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Ozet

Literatrde, hidrokarbon birikimleri ve altin cevherlesmeleri arasindaki baglantilar incelenmigtir. Bu
calismalardan elde edilen sonuglara gére, altin ve hidrokarbonlarin ayni hidrotermal akiskanlar tarafindan
tasindigi ve ¢okeltildigi tespit edilmistir. Seferihisar Yukselimi’'nde, Turkiye’nin kanitlanmis en buyuk altin
cevheri rezervine sahip Efemcgukuru Altin isletmesi bulunmaktadir. Bu nedenle, Seferihisar Yiikselimi'nin
petrol ve dogalgaz potansiyelinin soguksu kaynaklarindan alinan o6rnekler lzerinde Toplam Petrol
Hidrokarbonlari (TPH) analizleri yapilarak arastirimasi amaglanmistir. Yapilan analizler sonucunda, su
numunelerinin tamaminda hidrokarbonlar tespit edilmistir. Sularda tespit edilen hidrokarbonlarin kaynaginin
belirlenmesi i¢in organik jeokimyasal yontemler kullaniimistir. Su numunelerinde belirlenen n-alkan
hidrokarbonlar, olgun petrol hidrokarbonlaridir. Bu olgun petrol hidrokarbonlari, ¢alisma alaninda calisan
bir petrol sisteminin varlidi icin jeokimyasal bir kanittir. Dolayisiyla, gravite ve manyetik verilere goére
calisma alaninda belirlenen maksimum 765 m derinligindeki yapinin bir petrol ve/veya dogalgaz rezervuari
olma potansiyeli olduk¢a ylksek olarak degerlendirilmistir.

Anahtar Kelimeler: rezervuar hedefli petrol ve dogalgaz arama, suda TPH analizi, hidrokarbonca zengin
su, Bornova Filis Zonu, altin yatagi
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Abstract

In literature, the links between hydrocarbon accumulations and gold mineralizations have been examined.
According to the results obtained from these studies, it has been reported that gold and hydrocarbons are
carried and deposited by the same hydrothermal fluids. In the Seferihisar High, the Efemgukuru Gold
Operation possesses the largest proven gold reserves of Turkey. For this reason, in this study, it is aimed
to investigate the oil and gas potential of the Seferihisar High by conducting Total Petroleum Hydrocarbons
(TPH) analyses on the samples taken from the natural cold-water resources. As a result of the analyses
conducted, hydrocarbons have been detected in all the water samples. Organic geochemical methods have
been used to determine the source of hydrocarbons detected in the water resources. The n-alkane
hydrocarbons found in the water samples are the mature petroleum hydrocarbons, which are the
geochemical evidence for a working petroleum system in the study area. Therefore, the main structure in a
maximum of 765 m depth determined in the study area according to gravity and magnetic data has a
significant hydrocarbon potential to become an oil and/or gas reservoir.

Keywords: reservoir-targeted oil and gas exploration, TPH in water analysis, hydrocarbon-rich water,
Bornova Flysch Zone, gold deposit

1. GIRIS

Sedimanter havzalar, hem fosil enerji kaynaklart hem de birgok metalik maden yatagi i¢in degerli depolama
alanlar1 icermektedir. Ozdemir ve Palabiyik [1,2], isletilebilir boyutta yatak olusturabilmis altin yataklarmin
petrol ve dogalgaz birikimleri i¢in s13 ve giivenilir bir belirte¢ oldugunu belirtmistir. Ozdemir ve Palabiyik
[1,2], yiizeyde kaynak kaya mostrasi, petrol veya dogalgaz sizintisi, petrol veya dogalgaz sahasi gibi hi¢bir
hidrokarbon emaresi bulunmayan, fakat isletilebilir boyutta bir altin yataginin bulundugu havzalarda ve
bolgelerde, suda TPH (Toplam Petrol Hidrokarbonlari) analizinin uygun maliyetli ve giivenilir bir petrol
ve dogalgaz arama yOntemi olarak kullanilabilecegine isaret etmektedirler. Bunun yanisira, 6nerilen bu yeni
teknigin (rezervuar hedefli), klasik organik jeokimyasal yontemlerle (kaynak kaya hedefli) basar1 orani
%10-20 dolayinda olan (yiiksek riskli) petrol ve dogalgaz aramalarinin, risk ve maliyetlerini oldukca
diisiirerek kesif basar1 oranin artiracaginin diistintildiigli belirtilmistir.

Daha 6nce yapilan ¢ok sayida ¢alismada, altin cevherlesmeleri ile hidrokarbon rezervuarlari arasinda yakin
iliskiler kurulmustur [1-44]. Ayni sedimanter havzadaki altin yataklari ile hidrokarbon rezervuarlarinin,
ayn1 sedimanter havzada olusan altin ve hidrokarbonlarin ayni akiskan tarafindan havzaya birlikte taginmasi
ve biriktirilmesi sonucunda olustugu gosterilmistir [1,2, 35, 45]. Gu ve dig. [35], hem altin yataklari hem
de petrol sahalari igeren Youjiang Havzasi’ndaki (Giiney Cin) petrol rezervuarlari ve sedimanter yankayagl
altin cevherlesmeleri arasindaki baglantilart incelemistir. Calismanin sonuglari, Youjiang Havzasi’ndaki
altin yataklarimin ve hidrokarbon rezervuarlarinin, altin ve hidrokarbon tasiyan bazik (alkalin) bir akigkan
tarafindan birlikte tasinmasi ve biriktirilmesi sonucunda olustugunu gostermektedir. Bahsi gecen ¢aligmada
bir rift havzasinda, derin su, organik madde ve altinca zengin ¢amurtasi, silttasi ve mikrit, hem altin
yataklart hem de paleo-petrol rezervuarlar i¢in kaynak olarak kullanilmistir. Altin ve hidrokarbonlar,
diyajenez sirasinda gozeneklerden ayrilmis ve akiskanlarla birlikte tasinmistir. Topografik yilikselme ve
havzanin sikismasi sonucunda siklagan sedimanlardan tiireyen bu altin ve hidrokarbon igeren akigkanlar,
akiferler boyunca yatay olarak go¢ etmis ve altin cevherlesmesi ile hidrokarbon birikiminin farkli ¢okelme
ve kapanlanma mekanizmalar ile gergeklestigi ana ve alt havzadaki faylar boyunca havzanin kenarlarina
ve paleo-yiikselimlere dikey olarak yonelmis ve altin yataklari ve petrol rezervuarlarini olusturmustur.
Altin; faylar, kirik bolgeleri ve uyumsuzluk yiizeylerinde cevherli akiskanlarin uygun jeokimyasal
bariyerlerle karsilastigi alanlarda ¢okelmistir. Hidrokarbonlar ise, stratigrafik, litolojik ve yapisal
kapanlarda birikmistir. Farkli ¢okelme ve kapanlanma mekanizmalar1 nedeniyle, altin cevherlesmeleri ve
hidrokarbon rezervuarlarimin ¢dkelme ve birikme alanlar1 bir dereceye kadar konumsal olarak farklidir.
Yanshanian orojenezi, Youjiang Havzasi’nin yiikselmesine ve kivrimlanmasina, havzadaki hidrokarbon
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rezervuarlarinin bir kisminin yiizeylenmesine ve tahribatina, yaygin olarak ta yiizeyde bitiime doniismesine
sebep olmustur [35]. Altin cevherlesmesi ve cevher yan kayacindaki organik madde (hidrokarbon kaynagi)
ortak bir kaynaga sahiptir [23].

Seferihisar Yiikselimi’nde, Tiirkiye’nin kanitlanmig en biiyiik altin cevheri rezervine sahip altin
isletmelerinden birisi olan Efemgukuru altin isletmesi bulunmaktadir (Sekil 1). Efemgukuru cevherlesmesi,
stok ve ornatma ile birlikte damar tipi epitermal altin cevherlesmesine tipik bir 6rnektir. Damarlar, Neojen
volkanizmasinin riyolitleri tarafindan istila edilmis olan izmir-Ankara yéresi kayagclar1 olan Geg Kretase-
Paleojen flis fasiyesinde bulunmaktadir. Bolgedeki altin cevherlesmesi, magmatik hidrotermal aktivite ile
iligkilidir. Cevherlesme; KB-GD yo6nlii faylar tarafindan kontrol edilmekte olup, kuzeydogu yoniinde 60-
80° atimlarda olugmustur [46]. Saha, 2011 yilinda isletilmeye baglanmis olup, ¢ikarilacak toplam cevher
yapilan rezerv caligmalaria gore yaklasik 8.5 milyon tondur. Cevherin ortalama tendri, altin (Au) igin
ortalama 7.31 gr/ton olarak belirlenmistir [47]. Dolayisiyla, bu ¢aligmada 6nemli miktarda altin cevheri
rezervine sahip olan Seferihisar Yiikselimi’nin petrol ve dogalgaz potansiyelinin bolgedeki bazi dogal su
kaynaklarindan alinan numuneler tizerinde yapilan Toplam Petrol Hidrokarbonlari (TPH) analizleri ile
aragtirilmasi amaglanmistir. Yapilan analizler sonucunda, su numunelerinin tamamimnda olgun petrol
hidrokarbonlari tespit edilmistir. Tespit edilen olgun hidrokarbonlar, ¢aligma alanindaki petrol sistemi i¢in
bir kanit olarak degerlendirilmistir.

2. JEOLOJIK YAPI

Caligma alani olan Bati1 Anadolu, Ege Denizi ve ¢evresindeki bolgeleri kapsayan Ege genisleme alaninin
dogu kisminda yer almaktadir (Sekil 1). Bolge, kompleks bir horst-graben sistemidir. D-B uzantili graben,
drenaj agimi kontrol etmektedir [48] ve birgok 6nemli jeotermal alana ev sahipligi yapmaktadir. Gigli
graben tektoniginin bir sonucu olarak tiim bdlge, temelden aliivyona kadar tiim stratigrafik kolonu kesen,
diisey dogrultu atimli ve aktif normal faylar tarafindan etkilenmektedir. Bu durum, tiim kaya birimleri
arasindaki hidrolojik temas yiizeylerini kolaylagtirmaktadir. Filis sekansindaki kirik sistemleri, hidrotermal
bir sistem olusturmustur [49]. Calisma alan, Ust Paleozoyik-Mesozoyik yasli Menderes metamorfikleri,
Ust Kretase-Paleosen yash Izmir-Ankara Zonu kayaglari, Neojen yash tortul kayaglar ve volkanitler ile
Kuvaterner yasl aliivyon ve yamag¢ molozlarinin i¢inde bulundugu bir alan igerisinde yer almaktadir (Sekil
1). Calisma alani ve c¢evresinin jeolojisi, birgok arastirmaci tarafindan calisilmistir [48,50,51].
Arastirmacilara gore bolgede, Paleozoyik-Mesozoyik Menderes metamorfikleri, Kretase-Paleosen Filig
(Bornova Karmasigi) (>2000 m), Miyosen Yenikdy formasyonu (800 - 1500 m), Pliyosen Cumaovasi
volkanikleri (300-500 m), Kuvaterner yamag molozu ve aliivyondan olugsmaktadir. Menderes Masifi olarak
da tanimlanan sist ve mermerlerden olusan Paleozoyik yaslh metamorfikler temel kayay1 olusturmaktadir
[48]. Metamorfiklere, Seferihisar Horstu’nda yaklasik 2500 m derinlikte girildigi tahmin edilmektedir.
Buna karsilik, Seferihisar Yiikselimi’nin giineyindeki Doganbey Bolgesi’nde sismik hatlar metamorfik
kayaglarin yiikseldigini ve 500 metreden daha az derinlikte oldugunu gostermektedir [52].

Ust Kretase - Paleosen yash birimler, Balgova tepelerinden Seferihisar sahillerine kadar yayilim gosterirler
(Sekil 1). Izmir-Ankara Zonu kayaglar1 basta kumtasi-seyl ardalanmasi1 olmak iizere gesitli kirectaslari,
mafik ve ultramafik kayaglar, masif kumtaslari, serpantinit, spilit, diyabaz ve kiregtaslarindan olugmaktadir
[53,54]. Filis, kumtasi, silttasi ve seyller baskin olmak {izere fillitler, sleytler, rekristalize kiregtaglar1 ve
metamorfizmaya ugramis ¢esitli bloklar, spilit-diyabaz, radyolarit ve serpantinit gibi ofiyolitler ile riyolit
ve granodiyorit vb. gibi magmatik birimlerden olusmaktadir [48]. Bornova Karmasigi, deforme olmus ve
yer yer metamorfizma gecirmis kiregtaglari, metakumtaslar, serpantinitler ve spilitik lavlardan
olugmaktadir. Filis igerisindeki 20 km’yi bulan kiregtas1 kiitleleri, Kampaniyen-Daniyen’de filigin olusumu
sirasinda havza igine tasinarak filisin icerisindeki kirectas bloklar1 olarak yerini almistir. Izmir-Ankara
Zonu’nun Bornova ile Seferihisar arasindaki boliimiinii kapsayan ve Ust Kretase-Paleosen yasli olan
Bornova Filis Zonu, Menderes Masifi kayalarmin tizerinde dogrultu atimli faylar boyunca yer almaktadir.
Filig biriminin tabanina rastlanamamistir [53,54]. Balgova’da yapilmis en derin jeotermal sondaj olan 1100
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metrelik kuyuda dahi, filis altindaki metamorfik temele ulagilamamigtir. Balgova ve Seferihisar’da MTA
tarafindan yapilan sondajlarda, filis biriminin glineye dogru kalmliginin azaldigi ve 300 metreye kadar
diistiigii bilinmektedir. Birimin kalinlig1 birgok yerde yapilmis sondajlarin kuyu loglarmna gore, Urkmez’de
birkag yliz metre iken, Balgova’da 2 km’den fazladir. Seferihisar Yiikselimi’nde, birim kalinliginin 1500
metre civarinda oldugu tahmin edilmektedir [55]. Bornova Filis Zonu’nun yari-gegirimli ve bolgedeki esas
jeotermal rezervuar oldugu belirtilmistir [56-58]. Bornova Filis Zonu’nun gecirimliligi, genelde ikincil
olup, faylar, kiriklar, metakumtaslarinin ardalanmasi ve volkanik sokulumdan kaynaklanmaktadir [59].
Birim, ¢aligma alan1 ¢evresindeki Neojen ve Kuvaterner birimler tarafindan ortiilmektedir.
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Sekil 1. Caligma alaninin jeoloji haritas1 ([60]’dan).
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3. MATERYAL VE YONTEM

Eymold ve dig. [61], kaya gazi i¢eren havza formasyonlar izerindeki s1g yeraltisularinin hidrokarbonlarca
zengin oldugunu belirlemislerdir. Hidrokarbonlarca zengin bu sulardaki hidrokarbonlarin, derindeki
kaynak kayalardan s1g akiferlere gog ettigini belirtmislerdir. Kreuzer ve dig. [62], petrollii havzalardaki
faylarin, jeolojik zaman boyunca hidrokarbonlarca zengin sularin kaynak kayalar tizerindeki akifer
litolojilerine taginmasini kolaylastirdigini ve si1g yeraltisularinin jeokimyasini etkileyerek bu sularda
hidrokarbon zenginlesmesine sebep oldugunu belirtmiglerdir. Dultsev ve Chernykh [63], yeraltindaki
hidrokarbon birikimleri etrafindaki hidrokarbonca zengin sularin petrol ve dogalgaz aramak igin ¢ok iyi bir
jeokimyasal ara¢ oldugunu belirtmislerdir.Glinlimiizde, kaynak kayalarin mostra vermedigi (ylizeyde
goriilmedigi) ortiilii veya kaynak kayalarin tiiketilmis oldugu havzalarda/bélgelerde hidrokarbonlarca
zengin sularin ve organik jeokimyasal 6zelliklerinin belirlenmesine imkan saglayan suda TPH analizi petrol
ve dogalgaz aramaciliginda kullanilmaya baglanmustir [64-70]. Ciinkii, giincel ¢alismalarda kaynak kaya ve
gaz numuneleri iizerinde yapilan tiim organik jeokimyasal analizlerin, suda TPH analizi ile belirlenen petrol
hidrokarbonlarinca zengin yiizey ve yeralti sular1 iizerinde de uygulanabildigi, ayn1 havzalarda/bdlgelerde
ayni analiz ve yorumlama sonuglarina ulasildig1 belirlenmistir (Sekil 2) [71,72]. Bu ¢alismalara gore, bir
bolgede bir petrol ve/veya dogalgaz rezervuarnin var olmast durumunda, calisma alanindaki
yeraltisularinin olgun petrol hidrokarbonlarinca zengin olmasi gereklidir (Sekil 3). Dolayisiyla, suda TPH
analizi rezervuar hedefli petrol ve dogalgaz arama aktivitesine hizmet edecektir.

10
W Kayalar

&
@ Derin yeraltisuyu 0\0\

Pr/nC17

0.1~

0.01 + L i
0.01 0.1 1 10
Ph/nC18
Sekil 2. Ayni1 aragtima bolgesinden alinan kaynak kaya ve derin yeraltisuyu numunelerinin Pr/n-C17-
Ph/n-C18 diyagrami [72] (Pr: Pristan ve Ph: Fitan izoprenoid hidrokarbonlar, n-C17 ve n-C18: n-

alkanlar).

Gaz

<— Petrol —°
Zonu

<——TPH’ca Zengin Su——>'

TPH’ca Zengin Su Havzasi

Enine Kesit Harita

Sekil 3. Birincil yontemlerle tiretim yapilan antiklinal bir petrol rezervuariin bilesenleri [71].
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TPH degeri, yeraltisularinin hidrokarbon kirliligi hakkinda bilgi vermektedir. Sudaki TPH
konsantrasyonlarini belirlemek i¢in gaz kromatografisi (GC) analizleri yapilmaktadir. Suda TPH tayininde,
TS EN ISO 9377-2, 2000 sayili Hidrokarbonlarin Tayini - Béliim 2: Coziicii Ekstraksiyonu ve Gaz
Kromatografi Yontemi standart testi kullanilmaktadir (diger yontemler, EPA Metot 1664 ve ASTM D7678-
11). Bu analiz yonteminde yeriistii, yeraltt ve dagitim sularindan alinan 6rneklerdeki hidrokarbonlar
ayrilmakta ve su numunesindeki toplam petrol hidrokarbonlarinin miktari tayin edilmektedir. Numunelerde
buharlagsma veya biyodegradasyon gibi hidrokarbon miktarimi etkileyebilecek olaylari 6nlemek igin bu
numuneler asitlenerek saklanmaktadir. Numuneler, eger asitleme islemi yapilmissa 14 giin, yapilmamigsa
7 giin igerisinde analiz edilmekte ve analiz 6ncesinde 5 °C + 3° sicaklik araliginda muhafaza edilmektedir.

Caligma kapsaminda, bélgedeki dogal soguksu ¢esmelerinden 1 It 61¢ekli plastik kaplarla 25 adet soguk su
numunesi alinmustir (Sekil 1 ve 4). Su 6rnekleri, sebeke suyu ile iligkili olmayan ve aritilmamis/islem
gbrmemis su kaynaklarindan alinmistir. Su 6rnekleri, standart prosediirlere (ISO 5667-3) gore toplanmis
ve muhafaza edilmistir. Caligsma alanindan toplanan numunelerin, toplandiktan birka¢ giin sonra analizinin
yapilmasi nedeniyle, numunelerde asitleme islemi yapilmamigtir. Numuneler, laboratuarda standart
yontemler (ISO 9377-2) kullanilarak sudaki TPH agisindan analiz edilmistir. Alinan su numunelerinde,
organik jeokimyasal degerlendirmelere veri olusturmak amaciyla gaz kromotografi cihazi ile TPH analizleri
yapilmistir. Bu analizler ile su numunelerinin dogrudan TPH konsantrasyonlar1 (mg/lt cinsinden)
belirlenmis ve gaz kromatogramlarindan jeokimyasal parametreler hesaplanmistir. Jeokimyasal
degerlendirmelerde, TPH konsantrasyonlari ve hesaplanan parametreler kullanilmistir.

Sekil 4. Calisma alanindaki dogal soguksu kaynaklarindan 6lcekli plastik kaplarla su numunesi
alimmasindan bir goriiniim.

4. BULGULAR VE TARTISMA

Calisma alanindan alinan su numuneleri tizerinde yapilan TPH analiz sonuglar1 esas alinarak; sulardaki
hidrokarbonlarin miktari, bozunma durumu ve kaynagi, olgunlugu ve ¢okelme ortaminin redoks kosullari
jeokimyasal agidan incelenmistir. Ayrica, inceleme alani i¢in hazirlanan havadan manyetik ve gravite
haritalar1 jeolojik ve tektonik agidan yorumlanmis ve hidrokarbonlarin kavramsal olusum, go¢ ve birikme
modelinin kurgulanmasi amaglanmustir.
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4.1 Sulardaki Hidrokarbonlarin Miktari, Bozunma Durumu ve Kaynagi

Liu ve dig. [72], hidrokarbon igerigi 0.05 mg/It’yi asan yeraltisuyunu orijinal hidrokarbonca zengin
yeraltisuyu olarak tanimlamistir. Yiizey ve yeralti sulart i¢in Onerilen TPH sinir degerleri Tablo 1°de
verilmistir. TPH degerleri, Tablo 1’deki degerleri asan yiizey ve yeralt1 sulari, hidrokarbonca zengin
sulardir. Inceleme alamindaki su numunelerinin tamaminda n-alkan hidrokarbonlar tespit edilmistir. Su
numunelerinin TPH degerlerinin, yilizey ve yeraltisularinda bulunmasi gereken hidrokarbon sinir
degerlerinden oldukga yiiksek oldugu goriilmektedir (Tablo 1 ve 2). Dolayisiyla, su-kayag-hidrokarbon
etkilesimi, inceleme alanindaki sularda hidrokarbon zenginlesmesine sebep olmustur.

Kaynak, olgunlagma, go¢ ve biyolojik bozunma, hidrokarbonlarin bilesimindeki farkliliklardan sorumlu
ana faktorlerdir. Ph/n-C18 degeri < 1 ise, biyolojik olarak bozunmamis hidrokarbonlar1 gostermektedir
[73]. Sunumunelerinin timiiniin Ph/n-C18 degeri, < 1’dir (Tablo 2). Bu degerlere gore, su numunelerindeki
hidrokarbonlar biyolojik olarak bozunmamustir.

Hidrokarbon bilesiklerinin genel dagilimlarimi gormek, organik madde tipi, olgunlagsma ve ¢okelme
ortamlar1 hakkinda bilgi saglamak amaciyla gaz kromatografi analiz sonuglar1 kullanilarak Pr/Ph orani,
izoprenoid/n-alkan orani1 ve Karbon Tercih indeksi (CPI) hesaplanarak yorumlamaya gidilmektedir. Bu
caligsmada, n-alkan dagilimlarindan yararlanilarak su numuneleri Pr/Ph orani, CPI indeksi, Pt/Ph - CPI,
Pr/n-C17-Ph/n-C18 ve Pr/n-C17-Pr/Ph diyagramlarinda jeokimyasal agidan yorumlanmustir.

Tablo 1. Yiizey ve
yeraltisular1 i¢in Onerilen

TPH siir degerleri.

TPH Referans

(mg/lt)

<0.05 [71]
<0.1 [74]
<05 [70]
<0.2 [75]
<0.02 [76]

CPI, n-alkan kaynagmin bir gostergesidir. Tek ve ¢ift karbon numarali n-alkan miktarlar1 arasindaki bir
oran olan CPI, gaz kromatogramlarindaki piklerin yiikseklikleri veya alanlar1 6l¢iilerek belirlenmektedir.
Bu kromatogramlarda hakim pikler, n-alkanlardir. CPI indeksinin hesaplanmasinda, farkli arastirmacilar
farkl: formiiller 6nermislerdir. Bu indeks, karbon dizisinin herhangi bir araligina uygulanabilmektedir. CPI,
tek ve ¢ift numarali n-alkanlarin birbirlerine gore bollugu, organik madde tipi, ¢cokelme ortami ve 1sisal
olgunlugu yorumlamada kullanilmaktadir. CPI degerinin belirgin bir sekilde > 1 (tek n-alkan tercihli) veya
< 1 (gift n-alkan tercihli) olmasi 1sisal ortamlarla iligkili petrol ve bitiimlerde gbézlenmektedir [77,78].
Yiiksek CPI degeri, yiiksek karasal bitkilerden tiiremis, olgunlagsmamis veya olgunlugu diisiik organik
maddeyi yansitmaktadir [79]. CPI degerlerine gére (Tablo 2), incelenen su numunelerindeki n-alkanlarin
kaynag1 petrojenik hidrokarbonlar ve organik maddece zengin yasli sedimanlardir (Tablo 3).

Petrojenik kaynaklar terimi, ham petrol, komiir vb. gibi yanmamus fosil kaynaklari1 tanimlamaktadir. Bu
kaynaklar, milyonlarca yil 6nce ve orta sicakliklarda (100-300 °C arasinda) ¢ok yavas bir sekilde
olusmustur [80]. Ortamdaki hidrokarbonlarin kaynagini (dogal veya petrol n-alkan) degerlendirmek i¢in
NAR (Dogal n-alkan Orani) olarak tanimlanan bir parametre Onerilmistir [81]. Bu oran, petrol
hidrokarbonlar1 ve ham petroller igin sifir veya sifira ¢ok yakindir. Diger kaynaklar i¢in ise, daha yiiksek
olarak belirtilmistir. NAR parametresine gore (Tablo 2), incelenen su numunelerindeki n-alkanlar,
petrojenik hidrokarbonlardir.
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4.2 Sulardaki Hidrokarbonlarin Olgunlugu ve Gékelme Ortaminin Redoks Kosullari

Olgun hidrokarbonlarin CPI degeri, 1’dir veya 1’¢ yakindir [81]. Cok tuzlu karbonat veya evaporitik
ortamlarla iliskili petrol ve bitiimlerin CPI degerleri, 1’den kiiciiktiir [77,78]. Onojake ve dig. [83]
calismalarinda, CPI degerlerini esas alarak hidrokarbonlar olgunluklarina gore siniflandirmislardir (Tablo
4). Bu siniflamaya gore, incelenen su numunelerindeki (Tablo 2) hidrokarbonlar olgundur (fazla okside
veya rediikte).

Tablo 2. Su numunelerinin TPH analiz sonuglari ve hesaplanan jeokimyasal parametreler.

Numune Koordinatlar TPH CPI NAR Pr/Ph  Pr/n-C17 Ph/n-C18

No Su kaynagi % v (mg/It)

1 Dogal soguksu 4226530 491680  0.59 1.03 032 143 0.08 0.03
S Dogal soguksu 4231706 493898 < (.40 0.84 040 053 0.02 0.07
6 Dogal soguksu 4231152 493727 052 1.50 026 383 0.08 0.04
7 Dogal soguksu 4231153 491612 055 119 030 371 0.06 0.03
9 Dogal soguksu 4234482 491688 (.53 1.17 030  0.25 0.01 0.07
1 Dogal soguksu 4235990 493949 (.79 1.55 026 168 0.02 0.03
14 Dogal soguksu 4231337 493022 < 0.40 1.08 030 373 0.11 0.07
15 Dogal soguksu 4236299 493512  0.50 111 029 156 0.04 0.06
17 Dogal soguksu 4237099 494776 053 1.29 032 036 0.01 0.08
19 Dogal soguksu 4236666 497594  0.62 1.55 029 199 0.08 0.11
21 Dogal soguksu 4236543 498736 < 0.40 - - ; ; ;
22 Keson kuyu 4238885 499805  0.49 1.56 027 273 0.10 0.11
23 Dogal soguksu 4241197 501068  0.59 - 021 056 0.02 0.09
24 Dogal soguksu 4241660 503544  0.44 1.35 014 004 0.00 0.06
25 Kesonkuyu 4241752 500169  0.68 1.27 031 612 0.21 0.08
26 Dogal soguksu 4240550 497158 < 0.40 - 0.06 138 0.04 0.08
27 Dogal soguksu 4241444 496236  0.52 - 031 o075 0.04 0.12
28 Dogal soguksu 4241107 493370  0.49 - 031 062 0.04 0.17
32 Keson kuyu 4228440 492582  0.48 - 022 243 0.04 0.05
33 Dogal soguksu 4227266 497300  0.55 - 029 1096 0.04 0.06
34 Dogal soguksu 4226280 497226  0.45 - - 0.45 0.03 0.16
35 Dogal soguksu 4228961 498662  0.42 - - 0.20 0.04 0.37
36 Dogal soguksu 4228160 501945  <0.40 - - 0.19 0.04 0.36
37 Dogal soguksu 4231737 505712  0.53 - - 0.21 0.03 0.36
38 Dogal soguksu 4233155 506246  0.46 - 010 057 0.06 0.25

CPI = {[(C23+C25+C27) + (C25+C27+C29)] / [2 *(C24+C26+C28)]} [84,85], NAR = [En-alk (C1o:32) - 2 Cift n-alk (C2032)] / =
n-alk (Cio-32) [81], - : hesaplanamadi
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Tablo 3. CPI degerine gore sudaki n-alkanlarin
kaynag [71].
CPI Kaynak
>23 Giincel karasal sedimanlar
(biyojenik hidrokarbonlar)
12-23 Organik maddece zengin yash sedimanlar
(denizel seyller, karbonatlar vb.)
<12 Petrojenik hidrokarbonlar
(< 1 degerler bozunmus hidrokarbonlar)

Tablo 4. CPI degerine gore hidrokarbonlarin
olgunluk derecesi ([83]’den diizenlenmistir)
(bkz. Sekil 5).

CPI Olgunluk

>1 Olgun (fazla okside-rediikte)
08-1 Olgun

<0.8 Olgunlagsmamis

Izoprenoid/n-alkan oranlarinda, gaz kromatogramlarindaki izoprenoidlere en yakin n-alkanlar
kullanilmaktadir. Pr/Ph orani, iyi bir korelasyon parametresidir. Pristan (Pr) ve fitan (Ph), dzellikle
fototropik organizmalardaki klorofilin yan zinciri olan fitilden tiiremektedir. Anoksik kosullar altinda fitil
yan zinciri koparak fitolii ve fitolde indirgenerek fitan1 olustururken, oksik kosullar altinda ise fitol pristana
indirgenmektedir [78]. Dolayisiyla, Pr/Ph orani, ¢cokelme ortaminin redoks potansiyelini yansitmaktadir.
Pr/Ph < 1 ise anoksik, Pr/Ph > 1 ise oksik ¢okelme ortamini isaret etmektedir. Yiiksek Pr/Ph oranlari, oksik
bir paleoortamda birikmis, 6nemli bir karasal katk: olan kaynak kayadan tiireyen hidrokarbonlar1 gosterir
[73,86]. Incelenen su numuneleri, 0.04 - 6.12 arasinda degisen Pr/Ph oramina sahiptir. Dolayisiyla,
incelenen su numunelerinin yaklasik yaris1 anoksik (Pr/Ph < 1), diger yaris1 da oksik ortamda (Pr/Ph > 1)
¢okelmis sedimanlardan tiiremis hidrokarbonlar1 igermektedir (Tablo 2). Pr/Ph orani, olgunluk hakkinda da
bilgi saglamaktadir [87]. Pr/Ph-CPI diyagraminda, incelenen su numunelerindeki hidrokarbonlarin
cogunlugunun fazla okside bir kisminin da fazla rediikte alanda yer aldigi ve benzer olgunluk seviyelerinde
oldugu goriilmektedir (Sekil 5).

12

11

=
o

Pr/iPh
Olgun hidrokarbonlar

Olgunlagmamig hidrokarbonlar

e @ L Fazla Okside

QO B N W R U O N W

o e @ Py Fazla Rediikte
0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 18 2 2.2 24
cPI
Sekil 5. Su numunelerinin Pr/Ph - CPI diyagrami (diyagram: [83]’den).
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Pr/n-C17 ve Ph/n-C18 oranlari, hidrokarbon korelasyon ¢alismalarinda yaygin olarak kullanilmaktadir.
Yiiksek pristan (Pr) igeren numuneler oksitleyici, yiliksek fitan (Ph) igerigi ise rediikleyici bir kaynagi
yansitmaktadir. Dolayisiyla, petrol veya bitlimleri siniflandirmak i¢in Pr/nC17’nin Ph/nC18’e karst
cizildigi diyagramlar kullanilmaktadir [73]. Pr/Ph oraninin 1.5 {izerinde olmasi, standart jeokimyasal
yorumlamaya gore oksijenli bir ortamdaki ¢okelme kosullarina isaret etmekle birlikte, Pr/Ph oranlarinin
anoksik ¢cokelme ortamlar1 i¢in 1'in {izerinde olabilecegi de iyi bilinmektedir. Daha diisiik degerler, ayni
sekansin diger boliimlerine kiyasla daha az oksik kosullar1 gosterebilir [88]. Izoprenoid/n-alkan orani,
kirilma ile kerojenden daha ¢ok n-alkan serbest kaldigi i¢in olgunlugun artmasi ile azalmakta olup [73,77]
biyolojik bozunmaya ugramamis petrol ve bitim Ornekleri i¢in olgunlugun bir o6lgiiti olarak
kullanilmaktadir. Bu oran, n-alkanlarin daha kolay yok olmasindan dolay1 biyolojik bozunma ile artmakta
[73], organik madde girdisi ve ikincil islevler tarafindan da etkilenmektedir. Incelenen su numunelerinin
Prin-C17 - Ph/n-C18 ve Pr/n-C17 - Pr/Ph diyagramlarindaki konumlarina gore, hidrokarbonlari tiireten
kaynak kayalarin yiiksek anoksik-suboksik denizel (Tip-11 kerojen) ve anoksik-suboksik gegis ortamda (Tip
II-1II kerojen) ¢okeldigi ve hidrokarbonlarin olgun-yiiksek olgun seviyede olduklart goriilmektedir (Sekil
6-9 ve Tablo 5).
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Sekil 6. Su numunelerinin Pr/n-C17-Ph/n-C18 diyagrami (diyagram: [89] den)
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Sekil 7. Su numunelerinin Pr/n-C17-Pr/Ph diyagrami (diyagram: [90-92]’den)
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Sekil 8. Su numunelerinin Ph/Pr diyagrami (diyagram: [93]’den)
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Sekil 9. Su numunelerinin CPI - Pr/Ph diyagrami (diyagram: [94]den)

Tablo 5. Pr/Ph degerine gore hidrokarbonlarin kaynak
kayasi ve ortam ([93]’den diizenlenmistir) (bkz. Sekil 8)

Pr/Ph Kaynak kaya Pr/Ph Ortam
<3 Denizel <0.8 Anoksik
3-5 Denizel - Karasal >0.8 Suboksik-Oksik
>5 Karasal

4.3. inceleme Alaninin Havadan Manyetik ve Gravite Haritalari ve Jeolojik Yorumlari

Gravite ve manyetik verilerinin petrol ve dogalgaz aramalarinda kullanimina yonelik yontemleri ve saha
uygulamalarini i¢eren ¢ok sayida ¢alisma mevcuttur (64-68,95-106). Gravite ve manyetik anomali analizi,
Bat1 Sibirya’da hidrokarbon arama ve kesfinin yarim yiizyildan bugiine kalic1 bir bileseni olmustur [103].
Inceleme alaninda oldugu gibi, jeokimyasal arastirmalarla petrol hidrokarbonlar1 varligi kamitlanmus (olgun
hidrokarbonlarca zengin sular belirlenmig) olan bolgelerdeki petrol ve/veya dogalgaz rezervuarinin
(kapaninin) yerinin belirlenmesi icin 6zellikle sismik ol¢limler ¢ok dnemlidir. Ancak, ¢aligma alaninda
degerlendirmeye esas olabilecek sismik Glgiim hatlart bulunmamaktadir. Bu nedenle, calisma alaninin
yeralt1 jeolojisi MTA Genel Miidiirliigii tarafindan iiretilmis olan gravite ve manyetik verilerden hazirlanan
haritalar kullanilarak degerlendirilmis ve yorumlanmustir.
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Hazirlanan gravite haritasinda (Sekil 10), diisiik yogunluklu sedimanter kokenli kayaglardan olusan geng
cokeller (silttagi, camurtasi, kiltasi, cakiltasi, seyl vb.) ve metamorfik kayaclar (sleyt, fillit vb.) koyu mavi,
acik mavi ve yesil renk tonlari ile yogunlugu nispeten daha biiyiik olan kayagclar ise turuncu, kirmizi ve sari
renk tonlar ile temsil edilen yogunlugu nispeten yiiksek kayaclardan (kristalize kiregtasi, mermer, kuvarsit,
sist vb.) kaynaklanan bir anomali yer almistir. Gravite haritasinda belirlenen yapisal unsurlar, Uzel ve
Sozbilir [51] ve Ozdemir ve dig. [60] calismalari ile uyumludur.

Hazirlanan havadan manyetik haritada (Sekil 10), mavi, yesil ve agik yesil renkli alanlarda manyetik
0zelligi olmayan tamamen sedimanter (kumtasi, kirectasi, silttasi, camurtasi, kiltasi, cakiltasi, seyl vb.) ve
metamorfik kayaglar (kristalize kirectasi, mermer, sist vb.) bulunmaktadir. Sari, kirmizi ve beyaz renkli
alanlarda ise, manyetik 6zelligi olan kayaglar yer almaktadir (volkanik cakilli kumtaslari, ofiyolitler,
dayklar vb.). Calisma alaninda, baskin olarak sedimanter kayaglardan olusan Bornova Filis Zonu
birimlerinin yiiksek manyetik anomalilere sahip olmasi, Seferihisar Yiikselimi’ndeki kesfedilmemis altin
yataklar1 ve hidrokarbon rezervuarimin bir gostergesi olabilir. Gadirov ve dig. [96] ve Gadirov ve
Eppelbaum [99], petrol ve/veya dogalgaz sahalarinin bulundugu alandaki sedimanter birimlerin yiiksek
manyetik anomalilere sahip oldugunu {iretim yapilan sahalardan 6rnek ¢alismalarla gostermislerdir.
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4220000
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I E— — -
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Sekil 10. inceleme alaninin gravite (a) ve havadan manyetik (b) anomalilerinin renk kontur haritas.
Muhtemel petrol ve/veya dogalgaz kapani: gravite haritasinda kirmizi renkli, manyetik haritada mavi
renkli poligon, beyaz renkli ¢izgiler: dogrultu atimli faylar, siyah renkli tirnaklar: normal fay, A-B hatti:
yap1 derinligini belirlemek icin alinan profil (Sekil 14), cekig ve orak: Seferihisar Altin Isletmesi

Caligmada, iki boyutlu rezidiiel gravite anomalilerini derinlik degerlerine doniistiirebilmek ve bir havza ve
yapinin derinligini belirlemek amaciyla, Svancara [107] ve Topfer [108] tarafindan 6nerilen yorumlama
yontemi kullanilmigtir. Bu yontemde, yogunluk kontrastinin bilinmesi durumunda gravite anomalisi ve
parametreler arasinda kurulan basit iligkilerle sedimanter bir havzanin ve yapmin derinligi belir-
lenebilmektedir. Yorumlamanin ilk adimi, anomalinin karakteristik parametrelerini belirlemektedir (Sekil
11). A = gmax/Wa X o seklinde tanimlanir (birimsizdir). gmax : gravite anomalisinin maksimum genligidir
(mgal). W, : gravite anomalisinin yar1 genlik (gmax/2) degerine karsilik gelen uzakliktir (birimi m’dir). o :
yogunluk kontrastidir (gr/cm?®). W, : gravite anomalisinin tam genisligidir (birimi m’dir) ve Wp/W, = (-
0.056 x A) + 1.827 formiilii ile belirlenir (birimi m’dir). Dj, g; : gravite anomali degerine karsilik gelen
derinliktir (birimi m’dir). D, : diiz-plaka formiiliinden elde edilen derinliktir (birimi m’dir). D, = 23.866 X
Omax/o formiilii ile belirlenir ve birimi m’dir. D : maksimum derinliktir ve asagidaki formiil ile belirlenir. O
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<A <9sart1i¢in D/D, =0.072 x A + 1.00, 9 < A < 13 sart1 i¢in D/D, = 0.12 X A + 0.57 seklindedir [108].
Calisma alaninin rezidiiel gravite anomali haritasindan bir A-B profili alimmustir (Sekil 10). A-B profile ait
anomalilere gore, yapinin maksimum derinligi (D) = 765 m olarak belirlenmistir (Sekil 12).

X
7 Smax /2 Gmax
@
3
o D D X
£ Wi

Sekil 11. ideal bir havza gravite anomalisi ve karakteristik parametreler [107].

Seferihisar Yiikselimi’nde tabakalarin K00-30B ve KO0-30D olarak yogunlastig1 goriilmektedir (Sekil 13).
Bornova Filis Zonu birimlerinde gerceklestirilen 450’ye yakin tabaka Ol¢limiine gore, tabakalarin tiim
bolgede genel olarak KD-GB gidisli ve KB’ya egimli olduklar1 belirlenmistir. Seferihisar Yiikselim
Bolgesi’nde, KB’dan GD’ya dogru birbirine paralel 3-4 hat boyunca dizilen tabaka yonelimlerinin egemen
olarak KB’ya dogru olmasi, yiikselim bolgesinin KB-GD yoniinde sikistigi ve bu yonde siiriiklenmis
olabilecegini diisiindiirmektedir. Bolgede birbirine paralel 4 hat boyunca dizilen kiregtasi ve ofiyolitik
bloklarin uzun eksenlerinin KD-GB yo6niinde olmasi da bu siiriiklenimin olabilecegi goriigiinii
desteklemektedir [60].
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Sekil 12. A-B profilinin jeolojik yorumu ve inceleme alanindaki muhtemel petrol ve/veya dogalgaz

kapanimin derinligi (bkz. Sekil 10).
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Sekil 13. Seferihisar Yiikselimi’nin jeoloji haritasi iizerine aktarilmis tabaka yonelimleri [60].

Olgun hidrokarbonlarca zengin su numuneleri, ¢alisma alaninda ¢alisan bir petrol sistemi i¢in dnemli bir
kanittir. Olgun petrol hidrokarbonlarinca zengin yiizey ve yeralt1 sulari, hidrokarbon tiireten etkin petrol
kaynak kayalar1 ve yeraltindaki bir petrol ve/veya dogalgaz rezervuari ile iligkilidir. Derindeki kaynak
kayalardan ve/veya rezervuardan yilizeye go¢ eden hidrokarbonca zengin sular, yiizeyde ve yiizeye yakin
jeolojik ortamlarda (yiizey ve yeraltisularinda) tanimlanabilir hidrokarbon konsantrasyonu degisikliklerine
sebep olur [71]. Incelenen su numunelerindeki hidrokarbonlar, derinlerdeki hidrokarbonca zengin jeolojik
birimlerden su-kayag-hidrokarbon etkilesimi sonucunda ve/veya gravite ve manyetik haritalarla belirlenen
olas1 rezervuardan (Sekil 12 ve 14) cikan sular yiizeye/yilizeye yakin boliimlere gocii sonucunda
zenginlesmis olmalidir. Birbirleri ile olduk¢a uyumlu olan gravite ve manyetik haritalar ile belirlenen,
baskin olarak KD-GB dogrultulu, hidrokarbonlarin kapanlanabilecegi ve korunabilecegi dogrultu atimli
faylarla sinirlandirilmig antiklinal, bolgedeki olasi petrol ve/veya dogalgaz rezervuaridir (Sekil 10 ve 14).
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Yapinin dogrultu atimli faylarla sinirlandirilmis olmasi, hidrokarbonlarin bu yapilarda birikmis olma
ihtimalini kuvvetlendirmektedir.

. A 3
5 fouSeYerlmsar
1gacik

Google Earth

Navy,

10 km

Sekil 14. inceleme alanindaki muhtemel petrol ve/veya dogalgaz kapan: (kirnuzi renkli poligon). Petrol
hidrokarbonlari i¢eren su numuneleri (Sar1 renkli rakamli daireler); Efem¢ukuru altin igletmesi ruhsati
(pembe renkli polygon); dogrultu atimli faylar (beyaz renkli ¢izgiler), normal fay (beyaz renkli tirnaklar);
A-B hatt1: yap1 derinligini belirlemek i¢in aliman profil (Sekil 12),

4.4. Calisma Alanindaki Hidrokarbonlarin Kavramsal Olusum, Gé¢ ve Kapanlanma Modeli

Menderes Masifi ve Karaburun Yarimadasi, Triyas’dan Kampaniyen sonuna kadar karbonat ¢okeliminin
gelistigi durayli bir platform alanidir. Kampaniyen - Erken Mestrihtiyen’de Bornova ile Seferihisar
arasindaki bolgedeki ilk al¢alma gergeklesmis ve bu havza igerisinde bloklu Bornova Filis Zonu
olusmustur. Matriksi filis, mafik volkanikler, kalkerli seyller ve cakiltaglarindan olusan Bornova Filig
Zonundaki platform tipi kiregtasi bloklari, birka¢ yliz metre hatta kilometrelerce uzunlukta ve kalinlikta
megabloklar halindedir. Bornova Filis Zonu, i¢ yapisi ile bir yigisim prizmasi 6zelligi gostermektedir.
Dogrudan ortama tasinan bloklarin yerlesimi sirasinda, yumusak olan matriks tabanindan yukariya dogru
5-6 km camur enjeksiyonlar1 (¢amur volkanlar1) olusmustur (Sekil 15). Mestrihtiyen-Daniyen arasinda ve
filis cokelimi sirasinda, platformun naplar seklinde havza igerisine baslayan bu ilk deformasyonun
ardindan, Bornova Filis Zonu biiyiik boyutta tektonik tasinmalarla Menderes Masifi lizerine itilmistir. Orta
Miyosen’den baglayarak bolgede Neotektonik evreye gegilmis ve tansiyonel rejim altinda Seferihisar
Yiikselimi gibi graben ve horst yapilar olusmustur [53].

Festa ve dig. [109], melanjlarin olusum siireclerini incelemis ve melanjlart siiflandirmiglardir. Bu
caligmada, genisleme tektonigi ile iligkili melanjlar Tip 1, dogrultu atimli tektonizma ile iligkili melanjlar
da Tip 3 olarak siniflandirilmistir. Tip 1 melanjlar, genisleyen bir karbonat platformunda normal faylanma
ile tetiklenen megabres birikimini igerir. Ayrica, genislemeli riftlesme sirasinda olusan melanj 6rnekleridir.
Tip 3 melanjlar, dogrultu atimli tektonizma sonucunda, hem kirik hem de tektonik melanj olusumunu igerir.
Bu tip melanjlarda, pozitif ve negatif ¢icek yapilarina bagl olarak sedimanter melanjlar (¢esitli toplu kiitle
taginma olaylari ile olusan yiginlar) ve ¢amur volkanlari olusabilir [109]. Seferihisar Yiikselimi, Tip 1
(Paleotektonik donem) ve Tip 3 (Neotektonik donem) melanj olusumlarinin kombinasyonudur. Bornova
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Filis Zonu matriksindeki mafik volkanikler [53] ve diyabaz bloklar (Sekil 13) [60], Bornova Filis Zonu’nun
olusum siirecinde bir riftlesmenin varligina isaret etmektedir (Sekil 15).

Ozdemir ve Palabiyik [110,111], petrol ve dogalgaz kaynak kayalarinin okyanus ortas1 sirtlarda ve kitaigi
riftlerde -yayilma merkezleri- olustugunu belirtmislerdir. Menderes Masifi ve Karaburun Yarimadasi,
Triyas’dan Kampaniyen sonuna kadar karbonat ¢okeliminin gelistigi durayli bir platform alanidir. Bu
durayli platform alani, Kretase - Paleosen’i ifade eden Paleotektonik donemdeki genisleme ile birllikte
riftlesmeye maruz kalmis ve ¢aligma alani1 su numunelerindeki hidrokarbonlari tiireten kaynak kayalar bu
riftlesme sonucunda gelisen rift havzasinda olusmus olmalidir (Sekil 16). Ciinkii, incelenen su
numunelerindeki hidrokarbonlar hem denizel hemde karasal kaynak kayalardan tiiremistir (Sekil 6-9).
Neotektonik donemde, Tip 1 melanj olusumu sirasinda da go¢ etmis ve kapanlanmis olmalidir.

Paleotektonik dénem

Mega bresler

% Neotektonik
. donem
&-

Dogrultu
atimli kirik
olusumu

A Camur volkanlarn
Kaymus kiitlesel > Katle yiginlar: |
iginlar /
yig : // i -
i S\
4 \ \‘ 74
\ k
N\,
X\©®
B \

Sekil 15. Genisleme (Tip 1) ve dogrultu atimli (Tip 3) tektonizma ile iligkili kombine bir melanj olan
([109]’in simiflamasina gore) tamamen Bornova Filis Zonu birimlerini igeren Seferihisar Yiikselimi’nin
olusumu ve yapisi i¢in 6nerilen model

Kretase-Paleosen

Mega bresler

Camurlu sedimaniar
+ organik- madde.

Sekil 16. Bornova Filis Zonu’nda petrol kaynak kayasi olusumu i¢in 6nerilen kavramsal modeli
([53,109-111)’den uyarlanmustir).
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H) Analizi ve Gravite-

Seferihisar Yiikselimi su numunelerindeki hidrokarbonlar, Bornova Filis Zonu birimlerindeki ¢alisan petrol
sistemleri i¢in jeokimyasal bir kamittir. Bu veri, izmir-Balikesir-Manisa illerinde genis bir yayilima sahip
olan Kretase - Paleosen yasli Bornova Filis Zonu birimlerinde galisan petrol sistemleri i¢in 6énemli bir
potansiyel bulundugunu (Sekil 17), dolayisiyla bu birimlerde bu ¢alismada kullanilan jeokimyasal analiz
ve yorumlama yOntemleri esas alinarak detayli jeolojik ve jeofizik arama g¢aligmalarimin yapilmasinin

gerekliligini ortaya koymaktadir.
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Sekil 17. Bornova Filis Zonu’nun Bat1 Anadolu’daki yayilimi (Ustteki harita, [112]’den degistirilerek).

Au: altin yatak
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Camur volkani adi1 verilen ¢camur enjeksiyonu olusumlari ile petrol ve dogalgaz sahalar1 arasinda oldukca
yakin bir iliski bulunmaktadir. Gaz ve su ¢ikislari ile siki iligkili olan bu volkanlar, genellikle antiklinal
doruklarina veya kivrimlanma sonucu olusan kiriklara yakin yerlerde olusurlar [114]. Camur volkanlari ve
petrol sistemleri arasindaki yakin iligki, birgok ¢aligmada kanitlanmistir [115-129]. Dolayisiyla, Erdogan
[53] ve Festa ve dig. [109] nin ¢alismalarinda belirtildigi gibi, Bornova Filis Zonu’nun tektonik evrimi
sirasinda olusmus camur volkanlarimin konumlarmin ve 6zelliklerinin belirlenmesi, Bornova Filis
Zonu’nundaki petrol sistemlerinin ¢éziimlenmesi agisindan énemlidir.

5. SONUG

Seferihisar Yiikselimi’nin petrol ve dogalgaz potansiyelinin soguk su kaynaklarindan alinan Grnekler
tizerinde yapilan TPH analizleri ile arastirilmasi amaglanan ¢alismada, toplanan su numunelerinde yapilan
TPH analizi sonuglarina gore, Su numunelerinin tamaminda hidrokarbonlar tespit edilmistir. TPH degerleri,
ylizey ve yeraltisularinda bulunmasi gereken hidrokarbon smir degerlerinden oldukca yiiksektir. Su
numunelerindeki n-alkanlarin kaynagi, petrojenik hidrokarbonlar ve organik maddece zengin yash
sedimanlardir. Su-kayag-hidrokarbon etkilesimi, inceleme alanindaki sularda hidrokarbon zenginlesmesine
sebep olmustur. Hidrokarbonlar, biyolojik olarak bozunmamistir. Hidrokarbonlar tiireten kaynak kayalar,
yiiksek anoksik-anoksik-suboksik denizel (Tip-11 kerojen) ve anoksik-suboksik gegis ortaminda (Tip II-11
kerojen) ¢okelmis olup, hidrokarbonlar olgun-yiiksek olgundur.

Olgun hidrokarbonlarca zengin su numuneleri, ¢aligma alaninda galisan bir petrol sistemi i¢in énemli bir
kanittir. Calisma alaninda, baskin olarak sedimanter kayaglardan olusan Bornova Filis Zonu birimlerinin
yiiksek manyetik degerlere sahip olmasi, Seferihisar Yiikselimi’ndeki kesfedilmemis altin yataklari ve
hidrokarbon rezervuarinin bir gostergesi olarak diisiiniilmektedir. Birbirleri ile olduk¢a uyumlu olan gravite
ve manyetik haritalar1 ile belirlenen, baskin olarak KD-GB dogrultulu hidrokarbonlarin kapanlanabilecegi
ve korunabilecegi dogrultu atimli faylarla sinirlandirilmis antiklinal, bolgedeki olasi petrol ve/veya
dogalgaz rezervuaridir. Yapinin dogrultu atimli faylarla sinirlandirilmis olmasi, hidrokarbonlarin bu
yapilarda birikmis olma ihtimalini kuvvetlendirmektedir. Incelenen su numunelerindeki hidrokarbonlar,
gravite ve manyetik haritalarla belirlenen olasi rezervuardan yiizeye/yiizeye yakin boliimlere gdemiis ve s1g
yeraltisulari ile karigmis olmalidir.

Caligma alaninda, baskin olarak sedimanter kayaclardan olusan Bornova Karmasigi birimlerinin yiiksek
manyetik degerlere sahip olmasi, Seferihisar Yiikselimi’ndeki kesfedilmemis altin yataklar1 ve hidrokarbon
rezervuariin bir gostergesidir. Ayrica, sularda belirlenen hidrokarbonlar ile bdlgedeki altin yataklari
arasinda jeokimyasal ve minerajolojik-petrografik yontemlerle belirlenebilecek bir iligkinin oldugu agiktir.
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Abstract

Food and cleaning products are the most basic living materials. Soap is a cleaning agent. The first
known record of the production of soap, belong the Sumerians in BC 2500 years. Soap making has
been developed and has survived to the present day. The products of olive and laurel plants are used
in the construction of natural laurel soap. Olive and daphne are typical plants of the Mediterranean
climate. Olive is among the first plants to be tamed. The laurel plant grows naturally in the
Mediterranean climate. The laurel plant is not cultured. The construction of the natural laurel soap
used today is transferred to the literature and presented to interest of the researchers and developers.

Keywords: Soap, laurel soap, olive, daphne.

Dogal Defne Sabunu

Ozet

Gida ve temizlik Urdnleri en temel yagsam malzemeleridir. Sabun bir temizlik maddesidir. Sabun
yapimi ile ilgili bilinen ilk kayit, M.O. 2500 yillarinda Sumerlere aittir. Sabun yapimi geligtirilerek
ginimize kadar gelmistir. Dogal defne sabunun yapiminda zeytin ve defne bitkisinin Uriinleri
kullaniimaktadir. Zeytin ve defne Akdeniz ikliminin tipik bitkilerindendir. Zeytin, evcillestirilen ilk bitkiler
arasinda yer almaktadir. Defne bitkisi Akdeniz ikliminde dogal olarak yetismektedir. Kiltiri
yapilmamaktadir. Ginimuzde kullanilan dogal defne sabunu yapimi literatire aktarilarak arastirici ve
geligtiricilerin ilgisine sunulmusgtur.

Anahtar kelimeler: Sabun, defne sabunu, yag, defne.

1. INTRODUCTION

Food and cleaning products have always been indispensable for humanity. They have always been in
search of new products to provide them. He always tried to get better and more functional product.
New inventions may lead to the development of new products or the transfer of the acquired
knowledge to the future. With the invention of writing, this transfer was easier and more permanent.

Gelis/Received: 18 Sub 2021/18 Feb 2021
Kabul Edilis/Accepted: 29 Mar 2021/ 29 Mar 2021


https://orcid.org/0000-0003-0344-7118

One of the most basic living products is soap. B.C. In the 2500 years of the Sumerian tablets, there
were articles related to soap making. Teutons after Christ; oil and K2CO3 (tree and moss ash) were
able to produce soap [1]. Teuton soap has become a popular export material and has been used as hair
dye and ointment in Rome. A.D. In the Ilth century the Roman imperial physician Galen introduced
the soap to the Romans as a means of washing and cleaning. A.D. In 385, Theodorus Priscianus
recommended the use of soap for hair wash. Muslim chemists in the golden ages of Islam; adding ash
to liquid oil such as olive oil and aromatic oil such as oregano oil by produced the actual soap. Soap
was produced in Palestine (Nablus), Irag (Kufa) and Basra since the beginning of the seventh century.
These soap recipes have remained unchanged until today. Arab soaps have been colored and enriched
by adding perfume. Some of the soaps are liquid and some are solid. Al-Razi, a Moroccan chemist,
gave a detailed description of the soap in the 13th century. Sesame oil, potash, alkali and some lime
are mixed and boiled. After cooking, pour into molds and dried. Thus, solid soap is obtained. XIII.
Towards the end of the century, household soap making was developed during the Charlemagne
Empire and soap making in the empire countries had been a popular job. In the IXth century, the
Spanish people spreaded the art of soap making in the coasts of the Mediterranean, especially in
Marseille, Venice and Genoa [2].

XIII. It was known as a mechanical mixture of soap, oil and alkaline until the turn of the century.
Later, French chemist Chevreul showed that soap formed by a chemical reaction [3].

Antakya bay soaps are being made for centuries. Soap making has been translated from tongue to
tongue, from generation to generation. Current knowledge has been transferred to the literature. This
knowledge can be developed by other researchers.

2. THE SOAP

Products obtained as a result of the reaction of vegetable and animal fats or fatty acids with alkali
hydroxides and used as cleansers are called soap. According to the consistency of soap, hard and soft
soaps are divided into two. Hard soaps are sodium salts of saturated fatty acids. For this purpose,
lauric, myristic, palmitic and stearic acids or salts containing these acids are used. Soft soaps are the
potassium salts of unsaturated fatty acids. Sunflower oil containing linoleic and linolenic acid is used
in the construction.

Soap and water are used as cleaning agents. Only water is a weak cleaner. Polar water molecules are
connected to each other by hydrogen bridges, so they cannot affect the apolar surface formed by the
oil molecules. Cleaning effect of soap molecules; wetting, dispersing impurities, emulsifying and
absorption molecules are due to the long apolar alkyl chain and polar end. Soap is easily soluble in
water. When a small amount of soap is dissolved in water, soap molecules form a monomolecular
layer on the water surface. In this layer, the apolar part of the molecule settles on the surface of the
water while the polar end is directed towards the water. This positioning of the molecules facilitates
foaming by reducing the surface tension of the water. Therefore, as the concentration of soap
molecules increases and the surface becomes saturated, the soap molecules are grouped to form
colloidal particles. These particles, known as micelles, form apolar media in aqueous solution. The
apolar side of the micelles attracts the fat molecules and the polar side water molecules. In this way, a
durable emulsion is formed from water and oil molecules and removed from the surface [4].

3. THE OIL

3.1 The Olive Qil

Olive trees; winters are temperate and rainy, the autumn is cool and partly rainy, the summers are dry,
under the sea climate and without entering much more, grows near the beach [5]. Olive is a
Mediterranean plant. Where climatic conditions are appropriate, they do not show much selectivity in
terms of soil quality. They can be grown here [6].
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Olive oil is produced by squeezing the ripe fruits of the olive tree. They are liquid at room
temperature. Used as cooking oil. Calorie value is high. It is the source of fatty acids. It is also the
depot of Fat-soluble A, D, E, K vitamins are store. Olive oil has a unique taste and smell. It is an
important oil which can be consumed naturally and preferred to other oils with this feature [7].

The extraction of olive oil has been one of the most important occupations of humanity since the early
ages. Mankind investigated ways and means of extracting more fat from olive fruit. Many tools and
machines have been developed over time. By using methods similar to the techniques in which grape
was crushed, the plants such as flaxseed, juniper seed, sesame and almond were crushed, and oil was
extracted. In other words, the tools and methods developed for each of these products facilitated the
processing of other plants. It is clear that the same tool facilitates the processing of more than one
plant. In a recent history of Anatolia; In the stone presses, which are used jointly by people living in
many villages, have crushed their wheat and crushed olive fruits in these stone presses [8]. Oil
extracted from olive fruit was used for lighting at first, then; has been a tool to beautify her hair and
skin. In the end, it was crowned in the kitchen.

Olive has taken its place everywhere in every stage of human life. There is no consensus between
historians, archaeologists and archaeo botanists about the age of the wild olive tree, which is so
important in human life, and where the homeland is [9].

3.2 The Laurel Oil

Maki flora, which grows in the Mediterranean region. It is a perennial, evergreen plant. Since ancient
times in the Mediterranean coast, were grown as decorative trees in gardens and parks. It grows in
Turkey, Marmara, Aegean and Mediterranean regions in small groups of up to 700 meters height as
forest areas. It is also seen in some parts of the Black Sea region [10]. The laurel has a chickpea-sized,
black-colored, and olive-like fruit. Although the outer part of the seed grains is thin, it is quite oily.

Leaves, fruit and essential oils; used in perfumery, pharmacology and food technology. Dried leaves
are often used in canned and as seasoned. Laurel extract is used in medicine, liquor industry,
dermatology and rheumatism drugs [11].

Laurel oil is used in perfumed soap making, food, drink, medicine, chemistry and cosmetics industry.
Laurel soaps have good cleansing and healing properties of pimples. It softens hair and shows
anticepressive effect. Due to these properties, it is used for the treatment for hair treatment, body rash
and eczema [10].

Laurel oil is used in perfumed soap making, food, drink, medicine, chemistry and cosmetics industry.
Laurel soaps have good cleansing and healing properties of pimples. It softens the hair and acts as an
anti-dandruff. Because of these properties, it is used in the treatment of hair, body rash and eczema
[12].

Black grains (fruits) formed in the laurel tree are collected. Specially cooked in large boilers. The
cooked fruits are crushed under the strainer and the water and oil are filtered. The filtered water and
oil are re-boiled. After the boil is boiled, the boiler is left to rest. Thus, when the water collapses, the
oil remains on the surface. The oil on the surface is collected.

The laurel oils obtained from laurel fruits are mostly used in soap industry. The obtained laurel oil is
mixed with olive oil in the ratio of 1/4 and 2/5 and soap is produced. Soaps from laurel oil are like
oleum soaps. Therefore, they melt easily in water and give plenty of foam [13].

3.3 Olive QOil Laurel Soap Making

Traditional laurel soaps are made from the oil of the seed of the laurel plant, olive oil, clay water, rock
salt and water. Synthetic and dyestuffs are not used in the production of soaps. The laurel soaps are a
historic soap produced in accordance with the traditional formulation and production techniques.
Production of this soap by conventional method;
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The olive oil brought to the soap households is drained into the wells here. If it is brought as olive
fruits and not as olive oil, squeeze and oil is extract. The extracted oils are taken into the wells. The
oil in the wells, ie under the ground, will be filled in the cooking pots by pulling them when they are
being processed. The cooking boilers are made of iron and are in the form of a truncated cone. The
cooker section is under the floor. The chimney rises to the top of the roof. Thus, the smoke of the
furnace will be thrown out. In order to prevent the overflow during cooking, the boiler is not fully
filled, so it is left a little lacking. Olive oil begins to boil in about two hours. After the olive oil begins
to boil, add 14% laurel oil and 11% water. Then the cooker is closed. Cooker is left to rest until the
next day.

On the second day, the soap still did not lose its warmth and fluency. The soap is poured into a
cylindrical mixer (plateau) by pulling it with the long handle buckets (savata). In order to mix all the
soap in the cooking boilers, the plateau should be filled 6-7 times. At each filling, 17% laurel oil is
added to the mixture. After mixing of the soap, the buckets (sat1) are poured into molds. Soap is
pulled up from a rectangular space in the center of the tonnage on the ground floor to be transferred to
the molds upstairs. The soap poured into the molds is brought to an average thickness of 5 cm by
flattening. Soap, which is at the bottom of the boiler, is taken with the savata, which cavities with
holes in the base, and the water is kept in the boiler. This slurry is filled into the cans from the valves
at the bottom of the boiler.

On the third day, when the olive oil is filled in the boiler, the soap production process starts again.
until the olive oil boils; the solidified soap in the upper floor molds is cut. The soap in the molds is cut
longitudinally and transversely with the special soap knife. After the cutting process is complete, the
soap is stamped with the seal of the soap households. The soaps collected by sealing are stacked on
top of each other a shaped truncated cone. Soaps are now ready for sale. The soap crumbs in the
molds are evaluated by pouring into the boiling olive oil [14].

3.4. Antakya Laurel Soap Production Using Caustic

In making this soap; There are two methods used to be dry and aqueous system. Optionally, olive oil
and laurel oil ratios are selected. These rates are as follows;

25% laurel oil 75% olive oil

30% laurel oil 70% olive oil

50% laurel oil 50% olive oil

Of these ratios, the most used and preferred is 25% laurel oil and 75% olive oil. As the laurel oil ratio
increases, the soap dissolves quickly.[14].

3.4.1 Dry system

First, olive oil is placed in the boiler (tin, barrel) in preferred proportions. After the olive oil in the
boiler is warmed up to burn the hand, laurel oil is added to it. Olive and laurel oil continue to be
heated. In a separate bowl 1/6 ratio of caustic solution is prepared. 1/6 ratio, one caustic and six
indicates the fat content. Water is added to the system as much as the caustic solution. The caustic
solution is slowlly added onto the heated olive-laurel oil mixture. If the caustic solution suddenly
enters the boiler quickly, it will swell and overflow. The stick used to mix the boiler is called
"mahlek”. While the caustic solution is added to the boiler, the boiler is mixed with mahlek. After the
addition of this caustic solution, the foams accumulate on the boiler. Soap is poured into molds and is
expected to freeze. Soap, which is cut to dryness in the molds, is cut into molds with special soap
knife. The cut soaps are sealed and packaged after final drying [14].

3.4.2 Aqueous system

First, the olive-laurel oil mixture as much water, put into the boiler. For example, if there is 40 kg of
oil, 40 kg of water is added. The water in the boiler is boiled. First olive oil and later laurel oil are
added to the boiling water. The olive-laurel oil and water mixture are continued to boil. In a separate
container, caustic solution is prepared in a 1/6 to 1/10 ratio. The prepared caustic solution is slowly
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added into the boiling mixture. If this mixture overflows add water. If it is incomplete, caustic
solution is added. The caustic solution is added until the container used for mixing the soap there is no
oil smear or glare. In this system, the soap material (caustic, olive-laurel oil mixture) is collected in
the upper part of the boiler. The water is collected at the bottom of the boiler. The supernatant is
discharged into molds by taking a container. The soap discharged into the molds is left to dry for 2- 6
hours. At the end of this period the soap is cut. Cut soaps are packed and sold as in dry system [14].

4. RESULTS AND DISCUSSION

B.C. In the 2500 years of Sumerian tablets, there were records of soap making. Soap making has been
transferred from tongue to tongue, from generation to generation and has been developed to the
present day. Nowadays, by using the products of olive and laurel plants, natural laurel soap is made
by adhering to the traditional method.

The soap production process starts with the collection of olive fruit and laurel seeds. In this process,
the fats are extracted first. Soap contains 66% laurel oil and 33% olive oil. In other words, 25 kg olive
oil corresponds to 50 kg laurel oil. 2 kg rock salt is used in soap making. 50 liters of water is used to
wash the soap during the cooking process. Oak ash and clay soil water are used to ensure
saponification. The saponification process can also be done with caustic. The cooking time of the soap
takes approximately four hours.

Some water is boiled in the boiler for soap making. The ash water (Figure 1-a) is added to the boiling
water using scales. Then all of the olive oil is added, and the mixture is boiled. The color of olive oil
instantly turns into a sweet green color. Ash and clay water are added to the boiler at different time
intervals. The olive oil, which begins to soap, begins to be swelling and begins to produce large
bubbles. In order to remove the harmful substances in the soap and reduce the temperature of the oil,
water is sprinkled on the soaped oil. To maintain saponification, heat must be kept at a certain level.
To keep the heat at a certain level, the boiler is quenched and re-burned. The laurel oil is slowly added
to the olive oil soap, which starts to solidify (Figure 1-b). The color of the soap is now darker green.
Add all of the rock salt to the boiling soap for a while. Rock salt makes the soap harden. It prevents
dusting like powdered sugar on drying process. If too much salt is added, it will harden the soap very
well and prevent good foaming. Therefore, it is necessary to pay attention to the amount of salt
involved in the mixture.

Figur : The ash wate

r’)(a), saponification of oil with ash water (b).

After the baking process is completed, all the soap filled into the buckets is poured equally into the
molds, and the soap is molded to dry (Figure 2). Mold in which soap is poured; fixed height, nylon
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coated and made of wood or iron profile. Soap poured into molds is flattened with a trowel. So, the
soap is leveled. In other words, the height of the soaps is equalized (Figure 3).

Figure 2. Pouring the soap paste into molds and leaving it to dry.

™

Figure 3. Drying of soap in molds with fixed heigt and nylon coated [14].

The soap spilling in the mold is hardened in about 48 hours. Hardened soap is ready for cutting.
Hardened soap is cut to transverse and longitudinal with the help of soap cutting knife prepared
according to certain dimensions. Cut soaps are reversed. The cut soaps are sealed with the seal of the
manufacturer. Since the top of the soap is harder, the soft and glossy bottom part is preferred for text
and logo. The seal can be made of metal, as well as from the wood. It is preferable to use wooden seal
because it is suitable for traditional forms. Sealed soap molds are removed from each other and turned
sideways. It is allowed to dry (Figure 4). Drying process is quite tedious. Once a week, soaps are
reversed.
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Figure 4. Drying of cut and sealed s0aps.

Completely hardened soaps are stacked in towers where they are left to the final drying (Figure 5).
Drying time is 6 - 8 months. The elongation and shortening of this time depend on the season in
which the soap is cooked. Soaps that are finished to dry are put in special stitched bags. Telis bag
allows soap to breathe and does not make perspiration. Finally, the pouches are labeled with labels
containing the manufacturing information. Now the soap is ready for consumption.

Figure 5. Final drying of soaps sorted like a tower [14].
The laurel soap has a color close to the cream color, not lush. Weight varies depending on the drying
time. Also laurel soap does not contain a very sharp laurel smell [14].

The use of natural products is an alternative to the negative effects of unnatural synthetic and
chemicals. The construction of natural laurel soap made by traditional methods was transferred to the
literature and presented to the researchers and developers.
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Abstract

The use of perforated steel beams (PSBs) has become of great importance due to their wide application in
building construction and their beneficial uses as they are economical in terms of cost in addition to their
lightweight. The aim of this study is to investigate the static behavior of castellated beams with different
web openings. A 3D finite element analysis is performed using ABAQUS, to find out which type of beam
gives the best performance under the same distributed load and fixed support condition. Different shapes
are used for the web openings and compared with the basic shape of the hexagon, taking the same area
into consideration for all shapes. In this paper, a new design model is developed using more than one
shape in the web opening. Displacement and stress results are carried out and compared for various cases.

Keywords: Finite element method, Castellated beams, Steel structures, Static response

Farkli gozenekli gelik petek kiriglerin egilme analizi igin sonlu
elemanlar yaklagimi

Ozet

Bina ingaatinda genis uygulama alanina sahip ve hafif olmalarinin yani sira maliyet a¢isindan da ekonomik
olmalari nedeniyle petek celik kiriglerin kullanimi biyik énem kazanmistir. Bu ¢alismanin amaci, farkli
gbzenekli petek kirislerin statik davranigini incelemektir. Benzer tniform yayih yik ve sinir sartlari etkisinde,
hangi kiris tipinin daha iyi performans gosterdigini belirlemek icin ABAQUS yardimiyla 3D sonlu eleman
analizi gerceklestirilmistir. Gdzenekler igin ayni alana sahip cesitli geometrik sekiller kullaniimis olup, altigen
g6zenekli durum ile karsilastirmalar yapiimistir. Bu arastirmada, birden fazla gézenek sekli kullanilarak yeni
bir tasarim modeli geligtirilmigtir. Yer degistirme ve gerilme sonuglari, ¢esitli durumlar icin elde edilmis ve
karsilagtiniimigtir.
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1. INTRODUCTION

Engineers always try to improve the structural elements to reach the best economic and suitable engineering
design. The castellated steel beam is one of the important elements in the design of steel structures. Due to
the fact that this type of beam is lighter than the other with the same measurements and used as a long span
system, economically its reduces the cost of steel structures. One of its practical applications is shown in
Figure 1., where these beams are used as roof supports. These important structural elements have occupied
an important place in this field. In view of the advantages of castellated members in construction, the finite
element method is used to obtain results by using the ABAQUS software. There are various studies that
have led to the emergence of several new structural elements like beams of different shapes for web
openings or different diameters. The main objective of using the castellated beam is to decrease the cost.
Part of the previous works were devoted to developing new methods for analyzing the static and dynamic
behavior of these structures.

Few examples were selected from the literature and many of them were interested in changing the shape
and diameter of the web openings among these, Deepha et al. [1] used lateral stiffeners for castellated
structure and it was found that the ultimate strength can be increased up to 54% and the possibility of
reducing the stress concentrations by giving fillets on the corners of the web openings. Mehetre and Talikoti
[2] investigated the castellated beam with fillet radius and analyzed the beam by the finite element method
using ANSYS software, the result shows the suggested beam has less deflection and it was observed that
the bending moment bearing capacity of sinusoidal beam is more than the hexagonal opening beam. Nawar
et al. [3] investigated the castellated beam with sinusoidal and elongated circular web opening and from the
results, it was concluded that by using these shapes, the bearing capacity of the castellated beams was
increased. Wakchaure and Sagade [4] used a Castellated steel beam with a depth of 0.6h, it was observed
when the depth of web opening increases, stresses increase, and flexural stiffness of castellated beams
decreases. Yustisia et al. [5] used three types of web opening; Hexagonal 60°, Diamond 45°, Octagonal
60°. They obtained the following results; the value of the displacement for the hexagonal profile is
12.839mm, 14.433mm for diamond profiles, and 14,972 for the profile of the octagonal. After comparing
the performance graph profile of each type it was found that the hexagonal 60° type has the best
performance among other profiles. Preetha et al. [6] made a comparison between the | section steel beam
and the rectangular steel beam and the analysis shows the rectangular section gives the best convergence
and they have indicated the possibility of enhanced the convergence by improving the mesh or removing
rigid body motion. Morkhade et al. [7] used a large depth of beam web openings and used the reinforcement
around the web openings to increase the stiffness of castellated beams. There is a 36% increase observed
in strength and 44% in the robustness of stiffeners beams compared with reinforced web openings. Khartode
et al. [8] investigated the deflection and essential shear buckling strength of hybrid plate girders for various
yield stress. Erdal and Saka [9] used the finite element method to verify the results of the experimental
work test and investigate the nonlinear analysis of web-post buckling of steel cellular beams and nonlinear
behavior of bending. Grilo et al. [10] determined the shear resistance and proposed a new formulation for
cellular castellated beams and it gives better results than those obtained numerically. Sweedan [11] was
interested in studying the elastic lateral buckling of cellular beams. Bihina et al. [12] made a comparison
between the numerical and the experimental results depended on thermal and thermomechanical analysis.
Lawson et al. [13] were interested in analyzing the composite asymmetric cellular beams and presented the
influence of large web openings. Mohebkhah and Azandariani [14] analyzed the ultimate shear resistance
of non-compact castellated beams (CLBs) and proposed a theoretical formula of limit analysis. Janini et al.
[15] investigated the numerical modeling on fatigue failure for the various designs of web opening under
sinusoidal vibration. Kharode et al. [16] increased the bearing capacity of the castellated beams by using
stiffeners. Zakwan et al. [17] studied the nonlinear behavior of cellular steel beam (CSB) when exposed to
fire under the applied load.
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In this study, the bending response of castellated beams for five different designs of the web openings is
investigated by means of the finite element method. Results of displacement and stress are presented for all
of the considered cases.

(5% - 2 .
Figure 1: Roof support beams [18].

2. ABAQUS ANALYSIS PROCEDURE

2.1 Element Type and Materials Properties

In this study, the finite-element method (FEM) using ABAQUS [19] software is utilized to investigate the
static response of PSBs with various web openings. The geometric dimensions of the web openings are
shown in figure 2. The span length of the beam is considered to be 12000 mm. The five different types of
web openings used in this study are presented in figure 3. Properties of the web opening are listed in Table
1. The material properties used in this study are; Young“s modulus E = 2.0 x 10° MPa and Poisson®s ratio
v =10.27. In FEM analysis with ABAQUS, S4R element is used. S4R is a 4-node doubly curved thin or
thick shell, reduced integration, quadrilateral and stress/displacement shell element, it has a large-strain
formulation and reduced integration. For more detailed information about the model see Khennane [20].
Description of the element S4R can be seen from ABAQUS Analysis User's Manual [21].

Figure 2: Geometric dimensions of the web openings
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Figure 3: Type of web openings for castellated beam; (1) Type-A hexagonal web opening, (I1) Cellular
web opening, (I11) Type-B hexagonal web opening, (IV) Type-A and Type-B hexagonal web
opening,(V) Cellular- hexagonal web opening, (VI) Complex beam web opening.

Table 1. Geometric properties of web openings

Area of Center Number
Case Type of web Opening opening to-center of
(mm?) distance (mm) openings
() Type-A Hexagonal (HA) 184.57 609 19
(i Cellular (C) 184.57 609 19
(nn Type-B Hexagonal (HB) 184.57 609 19
(Iv) Type-A and Type-B hexagonal (HAB) 184.57 609 19
(V) Cellular- hexagonal (CH) 184.57 609 19
(V1) Complex (CO) 184.57 609 19

2.2 Mesh and Boundary Conditions

In this study, the approximate global size of 40 is used to mesh the considered beam. The boundary
conditions are fixed-fixed. The beam is assumed to be subjected under the uniformly distributed load of 1
N/mm?. To determine the boundary conditions in ABAQUS, linear and rotational displacements at both
ends of the beam are restricted. The loading is illustrated in figure 4.

Figure 4: Fixed-fixed castellated beam subjected to uniformly distributed loading
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3.1 DEFLECTION OF CASTELLATED BEAM

The bending response of the castellated beam is investigated under the given loading in the previous section
for HA, C, HB, HAB, CH, and CO web openings. In this section, displacement and rotations are obtained.
The transverse displacement values for HA (case 1) web opening are presented in Figure 5. From the figure,
it can be seen that in this case, the maximum value of the vertical displacement is 125.8 mm. In the same
manner, vertical displacement results are obtained and shown in figures 6 — 10 for Case II-VI.

From the comparison of the given figures (5-10) it can be clearly seen that the largest vertical displacement
occurs in Case Ill, while the lowest vertical displacement occurs in case Il. The results of the case | and
case 1l are very close to each other. This shows that the displacements obtained for both types of hexagonal
web openings are approximately equal. The results of Case V appear to be close to those of case I. The
lowest vertical displacement values of the castellated beams with circular web openings (Case 1) and the
ease of application have caused such beams to be used a lot in practice.
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Figure 5: Transverse displacement of fixed-fixed supported HA castellated beam
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Figure 6: Transverse displacement of fixed-fixed supported C castellated beam
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Figure 8: Transverse displacement of fixed-fixed supported CH castellated beam
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Figure 9: Transverse displacement of fixed-fixed supported HAB castellated beam
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Figure 10: Transverse displacement of fixed-fixed supported CO castellated beam

3.2 STRESS ANALYSIS

In this section, the stress analysis of the considered castellated beams is carried out with the help of the
finite element package program ABAQUS. VVon Mises stress values are presented for Case 111 and Case Il
in figures 11-12. The comparison of figures 11-12 demonstrates that values of the Von Mises stress have
the largest value in Case Il and lowest values in Case Il1. But, it must be noticed that the VVon Mises stress
generated in the flange of the beam for Case Il is greater than those of Case II.

Results for the maximum principal stresses are also compared. Results are presented in figure 13 for Case
Il and in figure 14 for case Ill. From the given figures it can be carried out that maximum principal stresses
generated in Case |l are greater than those of Case Ill. It has been found the Case Il gives the best result of
maximum principal stresses.

S, Mises

SMEG, (fraction = -1.0)

(Avg: 75%)
+1.557e+03
+1.427e4+03
+1.298e403
+1.169e403
+1.040e+403
+9.108e+02
+7.816e+02
+6.524e402
+5.232e4+02
+3.941e4+02
+2.64%9e402
+1.357e402
+6.530e+400

Figure 11: Von-Mises stress values of fixed supported HB castellated beam
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Figure 13: The maximum principal stress fixed supported HB castellated beam
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Figure 14: The maximum principal stress fixed supported C castellated beam
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Comparison of maximum transverse displacements (U2), lateral displacements (U3), and rotational angle
about the axis of the beam (UR1) are presented in figures (15-17) for all of the considered cases. The loading
and boundary conditions are the same as in the previous sections.
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Figure 15: Maximum transverse displacement (mm)
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Figure 16: Maximum lateral displacement (mm)

Also, the axial displacement (U1), transverse displacement (U2), lateral displacement (U3) and rotation
about the axis of the beam (UR1), rotation about the normal axis (UR2) and rotation about the bi-normal

axis (UR3) are obtained for all of the cases discussed in the previous section. Results are compared in Table
2.

The comparison studies presented in the given figures (15-17) and Table 2 show that the vertical and lateral
displacements have the maximum values when the web opening of the beam is HB (Case Ill), and the
rotation about the axis of the beam has the greatest value in Case VI. As a result of the comparison, it can
be found that the most critical web opening against bending and lateral buckling is HB (Case I1I). On the
other hand, the most appropriate web opening is Case Il based on the values of linear displacements and
rotations.
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Figure 17: Maximum rotation

Table 2. Comparison of the displacements and rotations of various web openings

Ul u2 U3 UR1 UR2 UR3

Case (mm) (mm) (mm) (Rad) (Rad) Rad)
| 0.01504 125.80000 7.21100 0.03863 0.00174 0.00459
1 0.14630 123.10000 7.19100 0.03595 0.00174 0.00413
1l 0.14860 125.90000 7.26100 0.03689 0.00175 0.00440
v 0.14990 124.40000 7.20900 0.03792 0.00175 0.00458
\Y 0.15080 125.80000 7.22300 0.03837 0.00175 0.00456
VI 0.14980 124.80000 7.23200 0.03984 0.00174 0.00454

4. CONCLUSION

In this paper, the static response of castellated beams is investigated for various types of web opening by
means of the finite element method. Displacement and stress results are obtained and compared. Based on
the comparison given in the paper the conclusions are as follows:

e The largest transverse and lateral displacements occur in case 111, while the lowest transverse and
lateral displacement occur in case Il.

e The rotation about the axis of the beam has the greatest values when the web opening is CO and it
has the smallest values when the beam is cellular.

e Based on the comparison of the maximum principal and Von-mises stresses it is found that the
most appropriate web opening is C.
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Ozet

Kamusal sanat toplumu olusturan birbirinden farkli bireyleri bir araya getirerek, fikirlerin, istek ve ihtiyaglarin
ifade edilebilecedi bir alan sunmaktadir. Bu anlamda kentsel mekéanlarda yer almasi toplum yasamina katki
saglamaktadir. Kamusal sanat Urlnleri ginimizde kentsel mekanlarin vazgegilmezi olmaya baglamistir.
Gegici ya da kalici olarak yerlestikleri andan itibaren kamusal alana getirdigi dinamizm mekana yeni bir
soluk olmaktadir. Ozellikle son yillarda kiyi ile iliski kuran, su ile temas eden, ona dokunan gegici kamusal
sanat urlnleri yayginlagsmaktadir. Bu ¢alismada yumusak bir zemin olarak suyun ve kent kiyilarinin kamusal
sanatla olan temasini igeren 6rnekler kentsel kalite parametreleri dogrultusunda irdelenmis ve Antalya-
Konyaalti Sahili gercevesinde yapilan kent mobilyalari seklindeki kamusal sanat trlnleri incelenerek alana
dair 6nerilerde bulunulmustur.

Anahtar Kelimeler: Kamusal Sanat, Kiyi, Su Ogesi, Kentsel Mekan ve Sanat

The Transformation of Water and Urban Coast with Public Art

Abstract

Public art offers a space where ideas, desires and needs can be expressed by bringing together the different
individuals that make up the society. In this sense, taking place in urban spaces contributes to community
life. Public art products have become indispensable for urban spaces today. The dynamism it brings to the
public space from the moment they settle temporarily or permanently is a breath of fresh air to the space.
Especially in recent years, temporary public art products that have contact with the coast, touch and touch
the water are becoming widespread. In this study, the examples containing the contact of water and city
coasts with public art as a soft ground were examined in line with the urban quality parameters and public
art products in the form of urban furniture made within the framework of Antalya-Konyaalti Beach were
examined and suggestions were made regarding the area.

Keywords: Public Art, Coast, Water Element, Urban Space and Art
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1. GiRIS

Kamusal sanat en basit haliyle halkin kolaylikla goérebilecegi, herkes tarafindan ulasilabilir mekanlarda
yapilan sanat olarak tanimlanabilir [1]. Glinlimiizde kamusal sanata olan ilgi giderek artmakta ve toplumsal
bir gereksinime doniismektedir. 21. Yiizyil ile gelisen teknoloji sayesinde sanatsal faaliyetler ¢esitlenerek
kamusal mekénin vazgegilmezi olmaya baglamistir. Bireyin giinliik hayatta karsilagtigi gecici kamusal sanat
iiriinleri kaniksadiklar1t mekana yeni bir soluk ve dinamizm getirmektedir. Bu bakimdan kamusal sanat
diriinleri bir kamusal mekani yeniden tanimlama giiciinii elinde bulundurmalar1 bakimindan oldukca
onemlidir.

Sanatin yeni diisiince ve uygulamalarin denendigi bir laboratuvar olusu [2] ve siirecin deneyimlenebildigi,
test edilebildigi bir alan olarak kamusal mekénlarda, 2000°1i yillar itibariyle sikca gérmeye basladigimiz
pavyon, enstalasyon, kent mobilyalar1 gibi kamusal sanat {iriinleri mekana getirdigi canlilik, dinamizm ve
estetikle dikkat ¢ekmekte ve mekénin kalitesini arttirmaktadir. Mekansal kalite, Rapoport tarafindan
tasarimda fark edilen, goze ¢arpan farkliliklar olarak tanimlanmistir [3]. Estetik ve mekana ait iglevsel
degerler dogrultusunda mekan kalitesi iizerine pek ¢ok ¢alisma yapilmistir. Sherwin Greene [4], tasarimla
iligkili mekén kalitesini siniflandirirken islev, diizen, kimlik, cazibe/¢cekim parametreleri oldugunu ifade
etmistir. Kamusal sanat iiriinlerinin, konumlandigi kent mekanlarinin kalitesini artirirken o mekana kimi
zaman yeni bir iglev ve diizen kazandirdigi, kimi zaman o meké&ni yeniden tanimlama giiciiyle yeni bir
kimlik kazandirdigi, kimi zamansa o mekani bir cazibe/¢ekim noktasi haline getirdigini ifade etmek yanlis
olmayacaktir. Caligmada nitel arastirma yonteminden yararlanilarak ¢alismanin kapsamini olusturan kent
kiyilarinda ve su iizerinde bulunan bes farkli kamusal sanat ¢alismasi derlenmistir. Bu 6rneklerin se¢iminde
bulunduklar1 yerle iligkileri, islevleri, su ile kurduklan iliski ve mekan kalitesine etkileri belirleyici
olmustur. Bu dogrultuda ¢aligmada diinya iizerinde yer alan kent kiyilar1 ve su ile iligkili kamusal sanat
iriinlerinin kentsel mekan kalite parametreleri lizerinden irdelenerek Antalya Konyaalti Sahili’nin kamusal
sanat {irtinleri tizerinden incelenmesi ve gesitli onerilerde bulunulmasi amaglanmustir.

2. KAMUSAL SANAT URUNLERI: KENT KIYILARI VE SU OGESI ILE iLiSKisi

En genel anlamiyla sanat, “Pratik hatta mekanik bir yetenegin, yaraticilikla yogrulup ortaya sira disi bir eser
halinde dokiilmesi ve kisinin i¢indekileri ruh, zeka, duygu ve beden harmonisiyle disariya yansitmasi olarak
ifade edilmektedir [5],”. Sanat dznel gergekligi nesnellestiren ayn1 zamanda dogaya ait digsal deneyimleri
de Oznellestiren bir kavramdir [6]. Sanat, sanat¢inin bir dizi iletisimsel etkiyi kendi yarattigi 6zgiir
kompozisyonu her izleyicinin kendine gore anlamlandiracag sekilde diizenleme ugrasinin son tiriiniidiir [7]
gibi tanimlar da mevcuttur. Sanatginin, digsal deneyimleri genis ve herkesin erigebilecegi bir izleyici
kitlesine sunmasiyla ve kamusal mekanda sanat-tasarimin bir araya gelmesiyle olusan bu disa vurum
kamusal sanat olarak karsimiza ¢ikmaktadir.

Kamusal sanat toplumun farkli kesimlerinin bulustugu, diislincelerin, arzu ve ihtiyaglarin ifade edildigi bir
alandir. izleyici-mekéan-sanat iiriinii arasinda her zaman karsilikli iliski bulunmaktadir [8]. Sanat arenasi
kamusal alandir ve iletisim kurulabilecek bir platform istegiyle olusturulur [9]. Bu iletisim kamusal agik
alanlarda mevcut mekana heyecan katmasi agisindan mekana kimlik kazandirir [10]. Sanatcilar, mimarlar,
kentsel tasarimcilar, plancilar, sosyologlar yani toplumun ayri kesimleri arasindaki paylasimlar yere ait
olanin ortaya ¢ikarilmasini saglar [11]. Ister maddesel ister sanal ya da hayali olsun sanatsal bir mekan
yaratmak, kimlik olusumuna katki saglamasi, yere 6zgii olan1 agi8a ¢ikarmasi, toplumun bir yansimasini
yaratmast ve kamu mekaninin kullanimin1 kamusal mekandaki davranis bi¢imlerini anlamlandirmasi
agisindan olduk¢a 6nemlidir [12]. Bir temsil bi¢imi olarak sanat birey ile diinya arasinda bir mekéna
yerleserek bireyin ¢evresine bakigini, algilayisini degistirebilir.
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Kiyilar tarih boyunca seckin mekanlar olmuslardir. Kara parcasi ile su arasinda bir ara mekén olusturarak
esik gorevi goren kiyilar ayn1 zamanda toplumlarin da ihtiyaci olmustur [13]. Kiyilarin su 6gesi ile kurdugu
iliskiler sadece denizler ile sinirli olmamakla beraber nehir, gol, akarsu gibi alanlarda da degiskenlik
gosterebilmektedir. Sert zemin olan kiyilarla yumusak zemin olarak nitelendirilebilen su dgeleri kimi zaman
farkli kullanimlara sahit olmaktadir. Kamusal sanat ise bu kullanimlarin basinda gelmektedir. Kamusal sanat
21. Yiizyil ile baslayan siirecte ¢ok farkli mekanlarda sergilenmeye baglamigtir. Kent meydanindan, kirsal
bir araziye, sokaktan meydana, kiyillardan su Ogesinin iizerine ve hatta havada dahi ¢esitlenerek
sergilenmeye baslayan pavyon, enstalasyon ve kent mobilyalari konumlandiklart yerde bireylerin
kaniksadiklar1 mekana farkli bakis acilartyla bakarak orayi yeniden kesfetmesini saglamaktadir. Aym
zamanda kamusal sanat, kisa siireli olarak “hosa giden bigimler yaratma gayesidir [14]”. Bu anlamda gegici
sanat {irlinlerindeki zamansallik durumu kentlilerin ilgisini, merakini arttirarak giinliik yasantiy1 ve kent
mekanlarinin kullanimini zenginlestirmektedir. Bu dogrultuda literatiir ¢alismasi kapsaminda su 6gesi
iizerinde ve kent kiyilarinda yer alan diinya rneklerinden “The Floating Piers” Enstalasyonu (italya-2016),
“1/4 Mile Arc” Enstalasyonu (Amerika-2017), “Three Matrix” Pavyonu (Amerika- 2017), “Triennale
Brugge” Pavyonu (Hollanda-2018) ve “Russian Creativity Week” Pavyonu (Rusya-2020) incelenmistir. Bu
ornekler Sherwin Greene [4] tarafindan belirlenen islev, diizen, kimlik, cazibe/cekim kalite parametreleri
cercevesinde degerlendirilmislerdir.

2.1 “The Floating Piers” (Yiizer iskele) Enstalasyonu, italya- 2016

Tasarim asamasi aslinda 1970 yilindan itibaren baslamig ve sonrasinda devam etmis olan Christo-Jeanne
Claude tasarimi olan enstalasyon 2016 yilinda italya’da bir yumusak zemin olarak Iseo Golii’niin yiizeyinde
sergilenmistir. Goliin kiyisindan baglayip denizin iistiine tagan tasarim, adalar1 su tizerine kurulan platform
ile birbirine baglamistir. San Paolo adasina dogru yiirliyen ziyaretgiler golii ¢evreleyen daglari, fark
edilmeyen agilar1 deneyimleme firsat1 yakalayarak gole olan bakis agilarini yenilemis ve essiz anlara sahit
olmuslardir.

Sekil 1. ‘The Floating Piers’ Enstalasyonu, Italya, 2016 [15].
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Tasarim gece giindiiz 24 saat boyunca herkesin kullanimina agik bir sekilde ziyaretgilere suyun tstiinde
yiiriime deneyimi yasatmistir. Tasarimin halka acik olmasiyla ilgili Christo, “Bilet yok, rezervasyon yok ve
mal sahibi yoktu. ‘Yiizer Iskele’ sokagin bir uzantistydi ve herkese aitti [16].” diyerek enstalasyonun
kamusalligini 6ne ¢ikarmistir. Olusturulan iskele 3 kilometre uzunlugunda, 16 metre genisliginde ve egimli
kenarlar1 yaklagik 35 santimetre yiiksekligindedir. Platform sari-turuncu bir kumasla kaplanmistir.
Tasarimin  kiyiyla kurmus oldugu iliskide kumagin sadece deniz istiindeki platform iizerinde
egil,uzantisinin gol kiyisindaki sokaklarin iglerine sizarak 1.5km boyunca devam etmis olmasi siirekliligi
saglayarak kentte bir biitiinlik yaratmistir [17].

Yapim asamasinda 220.000 tane polietilen kiip kullanilmigtir. Kiipler dalgiglar yardimiyla suyun altindan
birbirine baglanmis ve sonrasinda 100.000 metrekarelik kumasla kaplanmistir. Hazirlik asamasi toplam ti¢
ay siiren enstalasyon sadece 16 giin boyunca sergilenmistir. Sonrasinda ise tiim malzemelerin geri déniisiime
gonderildigi bilinmektedir [15]. Bu anlamda tasarimecr Chisto “Biz kaliciligi insanlarinda belleklerinde
saglamak istedik [16]” sozleriyle gegici kamusal sanat irtinlerindeki zamansalligi farkli bir agidan
degerlendirmistir.

2.2 “1/4 Mile Arc” Enstalasyonu, Amerika- 2017

Kaliforniyali sanat¢i Phillip K Smith’in tirettigi, 1/4 Mile Arc adli interaktif sanat eseri 2017 yilinda bir sert
zemin olarak deniz ve kiy1 arasinda ara mekan olan plajda sergilenmistir. Entalasyonda dalgalar1 kalict
olarak yansitmak i¢in kiy1 kivrimini takip eden 250 adet ayna yerlestirilmistir. Yerlestirilen aynalar tasarim
prensibi olarak kiyiyla; okyanus, kumsal ve gokyiiziiniin giin igerisinde degisen 1s1k-renk dogrultusundaki
yansimalarinin mekéan algisinin doniisimiine dair bir iliski kurmaktadir [18].

53



ALKU Fen Bilimleri Dergisi 2021, Say1 3(2): 50-63 Kent Kiyilarinin ve Suyun Kamusal Sanatla Dontisiimii

Mekana dinamizm, canlilik getiren kamusal sanat eserindeki aynalar giin i¢inde farkl tonlardaki giines
1siklarini yansitarak plaj ile biitiinlesmistir. Yatay diizlemde uzayarak devam eden plaja 250 metre boyunca
entegre olan aynalar plaja kattig1 diiseylikle zitlik olusturmustur. Bolge halkinin birebir deneyimledigi
enstalasyon gegici olarak sergilense de hafizalarda kalic1 olmustur [19].

2.3. “Three Matrix” Pavyonu, Amerika- 2017

Mimarlik ve sanat tabanl tasarim ofisi Sports, Kaliforniya sehri Santa Barbara icin canli bir isaret olarak
2017 yilinda deniz iistiinde mevcutta bulunan zeminde “Three Matrix” Pavyonu’nu sergilemistir. Havanin
estetik kalitesini mimarilestirmek amaciyla yapilan striiktiir objeler canli bir gorsel ortami vurgulamustir.
Camgobegi, macenta, sar1 renklerdeki grid sistemli tellerden olusan {i¢ platform, igindeki binlerce dogrusal 6ge
ile yogun bir bulamklik olusturmustur. Ayrica striiktiirler icinde barindirdigi bosluklarla cesitli gélgeleme
segenekleri sunmustur [20]. Basit geometri formlarindaki grid nesneler; kullanicilar igin oturma banki,
dinlenip uzandiklar1 mekan, hatta dogaclama bir performans sahnesi olusturan bir dizi olas1 yonelim
sunmustur. Kryidan uzanan platforma yerlestirilen tasarim kentsel dekor nesneleri olarak manzaraya cesur
ve canl bir kimlik kazandirmistir. Kiyidan uzakta konumlanan bu objeler bireylere ayn1 anda kiyiya, kente
ve suya farkli agilardan bakma olanagi sunmustur.
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Sekil 4. ‘Matrix’ Pavyonu ve kiyi tizerindeki platformun kamusal sanatla donisiimii Amerika- 2017 [20].

2.4. “Triennale Brugge” Pavyonu, Hollanda- 2018

Ideolojilerin ve yasam bigimlerinin tehdit altinda oldugu hizla degisen diinyamizda, 2018 Bruges
Trienali bir soru one stiriip "Bruges gibi tarihi bir sehir, artik higbir seyin kesin olmadig1 bir ¢agda ne
kadar esnek, akici ve dayanikli olabilir?"i sorgulamak istemistir. Buna paralel olarak, sehrin kendi
cografyasinda yatan, suyla sarmalanmisg ve oriilmiis bir sehir olan Bruges, bu trienalde birgok kamusal sanat
iiriiniiniin kendisine bir metafor olmustur. Sehrin akigkanligi ve sanatsal mirasinin pitoresk enstalasyonlara
doniistiigii trienalde ziyaretciler bu yaratici siirecin bir pargasi olmuslardir. SelgasCano tasarimi olan
pavyonun ise ince, esnek, gegirgen oOrtiisliyle olusturdugu renkli mekanda; suyun ilizerinde katilimcilara
farkli bir diinyaya giriyormus hissiyat1 vermesiyle trienalde sergilenen diger kamusal sanat {iriinlerinden
ayristigl diisiiniilmektedir.
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Sekil 5. ‘Triennale Brugge’ Pavyonu, Hollanda- 2018 [21].

Tasarim ekibi, ziyaretcilerin dalis yapabilmeleri i¢in bir yumusak zemin olarak Coupure Kanali'nda
hareketli bir yiizen pavyon tasarlamistir. Dig katman, 15181in uzayda sakaci bir sekilde dolagmasina izin
vererek eski sehrin dogal algisin1 bozmus ve fotografgilar i¢in bir ilham perisi gorevi gormiistiir
[22]. Platform, yiizen bir enstalasyon olmasinin yani sira, toplanti ve aktiviteler i¢in bir alan olarak da hizmet
vermistir. Pembe-turuncu vinil ile ¢evrelenmis ¢elik bir iskeletten olusan pavyona sari ahsap bir platform
eklenerek ziyaretgilerin kanalda yiizmelerine ve dalis sporu yaparak su Ogesi ile iligki kurmalarina izin
verilmistir. Bu 6zellikleriyle pavyon bulundugu kent 6zelinde bireylere interaktif deneyimler sunmustur.
Gegici kamusal sanat {lirlinii 151810, renklerin oyunculugu ve ziyaretcilerle etkilesim yaratma cabasi ile
dinamik ifadeye biriinerek hafizalardaki deneyimini siirdiirmustiir [21].

2.5. “Russian Creativity Week” Pavyonu, Rusya- 2020

Eyliil 2020'de, ¢esitli kurum ve kuruluslarin bir¢ok temsilcisini bir araya getiren ilk Rus Yaratic1 Endiistriler
Festivali kapsaminda 14 adet tematik pavyon birimleri bir sert zemin olarak deniz kiyisinda sergilenmistir.
Birimler konferans salonunun yani sira toplanti alanlari, basin kabinleri ve bir bilgi merkezi igeren
pavyonlar seklinde olusturulmustur. Genis bir izleyici kitlesinin ilgisini ¢eken ve gegici bir siire ile kiyida
konumlanan pavyonlar, diizenlenen konferanslar, egitim programlari, sergiler araciligiyla renklenmistir.
Cok yiizlii pavyonlar, yiliksek tavanli bir diizleme ve dersler i¢in renkli bir i¢ mekana sahip olmustur. Bigim
ve renkleriyle kiyiy1 kisa siireli doniistiiren pavyonlar salgin donemindeki kurulumu nedeniyle sosyal
mesafe ihtiyaci gbz oniinde bulundurularak her konferans salonunun maksimum 60 ziyaret¢i kapasitesi
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bulunacak sekilde tasarlanmistir [23]. Bu durum hem tasarim hem de mekanmn kullaniminin pandemi
dogrultusunda sekillendigini géstermektedir.
v . 2
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Sekil 6. ‘Russian Creativity Week’ Pavyonu ve farkli renklerdeki pavyonlarin giindiiz ve gece mekani
dontistiirmesi, Rusya- 2020 [24].

Cesitli renklerde tasarlanmis olan pavyonlar geceleri canli bir parilti yayarak Gorky Park'in manzarasini
degistirip baska bir atmosferi yaratmistir. Ayn1 zamanda renk semasi pavyonlar arasi navigasyonu
basitlestirmis ve pavyonlar arasindaki gecis yolu, ziyaretgilerin konferans salonlarindan gegmesine ve
festivalin diger bolgelerine kolayca ulagsmasina olanak tanimigtir [24].

Calisma kapsaminda incelenen su dgesi veya kiyi ile iligkili “The Floating Piers” Enstalasyonu, “1/4 Mile
Arc” Enstalasyonu, “Three Matrix” Pavyonu, “Triennale Brugge” Pavyonu ve “Russian Creativity Week”
Pavyonu Sherwin Greene’nin belirlemis oldugu kalite parametreleri [4] dogrultusunda asagidaki tablolar
araciligryla irdelenmistir (Tablo 1).
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Tablo 1. Incelenen Kamusal Sanat Uriinlerinin Kentsel Kalite Paremetreleri Uzerinden Degerlendirilmesi

Enstalasyonun Kimlik Bilgis islev Diizen Kimlik Cazibe/GCekim
Baglanti | @ | Tutarhlik Odak @ | Olcek
Giivenlik Agiklik Birlik Uygunluk
Konfor Devamhlik Karakter [} Canlilik o
Mekan | Su lsti .
! Cesitlilk | @ | Denge Ozellik Uyum
nstalasyonun Kimlik Bilgisi islev Diizen Kimlik Cazibe/Cekim
Baglanti Tutarhlik Odak @ | Olgek
Giivenlik Aciklik Birlik Uygunluk
Konfor Devamhilik Karakter @ | Canlilik [ ]
Cesitlilik | @ | Denge Ozellik Uyum
islev Diizen Kimlik Cazibe/Cekim
Baglanti Tutarhilik Odak @ | Olcek
Giivenlik Agiklik Birlik Uygunluk
Konfor Devamlhihk Karakter ® Canlilik o
Mekan | Su lsti
Gesitlilik | @ | Denge Ozellik Uyum
Pavyonun Kimlik Bilgisi islev Diizen Kimlik Cazibe/Cekim
Baglant Tutarhlk Odak @ | Olgek
Giivenlik Agiklik Birlik Uygunluk
) Konfor Devamlilik Karakter | @ | Canlilik o
Mekan | Su Usti
Cesitlilik | @ | Denge Bzellik Uyum
Pavyonun Kimlik Bilgisi islev Diizen Kimlik Cazibe/Gekim
Baglanti Tutarhhk Odak @ | Olgek
Giivenlik Agiklik Birlik Uygunluk
Konfor Devamlilik Karakter @ | Canlilik ®
Cesitlilik | @ | Denge Ozellik Uyum

Incelenen tablolarda su ile iligkili olan ksamusal sanat friinleri kalite parametreleri bakimindan
degerlendirilecek olursa, ilk olarak /s/ev parametresinin dort kamusal sanat {iriiniinde de ¢esitlilik sagladigi,
aynt zamanda “The Floating Piers”da baglanti noktasi olusturdugu da goriilmektedir.Bir diger kalite
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parametresi olan Diizen in tutarlilik, agiklik, devamlilik, denge anlaminda herhangi bir 6zelligi tasimadigi
goriilmistiir. Bu durum sanatin bu tarz parametreleri vaat etmemesi ve sinirlar anlaminda 6zgiir olmasindan
kaynaklanmaktadir. Kimlik parametresi dogrultusunda incelenen kamusal sanat {irinlerinin bulundugu
kentsel mekanda bir odak noktasi olusturdugu, o noktayr ¢ekici hale getirdigi ve o mekana bir karakter
kattig1 diistiniilmektedir. Bir diger kalite parametresi olan Cazibe/Cekim noktasi bakimindan ise dort
kamusal sanat {iriniiniin de bulundugu mekéana canlilik kattig1 goriilmiistiir.

3. ANTALYA-KONYAALTI SAHILININ KAMUSAL SANAT BAGLAMINDA iRDELENMESI

Degisim kagimilmaz bir sekilde kentlerde, teknolojide, insaatta, ulasim ve saglik gibi alanlarda kendini
gostermektedir ve gelecegi yonlendirmektedir. Kentlerdeki doniisiimii harekete geciren, hizlandiran belli
bash aktorler s6z konusudur. Bu aktorler; sosyal, kiiltiirel, idari, siyasi, degisimlere bagli olarak kenti
sekillendirebilmektedir. Kentleri bi¢cimlendiren bu aktdrler mimari ve kentsel doniisiimiin; dzellikle “kiyi
ortaminda” ortaya ¢ikmasini saglamaktadir. Kiyi, yerlesimler i¢in 6nemli bir sinir, ayni zamanda bir
etkilesim [25] ve iletisim alanidir. Yumusak bir zemin olarak su dgesi ve bu 6genin sert zemin olan kentle
iligkisini saglayan kiyilar, kentlerdeki planlamada ara mekan olarak 6nemli bir rol iistlenmektedir. Bu
dogrultuda Antalya-Konyaalt1 sahili de bir yarisma projesi araciligiyla 2018 yilinda yeniden diizenlenmistir
[26].

Tablo 2. Konyaalt1 Sahili k

. 38 o

amusal mekan diizenlemeleri, Balgik (2020) arsivinden.

L

Ust ortiilii oturma-dinlenme alanlan

A\\$
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T ———eee e -

OCUE' oyun alan'an OCuK ovun alaniari

Kamusal sanat olarak degerlendirilebilecek olan kent mobilyalariyla diizenlemeler kiytya yeni bir soluk
getirmigtir. Antalya kent kimligini sehrin sahip oldugu en 6nemli deger olan deniz kiyisi {izerinden yeniden
giiclendirme hedefiyle yola ¢ikan proje kentsel kiyiy1 her tiirden kullanicr igin erisilebilir ve algilanabilir
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kilmaya calismistir. Kiyr kullanimini zenginlestiren uygulamalar kiyiy1 rekreasyon, spor ve kiiltiir
faaliyetleri ile ¢coklu ve karma kullanimli yeniden islevlendirmistir. Kiy1 seridi boyunca denize paralel
mekansal siireklilige olanak verecek yatay kent mobilyalart odak alanlarda ve dikey baglanti
giizergdhlarinda farkl: fiziksel tasarim kurgular1 ¢ercevesinde sistemli tipolojik farklilagsmalar1 saglamigtir
[26]. Kiy1 kotu ile iligki kuran ist 6rtiilii oturma-dinlenme mekanlari, yar1 agik mekan tiretimleri, etkinlik
alanlari, su aktivite alanlar1 cocuk oyun alanlari, kentsel donati elemanlari seklinde ¢esitlenen parametrelere
sahip olan uygulamalar kentin kiy1 kullanim1 agisindan zenginligini gostermektedir [27].

Tablo 3. Antalya-Konyaalti Sahili’ndeki kamusal sanat iiriinlerinin kullanim parametreleri

KULLANIM TURU

PARAMETRELER
Kiyi (Sert Zemin) | Su (Yumusak Zemin)

st 6rtllu oturma dinlenme mekanlari
yari acik mekan uretimleri

etkinlik alanlari

cocuk oyun alanlari
kentsel donati elemanlari

Mevcut parametrelerin kiy1 diizenlemeleri ile ilgili birgok veriyi sagladigi goriilmiistiir. Kiy1 (sert zemin)
kullanimlar gesitlenip degiskenlik gosterirken, su 6gesi anlaminda kullanim olarak eksiklikler goriilmiistiir.
Yerin kalitesi ile yasam kalitesi arasinda bag kurulmaya ¢alisildig1 ve bu dogrultuda sahilin ¢esitli kamusal
sanat iiriinleriyle yeniden diizenlendigi goriilmiistiir. Konyaalt1 sahili Sherwin Greene [4] tarafindan
belirlenen parametreler dogrultusunda degerlendirilmistir (Tablo 4).

Tablo 1. Antalya-Konyaalt1 Sahili'nin Kalite Parametreleri Uzerinden Degerlendirilmesi

Kimlik Bilgisi islev Diizen Kimlik Cazibe/Cekim
TR Baglanti Tutarhlik Odak @ | Olcek
Giivenlik Aciklik Birlik Uygunluk
Konfor Devamlilik Karakter @ | Canlilik o
Mekan | Ky
Cesitlilik | @ | Denge Ozellik Uyum

Konyaaltr sahilindeki kamusal sanat diizenlemelerinde Islev parametresinin gesitlilik anlaminda zengin
oldugu goriilmektedir. Kimlik parametresi ele alindiginda, mekanda birden fazla kamusal sanat triini
oldugu i¢in odak noktalar1 anlaminda tek bir noktadan ziyade bdliinmelere ugradigi sonucuna varilmaktadir.
Cazibe/Cekim parametresi ise Konyaalt1 Sahili’ne canlilik 6zelligi kazandirmistir. Bu dogrultuda Konyaalti
sahili i¢in kiy1yla kurulan iliski bakimindan c¢esitlilik sagladigi sdylenebilir.

4. SONUG

Ki1y1 tasarimlar bireylerin su ile iletisiminde etkin rol oynamaktadir. Kullanicilarin suya erigimleri, su ile
iligkisi tasarimin tanidigi imkanlarla saglanmaktadir. Dokunma, seyretme veya isitme eylemleri su ile
iletisim kurmanin duyusal yontemleridir. Kamusal sanat triinleri bu eylemler araciligiyla bulunduklari
mekanlarin deneyimlenmesini ve algilanmasini saglamaktadir. Su ile iliski kuran, kimi zaman ona dokunan,
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onu cevreleyen kimi zamansa su ile arasina mesafe koyup onu uzaktan seyrederek kullanimi cesitlendiren
kamusal sanat {irlinleri bu baglamda olduk¢a degerli goriilmektedir. Calisma kapsaminda incelenen “The
Floating Piers” Enstalasyonu, “1/4 Mile Arc” Enstalasyonu, “Three Matrix” Pavyonu, “Triennale Brugge”
Pavyonu, “Russian Creativity Week” Pavyonu kamusal sanat driinleri Sherwin Greene (1992)’nin
belirlemis oldugu kentsel mekanda kalite parametreleri dogrultusunda irdelenmistir. Kiy1 ve su ile iligki
kuran bu tasarimlar kalite parametreleri bakimindan olumlu goriilmesiyle beraber gegici siireyle
sergilenmeleri de bu durumu desteklemektedir. Bu zamansallik durumu kamusal sanat iiriinlerinin
konumlandig1 kent mekanlarina yeni bir soluk getirdigini gostermektedir. Oyle ki; belirli bir siireyle
sergilenen bu tasarimlar hem kentliye hem kent disindan bireylere davetkar nitelikte olmaktadir. Bu durum
ise tasarimi gérmek igin farkli kent ve hatta farkli iilkelerden gelen bireylerin o sanat {iriiniiniin bulundugu
kente turizm ve ekonomik agidan katki sagladig1 anlamina gelmektedir.

Antalya Konyaalti Sahili’ndeki kamusal sanat {riinlerinin kentsel mekanda kalite parametreleri
dogrultusunda elde edilen olumlu 6zelliklerinin yaninda su ile temas etme, suya dokunma gibi 6zellikler
acisindan geri planda kaldig1 goriilmektedir. Bu baglamda 6neri olarak yumusak ve sert zeminin kesiserek,
su ogesi ile dogrudan iliski saglayacak, su ilizerinde kurulacak bir baglanti platformuyla kente gegici sekilde
hizmet verebilecek bir kamusal sanat iiriiniiniin tasarlanabilecegi diisiiniilmektedir. Boylesi bir tasarim hem
kiyiya ve su 6gesine hem de kente yeni bir tamim getirecektir. Bu kapsamda Antalya-Konyaalti sahilindeki
kiy1 kullaniminin su ile iliskilenebilecegi ara yiiz tasarimlar1 nerilmektedir. Ozellikle yarisma projelerinin
onem kazandigi glinlimiizde bir turizm kenti olan Antalya i¢in her yil bir kamusal sanat yarigmasi ile
tekrarlanacak, dinamizm saglayacak, su ve kiy1 ile iliski kuracak ge¢ici bir tasarim; kente turizm, ekonomik
ve sosyal acidan katki saglayacaktir. Bir nevi esik mekan olarak nitelendirilebilecek su {istii kullanimlarinin
kent panoramasina katki sunacagi, kentin mevcut yiiziine yeni bir tanim getirecegi ve gecicilik durumunun
belleksel anlamda bireylere katki saglayacagina inanilmaktadir.
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Abstract

This study, it is aimed to find out the beneficiation of Malatya-Arguvan lignite by gravity methods. First of
all, the washability of lignite has been investigated with sink-float experiments. It has been determined that
lignite washability from washing curves is generally difficult but may be possible with controlled washing at
a density of 1.68 g /cm3. Then, to remove ash and sulfur from lignite by shaking table, spiral and Falcon
concentrator tests were conducted. Clean coals are obtained from all other methods except Falcon were
found to decrease in ash and sulfur content and increase in calorific value. Clean coals with the lowest ash
and sulfur content were obtained with a spiral concentrator. Reichert spiral results showed that the ash
content decreased from the lignite of 37.77% to 26.50% and the sulfur content from 3.85% to 2.08%. The
calorific value increased from 2576 kcal/kg to 4590 kcal/kg. Arguvan lignite has very limited usage due to
its lower calorific value, high ash and sulfur content. Although enrichment has been carried out, it has been
concluded that lignite needs to be further improved by using different methods.

Keywords: Lignite, Falcon concentrator, Reichert spiral, Shaking table, Sink-Float tests

Arguvan linyitinden kul ve kukurt uzaklastirilmasinda farkh gravite
yontemlerinin etkisinin belirlenmesi

Ozet

Bu calismada gravite yontemleriyle Malatya-Arguvan linyitinin zenginlestirimesi amaglanmistir. Oncelikle,
yuzdirme-batirma deneyleriyle linyitin  yikanabilirligi  arastirilmistir.  Yikama egrilerinden linyitin
yikanabilirliginin genel olarak zor oldugu, 1,68 g/cm?® yodunlukta kontrolli olarak yikanabilecegi
belirlenmistir. Daha sonra, linyitten kil ve kukirdl uzaklastirmak igin sallantili masa, spiral ve Falcon
konsantratér deneyleri yapilmistir. Falcon hari¢ diger tim yontemlerden elde edilen temiz kédmurde kil ve
kukurt iceriginin azalmis, kalorifik deder ise artmistir. En dusuk kul ve kukart icerigine sahip olan temiz
kémirler spiral konsantrator ile elde edilmistir. Reichert spirali sonuglari linyitteki kil igeriginin %37,77°den
%26,50’ye ve kukurt igeriginin ise %3,85'den %2,08’e azalmis oldugunu gostermistir. Kalorifik deger 2576
kcal/kg'dan 4590 kcal/kg’a yukselmigstir. Dasuk kalorifik degeri, yiksek kil ve kukart icerigi yuzinden
Arguvan linyiti sinirli bir kullanima sahiptir. Her ne kadar zenginlestirme gergeklesse de, farkli yontemler
kullanilarak linyitin daha da iyilestiriimesi gerektigi sonucuna variimigtir.

Anahtar Kelimeler: Linyit, Falcon konsantratdr, Reichert spiral, Sallantii masa, Yizdirme-Batirma
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1. INTRODUCTION

Sulfur is one of the major undesirable constituents of coal; it contributes to air pollution and causes
operational problems during combustion such as slagging, corrosion, equipment wear, etc. More
importantly, the emission of sulfur dioxide into the atmosphere during coal combustion is of serious
ecological concern. Therefore, sulfur dioxide emissions can be reduced by various preparation methods
such as gravity concentration and flotation methods [1].

Gravity separation is a method based on the specific gravity difference between coal and impurities such
as ash-forming substances and sulfur [2]. Gravity-based methods are much more efficient than flotation,
especially for medium-sized particles. Methods based on specific gravity differences are widely used to
separate coal and mineral substances from each other [3].

Coal washing is a process that depends on the density difference between coal and impurities [4]. In the
float-sink analysis, heavy liquids of increasing density have to be prepared. For coal, they can be the
solutions of ZnCl, of density ranging from 1.3 to 1.8 g/cm?® as coal density is from 1.17 to 1.35 while for
ash forming minerals from 1.8 to 5.2 g/cm®. The sample of the material is first immersed in the lightest
liquid (1.3 g/cm?®). The sinking particles were directed to another container of higher density (1.4 g/cm?®)
and a subsequent density fraction was obtained. It contained particles within a density range from 1.3 to 1.4
g/cm?®. The procedure is repeated until the last separation provides two fractions: floating particles having
a density from 1.6 to 1.8 g/cm?® and sinking particles with a density higher than 1.8 g/cm? [5, 6]. Thus, in
the prepared heavy environment, coal and other components can be easily separated by the floating of the
coal particles containing lighter minerals and the sinking of the heavier mineral-containing materials [7].

The formation of stratified particles on the shaking table, is the result of many forces including gravity
forces, the friction forces between particles and the table which are caused by the table plate movement and
liquid movement, the force of liquid pressure on particles, and the force of inertia. The ordering force acting
on particles is the sum of vectors representing the forces. This stratification force for heavy particles has a
slightly different direction than that for light particles. This is caused by the fact that the stratification force
for heavy particles is mainly determined by the inertia forces, while other forces (friction, gravity, and water
pressure force) are of low values. The shaking tables can be used to process nonferrous metal ores
containing particles smaller than about 3 mm. In the case of coal, because of its considerably lower density,
larger particles (up to 6 mm in diameter) should be used. For fine particles of about 0.1 mm in size smooth
surfaces of the shaking table are recommended. In other cases, the surface of the shaking table is modified
by grooves and strips. An additional factor improving separation is the use of asymmetric shaking of the
table [8, 9].

In the spirals, the centrifugal force is a result of the shape of the separator. The material travels down
through a stationary spiral with many turns of a mean radius of 20 cm with a fall per turn of about 28 cm.
The forces affecting particles in the spiral separator are centrifugal, gravity, friction, and liquid pressure.
The forces which determine separation are friction and liquid pressure operate in the same direction as a
horizontal component of the gravity forces, as well as the horizontal component of the centrifugal force. In
the spiral separator, the tailing containing light particles is collected in the lowest coil. The clean coal is
collected from the neighboring 2-3 coils through the holes in the coil surface bottom. Particles larger than
about 0.05 mm diameter are suitable for separation [8].

Gravity separators such as the enhanced Multi-Gravity Separator (MGS), Falcon, and Knelson
concentrators are suitable for removing ash and sulfur from coal grains <0.25 mm in size [3]. Falcon is a
centrifugal gravity concentrator with similar features to the Knelson concentrator. The concentration is
achieved in a fast-spinning bowl (up to 300 G). The device is fed from its bottom and employs centrifugal
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force to drain the slurry as a thin flowing film at its wall. The heavier particles are retained inside the bowl
while the lighter minerals flow out with the fluid [10, 11].

There are some studies on the removal of coal from ash and sulfur by gravity methods. Ozgen et al. (2011)
enriched two lignite ores containing 66% and 53% ash with Multi-Gravity Separator (MGS) [12]. As a
result, they obtained clean coal containing approximately 23% ash with a recovery of 49-60%. Honaker et
al. (1996) using the Falcon concentrator, 60-70% of the ash in the fine coal was removed with a gain greater
than 85% [13]. In another study, Honaker et al. (1995) using the Falcon concentrator, removed about half
of the ash and sulfur content in the fine coal, with a recovery of 90% [14]. Rath et al. (2011) used the Falcon
concentrator and the flotation method to remove ash from the coal [15]. They concluded that the Falcon
concentrator was not as effective as flotation in reducing ash content. While the Falcon removed a
maximum of 47.5% of the ash with 35% efficiency, they removed 60% ash with 23% efficiency by flotation.
Das et al. (2010) tried a combination of gravity separation and Jameson cell separation to clean fine coal
that does not show good floatability [16]. As a result, they managed to reduce the ash content from 30.4%
to 12%. Ozbakir et al. (2017) used a combined optimization of hydrocyclone and multi-gravity separation
device to remove ash and sulfur from the coal preparation plant tailings [17]. As a result, they managed to
reduce the ash content from 54.82% to 24.52%.

Malatya Arguvan lignite used in this study is one of the less-studied lignites. Only sink-float, flotation and
agglomeration enrichments of this lignite have been studied, and there are no studies on gravity methods.
Therefore, this study, made with Arguvan lignite, will be a first in its field. The results obtained from the
experiments will give an idea especially for other researchers who will work with this lignite. In the present
study, to remove ash and sulfur from lignite, sink-float, shaking table, spiral, and Falcon concentrator tests
were conducted.

2. MATERIAL AND METHODS

2.1 Material

The original lignite samples used in this study were provided by Arguvan Coskunlar Coal Management.
Representative samples of lignite were reduced by coning and quartering sampling methods. The samples
were prepared according to the Astm Standards for proximate, total sulfur, gross calorific value, XRD, and
FTIR. All analyses for the samples were carried out in triplicate and mean values have been reported.

Results of the proximate analysis of Arguvan lignite are given in Table 1. As seen in Table 1, that the total

sulfur content is 3.85%, ash content is 37.77% and the lower heating value is 2576 kcal/kg (on the air-dried
basis).

Table 1. Proximate analysis results of Arguvan lignite [18]

Components As received Air-dried Dried
Moisture (%) 22.67 7.96 -

Ash (%) 31.73 37.77 41.04

Volatile matter (%) 21.56 25.66 27.88

Fixed C (%) (by difference) 24.04 28.61 31.08

Total S (%) 3.23 3.85 4.18

Upper calorific value (kcal/kg) 2116 2624 2899

Lower calorific value (kcal/kg) 2068 2576 2851
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XRD and FTIR results for Arguvan lignite are shown in Figure 1 and Figure 2, respectively. As seen in
Figure 1, the main inorganic impurities existing in lignite include montmorillonite, gypsum, pyrite, and clay
minerals.
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Figure 1. XRD pattern of Arguvan lignite [18]

The FTIR spectrum was recorded in the region of 4000 to 400 cm™ (Fig. 2). The peaks approximately at
3413 cm™ and 2920 cm™ are due to —OH stretching and the existence of aliphatic groups in coal samples,
respectively. Just about at 1618 cm™ peak corresponds to aromatic C=C ring stretching structure. The
aliphatic —CH deformations are observed at 1436 cm™. The peak at 1038 cm™ is due to aliphatic ether C-O
and alcohol. The complex bands at 915 cm™ and 799 cm indicate the aromatic structures within the coal.
The band at 524 cm™ is because of Si-O deformations [19-21].
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Figure 2. FTIR spectrum of Arguvan lignite [18]
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The petrographic analysis results of Arguvan lignite carried out in MTA laboratories. According to the
results of the petrographic analysis (Figure 3 a, b, c), it was seen that the maseral distribution was 59%
vitrinite (huminite), 7% exinit (liptinite), and 6% inertinite group. Mineral distribution was determined to
be composed of 6% framboidal pyrite and 22% other mineral substances. Microlitotype distribution; 31%
clarite, 21% duroclarite, 12% vitrite, 29% carbominerite and 7% other microlithotypes. According to these
results, it was found that Arguvan lignite was composed of 15% monomaseralic, 34% bimaceralic, 22%
trimaseralic, and 29% carbominerite groups. These results are compatible with the work of Abakay Temel
& Majumder (2016) [22].

Figure 3 (a, b, ¢). Polarized microscope image of Arguvan lignite
(Ul: Ulminite, At: Atrinite, Id: Inertodetrinite, Pyr: Framboidal pyrite,
MM: Mineral matter, Sp: Sporinite, Al: Alginite)

In Figure 3, it is seen that the impurities in the lignite (clay, limestone, etc.) are very finely dispersed. This
suggests that the impurities are contaminated during coalification (syngenetic). In Figure 3, significant
amounts of framboidal (spherical) pyrite have been observed to be distributed at a very fine size (less than
about 30 microns). Also, the amount of mineral matter together with pyrite is 28% by volume, suggesting
that beneficiation will be difficult.

2.2 Method

The experimental flow chart is given in Figure 4. Removal of lignite, whose characteristics were
determined, from ash and sulfur, was carried out with Sink-Float, Shaking Table, Reichert Spiral, and
Falcon Concentrator.
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Raw Lignite Proximate-Ultimate Analysis
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Methods '
Sink-Float Tests Shaking Table Reichert Spiral Falcon Concentrator

Figure 4. The experimental flow chart

For sink-float tests, the original lignite samples were air-dried, screened, and fractionated into three
different particle sizes. The size fractions labelled as coarse (-31.5+19 mm), medium (-19+4.75 mm) and
fine (-4.75+0.5 mm). The lignite samples which were -0.5 mm have been disregarded because of very fine
particles. Float-sink tests were carried out in above size fractions using ZnCl, (Zinc chloride), at densities
of 1.4, 1.5, 1.6, 1.7 and 1.8 g/cm®. After the sink-float test, both floating (-1.4, -1.5, -1,6, -1.7 and -1,8
g/cm?®) and sinking fractions (+1.8 g/cm®) were washed, air dried, weighed and analyzed for ash and sulfur
content. The ash and sulfur contents of Arguvan lignite for sink-float tests by combining different size
fractions are shown in Table 2. It is seen that the ash contents range from 15.77 to 65.98, sulfur contents
range from 2.52 to 4.83.

Table 2. Ash content of Arguvan lignite size fractions
for sink-float tests (on a dry basis)

Fractions Particle size Weight (%) Ash (%)  Sulfur
(mm) (%)
Coarse size 19-31.5 5.52 30.13 2.52
Medium size 4.75-19 32.70 36.86 3.66
Fine size 0.5-4.75 61.78 38.93 4.83

Shaking table and spiral tests were performed in -3.35+2, -2+1.18 and -1.18+0.15 mm size fractions. The
lignite samples which were -0.15 mm have been disregarded because of very fine particles. The ash and
sulfur contents of different particle sizes are shown in Table 3.

The shaking table tests were performed using a Wilfley table. The tests were done at different shaking
frequencies (100, 150 and 200 rpm) and a different table slope (2, 4 and 6°).

The spiral tests were performed using a Reichert spiral with 5-launders. The spiral tests were done at

different solid/liquid ratios (7.5, 15, 25 and 35% solid by wt.) and different splitter settings (90, 120 and
150°).
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Table 3. Ash content of Arguvan lignite size fractions for shaking table
and spiral tests (on a dry basis)

Particle size (mm) Weight (%) Ash (%)
2-3.35 29.34 3591
1.18 -2 29.60 35.39
0.15-1.18 31.27 34.97
Below 0.15 9.79 59.48
Feed 100.00 37.77

For the Falcon tests, the lignite sample was first broken down to 30 mm with a jaw crusher, then down to 3
mm with a hammer crusher. Then, the crushed sample was milled with a ball mill and screened to below
500 pm, 212 um and 150 um. Falcon tests were carried out in -500, -212 and -150 um size fractions and
different speeds of rotation (20, 78, 176 and 300 G) using a laboratory-scale Falcon L40 concentrator. The
water pressure and the solid concentration were maintained at 4 psi and 30% by wt., respectively.

The products obtained as a result of all these experiments are dried air, weighed and ground to below 106
um to analyze for ash, sulfur and calorific values.

Combustible recovery and ash/sulfur removal efficiencies were calculated according to the following
equations [23, 24];

Ccx(100-c)

Rcomb.(%) = WO—;) (1)
T Xt

Rash/S.(%) = W (2)

where Reoms and Rasiys are the combustible recovery and ash/sulfur removal, respectively. C, T, F, and ¢, t,
f represent the yields and the ash contents of the concentrate, tailings, and feed, respectively.

3. RESULTS AND DISCUSSION

3.1 Sink-Float tests

The washability data by combining different size fractions are given in Table 4. As seen in Table 4, in the
medium with a density of -1.4 g/cm? for the coarse size, the floating part by weight is about 22% and the
ash content is 16.3%. The floated product from the media of 1.4-1.5 g/cm?® comprises the majority of coarse
size coal sample and accounts for 42.4%, however, its ash content increases to 29.1%.

Table 4. Coal washability data obtained float-sink tests

1 2 3 4 5 6 7
Size (mm) Sp. Wt (%) Ash (%) Cumulative float | Cumulative sink | Ordinat | £0.1 dens.
grav. z fract.
(g/m?) %Wt | %Ash | %Wt %Ash
e & -14 21.9 16.3 21.9 16.3 100.0 32.6 11.0
g N T [+14-15] 424 29.1 64.3 24.8 78.1 37.2 43.1 61.0
o ® |[+15-16| 186 39.5 82.9 28.1 35.7 46.8 73.6 25.1
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+1.6-1.7 6.5 47.6 89.4 29.5 17.1 54.7 86.2 12.9
+1.7-1.8 6.4 56.5 95.9 31.3 10.6 59.1 92.7 10.6
+1.8 4.1 63.1 100.0 32.6 4.1 63.1 97.9
° -1.4 10.0 14.5 10.0 145 100.0 37.0 5.0
3] ’,_('3 +14-15| 357 24.3 45.7 22.1 90.0 39.6 27.9 50.5
S < +15-16| 149 34.0 60.6 25.0 54.3 49.6 53.1 28.3
-_g é +16-1.7| 134 40.0 74.0 271.7 39.5 55.5 67.3 20.4
%’ N +1.7-1.8 | 6.97 48.5 81.0 29.5 26.0 63.5 775
+1.8 19.1 69.0 100.0 37.0 19.1 69.0 90.5
- -15 17.9 17.3 17.9 17.3 100.0 39.4 8.9
8 2 +15-16| 1538 23.5 33.8 20.2 82.08 44.2 25.8 32.1
ok +16-1.7| 16.3 29.7 50.0 23.3 66.25 49.2 41.9 25.7
L% '; +1.7-1.8 9.4 34.9 59.4 25.1 49.97 55.5 54.7
< +1.8 40.6 60.3 100 39.4 40.58 60.3 79.7

According to Table 4, in the medium with a density of -1.4 g/cm?® for the medium size, the floating part by
weight is 10% and the ash content is 14.5%. The floated product from the media of 1.4-1.5 g/cm? comprises
the majority of medium-size coal samples and accounts for 35.7%, however, its ash content increases to
24.3%. The material with a density of +1.8 g/cm?® is 19.1% by weight, and the ash content is 69%.

For the fine size, at a density of -1.4 g/cm?, the entire material is floated. In the medium with a density of -
1.5 g/cm?® for the fine size, the floating part by weight is 17.9% and the ash content is 17.3%. The material
with a density of +1.8 g/cm? is 40.6% by weight, and the ash content is 60.3%. As expected, the ash content
of the coal increased as the density of the medium increased in all particle sizes.

Since 0.1 density fraction values are greater than 20 for all grain sizes at +1.4-1.5 and +1.5-1.6 g/cm?®
densities in Table 4, it can be said that separation at these densities will be very difficult. It was determined
that although the separation in coarse size was moderately difficult at densities of +1.6-1.7 and +1.7-1.8
g/cm?3, it would be very difficult to separate for other sizes.

Belonging to coarse, medium and fine sizes of Arguvan lignites washability curves were given in Figure
5a, 5b and 5c, respectively.
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Figure 5. Coarse (a), medium (b) and fine (c) sizes of Arguvan lignites washability curves [18]

As can be seen in Figure 5, neither the shape of ash characteristic curves nor the shape of float curves is ‘L’
shaped rather, they seem like a slightly right inclined straight line for all sizes tested. This indicates the
difficulty of washing Arguvan lignite at a certain density. These results are compatible with the literature
[18, 25, 26]. Therefore, as a washing method, heavy-medium cyclone or equivalent device (spiral/table) for
+0.5 mm coal can be used [27]. It is known from various studies in the literature that lignites can be floated

in a narrow density range [28, 29].

3.2 Shaking table tests

The slope of the table and frequency of stroke were optimized to obtain clean coal. The slope was
maintained as 4° and the effect of shaking table amplitude was studied 100, 150 and 200 rpm stroke
frequency (shaking speed) for all size fractions. The effects of the variation of stroke frequency on the ash
and combustible recovery according to different size fractions are given in Figure 6a.
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Figure 6. The effect of table stroke frequency change (at 4° table slope) on ash & combustible recovery
(a) and sulfur & sulfur removal (b) efficiency according to different size fractions, respectively

According to Figure 6a, it has been found that is appropriate to work at high table speeds (150 rpm) in fine
size fractions and low table speeds in coarse size fractions. A stroke frequency of 150 rpm with the lowest
ash content was determined as optimum. These results are consistent with the literature [30, 31]. In the
same way, it has been determined that there is an inverse relationship between clean coal ash and
combustible recovery [31]. As optimally, the ash content of 37.77% in raw lignite was reduced to 25.87%
with 77.5% combustible recovery and the calorific value is increased from 2576 kcal/kg to 4315 kcal/kg
for -1.18+0.15 mm size fractions. Aydin et al. (2018), reduced the ash content of the -4+2 mm Seyitomer
lignite from 44.69% to 24.26% with 46.7% combustible recovery by the shaking table [32].

When the shaking table speed is evaluated in terms of total sulfur removal, Figure 6b is obtained. As seen
in Fig. 6b, shaking table speed is not very effective in total sulfur removal. As optimally, the sulfur content

of 3.85% in raw lignite was reduced to 2.54% with 46.4% S removal efficiency for -1.18+0.15 mm size
fractions.
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Figure 7. The effect of table slope change (at optimally stroke frequency) on ash & combustible recovery
(a) and sulfur & sulfur removal efficiency (b) according to different size fractions, respectively

For all size fractions, the shaking table results obtained by varying the table slope are shown in Figure 7.
From Figure 7a, it has been understood that all fractions should be worked at a 4° slope. When assessed
from the point of view of clean coal ash, the table speed results are better than the table slope results. This
shows that table speed is a more effective parameter for separation. According to Fig. 7b, it has been found
that shaking table tests are not a significant influence on total sulfur removal efficiency.

As a result of the shaking table experiments, ash content of 37.77% in raw lignite has been reduced to
25.87% with 77.5% combustible recovery for -1.18+0.15 mm, 26.05% with 81.5% combustible recovery
for -2+1.18 mm, 26.89% with 79.8% combustible recovery for -3.35+2 mm size fractions. The calorific
values are increased from 2576 kcal/kg to 4315, 4148 and 4119 kcal/kg, respectively. Sulfur contents of
3.85% has been reduced to 2.54% with 46.4% sulfur removal efficiency for -1.18+0.15 mm, 3.05% with
31% sulfur removal efficiency for -2+1.18 mm, 3.07% with 32.6% sulfur removal efficiency for -3.35+2
mm size fractions.
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3.3 Reichert spiral tests

To optimally determine the solid/liquid ratio, which is an important parameter, the fixed position of the
splitter is maintained at 150°. For all size fractions, the spiral results obtained by varying the solid/liquid
ratio are shown in Figure 8.
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Figure 8. The effect of solid/liquid ratio change (at 150° position of splitter) on ash & combustible
recovery (a) and sulfur & sulfur removal efficiency (b) according to different size fractions, respectively

According to Figure 8a, the lowest ash contents were obtained as 15% solids ratio for -3,35+2 mm size
fraction, 25% solids ratio for -1,18+0,15 mm and -2+1,18 mm size fractions. The experimental data were
compatible with the literature [33, 34]. As a result of solid/liquid ratio experiments, ash content of 37.77%
has been reduced to 33.94% with 82.2% combustible recovery for -1.18+0.15 mm, 32.50% with 91.4%
combustible recovery for -2+1.18 mm, 33.16% with 86.9% combustible recovery for -3.35+2 mm size
fractions. The calorific values are increased from 2576 kcal/kg to 3201, 3366 and 3197 kcal/kg,
respectively. As can be seen from Figure 8b, as the particle size decreased, the sulfur content decreased
and the sulfur removal efficiency increased. Sulfur contents of 3.85% has been reduced to 2.85% with
34.4% S removal efficiency for -1.18+0.15 mm, 3.02% with 32.3% S removal efficiency for -2+1.18 mm,
3.67% with 20.7% S removal efficiency for -3.35+2 mm size fractions. Kangal et al. (2018), reduced the
ash content of the +0.7 mm coal preparation plant tailings from 61.48% to 36.33% with 25.4% combustible
recovery by the Reichert spiral [35]. Ugar et al. (2021) enriched the slime coal of the Garp Lignites
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Enterprise with spirals. They obtained clean coal with a size of -1+0.212 mm, containing 81.74% carbon
with a combustible recovery of 93.09% [36].

After the solid/liquid ratio was determined, the experiments were continued by changing the position of
splitter settings to 90° and 120°. The results obtained by changing the position of splitter settings are shown
in Figure 9.
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Figure 9. The effect of the position of splitter change (at optimally feed rate) on ash & combustible
recovery (a) and sulfur & sulfur removal efficiency (b) according to different size fractions, respectively

From Figure 9a it is seen that the lowest ash values in all size fractions are in the 90° position of the splitter.

However, it has been decided that the choice of 120° position of the splitter is appropriate due to the low
combustible recovery. It has been determined that the splitter setting position is an important parameter for
separation. As a result of the spiral experiments, the ash content of 37.77% has been reduced to 22.10%
with 70.1% combustible recovery for -1.18+0.15 mm, 26.50% with 79.2% combustible recovery for -
2+1.18 mm, 27.9% with 79.3% combustible recovery for -3.35+2 mm size fractions. The calorific values
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are increased from 2576 kcal/kg to 4590, 4110 and 3925 kcal/kg, respectively. As can be seen from Figure
9D, it was determined that the position of the splitter is effective in sulfur removal as well as in ash removal.
As the position of the splitter decreased, the sulfur content decreased and the sulfur removal efficiency
increased. Sulfur contents of 3.85% has been reduced to 2.08% with 45.4% S removal efficiency for -
1.18+0.15 mm, 2.96% with 41.2% S removal efficiency for -2+1.18 mm, 3.05% with 41.3% S removal
efficiency for -3.35+2 mm size fractions. Based on these results, it can be assumed that the results of
desulfurization are relatively successful.

3.4 Falcon concentrator tests

Falcon concentrator test results are presented in Figure 10. As it can be seen from Figure 10, the ash content
of 37.77% was reduced to 32.57% with 70.36% combustible recovery at a particle size of -500 um and a
force of 300 G. Clean coal was obtained with the highest combustible yield (97.1%) at 20 G. However, the
desired reduction in ash content was not achieved (36.14%). However, it has been determined that sufficient
ash reduction cannot be achieved in all G forces operating at -500 um particle size.
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Figure 10. Effect of gravity force on ash and combustible recovery according to different size fractions

Falcon experiments were continued at -212 and -150 um particle sizes. The ash content varies between
38.10% and 41.11% for all G forces studied with a particle size of -212 um. These results show that as the
particle size decreases, the clay minerals are combined with clean coal and therefore no separation occurs.
Falcon concentrator experiments performed below the size of 150 um are similar to the previous
experiments.

Falcon concentrator results are consistent with coal studies in the literature [37-41]. On the other hand, there
are also studies that the Falcon concentrator is successful in hard lignite [42-45]. The total sulfur content of
clean coal obtained from the Falcon concentrator ranged from 3.76 to 3.80%. This showed that the removal
of sulfur with the Falcon concentrator was not successful.
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4. CONCLUSIONS

The beneficiation of Arguvan lignite has been investigated with sink-float, Wilfley table, Reichert spiral
and Falcon concentrator. The following results were obtained:

The amount of floating material in +0.1 density values indicates that for Arguvan lignite washability is very
difficult. In sink-float experiments (at 1.7 g/cm?®), the ash content decreased from 37.77% to 28.42% and
the sulfur content from 3.85% to 2.64%. The calorific value increased from 2576 kcal/kg to 3780 kcal/kg.

The best results of the table tests have been observed with a particle size of -1.18+0.15 mm. The ash content
decreased from 37.77% to 26.27% and the sulfur content from 3.85% to 2.54%. The calorific value
increased from 2576 kcal/kg to 4192 kcal/kg.

The best results of the spiral tests have been observed with a particle size of -1.18+0.15 mm, too. The ash
content decreased from 37.77% to 26.50% and the sulfur content from 3.85% to 2.08%. The calorific value
increased from 2576 kcal/kg to 4590 kcal/kg. The Arguvan lignite is estimated to have about 50% pyritic
sulfur and up to about 50% sulfite by chemical analysis and enrichment tests. According to this, 45.4%
sulfur removal efficiency with Reichert spiral means that almost all of the pyritic sulfur can be removed. It
is thought that the content of 2.69% S in clean coal is caused by the sulfur content.

Falcon concentrator experiments did not provide the desired distinction in terms of both ash and sulfur
removal.

In the experiments, it was observed that the fine clay minerals coalesced with the coal. It is thought that
separation did not occur for this reason. Therefore, this study has shown that physical methods are
insufficient in removing ash and sulfur from Arguvan lignite. It was determined that lignite should be
ground to finer sizes and liberated. Then, its enrichment with chemical methods such as acid and alkali
leaching, solvent extraction, etc. should be investigated. Thus, it has been concluded that it is beneficial to
carry out detailed studies by considering different enrichment methods.

In the literature review, it has been determined that such a detailed study has not been done on Arguvan
lignite. Therefore, it will be important for this study to inform researchers who will work with Arguvan
lignite and similar coal.
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Abstract

The increasing demands and needs of human beings reveal the need to increase the performance of
construction techniques and materials in the construction sector. Recently, the use of ultra high
performance concrete (UHPC) on building facades has been increasing due to their superior mechanical
and physical properties. Since UHPC products are relatively heavy, it is important to examine the lifting
apparatuses for safety. In this study, pull-out and shear behavior of lifting sockets embedded in UHP precast
panels produced in real geometry and dimensions were investigated. UHPCs consist of two different
mixtures as A and B. Two different types of lifting sockets with the trade names RD and TF were used. Pull-
out and shear test results proved that lifting sockets are sufficient as safety in both mixtures. The results
obtained can contribute to the literature in this area and provide insight into the reliable lifting and handling
procedure of precast facade panels.

Keywords: UHPC, lifting socket, pull-out, shear, precast panel

Prekast UHPC Panellerindeki Kaldirma Soketlerinin Gekme-Cikarma
ve Kesme Davranisinin Deneysel Olarak Incelenmesi

Ozet

insanoglunun artan istek ve ihtiyaglari, ingaat sektdriinde yapi teknikleri ve malzemelerinin performansinin
artinlmasi ihtiyacini ortaya koymaktadir. Son zamanlarda, bina cephelerinde ultra yiksek performansli
beton (UHPC) kullanimi Gstin mekanik ve fiziksel 6zellikleri nedeniyle artmaktadir. UHPC Urtnleri nispeten
agir olduklarindan dolayi kaldirma aparatlarinin glivenlik agisindan incelenmesi 6nem arz etmektedir. Bu
calismada gercek geometri ve boyutlarda Uretilen UHPC prekast panellerine gémuli olan kaldirma
soketlerinin gekme-gikarma ve kesme kuvvetlerine kargi davraniglari incelenmistir. UHPC paneller A ve B
olmak uzere iki farkh karisimdan elde edilmistir. Ticari isimleri RD ve TF olan iki farkh tip kaldirma soketi
kullaniimistir. Cekme-gikarma ve kesme test sonuglari kaldirma soketlerinin her iki karisimda da guvenlik
acisindan yeterli oldugunu kanitlamistir. Elde edilen sonuglar, literatiire bu alanda katki saglayabilir ve
prekast cephe panellerinin givenilir bir sekilde kaldirma ve tagima prosedurinde fikir olusturabilir.
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1. INTRODUCTION

Recently, the application of ultra high performance concretes (UHPCs) as precast panels for building
facades has become widespread. UHPCs are concrete types that have many advantages in terms of both
structural, durability and architecture. High strength and modulus of elasticity, continuity and long life, low
creep, low permeability and long-term cost reduction are most important of the features of ultra-high
performance concretes (UHPCs). The most important usage areas of UHPCs can be modern building
facades, shell structural elements and bridge elements. In the last two decades, with significant
developments in concrete technology, significant efforts have been made for UHPCs that can be used in
modern bridge engineering [1, 2]. According to different classifications, the compressive strength of
UHPCs should be over 120 MP. In order to produce such a concrete, fine aggregate (< 5 mm), micro silica
fume, high performance cements and other powder additives must be included in the mixture [3,4]. To
significantly reduce the water need, select SP additives must be used. Also, the flexural, tensile and shear
strength of the UHPC to be produced can be increased by adding an amount of fibers that do not adversely
affect the compressive strength. Considering the number of articles published on UHPCs related since 2015,
a significant increase is observed. This shows how much application potential UHPCs have in the
construction industry [3]. In addition, the durability of UHPCs against chemical and physical factors has
been examined by many researchers and it has been confirmed that they have superior performance
compared to conventional concretes [5-7].

For the production of UHPC, Portland cement with a strength class of CEM | 42.5 MPa or CEM 1 52.5
MPa and low C3A ratio is generally preferred. In order to eliminate the brittleness due to high compressive
strength, approximately 2% of steel fibers are used in volume. C-S-H gels are formed as a result of the
reaction of slaked lime formed as a result of cement hydration with silica fume. Silica fume fills even the
very fine spaces between cement and aggregates, creating a denser, more homogeneous, tighter micro
structure and a high strength matrix. Microstructure develops due to pozzolanic reactions between C-H
resulting from hydration of cement and complementary materials such as silica fume and nanosilica [8].
Well-chosen steel fiber dosage can increase ductility and reduce autogenous shrinkage of UHPC, which is
very important especially for fragile materials. Adding the amount of steel fiber can increase the tensile
stresses of the concrete, but the added high amount of fiber can reduce the workability of the UHPC mixture
and cause a decrease in the compressive strength [9].

Steel sockets are embedded in UHPC elements produced for building facades for both carrying-lifting and
mounting purposes. In either case, the bond level between the socket and the UHPC is very important as
security. The bond between the embedded socket and the UHPC is directly related to the adherence strength.
The adherence between concrete and steel socket consists of three main parts; Chemical bond, slip and
geometry of the socket. The chemical part is related to content of concrete and additives used and should
not be ignored [10]. Superplasticizer additives used can have a positive or negative effect between the
socket and the UHPC. Using the optimum amount of pozzolanic additives can increase the contact area
between the socket and UHPC and lead to the development of adherence strength. In the design of cement-
based structural elements, the bond level between the steel bar and the matrix has an important effect as
engineering, and for this reason, it is very important to carry out different analysis and experimental studies
in this area [11-13].

In this study, pull-out and shear tests of two types of sockets used in UHPC precast panels applied in real
size and geometry were experimentally considered. The sockets are used for convenience during carrying
and lifting by connecting with the crane. The aim of this study is to examine the connection of sockets with
UHPC composites in order to avoid possible safety problems during lifting at the construction site. Studies
conducted for similar purposes in the literature are quite limited. Therefore, the results obtained in this study
will contribute to closing the gaps in the literature in this field.
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2. EXPERIMENTAL

2.1. Materials

Precast facade panels are produced from two different UHPC mixtures. CEM | / 52.5 R white Portland
cement has been used as a binder in the mixtures. Silica sand with a grain size range of 90-850 um and
quartz powder with a grain size range of 2-850 um were used as filling material. The SiO2 content of the
guartz sand used is 96% (minimum), its specific gravity and specific surface area are 2.2 g/cm3 and 15m2/g
(minimum), respectively. Microwhite silica fume (SF) was added to the mixtures as pozzolanic material.
This pozzolanic material is often used to improve the properties and performance of high performance
concrete and specialty mortar formulations. This SF, which is also reactive, is often used to improve the
properties and performance of high performance concrete and special mortar formulations. Stainless micro
steel fiber (MSF) with a length of 12.5 mm and a diameter of 0.175 mm was preferred as the fiber in
mixtures. The tensile strength and modulus of elasticity of the fiber used are 2800 MPa and 210 GP,
respectively. Polycarboxylate ether based plasticizer was used in all mixtures. Two types of sockets known
as RD and TF were used. RD socket had a Diameter of 12 mm and a length of 300 mm. Also, TF socket
had a Diameter of 15 mm and a length of 70 mm. The connecting portions of both sockets had diameters
of 17 mm. After the sockets were fixed on wooden molds in 40 x 25 x 7 cm dimensions as shown in Fig.1,
prepared UHPC mixtures were placed in the molds. For each test, 3 samples were produced from the same
mixture. Since the main aim of this study is to determine the load capacity carried by the lifting sockets
used, it was not deemed appropriate to share the mixture detail also due to the company's privacy policy.

Fig. 1. RD (a) and TF (b) socket connected molds.

2.2. Test Methods

Pull-out and shear test methods were performed on the precast panel samples produced. Test setup image
for both test methods is given in Fig. 2. For the realization of pull-out and shear tests, suitable support
apparatuses were previously prepared and mounted on the device in order to ensure that the samples were
attached to the test device as fixed. The apparatus used in the pull-out test setup was L-shaped, the horizontal
part was fixed to the device, and the plate sample was fixed to the vertical part (Fig. 2-a). A bolt-shaped
apparatus was connected to the hole of the socket embedded in the sample and subjected to tensile with a
10-ton universal test device. Pull-out tests are generally performed on cubic or cylindrical samples in
accordance with standards such as ASTM C900 [14], ACI 440.3R-04 [15], CAN/CSA S806-02 [16] and
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ASTM C234 [17]. However, the samples used in this study were produced in real size, to be applied in
Fibrobeton's own projects. In the shear test, the sample was placed horizontally on the apparatus fixed to
the device and connected to the apparatus with rigid elements (Fig. 2-b). A bolt-shaped apparatus was
attached to the hole of the socket embedded in the sample and subjected to a tensile load perpendicular to
the socket. Images in Fig 2 are typically given. The connection types were the same for the precast plates
(RD and TF and A-B mixes) used in all tests. The RD socket was 300 mm long, 12 mm diameter ribbed
anchor type and the TF was 70 mm long, 15 mm diameter flat pipe type. However, as shown in the figure,

the end of the TF socket has been crushed in a special way and made recessed-protruding for better
adherence in the concrete.

a)

Support apparatus

Fig. 2. Pull-out (a) and shear (b) test setups.

3. Results and Discussion

Slump flow diameters of the produced A and B UHPC mixtures were measured as 240 and 235 mm,
respectively, according to the ASTM-C 1611/ C 1611M - 05 standard [18]. Also, compressive and flexural
strengths were obtained as 116 and 18.5 MPa for mixture A and 140 and 19.5 MPa for mixture B,
respectively. According to EN 206: 2013 standard, the compressive strength of the UHPC should be above
100 MPa [3]. Also, ASTM C1856 [19] has specified the compressive strength of UHPC at least 120 MPa
and the amount of slump flow between 20-25 mm.

The force-displacement curves obtained after the pull-out test applied to two different lifting sockets
embedded in two different UHPC precast panels are compared in Fig 3. According to the results, RD socket
showed a higher pull-out strength than TF. When the RD embedded A and B mixtures were compared, the
pull-out strength of the panel obtained from the B mixture was found to be 15% higher than the panel
obtained from the A mixture. Mix B contains more fiber than A, and this difference in strength may be due
to this. Also, the displacement behavior of the panel produced from the B mixture after the pull-out
experiment was 17% more than A. The strength of the RD socket embedded in the A mixture first decreased
rapidly and increased again at about 28 mm displacement. This is because the fibers intervene and prevent
the socket from being removed.

85



ALKU Fen Bilimleri Dergisi 2021, Say1 3(2): 82-93 Experimental Investigation of Pull-Out and Shear Behavior
of Lifting Sockets in Precast UHPC Panels

Considering the pull-out behavior of the TF sockets in A and B mixtures, behaviors similar to that of the
mix difference in RD sockets were observed. In other words, both maximum pull-out strength and
displacement values of the panels consisting of B mixture were higher than A. The maximum load value
and maximum displacement value of TF-B panel were high than TF-A panel, as % 38 and % 50,
respectively. When the pull-out maximum load level is compared according to the socket type, the lifting
load of the RD type socket was 94% higher in the A mixes than the TF type socket. Also, the lifting load
of the RD type socket was 58% higher than the TF type socket in the B mixes. Similarly, the RD socket
showed 36% displacement in the A mix and 6% in the B mix, more than the TF socket.

RD-A RD-B —TF-A —TF-B
8E+04

7TE+04

6E+04

5E+04
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4E+04

3E+04

2E+04
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Displacement (mm)

Fig. 3. Force-displacement curves of two different lifting sockets after pull-out test.

The damaged views of precast UHPC panels containing two different socket (RD and TF) types produced
from two different mixtures (A and B) are given in Fig. 4. As the slipping continued, the ribbed anchor was
constantly stopped with the steel fibers in the UHPC mixture, increasing the amount of load. Considering
the RD-A, as shown Fig. 3, the interaction between the socket and the concrete completely disappeared,
with a crack formed in the specimen parallel to the socket ( Fig. 4) after the maximum load was obtained
after approximately 28 mm slipping. Similarly, in the RD-B sample, the amount of load has been increased
as the socket slipped. After 76.7 kN loading, approximately 36 mm slip was observed in the socket. In this
case, the socket came to its ultimate strength and suddenly broke. However, no damage was observed in
the UHPC sample. This is related to the fact that the B mixture is stronger than the A mixture, as mentioned
above. The damaged images of TF-A and TF-B samples were similar, however, as with the RD samples,
the TF socket showed greater resistance to tensile load in B mixture. Mixture A deformed after the TF
socket slipped 22mm, whereas the sample with mix B was deformed after the socket slipped 33 mm. As a
result, a great effect of steel fibers against slipping of sockets through concrete was observed. This
interaction is provided by ribs in RD sockets and recessed-protruding in TF sockets. Many studies have
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confirmed that steel fibers increase the toughness of the concrete and improve the adhesion between the
reinforcing elements [20-22].

Fig. 4. Damage appearance of RD-A, RD-B, TF-A and TF-B samples after pull-out test.

Bond stress between concrete and socket can be calculated from the tensile load values obtained as a result
of pull-out test. Using the ultimate tensile loads in this study, bond stress has been calculated from Equation
1, assuming an even bond stress distribution along the bond length. In this equation, Tmax iS the bond
strength, MPa; P is the ultimate pull-out load, kN; d is the socket diameter, mm; and la is the bond length,
mm.

P 1)

Tmax:ﬂdl
.d.l,

Maximum pull-out loads and bond stress values are compared according to two different mixtures and
sockets in Fig. 5. The bond stress between the RD socket and the B mix was 13% higher compared to the
A mix. Also the bond stress between the TF socket and the B mix was 39% higher compared to the A mix.
This situation is parallel to the pull-out loads obtained for two different mixtures. While the maximum pull-
out loads of RD sockets are higher compared to TFs, the bond stress values on the contrary are obtained as
low. The reason why RDs have high maximum pull-out loads is that these sockets are longer compared to
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TFs. The reason why TFs have high bond stress is due to the notch on the ends of these sockets. Of course,
the reason why the bond stress of RD is half low may be that the diameter of the RD socket is thin. The
bond length of TF was 23% of RD, the maximum pull-out load was 56% and the bond stress was 195%.
Bond stress between a steel bar and concrete is affected by the interaction between the bar and cement,
cracks in the concrete and steel fibers in the concrete mixture. Due to these factors at the beginning of the
loading, the bar resists elusion, but after reaching the maximum bond-stress, it is stripped from the concrete
with a constant friction coefficient [23]. Bond between reinforcement and concrete is measured as a shear
stress, or bond stress, at the interface between the two mate- rials, distributed over the surface of the rebar
along the embedded length. Following this definition, bond stress is the ratio between the rate of change in
axial force along the rebar and the area of rebar surface over which this change takes place. In addition to
this shear stress there are other aspects involved, especially in the case of deformed, ribbed rebars [24,25].
A shear component, parallel to the rebar axis, and a radial component which affects the sur- rounding
concrete. Therefore, bond implies not only bond stresses but radial stresses as well [13].
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Fig. 5. Comparison of bond stress and lifting load on RD and TF sockets.

The behavior of two different types of socket against shear load is compared in Fig. 6. When the results are
evaluated in terms of minimum-maximum values, a parallelism is observed with the pull-out test results.
This applies to both load and displacement. RD socket carried 16% higher shear load in the B mix compared
to the A mix. Also TF socket carried 4% higher shear load in the B mix compared to the A mix. Considering
the displacement results in shear loading, the displacement value of the RD socket was 31% higher in the
A mix than the B mix. Also, the displacement value of the TF socket was 27% higher in the B mix than the
A mix. When examined according to different socket types in the same mixture, it has been observed that
both sockets in the A mixture bear the same load. Also, it was shown that the RD socket carries 11% more
load than the TF socket in the B mixture. Similarly, when displacement values are examined according to
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the same mixtures, the RD socket showed 91% more displacement in the A mixture than the TF socket.
Also, 14% more displacement of the RD socket was observed in the B mixture compared to the TF socket.
Fluctuations in force-displacement curves are caused by fibers in concrete. This was also noticed by the
sound of the fibers being broken in tandem during the test. When the shear force coincides with the large
volume of the fibers, larger peaks are formed in the downward curves with the breaking of the fibers after
a certain strength.

In this study, the socket pull-out and shear tests of the experimentally investigated plate samples were
subjected to higher loads than the loads carried in practice. The load that the sockets are exposed to during
transport and assembly is only the loads of the precast plates themselves. The values obtained from the
pullout and shear test results can be used for the production of larger sized precast plates in future studies.
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Fig. 6. Force-displacement curves of two different lifting sockets after shear test.

The shear test is generally designed to indicate the shear strength of UHPC panels, not sockets. The damage
to the samples after testing is shown in Fig. 7. The reason why the test setup was designed in this way is to
specify the strength of the samples in case they are lifted in this way at the construction site. The reason for
the gap in the middle of the steel support placed on the sample is that the socket and the concrete
surrounding the socket can be released while the shear force is applied.

When the RD-A and RD-B samples are examined, it is observed that RD-A is more deformed although
RD-B carries more load. In the RD-A sample, the socket suddenly suffered fiber breakage after
displacement of 5 mm. This case during 7.3 kN loading and visible cracks occurred in the concrete. For
this reason, there was a decrease in the loading, then other fibers stepped in and the load amount increased
up to 25 kN. After reaching this level of load, the bond between the socket and the concrete was completely
lost and the specimen became completely deformed from both sides of the socket, as seen in Fig. 7.
Considering the damage condition of the RD-B sample, it is understood that it is more elastic and stronger
than the other mixture, as seen in the curve in Fig. 6. Similarly, strength loss was observed in the RD-B
sample after 4 mm displacement, then the load amount exceeded 28 kN by effect of other fibers surrounding
the sockets. In addition, while the RD-A specimen fractured more symmetrically and softly, RD-B was
deformed on one side. This is again due to the compactness of the B-mixture and the intervention of the
fibers against breakage. When the damage conditions of the samples containing TF socket were examined,
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the damage status of TF-A was observed more than TF-B due to the strength of the B mixture. The load-
displacement behavior of this socket also confirmed this in two different mixtures.

4. CONCLUSIONS

In the present study, based on experimental test methods, the behavior of two different types of lifting
sockets embedded in real-size UHPC precast panels against pull-out and shear loads was investigated. Two
different mixtures, A and B, were used as the UHPC mixture, and three samples were produced for each
test and average results were obtained. Bond stress behavior was evaluated according to socket type and
mixture properties. The following results can be obtained from the data obtained.

When the compressive and flexural strengths of the produced UHPC samples were compared with the
literature, it was found that the results were satisfactory. It is stated that the compressive strength of UHPC
elements used in building facades is generally above 100 MPa. The compressive strengths of the A and B
mixtures used in this study provide this criterion as 116 and 140 MPa, respectively.

The RD socket showed a maximum pull-out load capacity of 67 KN in the A mixture and 76 KN in the B
mixture. TF socket showed 22 and 47 KN, respectively. The B mixture, which has high compressive and
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bending strength, exhibited superior results compared to the A mixture due to its high adhesion and friction
feature with the socket in pull-out tests. Bond stresses of RD and TF sockets were also calculated, and TF
was obtained approximately 2 times higher than RD. It was explained that this was due to the notch on the
ends of the TF sockets.

According to the shear test results, the RD socket withstood a load of 24 and 29 KN, respectively, in the
mixture of A and B. For the TF socket, 25 KN and 26 KN shear forces were recorded, respectively, in the
same mixtures. According to the pull-out and shear test results, mix B exhibited higher displacement for
both sockets compared to mix A.

As a result, the suitability of both sockets used in the Project in terms of safety has been confirmed. The
results particularly proved that RD sockets can be used as lifting sockets for larger precast plates to be
produced from the same mixtures. This study may be useful in the safety examination of the lifting socket,
mounting apparatus and other embedded additional elements that are planned to be implemented for precast
UHPC facade elements in the future.
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