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Anahtar Kelimeler 0z: Karisim-ligant sentez metoduyla islevsellestirilen metal-organik kafes (MOF) yapilar

Metal-Organik Kafesler, cesitli alanlarda buytk ilgi gormektedir. Bu ¢alismada karisim-ligant metodu kullanilarak

Cis-Diol ’\"O'ekﬂ“e”' zirkonyum (Zr) esasl UiO-66 yapisina 4-karboksifenil boronik asit ligantlari dahil edilerek,

seker Adsorpsiyon, gbzenek yuzeylerinde serbest halde boronik asit —B(OH), fonksiyonel gruplar bulunan Zr-
MOF lar basarili bir sekilde sentezlendi. Calismada elde edilen MOF’larin kristal yapilari ve
kompozisyonlari PXRD, FTIR, 1H-NMR o6lctimleri ile aydinlatildi. Sivi azot sicakliginda azot
gazi adsorpsiyon olcimleri yapilan MOF larin ylzey alanlari BET teorisine gore ve gdzenek
boyutlari ise NLDFT teorisine gére hesaplandi. Elde edilen bitin MOF yapilarinin aktive
edildikten sonra cis-diol iceren seker molekullerini (glikoz, frilktoz, galaktoz ve ksiloz)
tutma kapasiteleri HPLC ile &lcildii. Boronik asit iceren UIO-66B yapilarinin,
islevsellestirilmemis UiO-66 yapisina gore boronik asit ve seker molekilleri arasindaki
kovalent etkilesimler nedeniyle daha iyi seker tutma kapasitlerinin oldugu gézlendi. Seker
tutma kapasitelerinin yapida artan boronik asit orani ve ortamin pH’inin yikselmesiyle
arttigl goruldu.

Development of Boronic Acid Containing Zirconium-Based Metal-Organic Frameworks and
Determination of Their Sugar Molecules Adsorption Capabilities

Keywords Abstract: Functionalizations of metal-organic frameworks (MOF) by the mixed-ligand
Metal-Organic Frameworks, synthesis method are of great interest in various fields. In this study, Zr-MOFs with free
Cis-Diols, boronic acid -B(OH), functional groups on the pore surfaces were successfully
Sugar Capture, synthesized by incorporating 4-carboxyphenyl boronic acid ligands into the UiO-66 (Zr)

using the mixed-ligand method. The crystal structures and compositions of the MOFs
obtained in the study were elucidated by PXRD, FTIR, 1H-NMR measurements. The
surface areas of the MOFs, whose nitrogen gas adsorption measurements were carried
out at -196 °C, were calculated according to the BET theory and the pore sizes were
calculated according to the NLDFT theory. After activation of all obtained MOF
structures, their adsorption capabilities of cis-diol containing sugar molecules (glucose,
fructose, galactose and xylose) was measured by HPLC. It was observed that the boronic
acid-containing UIO-66B structures had better sugar adsorbing capacities than the
unfunctionalized UiO-66 structures due to the covalent interactions between boronic
acids and cis diols. It was observed that the sugar adsorption capacity increased with
increasing boronic acid ratio in the structure and increasing of pH of the medium.

*lgili Yazar, email: mustafaerkartal@gmail.com
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1. Giris

Sakkaritler, gliko-proteinler gibi cis-diol iceren biyo-molekiller bircok biyolojik sirecte 6nemli roller almaktadirlar. Bu
yuzden cis-diol iceren molekdller Gzerine yapilan ¢alismalar biyokimya ve biyotip alaninda oldukca ilgi cekmektedirler[1].
Bununla beraber, bu molekillerin tanimlanmasi ve tespiti halen asiimasi gereken énemli bir sorundur. Bu problemi ortaya
¢tkaran nedenlerden birincisi, cis-diol molekdllerinin yapilarinda bulunan ¢oklu hidroksil (-OH) gruplaridir. Hidroksil
gruplari nedeniyle bu molekillerin geleneksel 6n-isleme metotlariyla biyolojik bir yapidan ayristirlmasi ve
zenginlestirilmesi zordur. ikinci olarak ise bu molekillerin UV-vis veya floresan sogurmasi yoktur. Ayrica kiitle
spektrometresinde verdikleri sinyal de oldukca zayiftir. Bu nedenle belirtilen metotlarla bu molekdillerin tespit edilmesi,
tanimlanmasi ve analizi de mimkin degildir ya da olduke¢a zordur(1, 2]. Bu yUzden, cis-diol molekullerinin ayristiriimasi
ve tanimlanmasi igin yeni yiksek verimli malzemelerin ve algilayicilarin gelistiriimesi oldukga fazla dnem arz etmektedir.
Metal-organik kafes yapilar (MOF'lar), anorganik metal digimlerin organik baglayicilar (ligantlar) ile birlestiriimesiyle
olusan 2 ve 3 boyutlu kristal yapida olusan yeni nesil melez malzemelerdir. Zeolitler gibi geleneksel gbzenekli malzemeler
ile karsilastinldiginda, MOF’lar yiksek godzeneklilige, ayarlanabilir gézenek boyutuna ve kimyasal kompozisyona
sahiptirler[3]. Sahip olduklari bu avantajlar nedeniyle, gaz depolama ve ayirmal4], elektrokimyasal uygulamalar[5], kataliz
reaksiyonlari[6] ve sensor[7] uygulamalari gibi cok gesitli alanlarda umut vaat eden malzemelerdir. Son zamanlarda cesitli
yontemlerle islevsellestiriimis MOF yapilari biyolojik uygulamalarda da oldukga ilgi gekmislerdir[8]. MOF’larin, kullaniimak
istenilen uygulama icin arzu edilen sekilde islevsellestiriimesi icin kullanilan yontemlerden bir tanesi karisim-ligant
yontemidir. Bu ydntemde MOF un ana liganti ve yapiya katilmak istenilen ikincil ligant MOF sentezinde aynianda kullanilir.
Bu sentez sonucunda olusan yapli, ana MOF yapisiyla ayni kristal yapiya sahip olur. Karisim-ligant sentez stratejisi 6zel
fonksiyonel gruplarin MOF yapisini bozmadan yapiya dahil edilmesini oldukca kolaylastiran bir yontemdir[9].

Cis-diol iceren molekillerin boronik asitler ile taninmasi supramolekiler kimyada ilgi ¢cekici bir konudur. Boronik asitlerin,
seker molekdllerini de iceren 1,2-diol ve 1,3-dioller ile kovalent bag yaparak tersinir olarak besli veya altili siklik ester
olusturduklar konusunda genel bir fikir birligi vardir[1]. Yeniden kullanilabilirligi saglamak ve boronik asitlerin kati faz
ayirmasini iyilestirmek igin, boronik asitlerin ¢ézinmeyen kati destek malzemeleri icerisinde sabit bir fonksiyonel grup
haline getirilmesi olduk¢a 6nemlidir. Bu agidan bakildiginda MOF lar boronik asitlerin fonskiyonel grup olarak yapiya dahil
edilmesi icin oldukca potansiyelli malzemelerdir. Boronik asit fonksiyonel gruplari (-B(OH),) iceren MOF’larin ayirma ve
adsorpsiyon kapasitelerinin iyilesmesi oldukga mimkinddr. Literatlrde karisim-ligant metoduyla Gretilmis boronik asit
iceren MOF larin sentezi daha 6nce rapor edilmistir[1, 9, 10]. Buradan hareketle bu calismada, yiksek ylzey alanina sahip
ve kimyasal, termal dayanimi yiiksek Zirkonyum (Zr) esash UiO-66 (University of Oslo) MOF'u saf halde ve karisim-ligant
metoduyla sentezlenmistir. Saf haldeki UiO-66'Inin sentezinde organik baglayici olarak sadece tereftalik asit (BDC)
kullanilirken, karisim-ligant metoduyla sentezlenen MOFlar BDC'ye ek olarak ikinci ligant olarak 4-karboksifenil boronik
asit liganti (CPB) de ikincil ligant olarak kullaniimistir. BDC ile hemen hemen ayni uzunlukta olan CPB ligantinin
kullaniimasiyla kristal yaplyl bozmadan fonskiyonel boronik asit gruplarinin MOF yapisina eklenmesi amaglanmistir (Sekil
1). Calisma dahilinde elde edilen tim malzemelerin yapisal karakterizasyonlari yapilmis ve seker molekulerini tutma
kapasiteleri incelenmistir.

2. Materyal ve Metot

2.1. Malzemeler

Zirkonyum (IV) klorlr (ZrCl4, 99.5%), tereftalik asit (BDC, 98%), 4- karboksifenil boronik asit (CPB, 97%) Alfa Aesar’dan
satin alindi. DMF, EtOH, doétoryum oksit (D20, 99.9%) Merck’ten alindi. NaOH, glikoz, friktoz, galaktoz ve ksiloz Sigma
Aldrich’ten temin edildi. Tum kimyasallar alindigi gibi, ek bir saflastirmaya tabi tutulmadan kullanildi.

2.2. Karakterizasyonlar

Tum numunelerin kizilotesi spektrumlari, Thermo Nicolet 6700 cihazi ile Fourier donlisim spektroskopisi (FTIR)
kullanilarak toplanmistir. Spektrumlar, 400 ve 4000 cm™ arasinda 4 cm™ ¢ézinirliikle elde edilmistir. Toz X-i1sini kirinim
(PXRD) desenleri, Cu Ka radyasyonu ile donatilmis bir Rigaku Ultima-IV toz X-isini kirinim olcer kullanilarak elde edildi.
Olgiimler 2° <26 < 50° araliginda, 1°/dakika tarama hiziyla 0.02 adim boyutunda gerceklestirilmistir. 1H NMR spektrumlari,
Bruker 400 spektrometresinde (1H, 400 MHz) kaydedildi. Tipik bir 6lctiim icin, 1 M 600 uL NaOH/D-0 stok sollsyonunda
20 mg toz halinde aktive edilmis MOF ¢ozuldi. Daha sonra ¢ozelti 30 dakika sonikasyona tabi tutuldu ve 24 saat oda
sicakhginda bekletildi. Coziinen numuneler 0,45 um gdzenek boyutuna sahip PTFE filtreler kullanilarak stizilda. Ardindan
Olctim icin bir NMR tiplne konuldu ve 1H NMR spektrumlari elde edildi. MOF larin yilzey alani 6l¢iimleri icin 6ncelikle toz
halindeki MOF'lar (yaklasik 100-150 mg) darasi alinmis numune kabina aktarildi ve ardindan numuneler Micrometrics
SmartPrep cihazi ile 150 °C'de 15 saat boyunca dinamik vakum altinda aktive edildi. Daha sonra azot
adsorpsiyon/desorpsiyon izotermleri 196 °C'de Micromeritics Tristar Il Plus ylzey alani ve gozeneklilik analiz cihazinda
elde edildi. Dogruluk icin her 6lgim en az iki kez yapildi. Calismada elde edilen MOF’larin seker tutma kabiliyetleri, ICE-
COREGEL 87H3 kolonu ve bir Shimadzu RID-20A kirilma indisi detektori (RID) kullanilarak yiksek performansh sivi
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kromatografisi (HPLC, Shimadzu LC-20AD) ile belirlendi. Olcimlerde gazi giderilmis DI su kullanilan mobil faz 1,5 mL/dk
hizinda beslendi ve kolonun sicakligi 25 °C ‘de tutuldu.

2.3. Ui0-66 ve UiO-66B (Zr) MOF yapilarinin sentezi

UiO-66 ve Ui0-66B MOF’larinin sentezinde daha onceki calismamizda rapor ettigimiz yontem kullanildi[9]. Buna gore,
sirastyla 350:1:1.3:1 molar oraninda DMF, ZrCla, H,0 ve organik baglayicilar (BDC, CPB) beherlerde karistirilarak hazirland.
Ug farkh BDC:CPB (1:0, 3:1 ve 1:1) oranina gére (g farkl karisim elde edildi. Karigimlar 200 mL’lik vida kapakl siselere
aktarildi ve 72 saat boyunca 100 °C'de izotermal bir firina yerlestirildi. Elde edilen mikrokristal Griin, oda sicakligina
sogutulduktan sonra santrifijleme yoluyla ana sividan ayrildi ve li¢ defa DMF ve U¢ defa da EtOH ile yikandi. Yapi icerisinde
kalan ¢ozuciler, numuneler 200 °C'de 24 saat isitilarak gbzeneklerden uzaklastirildi (Sekil 1). Tim karakterizasyonlar bu
aktiflestirilmis materyaller Gzerinde gerceklestirilmistir. Bu calismada saf haldeki MOF yapisi UiO-66 olarak adlandirilirken,
CPB iceren yapi UiO-66B olarak adlandirild.

/Yo O
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Zr.
)+ +
c'/ \CI 5

o B
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Zr ikincil Yapi Birimi

Sekil 1. Karisim-ligant sentez yontemiyle UiO-66B sentezini gosteren sema. Turuncu daireler UiO-66 icerisindeki metal digimlerin yer
aldigi ikincil yapi birimlerini gostermektedir.

3. Bulgular
3.1. UiO-66 ve UiO-66B (Zr) MOF’larin yapisal karakterizasyonlari

UiO-66B vyapilari zirkonyum ve BDC (ana ligant) ile CPB ligant (ikincil ligant) karisimlarinin dogrudan solvo-termal
reaksiyonlariyla elde edilmistir. Farkli oranlarda fonksiyonel boronik asiti iceren MOF vyapilari elde etmek icin iki farkl
baslangi¢ ligant konsantrasyonu (BDC:CPB — 3:1 ve 1:1) kullanilmistir. Bu farkli ligant oranlari icin MOF’larin kristal
yapilarindaki degisim PXRD teknigi kullanilarak incelenmistir. Her iki UiO-66B yapisinin PXRD orinttleri, UiO-66’nin hem
simule edilmis hem de saf faz olarak elde edilmis PXRD &runtdleri ile ayni Bragg piklerini icermektedir (bknz. Sekil 2). Bu
CPB iceren iki ligantli yapilarin UiO-66 ile ayni kristal yapiya sahip (F m -3 m) olduklarini kanitlamaktadir. Bununla beraber,
yapida CPB oranin artmasi kafes yapinin kristalliginin azalmasina neden oldugundan (111) ve (002) kirinim piklerinde bir
genisleme ve siddetlerinde azalma gozlenmistir[9].
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Sekil 2. Calismada elde edilen MOF’larin PXRD 6rintileri

UiO-66B yapisina giren CPB ligant oranini nicel ve dogru bir sekilde belirlemek icin 1H-NMR analizleri yapildi. Bu baglamda
20 mg Ui0-66B ornegi NaOH/D,O doétoryumlu ortamda ¢ozildi. Bu bazik ortamda MOF yapilari metal ve ligant
bilesenlerine ayrildi. Metal bilesen kati olarak dibe ¢okerken, organik bilesenler (ligantlar, yapiya koordine olmus ya da
gozeneklerigerisinde hapsolmus ¢ozlici molekdlleri) ¢ozlcl icerisinde ¢dzUnmustir. Sekil 3'ten goruldugl tzere, simetrik
yapisi nedeniyle BDC benzen halkasinda dort esdeger protona karsilik gelen 7.69 ppm’de bir tekil spektral ¢izgiye sahiptir.
Ote yandan, CPB’de bulunan boronik asit nedeniyle yapidaki simetri bozulmaktadir. Bu yiizden, CPB her bir tepe noktasi
icin simetrik olmayan farkli iki protona (Ha ve Hb etiketli) atanan 7.35 ve 7.58 ppm’de cok katli spektral gizgilere sahiptir.
Her iki liganta ait bu spektral cizgiler karisik ligant sentez stratejisi ile Gretilmis UiO-66B yapilarinda birlikte gozlenmistir.
Ayrica artan CPB orani ile birlikte, NMR spektrumunda CPB’e ait piklerin siddeti gorece artmaktadir. BDC ve CPB
ligantlarinin yaprigerisindeki oranlari 1H-NMR spektrumundaki piklerin integrasyonu ile hesaplanmistir. Buna gore sentez
konsantrasyonlari BDC:CPB 3:1 ve 1:1 olan yapilar icin, NMR spektrumlarinin integrasyonu ile hesaplanan BDC:CPB
oranlari sirasiyla 0.8:0.2 ve 0.69:0.31 olarak bulunmustur. Buna gore, UiO-66B’deki CPB oranlari baslangic sentez orantile
dogrusal bir iliski gdostermemektedir ve yapiya daha az girmektedir.
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Sekil 3. Calismada elde edilen MOF’larin ve ligantlarin 1H-NMR spektrumlari

Kafes yapi icerisindeki molekiller-arasi etkilesimi incelemek icin hem UiO-66 hem de UiO-66B yapilarinin FTIR analizleri
de yapilmistir (bknz. Sekil 4). 1390 ve 680 cm™ civarinda gdzlenen sirasiyla BDC ve Zr—(us)O’un karakteristik pikleri, CPB’nin
karakteristik pikleri ile cakismaktadir[11, 12]. Bununla beraber belirtilen pik siddetlerindeki artis yapidaki CPB varligini
dogrulamaktadir. Ote yandan 1380, 1000 ve 660 cm™ civarinda gdzlenen pikler sirasiyla B-O ve B-C baglarinin gerilme
titresimine ve BO,'nin dizlem disi deformasyonuna karsilik gelmektedir[13, 14]. Sonug olarak hem 1H-NMR hem de FTIR

sonuclar CPB ligantinin yapiya basariyla katildigini kanitlamaktadir.
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Sekil 4. Calismada elde edilen MOFlarin FTIR spektrumlari

Elde edilerin yapilarin gozenekliligini ve ylzey alanlarini incelemek icin 77 K'de azot adsorpsiyon analizleri yapilmistir. Bu
deneylerin 6ncesinde yapi icerisinde sentez sonucu kalan ¢oézlcilerin uzaklastirilmasi icin malzemeler dinamik vakum
altinda 150 °C’de 15 saat boyunca aktive edilmislerdir. Buna gore elde edilen yapilar, MOF’larin mikro-gdzenekli yapisini
gdsteren tip-l izotermlerine sahiptir (Sekil 5). Bu izotermlerden hesaplanan BET yiizey alani saf faz UiO-66 icin 1361 m?/g
ve BDC:CPB 3:1ile 1:1 baslangic konsantrasyonlu UiO-66B’ler icin sirasiyla 1526 ve 1061 m?/g olarak bulunmustur. Boronik
asit gruplarinin Zr kiimesi ile koordinasyona girmemesi nedeniyle, yapt icerisinde belli bir CPB oranina kadar olusan yapisal
kusurlar MOF’un ylzey alanini artirmaktadir. Bununla beraber, CPB oraninin daha da artmasi kafes yapidaki yapi
kusurlarinin sayisini da artirdigindan yapinin kristalligi azalmaktadir. NLDFT metodu ile hesaplanan gézenek boyut
dagiliminda BDC:CPB 1:1 konsantrasyonlu malzemenin ki¢lk gézeneginin kaybolmasi bu yorumu desteklemektedir[9].
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Sekil 5. Calismada elde edilen MOF’larin a) N2 adsorpsiyon-desorpsiyon izotermleri, b)NLDFT metodu ile hesaplanmis gozenek boyut
dagilimlari, c) Toplam gbzenek hacimleri

3.2. Ui0-66 ve UiO-66B yapilarinin monosakkarit yakalama kabiliyetleri

Elde edilen yapilarin monosakkarit molekdllerini tutma kabiliyetlerini belirlemek icin galaktoz, fruktoz, ksiloz ve glikoz
seker molekileri secildi. Bu molekiller distile su icerisinde ¢ozllerek 30 g/L'lik sulu stok ¢ozeltileri hazirlandi. Test
¢Ozeltileri bu stok ¢ozeltinin seyreltilmesiyle hazirlandi ve 1ImM NaOH ¢ozeltisi kullanilarak seker ¢ézeltilerinin pH’lar 8 ve
9 olarak ayarlandi. 60 mg UiO-66 veya UiO-66B aktive edilmis MOF katisi 2 mL (30 g/L) seker moleklli ¢ozeltisine eklendi.
Karisim oda sicakliginda 250 rpm hizinda calkalayicida yeterli adsorpsiyonun olusmasi icin 24 saat karistirildi. MOF katisi
¢Ozeltiden santrifdj ile ayrildi ve seker konsantrasyonun HPLC ile belirlendi. Bu asamada denge konsantrasyonunda birim
MOF kutlesi basina tutunan seker molekili miktari ge (g/g),

q _CO_Ce
" m/V

esitliginden hesaplandi. Burada Co ve Ce seker molekullerinin sirasiyla baslangic ve denge konsantrasyonlarini (g/L), V sivi
fazinin hacmini (L) ve m ise MOF un kitlesini (g) belirtmektedir. Elde edilen sonuglara gore (Sekil 6), UiO-66B yapilarinin
secilen seker molekullerini tutma kapasiteleri, islevsellestiriimemis UiO-66'ninkinden ¢ok daha yiksek oldugu ve yapidaki
CPB miktarinin artmasiyla birlikte seker tutma kapasitesinin de arttig| gézlenmistir. Bu sonuclar, yapiya dahil olan boronik
asit gruplarinin seker molekullerinin adsorpsiyonunda énemli bir fonksiyonu oldugunun dogrulamaktadir. Bu calismada
incelenen UiO-66 ornekleri icin, kullanilan seker molekdlleri arasinda galaktozun MOF yapilari tarafindan en etkili sekilde
adsorblanan molekil oldugu bulundu. Boronik asit-cis-diol iceren molekdillerin etkilesimleri, galaktozun UiO-66B
yapilarinda secici adsorpsiyonu galaktozun boronik asitlelerle komplekslesmesini kolaylastiran nispeten daha yiksek
furanoz tipi isomer icerigine baglanabilir[15]. Literatiirde ayrica boronik asit ile cis-diol iceren molekllerin ortamin pH’ina
bagh oldugu rapor edilmistir[16]. Bu nedenle ortam pH’inda ufak bir degisiklik UiO-66B yapisina katilmis boronik asit
gruplarinin seker molekdllerine ilgisinde gozle gorilir bir degisiklige neden olabilir. pH'in glikoz, galaktoz, friktroz ve
ksilozun UiO-66 yapilarinda adsorpsiyonu Uzerine etkilerini incelemek icin tutunma deneyleri 8 ve 9 pH’larda yapildi.
Ortamin pH’inin artmasiyla birlikte UiO-66B yapilarinin seker tutma kapasitelerinin de arttigi gézlemlenmistir. Ornegin
UiO-66B (1:1) yapisi pH'in 8 oldugu ortamda yaklasik 78 mg/g galaktoz tutma kapasitesine sahipken, pH 9’a ¢iktiginda bu
deger 85 mg/g olarak bulunmustur. Bu sonuclar, literatiirde cis-diol molekullerine boronat ilgisinin pH ile dogru orantili
oldugu hipoteziile uyum icindedir[1].
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Sekil 6. Elde edilen MOF’larin pH=8 ve 9’da seker molekullerini tutma kapasiteleri

Bu calismada elde edilen sonuglar ve mevcut literatiir gbz 6ntine alindiginda, UiO-66B yapisinin seker tutma mekanizmasi
hem fiziksel hem de kimyasal suregleri icermektedir. Calismada kullanilan seker molekdllerinin boyutlari 0,4-0,5 nm
araliginda degismektedir (Sekil 7a). Saf UiO-66 yapisi 0,6 nm gozenek acgikligi ile erisilebilen 1,0 ve 1,4 nm ¢apinda iki tip
mikro-gézenege sahiptir (Sekil 7b). Ote yandan, UiO-66 Zre digimiindeki Zr-OH gruplarinin Zr-OH,* olusturma egilimi
nedeniyle pozitif ylzey ylkine sahipken[17], seker molekdilleri Gzerindeki -OH gruplarinda oksijen atomlari kismi olarak
negatif yiklidir[18]. Dolayisiyla UiO-66B yapisinin gozenek acikhgl ve gozenek boyutunun seker molekillerinin
boyutundan biyik olmasi ve ayrica kafes yapi ile seker molekillerinin zit ylzey yiklerine sahip olmasi, seker
molekuillerinin UiO-66B yapisi icerisinde fiziksel olarak tutunmasina neden olmaktadir (Sekil 7c). Alkollerin (yani -OH grubu
iceren molekullerin) oksijen atomlari (O) boronik asit tirevlerinde bulunan bor atomu (B) ile kovalent B-O baglari yaparak
boranat ya da boronik esterleri olusturduklari iyi bilinmektedir. Borun geometrisi, degerliligi ve boronik asit yapisindaki
acik kabuklarin varlig, boronik asit molekdllerinin seker ve diger Lewis bazlari ile tersinir olarak reaksiyona girmesinin
arkasindaki temel nedenlerdir[19]. Bu bilgiler 1si§inda, UiO-66B yapisi icerisinde fiziksel olarak tutunan seker molekdlleri,
gbzenek ylzeylerindeki serbest boronik asit gruplari ile kimyasal reaksiyona girerek boranat esterleri olustur ve yapi
icerisinde kimyasal olarak da tutunmus olur (Sekil 7d).

Katalizor ve algilama gibi pratik uygulamalar icin MOF’larin yeniden kullanimi blyik énem tasimaktadir. Yukarida da
belirtildigi gibi boronik asit ve seker molekulleri arasindaki reaksiyonlar tersinirdir ve ortamin pH’1 degistirilerek kontrol
edilebilir. Bu baglamda UiO-66B yapisinin tekrar kullanilabilirligini gostermek icin UiO-66B (1:1) ve galaktoz model
adsorban ve adsorbat olarak secildi. Galaktoz tutmus UiO-66B (1:1) yapisindan seker molekdllerini uzaklastirmak icin toz
numune, 1 mL formik asit icerisinde oda sicakliginda (25 °C) 6 saat boyunca calkalayici da tutuldu. Asitli islemin ardindan
su ve etanol ile yikanan UiO-66B tozlari vakumlu firinda 150 °C de 15 saat boyunca kurutuldu. Kafes yapinin, seker
adsorpsiyonu ve formik asit yardimli seker desorpsiyonu sonrasi kristal yapisini korudugu PXRD sonucu ile gbzlendi (Sekil
8a). Ayni kosullarda (pH=9, oda sicaklig|) tekrar galaktoz tutma slreglerine maruz birakilan geri kazaniimis UiO-66B’nin
galaktoz tutma kapasitesinin ikinci cevrimde 85 mg/g’dan 71 mg/g dustUgu gozlenmistir (Sekil 8b). Yapinin seker tutma
kapasitesindeki bu azalma, B-O kovalent baglari ile yapiya tutunan galaktoz molekillerinin desorpsiyon strecinde
tamamen yapidan uzaklastirilamamasi ve kimyasal stirecler sonucunda UiO-66B'nin gozeneklerinde olusan kismi ¢cokme
ile aciklanabilir.
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Sekil 8. a) UiO-66B(1:1) yapisinin seker desorpsiyonu sonrasi PXRD 6riintist, b)UiO-66B (1:1)'in tekrarl galaktoz tutma kapasitesi

4. Tartigma ve Sonug

Ozetle, gdzenek yiizeylerinde erisilebilir boronik asit grubuna sahip yeni MOF’lar, ticari olarak erisilebilir CPB ligantini
kullanarak karisim ligant sentez metodu ile UiO-66(Zr) yapisina katilarak sentezlendi. Yapidaki boronik asit miktari CPB
ligantinin baslangic kontsantrasyonu degistirilerek ayarlandi. Elde edilen yeni UiO-66B yapilarinin UiO-66 ile ayni kristal
yaplya sahip oldugu goézlendi. Boronik asit miktarinin yapida artmasliyla beraber, UiO-66B yapilarinin seker molekullerini
tutma kabiliyetlerinin iyilestigi gozlendi. Bu ¢alismada arastirlan tipik glikoz, galaktoz, fruktoz ve ksiloz cis-diol igeren
biyomolekullerin yanisira burada sunulan UiO-66B yapilari ve benzerlerinin ¢ok cesitli cis-diol molekillerinin segici
yakalanmasi uygulamalarinda kullanilabilir. Ayrica, boronik asit gruplarinin ayirma, hedeflenen ilag dagitimi, algilama ve
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sentetik organik kimyada kullaniima potansiyeli nedeniyle boronik asit iceren MOF yapilari bircok uygulama alaniicin umut
verici bir platform olabilir.

Tesekkdr
HPLC 8lgiimlerinde degerli yardimlari icin Ogr. Gér. Seyma Dadi’ya cok tesekkiir ederim.
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Oz: Son yillarda gérinti paylasiminin hizla artmast ile birlikte gériinti kimlik dogrulamas
onemli bir konu haline gelmistir. Gortnta kimlik dogrulamasi icin genellikle gorintl
damgalama yontemleri kullaniimaktadir. Bu yontemlerde, gérintiiden elde edilen damga
bilgisi algilanamaz bir sekilde gorintlye eklenir. Damgali gériintlye herhangi bir saldiri
olup olmadigl goérintliden c¢ikarilan damga ile gorintiden elde edilen damga
karsilastinlarak gergeklestirilir. Bu yontemlerin cogunda damga bilgisi blok tabanli olarak
elde edilir. Kiclk boyutlu blok kullanan ydntemlerde damga gorintinin kalitesini
dusdrurken, biytk boyutlu blok kullanan yontemlerde ise kurcalanmamis bdlgeler
saldiriimis olarak algilanabilir. Bu makalede gorinti kimlik dogrulamasi igin Ayrik KosinUs
Donlsima (AKD) tabanli trigonometrik fonksiyon kullanan yeni bir kendinden gémuli
kirlgan damgalama metodu o6nerilmistir. ilk olarak gri seviyeli gorinti birbiriyle
ortismeyen 4x4 boyutunda bloklara ayrilir. Ayrilan bloga AKD uygulanarak, DC bileseni
secilir. Secilen deger, blok konum bilgisi ve gilvenlik anahtar kullanilarak, yeni
trigonometrik formiil ile kontrol bitleri olusturulur. Uretilen bu kontrol bitleri blogun ilk
en az anlaml bitlerine damga olarak saklanir. Onerilen yéntemin damgali goérintinin
seffafligini korudugu ve goriintl Gzerine yapilan boélgesel saldirilari tespit ettigi deneysel
calismalarla gosterilmistir.

A Novel Discrete Cosine Transform Based Self-embedded Fragile Watermarking Method For Image

Authentication

Keywords

Image Watermarking,
Image Authentication,
Discrete Cosine Transform

Abstract: With the rapid increase in image sharing in recent years, image authentication
has become an important issue. Image watermarking methods are generally used for
image authentication. In these methods, the watermark information obtained from the
image is imperceptibly embedded to the image. Whether there is any attack on the
watermarked image is performed by comparing the watermark extracted from the image
with the watermark obtained from the image. In most of these methods, watermark
information is obtained on a block basis. While watermarking reduces the quality of the
image in methods using small blocks, methods using large blocks may detect untampered
regions as attacked. In this article, a new self-embedded fragile watermarking method
based on Discrete Cosine Transform (DCT) with a trigonometric function is proposed for
image authentication. First, the gray-level image is divided into non-overlapping 4x4
blocks. By applying DCT to the allocated block, the DC component is selected. Using the
selected value, block position information and security key information, the control bits
are generated with the new trigonometric formula. These generated control bits are
embedded as watermark to the first least significant bits of the block. It has been shown
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by experimental studies that the proposed method preserves the transparency of the
watermarked image and detects regional attacks on the image.

*lgili Yazar, email: ayhan@kayseri.edu.tr
1. Girig

Sonyillarda internet, akilli cihazlar ve sosyal medya araglarinin gelismesi ile birlikte goriintl paylasimi hizla yayginlasmistir.
Buna bagh olarak kullanilan gorintilerin degistirilmesi ve kopyalanmasi ¢cok kolay hale gelmistir. Bu sebepten dolayi
goruntulerin dogrulanmasi, batunliginin korunmasi ve sahteciligin tespiti icin askeri, medya ve adli tip alanlarinda
calismalar yapilmaktadir. Gorintu kimlik dogrulamasi igin sayisal imzalama ve sayisal damgalama yaygin olarak
kullanilmaktadir. Sayisal imzalama tekniklerinde goriinti icerigi gorintl sahibi tarafindan imzalanmaktadir [1]. Bu
yontemler, gorintd batinliglinin korunmasinda basarili olmalarina ragmen, kurcalanan bdlgelerin tespit edilmesini
gerceklestirememektedir. Sayisal damgalama tekniklerinde ise goriintl Gzerine damga bilgisi algilanamaz bir sekilde
eklenir. Sonrasinda goruntiden gikarilan damga ile orijinal damga karsilastirilir ve gorantd dogrulanir [2].

Sayisal damgalama teknikleri, dayanikli, yari-kirilgan ve kirilgan olarak tge ayrilir. Dayanikli damgalama tekniklerinde saldiri
yapilan damgalanmis gorinttden gikartilan damganin gorlinir olmasi amaglanmaktadir [3]. Yari kirilgan damgalama
tekniklerinde damga belirli saldirilar karsisinda dayanikli olmalidir. Kirilgan damgalama tekniklerinde ise gorintl tzerinde
yapilabilecek en ufak degisiklikte, damganin bozulmasi istenmektedir.

Literattrde kirllgan goriinti damgalama konusunda birgok calisma bulunmaktadir. Walton gorinti kimlik dogrulamasi
islemini damgalama teknigi ile gerceklestiren ilk kisidir. Walton’un énerdigi yontemde, gorintt 8x8 bloklara ayrilir ve en
onemli yedi bitinin ortalamasi alinarak rastgele secilen piksellerin en énemsiz bitlerine yerlestirilir. Ancak bu yontemde
kurcalanmis bolgeler tam olarak tespit edilememektedir [4]. Chen ve Wang c¢alismalarinda blok tabanli bir yapi
onermiglerdir. Bloklari birbirleri ile iliskilendirmek icin fuzzy c-means kiimeleme teknigi kullanmislardir. Bu yontemde
glvenli anahtar ile birlikte kimlik dogrulama bitleri, her gérinti blogunun son iki bitine gomualmustir [5]. Trivedy ve Pal
piksel dizeyinde kurcalanmis alanlarin tespiti icin bir kirilgan damgalama yontemi 6nermislerdir. Bu yontemde, lojik
haritadan dretilen kaotik siralama kullanilarak damgalama bitleri elde edilmistir. Damgalama bitleri, anahtar matris
yardimi ile orijinal goriintii Gzerinde saklanmistir [6]. Giil ve Oztirk gériintii kalitesini ve givenilirligi arttirmak amaciyla
calismalarinda SHA-256 temelli bir calisma yapmislardir. Calismalarinda 32x32 boyutunda blok kullanmislar ve elde edilen
Ozet bilgisini gdérintl blogunun doértte birine yerlestirmislerdir [7]. Neena ve Shreelekshmi MD5 ve SHA-256 0Ozet
fonksiyonlarini kullanarak karma bir yéntem énermislerdir [8]. Renklier ve Oztiirk Frei-Chen temelli bir blok tabanl yéntem
gelistirmislerdir. Bu yontemde 3x3 boyutu her bir blok icin Frei-Chen o6zellikleri, blok bilgisi ve glvenlik anahtari
kullanilarak dogrulama bitlerini olusturmuslardir [9].

Kirllgan gorlintl damgalamada blok tabanli ve piksel tabanli metotlarin yani sira doénlisim tabanli metotlar da
kullanilmaktadir. Qin ve arkadaslari 8x8 bloklara ayrik kosinis dontsimint (AKD) rastgele uygulayarak dogrulama
bitlerini olusturmuslardir [10]. Yeh ve Lee, gorintiyl 8x8 ortliismeyen bloklara bolip, bu bloklara AKD uygulamislardir.
Bu AKD uygulananmis bloklarin entropi degerlerinden kurtarma bitlerini elde etmislerdir. Bu bitleri Toral otomorfizmi
teknigi ile bloklar icerisine gizlemislerdir [12]. Zang ve arkadaslari ise 8x8 ve 4x4 6rtlsen bloklar Gzerinde hizl fraktal
kodlama temelli bir metot 6nermislerdir. Kurtarma bitlerini olusturmak icin fraktal kodlama, AKD ve bitlerin sola
kaydiriimasindan faydalanmislardir [13]. Pred ve Vizireanu, JPEG sikistirma saldirilarina karsi bir ydontem sunmuslardir. Bu
yontemde, bloklara uygulanan AKD ve kalite faktori ile kurtarma bitlerini elde etmislerdir. Olusturulan bitleri niceleme
indeks moddlasyonu ile gizlemislerdir. Gortntlinin kurcalanip kurcalanmadigini tespit etmek icin ters AKD ile kalite
faktorine bagli damga kontroli yapmislardir [14]. He ve arkadaslari dalgacik dénisim temelli bir damgalama metodu
onermislerdir. Bu metotta, dalgacik dontsimu ve glvenlik anahtari yardimi ile damga elde edilmistir. Olusan damga,
gorintlnin en anlamsiz bitine eklenmistir [15].

Literatlrde bulunan calismalarin cogu blok tabanlidir. Kigik boyutlu blok kullanan yéntemlerde damga gorintindn
kalitesini distirmektedir. Blylk blok boyutu kullanan yontemler ise, kurcalanmamis bolgeleri saldirlya ugramis olarak
algilayabilmektedir. Bu makalede, goriinti kimlik dogrulamasi icin AKD tabanli trigonometrik fonksiyona kullanan yeni bir
kendinden géomuli kirllgan damgalama metodu onerilmistir. Bu metotta, kontrol bitlerini olusturmak icin; gorinta,
ortismeyen 4x4 bloklara ayrilir. Bu bloga AKD uygulanarak, DC bileseni secilir. Secilen DC bilesen degeri, blok konum
bilgisi ve glvenlik anahtari kullanilarak trigonometrik fonksiyon yardimiyla kontrol bitleri olusturulur. Kontrol bitleri
blogun, en az anlamsiz bitlerine damga olarak eklenir. Gortntulere farkli saldirilar uygulanarak, yontemin kurcalanan
bolgelerin tespitindeki basarisi ortaya konulmustur. Analiz sonuglari, 6nerilen metodun geometrik saldirilar, gérinta
isleme saldirilari gibi bolgesel saldirilari tespit ettigini gosterilmistir.

Makalenin bu kisimdan sonraki organizasyonu su sekildedir: Materyal ve metotlar Bolim 2'de verilmistir. Bolim 3'te
bulgular yapilan deneysel ¢alismalarla desteklenmistir. Bolim 4’te ise makalenin genel degerlendirilmesi yapiimistir.
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2. Materyal ve Metot
Bu yontemde, gorinti kimlik dogrulamasi icin yeni bir AKD tabanli kendinden gdmuld kirilgan damgalama yéntemi
onerilmistir. Orijinal gri seviyeli gbrinti, 4x4 boyutunda 6rtlismeyen bloklara bolinmustir. 4x4 gériunti blogunun kimlik
dogrulama anahtarinin elde edilmesi icin AKD tabanli blok 6zelligi ve giivenlik anahtari kullaniimistir. AKD verilerin uzaysal
bolgeden frekans bolgesine blok tabanli donlsimini saglayan etkili yontemlerden biridir. Gorantid blogunun vektorini
yine ayni katsayi kiimesine esleyen dogrusal bir dénlsim turddur. Orijinal gorintl Gzerine AKD uygulanmasi ile olusan
katsayl kimesi degerlerinden ilk deger olan DC bileseni kullanilir. Blok anahtari, AKD sonucunda elde ettigimiz bu DC
bilesen degerine, gorinti glivenlik anahtarina ve blok konum bilgisine bagli olusturdugumuz 6zel trigonometrik fonksiyon
ile Uretilir. Olusturulan bu kimlik dogrulama anahtari, her bir gdriintd blogunun en az anlaml bitine gdmalur.
Onerilen ydntem damga ekleme ve kurcalama tespiti olmak tizere iki asamadan olusmaktadir.
2.1. Damga Ekleme Yéntemi
Onerilen damga ekleme yénteminin akis semasi Sekil 1’de verilmistir. Orijinal gri seviyeli goriintl, ik asamada 4x4
boyutunda birbiri ile ortismeyen bloklara bdlinmektedir. Gorlntl igcin damgayl olusturmadan o©nce, blok piksel
degerlerinin en az anlamli bitleri sifirlanir. Her bir bloga AKD uygulanir ve elde edilen sonuglardan hassasiyeti en ylksek

deger olan DC bilesen degeri alinir. Blok kimlik dogrulama anahtari; DC bilesen degeri (G;:‘d(l,l)), givenlik anahtari
(Ikey) ve (i, ) blok konum bilgisi kullanilarak Denklem 1’e gore hesaplanir.

B2(i,j) = Round([sin(i * Gy*(1,1)) + cos(j * Gy (L,D)] X Iiey) % 216 (1)

Olusturulan kimlik dogrulama degeri ikili degere cevrilerek, bloktaki bulunan piksellerin en az anlamli bitlerine
eklenmektedir. Onerilen ydntemin damga ekleme adimlari asagidaki gibidir:

1. BxB boyutundaki orijinal gri seviye goruntiy, G°, 4x4 boyutunda birbiriyle értiismeyen bloklara bal.
2. Gorintu blogundaki piksellerinin en az anlamli bitlerini(LSB) sifirla ve Gs(i,j)'yi elde et.
3.  4x4 bloga AKD uygula.
Gy (i,)) = AKD (G5 (0, /) (2)

4. Blok konum bilgisi, gtivenlik anahtari ve DC bilesen degeri kullanilarak Denklem 1’e gore yeni bir blok anahtari
hesapla.

5. Blok anahtar degerini ikili sisteme cevir.

B2"(i,j) = Binary(BS (i, )) (3)
6. Blok kimlik dogrulama bitlerini blok piksellerinin en az anlamli bitlerine ekle.

G*(i,) = LSB(G* (i, N®BS" (i, ) (4
7. Tum bloklarigin 2-6 arasindaki adimlari tekrarla.

8. Damgalanmis gorintiyu elde et.
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Orjinal gériinti

Hayr

Damgalanms gériintii

v

Blok kimlik dogrulama
anahtar bitlerini, blogun |

Biitiin bloklara

—+ e |l esd 0| e 0 || exd 0
Gériintiiniin Her bloga AKD e || exd e || ey || esdy e
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4x4 bloklara e :
bl e 1) || e 1 || 4 w3 || eod g
Blok konum bilgisi ¢+, (L)

<

en az anlamh bitlerine |
gizle

uygulandi mi?

Evet

Sekil 1. Onerilen damga ekleme yénteminin akis semasi

2.2. Kurcalama Tespit Yontemi

Blok kimlik dogrulama
anahtarim olustur

Giivenlik
anahtar:

Sekil 2’de onerilen kurcalama tespit yonteminin akis semasi gdsterilmektedir. Saldiriya ugramis goriint 4x4 boyutunda
birbiri ile 6rtismeyen bloklara bélinmektedir. Gorlintlnin icerisine eklenmis olan damgayi ¢ikartmak icin blogun birinci
en az anlamli bitlerinden kimlik dogrulama degeri ¢ikarilir. Bu kimlik dogrulama degeri ile saldiriya ugramis gértntiden
damga ekleme islemine benzer bir sekilde olusturulan kontrol damga degeri karsilastirilir. Karsilastirma sonucuna gore o

blogun kurcalanip kurcalanmadigi ortaya cikartilir.
Kurcalama tespiti icin kullanilan adimlar asagidaki gibidir:

1. BxB boyutundaki orijinal gri seviye goruntiyi, S°, 4x4 boyutunda birbiriyle értiismeyen bloklara bol.

2. Blok kimlik dogrulama bitlerini blok piksellerinin en az anlaml bitinden cikar.

KS?(i,j) = LSB(GS(i, j)

3. Goruntd blogunun piksellerinin ilk en az anlamli bitlerini sifirla ve S° (i,j)'yi elde et.

4. 4x4 bloga AKD uygula.

S$4(i,j) = AKD(S5(i, )

5.  Blok konum bilgisi, glivenlik anahtari ve DC bilesen degeri kullanilarak yeni bir blok anahtari hesapla.

B3 (i,j) = Round(|sin(i * S;*(1,1)) + cos(j * Sy (L,1))] X Iiey) % 216
6. Blok anahtar degerini ikili sisteme cevir ve kontrol bitlerini olustur.

B;" (i, ) = Binary(B; (i, /)
7. Blok kimlik dogrulama bitleri ile kontrol bitlerini karsilastir:

K2 (i,)) =2 (Bg" (i, )
8. 4x4 blok icin kurcalanmis veya kurcalanmamis olarak isaretle.

9. 2-8 adimlari tim 4x4 bloklar icin uygula.
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Sekil 2. Onerilen kurcalama tespit ydnteminin akis semasi

Onerilen yéntemin basarimini degerlendirmek icin deneysel calismalarda Sekil 3’de gdsterilen gri seviyeli 512x512

boyutlarinda “Barbara”, “Lena”, Boat”, “X-Ray”, “Truck” ve “Airport” gorintileri kullaniimistir.
kullanilarak damgalanmis olan bu gorintiler Sekil 4’de verilmistir.

(e)

(e)

Sekil 4. Damgalanmig Goruntiler a) Barbara, b) Lena, c) Boat, d) X-ray, e) Truck, f) Airport

Onerilen ydntem

Damgalanmis gorintilerin kalitesinin korundugu ve damganin algilanamazliginin saglandigi Sekil 4 incelendiginde
anlasiimaktadir. Deneysel sonuclarda, damgalanmis gorintd ile orijinal gorintl arasindaki benzerligi 6lcmek icin Tepe
Sinyal Guriltii Orani (TSGO) ve Yapisal Benzerlik indeksi (YBi) degerleri kullanilmistir. Genellikle orijinal goriinti ile
damgalanmis goriint arasindaki kalite degerini 6lgmek icin kullanilan TSGO asagidaki formdl ile hesaplanir [16]:

TSGO(G°,G%) = 10log,,

2552

1
MN

M YN d
Zi:l j=1(Gi3'_Gij
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Burada MxN boyutundaki gériinti icin G° orijinal gérintilyl ve G* damgalanmis gorintlyi ifade etmektedir. Ayrica
calismada diger kalite 8lciitii olarak YBI kullanilmistir. Wang ve arkadaslari tarafindan gelistirilen ve insan gorsel sistemi
ile iliskili oldugu distnilen YBI asagidaki forml ile hesaplanir [17]:

(Zycoycd +¢;)(2cov + ¢,)
(WC)% + (U2 + ¢)((09°)% + (65)% + ¢y)

YBI(G°,G%) = (11)

Burada G° orijinal gorintiyi ve G¢ damgalanmis gérintiyl, u gérintilerin yerel ortalama degerlerini, o standart
sapma degerlerini, ¢; ve ¢, ise dengeleme igin kullanilan degerleri gdstermektedir. Yapilan ¢alisma sonucunda
damgalanmis gorintilerin TSGO ve YBI degerleri Tablo 1’ de verilmistir.

Tablo 1. Damgalanmig gortntilerin TSGO ve YBI degerleri

Goruntu Barbara Lena Boat X-ray Truck Airport
TSGO 51.2251 51.2427 51.2188 51.5710 51.2356 51.2304
YBI 0.9984 0.9978 0.9974 0.9940 0.9990 0.9986

TSGO ve YBI damgalanmis gorintilerin kalitesini ve damganin algilanamazligini degerlendirmek icin kullanilan objektif
Olgltlerdir. Tablo 1’den goruntilerin TSGO ve YBI degerlerinin ortalamalarinin sirasiyla 51.2872 ve 0.9975 oldugu
gorilmektedir. Sonuglar, orijinal gorintiler ile damgalanmis gortntdlerin birbirine kalite agisindan yakin oldugunu
gostermektedir. Kullanilan yontemde her bir piksele eklenen veri olarak hesaplanan yik degeri 1bpp (piksel basina bit)’dir.
Tablodaki sonuglar incelendiginde yontemimizin damgalanmis gortntdlerin kalitesini korundugu ve damganin
algilanamazligini saglandig1 gbzikmektedir.

Onerilen yontemin saldirilara karsi basarimini degerlendirmek icin damgalanmis gériintiillere kopyala-tasi, ekleme ve
metin ekleme gibi geometrik saldirilar ve keskinlestirme (1.0), 6lgekleme (2x = x = 2x) ve tuz biber guriltisu (0.1) gibi
gorintl isleme saldinlart uygulanmistir. Kopyala-tasl saldirilari gorintintn belirli bir bolgesinden secilen alanin
kopyalanarak gorintinin baska bir bdlgesine tasinmasi olarak tanimlanir. Kopyala-tasi saldirisina ugramis gérintiler Sekil
5 (a-d)’de gosterilmektir. Saldirilar rastgele boyutlarda olusturularak gorintiler tGzerinde rastgele konumlara yapiimistir.
Onerilen kurcalama tespit yontemi uygulandiktan sonra elde edilen sonuglar Sekil 5 (e-h)’de gosterilmektedir. Sekilde
tespit edilen saldiri yapilmis bélgeler beyaz olarak belirtilmistir. Kopyala-tasi saldirisi sonuglarina bakildiginda saldirilarin
net olarak tespit edildigi acikca géztikmektedir. Ekleme saldirisi, diger gortntilerden farkli boyutlarda gérinta alanlarinin
kopyalanarak damgalanmis goértntiinin rastgele konumlarina yapistiriimasi olarak tanimlanir. Ekleme saldirisi yapiimis
goriintiler Sekil 6 (a-d)’de gdsteriimektedir. Onerilen yéntem sonucunda elde edilen saldir tespit haritalar Sekil 6 (e-
h)’de gosterilmektedir.

(a) (b) ()
(e) (f) (g) (h)

Sekil 5. Kopyala-tasi saldirisi uygulanmis gorintiler (a)-(d), saldiri yapilmis bolgelerin haritasi (e)-(h)
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)
(e) (f) (g) (h)

Sekil 6. Ekleme saldirisi uygulanmis gorintiler (a)-(d), saldiri yapilmis bolgelerin haritasi (e)-(h)

Ayrica damgalanmis gorintller Uzerine Sekil 7 (a-d)’'de gosterildigi gibi “AYHAN-SERKAN” metin ekleme saldirisi
uygulanmistir. Tespit edilen saldiri bolgeleri Sekil 7 (e-h)’de gosterilmektedir. Sekilden saldiri yapilan bolgelerin tam olarak
tespit edildigi anlasiimaktadir. Blok boyutunun 4x4 olmasindan dolay! bir pikselde meydan gelen bozulmanin 4x4
boyutundaki blogu etkiledigi acikca gozikmektedir.

AYHAN 2 SERKAN *

| gt
~& S
o

AYHAN = SER
PPN :

Sekil 7. Metin ekleme saldirisi uygulanmis goriintiler (a)-(d), saldiri yapilmis bélgelerin haritasi (e)-(h)

Damgalanmis “Barbara”, “CT”, “House” ve “San Francisco” gorintilerine yukarida belirtilen gorintl isleme saldirilari
uygulanmistir. Bu saldirilar damgalanmis gorintiler Gzerinde rastgele farkh bolgelere 10x10 ile 80x80 arasinda rastgele
boyutlarda uygulanmistir. Sekil 8, 9, 10’da sirasiyla keskinlestirme, 6lcekleme ve tuz biber saldirilarinin uygulanmis
gdriintilleri ve dnerilen metot sonucunda elde edilen saldiri bolgeleri gdsterilmistir. Onerdigimiz yontem ile kurcalanmis
bolgelerin basariyla tespit edildigi sekillerde acikca gozikmektedir. Kurcalama tespit sonuclarina bakildiginda sadece
kurcalanmis bolgenin sinirlari degil, saldirilarin yapildigi alanlarin tamamen belirlendigi anlasilmaktadir.
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@

(b) ' (c)
(e) (f) (g) (h)

Sekil 8. Keskinlestirme saldirisi uygulanmig gorintiler (a)-(d), saldiri yapilmis bélgelerin haritasi (e)-(h)

e 1S
s L

(f)

)
)

(e) (f) (8 (h)

Sekil 10. Tuz biber saldirisi uygulanmis gorintiler (a)-(d), saldiri yapiimis bolgelerin haritasi (e)-(h)
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4. Tartisma ve Sonug

Bu calismada, gri seviye gorintilerin bitlinligunidn korunmasi ve sahteciligin tespiti icin AKD tabanh trigonometrik
fonksiyon kullanan bir kendinden gomald kirlgan damgalama yontemi onerilmistir. Bu yontemde kimlik dogrulama
anahtari olusturmak Uzere gorintl 4x4 bloklara ayrilmistir ve bu bloklarin en az anlamli bitleri sifirlanmistir. Daha sonra
bu bloklara AKD uygulanarak, DC bileseni secilmistir. Secilen deger, blok konum bilgisi ve glvenlik anahtari kullanilarak,
yeni bir AKD tabanl trigonometrik formil ile kimlik dogrulama anahtari meydana getirilmistir. Uretilen bu kimlik
dogrulama anahtari gérintinin en az anlamli bitlerine damga olarak saklanmistir.

Onerilen yéntemin basarimini degerlendirmek icin damgalanmig gériintiler Gizerine farkl saldirilar uygulanmis ve saldiriya
ugrayan bolgeler analiz edilmistir. Deneysel sonuglar, onerilen yontem ile damgalanmis gorintilerin kalitesinin
korundugu ve damganin algilanamazliginin saglandigini géstermektedir. Ayrica, geometrik saldirilar, goérinti isleme
saldinlari gibi farkli saldiri gruplarinin neden oldugu yetkisiz gbrintl ataklarini 6nerilen yontemin tespit ettigi
anlasilmaktadir. Calismamizin en dnemli katkisi, AKD ve trigonometrik fonksiyon kullanan yeni bir kendinden gomali
kirllgan damgalama yonteminin ¢nerilmesidir.

Gelecekte, glclU algilama basarimi saglayacak ve damgalanmis gorinttnin kalitesini en Ust seviye cikaracak kirilgan bir
damgalama yontemi igin 6nerdigimiz yontemi gelistirmeyi calisacagiz. Blok tabanl tekniklerin blok boyutundan
kaynaklanan dezavantajlarini azaltmak igin kurcalanmis alani piksel dlgceginde saptamak Uzere piksel tabanli yontemlerin
gelistirilmesi amaglanmaktadir. Ayrica, derin 6grenme ve yapay zeka gibi modern ileri teknikler kullanilarak yeni
yaklasimlar ortaya konulmasi distnalmektedir.
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Anahtar Kelimeler 0z: Pek cok iilkede, elektrik endistrisi, dizenlenmis ve tekel veya oligopol bir sistemden

Elektrik piyasalari, liberal bir sisteme donlsiml saglayan bir yeniden dizenlenme (de regiilasyon)

Simulasyon ile 6grenme, sirecinden gecti. Yeni sistem, bagimsiz (reticilerin elektrik piyasasina girmesine ve teklif

PiYaS? takgs fiyatl, yoluyla elektrik satmasina olanak tanimaktadir. Bazi pazarlarda, tiketiciler elektrik talep

GUn 6ncesi piyasasl, . . . 0 . o .

Gin ici piyasasi etmek icin de teklif ver'el'c)lllr. Serbestlegep elektrik piyasasl, yeni ba§|§yan|ar, ogrenuler
ve geng profesyoneller icin anlamasi zor bir yapidadir. Bu calismanin iki ana hedefi vardir:
ilk olarak, yatirim ve ticaret dahil olmak Gzere elektrik piyasasinin dinamiklerini benzeten
yeni bir web tabanli elektrik ticaret oyunu sunmak ve ikinci olarak, karmasik elektrik
piyasasl isleyisini anlatma agisindan, similasyon oyunu ile 6grenmeyi klasik sinif 6gretim
yontemleri ile karsilastirmaktir. Anket sonugclar, 6grencinin bilgisinin baslangictaki
durumuna gore yaklasik %94 arttigini géstermektedir. Test sonuglari, oyunla ilgili sorular
icin ortalama %80'lik bir basari orani sergilemektedir. Klasik yontemle 6gretilen konularin
ortalama basarisi ise yaklasik %70'tir. Sonuglar, similasyon oyununun elektrik piyasasi
gibi karmasik konular icin daha iyi bir 6gretim yontemi oldugunu kanitlamaktadir.

A Novel Web-Based Electricity Trading Game Designed for Simulation-based Learning

Keywords Abstract: In many countries, the electricity industry went through a deregulation process

Electricity markets, Simulation-  that changed it from a regulated and monopolistic/oligopolistic system to a liberal one.

base‘_j 'ea”_‘i”g' Market- The new system allows independent producers to join the electricity market and sell

clearing price, electricity through bidding. In some markets, consumers can also bid to demand

Day-ahead markets, . L . . . . - .

Intraday Markets elec.tr|C|ty. Th(? characte.rlstl.cs. of the liberalized electricity market |r.1 addition to its never-
ending evolution make it difficult for students and young professionals to comprehend
its structure and functioning. This paper sets out to achieve two goals. First, we will
present a new web-based electricity trading simulation program that simulates the
dynamics of the electricity market including investment and trading. Secondly, we
compare classical classroom teaching methods against the simulation game teaching
method to demonstrate the superiority of the latter in explaining the workings of the
complex liberalized electricity market. Questionnaire results show that students’
knowledge is increased by approximately 94%. Test results exhibit an average success
rate of 80% for the game-related questions. The average success rate for subjects taught
by classical methods is approximately 70%. The results show that the simulation game
proves to be a better teaching method for complex subjects such as the liberalized
electricity market.
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1. Introduction

The electricity industry used to be regulated. Network sectors such as electricity began as private entities [1] but later
morphed into monopolistic systems [2]. A sector is said to have a natural monopoly when its expensive capital cost and
demand can be matched at the cheapest cost by one company [3]. Competition is not pondered as a tool for achieving
good pricing and standard of service [4]. With a focus on the national level, governments used to plan to expand capacity
as a means of investing in power plants in the monopoly system [5]. The most efficient combination of power plants, the
appropriate capacity of the power plant, the best moment to decommission the plants are some of the reasons that
necessitate central planning [6].

Even though the regulated or monopoly system ensures certainty in business operations, consumers' electricity demand
and fuel prices remain uncertain [5]. The regulated electricity industry only allows electricity generators to decide the
price of electricity [5]. These electricity generation companies are owned by the state and are integrated into a top-down
fashion [7]. Moreover, monopolies are not usually very effective [8,9].

Researchers studied monopoly regulations [10] and how sectors such as electricity and gas are liberalized [4]. Natural
monopoly began to be contended in the 1970s and 1980s citing that some utilities could operate better in a market
environment [2]. Subsequently, the competition was introduced in the electricity sector [11]. Chile was the pacesetter
[12] and England, Wales, and Norway followed suit [13,14]. This then propagated to other countries prompting the
European Union (EU) to support competition in 2000 [15].

The liberalization of the electricity sector is needed to solve the problems in the monopoly system [13]. Even though the
aim of deregulating electricity remains common across different jurisdictions, different methods of executing the
competitive market system were adopted. In Europe, it was the quest for efficiency, which was believed will lead to
cheaper electricity prices, and restricting the state's participation was the case for England [2]. Developing countries
deregulated the electricity sector because they were unable to expand the industry due to financial constraints [16].
Deregulating the electricity sector reduced electricity prices and promoted new ideas as a result of competition [17].

Contrary to other deregulated markets that rarely regulate their system, electricity markets mostly require an established
regulatory body [18]. This is because of the evolving market dynamics in terms of technology, initial designs, and
behavioral changes of participants such as consumers, generators, and policymakers [2]. Several factors including
adequate coverage, good capacity, and reasonable prices are considered during regulation [18].

The state of countries that adopted the electricity sector reform before the deregulation varied greatly [2]. For example,
in terms of electricity coverage, while most countries in Western Europe had almost full nationwide coverage [2], just
about a third of Nigeria was covered [19]; for technology, Norway adopted hydro as its primary technology [20] but
Denmark used none [2]. In 1995, Columbia suffered a major electricity crisis before deregulation that resulted in major
blackouts [21].

The format of deregulation is different for each country [2]. For example, to allow new entrants at the generation level
and initiate competition, the UK liberalized generation while keeping transmission and distribution regulated [22]. It also
started a new concept called the price-cap regulation which was intended to promote dependency and regulatory
forecasting [23].

Because of the constant changes in the market dynamics, the intended objective, which is to provide reliable power at
the lowest price possible across the nation, is not always realized [2]. This is due to the regulatory challenges [21] and
solving these problems can be tough, expensive, and time-consuming.

Uncertainty became the major characteristic of the liberalized market as the state of the market depends on the
consumer’s desires and competition among generators; this makes planning a challenge [24]. Pasaoglu [5] explained that
the inconsistency in the market makes it difficult to use optimization methods to forecast and prescribe actions. Dyner
and Larsen [16] complemented this by adding that other approaches such as agent-based modeling are needed to work
in tandem with a solid strategy to succeed in the deregulated market.

The internet mostly exists as a tool for communication which most students are excited to use. However, Kiili [25] argues

that students who are already conversant with technology no longer acknowledge this. Creating computer games that
conform to how students behave will help them learn concepts easily [26]. According to Norman [27], games do not only
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provide the necessary environment for learning but also enable the gamer to engage with the environment. The
experiential environment games provide is the cause of the success of educational games [25].

In many universities across the world, courses are being introduced to teach the fundamental operations of electricity
markets. However, the uncertain nature, basic shift of procedures in the market system, and its incorporation of a vast
array of other disciplines complicate the understanding of the deregulated electricity market. Moreover, the newly
liberalized electricity market is still under development in some countries [28, 29].

Students traditionally learn through the classical teaching methods but according to Pasaoglu [5], this method fails to
show participants the results of their actions. When Jennings [30] studied the case-based, simulation, and action learning
methods to verify the best by evaluating the perceptions of course participants, the simulation method emerged the
victor, followed by action learning, and then case learning. Senge [31] points out that people learn better through
experience when the results of their exploits are clear and timely.

As such, we set to investigate the simulation game teaching method to justify which would be the most efficient in
explaining the electricity market to the students and beginners. To bridge the learning gap, we developed a web-based
electricity trading game that uses the simulation teaching method to help students on the deregulated electricity trading
and its dynamics. Such simulation software can help students predict the results of the market dynamics before
implementation. This paper sets out to achieve two goals. First, we will present a new web-based electricity trading
simulation program that simulates the dynamics of the electricity market including investment and trading. Secondly, we
compare classical classroom teaching methods against the simulation game teaching method to demonstrate the
superiority of the latter in explaining the workings of the complex liberalized electricity market.

The research contributions of this article are as follows:

e Qurfirst contribution is the game itself. While similar liberalized electricity trading simulation games exist, some
require the installation of other software packages that might be inconsistent with operating systems or even
come with malware, some are specific to a country or a school. Thus, making accessibility difficult and even if
accessibility is granted, application to one’s need poses unforeseeable challenges. The simulation game
presented in this paper solves these difficulties. Also, from the pedagogical perspective, the existing electricity
market games we examined have complex interfaces, which make them difficult to comprehend and play
without a dedicated guide. Most games require deep expertise in electricity trading including mathematics.
However, our system provides a simple and self-explanatory interface almost offering a do-it-yourself approach.
We also abstracted all complex calculations from the user. Thus, no specialized knowledge of the electricity
market is required. As such students can organize and play the games among themselves without supervision
from their professors.

e Although it is not the scope of the paper the game is designed and intended to be used in further research on
agent behavior in electricity markets. Analysis of the agents' behavior is not presented in this paper, however,
the game offers the opportinity to all interested researchers.

e To the best of our knowledge, there is no other paper that discusses the effects of simulation-based teaching on
explaining the electricity market. The main contribution of this paper is to show that the simulation game is
superior compared to the traditional teaching methods in learning the electricity markets.

The rest of the article is organized as follows: Section 2 describes the developed electricity market simulation tool, Section
3 presents the results obtained from student questionnaires and examination results, and Section 4 concludes the paper.

2. Material and Method

Electricity is generated by power plants of generation companies, and then it is transmitted via transmission lines before
it is distributed to the end-users (Figure 1). The electricity market game is related to the wholesale of electricity at the
generation level. Private generation companies (gencos) bid to sell their electricity in an auction. The auction results in
determining the market-clearing price (MCP) which is the amount to be paid to all the winning gencos. The MCP is set at
the intersection of the supply of gencos and the demand. Each genco needs to consider the demand level and strategies
of other gencos. The bid should be low enough to win the auction but the MCP has to be high enough to cover the costs.
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Figure 1 . Simple illustration of the electricity network [33].

2.1 Example Game

Table 1 presents bids of gencos in one period of a simple game to explain how the bidding process works and MCP is
determined in a real electricity market (The example game and related table and figure are adapted from [34]). There are
five gencos in the game, each of which offers its capacity to the market at a different price. The supply offers are ordered
by ascending price which is called the merit order. Demand is 55 MW and is represented by a vertical line in Figure 2. The
stepped line in the figure is the cumulative supply curve of offers of the gencos. The market is cleared at the intersection
of supply and demand lines. In this example, the MCP is set at 55 MW and 40 $/MWh. Dispatch ratios of gencos are
determined by the intersection of supply and demand. Supply offers up to the intersection are accepted and the rest is
rejected. Gencos A, B, and C are dispatched fully, and D is dispatched with a ratio of 40% so that the accepted supply is
equal to the demand. 60% of Genco D’s capacity is excess and it is not accepted. Genco E’s supply offer is too high to be
accepted and it is not dispatched, hence, it will not be paid. Generators A, B, C, and D would each be paid $40 per MWh
of their dispatched capacity.

Genco | Capacity (MW) | Bid price (5/MWHh) | Dispatch Ratio
A 10 S10 100%
B 15 S15 100%
C 20 S30 100%
D 25 $40 40%
E 10 S70 0%

Table 1. Gencos’ bids in the market [34]

80
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Demand is 55 MWh.
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Cost ($)
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Quantity

Figure 2. The uniform price auction [34]

In the next period of the game, the gencos, especially D and E, have to reevaluate their strategy to win the auction or get
a better dispatch ratio. Genco D would like to get full acceptance and Genco E would like to get paid as well. Therefore,
they need to adjust their bid price according to the fuel cost, efficiency, and CO, penalty of their technology, the demand
increase, and the previous market-clearing price.
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Apart from the trading of existing capacity, gencos also need to plan for new investments due to the retirement of existing
power plants and/or the desire to earn more money with a higher capacity. For their investment strategy, gencos should
evaluate the demand increase rate, possible investment options with their costs, construction and operation times, and
investment strategies of other gencos.

2.2 The Electricity Market Game Interface

We present the features of the new electricity market game in this section. It is a web-based game platform that simulates
the day-ahead markets of the deregulated electricity trading process. It incorporates the investment, trading (bidding),
and power exchange stages of the electricity market. It is a competitive game with an unlimited number of human agents
(players). Its web-based characteristic allows user accessibility from anywhere in the world and on any computer with an
internet connection. This eradicates the need for software installation. Besides, it is cross-platform and independent of
the operating system. These features make the system simple and user-friendly.

The game is played in periods and each period represents a year. A period begins with investment and bidding and ends
with the determination of the market price. Figure 3 shows the main investment page and demand. The investment page
contains a box with a field to select the power plant that must be purchased. Also, attention must be given to the budget
and the demand for that particular period.

Investment e

Add your investments here - ’,:..: ']i Remaining budget after adding l
e budgfd s § - Investment
. . Demand to
TR Gwme e e Ames G i

Figure 3. Investment procedures and demand

Each player starts the game with a power plant portfolio and each plant is given a plant number. There are eight
alternative technologies to invest in the game and their technical properties are presented in Figure 4. For their
investment strategy, players should evaluate the demand increase rate, possible investment options with their costs,
construction and operation times, and investment strategies of other players. For example, the nuclear power plant has
the greatest capacity and the longest operation period. New players usually choose to invest in it, however, it is the most
expensive power plant. Moreover, the construction period for a nuclear plant is the longest. So, even if a player’s budget
is high enough for a nuclear plant, the player must wait for 5 periods to utilize it. On the other hand, the coal power plant
is reasonably priced with relatively good capacity and high efficiency. However, one must consider its high carbon
emission as it pollutes the environment and could be charged for each tonne per MWh. The solar plant is one of the
cheapest and has the shortest construction period with no carbon emission because it is a renewable energy source. But,
it has the lowest efficiency and shortest operation period.
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Figure 4. Properties of each power plant

To bid in trading, the player selects the plant number in the bidding row. The properties of the selected plant are displayed
in the table next to the bidding row. Then, the player inputs the quantity of power that would be offered in MW and the
bidding price (S per MWh). The process continues for all the power plants the player wants to offer. These steps are
illustrated in Figures 5 and 6.

’/_‘_, Bidding row

Sebect PRant Numiber * sbde b Bid g Adkd

e———— =
Plant Numibes Techrology Svallable Quartity (MW) Opsration Perod Ot ine In Period

Hyehie [ &0 | -] Ll
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Bid table

Portfolio of power plants from which
to bid

Figure 5. Depiction of the bidding segment

26



A Novel Web-Based Electricity Trading Game Designed for Simulation-based Learning

1. Power plant number selection

Add
Your portfolio
Plart Number Technology Availlable Quantity (MW) Operation Period Offine in Period
u bepeden l @ u | 0
Total: 740
2. Automatic display of selected plant’s capacity
' v j60 /:> ar g add
P Mo Guuantity (MW) Pice (5/9W) Your partiote
Plant Number Technology Availeble Quantity (MW) Operation Period Offline In Period
13 beydro w a 10
5 | o 0 % 1 &
Totak 740
3. Inputting data to bid
Your porttolic 1
Plant Number Technalogy Available Quantity (MW) Operation Period Offline in Peilod
B bydro w | y [ W
Totah 740

4. Adding bid to bid table

Add bids here

Your portiolie |
Plant Number T gy Avaélable Quantity (MW) Operation Peried Offiine in Period
3 Hydro w 2 W
- .
9 T a0 B
Totak 780

Bid table with first bid.

Figure 6. Demonstration of the bidding process

Bidding is done in a quantity-price format as represented in Figure 5. Dispatch ratios in the figure show if a bid is fully
accepted, partially accepted, or rejected. For instance, with a total demand of 1998 MW, the supplies (quantity) in Figure
7 are bid to meet the demand. The process of determination of the market-clearing price is simply demonstrated below.

Total demand = 1998 MW (1)
Supply = 60 + 500 + 15 + 45 + 680 + 60 + (680x0.9382) =~ 1998 MW (2)
Market-clearing price = $ 96 (3)
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Figure 7. Accumulated quantity-price bid from players
The market-clearing price is the price at which all the aggregated bids or quantities from generators (players) meet the

demand (constant in this case) [32]. This is illustrated in Figure 8. Price per megawatt is represented on the vertical axis
while the demand or quantity is on the horizontal axis.
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Figure 8. Supply-demand graph

The game continues for the number of periods designated by the manager. The player with the highest budget ranks first.
Results are displayed in tables and graphics after each period and when the game is over.

2.3. Architecture of the Electricity Market Game

The general structure of the electricity market game is presented in Figure 9. The system is subdivided into 3 levels,
namely, the client, middle, and data.

Middle level

Client level Data level

Figure 9. The general architecture of the electricity trading game
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JavaScript and PHP are the key web development programming languages used. JavaScript interacts both with the
browser and user and PHP performs server-side functions such as executing the algorithm at the power exchange and
complementing the Structured Query Language (SQL) to transfer data to and from the database. The client level consists
of the users, that is, the players (representing the generation companies) and the manager, and each agent interacts with
the system via the web browser. The manager logs into the system, names the game, selects players, set a time limit for
each period, and creates the game. The manager can also choose to play. The player logs in to the dashboard, invests in
the power plant, submits bids from the power plant portfolio, and views the results of the bids. Each player aims for
budget maximization. Figures 10 and 11 illustrate the roles of the manager and players at the client level, respectively.

Manager starts

!

Logs into dashboard

|

Names game

|

Selects players

|

Sets period mterval Remains as manager — ™ stop

- Yes
Continue as
player? Designates as plaver also

Figure 10. Flowchart displaying the manager’s role
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The middle level is made up of two parts, namely the webserver and the power exchange. The web server, with the aid
of Hypertext Transfer Protocol (HTTP), creates an environment suitable for responding to clients’ requests. The power
exchange, created using PHP and JavaScript, hosts all the algorithms that compute the market-clearing price, demand for
the next period, profits, and budgets. It also consists of a countdown timer and executes the algorithms continuously at
the end of the set time (See Figure 12).

Cammot invest

Figure 11. Flowchart displaying player’s role

The data level encompasses the database. It stores both temporal and permanent data about the electricity trading
system. Some of the temporal data are the market price, the calculated profit, and the budget for each period while the
permanent data is the users’ data. Figure 13 presents the power exchange.
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Figure 12. Flowchart showing the steps of the power exchanges (MCP: market-clearing price)
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Figure 13. The power exchange
2.4. Application in the classroom

A total of 264 students participated in the game as part of the Energy Economics and Policy and/or Energy Law courses.
The last 4 weeks of the semester for both courses are reserved for the game sessions. Students are allocated into groups
of approximately 30 players and each group played the game in two sessions. Grouping was necessary due to the server
capacity of the website hosting. It also helped to manage the game effectively and answer student questions in detail.
Every student joined the game via their personal computer. Later, some experiments show that it is easier to organize
the game sessions via online platforms such as Zoom because it is difficult for students to use their PC in the classroom
especially due to the limited charging outlets and low wi-fi speed. Online platform teaching is also easier for the instructor
to share their screen with students for explanations about the game.
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3. Results

One of the main goals of this work is to assess students’ understanding of the electricity market. We achieved this by
comparing results obtained from questionnaire responses on the simulation game and examination tests of the electricity
market lessons taken in class.

3.1 Results from the simulation game

After many rounds of the simulation game, 86 students responded to a questionnaire designed to examine their
comprehension of various concepts as pertained to the deregulated electricity trading.

To ascertain the rate of increase in the understanding of the deregulated electricity market, we first checked their

knowledge level before the game. We found out that only 3 students, representing 3.4% of the students have a firm
understanding of the deregulated electricity market. The details are presented in Figure 14.
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Figure 14. Students’ knowledge of the liberalized market before the game

After the game and using a scale of 0 to 5, where 0 means “Have no knowledge” and 5 means “Absolutely understood”,
we examined the students’ comprehension of electricity auctions and determination of bidding price, the investment
process, and the determination of market-clearing price. 19 students (22.1%) “absolutely understood” (scale 5) the
electricity auctions and determination of bidding price and 44 students (51.2%) chose scale 4, signifying that they
“understood”.

19 students (22.1%) “absolutely understood” the investment process, 37 (43%) checked scale 4, and scale 3 was marked
by 29 students (33.7%). Only 1 student chose 1 and none selected O.

The trend is similar for the market-clearing price where 33 students (38.4%) marked 5, 37 (43%), and 13 (15.1%) students
selected scales 4 and 3, respectively. Figure 15 illustrates these results in detail.
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Figure 15. Students’ knowledge level after playing the game

We can conclude that 95.4% of students understood the electricity auctions and determination of bidding price, 98.8%
understood the investment process, and 97.5% understood the determination of market-clearing price. On average,
97.23% of the students generally understand the liberalized electricity trading through the simulation game. Comparing
this with the pregame percentage, there is a 93.83% increase in knowledge which is a convincing improvement on the
effectiveness of the simulation game.

Figure 16 presents students’ comments on the game. Most of them find the game fun, educative, and informative. Only
one student found the game boring. One other student stated that the game was difficult to understand. However, the
same student stated that the game was informative. More than 70% of the respondents stated they wish other lessons
also use simulation games.
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Figure 16. Students perspective of the game

3.2. Results from tests

Students take a final test for the Energy Economics and Policy course conducted in the Department of Energy Systems
Engineering at Erciyes University where the game is used for teaching purposes. A total of 264 students participated in a
40-question examination. The questions are categorized as follows: (a) bidding questions related to the simulation game,
(b) cost computation problems associated with power plants, (c) profit maximization problems related to power plants,
(d) Herfindahl-Hirschman Index (HHI) calculation problems, (e) game theory and analysis questions, and (f) conceptual
guestions about energy economics and policy.
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There are 15 simulation game questions, and they are designed to assess the student's knowledge about the bidding
process and market clearing. There are five questions about power plant cost calculation questions and students need to
make detailed calculations about plant capacity, efficiency, fuel cost, carbon penalties, and investment costs. There are
five questions about profit maximization and these questions require taking derivatives of profit and revenue functions.
There are seven HHI calculation and market analysis-related questions, and these are relatively easier than cost
calculation and profit maximization problems. Game theory and analysis questions are related to a simple two-OPEC-
country problem where countries try to maximize their revenue. There is also one conceptual question, usually related
to the definition of a term about energy economics and policy.

The overall success rate of the students is determined to be 76.68%. Recorded as the best success rate is the bidding
guestion as 212 students, representing 80.4%, performed excellently. This makes sense since the questions in this
category are tied to the simulation game. A sharp contrast to that and the least success rate at 68.4% (181 students), is
the conceptual question. This is pure theory and has no relation to the simulation game. Other success rates include 185
students (70.2%) for the cost computation, 188 students (71.5%) for the profit maximization, 197 students (74.6%) for
HHI, and 212 students (80.1%) for the game theory problems. Figure 17 presents these findings. Just as the conceptual
guestion category, cost computation, and profit maximization are also theory lessons entirely covered in class, hence the
lower success rates.

The game theory category also had a gaming component besides the bidding question category. Even though they were
also covered in class, the supervisor organized a game session that was used to demonstrate the concept. Thus, the
success rate is higher. This again demonstrates the advantage of simulation gaming as a tool for explaining complex ideas
and theories to students and inexperienced professionals.
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Figure 17. Student success rates after taking classroom lessons

The game is also implemented in the Energy Law course so that students can offer legal regulations to overcome the
flaws of the simulation game. Students are asked before the game to observe the game process and potential flaws while
playing the game. After the game, the groups are given homework to offer two legal regulations to fix the observed flaws
of the market as simulated in the game. The legal regulations are asked to be written in the format of Turkish law. There
have been several interesting ideas, however, most students focused on low prices due to the competition and excessive
investments. Most groups offered some kind of price floor regulation because they observed that their profits are lost
due to the low bid prices. The second most offered regulation type was on investment cap. Students observed that they
have invested excessively at the beginning rounds of the game and this caused destructive competition towards the end
and most groups suffered serious losses in the market.
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The original idea of the Energy Law course was to implement the most voted legal regulation offer to the simulation game
and to play one more session with the same groups so that students could observe the changes. However, this idea could
not be implemented due to the high number of students and the limited class time.

Another purpose of the game is to observe player behaviors so that artificial intelligent agents can be designed for future
research. We are still working on analyzing data for this purpose and the game will be modified accordingly.

4. Discussion and Conclusion

We present a web-based game that simulates the deregulated electricity market. The simulation consists of three levels;
client, middle, and data levels. The client is made up of the users and the web browser. The users (players and the
manager) use the web browser to interact with the system. The middle level contains the HTTP which helps to receive
and respond to users’ requests and the power exchange that hosts the algorithms to compute the market results such as
the market-clearing price.

Unlike the existing similar games, our application does not require any installation of other software packages, it is much
easier to access and more universal in terms of game specifics. Also, from the pedagogical perspective, the existing
electricity market games we examined have complex interfaces, which make them difficult to comprehend and play
without a dedicated guide. Most games require deep expertise in electricity trading including mathematics. However, our
system provides a simple and self-explanatory interface almost offering a do-it-yourself approach. We also abstracted all
complex calculations from the user. Thus, no specialized knowledge of the electricity market is required. As such students
can organize and play the games among themselves without supervision from their professors.

To the best of our knowledge, there is no other paper that discusses the effects of simulation-based teaching on
explaining the electricity market. The main contribution of this paper is to show that the simulation game is superior
compared to the traditional teaching methods in learning the electricity markets. Findings show that simulation-based
learning has proven to be successful with the complex deregulated electricity market. Results from the simulation game
were compared to the students’ end-of-semester examinations results. The average questionnaire score for the
simulation game was 97.23% and that of the exam result was 80%, proving the superiority of the simulation game
teaching over the classical teaching methods.

Although it is not the scope of the paper the game is designed and intended to be used in further research on agent
behavior in electricity markets. Analysis of the agents' behavior is not presented in this paper, however, the game offers
the opportinity to all interested researchers. In the future, we intend to add artificial intelligence (Al) components such
that either only Al-agent will act as players or play together with human agents, implement carbon market, and demand-
side bidding. We are now working on an upgraded version of the game which is more flexible and allows changes in a
shorter time. It also includes different market mechanisms for comparison. We will present the related results in a future
research paper.

Additionally, from the pedagogical perspective, we are working with researchers from the Faculty of Education to develop
the classroom or online application for a better learning experience and to better use assessment and evaluation
techniques.
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Abstract: The vibrational spectroscopic and theoretical investigation of some diketo
hydrazones derivatives; (2Z)-2-[2-(4-methylphenyl)hydrazinylidene]-1-(naphthalen-2-
yl)butane-1,3-dione(NBTMH), (22)-2-[2-(4bromophenyl)hydrazinylidene]-1-
(naphthalen-2-yl)butane-1,3-dione (NBTBH), and (22)-2-[2,4-(phenyl)hydrazinylidene]-1-
(naphthalen-2-yl) butane-1,3-dione (NBTBFH) were made in this study. Theoretical
investigations of these compounds includes conformational, NBO and vibrational
analyses to see the most stable structure, possible hydrogen bondings and chemical bond
diversities of the compounds, respectively. The potential energy surfaces of the
compounds were obtained by DFT method regarding the selected degree of torsional
freedom, which was varied from 0° to 360° in 18° steps. The geometries of the
compounds were optimized through conformational analysis followed by the minimum
energy conformer. Possible hydrogen bonds were searched by NBO analysis. The
vibrational frequencies were calculated using the optimized geometry (bond lengths,
bond angles), the atomic masses, and the force constants as the input. The atomic radii
and the electronegativities of the compounds were also used as the input to calculate IR
and RAMAN activities. Wilson’s GF Matrix method was used for the calculation of
vibrational frequencies and the activities. The experimentally measured vibrational
spectra were elucidated through theoretical calculations.

Dallanmis Hidrazonlarin Teorik ve Titresim Analizi: Degerlik Kuvvet Alani

AnahtarKelimeler
Diketon Hidrazon,
Degerlik kuvvet Alani,
GF Matrix,

DFT hesaplamalari

Oz:Bazi diketo hidrazon tirevlerinin, (2Z) -2- [2- (4-metilfenil) hydrazinylidene] -1-
(naftalen-2-il) butan-1,3-dion (NBTMH), (2Z) -2- [2- (4-bromofenil) hidraziniliden] -1-
(naftalen-2-il) bitan-1,3-dion (NBTBH) ve (2Z) -2- [2 Bu ¢alismada 4- (fenil) hidraziniliden]
-1- (naftalen-2-il) bitan-1,3-dion (NBTBFH), titresim spektroskopik ve teorik olarak
incelenmesi yapilmistir. Bu bilesiklerin teorik calismalari sirasiyla; konformasyonlari, en
kararli yapilarin NBO ve titresim analizleri, olasi hidrojen baglari ve kimyasal bag tirlerini
icermektedir. Bilesiklerin potansiyel enerji yizeyleri, 0° ila 360° arasi 18°lik araliklarla
degisen torsiyon degerinden bagimsiz olarak DFT yontemi ile elde edilmistir. Bilesiklerin
konformasyon analizi ardindan minimum enerjili konformerleri optimize edilmistir. Olasi
hidrojen baglari NBO analizi ile arastiriimistir. Titresim frekanslari, optimize edilmis
geometrileri (bag uzunluklari, bag acilar), atom kditleleri ve kuvvet sabitleri kullanilarak
hesaplanmistir. Bilesiklerin atomik yaricaplari ve elektronegatiflikleri de IR ve RAMAN
aktivitelerini hesaplamak icin kullanildi. Titresim frekanslarinin ve aktivitelerin
hesaplanmasindaWilson’in GF Matrix yontemi kullaniimistir. Deneysel olarak olgllen
titresimspektrumlari teorik hesaplamalarla aciklanmistir.

*Corresponding Author, email: Ikarasu@erciyes.edu.tr

38


https://orcid.org/0000-0003-1391-1244
https://orcid.org/0000-0001-9264-9795

TheoreticalandVibrational Analysis of SubstitutedHydrazones: Valence Force Field

1. Introduction

Some diketo hydrazone compounds are present in chemical structure of some important pigments. Depending on the
type and the position of the side functional groups they show different color characteristics. The most important yellow
classical pigments are a group of acetoacetanilide series of compounds. These are known as diarylide yellow compounds
[1-3]. These yellow colored compounds are used in printing inks, painting and coloring of plastic materials. They are
available in markets commercially in different tautomeric forms [4]. Due to general insolubility of these compounds, they
are usually dispersed in solid form in the matrix of polymeric structure and used as coloring material. Their structures are
examined through x-ray methods [5, 6].

In this study, the novel compounds; (22)-2-[2-(4-methylphenyl)hydrazinylidene]-1-(naphthalen-2-yl)butane-1,3-dione
(NBTMH), (22)-2-[2-(4-bromophenyl)hydrazinylidene]-1-(naphthalen-2-yl)butane-1,3-dione (NBTBH), and (22)-2-[2,4-
(phenyl)hydrazinylidene]-1-(naphthalen-2-yl)butane-1,3-dione (NBTBFH) as azo dyes were examined from several
aspects regarding spectroscopic and physicochemical properties to clarify some of their behaviors. Conformer analysis
through geometry optimization, vibrational analysis, and NBO analysis were performed. The three diketo hydrazone
compounds differ from each other by substitution of R group as shown in Figure 1.
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Figure 1.Numbering of atoms in NBTMH (where R= CH3, Br, R’).

The experimental IR and Raman spectra of these azo dyes were recorded and assigned by normal coordinate analysis
using Wilson's GF matrix method. The advantage of using GF matrix is that it makes the problem more coherent and even
the force constants in terms of these internal coordinates have a more easily visualized physical meaning than others.
The force constants can be transferred from one molecule to another if they belong to the same chemical group. The
geometry optimizations of these molecules were made by theoretical calculations to obtain most stable conformer
employing DFT/B3LYP method. The intramolecular interactions and the hydrogen bondings were searched by NBO
analysis. The theoretical results were compared with the experimental analogs and found to be in good agreement.

2. Material and Method

2.1. Experimental

The novel compounds; NBTMH, NBTBH, and NBTBFH as azo dyes were synthesized [6]. In this study, Jasco FTIR
spectrometer was used in 400-4000 cm™ wave number region for both compounds. 30 scans were made for each
spectrum. All samples were prepared in 1-3 % (w/w) KBr pellets to measure IR absorption signals as shown in Figure 2.
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Figure. 2. Experimental FT-IR Spectra.

The Raman spectra were recorded on a Horiba Jobin Yvon Labram Model HR 80 Raman spectrometer. The spectrometer
is equipped with a Nd: YAG LASER operated at 20 mW with a wavelength 532.1 nm. The collected signals were
transmitted into a 600 grooves/mm holographic grating with a resolution of 3 cm™. The Raman spectra were collected
by manually placing the 10x lens near the desired point of the sample on silicon wafer and all the spectra were calibrated
according to the silicon peak at 522 cm™. An increasing photoluminescence effect above 1700 cm™ of the spectrum for
NBTMH negatively affected the Raman bands in this region. A similar destructive effect was also observed in the Raman
spectrum of NBTBH, NBTBFH compounds. Only visible Raman signals exceeding the fluorescence bands were taken to

the frequency lists additionally to IR bands for assignments of vibrational modes.

2.2 Computational Procedures

The conformer analyses were performed in two successive steps employing Spartan 08 [7] and Gaussian 09 programs [8].
The possible conformers of the compounds NBTMH, NBTBH were determined first by Spartan 08 program employing
MMF method. The imaginary frequencies in calculated vibrational spectra, the overlapping structures and the structures
having energies above 2 kcal/mol were eliminated. Using DFT/B3LYP/6-31 G [9] method the lowest relative energy
conformer was determined as the most stable structure in Spartan 08 for practical and fast treatment and the output
was transferred to Gaussian 09 program as input for further calculations. Gauss View 3.09 program [10] was also
employed to form the molecular structure and to visualize 3D appearance; NBTMH, NBTBH and NBTBFH have been
illustrated on Figures 4, 5 and 6, respectively. The critical torsional angles of flexible bonds affecting the conformational
structures were determined as T (C22C16C14C1s), T (CgN11N13Cis), and T (N13C14C15C17). The potential energy surfaces were
obtained through rotating the related bonds by 18°increaments for 20 times to get 360° full scan using DFT B3LYP/6-31G
method, they were showed figure 7. More precise scanning was applied around the minimum energy regions by 2° to get
more correct minimum energy value.

The optimized geometrical parameters including only the bond lengths and the bond angles for NBTMH, NBTBH and
NBTBFH (Appendix A, Appendix B, Appendix C, respectively) were listed in supplementary data the internal coordinates
can be seen on Figure 3 and the optimized structures of these compounds have been illustrated on Figures 4, 5 and 6,
respectively. The calculated potential energy surfaces can be seen in Figure 7
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Figure 3. Internal coordinates of NBTMH.

9

Figure 4. Optimized geometry of the NBTBFH.

Figure 6. Optimized geometry of the NBTBH.
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Figure 7. Energy vs. scanned rotational angles of flexible bonds by 18° and 2° increments.

The Normal Coordinate Analysis was made by Wilson’s GF matrix method [11]. The frequencies were calculated by the
program written originally by Shimanouchi [12], the activities (IR & Raman) and the normal coordinate treatment of the
related compounds to interpret their vibrational spectra have been performed by the program SPSIM developed by
Schrader et al. [13-17].The valence force constants transferred from similar compounds were refined to calculate
vibrational frequencies in AXS and NCF modules then IR and Raman activities were calculated in ACT module of SPSIM
program [16].Additional calculation of vibrational frequencies were performed by DFT/B3LYP 6-31G(d, p) method to
compare the results with the semiemprical method used in SPSIM program. Intra molecular H bondings were investigated
through NBO analysis and the criteria for H bond classification were considered as given by Jeffry [18].
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3. Results

3.1 Conformer Distribution and NBO Analysis

The critical torsional angles and the corresponding molecular energies before and after the conformational analysis of
NBTMH and NBTBH can be seen on Table 1. The critical torsional angles of NBTMH and NBTBH calculated by the two
programs did not differ too much as can be seen from the graphs given in Figure 7. This result was expected since the
initial geometrical parameters for the calculation in Gaussian were obtained from the calculation of the molecule in
Spartan using the same method DFT-B3LYP in both. This procedure is usually preferred because of easy, fast and practical
conformational analysis in Spartan and more accurate molecular energy calculations [19]. The critical torsional angles
for the third compound NBTBFH were transferred from the compound NBTMH in the final form because of very similar
duplicated structure of NBTMH. After optimization of the geometries the possible H-bondings of the most stable
conformer were determined depending on the Jeffry's classification of hydrogen bonding. No strong H-bonding was
observed in any of the compounds NBTMH and NBTBH. A medium H-bonding were found between Hi,-:O39 atoms of
NBTMH and Hi,:--O39 atoms of NBTBFH with respect to this classification. A weak H bondings were also found between
Has:-0,1 atoms in NBTMH and Has--0,1 atoms in NBTBH molecules. No energy transfer was found for NBTMH and NBTBH
molecules originate from the electron transfer but NBTBFH molecule has shown energy transfer in the NBO analysis.

Depending on the conjugative effect in NBTBFH molecule, the atoms Hi,::O39 came closer and leading to increase in N11-
H1z:-0O39 angle. This causes easy energy transfer from Osq lone pair electrons to N11-Hi, antibonding electrons. The similar
conjugative effect can be observed between Os; lone pair electrons and Nao-Ha1 antibonding electrons of the same
molecule. The increase in size of the molecule causes more conjugations and more interaction sites between donors and
acceptors along the molecule. A-H...B angles of NBTMH and NBTBH can be seen Table 2. A-H...B angles of NBTBFH and
NBO for NBTBFH analyses were given in Table 3, Table 4, respectively.

Table 1. The comparison of the critical torsional angles and the energies before and after conformational analysis of the
molecules.

NBTMH NBTBH

Critical Torsional Angles Initial Values?2 Final Values® Critical Torsional Angles Initial Values Final Values
T(N13C14C15C17) 170.79247 -170.77227 T(N13C14C15C17) 170.69264 -170.69110
T(CsN11N13Ci4) -176.55079 -176.55156 T(CgN11N13Caa) 176.55079 -176.57896
T(C22C16C14C15) 010.90706 -10.878450 T(C22C16C14Cas) 010.907060 -011.61980

Table 2 A-H...B angles of NBTMH and NBTBH.

Bond Bond Angle (2) Bond Bond length (A2)

‘Hag -Cy3 97.10458 021 128

‘H1oN1g- 132.66725 Os9 301

H10Cs 94.66316 Hio 118

Co1Hes 97.10458 Hes 91

NaoHa1 132.66725 Ha1 308

CagHas 80.67206 Has )12

CsHy 94.66316 Hy 185
Table 3. A-B angles of NBTBFH.
NBTMH NBTBH
Bond Bond Angle,2 Bond i(Q)nd Length, Bond Bond Angle, 2 Bond Bond Length, A?
Coa-Hg:0 21 96.77593 Hjg0 21 2.56455 Coa-Hpg0 21 96.77780 Hs0 21 2.58221
N11-H12:-O39 132.35344 H17--039 1.77235 N11-H12:-O39 132.26133 H12:-O39 1.77543
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Table 4. NBO for NBTBFH.

Donor Acceptor 1E(2)e 2E(i)-E(j)° 3F(i,j)e
NBO (i) electron NBO (J) electron (kcal/mol) (au) (au)
LP (2) O BD*(1) Ca7 — Hs3 124.14 1.39 379
LP (1) Oy BD*(1) Ca7 — Hs3 10.25 1.23 105
LP (1) Oy BD*(1) Cr4— Cis 44059 0.82 103
LP (1) Oy BD*(1) Ci5— Cy7 7.92 0.81 73
LP (2) Os9 BD*(1) N1z — H1s 1.23 0.70 26
LP (1) Os9 BD*(1) Ni1—Hio 0.63 1.13 24
LP (1) Ous BD*(1) Cs3 — He2 8.57 1.30 99
LP (2) Ous BD*(1) Cs3 — Hes 146.36 1.41 417
LP (1) Ous BD*(1) Nao — Haz 14.83 0.67 90
LP (1) Os; BD*(1) Nao— Haz 0.57 1.13 23
LP (2) Os; BD*(1) Nag— Ha1 1.13 0.70 25
LP (1) Naz BD*(1) Cag — Has 0.72 0.80 22

IHyperconjugative interactions
2, Energy difference between donor and acceptor NBO orbitals
3. Fock matrix energy between donor and acceptor NBO orbitals, F(i, j)

3.2 Vibrational assighments

In all the frequencies calculations of the three compounds, the geometrical parameters are taken from the
DFT/B3LYP/631G (d, p) calculations for each compound in Gaussian 09 program following the determination of the most
stable conformer. Predicted spectra of the compounds NBTMH, NBTBH, NBTBFH at B3LYP/6-31G* level were given figure
8.
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Figure 8.Predicted spectra of the compounds NBTMH, NBTBH, NBTBFH at B3LYP/6-31G* level.

The compound NBTMH has 43 atoms and C; symmetry. 123 vibrational degrees of freedom are active both in IR and
Raman spectra. 163 internal coordinates (Figure 1.) are required for the calculation of the frequencies of the compound.
Totally 162 force constants (118 diagonal + 44 nondiagonal) were used in F matrix to calculate the frequencies of NBTMH.
The force constants were transferred from the similar small molecules such as naphthalene [20], benzene [20],
ethylmethylketone [21], toluene [22], hydrazine [23], saturated hydrocarbons [25] and aniline [24, 26]. Only the diagonal
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force constants were listed in Appendix D. The calculated Raman spectra of the compounds (NBTMH, NBTBH, NBTBFH
at B3LYP/6-31G* level) were given figure 9.
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Figure 9.The calculated Raman spectra of the compounds NBTMH, NBTBH,
NBTBFH at B3LYP/6-31G* level.

The part of these values as vibrational frequencies and their assignments in comparison with other compounds are given
in Table 5. The compound NBTBH has 40 atoms and the fourth atom on the phenyl ring of NBTMH was replaced by
Bromine atom instead of the methyl group. The molecule was assumed to have C; symmetry. 114 vibrational degrees of
freedom are active both in IR and Raman. 153 internal coordinates are required for the calculation of the normal
vibrational frequencies. 161 force constants (114 diagonals + 47 nondiagonals) were employed in the F matrix to
calculate the vibrational frequencies of NBTBH. The force constants were transferred from the similar small molecules
as used in the previous calculations of NBTMH. Additionally, bromophenol compound was used for transferring the force
constants [27].

The NBTBFH molecule is nearly a duplicate of NBTMH and has 68 atoms. The molecule assumed to have C; symmetry.
198 vibrational degrees of freedom are active both in IR and Raman spectra. 166 force constants (125 diagonals + 45
nondiagonals) were required in F matrix to calculate the frequencies of NBTBFH. The list of the force constants used for
the last three molecules were given on Supplementary data. The IR and Raman activities of these three compounds were
also calculated using atomic radii, atomic electronegativities as input data in ACT module of the program [28]. A new
valance force field (VFF) was developed for the compounds. All the bands in the vibrational spectra were assigned by
means of theoretically calculated spectra. The theoretically calculated spectra were found to be in good agreement with
the experimental frequencies as can be seen in Figure 10. The R? values of the correlation graphics of experimental vs.
theoretical frequencies (by GF method) were found to be 0.9999, 0.9998, and 0.9999 for NBTMH, NBTBH, and NBTBFH
compounds, respectively. The relative % errors of the theoretical frequencies of the same compounds were calculated as
0.79% for NBTMH, 0.97% for NBTBH and 0.65% for NBTBFH molecule
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NBTMH NBTBH NBTBFH
No. Assignment IR Raman GF IR Raman GF IR Raman GF
1 u (NH) 3248 - 3248 3248 - 3248 3315,33 - 3322,33
3097,3096
3097,3078, 3094,3083, 3097, 3097 ’ ’
2 U(CoH) 3072 3083 3069 3078 3095,31 3069 3082,
3070
3057,3056,305 3055 3069, 3069 3067
3 U(CpH) 3055 3060 0, 3050' 3065 3057-3055- 3055 - 3058,3055,
3049 3048 - 3050,3049
4 V(GH) 3037 ) 3038,3030 3039 ) 3038,3032, 3035 ) 2822’3032’
3006 3014,3013 3008 3022,3014 3013 3017.3015
5 U (CiH) 2999 - 3005,3 - - - - - -
2999,
2960 2969, 2999, ) 2980, 2966 2972,2966,
6 U(CmH) »896 - 2959, 2979 1933 2971 2941, - 2941,2912,
2887 2922 2899 2912 2851
2851
7 U(CGH) 2924 2928 2924 - - - - - -
8 U(Cnk=0) 1645 1644 1655 1645 1650 1658 1666 1653 1665
9 u(CnkO) 1626 1624 1642 - - - 1657 1650,16
10 U(Cnk0), (CnkO) - - - 1625 1627 1636 - - -
1625, 1627,
11 U(CpCo) - - - 1593 1601 1625,16 1605 1601 1604
1625, 1627,
12 U(CaCr) 1614 - 1630 1582 1570 1628,16 1657,16 -0,16 1649,16
1616,
13 U(CnCn), U(CCri) 1624,16 1592 1590,16
14 U(CoC)+u(CaC) 1605 1572 1568
15 U(CpCo) 1596 1587 1594,16 - - - 1520 1510 1526
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NBTMH NBTBH NBTBFH
No. Assignment IR Raman GF IR Raman GF IR Raman GF
16 U(CoC), 8(CoCuN) - - - - - - - -
17 U(CnCn) 1593 1587 1575 - - - 1569 1572 1567,1561,1560
18 U (C=N), u(C.Cr) - - - 1515 - 1541 1469 - 1455
19 U (C=N), u(CmO) - - - 1506 1505 1533 - - -
20 U(C=N) 1514 1516 1538 - - - 1500 - 1511
1537,1520 1537, 1536,1513,1502
21 U(CaCh) 1508 - 1530 1487 1496 1485 1500,1487 1510 1494
1502

22 S(HCH),u(ChCrk) 1487 1487 1497 - - - 1537 1537 1545
23 S5(NNH), 6(CoNH) 1487 1466 1492 1464 1463 1472 - - -
24 6 (NNH), u(CiCr) - - - - - - 1425 - 1439
25 S(HCH), 6(C:CH) 1464 1466 1473 - - - - - -
26 S6(HCwH) 1464 1466 1463 1458 - 1443,14 1469,14 - 1322
27 S6(HCwH) 1430 1434 1442 - - - 1429,14 - 1435,

1416
28 U(CaChr), 8(HCHH) 1430 - 1440 - - - - - -
29 S(HCH) 1430 - 1439 - - - - - -
30 S6(HCwH), 6(CuCiH) 1430 - 1438 - - - - - -
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NBTMH NBTBH NBTBFH
Assignment IR Raman GF IR Raman GF IR Raman GF
1404, 1404, 1401,
31 S(HCwH), 8(ChCiH) - - - - - - 1381 1389 1393
32 S8(CpCiH) 1430 - 1437 - - -
1430, 1431, 1431,
33 S6(ChCoH) 1412 1410 1416 1350 1347 1341 1381 1389 1396
34 8(ChCoH), u(CuCo) - - - - - - 1417 - 1413
35 U(ChCh) 1389 1392 1401 - - - 1429 - 1432
36 S6(ChCrH) 1364 1374 1375 1412 - 1414 - - -
1364, 1374, 1364, 1382, 1374, 1378,
37 B(CaCaH) 1350 1347 1343 1364 1361 1362
38 U(CpCy) 1350 1347 1347 1389 1386 1396 - - -
39 6(CkCrmH) - - - 1321 - 1340 1367 1374 1374
(kacm )
40 1321 1323 1336 - - - - - -
8(HCmH)
41 U(CnCn), 6(CoCoH) 1240 1241 1253 1379 1372 1299 - - -
42 6 (CAChH),u(ChCr) 1269 1284 1299 - - - - - -
1175,
43 U(CnCy) 1180,1 -0,1 1040 1020 1021 1048 - - -
44 U(CbN),8(CpCpH) - - - 1238 1238 1249 - - -
1269, 1210 1381,1367, 1389, 1385,1369
45 6(CnCrH), u(CiCy) - - - 1209, ’ ’ 1274,1221,1088 1198 1374 1196,1187
1096 1175 - 1172
1306 1311
1204, 1215, ’ ’ 1306,1273
46 6(CnCrH) 1209,12 1180 1159 1134 1137 1157 g;; -1268 1231
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Table 5.Cont.
NBTMH NBTBH NBTBFH
Assignment IR Raman GF IR Raman GF IR Raman GF

g saaH) e 299 BIS 14 19 LT gy

48 U(CnCrk) 1163 1164 1147 - - - - - -

49 U(CnCn), L(CnChk) - - - 1178,11 1174,11 1173,12 - - -

50 S(CpCuH ) 1163 1164 1156 - - - - - -

51 U(NN),u(CnCn) 1105 1102 1102 860 856 874 - - -

52 U(NN) - - - 1103 1108 1103 1110,89 1112,88 1101,88

53 8(CmiCrH), L(NN) - - - = - - 1110 1112 1110

54 U(NN), u(CrkCn) - - - - - - 981 - 984

55 U(CoCo) 1095 - 1078 1096,92 -0,94 1088,93 - - -

56 U(NN), §(CaCiH ) 1136 1137 1137 - - - - - -

57 U(CoCo) ,6(CuCiH) 1071 1071 1066 - - - - - -

58 O(CrmkCmH),8(HCHH) - - - - - - 1217,12 1210,12 1225,12
1357,1072, 1359,- 1313,1065,

59 S(CrmkCmH) 1071,1 1071,1 1073,1 1071,1  -01 1069,1 1011, - 1006-1002
941,860  -,- 948-43,865

60 6(CCrH)+8(CoCuC) - - - 1005 - 1006 - - -

61 U(ChCrk)+6(ChCaC) - - - - - - 1144 1148 1152

62 O(CrmkCmH),u(ChCr) - - - - - - 1072 - 1054

63 S(CrmkCmH),u(CuCs) - - - - - - 1034 - 1032

64 6(CpCiH) 986 983 983 - - - - - -
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NBTMH NBTBH NBTBFH
Assignment IR Raman GF IR Raman GF IR Raman GF
65 &(CnCiH) 970 - 969 - - - - - -
66 U(ChCo),8 (CoCuCh) 970 - 964 - -
67 v(Cb) 949 958 940 984,97  -996 978,96 981,96 - 983,97
68 U(CrkCh),u(CmCrmi) 949 - 933 958 958 946 - - -
69 S(CiCoH ) 908 - 922 - - - 1161 - 1167,12
1072
’ 1 101
70 8(CaCrH ), (CiCr) - - - 779 - 786 1022, - 92?252 6
935,831 ’
71 v(Cn) 908,83 - 920,86 223’827’7 -,830,- 889,858,797 220'660'47 - 921,919,666-664,464
72 v(Co ) 903,82 -901 907,84 949,78  -- 945,77 - - -
73 v (Co) 903,76 - 903,75
860,831 856, 850,802-799-
74 v(Cn) 893 - 886 760 752 751 796785,762 792,752
1110,
1034 1112 1108-1102,1032,
75 U(CnCn) 860 859 879 903 901 923 908,900 ] 911,896-892
831,649,63 850,650-647,632
0
76 6(Cn CaCh ),u(CrCr) 656 658 652 779,66 - 786,66 474 484 469
77 5(Cn CnCh) 798 - 785 893,82 -, - 890,8
78 U(CpCp) 775 769 759 760 769 758 785 772 791,783,
79 ¥(Co), ¥(N) 759 - 754
80 V(N) 759 - 754
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Table 5. Cont.
NBTMH NBTBH NBTBFH

Assignment IR Raman GF IR Raman GF IR Raman GF
81 U(CoCo) - - 734 - - - - - -
82 (G, UCeCy) 716 - 725 _ ) ) ) ] )
83 U(CuCo) - 696 702 - - - 709 - 722
84 V(Csb), V(N) 687 - 686 - - - 692 691 693
85 u(CBr),56(CNN) - - - 658 - 667 - - -
86 v(Cn) 656 658 656 658 - 657 - - -
87 8(CrhCmkO) 635 631 621 635 - 639 - - -
88 8(CnCnk0),8(CuCoCp) 629 - 611 - - - 981 976 892
89 8( CoCoCo ) 608 - 603 629 621 614 590 -
90 v(Crk) 608 - 600 629 621 619 958,58 -952 911
91 v(Co) 563 - 582 - - - - -
92 U(CnkCi),6(CaCrCr) - - - 608,55  -601 603,54 - -
93 U(CrnkCi) 553 - 566 - - -
94 U(CrkCi),8(CmCmi0) - - - - - - 590 - 599
95 v(Cr) 510 518 537 500 515 510 500 - 490
96 T(CaCn) - - - - - - 615 - 622
97 V(Cp),T(CoCo) 500 - 527 608,46  -601 592,44 - - -
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Table 5. Cont.
NBTMH NBTBH NBTBFH
Assignment IR Raman GF IR Raman GF IR Raman GF
603, - 604,602

98 V(G CC) ” ” ) ) ) ) 509 515 520,505
99 8(CmCmiO) - - . . . . 576 - 566
100 y(Cy) 488 - 497 460 441 445 - - -
101 &8(C.CoH) - - - 323'488'4 265'485'40566,490,427 - - -
102 y(Cmk) -0,4 - 477,42 - - - 451,42 - 458,43
103 :;phtha'e”e e 471 - 456 471 - 460 61558 - 618,56
104 y(Cu), v(N) - - - - - - 590 - 587
105 v(Go), v(N) - - - - - - 534 - 541
107 T(CuCn ), v (Cak) 460 461 438 - - - - -
108 8(CyCuN) - - - - - - 451 -
109 6(CyChCh),8(ChCuN) 408 - 429 - - - - -
110 y(Ci), T(ChN) - - - - - - 424 -
111 T(CiN) - - - - - - 401 -
112 y(Crk), T(CoCo) - - - - - - 451 .
113 8(CiCnCr) - - 390 - - : - .
114 vy (G) - - 367 - - .
115y (Cy), T(CoCo) - - 362 - - - 941 928
116 8(CoCuCo) - - 339 - - - -
117 T(CoCo), V(Cn) - - 328 - - - 935 924
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Figure 10.Correlation plot of experimental vs. theoretical frequencies

by GF.

The correlation between experimental and the calculated wave numbers by the method DFT/B3LYP/631G (d, p) for the
three compounds can be seen in Figures 11-13. The R? (n) values of calculated frequencies by DFT were found to be
0.9929(n=97), 0.9961(n=88), and 0.9965(n=154), for the compounds NBTMH, NBTBH, and NBTBFH, respectively. The
average percent relative error of the calculated frequencies of NBTMH in the present study was found to be 11 cm™ and
the maximum deviation is 27 cm™ at 500 cm™ corresponding to the out of plane P(Cp) vibrations. The average percent
relative error of the calculated frequencies for NBTBH was also found to be 9 cm™ and the maximum deviation is 30 cm"
! at 828 cm™ corresponding to C,-C,, out of plane deformation vibration. The similar calculation was also performed for
NBTBFH and the average percent relative error of the calculated frequencies was found to be 7. The maximum deviation
is 28 cm™ observed at 1259 cm™ wavenumber corresponding to C,CyH in plane deformation vibration aromatic rings
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Figure 11. Correlation plot of experimental vs. theoretical frequencies of NBTMH.
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Figure 12. Correlation plot of experimental vs. theoretical frequencies of NBTBH.
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Figure 13. Correlation plot of experimental vs. theoretical frequencies of NBTBFH.

3.2.1N-H vibrations

N-H stretching mode observed usually at 3350-3200 cm™™. N-H stretching vibration for a similar structure
of p-CHs and m-CHscyanoformazone were calculated at 3230, 3222 cm™ by Abdel Ghaniet al. [29].
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The N-H stretching vibration of the hydrazine group of NBTMH was calculated at 3248 cm™ by GF method same as the
observed IR wave number value. Similarly, the N-H stretching vibration of NBTBH was calculated and observed at 3248
cml. The same signal for NBTBFH was calculated at 3301 cm™ and observed at 3315 cm™. The shift and broadening of
the -NH stretching band and the shift of the C=0 stretching band of the naphtyl keto group in NBTBFH corresponding to
the same groups in NBTMH and NBTBH were mainly responsible for the weak hydrogen bonding [30] between the N-H
of hydrazine and the C=0 of the naphthyl keto groups as can be seen in Table 4.

NH bending mode observed usually at 1505-1570 cm™ was calculated at 1505 cm™ with a 37% contribution and at 1556
cm™ with low percentage (17%) for diacetylmonoxime semicarbazone in the same work [31]. The deformation vibrations
of NNH group for p-CHs substituted cyanoformazones were calculated at 1404 cm™ and observed at 1400 cm™. The same
band were observed at 1469 cm™ and calculated at 1466 cm™ for m-CHs substituted analog [29].

In the present study, NNH in plane bending of NBTMH was calculated at 1487 cm™ with 18% contributions of NNH and
%18 contributions of CNH internal coordinates. The same mode was calculated at 1472 cm™ for NBTBH and at 1439 cm’
! for NBTBFH, respectively.

NH out of plane vibration of the hydrazone group was observed at 652 cm™ and calculated at 654 by Doddofetal. [32].
The same mode for NBTMH was observed at 754, 686 cm™ and calculated at 687 and 759 cm™. The out of plane vibration
of NBTBFH was observed 692 cm™ and calculated at 693 cm™.

3.2.2 C-H vibrations

The C—H stretching frequencies of monosubstituted benzenes are expected in the region 3010-3120 cm™ and substituted
groups do not alter much in this range very much [29, 33]. C-H in plane and out of plane bendings are usually observed
at 1100-1500 cm™ and in 800-1000 cm regions, respectively [34]. Netto etal. Observed C-H stretching vibrations at 3073,
3064, 3056, 3057 cm™ for benzene and at 3065, 3056, 3055, 3029, 3025, 2980 cm™ for naphthalene. The C-H vibrations
the C-H in plane bendings of benzene and naphthalene were observed at 1482, 1350, 1309, 1178, 1152 cm™ and 1460,
1436, 1389, 1240, 1209, 1144, 1125, 1099 cm™ respectively[20]. The aromatic C—H stretching vibrations of the
naphthalene group in NBTMH were observed at 3097, 3078, 3072, 3037, 3006, cm™ and calculated at 3094, 3083, 3069,
3038, 3014, cm™ with a contribution of 100, 97, 98 and 100, 85 percents to the PED of the normal vibrations, respectively.
The C—H stretching vibrations of benzene observed at 3055 cm™ were attributed to the calculated wave numbers of 3057,
3056, 3050 cm™ with 99% contributions each.

The C-H stretching vibrations of benzene ring belonging to NBTBH compound was calculated at 3054, 3049, 3048 cm™
and observed at 3055 cm™ as single band. The naphthalene’s C-H stretchings vibrations of NBTBH compound were
observed at 3097, 3078, 3039, 3008 cm™ and calculated at 3095, 3081, (3038, 3032), (3022, 3014) cm™ wavenumbers.
C-H strechings belonging to benzene ring of NBTBFH was observed at 3069 and 3055 cm™ and calculated at 3067 and
(3058, 3055,3050, 3049) cm™ The C-H stretchings belonging to naphthalene group of the same compound was observed
at 3035, 3013 cm™* and calculated at (3039, 3032, 3031) and (3017, 3015) cm™ wavenumbers.

The C-H stretching vibrations of toluenicCH; group connected to hydrazone bridge of cyanoformazans, similar to our
system, were calculated at 2998, 2960, 2946 cm™ for asymmetrical stretchings and 2945, 2939, 2920 cm™ for symmetrical
stretchings of ortho- meta and para methhylated benzene ring, respectively [29]. The C-H stretching vibrations of methyl
group connected to kethonic carbonyls in another study were observed at 2982, 2953 cm™ wavenumbers [35]. The C-H
vibrations of toluenic methyl group of NBTMH were observed at 2999, 2924 cm™ and calculated at (3005, 2990), 2924
cm® while the C-H stretching vibrations of ketonic CH3z group were observed at 2960, 2896 cm™ and calculated at (2969,
2959), 2887 cm! for NBTMH. Since there are only ketonic C-H vibrations available as aliphatic C-H vibrations in NBTBH
and NBTBFH molecules, the wavenumbers 2999, 2979, 2922 cm™ were observed and calculated at 2980, 2971, 2899 cm”
1 wavenumbers for this group of NBTBH. The same aliphatic C-H vibrations of NBTBFH were observed at 2999, 2966, 2941,
2912, 2851 cm™ and calculated at 2972, 2966, 2941, 2912, 2851 cm™.

Toluenic HCH bendings of CHs in nitrotoluenes appear at 1477, 1469, 1374 cm™ [22], in the same study CpC:H bending
was observed at 997 cm™wavenumber. In another study, aliphatic HCH bendings were observed at 1440, 1380 cm™
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wavenumbers. CCH bending belonging to CH3 observed at 990 cm™ and calculated at 990 cm™ with 65% contribution
[31]. The HCH bendings of ketonic CHs for NBTMH were observed at 1464, 1430 cm™ wavenumbers and calculated at
1463, 1442 cm™. The HCH of toluenic methyl deformations were observed at 1465, 1430 cm™ and calculated at 1473,
1439 cm™ wavenumbers. The HCH deformation vibrations of ketonic methyl group for NBTBFH are observed at 1469,
1442, 1429, 1417 cm™ and calculated at 1468, 1449, 1435, 1416 cm™ wavenumbers, respectively.

CCH in-plane bendings of naphthalene groups are observed at 1460, 1209, 1008 cm™* wavenumbers. The same bending
vibrations of benzene ring are observed at 1482, 1350, 1178, 1010 cm™ [36]. The CCH in-plane bending of naphthalene
groups in NBTMH was observed at 1364, 1350 cm™ and it was calculated at (1375, 1364), 1343 cm™ wavenumbers. For
NBTBH the same bendings were observed at the 1412, 1382, 1364, cm™ wavenumbers and calculated at 1414, 1378,
1362 cm™ wavenumbers. The same vibrations for NBTBFH was observed at 1381, 1367 cm™ and calculated at 1385,
1369 cm™ wavenumbers. The similar bending frequencies of benzene ring in all the three compounds were observed at
1412-1163 cm™® wavenumber region as expected and calculated between 1416-1156 cm™

The out of plane bending vibrations of aromatic rings appear generally in the range 1000-650 cm™ [29, 37]. The out of
plane vibrations of the aromatic rings of the three compounds of the present study were observed in the range 984 to
460 cm™.

3.2.3 C=C Vibrations

C=C stretching vibrations of aromatic rings usually give strong bands between 1400 and 1600 cm™. Netto et al., observed
the C=C stretching vibrations of benzene at 1599,1309, 1037, 993 cm™ and theoretically calculated them at 1602, 13186,
1026, 993 cm?, respectively [20]. The C=C stretching vibrations of naphthalene were observed by the same group at
1624,1595, 1579, 1509, 1361, 1379, 1144, 1025, 1008, 763 cm™ and calculated them at 1625, 1597, 1577, 1529, 1357,
1368, 1136, 1013, 1007, 767 cm™ respectively.

The C=C stretching vibrations of NBTMH molecule including benzene and naphthalene rings were calculated at 1630,
1575, 1530, 1401, 1175, 1040 cm™. For naphthalene and 1594, 1591, 1347, 1078 cm™ for benzene with a considerably
high contribution of the related internal coordinate to the potential energy term. These frequencies were assigned to
the observed bands of naphthalene at 1614, 1582, 1508, 1389, 1198, 1020 cm™ and of benzene at 1596, 1593, 1350,
1095 cm, respectively. The similar results were obtained for NBTBH and NBTBFH compounds. The C=C stretching bands
of benzene and naphthalene groups of NBTBH were observed at 1627, 1625, 1601, 1593, 1582, 1570, 1496, 1487, 1389,
1386, 1096, 1021, 1020, 936, 921, 903, 901 and 769, 760 cm™, their corresponding wave numbers were calculated at
1625, 1596, 1577, 1485, 1396, 1088, 1048, 931, 923 and 758 cm™, respectively. The aromatic C=C stretching bands of
NBTBFH were observed nearly at twice the number of aromatic C=C stretching bands due the additional naphthalene
ring of NBTBFH with respect to previous compounds. The aromatic C=C stretching vibrations were observed at 1657,
1624, 1616, 1605, 1592, 1572, 1569, 1537, 1520, 1510, 1510, 1502, 1500, 1487, 1429, 1381, 1367, 1198, 1175, 1072,
1112, 1034, 908, 900, 831, 785,772, 709, 649, 630, cm™ and calculated at 1649, 1610, 1604, 1568, 1567, 1561, 1560,
1536, 1526, 1513, 1502, 1494, 1432, 1108, 1054, 1032,1002, 911, 896, 8392, 850, 791, 783, 722, 650, 647, 632 cm™.

The C.Cnk bond between naphthalene ring and carbonyl group frequency of NBTMH was calculated at 1147 cm™ and
observed at 1163 with a 41% C-C character. The other C-C bonds between naphtylketo carbon and hydrazone carbone
(CkCh) and between methyl carbon and ketonic carbon (CmCrk) Were calculated at 933 cm™ with nearly equal
contribution to the PED in total of 30% and assigned to 949 cm™.

The stretching vibration of C,Cn belonging to NBTBH were calculated at 1173, 1152 cm™ and observed at 1178, 1134

cm™. For the same compound, the CxCrand CmCrk aliphatic strechings were observed at 958 cm™ and calculated at 946
cm™. For NBTBFH, the C,Cy streching vibration was observed at1144 cm™ and calculated at 1152 cm™ wavenumber.
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3.2.4 C=0, C=N, N-N vibrations

The p-diketones, which have a-hydrogen, do not have the C=0 stretching band at 1700-1750 cm*characteristic of normal
conjugated ketones but instead they have very broad band between 1640-1530 cm™[30, 38]. This broad band has been
attributed to a reduction of the double bond character by the resonance between forms Hi2-Ni1and Hi-Osg

The energy difference between keto and enol forms in NBTMH, NBTBH and NBTBFH compounds were found to be 1.2-10°
5,8.2:10° and 2.1-107 kcal/mol, respectively in DFT method. According to the calculations the keto forms are more stable
than enol forms for each three compounds.

The C=0 stretching were appeared at 1645 and 1626 cm™ in the vibrational spectra for NBTMH and these frequencies
were calculated at 1655 and 1642 cm™. The same vibrations of NBTBH were observed at 1645, 1625 and calculated at
1658, 1636cm™. For NBTBFH there are more carbonyls therefore the bands at 1666, 1657 cm™ are correspond to
calculated, 1665, 1650, 1642 cm™ numbers.

The stretching vibration of C=N group in NBTMH was observed 1516, 1514 cm™ and was calculated at 1538 cm™ with a
32% contribution of C=N stretching force constant. The C=N stretching vibrations for both NBTBH and NBTBFH were
calculated at 1541, 1533 and 1511 cm™ and observed 1515, 1506, 1505 and 1500 cm™ respectively.

Doddof and his friends observed N-N stretching vibration for hydrazine at 1096 cm™ wavenumbers. The N-N stretching
vibration was calculated at 1136, 1105, 1005, 860 cm™ wavenumbers [32]. The N-N stretching vibrations of NBTMH were
observed at 1137, 1136, 1105, cm™ and were calculated at 1137 and 1102 cm*wavenumbers. The same stretchings were
observed at 1108, 1103 and 860 cm™ for NBTBH and calculated at 1103 and 874 cm™. For NBTBFH the same stretching
were observed at 1112, 1110 and 887 cm™ wavenumbers and calculated at 1101 and 878 cm™ wavenumbers.

3.2.5. C-Br vibrations

Krishnakumar et al, reported that C-Br vibrations were observed at 650- 400 cm™ with a very intense band and they
observed this vibrations at 609 cm™ for 1-bromo-4-fluronaphthalene and at 544 cm™ for 4-bromo benzonitrile [39]. The
out of plane bending vibration of C-Br was observed at 279 cm™[40].

The C-Br stretching vibrations for NBTBH were calculated at 667 cm™ and 358 cm™ and the out of planes of the same
group were calculated at 239, 220 cm™ wavenumbers.

4, Discussion and Conclusion

The potential energy surfaces of the compounds were calculated by DFT/6-31G (d, p). Two remarkable H-bondings were
obtained through NBO analysis in gas phase for NBTBFH. The most strong hyperconjugative interaction were calculated
between the LP O,; atom and BD* (Cy3 — Hag) bond. The second remarkable interaction in gas phase was found between
the LP Oss and BD* Ce1 — Hegfor NBTBFH.

The complete vibrational analysis has been performed by emphasizing on the vibrations of O-H, C=N, C-H, C=0/C-0,
C=C/C-C (stretchings), CCH, HCH,CCC, COH (deformations).Our study may hopefully be assistance, theoretical results for
the title compound in reaction intermediates, theoretical chemistry and health science. The vibrational dynamics of
Hydrazones can be satisfactorily interpreted from the normal modes of N=N, C=N as obtained by Wilson’s GF matrix
method for finite systems. The vibrational dynamics of Hydrazone derivates can also interpret satisfactorily through
normal modes analysis by the other researchers.
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AppendixA Geometrical parameters of NBTMH

T gl O e s
C-Gy 1.39993 Cs-Ci-G, 117,71 C34-Cyo-H3s 119.64413
C-Cy 1.40365 Ca-Co-Cq 121.38655 C31-Hze- Coe 118.80527
Cs-C 1.39248 Cy-Ci-Hs 119.54116 C34-C31-Hse 120.44559
Cy-Hs 1.08666 Cy-Cs-Hs 119.07222 C3z-Hs7- Cyy 120.27306
Ce-Cs 1.39010 Ce-C3-C; 121.84494 Ca6-C32-Hs7 118.77647
Cs-Hy 1.08714 Cs-Ci-Hy 119.27556 C34-Hag- Cyo 119.54203
Cs-Cs 1.40099 Ce-C3-H7 118.87947 C34-Hag- C31 119.99280
Cs-Ca 1.39958 C3-Ce-Cs 119.41237 039-C16-C1a 118.62368
Cs -Ho 1.08668 Cs-Ci-Cy 119.87881 C22-C16-0O39 117.71778
Cs-H1o 1.08314 5C4-Cs-Cs 119.76303 Cy-C1-Cao 121.33152
N11-Cg 1.40462 Cs-Cs-Hio 119.45447 C3-Ci-Cao 120.94615
N11-H12 1.02731 C2-Cs-Ho 120.23740 Cao-Ha1-Haz 107.94727
N13-N11 1.30532 Cs-Cs-Ho 119.88333 Cao-Ha1-Haz 107.38534
C14-N13 1.32487 C3-Cs-Hao 121.13233 Cao-Ha-Haz 107.07721
Ci5-Caa 1.49221 N11-Cs-Cs 122.28796 C1-Cao-Har 111.46868
Ci6-Caa 1.48918 C4-Cg-N11 117.94893 C1-Cao-Haz 111.43794
C17-Cis 1.52148 Cs-N11-H12 121.32274 C1-Ca0-Has 111.30667
Ci7-Hisg 1.09063 N11-Cs-N13 121.63454
C17-Hio 1.09367 N13-N11-H12 116.99472
Ci7-Hao 1.09393 N13-N11-Cas 122.01574
C15-O1 1.22329 N13-C14-Ci5 113.48766
Ci6-C22 1.49021 Ci16-C14-N13 122.29952
C2-Co3 1.38306 Ci6-C15-Cia 123.95640
Ca3-Coa 1.41674 C17-Ci5-Cia 117.84447
Ca3-Cys 1.42159 Cis5-Has-Cy7 107.89792
Ca3-Cos 1.43284 Ci5-H19-Cy7 111.49341
Cy7-Ca2 1.42481 Ci7-Hig-Hig 109.49473
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Bonding Bond lengths(A) Bonding Bond angles Bonding
Atoms Atoms Atoms
C23'C28 108354 ClS‘HZO‘C17 11075544
Ca5-Cag 1.37597 Ci17-H1s-Hao 106.89032
Cas-Hso 1.08668 Ci17-H1o-Hao 110.31096
C6-Ca1 1.41905 C17-C15-021 120.50913
Co6-C31 1.42232 031-C15-Cya 121.60007
C27'C32 137150 CZZ‘ClG‘ClLl 12352475
Cy7-Has 1.08400 C23-C22-Ci6 123.11197
C9-Caa 1.41653 C4-C3-Cy2 121.18740
Cs1-Csa 1.37736 C31-Ca6-Coa 118.82753
C29'H35 108583 C32‘C26‘C24 11862223
C31-H35 1.08679 C32-C22-C27 120.73476
Csz-Hs7 1.08675 C31-Ca6-Ca2 122.54965
C34-Hsg 1.08610 Cy7-Hss- C2 118.22933
C16-O39 1.24550 C32-Cy7-Hs3 121.03581
C1-Hao 1.50970 C34-C9-Cys 120.18789
CaoHa1 1.09476 C9-C34-C31 120.46517
CaoHaz 1.09354 C34-C31-Cye 120.74912
Cao-Has 1.09719 Ca9-H3s- Cps 120.16785
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Appendix B Geometrical parameters of NBTBH

Bonding

Bonding

Bonding

Atoms Bond lengths(A) Atoms Bond angles Atoms Bond angles
C-Cy 1.39350 CG-Ci-G 120.81590 C17-H1o-Hao 110.29219
GG 1.39530 C>-C1-Cao 119.60775 C27-C22-Cis 117.24960

C1-Brao 1.90928 C3-C1-Cao 119.57620 C23-C2-Cis 123.04060
Cs-Cy 1.39180 Cs-C-Cy 119.40720 C24-Co3-Co2 121.18140
Ca-Hs 1.08380 Co-C1-Hs 120.28750 Co5-Ca3-Caa 121.85010
Ce-C3 1.39090 C4-Cy-Hs 120.30522 Co5-Ca4-Cas 119.03861
Cs-Hy 1.08410 Ce-C3-Cy 119.84790 Co6-Ca-Ca3 119.11070
Cs-Cy 1.40150 C5-Ci-Hy 120.02450 Co7-Ca3-Can 119.38038
Cs-He 1.08630 Ce-C5-H7 120.02446 Ca4-Hag- Ca3 118.19779
Ce-Cs 1.40148 Cs-Cs-Co 120.20970 Co2-Coa-Hag 120.61820
Ce-H1o 1.08290 Co-Ca-Hg 119.82220 Co9-Ca5-Caa 120.72960
N11-Cs 1.40160 Cs-Ca-Hs 119.96876 Cos-Hso- Cos 118.73450

N11-H1» 1.02700 C3-Ce-Cs 119.76845 C29-Cas-H3o 120.53501

N13-N11 1.30900 C3-Cs-Hao 120.72540 C31-C6-Cs2 122.53279

C14-N13 1.32150 Cs-Cs-Hio 119.50642 C32-C6-Coa 118.64220

Ci5-Caa 1.49420 N11-Cs-Cs 122.11490 C31-Co6-Coa 118.82400

Ci6-Caa 1.49260 Cs-Cs-Co 119.95061 C32-C2-Cy7 120.69132

C17-Cis 1.52060 C4-Cg-N11 117.93514 Cy7-Hz3- Cy2 118.26129

Ci15-On1 1.22260 Cs-N11-H12 122.11490 C32-Cy7-Hs3 118.26150

Ci6-C22 1.48840 N11-Cg-N13 121.38846 C34-C9-Cys 120.19008

C16-O39 1.24458 N13-N11H12 121.38850 Ca9-Hss- Cys 120.19000

Ci7-Hig 1.09050 N13-N11-Cas 121.89230 C34-Cy9-Hss 119.64543

C17-Hio 1.09390 N13 C14-Cis 113.62640 C25-C31-Cye 120.16420

Ci7-Hao 1.09380 C16-C14-N13 122.36820 C31-Hsz6- Ca6 118.81520

Coa-Cy3 1.41650 Ci16-C15-Cia 123.73487 C34-Hsg- Cyo 119.53524

C2-Co3 1.38350 C17-Ci5-Cia 117.91200 Cs6-Cs7-Hes 119.53460

C24-Cys 1.42160 021-C15-Cia 121.31790

Ca-Coe 1.43290 C17-C15-021 117.91232

C22-Cy7 1.42500 C34-C31-H3e 120.44608

Ca3-Cos 1.08360 Ca6-C32-Cy7 120.96679

Ca5-Cyo 1.37590 Ca6-C32-Hs7 118.77030

Cas-Hso 1.08670 C32-H37-Cy7 120.26118

Co6-C31 1.41890 C9-C34-C31 120.47832

Ci6-Cs2 1.42250 C34-H3s-C31 119.98620

Cy7-Cs2 1.37129 C22-Ci6-Cig 123.37090

Cy7-Hss 1.08400 039-C16-C1a 118.47360

Ca9-Csa 1.41650 C22-C16-0O39 118.01944

Ca9-Hss 1.08580 Cis5-Has-Ci7 108.94860

C31-Caa 1.37740 Cis5-H1o-Cy7 110.73900

C31-Hse 1.08670 Cis-Ha0-Ci7 111.45140

Cs2-Hs7 1.08670 Ci7-Hig-Hio 106.93207

C34-Hsg 1.08600 Ci7-Has- Hao 109.47837
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Bond (BAO)nOI et Bond :Z?wr;(:hs (A) Bond Ssglis(deg) Bond Ssglis(deg) Bond Ssglis(deg)
C-Cy 1.40161 Cs4-Cso 143288  G5-Ci-G, 119.66980 Cas-Caa-Ous 117.86304 C29-Cy5-Caa 120.70410
CG-Cy 1.40361 Ca7-Hao 1.09055  C3-Ci-Nao 118.10493 C22-C16-C1a 122.90070 Cs4-Css-Cs 120.73230
Cy-Brao 1,4 Cap-Hay 1,09 C3-C1-Nao 122.22520 Ca3-Cs0-Cs2 123.55840 H30-C25-Caa 118.73360
Cs-C 1.38852 Ca6-Hag 1.09395 Cs-C-Cy 120.16870 039-C16-Caa 118.65600 Cs54-Css-Hea 118.73690
Cy-Hs 1.08610 C2-Cy7 1.42375 Hs-Co-Cy 119.95690 C22-C16-O39 118.34345 C29-Ca5-H3o 120.56235
Cs-C3 1.38660 Co3-Has 1.08539 C4-Co-Hs 119.87449 Cs52-Cs50-0Os1 117.84108 Cs6-Css-Hea 120.52952
C3-H7 1.08289 Co5-Cyo 1.37597 Ce-C3-C1 120.16020 H1g-C17-Cis 110.67760 C31-Cr6-C32 122.53203
Cs-Cs 1.40150 C31-Cas 1.37731 H7-C5-Cy 119.23820 H19-C17-Cis 111.41240 Cs8-Cs9-Coo 122.54030
Cs -Ho 1.08606 Cs7-Csg 1.37738 Ce-Cs-H7 120.60102 H20-C17-Cis 108.02300 Cs7-Cse-Hea 119.64271
Cs-Cs 1.40356 Cs5-Cse 1.37593 Cs-Ci-Cy 120.15880 Cas-Cae-Hag 107.92460 Cs54-Cs9-Coo 118.62720
Cs-H1o 1.08293 Cas-Hao 1.08669 C-Cy-Ho 119.87280 Ca4-Cae-Hag 110.70020 C31-Co6-Cos 118839

N11-Cg 1.40072 C31-Hss 1.08673 Cs-Cs-Ho 119.96847 Ca4-Cas-Haz 111.50670 Cs4-Cs9-Csg 118.83193
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Bond (BAO)nOI et Bond :Z?wr;(:hs (A) Bond Ssglis(deg) Bond Ssglis(deg) Bond Ssglis(deg)
Nii-Hi,  1.02834 Csg-Hes ~ 1.08673 C3-Ce-Cs 120.16082 His-Ci7-His  106.93688 C32-C7-Ca2 120.48058
Nao-Ha1  1.02792 Cs5-Ce3 1.08668 C3-Ce-H1o 120.61130 His-Ci7-Hzo  109.51418 H33-Co7-Cyz 119.8485
Ni3-Ni1 - 1.30764 C6-Ca 1.42200 H10-Cs-Cs 119.22750 H19-C17-Hao 110.27684 Cs1-Co0-He7 120.25543
Nao-Na,  1.30802 Cs3-Csa 1.41656 N11-Ce-Cs 122.22660 Ha9-Ca6-Hag 109.45134 C34-C31-Co6 120.72384
C14-N13 1.32369 Cs9-Ceo 1.42238 C4-Ce-N11 118.09290 Hao-Ca6-Ha7 110.31360 Cs57-Csg-Csg 120.73670
Na-Ns3  1.32344 C7-Cs2 1.37203 C4-Ce-Cs 119.68052 Ha7-Ca6-Hag 106.94430 C31-Hz6-Cas 118.83720
C-Cy 1.40161 Cs4-Cso 1.43288 C-Ci-C 119.66980 Ca6-C44-Oss 117.86304 Cr9-Cy5-Cos 120.70410
C-Cy 1.40361 Ci7-Hao 1.09055 C2-C1-Nao 118.10493 C22-Ci6-Cas 122.90070 Cs54-Cs5-Csg 120.73230
Cq-Brao 1,4 Ca6-Haz 1,09 C3-C1-Nao 122.22520 Ca3-Cs0-Cs2 123.55840 H30-C25-Caa 118.73360
Cs-C 1.38852 Cap-Hag 1.09395 Cs-C-Cy 120.16870 039-C16-Cia 118.65600 Cs54-Css-Hes 118.73690
Ca-Hs 1.08610 C22-Cy7 1.42375 Hs-Co-Ca 119.95690 C22-C16-O39 118.34345 C29-Cas-Hao 120.56235
Ce-C3 1.38660 Ca3-Hoas 1.08539 C4-Ca-Hs 119.87449 Cs2-Cs0-Os1 117.84108 Cs6-Css-Hes 120.52952
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Bond (BAo)nd lengths Bond I(BAo)nd IengthsBond Ssglis(deg) Bond Ssglis(deg) Bond Bond angles(deg)
N11-Hiz 1.02834 Csg-Hes ~ 1.08673 C3-Ce-Cs 120.16082 H1s-C17-Hao 106.93688 C32-C7-C2 120.48058
Cs-Ca 1.40150 C31-Caa 1.37731 H7-C5-C1 119.23820 H19-C17-Cis 111.41240 Cs8-Cs9-Coso 122.54030
Cs -Hg 1.08606 Cs7-Css 1.37738 Ce-C5-Hy 120.60102 H20-C17-Cis 108.02300 Cs7-Csg-Hea 119.64271
Cs-Cs 1.40356 Cs5-Cse 1.37593 Cs-Ci-Co 120.15880 Cas-Cae-Hao 107.92460 Cs54-Cs9-Coo 118.62720
Cs-H1o 1.08293 Cos-Hao 1.08669 C-Cy4-Ho 119.87280 Ca4-Cae-Hag 110.70020 C31-Co6-Cos 118839
N11-Cg 1.40072 C31-Hse 1.08673 Cs-Cs-Ho 119.96847 Cas-Cae-Haz 111.50670 Cs54-Cs9-Csg 118.83193
N11-H1o 1.02834 Csg-Hee 1.08673 C3-Ce-Cs 120.16082 H1g-C17-H19 106.93688 C3-Cy7-C2 120.48058
Nao-Ha1 1.02792 Cs5-Ces 1.08668 C3-Ce-Hio 120.61130 H1g-C17-Ha0 109.51418 H33-Co7-Coo 119.8485
N13-N1q 1.30764 C6-Ca2 1.42200 H10-Ce-Cs 119.22750 H19-C17-Hz0 110.27684 Cs1-Ceo-Hs7 120.25543
Nao-Naz 1.30802 Cs3-Csa 1.41656 N11-Ce-Cs 122.22660 Ha9-Cag-Hag 109.45134 C34-C31-Cp6 120.72384
C14-N13 1.32369 Cs9-Ceo 1.42238 C4-Ce-N11 118.09290 Hao-Cag-Ha7 110.31360 Cs57-Css-Csg 120.73670
N42-Na3 1.32344 C7-Ca 1.37203 C4-Cs-Ce 119.68052 Ha7-Cas-Has 106.94430 C31-H36-Cas 118.83720
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Bond (BAo)nd IengthsBond :Z?wr;?hs A) Bond aBr?glis(deg) Bond Ssglis(deg) Bond Bond angles(deg)
Ci5-Cra 1.49181 Co0-Ce1 1.37132 H12-Cg-N11 121.59860 C23-C22-Cis 117.36020 Cso-Css-Hes 118.80544
Ca3-Caa 1.49381 Co7-Hss 1.08302 C1-Nag-Haz 121.59380 Cs0-Cs2-Cs3 123.14430 C34-C31-Hse 120.43889
C16-C1a 1.48877 Cag-Hss 1.08585 N11-Ce-N13 121.54390 C27-C2-Cys 123.07820 Cs7-Css-Hes 118.80540
C43-Cso 1.49106 C3p-Hs7 1.08653 C1-Nao-Na 121.50150 Cs50-Cs2-Co1 117.18072 Cr6-C32-Cy7 121.19467
C17-Css5 1.52021 C34-Hasg 1.08607 H12-N13-N11 116.81209 C24-Cy3-C2 121.43470 Cs9-Ce0-Cs1 120.95790
Cs4-Cae 1.52101 Cs6-Hea 1.08579 Ha1-Nao-Na> 116.83312 Cs52-Cs3-Co1 119.35270 Cr6-C32-H37 118.76680
C15-On1 1.22308 Cs7-Hes 1.08606 N13-N11-Cis 121.64650 Co5-Cos-Co3 122.08000 C3-Cy7-H33 119.66010
C44-Ouss 1.22276 Cso-He7 1.08672 Nao-Na2-Caz 121.86210 Cs52-Cs3-Csy 121.18110 C34-C9-Cos 120.21830
Ci16-Ca2 1.49091 Cs3-He 1.08351 N13- C14-Css 113.86171 C25-Coa-Cos 119.04011 Cs5-Cse-Hsy 120.19220
Cs0-Cs 1.48887 Cs1-Hes 1.08396 Na2-C43-Cas 113.45000 Cs3-Cs4-Css 121.83550 C29-Cas-Hss 120.15480
C16-O39 1.24544 C29-Caq 1.41671 C16-C14-N13 122.59970 Cs5-Cs4-Csg 119.03136 Cs5-Cs6-Hea 120.16499
Cs0-Os 1.24561 Cs6-Cs7 1.41652 Na2-C43-Cso 122.33649 C26-Cas-Ca3 118.87760 C34-Cao-Hss 119.62687
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Bond (BAo)nd lengths Bond I(SAo)nd lengths Bond Bond angles(deg) Bond Bond angles(deg) Bond Bond angles(deg)
Ci7-Hig  1.09395 Ce1-Cs2  1.42504 Ci6-C15-C1a 123.29030 Cs3-Csa-Csg  119.13230 Cso-Ceo-He7 118.78490
Ci7-His  1.09384 Cs-Cs3 1.38335 Cas-Ca3-Csg  122.33650 C7-C2-Co3 119.34282 H37-C32-Cy7 120.03763
Csa-Css  1.42160 Cag-Has  1.09059 C17-C15-Cia 118.06210 Cs2-Ce1-Ceo 120.72040 Co9-C34-Cs1 120.47469
Cso-Csg 1.41891 C4-Cy3 1.41560 C43-Cs4-Cys 117.86300 His-Cp3-C2 119.00310 Cs6-Cs7-Csg 120.47490
Cs0-Cs2 1.48887 C4-Cys 142170 021-Ci5-Cag 121.47330 Cs2-Ce1-Hes  120.63939 C34-Hzs-Ca1 119.98990
C2-Cys3 1.38422 C6-Ca1 1.41908 C43-C44-0ss 121.47330 C4-Cy3-Hpg  119.56183 Cs8-Cs7-Hes 119.53460
Cos-Ce 143313 C17-C15-021 120.80647 Ceo-Ce1-Hes  121.02840 C34-Hzs-Cyo 119.53537
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Force const. Internal coordinate Force const. ® Ref. Force const. Internal coordinate Force const. ® Ref.c
No Sym.@ No Sym.@

1 Kp1 C-C 500000 [20]* 23 Krs Ci7-H1o 470300 [25]
2 Kbz C-C 500000 [20]* 24 Kr2 Ci7-Hao 470300 [25]
3 Kr Ci-Hao 430030 [22] 25 Kn1o Ca3-Cas 490000 [201*
4 Kb Cs-Cy 507330 [20]* 26 Kno Cy2-Cas 699800 [20]
5 Krs Cy -Hs 507000 [20]* 27 Kn2 Ca4-Cys 485600 [201*
6 Kbs Ce-C3 507330 [20]* 28 Kn1 Ca4-Cas 603400 [20]
7 Kra Cs -H7 507000 [20]* 29 Kns Co2-Cy7 487820 [201*
8 Kbs Cs-Cq4 505000 [20]* 30 Kez Cas-Has 490000 [201*
9 Kra Cy -Ho 505900 [20]* 31 Kns Ca5-Cao 588800 [201*
10 Kpa Ce-Cs 505000 [20]* 32 Ker Casa-Hs3po 502200 [20]
11 Krs Ce-H1o 505900 [20]* 33 Kn11 Ca6-Cs1 485600 [201*
12 K N11-Cg 512580 [22] 34 Kne C26-Cs32 430000 [20]*
13 Ks N11-Hi, 581760 [22]* 35 Kn7 Cy7-Cs, 600000 [20]*
14 Km N13-N14 580000 [21]* 36 Kes Cy7-Hss 507970 [20]*
15 Kia C14-N13 690000 [26]* 37 Kna Ca9-C34 590100 [20]
16 Ke1 C15-Cag 401700 [21] 38 Kez Cao-Hss 507970 [20]*
17 Kea C16-Cag 399900 [21]* 39 Kns C31-C3q 588800 [20]*
18 Kea C17-Cis 399900 [21]* 40 Kea Cs1-Hse 502200 [20]
19 Ka1 C15-021 798000 [21]* 41 Kes Cs2-Hsz 505050 [20]*
20 Kes C16-C22 430030 [22] 42 Kes Css-Hsg 507970 [20]*
21 Ka2 C16-O39 800000 [21]* 43 Kra CaoHa1 469850 [22]*
22 Kry Cy7-Hig 470300 [25] 44 Krs Cao-Ha 469850 [22]*
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Force const. Internal coordinate Force const. ® Ref. Force const. Internal coordinate Force const. ® Ref.c
No Sym.@ No Sym.@
45 Krs Cao-Has 469850 [22]* 62 H wa C4-Cs-Cs 110000 [20]*
46 Hw1 C5-C1-G, 92000 [20] 63 Hya Cs-Cs-N11 105.00 [26]*
47 Hu1 Cy-C1-Cap 86080 [22] 64 Hy1 Cs-N11-H1o 56000 [26]*
48 Hy1 C3-C1-Cap 86080 [22] 65 Hs Cs-N11-N13 64800 [26]*
49 Hwe Cs-C-C4 92000 [20] 66 H N13-N11-H1s 60000 [26]*
50 Hye C1-Cy-Hs 50800 [20] 67 Ha N11-N13-Cis 64800 [26]*
51 Hus C4-Cy-Hs 50800 [20] 68 H o2 N13-C14-Cys 139160 [23]
52 H w2 Ce-C5-C4 92000 [20] 69 H o1 C16-C14-N13 139160 [23]
53 Huw C1-C5-H7 50800 [20] 70 Ho C16-C14-Cis 50800 [21]*
54 Hy2 Ce-C3-H7 50800 [20] 71 Hge C17-C15-Caa 50800 [21]*
55 Hws Cs-Cs-Cy 92000 [20] 72 Hgs 021-C15-Ca4 105.00 [21]*
56 Hys Cy-Ca-Ho 50800 [20] 73 H pa C17-C15-021 108800 [21]*
57 Hus Cg-Cy-Hg 50800 [20] 74 H g2 C22-C16-Cag 90800 [21]*
58 Hws C5-Co-Cs 92000 [20] 75 Hps3 039-C16-C14 100800 [21]
59 Hus Cs5-Ce-Hio 50800 [22]* 76 H g1 C22-C16-039 100800 [21]
60 Hys Cs-Co-H1o 50800 [20] 77 Haz Cis-Hi1s-Cy7 60600 [21]*
61 H N11-Cs-Cs 105000 [21]* 78 H a1 C15-C17-H1o 60600 [25]*
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Force const. Internal coordinate Force const.®  Ref.c Force const. Internal coordinate Force const. ®
No Sym.@ No Sym.@

79 Has Ci5-Ha0-Cy7 60600 [25]* 96 Hoi1 Cs32-C26-Cos 64200
80 Hoz Cy7-Hig-Hig 54100 [25] 97 He12 C31-C6-Cog 62900
81 H a1 Ci7-Hig-Hao 54100 [25] 98 Hes Cs2- Co7-Ca2 97900
82 Has C17-H19-H2o 54100 [25] 99 Hys Co2-Co7-Hss 49400
83 Hao1 Cy7-C22-Cag 86800 [22] 100 Hes Cs2-Co7-Hss 49400
84 Haz Cy3-Co2-Cas 86800 [22] 101 Hoa C34-C9-Cos 97900
85 Hes Ca4-Co3-Ca2 97900 [20] 102 H e Cag-Hss5-Cas 48400
86 H ol CZS‘C23‘C24 88000 [20] 103 H X2 C34-C29-H35 49400
87 H 810 CZS‘CZA,‘CZG 62900 [20] 104 H 84 C34‘C31‘C26 97900
88 H o9 Ca6- C24-Ca3 62900 [20] 105 H ya Ca6-Cs1-Hse 51400
89 H o7 Cy7- C2p-Cas 97900 [20]* 106 Hes Cs4-C31-Hse 51400
90 H X7 C24‘C23‘H28 49400 [22]* 107 H 85 CZG‘C32‘C27 97900
91 Hez Cy2-Coz-Has 49900 [22]* 108 Hes Ca6-Cs2-Hs7 51400
92 Hos Ca9-Ca5-Cog 97900 [20] 109 Hys Cy7-Csz-Hs7 51400
93 Her Ca4-Cas-Hso 51400 [20]* 110 Hos Ca9-C34-C31 97900
94 Hya Cy9-Cas-Hso 51400 [20]* 111 Hys C31-Cs4-Hss 48400
95 Hol C31-Ca6-Cs2 51400 [20]* 112 Hes Ca9-C34-Hsg 49400
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Force const. Internal coordinate Force const. Ref. Force const. Internal coordinate Force const. Ref

No. Sym. No Sym.

113 H ag C1-Cao-Haa 64220 [22] 135 P P (Cao) 75800 [20]
114 Haq C1-Ca0-Haa 64220 [22] 136 P P (Cs1) 75800 [20]
115 Hae C1-Cs0-Haz 64220 [22] 137 P P (Cs2) 27840 [26]
116 H o Ca0-Ha1-Haa 55120 [22] 138 P P (Css) 75800 [20]
117 H s Ca0-Ha1-Has 55120 [22] 139 Tico) T(C1-Cy) 27840 [26]
118 H s Cao-Haz-Has 55120 [22] 140 Tico) T(C1-C3) 27840 [26]
119 P P (Cy) 3060 [22] 141 Tico) T(Co-Cy) 27840 [26]
120 P P(Cy) 78400 [20] 142 Tico) T(Cs5-Ce) 27840 [26]
121 P P (G3) 78400 [20] 143 Tico) T(CsCa) 27840 [26]
122 P P (Ca) 78400 [20] 144 Tico) T(Ce-Cs) 27840 [26]
123 P P (Ce) 78400 [20] 145 Tien) T(N11-Cs) 1900 [24]
124 P P (Cs) 92380 [23]* 146 Tinny T(N11-N13) 3000 [26]
125 P P (N11) 20640 [23] 147 Tien) T(N13-C14) 49100 [28]
126 P P (C14) 21700 [21] 148 Tico) T(C15-C14) 5000 [28]
127 P P (Cis) 70800 (28] 149 Tico) T(C14-Cys) 5000 [28]
128 P P (Cie) 70800 (28] 150 Tico) T(C17-Cys) 5000 [28]
129 P P (Cy) 75800 [20] 151 Tico) T(C16-Ca2) 5000 [26]
130 P P (Cys) 47800 [20] 152 Tico) T(C24-Ca3) 27840 [26]
131 P P (Ca4) 65060 [20]" 153 Tico) T(Cy2-Ca3) 27840 [26]
132 P P (Cys) 114.72 [20]" 154 Tico) T(C24-Cas) 27840 [26]
133 P P(Cas) 75800 [20] 155 Tico) T(C24-Cas) 27840 [26]
134 P P (Cy7) 75800 [20] 156 Tico) T(C22-Ca7) 27840 [26]
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Force const. Internal coordinate Force const. Ref. Force const. . Force const.Ref
coordinate
No. Sym. No Sym.
156 Tico T(C22-Cy7) 27840 [26]
157 Tico T(Cz9-Cys) 27840 [26]
158  Tico T(Cz6-C31) 27840 [26]
159 Tico T(Cs2-Cas) 27840 [26]
160  Tico T(C52-Cy7) 27840 [26]
161 Tico T(C34-Cao) 27840 [26]
162 Tico T(Cs4-C31) 27840 [26]
163 Ticq T(C1-Cao) 3600 [22]

2K; stretching; H; in-plane; P; out-of-plane bending; T; torsion; and F; is interaction force constants, Sym; symbols,
units in N/m for stretching, Nm/rad? for bending (H & P) and NBim/rad for stretch/Bend interactions,
‘References for the transferred force constants, * refined force constants.
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Keywords Abstract: Slurry seal and Microsurfacing are two of the most significant applications of

Slurry seal, pavement preservation methods on highway surfaces. The slurry seal mixtures consist of

Micro;urfacing, aggregate, bitumen emulsion, water, mineral filler (cement etc.), and some additives. The

Viscosity appropriate amounts of these materials play an important role in viscosity. In this study,
laboratory research was performed to understand the viscosity changing in slurry seal
samples according to Standard Test Method for Viscosity Determination of Asphalt
(ASTM D 4402-15 2015), which is usually used in determining the bitumen properties.
Considering the first 1 hour period, the viscosity values of the samples with 1%, 2%, and
3% cement additions are approximately 9 Pa.s, 18 Pa.s, and 38 Pa.s, respectively. Also,
the results indicate that the slurry seal samples prepared with different mineral filler ratio
have different viscosity values in the long term.

Harg Tipi Kaplamalardaki Farkli Mineral Filler Oranlarinin Viskozite Uzerine Etkisi
Anahtar Kelimeler Oz: Harg tipi kaplamalar, yol kaplama yiizeylerinde kullanilan koruma yéntemlerinin en
Harg Tipi Kaplama, onemli uygulamalarindan biridir. Harc tipi kaplamalar, agrega, bitim emdlsiyonu, su,

Mikro ylUzeyleme,

Viskoni mineral filler (cimento vb.) ve bazi katki malzemelerinden olusur. Bu malzemelerin
iskozite

oranlari viskozite parametresinde énemli bir rol oynar. Bu ¢alismada, normalde bitimin
ozellikleri icin kullanilan Standard Test Method for Viscosity Determination of Asphalt
(ASTM D 4402-15 2015) yontemi kullanilarak harg tipi kaplama numunelerindeki viskozite
degisimi Uzerine laboratuvar arastirmasi yapiimistir. ilk 1 saatlik periyot dikkate
alindiginda %1, %2 ve %3 ¢imento katkill numunelerin viskozite degerleri sirasiyla yaklasik
9 Pa.s, 18 Pa.s ve 38 Pa.s'dir. Ayrica sonuglar, farkl filler oranlari ile hazirlanan harg tipi
kaplama numunelerinin uzun vadede farkl viskozite degerlerine sahip oldugunu
gostermektedir.

1. Introduction

Slurry seal is one of the rehabilitation methods for road pavement surfaces. The mixture of slurry consists of well-
proportioned fine aggregate, water, mineral filler, and emulsified asphalt. The appropriate dosage forms a creamy,
homogeneous, and liquid mixture that can be applied in thin layers. Due to its fluidity, it can penetrate cracks and
cavities [1]. Since the 1950s, slurry seals have been used in the prevention and maintenance of pavement surfaces
preventing surface deterioration caused by oxidation of asphalt, loss of matrix and abrasion at room temperature,
slurry seals are applied to the existing asphalt surface at a thickness of fewer than 10 millimeters. When the slurry
seal is applied to the existing road surface, water in emulsion evaporates and a form of a thin and dense grade of
the bituminous mixture remain. The water evaporates over time, leaving behind a structure whose surface
properties are similar to those of hot asphalt concrete (HMA). Generally, slurry seals are applied to low-traffic
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roads while microsurfacing was developed as a "high performance" slurry seal that can be applied in multilayers,
filling ruts and improving the surface properties of a high traffic volume. The combination of high-quality materials
such as cationic emulsions modified with polymers, innovated emulsifiers, and well-graded fine aggregates play
an important role in micro-surfacing [2-15].

To design a good structure of slurry seal, the combination of the materials must be selected properly. If there is
too much water, a segregation problem will occur. Also, an excess amount of water will result in a low-quality
transverse joint [16]. Moreover, the aggregate physical characteristics play an important role in slurry seal
performance. For this reason, the origin of aggregate, shape, texture, age and reactivity, cleanliness, soundness,
and abrasion resistance must be controlled before application. Also, the quality and quantity of the aggregate are
critical since aggregate constitutes approximately 94% by weight of the slurry mixture. The aggregate should be a
crushed stone such as basalt, steel slag, high-quality limestone. In addition, the aggregate must be 100% crushed
and be densely graded to meet the requirements of one of the gradations of specifications. This aggregate
gradation is used to fill surface voids, address surface distresses, seal, and provide a durable wearing surface. In
general, in the production of slurry seal, Conventional Portland cement is used as mineral filler [17]. The focus of
this study was to investigate the viscosity characteristics of slurry seal mixtures manufactured with different
amounts of portland cement. Moreover, in this study, the rotational viscometer, which is originally used to
determine the properties of bitumen, was used to determine the properties of slurry seal mixtures.

2. Materials

To produce the samples, different types of materials were used. These materials are suitable materials that are
also widely used in slurry seal production. In this section, the materials used for slurry seal samples were described.

2.1. Aggregates

In this study, basalt aggregates received from Tuzhisar quarry in Kayseri, Turkey were used. The general fraction
of the aggregates in the quarry was 0-5 mm and 5-9.5 mm. Aggregates were washed using #200 sieve (0.075 mm)
and divided into various fractions to arrange slurry seal gradation. In addition, portland cement was used as filler

in the mixture. The properties of aggregates are shown in Table 1.

Table 1. Physical Properties of Aggregates.

Test Requirements Filler AggFllfggate Aggoruergsaete Standard
Bulk Specific Gravity (g/cm?®) 2.738 2.775 ASTM C 854
Apparent Specific Gravity (g/cm?) 2.750 2.850 2.856 ASTM C 854
Water Absorption (%) 1.43 1.04
Los Angeles Abrasion Test (%) <30 14.02 14.02 AASHTO T - 96
Na,SO4 Sulfate Soundness Test (%) <14 0.02 ASTM C - 88

2.2. Water and Emulsion

Slurry seals consist of aggregates, mineral fillers, water, and emulsion. In this study, tap water and C65B9-4 type
emulsion were used. Properties of emulsion are shown in Table 2.

Table 2. Physical Properties of Emulsion.

Properties Standard
Saybolt Furol sec. viscosity @ 25°C 24 ASTM D 7496
Residual Asphalt Content (%) 65 ASTM D 7497
Emulsion Type Cationic
Bitumen Penetration Grade B 70/100 ASTM D5
pH Value 25
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3. Experimental Program

In order to analyze the viscosity characteristics of slurry seal mixtures, a rotational viscosity test (ASTM D 4402-15
2015) was conducted.

3.1 Viscosity Test

The rotational viscosity test aims to determine the torque effect of the selected spindle inside the liquid materials
[18]. The results of torque values give information about the consistency and fluidity characteristics of the tested
material. If the consistency of the material is high and flowing, the viscosity value is low. The rotational viscosity
test is used in many sectors. In the highway sector, it is generally used to determine the viscosity of the bitumen
material under the influence of temperature change. In this study, time-dependent viscosity changes of the
cement added aggregate mixtures of slurry samples were investigated at room temperature. The viscosity values
were recorded every minute by testing with spindle number 07 at 10 rpm speed. Figure 1 shows a picture of slurry
during the viscosity test.

Figure 1. Sample preparation and viscosity test.

3.2 Mix Design

For slurry seal samples fabrication, the average of the lower and upper limits of the Type Il gradation was used.
The gradation curve of Type Il according to the Turkish General Directorate of Highways was considered in
determining the aggregate gradation. The selected aggregate gradation curve of the slurry seal mixtures is shown
in Figure 2. The emulsion ratio and water ratio were selected as 17 % and 12 % respectively considering the
suggested limits of ISSA A105. The combinations with aggregate type, aggregate gradation, emulsion, and water
ratio are the same but the cement ratio varying between 1%, 2%, and 3% is used. Samples were kept at room
temperature in a closed drawer to be removed from the effects of wind and temperature, and the results were
compared by examining the cure changes depending on the time.
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Figure 2. Slurry Seal Type Il Design Limits and Gradation Curve

3.3 Viscosity Test Results

The results of rotational viscosity values of the samples with 1%, 2%, and 3% of cement additives can be seen in
Figure 3. The test was conducted on the samples containing aggregates, emulsion, water and mineral filler. Due
to the structure of the mixtures, during the rotation, sometimes the viscosity values may increase or decrease
rapidly. This is because of the possible contact of the spindle of the device with large-size aggregates during its
rotation. Therefore, the results were interpreted from a larger perspective rather than focusing on the results

from a narrower perspective. Consequently, in general, the viscosity results increase as the amount of filler
increases.
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Figure 3. Viscosity test results of the slurry seal samples

Short-term viscosity values obtained from slurry seal samples differ within the first hour. While a rapid increase in
the viscosity value of the 3% filler added sample is observed in a short time, this increase is slower in the samples
with 2% and 1% filler added samples. Considering the first 1 hour period, the viscosity values of the samples with
1%, 2%, and 3% cement additions are approximately 9 Pa.s, 18 Pa.s, and 38 Pa.s, respectively. These values remain
constant for a certain period of time and then increase again. Considering the periods, the viscosity values increase
in the long term.

The reason why these results are different is that the cement added to the mixture as fillers react chemically with
the water existing in the bitumen emulsion and harden the mixture. With the hardening, the viscosity value of the
mixture increases over time. When the viscosity values of the mixtures are examined at the same moment, it is
seen that the mixtures with a higher cement ratio yield higher viscosity values.

4, Conclusion and Discussion

The consistency of slurry seals is one of the most significant properties and it plays a vital role in the performance
of the slurry seal production. To develop a better application of slurry seals, the consistency characteristics must
be examined at the design phase. A small change in the percentages of the materials or/and gradation may cause
big problems, which can be difficult to fix. In this research, the consistency values of slurry seal mixtures, which
contain different amounts of filler, were compared according to ASTM D 4402. The amount of filler has a direct
effect on the viscosity values of the slurry seal. Especially in the first hour after the fabrication, a rapid increase in
the viscosity value of the 3% filler added sample is observed. This increase is slower in the samples with 2% and
1% filler added samples. Considering the first 1 hour period, the viscosity values of the samples with 1%, 2%, and
3% cement additions are approximately 9 Pa.s, 18 Pa.s, and 38 Pa.s, respectively. Consequently, the different
amounts of filler in the slurry seal mixtures yield different viscosity values. As the filler ratio increase, the higher
viscosity values are observed at the same time of different mixtures. Therefore, the effect of filler in the slurry seal
mixtures can be easily determined by considering the rotational viscometer test results.
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Anahtar Kelimeler 0z: Bu calismada saatlik ve giinliik Bitcoin kripto para birimine ait veri seti kullanilarak,
Zaman Serileri, ARIMA, YSA, zaman serileri analizinde son vyillarda énemi gittikce artan Bitiinlesik Otoregresif
ATA Metodu, Kripto Para Hareketli Ortalama (ARIMA), Yapay Sinir Aglar (YSA) ve ATA metotlar yardimi ile

Onkestirimler yapilarak elde edilen sonuglar karsilastiriimistir. Gercek degerlere en yakin
sonug veren modeli belirlemede Hata Kareler Ortalamasi (HKO) degerleri dikkate alinarak
modeller karsilastirilmistir.

Yapilan analiz sonuglarinda sirasi ile ATA, YSA ve ARIMA modellerden elde edilen
sonuglarin gercege en yakin ve bu metotlara ait HKO degerlerinin sirasi ile en kiguk
oldugu gozlemlenmistir. Calismadan elde edilen ayrintili sonuglar ilgili sekil ve gizelgelerde
verilmistir.

Comparison of Forecasting Performances for Different Time Series Models: Bitcoin Sample

Keywords Abstract: In this study, using dataset of hourly Bitcoin cryptocurrency, forecasting values

Time series, ARIMA, YSA, ATA are obtained with the help of Integrated Autoregressive Moving Average (ARIMA),

Method, Cryptocurrency Artificial Neural Networks (ANN) and ATA methods, which have become increasingly
important in time series analysis in recent years. results were compared. In determining
the model that gives the closest result to the real values, the mean squares of error (MSE)
values are taken into account, and the models are compared.
In the analysis results, it was observed that the results obtained from the ATA, ANN and
ARIMA models were the closest to the actual and the MSE values of these methods were
the smallest, respectively. Detailed results obtained from the study are given in the
relevant figures and tables.

1. Girig

Kripto para birimi, glvenlik icin kriptografi kullanan dijital ya da sanal bir para birimidir. Kripto paranin 6ziine girmeden
once paranin tanimini anlamak gerekir. Ekonomistlerin ¢cogu, paray! bir degis tokus araci, muhasebe birimi ve deger
deposu olarak tanimlamaktadir. Paranin degerli olabilmesi icin; yeterince insan paraya sahip olmali, saticilar bunu bir
odeme sekli olarak kabul etmeli ve toplum paranin degerli olduguna ve gelecekte de degerli kalacagina glivenmelidir gibi
ozelliklere sahip olmasi gerekir. Eski zamanlarda da esyalarin takas edilmesi alisverisin dogasini olusturmustur. Daha
sonralarda ise sirasiyla nakit para ve kredi kartlari devreye girdi, boylece paranin tanimi ve daha da 6nemlisi paranin giiven
modeli degismistir. Paradaki bir diger dnemli degisiklik ise islem kolayligi olmustur. Altin kilgelerini bir Glkeden diger
Ulkelere tasima zorlugu nakit icadinin ana sebeplerinden birisi olmustur. Daha sonralari farkh ihtiyaclar ¢ikinca ve insanlar
tembellesince kredi kartlari icat edilmistir. Ancak kredi kartlari hikimetin kontrolindeki paray! tasimaktadir. Dinya
Ulkeleri birbiriyle daha baglantili hale geldikce ve insanlarin ¢cikarlarini en iyi sekilde distinen ya da disinmeyen
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otoritelerle daha fazla ilgilendikce kripto para birimleri insanlar icin degerli bir alternatif haline gelmistir. Kriptografi
kullanimi ile olusan glvenlik 6zelliginden dolayi kripto para biriminin sahtesini yapmak zordur. Bir kripto paranin
tanimlayici 6zelligi ve tartismasiz en biyuleyici yani, herhangi bir merkezi otorite tarafindan ¢ikarilmamis olmasidir. Bu da
kripto parayi devlet midahalesine veya manipulasyona karsi teorik olarak bagisikh kilmaktadir [1-3].

Bitcoin 2009 yilinda agik kaynak kodlu olarak piyasaya ¢ikan ilk kripto para birimidir. Kaynak kodu agik oldugu igin
giinimizde mevcut Bitcoin’ in orijinali ile uyumlu binlerce gesidi vardir. Bu gesitlerine alternatif dijital para birimleri
anlamina gelen alt coin denilmektedir (3, 4].

Zaman serisi, yillik, aylik, haftalik, glnlik, saatlik gibi esit aralikli zaman dilimleri icinde toplanan gézlemlerin siralanmasiyla
olusur. Zaman serileri ekonomi, mihendislik, meteoroloji, isletme, deniz bilimi, jeofizik, saglik, egitim vb. gibi alanlarda;
firmalarin harcamalari, satis ve alis rakamlari, ihracat, ithalat miktarlari, hisse senedi fiyatlari, nifus olgimleri, hava
sicakligl degerleri gibi farkl yapilarda, birgok zaman serisi tirleri ortaya ¢ikar. Mihendislikte ve ekonomide ¢ok
karsilagiimakla beraber dzellikle istatistik alaninda zaman serisi analiz ydntemleri dnemli bir alani olusturmaktadir [5].

Bu calismada Bitcoin, kripto para birimi icin saatlik verile ait zaman serileri analizi yardimi ile (Trend Analizi, ARIMA
Modeller- Box Jenkins Metodolojisi, Artificial Neural Network (Yapay Sinir Aglari (YSA), ATA Forecasting) modellenerek
gelecek dénem tahminlerinin yapilmis olup, ARIMA, YSA ve ATA yontemlerinin karsilastiriimasi amaglanmistir.

2. Materyal ve Metot

Calismada kullanilmak Gzere Bitcoin kripto para birimlerine ait Aralik 2020-Mart 2021 tarihleri arasindaki 3 aylik donemi
kapsayacak sekilde derlenen 2126 saatlik kapanis degerlerini iceren veri seti ile calisiimistir. ilgili veri seti tradingview.com
sitesi Gzerinden derlenmis olup, para birimi dolar olarak ele alinmistir. Literatlrde énkestirim amagli kullanilan pek ¢ok
zaman serisi ydontemi mevcut olmakla beraber bu ¢alismada ARIMA, YSA ve ATA metotlarindan yararlaniimistir. Uygun
ARIMA, YSA ve ATA modelleri elde edildikten sonra modellerin karsilastirimasinda HKO kriterinden yararlaniimistir. Veri
setlerinin analizlerde Eviews, MATLAB ve R Studio programlarindan yararlaniimis olup R studio programinda ATA metodu
icin gelistirilen ATAforecasting paketinden yararlaniimistir.

Zaman serileri bir stokastik strectir. Duraganlik ise bu stokastik sirec ile ilgili Gnemli bir kavramdir. Stokastik stireg olarak
bir zaman serisinin buttn ozellikleri; ortalamasi, varyansi, kovaryansi, ve daha ylksek dereceden momentlerinde zamana
gbre sistematik bir degisme mevcut degilse ya da seri donemsel degismelerden arinmissa, seri duragan zaman serisi
denilmektedir ve bu durum da “duraganlik” olarak adlandiriimaktadir [6, 7].

Pratikte ortaya ciktiklari sekliyle bircok zaman serisi duragan degildir. Ornegin, bircok ilkenin ekonomisi gelisiyor ve
blylyor. Bu nedenle tipik ekonomik gbstergeler zaman icinde bir egilim gdsterecektir. Bu egilim ortalamada, varyansta
veya her ikisinde de olabilir. Bu tir duragan olmayan zaman serileri bazen evrimsel olarak adlandirilir. Zaman serileri
analizinin pratiginin blyldk bir kismi, duragan bir zaman serisinde gelisen bir zaman serisinin dontsiimu ile baglantihdir
[8].

Otokorelasyon fonksiyonu, analiz edilecek seri icin uygun olabilecek model veya modellerin belirlenmesinde ve seciminde
kullanilan énemli analiz araglarindan birisidir. Otokorelasyon ayni degiskenin farkli zaman araliklarinda aldigi degerlerin
iliskisinin derecesini belirler. Zamana gore art arda elde edilmis gozlem kimesinde farkli zaman araliklarina sahip
gozlemler arasindaki iliskinin derecesinin 6l¢lilmesinde kullanilan katsaylya “otokorelasyon katsayisi” denir ve p(k) ile
gosterilir. Farkl degerdeki k gecikmeleri k = 0,1, 2, ..., igin hesaplanan {p(k)} lar k gecikmelerine baglayan fonksiyona
“otokorelasyon fonksiyonu” denir [6, 9]. Otokorelasyon fonksiyonu zaman serisindeki iki nokta arasindaki iliskiyi
incelemektedir. Kismi otokorelasyon fonksiyonu ise, diger zaman gecikmelerinin etkisini arindirarak, X;ve X;_jx
arasindaki iliskinin derecesini 6lcmektedir [10].

2.1. Box—Jenkins metodolojisi (B.J)

Box ve Jenkins tarafindan 1970 yilinda duraganlik sartini saglamis tek degiskenli zaman serilerinin analiz streci igin
gelistirilmis ve dnkestirim metodolojisinde ARIMA (otoregresif bitlnlesik hareketli ortalama, autoregressive integrated
moving average) modeli olarak da isimlendirilen bir yontemdir. Duragan halde bulunan zaman serilerinin 6nkestirim

edilmesinde en sik kullanilan ve en uygun olan yéntem Box-Jenkins metodudur [11].

Bu yontemin onemli varsayimlari arasinda esit zaman araliklariyla gozlenen degerlerin olusturdugu serinin kesikli ve
duragan olmasi yer almaktadir. Otoregresif (autoregressive (AR)) modelleri ve hareketli ortalama (moving average (MA))
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modelleri ve bunlarin birlesimi olan otoregresif hareketli ortalama (autoregressive moving average ARMA) modelleri
duragan sureclere uygulanmaktadirlar. ARIMA modelleri duragan olmayan slreglere uygulanan modellerdir [12].

2.2 Yapay sinir aglari (YSA)

Yapay sinir aglari, insanlarin beyin yapisini modelleyerek elde ettigi 6rnekleri kullanarak olaylari 6grenen, bu olaylara
tepkiler Ureten bilgisayar sistemleridir. Beynin 6grenmek, iliskilendirmek, gruplandirmak gibi islevsel ¢zelliklerine benzer
sekilde; pek cok alanda basarili bir sekilde uygulanabilmektedir. Orneklerden elde edilenler dahilinde kendi deneyimlerini
olusturarak sonrasinda, benzer konular hakkinda benzer sonuca ulasabilirler. Yapay sinir aglari birbirine hiyerarsik olarak
bagl ve paralel olarak ¢alisabilen, siire¢ elemanlari da denilen yapay hicrelerden olusmustur. Bu hicrelerin birbirlerine
baglandiklari ve her baglantinin bir degerinin oldugu kabul edilmektedir. Stire¢ elemanlarinin birbirleri ile baglanmalari
sonucu olusan aga yapay sinir agi adi verilmektedir [13]. YSA ginimizde istatistik, isletme, tip, teknoloji, biyoloji, otomotiv,
finans ve bankacilik, ekonomi ve mihendislik gibi pek ¢ok alanda ve konuda karsimiza gikmaktadir [14].

Sekil 1’de verilen ag modelinde her bir girdi xi (i: 1,2, ..., m), wi (i: 1,2, ..., m) faktori ile agirhklandiriimistir. Her bir girdi
birimi, agirliklar carpilarak girdilerin toplami hesaplanmaktadir. Bu hesaplama sonucunda elde edilen ygirai F aktivasyon
fonksiyonunda islenerek ¢ikti olan Y'nin elde edilmesini saglar. Bu sekilde birgok girdi kullanilarak tek bir ¢ikti elde edilmis
olur.

_ " -
W,
X2 2
W3 irdi
Xa Z Yo
A ey F
Girdiler
Aktivasyon fonksiyonu Cikt1
Xm Wm
Sekil 1. Yapay sinir aglari modeli [16].

Transfer fonksiyonu da denilen aktivasyon fonksiyonu, hiicreye gelen net girdiyi agirliklar ile isleyerek hicrenin bu girdiye
karsilik gelen net ciktisini belirler. Bu fonksiyon performansa etki edeceginden dogru secilmelidir. Transfer fonksiyonu
olarak ciktiy1 hesaplamada farkh formdaller kullanilmaktadir [16, 17]. YSA yaklasiminda kullanilan bir algoritma olan
Levenberg-Marquardt (LM) algoritmasi en yaygin kullanilan optimizasyon algoritmasidir. Cok cesitli problemlerde basit
gradyan inis ve diger eslenik gradyan yéntemlerinden daha iyi performans gosterir. LM algoritmasi geleneksel gradyan
inisi ve Gauss-Newton yinelemesinin bir karisimidir [18].

2.3 ATA Metot

Tek degiskenli zaman serileri icin, modelleme ve dnkestirim slrecine ¢ok sayida zaman serisi dahil edildiginde, dogru ve
saglam onkestirim yontemlerinin gelistiriimesi cok dnemlidir. Model secim algoritmalarinin avantajlarina ragmen, dogru
kestirim yontemlerine hala ihtiyac vardir. Onkestirim rekabeti, yiiksek performansh yontemleri belirleme hedefiyle, cok
saylda zaman serisinin dnkestirimine dogru ilerlemede 6nemli bir rol oynamistir. ATA yontemi, basitligi, kolay etkinlik
saglamasi ve sasirtici derecede iyi performansiyla buyutk ilgi cekmistir. ATA yontemi mevsimsel olmayan ya da
mevsimsizlestirmenin carpimsal klasik ayristirma yoluyla gerceklestirildigi zaman serilerine uygulanabilir [19].

Ustel dizeltme (exponential smoothing (ES)), zaman serileri literatiiriinde en basarili &nkestirim ydntemlerinden birisi
olarak duyurulsa ve basitligi nedeniyle pratikte yaygin olarak kullanilsa da dogrulugu takip edilen baslatma ve
optimizasyon prosedirlerinden etkilenebilir. Ayrica agirliklandirma semasi yakindan incelendiginde acikca gorilebilen
bazi temel sorunlardan mustariptir. Ustel diizeltme, gecmis verilere agirlik atarken énkestirime katkida bulunabilecek veri
noktalarinin miktarini hesaba katamaz. ATA, dizeltmeye alternatif bir dnkestirim yontemi olarak 6nerilmistir ve deneysel
veriler zerinde dogruluklar karsilastirildiginda ES'ten daha iyi performans gosterdigi gosterilmistir [20].
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3. Bulgular

ik olarak ARIMA modelleri icin elde edilen sonuglar ve bu sonuclara iliskin yorumlar asagida verilmektedir.

Orneklem arahg 12/23/2020 00:00 03/21/2021 13:00
Gozlem savist: 2126
Otokorelasyon  Eismi OK OK KOK

] J| 1 0598 0998

1 2 0896 0027

] 3 0993 0.001

] 4 0991 -0.010

] 5 0889 0.022

] 6 0887 -0.015

1 7 08385 -0.012
_— 8 0982 0.009
—— 9 0880 -0.012
| —— 10 0978 0.007
— 11 08976 -0.030
| — 12 0972 -0.000
— 13 0971 -0.015
—— 14 0868 -0.039
— 15 0966 0024
— 16 0.964 -0.020
—— 17 0881 -0.018
— 18 0959 0.034
—— 19 0.856 -0.004
— 20 0954 -0002
—— 21 08951 -0.000
——1 22 0.849 -0.002
— 23 0945 -0.004
—— 24 05844 0001

Sekil 2. Saatlik Bitcoin verisine ait korelogram

Sekil 2'de gosterilen ve saatlik Bitcoin verileri icin incelenen korelogram grafiginden yola ¢ikarak otokorelasyonun sifira
dogru hizh bir sekilde degil de yavas yavas azalmasi ve degerlerin esik deger disinda yogunluk gdstermesi serinin duragan
olmadigini géstermektedir. Bunun daha net anlasilabilmesi icin serinin zaman serisi grafigi cizdirilir.

Bitcoin saatlik
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Sekil 3. Saatlik Bitcoin verisine ait zaman serisi grafigi

Serinin Sekil 3'te gosterilen grafigine bakildiginda da serinin artan bir trende sahip oldugu gortlmektedir. Ayrica bu
grafikte veri belirli bir otalama etrafinda dagilma egilimi géstermedigi icin verinin duragan olmadigi cikarimi yapilmaktadir.
Gelecek donem onkestirimi yapilmadan once seri duragan hale getirilmelidir. Duraganligl belirlemek icin Augmented
Dickey-Fuller (ADF) testi kullanilmistir.

Tablo 1. Saatlik Bitcoin verisine ait ADF test istatistik sonucu

t—istatistigi p—degeri
ADF test istatistigi -2.71 0.2324
Anlamlilik seviyesi %1 -3.96
%5 -3.41
%10 -3.12
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Hy: 6 = 0 Seri duragan degildir.
H,:6 < 0 Seriduragandir.

Tablo 1'e gore p—degeri=0.2324>0.05"tir. Bu durumda H, hipotezi reddedilemez ve serinin istatistiksel olarak %95
guvenilirlikte duragan olmadigi ¢cikarimi yapilir. Serinin duragan hale gelebilmesi igin fark islemi uygulanmalidir.

Tablo 2. Birinci dereceden farki alinmis saatlik Bitcoin verisinin ADF test istatistik sonucu

t—istatistigi p—degeri
ADF test istatistigi -48.18 0.0000
Anlamlilik seviyesi %1 -3.96
%5 -3.41
%10 -3.12

Tablo 2’ye gore p—degeri=0.0000<0.05'tir. Bu durumda H, hipotezi reddedilemez ve serinin istatistiksel olarak %95
glvenilirlikte duragan hale geldigi ¢cikarimi yapilir.

Seride duraganlik saglandiktan sonra, duragan serinin korelogrami goéz éniinde bulundurularak olasi modeller belirlenir
ve olasi modeller arasindan 6nkestirim yapmada kullanilacak en uygun model secilir. Olasi modelleri belirlemede
otokorelasyon ve kismi otokorelasyon beraber degerlendirilmelidir. Modelin MA bilesenini belirlemede otokorelasyon,
AR bilesenini belirlemede kismi otokorelasyon kullanilir.

Olasi modeller arasindan modelde en fazla anlamli katsaylya sahip, en disik Akaike Bilgi Kriteri (AIC) ve Schwarz bilgi
kriterine (SIC) sahip olan model ile en yilksek R?’ye sahip model uygun model olarak secilir. Bu kosullar altinda saatlik
Bitcoin verisi icin olasi modeller arasindan analize en uygun model ARIMA (13,1,1) modeli olarak belirlenmistir. Modele
ait bilgiler Tablo 3 ile verilmistir.

Tablo 3. Saatlik Bitcoin serisine ait ARIMA modeli

Degisken Katsayi p—degeri
C 15.47 0.1473
AR(13) 0.07 0.0004
MA(1) -0.05 0.0071

Ele alinan zaman serilerine ait YSA modelleri icin elde edilen sonuglar ve bu sonuclara iliskin yorumlar asagida
verilmektedir.

Neural Network

Algorithms

Data Division:

Hidden

Random (dividerand)]

W {Eel TRl

Training: Levenberg-Marquardt (trainlm)

Performance: Mean Squared Error  (mise)

Calculations:  MATLAB

Progress

Epoch: (1] E 66 iterations 1000
Times: 0:00:02

Performance: 1.05e+09 _ 0.00
Gradient: 231e+00 [ 0%es T | 1.00e-07
M 0.00100 1.00e+03 1.00e+10
Validation Checks: 0 4] 6

Sekil 4. Saatlik Bitcoin verisine ait yapay sinir aglari modeli

Sekil 4 Saatlik Bitcoin verisine ait olan Yapay Sinir Aglari (YSA) modelini gbstermektedir. Bu modele bakarak algoritmaya
ait bilgilere, egitim sureci bilgilerine ve model performansini degerlendirmede kullanilabilecek grafiklere
ulasilabilmektedir. Bu bilgilerden yola cikilarak model ile ilgili agda egitim yaparken verilerin rassal olarak alindigi, egitim
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algoritmasi olarak Levenberg-Marquardt algoritmasinin kullanildigi, model performasini 6lgmede hata kareler
ortalamasinin kullanildigini (HKO), egitimin 66 iterasyonda tamamlandigi gibi ¢cikarimlar yapilabilmektedir. Literatirde
bircok egitim algoritmasi bulunmaktadir, bu ¢alisma icin Levenberg-Marquardt algoritmasinin segilmesinin sebebi, diger
egitim algoritmalarina gore daha hizli sonuglar Gretmesidir.

¢ 10*Egitim: R=0.95892 ¢ 10° Dogrulama: R=0.93835
[ = 8
> 2 o Veri i
+ s .
s ® s
= =]
o a
I I
- - 4
f !
g g€
(&) o L
3 4 4 B 3 4 5 B
Hedef .* Hedet
, 1o* Test: R=0.99895 , 10°Tlim model: R=0.99893

Gikti ~= 1"Hedef+ 20

Cikti~= 1"Hedef + 67

Hedef ¥ 1|:|4 Hedef " 1|:|“
Sekil 5. Modeldeki gizli katmanda egitim, dogrulama, test ve tim model sonuglarina ait R degerleri
Sekil 5’te modeldeki egitim, dogrulama ve test veri gruplarinin regresyon degerleri yer almaktadir. Burada R degerleri
korelasyonu ve modelin 6grenme basarisini géstermektedir. R degerleri 0.95 ve Gzeridir. YUksek olan bu R degerleri 1’e

yakin oldugundan, modelde 6grenme isleminin basarili oldugunu gostermektedir [21].

Tablo 4. Saatlik Bitcoin verileri igin kurulan modellere ait HKO degerleri

Model HKO
ARIMA 1352667.81
YSA 513277.75
ATA 205117.14

Tablo 4 ile verilen sonuglarda, model belirlemede kullanilan HKO degerleri ARIMA, YSA ve ATA yontemleri icin
karsilastirildiginda, ATA yontemi hatayi en aza indirerek gercek degerlere en yakin énkestirim sonuglarini vermistir.

Kurulan modelden elde edilen dnkestirim degerleri ile gercek degerler arasindaki uygunluk icin; ortalama mutlak hata
(Mean Absolute Error (MAE)), HKO (Hata Kareler Ortalamasi) ve simetrik ortalama mutlak hata (symmmetric Mean
Absolute Percentage Error (sMAPE)) gibi 6lcltler kullanilan dlcttlerden bazilaridir [22].

Tablo 5. ATA metot ile kripto para birimleri model belirleme
Kripto Para Model sMAPE

Mevsimsel olmayan 3.05
Mevsimsel 14.58

Bitcoin Gunlik

Tablo 5'te ATA metodu yardimi ile kripto para birimlerine ait kurulan mevsimsel ve mevsimsel olmayan model belirlemede
elde edilen SMAPE degerleri verilmistir. Bu degerler incelendiginde, ilgili zaman araligindaki glinlik bitcoin degerlerini ATA
meodu ile belirlemede mevsimsel olmayan modelin kullanilmasinin uygun oldugu belirlenmis ve dnkestirim degerleri elde
edilirken ATA metod icerisinde mevsimsel olmayan modelden yararlaniimistir.
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Tablo 6. Bitcoin icin saatlik gercek ve dnkestirim degerleri

BITCOIN $

ZAMAN (Gercek) ®) AriMA (9) YSA ($) ATA($)

21.03.2021/14:00  57226.70 56237.97 57013.11 56916.74
21.03.2021/15:00  57238.39 56214.40 56989.95 56943.72
21.03.2021/16:00  57255.31 56240.10 56967.45 56970.71
21.03.2021/17:00  57297.08 56193.66 56945.60 56997.72
21.03.2021/18:00  57425.55 56226.28 56924.42 57024.73
21.03.2021/19:00  57583.82 56235.24 56903.89 57051.76
21.03.2021/20:00  57819.01 56247.71 56884.02 57078.80
21.03.2021/21:00  58143.87 56271.55 56864.80 57105.86
21.03.2021/22:00  57604.01 56205.57 56846.22 57132.93
21.03.2021/23:00  57381.79 56232.86 56828.27 57160.01
22.03.2021/00:00  56585.27 56253.00 56810.94 57187.10
22.03.2021/01:00  56611.91 56263.10 56794.23 57214.21
22.03.2021/02:00  56988.52 56279.71 56778.11 57241.32
22.03.2021/03:00  57584.31 56294.43 56762.58 57268.46
22.03.2021/04:00  57606.61 56307.31 56747.62 57295.60
22.03.2021/05:00  57600.00 56323.46 56733.22 57322.76
22.03.2021/06:00  57677.50 56334.84 56719.36 57349.93
22.03.2021/07:00  57585.38 56351.44 56706.03 57377.11
22.03.2021/08:00  57213.17 56366.48 56693.22 57404.31
22.03.2021/09:00  57387.73 56381.76 56680.90 57431.52
22.03.2021/10:00  57942.06 56397.78 56669.06 57458.74
22.03.2021/11:00  57720.67 56407.86 56657.69 57485.97
22.03.2021/12:00  57266.22 56424.12 56646.77 57513.22
22.03.2021/13:00  56748.00 56439.90 56636.29 57540.48

Tablo 6'da saatlik Bitcoin verileri icin, gercek degerler ve kullanilan yontemlerden (ARIMA, YSA, ATA) elde edilen
onkestirim sonuclari, Sekil 6'da ise saatlik Bitcoin verisine ait gercek ve yontemlerden elde edilen énkestirim degerlerinin
ele alinan zaman periyodundaki seyrine iliskin grafigi verilmistir.

Bitcoin 24 Saatlik Veri Karsilagtirma Grafigi
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Sekil 6. Saatlik Bitcoin verisine ait gercek-6nkestirim deger karsilastirma grafigi
85



Farkli Zaman Serisi Modelleri igin Onkestirim Performanslarinin Karsilastirilmasi: Bitcoin Ornegi
4. Tartisma ve Sonug

Zaman serileri analizi, istatistik biliminde gelecek dénemler hakkinda bilgi saglamasi 6zelligi bakimindan oldukga 6nemli
bir yere sahip olmakla beraber, gelecek donem 6n kestirimlerinin gercek degerlere en yakin sonuglari vermede kullanilan
farkli yaklasimlar soz konusudur. Her ne kadar zaman serileri modele katilamayan pek ¢ok unsur ve degiskenden etkilense
de bu etkileri hesaba katarak gercege en yakin sonucu veren modelin belirlenmesi, gelecek dénemler icin dogru
onkestirim sonuglarina bagli olarak gerekli dnlemlerin alinmasi ya da yatirimlarin yapilabilmesi bakimindan da biyik énem
arz etmektedir.

Onkestirim yapmak amaciyla farkl kullanilan modellerin karsilastirnimasinda farkli kriter ve yaklasimlar olmakla beraber,
ana kriter gézlem degerleri ile elde edilen kestirim degerleri arasindaki farkin genelini ifade eden hata tizerine kurulu olup
bu hatanin en kigtk oldugu model en iyi model olarak belirlenmektedir.

Bu calismada ele alinan kripto paralara ait zaman serilerinin modellenmesinde ARIMA, YSA ve ATA metotlari kullanilarak,
bu metotlarin performanslarini karsilastirmada HKO &lgttinden yararlaniimistir.

ARIMA modeller zaman serisi analizinde ¢ok bilinen bir model grubu olmakla beraber, Yapay Sinir Aglari da zaman serileri
analizinde kullanilan ve dnemi giin gectikge artan bir algoritma yaklasimi olarak karsimiza ¢ikmaktadir. ATA metodu ise,
son zamanlarda onkestirim yapmada bilinen yontemlere alternatif olarak ortaya ¢ikan ve uluslararasi alanda yapilan
yarismalarda onkestirim dogrulugu yaninda basitligi agisindan oldukga basarili sonuglar vermis olan yeni ve etkili bir zaman
serisi modelleme yaklasimidir.

Bu calismada kripto para birimleri olan Bitcoin, Ethereum ve Litecoin igin saatlik ve glinlik veriler kullanilarak olarak ARIMA,
YSA ve ATA metotlari ile dnkestirimler elde edilerek bu dnkestirim degerleri gercek degerlerle karsilastirilarak en etkili
metot belirlenmistir.

Elde edilen analiz sonuglarindan da gorilecegi Gizere YSA'ndan elde edilen dnkestirim degerleri ARIMA modellerinden
elde edilen dnkestirim degerlerinden gercege daha yakin iken, ATA Metot araciligl ile elde edilen 6nkestirim degerlerinin
de YSA’dan elde edilen degerlere gore gercege daha yakin oldugu belirlenmistir.

ATA metodu son yillarda 6nemi artan ve mevcut diger yontemlere gére daha yansiz dnkestirimler veren bir yaklasim
olmakla beraber, bu calismadan elde edilen sonuglar G. Yapar vd. [20, 23, 24]'nin yaptigl calismalardan elde edilen
sonuclara benzer olup, ATA metodunun karsilastirildigi diger ydntemlere karsi basarisina benzer sonuglar gostermektedir.
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Anahtar Kelimeler

Erken Cumhuriyet Dénemi, Oz: Sanayi Devrimi ile Uretim sistemi fabrikalara aktariimis béylece olusan yeni isci sinifinin

isci Yerleskeleri, barinma sorununa kargl fabrika yakinlarinda is¢i yerleskeleri insa edilmistir. Tlrkiye’de
Konut, 1923-50 yillari arasinda devlet tarafindan kurulan fabrika ve isci yerleskeleri ile savaslar
Mekansal Analiz, sonras! tahribata ugrayan yurdun yeniden insasi amaglanmis ayrica Cumhuriyet rejimi

ulusal kimlik arayisi sorununun ¢6zimuU de bu sanayi girisimlerine yiklenmistir. Bu nedenle
Erken Cumhuriyet Donemi isci yerleskelerindeki konut yapilar, Glkemizin modernlesme
olgusunun mekansal karsihigini yansitmaktadir. I. Dlinya Savasl nedeniyle kapatilip
Cumhuriyetin ilaninin ardindan 1. Bes Yillik Sanayilesme Plani kapsaminda yeniden agilmasi

kararlastirilan Ergani Bakir isletmesi; modern retim tesisi, yerleskeleri ve beraberinde

getirdigi yatinmlar ile Maden ilgesini, modern Cumhuriyet kentlerinin temsilcisi haline

getirmistir. Calisma kapsaminda Ergani Bakir isletmesi yerleskelerindeki konut yapilarinin

plan ve cephe baglaminda mekansal analizleri yapilmistir. Calisma sonucunda ise asal
geometrik formlar kullanilarak az katli, yalin/sade, esnek tasarim kriterleriyle sekillenen
konutlarda islevselligin 6n planda tutuldugu ayrica kullanici sayisi/medeni durumu ve

statistinin de konut bicimlenisinde etkili oldugu tespit edilmistir.

A Spatial Analysis of Housing Structures on Maden- Ergani Copper Settlement

E:m%f:ublican Period, Abstract: With the Industrial Revolution, the production system was transferred to the
Workers' Campus, factories, and thus, worker campuses were built near the farm against the housing problem
Housing, of the new working class. It was aimed to rebuild the factory and worker settlements
Spatial Analysis established between 1923-50 in Turkey and the homeland that was destroyed after the

wars, and the solution of the problem of the search for national identity in the Republican

regime was assigned to these industrial initiatives. For this reason, the housing structures
in the workers' campuses of the Early Republican Period reflect the spatial counterpart of
the modernization phenomenon of our country. Ergani Copper Plant, which was closed due
to the First World War and decided to reopen within the scope of the I. Five-Year

Industrialization Plan after the proclamation of the Republic; with its modern production
facility, campuses and the investments it brings, Maden district has become the
representative of modern Republican cities. At the study, spatial analyzes of the residential
buildings in the campuses of Ergani Copper Plant were carried out in the context of plan
and facade. As a result of the study, it has been determined that the functionality is kept in
the foreground in the houses shaped with low-rise, simple/plain, flexible design criteria by

using prime geometric forms, and the number of users/marital status and status are also

effective in the shaping of the house.

*lgili Yazar, email: mrvblnk23@hotmail.com

88


https://orcid.org/0000-0002-1599-1340
https://orcid.org/0000-0002-9170-0189

Maden-Ergani Bakir isletmesi Yerleskesinde Yer Alan Konut Yapilarinin Mekansal Analizi
1. Girig

18. ylzyilin sonlarinda ortaya ¢ikan Sanayi Devrimi ile Gretim; insan ve hayvan glcine dayali kicuk 6lcekli atolyelerden
fabrikalara aktarilinca fabrikada calisacak yeni bir isci sinifi ortaya cikmistir [1]. isciler ile ailelerinin barinma, saglik, egitim,
sosyo-kilturel ihtiyaclarini karsilamak ve zaman kaybini en aza indirerek is¢i verimliligini maksimum diizeyde tutmak adina
fabrika yakinlarinda isci yerleskeleri yapilmaya baslanmistir [2]. Osmanli Devletinin yikilma siirecine girmesi ve savaslar
nedeniyle Turkiye'de yarim asirlik gecikmenin ardindan Cumhuriyetin ilaniyla sanayilesme hamleleri hiz kazanmis ancak
Ozel sektoriin sermaye sikintisi nedeniyle geri planda kalmasi ilk sanayi girisimlerinin devlet eliyle yapilmasini zorunlu hale
getirmistir. Sanayi girisimleri ile ekonomik kalkinmayi hedefleyen Tirkiye Cumhuriyeti Devleti, Etibank ve Simerbank
kurumlarini olusturmus, bu kurumlar araciligiyla tim yurtta fabrika ve isci yerleskeleri insa edilmeye baslanmistir [3]. 1.
Dlinya Savasi nedeniyle kapatilan, Cumhuriyetin ilaninin ardindan Atattirk’in yonergesiyle tekrar agilmasi kararlastirilan
Ergani Bakir isletmesi; son teknolojik yeniliklere sahip Gretim tesisi, modern isci yerleskeleri, bélgesel ilkleri barindirmasi
ve tarihsel ge¢misi ile dikkat gceken 6nemli bir erken dénem agir sanayi hamlesidir.

Ulusal kimlik olusturma gabasinin birer Griint olan Erken Cumhuriyet D6nemi sanayi yapilari ve yerleskeleri —6zellikle okul,
hastane, yemekhane, konut yapilari ile- Turkiye’nin modernlesme siirecine isik tutmaktadir. Bu dislinceden hareketle
Ergani Bakir isletmesine ait yerleskelerdeki konut yapilarinin mekansal analizinin yapiimasi béylece dénemin mekansal
diizeni hakkinda bilgiler elde edilmesi amaclanmistir. isletmeye ait konut yapilarinin cogunun yikilmis yahut atil durumda
olmasi, ilgenin yiksek heyelan riskli alan ilan edilmesi ve tasinmasinin gindeme gelmesi calismanin dnemini daha da
arttirmaktadir.

2. Materyal ve Metot

Calisma kapsaminda Etibank Ergani Bakir isletmesi yerleskelerinde yer alan konut yapilarinin plan ve cephe analizleri
yapilarak Erken Cumhuriyet Dénemi mimarisi hakkinda bulgular elde edilmistir.

Calisma konusu ile ilgili akademik calismalar incelenerek konu basliklarinin belirlenmesi ¢alisma yonteminin ilk asamasini
olusturmaktadir. izlenen yontemin diger asamalari ise internet veri tabani, kitap, kurum ve kisilerden bilgi/belge toplama;
calisma alaninda gozlem, dlctiim, ¢izim, fotograflama; elde edilen tim verilerin analizi ve degerlendirmesi seklinde devam
etmektedir. Erken Cumhuriyet Dénemi sanayi yapilari ve isci yerleskeleri hakkinda gerekli bilgilendirmenin ardindan esas
calisma birimi olan konut yapilarinin mekansal analizleri yapilarak tespitlerde bulunulmustur.

Francis D. K. Ching, Cristion Norberg Schulz gibi bazi énemli kuramcilarin mekanla alakal calismalari incelendiginde
mekanin olusumunda; kullanici gereksinimleri, fonksiyon, asal formlar, timevarim/timdengelim/tekil/parcall... sireg
stratejileri, simetri/denge/hiyerarsi/ritim... gibi sayilari daha da arttirilabilecek farkli tasarim kriterlerinin 6n plana ¢iktigi
gorilmektedir [4,5]. Buradan yola cikilarak ¢alismada incelenen yapilarin bilesenleri ile arasindaki iliskiler timevarim —
parcalar birlestirerek butinin sentezlendigi- yontemi kullanilarak; form, fonksiyon, blylklik, malzeme ve renk analizleri
Gzerinden ¢ozimlenmistir.

2.1. Erken Cumhuriyet Dénemi Sanayi Yapilari ve Isci Yerleskeleri
2.1.1. Erken Cumhuriyet D&nemi Sanayi Yapilari

Dogan’in llkemizin sanayilesme sireciyle ilgili calismasinda da bahsettigi Gzere Turkiye'nin ekonomisini devraldig
Osmanli Devletinde sanayi; ¢inicilik, el sanatlari, gemi yapimi gibi kiicik 6lcekli isletmelerden ibaretti. 1750-60'h yillarda
ingiltere’de baslayan ve kisa zamanda tiim diinyay! etkisi altina alan “Sanayilesme” hareketi Osmanli’da, 1800'li yillarin
basinda daha ¢ok ordunun silah ve kiyafet ihtiyacini gidermek adina acilan fabrikadan olusmaktaydi. Osmanli, “Islahi
Sanayi Komisyonu” ile sanayilesme siirecine ayak uydurmaya calissa da savaslar, antlasmalar, ekonomik ¢okis vb.
nedenler bu sireci sekteye ugratmistir [6].

Cumbhuriyetin ilaninin hemen ardindan ekonomik kalkinmanin hizlanmasi adina ilk olarak 17 Subat 1923 yilinda “I. iktisat
Kongresi” dizenlenmis ve “I. Liberal Dnem” olarak adlandirilan on yillik planlama sirecine girilmistir. Bu sirecte yabanci
sirketlerde bulunan hisselerin bir an 6nce satin alinmasinin gerekliligi Gzerinde durulmus ve ilk millilestirme karari ile
Ergani Bakir isletmesinin yabanci sirketlerde bulunan hisseleri satin alinarak Etibank’a devredilmistir [7,8] . 1926 yilinda
Alpullu ve Usak seker fabrikalari acilmis, 1927’de ise “Tesvik-i Sanayi Kanunu” cikarilarak yerli Gretim desteklenmeye
calisiimistir. Etibank Ergani Bakir isletmesinin tekrar faaliyete gecme kararinin da yer aldigi “I. Bes Yillik Sanayi Plani” (1934)
ile yurdun dort bir yaninda fabrika ve demiryolu yapimina hiz verilmis, planlama kapsamindaki ilk i¢c borclanma ile de
Ergani Bakir isletmesinden cikacak bakirin nakliyesi icin demiryolu hattinin yapimina baslanmistir [9]. I. Bes Yillik Sanayi
Plani kapsaminda acilan isletmelerden bazilari Tablo 1’de verilmistir.
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Tablo 1. I. Bes Yillik Sanayi Plani Kapsaminda Faaliyete Gegen Bazi Fabrikalar [10]

1934 Konya Eregli Bez Fabrikasi
1935 Pasabahge Cam Fabrikasi
1936 Elazig Sark Kromlar isletmesi
1937 Nazilli Basma Fabrikasi

1938 Gemlik Suni ipek Fabrikas!
1939 Ergani Bakir isletmesi

. Bes Yillik Sanayi Planinin sanayi ve ekonomide olumlu sonuglar dogurmasinin ardindan 1938 yilinda “II. Bes Yillik Sanayi
Plani” hazirlanmis ancak katilmamamiza ragmen Il. Diinya Savasinin (1939-45) olumsuz etkileri nedeniyle uygulanamamis
ve 1950 yilina kadar planlanan sanayi yatirimlarinin ¢ogu askiya alinmistir. 1960 yilinda “Devlet Planlama Teskilatinin”
kurulmasi ile stratejik kalkinma planlari hazirlanmaya baslamistir [10].

2.1.2. Erken Cumhuriyet Dénemi isci Yerleskeleri

Temelde iscilerin barinma sorununu ¢dzmek amaciyla ortaya cikan isgi yerleskeleri; zaman kaybini en aza indirme, isgi
verimliligini yUksek tutma, isci ve ailelerine sunulan imkanlar ile isgilerin fabrikada kalmalarini saglama gibi nedenlerle
fabrikalara yakin noktalara konumlandiriimistir. Osmanl Doéneminde nitelikli bir isgi sinifinin olusmamasi is¢i yerleskelerini
yeri, tard, kullanim amaci bakimindan farkliliklar gdsteren tek odali “hiicerat”, “bekar odalari” ile 20. yGzyiln baslarinda
gorilen “amele yuvalari” ile sinirlandirmistir [11]. Erken Cumhuriyet Déneminde artan fabrika sayilari ¢alisanlari ve aileleri
icin barinma, egitim, saglik, sosyal ihtiyaclarin karsilanmasi adina konut, okul, hastane, lokal, misafirhane, sinema, spor
alanlari gibi yapi ve rekreasyon diizenlemelerini de beraberinde getirmistir. Ozellikle 1930-40 yillari arasinda mimarlik-
yap! Uretimi alaninda yogun gelismelere sahne olan isgi yerleskeleri, Osmanlidan tamamen bagimsiz modern mekansal
dizenlemeleri ile Anadolu kentlerinin modernlesme strecini hizlandirmistir [12,13].

Ankara’nin baskent olmasliyla beraber artan memur ve birokrat kesimin konut ihtiyacini karsilamak Gzere Avrupa’dan
getirtilen mimar ve sehir plancilari tarafindan imar planiile konut projeleri hazirlanarak Ankara’nin modernlesme sirecine
gecilmistir. Berlinli Mimar Dr. Carl Christoph Lorcher tarafindan “Lércher Plani” (1925) olarak adlandirilan imar plani ve
Ankara’nin ilk toplu konut projesi, Herman Jansen tarafindan ise 1934 yilinda memurlar igin “Bahgelievler Konutlar”
projesi uygulanmistir. “Bahge Sehir” kavraminin 6n planda tutuldugu her iki konut projesinde de iscilerin yasam kalitesini
arttirmak adina yesil alan icerisinde, gelir grubu dikkate alinarak, az katli, esnek tasarim anlayisi benimsenmistir [13].

Cumhuriyetin ilaninin ardindan yerel kaynaklar kullanilarak yapilan ilk fabrika Alpullu Seker Fabrikasi iken kisa stirede Usak,
Eskisehir ve Turhal seker fabrikalari da faaliyete gecmistir. Bu donemde acilan her fabrikayla beraber konut, okul,
misafirhane, sinema, spor sahalari gibi temel ihtiyaclar ve modern yasamin getirdigi yeni yapi gruplarini iceren isci
yerleskeleri de insa edilmistir [14]. Cumhuriyet déneminin ilk isci yerleskesi, Seyfi Arkan tarafindan 1934-36 yillarinda
tasarlanan Zonguldak/Kozlu ve Uziilmez Amele Evleri kabul edilmektedir. iscilerin barinma sorununa uzun vadede ¢ézim
Onerisi getirilen bu yerleskelerde sade, yalin, asal prizmatik kitlelerden olusan modern konut yapilari, kullanici sayisi ve
statUslne gore farklilasmaktadir (Sekil 1) [15].
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Sekil 1. Zonguldak Maden-Kémr isletmeleri Yerleske Plaﬂn';wve: Kbnut Ornegi [16]
Turkiye'nin ilk entegre demir-celik tesisi olan Karabik Demir Celik Fabrikasi isci yerleskelerindeki konut yapilari, temel
ihtiyaclari karsilayacak minimum boyutlarda ve kullanici grubu dikkate alinarak tasarlanmistir [14]. Karabik Demir Celik
Fabrikasi ile calisma kapsaminda incelenen Ergani Bakir isletmesine ait konut &rnekleri, benzerliklerini gdstermek amaciyla
Resim 1’de bir arada verilmistir.
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Resim 1. Karabiik Demir Iik Fabrikasi (solda)[17] ve Ergani Bakir isletmesine Ait Konut Ornegi (sagda)[18]
2.2. Maden-Ergani Bakir isletmesi Yerleskelerindeki Konut Yapilarinin Mekansal Analizi
2.2.1. Ergani Bakir isletmesi ve Yerleskeleri

Dogu Anadolu Bolgesinde Elazig il merkezine yaklasik 80 km uzakliktaki Maden ilgesi, bakir rezervinin varligi ile tarihlenen
ancak Ergani Bakir isletmesi ile en (st diizeyde gelismislik seviyesine ulasan bir maden kentidir. ilcede ilk diizenli ve
gelismis bakir Uretimi ile kente ait yerlesim dokusu Osmanli Dénemine ait olup isletme, I. Dlnya Savasi nedeniyle
kapatilmistir. Cumhuriyetin ilaninin ardindan I. Bes Yillik Sanayi Plani kapsaminda tekrar agiimasi kararlastirilan Ergani
Bakir isletmesi icin 1936'da modern Uretim tesisi ve isci yerleskelerinin yapimina baslanmis, 1939 yilinda ise ilk bakir
Uretimi gerceklesmistir (Resim 2)[18]. 1975'lere kadar yillik kari 100 milyon TL'nin Uzerine ¢ikan sanayi yapisi, Ulke
ekonomisi icin 6nemli bir kalkinma hamlesi olmustur. 1980’lerde zarar etmeye baslayan tesis, 1995’de bir firmaya 10
yilhgina kiralanmis, 2007’den glinimdze ise Yildizlar Holdinge ait bir fabrika olarak faaliyetine devam etmektedir [19].

i Kent Dokusu [20]

Resim 2. Ergani Bakir isletmesi ve Maden lces
Etibank Ergani Bakir isletmesinin yer aldigi Maden ilcesinin asiri egimli topografyasi, heyelan riskinden &tiiri yapi yasakli
alanlarnin varhgi, sikisik kent dokusu nedeniyle isletmeye ait isci yerleskeleri, kent merkezinde parcali ve daginik halde
bulunmaktadir [21]. Fabrikanin tekrar agilmasi kararinin ardindan henlz fabrika temelleri dahi atilmadan 1935 yilinda
konut yapimina baslanmis ve sirekli artan isci kapasitesi ile 1970’lere kadar konut yapimi devam etmistir [22]. islemeye
ait yapli gruplari; Gretim tesisi, yonetici, memur ve is¢i konutlari, idari binalar, misafirhane, lokal, ilkokul, hastane, sinema
salonu, kamp alani ve cesitli rekreasyon alanlarindan olusmakta olup ilge merkezinde yer alan isci yerleskeleri ve
glinimizdeki mevcut yapilar Sekil 2’de belirtilmistir [18,21].
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Sekil 2. Ergani Bakir isletmesi Isci Yerleskeleri ve Mevcut Yapi Gruplari [18]

2.2.2. Konut Yapilarinin Mekansal Analizi

Calisma kapsaminda; Ergani Bakir isletmesinde yer alan Ust dizey yénetici, memur ile iscilere ait 12 tip konut ve bir
misafirhane yapisi incelenmistir. incelenen yapi gruplarinin yerleskelerdeki adet bilgisine Tablo 2’de yer verilmistir.

Tablo 2. Ergani Bakir Isletmesi Yerleskelerinde Yer Alan Konut Tipleri ve Sayilari [21]

BuyUk Bahge Semti Kime Evler Bolgesi SSK Bolgesi Tenis Bolgesi Poyraz Semti
-Tip 9*2 Adet -Tip 1*1 Adet -Tip 3*1 Adet -Tip 6*2 Adet -Tip 5*5 Adet
“Tip 10*1 Adet “Tip 2*1 Adet “Tip 4*3 Adet -Tip 7*3 Adet

“Tip 11*1 Adet “Tip 8*2 Adet

Tip 12*1 Adet

-Misafirhane*1 Adet

Konut tiplerinin incelenmesinde pargadan butiine varan endiksiyon (timevarim) analiz stratejisi ile bircok parametreye
bagh kalinarak sekillenen binalarin fiziksel 6zellikleri Gzerinden ¢ézimlemeleri yapilmistir. Yapilarin 2. ve 3. boyuttaki
olusumlarinin kavranmasi igin Tablo 3’de listelenen plan dizleminde; moddl, fonksiyon ve mekan organizasyonu ile cephe
dizleminde; modul, doluluk-bosluk ve malzeme-renk alt analiz baslklarindan yararlaniimis boylece bina ve alt bilesenleri
arasindaki bicim ve islev iliskileri tespit edilmistir.

Tablo 3. Konut Yapilari Mekansal Analiz Yontemi

Mekansal Analiz Yontemleri

Plan Analizi Cephe Analizi
-Modil/Kutle Analizi -Modil/Kitle Analizi
-Fonksiyon-islev Analizi -Doluluk Bosluk Analizi
-Mekan Organizasyonu Analizi -Malzeme/Renk Analizi
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1935-1946 1939-1940  1940-1945  1940-1945
b D D
Biiyiik Bahge brikanmin Kiime Evler SSK Tenis
Semti Bilgesi Bolgesi Bolgesi

Sekil 3. Ergani Bakir isletmesi Yerleskelerinin Kronolojik Olusum Siireci [18]

isletmeye ait konutlarin yapimina fabrikanin acilis tarihinden énce -ilk yapilanlar Tip 12(midiriyet)konutu ve misafirhane
yapisi- baslanmis, ilk isci konutlari ise fabrika acilisi ile paralel dénemde ve Kiime Evler Bolgesine yapilmistir (Sekil 3).
Maden’in dar, parcali ve egimli arazi yapisi; ilerleyen yillarda isci kapasitesine bagh artan konut ihtiyacinin bos araziler
Uzerinde daginik gruplandiriimasina neden olmustur. Bu gruplandirmada isci konutlariniigeren Kime Evler, SSK ve Poyraz
yerleskeleri isletme tesisine yakinlik 6n planda tutularak memur ve mihendislerin kaldigi Tenis Bolgesi ile Ust dlzey
yonetici ve calisanlarin kaldigi Buyik Bahce Semti ise fiziksel cevre verileri dikkate alinarak konumlandirilmistir [22]. Bu
durum Kutluay’in ilge raporundan yararlanilarak olusturulan Sekil 4’deki fiziksel cevre analizinden de anlasiimaktadir. I.
dereceden yerlesime uygun alana BiyUk Bahge Semti, Il. dereceden uygun alana Tenis Bdlgesi yerlestirilmis isci
konutlarinin yer aldigi diger yerleskeler ise glineslenme, hakim rlizgar, manzara yoni gibi cevre verilerinden olumsuz
etkilenecek sekilde insa edilmistir[23].
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Sekil 4. Ergani Bakir isletmesi Yerleskeleri ve Fiziksel Cevre Kosullari [18]
2.2.2.1. Plan Analizleri

Plan analizi bashgi altinda; konutta yer alan islevler ile aralarindaki iliskilerin belirlenmesi adina fonksiyon analizinden,
mekanlar arasi islev akis yogunlugunun gosterildigi mekansal iliski bag diyagramindan, islev-boyut iliskisi dogrultusunda
mekansal buylklik analizinden, mekan kurgusundaki hiyerarsinin tespiti icin mekan organizasyonu analizinden
faydalanilmistir.

Yukarida belirtilen analiz baslklari dogrultusunda Ergani Bakir isletmesine ait yapi gruplarinin plan analizleri karsilastirmali
olarak Tablo 4’de verilmistir. Tip 2 konutu igerisine girilemediginden vyalnizca cephe analizi bashgl altinda

degerlendirilmistir.

Tablo 4. Ergani Bakir isletmesi Yapi Gruplari Plan Analizleri

Yapi Bilgileri ve Yapi Plan Semasi Modul iligkisi Fonksiyon Mekansal Mekansal
Gorseli Semasi Blyukliik Dagilim
Kat Adedi: Tek Katli :
Kattaki Daire Sayisi: 2
Dairenin m% 88.67 m?

Konut Tip 1
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Kat Adedi: Bod.+Zemin+1
Kattaki Daire Sayisi; 2
Dairenin m% 107,5 m?

Konut Tip 10

Kat Adedi: Bod.+Zemin+ 1 o

i i . LL.“ % “JJ D =| J 3 r;»f:
Kattaki Daire Sayisi: 2 ’e &

Dairenin m% 102 m?

L l
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Konut Tip 11

Kat Adedi: Bod.+Zemin+ 1
Kattaki Daire Sayisi: 2
Dairenin m?: 167,5 m?
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Konut Tip 12

Kat Adedi: Bod.+Zemin+ 1
Yatak Unite Sayisi: 7 T HT ——
Zeminde Kapladig e = ‘

Toplam Alan:214 m? E ! | .

Misafirhane

Tablo 4’teki plan analizleri degerlendirilecek olursa;

islevsel gereksinimleri karsilayacak mekanlarin bir araya gelmesiyle olusan asal forma balkon ve sirkiilasyon hacimleri
eklenerek/cikarilarak olusan seklin, yatayda simetriginin alinmasi tim konutlar icin ortak bir moddler gelisim asamasidir.
Bu asamadan sonra olusan modulin Tip 3, 4A, 4B, 5, 7, 8, 9, 10, 12 konutlarinda diseyde Tip 4C, 6, 11'de ise hem yatay
hem de diseyde 6telenmesiyle bina modul olusumlari tamamlanmistir. Misafirhane yapisi ise temel dikdértgen forma
eklenen pargalarin diseyde iki kez tekrari ile moddler olusumunu sonlandirmistir.

Konutlardaki gelisim ve degisimin net bir sekilde gorildigu fonksiyon analizlerine bakildiginda tiim yapilarda yasama,
yatma, yemek pisirme, banyo/hela islevleri yer almaktadir. Ancak bu islevlerin mekansal iliskileri konutlarin yapim tarihi,
bulundugu yerleske yani kullanici grubu ve kullanici sayisina gore degismektedir. En erken yapim tarihli isci konutlarinin
bulundugu Kiime Evler Bolgesindeki Tip 1 konutu ile SSK Bolgesindeki Tip 4 konutunda yasama ve yatma mekani ayrimi
olmayip banyo ve hela islevi tek hacim icerisinde ¢dzUlmustir. Tip 3 konutunda ise yasama ve yatma mekani ayrimi
yapilimis ayrica mutfak ve kiler kiigik bir hol ile yasama mekani icerisinde tekrar gruplandirilmistir. Poyraz Semtindeki
tek tip isci konutu olan Tip 5 ve ayni plan semasina sahip Tip 7 konutundaki islevler gece ve glindiz kullanim sikligina
gbre gruplandirilmis salon ise yasama mekanina ek antre ile diger mekanlar arasinda gecis gorevi de Ustlenmistir.
Yasama, yatma, yemek bolimi ve 1slak hacimlerden olusan Tip 6 konutunda mekansal bir gruplama bulunmamakla
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birlikte mutfak ve i1slak hacimler tesisat butinlGgunu saglayacak sekilde organize edilmistir. Tip 8 konutunda da salon
disindaki diger mekanlar bir hol etrafinda dizilmis salon ise yine mekanlar arasi baglanti gérevini stirdiirmektedir. Biyiik
Bahge Semtinde yer alan Tip 9, 10, 11, 12 konutlarinda her islevin mekansal bir karsiligi olmakla birlikte ayni islev yiklu
mekan sayisinda artis gorilmustir. Ayrica islevsel iliskileri dikkate alindiginda mekanlar arasi baglanti holler Gzerinden
saglanmis ve yasama mekanlari girise yakin yatma mekanlari ise giristen daha uzaga konumlandiriimistir. Villa sinifinda
yer alan Tip 12'de yasama ve yatma mekanlari arasindaki iliski disey sirkilasyonla saglanmistir. Tip 12 disindaki diger
konutlarda tesisat butinlGgine fayda saglayacak sekilde i1slak hacimler ile mutfak lineer bir aks Gzerine yerlestirilmistir.
Misafirhane yapisinin fonksiyon iliskine bakildiginda zemin katta yatak Uniteleri, sosyal mekanlar ve hizmet grubu yer
alirken st katta ise sadece yatak Uniteleri ve islak hacim bulunmaktadir. Zemin katin girisinde yatak Uniteleri ile
karsilasiimasi ve ardindan resepsiyon bolimine gecilmesi, bu mekanlarin birinci katta iz disimlerinin olmamasi ayrica
terasa birinci kattan erisimin saglanamamasi bu bolimun ilave oldugunu gostermektedir.

* Klime Evler, SSK ve Poyraz yerleskelerindeki isci konutlari 63 ila 88.67 m? arasinda degisen blyuklUklere sahiptir. Tenis
Bolgesindeki bekdr memura/muhendise tahsis edilen Tip 6 konutu 44 m? iken evli olanlarin konakladigi Tip 8 konutu ise
86,1 m¥dir. Yonetici konutlarin yer aldigi Blytk Bahge Semtindeki Tip 9, 10, 11 ve 12 konutlarinin biyukltkleri artan
mekan boyutu ve sayisina bagli olarak 102-167,5 m? arasinda degismektedir.

* Mekan organizasyonlari incelendiginde Tip 1, 3, 4, 5, 6, 7 ve 8 konutlarinda hol, antre veya salon Uzerinden merkezi
dagilimin baskin oldugu Tip 9, 10, 11, 12 konutlari ile misafirhane yapisinda ise yakin islevli mekanlarin merkezi dagihm
ile gruplandinldigi gruplar arasinda ise lineer baglantinin bulundugu géralmustar.

2.2.2.2. Cephe Analizleri

Cephe analizi kisminda; modul/kutle analizi ile yizey olusumunda etkili bilesenler arasinda modul tekrarinin tespiti,
doluluk-bosluk analizi ile kullanici-dis mekan baglantisini kuran ve yapiya karakteristik 6zellik kazandiran bosluklarin
belirlenmesi, malzeme/renk analizi ile de yapida kullanilan malzeme ve rengin yapi kimligi Gzerindeki etkisinin ortaya
cikarilmasi amaclanmistir. Bu dogrultuda yapilan cephe analizleri Tablo 5'de gosterilmistir.

Tablo 5. Ergani Bakir isletmesi Yapi Gruplari Cephe Analizleri

Modil Analizi Mod(il Analizi Modiil Analizi Doluluk-Bogluk Analizi Malzeme-
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Tablo 5’teki cephe analizleri degerlendirilecek olursa;

* Plan diuzleminde olusan modulin simetriginin alinarak yatayda, diseyde ya da her ikisinde de otelenmesi ile yapi
kitleleri ortaya ¢cikmistir. Konutlarin cogunda katlara erisim saglayan sirkilasyon elamani daire moddlleri arasinda yer
alirken Tip 6 konutu simetrik iki daire modulinin tekrar ¢ekirdek etrafinda simetriginin alinmasi ile olustugundan kose
dairelere erisim bina ylzeyinde yer alan yatay sirkilasyon elamani ile saglanmistir. Tip 8 ve 9 konutlarinda da birinci
katlara erisim yine bina yan ylzeyinde yer alan merdivenler ile mimkindur.
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* Kiime Evler, SSK, Poyraz ve Tenis yerleskelerindeki isci ve memur konutlarinda cephe agikliklari islevsel 6zellik gbsterip
daha kicguk boyutlarda iken Biyiik Bahge Semtindeki yonetici konutlarinda agiklik boyutu ile pencere sayisinda artis
oldugu ve bununda daha ¢ok manzara yénu olan 6n cephelerde oldugu gorilmustur. Karasal iklim bolgesinde yer alan
bu konutlarin cephe yuzeylerindeki ortalama doluluk yizdesi ise 6n cephede %83.3, arka cephede %86.3, yan
cephelerde ise %92.8'dir. Misafirhane yapisinin 6n, arka ve yan cephelerindeki doluluk ylzdesi sirasiyla %79.2, %81,
%93.2 ve %97.6 seklindedir.

* Misafirhane ile tim konut yapilari yigma yapim tekniginde ve kdgir malzemeden (tas ve tugla)insa edilmis olup cephe
ylizeyleri boyanmis veya yalin tas duvar halindedir. isci konutlari acik sari renge boyanirken memur ve yénetici konutlari
pembe renge boyanmis ve karakteristik 6zellik kazanmistir. Tip 12 konutu ile misafirhane yapisinda ise kat silmeleri ve
pencere sdveleri pembe renge boyanmis bina ylzeyindeki tas duvar gorinttsi de yalin halde birakilmistir. Balkon ve
merdiven korkuluklarinda demir, ¢ati 6rtislinde ise sac veya kiremit malzeme kullaniimistir.

3. Bulgular

Calisma kapsaminda incelenen Ergani Bakir isletmesi yerleskelerindeki 12 tip konut ve 1 misafirhane yapisinin plan ve
cephe analizlerinden elde edilen bulgular maddeler halinde siralanmistir.

* Yapilarda islevsel gereksinimlere bagl boyutlanan ve asal geometrilerin kullanildigi moduller tercih edilmistir.

* Plan ve cephe dizleminde kullanilan dikdortgen daire moddilleri arasinda tekrar ve simetrik tasarim iliskisi
bulunmaktadir.

Konut tiplerinin neredeyse tamami, simetrik daire moddllerinin bir araya gelmesi ile olusurken Tip 4C konutu simetrik
daire modiilleri iceren yapi blogunun yatayda 2 kez tekrari, Tip 6 konutu ise bitisik nizamda bir araya gelen daire
mododillerinin sirklasyon etrafinda simetrik bir araya gelisleriyle tim yapi baglaminda modil bicimlenislerini
tamamlamistir.

Farkli boyutlarda yatak bolimleri iceren misafirhane yapisinda ise modul tekrari yoktur.

Asal geometrik bicimlere temel yardimci pargalarin eklenmesi yada ¢ikarilmasi ile olusan daire modullerinde eklenen
yada ¢ikarilan parcalar ile balkon ve/veya sirkiilasyon hacmi ortaya gikariimistir.

Rasyonalist yaklasim ile tasarlanan yapilar; az katli, yalin ve esnek kitlelerden olusmustur.

Bliyiik Bahge Semti, benzer donemde Ankara’da insa edilen Bahgelievler Konutlarindaki Bahge Sehir kavrami ile benzer
tasarim yaklasimlar gostermektedir

Kullanici sayisi, medeni durumu ve statlisi konutlarin yer seciminde oldugu gibi konut tasarimi Gzerinde de etkili
olmustur.

Konut yapilarinin tamaminda yasama alani, yatma mekani, yemek pisirme alani ile yikanma-hela bolimleri mevcuttur.
* Tip 1 konutundan Tip 12 konutuna mekansal bir gelisim gozlenmistir. Ancak bu gelisim dogrudan yapim vyillari ile
iliskilendirilemez zira en gelismis konut 6rnegi ilk yapilanlar arasinda yer almaktadir. Bu durum konutlar arasindaki plan
ve cephe farkliliklarinin blytk oranda kullanici statisinden kaynaklandigini géstermektedir. Yine de ayni kullanici
grubuna (iscilere) yonelik farkli dénemlerde tasarlanan konutlar arasindaki fonksiyon iliskilerindeki degisim yapim
yillarinin da konut gelisim strecine etki ettigini gdstermektedir.

Bliyiik Bahgce Semtinde yer alan konutlarda mekan boyutu, sayisi ve gesitliliginde artis yasanmistir.

Misafirhane yapisinda ise sosyal mekanlar ile hizmet grubu zemin katta yatak gruplari ise Ust katta toplanmistir. Modul
birlesimleri ve fonksiyon iliskilerinden zemin kat girisinde yer alan iki yatak bolimnin ilave oldugu anlasilmaktadir.
Mekan organizasyonunda merkezi dagilim -genellikle hol Gzerinden- baskin gelmekle birlikte lineer baglantilarla
desteklenmistir.

islev odakli acikliklar ile diiz lentolarin bulundugu masif cephelerde sadelik &n plandadir.

Cephede hem kitle olusumunda hem de ylzeyde yer alan agikliklar arasinda moddl tekrari ve simetri ilkesi bulunmakta
incelenen tim yapilar yigma yapim tekniginde insa edilmis, yapi malzemesi olarak tas ve tugla kullanilmistir. Yapilarin
neredeyse tamaminda subasman seviyesine kadar moloz tas orgl, yalin halde birakilmisken Tip 12 konutu ve
Misafirhane yapisinda tim yapi yalin tas 6rgisiinde olup kat silmeleri, pencere soveleri pembe renge boyanmistir.

Ust diizey yonetici ve calisan konutlarinin karakteristik boya rengi pembe iken diger konutlarda kent dokusu ile uyumlu
acik sari renkte boya kullaniimistir.

Kirma, besik ve sundurma cati gesitlerinin kullanildigi yapilarda orti malzemesi olarak sag¢ ve kiremit malzeme tercih
edilmistir.

4, Sonug

Turkiye Cumhuriyeti Devletinin kurulusundan 195Q°li yillara kadar 6zel sektorin yetersiz kalmasi Ulke capinda sanayi
girisimlerinin devlet tarafindan yapilmasini zorunlu kilmistir. Savaslar sonrasi ekonomik ¢okis nedeniyle yabanci
devletlerden maddi ve teknik destek alinarak insa edilen fabrika ve isci yerleskeleri, temelde kalkinma amaci tasisa da yeni
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kurulmus ulus devletinin kentlesme, modernlesme, sosyallesme sorunlarinin da ¢ézim odagi olmustur. Ozellikle isci
yerleskelerinde yer alan yapi gruplar Gzerinden dénemin mimarisi incelenebilmektedir. Bu dogrultudan yola ¢ikilarak
Erken Dénem agir sanayi hamlelerinden biri olan Etibank Ergani Bakir isletmesi Yerleskelerindeki konut yapilari calisilmistir.

Calisma sonucunda plan ve cephe analizleri ile ikinci ve Uglncl boyutta olusumlari kavranmaya calisilan konutlarin
mekansal analizlerinden asal geometriler kullanilarak bigcimlenen yapilarin sade, yalin, az kath ve esnek tasarlandig;
tasarim asamasinda kullanici sayisi/medeni durumu/statistnin etkili oldugu; plan ve cephe dizleminin olusumunda
belirleyici unsurun islev oldugu; kullanilan malzeme ve rengin yapi kimligi Uzerinde etkili oldugu, tim yapilarin yigma
yapim tekniginde insa edildigi gdrulmustar.

1935’lerden 1970’lere yalin ve sade tasarim dili ile Ergani Bakir islemesi yerleskelerinde yer alan konut yapilari; Erken
Cumhuriyet D6nemi mimarisinin birer temsilcisi olup dnem kazanmaktadir.
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On Spherical Inversions in Three Dimensional Tetrakis Hexahedron Space

1. Introduction

Inversion is one of the most interesting transformation in the plane, since it reveals difficult questions and many
challenging problems. Also in geometry many problems become much manageable when an inversion is applied. As it
has been stated in [1] Apollonious of Perga was probably the first to reveal this transformation in his last book Plane Loci.
Later in 1820s Jakob Steiner investigated inversion systematically. Inversion would be used to examine some problems
and theorems in geometry as Pappus chain theorem, Feuerbach’s theorem, Ptolemy’s theorem, Steiner porism, the
problem of Apollonius, etc. [2]. When an inversion is considered the first thing that comes to mind is an inversion with
respect to a circle, but some authors investigated different inversion maps by using other objects, see [3, 4, 5, 6, 7] and
some authors defined new inversion maps by using different distance functions, see [4, 8, 9, 10, 11]. Furthermore
inversion has been studied in three dimensional Euclidean and non-Euclidean spaces, see [12, 13, 14].

As it has stated in [15] Minkowski geometry is a non-Euclidean geometry in a finite number of dimensions and only
because the distance is not uniform in all directions it is a non-Euclidean geometry. The unit ball of a Minkowski geometry
is a general symmetric convex set. Throughout the studies on polyhedra and metric geometry it has seen that unit balls
of some Minkowski geometries are convex solids, some of these studies are [16, 17, 18, 19]. In [20, 21, 22, 23, 24, 25, 26,
27] some metrics are given which are induced by some of convex polyhedra such that their unit spheres are corresponding
convex solids. Since the only difference of a Minkowski geometry and the Euclidean geometry is the distance, it is
interesting to study on the problems of the Euclidean geometry that include the distance concept in different Minkowski
geometries. By these motivations in this study first we define the inversion with respect to a sphere in Tetrakis
Hexahedron space. Then we investigate general properties and basic concepts of this inversion. Furthermore we give
some properties related with spherical inversion in Tetrakis Hexahedron space such as cross-ratio and harmonic
conjugates.

2. Material and Method

This section consists of two subsections to give primary definitions of Tetrakis Hexahedron space and spherical inversion
in this space.

2.1 Some Basics of Tetrakis Hexahedron Space

Now we give some basic definitions of tetrakis hexahedron space, for more detail see [23]. Geometrical construction of

Tetrakis Hexahedron space ]R%H is similar to the well-known Euclidean space R3. Set of points and collection of lines are
the same, the angles are measured by the same way. The only difference is the definition of the distance. Tetrakis
Hexahedron metric in R? is defined by using the distance function

dry (P, Py) = max{lx; — x,1, |y, — ¥,1, 121 — 2,1} + (V3 — V)mid{lx; — x,1, 1y, — y2l, |z, — 2,1} (1)

where Py = (x,y1,2,), P, = (x5,¥,,2,) € R3. Thus the distance is sum of maximum and (/3 — 1) times of middle of
{Ix; — %, 1, 1y1 — 21,12, — 2,1}. The unit ball in R3,, is the set of all points (x, y, z) satisfing the equation

max{|x|, Iyl 1z1} + (V3 = 1)mid{Ix], |y, |z]} = 1

which is a Tetrakis Hexahedron.

Figure 1. Unit ball in R3,,
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2.2 Preliminaries about Inversions in Tetrakis Hexahedron Space

In this subsection we define an inversion with respect to a sphere in Tetrakis Hexahedron space as an analogue of
inversion in R3. As it has been stated in [4] and [28] an inversion with respect to a circle with radius r is a mapping that
transforms points inside out and outside in of the circle such that a point P and its inverse point P’ are on a ray emanating
from the center O of the circle where the points P and P’ satisfies the equation d(0,P).d(0,P") = r?. Since an
inversion maps points close to O to points far from O, and maps points far from O to points close to O, this classical
definition of inversion excludes O the center of inversion. Thus expanding the Euclidean plane by adjoining one “ideal
point”, or “point at infinity”, we can include O in the domain and range of an inversion.

Now we define the new concept of inversion in ]R%H as follows:

Definition 2.4 Let T be a TH-sphere centered at the point O with radius r in ]R%H, and P, be the ideal point adjoined to
the Tetrakis Hexahedron space. In ]R%H the TH-spherical inversion with respect to I is the transformation

Iycory: R3y U {Po} > Ry U {P}
defined by I ,7(0) = Pw, Iy(0r)(Ps) = 0, Iy y(P) = P' for P # 0 and P' lies on the rayO_P) and

dry(0,P).dry(0,P") = 1?
(2)

T is called the sphere of the inversion, O is called the center of inversion, the point P’ is called the inverse of the point P
with respect to the sphere T'.

In Euclidean space, an inversion shifts the points outside to the inside of the sphere and vice versa. Now the following
theorem states that this property is valid in the Tetrakis Hexahedron space.

Lemma 2.5 Let T be the TH-sphere with center O and the radius r. If the point P is in the interior of T, the point P’ is
exterior to J°, and viceversa.

Proof. Let us consider the inversion I, ) with respect to the sphere 7" with center O and the radius r and the point P
which is in the interior of T'. Thus, dry (0, P) < r . Since P’ = Iyo»(P) and by Eq. (3), 7* = dr4(0,P).dy (0, P") <
r.dry(0,P") then dpy (0, P") > r. So the point P’ is in the exterior of T

Corollary 2.6 Under a spherical inversion Iz, in ]R%H, T itself is left pointwise fixed.

Theorem 2.7 If P and P’ is a pair of inverse points with respect to the tetrakis hexahedron spherical inversion I7(g ,y with
center O = (0,0,0) and radius r then

P'=uP (3)
where u =12 /(dry (0, P))2

Proof. Let P = (x,y,z) and P' = (x',y’,z") be inverse pair with respect to the tetrakis hexahedron spherical inversion
I7(o,ry With center 0 = (0,0,0) and radius r. Since the points P and P’ are on the ray emanating from O

Wz,uﬁ’),,uelR{*

Thus (x',¥',2") = (ux, wy, uz). By the equation (2) we get that u = rz/(dTH(O, P))2 and by substituting the resulting
value of u the required result is obtained.

Note that since P and P’ is a pair of inverse points with respect to the tetrakis hexahedron spherical inversion Iy ;) with
center O = (0,0,0) and radius r, the coordinates of P would be obtained by the coordinates of P’ by the same way in

the Theorem 2.7. Thus P = uP' where p = r2/(d7(0, P’))2

Corollary 2.8 Let P = (x,y,z) and P’ = (x’,y',2") is an inverse pair under the tetrakis hexahedron spherical inversion
I7(o,ry With center O = (xy, ¥, 2) and radius r then
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P'—0=puP-0) (4)
where u = rz/(dTH(O,P))Z.
Proof. It is easy to see that translation preserves distances in R3y. Thus by translating (0,0,0) to (xo, Yo, 2o) in Ry
values of x',y’,z" would easily be obtained as required.

Theorem 2.9 Let O, P and Q be any three collinear distinct points in ]R%H‘ If P, P" and Q, Q' are inverse pairs with respect
to the tetrakis hexahedron spherical inversion Iz . then

AN r2. dry(P.Q)
dry (P, Q) = dry(0,P).dry(0,Q) (5)

Proof. Let I, ) be the spherical inversion with center O and radius r in R3,. If P, P and Q, Q" are inverse pairs with
respect to Iy then by equation (1), dry (0, P).dry(0,P) =12 = dry(0,Q).dry(0,Q"). Since O, P and Q are
collinear points and ratios of Euclidean and Tetrakis Hexahedron distances along a line are the same,

dTH(P’; Q’) = |dTH(20; P’) - dzTH(O; Q’)l

dry(0,P)  dry(0,Q)
_ % dry(P.Q)
dry(0,P). dry(0,Q)
is obtained.

Note that converse statement of the theorem above is not true. Also the theorem is not valid for any three non-
collinear points in R3,,. But under some other conditions the equation (5) holds. Now we give the following theorem
that shows the equation (5) is satisfied under such conditions.

Theorem 2.10 Let O, P and Q be any three distinct points in R%H, P, P and Q, Q' be inverse pairs with respect to the
tetrakis hexahedron spherical inversion Iy, with center O and radius r, and u and v be direction vectors of the rays

OP and 0Q, respectively. Ifu € A; andv € A; \ {u} where

A,=1{(1,0,0),(0,1,0),(0,0,1),(—1,0,0),(0,—1,0),(0,0,—1)}
A,=1{(1,1,0),(1,0,1),(0,1,1),(1,0,—-1),(1,-1,0),(0,1,-1), (0,-1,1),(0,-1,-1),(-1,1,0),(—-1,0,1),(—=1,0,—1),(—1,-1,0)}
A;={(1,1,1),(1,1,-1),(1,-1,1),(-1,1,1),(1,-1,-1),(-1,1,-1),(-1,—-1,1),(-1,-1,-1)}

and i = 1,2,3, then
r?.dry(P,Q)
dTH(OJP) 'dTH(OJ Q)

dTH (Pli Q’) =

Proof. Since all translations are elements of the group of isometries of Tetrakis Hexahedron space it is convenient to
consider O the center of inversion as origin. So let Iy, be the tetrakis hexahedron spherical inversion with center O

and radius 7 in [R%H. Suppose thatu € A; and v € A; \ {u}. If P = (0,0,p) and Q = (g, 0,0) then the inverses of P and
2 2
Q with respect to I,y are P' = (0,0,%) and Q' = (%, 0,0), respectively. Thus we get

2 2 2 2
dry(P',Q") = max{ % , % } + (\/§ - 1)mid{ % ) } Here there are two subcases;
2 2
. > 0N — r (|p|+(\/§—1)|q|) — r“dry(P,Q)
Case 1: If [p| = |ql, then dryx(P',Q") y Ip(llql . T (OP) Era (00
. i A _ T2(lal+(V3=-1)Ipl) _ r2drg(P.Q)
Case 2:If |p| < lql, then dry(P',Q") = iolla] = O A O

Suppose thatu € A, and v € A, \ {u}. If P = (p,p,0) and Q = (q,—q, 0) then the inverses of P and Q with respect to

I are P! = (ﬁ ~ 0) and Q' = (ﬁ - 0) respectively. Thus we get
T(0,1) - p;p; - q: q )] ’ p y g

T N (L L mia ([ 2] 24 o) .
dTH(P,Q)—max“p 713 + p ,0}+(\/§ 1)mld s Pl + p ,0¢. Here there are two subcases;
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2 2
) > 1oy — r2p—al+(V3-Dlp+al) _ _ r?dru(P.Q)
Case 1:If [p — ql = |p + ql, then dr5(P', Q") Ny Ip(llql | | FRYSY
) _ 1 o _ TAp+al+(V3-1)lp—ql) _  r2dra(P.Q)
Case 2:If [p+ql| <lp —ql, then dry(P',Q") = olla] = 0P Arg 00

Suppose thatu € Az and v € A; \ {u}. If P = (p,p,p) and Q = (—q, q, q) then the inverses of P and Q with respect to

2 .2 .2 2 .2 .2
Iror) are P’ = (;—p,;—p,;—p) and Q' = (é,;—q,;—q), respectively. Thus we get

10 = max (|2~ 2 2 2]+ (VE - Dmia {2~ 2] 24 2)) |
dry(P',Q") = max{ Pt ) et e (V3 - 1)mid 5 " 3ql’ |35 T34l Here there are two subcases;

2 2

: —al> 1 o = r2p—al+(V3-1)lp+al) _ _ r?dru(P.Q)
Case 1:If [p — ql = Ip + ql, then dry(P',Q") 2 Siollal P A0

) _ 1 any _ T(lp+al+(V3-1)lp—ql) _  r2dra(P.Q)
Case 2:If [p+ql| < lp —ql, then drxz(P',Q") = T = OO0

For other possible choices of elements in A;, i = 1,2,3, by similar calculations it is easy to see that equality is valid.

3. Results

This section includes two subsections to investigate results and definitions obtained by spherical inversions in tetrakis
hexahedron space. We study on inverses of lines, planes and tetrakis hexahedron spheres under an inversion Iy, as a
comparison of inverses of lines and circles in Euclidean plane under a circular inversion. Also we investigate cross-ratio
and harmonic conjugates in R%H.

3.1. Spherical Inversions of Lines, Planes and Tetrakis Hexahedron Spheres in R3

In Euclidean version inverse of a line is a circle and inverse of a circle is a line, only the lines passing through the inversion
center is invariant. In this section, tetrakis hexahedron spherical inversions of lines, planes and tetrakis hexahedron

spheres are studied according to their positions in ]R%H.

Theorem 3.11 Let I7(, , be a tetrakis hexahedron spherical inversion with center O and radius r. Any line and any plane
containing O is invariant under Irg ;).

Proof. Consider the tetrakis hexahedron spherical inversion Iz ,y with center O and radius 7. By equation (2) it is
obvious that a line passing through O is invariant under Iy ). Let Ax + By + Cz = 0 be a plane containing 0. Under
I7(0,) We get the equation of the plane as;

rZxr rZyr r2z

(dru(0,PN)? (dru(0,PN)? (dru(0,PN)Z

That is Ax" + By' + Cz' = 0 which completes the proof.

Theorem 3.12 Let I, ) be a tetrakis hexahedron spherical inversion with center O and radius 7. The inverse of a tetrakis
hexahedron sphere with center O under Iy, is a tetrakis hexahedron sphere with center 0.

Proof. Since the translation preserves distance in IR{%H we would take center of inversion Iy ) as 0 = (0,0,0), thus the
tetrakis hexahedron sphere J with center O and radius r is

T ={P=(xy2):dy(0,P) =71}
Let 7] be the tetrakis hexahedron sphere with center O and radius 1y, then

7 ={P=0y2):dry(0,P) =1}

2
Thus the inverse of 73 under Iy, is 7'y = {P’ ="y, 2"):dpy (0,P) == }which is a tetrakis hexahedron sphere.

T
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Theorem 3.13 Let Iy ) be a tetrakis hexahedron spherical inversion with center O and radius r. The inverse of every
edges, vertices and faces of T is itself.

Proof. By Corollary 2.6, T is pointwise fixed under Iy 9. Thus every edges, vertices and faces of T is invariant under

Iro)-
3.2. The Cross Ratio and Harmonic Conjugates in R3

The distance is not invariant under tetrakis hexahedron spherical inversion. Thus, the inversion in tetrakis hexahedron
space is not an isometry. However, the fact that the cross-ratio is preserved under inversion reveals the necessity of
focusing on the cross-ratio by means of the distance. Therefore, in this section, we investigate the cross ratio and

harmonic conjugates in ]R%H under a spherical inversion.
The following definition will be given in a similar sense of the definition given in [29].

Definition 3.13 For any two points X and Y on a directed line [, the directed tetrakis hexahedron length of the line
segment XY is denoted by dry [X, Y]. If the line segment XY and [ have the same direction, then dyy[X, Y] = dpy (X, Y)
and if have the opposite direction, then dy[X,Y] = —d;y (X, Y).

Definition 3.14 Let P,Q, R and S are four distinct points on an oriented line in ]R%H. The tetrakis hexahedron cross-ratio
(PQ,RS)y is defined by

drylPRldTHIQ.S]
PQ,R = drnlP.Sldrnlo.R]
(PQ,RS)ry dry[P.SldTH[Q.R] .

Corollary 3.15 Let P, Q, R and S are four distinct points on an oriented line in ]R%H. The tetrakis hexahedron cross-ratio
(PQ,RS)ry is positive if both R and S are between P and Q or if neither R nor S are between P and Q.

Proof. Let both R and S points be between P and Q points. For the directed line PQ the tetrakis hexahedron cross-ratio
is

_ dry[PR]dr,[QS]
" dry[PS)dry[QR]
_dry(P,R).(=dry(Q,5)) _ dry(P,R).dry(Q,5)
"~ dpy(P,S). (—dry(Q.R)) ~ dry(P,S).dry(Q,R)

(PQ,RS)ry

and thus (PQ, RS) 1y is positive.
If neither R nor § are between P and Q, then there are six arrays for R and S. Since it is similar to prove for all possible
combinations we give the proof for the orientation R — P — Q — S. Thus the tetrakis hexahedron cross-ratio is
(PQ.RS)y = {,’ifi]]j [[QS]
TH rulQR]
_(=dry(P,R)).dr(Q,S) _ dry(P,R).dry(Q,S)
 dry(P,S). (=dry(Q.R))  dru(P,S)-dry(Q,R)

and thus (PQ, RS)ry is positive.

Corollary 3.16 Let P, Q, R and S are four distinct points on an oriented line in ]R{%H. If the pairs {P, Q} and {R, S} seperate
each other, then the tetrakis hexahedron cross-ratio (PQ, RS)ry is negative.

Proof. If the pairs {P, Q} and {R, S} seperate each other, then there are four arrays for R and S. For the orientation R —
P — S — Q the tetrakis hexahedron cross-ratio is

_ dry[PR]dry[QS]

(PQ.RS)mu =5 TPS]dylQR]
— (_dTH(P! R)) (_dTH(Q' S)) - _ dTH(Pl R) dTH(Q)S)
dry (P,S). (—dry(Q,R)) dry (P, S).dry (Q,R)

and since for other possible arrays, by similar calculations, same results are obtained, thus (PQ, RS)ry is negative.

Theorem 3.17 The tetrakis hexahedron cross-ratio is invariant under tetrakis hexahedron spherical inversion in R3.
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Proof. Let Ir(, ) be a tetrakis hexahedron spherical inversion with center O and radius r, and P, Q, R and S be four points
on an oriented line [ passing through 0. Let P’,Q’, R" and S’ be inverse points of P, Q, R and S respectively under I ).
Observe that the tetrakis hexahedron spherical inversion preserves the seperation or non-seperation of the pairs {P, Q}
and {R, S} and also it reverses the tetrakis hexahedron - directed distance from the point P to the point Q along a line [
to tetrakis hexahedron -directed distance from the point Q' to the point P'. The required result follows from Theorem
2.9;
I Al o dTH(P,; R"). dTH(Q,S,)
(PQ;RS)THZ 1! Ipr

dTH(P S )dTH(Q R )

r2.dry(P.R) r2.d7H(Q.S)
__ dry(0,P).dry(0,R) dr(0,Q).dry (0.5)
- r2.dry(P.S) r2dry(Q.R)
dry(0,P).dry(0,5) dry(0,Q).dry(0,R)

_ drH (P,R).drH(Q,S)
dry(P,S).dry(Q,R)

= (PQ,RS)ry

Definition 3.18 Let L be a line in ]R%H. Suppose that P,Q, R and S are four points on L. It is called that P, Q, R and S form
a harmonic set if (PQ, RS)ry = —1 and it is denoted by H(PQ, RS)1y. That s, any pair R and S on [ for which

dry[P,R]dTH[Q.S]

=-1
dry[P,Sldry[QR] (7)

is said to divide P and Q harmonically. The points R and S are called tetrakis hexahedron harmonic conjugates with
respect to P and Q.

Theorem 3.19 Let T be a tetrakis hexahedron sphere with center 0, and line segment [PQ] be a diameter of T in ]R%H.

Let R and S be distinct points of the ray W which divide the segment [PQ] internally and externally. Then R and S are
tetrakis hexahedron harmonic conjugates with respect to P and Q if and only if R and S are inverse points with respect
to the tetrakis hexahedron spherical inversion I ,y.

Proof. Let R and S are tetrakis hexahedron harmonic conjugates with respect to P and Q. Then

dTH[PJ R]dTH[QJS] —
dTH[PJ S]'dTH[QJ R]

(PQ, RS)TH =—-1= -1

Since R divides the line segment [PQ] internally and R is on the ray O_Q),
dry(R,Q) =7 —dry(O,R) and dyy(P,R) =71+ dry(O,R).
Since S divides the line segment [PQ] externally and S is on the ray w,
dry(P,S) =1 +dry(0,5) and dry(Q,S) = dry(0,5) — .
Thus

(T + dry (0, R)) (dry(0,8) —1) __
(T + dTH(OJS))' (r - dTH(OJR))

= (T + dTH(0: R)) (dTH(O:S) -r)= (r + dTH(OvS))' (dTH(O' R)—r1).

Simplifying the last equality d (0, R). dry(0,S) =72 is obtained. So R and S are tetrakis hexahedron spherical inverse
points with respect to the tetrakis hexahedron spherical inversion Iy . For the other condition (S and R are on the ray
0P ) by similar calculations the same conclusion is obtained.

Conversely, if R and S are tetrakis hexahedron spherical inverse points with respect to the tetrakis hexahedron spherical
inversion Iz ) the proof is similar.
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4. Discussion and Conclusion

Inversion theory is of interest to geometers today, as it used to be, since it suggests challenging problems and when it is
applied many problems in geometry became much manageable. Classical inversion is defined with respect to a circle but
there are many different definitions of inversion in the literature by using other objects or using different distance
functions or expanding dimension. In this study inversion is defined in a three dimensional non-Euclidean geometry and
by using obtained results in this space some properties of this inversion is investigated. We hope that this topic would
provoke further researches by interested readers or their students.
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Abstract: Oscillation theory is one of the important and striking subjects of applied
mathematics. Therefore, it has been meticulously studied by many researchers for many
years. Many results have been obtained concerning the oscillation of differential
equations of various orders. Some of the oscillation criteria obtained are related to fourth
order differential equations. In this study, new oscillation criteria are given for a special
type of fourth order differential equation. The importance of these criteria is due to the
fact that the known results are expanded and have not been used before.

Doérdiinci Mertebeden Diferensiyel Denklemler icin Salinim Kriterleri

Anahtar Kelimeler Oz: Salinim teorisi, uygulamali matematigin dnemli ve ilgi cekici konularindan biridir. Bu
Saﬂhmrm ) nedenle bircok arastirmaci tarafindan uzun yillar yogun bir sekilde incelenmistir. Cesitli
D-ordunc-u mertebe, mertebeden diferensiyel denklemlerin salinimi ile ilgili bircok sonug elde edilmistir. Elde
Diferensiyel denklem edilen salinim kriterlerinin bir kismi doérdinct mertebeden diferensiyel denklemlerle
ilgilidir. Bu calismada dordinci mertebeden belirli tipteki diferensiyel denklemler icin
yeni salinim kriterleri verilmistir. Burada elde edilen kriterlerin énemi, bilinen sonuglarin
genisletilmis hali ve daha 6nce kullaniimamis olmasindan kaynaklanmaktadir.

*Corresponding Author, email: nagehan.kilinc@ahievran.edu.tr
1. Introduction

This paper concerns the oscillatory behaviour of solutions to a fourth order linear delay differential equation
(r(nx))" + g1 (O)x(1, (1)) =0,  t=1¢,>0. ®
The following properties are assumed to be provided during this study

(A} 1, 1, € C([ty,0), R) are positive and satisfy

© ds

(L) = fwi <o and m,(t,) = |,

to r1(s) to r5(s) ’

(4,) q, € C(Jty, ), R), q,(t) = 0 and does not vanish for all large t for this interval [t,, ) for some t, € [ty, ),
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(43) 1, (t) < t, im0 (t) = o0 such that T; € C1([ty, ), R) is a strictly increasing function.

Further, equation (1) is called delay differential equation, since ()<t

Define the operators

Lox=x, Lix =nrx', Lyx =1r,(rnx"), Lyx = (r,(ryx")")’, Lyx = (rp(x")")".
x is said to be a solution of (1); if function x four times continuously differentiable and satisfies equation (1) on [Ty, ©).
If a solution of (1) has no largest zero for all large t then this solution is termed oscillatory. Otherwise, a solution of (1)
is termed nonoscillatory. If all of the solutions of equation (1) are oscillates, (1) is called oscillatory.

Dzurina and Jadlovska[5] used the definition of property (4) in their work. The definition of property A is if any solution
x of (1) is either oscillatory or satisfies gim x(t) = 0. We can also see this in the results of Kiguradze’s work[6]. In place

of property (4), some researchers prefer to use that the equation is almost oscillatory. Dzurina and Jadlovska’s
conclusions[5] include new results obtained on property (4) and oscillation of the form

(r(ny)) + Oy (1) =0 )

third order delay differential equation. Research of the qualitative behavior of canonical third order differential equations
especially in point of oscillation and nonoscillation have been the main topic of wide research. And a lot of studies have
been done on this point. Among these studies we can refer [1-5].

In addition, the oscillation theory for higher order differential equations call attention of a great number of authors. Thus,
a lot of work have been conducted on the oscillation theory of higher order differential equations, especially the fourth
order, which we can refer to as reference [7-11].

In summary, we can say the following for our work: First of all, we will examine the applicability of the new criteria
obtained in [5] and the results of the oscillation of (2) to the fourth order differential equation in form (1), which we
have discussed.

[5] forms the basis of our ideas. However, we would like to point out that the results we will obtain in this paper are more
general and improved than those obtained in [5].

2. Material and Method

The whole of the functional inequalities used in our work are supposed to hold, which are satisfied for all large t. As usual,
we may consider solely not negative solutions of (1). We begin with the main lemma, which is used in our theorems.

Lemma 1. Let (4;) — (43) hold and x be a solution of equation (1) such that x(t) > 0. Then there are eight cases
for x:

Case
Case
Case
Case
Case
Case
Case
Case

a)x>0,Lix<0, L,x<0, Lyx <0, L,x <0,
b):x>0, Lix <0, Ly,x>0, Lyx <0, L,x <0,
c: x>0,Lx>0,L,x>0, Lyx >0, L,x <0,
d:x>0, Lix>0, L,x<0, Lyx <0, Lyx <0,
€:x>0,Lix>0, L,x<0, Lyx >0, L,x <0,
f): x>0, Lix>0, Ly,x >0, Lyx <0, L,x <0,
grx>0,Lix<0, L,x<0, Lyx >0, L,x <0,
h):x>0, Lix <0, L,x>0, Lyx >0, L,x <0,

—_— e~~~ —~ —~ —

fort > t; with sufficiently large t.

Proof. The proof is obvious and hence is neglected.
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At this time, we will build a new criterion for almost oscillatory, that is property (4) of (1).

Theorem 1. Let (4,)-(A3) hold. If

oo 1 Z1 1 S1 U

s)dsdu, |ds, |dz, = o, 3)
fr1(z1) fr2(51) ff‘h() ! ! !
to to to to

then all of the solutions of (1) are almost oscillatory.
Proof.

Firstly, we note that if both (4,) and (3) hold, then
oo S1 Up oo

f ! t[t[ q, (s)dsdu,ds; = fql (s)ds = oo. 4)

1, (s1)
to

to

If x is a not an oscillatory solution of (1) on [ty, o), fort = t; we gett; = t, such that x(t) > 0 and x(7,(t)) > 0.
From Lemma 1, eight possible cases may emerge for t > t;. Each of these cases will be taken into account individually.

Suppose that case (a) holds. As L;x < 0, we view that x is not increasing, namely, there is a constant m = 0 such that
lim;Lex(t) = m. Itis assert that m = 0. Vice versa, suppose that m > 0. So there is a t, = t; such that x(z,(t)) = m
fort > t,. Hence, fort > t,

—L,x(t) = q;(®)x(7,(t)) = mq,(t). (5)

Integrating (5) from t, to t twice, we acquire

t U1 t U1

—L,x(t) = —L,x(t,) +m j j q, (s)dsdu, =2 m j j q, (s)dsdu,.

ty t2 ty t2
Therefore

t U

m
CRICER j j 4: (5)dsdu;. ©)

Integrating (6) again from ¢, to t, we obtain

S1 U

t 1
rlr?t)frz(sl) ff‘h (s)dsdu, |ds;. %)

—x'(t) =

2 b2

Integrating (7) from t, to t and because of (3), we get

t 1 Z1 1 S1 Uy
x(t) < x(t —mf f ff s)dsdu, |ds; |dz; » —
® (t2) t (20 7,(51) ). q1 (s) 1 1 1
2 2 2 2

as t = oo, this contradicts with our assumption. So lim,_,x(t) = 0.

Suppose that case (b) exists. If proceeds same way with case (a), (5) is obtained. Integrating (5) from t, to t twice, we
get
t U

Lox(t) < —L,x(t,) — mf f q, (s)dsdu, » —0 as t-o »® (8)

ty tz
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we used (4), thus a contradiction is obtained and lim,_,,x(t) = 0.

Suppose that case (c) applies. So

Lyx(t)
—x(rl (t)) , t=t

is defined. Certainly, wy (t) > 0 for t > t,. By (1), we acquire

Lox(t) — Lyx(@©)x' (T, ()71 (2)

w, (t) =

MO=Tn® T 2m0)
L,x(t) _
> ey 0) " —q,(0).

If the integral taken from t, to t and using equality (4), we attain
wi(t) Swi(t) = f a (s)ds » =0 as oo,

which contradicts with wy (t) > 0.

Suppose that case (d) applies. Because of x is an increasing function, integration (1) from t; to t gives,
t
~)© 2 k [ 4y (s ©
ty

Integrating (9) from t; to t twice and using equality (4), we obtain
S1 U

- J J
s)dsdu, |ds; » —
7, (51) t q:1 (s) 1 1

t
nx'(t) <nx'(t) —k j
21

1 b

as t — o0, and this is a contradiction.

Proof of case (e) and case (f) are similar to proof of case (c) and case (b). Hence these cases are omitted.
Now, we suppose that case (g) applies. From (1), we acquire

—Lax(t) = :(O)x(7,(1)) = mqy (D). (10)

Integrating (10) from t, to t, we attain
t
Lx(0) < Lx(e) = m [ 4, (s)ds » —co
t2

as t — oo. Thus a contradiction is obtained and lim;_,,x(t) = 0.
Case (h) can be proved similar to case (g).

Hence, the proof is complete.
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3. Results

Theorem 2. Assume (4,) — (43). If
t

Zq S1 Uuq
1 1
liminf f f f f s)dsdu, |ds; |dz >— (11)
t-o r1(2,) ,(51) @.() ! ! !
T1(8) to
and
t
limsu f f f f s)dsdz,;du,ds; > 1 12
t_wop 7. (s1) rz(u1)u q4 () 14U AS, (12)
71( 1721

then (1) is almost oscillatory.

Proof. Let x is not oscillatory solution of (1) on [t,, ). As usual, we may get a value of t; = t, such that x(t) > 0 and
x(t,(t)) > 0 fort > t;. At the time there exist eight possible cases (a)-(h), as Lemma 1. Let case (a) holds. If the integral
of equation (1) taken from t; to t with x is not increasing, we have

—Lsx(t) = —Lyx(ty) + f q1 ()x(71(s))ds = x(z,(1)) f g, (s)ds (13)
namely,
—(Lyx)'(t) = x(71(1)) f‘h (s)ds. (14)
If the integral of (14) taken from t; to t again, we acquire
—Lyx(t) + Lyx(ty) = fx (r1(wy)) j q, (s)dsdu, = x(t,(t)) f ]1 q, (s)dsdu,.

If the integral taken from t; to t, we attain

—Lx(t) = j%j j q, (s)dsdu,ds; (15)

1

S1 U

> x(74(1)) fr G, )f f q, (s)dsdu,ds;

or

S1 U

r(t) frz(sl)f f q1 (s)dsduydsy |x(z,(t)) < 0.

x'(t) +

But, by [6], condition (11) provides that this inequality have not a positive solution, this is a contradiction with our
primary supposition.

Suppose that case (b) applies. Integrating (1) from u, to t(> u,), twice and from the fact the monotony of x, we acquire

t

~Lx(© + Lx) 2 [ 2 @) [ @ dsds,

Uy Ui

and
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Ly ) = 0D f f 0 (s)dsds,

Uy Uy

Repeating the steps above, integrating from u, to t(> u,) twice, we attain

S1 x

x(uy) = x(t,(t)) fr1(21) f G0 f fql (s)dsdxds,dz,. (16)

Uy Uy

Substitute of u; = 7, (t) in (16), we get a contradiction with (12).
Pointing that (3) is required for the validation of (11), it pursue right away that cases (c)-(f) are not possible.

Suppose that case (g) holds. Integrating equation (1) from u, to t(> u,) and from the fact that the monotony of x we
get

t

Lyx(8) = Lyx(uy) = — f 41 (5)x (12 ())ds

Uy

namely
t
L) 2 50 @) [ 4, (6)ds
Uuq
Integrating again from u, to t; (t > u,), we have

L) 2 @) | [ a()asas,

Uz Uy

thatis

(L) () 2 5D j j a (5)dsds,

72 (t)
U Uy
Integrating again from u, to ¢t; (t > u,) twice, we acquire
S1 x
x(uy) = x(74(t f f ff s)dsdxds,dz,. a7n
( 1) ( 1( )) r]_(Z]_) Tz(Sl) ql( ) 1 1

Substitute of u; = 7, (t) in (17), this contradicts with (12).

Let case (h) holds. Integrating (1) from u, to t twice, we get

SCEOEELS f f  (5)dsds,

Ui U

Integrating the last inequality from u; to t; (t > u,), we gain

0=—-Lix(t)+ Lix(wy) = I% f f q, (s)dsds;dz,.

Uy
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Repeating the steps above, integration from u, to t; (t > u,;) once, we have inequality (17) and a contradiction with
(12). This situation is similar to the last part of the proof of the case (g). So the proof is completed.

Theorem 3. Let (4,) — (43). If
t S1 Uz

1
f f q, (s)dsdu,ds; > 1 (18)
to to

limsupr, (t)
t—oo ; 2 1)
0

and (12) hold, then equation (1) is oscillatory.

Proof. Let x is a not oscillatory solution of equation (1) on [ty, ©). As usual, for t = t; we may get t; > t, such that
x(t) >0 and x(r;(t)) >0 . At that time there are eight possible cases (a)-(h), as Lemma 1.
Suppose that case (a) applies. In that case

[oe]

1
x(t) = x(o0) — f lex(s)ds > —Lx(t)m, (t). (19)
t

Using the monotony of x and (19) in (15), we see that

t 1 S1 Up
—ththj—jj s)dsdu,ds
1%(t) ® 7, (51) q1 (s) 1451
t1 t1 t1
t 1 S1 U
Z—thntf jj s)dsdu,ds,.
dOLA) 7, (51) q1 () 1451
t1 t1 t1

If this inequality are taking limsup on both sides, and this contradicts with (18). The proof of case (b) keeps going in the
same way as the case of Theorem 4. To prove that cases (c)-(f) are not possible, pointing that (4) is required for the
validity of (18). The proof of the other cases keeps going in the same way as that of Theorem 2. Thus, the proof is
completed.

Example 1. We take account of the fourth order delay differential equation form of
t
((HGEHG) DR 2t3x(z) =0, t=>0, (20)

where ry (t) = t2,1,(t) = t3,q,(t) = 263,71, (t) < t,1im;L6T, (1) = 0.

And the equation (20) has the main assumptions (4;) — (43). Also condition (3), i.e.,

© 21 S1 U
11 ,

f—z f—3 fst dsdu, |ds, |dz; = o
Z1 S1

to to to to

is supplied and by Theorem 2, we infer from all of the solutions of Eq. (20) are almost oscillatory without any additional
requirement.

4, Discussion and Conclusion

In this paper, three theorem on oscillation for fourth order differential equations with noncanonical operators has been
obtained and an example has been given for intelligibility of the theorems. Furthermore, obviously in Theorem 2 any
nonoscillatory solution satisfies either case (a)-(b) or case (g)-(h) of Lemma 1. It has been shown that the oscillation results
given for third order noncanonical differential equations can be applied to fourth order differential equations.
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Anahtar Kelimeler 0z: Sismik izolasyon sistemi, Ust yap! ve temel arasinda deprem esnasinda olusan enerjiyi

Kursun gekirdekli sontmleyerek, Ust yapiya daha az ivme ve kuvvet talebi iletiimesini saglamaktadir.

kauguk izolator, Boylece gerek yapinin gerekse yapida bulunan ekipman ve cihazlarin depremden zarar

.Betonarme}',ap" gormesi engellenmektedir. Bu calismada, 4 katli betonarme bir yapinin kursun cekirdekli

Ivme-yerdegistirme . . . . .

tepki spektrumu kaucuk |zoI§tquer kullanilarak tasarimi, farkl konum ve zemin sinifi, |zo|asyoh periyodu
ve karakteristik dayanim orani parametreleri TBDY2018'de tanimlanan Etkin Deprem
Ykl Yontemi ve Zaman Tanim Alaninda Dogrusal Olmayan Hesap Yontemi kullanilarak
incelenmistir. Calismada 3 farkli sehir merkezi, 2 farkli zemin sinifi, 5 farkli periyot ve 5
farkl karakteristik dayanim orani dikkate alinmistir. Gergeklestirilen parametrik calisma
ile Ust yapinin dogrusal, sismik izolatorlerin ise dogrusal olmayan davranisi dikkate
alinarak izolasyon seviyesinde olusan vyerdegistirme, kesme kuvveti ve ivme-
yerdegistirme tepki spektrumlari (taban kesme orani-yerdegistirme) belirlenmis ve sismik
izolatorlerin davranisina etki eden parametreler incelenmistir.

Comparison of Analysis Methods in the Design of Structures with Seismic Isolation

Keywords Abstract: The seismic isolation system absorbs the energy generated during an
Lead rubber earthquake between the superstructure and the foundation, ensuring that less
bearing,

acceleration and force demands are transmitted to the superstructure. Thus, both the
building and the equipment and devices in the building are prevented from being
damaged by earthquakes. In this study, the design of a 4-storey reinforced concrete
structure using lead rubber bearings, different location, soil class, isolation period and
characteristic strength ratio parameters were examined using the Equivalent Seismic
Load Method and Nonlinear Response History Analysis defined in TBDY2018. In the study,
3 different city centers, 2 different soil classes, 5 different periods, and 5 different
characteristic strength ratios were taken into consideration. With the parametric study
carried out, the displacement, shear force, and acceleration-displacement response
spectra (base shear ratio-displacement) formed at the isolation level, taking into account
the linear behavior of the superstructure and the nonlinear behavior of the seismic
isolators, were determined, and the parameters affecting the behavior of seismic
isolators were examined.

Reinforced

concrete structure,
Acceleration-displacement
response spectra
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Sismik {zolasyonlu Yapilarin Tasariminda Kullanilan Analiz Yéntemlerinin Karsilastiriimasi
1. Girig

Geleneksel olarak yapilarin tasarimi, deprem yuklerine karsi yapida yeterli rijitligi perde, cerceve ve/veya celik caprazlarla
glclendirilmis cerceveler kullanarak saglamak konseptine dayanmaktadir. Ancak bu geleneksel yontemler rijit yapilarda
bilyuk ivme degerleri ile esnek yapilarda ise blylk kat deplasmanlari meydana getirebilmektedir. Bu nedenle yapisal ve
yapisal olmayan elemanlar blyuk bir deprem etkisinde 6nemli derece hasar gérebilir. Bu durum bazen icerdigi ekipmanlar
binanin kendisinden daha pahali olan hastane binasi, yiksek hassasiyetli Gretim fabrikalari, telekominikasyon merkezleri,
polis ve itfaiye istasyonlari gibi yapilar icin tolere edilemez. Ayrica bu tir yapilarin depremden hemen sonra kullanilabilir
olmasi gerekmektedir [1,2]. Bu amagla kullanilan sismik izolasyon teknigi, deprem kuvvetlerinin yikici etkilerine karsi
yapilari korumak ve yapinin deprem sirasindaki davranisini iyilestirmek amaciyla kullanilan pasif kontrol sistemlerinden
birisidir. Sismik izolasyon aracilig ile depremlerde yapisal ve yapisal olmayan elemanlar ile yapi igerisindeki dnemli
ekipmanlar deprem kuvvetlerine karsi korunmus olmaktadir [3,4].

Sismik izolasyon sisteminin temel prensibi, yapinin ve deprem ivmesinin &zellikleri dikkate alinarak izolasyon seviyesinde
yapi rijitliginin azaltilmasl, periyot ve sénimunu artirarak yapida daha kigtk deprem kuvvetlerinin olusmasinin saglanmasi
ve yapida depremde olusabilecek hasarinin dnlenmesi veya en aza indirgenmesidir. Bu amagla taslyici sistemin dogal
titresim periyodu uzatilmakta ve/veya enerji tiketme kapasitesi artirnlmaktadir. Bu durum yapisal ve yapisal olmayan
hasarlari azaltmaya ve yapi icerisindeki 6nemli ekipmanlari korumaya yardimci olmaktadir [4].

Sismik izolasyon sistemi kullaniimasiyla yapilarda yapi salinim periyodu uzatilarak yapiya etkiyecek olan ivmeler dolayisiyla
kesme kuvvetleri ve goreli kat 6telemeleri azaltiimaktadir. Bu etkiler yapi titresim periyodu énemli bir élclide artinldiginda
istenilir seviyeye ulastirilir. Boylece yapi performansi énemli dlgclde artirilmaktadir. Sekil 1'de sismik izolasyonlu bir yapida
olusabilecek periyot artisina bagli olarak ivme, soniim ve yerdegistirme degisimi temsili olarak gdsterilmistir.

_ . Soniim
lvme § Periyot Deplasman g Artist
k'
Artigt (
/‘—--
r’"’.-”--
P
R I A > :
Periyot Periyot

Sekil 1. Sismik izolasyon kavrami a) Spektral ivmede azalma ve b) Spektral yerdegistirmede artis [5]

Ankastre mesnetli yapida deprem nedeniyle ortaya ¢ikan eneriji, taslyici ve tasiyici olmayan yapi elemanlari tarafindan
sonimlenmektedir. Bu durumda taslyici ve tasiyicli olmayan yapi elemanlari hasar goérebilmektedir. Sismik izolasyonlu
yapida ise yapi salinim periyodunun artmaslyla birlikte depremden dolayi yapiya etkiyecek olan ivme degerleri 6nemli
Olciide azalmaktadir. Periyodun artmasi ile yapinin izolasyon seviyesinde yerdegistirme talebi de artmaktadir.
Yerdegistirme talebini karsilayabilmek icin izolasyon sisteminin yeterli sénime sahip olmasi gerekmektedir [4].

Sismik izolasyonlu yapilarda deprem etkisi nedeni ile talep edilen yerdegistirme izolasyon seviyesinde gergeklesmektedir.
Boylece st yapi tek serbestlik dereceli bir sistem davranisi gostererek rijit bir kitle gibi hareket etmektedir. Sismik
izolasyon sisteminin avantaji, yap! ve yapi bilesenlerinin glvenligini saglamak amaciyla yapisal ve yapisal olmayan
elemanlarda olusabilecek hasarlar azaltarak yapiya aktarilacak ivme degerlerini en aza indirilmesidir. Bu avantaj dnemli
yaplilar ile birlikte hastane, veri merkezi, ntkleer santraller, kdpriler vb. yapilar icin kullanilabilmektedir [1].

Sismik izolasyonlu yapilar Gzerine yapilan calismalar incelendiginde, Yolcu vd. [6], tarafindan DD1 ve DD2 deprem yer
hareketi dizeyleri ile iki farkli zemin sinifi dikkate alinmis ve dogrusal olmayan ivme-yerdegistirme tepki spektrumlar
olceklenmis deprem kayitlari kullanilarak elde edilmistir. Whittaker ve Jones [7], tarafindan D tipi zeminde 7 farkl deprem
kaydi kullanilarak gerceklestirilen analizlerde 3 farkli periyot ve 4 farkli karakteristik dayanim orani dikkate alinmis ve
dogrusal olmayan ivme-yerdegistirme tepki spektrumlari elde edilmistir. Elde edilen ivme-yerdegistirme tepki
spektrumlarinin sismik izolatorli yapilarin 6n tasarimi igin etkili bir arag oldugu belirtilmistir. Erdogdu vd. [8], tarafindan
gerceklestirilen calismada, Deprem bolgelerinde yapilacak binalar hakkinda yonetmelik (DBYBHY2007) [9] ve Tlrkiye bina
deprem yonetmeligi (TBDY2018) [10] kriterleri dikkate alinarak sismik izolatorlt bir yapinin iki farkli zemin sinifinda
maksimum izolatér deplasman degerleri, Esdeger deprem yiki yontemi (EDYY) ve Zaman tanim alaninda dogrusal
olmayan (ZTADO) hesap yontemleri kullanilarak karsilastiriimistir. Ozdemir ve Constantinou [11], tarafindan iki farkli
zemin tipi dikkate alinarak 3 katl sismik izolat6rli betonarme bir yapinin maksimum izolatér deplasman degerleri ve taban
kesme oranlar esdeger deprem yiki yontemi ve zaman tanim alaninda hesap yontemleri ile belirlenmis ve
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karsilastiriimistir. Zaman tanim alaninda hesaplar icin toplam 22 adet yakin saha deprem kaydi dikkate alinmis ve
Olcekleme yapilmistir. Jones vd. [12], Tirkiye, Kaliforniya ve Yeni Zelanda’da sahaya 6zgi 6lceklenmis deprem kayitlari
kullanarak, farkli zemin siniflarinda, farkl periyot ve karakteristik dayanim degerleri dikkate alarak ivme-yerdegistirme
tepki spektrumlarini elde etmislerdir. Elde edilen spektrumlarin, belirli bir bolge icin etkili olmasi muhtemel izolasyon
parametrelerine (periyot, karakteristik dayanim vb.) bagh olarak sismik izolatér tasariminin hizli bir sekilde
belirlenmesinde degerli bir sezgisel arag oldugu vurgulanmistir.

Bu ¢alismada ise, TBDY2018 kriterleri dikkate alinarak, 4 katl, 16m ylksekliginde, kursun ¢ekirdekli kauguk izolatorld
betonarme bir yapinin 6n tasarimi yapilmis olup lokasyon, zemin sinifi, karakteristik dayanim orani (Q/W) ile periyot (T)
degisiminin sismik izolatdr davranisa etkisinin belirlenmesi amaglanmistir. Yapi ve yalitim sisteminin tasarimi TBDY2018’de
tanimlanan EDYY ve ZTADO hesap yontemleri kullanilarak gergeklestirilmistir. Calismada, 3 farkli sehir merkezi (Ankara,
izmir ve Van), 2 farkli zemin sinifi (ZC ve ZD), 5 farkli periyot (T=2.0s, 2.5s, 3.0s, 3.5s ve 4.0s) ve 5 farkli karakteristik
dayanim orani (Q/W=0.050, 0.075, 0.100, 0.125 ve 0.150) dikkate alinmistir. Yalitim birimi icin dogrusal olmayan, Ust yap!
icin ise dogrusal davranis kabulii yapilmistir. iki farkli deprem yer hareketi diizeyi (DD1 ve DD2) dikkate alinarak izolasyon
seviyesinde olusan yerdegistirme, kesme kuvveti ve ivme-yerdegistirme tepki spektrumlari belirlenmis ve sismik
izolatorlerin davranigina etki eden parametreler incelenmistir. Boylece calismada kullanilan sismik izolatorll yapinin
davranisini gézlemleyebilmek amaciyla tek serbestlik dereceli sistemler igin gelistiriimis olan ivme-yerdegistirme tepki
spektrumlari elde edilmistir.

2. Materyal ve Metot

TBDY2018'de sismik izolatorll yapilarin tasarimi igin 3 farkl hesap yontemi bulunmaktadir. Bu yontemler Etkin Deprem
Yikd Yontemi, Mod Birlestirme Yontemi ve Zaman Tanim Alaninda Dogrusal Olmayan Hesap Yontemidir. Etkin deprem
ylki yontemine gore yapi ZA, ZB, ZC veya ZD zemin sinifinda olup, yalitimli binanin DD-1 deprem yer hareketi etkisi
altindaki etkin periyodu 4.0 saniyeden ki¢tk olmalidir. Bina kat adedi en fazla 4 olup toplam bina yiksekligi en fazla 20m
olmalidir. Yalitim birimlerinde kalkma veya ¢cekme olusmamali ve yalitim sistemine ait etkin sonim orani %30 degerinin
altinda olmalidir. Bina burulma dizensizligi katsayisi n_pi<2 kosulu saglanmali, B2 tlr( dizensizlik bulunmamalidir. Binaya
ait dusey titresim periyodu T y<0.1s olmalidir [10].

Calismada, TBDY2018 kriterleri kapsaminda sismik izolatorlerin kuvvet-yerdegistirme iliskisi belirlenmistir. Isinma etkisi
nedeniyle sismik izolatérlerde meydana gelebilecek olan dayanim kayiplari dikkate alinmamis olup, yaslanma, cevresel
etkiler, yikleme hizi ve 1sinma etkilerini dikkate almak amaciyla TBDY2018'de belirtilen alt ve Ust sinir degerler
kullanilmistir. Yalitim sistemi igin en biyuk yerdegistirme degeri DD-1 deprem yer hareketi diizeyinde yalitim birimlerine
ait parametrelerin alt sinir degerleri ile Ustyapiya etkiyen en biyik yatay kuvvet ise DD-2 deprem yer hareketi diizeyinde
yalitim birimlerine ait parametrelerin Ust sinir degerleri ile belirlenmistir [10].

Calisma kapsaminda, 3 farkli lokasyon icin, zemin etkisini belirleyebilmek amaciyla ZC ve ZD olmak Uzere 2 farkli zemin
sinifi, karakteristik dayanimin eksenel yike orani (Q/W) i¢in 0.050, 0.075, 0.100, 0.125 ve 0.150 olmak tzere 5 farkli oran
dikkate alinmistir. Ayrica farkh periyotlara sahip izolatorleri dikkate almak amaciyla 2.0s, 2.5s, 3.0s, 3.5s ve 4.0s olmak
Gzere 5 farkli sismik izolasyon periyodu dikkate alinmistir. Bu parametreler gbz 6niine alinarak yalitim birimi ve Ust yapida
meydana gelen tepkiler incelenmistir. EDYY ve ZTADO analizler yardimiyla maksimum izolatoér yerdegistirmesi ve Ust
yaplya etkiyen kesme kuvveti belirlenmistir. Boylece tek serbestlik dereceli sistemler icin gelistirilmis olan ivme-
yerdegistirme tepki spektrumlar elde edilmistir. ivme-yerdegistirme tepki spektrumlari, sismik izolatérli yapilaricin taban
kesme orani ve maksimum izolatér deplasmani iliskisini gorsel olarak bir arada sunmakta olup tasarim asamasinda gercek
davranisa yakin sonuglar elde etmeyi saglamaktadir.

3. Sismik izolatérlii Yapi Modeli

Sismik izolatorli yapilarin tasariminda yalitim birimi seviyesinde dogrusal olmayan davranis kabul edilirken, yaltim
biriminin Ust kisminda yer alan Ust yapinin ise elastik sinirlar icinde kaldigi ve rijit bir davranis gosterdigi kabul edilmektedir.
Ust yapida kabul edilin rijit davranis nedeniyle izolatdr seviyesinde meydana gelen kuvvet ve yerdegistirme degerlerini
belirlemek amaciyla analizler sadece yalitim birimi Uzerinde gerceklestirilmistir. Boylece yaltim birimi tek serbestlik
dereceli sistem (TSDS) olarak modellenmis ve OpenSees [13] analiz programindaki “Zero Length Element” isimli baglanti
elemani araciligl ile tanimlanmistir. Her ne kadar yalitim birimi TSDS olarak modellense de EDYY ve ZTADO analizlerde
ihtiyac duyulan tst yapi modeli ve sismik izolator sistemine ait bilgiler asagida sunulmustur.
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3.1. Ust Yap! Modeli

Calisma kapsaminda incelenen yapi 4 katli ve kat yikseklikleri 4m olup toplam 16m yiiksekligindedir. Yapiya ait malzeme
ozellikleri beton icin C30/37, donati icin S420 (B420C) olarak dikkate alinmistir. Yapi, 3 farkl lokasyonda olup sehir
merkezlerine ait deprem parametreleri Afet ve Acil Durum Yénetimi Baskanligi, Tirkiye Deprem Tehlike Haritasi araciligl
ile alinmistir [14]. Calismaya konu olan 3 farkli sehre ait enlem ve boylam bilgileri Tablo 1’de verilmistir.

Tablo 1. Sehirlere ait enlem ve boylam bilgileri
Ankara izmir Van
Enlem 39.92 38.43 38.50
Boylam 32.88 27.16 43.40

Yaplya ait plan ve 3D gortnidmleri Sekil 2’de verilmistir. Yapi X yoninde 4, Y yoninde 3 agikliga sahip olup X ve Y
dogrultularinda sirasiyla 8m ve 6m acikliklara sahiptir. Taslyici sistemde 3 farkli kolon tipi (C40x70, C70x40 ve C50x50)
kullanilmistir. Doseme kalinhgr 20cm olarak belirlenmis olup, taslyici sistemde bulunan tim kirisler (30x60)
boyutlarindadir.

. :Zgi";;;
[
57/ L.
= @ "
(@) (b)

Sekil 2. Sismik izolasyonlu yapi modeli a) Plan b) 3D gorinim

Turkiye Deprem Tehlike Haritasi kullanilarak, dikkate alinan 3 farkli sehre ait spektral ivme degerleri Tablo 2’'de
sunulmustur.

Tablo 2. Sehirlere ait tasarim spektral ivme katsayisi degerleri

Ankara izmir Van
ZC ZD ZC ZD ZC ZD
SDS 0.859 0.871 2.584 2.153 1.512 1.26
Pol SD1 0.319 0.463 0.798 0.963 0.466 0.619
SDS 0.454 0.531 1.351 1.182 0.792 0.821
Pb2 SD1 0.182 0.285 0.414 0.565 0.245 0.371

3.2. Sismik izolatdr Sistemi

Calisma kapsaminda kullanilan kursun cekirdekli kaucuk izolatérler (LRB) ve bu izolatorler igin idealize edilmis kuvvet-
yerdegistirme iliskisi Sekil 3a ve 3b’de sirasiyla verilmistir. Sekil 3b’de belirtilen k; izolatore ait akma oncesi baslangic
(elastik) rijitligini, k. ise akma sonrasi ikincil (elastik 6tesi) rijitligini, Dy etkin akma yerdegistirmesini, F, etkin akma
dayanimini, Q karakteristik dayanimi (TBDY2018'de Fq seklinde belirtiimektedir), D maksimum izolatér deplasmanini, F
maksimum izolator yerdegistirmesine karsilik gelen yatay kuvveti ve ke maksimum izolator yerdegistirmesine karsilik gelen
etkin rijitligi ifade etmektedir [10].
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2 Kuvvet

a) b)
Sekil 3. a) Kursun c¢ekirdekli kauguk izolator [15] ve b) kuvvet-yerdegistirme davranisi [10]

Kursun gekirdekli kauguk izolator igin verilen kuvvet-yerdegistirme iliskisi dayanim kaybi géstermeyen iki dogrulu (bilineer)
egriler ile temsil edilmektedir. Yaslanma, cevresel etkiler, ylkleme hizi ve isinma etkilerini dikkate almak igin TBDY2018’de
tasarimda kullanilmak Gzere alt ve (st sinir degerlerin belirlenmesi amaciyla katsayilar verilmektedir. izolatérlerde
meydana gelebilecek olan dayanim kayiplari icerisinde yukarida belirtilen sebeplerden en etkili olaninin kursun ¢ekirdekte
meydana gelen sicaklik artisi oldugu gergeklestirilen galismalarla ortaya konulmustur [2, 4, 16- 22]. Bu ¢alisma kapsaminda,
izolatorlerin 8mri boyunca karsilasabilecegi en olumsuz durumlari dikkate alabilmek amaciyla TBDY2018'de verilen alt ve
Gst sinir degerler kullanilarak analizler gergeklestirilmistir [23-26].

TBDY2018'de, belirli kosullar altinda EDYY kullanilarak sismik izolatorlerin 6n tasarimi iteratif (yinelemeli) olarak
gerceklestiriimektedir. S6z konusu iteratif yontem OpenSees yapisal analiz programina entegre edilmis ve bu yonteme ait
islem adimlari Sekil 4’de sunulmustur. Bu yontemde Sekil 3'de bilineer olarak tanimlanan kuvvet-yerdegistirme iliskisi
kullaniimaktadir. Yontemin iteratif olmasi nedeniyle baslangicta bazi varsayimlarin kabul edilmesi gerekmektedir. Bunlar;
D: baslangi¢ izolator deplasmani, Q/W: izolatér karakteristik dayaniminin eksenel yike orani, T: periyot ve Dy: akma
deplasmanidir. Yapilan varsayimlarin ardindan kes: etkin rijitlik, Tes: etkin periyot ve Bes: etkin sénim orani degerleri
hesaplanmaktadir. Etkin s6énim orani kullanilarak B sénim azaltma katsayisi belirlenir. B sonim azaltma katsayisi, %5
sonidm kullanilarak hazirlanmis olan spektrum egrisi icin bir azaltma carpani olarak dikkate alinmaktadir 3, 4, 10, 27].
Etkin periyot Tesr ve sonlUm azaltma katsayisi kullanilarak izolatére ait maksimum yerdegistirme degeri iteratif olarak
hesaplanmaktadir. Yontem iteratif oldugundan belirlenen bir kritere gore (deplasman toleransi) iterasyona devam edilir.
Bu calisma kapsaminda akma deplasmani degeri Dy: 25 mm olarak kabul edilmistir [21, 28-30]. iteratif ¢dziimde
deplasman toleransi ¢ok kiclk bir deger (tolp) olacak sekilde 0.001 mm olarak secilmistir. Tasarimi yapilan sismik
izolatorlerde ED bir ¢evrim hareketi stresince sonimlenen enerjiyi, Ber etkin sonlim oranini ve ke ise etkin rijitligi
gdstermek lzere, kauguk tabaka kahinhg 10mm ve celik plaka kalinligi 3mm olarak belirlenmistir.

Hayir Evet
D'— D' < tol
[ Q/W,D,, ky,tol,, ] [ ° D =D
Son

4 ¢ )

keff = kz + E

Berr = _ Wa g 2 (DD-1)
err 2XkgppXD? D=13Xx (m) X Te xXnx Sae (Te)
-

Togp = 2mx [ B(f (Berr)
- J

Sekil 4. iteratif ¢oziim akis semasi

ZTADO analizler icin secilen lokasyonlarda ZD zemin sinifi dikkate alinarak dinamik analizler gerceklestirilmistir. Dinamik
analizler icin TBDY2018 kriterleri dikkate alinarak her bir lokasyona ait spektrum egrileri ile uyumlu 11 adet deprem kaydi
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secilmis ve Olceklendirilmistir [10]. Secilen deprem kayitlari yalitim birimi modeline es zamanli olarak uygulanmistir.
Analizler OpenSees yapisal analiz programi araciligl ile gerceklestirilmistir [13].

4. Bulgular

Bes farkli periyot (T) ve karakteristik dayanim orani (Q/W) gbz 6nlne alinarak sismik izolatérlerin yapabilecegi maksimum
yerdegistirme DD-1 deprem yer hareketi diizeyinde alt sinir degerler ile Ust yapiya etkiyen en blyk yatay kuvvet ise DD-
2 deprem yer hareketi dlizeyinde Ust sinir degerler ile belirlenmistir.

3 farkl sehir icin ZC ve ZD zemin siniflarinda, 5 farkl karakteristik dayanim orani dikkate alinarak elde edilen en biyuk
yerdegistirme ve taban kesme orani sonuclari periyoda bagl olarak Sekil 5'de sunulmustur. Sekil 5’de sol ve sag disey
eksenler sirasiyla yerdegistirme ve taban kesme oranini, yatay eksen ise izolasyon periyodunu géstermektedir.
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Sekil 5. Periyoda bagli izolator deplasmani ve taban kesme orani degisimi

Sekil 5’deki sonuclar incelendiginde her bir lokasyon icin, ZD zemin sinifinda elde edilen deplasman ve taban kesme orani
degerlerinin, ZC zemin sinifinda elde edilen degerlerden daha fazla oldugu gorilmektedir. Her iki zemin tirinde periyot
degeri arttikca deplasman degeri artarken karakteristik dayanim degeri azalmaktadir. Kiiclk periyot degerlerinde farkli
karakteristik dayanim oranlarindan elde edilen deplasman ve taban kesme orani degerleri arasindaki farkin, blylk periyot
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degerlerinde farkli karakteristik dayanim oranlarinda elde edilen deplasman ve taban kesme orani degerleri arasindaki
farktan daha az oldugu gorilmektedir.

3 farkh sehir icin ZC ve ZD zemin siniflarinda, 5 farkli periyot dikkate alinarak elde edilen en biyik yerdegistirme ve taban
kesme orani sonuglari karakteristik dayanim oranina bagl olarak Sekil 6’de sunulmustur. Sekil 6’da sol ve sag disey

eksenler sirasiyla yerdegistirme ve taban kesme oranini, yatay eksen ise karakteristik dayanim oranini géstermektedir.

300 ! : ! . ! ———0.16 550
T=2.0s
280 |\ o Te28s ) .
AN T=3.0s g 0.14 500
260 £\ T=3.55 4
NN —o—T=4.0s ~
240 1 ) 450
{012
220 -
© —~ — 400
= € 2 € z
§ £ 200 {01 =» £ s
> >
[S e O 350
< 180
10.08
160 300
140 |
[ e 006 250 -
120 f ~
100 . . . . . . . . . 0.04 200 . . . . . . . . . | 0.06
005 006 007 008 009 01 011 012 013 014 0.15 005 006 007 008 009 01 011 012 013 014 0.15
Qw Qw
1300 : : . : 10.22 1800
T=2.0s
— — —T=25s —
1200 ]
T=30s| 02 1600
N |- T38|
1400 -
= T
é £ 1200 %
N o
o
1000
800
500 L L 600 % T L L L L L L 10.12
005 006 0.07 005 006 007 008 009 01 011 012 013 014 0.5
Qw
=}
T
-
- 1 0.08

200

0.0

5 0.06 0.07 0.08 009 0.1 011 012 013 0.14 0.15
Qw

Sekil 6. Karakteristik dayanim oranina bagli izolatér deplasmani ve taban kesme orani degisimi
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Sekil 6’daki sonuclar incelendiginde her iki zemin tirinde karakteristik dayanim orani arttikca deplasman degeri azalirken
taban kesme oraninin arttigl gozlenmektedir. Kicik karakteristik dayanim oranlarinda farkl periyotlarda elde edilen
deplasman ve taban kesme orani degerleri arasindaki farkin, blytk karakteristik dayanim oranlarinda farkli periyotlarda
elde edilen deplasman ve taban kesme orani degerleri arasindaki farktan daha fazla oldugu gorilmektedir.

Sismik izolasyonlu yapilarin davranisini etkileyen periyot (2.0s, 2.5s, 3.0s, 3.5s, ve 4.0s) ve karakteristik dayanim orani
(0.050, 0.075, 0.100, 0.125 ve 0.150) parametreleri kullanilarak EDYY ve ZTADO hesap yontemi ile elde edilen taban kesme
orani-yerdegistirme sonuclari ZD zemin sinifi icin farkli deprem seviyeleri (DD-1, DD-2) dikkate alinarak Sekil 7’de
karsilastiriimistir. Deplasman verileri elde edilirken DD-1 deprem seviyesinde alt sinir degerler, Ust yapiya etkiyen kuvvet
verileri elde edilirken ise DD-2 deprem seviyesi ve Ust sinir degerler dikkate alinmistir.
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Sekil 7. ZD zemin sinifi icin taban kesme oranina bagl izolator deplasmani degisimi

Her bir lokasyon icin ZD zemin sinifinda deplasmana bagh olarak taban kesme orani (VD/W) degisiminin verildigi Sekil
7'deki sonuglar incelendiginde, periyot degerinin artmasi ile taban kesme orani azalirken, karakteristik dayanim oraninin
artmasi ile taban kesme orani artmaktadir. En biyuk deplasman degerleri, en blylk periyot ve en kiglk karakteristik
dayanim oraninda elde edilmistir. Bunun yani sira Ankara ve Van icin en biyuk taban kesme orani en kigik periyot ve en
blyiik karakteristik dayanim oraninda elde edilirken izmir icin en biiyiik taban kesme orani en kiiciik periyot ve en kiicik
karakteristik dayanim oraninda elde edilmistir. Bu durum sehirlere ait farkl spektral degerler nedeniyle degisiklik
gdstermektedir. En biyik taban kesme orani EDYY icin 0.30, ZTADO hesap yéntemi icin 0.26 ile izmir sehir merkezinde
meydana gelmistir. En biyik deplasman degeri EDYY icin 1635mm, ZTADO hesap ydntemi icin 995 ile yine izmir sehir
merkezinde meydana gelmistir. TBDY2018'de tanimlanan alt ve Ust sinir degerlerin kullanilmasi nedeniyle gerceklestirilen
tim analizler sonucunda elde edilen ve izolator tasariminda en 6nemli parametrelerden biri olan yerdegistirme
degerlerinin EDYY’de ZTADO hesap yontemine kiyasla oldukca biyik oldugu gorilmektedir [25, 31, 32]. Ayrica her iki
yontemden elde edilen taban kesme orani sonuclar karsilastirildiginda izolasyon periyodu ve karakteristik dayanim
oranlarina bagli olarak farklilasmalar meydana gelmektedir.
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5. Tartisma ve Sonug

Gergeklestirilen bu calismada, TBDY2018 kriterleri dikkate alinarak, 2 farkli zemin sinifinda, 16m yuksekliginde, kursun
cekirdekli kaucuk izolatorll 4 katli betonarme yapinin tasarimi yapilmistir. Karakteristik dayanimin eksenel yike orani
(Q/W) ile periyot (T) degisiminin sismik izolator ve yapi davranisa etkisinin belirlenmesi amaglanmistir. Calismada 2 farkli
zemin sinifinin (ZC ve ZD) yani sira karakteristik dayanimin orani (Q/W) i¢in 0.05, 0.075, 0.100, 0.125 ve 0.150 olmak tzere
5 farkli oran dikkate alinmistir. Ayrica farkli periyotlara sahip izolatorleri dikkate almak amaciyla 2.0s, 2.5s, 3.0s, 3.5s ve
4.0s olmak Gzere 5 farkl sismik izolasyon periyodu incelenmistir.

TBDY2018 kriterleri dikkate alinarak, sismik izolatorlerin kuvvet-yerdegistirme iliskisi belirlenmistir. Yaslanma, cevresel
etkiler, yikleme hizi ve 1sinma etkilerini dikkate almak icin TBDY2018’de tanimlanan alt ve Ust sinir degerler kullaniimistir.
Yalitim sistemi igin en blyuk yerdegistirme degeri DD-1 deprem yer hareketi dizeyinde yalitim birimlerine ait
parametrelerin alt sinir degerleri ile Ustyapiya etkiyen en biyik yatay kuvvet ise DD-2 deprem yer hareketi diizeyinde
yalitim birimlerine ait parametrelerin Ust sinir degerleri ile belirlenmistir. EDYY ve ZTADO hesap yontemleri kullanilarak
maksimum izolator yerdegistirmesi ve Ust yaplya etkiyen kesme kuvveti belirlenmistir. Boylece tek serbestlik dereceli
sistemler icin gelistirilmis olan taban kesme orani-yerdegistirme tepki spektrumlari elde edilmistir.

Galisma kapsaminda incelenen zemin siniflari icerisinde en blyuk taban kesme orani ve en blyik yerdegistirme degerleri
ZD zemin sinifinda elde edilmistir. Zemindeki kétu kosullara bagli olarak taban kesme orani ve yerdegistirme degerlerinde
onemli artislar meydana gelmistir. Her bir sehir icin, 3.0s ve Uzeri periyot degerleri ile 0.100 karakteristik dayanim orani
incelendiginde taban kesme orani ve yerdegistirme degerlerinde ¢ok kicik farklar meydana gelmektedir. Ancak 3.0s’den
daha buyuk periyot ve 0.100’den daha kiglk karakteristik dayanim oranlari dikkate alindiginda taban kesme orani ve
yerdegistirme degerlerinde 6nemli farkliliklar meydana gelmektedir.

Sonuglar genel olarak incelendiginde periyot degerinin artmasiyla taban kesme oranindaki degisim miktari azalmaktadir.
Bununla birlikte karakteristik dayanim oraninin artisina bagli olarak yerdegistirme degerleri azalmaktadir. Her iki zemin
sinifi icin azalan periyot etkisi ile taban kesme oranindaki artis miktari artmaktadir. Karakteristik dayanim oraninin etkisi
kiicik periyot degerlerinde daha belirgin olup yerdegistirme araligl uzamakta, blylk periyot degerlerinde ise
kisalmaktadir.

Gerceklestirilen calisma ile sunulan ivme-yerdegistirme tepki spektrumlari (taban kesme orani-yerdegistirme grafikleri)
kullanilarak tasarim asamasinda sismik izolatorli yapilarin ivme, yerdegistirme, kuvvet vb. talepleri hizli bir sekilde
belirlenebilir. Sunulan taban kesme orani-yerdegistirme egrileri, yapi tasarimi icin segilecek periyot (T) ve karakteristik
dayanim oranlari (Q/W) gbz 6nlinde bulundurularak, Gst yaplya etkiyecek kuvvet ve yalitim biriminde olusacak
yerdegistirme taleplerinin hizli bir sekilde belirlenmesine imkan saglayacak ve tasarimciya 6n tasarim asamasinda yol
gosterici olacaktir.

Analizler sonucunda EDYY ve ZTADO hesap yontemleri, elde edilen yerdegistirme degerleri agisindan kiyaslandiginda,
TBDY2018'de tanimlanan ve bu ¢calisma kapsaminda kullanilan alt ve Ust sinir degerler ve yontem icin tanimlanan diger
hesaplama kriterleri nedeniyle EDYY’nin glvenli tarafta kaldigi gorilmektedir.

6. Oneriler
Gelecek calismalarda cevrimsel hareket sonucu kursun cekirdekte isinmaya bagh olarak meydana gelen dayanim kaybi
dikkate alinarak analizler tekrarlanabilir. Farkli tip ve yukseklikteki yapilar modele dahil edilerek izolasyon seviyesinde

meydana gelen tepkilerin yani sira yapisal tepkilerde belirlenebilir. Ayrica bu calismada dikkate alinan kursun cekirdekli
kaucuk izolatorlerin yani sira strtinmeli sarkac tipi izolatorler kullanilarak analizler gerceklestirilebilir.
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Abstract: Modelling microwave assisted extraction (MAE) of phenolics from dandelion
(Taraxacum officinale) was carried out via response surface methodology in this study.
Face-centered composite design was used to optimize the MAE factors as temperature
and time of extraction, concentration of solvent and ratio between solid and solvent.
Process factors of the MAE were optimized for maximum total phenolic content (TPC) of
the dandelion extract. When the relationship between independent parameters and
response was examined, the model calculated for TPC was found to be significant
(p<0.0001). It was determined that the most significant factor is extraction temperature
for the extraction of phenolics from the dandelion by MAE. The most insignificant
parameter was determined as solid-to-solvent ratio parameter in MAE. Experimentally
found and predicted data were found to be compatible with each other. It shows success
of both the model and the optimization. The TPC yield was obtained as 1.26 mmol TR/g-
dried sample in optimum MAE conditions. Consequently, the modeled method can be
used for the extraction of phenolics from the dandelion in the pharmaceutical and food
industries.

Yanit Yizey Metodolojisi ile Karahindiba'dan (Taraxacum officinale) Fenoliklerin Mikrodalga Destekli

Ekstraksiyonunun Optimizasyonu ve Modellenmesi

Anahtar Kelimeler
Mikrodalga-Destekli Ekstraksiyon,
Karahindiba,

Toplam Fenolik icerik,

Yanit Ylizey Metodolojisi

Oz: Bu calismada, karahindibadan (Taraxacum officinale) fenoliklerin mikrodalga destekli
ekstraksiyonunun (MAE) modellenmesi, yanit ylzey metodolojisi ile gerceklestirilmistir.
Ekstraksiyon sicakligl, ekstraksiyon siresi, ¢ozlici konsantrasyonu ve kati ile ¢ozicl
arasindaki oran gibi MAE faktorlerini optimize etmek icin yliz merkezli kompozit tasarim
kullanildi. MAE'nin islem faktorleri, karahindiba ekstraktinin maksimum toplam fenolik
icerigi (TPC) icin optimize edildi. Bagimsiz parametreler ile yanit arasindaki iliski
incelendiginde TPC icin hesaplanan model anlamli bulundu (p<0,0001). MAE ile
karahindibadan fenoliklerin ekstraksiyonunda en énemli faktorin ekstraksiyon sicakligi
oldugu belirlenmistir. MAE'de en O6nemsiz parametre olarak kati-cozlicl orani
parametresi oldugu saptanmistir. Deneysel olarak bulunan ve tahmin edilen verilerin
birbiriyle uyumlu oldugu goridlmustir. Bu sonug, hem modelin hem de optimizasyonun
basarisini gdstermistir. TPC verimi, optimum MAE kosullarinda 1.26 mmol TR/g
kurutulmus numune olarak elde edilmistir. Sonuc¢ olarak, modellenen yo6ntemin,
farmasotik ve gida endustrilerinde karahindibadan fenoliklerin ekstraksiyonu icin
kullanilabilir bir yontem olabilecegi fikrine variimistir.
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Optimizing and Modeling of Microwave Assisted Extraction of Phenolics from Dandelion (Taraxacum officinale) by Response Surface Methodology
1. Introduction

As cells use oxygen to produce energy, reactive oxygen species (ROS) are formed as a result of the cellular redox process.
The formation of reactive oxygen species in high concentrations causes oxidative stress [1, 2]. The oxidative stress is
defined as imbalance between oxidant and antioxidant for living organisms [1]. Under oxidative stress conditions, excess
ROS production may generate many health problems such as cardiovascular and neurodegenerative diseases, diabetes,
hypertension and cancer [3]. Antioxidants are substances which can delay or inhibit oxidation by stabilizing or deactivating
free radicals [4, 5]. The antioxidants are either produced in human body (endogenous) or taken through foods
(exogenous). Food antioxidants both help in the production of endogenous antioxidants and play a direct role in
scavenging reactive oxygen species [1, 6]. Therefore, dietary intake of food antioxidants is very important.

Dandelion (Taraxacum officinale Weber) is a medicinal plant and is mostly used for its stimulant, anti-inflammatory,
diuretic, mild laxative properties [7, 8, 9]. Dandelion contains phytochemicals such as triterpenes, terpenoids, and
phenolics (apigenin, luteolin, caffeic acid, chlorogenic acid, and isoquercitrin) [8]. These bioactive components make
dandelion an important source of natural antioxidants.

The extraction procedures are an important step in purification of the bioactive constituents in the plant matrices.
Traditional methods such as Soxhlet extraction and maceration, and modern methods including microwave-assisted
(MAE), ultrasound-assisted extraction (UAE), and supercritical fluid extraction (SFE) have been used in the literature [10].
The advantages of MAE over other extraction methods are high extraction efficiency, shorter contact time, energy savings,
less production cost due to reduced solvent waste, adoption of renewable fuel use and automated operation [11].
Microwave-assisted extraction has become popular for the separation of bioactive compounds in the plant matrices due
to these advantages. The specific features of the interaction between solvents and microwave radiation are quite
supportive in this regard, therefore this method is widely used and increase the efficiency of extraction of bioactive
compounds [12].

There are many factors which affect microwave extraction; temperature, type of solvent, time of application of
microwave, power level of microwave, and contact surface area [12]. All these factors need to be optimized to maximize
extraction efficiency. Traditionally, optimization is performed on an experimental response by changing one factor at a
time. In traditional optimization, only one parameter is changed while other parameters are kept constant. This technique
does not include the interactive effects between the variables studied. In addition, as the number of experiments to be
done will increase, it causes loss in terms of time and cost. In order to avoid these problems, response surface
methodology (RSM), one of the multivariate statistical techniques, is widely used for optimization [13].

In this study, a simple, rapid and cost-effective MAE method was proposed for extraction of phenolics from the dandelion
and RSM technique was used for optimizing the parameters of the proposed method. Temperature and time of extraction,
ratio between solid and solvent, and concentration of solvent were optimized respectively. In order to optimize all these
parameters, dandelion extract was aimed to have maximum total phenolic content (TPC). The effects of these parameters
on TPC were evaluated.

2. Material and Method

2.1. Materials

Copper (ll) sulfate, Folin-Ciocalteau reagent, and ethanol (EtOH) were supplied from Sigma-Aldrich (USA). Copper (II)
chloride dihydrate, sodium carbonate, potassium sodium tartrate tetra hydrate, and sodium hydroxide were purchased
from Merck (Germany). Dandelion was purchased from the seller of medicinal herbs.

2.2. Instrumentations

The absorption measurements were recorded using a ultraviolet-visible spectrophotometer (Varian Cary 100, Australia).
MAE of the phenolic compounds from Taraxacum officinale was performed with an closed vessel oven system (Ethos-
One, USA), and oven temperature was checked via a fiber optic sensor.

2.3. Microwave assisted extraction

Raw Taraxacum officinale sample was air dried and then ground. Microwave-assisted extraction process of Taraxacum

officinale was carried out under parameters such as temperature and time of extraction, concentration of solvent, and
ratio between solid and solvent. The temperature of extraction was performed from 50 to 100 °C, the time of extraction
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was performed from 1 to 10 min. The solvent concentration was varied from 20% to 80%, ethanol in water. The ratio
between solid and solvent was varied from 0.1 g/20 mL to 0.4 g/20 mL. The microwave power (0-1500 W) of MAE system
with closed vessels was adjusted automatically according to temperature. The extracts obtained by changing each
parameter were cooled, filtered using 0.45 um PTFE filters (Merck, Germany). Filtered samples kept at 4 °C until analysis.

2.4. Total phenolic content assay

The TPC of Taraxacum officinale extract was determined using Folin—Ciocalteau method [14]. According to Folin assay,
solutions were prepared as follow: Lowry A solution: 2% Na,COs; was prepared in 0.1 M NaOH. Lowry B solution: 0.5%
CuSO4 was prepared in 1% NaKCsH406. Lowry A solution (50 mL) and Lowry B solution (1 mL) were mixed. This mixture
solution is Lowry C reagent and should prepared freshly. Folin—Ciocalteau reagent diluted (1:3) with distilled water was
used in the analysis.

x mL of the sample extract and (1 - x) mL of distilled water were added a test tube in this method. Lowry C solution (2.5
mL) was added to the test tube. After 10 min, Folin—Ciocalteau reagent (0.25 mL) was added to the test tube. The mixture
was kept at room temperature for 30 min. The absorbance of the sample was measured against a reagent blank at 750
nm. The TPC was stated as Trolox (TR) equivalent and its unit is mmol TR per g-dried sample (DS).

2.5. Statistical analysis

Face Centered Composite Design (FCCD) was used in order to analyze and optimize the experimental data. Design-Expert
Software Version 11 Trial (Minneapolis, USA) was used for this purpose. In this study, independent variables (four factors)
were chosen as X;: extraction temperature, X,: extraction time, Xs: concentration of solvent, and X,: solid-to-solvent ratio;
and dependent variable (one response) was chosen as Y1: TPC.

The following relationship can be established between the independent factors and the responses:

Y =f(Xy, Xa, ooy Xi) + € (1)

If the quadratic polynomial model is applied to the experimental data, the equation can be written as [15]:
Y =B+ X Bixy + Xl Buxf + - XN, Byxixg + € (2)

f: the response function, X: the independent variable, Y: the response, 8o : the constant regression coefficient, 6;, 8, 6 :
interaction coefficients, k: the factor number and €: the experimental error.

The TPC analysis was performed for triplicate of the plant extract. We determined the interaction between the
independent parameters and the TPC responses with Design-Expert program and analysis of variance (ANOVA) test.

3. Results

Table 1 shows the independent factors and their levels were inputted into Design-Expert Software. It also gives the
responses calculated by experimental data.

Table 1. The independent variables and levels employed in RSM for optimization.

Independent variables Symbol of the Units Levels
variables 1 0 1
Extraction temperature X1 °C 30 75 120
Extraction time X2 min 1 4 7
Ethanol concentration X3 %, V/v 20 50 80
Solid-to-solvent ratio X4 g/20 mL 0.10 0.25 0.40

The influences of the independent factors on the TPC results of dandelion extract obtained via MAE were summarized in
Table 2. The TPC results of the dandelion extracts were determined ranged from 0.795 to 1.264 mmol TR/g-DS.
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Table 2. FCCD of the operational factors (X1, X2, X3, and X4) for the TPC experimental results with the MAE.

Factors
Run o X1 Xz Xs Xe (mmo;r'llflg/g-DS)
1 30 1 20 0.10 0.795
2 120 1 20 0.10 1.033
3 30 7 20 0.10 0.944
4 120 7 20 0.10 1.049
5 30 1 80 0.10 1.019
6 120 1 80 0.10 1.088
7 30 7 80 0.10 0.988
8 120 7 80 0.10 1.176
9 30 1 20 0.40 0.817
10 120 1 20 0.40 1.040
11 30 7 20 0.40 1.026
12 120 7 20 0.40 1.136
13 30 1 80 0.40 0.903
14 120 1 80 0.40 1.045
15 30 7 80 0.40 1.053
16 120 7 80 0.40 1.187
17 30 4 50 0.25 0.988
18 120 4 50 0.25 1.137
19 75 1 50 0.25 1.100
20 75 7 50 0.25 1.170
21 75 4 20 0.25 1.175
22 75 4 80 0.25 1.239
23 75 4 50 0.10 1.157
24 75 4 50 0.40 1.220
25 75 4 50 0.25 1.264
26 75 4 50 0.25 1.261
27 75 4 50 0.25 1.247
28 75 4 50 0.25 1.260
29 75 4 50 0.25 1.258
30 75 4 50 0.25 1.261

3.1. Modeling and optimization of MAE with RSM

When the relationship between independent parameters and response was examined, the model calculated for TPC was
found to be significant (p<0.0001). The most important factor in the TPC of dandelion extract was found as the extraction
temperature. The quadratic models are fitted to the data and the results are given in Table 3. According to the ANOVA
results, the contribution of the quadratic model is significant.
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Table 3. The ANOVA for the TPC quadratic equation.

Sum of Squares df Mean Square F Value p-value Prob > F
Model (TPC) 0.4794 14 0.0342 21.51 <0.0001
X1 0.1025 1 0.1025 64.41 <0.0001
X2 0.0439 1 0.0439 27.60 <0.0001
X3 0.0259 1 0.0259 16.26 0.0011
Xa 0.0017 1 0.0017 1.05 0.3218
X1Xz 0.0012 1 0,0012 0.7308 0.4061
X1X3 0.0013 1 0.0013 0.8052 0.3837
X1Xa 5.235x 106 1 5.235x 106 0.0033 0.9550
XaX3 0.0009 1 0.0009 0.5781 0.4589
XaXa 0.0089 1 0.0089 5.58 0.0321
X3Xa 0.0050 1 0.0050 3.12 0.0976
X12 0.0502 1 0.0502 31.54 < 0.0001
X2 0.0116 1 0.0116 7.26 0.0167
X32 0.0001 1 0.0001 0.0381 0.8479
X4? 0.0005 1 0.0005 0.3062 0.5882
Residual 0.0239 15 0.0016
Lack of Fit 0.0237 10 0.0024 62.10 0.0001
Pure Error 0.0002 5 0.0000
Cor Total 0.5032 29

The quadratic model for the TPC are summarized in Equation 3. The significance of each coefficient was established by
p-value from Table 3 and F-test.

TPC =+1.23 + 0.0755X; + 0.0494X; + 0.0379X3 + 0.0096X4— 0.0085X1X, — 0.0090X1X3 + 0.0006X1Xs — (3)
0.0076X2X3 + 0.0236X,X4 — 0.0176X3Xa— 0.1392X12— 0.0668X,% + 0.0048X52 — 0.0137X4?

The model obtained for the TPC was found significant (p>0.05). Furthermore, the predicted R? of 0.7411 is in reasonable
agreement with the adjusted R? of 0.9083 (i.e. the difference is less than 0.2) for the TPC. Adequate precision ratio of the
TPC was found as 15.901. For maximum TPC values, we optimized independent variables of the MAE via Design-Expert
program. The highest TPC yield was obtained as 1.26 mmol TR/g-DS (X1 = 76 °C, X, = 5 min, X3 = 76%, and X4 = 0.39 g/20
mL).

3.2. Effects of operational factors on MAE

The 3D graphs in Figures 1, 2, and 3, drawn according to Equation 3, estimate the relationship between various
parameters and the impact of these parameters on TPC responses. In the Figure 1, the relationship between time and
temperature of the extraction is showed for the TPC responses of the dandelion extract. As in all other extraction types,
the temperature of extraction is one of the most considerable parameters for MAE. Concordantly, it was determined that
the most significant factor is extraction temperature for the extraction of phenolics from the dandelion by MAE in this
work. We used a closed system for the microwave assisted extraction. The extraction process can be performed beyond
the boiling point of the solvent with the closed system. The high extraction temperature causes the target components
in the from the active sites sample matrix to dissolve easily, thus increasing the extraction efficiency. Besides, high
temperature decreases the viscosity and surface tension of the solvent and increases the solubility capacity of the solvent.
Thus, the extraction yield is increased [16-18]. In the different studies, authors reported that antioxidant and polyphenolic
compounds begin to decompose after 80 °C[19, 20]. In addition, it has been reported that at high temperatures, bioactive
compounds react with other components of the plant, reducing the extraction yield [21]. As seen in Figure 1, the TPC
values increased with temperature but decreased after 90 °C. The optimum temperature is determined as 76 °C.
Therefore, the extraction process is not carried out at very high temperatures, considering the decrease in extraction
efficiency.

Extraction times studied in the microwave assisted extraction are quite shorter than the other extraction procedures.
According to the studies in the literature, the extraction efficiency increases with the increasing extraction time. But the
increase is relatively lower after a certain period of time [22, 23]. The results obtained in terms of extraction time are
consistent with the results of the studies in the literature. The extraction yield of phenolics increased depending on the
extraction time however the extraction yield decreased after 5 minutes. So the optimum extraction time was determined
as 5 min. In the MAE process, an additional 3 minutes is required to reach the extraction temperature. Ethanol and
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methanol are solvents with high dielectric constant and high heating rate. In MAE processes with such solvents, long-

term microwave irradiation can cause heating and decomposition of the analytes. Consequently, long MAE times should
be avoided, both to save time and to avoid the risk of degradation of the analytes.
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Figure 1. The responce surface plot (3D) for the TPC of the dandelion extract as a function of extraction time to extraction
temperature.

1,3
1,2
& L
o
0o 1
S~
o
= 0,9
(o}
£ 08
é 0,7
O
o
-

80

50
40

50 5
Solvent conc. (%) et Temperature (°C)

Figure 2. The responce surface plot (3D) for the TPC of the dandelion extract as a function of solvent concentration to extraction
temperature.

Figure 2 shows the relationship between temperature of extraction and concentration of solvent for the TPC responses
of the dandelion extract. For the extraction of polyphenolic compounds from plant matrices, polar solvents are often
used. The most commonly used solvents are water, methanol, ethanol, and acetone [24]. Ethanol is a good solvent for
the extraction of polyphenolic compounds due to its eco-friendly and safe for human consumption [25]. It is thought that
ethanol in the solvent mixture breaks the bonds between plant matrices and analytes, thereby enabling the analytes to
dissolve, while water plays a role as the plant swelling agent [26]. For this reason, water and ethanol were chosen as
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solvent components in the study. For optimum polyphenolic compound extraction, the ethanol concentration in the
solvent mixture was determined as 49% ethanol in water.

TPC (mmol TR/g DS)
e
O

Solid-to-solvent ratio : 40 o Temperature (°C)
(g/20 mL) %l

Figure 3. The responce surface plot (3D) for the TPC of the dandelion extract as a function of solid-to-solvent ratio to temperature of
extraction.

Figure 3 shows the relationship between temperature of extraction and solid-to-solvent ratio for the TPC responses of
the dandelion extract. In this work, the optimum ratio between solid and solvent for the extraction of antioxidant
compounds from the dandelion extract with MAE was determined as 0.39 g /20 mL. A high or low solid-solvent ratio can
cause some problems. Excessive solvent consumption is not preferred in terms of both environmental factors and cost.

4, Discussion and Conclusion

Dandelion contains phytochemicals such as phenolics, terpenoids, and triterpenes. Due to the presence of these bioactive
constituents, dandelion is an important source of natural antioxidants. RSM using four different MAE parameters was
proposed for the extraction of phenolics from dandelion and the model was optimized in this work. The investigated
parameters are temperature and time of extraction, concentration of solvent, and solid-to-solvent ratio. The most
important operational factor in the TPC of dandelion extract was determined as the extraction temperature. The high
extraction temperature increases the extraction efficiency by causing the target components in the sample matrix taken
from the active sites to be easily dissolved. However, the extraction efficiency decreases due to the decomposition of
bioactive components at very high temperatures. Similarly, the optimum extraction temperature was determined as 76 °C
in the study. On the other hand, the most insignificant parameter is ratio between solid and solvent. The Folin method is
used in many studies to determine total phenolic content. In this study, we used Folin method to determine the total
phenolic content of dandelion. The obtained TPC values indicate the antioxidant capacity of the dandelion extract. As a
result, the proposed MAE model will be an alternative method for the fast, simple, highly efficient and low-cost extraction
of antioxidants from dandelion in pharmaceutical and food industries.
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Anahtar Kelimeler Oz: Yonsel tirev tabanli yakinsama vyaklasimlar, dogrusal olmayan bir maliyet
Yonsel turev, fonksiyonunu (J(8)) minimize veya maksimize etmek icin 8 parametre vektorina iteratif
Momentum, Adadelta, olarak guncelleme mantigina dayanmaktadir. Yapay 6grenme alaninda sik kullanilan bu

Adagrad, Adam, Newton yaklagimlarla glincelleme yapilirken maliyet fonksiyonunun ilgili parametreye gore yonsel

turev bilgisi kullanihr. Bu ¢calismada, literatlirde kabul gérmus tirev tabanl yaklasimlarin
(Gradient Descent, Momentum, Adadelta, Adagrad, Rms, Adam, Newton ve BFGS)
dogrusal olmayan fonksiyonlar Gzerindeki yakinsama performanslari incelenmistir.
Yaklasim performanslarini kiyaslayabilmek icin optimal noktaya yakinsama hizi ve toplam
hesaplama maliyeti kistaslari degerlendirilmistir.

Comparative Analysis of Gradient Based Convergence Approaches

Keywords Abstract: Directional derivative-based convergence approaches are based on the logic of
Gradient Descent, iteratively updating the parameter vector 8 to minimize or maximize a nonlinear cost
Momentum, Adadelta, function (J(B)). While updating with these approaches, which are frequently used in the

Adagrad, Adam, Newton field of artificial learning, directional derivative information of the cost function is used

according to the relevant parameter. In this study, the convergence performances of
derivative-based approaches (Gradient Descent, Momentum, Adadelta, Adagrad, Rms,
Adam, Newton and BFGS) accepted in the literature on nonlinear functions were
investigated. In order to compare the approach performances, the speed of convergence
to the optimal point and the total computational cost criteria were evaluated.

*{gili Yazar, email: eyazan@adiyaman.edu.tr

1. Girig

Muhendislik uygulamalarinda ¢cok 6nemli bir yere sahip olan optimizasyon, en basit tanimiyla, belirlenen kosullar altinda
en iyi sonucun alinmasidir. Bir sistemin gerceklestirilme siirecinde bazi kararlarin alinmasi gerekir. Bu kararlarin amaci,
sistemin gerceklestiriimesi icin gereken cabayi en aza indirgemek veya sistemden beklenen kazanimi olabildigince
arttirmaktir. istenen caba veya kazanim, belirli karar degiskenlerinin bir fonksiyonu olarak ifade edilebildiginden
optimizasyon, bir fonksiyonun belirlenen amac dogrultusunda maksimum veya minimum degerini veren kosullari bulma
sUreci olarak tanimlanabilir.

Optimizasyon yontemlerinin temeli matematik bilimine dayanir. Bu nedenle matematik bilimindeki bircok gelisme
optimizasyon yontemlerinin gelistiriimesine temel olusturmustur. Newton ve Leibniz'in matematige katkisi
optimizasyonun diferansiyel yontemler gelistiriimesini mimkin kilmis, Bernoulli, Euler, Lagrange ve Weirstrass,
fonksiyonlarin minimizasyonuyla alanin temellerini atmislar, Cauchy ise kisitlamasiz minimizasyon problemlerini ¢cozmek
icin en dik inis metodunun ilk uygulamasini gerceklestirmistir [1]. Bunlarin disinda bircok gelisme optimizasyon alaninda
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ilerleme kat edilmesine yardimci olmustur. Bitin bu gelismelere ragmen, sayisal bilgisayar teknolojisinin ortaya cikisina
kadar bu alandaki ¢alismalarda kaydedilen ilerleme ¢ok az denilebilecek kadar olabilmistir. Bilgisayar teknolojisindeki
gelismeyle birlikte optimizasyon tekniklerinin uygulanmasi miimkin olmus ve yeni metotlar tzerine daha fazla arastirma
yapiimistir.

Optimizasyon alaninda gelistirilen yontemler hemen her mihendislik alaninda kullanildigi gibi bilgisayar bilimlerinde de
oldukga kullanim alanina sahiptir. Yapay 6grenme ve gdrintu isleme bu alanlarin basinda gelmektedir. Yapay 6grenme
alaninda problem fark etmeksizin, yapay sinir aglarindaki hicreler arasi agirlik degerlerinin glincellenmesi icin kullanilan
bu ydntemler [2]-[4], goruntl isleme alaninda sekil boélitleme, parmak izi tanima, plaka tanima gibi bircok alanda
kullanilmaktadirlar [5]-[7]. Ayrica bu iki alan temelinde medikal [8]-[10] ve sinyal isleme [11] gibi diger farkli alanlardaki
problemlerin ¢dziminde de kullaniimaktadirlar.

Genel bir optimizasyon probleminin matematiksel ifadesi esitlik 1’deki gibi gosterilebilir:

Minimize f(0),0 = (84,05, ....0,)T
Kisitlamalar;

gj(H) <#6,j=12,.m
h,(0)=0,k=1,2,..n

Burada 6 tasarim degiskeni, f(8) tasarim degiskenine bagl minimize edilmek istenen amag (hedef) fonksiyon, g(8) ve h(6)
ise sirayla esitsizlik ve esitlik kisitlayicilari olarak adlandirilir. Bu sekilde tanimlanan optimizasyon problemleri; kisitlayicih
optimizasyon problemi olarak adlandirilir ve ¢6zUm kisitlayicilar ile cevrelenmis bdlgenin icerisinde aranir. Bazi problemler
ise kisitlayicricermez, bu tarz problemler ise kisitlayicisiz optimizasyon problemleri olarak adlandirilir. Bu iki problem tri
haricinde optimizasyon problemlerinin farkli sekillerde siniflandiriimasi yapilmistir. Bu siniflandirmalari genel olarak su
sekilde tanimlayabiliriz; amac fonksiyonun ve varsa kisitlama fonksiyonlarinin dogrusal olup olmamasina bagli olarak;
dogrusal (lineer) programlama veya dogrusal olmayan (nonlineer) programlama, tasarim degiskenleri negatif olmayan
tamsay! degerler alan lineer problemler tamsayi programlama, aksi durumda tamsay! olmayan programlama olarak
isimlendirilirler. Bir diger siniflandirma da tasarim degiskenlerinin sirekli degerler oldugu stirekli optimizasyon problemleri
veya sinirl degerlerden olustugu ayrik optimizasyon problemleri seklindedir.

Problemlerin siniflandirldigl gibi, bu problemlerin ¢6zimuU igin gelistirilen yontemler de ¢6zim yaklasimina gore
siniflandinimaktadir. Klasik optimizasyon yontemleri genel olarak Dogrudan (direct) yontemler (arastirma yontemleri) ve
Dolayli (indirect) yontemler (optimallik kriterleri) olmak Gizere ikiye ayrilir [12]. Dolayli ydontemlerde bir noktanin optimum
nokta olabilmesi icin gerek ve yeter sartlari saglamasi gerekir. Problem ¢6ziminde 6ncelikle bu sartlari saglayan aday
noktalar bulunur, sonrasinda bu aday noktalara gére ¢6zim uygulanarak optimum nokta elde edilmeye calisilir. Dogrudan
yontemlerde ise, tahmini bir baslangi¢ noktasi belirlenerek optimum nokta olarak kabul edilir ve bu noktaya gore ¢dzim
elde edilir. Bu baslangic degerine gore elde edilen ¢d6zim genellikle optimallik sartlarini saglamaz. Bu nedenle gergek
optimum nokta bulunana kadar tekrarli (iteratif) olarak islemler yinelenir.

Bu calismada dogrudan yontemler sinifina giren ve Kisitlamasiz Dogrusal Olmayan (Nonlineer) problemlerin ¢oziminde
kullanilan Tirev Tabanli Yontemler kiyaslamali bir sekilde incelenmistir. ikinci béliimde, kullanilan tiirev tabanli ydntemler
hakkinda detayli bilgi verilmektedir. Uclinci béliimde yontemlerin belirli test fonksiyonlari Gzerinde uygulanarak
performanslari gozlemlenmis ve sonuglari gosterilmistir. Son bolimde ise calismanin genel sonuglari Uzerinde
degerlendirmeler yapiimistir.

2. Materyal ve Metot

Tlrev tabanli ydontemler, optimum noktayi bulmak icin tirev bilgisini kullanirlar. Bu nedenle, bu yontemlerin kullanildigi
problemlerde amac fonksiyonunun, uygulanabilir aralikta strekli ve tirevlenebilir olmasi gerekmektedir. Bu algoritmalar,
tasarim degiskenleri icin gelisi glizel secilen degerlerle isleme baslar ve amag fonksiyonunun o noktadaki tirevini alir.
Bulunulan noktadan tirev yoninde giderek optimum noktaya ulasmaya calisir. Bu yontemler lokal bilgileri kullandiklari
icin varilacak optimum nokta lokal optimum noktadir. Bu yontemlerin genel olarak isleyisi Esitlik. 2’de vektorel formda
gosterilmistir.

O,41= 06, +A7A0,; t=0,1,2,.. 2)
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Parametrelerin glincelleme islemi optimal noktaya varincaya kadar tekrar edilir. Optimum noktada tirev degeri 0’a esittir.
Burada; 6, tasarim degiskeni, t iterasyon numarasi, AB ise mevcut noktadaki degisim miktarini ifade etmektedir. Degisim
miktarinin hesaplanmasi genel olarak Esitlik.3 "te gosterildigi gibi ifade edilebilir.

A8, = ad, (3)
Burada d, ilerleme yoni; a, adim blyukligu olarak ifade edilmektedir. Esitlik.3'te gosterilen degisim miktarinin
hesaplanmasi bu iki degerin belirlenmesi problemini barindirmaktadir. Yonsel turev tabanli yaklasimlar, ilerleme yoninde
atilacak adim buyUklaginin hesaplanmasi noktasinda farklilik gosterirler.

2.1. Turevsel inis (Gradient descent)

1847'de Cauchy tarafindan ortaya atilan yontem [13] “Dereceli Alcalma Yontemi” olarak da adlandirilir ve kisitlamasiz
optimizasyon problemlerinin ¢ézimunde kullanilan tlrev tabanli yontemlerin ilkidir. Bu yontemde ilerleme yonini
hesaplarken amag fonksiyonunun birinci tirevi alindigi igin “birinci dereceden yontem” olarak nitelendirilir.

Bu yontem, B parametrelerine bagh maliyet fonksiyonunu (J(8)) minimize etmek igin kullanilir. Baslangicta rastgele
belirlenen 6 parametrelerinin her adimda tirevin tersi yoninde glincellenerek optimum degere ulasilincaya kadar tekrar
edilmesi ile gerceklestirilir:

0y = 6,1 — a.VyJ(6) (4)

Esitlik.4'te yer alan 8 glincellenecek parametre vektord, a adim blydkligi ve Vel(6) maliyet fonksiyonunun gradientini
gostermektedir. Gradient descent (tUrevsel inis) yonteminin, “Batch”, “Mini-Batch” ve “Online (SGD)” olmak Uzere Ug
farkli kullanis sekli bulunmaktadir [14]. Bu yontemler maliyet hesabinda kullanilan veri miktarina gére birbirinden ayrilirlar.
Batch’de, maliyet fonksiyonu hesaplanirken tim egitim kimesi kullanilirken, mini-batch’de belirli sayidaki oriintiler
kullanir, online’da her bir 6riintt geldiginde parametreler giincellenir. Dolayisiyla Batch kullanimda yavas c¢alisir ancak
yakinsama tutarliligi en dogru olandir. Buna karsilik online kullanim her bir egitim seti icin glncelleme islemi
gerceklestirdigi icin daha hizl calisir ve yerel minimuma daha erken siirede ulasabilir, ancak yakinsama hatasi ylksektir.

0= 61— a Ve](gixi:yi) (5)

Mini-Batch kullanim her iki ydntemin avantajlarini barindiracak sekilde distnulerek gelistirilmistir. Glincelleme islemi, her
bir n adet 6rintd icin gerceklestirilir.

0, = 0,_1 — a.VyoJ(O; x!*", yitm) (6)

Tirevsel inis yonteminin bazi dezavantajlari vardir. Bu dezavantajlar sunlardir:
- Yontem lokal minimuma yakinsamayi garanti eder, fakat bunun igin cok fazla sayida iterasyon gerekebilir
- Her iterasyon digerlerinden bagimsiz bir sekilde baslatilir ve bu da verimsiz olabilir. Onceki iterasyon bilgileri
kullaniimaz.

Her iterasyonda ilerleme yonini belirlemek icin sadece birinci dereceden bilgiler kullanilir. Bu da yontemin yakinsama
kabiliyetini daslridr. Pratikte, ilk birkag iterasyon sonucunda amag fonksiyonunda 6nemli 6lglide bir azalma oldugu
godzlemlenebilir, fakat sonraki iterasyonlarda bu azalma yavaslamaktadir.

2.2. Momentum

Momentum ydntemi yonsel tlrevin sadece anlik degil, gecmis degerlerinide oransal bir sekilde hesaba katar ve daha etkili
bir yakinsama 6zelligi gosterir [15].

v, = p.v_q + a. Vo] (8; xt yY) (7)
0, = 61— v, (8)

Esitlik.7’de gorilen p parametresi O ile 1 arasinda olup, bir sonraki 8" nin hesaplanmasinda 6nceki tirevlerin hangi oranda
hesaba alinacagini belirlemek icin kullanilir.
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2.3. Adagrad

Adagrad yontemi [16] sabit adim blyuklGginden kaynaklanan problemi ortadan kaldiran bir yontemdir. Bu yonteme gore,
baslangicta bir adim buyUklGgu belirlenerek ilk iterasyon gergeklestirilir. Sonraki iterasyonlarda bu adim buyuklGaga
giincellenerek islemler gerceklestirilir.

Ge =G, + V](gt—1)2 (9)

a
6, =6, — ———.VJ(6,_1)
t t-1 G tec J(0:—1 (10)

o~

Gy, gecmis gradient bilgisini tutan, parametre sayisi ile ayni boyutta bir matristir ve adim blyikligunin 6lgceklenmesinde
kullanilir. Bu matrisin her bir elemant ilgili parametrenin énceki gradientlerinin karelerinin toplamina esittir. Esitlik. 10" da
yer alan e terimi, sifira bolinmeyi 6nlemek igin kullanilir ve ¢ok kiigtk bir degerdir.

2.4, Adadelta

Adagrad yontemi her ne kadar adim blyUklUgu parametresi problemine odaklanmis bir ydntem olsa da ilk iterasyonda bir
adimblyUklugu degerine ihtiyag duyar. Ayrica dikkatle incelendiginde iterasyon sayisi arttikca G parametresi blylyecegi
icin adim blyukligunin sifira yaklastig gorilmektedir. Bu da belirli bir iterasyondan sonra yakinsama hizinin azalmasina
sebepiyet verir. iste bu iki durum Adadelta [17] ydnteminin gelistirilmesinde énemli bir etken olmustur. Adadelta yéntemi,
Adagrad yonteminin bu iki dezavantajini ortadan kaldirmistir.

E[g*]; = pE[g*]i-1 + (1 — p)g? (11)
AB, = —%.gt (12)
RMS[g]l, = VE[g%];+ € (13)
E[6?], = pE[6?],_, + AB? (14)
Gy = Gi_q + V](6,1)? (15)
Oprr = 6, — MG, (16)

Esitlik. 11'de goruldugu Uzere, Adagrad yonteminde oldugu gibi dnceki tirevler (gradientler) karelerinin tamami olacak
sekilde degil, belirli bir oranda alinmaktadir. Bunu da momentum ydnteminde oldugu gibi p sabit terimi ile ayarlamaktadir.

2.5. RMSProp
Geoff Hinton tarafindan énerilmis ve onun ders notlarinda yer alan RMSProp yontemi [18], Adadelta ile yakin zamanda

birbirinden bagimsiz olarak ortaya atimistir [14]. Adadelta yontemine benzer fakat 6grenme katsayisi parametresini
kullanir.

E[g*]; = pE[g*)i-1 + (1 — p)gf (17)
N
t+1 = Ut Elg2l, + € -Gt (18)

Notlarinda p=0.9 ve a=0.001 olarak alinmasini dneren Hinton, bu degerlele yontemin iyi sonuglar verecegini belirtmistir.
2.6. Adam

Adaptive Moment Estimation (Adam) yontemi [19] de sabit adim biyUklUgu yerine, her iterasyonda giincellenen bir adim
blyuklugi kullanan yontemlerdendir. Bu yontemde 6nceki tirev degerinin karesel toplamlari da hesaba katilmaktadir.

my = pime_; + (1 —p)g; (19)

v = Boveg + (1= B;)9¢ (20)
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, my

. U

Ore1= 0, — — .1 (23)
A

Ayrica ¢alismada, 1 = 0 ve ¢ok kugUlk bir 8 segildiginde Adagrad yéntemine karsilik geldigi belirtilmistir.
2.7. Newton

Newton tarafindan énerilen ve kendi adiyla anilan yéntem, parametre glincellemesinde, sadece birinci kismi tirevi degil
ikinci tUrev degerini de kullanir [20]. Bu nedenle “ikinci dereceden yontem” olarak nitelendirilir. Birinci dereceden
yontemlere gore daha etkili olan yontem, 6zellikle optimum noktaya belirli bir mesafeden sonra ¢ok hizli bir yakinsama
Ozelligi gosterir. Temel fikri Taylor serisi genislemesine dayanan yontem Esitlik.24 ‘te gosterildigi gibidir.

f'(6)

0 = 0,4+ ——=
t+1 t f(g)

(24)

Esitlik.24 ‘te de goruldugu gibi adim buyUklaga (a) parametresi kullanilmamaktadir. Bu nedenle yéntem her zaman igin
yerel optimum degere yakinsamayi garanti etmez. Bu problem, adim blyuklGginu de esitlige ekleyerek giderilebilir.

Newton yontemi kuadratik i¢c bikey fonksiyonlarda ¢ok basarili olurken icbikey olmayan fonksiyonlarda ayni basariyi
gosterememektedir [18]. Baska bir deyisle icblkeylik azaldikga Newton ydonteminin performansi da azalmaktadir.

Newton yonteminin en blyik dezavantaji her iterasyonda ikinci dereceden tiirevlerin (Hessian matrisi) hesaplanmasidir.
Bu islem genellikle oldukga zaman alir, hatta bazi uygulamalarda bu tirevi hesaplamak mimkin olmayabilir. Bir diger
dezavantaji da, Hessian matrisinin tekil olmasi gerekliligidir. Fakat her iterasyonda Hessian matrisi tekil olmayabilir.
Bundan dolayi ilerleme yonu bizi optimum noktaya gotlrmeyebilir. Optimum noktaya gidebilmek icin Hessian matrisinin
pozitif tanimh ve tekil olmasi gerekmektedir.

2.7. Bfgs

Newton yontemindeki, Hessian matrisinin olusturulmasi ile ilgili dezavantajlari ortadan kaldirmak icin bazi yontemler
dnerilmistir [21 - 24]. Onerilen bu ydntemler, her iterasyonda Hessian matrisi veya Hessian matrisinin tersine yaklasik bir
matris Ureterek, Hessian matrisi yerine kullanmislardir. BFGS (Broyden-Fletcher-Goldfarb-Shanno) yontemi [25] Hessian
matrisine yaklasik matris Greten ydntemlerden en popdler olanidir. Yontemin algoritmasi su sekildedir:

Adim 1: Baslangic degisken atamalarini yap.
Parametreler: 6,=0.1rand()

Simetrik pozitif tanimh yaklasim matrisi: H-o=I
Yakinsama parametresi: =10

iterasyon sayisi: t=0

Yakinsama buyukligu: c,—q = Vf (0¢=0)

Adim 2: [|c;|| < € ise algoritmayi sonlandir.

Adim 3: ilerleme yonini: d, = — ¢, H, ™"

Adim 4: Parametreleri gincelle: 6,,, = 0, + ad;

Adim 5: Hessian matrisini giincelle: He,; = H, + Dy + E;

D ve E, dogrulama matrisleri olup Esitlik.25de gosterildigi sekilde hesaplanirlar

_ YthT _ _CtCtT
‘ (Se-y)’ ¢ (ct-dy)

(25)
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Adim 6: Degisimleri hesapla
Ve = Cty1 — G (26)
Sy = adt (27)
Adm7:t = t + 1lyap ve Adim 2'ye git.
Algoritmadan da anlasildigi Gzere, ilk adimda Hessian yaklasim matrisi birim matris (I) oldugundan dolayi, ilk iterasyon
Tlrev Azaltma Yontemi ile aynidir. Sonraki iterasyonlarda bu matrisin degeri degiseceginden dolayi daha hizli bir
yakinsama davranisi gosterir.
3. Bulgular
Yaklasimlarin optimum noktaya yakinsama karakteristiklerini gozlemlemek amaciyla iki ayri test fonksiyonu (Griewank ve
Branin [26]) kullaniimistir. Uygulama Python dili ile kodlanmis olup, her bir yontem ile ayri ayri glincellenen parametreler,
fonksiyon ylzey grafigi Gzerinde gosterilerek bir animasyon olusturulmus, olusturulan animasyon sayesinde yontemlerin

farkli baglangi¢ noktalarindan optimum noktaya ilerleme hizlari gérsel olarak da gdzlemlenmistir.

Esitlik.28'de matematiksel denklemi verilen Griewank fonksiyonu; iki parametre (d=2) igin x,,, = (0,0) noktasinda
f(xope) = 0 olacak sekilde tek bir global minimum degere sahiptir.

9= s~ [ Jeo ()
i=1 i=1

Fonksiyonun [-2, 2] araliginda gizilen ylzey grafigi Sekil 1'de gosterilmistir.

2.0 2.0

Sekil 1. Griewank fonksiyonu ytzey grafigi

300
250
200
150
100
50

Sekil 2. Branin fonksiyonu ylzey grafigi

f(x)=a(x, —bx? +cx; —1)?+s(1—t)cos(x;) + s (29)
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Esitlik.29’da yer alan Branin fonksiyonunda a,b,c,r,s ve t sabitler olup degerleri su sekildedir: a= 1, b=5.1/(4nt"2), c = 5/m,
r=6,s=10ve t = 1/(8 r). Branin fonksiyonu iki parametre i¢in f(x,,.) = 0.397887 global minimum degerine sahiptir.
Bu glonal minimum degere ¢ farkl noktada erigilir. Bu noktalardaki parametrelerin degerleri x,, =
(—m,12.275), (1w, 2.275), (9.4278, 2.475) seklindedir. Branin fonksiyonunun x; €[-5,10], x, €[0,15] araliklarinda elde
edilen ylzey grafigi Sekil 2'de gorilmektedir. Yontemler ilk olarak Griewank fonksiyonu Gzerinde farkl baslangi¢ noktalari
icin ayri ayri test edilmis ve belirli bir yakinsama degerine gore () elde edilen sonuclar Tablo 1 ve Tablo 2’de gosterilmistir.

Tablo 1'den de goruldiugu tzere Adagrad, Adadelta, RMS ve Adam yaklasimlari genel olarak en basarili sonuglari veren
yontemler olmuslardir. Momentum yontemi [1.8, 1.8] baslangi¢c noktasinda diger baslangic noktalarina gore daha iyi bir
performans sergilemistir. BFGS yaklasimi SGD’den daha hizli yakinsamis olsa da yakin degerler elde edilmistir. Newton
yontemi ise [0.5, 0.5] baslangi¢c noktasinda hem hiz hem de optimum degere yakinlik konusunda gok basarili bir
performans gostermis fakat optimum noktadan uzaklastikca yakinsama ozelligi gbsterememis bu nedenle bir middet
sonra iterasyon durdurulmustur.

Ayni uygulama yakinsama degeri ¢ = 107° olacak sekilde kiictltiilerek yeniden calistirilmis ve optimum noktaya belirli
yakinlkta yontemlerin davranislar gdzlemlenmek istenmistir. Bu uygulama sonucunda [0.5, 0.5] baslangic noktasinda
Newton ydontemi yine en hizli ydntem olmus Adadelta ve RMS yontemleri sirayla ikinci ve Gglinct olmuslardir. Uygulama
[0.8, 0.8] ve [1, 1] baslangi¢c noktalarindan calistinldiginda Adagrad ve Adadelta siralamada yer degistirmis Adadelta
yontemi daha hizl yakinsama 6zelligi gdstermistir. Bunun haricinde genel olarak ydéntemlerin ilk yakinsama degerine gore
ayni hiz siralamasinda yakinsadiklari gbzlemlenmistir.

Tablo 1.Griewank fonksiyonu igin € = 0.001 yakinsama degerine gore yontemlerin yakinsadigi optimum degerler.

X1 X2 X1 X2 X1 X2 X1 X2
Baslangi¢
Noktasi 0.5 0.5 0.8 0.8 1 1 1.8 1.8

Optimum Deger Optimum Deger Optimum Deger Optimum Deger
Yaklasim xlopt | x2opt | itr. xlopt | x2opt | itr. x1 x2 itr. xlopt | x2opt | itr.
SGD 0.060 | 0178 | 21 0.039 | 0.185 | 31 0.031 | 0.185 | 37 0.017 | 0190 | 76
Momentum | 0.076 | 0.144 | 23 -0.067 | 0136 | 34 -0.056 | 0.168 | 35 0.033 | 0.083 | 45
Adadelta 0.033 | 0.164 | 2 0.011 | 0.102 | 4 0.034 | 0172 | 4 2.79e-4 | 0.122 | 10
Adagrad -0.099 | -0.109 | 3 0.101 | 0.093 | 2 0.011 | 0.072 | 1 0.034 | 0.130 6
Adam -0.069 | -0.149 | 14 0.115 | -0.012 | 24 0.120 | -0.021 | 25 0.115 | -0.062 | 37
RMS 0.060 | 0176 | 2 0.055 | 0.152 | 4 0.068 | 0.168 | 5 0.006 | 0161 | 14
Newton 0.004 | 0.006 | 2 -1.572 | -2.222 | 80 4717 | 6.667 | 80 1.572 | 2222 | 80
BFGS 0.059 | 0.178 | 20 0.040 | 0.190 | 28 0.031 | 0.189 | 33 0.017 | 0191 | 70

Tablo 2.Griewank fonksiyonu icin yaklasimlarin yakinsadigi optimum noktalardaki fonksiyon degeri (€ = 0.001)

X1 X2 X1 X2 X1 X2 X1 X2
Baslangi¢
Noktasi 0.5 0.5 0.8 0.8 1 1 1.8 1.8

Optimum Deger Optimum Deger Optimum Deger Optimum Deger
Yaklasim Fopt itr. Fopt itr. Fopt itr. Fopt itr.
SGD 0.0097 21 0.0093 31 0.0090 37 0.0092 76
Momentum | 0.0080 23 0.0069 34 0.0086 35 0.0023 45
Adadelta | 0.0072 2 0.0027 4 0.0080 4 0.0038 10
Adagrad 0.0078 3 0.0073 2 0.0013 1 0.0048 6
Adam 0.0079 14 0.0067 24 0073 25 0.0076 37
RMS 0.0095 2 0.0073 4 0.0094 5 0.0065 14
Newton 1.7013e-05 2 1.0019 80 1.0167 80 1.0019 80
BFGS 0.0096 20 0.0098 28 0.0094 33 0.0093 70

Yaklasimlar, Branin fonksiyonu icin € = 10~° yakinsama degeri ile calistirilmis ve elde edilen sonuclar Tablo 3 ve Tablo
4'te gosterilmistir. Tablo 3 incelendiginde yontemlerin ayni noktalardan baslamasina ragmen farkli optimum noktalara
yakinsadigi gorilmektedir.
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Tablo 3.Branin fonksiyonu i¢in € = 0.000001 yakinsama degerine gére yontemlerin yakinsadigi optimum degerler.

X1 X2 X1 X2 X1 X2 X1 X2
Baslangi¢
Noktasi -3 3 -4 1 6 6 -4 12
Optimum Deger Optimum Deger Optimum Deger Optimum Deger
Yaklasim xlopt | x2opt | itr. xlopt | x2opt | itr. xlopt | x2opt | itr. xlopt | x2opt | itr.
SGD 3.141 2.276 45 3.141 2.276 40 3.141 2.276 42 -1.899 12.061 | 250
Momentum nan nan 250 nan nan 250 9.420 2.470 | 250 15.714 | 12.885 | 250
Adadelta -3.141 12.274 | 131 -3.141 | 12.274 | 158 3.141 2.276 59 -3.142 12.276 43
Adagrad -3.139 12.262 | 250 -3.084 | 12.037 | 250 3.141 2.276 65 -3.142 12.276 42
Adam 3.142 2.276 | 105 3.141 2.276 | 142 3.141 2.275 [ 117 -3.142 12.275 | 120
RMS -3.183 12.234 | 250 -3.116 | 12.298 | 250 3.141 2.276 82 -3.142 12.276 49
Newton -3.142 12.275 2 -3.141 | 12.275 3 6.283 1.1 250 -3.142 12.275 3
BFGS 3.141 2.276 56 3.141 2.276 48 3.141 2.276 56 -1.888 12.047 | 250
Tablo 4.Branin fonksiyonu igin yaklagimlarin yakinsadigi optimum noktalardaki fonksiyon degeri (€=0.000001)

X1 X2 X1 X2 X1 X2 X1 X2
Baslangi¢
Noktasi -3 3 -4 1 6 6 -4 12

Optimum Deger Optimum Deger Optimum Deger Optimum Deger
Yaklagim Fopt itr. Fopt itr. Fopt itr. Fopt itr.
SGD 0.397889 45 0.397889 40 0.397889 42 13.524034 250
Momentum | nan 250 nan 250 0.397997 250 0.398086 250
Adadelta 0.397889 131 0.397889 158 0.397889 59 0.397888 43
Adagrad 0.397965 250 0.423815 250 0.397889 65 0.397888 42
Adam 0.397889 105 0.397889 142 0.397889 117 0.397889 120
RMS 0.425923 250 0.408158 250 0.397889 82 0.397888 49
Newton 0.397889 2 0.397891 3 19.60211 250 0.397889 3
BFGS 0.397889 56 0.397889 48 0.397889 56 13.670019 250

Newton yaklasimi uygun noktalardan baslatildiginda optimum noktaya c¢ok hizli bir sekilde yakinsamistir. [6, 6]
noktasindan baslatildiginda ise optimum noktaya yakinsama 6zelligi gbsterememistir. Adagrad ve RMS yontemleri [-3, 3]
ve [-4, 1] noktalarindan baslatildiginda iyi bir yakinsama gosterememis, Momentum yontemi ise sadece [6, 6] noktasindan
baslatildiginda optimum noktaya yakinsayabilmistir. Adadelta yontemi genel olarak tiim baslangi¢ noktalarindan optimum
noktaya yakinsamistir. BFGS yontemi [-4, 12] haricindeki diger noktalardan baslatildiginda optimum noktaya yakinsamistir.

Deneysel calismalarda dikkat ceken bir nokta sudur ki; Branin kullanildiginda online kullanimda (SGD) Newton haricinde
diger yontemlere gore beklenenin aksine daha hizli bir yakinsama gozlemlenmistir.

4. Tartisma ve Sonug

Bu calismada tlrev tabanh sekiz farkli optimal noktaya yakinsama yaklasiminin davranisi belirli fonksiyonlar kullanilarak
incelenmistir. Yaklasimlarin farkli geometrik yizeylerdeki yakinsama kabiliyetlerinin daha iyi anlasilabilmesi icin
fonksiyonlarin yizey grafikleri cizilmis ve yaklasim noktalari anlik grafige eklenerek bir animasyon olusturulmustur.
Boylece yakinsama kabiliyetleri acik bir sekilde incelenebilmistir. Yapilan deneysel calismalar neticesinde yakinsama
performanslarinda baslangic noktasinin énemli bir etken oldugu ve daha fazla iterasyonda yakinsama gosteren bir
yontemin az sayida iterasyon sonucunda yakinsayan yontemlere gbre optimum noktaya daha iyi yakinsayabildigi
gozlemlenmistir. Ayrica birden fazla optimum noktasi olan Branin fonksiyonunda yontemlerin ayni noktadan
baslamalarina ragmen farkli optimum noktalara yakinsadigi gozlemlenmistir.
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K?VWOF'd'S ' Abstract: This study aimed to determine the isolation of Bacillus species including urease
g|o§;|C|f|cat|on, activity from soil, morphological and molecular identification and biocalcification
acillus,

features. Total 11 bacteria belonging to Bacillus species were isolated from soil samples.
Identification of the isolates was carried out with 16S rRNA sequencing analysis. Urease
activity of the isolates was carried out according to the phenol-hypochlorite method.
CaCOs; accumulation was determined and liquid media. CaCOs crystals were analyzed in
the scanning electron microscope (SEM). Urease enzyme activities of the isolates were
compared to with control group Sporosarcina pasteurii. According to the results, F10
(Bacillus mycoides) was determined as the species having the highest activity with specific
urease activity 8.50+0.00 U/mg. The bacterium having the lowest specific activity was
determined F14 (Bacillus thuringiensis) with specific urease activity 2.75+0.04 U/mg
value. In a liquid medium supplemented with urea and calcium chloride, the maximum
CaCOs; accumulation was determined to be 0.53 g in S. pasteurii. After the control strain,
the maximum CaCOs; accumulation was measured as 0.20g, 0.20 g and 0.18 g in F9, F13
and F8 isolates, respectively. According to the results of SEM examinations, it was
determined that the isolates carried out calcite accumulation.

16S rRNA,
urease activity

Topraktan izole Edilen Bacillus Tirlerinin Biyokalsifikasyon Ozelliklerinin Belirlenmesi

Anahtar Kelimeler Oz: Bu calisma, Ureaz aktivitesine sahip Bacillus tirlerinin topraktan izolasyonunu,

Biyokalsifikasyon morfolojik ve molekiiler tanimlamalarini ve biyokalsifikasyon ozelliklerini belirlemeyi

fgg”’;’s\iA amaclamistir. Toprak érneklerinden Bacillus turine ait toplam 11 bakteri izole edilmistir.
r )

izolatlarin tanimlanmasi, 16S rRNA dizileme analizi ile gerceklestirilmistir. izolatlarin tireaz
aktiviteleri fenol-hipoklorit yontemine goére gerceklestirilmistir. Sivi ortamda CaCOs
birikimi belirlenmistir. CaCOs kristalleri, taramali elektron mikroskobunda (SEM) analiz
edilmistir. izolatlarin (ireaz enzim aktiviteleri kontrol grubu Sporosarcina pasteurii ile
karsilastinlmistir. Sonuclara gore F10 (Bacillus mycoides) spesifik Ureaz aktivitesi
8.50+0.00 U/mg ile en yuksek aktiviteye sahip tir olarak belirlendi. En distk spesifik
aktiviteye sahip bakteri, 2,75+0,04 U/mg spesifik Ureaz aktivitesi ile F14 (Bacillus
thuringiensis) olarak belirlendi. Ure ve kalsiyum kloriir katkili sivi ortamda S. pasteurii'de
maksimum CaCOs birikimi 0,53 g olarak belirlendi. Kontrol susundan sonra maksimum
CaCOs; birikimi F9, F13 ve F8 izolatlarinda sirasiyla 0.20g, 0.20g ve 0.18g olarak
Olcllmustir. SEM incelemelerinin  sonucuna goére izolatlarin  kalsit  birikimini
gerceklestirdigi belirlenmistir.

Ureaz aktivitesi

*Corresponding Author, email: fozturk@erciyes.edu.tr
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Determination of Biocalcification Properties of Bacillus Species Isolated from Soil

1. Introduction

Biocalcification is a process known as lime accumulation, which is realized by organisms with urease activity, either in the
soil or on inside [1]. It is formed by the precipitation of carbonate, which accumulates during the metabolic processes of
microorganisms, with calcium in the form of calcium carbonate and a large number of soil microorganisms contribute to
this event [2]. Some bacteria and fungi may cause the extracellular precipitation of calcium carbonate through a series of
processes including photosynthesis, ammonia, denitrification, sulfate reduction and anaerobic sulfide oxidation [3].

Species of the Bacillus group can precipitate calcite on their cell constituents and in their micro-environment by
conversion of urea into ammonia and carbon dioxide. The bacterial degradation of urea locally increases the pH and
promotes the microbial deposition of carbon dioxide as calcium carbonate in a calcium-rich environment. An endospore-
forming soil microorganism, Bacillus pasteurii, has been used as the urease producer. Bacillus pasteurii produces
intracellular urease that constitutes close to 1% of the cell dry weight [4]. It has been reported in studies that Bacillus
sphaericus and Bacillus lentus have biocatalytic properties other than Bacillus pasteurii. There is great value for the
restoration of the calcareous monuments that have been destroyed by biochemical production of calcite crystals by
bacteria with calcifying properties and for the improvement of openness and cracks [5].

Despite the importance of these bacteria in the repair of cracks and slits, very few bacteria have been studied in this
regard. In this study, Bacillus species isolated from soil were characterized according to morphological and molecular
methods and tried to determine urease activities and biocatalytic properties.

2. Material and Method
2.1. Sample collection, bacteria isolation and identification.

Soil samples were collected from the commercial bags and placed in radiation-sterilized polypropylene bottles. After
sweeping the top surface of the soil, a soil sample of about 2 to 5 cm from the surface was taken from the surface with a
sterile spatula. The samples were stored at +4 °C until used.

To enrich the soil samples for urease-producing bacteria, 1 g of soil was inoculated into 50 ml of nutrient broth containing
2% urea, and incubated at 130 rpm for 120 hours at 37 "C (pH 8.0). Serial dilutions of 107 to 107 were prepared from the
samples, 0.1 ml of seeds were added to the nutrient agar (NA) medium at 107 dilution, and incubation was allowed at
37 °C for one night. At the end of the incubation, the growing colonies were sown on urease agar medium, which is the
urease selective medium, to control urease activity [6]. Colonies with different morphological structures growing on the
urease agar medium were selected and gram stained. Gram positive rod-shaped bacteria were selected as the test
material. Sporosarcina pasteurii NCIM 2477 procured from the National Collection of Industrial Microorganisms (NCIM)
were used in screening studies to select the maximum urease producer.

Chromosomal DNA was extracted from overnight grown bacterial cells by alkaline lysis [7]. The 16S rRNA gene region was
amplified by PCR using 5'-AGAGTTTGATCCTGGCTCAG-3 'forward and 5'-AAGGAGGTGATCCAGCCGCA-3' reverse primers.
The following program was used in PCR: 95C for 5 minutes for the initial denaturation of the template DNA followed
by 35 cycles of 94°C denaturation for 15 seconds, 53°C annealing for 15 seconds and 72°C extension for 1.5 minutes,
followed by a 5-minute final extension at 72°C and a 4°C hold. Sequence analysis of amplified PCR products was made
with service acquisition. The obtained 16SrRNA gene sequence was compared with those from GenBank using the
BLASTN program. A phylogenetic tree was constructed by the neighbor-joining method using MEGAS.2 software.

2.2. Urease activity and CaCO3 accumulation in liquid medium

The urease activities of the bacteria were performed according to the phenol-hypochlorite method. According to this
method, a mixture of 1 ml 0.1 M potassium phosphate buffer (pH 8.0) and 2.5 ml urea (0.1 M) was added to 250 pl
bacterial culture. The mixture was incubated for 5 min at 37 'C and 1 pl of phenol nitropuricide and alkaline hypochlorite
were added at the end of the incubation and then incubated at 37 "C for 25 min. At the end of the incubation, samples
were measured by spectrophotometer at a wavelength of 626 nm one unit of urease is defined as the amount of enzyme
hydrolyzing 1 umol urea/min. Ammonium chloride (50 to 100 uM) is used as the standard [8].
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Nutrient broth supplemented with 2% urea and calcium chloride (NB-U/Ca) was used to measure CaCOs accumulation in
the liquid medium [6]. 30 ml of NB-U/Ca were inoculated with 2% bacterial culture and allowed to incubate at 30 'C for 7

days at 130 rpm. Accumulated CaCOs was filtered with Whatman filter paper and dried at 60 °C for 3 hours.

The weight of the accumulated CaCOs is calculated according to the following equation.
Wc = Wfc — WF (1)

where (Wfc) is the weight of filter paper containing precipitant; and (Wf) is the weight of empty filter paper.

2.3. SEM and EDX analysis of the isolates.

The calcite accumulation of the bacteria was determined by scanning electron microscopy, calcium amount EDX analysis.
Samples were completely dried at room temperature, and then examined at accelerating voltages ranging from 30 to 35
kV by an SEM (Zeiss EVO50). Samples were gold coated with a sputter coating Emitech K575 prior to examination.

3. Results and Discussion

In our study, a bacterium isolated from soil was grown by adding urea to the enriched media and 11 strains with urease
activity were identified by 16S rRNA sequence analysis (Tablel).

Table 1. Names of Bacillus spp. isolated from soil and mapped species and similarities in Genbank

Isolates no Species name Genbank species match Similarity rate (%)
F4 Bacillus thurigiensis B. thuringiensis ATCC 10792 99
F6 Bacillus subtilis B. subtilis JICM 1465 99
F7 Bacillus thurigiensis B. thuringiensis ATCC 10792 82
F8 Bacillus macroides B. macroides LMG 18474 96
F9 Bacillus macroides B. macroides LMG 18474 99
F10 Bacillus mycoides B. mycoides NBRC 101228 98
F11 Bacillus thurigiensis B. thuringiensis ATCC 10792 99
F12 Bacillus macroides B. macroides LMG 18474 98
F13 Bacillus macroides B. macroides LMG 18474 98
F14 Bacillus thurigiensis B. thuringiensis Bt407 96
F15 Bacillus mycoides B. mycoides NBRC 101228 96

The sequences of the 16S rRNA gene region of the isolates were compared with those of the gene bank, and a
phylogenetic tree was constructed according to the maximum similarity index with the program MEGAS.2 (Figure 1).
Clostridium frigoris species was used as the outer group.
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F11
42| Bacillus thuringiensis (JN896993)
F4
F14

971 Bacillus cereus (KC990812)

N

Bacillus cereus (EU350369)

Bacillus mycoides (AY373357)
66

F15
86
F10
| Bacillus subtilis (NR_116017)
57" Bacillus subtilis (KC990823)
92 Sporosarcina pasteurii (KX212213)
99 Sporosarcina pasteurii (KX212210)
Sporosarcina pasteurii (KX212207)
91 Bacillus fusiformis (L14013)
93 100 — Bacillus sphaericus (L14014)
— Bacillus sphaericus (L14016)
Bacillus macroides (DQ350821)

r Clostridium frigoris (NR_036822)
lOOI— Clostridium frigoris (NR_114878)

0.02

Figure 1. Phylogenetic tree based on the 16S rRNA gene sequences of the isolated strains as compared to known bacterial
species. The NCBI accession numbers for known strains from the NCBI database are listed in parenthesis. Numbers at
the nodes indicate the bootstrap values on neighbor joining analysis.

A change in coloration following incubation on urea broth was recorded as an urease positive reaction. When organisms
utilize urea, ammonia is formed and this in turn makes media alkaline which then produces red pink colour. This increase
in pH causes the indicator to change from yellow to deep pink and is a positive test for urea hydrolysis [9]. Isolates in
broth showed a rapid and intense pink color development indicating its urea hydrolysis ability by urease enzyme. As a
result of the urease activity analysis, it was determined that the control strain Sporosarcina pasteurii had the highest
activity with 11.64 U/mg. After the control strain the species with the highest activity among the species belonging to the
genus Bacillus was identified as F10 (B. mycoides) isolate at 8.43 U/mg. Specific activities of the other isolates of F9, F6,
F12 and F4 were 8.16, 7.53, 7.55 and 6.42 U/mg, respectively. The specific activity of the F8, F11, F13 and F15 bacteria
was found to be lower than the other bacteria. When compared to the other bacteria, it was determined that the
bacterium with the lowest specific activity was F14 isolate at 2.66 U/mg (Table2). Since specific activity is dependent on
the purity of the protein, pH, temperature and other conditions of the assay [10].
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Table 2. Specific urease enzyme activity, CaCOs accumulation in liquid medium and Ca amounts according to EDX assay
of 1solates and S. pasteurii

Isolates Specific urease CaCOs accumulation Ca amount (in
activity (U/mg) in liquid medium weight %)
F4 (B. thuringiensis) 6,59+0,08 0.03 31,10
F6 (B. subtilis) 7,96%0,03 0.04 39,25
F7 (B. thuringiensis) 7,26+0,16 0.04 38,77
F8 (B. macroides) 4,43+0,01 0.18 28,12
F9 (B. macroides) 8,21+0,00 0.20 22,43
F10 (B. mycoides) 8,50+0,00 0.09 33,03
F11 (B. thuringiensis) 4,41+0,00 0.07 30,93
F12 (B. macroides) 7,57+0,01 0.07 30,93
F13 (B. macroides) 8,28+0,01 0.20 22,38
F14 (B. thuringiensis) 2,75+0,04 0.06 34,01
F15 (B. mycoides) 4,77+0,03 0.12 27,44
Sporosarcina pasteurii 11,64+0,03 0.53 48,52

In liquid medium supplemented with urea and calcium chloride, the maximum CaCO3; accumulation was determined to
be 0.53 g in control strain S. pasteurii. After the control strain, the maximum CaCO3; accumulation was measured as 0.20
g, 0.20 gand 0.18 gin F9, F13 and F8 isolates, respectively. CaCO3; accumulations of F15, F10, F12, F11, F14, F6 and F7
isolates were determined as 0.12 g, 0.09 g, 0.07 g, 0.07 g, 0.06 g, 0.04g, 0.04 g, respectively. The minimum CaCO;
accumulation was determined to be 0.03 g in the F4 isolate (Figure2, Table2).
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Fl11 F13

F15 S. pasteurii

Figure 2. CaCOs accumulation formed by S. pasterurii and some isolates after 7 days of incubation in NB-U/Ca liquid
medium.

The formation of CaCOj; precipitant is due to the hydrolysis of urea which results in the production of ammonia and
carbonate. Ammonia release act to raise the pH of the medium, while the condition favors calcium carbonate
precipitation. Carbonate binds calcium ions present in the medium resulting in the formation of calcium carbonate
crystals which are deposited in broth media. [11-14]. Urease activity and calcium carbonate accumulation in liquid media
were also shown to have biocatalytic properties in the isolates with enzyme activity in general.

Calcium carbonate deposits of the isolates were also detected by scanning electron microscopy. According to SEM images,
the isolates were found to carry out calcium carbonate accumulation (Figure3).
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S. pasteurii

Figure 3. SEM micrograph of microbiologically induced calcite precipitation of the isolates and S. pasteurii.

Also, calcium amounts were analyzed by EDX. As a result of the analysis, it was determined that the highest calcium
amount was in control with (in weight %) 48.52% S. pasteurii. The highest calcium amount after the control strain was
determinedin F6, F14, F10, F2, F12, F4, F11 isolates, respectively, with 39.25%, 34.01%, 33.03%, 31.95%, 31.36%, 31.10%,
30.93%. Calcium amount in other isolates was determined forF1, F8, F15, F9, F13 and F3 respectively, with 29.03%,
28.12%, 27.44%, 22.43%, 22.38 % and 19.78% (Table 2). The presence of high amounts of calcium in the bacterial isolates
confirmed the presence of calcite in the form of calcium carbonate. The isolates were grown at a higher rate in the
presence of oxygen and consequently induced active precipitation of calcium.

CONCLUSION

In this study, isolates of Bacillus species with urease activity were isolated from soil samples. The identification of the
isolated bacteria was carried out according to morphological characteristics and 16S rRNA sequence analysis. The urease
activities of the isolates identified at the species level were determined and the biocatalytic properties of the active
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bacteria were tried to be determined. In our study, it was determined that F13 and F9 isolates, identified as B. macroides
with biocalcification properties, formed calcite in excess in the liquid medium. Also, the F10 isolate, identified as B.
mycoides, was found to be high in urease activity. It is recommended that further investigation to utilize these isolates in
several applications should be performed.
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Anahtar Kelimeler

Uc Boyutlu Sonlu Elemanlar
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Tlnel Kazi Asamalari,
Jet-Grout,

Tiinel Destek Sistemlerinin insa
Asamalari

0z: Bu calismada, isvicre’nin Zirih kentinde yer alan Aescher tiinel 6rnegi temel alinarak,
tlnel kazi destek sistemlerindeki detay uygulamalar ve insa asamalari, G¢ boyutlu sonlu
elemanlar (3B SE) analizlerine tanitiimis olup kullanilan bu tinel tasarimi kapsaminda, kazi
ve insa asamalarinin analiz sonuglari Uzerindeki tedrici etkileri arastiriimistir. Jet-grout
kolonlarla yapilan tinel destek sistemleri, gelistirilen kapsamli 3B SE similasyonlarinda
gercek boyutlariyla kullaniimis olup jet-grout tahkimatini muteakiben yapilan kazi
uygulamalari, asamali insa metodolojisi temel alinarak, hassas bir bicimde modellenmis
ve analiz edilmistir. Bu sayede, jet grout destek sistemlerinin ve kazi asamalarinin tinel
insa strecindeki ilerleyisi ve bu asamalarin tiinel destek sistemlerine olan tedrici etkileri
gbz Onune alinarak, uygulanan tunel kazi sisteminin glvenligi gercekci olarak
arastirilabilmistir. Analizlerden elde edilen sonuclar, literatirde daha 6nce yayinlanmis
olan o6lcim sonuglari ile karsilastirilarak, gelistirilen modellerin  ve kullanilan
parametrelerin dogrulama islemleri gerceklestirilmistir. Bu kapsamda, gercek &lgim
sonuglarina oldukga yakin (gergek 6lgciim sonucuna kiyasla 1.1 mm’lik bir hata payi ile)
degerlere ulasilmistir. Boylece, jet-grout destek sistemleri kullanilan tinellerin 3B SE
analizlerinin, kazi ve insa asamalarinin tedrici etkileri dikkate alinarak, kapsamli bir sekilde
yapilabilecegi gosterilmis olup sunulan sonuglari temel alan uygulama detaylari ile ilgili
oneriler tartisiimistir.

3D Progressive Effects of Tunnel Excavation Jet-grout Support Systems and Construction Phases:

Switzerland Aescher (Zurich) Tunnel Example

Keywords

Three-Dimensional Finite
Element Analysis,

Tunnel Excavation Stages,
Jet-Grout,

Construction Stages of Tunnel
Support Systems

Abstract: In this study, considering the Aescher tunnel example in Zurich, Switzerland, the
detailed applications and construction stages in tunnel excavation support systems are
introduced to three-dimensional finite element (3D FE) analyses and within the scope of
this tunnel design used, the effects of the excavation and construction stages on the
analysis results are investigated. In the developed comprehensive 3D FE simulations, the
tunnel support systems with jet-grout columns are represented with their real
dimensions, and the excavation applications following the jet-grout implementations are
comprehensively modelled and analysed based on the staged construction methodology.
Accordingly, considering the progression of the jet grout support systems and excavation
stages in the tunnel construction process, the progressive effects of these stages on the
tunnel support systems, the safety of the applied tunnel excavation system are
investigated realistically. The results obtained from the analyses are compared with the
in-situ measured results previously published in the literature in order to validate the
developed models and the parameters considered. In this context, the obtained values
very close to the actual measured site-specific data have been attained (compared to the
actual measurement result a margin of error about 1.1 mm). Paper reveals that 3D FE
simulations of tunnels with jet-grout support systems can comprehensively be analysed
by considering the progressive effects of excavation and construction stages, accordingly
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1. Giris

Tuneller diger Ust yapilara kiyasla zemin ile daha fazla etkilesim halindedir. Bu nedenle tinellerin kazi agamalarinda
kullanilan kazim teknikleri ve olusacak ylzeysel oturmalar biyik énem arz etmektedir [1]. Bu durum farkl tinel kazim
teknikleri ve 6zel tiinel agma makinelerinin gelisimini saglamistir. Zemin iyilestirme yontemleriyle ilerlenen yondeki zemini
glclendirmek, tinel ylzinin zemin civileri ile gliclendirilmesi ve tinel ylizinUin Ustlinde koruyucu bir kalkan uygulanmasi
gibi 6nlemler, zayif zeminlerde yapilan tinel agma teknikleri kapsaminda ilgi gormus yaklasimlardir [1].

Bltln bu yaklasimlarin amaci, tinel yazinin 6ninde meydana gelen deformasyonlari azaltarak ylzey oturmalarini
sinirlamaya ¢alismaktir. Ayrica giniimuzde kullanilan ¢ogu tinel agma tekniginde, (6rnegin, Yeni Avusturya Tunel Agma
Metodu - NATM), olusan maksimum oturmanin yaklasik %50’sinin tiinel ylziinde gelistigi gbzlemlenmistir [2]. Bu sebeple
tlnel 6n yizinde yapilan giglendirmeler ile olusan oturmanin bolgesi tinelin arka ytziine kaymaktadir. Ayrica kalkan
tlnel yontemi ile olusan zemin basing dengesi (EPB), nihai oturmanin %25-30 kadarlik bir kisminda ttnel ylzQ Gzerinde
meydana gelmektedir [2]. SIg tinellerin merkezindeki oturmalarin normal kiimalatif dagilim fonksiyonu sekline sahip
oldugu varsayillmaktadir [3]. Tinel kazimi esnasinda zeminin Sekil 1’de goruldGgl gibi bir davranis sergilemesi beklenir [1].
Ek olarak Sekil 2'de yapilan kazi ve insa islemlerine bagli olusabilecek oturmalarin degisimi gdsterilmistir [2]. Olusacak bu
deformasyonu dnlemek igin sikistirma enjeksiyonu ve gegirgenlik enjeksiyonu gibi bazi teknikler kullanilabilir. Sikistirma
enjeksiyonu igin, zemine zarar vermeden yeterli viskoziteye sahip bir harg kullanilir. Bu yolla zemine radyal gerilmeler
uygulanarak zeminin ve harcin sikismast ile bir harg kabarcigi olusturulur [4]. Gegirgenlik enjeksiyonu icin, zeminin icindeki
hava bosluklari harg ile doldurularak zeminin tasima kapasitesi arttirilmaya calisilir. Ancak gecirgenlik enjeksiyonu
uygulamasinin zeminin gecirgenligi ile alakali bir problemi bulunmaktadir. Gegirgenligi az olan zeminlerde (6rnegin daha
ince taneli zeminler), daha dusuk viskoziteli kimyasallar gerekebilmektedir. Ayrica, zemine enjekte edilecek olan harg icin
zeminin anizotropisi ve homojen olmamasi gibi durumlar 6nem kazanmaktadir [4].

Oturma Hattinin
Olusumu

Tiinel Hatt1

Sekil 1. Tunel kazimi esnasinda olusan oturmanin Ug boyutlu temsili gosterimi [1]
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Sekil 2. Tunel yuzindeki tipik oturma degisimi [2]

Jet-grout Kolonlar

Sekil 3. Aescher Tineliicin kullanilan jet-grout kemer semsiyesinin temsili gésterimi. [8]

Sekil 3'de gosterilen kemer formu tlnel yizindeki radyal deformasyonlari azaltmada etkilidir. Radyal deformasyonlarin
azalmasi, tinelin arin ekstrizyonuna bagli hacim kaybindan olusan yizeysel disey deformasyonlarda azalmaya neden
olur [9]. Ylzeyde olusan disey deformasyonun kontroliinde, arin ekstriizyonunun ve arin desteginin énemi goz ardi
edilmemelidir [5]. Belirtilen jet-grout uygulamasi, farkli zemin sartlarinda ve tlinel geometrik varyasyonlarinda
kullanilabilmesiyle diger yapim tekniklerine gére avantajlidir [8].

isvigcre’nin Zirih kentinde yer alan Aescher Tiineli jet-grout kemer semsiyesi teknigi ile yapilmistir [8]. Bu proje sirayla
kumlu zemin, buzul moren ve molas ana kayasindan olusan bir zeminde birbirine yakin iki ylzeysel tinelden olusacak
sekilde tasarlanmustir [8]. Tuineller yaklasik olarak 2 km uzunlugunda, kesit alani 135 m? ve her biri 0,6 metre capinda olan
yataya yakin 39 adet jet-grout kolon kullanilarak tasarlanmistir [8]. Jet-grout kolonlardan olusan kemer formunda ise her
bir kolon yatay ile 11°lik agI yapacak sekilde zemine entegre edilmistir [8]. Sekil 4'te insa edilen tinellerin plan gorinusi
ve Aescher tlnelinin kesit gorinimi; Sekil 5'te ise jet-grout kolonlarin yerlesim teknigi gosterilmistir. Bu proje
kapsaminda insaat esnasinda ylzey oturmalari dizenli olarak izlenmistir. Olusan bu oturmalar ile hacim kaybi %0.35
olarak olcilmistir. Bu sonug, diger tiinel metotlariyla ulasilan élgiimlerle kiyaslandiginda yaklasik olarak esit bir hacim
kaybinin oldugunu géstermektedir. [1]

Bu calismada, isvicre’nin Zirih kentinde bulunan yataya yakin jet-grout kolonlarinin destek sistemi olarak kullanildig
Aescher tiinelinin gercege yakin 3B SE modellemesi yapilmistir. Bu kapsamda daha dnce Algin ve dig. [9] tarafindan yapilan
calisma, bu yayinda bir adim ileriye tasinarak kazi ve destek sisteminin insa asamalarinin tedrici etkisi 3B SE ortaminda
arastirilmistir. Tlnel elemanlarinin gercege uygun bir bicimde modellenebilmesi amaciyla eleman (mesh) sayisi, model
boyutu ve sinir sartlarinin belirlenmesi gibi durumlar i¢in yakinsama calismasi gerceklestirilmistir. Aescher tineliyle ilgili
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diger calismalardan farkli olarak bu calismada, 3B SE analizlerinde kazi asamalari ve tinel destek sistemlerinin insasi
dikkate alinmistir. Destek sistemlerinin insasi ve kazi asamalari 3B SE modeline hassas bir bicimde yansitilarak tinel gercek
boyutlariyla analiz edilmistir. Elde edilen sonuclar Coulter [1], Coulter ve Martin [8] ve Barla ve Bzowka [10] tarafindan
daha 6nce raporlanmis olan 6lgim sonuglari ile karsilastirilarak dogrulanmistir. Kullanilan hassas modelleme teknigi
sayesinde, gercek 6lciim sonuglarina oldukca yakin degerler elde edilmistir.
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Sekil 4. Aescher Tlnelinin plan gorinisi (a) ve Aescher Tunelinin kesit gérindmu (b) [8,10]
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Sekil 5. Jet-grout kolon teknigi kullanilan ttnelin kesit profili [1]

2. Materyal ve Metot

2.1. Aescher Tlneli

Aescher tlneli yumusak zemine oturtulmus iki paralel gizergahtan olusmaktadir [8]. Sekil 4 (a)’daki planda goruldigu
Uzere bu tinellerden biri Basel yoniinde digeri ise Luzern yoninde trafik akisini saglamaktadir [8]. Basel tiineli 2055 metre
ve Luzern tiineli ise 2090 metre uzunlugundadir [8]. iki tiinelin merkezi arasindaki mesafe 32 metre olup tiineller zemin
st ylzeyinden 70 metre asagida insa edilmistir [8]. Tlnelin insa edildigi buzul moren tabakasinda ilk asamada bicak kalkan
destek sistemi kullanilmaya karar verilmistir [8]. Ancak bicak kalkan kullanimi ile zeminde 350 mm’den blyUk oturmalarin
olacagi ongorulmustdr [3]. Bu ylzden ilgili tabakada jet-grout destek sistemi kullanilmasi uygun bulunmustur [3]. Aescher
tlnelinin gdérinimu ve tinel igerisinde yapilan puskirtme beton uygulamalari ile ilgili bazi gérseller Sekil 6’da verilmistir.
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Sekil 6. Aescher tlnelinin bazi gorintileri

Sekil 7’de Aescher tunelinin zemin profili verilmistir. Buzul moren tabakasi tGzerinde 0-10 m araliginda ince bir kum
tabakas! belirlenmistir. Bu tabakanin yogunlugu 19 kN/m3 ve i¢sel stirtinme agisi 30° olarak rapor edilmistir. Buzul moren
tabakasinin Ust ylzeyinde bazi kisimlarda yeralti suyu ile karsilasiimistir fakat tinel kazisi sirasinda buzul morenin kuru
oldugu gozlemlenmistir. Ayrica buzul morenin gakil ve ayrisik kayalar ile birlikte killi kum ve siltten olustugu belirtilmistir
[8]. Aescher tuneli ile ayni bdlgede yapiimis olan Eggrain tlnelinde de karsilasiimis olan buzul moren zemininin
granllometrisi Sekil 8’de gdsterilmistir [10]. Moren tabakasinin kuru yogunlugu 22-23 kN/m?3, elastisite modiilii 80 MPa,
efektif kohezyonu 5-20 kPa, efektif i¢sel strtiinme agisi 32-35° olarak raporlanmistir [11]. Diger tabaka olan molas kayasi
ise kumtas, silttasi, marn ve kil marnlarindan olusmaktadir. Molas kayasinin elastisite modiilii 2 GPa, yogunlugu 25 kN/m?3
icsel sirtiinme acisi 40° ve kohezyonu ise 1 MPa olarak 6l¢ciImustur [8].
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Sekil 7. Aescher tinelinin zemin profili [3]
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Sekil 8. Buzul morenin tane blyukligu grafigi [10]

Bicak kalkan kullaniminda ¢ok biytk deformasyonlar ile karsilasildigindan literatirde olduk¢a sik rastlanan
[3,6,13,7,14,8,10] kanopi formlu semsiye jet-grout destek sistemi bu tinelde kullaniimistir.

2.2. Jet-Grout Kolonlar

Jet-grout teknigi, dusik gecirgenligi bulunan zeminlerde kimyasal enjeksiyon uygulamasina alternatif olarak zemin ile
kimyasal karisimin karistiriimasi ile zeminin iyilestiriimesine imkan saglamaktadir.

Zemin tipine duyarl olan gecirimlilik enjeksiyonuna (permeabilite enjeksiyonu) nazaran, jet-grout teknigi hemen hemen
her ince taneli zemin igin kullanilabilmektedir [3] Jet-grout kolon Gretimi sirasinda ilk olarak kolon derinligine kadar celik
ug iletilir daha sonra, dnceden belirlenmis basing ile harg ve zemin karistirilarak jet-grout kolonlar olusturulur [15].

Jet-grout kolonlar; Ust yapidan temele gelen yiki tasima, kazi esnasinda ortaya ¢ikan yanal zemin kuvvetlerini karsilama
gibi bircok alanda kullanilabilmektedir [16]. Jet-grout yonteminin hemen hemen her tirli zemine istenilen derinlikte
uygulanabilmesi, jet-grout kolon uygulamasinin 6n plana ¢ikmasini saglamaktadir [15].

Sekil 3'te goruldugl Uzere 39 adet jet grout kolonu, tiinel sisteminde zemine 11”lik agi ile entegre edilmistir. Jet grout
kolon boylari 13 m ve kolonlar arasi mesafe 450 mm olarak belirlenmis olup her bir kolonun ¢api 600 mm olacak sekilde
jet grout kolon sistemi tasarlanmistir. Her bir ano 11 m oldugundan kolonlar icin 2 m bindirme mesafesi birakilmistir. Arin
kazisindan sonra 200 mm kalinliginda puskirtme beton ve hasir takviyesi yapiimistir. Jet-grout kolonlar asamali olarak
zemine insa edilmistir. Sekil 4(b)’de numaralandirilan kolonlardan oncelikle 14-26 nolu kolonlar, daha sonra 27-39 nolu
kolonlar ve son olarak ise 1-13 nolu kolonlar insa edilmistir. Olusturulan bu jet-grout kolonlar igin kullanilan parametreler
Tablo 1 [8])'de verilmistir.

Tablo 1. Jet-grout kolonlar igin kullanilan parametreler [8]

Parametreler Degerler
Pompa Basinci 40 MPa
Su:Cimento Orani 1:1
Delici Cubugun Donls Miktari 15 rpm
Delici Gubugun Geri Cekilme Hizi 0,5 m/min
Enjeksiyon Orani 12 m3/h

2.3. Modelleme ve Ug Boyutlu Sonlu Elemanlar Analizi

Bu calisma kapsaminda Aescher tlnelinin ¢ boyutlu modellemesi AutoCAD 2021 [20] yazilimi ile yapilmistir. Son
donemlerde literattrdeki calismalarda siklikla karsilasilan (6rnegin; [21-23]) ve bu ¢alismada tiinel destek sistemleri olarak
kullanilan jet-grout kolonlari gercege oldukga yakin bir bicimde her ayrinti dikkate alinarak orijinal boyutlariyla
modellenmistir. Karmasik yapidaki tlinel destek sistemi olan jet-grout kolonlarinin 3B SE analizine uygun bir bicimde
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modellenmesiigin yakinsama galismasi yapilmistir. TUm kati modelin sorunsuz bir sekilde sonlu elamanlar analizi yapilacak
programa aktariimasi icin en uygun format belirlendikten sonra kati model disari aktarilmistir. Disari aktariimis olan kati
modelin tim pargalari Abaqus [17] programinda sonlu elemanlar analizine tabi tutulmak Uzere iceri aktarilmistir. ice
aktarilan tim parcalarin geometrik kontrolleri yapildiginda sonlu elemanlar aglarina bdélinebilme durumu
degerlendirilmistir. Modelin analiz dncesi 6n kontrol islemleri tamamlandiktan sonra Abaqus [17] programi ile U¢ boyutlu
sonlu elemanlar analizi gercgeklestirilmistir. Sekil 9’da tasarlanan modelin AutoCAD [20] ortamindaki Gg¢ boyutlu
goruntlleri verilmistir. AutoCAD [20] programinda hazirlanan modelde ilk olarak kanopi form elde edilmistir. Bunun icgin
Coulter [1] tarafindan raporlanan ve Sekil 4(b)’ de de gorilen tinelin profil gérintistnin olcekli halinden yararlaniimistir.

Verilen 6lcekleme gorintusi Gzerinden cesitli yazilimlar araciligiyla ilgili koordinatlar okunmustur. Okunan koordinatlar
AutoCAD [20] programinda birlestirilerek kanopi form olusturulmustur. Ayni kesit kullanilarak jet-grout kolonlarin
merkezleri belirlenip kolonlarin merkez koordinatlari alinmistir. Sekil 5’te gosterilen model dikkate alinarak 13 metrelik
jet-grout kolonlari ve 11 m uzunlugundaki anolar kati halde modellenmistir. Basel yontndeki tinelin yaklasik 32 ile 33.
metrelik kismi arasinda en buylk oturmanin gozlemlenmesinden dolay [1] ilgili bolgede yer alan 3 adet ano secilip
modellenmistir. AutoCAD [20] programinin U¢ boyutlu modelleme kismi kullanilarak zemin kati modeli olusturulduktan
sonra her bir ano olusturulan kati modelden cikartilarak modelleme tamamlanmistir. Modelleme asamalari
tamamlandiktan sonra AutoCAD [20] programinda disa aktarma komutu ile ACIS dosyasi olarak model disa aktarilip bu
dosya ile Abaqus [17] programina model tasinmistir. Modelleme asamalari Sekil 9'da sunulmustur.

Sekil 9. Yapilan i¢ boyutlu modelin AutoCAD [20] programindaki goriintsleri; a) kanopi formun koordinatlarinin AutoCAD [20]
programina aktarilmasi, b) kolonlar ve anolarin t¢ boyutlu géruntuleri, c) kati zemin modelinden i¢ kismin gikariimis durumu, d)
hazirlanan kolonlar ve anolarin zemin igerisindeki gortntuleri

Hazirlanan modelin Gg¢ boyutlu sonlu elemanlar analizini yapmak icin model Abaqus [17] programina aktariimistir. Abaqus
[17] programina aktarma islemi yapildiktan sonra Tablo 2 [8]'de verilen zemin, jet-grout kolon ve puskirtme beton
parametreleri tanimlanmistir. Modelin hatasiz analiz edilebilmesi icin olusturulan model birlestiriimeden ayri parcalar
halinde aktarilarak bu pargalar Abaqus [17] programinda birlestirilmistir. Tinel destek sistemlerinin ve kazi agamalarinin
insasinin modellenebilmesi icin analiz ¢6zim adimlari tanimlanmistir. Her bir adimda anolarin kazimini tanimlayabilmek
icin baslangi¢c adimi haricinde toplamda 3 farkli adim tanimlanmistir. Kazi asamalariyla birlikte her adimda tiinel destek
sistemlerinin entegrasyonu da saglanmistir. 3B SE modelinde her bir ano ayri parcgalar halinde bulundugundan kazi
asamalari tanimlanirken ilgili parcalarin gerekli adimlarda deaktif olmasi Abaqus [17] programinda yer alan model degisimi
ozelligi kullanilarak saglanabilmistir. Model degisimi yonteminde ilk anonun kazilmasi i¢in birinci analiz adimi kullaniimistir.
ilk adimda sadece birinci anonun kazim asamasi gercekleseceginden ilk anonun i¢ kismi bu adimda deaktif edilmistir. ikinci
adimda ise ilk ano ve ikinci anonun kazilacak kisimlari tanimlanmistir. Son adimda 3 anonun da i¢ kisimlari deaktif edilerek
kazi asamasinin tamamlanmasi saglanmistir. Her ano kazisindan sonra ilgili paskirtme beton ve jet grout uygulamalari
modelde ayni anda aktif edilmistir.

Tunel destek sistemlerinin insa asamalarinin modele entegrasyonu kompleks bir problem oldugundan Abaqus [17]
programinda yer alan standart islevlerin disina ¢ikilarak kodlama sistemi kullaniimistir. Analiz adimlarina bagli materyal
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degisim sistemi, tinel destek sistemlerinin insa asamalarini modele yansitmak icin kullaniimistir. Modeldeki adimlara bagh
olarak belirlenen materyal degisim noktalari ve materyal 6zellikleri Abaqus [17] programinin standart araylzinde yer alan
mevcut sistem kullanilarak tanimlanmistir. Ancak analiz adimlarinin hangi asamasinda materyal degisiminin
gerceklesecegiyle ilgili tanimlama icin kodlama sistemine gerek duyulmustur. Bunun igin Abaqus [17] programinda analiz
baslatilmadan énce modelin is dosyasi olusturularak Python [18] tabanli bir kod dosyasi elde edilmistir. Bu dosya kodlama
sisteminde agllarak analiz adimlari ve materyal boélimunde gerekli olan islemler kodlanmistir. Model analiz edilirken
kodlama sisteminde degisiklik yapilmis girdi dosyasi kullanilarak tiinel destek sistemlerinin insa asamalari sisteme entegre
edilmistir. Boylece model degisim sistemi ve kodlama ile glincellenmis girdi dosyasi kullanilarak hem kazi asamalari hem
de tlnel destek sistemlerinin insa asamalari gercek duruma uygun bir bicimde analize yansitilmistir. Kazi asamalari ve
tinel destek sistemlerinin entegrasyonu tanimlandiktan sonra modeldeki parcalarin birbirleriyle iliskili baglantilar
olusturulmustur. Tunel sisteminin gercek durumu gozetilerek zemin tabakalari, ptskirtme beton uygulamasi yapilan
kisimlar ve jet-grout kolonlari 3B SE analize uygun olacak sekilde Abaqus [17] programinda birbirlerine baglanmistir.
Parcalar arasi baglanti kurulurken ylzeyden ylizeye temas segenegi kullanilmis olup ana yuzey-bagimli ylzey secimleri
yapilarak ylzeyler arasi etkilesim modele dahil edilmistir. Her bir baglanti sirasinda analiz iterasyonlarinin sorunsuz
ilerleyebilmesi icin baglanti ylzeylerinin baslangi¢c konumlarina getirilme ayarlari 6zellestirilmistir.

Abaqus [17] programinda olusturulan 3B SE modeline her bir katmanin birim hacim agirligi kullanilarak zemin govde yiki
tanimlamasi yapilmistir. Tablo 2’de de gosterildigi (izere kum tabakasi icin 19 kN/m3, buzul moren tabakasi icin 22 kN/m?
ve molas tabakasi icin 25 kN/m?3 birim hacim agirlik degerleri zemin gévde yiiki tanimlamasi icin kullanilmistir. Kullanilan
bu yikleme sistemine uygun olarak zeminin efektif gerilmelerini de hesaba katabilmek igin ylkleme kisminin bir diger
moddlinde yer alan geostatik stres tanimlamasi islemi modele uygulanmistir. Geostatik stres tanimlamasini uygun bir
bicimde yapabilmek icin modelin sol Ust kdsesi, ¢ boyutlu analiz sisteminde orijin noktasina tasinmistir. Daha sonra her
katman icin efektif gerilme tanim araligi programa girilmistir. Abaqus [17] yazilimi girilen efektif gerilme tanimlamasini
kullanarak tim ara noktalar icin efektif gerilme hesaplarini yapmaktadir. Yikleme kismi tamamlandiktan sonra sinir sartlari
modele tanimlanmistir. Sinir sartlarinin tanimlanmasi agsamasinda mesnetlerin konumlandirilacagi yerle ilgili analizin sinir
sartlarindan etkilenmemesi icin yakinsama galismasi gerceklestirilmistir. Modelin taban kismi ankastre olacak sekilde tim
yonlerde dénme ve deformasyona karsi sinirlandirilmis olup butin yan yizlerde sadece disey yondeki deformasyon
serbest birakilmistir.

Son asamada (¢ boyutlu sonlu elemanlar analizi icin model ag elemanlarina (mesh) boélinmdistir. Olusturulan modelde
kritik noktalarda gerekli mesh sikilastirmalari otomatik olarak yapilmistir. Karmasik yapida olan model kisimlarini sorunsuz
bir sekilde ag elemanlarina bélebilmek igin dort Gggen yizlU (tetrahedron) elamanlar kullaniimistir. Hazirlanan modelde
dis zemindeki dikdortgen forma nazaran jet-kolonlarin oldugu bélgelerde ag elemanlarina bélme islemleri icin kompleks
yapilar yer aldigindan standart ag elemanlarina bolme islemi kullanilamamistir. Bu nedenle zemin ¢ boyutlu sonlu
elemanlar aglarina bélinmeden 6nce eleman bigimleri hex formdan dort Gcgen yiizli forma donlstarilmistir. Bu sayede
ag modeli program tarafindan olusturulurken ozellikle dairesel kisimlarda ag sikilastirmalari yapilabilmistir. Ag
elemanlarina bolme islemi tamamlandiktan sonra model hem geometrik hem de malzeme acisindan nonlineer olarak
analiz edilmistir.

Nonlineer analiz sistemi kullanildigindan analiz esnasinda gesitli yakinsama problemleriile karsilasilmistir. Bu durum analiz
ciktilarinin hesabinda kullanilan iterasyonlar ile iliskildir. U¢ boyutlu sonlu elemanlar yéntemlerinde temel felsefe
belirlenen sinir sartlari cercevesinde belirli modeli ve/veya modelleri daha kiguk pargalara bolerek kiguk parcalarin
¢O6zUmUinden ana parcaya integrasyon yapmaktir. Bu yontemle yapilan nimerik analizlerde karmasik denklemler ve cok
sayida dikkate alinan parametre ile nihai sonuclara ulasilmaktadir. Gercege uygun modellemelerde fazla sayida ayrintinin
hesaplara dahil olmasi dogal olarak denklemlerdeki bilinmeyen sayisini arttirmaktadir. Cézimlemeler daha karmasik
oldugundan cesitli denklem sistemlerinde iterasyon asamalarinda tikanmalar yasanabilmekte ve dolayisiyla analizler
oldukga uzun surebilmektedir. Abaqus [17] programinda yapilan analizlerde karsilasilan yakinsama hatalari, analiz
esnasinda Abaqus [17] programi tarafindan olusturulan mesaj dosyasinda gorintilenebilmektedir [17]. Bu calisma
kapsaminda olusan yakinsama problemleri belirli araliklarla kontroller yapilarak takip edilmis ve analiz sistemi karsilasilan
hatalara bagli olarak iyilestirilmistir. Program tarafindan verilen uyarilar dogrultusunda ilgili dizenlemeler yapilarak analiz
basariyla tamamlanmistir.
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Tablo 2. Ug boyutlu sonlu elemanlar analizinde kullanilan malzeme parametreleri [8]

Y E v ¢ [

Malzemeler [kN/m?] [MPa] [-] [MPa] [°]

Kum 19 35 0.2 0.015 30

Buzul moreni 22 80 0.2 0.020 40

Molas ana kayasi 25 2000 0.2 1 40

Jet grout kolonlar 22 900 0.2 1.3 35
Piiskiirtme beton ortii 25 30000 0.2 - -

Sekil 10. Aescher tinelinin G¢ boyutlu modelinin boyutlari ve mesh gérinimi

3. Bulgular

Bu calisma kapsaminda analizi gergeklestirilen Aescher tiinelinin sahadaki insa asamalarinda, jet grout destek sistemi imal
edildikten sonra ilk ano kazilip ardindan kazilan bolgeye puskirtme beton uygulamasi yapilmistir. Diger anolar igin de
benzer bir yol izlenmistir. Gergcek durumla uyumlu olabilmesi agisindan yapilan lg¢ boyutlu sonlu elemanlar analizinde de
ayni adimlar modele tanimlanmistir. Her bir ano modelde ayri parcalar olarak tasarlandigindan kazi asamalarinin modele
yansitilmasi icin ano kati model parcalarinin belirlenen asamalarda deaktif olmasi saglanmistir. Gergek uygulamaya
oldukca benzer sekilde yapilan analizin son adiminda 3 ano da deaktif edilerek kazi asamasinin tamamlanmasi saglanmistir.
TUnel destek sistemlerinin insa asamalari, kazi asamalariyla birlikte modele entegre edildiginden bu tip kompleks bir
problemin ¢ézllmesi icin Abaqus [17] yaziliminin kodlama modulinden yararlaniimistir. Malzeme degisim sistemi, tlinel
destek sistemlerinin insa asamalarini modele yansitmada basarili sonuglar vermistir. Modelin girdi dosyasinin kodlama
sisteminde acilabilir formatta olmasi analiz adimlarinin ve materyal bolimundeki degisimlerin sisteme aktarilmasinda
fayda saglamistir.

Gerekli islemlerin hassas bir sekilde yapilmasiyla Aescher tiinelinin 3B SE analizi Abaqus [17] yazilimi kullanilarak gercek
duruma uygun bir bicimde tamamlanmistir. Sekil 11’de tamamlanan nimerik analizin deformasyon degerleri (metre
cinsinden) ve modelde olusan deformasyon bdlgeleri sunulmustur. Analiz sonucunda, maksimum oturma miktari 26.10
mm bulunmus olup bu deger ilk olarak Coulter [1], devaminda Coulter ve Martin [8] sonrasinda Barla ve Bzowka [10]
tarafindan rapor edilmis olan yaklasik 25-26 mm araligindaki gercek 6l¢im sonucu ile oldukga uyumludur.
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Sekil 11. Aescher tinelinin Gg boyutlu sonlu elemanlar modelinin oturma sonuglari ve deformasyon bolgelerinin
goranimu

Aescher tlneliyle ilgili yapiimig diger ¢alismalardan farkli olarak bu galismadaki analizde kazi asamalari ve tiinel destek
sistemlerinin insa asamalarinin analize entregrasyonu saglanmistir. Bu kapsamda analizin baslangic adimi sonrasindaki
birinci adiminda ilk ano kaziminin gerceklestirilmesi, ilgili bolgeye puskirtme beton ve jet-grout kolonlarinin uygulamasiyla
Sekil 12.a’da gosterildigi Uzere 22.25 mm’lik bir oturma olacagi belirlenmistir. Analizin ikinci adiminda, ilk anodan sonra
ikinci ano kaziminin da gergeklestirilmesi, ilgili bolgeye piskirtme beton ve jet-grout kolonlarinin uygulamasiyla Sekil
12.b’de gosterildigi Gizere 25.28 mm’lik bir oturma degerine ulasilacagi sonucuna varilmistir. Analizin son adiminda ise ilk
ve ikinci anodan sonra tglincl ano kaziminin da gercgeklestirilmesi, ilgili bolgeye plskirtme beton ve jet-grout kolonlarinin
uygulamasiyla Sekil 12.c’de gosterildigi Gzere nihai olarak 26.10 mm’lik bir oturma gergeklesecegi belirlenmistir. Sekil
12’de her bir kazi asamasinda olusan deformasyon bolgeleri gosterilmistir.

Uc boyutlu sonlu elemanlar analizi sonucunda maksimum deformasyon bélgesi tiinelin merkez hattindan 32 metre

uzaklhkta bulunmustur. Her analiz asamasinda elde edilen maksimum deformasyon bolgelerinin beklenilen alanlarda
konumlandigl gértlmastir. Son analiz adimi sonrasi ulasilan 26.10 mm’lik maksimum oturma degerinin gergek 6lcim
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sonuglariyla oldukca uyumlu olmasi modelin hassasiyetini ve gercek duruma yakin bir analizin yuariattlddgind
dogrulamaktadir.

Sekil 12. Her bir anonun kazim asamasinda ortaya ¢ikan deformasyon bdlgeleri; a) Ano 1 b) Ano 2 ¢) Ano 3
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4. Tartisma ve Sonug

Bu calismada, Isvicre’nin Ziirih kentinde yer alan Aescher tiinel 6rneginin temel alindigi analizde kazi asamalariyla birlikte
tlnel destek sistemlerinin insa asamalarinin belirtilen tekniklerle modele yansitiimasi, Aescher tiineliyle ilgili yapiimis 2B
ve 3B sonlu elemanlar analizi konulu diger calismalardan farkl olarak gercek duruma daha yakin bir bigimde
similasyonlarin gergeklestirilmesini saglamistir. Analiz sonucunda, maksimum oturma miktari 26.10 mm bulunmus olup
gercek boyutlariyla modellenen jet-grout kolon destek sistemi ve kazi agamalarinin tiinel insa strecindeki ilerleyisi de goz
onlne alindiginda ylzey oturmalarinin yalnizca belirli bir alanda olustugu ve jet-grout destek sisteminin disey yondeki
oturmayi buylk 6lclide 6nledigi gozlemlenmistir. Analiz sonrasi nihai durumda ulasilan 26.10 mm’lik maksimum oturma
degerinin ve deformasyon bolgelerinin gercek olcim sonuglariyla oldukca uyumlu olmasi, bu calismada kullanilan
tekniklerin gecerliligini gosterir niteliktedir.

Ayrica sunulan analiz sonuglarindan gorilecegi lGzere kazi asamalariyla birlikte tiinel destek sistemlerinin insasi ve kazi
asamalarinin da modele yansitilmasi, tiinel insa strecindeki deformasyonlari asama asama incelemeyi saglamaktadir.
Boylece tlinel insa asamalarinda olusabilecek anormal deformasyonlarin énceden belirlenip gerekli dnlemlerin alinmasi
saglanabilir. Bu kapsamda ozellikle anormal deformasyon olusabilecek destek yapilari kullanilan karmasik tinel
sistemlerinin, bu ¢alismada 6nerilen tekniklerle kazi ve destek yapilarinin insa asamalari dikkate alinarak tc¢ boyutlu sonlu
elemanlar yontemiyle analiz edilmesinin uygun olacagl kanisina varilmistir.
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