir. Dolayistyla e-skuter sistemlerinin mekanda yer alis ve kullanilis bigimi
firsatlara yol acabildigi gibi krizleri de beraberinde getirebilmektedir.

Firsat ve kriz ikileminde bulunan e-skuter sistemleri mekéansal agidan da etkilere sahiptir. Bu durum
yaya hareketliligini dogrudan etkiledigi gibi erisilebilirlik seviyesini de belirlemektedir. Paylasimli e-
skuter sistemlerinin birgogu giinliik yasamin hareketliliginde kullanilmakta bu yolculuklarda ise, okula
gitmek ya da rekreasyon alanlarinda vakit ge¢irmek amacglanmaktadir. Bu baglamda kullanilan mekan
ise hem herkese ait olan hem de hi¢ kimseye ait olmayan kamusal mekanlardir. Paylagimli e-skuter
sistemlerinin kamusal alanlara erisim ve kamusal alanin paylagimla sosyal esitlik tizerine tartismalari
bir siiredir devam etmektedir. Kullamlmayan paylasimli e-skuter ara¢larimin kamusal mekanda
diizensizlik yarattigi ve yaya hareketliligini engellemektedir. Ayni zamanda yolculuk esnasinda
kullanicilarin dikkatsiz siirtis gerceklestirmesi ve trafik kurallarina uymamast nedeniyle yayalar igin
tehlike olusturmaktadir. Tuncer vd. (2022) tarafindan bu durum, e-skuter sistemlerinin kent mekaninda
goriiniirliigii baglaminda yorumlanmis ve mekanda yer alislarinin yarattigi degisimler yeni, istikrarsiz,
tahmin edilmesi zor olarak ifade edilmekte birlikte yayalar ile e-skuter araglan arasinda kamusal
mekanda rekabet oldugu da belirtilmektedir. Bu durumun sebeplerinden biri de e-skuter araglarinin
kullanim mekanlarinin net bir sekilde tanimlanmamasi olabilir.

Paylagimli e-skuter araglarinin kullanim mekanlar1 ¢ogu zaman kaldirim, bisiklet seridi veya sokaklar
olabilmektedir. Ulusal 6lgekte yer alan tiim e-skuter sistemleri / girigimleri, kullamim alanlar i¢in belirli
sinirlamalar getirmekte ancak tiimii araglar ile ayni1 zemini kullandiklar1 sokaklarda yer almaktadir. Hiz
sinir1 40-50 km/s olan yollarda e-skuter araglari kullanilabilmekte, yaya hareketliligin yogun oldugu
kaldirimlarda kullammu yasaklanmaktadir. Ancak genellikle sokakta, kaldinmda ya da meydan gibi
kamusal alanlarda birakilan e-skuter araclan yaya hareketliligini kisitlamaktadir. Aym zamanda
diizensizlige yol agmakta, herhangi bir engeli olan kent sakinleri i¢in erisilebilirlik acisindan engel
olusturmaktadir. Ayn1 zamanda araglar ile ayn1 zemini paylasan e-skuter kullanicilar, ¢ogu zaman
giivenlik acisindan olumsuz sonuglara yol agmakta, e-skuter ile yapilan kazalarin ¢ogunun bu yollarda
oldugu goriilmektedir. Aym zemini paylasan araglar ile savunmasiz sekilde e-skuter kullanan kent
sakinlerinin aym zemini paylasmasi mekansal acidan diizensizlige ve koordinasyon eksikligine yol
acarken ayni1 zamanda adaletsizligi de beraberinde getirmektedir. Bisiklet seritleri gibi mekanda kiigiik
miidahaleler ile biiylk etkiler yaratan ayrilmus seritler, paylagimli e-skuter araglar igin de benimsenmeli
mekansal agidan gerekli tiim diizenlemeler yapilmalidir. Mekanda yer almayan miidahaleler sonucu,
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kent sakinleri yeterince kullanim bilincine sahip olmamaktadir. Mekansal miidahaleler, toplumsal
biling, hiz sinirlamalar1 ve kullanim bigimleri iilkelerin ve kentlerin benimsedigi yasal yonetsel ¢erceve
ile de yakindan iliskilidir.

Her iilke, tilkelerin kentleri ve kentlerin yerel yonetimleri mikro 6lgekli paylasimli e-skuter sistemlerinin
kentsel hareketlilikte kullammina iliskin yasal yonetsel ¢ergeve belirlemekte ve gerekli yasaklarla,
izinlerle bu sistemlerin diizenli kullammina dikkat etmektedir. Ulusal 6lgekte incelendiginde Ulastirma
ve Altyap1 Bakanlhig ile Cevre, Sehircilik ve Tklim Degisikligi Bakanligi’nin denetiminde hazirlanan ve
resmi gazetede 14 Nisan 2021 tarihinde yayinlanan “Elektrikli Skuter Yonetmeligi” bulunmaktadir.
Yonetmelik kapsaminda, e-skuter kullanimimin tercih sebepleri, kentsel hareketlilik mekanlarinda
kullanim alanlari, kullanim esnasinda dikkat edilmesi gereken hususlar, kullamm sonrasinda park etme
asamasinda dikkat edilmesi gereken ilkeler ve e-skuter araclarinin 6zelliklerine yonelik ibareler yer
almaktadir. Ozellikle kullanim esnasindaki hiz siirlar1 ve kullanicilara iliskin yas diizenlemeleri 6n
plana ¢ikmakta bir yandan kullanicimin giivenligini saglarken bir yandan da yaya hareketliligini
engellemeyecek sekilde kullammuina iligkin perspektif ¢izilmektedir. Aym zamanda kullanim alanlarina
iliskin diizenlemeler de bulunmaktadir. Ozellikle aktif yaya hareketinin oldugu kaldirimlarda kullanimi
yasaklanmis ve yaya giivenligi de 6nemsenmektedir. Mekansal acidan benimsenen ilkeler arasinda
bulunan kaldirimlarda kullanma yasaginin yaninda aym zamanda belirli yollarda kullanimlarina izin
verilmektedir. Bu yollar, araglarin hiz diizenlemelerinin oldugu ve genellikle 30-50 km/s olarak
belirlenen yollar olmakla birlikte baska bir kriter belirlenmemistir. COVID-19 siirecinin etkisiyle
“yavas, yesil ya da yaya dostu olarak belirlenen sokaklarda e-skuter kullanimi goriilmekte ancak bu
yollarin désemeleri, ayrilmis serit olma zorunlulugu gibi kriterlerin Avrupa kentlerinin bir kisminda olsa
da heniiz yonetsel cerceve kapsamunda degerlendirilmedigi goriilmektedir. Bu durum, park etme
alanlarinin varligi ve tasarimlarn ile de iliskilidir. Avrupa kentleri genelinde 6zellikle tarihi alanlarinda,
e-skuter araclarnnin park edebilecegi alanlar kiigiik miidahaleler ile belirlenirken Amerika’da bu altyapi
caligmalari devam etmekte ancak Tiirkiye’de heniiz bu ¢alismalara iliskin net bir bilgi bulunmamaktadir.
Bu baglamda Avrupa iilkeleri gbz oOniinde bulunduruldugunda Fransa’da, kentsel hareketlilikte
kullanilan paylagimli e-skuter sistemleri i¢in bazi kurallar belirleyerek yonetmelik ger¢evesinde sinirlar
cizmistir. Fransa’da Icisleri ve Ulastirma Bakanlig1 tarafindan hazirlanan ve Eyliil 2019 itibariyle
yiriirliige girmis olan kenti¢i ulastim modlari ile ilgili kararnamede e-skuter sistemleri ile ilgili de
diizenlemeler bulunmaktadir. Ozellikle 2019 yil1 ve sonrasinda getirilen diizenlemeler ile Fransa’da e-
skuter kullammm oldukca yaygindir. Tanmimlanan yerlesim alanlan diginda e-skuter kullaniminin
yasaklanmasina karar verilmis; yesil olarak nitelendirilen yollar ile bisiklet yollarinda kullanilmasina
izin verilmistir. Ayn1 zamanda Paris gibi kentlerde, otobiis seritlerinde e-skuter kullanimina kontrolli
olmak sartiyla izin verilmektedir. Fakat tiim bu alanlarda e-skuter kullanicilari tipki bir ara¢ kullanicisi
gibi kirmizi 11k, tek yonlii yollar, onceligin sag seride verilmesi gibi kurallara uymak zorunda
birakilmstir. Asirt hiz, izin verilmeyen alanlarda e-skuter kullanimi, kurallara uymama gibi durumlarda
ise kullanmcilar para cezasi ile cezalandirilmaktadir (Christoforou vd. 2021). Fransa genelinde
incelendiginde, kaldirim alanlarinda e-skuter kullammina izin verilmesi belediye yonetimi tarafindan
saglanmaktadir. Eger bir belediye yonetimi, kaldirimlarda dolagimi yasaklamis ise bu kurala uymayan
kullanicilara para cezast uygulanmaktadir (Sokotowski, 2020). Dolasimin yasaklandigi gibi kaldirimlara
park etme konusunda da bazi ilkeler belirlenmistir. Ulke genelinde Paris gibi bolgelerde kentsel
hareketlilik baglaminda e-skuter yolculugu sonrasi park edilmesi i¢in alanlar tanimlanmistir. Paris kenti
Ozelinde, skuter araclari i¢in tammlanan yaklasik 2.500 6zel iicretsiz park yerleri, yaklagik 15.000 arag
kapasitesindedir. Ayn1 zamanda motosiklet gibi araglarin park ettigi alanlar da kullanilmaktadir. Kentsel
ulasim mekanlan igerisinde kaldirim ya da diger izin alanlara park etmig bir skuter siiriiciisii, para cezasi
ile cezalandirnlmaktadir. Park etme yetkisinin yalmizca belirlenen alanlarda sinirli tutulmasi,
hareketliligin bir diizen igerisinde gergeklesmesini saglamakta ve paylagimli e-skuter sistemleri i¢in
mekansal noktalar tanimlayarak erisimlerini kolaylastirmakta kullanimlarini tegvik etmektedir. Ayn
zamanda yolculuk esnasinda e-skuter araglari igin belirlenen alanlarin tanimlanmasi, dikkat edilmemesi
halinde ceza yaptirnmlarinin uygulanmasi da e-skuter sistemleri i¢in giivenlik endisesini azaltmakta;
daha konforlu ve giivenli bir yolculuk saglamaktadir.

Tiim bunlar giinliik yasaminda ise, okula ya da aktivitelere ulagsmak i¢in siirekli bir hareket halinde olan
kent sakinlerini etkilemekte, giivenlik — erisilebilirlik — mekansal diizenlemeler ilisiginde yaya
hareketliligi baglaminda kullanici tercihlerini sekillendirmektedir. Yapilan yolculuklar sirasinda
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kullanilan akslarin ve aglarin 6tesinde yolculugun “neden, kiminle, nerede ve ne zaman” oldugu ve ne
tirde mekansal iliskiler kurdugu konular1 kullanici tercihlerini olusturmakta ve yolculugun
gerceklestirilecek aracin se¢iminde 6nem kazanmaktadir. Dolayisiyla yolculuk yalnizea bir konumdan
diger konuma yer degistirirken hareketi degil ayn1 zamanda kent sakinlerinin etkilendikleri tutum ve
algilarin da 6nem kazandig goriilmektedir. Kullanicilann kisisel 6zelliklerinin yaninda maliyet ve
kullanim amaglarina gore seyahat davramiglarini sekillendirmektedir. Bu kapsamda kullanicinin yas,
cinsiyet, etnik yapisi gibi ozellikleri seyahat etme halinde davraniglarini belirlemektedir. Kullanicinin
gelir durumu bir faktdr olarak nitelendirilirken aym zamanda kentsel hareketlilik sistemlerindeki
kullanim {icretleri ve aktarma yapma gibi durumlar da 6nemsenmektedir. Kullanim amaci ise seyahat
davraniglan iizerinde onemli etkilere sahip olmakta ve ¢ogu zaman ulagim tiirtinii belirleyen faktor
olarak nitelendirilmektedir. Farkl kiiltiirler ve degisen cografi konumlar da kullanim etkilemektedir.
Dolayisiyla bir yandan kullanicilarin bireysel 6zellikleri seyahat davranislarim etkilerken diger yandan
mekansal kosullar da bireyleri ve tercihleri etkilemektedir. Kent formu, seyahat edilen siire ve
mekandaki erisilebilirlik ile baglantili olarak hareket edilebilirlik faktorleri seyahat davramislarini
etkilemektedir. Bu kapsamda kullanicinin referans konumundan varilacak konuma kadar olan mesafesi
ve bu konumlarin kent formu igerisindeki yeri 6nemli hale gelmektedir. Bu konum ve mesafeye gore
seyahat edilen siireyi etkilenmekte ve bu siire icerisinde mekandaki fiziksel diizenlemeler de kullanicinin
seyahat davraniglarim bi¢imlendirmektedir. Tiim bu konular kent sakinlerinin giinliik yagamlarinda
herhangi bir amag i¢in herhangi bir yolculukta dikkat edilen alt faktorler olarak nitelendirilebilir. Ancak
paylasimli e-skuter araglarinin kullanimi igin bu faktorlere ek olarak bazi 6zellikler de tercih sebebi
olabilmektedir. Ornegin, mekansal acidan incelenirken yukarida tartistlmis olan ayrilmus seritlerin
varlig1 ve yolculukta varig noktasina kadar olan siirekliligi bu faktorlerden biridir. Ayrilmig serit ile
yapilan yolculuklar, kaldirimda ve yogun bir trafikte siiriis yapmay1 engellemekte ve kullanicilarin
giivenlik endigelerini azaltmaktadir.

Kent sakinlerinin bireysel 6zellikleri, yasam kosullar ve gegmisten getirdikleri deneyimleri paylasimli
e-skuter araglarim tercih etmedeki bir diger konu olmaktadir. Iki tekerlek iizerinde ayakta bir direksiyon
kontrolii esliginde kullanilan e-skuter araglari i¢in kullanicilarin deneyimleri ve yenilige acik olma
durumlar kullanma niyeti ve yatkinhgim etkilemektedir. Ayn1 zamanda yolculuk esnasindaki giivenlik
ile iligkili olarak kaygi durumu da bu durum ile baglantilidir. Diger yandan e-skuter yolculuklari ¢evre
ile direkt olarak temas eden, kullanici ile yapili ¢evre arasinda herhangi bir engelin bulunmadig
yolculuklar oldugundan siiriis sirasindaki algilanan giivenlik de 6nemli hale gelmektedir. Bu sebeple e-
skuter araclarinin tasarimi ve kullanim alanlarindaki mekansal organizasyon kullanici tercihlerini
etkileyen faktorler arasinda yer almaktadir. Mekansal organizasyon ile iligkili bir diger konu da altyap
diizenlemeleridir. Ayrilmis seritler bu altyapi diizenlemelerine dahil olmakla birlikte park etme alanlari,
araclarin sarj durumlar ve kullanicilara sagladiklart mobil uygulamanin kullanilabilir, anlasilabilir
olmasi da etkileyen faktorler arasindadir. Yeni ve yenilikei bir hareketlilik seklini temsil eden paylagimli
e-skuter sistemleri, saglikli bir yasam tarzim da c¢agristirmaktadir. Yiirimeye tesvik etmesi ve diisiik
emisyonlu yolculuklar saglamasi kent sakinlerinin siirdiiriilebilir bir yagami benimseme konusundaki
tercihlerini olusturmaktadir. Aym1 zamanda fiziksel aktivite i¢in motivasyon durumu da kullanim
etkileyen faktorler arasinda yer almaktadir (Popova, Zagulova, 2022). Paylasimli e-skuter sistemlerinin
daha esnek, 6zel araglara gore maliyet etkin ve kolay ulasilabilir olmalar1 da temel olarak kullanici
tercihlerini etkileyen faktorler arasinda yer almakta; popiilerlik kazanmalan ise farkindalik agisindan
olumlu etkiler yaratmaktadir. Bu durum yasal ve yonetsel ¢cergeve tarafindan benimsenen trafik kurallar
hakkinda bir biling olmasini da saglamaktadir.

Paylagimli e-skuter sistemleri ve seyahat davraniglari baglaminda hipotezler olusturarak anket teknigi
ile yapilan bir¢cok ¢alisma bulunmakta ve yukarida belirtilen faktorlerin 6l¢limiini kent sakinleri ile
yaparak anket yontemiyle ortaya koymaktadirlar. Genellikle paylasimli e-skuter sistemlerinin seyahat
davraniglarina olan etkileri {izerinde hipotezler olusturarak bu hipotezler kanitlama yolunda
ilerlemislerdir. Bu bildiride, Scopus, Web of Knowledge gibi veri tabanlarinda bulunan “shared scooter,
impacts of shared e-scooters on travel behaviour” anahtar kavramlari ile etkilesimli literatiirdeki
arastirmalar lizerinden bir ¢er¢cevede sunmustur.

e Oztas Karli vd. (2022) tarafindan anket ¢alismasi baz almarak yapilan arastirmada, seyahat
davraniglarini etkileyen birincil faktoriin sosyal etki oldugu goriilmiistiir. Bireylerin gegmis
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deneyimlerinin yaninda sosyal ¢evreleri de kullanim niyetini etkilemektedir. Bu ¢alismada, aym
bolgelerde yasayan kent sakinlerinin deneyimlerini paylasmasi, kullanici tercihlerini olumlu yonde
etkilemis ve birbirlerinin niyetlerini de belirlemislerdir. Aym1 zamanda kullanicilarin sosyal medya
tizerinden yaptigi paylasimlar da birbirini etkilemekte ve paylasimli e-skuter sistemlerinin
popiilerligini arttirirken kullanima yonelik yeni kullanicilan kazandirmaktadir. Bu durum toplumsal
acidan yenilik¢i bir yapiy1 desteklemekte ve yeniliklere, teknolojik gelismelere agik olmayi
ongorerek bireylerin kullamim tercihlerini olumlu yonde etkilemektedir. Bu durum Popova ve
Zagulova (2022) tarafindan yapilan hipotez ve anket temelli calismada dogrulanmistir. Yakin ve
onemli kisilerin veya toplumun e-skuter kullanimina iliskin tutumlannin kisisel olarak kent

sakinlerinin yolculuga dair tahminlerini etkileyecegini ifade etmislerdir (Popova ve Zagulova,
2022).

Bir diger faktor, Oztas Karli vd. (2022) tarafindan yapilan ¢alismada ¢aba beklentisi olarak ifade
edilmektedir. Paylasimli e-skuter sistemleri bir akill1 telefonda bulunan mobil uygulama araciligiyla
kullanilmakta ve siiriis sonunda bu uygulama ile yolculuk bitirilmektedir. Dolayisiyla teknoloji
temelli yenilikgi bir sistem esas alinmakta ve bu sistemde teknolojiyi kullamrken ne kadar az ¢aba
harcanirsa kullanici tercihleri o kadar olumlu etkilenmektedir. Toplum i¢in yeni olan bir teknolojinin
az ¢aba gerektirmesi aslinda teknolojiyi kullanma niyeti gostermelerini de beraberinde getirmektedir
(Makayenza ve Mutambayashata, 2018).

Aragtirmalar sonucu, kullamm maliyeti seyahat davramgsini etkileyen faktorler arasinda yer
almaktadir. Avrupa ve Amerika kentlerinde genellikle kent sakinlerine ucuz ulasim saglanmasi
amaciyla olusturulan paylasgimli e-skuter sistemleri, isletmelerin erisimlerini arttirmaya olanak
tanimaktadir. Ancak 6zel otomobil ya da araclar ile yapilan yolculuktan daha maliyetli oldugunda
kullanici tercihleri olumsuz etkilenmekte; bu durumda yolculugun konforu maliyet ile iliskili olarak
ortaya ¢ikmaktadir. Dolayisiyla paylagimli e-skuter sistemlerinin fiyatlandirma politikalar1 6nemli
hale gelmektedir. Kapser ve Abdelrahman (2020), Smith ve Schwieterman (2018) ve Oztas Karli
vd. (2022) ¢aligmalarinda bu durumu destekleyecek bulgulara ulagmis olup fiyati yiikksek oldugunda
paylagimli e-skuter sistemlerinin bilyiik olasilikla kullanilmayacagim ortaya koymusglardir. Bu konu
ile iliskili olarak Glavic vd. (2021) tarafindan yapilan ¢alismada kullanicilarin gelir seviyelerinin
paylasimli e-skuter sistemlerini kullanma tercihlerini etkiledigini ortaya konmustur.

Ain vd. (2015), Baptista ve Oliveria (2015), Owusu Kwateng vd. (2019), Nordhoff vd. (2020) gibi
bircok ¢alismanin sonuglarina gore e-skuter yolculugu esnasinda mekianin kosullarimin
kolaylastiric1 olmasi, kullanici tercihlerini olumlu yonde etkilemektedir. Oztas Karli vd. (2022)
caligmasinda kolaylastirict kosullarin anlamli bir etkisinin olmadigi ortaya konulsa da sarj
istasyonlarinin varlig, bilgilendirici tabelalarin yer almasi, ayrilmis seritler ve park etme alanlan
gibi mekansal diizenlemeler paylasimli e-skuter sistemlerinin kullanimini kolaylastirmakta ve
kullanicilar i¢in verimli bir yolculugu tesvik etmektedir. Bu altyapilarin mevcut olmamasi ise mikro
hareketlilik sistemlerinin benimsenmesini engellemekte, kullammlarim azaltmakta ve toplum
igerisinde yeterli biling olusmasini 6nlemektedir. Dolayisiyla mevcut altyapi sistemlerinin e-skuter
sistemlerinin kullamlmasi i¢in iyilestirilmesi gerekli mekansal diizenlemeleri gerektirmektedir.
Bununla birlikte Popova ve Zagulova (2022) tarafindan yapilan ¢alismada, kentsel hareketlilikte e-
skuter sistemlerinin gelismesini engelleyecek kosullarin bilinmesi gerektigi ve bu sebeple kent
sakinlerinin 6n deneyiminin énemli oldugunu belirtmektedir. On deneyim konusunda yol kalitesi,
altyap1 gibi kosullarin kullanicilarin tercihlerini belirleyen faktorlerden biri oldugunu ortaya
koymuglardir.

Arastirmalar sonucu belirlenen faktorlerden biri ¢evresel farkindahk cercevesinde
sekillenmektedir. Kent sakinlerinin karbon ayak izini azaltma istegi ve siirdiiriilebilir bir hareketlilik
baglaminda giinlik yasamlarim gecirme amaglar1 dogrultusunda paylagimli e-skuter sistemlerine
yonelen kullanicilar bulunmaktadir. Bu durum, Kopplin vd. (2021), Wang vd. (2020) ¢alismalar
tarafindan desteklenirken, ¢evresel farkindaligin seyahat davraniglanni etkilemedigi analizler de
bulunmaktadir. Fu vd. (2019), Li vd. (2019), Wang vd. (2011), Popova ve Zagulova (2022) her ne
kadar paylagimli hareketliligin kent sakinlerinin ¢evre sorunlarina karsi daha sorumlu bir tutum
sergilemesi ve icten yanmali motorlu araglarin kisisel kullanimini azaltarak daha elverisli ¢evre
kosullarinin olusmasi ile iligkilendirip bu durumu savunsa da belirleyici bir faktor olmadigini

| 265



/ /

,C/' 16. UBAK, 11 - 12 March 2023, Ankara ,Q'
UBAK UBAK

sonuglar arasinda sunmuslardir. Wang vd. (2020)’ye gore cevresel agidan siirdiiriilebilirlige dair
biling arttik¢a kent sakinleri paylasimli sistemleri kullanmaya olan egilimleri de artmaktadir. Ancak
bazi e-skuter sistemlerinin topla-sarj et-dagit mantigini benimsemesi daha yiiksek emisyonlara yol
acmakta; bazi sistemlerin ise yerinde yedek batarya ile degisiminin saglanmasi ile olumlu etkilere
sahip olmaktadir. Dolayisiyla bu konuda net bir belirleyici faktor izine rastlanmamustir. Ancak
etkileyici faktor olarak nitelendirilebilir.

Tim bu bulgulara ek olarak seyahat baglaminda da bazi belirleyici faktorler bulunmaktadir. Yapilan
yolculugun amaci, yolculugun zamani, vans noktasina olan uzakhk gibi degisken faktorler de
paylasgimli e-skuter sistemlerinin kullaniminda kent sakinlerinin seyahat davraniglarini etkilemektedir.
Bu baglamda degerlendirildiginde, mekansal kosullar ve altyapr ozellikleri paylagimli e-skuter
sistemlerinin kullammm etkilerken kent sakinlerinin bireysel 6zellikleri ve deneyimleri de etkileyen
faktorler arasinda yer almaktadir. Dolayisiyla tiim kosullar ve ozellikler ile kent sakinleri ile
degerlendirilerek biitiinciil bir yaklasim ve kullanict odaklh ilkeler ile paylasimli e-skuter sistemleri
degerlendirilmesi siiriis kosullar yerel baglamda degerlendirilerek 6zgiin kosullarda iyilestirilmelidir.

Sonuc ve Oneriler

Sonu¢ olarak, yukandaki degerlendirmeler 1s18inda ve Scopus, Web of Knowledge gibi veri
tabanlarinda bulunan “shared scooter, impacts of shared e-scooters on travel behaviour” anahtar
kavramlar ile etkilesimli arastirmalar kapsaminda yapilan literatiir caligmalarindan elde edilen sonuglar
ve ¢ikarimlarindan da yararlanarak bazi 6nerilerde bulunulabilir.

e Paylagimli e-skuter sistemleri 6nce yayginlasiyor sonra yasallagsmaktadir. Bu siiregte mekansal
diizenlemeler de gec kaliyor ve potansiyel olarak etkin bir sekilde kullanilabilecek bir sistem farkli
katmanlarda farkli problemlere yol agmaktadir. Bu durum koordinasyon eksikligini ve plansizligi
da beraberinde getirmektedir. Tiirkiye’de popiilerligini kazandiktan sonra bazi diizenlemelerin
yapilmaya baslandig1 gériilmektedir. Italya gibi bazi iilkelerde ise paylagimli e-skuter araglari, kabul
edilmeden 6nce bir deneme siireci gegirmis, bu siiregte giivenlik i¢in bazi kisitlamalar ve denetimler
belirlenmistir. Planli, deneyim odakli ve hareketliligi giivenli bir sekilde saglayacak sistemler
olusturulmasi, mekéansal diizenlemeler 6ngoriilerek yapilmalidir.

o Birgok drnekte e-skuter sistemlerinin toplu tagima araglarina ulasmak ya da arada tamamlayici gorev
gormek iizerine kullanildigi analiz edilmistir. Bu baglamda ozellikle rayli sistemler ile
entegrasyonlar1 6nemli olup duraklarda bulunacak park yerleri ile daha koordineli bir hareketlilik
sistemli olusturulmalidir.

e Deneyim odakli ya da maliyet etkin olmadiginda bir¢ok yolcu aslinda 6zel ara¢ sahipliligini tercih
etmektedir. Ote yandan yaya ve toplu tasima kullanan kent sakinlerinin de tercih ettigi sistemler
olmaktadirlar. Dolayisiyla bir yandan yolcu kazanip potansiyel olurken diger yandan daha
stirdiiriilebilir olan sistemlerden yolcu alarak farkli problemlere yol agmaktadir. Bu baglamda
fiyatlandirma politikalan etkin bir sekilde yonetilmelidir.

e Fiyatlandirma politikalarinda mesafe faktori, kullanim  tercihini etkileyecek —sekilde
diizenlenmelidir. Ornegin kisa mesafelerde daha ytiksek {icretler, orta mesafelerde daha uygun, uzun
mesafelerde ise toplu tasima ile entegre olacak sekilde politikalar gelistirilmelidir.

e Giinlimiizde bir yandan yayalar i¢in sokak malzemeleri ¢esitlenmekte diger yandan rayli sistemler
gibi toplu tagima sistemleri gelistirilmektedir. Ancak potansiyel olarak degerlendirilen e-skuter
sistemleri i¢in bu durum, uygun siiriis kosullar1 saglamamakta kullanimlarini engellemektedir.
Boylece bu sistemler krize doniismekte ve mekanda diizensizlige yol agmanin yaninda giivenlik
endiseleri de olusturmaktadir. Biitlinciil olarak ele alinarak planlanan mekanlar, tiim sistemlerin
kullanmimu igin uygun zemini sunacaktir. Ornegin standart olgiiler belirlenerek tasarlanan ve
uygulanan ayrilmis seritler ¢oziimlerden biri olmaktadir. Ayn1 zamanda ortak ya da paylasimli
alanlarin mekanda kiiciik miidahaleler ile tasarlanmasi da aymi altyapi ve teknik 6zelliklerde farkl
déseme ve kurallari beraberinde getirerek siirdiiriilebilir bir kentsel hareketlilik saglayacaktir.

Anahtar kelimeler: Kentsel hareketlilik, erisilebilirlik, seyahat davramslari, paylasimli e-skuter
sistemleri, mekdnsal organizasyon.
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Reflections of Shared E-Scooter Systems On Spatial and Travel Behaviors: Crisis Or
Opportunity?

Purpose and Method of the Study

In addition to the rapid, distorted and uncontrolled growth, which is one of the problems of today's cities,
situations such as pandemics, climate change, demographic and social changes put pressure on the
transportation networks and bring the mobility in the urban space to a standstill. As a result, with the
increase in the negative impact on daily life, new approaches and solutions have emerged in mobility
systems. As a response to this situation, shared e-scooter systems have entered the agenda of city
administrations as one of the innovative tools that will reduce negative environmental impacts,
strengthen the quality of urban life and the interconnection of existing mobility systems, increase the
accessibility of daily life, and ensure the effective use of digital technologies.

Shared e-scooter systems, while being a part of micro mobility, diversify urban mobility; While it is
suitable for individual use, it also supports mass mobility; They are small, flexible and functional
vehicles that are intended to contribute to sustainable mobility by reducing private vehicle ownership
with their use over short distances. Allowing free movement in the city and facilitating access to public
transportation systems have enabled e-scooter systems to take place in cities easily. It can be unlocked
via a mobile application and become suitable for use, and can be left locked within designated locations.
While these systems have positive effects in terms of experience with the way they travel, on the other
hand, the lack of necessary spatial arrangements such as parking areas, separated lanes and the lack of
user awareness in the society cause security concerns; It causes obstacles in pedestrian mobility, and
confusion and disorder in space. Therefore, shared e-scooter systems, which provide active mobility
with many features, create a potential by affecting the travel behaviors of city residents as an element
that facilitates access in daily life with their innovative aspects, and also bring crises in interaction with
the situations that occur as a result of the undefined usage area and inadequacies in physical space. This
paper explains the issues of safety, accessibility, pedestrian mobility, based on the regulations of e-
scooter systems within the scope of interventions in urban mobility spaces; presents examples within
the information compiled from national and international articles and research; examines its effects on
travel behaviors; makes recommendations and inferences for national use.

Research Findings

The rapid change in the population dynamics of today's cities, the unplanned and uncontrolled growing
city form and the lack of a holistic evaluation of spatial policies create pressure on urban transportation
networks and cause traffic congestion. On the other hand, while it brings with it inefficient and long
journeys, it causes a decrease in the quality of life. At the same time, traveling in cities where traffic
almost comes to a standstill becomes troublesome and tiring. On top of all this, unexpected events such
as the COVID-19 pandemic create extraordinary crisis situations that affect and change the mobility of
urban residents. In response to these situations, shared micro-mobility vehicles have been adopted as
systems that have emerged in recent years and attract attention by city administrations with their
popularity, and one of them has been shared e-scooter systems. E-scooter vehicles, which aim to provide
an efficient system against problems such as excess emission, congestion and noise caused by the
existing systems, are a new and innovative system with the potential to solve the mobility problems in
cities. However, as a result of lack of infrastructure, lack of spatial conditions or insufficient awareness,
e-scooter vehicles, which are seen as potential, can turn into crisis situations.

Using today's technological developments develops new systems in urban mobility. In particular, the
development of internet-based (loT) and GIS-based technologies, such as the simultaneous active
monitoring of location mobility, innovative systems such as shared e-scooters have also increased the
rate of taking place in the space. These technological interfaces support the design of new interfaces for
informing the e-scooter movement and enable the detection of potentials such as the increase in the use
of e-scooter vehicles in areas where it is needed. E-scooter systems, which can be used through a mobile
application on a smartphone, are transportation vehicles in the space that are likely to be included in the
mobility vision of the future and are a solution to current problems regarding sustainability.

Today, e-scooter vehicles allow mass use due to their shared nature, while at the same time, they create
a personal travel experience due to their individual use. Users who benefit from a shared e-scooter
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system, as they are suitable for individual use, can draw their own route and reach their destination via
this route. While this situation is considered as an advantage for e-scooter systems, it can be another
advantage in urban mobility systems to reach places where public transportation vehicles cannot reach,
via one's own route. This situation, which creates positive effects on an urban scale, highlights e-scooter
systems in terms of production, use and infrastructure, as they can be operated at lower costs compared
to other systems.

When the development of shared e-scooter systems is examined, the first steps of their massive and
shared use in urban mobility were taken in the early 2000s, but the intensification of interest and the
increase in use were before the COVID-19 pandemic. The years 2018 and 2019 are years when
investment preferences in micro mobility have increased and this area has been developing gradually.
Shared e-scooter systems have also developed in parallel and have taken place in the space interactively
with the transportation policies adopted by each city. In e-scooter systems used through a maobile
application, this application is used until the end of the journey, which is accessed via a smart phone.
First of all, on the map, which is accessed via the application and updated instantly, the closest e-scooter
vehicle to the users is determined, and upon request for the use of this vehicle, driving starts as a result
of the vehicle lock opened with a QR code. Credit or debit card information pre-registered to the mobile
application is already available for payment transactions. With the start of the ride, the payment system
is activated and at the end of the ride, payment is provided by being charged according to the time it
takes to park. Parking areas are usually designated by operators such as pavement, public space, open
and green spaces. The journey ends as a result of sending the photo of the parked e-scooter vehicle via
the application. Shared e-scooter systems, which have started to take place on a technology-based basis
through smart phones in urban mobility, are considered in relation to many areas. These areas are
explained in terms of economic, ecological, spatial and driving conditions as follows (Glavic et al.,
2021; Irfan, 2018; Hardt and Bogenberger, 2019);

e From an ecological point of view, it has positive effects in terms of its potential to reduce traffic
congestion and its remedial effects in the context of noise pollution. At the same time, reducing
traffic congestion and contributing to reducing air pollution provides a sustainable urban mobility.
As they are electric vehicles, they allow journeys with a low carbon footprint and emit pollutants
with almost zero emissions, which also creates positive effects in terms of environmental efficiency.
Although it is considered negative that some systems provide power with the “collect-charge-
redistribute” method in stages such as battery production in the design processes, their use against
internal combustion vehicle systems creates a potential.

e From an economic point of view, it can be mentioned that there is a two-way benefit for shared e-
scooter systems; users and operators. When evaluated by users, it is stated that the use of e-scooters
per journey in some cities is more expensive than using public transportation or riding a bicycle,
while it is explained that it is less costly in order to encourage their use in some cities. However, in
general, their use is much more convenient and cost-effective than the use of private cars. In
addition, there are different campaigns and collaborations produced to increase their use, and
discounts are applied.

e When evaluated in terms of driving conditions, traffic safety is among the prominent issues. Legal
and administrative regulations are among the most powerful tools in terms of ensuring security.
Especially speed limits, determination of usage areas, explanation of usage conditions and guiding
signs create awareness for both users and other drivers. Thus, the rate of accidents with e-scooter
vehicles can be significantly reduced.

e Another dimension that is important in terms of security on the one hand and accessibility on the
other is spatial conditions. The arrangement of urban space for the use of shared e-scooters and
other vehicles such as bicycles in the context of micro-mobility improves travel and encourages
their use. At the same time, the organization of urban space ensures order and prevents chaos. The
prerequisite for the efficient operation of shared e-scooter systems is spatial and infrastructural
arrangements. In particular, the structure and properties of the surface materials found in street
networks and the physical boundaries of the areas used by vehicles and pedestrians are not suitable
for the use of e-scooters. For example, the radii of e-scooter vehicles with small wheels do not match
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in places such as streets where the surface is made of cobblestone or slabs, or in areas where tram
tracks are located. Consideration of spatial arrangements with equipment such as travel area, parking
areas, charging stations encourages the use of shared e-scooter systems.

The effective realization of the journey by considering the shared e-scooter systems holistically in the
context of ecological, economic, spatial and driving conditions will have the potential to reduce the use
of private cars in the context of urban mobility and will reveal systems that will support sustainability.
E-scooter systems, which are suitable for use in short distances, can have significant effects on reducing
vehicle journeys when evaluated in the context of the first mile-last mile based on the journey distance.

According to the results of a survey conducted by NHTS (National Household Travel Survey) in 2017,
60% of vehicle journeys take place less than 10 kilometers away. This highlights the importance of using
e-scooter systems for short distance journeys in terms of reducing vehicle use. Shared e-scooter systems
are characterized as the most suitable solutions for short trips with their size, speed, maneuverability
and easy management features. Although e-scooter vehicles are an alternative for journeys generally up
to 3-6 kilometers, it is anticipated that it will have a potential by creating positive contributions for
sustainability in urban mobility when it replaces private automobile travel at this distance. This potential
is explained by the statistics revealed as a result of studies conducted in European and American cities.
For example, it has been stated that 24% of trips made in the UK are shorter than 3 kilometers. It is
expected that this situation will increase the possibility of using shared e-scooters and proportionally
reduce the use of private cars. This situation is similar in American cities. According to the studies, it
was concluded that 68% of the journeys were shorter than 1.5 kilometers in the data system based on
several American cities (Weschke et al. 2022; Glavic et al. 2021). The results create positive effects for
the dissemination of shared e-scooter systems, as well as highlighting their integration with public
transport. Other studies based on different cities are as follows (Department for Transport, London,
2019);

e As a result of the studies carried out in Paris, it is among the results that 23% of the journeys are
supported by another transportation vehicle such as shared e-scooter systems, and 66% are realized
by public transportation systems. This situation is effective for the dissemination of shared e-
scooters and their integration with public transportation systems.

e As a result of the surveys conducted in Helsinki, approximately 14,500 vehicle journeys were
analyzed and 3% of the participants stated that they did not have an adequate and cost-effective
alternative in the form of public transportation. Most of the journeys take up to 1.4 kilometers and
walking and cycling are shown as alternatives to public transportation systems. In contrast, about
35% of private car uses are made within short distances of up to 500 meters and are usually located
in movement areas where walking is dominant. This situation is seen as a reason for the spread of
shared e-scooter systems in Helsinki.

e Ina survey conducted in Portland, 34% of city residents and 48% of visitors stated that they prefer
shared e-scooters instead of using private cars or taxis. On the other hand, 6% of the respondents
stated that they abandoned the use of vehicles completely and turned to the use of e-scooters.

¢ Ina study conducted in Arlington, 52% of respondents said that since they started using e-scooters,
they have used shared vehicle systems such as private cars, taxis or Uber less. However, although
the attitude towards driving was positive in this survey, alarming results were also obtained. 44% of
the participants stated that they reduced cycling and 28% stated that they reduced walking and used
e-scooters instead.

As seen in the studies conducted in Arlington, the use of e-scooter vehicles, when used on foot or when
preferred individually instead of public transportation systems, starts to cause harm instead of
contributing to sustainability. Therefore, which mode of transportation is used as an alternative becomes
an important issue. Although this situation is directly related to the city form and settlement models, it
can be said that the organization of the urban space also determines the vehicle to be traveled. Therefore,
the way e-scooter systems are located and used in the space can lead to opportunities as well as to crises.

E-scooter systems, which are in the dilemma of opportunity and crisis, also have spatial effects. This
situation not only directly affects pedestrian mobility but also determines the level of accessibility. Many
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of the shared e-scooter systems are used in the mobility of daily life, and it is aimed to go to work, school
or spend time in recreation areas on these journeys. The space used in this context is public spaces that
belong to both everyone and no one. Discussions of shared e-scooter systems on access to public spaces
and social equality with public space sharing have been going on for a while. Unused shared e-scooters
create disorder in public spaces and prevent pedestrian mobility. At the same time, it poses a danger to
pedestrians due to careless driving and non-compliance with traffic rules during the journey. Tuncer et
al. (2022), this situation was interpreted in the context of the visibility of e-scooter systems in the urban
space and the changes created by their location in the space are expressed as new, unstable and difficult
to predict, and it is also stated that there is competition in public space between pedestrians and e-scooter
vehicles. One of the reasons for this situation may be that the usage areas of e-scooter vehicles are not
clearly defined.

The places of use of shared e-scooter vehicles can often be sidewalks, bicycle lanes or streets. All e-
scooter systems / initiatives on a national scale impose certain limitations for their usage areas, but all
are located on the streets where they use the same floor as the vehicles. E-scooter vehicles can be used
on roads with a speed limit of 40-50 km/h, and their use is prohibited on pavements where pedestrian
mobility is intense. However, e-scooter vehicles, which are usually left on the street, on the pavement
or in public areas such as squares, restrict pedestrian mobility. At the same time, it causes disorder and
creates a barrier in terms of accessibility for urban residents with any disability. At the same time, e-
scooter users sharing the same floor with vehicles often lead to negative consequences in terms of safety,
and it is seen that most of the accidents with e-scooters occur on these roads. The sharing of the same
floor by the vehicles that share the same floor and the city residents who use e-scooters in a vulnerable
way causes spatial disorder and lack of coordination, while at the same time brings injustice. Separated
lanes, such as bicycle lanes, which create great effects with small interventions in the space, should also
be adopted for shared e-scooter vehicles, and all necessary spatial arrangements should be made. As a
result of the interventions that are not included in the space, the residents of the city do not have enough
awareness of use. Spatial interventions, social awareness, speed limits and usage patterns are closely
related to the legal administrative framework adopted by countries and cities.

Each country, the cities of the countries and the local governments of the cities determine the legal
administrative framework for the use of micro-scale shared e-scooter systems in urban mobility and pay
attention to the regular use of these systems with the necessary bans and permits. When analyzed on a
national scale, there is the "Electric Scooter Regulation”, which was prepared under the supervision of
the Ministry of Transport and Infrastructure and the Ministry of Environment, Urbanization and Climate
Change and published in the official newspaper on April 14, 2021. Within the scope of the regulation,
there are statements regarding the reasons for preference of e-scooter use, areas of use in urban mobility
spaces, points to be considered during use, principles to be considered during the parking phase after
use, and the characteristics of e-scooter vehicles. In particular, speed limits during use and age
regulations regarding users come to the fore, while providing the user's safety, on the other hand, a
perspective is drawn regarding its use in a way that does not hinder pedestrian mobility. There are also
regulations regarding usage areas. Its use is prohibited, especially on pavements with active pedestrian
movement, and pedestrian safety is also considered. In addition to the prohibition of use on pavements,
which are among the principles adopted in terms of spatiality, they are also allowed to be used on certain
roads. These roads are the roads where the vehicles have speed regulations and are generally determined
as 30-50 km/h, but no other criteria have been determined. With the effect of the COVID-19 process, e-
scooters are used in the streets that are determined as "slow, green or pedestrian friendly, but it is seen
that the criteria such as the pavement of these roads and the necessity of being separated lanes have not
yet been evaluated within the scope of the administrative framework, although they are in some of the
European cities. This is also related to the existence and design of parking spaces. While the areas where
e-scooter vehicles can park in European cities, especially in historical areas, are determined with small
interventions, these infrastructure works continue in the USA, but there is no clear information about
these studies in Turkey yet. In this context, considering the European countries, France has determined
some rules for shared e-scooter systems used in urban mobility and has drawn borders within the
framework of the regulation. There are also regulations regarding e-scooter systems in the decree on
urban transportation modes, which was prepared by the Ministry of Interior and Transport in France and
entered into force as of September 2019. The use of e-scooters is very common in France, especially
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with the regulations introduced in 2019 and later. It was decided to ban the use of e-scooters outside the
defined residential areas; It is allowed to be used on roads that are described as green and on bicycle
paths. At the same time, in cities such as Paris, the use of e-scooters in bus lanes is allowed, provided
that it is controlled. However, in all these areas, e-scooter users are obliged to obey the rules such as red
lights, one-way roads, giving priority to the right lane, just like a vehicle user. In cases such as excessive
speed, use of e-scooters in prohibited areas, and non-compliance with the rules, users are penalized with
fines (Christoforou et al. 2021). When examined throughout France, the use of e-scooters in pavement
areas is provided by the municipal administration. If a municipality has prohibited the circulation on the
sidewalks, users who do not comply with this rule are fined (Sokotowski, 2020). Some principles have
been determined for parking on the pavements as well as the prohibition of circulation. In the context of
urban mobility in regions such as Paris throughout the country, areas have been defined for parking after
the e-scooter ride. In the city of Paris, approximately 2,500 private free parking spaces defined for
scooter vehicles have a capacity of approximately 15,000 vehicles. At the same time, areas where
vehicles such as motorcycles are parked are also used. A scooter driver parked on pavements or other
permitted areas within urban transport spaces is penalized with a fine. Restricting the parking
authorization only to designated areas ensures that the mobility takes place in an orderly manner and
encourages their use by defining spatial points for shared e-scooter systems, facilitating their access. At
the same time, defining the designated areas for e-scooter vehicles during the journey and imposing
penal sanctions in case of not paying attention also reduce the security concerns for e-scooter systems;
provides a more comfortable and safe journey.

All of these affect the city dwellers, who are constantly on the move to reach work, school or activities
in their daily lives, and shape user preferences in the context of pedestrian mobility in addition to security
- accessibility - spatial arrangements. Beyond the axles and networks used during the journeys, the "why,
with whom, where and when" the journey is and what kind of spatial relations it establishes create user
preferences and gain importance in the selection of the vehicle to be made. Therefore, it is seen that not
only the movement, but also the attitudes and perceptions of the residents of the city gain importance as
the journey changes from one location to another. It shapes the travel behaviors of the users according
to the cost and usage purposes as well as their personal characteristics. In this context, the characteristics
of the user such as age, gender, ethnicity determine their behavior while traveling. While the income
status of the user is considered as a factor, at the same time, usage fees and transfers in urban mobility
systems are also considered important. The purpose of use, on the other hand, has important effects on
travel behavior and is often described as the factor that determines the type of transportation. Different
cultures and changing geographical locations also affect usage. Therefore, on the one hand, the
individual characteristics of the users affect their travel behaviors, on the other hand, the spatial
conditions also affect the individuals and their preferences. Mobility factors in connection with the city
form, the duration of travel and the accessibility of the space affect travel behaviors. In this context, the
distance of the user from the reference location to the location to be reached and the location of these
locations in the city form become important. The time traveled is affected by this location and distance,
and the physical arrangements in the space also shape the travel behavior of the user during this time.
All these issues can be described as sub-factors that are considered in any journey for any purpose in
the daily lives of the city dwellers. However, in addition to these factors, some features may be preferred
for the use of shared e-scooter vehicles. For example, the presence of segregated lanes discussed above
when examining spatially and their continuity in the journey to the destination are one of these factors.
Traveling with separated lanes avoids driving on the pavement and in heavy traffic and reduces users'
safety concerns.

The individual characteristics, living conditions and experiences of urban residents are another issue in
preferring shared e-scooter vehicles. For e-scooter vehicles, which are used with a standing steering
wheel control on two wheels, the experiences of the users and their openness to innovation affect the
intention and tendency to use it. At the same time, the state of anxiety in relation to safety during the
journey is also related to this situation. On the other hand, since e-scooter trips are trips that are in direct
contact with the environment and there are no obstacles between the user and the built environment, the
perceived safety while driving becomes important. For this reason, the design of e-scooter vehicles and
the spatial organization in their usage areas are among the factors that affect user preferences. Another
issue related to spatial organization is infrastructure arrangements. Although the reserved lanes are

1271



/ /

,Q' 16. UBAK, 11 - 12 March 2023, Ankara ,Q'
UBAK UBAK

included in these infrastructure regulations, the parking areas, the charging status of the vehicles and the
usability and comprehensibility of the mobile application they provide to the users are among the factors
that affect it. Shared e-scooter systems, which represent a new and innovative form of mobility, also
evoke a healthy lifestyle. Encouraging walking and providing low-emission journeys are the preferences
of city dwellers to adopt a sustainable life. At the same time, motivation for physical activity is among
the factors affecting use (Popova, Zagulova, 2022). The fact that shared e-scooter systems are more
flexible, cost-effective and easily accessible compared to private vehicles is also among the factors
affecting user preferences; gaining popularity creates positive effects in terms of awareness. This
situation also ensures that there is an awareness about the traffic rules adopted by the legal and
administrative framework.

There are many studies conducted with the survey technique by creating hypotheses in the context of
shared e-scooter systems and travel behaviors, and they measure the above-mentioned factors with the
city residents and reveal them with the survey method. They generally proceeded to prove these
hypotheses by forming hypotheses on the effects of shared e-scooter systems on travel behavior. In this
paper, Scopus presented the key concepts of “shared scooter, impacts of shared e-scooters on travel
behavior” in databases such as Web of Knowledge, and within a framework of research in the interactive
literature.

e Oztas Karli et al. (2022), based on a survey study, it was seen that the primary factor affecting travel
behaviors was social influence. In addition to the past experiences of individuals, their social
environment also affects their intention to use. In this study, the sharing of experiences of urban
residents living in the same regions positively affected user preferences and determined each other's
intentions. At the same time, the shares of users on social media also affect each other and increase
the popularity of shared e-scooter systems, while gaining new users for use. This situation supports
a socially innovative structure and positively affects the usage preferences of individuals by
foreseeing being open to innovations and technological developments. This is confirmed in the
hypothesis and questionnaire-based study by Popova and Zagulova (2022). They stated that the
attitudes of close and important people or the society towards the use of e-scooters will personally
affect the predictions of the city residents about the journey (Popova and Zagulova, 2022).

e Another factor is Oztas Karli et al. (2022), it is expressed as effort expectancy. Shared e-scooter
systems are used via a mobile application on a smartphone, and the journey ends with this
application at the end of the ride. Therefore, an innovative system based on technology is taken as
a basis, and the less effort is spent while using technology in this system, the more positively user
preferences are affected. The fact that a technology that is new to the society requires little effort
actually brings with it the intention to use the technology (Makayenza and Mutambayashata, 2018).

e Asaresult of research, cost of use is among the factors affecting travel behavior. Shared e-scooter
systems, which are generally created to provide cheap transportation to city residents in European
and American cities, allow businesses to increase their reach. However, when it is more costly than
traveling with private cars or vehicles, user preferences are negatively affected; In this case, the
comfort of the journey emerges in relation to the cost. Therefore, the pricing policies of shared e-
scooter systems become important. Kapser and Abdelrahman (2020), Smith and Schwieterman
(2018), and Oztas Karls et al. (2022) reached findings to support this situation in their studies and
revealed that shared e-scooter systems will most likely not be used when the price is high. Related
to this issue, Glavic et al. (2021), it was revealed that the income levels of the users affect the
preferences of using shared e-scooter systems.

e Ainetal. (2015), Baptista and Oliveria (2015), Owusu Kwateng et al. (2019), Nordhoff et al. (2020),
the fact that the conditions of the place are facilitating during the e-scooter journey affects user
preferences positively. Oztas Karli et al. (2022), although it is revealed that facilitating conditions
do not have a significant effect, spatial arrangements such as the presence of charging stations,
informative signage, separated lanes and parking areas facilitate the use of shared e-scooter systems
and encourage an efficient journey for users. The absence of these infrastructures prevents the
adoption of micro-mobility systems, reduces their use and prevents sufficient awareness in the
society. Therefore, improvement of existing infrastructure systems for the use of e-scooter systems
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requires spatial arrangements. However, in the study conducted by Popova and Zagulova (2022), it
is stated that the conditions that will prevent the development of e-scooter systems in urban mobility
should be known and therefore the preliminary experience of the city residents is important. They
revealed that conditions such as road quality and infrastructure are one of the factors that determine
the preferences of users in terms of prior experience.

e One of the factors determined as a result of the research is shaped within the framework of
environmental awareness. There are users who turn to shared e-scooter systems in line with the
desire of city residents to reduce their carbon footprint and to spend their daily lives in the context
of sustainable mobility. This is the case in Kopplin et al. (2021), Wang et al. (2020) studies, there
are also analyzes in which environmental awareness does not affect travel behaviors. Fu et al.
(2019), Lietal. (2019), Wang et al. (2011), Popova and Zagulova (2022) argue that although shared
mobility is associated with a more responsible attitude of city residents towards environmental
problems and the creation of more favorable environmental conditions by reducing the personal use
of internal combustion engine vehicles, it is not a determining factor. they have submitted. Wang et
al. According to (2020), as the awareness of environmental sustainability increases, the tendency of
urban residents to use shared systems also increases. However, the adoption of the collect-charge-
distribute logic of some e-scooter systems leads to higher emissions; On the other hand, it has
positive effects by providing replacement of some systems with on-site backup batteries. Therefore,
no trace of a clear determining factor was found in this regard. However, it can be described as an
influencing factor.

In addition to all these findings, there are some determining factors in the context of travel. Variable
factors such as the purpose of the journey, the time of the journey, the distance to the destination also
affect the travel behavior of the city residents in the use of shared e-scooter systems. When evaluated in
this context, spatial conditions and infrastructure features affect the use of shared e-scooter systems,
while the individual characteristics and experiences of urban residents are among the factors that affect
them. Therefore, all conditions and features should be evaluated with the residents of the city and shared
e-scooter systems should be evaluated with a holistic approach and user-oriented principles, and the
driving conditions should be evaluated in the local context and improved in specific conditions.

Conclusion and Recommendations

As a result, some suggestions can be made in the light of the above evaluations and by making use of
the key concepts of "shared scooter, impacts of shared e-scooters on travel behavior” in databases such
as Scopus and Web of Knowledge, and the results and inferences obtained from the literature studies
conducted within the scope of interactive research.

e Shared e-scooter systems first become widespread and then become legal. In this process, spatial
arrangements are also delayed, and a system that can potentially be used effectively causes different
problems in different layers. This situation brings with it the lack of coordination and planning.
After gaining its popularity in Turkey, it is seen that some regulations have begun to be made. In
some countries, such as Italy, shared e-scooter vehicles underwent a trial period before being
accepted, and some restrictions and controls were determined for safety in this process. Establishing
systems that are planned, experience-oriented and that will ensure mobility safely should be done
by foreseeing spatial arrangements.

e In many cases, it has been analyzed that e-scooter systems are used to reach public transportation
vehicles or to serve as a complement in between. In this context, their integration with rail systems
is especially important, and a more coordinated mobility system should be created with the parking
spaces to be found at the stops.

e Many passengers actually opt for private car ownership when it is not experience-oriented or cost-
effective. On the other hand, they are the systems preferred by city residents using pedestrian and
public transportation. Therefore, while gaining passengers and potential, on the other hand, it causes
different problems by taking passengers from more sustainable systems. In this context, pricing
policies should be managed effectively.
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e In pricing policies, the distance factor should be regulated to affect the usage preference. For
example, policies should be developed such that higher fares in short distances, more convenient in
medium distances, and integration with public transportation in long distances.

e Today, on the one hand, street materials for pedestrians are diversified, on the other hand, mass
transportation systems such as rail systems are being developed. However, for e-scooter systems
that are considered as potential, this situation does not provide suitable driving conditions and
prevents their use. Thus, these systems turn into crises and create security concerns as well as
causing disorder in the space. The spaces, which are planned to be considered holistically, will
provide the appropriate ground for the use of all systems. For example, separated strips designed
and applied by determining standard sizes are one of the solutions. At the same time, the design of
common or shared areas with small interventions in the space will provide a sustainable urban
mobility by bringing different flooring and rules with the same infrastructure and technical features.

Keywords: Urban mobility, accessibility, travel behaviors, shared e-scooter systems, spatial
organization.
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OZET: Yoneticiler ya da yatwimcilar agisindan proje elde etme yontemlerinden birisi olan, mimarlar icin ise is
alma olanag olarak degerlendirilen yarigmalar, giiniimiizde de giincelligini korumaya devam etmektedir.
Giiniimiize ulasan bircok yapt yarisma projeleri sonucunda elde edilmistir. Erzurum Atatiirk Universitesi kampiisii
basta olmak iizere bir¢ok fakiilte yapist agilan yarismalar sonucunda belirlenen kazanan projelerin yapimlaridir.
Bu kapsamda 1972 yilinda Bayindirlik Bakanhg tarafindan acilan Erzurum Atatiirk Universitesi 200 kisilik
Laborant ve Tibbi Teknisyen Okulu ve Dis Hekimligi Fakiiltesi tasarim yarismasinin siire¢ analizi yapilmistir. Bu
analizde yarismamin sonug tirtinlerinden birinci olan proje mimari planlama ve mekansal ozellikler agisindan ele
alinmig ve giiniimiiz fakiiltesinin mimari ozellikleri, yapisal miidahaleler, biinyesinde meydana gelen doniigiimler
ilk yapim projesi ile karsilastirmali olarak degerlendirilmistir. Bu sayede giincel olarak mimarlik diinyasinda
onemli bir yere sahip olan yarigsmalar ve sonucunda iiretilen yapimlarin, ge¢misten giiniimiize yasadiklar
degisimler ortaya konmustur. Bu degigimlerin olumlu ve olumsuz yansimalart toplum ve mimarlik iiretimleri
baglaminda tartisilmistir.

Anahtar Kelimeler: proje yarismast, standartlasma, doniisiim, Atatiirk Universitesi Dis Hekimligi Fakiiltesi

Examination of Atatiirk University Faculty of Dentistry in the Context of Standardization With the Design of
the 1972 Project Competition

ABSTRACT: Contests, which are one of the methods of obtaining projects for managers or investors, and which
are considered as a job opportunity for architects, continue to be up-to-date today. Although there is a lot of
discussion about the categories, juries, results and periodic specification changes of architectural competitions,
many buildings that have survived to the present day have been obtained as a result of competition projects. Many
faculties, especially Erzurum Atatiirk University campus, are the productions of the winning projects determined
as a result of the competitions. In this context, the process analysis of the Erzurum Atatiirk University 200-person
Laboratory of Laboratories and Medical Technicians, and the Faculty of Dentistry design competition was made.
In this analysis, the first project of the competition was discussed in terms of architectural planning and spatial
features, and the architectural features of today's faculty, structural interventions, and the transformations that
took place within it were evaluated in comparison with the first construction project. In this way, the competitions
that have an important place in the world of architecture and the changes that the productions produced as a
result from the past to the present have been revealed. The positive and negative reflections of these changes are
discussed in the context of society and architectural productions.

Keywords: Project Competition, Standardization, Transformation, Atatiirk University Faculty of Dentistry
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1. INTRODUCTION

Within the scope of the study, it is aimed to deal with the functional and structural changes and
transformations of the structures produced as a result of architectural design/project competitions
involving Erzurum Atatiirk University campus and faculties, from the first construction to the present,
in terms of standardization and alienation from the architectural society. Among these competitions, the
Faculty of Dentistry, which was announced by the Ministry of Public Works in 1972, was discussed in
detail. Starting from the first design stage of this faculty building, the application processes, current
situation and the last additions, removals and spatial transformations were examined. As a result of
these, it is aimed to read these changes through standardization and to reveal their effects in terms of the
relationship between the society and the architectural environment and their alienation from each other.
In this way, the competitions that have an important place in the world of architecture and the changes
that the productions produced as a result from the past to the present have been revealed. The positive
and negative reflections of these changes are discussed in the context of society and architectural
productions.

While the history of architectural competitions dates back to 1800 (Sudjac, 2006) in the world?, it goes
back to the first years of the Republic nationally? (Cezar, 1991). Atatiirk University Faculty of Dentistry
architectural project competition, which has an important place among the project competitions that
gained momentum in the Republican period, was announced by the Ministry of Public Works in 1972.

The main jury members are Maruf Onel, Dogan Tekeli, Rahmi Bediz, Ersen Perakendesizoglu, Ali
Terzibagoglu; Esen Bolak, Hilmi Beyazit and Demirtag Kamgil were the substitute jury members, while
the advisory jury members were Ugur Alkim, Nihat President, Muzaffer Kiirk¢iioglu, Ibrahim Ulualp,
and Oktay Cengiz. Oya Giingen and Arif Feridun gave the first, second and third prizes as well as five
honorable mentions at the end of the competition. The project, whose designers are Nisan Yaubyan,
Osep Sarrafoglu and Giintekin Aydogan, was awarded the first prize.

According to the jury report;

e Less storey arrangement of the faculty design by utilizing topography (using slopes),

e Creating a volume in accordance with the characteristics of the faculty and laboratory units
and placing them on the topography,

e The main function spaces are clearly differentiated from the others and internal relations
are established with the side programs,

e Considering the climatic characteristics of the city, which is the subject of the design, it is
protected from the prevailing wind at the entrances,

e Its success in scaled architecture and system detail,

e Low initial investment, maintenance and implementation costs of the project,

e It has an easy-to-build and applicable structure,

e Its negative aspects can be easily converted and updated,

For this reason, it was seen more positive than other projects and won the first place.

! The architectural competition opened for the reconstruction of the Palace of Westminster after the British Parliament was
destroyed by fire in the fire in 1832 is the first competition in Europe.

2 Mustafa Cezar states that the first architectural competition held in Turkey was the summer residence of the British Embassy
in Tarabya in 1867. Due to the unfavorable conditions of Turkey, the competition was held in England. However, there is no
information about the implementation of the winning proposal. According to Siiha Ozkan, a Turkish-German friendship
foundation competition was organized in 1916. It is known that Architect Vedat Gentleman and Architect Kemalettin
Gentleman from Turkey were also jury members for this competition. The names of Paul Bonatz, Martin Elsaesser, Theodor
Fischer, Hans Poelzig and Bruno Taut can be found among the participants of the competition. According to Afife Batur, the
first competition of the Republican era was the Ankara City Plan limited project competition held in 1927. This competition is
the first competition for foreign architects to participate.
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2.COMPETITION ARCHITECTURE APPROACH OF THE PERIOD (1970 - 1980)

As of the year the Faculty of Dentistry building was built (1972), with the effect of the Cold War (1950-
1980) in which it was located, the structures designed in an international style, which increased in the
world after the Second World War, started to become widespread in Turkey as of the 1950s. In this
period, modern designs began to be applied by gaining diversity. In the competition specifications and
jury reports® of the period, instead of the cost reduction demanded in the past, the value-added status of
the project started to be demanded.

In addition, being sensitive to the environmental scale and historical texture of the projects is among the
subjects requested in the building designs in the competitions. As a result of the emergence of the idea
of realizing environmental awareness and design approaches considering the environment since the
1970s, it is seen that motor vehicle and pedestrian transportation are also integrated into the projects.

Ustiin Alsag, in his periodical classification in his article published in the November — December issue
of Architecture Magazine, evaluated the period between 1960 and 1973 as the periods when Turkish
architecture started to focus on social problems. When we look at the application part in the period when
scientificity increased in terms of architectural thought, we can talk about a period in which university
buildings were at the forefront.

Although the form effects between the years 1960-73 were not very different from the previous period,
it can be said that in addition to examples such as inflatable structures and geodesic domes in countries
with high technological development levels, a form understanding suitable for the economic level in
Turkey was effective in the architectural environment.

The "brutalism" (architectural style in which building materials and construction are used grossly and
without concealment) can be given as an example of this discourse in practice. Depending on the general
industrialization, the building tools and materials industry also started to develop in this period.

3.INFORMATION ON THE CONSTRUCTION PROCESS

Atatiirk University Faculty of Dentistry was established in 1971 as the sixth faculty of the university.
During the foundation years of the faculty, Numune Hospital started to serve in Serif Efendi Polyclinic,
but when it was difficult to meet the student and training needs over time, the faculty was moved to the
first floor of the eastern bloc of the Chest Diseases Hospital in 1974.

ADDITION-
BUILDING

Picture 1. Faculty of Dentistry project mockup Picture 2. Faculty of Dentistry site plan
(journal of architecture, 1972, issue 102) (2022, google earth)

3 This conclusion was reached as a result of the compilation of i. Aydin Meltem's competition specifications and reports
examined between 1930-2010. The specified reports and specifications cover the documents between 1950-80.
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The Faculty of Dentistry, whose competition project was opened a year after its establishment, continued
to provide education in different polyclinics and hospitals between 1971 and 1975, while the foundation
of the building, which is still in use today, was laid in 1975 in the Atatiirk University campus. The
faculty moved to its own building on the university campus on November 5, 1979.

ol

Picture 3. View of Faculty of Dentistry annex building (First built in 1999)
(2016, Nezihat Giines archive)

In order to meet the increasing demands for health services over time, to create spaces suitable for the
needs of the departments that have undergone restructuring, and to make transformations that can meet
the needs of the increasing number of students such as all kinds of education, social facilities, technical
infrastructure, laboratory and application areas, the building marked in Picture 2 was added next to the
existing building in 1999. The appearance of this building in 2016 is as in Picture 3. Annex; It consists
of five floors: basement, ground floor, four normal floor plans and attic.

4. INFORMATION ON THE IMPLEMENTATION PROCESS OF THE BUILDING

The construction of the project, which was selected first as a result of the competition in 1972, started
in 1975 by laying the groundwork. The project was completed and delivered in 1979 at the end of 4
years and the faculty in the Chest Diseases Hospital was moved to the university campus.

Due to the lack of resources for the period between 1979-1999, it is not known whether a spatial or
structural application was made in the building. However, when the first stage competition project and
the additional building plans made in 1999 were examined only on a structural basis (based on the
external contours of the building)®, some changes were made.

In the 1972 competition project plan, the building - diagnosis polyclinic - central x-ray - pathology
laboratory - patient entrance and reception section consisting of large and small waiting areas, - patient
care unit - operating room - surgery clinic room - offices - associate professor and professor rooms -
surgery units The department was formed by combining four different units, namely - classrooms -
multi-purpose hall - library - educational and social facilities with parts and the dean's office with units
belonging to the dean's office (Figure 1).

4 Plan changes in the last 10-15 years have been observed since 1975, the first year of construction, and since the source of the
old constructions could not be reached, only possible structural changes were interpreted on the basis of the outer and inner
wall contours of the building.
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Figure 1. Faculty of Dentistry ground floor plan (1972, journal of architecture, Issue 102,
visualized by the author)

In its first construction, the operating room, patient care units and clinical halls in the surgery section
were converted into staff rooms in the plan. The other branch of the same surgical department was
enlarged by separating the canteen and other staff rooms and an amphitheater was added.

5.CONTEMPORARY STRUCTURAL AND FUNCTIONAL CONDITION OF THE
BUILDING

After the competition opened in 1972, the Faculty of Dentistry and Laboratory Technician School
project, the first construction of which was started in 1975, continues its current function under the name
"Faculty of Dentistry". The Laboratory and Technician School part named after it has been removed and
continues to be used. Although there is no change in its function, unlike the competition project, which
is the first design in planning, the use of space varies. In addition, the additional building added for
necessity is one of the first additions to the design on the building scale. The building block, which
belongs to the first design project above the part where the annex building is located, and which includes
the patient entrance, admission and diagnosis polyclinics, as well as the waiting rooms, has not survived.
In the existing building, these functions are placed in the plan on the upper level (see 1st floor plan) and
are located in the section of the first construction project reserved for education and social facilities. In
addition, a passage corridor connecting the two blocks with staff rooms on the ground floor was added
to the building later.

6.CHANGES AND TRANSFORMATIONS OCCURING IN THE FACULTY OF
DENTISTRY

Structural and spatial transformations that have occurred in the Faculty of Dentistry over the years have
been revealed by analyzing the plans. The determination of these changes and transformations, the
additions (insufficient spaces) needed for the faculty from the past to the present, the spatial additions
needed due to the increase in the number of scientific studies and students, the additions of the
windbreakers made to keep up with the winter conditions, the addition of the cafeteria to meet the social
needs on site. added additions. In this way, the necessary changes over the years and the spatial
transformations that emerged as a result of the needs were determined.
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6.1.Spatial Transformations

While the spatial functions of the building were clearly defined with mass separations (educational and
social facilities are a block, a dean's office, a patient entrance and reception block and the surgery
department clinics and operating rooms connected to it), today the additions made in different periods
or subtractions are also prominent. Although there are no clear mass differences in these changes, it has
been observed that the function transitions between the spaces are very sharp at some points. A clear
boundary and transition cannot be drawn for functions.

MAIN BUILDING |
GROUND FLOOR PLAN ‘5;9

Archive

- Windbreaker 3

Women's X
..... toilet w
by | 1 5
...... 1 B «‘b .
Transition = |-
Corridor | [/ ki e
"o L .
by ra
L w | 2
- = = = T E Corridor L -
O :’,,,A,“ re—T S l i |
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Figure 2. Faculty of Dentistry main building ground floor plan, 2021, current plan (visualized by the
author)

In today's main building ground floor plan in Figure 2, academic and administrative staff rooms, which
were located in the surgical department mass in the previous planning, are scattered over different
masses. In the faculty, which has different masses and transitions, it is observed that personnel rooms
suitable for the units located in different branches of the mass are placed in those parts. While the floor
halls continue to exist, a transition corridor has been created between the main building, which houses
the laboratory, x-ray, tomography and some staff rooms, and the other building, which also includes
other staff rooms and auxiliary units such as canteen, lecture hall, photocopy room, archive (Figure 2 —
Part 1). The corridor, which is considered as a single floor, provides the connection between the two
buildings and strengthens the relationship between the defined functions (Picture 4).

O s

Picture 4. Passage corridor conctind the |n build‘i\ng‘] of t'h:eAFacuIty of Dentistry and the building
containing the auxiliary units (personal archive, 2021)
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Men's and women's toilets have been added to the parts indicated with number 2 in Figure 2, to the east
and west of the mass where the auxiliary units are located. To the parts between the toilets and the mass,
two windbreaks were added to the floor hall on both sides of the mass (Picture 5).

| 282

Picture 5. Two-sided windshield addition to the floor hall of the faculty of dentistry
(personal archive, 2021)

The marked part 3, which is indicated on the ground floor plan of the main building in Figure 2, is one
of the additional constructions, which is connected to the floor hall of the main mass with a corridor and
contains the meeting room and laboratories. The 'L' shaped mass (Picture 6) continues over three floors.
The mass used as a laboratory on the first floor is used as a student and lecturer cafeteria on the second
floor. It was observed that the dining hall was not included in the initial construction planning. In this

sense, when compared with the past planning, the spatial transformation arising after the need for a
cafeteria is also revealed.

Picture 6. The laboratory mass in the form of 'L' added to the right part of the first construction
project of the Faculty of Dentistry (Figure 2, the part marked with number 1)
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The classrooms of the faculty are located on the first floor and there are only five classrooms here (Figure
3 —Part 1). Later, one of these classrooms was converted into a library. The reason why the number of
classrooms is so low when compared to other faculties based on the number and density of students can
be explained as the use of laboratories is less than the use of normal classrooms due to the fact that the
applied courses are more intense.

These classrooms are generally used for theoretical lessons. The corridor leading out of the classrooms
opens into a gallery space that overlooks the floor hall leading to the staff rooms on the ground floor. In
this way, functional relations established horizontally on the ground floor and vertical relations on the
first floor were desired.

Picture 7. The classrooms of the Faculty of Dentistry and the gallery space overlooking the ground floor
(personal archive, 2021)

After the classrooms section indicated with number 1 in Figure 3, this block does not go to the upper
floor. The other block continues one more floor. In the other block, on the first floor (see Figure 3), there
are three separate blocks and cascading transitions between the blocks. In each of these masses, there
are clinics with different capacities, such as laboratory clinic, lectern clinic and general clinic (Figure 3
— For part 2 and images, see Figure 8).

MAIN BUILDING @J
FIRST FLOOR PLAN

Meeting room

orriaor

. Gallery space

Figure 3. Faculty of Dentistry main building first floor plan, 2021, current plan (visualized by the author)
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On the second-floor plan of the main building, only the clinic and the laboratories continue (Figure 4).

The clinics on the first floor have maintained their continuity on the upper floor as well. However, the

clinics on this floor are differentiated as orthodontic clinic, surgical assistant clinic, student clinic and

technician clinic (Figure 4 —Part 1). The laboratory units formed by the ‘L' shaped structure on the lower

floors are transformed into student and teaching staff dining halls on the second floor (Figure 4 — For

part 2 and interior visuals, see Figure 9). There are also seven-room dormitory units on this floor. As on

the other floors, the staff rooms do not have a clear space limit on this floor, and they are located in | 284
places that are considered necessary among other spaces.

Picture 8. The status of the clinics in the first-floor plan of the main building of the Faculty of Dentistry
are empty and during patient treatment (Nezihat Giines archive)

MAIN BUILDING |
SECOND FLOOR PLAN

i Operating Room

Figure 4. Faculty of Dentistry main building second floor plan, 2021, current plan (visualized by the author)
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Picture 9. Faculty of Dentistry cafeteria turnstile section and food distribution area, 2016
(Nezihat Giines archive)

Picture 10. Faculty of Dentistry inpatient units, operating room and orthodontic clinic
interior images, 2016 (Nezihat Gilines archive)

6.2.Structural Transformations

The annex building, which was built in the western part of the building in 1999, maintains its existence
today, despite the spatial changes. In addition, unlike the first construction of the building, a laboratory
addition was made to the eastern part (the parts indicated with number 1 in Figure 5) (For the visual, see
Figure 6). In the same way, the changes made both structurally and spatially from the first construction
to the present are observed in the section numbered 2.

Figure 5. Structural changes from the first construction of the Faculty of Dentistry to the present (periodical
supplements were added by the author on the 1972 competition model and visualized.)

— ADDIT '; s IUI% F”O)
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The block located on the upper part of the annex building was demolished before the construction of the
annex (it is not known exactly in what year). The blue colored blocks in Figure 5 show the mass
positioning in the first construction of the faculty. The cream-colored parts on it clearly reveal the
structural changes that have occurred since its first construction. In 1999, an additional building was
built on the axis of the collapsed mass. The present location of this building is also marked on the site
plan (Figure 5).

7.CONCLUSION AND DISCUSSION

Standardization in architecture can be defined as the understanding of construction that incorporates
minimum architectural standards and is built in a way that can appeal to any user in any location by
breaking the relationship of architecture with context, culture, craft and art (Karakul & Bakirer, 2018).
Especially after the industrial revolution, as a result of the increase in mass production and mass
consumption, the building productions in the architectural world started to change in this direction. The
construction of structures that are disconnected from their context, the product and repetition of a series,
has increased. When we evaluate this concept of standardization through the Faculty of Dentistry, whose
spatial and structural differences we consider periodically;

e Inthe structural transformations, the first construction planning was not followed, even if
the planning was not followed, due to the relations of the spaces with each other and the
different architectural language of the structural integrity, different periodic additions
began to form disconnected and monotonous spaces,

e Non-integrated, unrelated spaces occur as a result of spatial transformations by including
partial applications without considering all spaces,

e Considering the demolished structure, the reconstruction of a similar block with almost the
same square meter on the same axis, a few meters away from the demolished structure,
causes both new economic expenditures and the formation of standard spaces that are
spatially incompatible with the old,

e Therelations between the spaces are broken by additions, subtractions and spatial changes,
disrupting the integrity within itself and leading to standardization by causing the building
to lose its originality,

results have been reached.

While the monotony, loss of originality and reproduction of spaces lead to standardization, changes in
architecture or social structure also cause mutual alienation in architecture and society. In this sense, the
changes that occur in the spaces and the periodical differentiations that occur in the architectural
structures in general lead to the differentiation of the society and the alienation process from the spaces
and architecture. As a result, it prepares the environment for the monotony of living spaces, the
emergence of living spaces detached from function, and the making of regulations contrary to human
behavior and ergonomics.

While it can be interpreted that the old construction building, which is used as a laboratory mass today,
is consistent with other buildings in terms of floor height and facade approach, it is observed that the
additional building built in 1999 has been standardized both in terms of floor height and facade approach
and tries to keep up with the period. The floor height, which can be claimed to have arisen out of
necessity, disrupts the consistency within itself and alienates other buildings when other buildings are
considered as a whole building block. In this sense, all kinds of additions, changes and transformations
to be made by considering the original construction conditions in their own context while the spaces are
being designed will make the spaces and the society related and harmonious within themselves. Any
interventions other than this will disrupt the structural, spatial and functional functioning, standardize
the society and structures, and alienate spaces and society from each other.
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OZET: Hurma zeytin olarak isimlendirilen bir tiir Erkence zeytini (Olea europaea L.), olgunlasma periyodunda
gergeklesen mikrobiyal biiyiimeyle B-glukozidaz enzim aktivitesinde artisa sebep olarak fenolik i¢erigin ytkimini
ve dogal acilik giderimini saglamaktadwr. Bu ¢alisma kapsaminda dalinda tatlanan hurma zeytinden endofitik
funguslarin izolasyonu ve aciliga sebep olan fenolik bilesikleri metabolize etmede rolii olan p-glukozidaz iiretim
potansiyellerinin aragtirilmasi amac¢lannmustir. Toplanan zeytinler ayni giin laboratuvara getirilmis, yikanmis ve
yiizey sterilizasyonu gerceklestirilmistir. Laminer akisl kabinde kurutulan zeytinler, aseptik kosullar altinda steril
malzemelerle kiiciik par¢alar haline getirilmig ve farkli besin ortamlar: (Patates dekstroz agar, Malt ekstrakt agar
ve Sabouraud dekstroz agar) iceren petrilere yerlestirilmistir. Oda sicakliginda (25+3 °C) 7-14 giin inkiibasyon
sonrast safliklart  kontrol edilmis ve slant kiiltiirleri hazirlanarak stoklanmigtir. p-Qlukozidaz iiretim
potansiyellerinin incelenmesinde kati substrat olarak zeytin yaprag iceren kati kiiltiir fermentasyon teknigi
kullanilmis, p-glukozidaz aktivitesi tayin edilmistir. Zeytin érneklerinden 14 adet endofitik fungus izole edilmistir.
Yedi izolatin p-glukozidaz aktivitesine sahip oldugu ve en iyi aktiviteyi (2978 U/ml) Z9F1 izolatimin gosterdigi
belirlenmistir. Bu ¢alisma ile zeytinden izole edilen endofitik funguslarin p-glukozidaz iiretim potansiyelleri
oldugu belirlenmigtir.

Anahtar Kelimeler: Zeytin, Endofitik Fungus, Izolasyon, B-Glukozidaz

MATERYAL & METOT

[zmir Karaburun Yarimadasindaki hurma zeytini agaclarindan toplanan zeytin meyveleri,
laboratuvara getirilmesinin ardindan musluk suyu altinda yitkanmustir. Yikanan zeytin meyveleri yilizey
sterilizasyonu igin ilk olarak %70’lik etanol icerisinde 2 dakika bekletilmis, ardindan %3 sodyum
hipoklorit (NaClO) igerisinde 3 dakika tutulmustur. Daha sonrasinda 1 dakika %70’lik etanol i¢erisinde
tutulan zeytinler, son olarak steril edilmis destile Su igeren ii¢ ayri kapta 1’er dakika bekletilip laminer
akish kabin igerisinde sterilize edilmis ve pegeteler iizerinde kurutulmaya birakilmistir. Ardindan,
aseptik kosullar altinda bistiiri ile zetinlerin dis kabuklann ayrilmis ve i¢ dokular 0.3-0.5 cm
biiytikligiindeki pargalar halinde alinarak igerisinde farkli besin ortamlar1 bulunan [Patates dekstroz
agar (PDA), malt ekstrakt agar (MEA) ve Sabouraud dekstroz agar (SDA)] petrilere yerlestirilmistir.
Oda sicaklhiginda (2543°C) 7-14 giin inkiibasyon sonrasi safliklari kontrol edilmis ve slant kiiltiirleri
hazirlanarak stoklanmustir.

B-glukozidaz tiretim potansiyellerinin incelenmesi igin ise 10 g zeytin yapragi (80% nem) iceren
250 ml'lik erlenlerde gergeklestirilmistir. Malt ekstrakt agarda 7 giinliik kiiltiirin 4 ml tween 80
(9%0,1 vIV) ¢ozeltisi ile hazirlanan sporsiispansiyonunun 2 ml’si inokiilasyon olarak kullanilmustir.
Erlenler (25+3°C)'de 7 giin inkiibe edilmistir.

B-glukozidaz aktivite tayini i¢in asetat tamponu icinde ¢ozdiiriilmiis 5 mM Pnpg (4-Nitrofenil -D-
Glukopiranozid) sentetik substrati kullanilmustir. 50°C'de 10 dakika inkiibasyon siiresinin ardindan 420
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nm’de absorbans degeri okunarakaktivite hesaplanmustir. Enzim aktivitesi, U/ml olarak 1 dakikada 1
umol pNP (p-nitrofenol) iiretmek icin gereken enzim miktar: olarak tanimlanmustir.

BULGULAR ve SONUC

Z1E1 ‘ Z1F2 ‘ Z5F1

‘ Z5F5S ‘ 75F6 .
Z6F2 ’ 78F5 ‘ Z8F6

Z9F2 Z9F3 /11F1

Z5F2

Sekil 1. izole edilen endofitik funguslara ait petri goriintiileri

B-glukozidaz aktivite tayini sonucunda en yiiksek enzim aktivitesini (2978 U/ml) Z9F1 izolati
gostermistir. Calismanin ilerleyen asamalarinda aday izolatin tamlanmasi ve farkli substratlar
kullanilarak B-glukozidaz iiretim optimizasyonunun yapilmasi planlanmaktadir.

Bu calisma, endofitik funguslar kullanilarak zeytindeki baslica fenolik madde olan oleuropeinin
yikimindan sorumlu B-glukozidaz enzim aktivitesinin taranmasi agisindan onemlidir.

Bu enzimin kat1 kiltiir fermentasyonu ile tiretimi endofitik funguslarin dogal ortamlarinin biyotaklit
yoluyla olusturulmasini saglamis ve uygun biryontem oldugu n denemelerde belirlenmistir.
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Sekil 2. Erlende kati kiiltiir teknigiyle iretimden bir goriintii
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Ozet: Bu arastirma diinyada aromatik tiitiinler olarak taninan basma tiitiinlerindeki agronomik karakterlerdeki
varyasyonlarn ve tistiin ozelliklere sahip hatlarin belirlenmesi amactyla yiiriitiilmiistiir. Tokat ¢evresindeki basma
tiitiin iiretim yorelerindeki yerel cesitlerden genetik olarak farkli hatlarin secimi igin sekiz SSR markorii
kullantimistir. SSR markorleriile 30 genotipten 27 'sinin genetik olarak farkll oldugu belirlenmistir. Yirmi yedi hat
ile iki standart cesit iki yil siireyle tarla denemelerinde degerlendirilmistir. Yaprak boyu disindaki tiim
parametrelerde genotipler arasinda onemli (p<0.01) varyasyonlar oldugu tespit edilmistir. Bitki boyu 83.5-127.3
cm, yaprak sayis1 28.7-46.1 adet/bitki, yaprak eni 9.1-18.9 cm, yaprak boyu 17.5-39.8 cm, verim 1093-2730 kg
ha™, randiman %36.1-76.9, gelir 3037-8654 $ ha, nikotin % 1.0-2.0, glikoz %4.7-13.8, fruktoz %0.9-8.6,
klorojenik asit 419-2398 ppm ve rutin 345-1452 ppm arasinda degismistir. Iki yil ortalamalarina gore B6 bitki
boyu (112.9 cm), B18 yaprak sayusi (40.0 adet/bitki), B7 yaprak eni (15.8 cm) ve yaprak boyu (26.4 cm), B2 verim
(2349 kg hal), B25 randiman (%63.0), B3 briit gelir (6418 $ ha''), B23 nikotin (%1.81), B3 glikoz (%9.3), B2
fruktoz (%5.1), B11 klorojenik asit (1497 ppm) ve B5 rutin (968 ppm) bakimindan en yiiksek degere sahiptir.
Incelenen ozellikler bakimindan varyasyonlar oldukca yiiksekti. Sonug olarak B3 ve B10 hatlari ¢ogu ézellik
bakimdan éne cikmuistir.

Anahtar kelimeler: HPLC, mikrosatelit, Nicotiana tabacum, oryantal tiitiin, fenolikler

Determining of The Superior Lines in Basma Tobacco Landrace

Abstract: The present research was carried out to determine the variations in agronomic traits and lines with
superior characteristics in Basma tobacco landrace, which are known as aromatic tobaccos in the world. Eight
SSR markers were used to select lines that were genetically different from the local varieties in the Basma tobacco
production regions around Tokat. Twenty seven of the thirty genotypes were genetically different with SSR
markers. Twenty-seven lines and two standard cultivars were evaluated in field trials for two years. There were
significant (p<0.01) variations among lines in all parameters except leaf length. Plant height 83.5-127.3 c¢m,
number of leaves 28.7-46.1 pieces/plant, leaf width 9.1-18.9 c¢m, leaf length 17.5-39.8 cm, yield 1093-2730 kg ha-
1, yield 36.1-76.9%, income 3037-8654 $ ha-1, nicotine 1.0-2.0%, glucose 4.7-13.8%, fructose 0.9-8.6%,
chlorogenic acid 419-2398 ppm and rutin 345-1452 ppm. B6 plant height (112.9 cm), B18 leaf number (40.0
pieces/plant), B7 leaf width (15.8 cm) and leaf length (26.4 cm), B2 yield (2349 kg ha-1), B25 yield ( 63.0%, B3
gross income (6418 $ ha-1), B23 nicotine (1.81%), B3 glucose (9.3%), B2 fructose (5.1%), B11 chlorogenic acid
(1497 ppm), and B5 rutin (968 ppm) has the highest value. Variations in traits studied were quite high. The results
show that B3 and B10 lines were promising in most traits studied.

Keywords: HPLC, microsatellite, Nicotiana tabacum, oriental tobacco, phenolics
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1. GIRIS

Oryantal tiitiinlerin tamamu sigara harmanlarini diizenlemek i¢in kullanilir. Basma tiitiinler diger tiitiinler
arasindan aromatik yapistyla 6n plana ¢ikmaktadir. Basma tipi tiitlin liretimi Yunanistan’dan sonra en
fazla Tiirkiye’de yapilmaktadir (Kinay, 2020). Tiirkiye'de basma tiitiin tiretimi, yerel gesitler, ekotipler
ya da bunlann karisik tohumlan kullanilarak yapilmaktadir (Kurt vd., 2021). Yerel cesitlerde kalite
Ozellikleri bakimindan daha yiiksek performansli genotipleri belirlemek ve karakterize etmek, bu

hatlarin bitki 1slahinda ya da dogrudan tiretimde kullanimlar ile basma tip tiitiinlerin kalite bakimindan
gelismesini saglayacaktir.

Tiitiinde kalite degerlendirilmesinde kullanilan birgok kimyasal ve fiziksel 6zellik; genotip, tarimsal
uygulamalar, iklim, hastalik ve zararlilar, hasat ve kurutma uygulamalarindan etkilenmektedir. Bu
faktorlerdeki degisiklikler tiitiin yapraginin yapisint dnemli 6l¢iide degistirerek ve sigara i¢cim kalitesini
etkileyebilir (Sifola ve Postiglione, 2003; Karaivazoglou vd., 2006). Her bir tiitin tipinin, katildig
harmanda, fiziksel ve kimyasal kalite kompozisyonunu iyilestirici katkilar saglarken, aym1 zamanda
nikotin miktarim1 da azaltici/artiric1 etkileri olmaktadir (Kurt, 2021). Indirgen sekerler, oryantal
tiitiinlerinde oransal olarak daha fazla bulunmaktadirlar (Rodgman ve Perfetti, 2009). Indirgen seker,
fenolik bilesikler, recineler, ugucu yaglar ve eterli bilesenler tiitiiniin aromasi i¢in olduk¢a onemlidir.
(Baker vd., 2004; Nagai vd., 2012). Yerel ¢esitler icerdikleri varyasyonlar bakimindan bu kalite kriterleri
bakimindan daha iyi kompozisyona sahip olabilir. Bu yiizden kalite kriterlerinin bir popiilasyon olan
yerel cesitlerde kiimiilatif olarak belirlemekten ziyade, bu popiilasyondan se¢ilmis saf hatlarda
belirlemek daha kullanisli olacaktir.

Mikrosatellit ya da basit dizi tekrarlar (simple sequence repeat, SSR) markorleri bir popiilasyon
igerisinden genetik olarak farkli hatlarin belirlenmesi igin kullanilabilir. Bu markoérler yiliksek oranda
polimorfizme, kodominant 6zellige ve kullanim kolayligina sahiptir. Titiinde, 319 Tiirk oryantal tiitiin
materyalini 21 SSR markoérii ile inceleyen Saygili vd., (2022), 314 hattin genetik olarak farkli oldugunu
belirlemislerdir. Saygili vd., (2021) 40 basma tiitiiniiniin i¢ginde 27’sinin en az bir SSR alleli bakimindan
farkli oldugunu belirlemislerdir. Bu arastirmalar Tiirk yerel tiitiinlerinin 6nemli varyasyonlar igerdigini
gostermektedir. Tiirkiye'de de basma tipi tiitiin, farkli genotipler iceren yerel ¢esitler kullanilarak
iretilmektedir (Kurt vd., 2021). Bu gibi popiilasyonlardan bireysel hatlarda tarimsal karakterlerdeki
varyasyonlarin daha etkili sekilde degerlendirilmesi tekrarlamali tarla denemeleri gerektirir. DNA
markorleri ile genetik olarak ayni hatlarin belirlenmesi, tarla denemelerinde incelenmesi gereken hat
sayisin1 azaltacagi igin kolaylik saglamaktadir.

Basma tiitiinde yapragin kalitesi ekimden fabrikada mamul haline gelene kadar ugradigi islemlere bagh
olarak ortaya ¢ikan bir 6zelliktir. Yesil yapragin sahip oldugu temel kalite karakterleri, ekolojik kosullar
ve sonraki islemlerin (kurutma, bakim, fermantasyon ve isleme) ortak etkileri ile gercek kimligini
kazanmaktadir. Bu nedenlerle tiitiin tiplerinin her biri, yoresine 6zgii birer ekotiptir. Bu ¢aligma Tiirkiye
Basma tiitiin alanlarinda kullanilan basma tiitiin genotiplerinin igerdigi agronomik varyasyonlarin
incelenmesi ve Ustiin performanslt ¢esit aday1 potansiyeline sahip olanlarin belirlenmesi amaciyla
yuriitiilmiistir.

2. MATERYAL VE METOT
2.1. Bitki Materyali

Caligsmada kullanilan genotipler 2017 yilinda Basma tipi tiitiin liretiminin yogun olarak yapildig1 Tokat
ilinden toplanmustir. Bitki boyu, yaprak sayisi, yaprak rengi, yaprak boyutu ve yaprak dokusu gibi
ozellikleri bakimindan farkli oldugu tespit edilen hatlar bez torbalarla izole edilmistir. Kendilenen tek
bitkilerin tohumlar hasat edilmistir. Toplanan 30 hat ve standart olarak kullanilan Xanthi 81 ¢esidine
ait tohumlar serada torf igeren viyollerde DNA izolasyonu i¢in yetistirilmistir.

2.2. Genetik Varyasyonlarin Belirlenmesi

Otuz genotip polimorfizm seviyesi yiiksek olan sekiz SSR markoérii ile incelenmistir. Arastirmada
kullanilan SSR markérlerinin (PT10211, PT50182, PT53303, PT40005, PT61056, PT20242, PT30274
ve PT30034) primer yapisma sicakliklart ve mikrosatelit motifleri Saygili vd. (2020) tarafindan
verilmistir. Ug yaprakli bitkilerden genomik DNA kit ile elde edilmistir (Keskin vd., 2014). Genomik
DNA’larin kalite ve miktarlar %1 agaroz jel spektrofotometrede belirlenmistir. DNA miktarlarn 50-100
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ng/ul’ye ayarlanmigtir. PZR 20 pl toplam hacimde Saygili vd., (2020)’na gore gerceklestirilmistir.
Amplikon uzunluklan etidyumbromid igeren %3’liik bir metafor-agaroz jelde (Lonza kat no: 50180)
belirlenmistir. DNA bant profilleri jel goriintiileme sistemi ile belirlenmis ve bu sisteme bagli Biocapt
(Version 11.02) yazilim ile skorlanmustir. En az bir SSR markoriinde farkli allel tasiyan hatlar genetik
olarak farkli kabul edilmistir. Tiitiin genotiplerinin genetik uzakliklari, POPGENE v.1.31 yazilimi (Yeh
vd., 1997) kullanilarak Nei’nin katsayisi kullanilarak belirlenmistir. Dendrogram UPGMA ile belirlenen
genetik mesafe degerleri algoritmasi ile MEGA (v.4) programinda hazirlanmustir.

2.3. Tarla Denemeleri ve Analizler

SSR markorleri ile farkli olduklart belirlenen 27 hat, Xanthi 2A ve Xanthi 81 cesitleri Erbaa ilgesi
Karayaka koyiinde, 2018 ve 2019 yillarinda denemeye alinmistir. Deneme alanina ait iklim verileri ve
toprak analiz sonuglar Cizelge 1'de verilmistir. Fidelere serada viyollerde {iretilmistir. Tarla denemeleri
45x15 em dikim sikhiginda, 5 m'lik dort siradan olusan parsellerde, tesadiif bloklar1 deneme desenine
gore li¢ tekrarlamali olarak ylriitiilmiistiir. Yapraklar {i¢ elde hasat edilmis ve giineste kurutulmustur.
Kuru yaprak verimleri %17 nemde hesaplanmistir. Amerikan gradlama sistemine gore derecelendirme
yapilmis ve randiman degerleri belirlenmistir. Kurutulmus nemsiz tiitiin 6rnekleri 6giitiilerek kimyasal
analizler i¢in hazirlanmustir. Kimyasal analizler yiiksek basingli sivi kromotografisinde (HPLC), nikotin
ve fenolikler icin DAD (diode array dedector) ve sekerler i¢in RID (refractive index dedector) dedektorii
kullanilarak ~ yapilmugtir. Elde edilen kromatogramlardan daha oOnceden yapilan standart
kalibrasyonlarina (r*=0.999) gore hesaplama yapilmstir (Kinay, 2018). Fruktoz ve glikoz toplami
indirgen sekerler, klorojenik asit ve rutin toplamu ise fenolikler olarak ele alinmistir. Elde edilen veriler
JMP program ile tesadiif bloklarinda yil birlestirme esasina gore varyans analizlerine tabi tutulmus ve
ortalamalar Tukey testi ile karsilagtirlmistir (Kurt ve Kinay, 2021).

Cizelge 1. Tarla Denemelerinin Yiiriitiildiigii Karayaka Lokasyonunun Vejetasyon Dénemi Iklim
Verileri ve Toprak Analiz Sonuglart

Rakim Boylam Enlem P,0s K,O Organik H EC CaCOg; T K bii .
(m) N) ® (mgkg’) (mgkg) madde(%) P @smb) (%) e e
287 400 44°20.99” 36° 35°38.12” 5.4 347.2 1.9 7.4 0.78 2.4 Kumlu-tin
Yillar 7 5 6Aylar 7 8 9 Toplam/Ortalama
Ayhk ort.2018 14.8 185 22.0 24.2 23.7 20.4 20.6
sicaklik 2019 11.5 19.1 23.1 21.9 22.4 19.0 19.5
(°C) 1951-2017 12.4 16.3 19.5 22.0 22.3 18.7 18.5
Aylik top.2018 45 59.1 415 7.2 3.9 14.2 130.4
yags (mm) 2019 63.5 49.1 26.2 16.9 52.2 1.6 209.5
1951-2017 54.6 59.6 39.7 11.6 8.1 18.6 192.2
Nispi 2018 46.4 60.9 54.9 52.7 55.8 60.1 55.1
nem 2019 65.2 59.7 63.4 59.6 63.0 61.7 62.1
(%) 1951-2017 59.2 61.8 59.9 57.6 57.9 59.6 59.3

3. BULGULAR VE TARTISMA

Otuz basma yerel hatlarinda incelenen sekiz SSR markoriin tamam polimorfik bantlar iiretmistir. SSR
markorlerinin allel sayilar 2 ile 5 arasinda degismistir. PT10211 markoriinde 5, PT50182 ve PT40005°te
4, PT53303, PT61056 ve PT20242°de 3, PT30274 ve PT30034’te 2 allel belirlenmistir. Genotiplerin
genetik uzakliklar gosteren dendogram verilerine gore incelenen 30 basma genotipinin 27’si en az bir
SSR markorii bakimindan farklilik géstermistir. Diger bir ifadeyle B3, B21 ve B29 numarali genotipler,
B26 ve B27 numarali genotipler incelenen SSR markorlerinde farklilik géstermemistir (Sekil 1). Cesitli
oryantal tiitiin popiilasyonlarinda SSR markoérleri incelenmis ve %67.5-100 polimorfizm oran
belirlenmistir (Davalieva vd., 2010; Darvishzadeh vd., 2013; Saygili vd., 2021, 2022,). Bu sonuglar daha
onceden incelenen tiitiin genotiplerinde ve kiiciik bir alandan toplanan bu arastirmadaki genotipler
arasinda yiiksek varyasyonlara isaret etmektedir. incelenen markérlerde en az farkli 27 hat ve iki tescilli
basma tiitlin ¢esidi tarla denemelerinde performanslarini belirlemek i¢in degerlendirilmistir.
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Sekil 1. Basma tiitiin hatlarinin genetik uzakliklarin1 gésteren dendogram. Siyah dolgu ile gosterilen

Genotiplerin bitki boyu, yaprak sayisi, yaprak eni-boyu ve verim 6zelliklerine ait ¢oklu karsilastirma
test sonuglari Cizelge 2’de verilmektedir. Genotipler arasinda yaprak boyu disinda kalan parametrelerde

/ /

O 16. UBAK, 11 - 12 March 2023, Ankara Q
UBAK

UBAK

®B11
®B12
® B3
B2
O B29
& B4
# B23
®B26
O B2T
& B23
& B17
®*B12
®B14
& B18
®B19
& B20
B
#B13
&® B2
®B10
/_{.515
& B7
& B1

4 Xanthi 81

*EB5

35

Lh
(=]
[=]
=
>
=
=]
Lh
=]

30 2

hatlar tarla denemesi icin segilen hatlardir.

¢ok onemli (p<0.01) oldugu tespit edilmistir.

Cizelge 2. Verim ve Verimle Iliskili Ozelliklerin Ortalama Degerleri ve Coklu Karsilastirma Test

Sonuglart

Bitki boyu Yaprak sayis1 Yaprak eni Yaprak boyu Verim
Genotipler (cm) (adet/bitki) (cm) (cm)op (kg hat)
Bl 104.5 a-g 36.9 b-f 11.8 def 23.2 1921.2 ad
B2 101.0 b1 34.6 f-1 14.9 abc 23.6 2349.1 a
B3 104.9 a-f 34.8 d-1 13.3 a-f 24.8 23119 a
B4 110.8 ab 37.9 a-d 11.7 def 22.0 1999.5 a-d
B5 105.6 a-f 315 jk 12.2 cf 22.6 1829.4 a-d
B6 1129 a 36.6 b-g 10.8 f 21.7 1726.1 bed
B7 106.6 a-e 35.7 b-h 158 a 26.4 2094.8 ab
B8 93.7 ghi 32.6 jk 15.2 ab 235 2139.3 ab
B9 109.1 abc 33.7 ¢ 14.2 ad 24.1 2051.2 ab
B10 107.3 a-d 35.8 b-h 12.7 b-f 232 2076.6 ab
B11 94.9 f-1 31.2 jk 11.1 ef 20.2 1442.2 cd
B12 95.8 e-1 32.2 ik 11.7 def 21.1 14205 d
B13 103.0 a-h 34.7 e 11.7 def 23.1 1853.1 a-d
B14 106.0 a-e 37.0 a-f 109 f 21.8 1797.5 a-d
B15 97.5 d-1 38.6 ab 10.7 f 19.9 1846.8 a-d
B16 103.8 a-g 38.5ab 11.2 ef 21.2 1900.0 a-d
B17 104.4 a-g 37.7 a-e 11.1 ef 20.7 1662.2 bcd
B18 99.5 c-1 40.0a 11.5 def 21.6 1650.7 bcd
B19 105.1 a-f 37.9 abc 10.7 f 21.1 1780.7 a-d
B20 105.4 a-f 38.4 ab 109 f 20.8 1784.5 a-d
B22 105.0 a-f 33.3h-k 13.6 a-f 25.0 2068.4 ab
B23 103.1 a-h 35.2 c1 135 a-f 22.0 1711.1 bed
B24 102.5 a-h 33.0 h-k 11.5 def 24.9 1922.4 a-d
B25 97.1 d4 31.0 jk 12.9 b-f 22.6 1822.8 a-d
B26 111.4 ab 37.2 af 109 f 21.3 1948.1 a-d
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Bitki boyu Yaprak sayis1 Yaprak eni Yaprak boyu Verim

Genotipler (cm) (adet/bitki) (cm) (cm)©D (kg hat)
B28 110.6 abc 36.0 b-h 13.9 a-e 24.3 2167.4 ab
B30 104.1 a-g 34.8 d1 15.3 ab 24.4 2078.7 ab
Xanthi 2A 92.2 i 30.4 k 11.1 ef 21.0 1422.2 cd
Xanthi 81 91.11 31.2 jk 11.6 def 22.2 1591.5 bcd
Ortalama 103.1 35.1 12.4 22.6 1874.8

Ortak bir harf ile gosterilen ortalamalar, %1 dnem diizeyinde Tukey testine gore ile istatistiki olarak farkl degildir.
OP: Onemli degildir.

Basma tiitiin tipinde bitki boyu 67-119 cm (Camas vd., 2009) ve 125.1-137.1 cm (Yilmaz ve Kinay,
2011) arasindadir. Xanthi 2A ¢esidinin bitki boyu Bafra’da 136-159 cm (Kurt ve Ayan, 2014), Erbaa’da
73.1-81.9 cm (Kinay ve Yilmaz, 2016) araligindadir. Xanthi 81 ¢esidi de Erbaa kosullarinda 85-89 cm
bitki boyu ortaya koymustur (Ozcan, 2014). Tomov (1990), iklim kosullarinin tiitiinde bitki boyunu
onemli Olciide etkiledigini, benzer olarak Korubin-Aleksoska (2003)’da oryantal tiitiinlerde degisen
cevre kosullarindan bitki boyunun en ¢ok etkilenen ozellik oldugunu bildirmistir. Bitki boyu
ortalamalarindaki degiskenlik bu bilgiyi dogrular niteliktedir. Calisma genelinde ortalama bitki boyu
103.1 cm olup, 83.5-127.3 cm arasinda gerceklesen bir degisim araligi s6z konusudur. En yiiksek bitki
boyu degerlerine sirasiyla B6, B26 ve B4 hatlarinda ulagilmistir. Standart cesitler ortalama altinda
kalmus, ¢aligmada kullanilan 20 hat ortalama bitki boyunun iistiinde performans ortaya koymustur.

Xanthi 2A ¢esidinin yaprak sayisi farkl ¢alismalarda 28-30 adet/bitki (ATEA, 2012), 31-35 adet/bitki
(Kurt ve Ayan, 2014), 26.5-27.5 adet/bitki (Kinay ve Yilmaz, 2016) olarak bildirilmistir. Benzer olarak
Xanthi 81 ¢esidinin yaprak sayist da ATEA (2012)’de 30-32 adet/bitki ve Ozcan (2014)’da 26.9-28.5
adet/bitki araliginda aktarilmustir. Bu ¢alismada Xanthi 2A ¢esidinin yaprak sayisi 30.4 adet/bitki ve
Xanthi 81 g¢esidinin 31.2 adet/bitki olarak tespit edilmistir (Cizelge 2). Camas vd., (2009), Erbaa’da
yoresinde yaygin basma tipi tiitlinlerin yaprak sayisinin 25.30-34.80 adet/bitki oldugunu bildirmislerdir.
Basma tiitiinlerinin ortalama 30 ticari yapraga sahip oldugu farkli ¢alismalarda da (Camas vd., 2011;
Yilmaz ve Kinay, 2011) ifade edilmistir. Caligmada yaprak sayisi degerleri i¢in genotip ortalamalari
28.7-46.1 adet/bitkidir (Cizelge 2). En yiiksek yaprak sayisi sirastyla B18, B16 ve B15 genotiplerinde
tespit edilmis, 15 hat ¢alisma ortalamasimin (35.1 adet/bitki) iizerinde yaprak sayisina sahip olmustur.
Yaprak sayisi her ne kadar genetik yapiyla iliskili bir kriter olsa da oryantal tiitlin tiretiminde ayni
tohumluk ile ¢evresel faktdrlerin etkisiyle farkli 6zelliklerde {iriin ortaya ¢ikabilmektedir.

Oryantal tiitiinleri digerlerinden ayiran énemli 6zelliklerinden birisi yaprak boyutlaridir. Genotiplerin
yaprak eni 9.1-18.9 cm ve yaprak boyu 17.5-39.8 cm arasinda degisim gostermistir. Yaprak eni deneme
ortalamasi 12.4 cm iken yaprak boyunda bu deger 22.6 cm olarak Gl¢iilmiistiir. Basma tiitiinlerinde
yaprak eni degerleri 9.50-14.50 cm araliginda bildirilmistir (Camas vd., 2009; Yilmaz ve Kinay, 2011).
Basma tipi tiitiinlerde yaprak boyu 11.40-19.30 cm (Camas vd., 2009) ile 25.10-26.90 cm (Yilmaz ve
Kinay, 2011) arasinda bildirilmistir. Diger baz1 ¢caligmalarda ise Basma tiitiinlerinin yaprak boyutlarinin
kiiciik-orta boyutlarda ve ortalama 20 cm oldugu aktarilmistir (Camas vd., 2011). Xanthi 2A ¢esidi
yaprak eni degerleri ortalama 9.50 cm (Kinay ve Yilmaz, 2016) ve 8.65 cm (Kurt ve Ayan, 2014) olarak,
Xanthi 81 ise 10.70 cm (Ozcan, 2014) olarak tespit edilmistir. Bu ¢caligmada Xanthi 2A ve Xanthi 81
cesitleri sirasiyla ortalama 11.1 ve 11.6 cm’dir. Xanthi 2A ¢esidinin yaprak boyu Erbaa’da 15.40-20.40
cm (Kinay ve Yilmaz, 2016) ve Bafra’da 15.7-18.6 cm (Kurt ve Ayan, 2014) araliginda belirlenmistir.
Xanthi 81 ¢esidinin yaprak boyu 17.80-19.10 cm (Ozcan, 2014) araliginda degismektedir.

Calisma genelinde verim ortalamast 1874 kg ha™ olup, 1093-2730 kg ha™ arasinda degismistir. En
yiiksek verim degerlerine sirasiyla B2, B3 ve B28 hatlarinda ulasilmistir. 14 hat deneme ortalamasinin
iizerinde verimlilige ulagsmuis, standart gesitler ortalamanin altinda kalmistir (Cizelge 2). Tiitiinde bitki
boyu, yaprak sayisi, yaprak eni ve yaprak boyu verimi etkileyen 6zelliklerdir (Butorac vd., 1999).
Yaprak veriminde yasanan degisim, genotiplerin bitki boyu, yaprak sayisi ve yaprak boyutlarina paralel
gerceklesmistir. Yaprak boyunun verimi yiikseltici etkisinin yaprak eninden daha az oldugu (Dyulgerski
ve Dimanov, 2012) ve bunun yaprak eni karakterinin eklemeli gen etkisinden kaynakladigi (Kinay,
2020) bilinmektedir. Bu nedenle yaprak boyunda goriilen degiskenlik verime daha az yansimus,
verimdeki degisimlerde bitki boyu, yaprak sayisi ve yaprak eni daha belirleyici olmustur. Xanthi 2A’nin
verimini Erbaa kosullarinda Camas vd. (2011) 669.0-1276.0 kg ha™ ve Kinay (2020) 845.7-1245.5 kg
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ha™ olarak bildirmistir. Xanthi 81 ¢esidinin ise 1250-1500 kg ha™® (ATEA, 2012) ve 1306.0-2022.0 kg
ha™ (Ozcan, 2014) araliklarinda verim degerlerine sahip oldugu aktarilnustir. Bu ¢alismada, Xanthi 2A
1422.2 kg ha™* ve Xanthi 81 ise 1591.5 kg ha™ verim degerleri ortaya koymustur.

Genotiplerin randiman, briit gelir, nikotin, glikoz ve fruktoz 6zelliklerinin ¢oklu karsilagtirma test
sonuglar1 Cizelge 3’te, indirgen sekerler, klorojenik asit, rutin ve fenolikler 6zelliklerine ait sonuglar ise
Cizelge 4’te verilmektedir. Genotipler bakimindan tiim 6zelliklerde ¢ok dnemli (p<0.01) farkliliklar
tespit edilmistir.

Aslinda degiistatif 6zellikleri nedeniyle pazarlanan tiitiiniin fiyatlandirilmasi, pratikte organoleptik
tahminlere dayanan siibjektif bir degerlendirmedir (Dagnon vd., 2006). Arastirma sezonunda sektorde,
60 ve lizeri randimana sahip tiriinler en yiiksek (3.17 $/kg) fiyata sahiptir. Bu nedenle %60< randimani
saglayan genotipler, kaliteli kabul edilmistir (Kinay ve Kurt, 2022). Arastirmanin randiman degerleri
%36.1-76.9 arasinda olup, denemen ortalamast %54.6’dir. Yillar ortalamasina gore B11, B12, B25
hatlar ile Xanthi 81 ¢esidi en kaliteli genotiplerdir. B4, B6, B8, B17, B22, B23, B26 hatlar1 ile Xanthi
2 A gesidi %55< randiman degerleri ile ikinci en kaliteli grubu olusturmakta ve ticari olarak ayni skalada
yer almaktadir (Cizelge 3). Tiitiinde renk tiim asamalarda rehber olarak kullamlmakta, el gruplarinin
hasat zamaninin belirlenmesi gibi durumlarda olgunluk indeksi olarak tanimlanmaktadir. Olgunlugun
ilerlemesine paralel olarak degisimin goriiniir en belirgin 6zelligi klorofilin pargalanmasi ile yaprak
renginin sari, turuncu ve kahverengiye doniismesidir. Yaprak renginin canliligi, parlakligi ve agik ya da
koyu olmast, belli bir tiitiin tipinin niteligini belirleyen 6nemli kriterlerdir (Yazan, 1992).

Calismada verim ile randiman degerleri birlikte degerlendirildiginde, aralarindaki ters yonlii iligki
goriilebilmektedir (Paunescu vd., 2003). Ancak briit gelire her iki oOzelliginde Snemli etkisi
bulunmaktadir. Randiman satis fiyatin etkilerken (2.91 $ kg™ <55% < 2.91 $ kg™ < 60% < 3.17 $ kg
1, briit gelirin artisinda en etkili faktor randiman ve artan verimdir. Gelir degerleri 3037-8654 $ ha™
arasinda degisirken, deneme ortalamast 5252 $ ha™’dir (Cizelge 3). Yillar ortalamasina gére 15 genotip
ortalama gelirin altinda kalirken B2, B3 ve B8 hatlan istatistiki olarak aymi grupta en yiiksek gelir
degerlerine sahiptir.

Her bir tiitiin tipinin, katildigi harmanda, fiziksel ve kimyasal kalite kompozisyonunu iyilestirici
katkilarinin yani sira nikotin miktarim da azaltici/artiricr etkileri olmaktadir. Bu durum oryantal tiitiin
tiplerine olan piyasa talebini de sekillendirmektedir (Kinay ve Kurt, 2022). Tiirkiye’de faaliyet gosteren
0zel sektor piyasasinin Basma tip tiitiinlerde yiiksek nikotin igerigi talebinin karsilanmasi agisindan en
yiiksek nikotin varligi %1.81 ile B23 hattindan elde edilmistir. Calismada nikotin degerleri % 1.0-2.0
arasinda degismis, sektor beklentilerinin altinda kalmstir (Cizelge 3). Piyasa talebi bu yonde (%2.00-
2.75) olustugunda azotlu giibreleme (Kinay, 2010), genis dikim mesafeleri (Bilalis vd., 2015) ve tepe
kinmi (Camas vd., 2009) gibi kiiltiirel 6nlemler ile nikotin miktar artirilabilecektir. Odabasoglu (1994),
kok sisteminde azot ve yapraklarda ise fotosentez 6ziimlemesi oldugu i¢in yapraklarda sadece karbon
tastyan organik bilesikler, kok sisteminde ise azotlu bilesiklerin sentezlendigini, dis sartlar degistirilerek
hangi tip bilesiklerce zengin tiitiin yetistirilmek isteniyorsa, ayarlanabilecegini bildirmistir. Vaktinde ve
yeterli derinlikte tepe kirimi, yapraklarda ortaya ¢ikan fotosentez iiriinlerinin asagi inerek koklerin
gelismesini ve bu nedenle azotlu bilesikler sentezinin artmasini saglamaktadir (Aksu ve Elmas, 1993;
Odabasoglu, 1994).

Cizelge 3. Randiman, Briit Gelir, Nikotin, Glikoz ve Fruktoz Ozelliklerinin Ortalama Degerleri ve
Coklu Karsilastirma Test Sonuglari

. Randiman Briit gelir Nikotin Glikoz Fruktoz
Genotipler ) (sha) (%) (%) (%)
B1 54.5 b-g 5318 abc 1.47 b-g 5.9 hy 50a
B2 47.4 fg 6202 a 1.56 b-f 5.9 hy 51a
B3 52.5 b-g 6418 a 1.67 ab 93a 14 ]
B4 56.1 a-g 5649 abc 141 cg 6.7 efg 2.7 cd
B5 4579 4830 abc 1.62 abc 7.3 cde 25 de
B6 57.6 a-f 4919 abc 144 cg 7.6 cd 13
B7 47.7 efg 5530 abc 1.47 b-g 6.3 fgh 2.1e-h

B8 55.6 a-g 6251 a 1.50 b-g 6.2 ghi 2.5 de
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Genotipler Randiman Briit gelir Nikotin Glikoz Fruktoz

(%) ($ha') (%) (%) (%)
B9 51.9 c-g 5494 abc 1.61 ad 5.4 jk 37b
B10 52.1 c-g 5664 abc 139 d-g 6.7 efg 2.0 fgh
B11 61.6 abc 4318 bc 1.58 a-f 5.5 1jk 2.0gh
B12 62.2 abc 4401 be 1.62 abc 5.3 jk 2.4 de
B13 49.1d-g 4892 abc 141 cg 6.8 efg 2.0 fgh
B14 51.6 c-g 4976 abc 1.56 b-f 5.5 jk 13]j
B15 54.6 b-g 5199 abc 1.47 b-g 5.8 h-k 13
B16 52.7 b-g 5087 abc 1.60 a-e 5.6 h-k 2.4 def
B17 58.5 a-e 4791 abc 1.49 b-g 6.6 fg 1.8 hi
B18 52.9 b-g 4426 be 1.38 d-g 5.8 h-k 29c
B19 54.9 b-g 4960 abc 142 cg 83b 29¢c
B20 52.7 b-g 4949 abc 153 b-g 6.2 gh 2.6 cd
B22 57.6 a-f 5970 ab 132¢g 5.2 k 27cd
B23 56.7 a-f 5017 abc 181 a 92a 157
B24 51.8 ¢c-g 5252 abc 1.63 abc 5.5 jk 2.3dg
B25 63.0 ab 5412 abc 1.39 d-g 6.9 def 22 e-h
B26 56.8 a-f 5654 abc 1.42 c-g 6.7 efg 2.1e-h
B28 51.9 ¢c-g 5920 ab 132¢g 5.4 jk 2.1e-h
B30 48.1 efg 5597 abc 1.36 fg 7.8 be 157
Xanthi 2A 59.5 a-d 4171 ¢ 1.47 b-g 5.6 h-k 2.0 fgh
Xanthi 81 66.5 a 5045 abc 1.50 b-g 5.4 jk 2.3d-g
Ortalama 54.6 5252 1.50 6.4 2.4

Ortak bir harf ile gosterilen ortalamalar, %1 dnem diizeyinde Tukey testine gore ile istatistiki olarak farkl degildir.
Ob: Onemli degildir.

Oryantal tiitiinler diger tiitiin tiplerine gére daha uygun aromasi yaninda daha az karsinojen ve nikotin
diizeyine sahip olup, genellikle daha giiclii etkiye sahip Virginia ve Burley tiitiinleri ile harmanlanarak
Amerikan blend tipi sigaralarda kullanilmaktadir (Darvishzadeh vd., 2013). Tiitlin yapraginin kimyasal
yapisinin en onemli aktorlerinden olan sekerler; tiitiiniin biiyiime ve gelismesine katkida bulunan birincil
metabolitler (Cai vd., 2015) olup, indirgen seker kompozisyonu tiitiiniin tad1 ve aromasi ile direk
iligkilidir (Nagai vd., 2012; Baker vd., 2004a). Tiitiin tiplerinde seker miktarlarn ¢ok degiskendir ve
oncelikle kurutma islemine bagl olup (Leffingwell, 2001), kurutma siiresinin uzun tutulmasi seker
miktarinda diisiise neden olmaktadir (Aksu ve Elmas, 1993; Odabasoglu, 1994). indirgen seker
kompozisyonu, fenolik bilesikler, regineler, ugucu yaglar ve eterli bilesenler tiitliniin tad1 ve aromasini
belirlemektedir (Nagai vd., 2012; Baker vd., 2004a). Amerikan blend bir harmamin indirgen seker
miktart ise %4.92-8.28 arasindadir (Clark vd., 2006). Bu ¢alismada glikoz %4.7-13.8 ve fruktoz %0.9-
8.6 arasinda degisim gostermistir (Cizelge 4). Yaprak tiitliin firmalarimn Basma tipinde indirgen seker
istegi %8-13 arasindadir (Kinay, 2010) olup, calisma genelinde ortalama indirgen seker miktarlart
%6.07 ile %15.48 arasinda degismistir. Deneme ortalamasi glikoz, fruktoz ve indirgen sekerler igin
sirastyla %6.4, %2.4 ve %8.8 olarak tespit edilmistir. Yillar ortalamasina gore en yliksek glikoz %9.3
ile B3 hattinda, fruktoz %5.1 ile B2 hattinda ve indirgen seker %11.2 ile B19 hattinda tespit edilmistir.
Glikoz ve fruktoz toplamlarindan olusan indirgen sekerler bakimindan B1, B2, B3 ve B23 hatlar1 B19
ile aym istatistiki grupta yer almistir (Cizelge 4).

Cizelge 4. indirgen Seker, Klorogenik Asit, Rutin ve Fenoliklere Ait Ortalama Degerleri ve Coklu
Karsilastirma Test Sonuglari

. Indirgen sekerler Klorojenik asit Rutin Fenolikler
Genotpler (%) (pprmy=* (ppm)=* (pprmy=*
Bl 109 a 1151.6 e-1 812.5 c1 1964.1 e11
B2 11.1a 1235.5 cg 898.5 a-e 2134.0 b-f
B3 10.6 a 1148.4 e-1 878.0 a-f 2026.4 e-h
B4 9.3 bc 1132.8 f+j 787.1 d-1 1919.9 g+
B5 98b 1004.9 j 968.5 a 1973.4 e11
B6 8.8 cde 1187.0 d-h 917.9 a-d 2104.9 c-g
B7 8.4 d-h 1130.6 f-j 807.9 ¢c11 1938.5 f-1
B8 8.7 c-f 1108.2 g-j 692.9 1 1801.1y
B9 9.2 bed 1039.2 1j 867.0 a-g 1906.2 g-j

B10 8.7 cf 1233.8 c-g 836.1 a-h 2070.0 e-h
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Genotipler Indirgen sekerler Klorojenik asit Rutin Fenolikler

(%)** (ppm)** (ppm)** (ppm)**
B11 7.5 1k 1497.1 a 958.5 a 2455.6 a
B12 7.8 g 1329.9 bc 957.4 ab 2287.3 a-d
B13 8.8 cde 1005.0 j 803.3 c-1 1808.3 jj
B14 6.8 k 1285.7 b-e 801.7 c-1 2087.4 d-g
B15 7.2 jk 1264.6 b-f 799.1 c-1 2063.7 e-h
B16 8.0 e-1 1321.1 bed 841.6 a-h 2162.7 b-e
B17 8.5 d-g 1145.2 f-1 793.3 c-1 1938.4 f-1
B18 8.7 cf 610.3 k 769.2 e-1 1379.5 k
B19 112a 1055.7 hij 815.5 b-1 1871.2 hyj
B20 8.8 cde 1135.2 f+j 731.2 ghi 1866.4 hij
B22 7.9 f+ 1051.9 hyj 675.7 1 17276 j
B23 10.7 a 1237.4 c-g 699.9 hi 1937.3 f-1
B24 7.8 g 1217.7 c-g 875.5 a-f 2093.2 c-g
B25 9.0 bcd 1300.2 bcd 790.9 c-1 2091.1 d-g
B26 8.8 cde 1401.4 ab 877.7 a-f 2279.1 ad
B28 7.5 jk 1228.4 c-g 741.7 f1 1970.0 e-1
B30 9.4 be 1157.3 e-1 783.6 d-1 1940.8 f-1
Xanthi 2A 7.6 hyj 1396.0 ab 932.1 abc 2328.1 ab
Xanthi 81 7.7 g 1328.6 bc 966.4 a 2295.0 abc
Ortalama 8.8 1184.2 830.4 2014.5

Ortak bir harf ile gosterilen ortalamalar, %1 anlamlilik diizeyinde Tukey testine gore ile istatistiki olarak farkli
degildir. °°: Onemli degildir.

I¢im karakteristiklerini belirleyen nikotin ve indirgen sekerlerin yam sira tiitiiniin renk, i¢im tad1 ve
kokusuna direk etkili sekonder metabolitler de dikkate alinmalidir. Bunlardan en Onemlileri
polifenollerdir ve tiitliinde en ¢ok bulunanlar klorojenik asit ve rutindir (Wang vd., 2008). Farkli
caligmalarda klorojenik asit miktarlar1 oryantal tiitinlerde %0.16-0.25 (Dagnon vd., 2006), 1560 ppm
(Xievd., 2011), 30.2 mg/g (Chang vd., 2009), 7.9 mg/g (McGrath vd., 2009) ve 4.5-12.3 mg/g (Docheva
vd., 2012) olarak bildirilmistir. Oryantal tiitiinde rutin miktarlar1 %1.28-1.52 (Yazan ve Gencer, 2001),
900.49-0.98 (Dagnon ve Edreva, 2003), %0.55-0.66 (Dagnon vd., 2006), 4240 ppm (Xie vd., 2011), 2.8
mg/g (Chang vd., 2009), 6.2 mg/g (McGrath vd., 2009), 5.6-9.3 mg/g (Docheva vd., 2012) olarak tespit
edilmistir. Bu ¢alismada klorojenik asit degerleri 419-2398 ppm, rutin degerleri ise 345-1452 ppm
arasindadir. Yillar ortalamalan degerlendirildiginde deneme ortalamasi klorojenik asit ve rutin i¢in
sirasiyla 1184 ppm ve 830 ppm olarak tespit edilmistir (Cizelge 4).

Genetik ve gevresel faktorlere oldukca duyarli olan tiitiin {izerine yapilan bu c¢aligmada fenolikler
(klorojenik asit + rutin) olarak adlandirilan ve toplam polifenollerin yaklagik %85’ini olusturan (Yazan
ve Gencer, 2001) parametrede deneme ortalamasi 2014 ppm iken, degisim 776-3763 ppm arasinda tespit
edilmistir (Cizelge 4). Oryantal tiitiinlerde fenolikler %0.84-2.41 (Dagnon ve Edreva, 2003), %0.71-
0.91 (Dagnon vd., 2006), 33.00 mg/g (Chang vd., 2009), 14.10 mg/g (McGrath vd., 2009), 10.10-21.60
mg/g (Docheva vd., 2012). Xie vd. (2011), fenolikler miktarinin flue cured icin %2.3, burley i¢in
%0.054 ve oryantal icin %1.08 olarak bildirmislerdir. Fenolik bilesikler, kuru yaprak renginin
olusumuna direk katilmakta ve oksidasyonu ile koyu kahve tonlarina dogru farkliliklara neden
olmaktadir. Tiitiin yapraklarinin kurumast sirasinda klorojenik asit miktari, birinci ve ikinci giin enzim
aktivitesinin siddetine bagl olarak hizla artar, daha sonra kahverengilesme reaksiyonu ile iliskili olarak
azalma gostermektedir (Yazan ve Genceer, 2001).

4. SONUC

Ureticiler arasindaki tohum ve fide alisverisi nedenleriyle bdlgede mensei zenginligi bulunmaktadir. Bu
genetik varyasyon ise tiitiin ¢iftcisi tarafindan kontrol edilmektedir. Farkl: tip tiitlinlerin karisik olarak
yetistirilmesi sonucunda verim ve kalite bakimindan istenilen iiriin elde edilememektedir. Bu
problemlere ¢dziim olarak yiiksek verimli ve iyi yaprak kalitesine sahip ¢esitlere ihtiya¢ duyulmaktadir.
Bu amagla yiiriitiilen bu arasgtirma sonucunda, iireticilerin ve sektoriin ihtiyaglarina cevap verebilecek
iki aday (B3 ve B10) belirlenmistir. Ayrica bu hatlarin sektér ve iretici ihtiyaglarnmi tam
karsilayabilmesi igin tarimsal T{retim teknikleri ile uygulamalar konularinda c¢aligmalar
hedeflenmektedir. Yapilacak agronomik ¢alismalar ile hatlarin tescile sunulmasi diisiiniilmektedir.
Ayrica bolgedeki tiitiin genetik varyasyonu belirlenmis ve koruma altina alinmstir.
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TESEKKUR

Bu calismaya “Orta Karadeniz Bolgesi Tiitlin Uretir%_q Alanlarina Yonelik Cesit Gelistirme ve Bazi
Agronomik Calismalar” baslikli proje ile destekleyen Oz-Ege Tiitiin San. Tic. A.S.’ye tesekkiir ederiz.
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