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AMAC ve KAPSAM

Karaelmas Fen ve Mithendislik Dergisi (https://dergipark.org.tr/tr/pub/
karaelmasfen), Zonguldak Biilent Ecevit Universitesinin resmi yayin
organidir.

Derginin amact, Fen Bilimleri, Temel Saglik Bilimleri ve Miihendislik
Bilimleri alanlarinda yapilan 6zgin aragtirma makaleleri, derlemeler, kisa
makaleler, teknik not, kitap elestirileri ve bilimsel nitelikli editére mektup-
lar1 yayinlayan uluslar arasi ve saygin bilimsel bir dergi olmaktur.

Bu dergide yayinlanan makaleler, bagimsiz ve onyargisiz ¢ift-korleme
hakemlik (peer-review) ilkeleri dogrultusunda bir danisma kurulu tarafin-
dan degerlendirilir. Makaleler baglica alt: kategoride yayimlanur: (1) “Arag-
tirma Makaleleri”, (2) “Derleme Makaleler”, (3) “Kisa Makaleler”, (4)
“Teknik Not ve Vaka Takdimleri”, (5) “Editére Mektuplar”, (6) “Kitap ve
Yazilim Program: Elestirileri”. Makaleler Tiirkge veya Ingilizce dillerinde
yazlabilir; Ingilizce veya Tirkge Ozetler ile anahtar sézciikler icermelidir.

Karaelmas Fen ve Mihendislik Dergisi, Haziran ve Aralik aylarinda
olmak tizere yilda iki kez yayinlanmaktadir ve https://dergipark.org.tr/tr/

pub/karaelmasfen internet adresi tizerinden takip edilebilir.

Yayim Izni

Bireysel kullanim diginda, Karaelmas Fen ve Mihendislik Dergisi'nde
yayimlanan makaleler, sekiller ve ¢izelgeler yazili izni olmaksizin ¢ogal-

tilamaz, bir sistemde argivlenemez veya reklam ya da tamitim amagh
materyallerde kullanilamaz.

Bilimsel makalelerde, uygun sekilde kaynak gosterilerek alinti yapilabilir.

Abone Iglemleri

Karaelmas Fen ve Miihendislik Dergisi, Universite Kiitiiphanelerine ve
bilim insanlarina diizenli olarak ulagtirilmaktadir. Yayimlanan makalelerin
tam metnine, gizelgelerine ve 6zetlerine ¢evrim-igi olarak https://dergi-
park.org.tr/tr/pub/karaelmasfen adresinden tcretsiz olarak erisilebilmek-
tedir.

Yazilarin Bilimsel ve Hukuki Sorumlulugu

Yayimlanan yazilarin bilimsel ve hukuki sorumlulugu yazarlarina aittir.
Yazilarin iceriginden ve kaynaklarin dogrulugundan yazarlar sorumludur.
Editér, Yardimer Editorler, Yayin ve Danigma Kurulu tyeleri ve Yayimer,
dergideki hatalardan veya bilgilerin kullanimindan dogacak olan sonuglar-
dan dolay: sorumluluk kabul etmez.

Yazarlarimizin etik ihlalleri ile ilgili tim iddia ve kesinlesmis siirecler
kendi sorumluluklarinda olup, kesinlesen etik ihlalleri durumunda makale
otomatik iptal edilir.

AIMS and SCOPE

Karaelmas Science and Engineering Journal (https://dergipark.org.tr/
tr/pub/karaelmasfen), is the official journal of Zonguldak Bilent Ecevit
University.

The journal’s aim is to be scientific journal publishing original papers,
reviews, short communications, technical notes and scientific editorial let-
ters of science in the following areas: basic sciences, basic medicine science
and engineering fields.

Articles submitted to this journal are evaluated in a double blinded peer-
reviewed fashion by an advisory committee. Articles are published mainly
in six categories: (1) “Research articles”, (2) “Review Articles”, (3) “Short
Communications”, (4) “Technical Notes and Case Reports”, (5) “Letters
to the Editor” and (6) “Book/Software Reviews”. All articles may be
written in Turkish or English, and should include English and Turkish
abstracts and key words.

Karaelmas Science and Engineering Journal is published two issues per
year in June and December.

The journal has also been available on-line by a website: https://dergipark.
org.tr/tr/pub/karaclmasfen

Permission Requests

Manuscripts, figures and tables published in the Karaclmas Science and

Engineering Journal cannot be reproduced, archived in a retrieval system,
or used for advertising purposes, except personal use.

Quotations may be used in scientific articles with proper referral.

Subscriptions

Karaelmas Science and Engineering Journal is delivered complimentarily
to University Library and scientists Tables of contents, abstracts and full
texts of all articles published are accessible free of charge through the web
site https://dergipark.org.tr/tr/pub/karaclmasfen

Material Disclaimer

Scientific and legal responsibilities pertaining to the papers belong to
the authors. Contents of the manuscripts and accuracy of references are
also at the authors’ responsibility. Editor, Associate Editors, Editorial and
Advisory Board members and the Publisher decline responsibility for
errors or any consequences arising from the use of information contained
in this journal.

All claims and finalized processes regarding violations of ethics by our

authors are under their own responsibility, and in case of ethical violations,
the article is automatically canceled.
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YAZARLARA BiLGILER

Karaelmas Fen ve Mithendislik Dergisi, Fen Bilimleri, Temel Saglik
Bilimleri ve Mihendislik Bilimleri alanlarinda yapilan 6zgiin aragtirma
makaleleri, derlemeler, kisa makaleler, teknik not, kitap elestirileri ve
bilimsel nitelikli editére mektuplar: yayinlayan uluslararas: bir dergidir.
Aralik ve Haziran aylarinda olmak tizere yilda iki kez yayinlanir. Dergi,
http://fbd. beun.edu.tr internet adresi tizerinden takip edilebilir.

Dergide yayinlanacak makale tiirleri agagidaki gibidir.

Aragtirma makalesi: Makale mutlaka orijinal ve daha énce hi¢ bir
dergide basilmamg veya sunulmamig olmali, tablo ve gekiller dahil 20
sayfay1 gegmemelidir.

Derlemeler: Herhangi bir aragtirma alanindaki son yillarda yasanan
gelismeleri ve bu konuda son yillarda yapilmis ¢aligmalarin bir araya
getirildigi makale tiridir. 15 sayfay: gegmemelidir.

Kisa makaleler: Kiigiik ¢apta yapilan caligmalar, orijinal aragtirma
deneylerinin 6n sonuglarindan, yeni buluglar ve klinik deneylerden
olugmali ve 5 sayfay: gegmemelidir.

Teknik notlar, Olgu sunumlar:: Bilimsel olarak énemli katki sunan
raporlardan olusmali ve 3 sayfay: gegmemelidir.

Editore mektuplar: Herhangi bir aragtirma konusuna ait fikirler,
haberleri, 6nerileri kapsamalidir ve 2 sayfay: gegmemelidir.

Kitap veya yazilim programlarina ait elestiriler: Kitap veya yazilim
programu hakkindaki kisa ve ozet bilgileri icermelidir ve 1 sayfay1
gegmemelidir.

YAYIN KURALLARI

Dergide yayinlanacak makalelerin yazim dili Tiirkge veya Ingilizcedir.
Yazim kurallarina uymayan makaleler, hakemlere gonderilmeden
duzeltilmek tizere yazara geri gonderilir. Bu nedenle derginin yazim
kurallar: dikkate alinmalidir. Makaleler sekiller ve cizelgeler dahil
20 sayfay1 gegmemelidir. Dergiye yayin icin génderilen makaleler iki
uzman hakem tarafindan degerlendirilir ve yayinlanmasina editor
tarafindan karar verilir. Dergiye gonderilen yazilar bagka bir yerde
yayinlanmamis veya yayinlamak tzere gonderilmemis olmalidir.
Dergide yayinlanmak tzere kabul edilmis olan yazilarin yayin haklar:
Karaelmas Fen ve Mihendislik Dergisine aittir. Diizeltilmis yazilar 3
ay icerisinde editére gonderilecektir.

Makalelerdeki tiim degisiklikler yazarlar: tarafindan yapilir. Son gekli
verilen ve yayina hazirlanan makaleler tizerinde yazarlarca bir degisiklik
yapilamaz. Her ne nedenle olursa olsun makalesinin yayinlanmasindan
vazgegen bir yazar, makalesini dergiye sunum tarihinden itibaren en
fazla iki ay icerisinde gekebilir. Hayvan deneylerinde etik kurul izin
belgesi gereklidir.

MAKALE SUNUMU
Makaleler elektronik ortamda sunulacaktur.

YAZIM KURALLARI

* Makale A4 boyutlu kagida, tek yiize, tiim kenarlardan 2.5 cm
bosluk birakilarak, ¢ift satir aralikli yazilmalidir.

vV

*  Yazim bi¢imi, Times New Roman yaz: tipi ve 12 punto biiyiik-
ligtinde Microsoft Word Processor kullanilarak hazirlanmalidur.
Tamamu siyah-beyaz renkte olmalidir (sekil ve ¢izelgeler dahil).

* Satir baslar1 numaralandiridmalidir. Sayfa numaralari, sayfalarin
alt orta bolimlerine konmalidr.

e Makalenin ana bélimleri, Tirkge Oz, Ingilizce Oz (Abstract),
Giris, Gereg ve Yontem/Yontemler (Saha tanimlamalari, ¢aligilan
malzeme v.d. Yontemler kisminin altinda alt baglik olarak verilme-
lidir), Sonuglar, Tartiyma/Sonuglar ve Oneriler, Tesekkiir ve Kay-
naklardan olusur. Oz haric biitiin boliimler numaralandirilmalidir.

e Latince isimler italik olarak yazilmalidur.

Kapak Sayfasi: Yazinin ayr1 word dosyas: olarak bir baghk sayfas:
olmalidir; bagslik; tim yazarin tam adi, kurumlar ve ORCID ID’leri;
sorumlu yazarin iletigim adresi ve e-posta adresi.

Kapak Yazis1 Plani:

e Tirkge ve Ingilizce baslik

*  Yazar adlari ve adresleri

*  Sorumlu yazarin ads, adresi ve e-posta adresi
e Kisa baghk

e Tim yazarlarin ODCID numaralar

Baglik: Metne uygun kisa ve anlagilir olmalidir. Ortalanmug olarak,
sadece ilk harfi biiylik sonrakiler kiigiik, 14 punto ve koyu olmalidur.

Yazar adlar1 ve adresleri: Bagligin altindaki yazar isimleri kisaltmasiz,
ad1 ve soyad: (varsa ikinci ismi veya soy ismi) kuclik harf ile
ortalanmig olarak 12 punto ve koyu yazi karakteri ile yazilmalidir.
Yazar isimlerinden sonra adres belirtmek i¢in tst simge olarak rakam
kullanilmalidir (* 23 gibi). Sorumlu yazar isminde yildiz semboli
olmalidir (*). Yazarlarin tam adresleri kiigtik harfle, ortali ve 10 punto
olarak yazilmali, Universite, Fakiilte, Bélim ve Sehir belirtilmelidir.
Sorumlu yazarin e-posta adresi, adresinin sonunda mutlaka
verilmelidir.

Oz ve Anahtar Kelimeler: Ozetler 10 punto ile yazilmali ve 250
kelimeyi gegmemelidir.

Tiirkge ve Ingilizce 6zetin altinda 2-6 kelimeden olugan Anahtar
kelimeler yazilmalidur.

Ozet Sayfasinin Plam

1. Tirkge makalelerde

a) Turkce Baglik
b) IngilizceBaslik
¢) Yazar Adlar
d) Orcidid

e) Adres(ler)

f) Oz

g) Anahtar Kelimeler

h) ingilizce Abstract

1) Ingilizce Anahtar Kelimeler
(Keywords)
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2. 1ngilizce makalelerde

a) Ingilizce Baglik f) Abstract
b) Tirkge Baglik g) Keywords
¢) Yazar Adlar h) Oz

d) Qrcid id
e) Ingilizce Adres(ler)

Tam Metin: Makaledeki anabagliklar ve varsa alt baglklar anlagilir
olmalidir. Ana metin bagliklar: sola yanagik, bas harfi biiyik, 12
punto ve koyu renkli olmalidir. Alt bagliklar 10 punto, kiigiik ve italik
yazilmalidir.

1) Anahtar Kelimeler

Girig: Aragtirmanin amacit, 6nemi ve konusunda yapilmis yayinlar
arasindaki yeri belirtilmelidir.

Gere¢ ve Yontem/Yontemler: Uygulanan yontemler ve teknikler
anlagilir bir geklide verilmelidir.

Sonuglar: Bu bolimde elde edilen bulgulara (sonuglara) yer verilmeli,
sonuglar gerekirse sekil ve ¢izelgelerle de desteklenmelidir.

Tartigma: Elde edilen bulgular ilgili literatiirlerle kargilagtirilmalidur.
Sonuglarin benzer ve farkliliklari yorumlanarak, ¢alismadan elde
edilen bulgular 6zetlenmelidir.

Tesekkiir: Aragtirmaya destek olan kisi ve kuruluglara yapilan
tesekkirleri igermelidir.

Her tiirli ¢ikar ¢atigmasi, finansal destek, yazarlarin katki beyani, bagis
ve diger editoryal (istatistik analiz, Ingilizce/Tiirkee degerlendirme)
ve/veya teknik yardim var ise metnin sonunda sunulmalidur.
Kaynaklar: Yayinlanmams bilgiler kaynak olarak verilmemelidir.
Ancak, tamamlanmis ve jiriden ge¢mis tezler kaynak olarak verilebilir.
Kaynaklar, makale sonunda alfabetik sirada (yazar soyadlarina gore)
verilmeli, yazar adi ve soyadlari, makalenin basim tarihi koyu olarak
yazilmalidir.

Kaynaklarin metin igerisindeki kullanimi agagida verilmistir:

1. Tirkge Makalelerde:
Tek yazarh ¢aligma (Regat 2001, Landen 2002).

iki yazarli ¢aligma (Aydan ve Genis 2008, Stanley ve Tunaz 1999,
Biiyiikgiizel ve Yazgan 2002) seklinde belirtilmelidir. Ug ve daha fazla
yazar sozkonusu ise, (Kuscu vd. 2002, Yilmaz vd. 2007) seklinde, ayn1
yazarin birden fazla makalesi kullanilacaksa (Simith vd. 1995a,b,1997)
seklinde olmalidir. Herhangi bir kaynaktan alint: yapilmigsa: Aydan ve
Genis (2008)e gore.....seklinde olmustur; Yilmaz vd. (2007)e gore;
diye yazilmahdir.

2. Ingilizce Makalelerde:
Tek yazarh ¢alisma (Landen 2002).

1ki yazarli galisma (Anderson and Pratt 2002, Biiyiikgiizel and Yazgan
2002). Herhangi bir kaynaktan alinti yapilmigsa Unli and Gergek
(2003) gore...seklindedir, diye belirtilmelidir.

Ug ve daha fazla yazardan olusan calismalar (Evans et al. 2001,
Landen et al. 2004) seklinde olmalidir. Alint1 yapilacaksa Landen et
al. (2002)’ye gore; diye yazilmalidir.

Kaynak gosterilecek yayinda kag isim varsa, kaynaklar bolimiinde
timi belirtilmeli, kisaltma yapilmamalidur.

Tiirkee ve Ingilizce makalelerde, yazilim programlar metin igerisinde
ismi ve yil belirtilerek (PROC GLM, SAS Institute 1999) seklinde

verilmelidir.

Kaynaklarin metin sonunda verilis sekilleri agagidaki gibidir:

Makale:

Biiyiikgiizel, K., Yazgan, $.1996. Bazi antibiyotiklerin endoparazitoid

Pimpla turionellae L. (Hymenoptera: Ichneumonidae)'nin yagama ve

gelisimine etkileri. Turk. J. Zool.,20:1-7.

Ozer, M., Perc, M., Uzuntarla, M. 2009. Stochastic resonance on
Newman-Watts networks of Hodgkin-Huxley neurons with local
periodic driving. Phys. Let. A, 373 : 964-968.

Kitap:
Resat, U. 2001. Uygulamal: Jeoteknik Bilgiler. 4. Basim, TMMOB
Jeoloji Mihendisleri Odast Yayinlari, Nitelik Matbaacilik, Ankara,
385 s.

Sanford, RJ. 2003. Principles of fracture mechanics, Prentice Hall,
Pearson Education, Inc. Upper Saddle River, USA, 404 pp.

Kitapta Bolim:

Cheeseman, KH. 1993. Lipid peroxidation in biological systems.
In: B. Halliwell, O.I. Auroma [eds.], DNA and Free Radicals. Ellis
Horwood, London, pp. 12-17.

Rapor:

Makarewicz, JC., Lewis, T., Bertram, P. 1995. Epilimnetic
phytoplankton and zooplankton biomass and species composition in
Lake Michigan, 1983-1992.U.S. EPA Great Lakes National Program,
Chicago, IL. EPA 905-R-95-009.

Kongre, Sempozyum:

Kuscu, S., Azar A., Kisa, A. 1997. Arsiv bilgi ve belgelerinden
yararlanilarak grafik kadastronun sayisallagtirilmasi ve bir uygulamanin
sonuglar. 6. Harita Kurultayi,s. 211-222, Ankara.

Kaplan, A. 2000. Ankara havasinda bulunan biyolojik partikiiller. XV.
Ulusal Biyoloji Kongresi, s. 45-50, Ankara.

1nternet:

Eger bir bilgi herhangi bir internet sayfasindan alinmus ise (internetten
alinan ve dergilerde yayinlanan makaleler harig), kaynaklar bolimiine
internet sitesinin ismi ve konu baghg1 tam olarak yazilmalidir.

Anonim web sayfasi:

Leafy seadragons and weedy seadragons. 2001. Jetp//www.
windspeed. net. au/jenny/seadragons/

Yazarli web sayfasi:
Dawson, J., Smith, L. Deubert, K. 31 Ekim 2002. A¢£p.//studytrekk.
lis.curtin.edu.au/ seklinde belirtilmelidir.

Baskida olan makale:
Evans, MA. 2002. Makale baslhigi. Dergi. (baskida).
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Tezler:

Ozcan, A. 2006. Endiistriyel atiklar ve polipropilen lif iceren saha
betonlarinin 6zelliklerinin aragtirilmast. Yiiksek Lisans Texi, Zonguldak
Karaelmas Universitesi, 70 s.

Yazilim:

SAS Institute. 2001. PROC user’s manual, version 6th ed. SAS
Institute. Cary, NC.

Cizelgeler ve Sekiller: Tim sgekil ve cizelgeler makale igerisinde
strayla numaralandirilmali (Cizelge 1., Sekil 1., Cizelge 2 ve 3, Sekil
2 ve 3; Sekil 4., Cizelge 2.), sekillerin sira numaralar1 ve bagliklary
altta, cizelgelerinki ise tstlerine yazilmahdir. Grafik ve sekiller sayfa
boyutlar: dikkate alinarak ¢izilmelidir. Cizelge ve sekilllerin baglk ve
aciklamalari, Kaynaklardan sonra ayri sayfalar halinde Cizelgeler dizini
ve Sekiller dizini olarak hazirlanmalidir. Agiklamalardan sonra ayri
sayfalar halinde ¢izelge ve sekiller verilmelidir. Grafikler, ¢izimler ve
fotograflar JPEG ya da TIFF formatinda (en az 600 dpi ¢oztintrlikte)
siyah-beyaz veya renkli olarak sunulmalidir. Fotograflarda bliyttmeyi
gostermek i¢in mutlaka bar kullanilmalidir.

Cizelgede verilecek olan verilerde standart sapma veya standart
hatalar (1.42 + 1.36) seklinde, istatistiksel analiz yapilmigsa (731.2ab)
seklinde, bunlarin baglik olarak yazilis sekilleri de (ort + SE; ort + SD,
vb.) gibi olmalidir.

Denklemler: Matematiksel ifadeler “Equation Edit6r” (word orta-
minda) kullanilarak 9 punto ve alt ve ist indisler 8 punto yazilma-
lidir. Metin igerisinde gegen esitlikler normal parantez () igerisinde
numaralandirilmalidir. Denklem sira numaras: ile birlikte (parantez
icerisinde) yazilmalidir.

Matematiksel denklemlerdeki esitlikler:

R =Abamype +Blog  (f)  (2) scklinde olmalidur.

Ekler: Tim ekler ayr1 sayfaya yazilmali ve Romen rakamlar ile
numaralandiriimalidir.

Matematik dalinda yayin goénderecek yazarlarin konu siniflandirma
numarasini (AMS-Mathematical Subject Classification Number)
belirtmeleri gerekir.

Semboller ve Birimler: Metrik sistem veya SI birimleri (kPa, kIN/
m?, g/cm?, m/sn, g/m?®, v.b.) kullanilmalidir. Gerek metin i¢inde ve
cizelgelerde, gerekse sekillerde rakamlarin ondalik bolimlerinin
belirtilmesi i¢in nokta kullanilmalidir (10.25 gibi). Yiizdelik birimler
(%50) seklinde belirtilmelidir.

Kisaltmalar: Zamanla ilgili olan kisaltmalar: sa (saat), dk (dakika), sn
(saniye), y (y1l), hf (hafta) olarak belirtilmelidir. Tarihler verilirken giin
ay ve y1l kisaltma yapmadan tam olarak yazilmalidir (23 Ocak 2007).

Sayilar: Sayilar climle baglarinda yazi ile verilmelidir. Birden
dokuza kadar olan sayilar yaz ile, 10 ve daha biyik sayilar rakamla
belirtilmelidir. Birden kii¢iik olan sayilar (0.05, 0.56, 0.50, P < 0.05,
v.b.) olarak belirtilmelidir. Binden biiyiik sayilarda yiizden sonra olan
kisimlar virgiille ayrilmalidir (100, 000).

Dipnotlar: Cizelgede kullanilacak olan dipnotlar istatistiksel analiz
yapildig1 durumlarda (*P<0.05; ** P<0.01; ** P<0.001; NS, istatistiksel

olarak onemsizdir, v.b.) seklinde olmalidir.

Derginin bir sayisinda, ilk isim olarak bir yazarin Ggten fazla eseri
basilamaz. Donemler igerisinde tigten fazla eser gonderilmisse, ilk tigi
diginda kalanlar daha sonraki sayilara aktarilir.

Matematik ve ilgili konular i¢in makalenin hazirlanmasi su sekilde
olmalidir:

Makalenin ilk sayfasinda, Matematik Reviews yillik dizini itibaren en
az bir 2010 MSC (Matematik Konu Siniflandirmasi) numaralarin

icermelidir. MSC Konu Simiflandirmas: http://www.ams.org/math-
scinet/msc/msc2010.html adresinden temin edilebilir.

Kaynaklar bélimiinde, yazarlarin soy isimleri alfabetik siraya gore
dizilmeli ve numaralandirilmalidir [1],[2],..gibi. Metin igerisinde
kaynak numaralar1 kogeli parantez icerisinde alinmalidir, [23] veya
[12]-[15] gibi. Formiil numaralarini ayirt etmek i¢in, yuvarlak parantez
icinde tirnak igerisine alinmalidir. Yukaridaki sartlari saglamayan
yayinlar degerlendirmeye alinmaz.

Makale Yazim Kontrol Listesi

Makale dergiye sunulmadan 6nce makalenin yazim kurallarina uygun
olup olmadifindan emin olmak i¢in agagida belirtilen kontrolleri
yapiniz.

e Bagslik sayfas: eklendi mi?

o Imlave dilbilgisi kontrolii yapild: mi?

e Tum sayfa diizeni ¢ift aralikli yazildi mi?

* Koselerden 2.5 cm bogluk birakildi m1?

*  Yaz tipi Times new roman ve buyukligi 12 punto mu?

*  Metin icerisindeki basliklar sola yanastk, 12 punto ve koyu renkli
yazildi m1?

e Tim yazarlarin adlar: ve soyadlar kisaltma yapilmadan belirtildi
mi?

e Adresler belirtildi mi?

e Bagslik 14 punto koyu yazi karakteri ile ortalanarak yazildi mi?

e Tirkge Oz ve Anahtar Kelimeler yazildi mi?

. 1ngilizce Abstract ve Keywords verildi mi?

* Kaynaklar yazim kurallarina gore ve alfabetik sirayla yazildi m1?

e Ondalik dilimler nokta ile belirtildi mi? (10.25 gibi)

e Yuzdelik gosterimler (%63, %10 gibi) seklinde yapildi mi?

*  Cizelgelerin maksimum boyutu 16x20 cm; minimum 8 cm mi?

*  Cizelgeler makale icerisinde sirayla verildi mi?

*  Orijinal sekiller eklendi mi?

e Sekiller yazim kurallarina uygun olarak diizenlendi mi?

e Sekillerin maksimum boyutu 16x20 cm; minimum 8 cm mi?

e Sekiller makale igerisinde sirayla verildi mi?

e Cizelgeler ve Sekiller Dizini ayr1 sayfalarda verildi mi?

e Tiim sayfa ve satirlara numara verildi mi?
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ETIiK KURALLAR

Zonguldak Biilent Ecevit Universitesinin yayin organi olan Karaelmas
Fen ve Mihendislik Dergisi ulusal ve uluslararasi tim kurum ve
kisilere ticretsiz olarak ulagmay: hedefleyen hakemli bir dergidir.

Dergimize gonderilen bilimsel yazilarda, ICMJE (International
Committee of Medical Journal Editors) tavsiyeleri ile COPE
(Committee on Publication Ethics)un Editér ve Yazarlar igin
Uluslararas: Standartlari dikkate alinmaktadir.

Yazarlarimizin etik ihlalleri ile ilgili tiim iddia ve kesinlegmis
siirecler kendi sorumluluklarinda olup, kesinlesen etik ihlalleri
durumunda makale otomatik iptal edilir.

Hakemler igin Etik Kurallar
Hakemler;

Degerlendirdigi yazilarin gizliligine saygi gosterir ve makaleyi
tartiymaz veya yazi hakkinda baska herhangi bir kisiyle iletisim

kurmaz.

Olasi bir cikar ¢atigmasi oldugunda editorii konu hakkinda
bilgilendirir.

Onerileri i¢in nesnel ve yapict bir agiklama saglar.

Makaleye iligkin kararlarinin konudan veya yazarlik biciminden
etkilenmesine izin vermez.

Giigli bir bilimsel gerek¢e olmadik¢a yazarin kendi makalelerini
belirtmesini istemez.

Yazarlar tarafindan yayinlanmadan 6nce kendi ¢aligmalarinin
hicbirinde incelenen makalenin herhangi bir bélimini veya
bilgiyi ¢ogaltmaz.

Hakem degerlendirmelerini sadece uzmanliklar1 dahilinde ve
makul bir siire iginde kabul etmeyi kabul eder.

Yazinin yayina ¢ikmasini geciktirecek ertelemeler yapmaz.
Hakaret, diismanca veya kii¢iik digtrict bir dil kullanmaz.

Gonderilen makaleleri ve ilgili tim materyalleri inceledikten
sonra imha eder.

https://publicationethics.org/files/Ethical guidelines for peer

reviewers 0.pdf

Yazarlar icin etik kurallar
Yazarlar ve yardime yazarlar;

International Committee of Medical Journal Editors (ICMJE)

tarafindan belirtilen yazar kriterlerine uygunluk saglanur;

a. Eserin tasarimina veya tasarimimna énemli katkilar saglayan
verilerin elde edilmesi, analizi veya yorumlanmas:

b. Calismanin hazirlanmasi veya literatiriin icerik icin elegtirel
olarak gézden gegirilmesi

c.  Yayinlanacak versiyonun nihai onay:

d. Caligmanin herhangi bir béliminitin dogrulugu veya biitiin-
lagi ile ilgili sorularin uygun sekilde sorusturulup ¢oziilme-
sini saglamada, caligmanin tim yo6nlerinden sorumlu olacak
anlagma.

Gonderilen makaleler yazar(lar)in 6zglin ¢aligmasi olmalidir ve
eszamanli olarak farkli yayincilara génderilmemelidir

Yazar(lar) aragtirma Onerisinde, icrasinda ya da aragtirma
sonuglarini raporlarken aragtirma suiistimali olarak tanimlanan
uydurma, tahrifat ya da intihalden sorumludur.

Gonderilen makalelerde ¢ikar catigmas: varsa editore bilgi
verilmelidir

Gonderilen makalelerde 6n kontrol, degerlendirme stireci ya
da yayinlanmig olan strimiinde yazar veya yardimci yazarlar
tarafindan hata fark edilirse bilgi vermek, dizeltmek ya da geri
cekmek i¢in editéri bilgilendirmelidir.

Makale gonderildikten sonra yazar siralamalar: ve yazar ekleme-
¢ikartmalari 6nerilmemelidir

Yazar(lar), etik kurul karar1 gerektiren aragtirmalar icin etik kurul
onay1 aldiging; etik kurul ads, karar tarihi ve sayist aday makalenin
ilk-son sayfasinda ve yontem bolimiinde belirtmeli, etik kurul
kararini gosteren belgeyi makalenin bagvurusuyla birlikte sisteme

yiklemelidir.

Yazarlar olgu sunumlarinda olur/onam formunun alindigina
iliskin bilgiye makalede yer vermelidir.

Kullanilan fikir ve sanat eserleri i¢in telif haklari diizenlemelerine
riayet edilmesi gerekmektedir.

Makale sonunda; Aragtirmacilarin Katki Orani beyani, varsa
Destek ve Tegekkiir Beyani, Catisma Beyani verilmelidir.

http://www.icmje.org/icmje-recommendations.pdf
https://www.ease.org.uk/wp-content/uploads/2018/11/d0i.10.20316.

ESE .2018.44.el.tr .pdf

Editorler igin Etik
Editorler:

Okuyucular, aragtirmay: veya diger bilimsel c¢aligmalari kimin
finanse ettigi ve fon verenlerin aragtirmada ve yayinlanmasinda
herhangi bir roli olup olmadig1 ve eger dyleyse bunun ne oldugu
konusunda bilgilendirilmelidir.

Editorlerin yayin i¢in bir makaleyi kabul etme veya reddetme
kararlari, makalenin 6nemi, 6zglinligi ve netligi ile ¢aligmanin
gegerliligi ve derginin gorev alanina uygunluguna dayanmalidir.

Editorler, gonderimle ilgili ciddi sorunlar tespit edilmedikge,
gonderimleri kabul etme kararlarini tersine ¢evirmemelidir.

Yeni editorler, bir 6nceki editor tarafindan yapilan bagvurular:

yayinlama kararlarini  bozmamalidir ciddi  sorunlar tespit

edilmedikge.

VII
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Hakem degerlendirmesi siireglerinin bir agiklamasi yayinlanmali
ve editorler agiklanan streglerden 6nemli sapmalar: ortaya ¢ikarir.

Yazarlarin editoryal kararlara itiraz edebilmeleri igin beyan edilmis
bir mekanizmaya sahiptir.

Editorler, kendilerinden beklenen her sey hakkinda yazarlara
rehberlik etmelidir. Bu rehberlik diizenli olarak gincellenmeli ve
bu koda atifta bulunmali veya bu koda baglant: vermelidir.

Editorler International Committee of Medical Journal Editors
(ICMJE) 6nerdigi yazarlik kriterlerini belirtmeli

Editorler, hakemlere, kendilerinden beklenen her sey hakkinda
rehberlik saglamalidir. gonderilen materyalin giivenle ele alinmasi
ihtiyac1. Bu rehber diizenli olarak giincellenmelidir ve bu koda
basvurmali veya bu kodu baglamahdir

Editorler, kabul etmeden 6nce gézden gegirenlerin rekabet ede-
bilecek potansiyel ¢ikarlar: ifsa etmelerini istemelidir bir sunumu
gozden gegirin.

Editorler, hakemlerin kimliklerinin korunmasini  saglayacak
sistemlere sahip olmalidir yazarlara ve hakemlere bildirilen agik
bir inceleme sistemi kullanir.

VIII

Editorler, yeni yayin kurulu tyelerine kendilerinden beklenen her
sey hakkinda kilavuzlar sunmali ve meveut tyeleri yeni politikalar
ve gelismeler hakkinda glincel tutmalidur.

Editorler, derginin kalitesine ve uygunluguna gore ve dergi
sahibinin / yayincinin mudahalesi olmadan hangi makalelerin
yayinlanacagina karar vermelidir.

Editorlerin derginin sahibi ve / veya yayma ile iligkilerini
belirleyen yazili bir s6zlesmesi olmalidir. Bu s6zlesmenin sartlar:
Dergi Editorleri i¢cin COPE Davranig Kurallari ile uyumlu
olmalidir.

Editorler dergilerindeki hakem degerlendirmelerinin adil, tarafsiz
ve zamaninda yapilmasini saglamak icin ¢aba gostermelidir.
Editorler, dergilerine génderilen materyallerin incelenirken gizli
kalmasini saglayacak sistemlere sahip olmalidir.

Editorler, dergilerdeki bélimlerin farkli amag ve standartlara

sahip olacagini kabul ederek, yayinladiklar1 materyalin kalitesini
saglamak i¢in tim makul adimlari atmalidir.

https://publicationethics.org/files/Code%200f%20Conduct.pdf

endislik
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YAYIN ETiGi

Karaelmas Fen ve Mihendislik Dergisinin yayin etigi beyani, www.
publicationethics.org adresinde bulunan Yayin Etigi Komitesinin
(COPE) Davranis Kurallar: kilavuzuna dayanmaktadur.

Editorlerin Goérevleri
Adil ve editoryal bagimsizlik

Editorler sunulan makaleleri, yazarlarin irki, cinsiyeti, cinsel tercihi,
etnik kokeni, vatandaghgi, dini inanci, siyasi felsefesi veya kurumsal
egilimleri ne olursa olsun, sadece akademik yararlari (6nemi, 6zgiinliik,
caligmanin gegerliligi, netligi) ve derginin kapsamiyla olan ilgisine gore
degerlendirirler. Dizenleme ve yayinlama kararlari, hiikiimetlerin
veya derginin digindaki diger kurumlarin politikalar: tarafindan
belirlenmez. Genel Yayin Yonetmeni, derginin tim editoryal icerigi
ve bu igerigin yayinlanma zamanlamas: tizerinde tam yetkiye sahiptir.
Gizlilik

Editorler ve editorler, gonderilen bir makaleyle ilgili hicbir bilgiyi
ilgili yazar, gozden gegirenler, potansiyel gézden gegirenler, diger yayin
danigmanlari ve yayinci disinda kimseye agiklamaz.

Agiklama ve ¢ikar ¢catigmalar:

Editérler ve yayin kurulu tyeleri, génderilen bir makalede agiklanan
yayinlanmamug bilgileri, yazarlarin agik yazili izni olmadan kendi
aragtirma amaglar: dogrultusunda kullanmayacaktir. Yazinin iglenmesi
sonucunda editérler tarafindan elde edilen ayricalikls bilgi veya fikirler
gizli tutulacak ve kisisel avantajlari i¢in kullanilmayacaktir. Editérler,
makalelere bagli herhangi bir yazar, sirket veya kurumla rekabet,
igbirlik¢i veya diger iligkilerden/baglantilardan kaynaklanan ¢ikar
catismalari olan el yazmalarini dikkate almaktan geri ¢ekilecekler;
bunun yerine, yazi isleri kurulunun bagka bir tyesinden yaziyr
islemesini isteyecekler.

Yayin kararlar

Editorler, yayinlanmak tGzere degerlendirilen tim makalelerin, alanin-
da uzman en az iki gézden gegiren tarafindan hakem incelemesinden
gecmesini saglar. Yazi Tsleri Midiird, séz konusu calismanin dogru-
lanmasina, aragtirmacilar ve okuyucular i¢in 6nemine, elestirmenlerin
yorumlarina ve iftira, telif hakk: ihlali ve intihal ile ilgili su anda
yurtrlikte olan yasal gerekliliklere dayanarak, dergiye gonderilen el
yazmalarindan hangisinin yayinlanacagina karar vermekten sorumlu-
dur. Genel Yayin Yonetmeni bu karar: verirken diger editérler veya
yorumcularla gériigebilir.

Sorugturmalara katilim ve igbirligi

Editorler (yayinct ve/veya kurulla birlikte) gonderilen bir makale veya
yayinlanmis makaleyle ilgili etik kaygilar ortaya ¢iktiginda duyarli
onlemler alacaktir. Etik olmayan yaymncilik davranglarinin rapor
edildigi her eylem, yayimlandiktan yillar sonra kesfedilmis olsa bile
incelenecektir. Editorler, suistimal stphesiyle ugragirken COPE
Akis Semalarini takip eder. Eger, sorusturma tzerine, etik kaygi iyi
kurulmusgsa, bir duzeltme, geri ¢cekme, endisenin ifade edilmesi veya
ilgili olabilecek diger notlar dergide yayinlanacaktur.

Gozden Gegirenlerin Gérevleri
Editoryal kararlara katk:

Akran incelemesi editorlerin editoryal kararlar almalarina yardimer
olur ve yazarlarla editoryal iletisim yoluyla yazarlarin makalelerini
gelistirmelerine yardimer olabilir. Akran incelemesi resmi bilimsel
iletisimin 6nemli bir bilegenidir ve bilimsel ¢cabanin kalbinde yer alir.

istem

Bir makalede bildirilen aragtirmayr gozden gegirmek i¢in niteliksiz
hisseden veya derhal gozden gegirilmesinin imkansiz olacagini bilen
davet edilen her hakem, edit6rleri derhal bilgilendirmeli ve alternatif
hakemlerle iletisime gegilebilmesi i¢in inceleme davetini reddetmelidir.
Gizlilik

Incelenmek igin alinan tiim el yazmalar: gizli belgelerdir ve bu sekilde
ele alinmalidir; Genel Yayin Yonetmeni tarafindan izin verilmedikleri
stirece (istisnai ve 6zel durumlarda bunu yapacak olanlar) baskalariyla
gosterilmemeli veya tartigtlmamalidir. Bu, inceleme davetini reddeden
davet edilen gozden gegirenler i¢in de gegerlidir.

Nesnellik standartlar1

Incelemeler objektif olarak yapilmali ve g6zlemler, yazarlarin makale-
nin iyilestirilmesi i¢in kullanabilmeleri i¢in destekleyici argimanlarla
net bir sekilde formile edilmelidir. Yazarlarin kisisel elestirisi uygun-
suzdur.

Kaynaklarin kabulii

Gozden gegirenler, yazarlar tarafindan belirtilen olmayan ilgili
yayinlanmig ¢alismalar: tanimlamalidir. Onceki yayinlarda bildirilen
bir gozlem, tiretme veya argiiman olan herhangi bir ifade ilgili
alintt eslik etmelidir. Bir elestirmen ayrica, kisisel bilgileri olan
makale ile kigisel bilgileri olan diger el yazmalar: (yayinlanmis veya
yayinlanmamig) arasinda 6nemli bir benzerlik veya 6rtiisme oldugunu
editorlere bildirmelidir.

Agiklama ve ¢ikar catigmalar:

Makaleye bagli yazarlar, sirketler veya kurumlarla rekabet, isbirlikei
veya diger iligkiler den kaynaklanan ¢ikar catigmalari olan davet
edilen hakemler, editorleri derhal ¢ikar ¢atigmalarini beyan etmeleri
ve alternatif hakemlerle iletisime gecebilmeleri i¢in inceleme davetini
reddetmeleri konusunda bilgilendirmelidir.

Gonderilen bir el yazmasinda agiklanan yayinlanmamig materyaller,
yazarlarin agik yaziliizni olmadan bir elegtirmenin kendi aragtirmasinda
kullanilmamalidir. Akran incelemesi yoluyla elde edilen ayricalikl
bilgiler veya fikirler gizli tutulmali ve gézden gecirenin kisisel avantaji
i¢in kullanilmamalidir. Bu, inceleme davetini reddeden davet edilen
gozden gecirenler icin de gecerlidir.

Yazarlarin Gorevleri

Raporlama standartlar:

Orijinal aragtirmanin yazarlari, yapilan eserin ve sonuglarin dogru bir
agiklamasini sunmali ve ardindan ¢alismanin dneminin objektif bir

IX
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tartigmasini sunmalidir. El yazmasi, bagkalarinin eseri ¢ogaltmasina
izin verecek yeterli ayrinti ve referanslar igermelidir. Inceleme
makaleleri dogru, objektif ve kapsamli olmali, editoryal ‘gériis’ veya
perspektif parcalari acik¢a bu sekilde tanimlanmalidir. Hileli veya
bilerek yanlis ifadeler etik olmayan davransglar teskil eder ve kabul

edilemez.
Veri erigimi ve saklama

Yazarlardan, ¢alismalarinin ham verilerini editoryal inceleme icin el
yazmast ile birlikte saglamalar: istenebilir ve uygulanabilirse verileri
kamuya agik hale getirmeye hazir olmalidir. Her haliikarda, yazarlar,
katihmeilarin  gizliliginin  korunmast ve 6zel verilerle ilgili yasal
haklarin serbest birakilmasini engellememesi kosuluyla, bu verilerin
yayimlandiktan sonra en az 10 yil siireyle (tercihen kurumsal veya
konu tabanli veri deposu veya diger veri merkezi aracilifiyla) diger
yetkili profesyonellere erisilebilirligini saglamalidir.

Ozgiinliik ve intihal

Yazarlar sadece tamamen orijinal eserler yazdiklarindan ve sundukla-
rindan ve baskalarinin ¢aligmalarini ve/veya sozlerini kullanmuglarsa,
bunun uygun sekilde atifta bulunuldugunu saglamalidir. El yazmasin-
da bildirilen eserin niteliginin belirlenmesinde etkili olan yayinlar da
belirtilmelidir. Intihal, baska bir makalenin “yazarin kendi makalesi”
olarak “aktarilmasindan”, bagka bir makalenin 6nemli bolimlerini
kopyalamaya veya paraphrasinge (atif yapmadan), bagkalar: tarafindan
yapilan aragtirmadan elde edilen sonuglarin iddiasina kadar pek ¢ok
bi¢im alir. Tim bi¢imlerinde intihal etik olmayan yayincilik davranist
tegkil eder ve kabul edilemez.

Coklu, yinelenen, gereksiz veya eszamanli gonderim/yayin

Temelde ayn: aragtirmay agiklayan bildiriler birden fazla dergide veya
birincil yayinda yayinlanmamalidir. Bu nedenle, yazarlar zaten bagka
bir dergide yayinlanmig bir makale dikkate i¢in gondermemelidir. Bir
makalenin ayni anda birden fazla dergiye gonderilmesi etik olmayan
bir yayin davramgidir ve kabul edilemez.

Bazi makalelerin (klinik kilavuzlar, geviriler gibi) birden fazla dergide
yayinlanmasi, belirli kosullarin kargilanmasi kosuluyla bazen hakli
olabilir. ﬂgili dergilerin yazarlar1 ve editérleri, birincil belgenin ayni
verileri ve yorumlanmasini yansitmas: gereken ikincil yayiu kabul
etmelidir. Birincil bagvuru ikincil yayinda belirtilmelidir.

Makalenin yazarlig:

Sadece bu yazarlik kriterlerini kargilayan Kkisiler, icerigin kamuya
actk sorumlulugunu Ustlenebilmeleri i¢in makalede yazar olarak lis-
telenmelidir: (i) ¢aligmanin anlagilmasina, tasarimina, ylritilmesine,
veri edinilmesine veya analizine/yorumlanmasina énemli katkilarda
bulunmustur; ve (ii) el yazmasi nin hazirlanmas: veya 6nemli ente-
lektiiel igerik i¢in elestirel olarak revize edilmes; ve (iii) gazetenin son
halini gérmis ve onaylamis ve yayimlanmak tizere sunulmasini kabul
etmis ve kabul etmis. Yazida bildirilen eserin 6nemli katkilari olan
(teknik yardim, yazma ve diizenleme yardimi, genel destek gibi) ancak
yazarlik kriterlerini karsilamayan kisilerin yazar olarak listelenmemesi,
yazili izin alindiktan sonra “Bildirimler” bélimiinde kabul edilmesi
gerekmektedir. ﬂgili yazar, tim uygun ortak yazarlarin (yukaridaki
tanima gore) ve uygunsuz ortak yazarlarin yazar listesine dahil edilme-
mesini saglamali ve tiim ortak yazarlarin makalenin son halini goriip
onayladigini ve yayina sunulmasini kabul ettigini dogrulamalidur.

X

Agiklama ve ¢ikar ¢atigmalar:

Yazarlar miimkin olan en erken agamada (genellikle gonderim
sirasinda bir agiklama formu gondererek ve makaleye bir ifade
de dahil olmak tzere)—, sonuglari veya makaledeki yorumlarin
etkilemek i¢cin yorumlanabilecek ¢ikar ¢atigmalarini ifsa etmelidir.
Agiklanmas1 gereken potansiyel ¢ikar ¢atigmalarina ornek olarak,
fahri, egitim hibeleri veya diger finansman, konugmaci birolarina
katilim, Gyelik, istthdam, danismanlik, hisse senedi sahipligi veya diger
hisse senedi ¢ikarlar ile ticretli uzman ifadeleri veya patent lisanslama
duzenlemeleri ile kisisel veya mesleki iligkiler, ilgili kisiler, bilgi veya
inanglar gibi finansal olmayan konular veya makalede tartigilan
materyaller verilebilir. Calisma i¢in tim finansal destek kaynaklar:
agitklanmalidir (hibe numarasi veya varsa diger referans numaras: da
dahil olmak iizere).

Kaynaklarin kabulii

Yazarlar, bagkalarinin ¢alismalarini dogru bir sekilde kabul ettiklerin-
den emin olmali ve bildirilen eserin niteligini belirlemede etkili olan
yaymnlara da atifta bulunulmalidir. Ozel olarak elde edilen bilgiler
(Giginct gahislarla konusma, yazigma veya tartisma) kaynaktan agik,
yazili izin alinmadan kullanilmamali veya rapor edilmemelidir. Yazar-
lar, bu hizmetlerde yer alan eserin yazarinin agik yazili iznini almamag-
sa, el yazmalarina hakemlik veya hibe bagvurular: gibi gizli hizmetlerin
saglanmasi nda elde edilen bilgileri kullanmamalidir.

Tehlikeler ve insan veya hayvan denekleri

Calisma, kullanimlarinda olagandis1 tehlikeler etlit eden kimyasallar,
prosediirler veya ekipmanlar iceriyorsa, yazarlar bunlari el yazmasinda
acikea Eger caligma hayvanlarin  veya
katilimeilarin kullanimini igeriyorsa, yazarlar tiim prosedirlerin ilgili
yasalara ve kurumsal yonergelere uygun olarak gergeklestirildiginden
ve ilgili kurumsal komitenin bunlari onayladigindan emin olmalidir;
el yazmasi bu yonde bir ifade icermelidir. Yazarlar ayrica, insan
katihimecilarla deneyler i¢in bilgilendirilmis onam alindigina dair bir
ifadeyi de makaleye eklemelidir. Insan katilimeilarin gizlilik haklarina
her zaman uyulmalidir.

tanimlamalidir. insan

Akran incelemesi

Yazarlar, editorlerin ham veri, agiklama ve etik onayi, hasta onaylar
ve telif hakk: izinleri i¢in isteklerine derhal yanmit vererek akran
degerlendirme siirecine katilmak ve tam igbirligi yapmak zorundadirlar.
“Gerekli revizyonlar” ilk karari durumunda, yazarlar gézden
gecirenlerin yorumlarina sistematik, nokta isaretli ve zamaninda cevap
vererek, makalelerini verilen son tarihe kadar gézden ge¢irip dergiye
yeniden gondermelidirler.

Yayinlanan ¢aligmalardaki temel hatalar

Yazarlar kendi yayinlanmig ¢aligmalarinda 6nemli hatalar veya yanlis-
liklar bulduklarinda, derginin editorlerini veya yayimcisini derhal bil-
gilendirmek ve ¢alismay: bir hata bi¢iminde dizeltmek veya geri ¢ek-
mek i¢in onlarla igbirligi yapmak onlarin yukimliligidir. Editorler
veya yayinct, yayinlanmis bir caligmanin 6nemli bir hata veya yanliglik
icerdigini tigtinci bir taraftan 6grenirse, makalenin dogrulugunu dergi
editérlerine derhal dizeltmek veya geri cekmek veya dergi editorlerine
kanit sunmak yazarlarin yikimlaligidir.
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INSTRUCTIONS to AUTHORS

Karaelmas Science and Engineering Journal is the international
scientific journal publishing original papers in English or Turkish,
reviews, short communications, technical notes and scientific editorial
letters of science in the following areas: basic sciences, basic medicine
science and engineering fields. This journal publishes two times a year
(June and December). Manuscripts should be submitted online by a

website: https://dergipark.org.tr/tr/pub/karaelmasfen

Manuscript Categories:

Research articles: Manuscripts should report original information
which have not been published or submitted previously. Articles
should not exceed 20 printed papers including tables and figures.

Review articles: Reviews of recent developments in a research fields
and ideas will be accepted. Manuscripts should not exceed 15 papers
of printed text. The use of tables and figures to summarize critical
points is encouraged.

Short  communications: These include small-scale investigations,
innovative methods, perspectives on existing laboratory techniques
and new methodologies, clinical trials and epidemiological studies. It
should no exceed 5 printed pages.

Technical notes or Case Reports: Scientific reports providing important
contributions their area will be considered in this category. It should
not be exceed 3 pages.

Letters to editor: These include opinions, news and suggestions. Letters
should not exceed 2 pages.

Book/Software Reviews: Short but concise description of the book/
software, not exceeding a page. These types are not peer reviewed.

CONDITIONS FOR PUBLICATION
Journal articles are published in Turkish or English. Manuscript should

be suitable to the formal criteria of Instructions to Authors, otherwise,
the manuscript will be sent back to the authors. Manuscripts should
not exceed 20 papers of printed text, including tables, figures and
references. Manuscripts that are found suitable for peer review will
be assigned to two expert reviewers. The final decision to accept or
reject a manuscript will be made by the Editor-in-Chief. After review
process, the Editor-in-Chief will inform the authors of acceptance,
rejection or necessity of revision of the manuscript. The paper has
not already been published elsewhere and it is not currently being
considered for publication elsewhere. If accepted, Karaelmas Science
and Engineering Journal have exclusive license to publish. Review
process is three months.

PRESENTATION
Papers should be submitted online.
PREPARING MANUSCRIPTS

e Manuscripts should be written double space on A4 sized typing
paper with 2.5 cm all margins.

e Text should be prepared using Microsoft Word Processor with

Times New Roman font and 12 point size.

e All pages must be numbered. All lines must be numbered.

e The full paper should be divided in to following parts in order
to Abstract, Introduction, Materials and Method/Methods (Area
descriptions, Study materials, e.g. should be cited as subheadings),
Results, Discussion/Conclusions or Recommendations, Acknowl-
edgements and References. All sections must be numbered except
for the Abstract.

e Latin expression should be typed in italics.

Cover Letter: Please indicate title of manuscript and authors. You
may briefly explain your work.

Title Page: The article should have a title page as a separate word file;
hood; full author’s full name, institutions and ORCID IDs; contact
address and e-mail address of the corresponding author.

The Title: The title should be as short as possible, but give adequate
information regarding the contents. Title must be written on the
center with bold 14 font size. The first letter must be capital and the
others must be written as lower case.

Author’s Names and Addresses: All Authors full names must be
written as lower case with bold 12 font size in the middle. After
authors name and surnames, authors addresses should be stated with
superscript numbers (e.g. '2°). Corresponding author’s full name
should be marked with an asteriks (*). All authors addresses must
be typed with lower case 10 font in the center. The corresponding
author’s contact address and e-mail address should be given. Names of
institutions and cities each authors also must be stated.

Abstract and Keywords: A brief, informative abstract, not exceeding
250 words, should be typed in 10 font size. Immediately following the
Turkish and English abstract, authors should provide 4-6 keywords or
phrases that reflect content of the article.

The Abstract Paper:

1. Turkish Paper

a) Turkish Title f) Abstract

b) English Title g) Keywords in Turkish

¢) Author’s names in Turkish ~ h) English Abstract (suitable
d) Orcid id with Turkish Abstract)

e) Addresses in Turkish 1) English Keywords

2. English Paper

a) English Title f) Abstract in English

b) Turkish Title g) Keywords

c) Author’s names h) Turkish Abstract (0z)

d) Orcid id 1) Turkish Keywords (Anahtar

e) Addresses in English Kelimeler)

Main Text: Main Headings and subheadings should be informative,
must be typed in capital, bold 12 font size. Subheadings should be
written in lower case, 10 font size. Main headings should not be
numbered in the manuscript.

XI
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Introduction: This section should include the topic and importance
of the article and prior works.

Material and Methods: Experimental methods and procedures
should be described with clear and brief explanations.

Results: This section contain only findings, no writing comment.
Results can be supports by tables, figures, graphics etc., if necessary.

Discussion: Results should be compare with other studies and discuss
similarity and distinction.

Acknowledgements: It should be grants, funds, peoples reviewing the
manuscript and must be placed before thr references.

Any conflict of interest, financial support, authors’ contribution
statement, donation and other editorial (statistical analysis, English /
Turkish evaluation) and / or technical assistance should be submitted
at the end of the text.

Referencing: Please do not use unpublishing data. But MSc and PhD
thesis can be use as references. References in the text:

If they have one author (Resat 2001, Landen 2002)

Two authors (e.g.: Biiyiikgtizel and Yazgan 2004, Unli and Gergek
2003);

In the case of multiple authors they should be cited as (Landen et al.
2002, Yilmaz et al. 2007). Multiple citations (Smith 1996, Yilmaz et
al. 2007, Jones 2008), multiple publications by same author(s) should
be written as (Smith et al. 1996a, 1996b, 1997). Software should be
cited as (PROC GLM, SAS Institute 1999).

References should be given at the end of the text according to
alphabetical order of the first authors surname.

References should appeared at the end of the text as in the examples
provided below:

ournal Articles:
Biiyiikgiizel, K., Tunaz, H., Putnam, SM., Stanley, DW. 2002.
Prostoglandin biosynthesis by midgut tissue isolated from the Tabacco
Hornworm, Manduca secta. Insec Biochem. Mol. Biol., 32: 435-443.
Biiyiikgiizel, K., Yazgan, $.1996. Bazi antibiyotiklerin endoparazitoid
Pimpla turionellae L. (Hymenoptera: Ichneumonidae)'nin yasama ve
gelisimine etkileri. Turk. J. Zool., 20: 1-7.

Ozer, M., Uzuntarla, M. 2008. Effects of the network structure and
coupling strength on the noise-induced response delay of a neuronal
network. Phys. Let. A, 372: 4603-4609.
A Book:

Resat, U. 2001. Uygulamal: Jeoteknik Bilgiler. 4. Basim, TMMOB
Jeoloji Mithendisleri Odas: Yayinlari, Nitelik Matbaacilik, Ankara,
385 s.

Sanford, RJ. 2003. Principles of fracture mechanics, Prentice Hall,
Pearson Education, Inc. Upper Saddle River, USA, 404 pp.

A Chapter in a Book:

Cheeseman, KH. 1993. Lipid peroxidation in biological systems,
In: Halliwell B., Auroma OI. [eds.], DNA and Free Radicals. Ellis
Horwood, London, pp. 12-17.
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A Report:

Makarewicz, JC., Lewis, T., Bertram, P. 1995. Epilimnetic
phytoplankton and zooplankton biomass and species composition in
Lake Michigan, 1983-1992. U.S. EPA Great Lakes National Program,
Chicago, IL. EPA 905-R-95-009.

Conference Proceedings:
Stock, A. 2004. Signal transduction in bacteria. In the Proceedings of
the 2004 Markey Scholars Conference, pp: 80-89.

Kaplan, A.2000. Ankara havasinda bulunan biyolojik partikiiller. XV.
Ulusal Biyoloji Kongrest, s. 45-50, Ankara.

A Thesis:

Strunk, JL. 1991. The extraction of mercury from sediment and the
geochemical partitioning of mercury in sediments from Lake Superior,

M. Sc. thesis, Michigan State Univ., East Lansing, MI, 119 pp.

Ozcan, A. 2006. Endiistriyel atiklar ve polipropilen lif igeren saha
betonlarinin ézelliklerinin arastirilmas. Yiiksek Lisans Texi, Zonguldak
Karaelmas Universitesi, 70 s.

In Press:
Evans, MA. 2002. Title. Journal. (in press).
Software:

SAS Institute. 2001. PROC user’s manual, version 6th ed. SAS
Institute. Cary, NC.

Internet and URL:

If author(s) obtained from some information from internet, should be
write full web address in the reference section.

Web documents with no authors:

Leafy seadragons and weedy seadragons 2001.
windspeed. net. au/jenny/seadragons/

http://www.

Web document with author:

Dawson, J., Smith, L., Deubert, K. 31 October 2002. Referencing,
not plagiarisim. Aztp.//studytrekk.lis.curtin.edu.au/

Symbols and Units: Metric systems or SI units should be used (kPa,
kN/m?, g/cm? m/sn, g/m®, e.g.). Current abbreviations can be used
without explanation, others must be explained. Use “ % ” only with
numerals and in tables and figures. Close up space to numerals (e.g.
60%). Use the dot for decimal units (e.g. 10.26).

Abbreviations: All acronyms/abbreviations must be explained in
parenthesis after their first occurrence. If many unfamiliar acronyms/
abbreviations are used, please compile them in an “Abbreviations”
section at the end of the paper.

Use the following abbreviations for time: h (hour), min (minute), s
(second), yr (year), mo (month), wk (week), add “s” to create plurals
(e.g. wks). Do not abbreviate “liter” by itself or when accompanied by

a numeral.

Dates: Present dates in this format: day month year (e.g. 13 February
1998).


http://www

Karaelmas Fen ve Mith. Derg. 11(1), 2021

Karaelmas Science and Engineering Journal / Karaelmas Fen ve Mithendislik Dergisi
Journal home page / Dergi web sayfasi: https://dergipark.org.tr/tr/pub/karaelmasfen

Gene Sequencing: Genbank may be conducted at their website at

http://www.ncbi.nlm.nih.gov/Genbank/submit.html.
Tables and Figures:

e Tables and figures captions must be written in separate pages in
Table Legends and Figure Legends sections after the reference
section.

e Tables and figures should be embeded in separate papers and must
be numbered consecutively throughout the paper (Table 1, Fig. 1,
Figs. 2-3, Fig. 4).

*  Use a semicolon to separate different types of citations (Fig. 3;
Table 3)

e Electronically submitted figures and graphs are preferred *.jpg or
*.tiff (min. 600 dpi) formats. Do not give magnification on scales
in the figure titles; instead draw bar scales directly on the figures.

e All the tables and figures must be referred in the text.

e The numbers and headings of figures must be written below the
figure.

e The numbers and headings of tables should be written the top of
the table.

e Standart erors or deviations should be cited as (e.g., 1.45 + 1.06),
statistically data should data must be given as (e.g., 734.3ab) in
the table.

* Figures must be uploaded as tift or jpeg files on our web sites on
supplementary files.

* The column title of standart errors or deviations must be cited as
(means = SD, or means + SE).

e Use the following abbreviations for months: Jan., Feb., Mar,
April, May, Jun., July, Aug., Sep., Oct., Nov., and Dec.

Appendices: All appendices must be typed on separate sheet and

should be numbered consecutively with capital Roman numerals.

Equations: Mathematical expressions should be written by an
equation editor (Word format) in 9 point size. Indices font should be
8 point size. Each equation in text should be numbered in parenthesis.

Mathematical equations should be citated as below:
R :Abarrtype + BlOg 10 O[) (2)

When authors send mathematical papers, they should state AMS-
Mathematical Subject Classification Number.

Numbers: Spell out numbers at the beginning of sentence. Spell out
the numbers one through nine. 10 and up are always cited as arabic
numerals. All numbers <1 must be preceded by a zero (e.g. P<0.05).
When a number is >1000, use a comma to separate hundreds from
thousands.

Footnotes to Tables: In case of statistical data in tables, use footnotes
to define or clarify column headings or specific datum with in data
field (*P<0.05; ** P<0.01; *** P<0.001; N, not significant).

For submitting first namely author’s manuscripts should not exceed
three folds in the same issue. Authors when submit the four folds
manuscripts, they will be publish in another issues.

The preparation of the manuscript should be as follows for
Mathematics and related subject:

The first page of the manuscript must include at least one 2010 MSC
(Mathematics Subject Classification) numbers following the annual
index of the Mathematical Reviews. MSC Subject Classification can
be obtained from “http://www.ams.org/mathscinet/msc/msc2010.
html!”.

The items in the reference section should be ordered according to
the alphabetical order of the surnames of the authors and numbered
numerically such as [1], [2],....

In the text, reference numbers should be enclosed in square brackets,
such as [23] or [12]-[15], to distinguish them from formula numbers
which should be quoted in round brackets.

Final Checklist of the Manuscript

Before submitting of your paper (and other writings as applicable),
please make sure that the following requirements have all been made:

e Cover letter is enclosed

*  Spell check and grammar check have been performed

* Entire paper is double-spaced including abstract, tables, captions,
references

*  Marigins are 2.5 cm each marigin

e Font size is 12 punto

*  Font type is Times new roman

*  Decimals are shown by a full stop (e.g., 10.25)

e Percent signs appear without a space after the number (e.g., 63%)

e Names of authors are written in full (not abbreviated)

e Address is given

* English title is given

e Title is in title case

* English abstract is given

*  English keywords are given

o Turkish abstract (Oz) is given

e Turkish keywords (Anahtar Kelimeler) are given

*  Original figures are enclosed

* Figures are prepared according to the instructions

*  Figures are maximum 16x20 cm; minimum 8 cm wide

*  Figures are refered to the consecutively in the paper

e Tables are maximum 16x20 cm; minimum 8 cm wide

* Tables are refered to the consecutively in the paper

* Captions are written in left case

* Figure legends are given

e Table legends are given

*  References are typed according to the instructions

* References are listed alphabetically

* All pages and all lines are numbered
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ETHICAL PRINCIPLES

Official journal of Zonguldak Biilent Ecevit University, Karaclmas
Science and Engineering Journalis a peer-reviewed journal which aims
to reach all national and international institutions and individuals free
of charge.

In the scientific articles sent to our journal, the recommendations of
ICMJE (International Committee of Medical Journal Editors) and
the International Standards of COPE (Committee on Publication
Ethics) for Editors and Authors are taken into consideration.

All claims and finalized processes regarding ethical violations of
our authors are under their own responsibility, and in case of ethical
violations, the article is automatically canceled.

Ethical Guidelines for Peer Reviewers
Peer Reviewers,

- respect the confidentiality of the manuscript, do not discuss it and
do not reveal any details of it.

- inform the editor about any conflict of interest.

- provide objective and constructive explanations for their
suggestions.

- do not allow the decisions related to the article to be influenced by
the subject of the manuscript or the way of writing.

- do not contact the authors directly and request their previous
articles unless there is a strong scientific reason.

- do not duplicate any part of the article or information reviewed in
any of their own work before it is published by the authors.

- agree to accept the reviews only within their expertise and finish
the review process within a reasonable time.

- do not intentionally prolong the review process which leads to a
delay for the publication of the article.

- use a language refrained from being hostile and avoids making
derogatory personal comments.

- destroy the manuscript and associated material after reviewing.

https://publicationethics.org/files/Ethical_guidelines_for_peer_
reviewers_0.pdf

Ethical Guidelines for Authors
Authors and co-authors,

- meet the following criteria for authorship defined by International
Committee of Medical Journal Editors (ICMJE);

a. Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for
the work;

b. Drafting the work or revising it critically for important
intellectual content;
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c. Final approval of the version to be published,;

d. Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and
resolved.

- ensure that submitted articles are original and are not sent to
different publishers.

- are responsible for any falsification, alteration or plagiarism which
are defined as abusing research before or during the research or
while reporting the findings of it.

- inform the editor if there is any conflict of interest in the submitted
articles.

- inform the editor for correction or withdrawal if any mistake is
noticed after publication or during the process of pre-control or
evaluation.

- do not suggest reordering, adding or dropping author names after
article submission.

- state, if the research requires the decision of the ethics committee,
that they have the ethics committee approval with the name of
the ethics committee and the date and number of the decision in
the first and last page of the article and the methods section, also
upload the ethics committee approval document to the system
along with the application of the article.

- state in the article that they have the consent form for the case
reports.

- comply with the copyright regulations for the ideas and works of
art used in the article.

- provide statements for Author Contribution, Conflict of Interest,
Disclosure and if necessary, Acknowledgements.

http://www.icmje.org/icmje-recommendations.pdf

https://www.ease.org.uk/wp-content/uploads/2018/11/d0i.10.20316.
ESE_.2018.44.el.tr_.pdf

Ethical Guidelines for Editors
Editors:

- The readers should be informed about who provides financial
support to the study or other scientific studies and whether there
is any role of sponsors in the study or publication, and if there is
any, what the contribution is.

- Editors should base their decisions of acceptance or rejection on
the importance, originality and clarity of the article, validity of
study and its relevance to the remit of the journal.

- Editors should not reverse decisions to accept submissions unless
serious problems are identified with the submission.
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New editors should not overturn decisions to publish submissions
made by the previous editor unless serious problems are identified.

A description of peer review processes should be published, and
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Tarihi Bolgelerdeki Yigma Yapilarin Deprem Guvenligi On Degerlendirmesi

Ean‘bguake Pre/iminary Assessment of Masonry Buildings in Historical Centers

Ayse Elif Ozsoy Ozbay ®, Isil Sanri Karapinar

Maltepe Universitesi, Miihendislik ve Doga Bilimleri Fakiltest, Ingaat Mihendisligi Bolimi, Istanbul, Turkiye

Oz

Bu calisma kapsaminda Istanbul’'un tarihi bélgelerinden Galatada bulunan yigma yapilarin deprem giivenligi agisindan énceligini
belirlemek amaciyla 6n degerlendirmeleri gergeklestirilmistir. Bélgenin tarihi ve kiiltiirel ge¢misi sebebiyle depremde risk olusturabilecek
binalarin belirlenmesi, gerekli 6nlemlerin alinmasi agisindan dnceliklendirilmesi ¢ok 6nemlidir. Bu amagla, bélgede yer alan 213 adet
yigma yap1 hizli tarama yontemi ile degerlendirilip, bolgesel risk dagilim haritas: elde edilmistir. Her bina i¢in performans puan
hesaplanmig, deprem giivenligi agisindan en riskli binalar tespit edilmigtir. Performans puanlarina gére degerlendirilen her bina, yiiksek,
orta, disiik ve ¢ok diigtik riskli olmak tizere dort risk diizeyinden birinde siniflandirilmigtir. Caligmada ayrica ayrintili degerlendirme
yontemi uygulanarak bélgede bulunan ¢ tipik yigma yap: analiz edilip, sonuglar kargilagtirilmigtir. Calismada elde edilen sonuglar
bélgedeki yigma yapilarin oncelikli risk diizeyini belirleyen ilk ¢aligmalardan biri olmasi agisindan énem arz etmektedir.

Anahtar Kelimeler: Afet yonetimi, Deprem, Hasar gorebilirlik, Hizli tarama, Yigma yap:

Abstract

Within the scope of this study, preliminary assessment was carried out to determine the seismic priority of the masonry structures in
Galata, one of the historical regions of Istanbul. Due to the historical and cultural background of the region, it is very important to
identify the buildings that may have seismic risk and prioritize them to take the required precautions. For this purpose, 213 masonry
structures in the region were evaluated with the rapid visual screening method and the map showing the seismic priority distribution
of the buildings was obtained. The performance score of each building was calculated and the buildings possessing high-risk priority
levels were determined. Each building was ranked according to its performance score and classified with respect to the seismic priority
level as high, moderate, low and very low risk. Also, in this study, by applying detailed assessment method, three typical masonry
structures in the region were analyzed and their results were compared. The results obtained in the study are important in terms of
being one of the first studies determining the priority risk level of masonry structures in the region.

Keywords: Disaster management, Earthquake, Vulnerability, Rapid visual screening, Masonry structure

1. Giris tehlikesine karsi korunmasina yonelik gelistirilen stratejiler,
Tarih boyunca, diinyanin dért bir yaninda bulunan kiiltirel 1"<u1turlc.::1.varhklarm gelecek nesillere aktarilabilmesi i¢in ¢cok
onemlidir.

miras niteligindeki pek ¢ok yapi, depremlerden ciddi sekilde

hasar almig, hatta yikim riskiyle kars1 karsiya kalmistir.
Depremler sonucunda tarihi bélgelerde olusan yapisal
hasarlar kultirel degerlerin kaybina sebep olmaktadir.
Bu sebeple, tarihi yapilarin depreme karsi giivenliginin
saglanmast ve korunmasi, deprem riski altindaki tlkeler
icin 6nemli bir sorundur. Ozellikle kiiltiirel miras acisindan
zengin Ulkelerde, tarihi degere sahip yapilarin deprem

*Sorumlu yazarin e-posta adresi: ayseelifozsoyozbay@maltepe.edu.tr

Ayse Elif Ozsoy Ozbay ® orcid.org/0000-0001-5397-398X
Is1l Sanr1 Karapinar ® orcid.org/0000-0002-3695-5867

Ulkemizde bulunan tarihi yapilarin ¢ogunlukla yigma
yapim teknigi ile inga edilmis oldugu goriilmektedir. Ozel-
likle tarihi koruma alanlarinda bulunan yigma yapilarin
olasi depremlere karsi givenliginin saglanmasi ve yapisal
glclendirme gerektiren 6ncelikli yapilarin belirlenmesi i¢in
yerel dlekte hizli tarama ve 6n degerlendirme ¢aligmala-
rina ihtiyag vardir. Deprem riski tagiyan yapilarin bolgesel
dagiliminin belirlenmesi ve hasar gorebilirliginin tespiti,
tarihi degere sahip yapilarin afet riskine karsi korunmasini
amaglayan stratejik planlarin énemli bir pargasini olustur-
maktadir. Bu baglamda, son yillarda, deprem riski barindi-
ran tarihi bolgelerdeki yigma yapilarin hasar gorebilirligini
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konu alan aragtirmalarda hizli 6n degerlendirme yontemle-
rinin uygulanmas: yayginlagmistir (D’Ayala vd. 2011, Vatan
ve Arun 2012, Achs ve Adam 2012, Karasin vd. 2016). Bu
calismalarin bir kisminda, tarihi dokunun yapilagsma tiiriine
ozgl hasar gorebilirlik parametrelerinin hesaplanmasi igin
daha 6nceki depremlerde hafif, belirgin ya da agir hasar alan
yapilarin deprem davraniglar: sayisal olarak modellenmistir
(Brando vd. 2017, Goded vd. 2018, Chieffo vd. 2019, Fer-
reira vd. 2019, Guardiola-Villora vd. 2019, Hannewald vd.
2020). Bu sekilde, gesitli bolgelerdeki belirgin yap: tipolo-
jilerini temsil eden deprem hasar gorebilirlik modellerinin
gelistirilmesi hedeflenmektedir.

Literatiirde, mevcut yapilarin deprem giivenliginin belirlen-
mesi amaciyla gelistirilmis pek ¢ok hizli tarama yonteminin
bulundugu gorilmektedir (Zucconi vd. 2018, Brando vd.
2019, Aldemir vd. 2020). Genel olarak bu yontemler, mev-
cut binaya ait toplanan bilgilerin, yonteme 6zgii parametre-
leri igceren degerlendirme formlarina islenerek envanterinin
olusturulmasi ile elde edilen bir puanlama sistemine dayan-
maktadir. Yapinin performansina iligkin puanlama sonucun-
da, incelenen yapinin depreme kars: hasar gorebilirligi hizl
bir sekilde degerlendirilebilmektedir. On degerlendirme
teknikleri igerisinde en yaygin olarak kullanilan FEMA
P-154 (2015), temel bir yontem olarak kabul edilmekte-
dir. Bu ydntem, risk altindaki bina grubunu farkli yapisal
parametrelere gore tanimlayip, mevcut yapilarin deprem
gtvenligi agisindan degerlendirme 6nceligini siralamaktadur.
Kanada Ulusal Arastirma Birligi tarafindan gelistirilen bir
diger hizli tarama yontemi (NRC/IRC 1992), incelenen
bina i¢in deprem sirasinda tehdit olusturma potansiyeline
sahip, yapisal olmayan parametrelerin yani sira, bolgenin
depremselligi, yerel zemin kogsullar: ve yapisal 6zellikleri ige-
ren deprem riski 6ncelik puaninin hesaplanmasina dayan-
maktadir. Japon Sismik Indeks Yontemi (JPDPA 2001) ise
¢ agamali bir degerlendirme yontemi olup, bu yéntemde
asama seviyesi artisi ile incelenen bina ile ilgili daha ayrin-
tih bilgiyle daha detayli hesaba ihtiya¢ duyulur. Yontemin
birinci agamasinda, tastyict elemanlarin enkesit 6zellikleri
ve malzeme bilgisi kullanilarak incelenen yapinin deprem
performansina iligkin 6n degerlendirme yapilir. Yeni Zelan-
da Deprem Mihendisligi Birligi tarafindan gelistirilen bir
diger yontem ise (NZSEE 2006), binalarin deprem etkisi
altinda yapisal performansinin belirlenmesinde kullanilan
hizli degerlendirme ve ayrintili degerlendirme agamalarin-
dan olugmaktadir. Ulkemizde ise yigma yapilar igin hizh
ve ayrintili degerlendirme yontemleri Cevre ve Sehircilik
Bakanligi'nin yayinladigy riskli binalarin degerlendirilme-

sine iligkin esaslar1 iceren yonetmelik kapsaminda (RBTE
2013) yer almaktadir. Yonetmelikte yer alan hizli tarama
yontemi, yerel Olcekte deprem riski barindiran binalarin
bolgesel dagiliminin belirlenmesinde; yerel yonetimler ve
yetkililer tarafindan daha kapsamli degerlendirmeye ihtiyag
duyulan yapilar i¢in 6nceliklendirme kararinin verilmesinde
kullanilmaktadir.

Deprem 6ncesi ve sonrast planlama stireglerinde, kiltirel
miras ve tarihi degeri olan binalarin deprem risklerinin
belirlenip, restorasyon, yenileme ve giiclendirme konula-
rinda karar verilmesi, bu yapilarin miimkin oldugu él¢ude
korunmasi i¢in hayati énem tagimaktadir. Bu unsur goz
oniinde bulundurularak, bu ¢alismada Istanbulun tarihi
bélgelerinden Galatadaki yigma yapilarin deprem riskine
kargt 6n degerlendirilmesi ve deprem giivenligi ac¢isindan
ayrintili analizlere ihtiya¢ duyan yapilarin 6nceliklendi-
rilmesi aragtirilmigtir. Bolgedeki mevcut yigma yapilarin
agamali olarak degerlendirilmesi ile ilgili olarak, RBTE-
2013 kapsamindaki birinci ve ikinci asama degerlendirme
yontemleri esas alinmugtir. Birinci agamada, bolgedeki 213
adet yigma yapinin 6n degerlendirmesi gergeklestirilip, bol-
gesel risk dagilim haritas: elde edilmistir. Bu agamada elde
edilen sonuglar, tarihi degere sahip bolgedeki yigma yapila-
rin oncelikli risk dizeyini belirleyen ilk ¢aligmalardan biri
olmasi acgisindan 6nemlidir. Caligmanin ikinci bélimiinde
ise, bolgedeki ¢ adet yigma bina 6rnek olarak secilip, ikin-
ci agama degerlendirme yontemi esas alinarak, uygulamali
kiyaslama gergeklestirilmigtir.

2. Gereg ve Yontem
2.1. Birinci Asama Degerlendirme Yontemi

Yigma yapi1 stogu hakkinda bir 6n degerlendirme
niteliginde olan birinci asama degerlendirme y6ntemi,
hizli tarama yontemiyle belirlenen bazi parametrelere bagh
olan bir puanlama hesabina dayanmaktadir. Kat sayist en
fazla 5 olan mevcut yigma binalar i¢in kullanilan bu hizh
tarama yonteminin temel 6zelligi, binalarin kat sayisina ve
sismik tehlike bolgelerine gére hesaplanan taban puanina
(TP) ve saha incelemesi sirasinda veri toplama formlar
doldurularak belirlenen olumsuzluk parametrelerine (OP)
dayanmasidir. Incelenen yigma yapilarin tagtyici sistem tiirt;
donatisiz, donatili, kusatilmis yigma ya da donatili panel
sistem seklinde siniflandirilmaktadir. Yontemde esas alinan
olumsuzluk parametreleri, yigma binanin; malzeme, iscilik,
mevcut hasar durumu agisindan gériintinen kalitesi, nizam
tirtine gore olugabilecek ¢arpisma etkisi, planda diizensizlik
durumu, diisey yonde duvar bosluk diizeni, duvar miktari
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Cizelge 1. Bina kat sayisina bagli degisen olumsuzluk parametre puanlar:

Olumsuzluk Parametreleri (OP)

Kat = Carpisma etkisi
. Yumusak Duv. bosluk ot Déseme seviyesi Doseme seviyesi Planda  Topografik Yatay hatil
adedi 0 ... miktar . . . -
kat  diizensizligi s 1o ayni diizensizlik  etki yetersizligi
yetersizligi
Orta Kenar Orta Kenar
1 0 0 -5 0 -5 -5 -10 -5 -5 -5
2 -5 -5 -5 0 -5 -5 -10 -10 -5 -5
3 -5 -5 -10 0 -5 -5 -10 -10 -5 -5
4 -10 -10 -10 0 -5 -5 -10 -15 -5 -5
5 -10 -10 -15 0 -5 -5 -10 -20 -5 -5

yetersizligi, yamugak kat, topografik etki (cepheye gore kat
farklilig1), dizlem dis1 davranis etkisi, yatay hatil yetersizligi
ve ¢ati malzemesi gibi parametrelerle ifade edilmektedir.

Cizelge 3. Yigma binalar i¢in taban puan: (TP)

Sismik tehlike bolgesi

11 - 111
0.5<S,,<1.0

v
S,5<0.5

Kat Sayis1 I
S >1.0

DS™

Saha incelemesi sirasinda uzman tarafindan yigma binalarin

kat sayisina bagli olarak degisen s6z konusu olumsuzluk

parametrelerinin her birine verilen puanlar Cizelge 1de 1 110 120 130
ozetlenmistir. 2 100 110 120
Her olumsuzluk parametresinin varligina bagl olarak, 3 90 100 110
belli katsayilar (O=0, 1, 2) dogrultusunda taban puanlari 4 80 90 100
azaltilmaktadir. Cizelge 2de verildigi tzere, goriinen 5 70 80 20

kaliteye bagli olumsuzluk parametresinde malzeme ve iscilik
kalitesi iyi durumda ise bu deger 0, orta ise 1, kot ise 2
alinmaktadir. Binada mevcut hasar durumu yok ise bu deger
0, var ise 1 alinmaktadar.

Cizelge 2. Gortinen kalite i¢in olumsuzluk parametre degerleri

Malzeme kalitesi Iscilik kalitesi

Mevcut hasar

(0/1/2) (0/1/2) durumu (0/1)

TP hesabinda, sismik tehlike bolgelerini belirlemek i¢in
metodolojide 50 yilda agilma olasiligi % 10 olan deprem
yer hareketi (DD-2) kullanilir. Zemin tirl, yigma
yapinin cografi koordinati ve deprem diizeyi géz 6niinde
bulundurulup, kisa periyot ic¢in tasarim spektral ivme
katsayis (S ;) hesaplanarak tehlike bolgesi belirlenir. Sismik
tehlike bolgesi, hesaplanan S ¢ degeri ve bina kat sayisina
bagli olarak Cizelge 3 kullanilarak her bina i¢in TP elde
edilir.

Bu adimlarin tamamlanmasiyla, mevcut yigma binalar i¢in;
bina taban puanlari, sahada elde edilen parametre degerleri
ve olumsuzluk puanlari esas alinarak bina performans

puanlari Denklem 1 yardimiyla hesaplanir. Denklem 1de
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YSP ile ifade edilen yapisal sistem puani yigma yapinin
tirine bagh olarak belirlenmekte olup, donatisiz ve karma
yigma yapilar icin 0, kusatilmig yigma binalar igin 30,
donatili yigma binalar i¢in 60 kabul edilmektedir.

PP=TP+" [(0)*(OP)]+YSP 1)

Elde edilen performans puani (PP) her bina i¢in deprem
performansinin yeterli olup olmadigini gostermekte olup,
PP degeri dusiik olanlar gliclendirme igin yiiksek oncelige
sahip olan binalari simgelemektedir. Bu sekilde, hesaplanan
puanlarin dagilimi kullanilarak binalar arasinda risk 6nceligi
belirlenmektedir.

2.2. Ikinci Asama Degerlendirme Yontemi

Ikinci agama degerlendirme yonteminde, mimari projenin
bulunmadig durumda yapinin geometrisi ve tastyici sistem
ozelliklerini tiimiiyle i¢eren roléve plani hazirlanir. Mimari
projenin bulundugu durumlarda ise binaya ait tiim bilgilerin
dogrulugu tespit edilir. Incelenen yigma yapinin rolove pla-
nindaki serbest kat adedi, brit kat alani, dégseme sistemi ve
kalinlig1, ardisik katlarin déseme st kotlar: referans alinarak
ol¢tilen kat yiksekligi detayli degerlendirme yontemindeki
hesap adimlar: i¢in gerekli en temel yapisal parametrelerdir.
Réléve kat planinda her iki dogrultudaki yigma duvarlarin
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plandaki yerlesimleri, kalinliklar1 ve boylar: ile geometrik
bilgilerin degerlendirmeye ait hesap adimlarinda kullanil-
masi gerektigi i¢in 6l¢timlerin hassasiyeti olduk¢a 6nemlidir.

Detayli degerlendirme i¢in yapiun malzeme ve hasar
durumuna ait bilgileri toplanir. Tarihi bolgelerde bulunan
yigma yapilarda, duvar kargir birimler genellikle tag ya da
harman tuglas: olmakla birlikte, duvar malzemesinin tiiri ve
dizilisi tagtyict duvar yizeyinde bulunan sivanin kaldirilmasi
ile saptanur.

Incelenen yapida deprem riski durumunun belirlenmesi igin
kullanilan degerlendirme yontemine ait adimlar Sekil 1'de
detayli olarak belirtilmistir. Sekil 1'de 6zetlenen yontemin ilk
adiminda, kat planinin her iki dogrultusundaki duvar boyu,
//nin kat brit alanina (A) oraninin bina énem katsayisi,
T'nin %20’sini asip agmadig: kontrol edilir:

I,/JA > 0.20 X I(m/m?) )

Bina 6nem katsayisi, I incelenen yapinin kullanim amacina
gore belirlenir (TDY 2007). Duvar boyu kontrolleri
saglandig1 takdirde, tim yap: i¢in disey gerilme kontroli
ve plandaki her duvar icin kayma gerilmesi kontroli
gerceklestirilir. Digey gerilme kontroli i¢in deprem
yonetmeliginde kargir birimi tiiriine gore belirtilen f duvar
basing emniyet gerilmesi degeri belirlenir. Ancak, gerilme
kontroliinde izin verilen duvar basing emniyet gerilmesi
/.. » duvar basing emniyet gerilmesinin duvar narinligine ve
bilgi diizeyine gore azaltilmig halidir. Duvar malzemelerinin
ozellikleri, duvar ytizeyinde bulunun sivanin kaldirilmas: ile
gorsel olarak tespit edilmesi durumunda yapida bilgi dizeyi
sinirh olarak kabul edilir. Bu durumda bilgi dizeyi katsayis
(BDK) 0.90 olarak alinr.

Kayma gerilmeleri kontroli, kat planinda bulunan her bir
duvar pargast icin ayri ayri yapilmaktadir. Denklem 3.’te
verilen duvar kayma emniyet gerilmesi T_, duvar kargir
birimine gére deprem yonetmeliginde tanimlanan t, gatlama
emniyet gerilmesi; p strtinme katsayist ve duvarlarda
dusey yikler altinda meydana gelen basing gerilmesi o
parametrelerine bagl olarak hesaplanmaktadir:

Tn=Tot+ =0 3)

Deprem yo6netmeliginde, yigma yapilar igin sirtinme
katsayisinin 0.5 olarak (u=0.5) alinabilecegi belirtilmigtir.
Analizde kullamlan T, kayma emniyet gerilmesi, (stnirl
bilgi diizeyi icin 0.90 olarak alinan) bilgi diizeyi katsayisi
ile T, duvar kayma emniyet gerilmesinin ¢arpimu ile elde
edilir. Incelenen yapinin kayma gerilmesi kontroliinde taban
kesme kuvveti:

A I« W S(T)
Vo= R.(T) )

denklemi ile hesaplanmaktadir. Bu denklemde, A etkin yer

ivme katsayisini; I bina 6nem katsayisini; W yigma yapinin
toplam agirhiging; R deprem yiikii azaltma katsayisini ve
S(T,) spektral ivme katsayisini simgelemektedir. Tagiyica
duvarlarda meydana gelen kayma gerilmeleri hesabinda,
taban kesme kuvveti S(T,)=2.5 ve R (T)=2 degerleri
kullanilarak elde edilmektedir (TDY 2007).

Kayma gerilmesi kontroliinin ilk adiminda, yapinin kitle
ve rijitlik merkezleri hesaplanmaktadir. Rijitlik merkezinin
kat diizlemindeki koordinatlar1 (x_ve y), x ve y yoniinde
bulunan her bir duvar pargasina ait kiitle merkezi (x, ve
y); bulundugu dogrultudaki kayma rijitligi (k , ve kyi);
ve enkesit alan1 (A ve A ) parametrelerine bagli olarak
elde edilmektedir. Degerlendirme yéntemine ait hesap
akig semasinin bir sonraki adiminda, kutle merkezi ve
rijitlik merkezi arasindaki farka bagli olarak elde edilen
J burulma rijitligi hesab: yer almaktadir. Bu iki merkez
arasindaki farkin biiyiik olmas, hesaptaki M_ve I\/Iy burulma
etkilerinin artmasina; her bir duvar pargas: tzerinde ilave
kesme kuvvetlerinin olugmasina sebep olmaktadir. x ve
y yoniinde konumlandirilmig her bir duvar i¢in V, ve V
kesme kuvveti degerleri, tersinir burulma momentleri goéz
6ninde bulundurularak hesaplanir. Bu durumda, her bir
duvar pargasi i¢in iki adet kayma gerilmesi elde edilmis olur.
Degerlendirmenin son adiminda, tim yikleme durumlar:
i¢in her bir duvar parcasina ait kayma gerilmesi degerleri:

Tui = Tena (Sa)

Tyi < Toma (5b)

kosullarin1  sagliyor ise, incelenen yap: ikinci agama
degerlendirme yontemine gore “gtivenli” kabul edilecektir.

3. Bulgular

3.1. Birinci Asama Degerlendirme Yontemi ile Bolgesel
Risk Dagiliminin Belirlenmesi

Bu ¢alisma kapsaminda, Istanbul’un tarihi bir bolgesinde
bulunan bir grup yigma yapinin bolgesel deprem risk
dagilimi birinci asama degerlendirme yontemi kullanilarak
belirlenmistir. Calismada yer alan 213 adet yigma yapz, 19.
ylizyilin son déneminde insa edilmis olup, mimari tasarim
ve yapim teknigi agisindan doneme ait ortak bir yapi
tipolojisini temsil etmektedir (Oncel 2010). Ornek yapt
grubunun bulundugu tarihi koruma alaninin, yapilasmanin

oldukga sik ve yogun oldugu egimli sokaklardan; ¢ogunlukla
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Sekil 1. Tkinci agama degerlendirme yontemi igin hesap adimlari.
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1 ile 6 kat yiksekliginde, bir ya da iki cepheleri ortak
bitisik nizam yapilardan olustugu gozlemlenmistir. Bu
caligmada incelenen yapilarin timd, bitisik nizam olarak
konumlandirilmis, tastyict sistemi donatisiz yigma olarak
tasarlanmug, ¢elik putreller ile desteklenen volta déseme
sistemine sahip yigma binalardan olusmaktadir. Yapilarin
inga edildigi zemin tiiri ise ZB olarak tespit edilmigtir

(JICA 2002).

Yapilarin birinci asama degerlendirme yontemi ile deprem
riskinin ve Oncelik grubunun belirlenmesi siirecinde
yiritilen saha ¢alismalari ve toplanan veriler, yap1 stogunun
%54intn 5 katl, %24Unin 4 katl; %12%sinin 3 katls;
%8’inin 2 katli ve %1’inin 1 katli oldugunu géstermektedir.
Yapilan saha caligmalari sonucu, yap: grubunun 6nemli
kisminda yumugak kat (%34), yetersiz goriinen kalite (%24)
ve planda dizensizlik durumu (%22) bulundugu tespit
edilmistir. Bu asamada, incelenen her yap1 i¢in performans
puani (PP), saha c¢alismalarindan toplanan bina bilgileri
ve tespit edilen olumsuzluk parametreleri kullanilarak
hesaplanmugtir. Hesaplanan PP dagilimi dikkate alinarak
degerlendirilen yapilar, deprem riski 6ncelik seviyesine gore
siniflandirilmugtir. Bu sekilde, deprem riski 6ncelik seviyeleri,
PP araliklarina gore 0 <PP<25 icin yiiksek riskli, 25<PP<55
i¢in orta riskli; 55<PP<85 i¢in dugtk riskli; PS>85 i¢in ¢cok
distik riskli olarak tanimlanmuigtur.

Degerlendirilen yigma yapilarin performans puanlarina gére
bolgesel dagilimlar: Sekil 2.de detayli olarak gosterilmistir.
Sekil 2deki bolgesel risk dagilim haritas: detayli olarak
incelendiginde, incelenen yapilarin %4t yiksek riskli;
%29u orta riskli; %54’ duguk riskli; %134 ise ¢ok disik
riskli olarak simiflandirildigs tespit edilistir. Cizelge 4
incelendiginde, yiksek riskli yapilarin timintn 5 kath
oldugu ve ¢ogunlugunda planda dizensizlik ve yumusak
kat durumunun bulundugu gozlemlenmistir. Bu durumda,
haritada kirmizi renge sahip deprem riski yiiksek olarak
siniflandirilan yapilarin, giincel deprem yonetmeligimizde
tarif edilen detayli hesap yontemleri ile birincil sirada
degerlendirilmesi gerekmektedir. Bu ¢aligmada kullanilan
birinci asama degerlendirme yontemi, kent Olceginde
deprem riskine karsi hazirhk ve planlama siireglerinde,
riskli olabilecek yigma binalarin bélgesel dagiliminin elde
edilmesi ve buna bagli afet yonetimi yetkililerinin detayli
degerlendirmeye ihtiya¢ duyulan binalarda 6nceliklendirme
kararinin verilmesine imkan saglamaktadir. Dolayisiyla bu
asamada elde edilen sonuglar, s6z konusu bélgedeki yigma
yapilarin degerlendirilmesi i¢in kaynak niteligindedir.

g 8 ' W
j % Performans Puani< 25__
‘/& 25<Performans Puant < 55 A
. 55<Performans Puani <85 \4
. 85<Performans Puani %
'S i AN

Sekil 2. Incelenen yapilarin performans puani dagilimlari.

3.2. Ikinci Asama Degerlendirme Yontemi ile Ornek
Yigma Yapilarin Incelenmesi

Bu ¢alisma kapsaminda, birinci asama degerlendirme
yontemi ile Istanbul’un kiiltiirel miras ve tarihi degeri olan
bir bélgesinde bulunan eski yigma yapinin bolgesel deprem
riski dagilimi elde edilmigtir. Birinci agsama degerlendirme
yontemi, yerel yonetimlerin afete hazirlik ve planlama
streglerinde bolgesel olarak yapilarin deprem giivenliginin
detayli sekilde degerlendirme ihtiyacinin belirlenmesi ve
riskli olabilecek binalarin 6ncelik durumunun tespitinde
son derece hizli ve ekonomik bir yéntemdir. Bélim 2.1de
tarif edilen ikinci agama degerlendirme yontemi ise incelen
binayla ilgili daha kesin ve kapsamli bilgilere ihtiyag
duyuldugu bina bazinda uygulanan bir hesap yontemidir.
Ozellikle, yigma yapinin kat yiiksekligi; briit kat alani;
tagtyict duvarlarda kullanilan malzeme tirt; duvarlarin
kat planindaki konumlar: ve en kesit boyutlar: gibi yapisal
bilgiler, kullanilan degerlendirme yonteminin en 6nemli
parametreleridir.

Calismanin bu bélimiinde, deprem riskinin bélgesel olarak
belirlendigi ¢alisma alaninda bulunan g tipik yigma yap:
ornegi, ikinci agsama degerlendirme ydntemi kullanilarak

Karaelmas Fen Mih. Derg., 2021; 11(1):1-11



Ozsoy Ozbay, Sanr1 Karapinar / Tarihi Bélgelerdeki Yigma Yapilarin Deprem Giivenligi On Degerlendirmesi

Cizelge 4. Performans puanina gére siniflandirilan yapilarda tespit edilen olumsuzluk parametreleri

Planda

Performans

Duvar Miktar1

Diisey Bosluk  Cepheye Gore

Puam Diizensizlik Meveut Hasar Yetersizligi Diizensizligi  Kat Farklilig: Yumusak Kat
0<PP<25 8 4 2 4 5 7
25<PP<55 32 26 27 7 20 27
55<PP<85 6 17 6 9 3 30
85 < PP 1 5 1 0 0 8
Toplam Bina 47 52 36 20 28 72
% Bina 22 24 17 9 13 34

0123 4 5m

T —

YB-II YB-III

Yapim Tarihi  :1895-1905 Yapim Tarihi  :1895-1905 Yapim Tarihi ~ :1874-1895
Kullanim amaci : Hotel-Yenileme Kullanim amaci : Apartman Kullanim amaci : Apartman
Yapim sistemi  : Yigma yap1 Yapim sistemi  : Yigma yap1 Yapim sistemi: ~ Yigma yapi
Duvar birimi  : Tag ve harman tuglast | Duvar birimi ~ : Tag ve harman tuglas1 | Duvar birimi ~ :Tag ve harman tuglas:
Déseme tiri : Volta déseme Dégeme tirti  : Volta déseme Dégeme tiri : Volta déseme
Kat adedi :N=5 Kat adedi :N=4 Kat adedi :N=6
Kat yiiksekligi : Hy=3.00 m Kat yiiksekligi : Hy=2.90 m Kat yiiksekligi : H=3.00 m
Brit kat alan1 : A = 90.08 m? Briit kat alan1  : A=196.10 m? Brit katalan1  : A =192.30 m?

Sekil 3. Incelenen binalara ait kat planlari ve yapisal 6zellikler.

deprem giivenligi acisindan analiz edilmigtir. Secilen ti¢
ornek yigma yapi, 19. ylizyilin son dénemlerinde benzer
yapim teknikleri ve malzeme tirt kullanilarak inga edilmis
olup analizlerde kullanilan kat planlari, tarihi degere sahip
bolgeyle ilgili aragtirmalardan temin edilmistir (Oncel 2010,
Batur 2007).

Sekil 3'te, incelenen 6rnek binalara ait kat planlarina ve
yapisal ozelliklere yer verilmistir. Dénemin kagir yapim
ustalari tarafindan inga edilen 6rnek binalarda, tagiyic
duvarlarin yapiminda harman tuglasinin kullanilmis oldugu
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ve kat dizlemlerinin volta déseme olarak tegkil edildigi
gézlemlenmistir. Tkinci asama degerlendirme yonteminin
kayma gerilmesi kontroli hesap adiminda kullanilmak
tizere 6rnek yapilarin kat planlar zerinde x ve y yonii duvar
birimleri isimlendirilmistir.

YB-I, YB-II ve YB-II olarak isimlendirilen s6z konusu tg
yigma binanin her iki yéndeki duvar boyu kontrolii ve disey
yiikler altinda meydana gerilen basing gerilmeleri kontroliine

ait hesap bilgileri ve sonuglari Cizelge 5te 6zetlenmistir.
Ornek yapilarda hesap sonuglari incelendiginde, bina kat
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Cizelge 5. Incelenen binalarda duvar boyu ve diisey gerilme kontrolii sonuglari

Briit kat alan: A (m?) 90.08 m? 196.10 m? 92.30 m?
x yonii duvar enkesit alam | A, (m?) 6.38 m? 18.56 m? 35.69 m?
y yonii duvar enkesit alan1 | A, (m?) 11.63 m? 33.52 m? 31.91 m?
x yoni duvar boyu I, (m) 23.05 m 23.05 m 23.05 m
y yont duvar boyu I, (m) 38.45 m 38.45m 38.45m

x ve y yoni duvar boyu kontrolii
Li./A > 0.20 X I(m/m*)

L,/A > 020 x I(m/m?)
Disey gerilme kontrolii, o < f_

0.26 > 0.20 (m/m?)
0.43 > 0.20 (m/m?)

. 0.225 MPa < 0.605 MPa

0.24 > 0.20 (m/m?)
0.35 > 0.20 (m/m?)
0.132 MPa < 0.605 MPa

0.36 > 0.20 (m/m’)
0.33 > 0.20(m/m’)

0.157 MPa < 0.605 MPa

planinin her iki dogrultusunda duvar boyu kontrollerinin
sagladigi gortlmektedir. Ayni zamanda, incelenen YB-I,
YB-II ve YB-III yapilarinin diisey yiikler altinda hesaplanan
duvar basing gerilmelerinin, izin verilen duvar basing
emniyet gerilme degerini asmadig: tespit edilmistir.

Degerlendirmenin son adiminda, deprem yiiklerinin yapinin
kritik katindaki x ve y yont duvar birimlerinde olusturdugu
kayma gerilmeleri, izin verilen sinir deger ile karsilagtiril-
mustir. Her bir duvar parcalarina etkiyen kesme kuvveti
hesaplanirken, tersinir burulma momentlerinden olusan
ilave etkiler g6z oniinde bulundurulmustur. YB-I, YB-II ve
YB-III 6rnek yapilarinin kritik katlarinda bulunan duvar
birimlerinde olusan kayma gerilmeleri Sekil 4te gosteril-
mektedir. Sayisal sonuglar incelendiginde, her ¢ yapinin
kayma gerilmesi degerleri izin verilen sinir degerleri agma-
dig1 icin ikinci agama degerlendirme yontemine gére bina-
larin “gtivenli” oldugu sonucuna varilmistir. Ayrica, deprem
etkisi altinda YB-I ve YB-II'ye ait x yoni duvarlarinin daha
fazla zorlandig ve izin verilen kayma emniyet gerilmesine
belirgin sekilde daha yakin oldugu tespit edilmistir. Ornek
yapilarin kat planlari kargilagtirildiginda, YB-III'ten farkl
olarak YB-I ve YB-IT'nin x yont duvar birimlerinin en kesit
alanlarinin diger dogrultuda bulunan duvarlara gore daha
kugiik oldugu goézlemlenmistir. Sonuglar incelendiginde,
yigma binalarin deprem giivenligini biyiik 6l¢tide belirleyen
tagtyict duvar kalinliginin, boyunun ve kat planindaki yerle-
siminin, s6z konusu degerlendirme yonteminin de en temel
hesap parametreleri oldugu gorilmiistiir.

4. Tartisma

Deprem oncesi ve sonrasi afet yonetimi 6zellikle yiiksek sis-
mik risk altindaki sehirler i¢in ¢ok 6nemlidir. Dolayisiyla,
depreme hazirlikli olmak i¢in, bu sehirlerde hasar gorebilir-

ligi yiiksek ve gii¢lendirilmeye 6ncelik verilmesi gereken risk
diizeyi yiiksek binalarin belirlenmesi gerekmektedir. Cesitli
yapt tirleri icerisinde, 6zellikle tarihi bolgelerdeki kiltirel
miras niteligindeki yigma binalar i¢in gii¢lendirme faali-
yetlerinin 6nceliklendirilmesi i¢in hizli ve giivenilir verilerle
bu kararlarin verilebilmesi ¢ok 6nemlidir. Tarihi yapilarin
korunmasinin ve gelecek nesillere aktarilmasinin 6nemi de
distnildigiinde, iyi organize edilmis bir saha aragtirmasiyla
mevcut yigma yapilarda gerekli analizlerin yapilarak, tari-
hi bolgelerdeki binalar i¢in hizli ve dogru karar verilmesini
saglayan bir 6ncelik stratejisi olugturulmalidir.

Bu RBTE-2013 yigma

yapilarin agamali degerlendirilmesi i¢in verdigi esaslara

caligmada, yonetmeliginin
dayanarak, Istanbul'un tarihi bolgelerinden Galatadaki
yigma yapilarin, sismik acgidan birinci ve ikinci agama
degerlendirmeleri yapilmistir. Caligmanin ilk béliminde,
s6z konusu tarihi merkezdeki 213 adet yigma bina igin,
hizli taramayla toplanan saha verilerine dayanarak birinci
asama degerlendirme yontemi tamamlanmis ve bolgesel
risk dagilim haritas: elde edilmistir. Bu agamada bolgedeki
binalarin sismik 6ncelik dagilimini anlamak i¢in hesaplanan
performans puanlari esas alinmistir. Elde edilen sonuglar
bolgedeki yigma yapilarin 6ncelikli risk diizeyini belirleyen
ilk caligmalardan biri olmasi agisindan 6nem arz etmektedir.

Birinci agama yontemi esas alan bir diger ¢alismada, y18-
ma yapilarda cephedeki tagtyici duvarlarda bulunan pen-
cere ve kapi tirl bosluklarin duvar strekliligini etkiledigi;
bosluk oranina bagli hesaplanan duvar miktar1 yetersizligi
parametresinin yapinin performans puanini 6nemli 6l¢tide
degistirdigi belirtilmektedir (Karasin vd. 2016). Bu ¢alisma-
nin sonuglari incelendiginde, benzer sekilde, gorsel tarama
sirasinda tespit edilen duvar miktar: yetersizliginin yapinin
depreme karsi zarar gorebilirligini ifade eden performans

Karaelmas Fen Mih. Derg., 2021; 11(1):1-11
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puaninda disise sebep oldugu tespit edilmistir. Ayrica, dii-
zenli ve diizensiz yigma duvarlarin deprem davranugi iizerine
yapilan bir ¢alismada, duvar dizleminde bulunan diizensiz
bosluklarin yapi sistemine ait yik akigini ve deprem perfor-
mansini olumsuz yonde etkiledigi tespit edilmistir (Siano

vd. 2017).
Tarihi bolgelerde depreme karg1 bolgesel risk dagilimini konu

alan ¢aligmalarda elde edilen sonuglar, asimetrik kat planina
sahip yigma yapilarin deprem giivenliginin burulma etkisine
bagli olarak olumsuz yonde etkilendigini gostermektedir
(Bosco vd. 2015, Formisano vd. 2015, Jiménez vd. 2018).
Benzer seckilde, bu ¢alismada da planda dizensizlik
olumsuzluk parametresinin bulundugu yapilarda, deprem
risk diizeyinin daha yiiksek oldugu tespit edilmistir.

Caligmanin ikinci bolimiinde ise, bolgedeki ti¢ adet yigma
bina 6rnek olarak alinarak, ikinci asama degerlendirme
yonteminin takip edilmesiyle, uygulamali karsilagtirma
gergeklestirilmistir. Calismanin bu kisminda elde edilen
sonuglar, yigma yapiy1 olusturan duvarlarin kat planindaki
yerlesiminin ve en kesit 6zelliklerinin degerlendirme y6n-
temdeki en belirleyici temel hesap parametreleri oldugunu
actkca gostermistir.

Yapisal 6n degerlendirme yaklagimi olarak ikinci agama
degerlendirme yonteminde, hizli tarama yontemi ile kargi-
lagtirildiginda incelenen yapr ile ilgili daha ayrintili bilgiye
ihtiya¢ duyulur. Yapiya ait geometrik bilgilerin ve malzeme
ozelliklerinin kullanildigi yontemin uygulanmas: ile dep-
rem givenligi acisindan ayrintili analiz yontemlerine gore
daha hizli ¢6ziime ulagilir. Bu sebeple, birinci adimda hizl
tarama teknigi ile deprem riski agisindan oncelikli yapila-
rin belirlenmesi ve ikinci agama degerlendirme yonteminin
riskli gruptaki binalarda uygulanmasi, afete hazirlik ve yapi-
sal gliclendirme ¢aligmalarinin planlanmasinda 6nemli katk:
saglayacaktir.

Bu ¢alismada ¢ok sayida tarihi yigma yapiya sahip Galata
bolgesi icin yerel 6lcekte deprem riskine sahip binalar
elde

senaryolarina dogrudan hizmet edebilir. Yine bu ¢alismada

stniflandirilarak edilen sonuglar, deprem hasar
elde edilen bolgesel sismik risk dagilim haritas: gz 6ntinde
bulundurularak risk barindiran binalarin daha ayrintih

degerlendirmesi i¢in bagka ¢aligmalara bir temel saglayabilir.
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Abstract

Flow patterns and their bifurcation for a steady, viscous, Stokes flow inside a Z-shaped cavity with moving upper lid are investigated.
Stokes equation with two parameters i and k. which are related to the heights of the field is solved analytically using an infinite
series of eigenfunctions. The (h1,h, ) control space diagram is constructed to examine the new eddy generation, and attention is then
focused on the effect of the re-entrant corner on the flow transformation in the Z-shaped domain.

Keywords: Eddy generation, Flow bifurcation, Single-lid, Z-shaped cavity

Oz

Duragan, viskoz, Stokes akis i¢in tist kapag: hareketli Z sekilli bir kaviti i¢cindeki akis modelleri ve ¢atallanmalar: aragtirilmigtir. Bolge
ylikseklikleri ile ilgili iki parametre h, ve h, olmak tizere Stokes denklemi, 6z fonksiyonlarin sonsuz serisi kullanilarak analitik olarak
¢ozilmistir. (hi,h,) kontrol uzay diyagrami yeni girdap olusumunu incelemek i¢in olugturulmustur ve daha sonra, ¢ikintili kégenin
Z-sekilli alandaki akig dontisiimii tizerindeki etkisine odaklanilmigtir.

Anahtar Kelimeler: Girdap olusumu, Ak ¢atallanmalari, Tek kapakli, Z-gekilli kaviti

1. Introduction

Cavity type problems are such evergreen research topic
which has been studied for many years in different fields
of mathematics and engineering including aerodynamic
applications (Olsman and Colonius 2011, Yang et al. 2014),
coating flow (Gaskell et al. 1995, Hellebrand 2006), heat
transfer (Mahmoodi 2011, Oztop and Dagtekin 2004),
biological process (Sheu and Chiang 2014). Lid-driven
cavity flow problems are the most common of these topics.
Studies on the cavity flow can be categorized into two main
issues: computational fluid dynamics (CFD) and qualitative
properties of streamlines.

In computational view, there are many studies in the
literature on testing new algorithms and numerical methods

developed for non-zero Reynolds flow (An et al. 2019,
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Botella and Peyret 1998, Bruneau and Saad 2006, Erturk
et al. 2005). Recently, (Erturk 2018) solved the 2-D steady
incompressible annular cavity flow using an efficient
numerical method which can obtain solutions at high
Reynolds numbers and compared the results with those in
the previous study. (Hribersek and Skerget 2005) presented
new advances in the boundary domain integral method
(BDIM) for computation of viscous fluid flows, governed
by the Navier-Stokes equations. They tested the accuracy of
the new numerical algorithm for several problems, including
the standard driven cavity with up to Re = 10000, driven an
L shaped cavity with up to Re= 7500 and flow in a Z shaped
channel with up to Re = 400.

Studies examining the qualitative properties of the
streamline are related to vortex formation, flow bifurcation
and local analysis of streamline. For example, (Bakker
1991) used a Taylor series expansion of the velocity vector
field to investigate flow topology and structural stability
of flow patterns near a critical point on a stationary wall.
(Brens and Hartnack 1999) revealed flow structure near a
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simple degenerate critical points away from boundaries by
using normal form transformations which are a tool for
eliminating the higher-order terms in the stream functions.
(Hartnack 1999) also used the same method for critical
points which is closed to a fixed wall. Recently, (Deliceoglu
et al. 2019) made a local analysis of the vector field by
simplified the streamlines of the Hamiltonian system using
the homotopy invariance of the index theory. Then, as a
theoretical framework, they considered an L-shaped cavity
with lids moving in the same directions to determine the
sequence of flow structures by which eddies are generated.

As a closed flow domain, a rectangular cavity is the most
probably preferred due to the simplicity of the application
of the boundary conditions. Some of the significant studies
included the rectangular cavity is (Gurcan 2003,Giircan et
al. 2003, Giircan et al. 2006, Shankar 1993). In addition to
the rectangular, flow structures and bifurcations in different
types of shapes, such as annular, L-shaped, T-shaped, have
been of interest. (Gaskell et al. 1997) formulated a boundary
value problem which is solved for the stream function ¥
for a half-filled annulus. They showed that the flow domain
consists of two (one) large eddies (eddy), each having a
stagnation point on the centerline for both counter-rotating
S <0 and co-rotating S >0 cases. As A and S are
varied, there is a change in the flow structure of the stationary
point such that it turns into a saddle from a center or vice
versa. (Giircan et al. 2016) analyzed the Stokes flow within
the annular region formed by a pair of stationary side walls
surrounded by straight lids moving in the opposite direction.
They identified that after various flow transformations in
the area, the new eddy appeared and was fully developed for
Se[-1,0) and A€ [1.6,6.5).

and Aydin 2013)

transformation and eddy genesis in a steady, viscous

(Deliceoglu investigated  flow
L-shaped cavity with the lids moving in opposite directions
by Galerkin finite element method with a stabilization
technique. They focused on the flow transformation as well
as the effect of the corner point on the vortex formation
and observed an unprecedented separation bubble around
the re-entrant corner point. Also, by taking Re = 500, they
found that the Reynolds number accelerated the formation
of new vortices in the upper part of the cavity. In the
following, (Deliceoglu and Aydin 2014) presented flow
patterns formed by varying cavity heights in the L-shaped
region with a moving single lid. For —1.4 <h, <0 and
0.1 < h, < 3.2, they obtained the (%1,k) parameter space
which is formed by the bifurcation curves expressing the

Karaelmas Fen Miih. Derg., 2021; 11(1):12-22

transformation of structure at the critical point. Recently,
(Deliceoglu and Celik 2019) studied the viscous flow in
the T-shaped domain where the upper lid governs the flow.
They construct the (hi,h,) control space diagram to show
new vortex formation scenarios.

In this study, unlike the above geometries, the flow topology
in the Z-shaped region with a single lid is examined. To do
this, boundary value problem is formed and Stokes equation
governing the flow is solved analytically. Flow patterns in
the region are obtained by changing the parameters of lower
cavity height k2, and upper cavity height k., and the effect
of separating lines near the corner points on the formation
of new vortex is investigated.

2. Material and Methods

A two-dimensional Z-shaped cavity with boundary
condition is shown in Figure 1. The cavity is filled with an
incompressible fluid, and it is assumed that the width of
the cavity is fixed and all walls, except the upper lid with
horizontal motion, are stationary. The flow is driven by the
motion of the upper lid with constant speed # = 1. Under
the Stokes approximation, the equations of motion reduce
to the biharmonic equation for the stream function

'y 'y Y _
o 2oy Ty

VY (z,y)=0 (1)

The velocity components are obtained by derivatives of
stream function ¥

) )
w= % v= _Bili (2)
'The no-slip boundary conditions for the upper lid and seven

fixed walls can be written by using the relations (2) in terms
of derivatives of the stream function as follow:

:O’ =1 B
LTS (k)

(0,24,)

lzﬁz v, v,

Re-entrant

(1.5,0)

Vs Loy, 24

(0.0)

(0.5.27,) (1.5.24,)

Figure 1. Boundary conditions for a lid-driven Z-shaped

cavity.
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%(m,?hz)—1(0<x_l) W (0,9)
=0(0§y§2ﬁz)a—(x0)=0(0§x§0.5)
W 2h) =005 =2 < 15). 30(15)

3
—O(2h1§y<0)8 (z2,0)= 0(1<x<15) ©

'The boundary value problem formed for the cavity can be
solved analytically or numerically. In this paper, we solve the
biharmonic equation using Papkovich-Fadle eigenfunctions,
which arise from the separation of variables. The region is
divided into simple sub-regions and the stream function is
defined for each sub-region in terms of these eigenfunctions
which satisfy all the sidewall conditions. By applying these
boundary conditions to the eigenfunctions, a linear equation
system consisting of unknown coeflicients is obtained.

The stream function for the first region can be written as:

v (x,y)
_ Z ¢M(x) a,sinh (A, (y — hy))
sinh (A, h2)

b,cosh(A.,(y — ) )
cosh(Aanh)

n=—oc an

¢v (%) ( c.sinh(A,,(y — ) . d,cosh(A,,(y — hy)) )
l; . sinh (A, /1) cosh(A,.h2)

tfan(y)<e Jsinh (L, (x — 0.25)) | ficosh(i.(x — o.25))>
7 sinh (0.2544...) cosh(0.25u..,)

5 (y)<g,,smh(um(x 0.25))

h,cosh (. (x —0.25)) )
Iuw sinh (0.254,.,.)

cosh(0.254,.,)
4

where the functions,

Do () = 800 (sin (s,,) cos (s.. (42— 1))
— (42— 1) cos (s..) sin (s.. (42— 1))),

@0 (2)

(5)

=s,,(cos(s,.)sin (s, (4dz—1))

— (42 —1)sin(s,) cos(s,.(4x—1))), ©
£.(y) )
. sin (s..) cos(%) 7)
Sem (y- sz)f:os(su.,,,) sin( San (q— h.) ) ,
. (y) =)
. Sen\Y — hs
. cos (ss,nz sm'( i ) ) )
_ (y — hz%sm (800) COS( Sen (%_ h) )
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are the symmetric and anti-symmetric eigenfunctions,
respectively (Fadle 1940, Papkovich 1970). The sidewall
boundary conditions (3) are used to obtain the eigenvalues
Sen and s., which satisfy the following equations:

sin (24.,) = —2A.., sin(24..) = —2A.. 9)

The eigenvalues are determined by the Newton iteration
procedure described by (Robbins and Smith 1948). Similarly,
the stream function can be derived for the other sub-regions.
Finally, stream function ¥ (z,y) for the domain is given by

¥ (z,y) =¥ (zy) +¥(z,y) +¥s(z,y) +¥u(zy).  (10)

This solution procedure was used by (Driesen et al. 1998,
Trogdon and Joseph 1982).

3. Results

In this section, the vortex formation mechanism in
the Z-shaped cavity with upper-lid moving horizontal
directions will be examined. In the next part of the article,
=h, and
2hy=h, . A lower part of cavity height h: and upper

for the sake of convenience it is assume that 2k,

part of cavity height h, are considered as a parameter. The
topological structure of the degenerate critical point within
the region changes as the heights of the parameters vary.
'This transformation occurs from the saddle to the centre or
vice versa for incompressible flow and is expressed in terms
of flow bifurcation in fluid dynamics.

Using the analytical solution of the Stokes equation in
Section 2,a (hi,h.) parameter space (bifurcation diagram),
which includes the curves representing flow bifurcations is
generated (Figure 2). h, is fixed, while h, is changing or vice
versa to obtain all bifurcation curves. Itis sufficient to consider
parameters in the range of —2.8 < h; < 0.1,0 < h, < 2, to
examine flow transformations which increase the number
of vortices in the region. In this range, the parameter space
contains a set of the co-dimension-bifurcation curve, and
each curve represents the flow bifurcation at degenerate
critical points.

3.1. Streamline Topologies Near a Stationary Wall

In the literature, degenerate critical points are classified as
simple or non-simple depending on the Jacobian matrix
of the velocity field. (Hartnack 1999) studied local flow
topology at a simple degenerate critical point which has a
singular and non-zero Jacobian matrix. Moreover, he used
the generation function to simplify the fourth-order terms
of the stream function in the normal form approach. We skip
computational ways and only give the following theorem

Karaelmas Fen Miih. Derg., 2021; 11(1):12-22
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for the stream function of codimension one. A detailed
description of the method is found in (Hartnack 1999).

Figure 2. The control space diagram is divided into different
regions by bifurcation curves. Flow patterns in Figure 5-7 are
correspond to these regions.

Theorem 1: Let ¥ is expanded in a power series

V=Y D agax'y. (11)
i+j=0

Assuming the non-degenerate conditions aos #0, @, #0 a

normal form of order 4 for the stream function is

Y=y (oy+p+5a’) (12)
where
(123
1 for —2>0
o= e (13)
2,2
-1 for Tos <0

and g is a transformed small parameters.

b) 6 =-1 ~ .M\§Ww, ¥/,M/MH L HV,M,;;?%ffi?%S,,r,

n<0 u=0 u>0

Figure 3. Local streamlines near the wall for a)o=1b)o
=-1.

Theorem 2: Let a10,a01,a20,a11 and @30, -@n-10 be small
parameters. Assuming the non-degeneracy conditions
o2 # 0,dn0 # 0normal formal of order N for the stream
function is

Karaelmas Fen Miih. Derg., 2021; 11(1):12-22

Wo=3y 0 f) =Y ex evi=0ei=1 (14

where

5 {—1 for N even and ao:/dvo < 0

1 for N even and a,:/dvo > 0or N odd (15)

and ¢, i=1,..., N - 2 are transformed small parameters.

3.2 Forming Control Space Diagram and Eddy
Generation

'The curves in the control space diagram are named according
to the bifurcation type. The lower index shows the number
of bifurcation, while the upper index indicates the place
which part of the cavity bifurcation occurs (Up or Down).
Three types of flow bifurcation, one on the wall and the
others inside the flow, are observed during the study flow
bifurcation. The first type, the two saddle points on the wall
approach and, then coalesce with each other at one point
on the wall to produce a saddle in the flow (Figure 3-(b)).
This bifurcation is shown in the diagram by BM (bubble
merging). The second type of bifurcation occurs inside the
flow where the degenerate critical point is bifurcated to a
saddle with a centre point (Figure 4). This type of bifurcation
is called CP (cusp-bifurcation). Sometimes the topological
structure of the flow transformation to another form, but
there is no change in the number of critical points, such
transformations are labelled with GB (global). All curves
divide the bifurcation diagram (hi,h.) into 51 different
regions as shown in Figure 2, and all flow patterns in each
region are shown in the Figure 5-7.

e

Figure 4. Bifurcation series of the degenerate point inside the
flow for N = 3 in Eq. (14).

This study aims to show how critical points turn into vortex
after a series of structural bifurcations. For example, the
lower region numbered with (1) contains one large vortex
with inner separatrix. By changing the parameters, h,
and h., the lower corner vortices combine to form a new
separatrix structure along the BM curve (zone 2). When h,
is fixed and moved to zone 6, this structure leaves its place in
the vortex after CP, bifurcation. This basic transformation
series is exactly equivalent to the series obtained by
(Giircan 2005) for the rectangular cavity with the upper

15
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lid. However, unlike the rectangular cavity, surprisingly,  bifurcations, the vortices on the bottom wall or the right
the same bifurcation series also occurs on the right wall of  wall generates a full vortex with the corners at the lower part
the lower region (1 -3 —=17). After the same sequence of  of cavity. These bifurcation are shown in Figure 8.

B o 2
AR
L) L} L) L Ll
4
i
L]
Ll L) Ll L} L)

.

21 212u 211u2u

Figure 5. Schematic representation of the streamlines formed in each region in the control space diagram.
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Figure 6. Schematic representation of the streamlines formed in each region in the control space diagram (continued).
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Figure 7. Schematic representation of the streamlines formed in each region in the control space diagram (continued).
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10

Figure 8. Eddy generation at the lower part of the cavity by increasing A, .

Let us continue to examine the control space diagram by
studying the role of the right corner point in the vortex
formation. First, there are two primary vortices in the
domain, and the separation line is on the horizontal wall
(Figure 9-(19)). Flow transformation (19 — 24 — 25)
shows that the lower-right part of the cavity acts as a
rectangular cavity. Just before the separation line crosses the
corner point, it joins with the left-lower corner vortex of the
cavity to form a separatrix. After the separation line crosses
the corner point, the value of k., =~ —0.55, the separatrix
in the region leaves its place in a full vortex, and the vortex
formation is completed at the bottom of the cavity (Figure
9).

Karaelmas Fen Miih. Derg., 2021; 11(1):12-22

So far, the separation line is below the left corner, and new
vortices are formed in the lower-middle part of the cavity.
When the A, is fixed and moved horizontally between zones
(29-37) in the diagram, structural bifurcation occurs at the
bottom of the cavity. In the control space, when h, is fixed,
and h. is increased, the bifurcation curve SL, , which refers
to the separation line passing the corner point, is first seen.
This indicates that the separation line crosses the corner
point before the changes in topological structure over the
upper part of the cavity. Indeed, when the parameter space is
examined, the separation line crosses the corner point firstly
and then joins with the corner vortex on the upper cavity.

19
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)

/ /24\

29

=509

Figure 9. The role of the separation line on the effect of eddy formation.

This value is constant regardless of h; and is approximately
h:=1.626. When the length of the upper part of the cavity
is further increased, the number of vortices in the upper part
increased to two after cusp bifurcation (CPY).

4. Discussion

In this study, we consider Stokes flow over Z-shaped
cavity with moving upper lid. The matching biorthogonal
eigenfunction expansions method which is used by (Trogdon
and Joseph 1982, Driesen et. al 1998) for rectangular slot,
(Phillips 1989) for contraction geometry and (Deliceoglu
and Aydin 2014) for L-shaped cavity is applied here for
the first time for the Z-shaped cavity. Then, flow structures
occurring in the region by changing the height of the
Z-shaped cavity are presented. The (hi,h.) control space

20

diagram was generated for —2.8 <h; < 0.1,0 <h, < 2.
'The flow transformations in the cavity and the new vortex
formation mechanism were examined by taking sections
from different parts of the control space diagram. It is
concluded that there is no new vortex in the upper part of
the cavity unless the separation line exceeds the left corner
point. It is surprising that after crossing the corner point
of the separation line, the saddle-node bifurcation on the
wall remains almost the same value h,=1.62, regardless of
h. . This value is the same as that obtained for rectangular
(Giircan 2005) and L-shaped (Deliceoglu and Aydin 2014)
cavities with a single lid-driven by uniform motion. Thus,
it was shown that this change in the shape of the flow field
does not affect the formation of the vortex in the upper part

of the cavity.
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Oz

Diamid tiirG bir insektisit olan klorantraniliprol tarim uygulamalarinda ¢ok kullanilan, zararhlarda iyonoregiilasyon sistemini
bloke eden, toksik ozelligi ile etkinlik gésteren bir pestisittir. Bu ¢alismada klorantraniliprol, 1 ppm ve 2 ppm konsantrasyonlarinin
etkisinde Oreochromis niloticus solunga¢ dokularinda iyon transport enzim aktivitelerine tizerine etklileri 7 glin siire ile aragtirilmigtir.
Arastirmamizda elde edilen sonuglar solunga¢ dokusunda klorantraniliprol 7 giin siireyle etkisinde Na*/K*-ATPaz enzim aktivitesinin
kontrol grubuna gére 1 ppm ve 2 ppm konsantrasyonlarinda sirasiyla % 61 ve % 65 azalma gosterdigi belirlendi. Klorantraniliprol
maruziyetinde, kontrol grubuna gére 1 ppm ve 2 ppm konsantrasyonlarinda sirasiyla Ca?*-ATPaz enzim aktivitesinde %68 ve %76,
Mg*-ATPaz enzim aktivitesinde %28 ve %44 azalma oldugu belirlendi. Calismanin sonuglari, Oreochromis niloticus baliklarinin iyon
regiilasyon sisteminin, klorantraniliprolin etkisinde iyi bir biyobelirte¢ oldugunu géstermektedir.

Anahtar Kelimeler: ATPaz enzimleri, Klorantraniliprol, Oreochromis niloticus, Solungag

Abstract

Chlorantraniliprole, a diamide type insecticide, is a pesticide that is very used in agricultural applications, in this sense, it causes toxicity
of the ionoregulation system against pests and is effective with its toxic feature. In this study, the effects of chlorantraniliprole, 1ppm
and 2 ppm concentrations on ion-transporting enzyme activity in Oreochromis niloticus gill tissues were investigated for 7 days. The
results obtained in our study showed that Na'/K*- ATPase enzyme activity showed a 61% and 65% reduction in concentrations of
1 ppm and 2 ppm, respectively, in the effect of chlorantraniliprole in gill tissue for 7 days. In the exposure to chlorantraniliprole, it
was determined that there was a 68% and 76% decrease in Ca*'- ATPase enzyme activity and 28% and 44% in Mg*-ATPaz enzyme
activity at concentrations of 1 ppm and 2 ppm compared to the control group. The results of the study show that the ion regulation
system of Oreochromis niloticus are a biomarker in the effect of chlorantraniliprole.

Keywords: ATPases enzymes, Chlorantraniliprole, Oreochromis niloticus, Gill

1. Giris beraberinde ¢evre ve insan sagligi tzerinde toksik etki
Pestisit uygulamalari, modern tarim sistemlerinde ve halk olusturabilen klmyasa.l grubudur. .Tar.1m. .ulygt.llamalan
. . sonucunda sucul organizmalar ve besin zinciri ile insanlara
saglign programlarinda zararli kontrolinde kullanimiyla 3 o oo N ) .

kadar ulastiginda biyokimyasal 6zelliklerine gére biyolojik

olarak birikebilmektedir. Deney hayvanlari ile yapilan
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organ/doku sistemleri tizerindeki toksik etkilerini anlamak

temel hedeftir (Stahl vd. 2009). Yeni siuf pestisit olan


https://orcid.org/0000-0003-0668-5744
http://orcid.org/0000-0003-2666-0798
https://orcid.org/0000-0001-6559-4397
https://orcid.org/0000-0003-4315-5689

Temiz, Aytekin, Cogun, Kargin / Klorantraniliprol Indiiklii Toksisitenin Oreochromis Niloticus Solungag Tyon Taginim

Enzim Aktivitelerine Etkileri

antranilik diamid grubundan klorantraniliprol, yiiksek
toksik etkisiyle zararlilar1 bertaraf eder. Zararlilar Gizerinde
etkisini Ca™ iyonunun diizensiz salinimi sayesinde yetersiz
kalan Ca* duzeyleri ile kas kasilmalarina ve fel¢ sonucu
zararlinin 6limiine sebep olmaktadir (Lahm vd. 2005,2009,
Sattelle vd. 2008). Akuatik sistem tzerinde olugan olumsuz
etkinin belirlenmesinde balik tiirleri biyoindikatoér olarak
aragtirmalarda genis bir sekilde kullanilmaktadir. Pestisitlerin
toksik etkilerinin belirlenmesinde canlilarda, fizyolojik
ve biyokimyasal biyobelirteclerde olusan degisimler ile
belirlenmektedir (Webb vd. 2005, Dellali vd. 2010).

Baliklar, sucul ekosistemde kirleticilere ilk olarak solungag-
lar1 ile maruz kalmaktadir. Solungaglar balikta gaz aligverisi
i¢in kritik rol oynamaktadir. Gaz aligverisinde dolay: iyo-
noregilasyon enzimleri biyomarkir olarak toksisitenin ve
kirliligin belirlenmesinde 6nemli rol almaktadir (Ciacci vd.
2012, Patecz vd. 2005). iyon regiilasyonu saglayan adenosin
trifosfatazlar (AT Pazlar; Na*/K*, Mg?*, Ca*), hiicre metabo-
lizmasi igin gerekli iyonlarin alimi ve taginiminda 6nemli rol
oynayan enzimlerdir. Na'/K*-ATPaz enzimi, hiicre memb-
raninda katyon iyonlarimin gegisi ve hiicre duvar potansi-
yelinin biitiinligini saglayan énemli bir enzimdir. Ca®* ve
Mg ATPaz enzimleri, hiicrede membran bitinliginin
saglanmasi ve Ca*, Mg* iyon taginimindan sorumlu olan
yapisal iyono regtilasyon enzimleridir (Parvez vd. 2006).

Toksik kimyasallarin etkisinde, seliiler aktivitenin biyoin-
dikatorii olarak aragtirmalarda kullanilmaktadir (Patecz
vd. 2005, Vijayavel vd. 2007). Arastirmamizda, O. niloticus
solunga¢ dokusunda klorantraniliprol maruziyetinde olusan
toksik etkinin 7 glin etkide 1ppm ve 2 ppm konsantrasyon-
larinda iyon regilasyon enzimlerinin aktivitelerinde degi-
sikliler aragtirilmistir.

2. Gereg ve Yontem

Deneylerde kullanilan O. niloticus, Gukurova Universitesi
balik yetistirme ¢iftliginden alinarak deney ortamiyla aym
sartlarda olan laboratuvar ortaminda 2 hafta boyunca akk-
limatize edildi. Deneylerde kullanilan O. niloticus tirinin
ortalama boyu 11,5+0,77 cm, agirhg: ise 27,8+1,74 gr
olarak ol¢tilmistiir. 40x40x40 cm boyutta cam akvaryum-
lar dinlendirilmis musluk suyu ile 40 L doldurulmus ve
akvaryumlarda merkezi sistem ile havalandirma yapilmistur.
Laboratuvar ortaminda 12/12 saat fotoperiyodik periyodu
uygulanmigtir. Deneyde kullanilan akvaryum su kalitesi
parametreleri; sicaklik 22+2 °C, pH 6,72+0,61, ¢6ziinmis
oksijen 6,64+0,34 mg/L, alkalinite 239 mg/L. CaCO, ve
sertlik 271 mg/L. CaCO, olarak belirlenmistir. Baliklar

24

gunde iki kez agirliklarinin %3’si kadar hazir yem ile bes-
lenmiglerdir (Pinar, Turkiye). Kontrol akvaryumuyla birlikte
yiritilen deneylerde toksik kimyasal olan klorantraniliprol
Coragen 20SC ticari adiyla DuPont sirketinden alind: ve
toksik konstrasyonlar olan 1 ppm ve 2 ppm konsantrasyon-
larda hergiin taze olarak hazirlandi. Deney akvaryumlarina
rastgele 6 balik birakilarak, toplamda 3 akvaryum ile aragtir-
ma yuritilmugtir. Toksik deneylerde kimyasal miktarinda
azalmay: onlemek amaciyla 24 saat araliklarla su degisimi
ve toksik madde eklemesi yapilmugtir. 7. giiniin sonunda
dekapitasyon yontemiyle oldirtlen baliklardan solungag
dokular: disekte edilerek ¢ikarilmistir (n=6). Solungag
dokusu fizyolojik tuz ¢ozeltisi (%0.59 NaCl) ile yikandiktan
sonra biyokimyasal analizler yapilana kadar -80 °C’ye kaldi-
rilmistir. Solungag dokusu %1,17 KCl i¢eren pH 7,4, 0,1M
sodyum-fosfat tamponunda, 1/10 oraninda seyreltilerek 4
dk homojenize edilmistir. Homojenatlarin +4 °C'de 16000
rpmde 20 dakika santrifijden sonra elde edilen sipernatant
Na/K*, Ca* ve Mg*? ATPaz enzimleri (Atkinson vd. 1973)
ve protein (Bradford, 1976) miktarlarinin spektrofotometrik
yontemlerle her érnek i¢in 2 tekrarli okuma yapilarak belir-
lenmistir. Istatiksel analizler deneylerden elde edilen veriler
ile SPSS 22.0 programinda Oneway ANOVA Duncan testi

kullanilarak p<0.05 6nem derecesinde hesaplanmugtr.

3. Bulgular ve Tartigma

Pestisitler tarim alani, hayvancilik ve ev zararlilarina karg
tretilen ve genis bir spektrumda kullanilan kimyasal grubu-
dur. Bu alanlarda kullanimu ile drenaj ve sulama yoluyla su-
cul organizmalara ulagimi sonucu ekolojik zincirde 6nemli
yer tutan baliklar tizerinde 6limecil etkilere yol agmaktadir.
Yapilan ¢aligmalarda baliklarda pestisitlere maruziyetin fiz-
yolojik ve biyokimyasal stire¢lerde 6nemli degisimlere neden

oldugu bildirilmistir (Narra vd. 2017).

Solungag¢ dokusu balik tiirlerinde oksijen alimi i¢in birincil
bélgedir ve solunumla ilgili enerji metabolizmasi i¢in anah-
tar bir rol oynar (Nilsson vd., 2012). Solunga¢ dokusunda
hiicre metabolik siireclerinde enerji ihtiyacinin kargilanmast,
solungaglarda adenozin trifosfatin (ATP) sentezine ve ile-
tilmesine bagldir. Hicre zarinda bulunan Na'/K*-ATPaz
enzim aktivitesinin normal iglevi i¢in ATP gereklidir. Na*/
K*-ATPaz, monovalent katyonlarin (Na* ve K*) zar bo-
yunca aktif taginmasinda 6nemli bir rol oynar (Jorgensen
vd., 2003). Na*/K*-ATPaz enzimi organizmalarda htcresel
diizeyde iyon regiilasyonunu saglayan temel membran en-
zimlerinden biridir (Davis ve Wedemeyer, 1971, Stagg ve
Shuttle Worth, 1982, Temiz vd. 2018).
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Aragtirmamizda klorantraniliprole 7 giin boyunca maruz
kalan O. mniloticus solunga¢ dokusunda Na'/K'-ATPaz
enzim aktivitesinde kontrol grubuna gére 1 ppm ve 2 ppm

uygulamalarinda % 61 ve % 65 azalma oldugu belirlenmistir
(Sekil 1).

Klorantraniliprol etkisi, Na*/K*-ATPaz aktivitesi tizerindeki
inhibisyonun bir sonucu olarak ATP turetimi, kullaniminin
ve bolgeler arasindaki iletimin inhibe olmasina sebep
olmaktadir. Bulgularimiz, iyon regiilasyon sisteminde olusan
hasar ile solunga¢ dokularinda klorantraniliprol maruziyeti
sonucunda oksidatif stres olugturabilecegini ve hiicresel
bitinligin bozulmasinda rol oynayacagini gstermistir.

8,00
7,00
6,00
5,00
4,00

/mgpro/h)

2,00

Na/K ATPaz Enzim Aktivitesi (umol Pi

1,00

0,00

kontrol 1ppm 2 ppm

Sekil 1. Klorantraniliprolin farkli derigimlerinin etkisine
birakilan O. niloticusda solunga¢ Na'/K'- ATPaz aktivitesine
etkisi.

Organofosfatli  pestisit monocrotophos maruziyetinde
Channa  punctata dokularinda, Na”/K*-ATPaz enzim
aktivitesilerinin  solunga¢  (70%)>bobrek  (63%)>beyin
(57%)>bagirsak (52%)>karaciger (50%)>kas (47%)> kalp
(44%) dokularinda azalma oldugu bildirilmistir. Na*/K*-
ATPaz enzim aktivitesinin farkli dokulardaki inhibisyonu
toksik maddenin maruziyetinin siresine ve uygulanan
konsantrasyona bagli olarak enzim aktivitesinde inhibisyon
oldugu bildirilmistir (Agrahari vd., 2008). Cypermethrin
maruziyetinde Cyprinus carpio dokularinda benzer sekilde
Na‘/K*- ATPaz enzim aktivitesinde 6nemli bir azalmaya
neden oldugu bildirilmistir (Suvetha vd. 2010). Na/
K*-ATPaz aktivitesinin toksik maddenin ¢egidine ve
konsantrasyonuna gore degisebilecegi belirlenmistir (Boyle
vd. 2013).

Ca*-ATPaz, zar boyunca kalsiyum iyonunun taginmasi
ve hicre i¢i kalsiyum iyonu homeostazindan sorumludur.
Enzim zar boyunca Ca* dengesini korur (Evans vd. 2005).

Karaelmas Fen Miih. Derg., 2021; 11(1):23-27

Mg?-ATPaz, Mg?* iyon gecisi ve hiicrede zar butinligini
saglayan enzimdir. Ayrica iyon gecirgenliginin kontrolinde
onemli bir gérev tstlenmektedir (Parvez vd. 2006).

Arastirmamizda klorantraniliprol maruziyetinde, 7 giin etki
stresinde O. niloticus solungag dokusunda kontrol grubuna
gore 1 ppm ve 2 ppm uygulamalarinda Ca*-ATPaz enzim
aktivitesinde % 68 ve % 76, Mg?*-ATPaz enzim aktivitesinde
%28 ve %44 azalma oldugu belirlenmistir ($ekil 2, 3).

Akut ve konik uygulanan  klorantraniliprol
maruziyetinde O. niloticus solunga¢ ve kas dokularinda
Ca*-ATPaz ve Mg*-ATPaz enzim aktivitelerinde biitiin
konsantrasyonlarin maruziyetinde (0.5, 1.5 ve 3.0 mg/L)
ve zamana bagli olarak inhibisyon oldugu raporlanmigtir
(Temizvd.2018).A-cyhalothrin sublethal doz maruziyetinde,
Prochilodus lineatus solunga¢ dokularinda Ca*-ATPaz ve
Mg*-ATPaz enzim aktivitelerinde kontrole gore azalma
oldugu bildirilmigtir (Vieira ve dos Reis Martinez 2018).

sirede

4,00
3,50 a
3,00
2,50

2,00

mgpro/h)

1,50

b
1,00 [S
O‘So i
0,00

kontrol 1ppm

Ca ATPaz Enzim Aktivitesi (umol Pi/

2 ppm

Sekil 2. Klorantraniliprolin farkli derisimlerinin etkisine
birakilan O. niloticusda solungag Ca*-ATPaz aktivitesine
etkisi.
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) 'w I I
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®
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Sekil 3. Klorantraniliprolin farkli derisimlerinin etkisine
birakilan O. niloticusda solungag Mg*-ATPaz aktivitesine
etkisi.
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Solunga¢ dokusu pestisitler gibi kirleticilerden en fazla
etkilenen dokulardan biridir. Bunun sebebi solungag
dokusunun, sucul ortam ile direkt temasta olmasi ve
kan sirkiilasyonu sonucunda yiiksek absorbsiyon yapis
ile solungag fibrillerinde kirleticilerin birikim gosterdigi
bildirilmigtir (Mishra vd. 2005). Baliklarda solungag
dokusunda katyonlarin iki tarafli taginimi i¢in 6nemli olan
Ca*-ATPaz ve Mg*-ATPaz enzimlerinin inhibisyonlar:
sonucunda iyonik homeostasis bozuldugu distintilmektedir
(Evans vd. 2005). Yapilan c¢alismalarda pestisitlerin
ATPazlarin birlikte
aragtirtlan enzimlerin aktivitelerinde de degisimlere sebep

oldugu bildirilmigtir (Temiz, 2020, Murali vd. 2020).

maruziyetinde inaktivasyonu ile

Aragtirmamizda klorantraniliprol maruziyetinde, O. niloticus
biyoindikator canlinin hassasiyet gosterdigi belirlenmistir. 7
glin maruziyet sonucunda balik solunga¢ dokularinda Na*/
K*-ATPaz, Ca*-ATPaz ve Mg*-ATPaz enzimlerinde
olusan inhibisyon ile toksik etkilerin gosterilmesinde iyon
regilasyon enzimlerinin énemli bir biyokimyasal parametre

dokular

uzerinde pestisitlerin etkileri iyon transport enzimlerinde

oldugu gosterilmistir. Yapilan ¢alismalarda,
olusan aktivite degisimlerinin cesitli kirlilik sonucunda
olusan toksik etkiler hakkinda bilgileri gelistirmek adina

yorumlanmak zere bu ¢aligma rehberlik edecektir.
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Eminium rauwolffii (Blume) Schott var. rauwolffii’'nin Tohum ve Tuber Yaglarinin Yag Asidi
Bilesimlerinin Belirlenmesi
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Abstract

In this study, the Eminium rauwolffii (Blume) Schott var. rauwolffii taxon’s tubers and seeds from Turkey were evaluated for their fatty
acids. The seed and tuber oil content (%) and fatty acid compositions were determined. The oil contents of the seeds and tubers were
2.89/100 g and 0.86/100 g, respectively. Among the fatty acids for seeds, linoleic acid (18:2n6) was the most abundant (25.01%),
followed by oleic acid (18:1n9, 14.45%), palmitoleic acid (16:1,11.6%), and palmitic acid (16:0, 10.28%). In addition, among the fatty
acids for tubers, linoleic acid (18:2n6¢) was the most abundant (26.22%), followed by palmitic acid (23.42%, 16:0), oleic acid (16.78%,
18:1n9), and myristic acid (7.05%, 14:0). The total percentages of the saturated and unsaturated fatty acids identified in our examined
oils were 14.17 and 55.89% for seed and 44.71 and 45.87% for tubers, respectively. In conclusion, the seed and tuber oil of Eminium
rauwolffii (Blume) Schott var. rauwolffii is richer in unsaturated fatty acids compared with saturated fatty acids.

Keywords: Eminium, Fatty acids, Seed oil, Tuber oil

Oz

Bu ¢alismada, Tirkiye'den toplanan Eminium rauwolffii (Blume) Schott var. rauwolffii taksonunun tuber ve tohumlar: yag asitleri
agisindan degerlendirilmigtir. Tohum ve tuberlerin yag miktarlari (%) ile yag asitleri bilesimi belirlenmistir. Tohum ve tuberlerin yag
miktarlar: sirastyla 2.89/100 g ve 0.86/100 g olarak bulunmugtur. Tohum yag asitleri arasinda en fazla miktarda bulunan yag asidili
noleik asit (%25.01, 18:2n6), ardindan sirastyla oleik asit (%14.45, 18:1n9), palmitoleik asit (16:1, %11.6), ve palmitik asittir (16:0,
910.28). Ayrica, tuber yag asitleri arasinda en fazla miktarda bulunan yag asidinin linoleik asit (%26.22, 18:2n6), ardindan sirasiyla
palmitik asit (%23.42, 16:0), oleik asit (%16.78, 18:1n9), miristik asit (%7.05, 14:0) oldugu gézlenmistir. Incelenen yaglar da tanimlanan
doymus ve doymamis yag sitlerinin toplam yiizdeleri tohum icin sirastyla %14.17 ve %55.89 iken tuberler icinise sirasiyla %44.71 and
%45.87dir. Sonug olarak, Eminium rauwolffii (Blume) Schott var. rauwolffii taksonunun tohum ve tuberlerindeki yaglarda doymamis
yag asitleri miktarinin doymus yag asitleri miktarindan daha fazla oldugu bulunmustur.

Anahtar Kelimeler: Eminium, Yag asitleri, Tohum yagi, Tuber yag:

1. Introduction

Eminium rauwolffii (Blume) Schott var. rawwolffii is a
member of the Araceae family (commonly known as aroids).
Araceae is a large, mainly tropical family, represented by
about 117 genera and over 8,000 species throughout the
world. In Turkey, there are 9 genera and 42 species of aroids.
'The genus Eminium (Araceae) is represented by six taxa in
Turkey (Chen et al. 2007; Dring et al. 1995; Firat et al. 2015;
Yiice Babacan & Eker 2017).
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Certain Araceae taxa have been widely used as cut flower
plants and ornamentals, either as houseplants or glasshouse
subjects (Chen et al. 2007; Dring et al. 1995). They have
large usage areas; for instance, some are edible, some species
can be cultivated to obtain feedstock for carbohydrate
foods, and some are utilized in herbal medicines (Afifi&
Abu-Dahab 2012; Agbor-Egbe& Rickard 1990; Chen et al.
2007; Coursey 1968; Gilani et al. 2006; Khare 2007; Lai et
al.2010; Obeidat 2011; Rajput et al. 2014; Sagliket al. 2002a,
2002b; Si et al. 2010). Moreover, the Eminium spiculatum
(Blume) Kuntze (Araceae) species is used as an anticancer

agent (Afifi&Abu-Dahab, 2012), and the juice extract of
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the roots and tubers of Typhonium flagelliforme Araceae)
are commonly employed for cancer treatment(Choo et al.
2001). Typhonium divaricatum has been used in Malaysia for
many years to treat various types of malignancy; there is a
widespread lay belief that this plant possesses anti-cancer
properties (Neoh, 1992). In addition, the tubers, fruits,
and seeds of Dracunculus vulgaris have long been used for
thetreatment of rheumatism and hemorrhoids (Saglik et al.

2002a).

In the literature, the composition of the fatty acid profile
of some Araceae taxa has been determined. Saglk et al.
(2002a) studied the fatty acid composition of Dracunculus
vulgaris and stated that the major fatty acids of seed oil are
palmitic acid (16:0), palmitoleic acid (16:1n7), oleic acid
(18:1n9), cis-vaccenic acid (18:1n7), linoleic acid (18:2n6),
and 13-phenyl tridecanoic acids. The Eminium lehmannii
leaves’ and tubers’ fatty acid compositions were determined
by Chernenko et al. (2005). In their investigation, high
concentrations of 18:3 acid were determined in neutral
glycolipid and glycolipid from leaves, at 40.5 and 55.8%,
respectively. Moreover, 16:0 (palmitic acid) was present in
the phospholipid of leaves and tuber cores (38.3-42.9%,
respectively). Chernenko and Glushenkova (2001) explored
the lipids of the leaves, stems, and rhizomes with roots of
Acoruscalamus L., and they found that the major fatty acids
were the palmitic, oleic, and linoleic acids. Saglik et al.
(2002b) investigated the fatty acid content of Arum italicum
(Araceae) seed oil and reported that the dominant fatty
acids could be listed as palmitic acid (16:0), palmitoleic acid
(16:1n7), stearic acid (18:0), oleic acid (18:1n9), linoleic acid
(18:2n6), and 13-phenyltridecanoic acid.

Due to the importance of Araceae taxa, as mentioned above,
their fatty acid contents have been investigated in the liter-
ature. However, unlike in the previous studies, the present
investigation aims to contribute to the literature by explor-
ing the fatty acid compositions of Eminium rauwolffii var.
rauwolffii seeds and tubers from Turkey.

2. Materials and Methods

Eminium rauwolffii (Blume) Schott var. rauwolffii were used
in this study. The samples were collected in May 2018 from
the hills outside Buyukhan Village, Sanlurfa in Turkey.

Qil Extraction

'The fresh oil needed for fatty acid analysis was obtained via
an automatic soxhlet device. Nine grams of seed and tuber
samples were used for oil extraction. As solvent, hexane

Karaelmas Fen Miih. Derg., 2021; 11(1):28-32

was employed. The oil contents of seeds and tubers were
expressed in terms of how many grams of oil were contained
in the 100g samples.

Determination of Fatty Acids

The fatty acids were analyzed via gas chromatography (GC;
Perkin Elmer, Shelton, USA). Chromatographic separation
was performed using a (30 m x 0.25 mm ID, 0.25-pm
film thickness) column equipped with a flame ionization
detector (FID). The oven temperature was 120 °C for 2 min,
and then it was raised by 5°C/min to 220°C, which was held
for 10 min; the injector and detector temperatures were set
at 280 °C and 260°C, respectively. The results were expressed
in GC area % as a mean value * standard deviation.

3. Results and Discussion

The oil contents of the seeds and tubers are reported in

Table 1.

The oil amount of the seeds and tubers were 2.89/100 g and
0.86/100 g, respectively (Table 1). The previous literature
stated that 100 g of Dracunculus vulgaris (Araceae family
taxon) seed samples contain 1.18 g of oil (Saglik et al.,
2002a), while 100 g of Colocasia esculenta var. antiquorum and
Xanthosoma sagittifolium samples contain 2.8 g of total fat
and 2.9 g of oil, respectively (Agbor-Egbe& Rickard 1990).

The results showed that the major fatty acids in Eminium
rauwolffii var. rauwolffii seed oil were linoleic acid (18:2n6,
25.01%), oleic acid (14.45%, 18:1n9), palmitoleic acid
(11.6%, 16:1), and palmitic acid (10.28%, 16:0; Table 1).
Furthermore, the dominating fatty acids found in Eminium
rauwolffii var. rauwolffii tubers oil were linoleic acid (18:2n6,
26.22%), palmitic acid (23.42%, 16:0), oleic acid (16.78%,
18:1n9), and myristic acid (7.05%, 14:0; Table 1). The
results are similar to the findings of Chernenko et al.
(2005), who found that the major fatty acids of Eminium
lehmannii leaves, tuber casings, and “res were 16:0 (palmitic
acid), 18:1, 18:2, and 18:3; Saglik et al. (2002a, 2002b), who
found that the major fatty acids of some Araceae family taxa
were 16:0 (palmitic acid), 18:1n9 (oleic acid), and 18:2n6;
and Opute and Osagie (1978), who found that the major
fatty acids of Alocasia macrorrhiza and Colocasia esculenta
werel6:0 (palmitic acid), 18:0 (stearic acid), 18:1, 18:2,
and 18:3. Unsaturated fatty acids in seeds and tubers were
linoleic acid (C18:2n6), at 25.01% and 26.22%, respectively,
followed by oleic acid (C18:1n9), at 14.45% and 16.78%,
respectively (Table 1).
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Table 1. Fatty acid composition and total oil content (%)

No Compound Fatty Acid Seed (%) Tuber (%)
Oil content (g/100g) 2.89¢g 0.86¢g
1 C6:0 Caproic acid ND 0.65 +0.2
2 C8:0 Caprylic acid ND 0.78 £0.03
3 C10:0 Capric acid ND 1.03 £0.04
4 C12:0 Lauric acid 0.01 £0.00 2.21 +0.80
5 C14:0 Myristic acid 1.51 £0.06 7.05 £0.28
6 C15:0 Pentadecanoic acid 0.24 +0.00 0.52 +0.02
7 C16:0 Palmitic acid 10.28 +0.41 23.42 +0.93
8 Ci16:1 Palmitoleic acid 11.60 +0.46 0.90 +0.03
9 C17:0 Margaric acid 0.08 +0.00 0.28 +0.01
10 C18:0 Stearic acid 1.82 +0.07 7.85 +0.31
11 C18:1n9 Oleic acid 14.45 +0.57 16.78 +0.67
12 C18:2n6 Linoleic acid 25.01 £1.00 26.22 +1.04
13 C18:3n3 a-Linoleic acid 3.93 £0.03 1.46 +0.05
15 C20:0 Arachidic acid 0.14 +0.00 0.33+0.01
16 C20:1 Gadoleic acid 0.12 £0.00 ND
20 C22:0 Behenic ND 0.37 £0.01
23 C24:0 Lignoceric 0.09 +0.00 0.22 +0.00
SSFA 14.17 44.71
SMUFA 26.17 17.68
SPUFA 28.94 27.68

SFA: Saturated fatty acids, MUFA: Monounsaturated fatty acids, PUFA: Polyunsaturated fatty acids, ND: Not detected

In light of their health benefits (Haag & Dippenaar 2005;
Hu et al. 2001; Lichenstein 2006; Meydani et al. 1991;
Moreno &Mitjavila 2003), percentages of both polyun-
saturated fatty acids (PUFAs) and monounsaturated fatty
acids (MUFAs) were investigated. The findings of the anal-
ysis showed that the total MUFA reached 26.17% in seeds,
while this ratio was 17.68% in the tubers. As for the total
PUFA ratios, they were found to be 28.94% and 27.68%,
respectively. Two of the important groups of PUFAs in hu-
man nutrition are n-6 and n-3. The precursors of the n-6
and n-3 families of fatty acids are linoleic acid (18:2n6) and
alpha-linolenic acid (18:3n3; an essential fatty acid that
cannot be synthesized in the human body), respectively, and
these PUFAs have to be supplied through the diet (Gliney
et al. 2015; Nair et al. 1997). The balance of n-6 and n-3
fatty acids is important for homeostasis and normal devel-
opment (Simopoulos 1991). The n-3 fatty acids have sig-
nificant roles in the modulation and prevention of human
diseases, especially coronary heart disease (Connor 2000).

30

A low ratio of PUFAs to saturated fatty acids (SFAs; P/S
ratio) is not healthy (Murkovic et al. 1996); when performing
a nutritional evaluation, it is important to determine this
ratio. In the present study, the P/S ratios were found to be
2.09% and 0.63% for seeds and tubers, respectively. Thus, the
P/S ratio of tubers is lower than that of seeds. Among the
saturated fatty acids (SFAs), palmitic acid (C16:0) showed
the highest proportions, with 10.28% and 23.42% in seeds
and tubers, respectively, followed by stearic acid, at 1.82%
and 7.85%, respectively (Table 1).

4. Conclusion

In this study, the Eminium rauwolffii (Blume) Schott var.
rauwolffii taxon’s tubers and seeds were evaluated for their
fatty acid composition and total oil content using Turkish
samples; such work has not been done in previous research.
As a result, PUFAs were detected in higher amounts than
MUFASs and SFAs were in seeds. However, SFAs were more
abundant in tubers, followed by PUFAs and MUFAs.
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Tiirkiyedeki Koronaviriis Pandemisinin (COVID-19) Kisitlamalr Seyrinin Matematiksel Modelleme ile
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Abstract

The new type coronavirus pandemic (COVID-19) was first identified in December 2019 in Wuhan, the administrative center and
the largest city in the Hubei Province of China. The virus subsequently spread and is today affecting the entire world. As of Saturday
April 25, 2020 (the date on which the present study was conducted), there were 2,908,206 recorded cases and 202,501 reported
deaths attributable to COVID-19 around the world. After beginning to spread outside China in January 2020, COVID-19 was first
identified in Turkey on March 10-11, 2020, and there had been 107,773 recorded cases and 2,706 deaths reported in the country
as of April 25, 2020. The present study examines the restricted course of the coronavirus pandemic in Turkey from a mathematical
perspective, and reports on a predictive modeling of the pandemic based on in-country data. Considering factors such as the peak
period of the pandemic in Turkey, the infection and recovery rates, and the potential number of active cases at the end of the pandemic,
logistic models were proposed for the cumulative numbers of positive cases and recovered cases. The model parameters were analyzed
using the Nelder—-Mead simplex method (direct search) and the Broyden—Fletcher-Goldfarb—Shanno (BFGS) Quasi-Newton cubic
line-search algorithms within the MATLAB® software. For the interpretation of the course of infections, the exponential models
proposed for the numbers of daily cases and daily deaths were analyzed using the Richardson’s extrapolation method and the double-
precision Levenberg-Marquardt method via the DataFit” software. In case that the current restricted course of the data shows a similar
progression without any extreme situations (violations of rules, a new wave of outbreak, etc.), the number of daily COVID-19 cases
in Turkey could be predicted to drop below 1,000 by the end of the first week, and to below 100 by the last week of May 2020. The
predicted results indicated that there would be more than 120,000 active cases in our country at the end of the outbreak, and that
infections in numerical terms would continue until the last week of July 2020.

Keywords: Coronavirus pandemic (COVID-19), Mathematical modeling, Logistic function, Nonlinear regression analysis, Statistical
analysis, DataFit”, MATLAB".

Oz

Yeni koronavirts pandemisi (COVID-19), ilk olarak Cin'in Hubei eyaletinin yonetim merkezi ve en buyiik sehri olan Wuhan kentinde
Aralik 2019'da tespit edilmis olup, tim dinyay: etkisi altina almig durumdadir. Bu ¢alismanin yapildig: 25 Nisan 2020 Cumartesi
guni itibariyla diinyada COVID-19 kaynakli 2,908,206 vaka ve 202,501 6liim rapor edilmigtir. Ocak 2020'den itibaren Cin diginda
da gorilmeye baglayan COVID-19 vakalari, ilkemizde (Turkiyede) ilk kez 10-11 Mart 2020 tarihinde gortlmis ve 25 Nisan 2020
tarihi itibartyla Tiirkiye'nin koronaviriis bilangosu 107,773 vaka ve 2,706 6lim degerleriyle kayitlara gegmistir. Bu ¢aligma kapsaminda,
Tirkiye'deki koronavirlis pandemisi seyrinin matematiksel agidan irdelenmesi hedeflenmis ve tilkemiz i¢in elde edilen verilere gore
salginin kisitlamali stirecinin gidisat: hakkinda bir tahmin modellemesi yapilmistir. Salginin su ana kadar Turkiyede pik duzeyde
gorildigl zaman, enfeksiyon ve iyilesme hizlari ve salgin sonunda maruz kalinabilecek vaka sayis gibi faktorler gz ontine alinarak
birikimli pozitif vaka ve iyilesme sayilari i¢in lojistik modeller 6nerilmigtir. Model parametreleri MATLAB® program: vasitasiyla
Nelder—-Mead simpleks dogrudan arama ve Broyden—Fletcher-Goldfarb—Shanno (BFGS) Quasi-Newton kiibik dogrultu belirleme

algoritmalari kullanilarak ¢6ziimlenmigtir. Giinlik vaka ve giinliik 6lim sayist verileri i¢in onerilen ekponansiyel modeller ise DataFit”
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programi vasitastyla Richardson ekstrapolasyon metodu ve cift hassasiyetli Levenberg—Marquardt yontemi kullanilarak ¢6ztiimlenmis
ve enfeksiyonun gidisat: yorumlanmigtir. Mevcut kisitlamali veri seyrinin ekstrem durumlar (kural ihlalleri, yeni salgin dalgasi, vb.)
olmaksizin benzer sekilde ilerlemesi durumunda, Tirkiyedeki COVID-19 kaynakli giinlik vakalarmn Mayis 2020'nin ilk haftas:
itibartyla 1000’in altina ve son haftas: itibariyla da 100’tn altina inebilecegi 6ngdrilmiistir. Tahmin sonuglari, kisitlamali stirecin
devam etmesi halinde tilkemizdeki salgin sonunda 120,000'in tizerinde maruz kalinmis vaka olabilecegini ve enfeksiyonlarin sayisal
anlamda sona ermesi siirecinin ise Temmuz 2020’nin son haftasini bulabilecegini gostermistir.

Anahtar Kelimeler: Koronavirtiis pandemisi (COVID-19), Matematiksel modelleme, Lojistik fonksiyon, Nonlineer regresyon analizi,

Istatistiksel analiz, DataFit", MATLAB®.

1. Introduction

The first case of the COVID-19 was identified in December
2019 at a seafood and animal market in the city of Wuhan in
the Hubei Province of China,which with 1.4 billion residents
is the most populous country in the world. COVID-19,
dubbed the Wuhan coronavirus by local authorities, can
be transmitted from person to person through respiratory
droplets. This new viral respiratory disease is reported to
manifest with symptoms of fever and shortness of breath,
and to spread through droplets and direct contact. It has been
established that respiratory droplets landing on surfaces by
various routes, such as coughing or sneezing from infected
individuals, remain infectious for a given period (Rothe et
al. 2020). Studies have found that asymptomatic people
with the virus and who are in the incubation period are
also contagious, although the incubation period is not the
period in which the virus spreads most efficiently (Zhou et
al. 2020). Since the virus infects the respiratory tract, the
most efficient transmission occurs through contact of the
hands, eyes, mouth, and nose with surfaces contaminated
with droplets and respiratory secretions expelled when
infected individuals cough or sneeze (Singhal 2020). The
World Health Organization (WHO) declared the outbreak
a pandemic on March 11, 2020 due to its global scale
(Acibadem Saglik Grubu 2020).

In the period between January 2020 and the time of writing
(April 26, 2020, 02:02), 2,914,093 cases and 202,985
deaths had been reported worldwide (Worldometers 2020).
Within the specified period, the countries with total cases
numbering above 100,000 (number of cases presented in
parentheses) include the United States (956,679), Spain
(223,759), Italy (195,351), France (161,488), Germany
(156,418), the United Kingdom (148,377) and Turkey
(107,773), respectively (Worldometers 2020). The inclusion
of Turkey in this ranking indicates the severity of COVID-19

infections in our country.

COVID-19 has a very high transmission and spread rate
when compared to previous viral diseases. The outbreak
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progressed very rapidly, and quickly became a global issue,
spurring intensive studies in the subject and highlighting
a need to develop decision-making mechanisms based on
the course of the infection (Ankarali et al. 2020). In this
context, deterministic or stochastic modeling of infections
can be very helpful in understanding their mechanisms
and processes, and in the development of preventive or
therapeutic strategies (Ankarali et al. 2020, Godio et al.
2020). For instance, Tuan et al. (2020) employed a Caputo
fractional-order derivative method for predicting the
behavior of the COVID-19 pandemic. Using the reports
from around the world from January 22, to April 11, 2020,
they concluded that the pandemic still will be active globally.
Torrealba-Rodriguez et al. (2020) used Gompertz and
logistic mathematical methods to forecast the number of
the positive COVID-19 cases in Mexico, from February 27,
2020 to May 08, 2020. They also employed artificial neural
networks to see the performance of the soft computing
method. The predicted number of cases by Gompertz,
logistic, and inverse artificial neural network (ANN) models
were 47,576, 42,131, and 44,245 cases, respectively. The
authors also predicted the total number of cases until the end
of pandemic. They predicted 469,917 cases for Gompertz
model, 59,470 cases for the logistic model, and 70,714
cases for the inverse ANN model, respectively. In another
study, Zhang (2020) employed singular and nonsingular
kernels for a mathematical modelling of the possibility of
the COVID-19 spread within a given general population.
Avila-Ponce de Leén et al. (2020) used the Susceptible-
Exposed-Infected-Asymptomatic-Recovered-Dead
(SEIARD) epidemic model mathematical analysis and
state-level forecast of the COVID-19 pandemic in Mexico
until the end of November 2020. In a similar modeling
study, Ivorra et al. (2020) employed a Susceptible-Exposed-
Infectious-Hospitalized Recovered-Dead (6-SEIHRD)
model (8 represents the fraction of infected people that has
been detected) for predicting the spread of the coronavirus
disease. Using the data from the undetected infections in
China, they were able to adapt the model to the official
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reports from WHO and predict the spread of the disease
in China. Furthermore, Kucharski et al. (2020) reported
that the transmission and control of the COVID-19 can
be represented mathematically. Using the officially reported
data from January 2020 to February 2020 as the input
for a stochastic model, they reported that there is a more
than 50% chance of the infection in locations with similar
transmission potential to Wuhan in early January once there
are at least four independently introduced cases.

In this study, a prediction modeling was conducted for our
country undergoing a difficult COVID-19 pandemic period
on the basis of data reported for 47-day period between
March 10, 2020 and April 25, 2020 (records for restricted
period before June 01, 2020 normalization process). Thus, it
is aimed to obtain the prediction of “when our country may
have ended” this epidemic if the COVID-19 measures are
strictly followed in Turkey and to interpret the numerical
findings for Turkey. In this context, it is aimed to show the
importance of the loss of process caused by the imprudence
related to the epidemic after the normalization calendar
(June 01 2020) in our country. Moreover in process modeling
performed in the study for progress of restricted period
research is based on development of new mathematical
formulations in connection with the cumulative number of
positive cases by days, the number of infected patients per
day from the outset, the cumulative number of recovered
patients, and the number of deaths per day from the outset,
use of different search algorithms in analysis of these issues,
and validation by testing by means of many statistical
performance indicators.

2. Materials and Methods
2.1. Data Collection and Criteria

The present study is based on the data of a sampling period
of 47 days (restricted process before the normalization
circular dated 01 June 2020) between March 10, 2020
and April 25, 2020 (days 69 and 116 of the COVID-19
pandemic based on January 01, 2020 start date) related to
the outbreak in Turkey. The assessment criteria included (7)
the cumulative number of positive cases by days (total cases),
(i7) the number of infected patients per day from the outset
(daily new cases), (i) the cumulative number of recovered
patients by days (total recoveries), and (iv) the number of

deaths per day from the outset (daily deaths).

2.2. Computational Procedure
Modeling studies were conducted by using MATLAB®
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R2018a (V9.3.0.713579, 64-bit (win64), Academic License
Number: 40578168, MathWorks Inc., Natick, MA) and
DataFit® (version 8.1.69, Oakdale Engineering, PA, USA,
RC549) softwares running on a Casper Excalibur (Intel®
Core™ i7-7700HQ_CPU, 2.81 GHz, 16 GB of RAM, 64-
bit) PC.

The parameters of the logistic functions proposed for the
modeling of the cumulative numbers of positive cases and
recoveries by days until April 25, 2020 for Turkey were
determined using the Nelder-Mead simplex method (direct
search) algorithm (N-M SDSA, proposed by John Ashworth
Nelder and Roger Mead in 1965) and the BFGS (Broyden—
Fletcher—Goldfarb—Shanno) Quasi-Newton cubic line-
search algorithm (BFGS Q-N LSA, introduced by William
Cooper Davidon in 1959) within the MATLAB" numeric
computing environment (Cetinkaya and Yetilmezsoy 2019).

The collected data associated with the restricted course of
the COVID-19 pandemic in Turkey (between 10 March
2020 and 25 April 2020) were transported directly from
Microsoft” Excel, which was used as an open database
connectivity data source, and then the nonlinear regression-
based analysis was implemented. As the regression models
were solved, they were automatically sorted according to
the goodness-of-fit criteria within the framework of the
DataFit” interface. The nonlinear convergence parameters of
the exponential functions proposed for the modeling of the
daily new cases and the daily deaths were determined using
the DataFit” program, with calculation options selected as
tollows: regression tolerance = 1 x 107'°, maximum number
of iterations = 250 and nonlinear iteration limit = 10. The
regression analysis was performed using the Richardson’s
extrapolation method and the double-precision Levenberg-
Marquardt method (Abdul-Wahab et al. 2020, Yetilmezsoy
et al. 2020, Yetilmezsoy 2016).

2.3 Statistical Analysis

The predictive performance of the models and the estimate
errors were calculated using various statistical performance
(R?), adjusted
coefficient of multiple determination (R?, ay)’ mean absolute

indicators  (determination coefficient
error (MAE), root mean squared error (RMSE), root mean
squared error - systematic (RMSEy), root mean squared
error - unsystematic (RMSE ), proportion of systematic
error (PSE), index of agreement (IA), fractional variance
(FV), coefficient of variation of RMSE (CV(RMSE)),
standard error of the estimate (SEE), sum of residuals (SR),

residual average (RA), and Fisher’s F-statistic) reported
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in the literature (Abdul-Wahab et al. 2020, Yetilmezsoy
et al. 2020, Foroughi et al. 2018, Yetilmezsoy et al. 2018,
Yetilmezsoy 2016, Yetilmezsoy et al., 2009). In the statistical
analysis, an alpha (a) level of 0.05 (or 95% confidence) was
considered to test the significance of the derived functions.

3. Results

3.1. Prediction Models and Quantitative Evaluations on
Infection Process

According to the 47-day data from March 10, 2020 to
April 25, 2020 for the restricted course of the COVID-19
pandemic in Turkey, the derived prediction models for the
cumulative number of positive cases by days, the number
of infected patients per day from the outset, the cumulative
number of recovered patients, and the number of deaths per
day from the outset are expressed, respectively, in Equations
(1) and (3) (logistic functions), and Equations (2) and (4)

(exponential functions).

f(t,a,b,C) = C_ —
1+ exp[i(ta b) ]
_ 120120.7108 1)
o —(t—103.8380)]
exp 6.0630
£(8) = exp| 433.6586 — T2030T0L 759815 ()] (2)
f(t,a,b,C): = (
—(t—b)
1+ exp[ a ] (3)
_ 115499.9998
O —(t—123.7692)]
exp 6.1093
(1) = exp| 319.8079 — 8960:333T _ 559989 11 (1) | (4)
t

The logistic regression has been broadly utilized to portray
the growth of a population. An infection can be defined
as the growth of the population of pathogenic agents, so
that a logistic model seems plausible for the analysis of
case-control studies in epidemiological researches. In
the logistic formula, # denotes the time (day) and three
parameters 4, 4, and ¢ refer the infection speed, the day with
the maximum infections occurred, and the expected number
of infected patients at the end of the outbreak, respectively.
According to this model, at high time values, the number
of infected individuals approaches ¢, where this point can
be considered as the end of the infection. Mathematically,
the first derivative of this function begins to decrease at the
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inflection point 4, and therefore, after this peak point, the
severity of the epidemic becomes less disruptive and tends

to decrease (Malato 2020).

According to Equation (1), the total number of cases in
Turkey at the end of the restricted course of the COVID-19
pandemic was predicted to be above 120,000 (R? = 0.9990,
Standard Error of estimate (SEE) = 628.3215). According
to Equation (1), the day of the maximum number of
infections was predicted to be April 11-13, 2020 (days
102-104 of the COVID-19 outbreak from the outset),
considering the standard deviation values. The estimated
values were obtained using the N-M SDSA within the
MATLAB® platform, where the optimization problem
was solved by employing “fminsearch” built-in code for the
multidimensional unconstrained non-linear minimization
(number of non-linear iterations (NNI) = 165, function
counts (FC) = 306, and elapsed time = 3.364532 seconds).
Figure 1 shows the outputs of the logistic model given in
Equation (1) based on the data from between March 10,
2020 and April 25,2020, during the restricted course of the
COVID-19 pandemic in Turkey (the cumulative number of
positive cases by days).

4
12I><10

T T T
O Total COVID-19 cases data for Turkey
Logistic model

(=}
T

Total COVID-19 cases in Turkey
[=2]

60 70 80 90 100 110 120
Day (since 01 January 2020)

Figure 1. Prediction of the cumulative number of positive cases
by days in Turkey during the COVID-19 pandemic (between
March 10 2020 and April 25 2020) with a logistic model.

According to Equation (2), the number of daily COVID-19
cases could be predicted to drop below 1,000 by the first
week of May 2020 (May 06-10, 2020) and below 100 by
the last week of May 2020 (May 24-28,2020) (R? = 0.9652,
SEE = 343.3034). The number of recovered patients per
day was calculated using the cumulative prediction results
garnered from Equation (3), and the highest number of
recoveries was predicted to occur at the beginning of May
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2020 (R? = 0.9973, SEE = 121.2619). Figure 2 depicts the
outputs of the exponential model (the number of infected
patients per day from the outset) given in Equation (2)
and the calculated daily recoveries (from Equation (3))
based on the data from between March 10, 2020 and April
25, 2020, during the restricted course of the COVID-19
pandemic in Turkey. Additionally, for the aim of fulfilling
both computational and educational purposes of this study,
a sample MATLAB® code, which is written to visualize
the time-courses of daily new COVID-19 cases and daily
recoveries in Turkey, is depicted in Figure 3.

5000 T T T T T T T T T
O  New cases dala for Turkey
Exponential model

A Predicted recoveries data for Turkey| |

4000 -

3000

2000

1000

New daily cases and recoveries in Turkey

1 ) . . . . ]
80 100 120 140 160 180 200 220 240
Day (since 01 January 2020)

o

@
o

Figure 2. Prediction of the number of infected patients per day
and the number of recovered patients per day from the outset
during the COVID-19 pandemic in Turkey (between March
10, 2020 and April 25, 2020).

eclear, cle

load 'dailycase';

load 'dailycoverycalc';

yl = dailycase(:,2);

y2 = dailycoverycalc(:,2);
y22 = y2([1:48]);

Introduction of the collected COVID-19
data (daily new cases and calculated
daily recoveries) for Turkey

x = [69:116]"';
x1 = [69:250]';
Definition of variable limits,
al = 433.65862239; model parameters, and model
bl = -7863.07008407;
cl = -75.28151528;

structure for the exponential
function (Equation (2))

fcase = exp (al+bl./xl+cl.*log(xl));

plot(x,yl, 'or', 'MarkerSize',8,'LineWidth',2)

hold on Setting of the

plot (x1,fcase, '—k', 'LineWidth',2) plotting properties
plot (x,y22, '*b', 'MarkerSize',8, 'LineWidth',2) and the axis limits
axis([60 250 0 5000]);

xlabel ("\itDay (since Ol January 2020)') K—Aﬁ

ylabel ("\itNew daily cases and recoveries in Turkey')

legend('\itNew cases data for Turkey','\itExponential model’,...
"\itPredicted recoveries data for Turkey', 'Location’','NorthEast')

set(gca, 'FontSize',12)

grid on

L— D@ = ()

Figure 3. A sample MATLAB® script created for the
visualization of daily new COVID-19 cases (obtained from
Equation (2)) and daily recoveries (calculated from Equation

3).
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The number of recovered patients per day was calculated
using the cumulative prediction results garnered from
Equation (3), and the highest number of recovered patients
was predicted to occur at the beginning of May 2020
using the BFGS Q-N LSA in the M-file Editor within
the framework of MATLAB® software. The optimization
problem was solved by employing “fminunc”built-in code to
find the local minimum of the error function (number of non-
linear iterations (NNI) = 18, function counts (FC) = 76, and
elapsed time = 1.839137 seconds). According to Equation
(3), the total number of recovered patients in Turkey at the
end of the COVID-19 pandemic was predicted to be above
115,000 (R* = 0.9973, SEE = 121.2619). Figure 4 illustrates
the outputs of the logistic model given in Equation (3)
based on the data from between March 10, 2020 and April
25, 2020, during the COVID-19 epidemic in Turkey (the

cumulative number of recovered patients by days).

4
3 %10 : :
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Q Total recoveries in Turkey
Logistic model
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N

Cumulative recovery
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o
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120
Day (since 01 January 2020)

Figure 4. Prediction of the cumulative number of recovered
patients by days in Turkey during the COVID-19 pandemic
(between March 10, 2020 and April 25, 2020) with a logistic
model.

According to Equation (4), the daily deaths attributable to
the COVID-19 coronavirus in Turkey could be predicted
to decrease significantly at the beginning of June 2020 (R?
=0.9811, SEE = 6.8250), and the COVID-19 pandemic in
numerical terms could be estimated to be over by the end
of July 2020 (July 29-31, 2020) at around day 213 of the
outbreak from the outset. Figure 5 delineates the outputs
of the exponential model given in Equation (4) based on
the data from between March 10, 2020 and April 25, 2020,
during the restricted course of the COVID-19 pandemic in
Turkey (the number of deaths per day from the outset).
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3.2 Statistical Appraisal of Models’ Performance in
Forecasting the COVID-19 pandemic

Descriptive statistical indicators are utilized as helpful
mathematical tools to evaluate the prediction accuracy of
proposed models as well as the quantity of the estimation
error. For the derived exponential models (Equation (2)
for daily new cases and Equation (4) for daily deaths),
regression variable results including model coefficients (4, &,

150

O New deaths data for Turkey
Exponential model!

-
(=]
(=]

.9@’.? A

New daily deaths in Turkey
o
o

0 | . T . !
60 80 120 140 160 180 220 240
Day (since 01 January 2020)

100 200

Figure 5. Prediction of the number of deaths per day from the
outset during the COVID-19 pandemic in Turkey (between
March 10, 2020 and April 25 2020) based on an exponential
model.

¢), standard errors (SE), #-statistics, and the corresponding
p-values are summarized in Table 1.

While larger absolute #-ratio value shows the more
significant parameter in the regression model, the variable
with the lowest p-value will denote the most significant one
(Yetilmezsoy et al. 2020, Yetilmezsoy 2016). Considering
the magnitudes of the absolute #-ratios along with the
respective p-values (p < 0.050) of the regression coefficients
and variance analysis-based values within a confidence level
0f 95% (Table 1), the exponential models showed significant
fits (F1= 6234014 > F_ 0= Fy o0 5= By = 32043,
2 =10.0000 < o = 0.05 for Equation (2), and /= 1169.1143
>F, , »p=00000 <o =005 for Equation (4)) to the
COVID-19 related data (collected between 10 March 2020
and 25 April 2020) in the estimation of the number of
infected patients per day from the outset (daily new cases)
and the number of deaths per day from the outset (daily
deaths) in Turkey. The statistical evaluators considered for
the appraisal of the estimation performance of the proposed
exponential models are presented in Table 2.

According to the statistical results in Table 2, the proposed
exponential models demonstrated satisfactory correlations
(R?=0.9652 for Equation (2) and R* = 0.9811 for Equation
(4)) in the prediction of daily new cases and daily deaths
associated with the COVID-19 pandemic in Turkey. These
results revealed that only 3.48% and 1.89% of the total

Table 1. Regression variable results for the derived exponential models (Equations (2) and (4))

Regression coeflicients SE t-ratio p-value
EM-1 £(t) = exp|433.6586 — 12030701 _ 755815 1n (1) |
a = 433.6586 33.9017 12.7916 0.0000
b = -7863.0701 613.2810 -12.8213 0.0000
c=-75.2815 6.0280 -12.4887 0.0000
EM-2 £() = exp| 319.8079 — 89603337 55 2989 . 1n (1)
a=319.8079 26.9378 11.8721 0.0000
b = 6060.3337 492.2000 -12.3127 0.0000
¢ =55.2989 4.7793 -11.5705 0.0000
L . MSS,,  (SS../df.) Q. (P= 0.1 (k)
Fisher’s F-statist F= ¢ - i
ishers Frstatistic MSSees— (8Sytdfs) (22 (Oi=P))/(n—(k+1))

SE: Standard error, t: Time (day), EM-1: Exponential model-1 (Equation (2)), EM-2: Exponential model-2 (Equation (4)), and p-values < 0.050 are

considered to be significant.

O, B m, reg, res, and i are the subscripts indicating the observed, predicted, mean, regression, residual, and index of data points, respectively, 88: Sum of

squares, MSS: Mean sum of squares, df : k and df; (n-(k+1)) are the degrees of freedom (herein af, = 2 and df, = 45), n is the number of data points (herein
n =48), and k is the number of coefficients in the regression model (k = 2).
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Table 2. Statistics of the nonlinear regression-based analysis conducted for the construction of the exponential equations (Equations

(2) and (4))
o . Models
Statistical evaluator Calculation EM-1 EM-2
Sta}ndard error of the — /Z:;:1 O, —P)’ 343.3034 6.8250
estimate n—2
Sum of residuals SR=3(0,—P) -219.5354 -20.8101
i=1
. 1<

Residual average RA = ﬁ; (0. —P) -4.5737 -0.4335
" (P—0,)°

Determination coefficient R’ = Zi:lg ” ) 5 0.9652 0.9811

2 (Oi=P)+2" (Pi=0,)
Adjusted coeflicient of n—1
multiple determination w=1- [(1 - R2)< n—p—1 )] 09636 0.9803

O, Bm, and i are the subscripts indicating the observed (or collected), predicted, mean, and index of data points, respectively, n is the number of observations,
P is the total number of explanatory variables in the regression model (without including the constant term), EM-1 = Exponential model-1 (Equation (2)),

and EM-2 = Exponential model-2 (Equation (4)).

variations were not described by the proposed exponential
models (for Equations (2) and (4), respectively). Moreover,
the high magnitude of the adjusted determination
coefficients (R? s = 0.9636 for Equation (2) and R? ;=
0.9803 for Equation (4)) corroborated the importance of
the derived exponential models. Additionally, it is worth
noting that if the model includes so many parameters,
and the sample size is not that much big the R?, 4 may be
significantly lower than the R? value (Abdul-Wahab et al.
2020, Yetilmezsoy et al. 2020, Yetilmezsoy et al. 2009). For
the proposed exponential formulations, R > and R values
were very close to each other, confirming that the size of the
sample (7 = 48) used in the present study was appropriate
for the modeling purpose.

Finally, various statistical indicators (e.g. R?, SEE, MAE,
RMSE, RMSE,, RMSE_, PSE, 1A, FV, CV(RMSE))
were computed to assess the prediction performance of
the proposed logistic functions (Equations (1) and (3)).
Summary of the statistical analysis implemented for the
assessment of the predictive performance of the proposed
logistic models is tabulated in Table 3.

Based on the statistical values presented in Table 3, the
proposed logistic functions showed quite strong correlations
(R?=0.9990 for Equation (1) and R* = 0.9973 for Equation
(3)) in the predictions of the cumulative number of positive
cases by days (total cases) and the cumulative number of
recovered patients by days (total recoveries) related to the
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restricted course of the COVID-19 pandemic in Turkey. The
relevant statistics corroborated that only 0.10% and 0.27%
of the total variations were not accounted by the proposed
logistic functions (for Equations (1) and (3), respectively),
revealing that the derived formulations satisfactorily
estimated the expected targets with considerably small
deviations. Additionally, IA values (0.9997 and 0.9992 for
Equations (1) and (3), respectively) were found to be very
close to 1,indicating that very good agreements were attained
between the collected COVID-19 data (the cumulative
number of positive cases by days and the cumulative number
of recovered patients by days) and outputs of the logistic
models (for Equations (1) and (3), respectively) for Turkey
from March 10, 2020 to April 25, 2020. Moreover, the low
values of the coefficient of variation (3.8772% and 9.1605%
for Equations (1) and (3), respectively) suggested a high
degree of accuracy and a good deal of the reliability of the
proposed logistic equations, as reported in the previous
studies (Abdul-Wahab et al. 2020, Yetilmezsoy et al. 2020,
Yetilmezsoy et al. 2009).

As seen from Table 3, descriptive statistical performance
indicators, such as PSE (0.3010 and 0.1311 for Equations
(1) and (3), respectively) and FV (0.0117 and 0.0100 for
Equations (1) and (3), respectively), also indicated that the
derived logistic regressions yielded fairly small residuals
and showed a remarkable estimation performance on the
prediction of the cumulative number of positive cases by
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Table 3. Statistical performance of the logistic models (Equations (1) and (3)) used for the predictions of the cumulative number
of positive cases by days (total cases) and the cumulative number of recovered patients by days (total recoveries).

Statistical performance Calculation Models
indicator - LM-1 LM-2
Determination coefficient | R* = Z’n (P~ 0w 0.9990 0.9973
2. (0i=P)+ 2 (P—0,)° ' '

Sta}ndard error of the ~ ZLI(OI‘_PI‘)Z 6283215 121.2619
estimate SEE =4 ==, —5
Mean absolute error MAE = %zn: IP.— O] 1123.2016 255.5167

i=1
Root mean squared error RMSE = (lzn: [P— O~]2>0'5 1278.7545 3486285

n 1 L

i=1
Root mean squared error - 1< s 615.0922 118.7088
systematic RMSE. = (ﬁ; [P, — Ol ) ’ )
Root mean squared error - 1 & L\ 1121.1042 327 7953
unsystematic RMSEy = (ﬁ; [Pr; = P ) ' '
f;‘:f; ortion of systematic | poy  (RMSE.)*/ (RMSE.)® 0.3010 0.1311
1 n
n . (Pi - Oz) :

Index of agreement A=1-7= n2i ; 0.9997 0.9992

ﬁzizl( P‘_Om‘—i_‘ Oi_O"’ |>

PV 2(0,—0,)
Fractional variance (0. —: o) 5 ; 5 0.0117 0.0100
> (0i=0,) /2 PP
n—1 0,= n—1

Coefficient of variation of _( RMS
RMSE CV(RMSE) = (—Om ) x 100 3.8772 9.1605

O, B m, reg, and i are the subscripts indicating the observed, predicted, mean, regression, and index of data points, respectively, O is the standard deviation,
n is the number of data points, LM-1 = Logistic model-1 (Equation (1)), and LM-2 = Logistic model-2 (Equation (3)).

days (total cases) and the cumulative number of recovered
patients by days (total recoveries). Furthermore, considering
the nonlinear nature of the COVID-19 outbreak-based
data, values of SEE, MAE, RMSE, RMSE,, and RMSE,
obtained from the proposedlogistic functions were reasonably
low, and their maximum value did not exceed 0.0154 per
thousand of Turkey’s total population (83,154,997 million
people according to the records on December 31 2019).

3.3. Validation of the Model Output

In this study, under the light of data from the 47-day period
between March 10, 2020 and April 25, 2020, a predictive
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modeling was performed for the cumulative number of
positive cases by days, the number of infected patients per
day from the outset, the cumulative number of recovered
patients, and the number of deaths per day from the outset.
Predictions in the scope of the study are forecasts based on
the continuation of restrictions prior to the normalization
calendar (01 June 2020). Therefore, to evaluate the consistency
of the model outputs, a validation study was carried out
including the records between March 10 2020 and April
25 2020. In this context, a set of log data obtained for 85
determination coefficient (R?) values for logistic model-1
(Equation (1)) for “the cumulative number of positive
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cases by days” was determined as 0.9719, for exponential
model-1 (Equation (2)) “the number of infected patients
per day from the outset” was calculated as 0.8925, logistic
model-2 (Equation (3)) for “the cumulative number of
recovered patients” was computed as 0.9991 and exponential
model-2 (Equation (4)) for “the number of deaths per day
from the outset” was determined as 0.9533. Additionally,
each criterion (including the cumulative number of positive
cases by days, the number of infected patients per day from
the outset, the cumulative number of recovered patients by
days, and the number of deaths per day from the outset) was
statistically evaluated in terms of the non-parametric Mann—
Whitney (M-W) U (or the Wilcoxon rank-sum) test and
the Kruskal-Wallis (K-W) test with the Conover-Inman
method. Results were appraised with two-tailed p values to
reflect the statistical significance between paired groups (o
= 0.05 or 95% confidence). Both the M-W U test and the
K-W test revealed that there was no statistically significant
difference between the predictions of the logistic model-1
(Equation (1)) and the corresponding observed data (p,, .,
= 0.1725 and p, , = 0.1733). Therefore, the null hypothesis
(H,) was not rejected in favor of the alternative hypothesis
(H)), because the p value was higher than the chosen
significance level of 0.05 (or 95% confidence). Similarly, for
the 85-day sampling period between March 10, 2020 and
May 31, 2020, the non-parametric tests indicated that there
was insufficient evidence for a noticeable difference between
the predictions of exponential model-1 (Equation (2))
and the officially reported data (p,,,, = 0.1138 and p, , =
0.1141). Moreover, the non-parametric tests demonstrated
that no sufficient evidence was found for a significant
difference between the estimations of the logistic model-2
(Equation (3)) and the respective recorded values (p,, \, =
0.7582 and p, , = 0.7593). Likewise, the non-parametric
tests concluded that no sufficient evidence was generated
for a significant difference between the predictions of the
exponential model-2 (Equation (4)) and the corresponding
official records (p,, ,, = 0.8515 and p, ., = 0.8522).The above
noted statistical results obtained from the non-parametric
analysis confirmed with 95% certainty that the proposed
models satisfactorily described the restricted course (for
data records before the normalization circular dated June

01, 2020) of the COVID-19 pandemic in Turkey.
4. Discussion

'The present estimations are in line with the reported values
in literature. For instance, Djilali and Ghanbari (2020)
reported that the COVID-19 epidemic would disappear in
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Turkey by the end of July (after 97 days starting from the
date April 15 2020), which indicates a good accordance with
our study (probably around July 29-31 2020). Moreover,
Kirbas et al. (2020) predicted the number of total cases in
six different European countries including Turkey. Based on
the 55-day data (between March 12 2020 and May 03 2020)
taken from official website of European Centre for Disease
and Control (ECDC), they reported that the predicted
number of the total COVID-19 cases for the Turkey was
approximately 143,503, which is in a good agreement with
the predicted values in our study (over 120,000 cases).
Furthermore, Aslan et al. (2020) proposed a susceptible-
exposed-infectious-quarantine-recovered (SEIQR) type
deterministic model (coupled with the system of ordinary
differential equations (ODEs)) to evaluate the dynamics
of the COVID-19 outbreak in Hubei (China) and Turkey
and to emphasize the crucial roles of testing, quarantine,
and social distancing in the control of this pandemic. They
reported that Turkey would have about 148,100 total cases
if the number of individuals in quarantine and the number
of COVID-19 tests were increased by the authorities. The
authors also stated that the outbreak would almost finish at
the end of July 2020 depending on the change in quarantine
rate and the rate of reported cases in Turkey. The results
obtained within the scope of the investigation indicate that
there is a good agreement between the current study and the
estimates of SEIQR-based study.

The predictions of the present study do not take into account
unexpected situations (such as failure to comply with curfews
and the need to wear of masks/gloves, violations of social
distancing rules, and the occurrence of a new wave of cases)
other than the current restricted course (restricted process
before the normalization circular dated June 01 2020), and
are predictions based on the continuation of the data (the
results for the 47-day sampling period between March 10
2020 and April 25 2020) under the hygiene measures applied
to counter COVID-19 in the country. The current restricted
course would be negatively affected, and predictions cannot
be expected to be consistent in extreme circumstances, such
as travel and religious services, social distancing violations,
uncontrolled crowds at religious sites and shrines, especially
during Eid al-Fitr (Ramadan Festival) on May 24-26 2020,
as well as spontaneous gatherings following the weekend
curfews.

Finally, it should be noted that the modeling with the
limited epidemiological data is a fairly laborious task for
forecasting and tracking the subsequent course (particularly
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normalization process) of COVID-19 pandemic. In any
case, it is as well early to draw an authoritative conclusion
due to the dynamics in accessible information, current
habits of individuals in the community, and their reactions
to nationwide preventive measures or restrictions. It is
seen that as the number of days in which epidemic data is
collected increases, the forecast performance of the models
will also increase. However, updating and calibrating the
model parameters according to the course of the epidemic
will contribute to the process to be formulated more
successfully in deterministic terms.
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Fitting Hidden Markov Model to Earthquake Data: A Case Study in the Aegean Sea

Sakli Markov Modelinin Deprem Verilerine Uygulanmasz: Ege Denizinde Bir Ornek Olay

Ozgur Danisman ®, Umay Uzunoglu Kocer

Dokuz Eylul University, Department of Statistics, Izmir, Turkey

Abstract

Studies about stochastic modeling of earthquake data have increased considerably in recent years. It is a well-known fact that
earthquakes occur as a result of unobservable changes in underground stress levels. The hidden Markov model provides a suitable
framework for modeling earthquake data due to its assumptions. We present a hidden Markov model to examine hidden changes in
the underground stress level and to make some probabilistic earthquake forecasts in the Aegean Sea. The Aegean region is selected for
the modeling because of the active nature of earthquake occurrences. A hidden Markov chain is defined in which the corresponding
states are stress levels of the ground. Four models with different numbers of hidden states are constructed and compared according
to the Akaike and Bayesian information criteria. The proposed model is capable of forecasting the short-term probabilities of both
earthquake magnitudes and also locations. Baum-Welch algorithm, which is an iterative expectation-maximization algorithm, is used
for the estimation of model parameters. The traditional Baum-Welch algorithm considers only one variable as an observation for the
iterations. In this paper, a naive and quite simple approach is used for the Baum-Welch algorithm to estimate the model parameters
with more than one observation. It is possible to obtain the marginal and joint probability distributions of multiple observations with

this approach.
Keywords: Hidden Markov model, Baum-Welch algorithm, Multiple observations, Earthquake, Forecasting, Aegean Sea

Oz

Deprem verilerinin olasiliksal modellemesi ile ilgili ¢aligmalar son yillarda giderek artmaktadir. Depremlerin yer altindaki gerilim
diizeyindeki gozlenemeyen degisimler sonucu olustuklar: bilinen bir gercektir. Sakli Markov modelleri varsayimlarindan dolay: deprem
verilerini modellemek i¢in uygun bir ¢erceve sunar. Yeralt: gerilim diizeyindeki gézlenemeyen degisimleri géz 6ntinde bulundurmak ve
Ege denizinde bazi olasiliksal deprem tahmini yapmak i¢in gizli Markov modeli sunmaktayiz. Ege bolgesi, deprem olusumu bakimindan
aktif bir bolge oldugu icin secilmistir. Gizli durumlar: yeralt: stres diizeyi olan bir gizli Markov modeli tanimlanmugtir. Gizli durum
sayilar1 farkli olan dért ayri model tanimlanmis ve bu modeler Akaike ve Bayesian bilgi kriterlerine gore karsilagtirilmistir. Onerilen
model deprem buyiiklikleri ve bélgelerine iligkin kisa dénem olasilik tahminleri verebilmektedir. Model parametrelerini tahmin etmek
i¢in iteratif bir algoritma olan Baum-Welch algoritmasi kullanilmigtir. Geleneksel Baum-Welch algoritmasi iterasyonlarda yalniz
bir gozlem degiskeni kullanir. Bu ¢alismada, Baum-Welch algoritmasinin birden fazla gézlem degiskeni bulundugunda kullanim:
icin oldukea kolay ve anlagilir bir bakis agis1 6nerilmigtir. Bu yaklagimla ¢oklu gozlem degiskenlerinin marjinal ve ortak olasilik
fonksiyonlarini elde etmek mimbkiin olmaktadir.

Anahtar Kelimeler: Sakli Markov modeli, Baum-Welch algoritmasi, Coklu gozlem, Deprem, Tahmin, Ege Denizi

1. Introduction

Analyzing seismic data and developing some statistical
methods to forecast earthquake occurrences or earthquake
times have been a challenging task for decades. The elastic
rebound theory (Reid 1910) is one of the classical models
for earthquake mechanisms. It states that stress in a region
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accumulated due to the movement of tectonic plates, and
is released when it exceeds some value of strength. The
stochastic version of the elastic rebound theory, called
stress release model, is proposed (Vere-Jones 1978). Besides,
researchers who are interested can find detailed information
about the seismicity-based earthquake
techniques (Tiampo and Shcherbakov 2012).

forecasting

There have been some studies aiming to model the general
structure of seismic data by using the Markov process or
Poisson process. However, earthquakes are aftected by various
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natural factors such as the structure of the fault and previous
earthquake occurrences, and these events may change the
magnitude and/or the occurrence time of an earthquake.
Some of these natural events are observable and some of
them are not. Since there is a dependency between these
natural factors and the earthquakes, a modeling approach
that characterizes this dependency is required. Since it
is known that the Poisson process has memorylessness
property and it assumes that different time intervals for a
specific region are independent, the Poisson process usually
does not provide an adequate modeling setting.

'The dependence between the previous and the most recent
earthquake magnitudes encouraged researchers to study
modeling the seismic data using the Markov process. When
the Markov process is used for earthquake forecasting,
the observed data becomes the states of the system and
unobservable natural events are not included in the model.
See Anagnos and Kiremidjian (1988) and its references for
the first applications of the Poisson process and Markov
process for seismic studies. Sojourn times are assumed to be
exponential for Markov processes; on the other hand, it is
possible to assume different sojourn time distributions such
as Weibull or Gamma for semi-Markov processes. There
also exists some studies about the modeling of earthquake
data with the semi-Markov process. A semi-Markov
process is proposed (Alvarez 2005) where a mixture of
exponential and Weibull distribution is assumed for waiting
times. Construction of a semi-Markov process is proposed
(Sadeghian 2012) to predict the probability of the time and
place of occurrence of earthquakes. In another study that
assumed sojourn times as Weibull distribution (Masala
2012) proposed both homogeneous and non-homogeneous
semi-Markov process and he allowed dependence in both
space and time, in their model. A semi-Markov model for
the estimation of the expected number of earthquakes is
considered and a seismic hazard assessment was presented
for Northern Aegean Sea (Votsi et al. 2012). The semi-
Markov kernel and the distributions of sojourn times
were estimated by the help of a nonparametric method.
In addition, a detailed information about the seismology
from the statistical point of view, about discrete HMM and
hidden Markov renewal model was presented (Votsi 2019).

The existence of the unobservable factors that affect the
earthquake occurrence led to the start of using the hidden
Markov model (HMM) to characterize the earthquake
occurrences. HMM is a special type of Markov process in
which states are unobservable. An unobservable Markov
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chain leads the system and observations occur after each
transition. This type of a model is more suitable to model
the seismic data because unobservable natural events are
assumed to be states of a hidden Markov chain and some
of the outputs such as magnitude or occurrence time are
the observations occurring after each transition. Hence, the
HMM is studied instead of the Markov process and Poisson
process for the earthquake analysis since the early 2000s.

HMM is first introduced with the definition as “emitted
probabilistic functions of unobservable finite-state Markov
chains” (Baum et al. 1966). For modeling seismic data, the
very first study (Granat and Donellan 2002) used the GPS
seismicity data collected in the Southern California region.
Hidden states were the changes in stress within a fault
system and earthquake forecasts were presented. It is claimed
that the Poisson process which is a traditional model for
earthquakes is insufficient for forecasting future events and
HMM is proposed (Chambers et al. 2003). They assumed
each hidden state leads to an exponential distribution with
different rates and overall time distribution is a mixture of
exponential distributions. They used 110 interevent times (in
days) between 1975 and 2000 and related earthquakes have
magnitudes with M > 2.7 and assumed two hidden states;
rapid response and slow response to a quake. The California
region is studied (Ebel et al. 2007) with earthquake data
which have magnitude values M > 4. Inter-event times
between earthquakes were assumed to be exponential
and the short-term future earthquakes (in one day) were
forecasted in a dynamic way using HMM. Observations
were the inter-event times and one of four spatial quadrants.
Poisson HMM was used to model the seismic variations
and earthquake frequencies (Orfanogiannaki et al. 2010).
'The earthquakes greater than the magnitude M > 3.2 around
the Killini, Ionian Sea were used between 1990 and 2006.
Observations were assumed the daily number of earthquakes
and inter-event times. Poisson HMM was fitted for 2,3,4
and 5 states and models with four and five hidden states
were selected. HMM is applied to earthquake data (M =2
4) from 1932 to 1964 in the California region (Chambers
et al. 2012). They used two different models with two and
four states, respectively. Inter-event time distribution was
assumed to be exponential. Observations were assumed
inter-event times and one of two regions (east or west) that
an earthquake may occur. HMM is used for earthquake data
from 1845 to 2013 in the Greece region (Votsi et al. 2013).
Hidden states were assumed the stress level of the ground.
Different HMMs with a different number of states were
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examined and a two-state model was selected. Observations
were the classes of earthquakes magnitudes and their aim
was the estimation of the expected time until the next
earthquake. When the stress level of the ground exceeds
a threshold, an earthquake occurs (Yip et al. 2018). They
assumed this threshold divides the underground stress level
into two states: low and high level of earthquake frequency.
Their model includes earthquake magnitudes as observations
and a non-stationary transition probability matrix that
varies by time. A comprehensive implementation of hidden
semi-Markov models for the seismic hazard assessment was
presented (Pertsinidou et al. 2017). The earthquakes which
have a magnitude M > 2.7 around the North and South
Aegean Sea were taken into consideration. Models with
different dimensions were developed and compared with
different sojourn time distributions.

In this study, an HMM is proposed for modeling the
earthquake data of the Aegean Sea region. The complete data
contains the depth,location, magnitude,and inter-event time
of an earthquake. HMMs with different numbers of hidden
states are constructed and the most likely model is selected
according to likelihood values. By using the most suitable
model, short-term probabilities of earthquake magnitudes
and earthquake locations are forecasted. The conditional
probability distribution of earthquake magnitudes and
earthquake locations are obtained. Then, the joint probability
distribution of random variables magnitude and location
is obtained. The resulting model is capable of forecasting
the probabilities of earthquake magnitude classes and the
probabilities of earthquake locations.

'The common point of all existing studies is that they assumed
only one variable as the observation for the estimation
of model parameters. Other variables are included in the
model after parameter estimation with some independency
assumptions. However, three types of observations which are
depth, location, and magnitude are used for the estimation
of model parameters in our study. We aim to obtain the
estimates with more earthquake information. These three
types of observations are redefined as a single variable
and then, marginal and joint probability distributions of
earthquake magnitude and location are obtained.

The main contributions of our paper can be summarized
as follows: (1) A modeling approach is proposed in which
multiple observations are used for the parameter estimation.
(2) Marginal and joint probability distributions of all
observation random variables are obtained by this approach.

(3) The proposed HMM gives probabilistic forecasts of
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the magnitude and location of a future earthquake in the
Aegean Sea, Turkey. Earthquake forecasting for this region
is provided for the first time by this modeling approach.

In section two, a brief introduction to HMMs and its
complete parameter set is given. Then, the method of
modeling the earthquake data and selecting the best
representative model between different HMMs  are
presented. In section three, results and the related probability
distributions of earthquake magnitude and location is
presented. The probabilities of occurring earthquakes in a
region are forecasted in one day and one week. And finally,
discussions, concluding remarks, and some possible further
studies are presented in the section four.

2. Material and Method

HMDMs are discrete-time stochastic processes which
consist of two sets of random variables. One is a Markov
chain with some finite states and the other is a set of
observations occurring immediately after each transition of
the underlying Markov chain. The transitions of the Markov
chain are invisible (hidden) to a viewer outside of the system
and the current state is always dependent on the previous
state because of the Markovian property. The observations
are emitted by a probability distribution corresponding to
the current state of the Markov chain. They are independent
of each other and only depend on the current hidden state.
It is not possible to observe the states of the system directly
and someone can record only the observations. HMMs
are different from traditional Markov models due to these
assumptions. The observed data is not the actual state of
the system for HMDMs, these observations are emitted
by the underlying hidden states. On the other hand, the
observations correspond directly to the states for traditional
Markov models. So, the term “hidden” comes from the first-
order Markov chain behind the observations.

2.1. General definition of HMM

Let v. be the kth observation and there are M possible
emitted observations per state. The system makes a transition
and emits one of the observations {v1,s,...,0 } . There are
N hidden states, hence the transition probability matrix is
N -dimensional square matrix. The hidden state sequence
and the observation sequence are finite sets and 7' is the
length of these sets. Let X be the random variable that
represents the state of the hidden Markov chain at time ¢
where X, €{1,2,...N},t=0,1,..,T . Furthermore let Y,
be the random variable that represents the observation in a
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state at time ¢, where Y, € {v,,0,,...,0,} and t=0,1,...,T.
So, the sequence of hidden states and observations are

denoted by { X1, Xs,...Xr} and {Y,Y,,..., Y1}, respectively.

Transition probability matrix (TPM)is denoted by P = {ps}
. Each element of P is a transition probability from hidden
state 7 to state /. That is,

Dy =P(Xt+1 2] | Xt = 7/}7 Z,] = 1,27...,N and t= 172,T
(1

The model emits an observation after each transition and
emission information is given by observation probability
distribution. 'The emission probability of an observation
at time # may change from state to state. Since there are
N hidden states and there are M possible observations in
each state, the observation probability matrix is denoted
by B= {b;(k)} and consists of N x M entry. This matrix
gives the probability of emitting an observation given that
the system is in any hidden state. That is,

b,(v.)) =P(Y,=v:|X,=7),7=1,2,..,Nk=1,2,...M
and t=1,2,..T. (2)

The initial state distribution gives the starting probabilities
and usually given by IV X 1 vector. Let 7; be the probability
of starting at state 7. Then,

mi=P(X,=1), where i=1,..N . (3)

These three parameters construct the complete parameter
set A= (P,B,m) of a HMM.

2.2. Modeling of earthquake data by HMM
HMM has been one of the ways of modeling the earthquake

data that include magnitudes, inter-event times, earthquake
frequencies, depth of earthquakes, or locations. Earthquakes
are caused by a sudden release of stress along faults. When the
stress on the fault exceeds a threshold, an earthquake occurs,
and energy releases. The stress level of the fault changes
before each earthquake and these changes are unobservable.
It is possible to observe and measure the magnitude or the
occurrence time of an earthquake but, the same does not
apply to the stress level that causes the earthquake. Hence,
the states of the hidden Markov chain is assumed the “stress
level” of the fault. Hidden states are denoted by X, which
is defined on the state space S=1{1,2,..,N}, and also
when a hidden state number decreases, the stress level of
fault decreases as well: state 1 corresponds to the minimum
stress level and state N corresponds to the maximum stress
level. After each transition, four different observations are
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emitted: location, depth, inter-event time between previous
and last earthquake, and the magnitude of an earthquake.

Location (L). The Aegean Sea region is selected for modeling
because of the active nature of earthquakes. The region is
divided into two locations. Region I(L) is the Mytilene

Island area and region II(L, ) is the Aegean Sea area. These

H)
two regions continuously experience successive earthquakes.
An earthquake can occur either in region I or region II.

Selected regions are shown in Figure 1.

Depth (D). The depth of earthquakes is divided into two
classes according to the median value. The median value is
tound as Med = 10 and 104m is accepted as the threshold
value between two classes. That is, an earthquake can occur

either more than or equal to 1047 deep (D = 10) or less than
104m deep (D < 10).

Magnitude (M). For the corresponding regions, the
earthquakes with a magnitude greater than 3 are included
in the data set. The magnitude values of M are classified into
tour groups with the help of the £2-means clustering method.
An earthquake magnitude between [3.0, 3.3) is included in
class 1, between [3.0, 3.6) is included in class 2, between
[3.6,3.9) is included in class 3, and if M > 3.9, it is included

in class 4.

Inter-event times (T). Inter-event times between successive
earthquakes are assumed to be independent of other variables.
It is assumed that it depends only on the hidden states and
inter-event times between two successive earthquakes follow
an exponential distribution. So, the parameter of the related
inter-event time distribution depends on the hidden state
it is emitted. In other words, each state must have different
exponential rates. The Viterbi (Viterbi 1967) algorithm,
which is an algorithm to find the most likely hidden state

1 0 §
Region 1 ’ R g B = X
Mytilene SEE -
AL o - =
et
Region 1
Aegean Sea
A g};‘
Figure 1. Possible earthquake locations.
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sequence, is needed to estimate model parameters of inter-
event times, in days, for each hidden state. Since there is no
information about hidden states of past earthquakes, these
1107 hidden states are estimated with the Viterbi algorithm.

The main contribution of our study is to allow multiple
observations included in the parameter estimation part of
the model. The traditional Baum-Welch algorithm (Baum
et al. 1970) allows using only one variable as an observation.
Existing studies with HMM for earthquake forecasting
generally include only one observation for learning problem
and only one variable is used while estimating the model
parameters with the Baum-Welch algorithm. Some of the
existing studies assume the observation as the number of
earthquakes occurred in independent time intervals, whereas
some of them assume the magnitude of an earthquake as
an observation. The inter-event times and locations of
earthquakes are generally assumed as independent factors
and the joint distribution of these random variables with the
inter-event time is obtained by multiplying their marginal
distributions. In our study, inter-event times between
successive earthquakes are also assumed to be exponential.
Different from the previous studies, three variables which
are location, depth, and magnitude are included as the
observations to the Baum-Welch algorithm. These three
variables are expressed as a new single random variable
for the Baum-Welch algorithm iterations. That is, more
information is used to estimate the complete parameter
set. Obtaining the marginal distributions of magnitude
values and locations, and also the joint distribution of these
two variables allows us to draw some clear and accurate
conclusions.

2.3. Model selection

Four different models are constructed with different
numbers of hidden states (N = 2,...,5) and the best model
that fits the data is to be selected. There exist 2 locations,
2 depth classes, and 4 magnitude classes. It is possible to
show these multivariate data sets as a one-dimensional
new variable by taking the Cartesian product of these
three random variables. So, the new type of observation
includes sixteen types of possible observation. For instance,
{Lu,D<10km, M €[3.0,3.3]} is the joint event of an
occurrence of an earthquake between magnitude 3 and 3.3
at the Aegean Sea region with a depth of less than 104.
This joint event is just one of the sixteen events. Each of
these joint events is one of the possible observations to be
emitted. Now, a hidden state sequence can be obtained.
The complete earthquake data is fitted for the process of
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the Baum-Welch algorithm. Note that this algorithm does
not give us the marginal distributions of each variable.
The observation probability distribution of the new one-
dimensional variable is obtained.

Model parameters are estimated by the Baum-Welch
algorithm which is an iterative algorithm based on
expectation-maximization. The starting values for initial
state distribution, observation emission distribution,
and transition probabilitiy distribution are selected from
Uniform distribution. Stopping criteria for estimates is
e=10". That is, when the difference between the last
estimates and the previous estimates gets smaller than the
identified value of &, the algorithm is stopped. Parameters
are estimated for four different models. The likelihood
values of the four models are used to select the most likely
model. Akaike Information Criterion (AIC) (Akaike 1974)
and Bayesian Information Criterion (BIC) (Schwarz 1978)
values are obtained to decide the most suitable model. The
model with the lowest AIC and BIC value is selected as the
best representative model that fits data. Likelihood, AIC,
and BIC values are shown in Table 1. P is the degrees of
freedom of each model. From Table 1, AIC and BIC take
the smallest value for the two-state model. According to
Table 1, the HMM with two hidden states fits better the

data.

Table 1. Likelihood and information criterion values

State P InL AIC BIC
2 4 -918.15 1844.3* 1864.3*
3 9 -1447.92 2913.84 2958.92
4 16 -917.54 1867.08 1947.23
5 25 -1124.76 2249.52 2424.75

For two-state HHMM, state 1 corresponds to low stress level
whereas state 2 corresponds to the high-stress level. The
estimated values of hidden state transition probabilities are
given below.

. _<0.5075 0.4925)
0.9999 0.0001

= (4)
According to the transition probability distribution, the
probability of a transition from “low-stress level” to “high-
stress level” is 0.4925 and the probability of a transition
from “high-stress level” to “low-stress level” is 0.9999. It is
known that one of the main reasons for severe earthquakes
is the high-stress level of the ground and these earthquakes
generally occur very rarely. The high-stress level makes
a transition to the low-stress level just after a severe
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Table 2. Observation probability distribution given the hidden states

Obs. Event StateI =~ StateII  Obs. Event StateI  StateIl
1 |L,D<10,M€E[3.0,3.3) 0.1240 | 0.1479 9 |L,D<10,M€E[3.0,33) | 0.1213 | 0.1199
2 | L,D<10,M€E[3.3,3.6) 0.0317 | 0.0846 10 | L,D<10,M€E€[3.3,3.6) | 0.1259 | 0.0182
3 | L,D=<10,M€E[3.63.9) | 00095 | 00136 | 11 |L, D=<10,M€E[3.63.9) | 0.0172 | 0.0564
4 | L,D<10,M=3.9 0 0.0055 12 | L, D<10,M=3.9 0 0.0547
5 | L,D=210,M€[3.03.3) | 0.1525 0 13 | L, D=10,M€E[3.03.3) | 0.1672 | 0.1069
6 | L,D>210,M€&[3.3,3.6) | 0.0451 | 0.0317 14 | L, D210,M€E[3.33.6) | 0.0771 | 0.1544
7 | L,D=210,M€E[3.6,3.9) 0 0.0328 15 | L,D210,M€E€[3.6,3.9) | 0.0546 | 0.0596
8 L,D>10,M=3.9 0.0038 0.0224 16 | L,,D>10,M=3.9 0.0701 0.0914

earthquake. There are very frequent non-violent earthquakes
in the investigated area, Turkey side of the Aegean Sea. In
other words, the stress level of the region is mostly low.
This is why the system tries to make a transition to the
low-stress level, especially from the high-stress level. When
the region’s tendency to non-violent earthquakes and the
selected model is considered, the transition probability
matrix gives the expected probabilities of hidden transitions.
The process tends to make transitions from the low-stress
level to both states with almost the same probabilities. The
estimated values of observation emission probabilities are

given in Table 2.

Recall that hidden states depend only on the previous state
and the transition probability matrix is independent of
observations. Table 2 gives the probabilities of emissions
given the hidden states. Emission probabilities for sixteen
observations are obtained. It is clear from Table 2 that
when the magnitude value gets higher, the probability of
observation emission gets lower. That is, there is a small
tendency for an earthquake with high magnitudes.

3. Results

It is possible to obtain the conditional probability
distributions of magnitudes and locations using Table 2
by considering the marginalization according to other
observations. If the marginalization is taken by the depth
and location, the distribution of magnitude classes is
obtained given the hidden states. If the marginalization
is taken by the depth and magnitude, the distribution of
locations is obtained given hidden states. These probabilities
are presented in Table 3.

'This conditional distribution of magnitude classes presented

in Table 3 gives the conditional probability,
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Table 3. Marginal distribution of earthquake class given the
hidden states

State I State I1

1: M€ [3.0,3.3) 0.5650 0.3747
2:M€E[3.3,3.6) 0.2798 0.2889
3:M€E[3.6,3.9) 0.0813 0.1624
4:M=39 0.0739 0.1740
P(M=m|X.=j), j=1,2 and m=1,2,3,4. (5)

For instance, given that stress level is low, the probability
of observing an earthquake with a magnitude greater than
or equal to 3.9 is 0.0739. It is seen from the magnitude
distribution that when the stress level is low, there is
a tendency of occurring non-violent earthquakes. The
probabilities of class 1 and class 2 are much greater than
the probabilities of class 3 and class 4. However, the same
conclusion cannot be made for the high-stress level. The
probabilities of class 3 and class 4 for the high-stress level
are approximately two times greater than that of the low-
stress level. And also the probabilities of class 1 and class
2 for the high-stress level are much lower than that of the
low-stress level. The tendency of occurring earthquakes with
higher magnitude increases when the stress level is high.

Table 4. Marginal distribution of location given the hidden
states

State | State I1

Mytilene Island (L) 0.3666 0.3385
Aegean Sea (L)) 0.6334 0.6615

The conditional distributions related to locations presented

in Table 4, gives the probability,
P(L=1X,=7), j=1,2 and | =Ly, L. )
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For instance, the probability of observing an earthquake
in Mytilene Island is 0.3666 given that the stress level is
low. The location distribution shows that the number of
earthquakes that the Aegean Sea is exposed, is more than
that of the Mytilene Island for both low and high-stress
levels.

The joint observation probability distribution of the
magnitude and location is obtained by obtaining the
marginalization of depth.

Table 5. Joint distribution of location and magnitude given the
hidden states

State | State 11

L,ME[3.03.3) 0.2765 0.1479
L,ME[3.33.6) 0.0768 0.1163
L,ME[3.63.9) 0.0095 0.0464
L,M=>3.9 0.0038 0.0279
L,,ME[3.0,3.3) 0.2885 0.2268
L,, ME [3.3,3.6) 0.2030 0.1726
L,,ME[3.6,3.9) 0.0718 0.1160
L, M=39 0.0701 0.1461

'The conditional joint distribution of magnitude and location

presented in Table 5 gives the probability,
PM=m,L=1|X=j), 7=1,2 and m=1,2,3,4 and
= L[,L[]. (7)

From Table 5, the probability of observing an earthquake in
Mpytilene Island with a magnitude between 3.3 and 3.6 is
0.0768. Note that the sum of observation probabilities for
each hidden state is equal to one.

Apart from the marginal and joint probabilities for magni-
tude and location with the condition of hidden states, it is
possible to obtain unconditional probability distribution for
each observation by using the limiting probabilities of hid-
den states. Using the estimated transition probability matrix
(P), it is possible to compute the limiting distribution of
hidden states. Let w be the vector of steady-state probabil-
ities, then

w = |w,,w,] = [0.6699,0.3301]. (8)

'The limiting probabilities can be considered as the weights
and the weighted means of hidden states are calculated for
the conditional probability distributions. Then, the marginal
probability distribution of magnitude variable given in Table
6 is obtained as,
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PM=m)=3 wbu(k),m=1,2,34. 9)

Table 6. Marginal distribution of magnitude class

2ME [3.3,3.6) 3

4:M=3.9
0.1070

P (M=m) | 0.5022 0.2828 0.1080

'The marginal probability distribution of location variable
given in Table 7 is obtained as,

P(L=0D=3" wbk), where | =Ly, L. (10)
Table 7. Marginal Distribution of Location
Mytilene Island (L) Aegean Sea (L,)
P(L=) 0.3574 0.6426

'The joint probability distribution of magnitude and location
variables given in Table 8 is obtained as,

PM=m,L=1)= 2; w;b,,. (k), where

m=1,2,3,4 andl= L, Ly. (11)
Table 8. Joint distribution of location and magnitude
Mytilene Island Aegean Sea

(L) (L)
1: M€ [3.0,3.3) 0.2341 0.2681
2: M € [3.3,3.6) 0.0898 0.1930
3: M€ [3.6,3.9) 0.0216 0.0864
4:M=3.9 0.0119 0.0951

To check the independency of the random variables
magnitude, location, and depth, we check the following

equality.
P(M=k)P(L=m)=PM=kL=m)

For instance, P(M=1)=0.5022 and P(L=L)=0.6426 and their
product is 0.3227. On the other hand, their joint probability
is P(M=1, L=L)=0.2681. Hence, it can be concluded
that these two random variables are not independent. So,
including magnitude, location and depth variables together
give more accurate results.

Having estimated the hidden state sequence, now it is
possible to estimate the exponential distribution parameters
for each hidden state. Inter-event times for state 1 (low-
stress level) follows an exponential distribution with
A1 =0.1723 and inter-event times for state 2 (high-stress
level) follows an exponential distribution with A= 0.2025
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. So, the mean times until the next earthquake can be
=5.8048
—— = 4.9371 days, for each stat€ respectively.

calculated using the parameters, that is, £, = 55—
daysand p, =
The mean waiting time until the next earthquake is larger
for the low-stress level than that of the high-stress level.
That is, when the stress level is high, it is more likely to
occur an earthquake more quickly. The mean waiting time
(E(?) is calculated with a mixture of two non-identical
and independent exponential distributions (A andA,) .

Let p, is the probability of observing an inter-event time
from the 7th hidden state and note that z  pi=1.Two
proportions p, and p, are estimated using the 1106 inter-
event time according to which hidden state it was generated.
The estimated values of proportions based on hidden states
=0.5844 and p,=0.4156. It means that 58.44%
of the inter-event times are emitted at the low-stress level

are,

and 41.56% of the inter-event times are estimated at the
high-stress level. So, the mean waiting time between two
successive earthquakes is, E(f) = Z i' = 5.4441 days.
Besides, the mean rate of the dlStI‘lbuthﬂ (A) can be
obtained as A = 5‘4141 0.1836.

Short-termprobability forecasting. Itis possible to give forecasts

of short-term probabilities for earthquake occurrences. The
aim is to find the probability of earthquake occurrence in
a region, in # days. For this purpose, we must use the joint
probability distribution of magnitude (M), location (L),
and inter-event time (7). It has been assumed before that
inter-event time is independent of other variables. So, the
joint probability distribution of M, L,and 7 can be obtained
by the production of the joint distribution of M and L,
and distribution of 7. So, the probability of observing an
earthquake at a magnitude class Z at one of two locations
in 7 days is,

PM=kL=1T<t)=PM=kL=10)(1-¢") (12)

Table 9. One-week earthquake occurrence probabilities

where M =1,2,3,4,1= L;, Ly, and t>0.

If the time index # goes to infinity, the probabilities approach
to some limiting values given in section 2.4. and become
independent of 7z We already know that the probability
distributions defined in section 2.4 hold the conditions to be
a probability function. So, the joint probability distributions
of the variables M, L, and T also hold the conditions to be a
probability function under the limiting case.

We can make short-term forecasting for all the elements
of the variable vector. Note that observations only depend
on the related hidden states according to the HMM
assumptions. Table 9 shows the short-term probabilities of
observing earthquakes in one week.

According to Table 9, the probabilities of occurring an
earthquake in any region increases as # goes to infinity. When
t — oo, the probabilities converge to the joint probabilities
given in Table 8. Suppose that today an earthquake occurred.
Then, the probability of occurring an earthquake with the
magnitude between [3.0, 3.3) in the Aegean Sea deficits in
5 days s,

P(M=1,L=L,T<5)=0.1610. (13)

4. Discussion and Conclusion

HMM is used to model the earthquake occurrences in the
Aegean Sea region. Among the possible models, the most
likely model is selected by AIC and BIC after the learning
problem. Model parameters are estimated by the Baum-
Welch algorithm. The traditional Baum-Welch algorithm
allows only one observation to perform the iterations.
Different from the existing studies, three types of variables
which are magnitude, location, and depth are represented
as a one-dimensional random variable to perform the
algorithm. This procedure allowed us to estimate the model

Event t (in days)
4
M=1,L=L, 0.0393 0.0719 0.0991 0.1218 0.1406 0.1563 0.1693 0.2341
M=2,L=L, 0.0150 0.0276 0.0380 0.0467 0.0539 0.0599 0.0649 0.0898
M=3,L=L, 0.0036 0.0066 0.0091 0.0112 0.0130 0.0144 0.0156 0.0216
M=4,L=L, 0.0020 0.0036 0.0050 0.0062 0.0071 0.0079 0.0086 0.0119
M=1,L=L, 0.0449 0.0824 0.1135 0.1394 0.1610 0.1789 0.1939 0.2681
M=2,L=L, 0.0323 0.0593 0.0817 0.1004 0.1159 0.1288 0.1396 0.1930
M=3,L=L, 0.0145 0.0265 0.0366 0.0449 0.0519 0.0577 0.0625 0.0864
M=4,L=L, 0.0159 0.0292 0.0403 0.0495 0.0571 0.0635 0.0688 0.0951
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parameters with more information. Studies on this subject
generally consider only one variable as an observation. In
this case, the effects of other variables on the estimation
of earthquake occurrence probability are ignored, resulting
in loss of information and inconsistent forecasts. After
the parameter estimation, marginal and joint probability
distributions of magnitude and location are obtained
using the observation probability distribution. Since there
is usually only one observation in other studies, the joint
probability function can not be obtained. However, with the
approach in our study, the joint and marginal probability
distributions of depth, location, and magnitude variables can
be obtained. Inter-event times are assumed to be exponential
and the mean rate of the times between earthquakes is
estimated by the mean waiting time of two non-identical
and independent exponential distributions. The mean time
until the next earthquake is obtained. It is concluded that
the mean time until the next earthquake is larger for the
low-stress level than that of for high-stress level. When the
stress level is high, it is more likely to occur an earthquake
more quickly so, this is an expected result. It is obvious that
the inter-event times between successive earthquakes will
affect the magnitude of the next earthquake. In this context,
there is a lack of information in studies that do not include
inter-event times to the model and that fit discrete-time
modeling.

The proposed model is capable of forecasting the
probabilities of short-term earthquake occurrences using
the magnitude and the location information. The joint
probability distribution of magnitude, location, and inter-
event time is obtained. The presented joint distribution
has the properties of a probability distribution function.
Probability distribution approaches its limiting value when
the time index # goes to infinity. An observer is capable of
learning the probability of an earthquake occurring in a
region within a magnitude class in the short-term.

Further Study. The dependency structure between the
observations and hidden states can be studied in more detail.
Different dependency structures may be considered. Besides,
a possible interest may be the frequencies of earthquake
occurrences or the estimation of severe earthquake arrival
times. As in this study and other studies, obtaining a joint
distribution function of inter-event time and other variables,
instead of assuming that the inter-event time is independent
becomes a challenging topic for future studies.
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Experimental and Numerical Analysis of Using Thermoelectric Generator Modules
on Hexagonal Exhaust Heat Exchanger

Altigen Egzoz Esanjoriinde Termoelektrik Jenerator Modiillerinin Kullaniminin Deneysel ve
Sayisal Analizi

Beytullah Erdogan’®, Kagan Duran ®, Ibrahim Zengin

Zonguldak Biilent Ecevit University, Faculty of Engineering, Deparment of Mechanical Engineering, Zonguldak, Turkey

Abstract

Nowadays, many vehicles have internal combustion engines. In the cities, millions of vehicles affect badly the environment with
their emissions due to fossil fuel. Besides of harmful pollution gases, a huge amount of energy is lost from the exhaust on internal
combustion engines. It is possible to recover some part of the waste heat from the exhaust duct with advanced technological applications.
Electricity generation from vehicle exhaust waste heat with thermoelectric generators is a highly attractive energy recovery application
area in which many studies have been done recently. Thermoelectric generators are special semiconductor materials that produce
electricity from the temperature difference between the surfaces by touching the hot source and heat sink. Recovering some part of
the waste heat is extremely important in terms of contributing to reducing the pollution rate to unit energy production. In this study,
the thermoelectric generator application was investigated experimentally with a hexagonal exhaust heat exchanger manufactured
using aluminum material and 24 pieces TEG (Thermoelectric Generator) modules placed between liquid fluid copper cooling blocks
and aluminum exchanger. The model was cooled by a cooling system similar to the engine cooling system. Pure water (100%) and
ethylene glycol-pure water (50-50%) were used as a coolant fluid and the effect of fluid type was investigated. In cases which the fan
is constantly running and Ethylene Glycol-Pure Water (50-50%) is used as the cooling fluid, 10.678W electricity was generated. In
addition, it was determined that the energy-production increases with a deflector which was located to the exchanger’s fluid volume
center via the ANSYS CFD program on the manufactured model geometry. In the analyzes, it has been revealed that the deflector
increases the temperatures on the surfaces that TEG modules are placed.

Keywords: TEG, ETEG, Waste heat recovery, Thermoelectric, Thermoelectric module, CFD

Oz

Guntimtizde trafikteki sehirlerde icten yanmali motorlar bulunan milyonlarca arag fosil yakit kaynakli emisyonlariyla ¢evreyi koti
etkilemektedirler. Zararli kirletici gazlarmn yani sira, icten yanmali motorlarda egzozdan biiyiik miktarda enerji de kaybedilir. Tleri
teknolojik uygulamalarla egzozdan gazlarla birlikte ¢ikan atik 1sinin bir kismini geri kazanmak miimkiindir. Termoelektrik jeneratérlerle
(TEJ) egzoz atik 1sisindan elektrik tiretimi, son zamanlarda bir¢ok ¢alismanin yapildig, popiiler bir enerji geri kazanim uygulama
alanidir. TEJler, sicak kaynak ve bir sogutucuya dokunarak yiizeyler arasindaki sicaklik farkindan elektrik treten 6zel yari iletken
malzemelerdir. Atik 1sinin bir kisminin geri kazanilmas, birim enerji tiretimine diisen kirlilik oraninin azalmasina katk: sagladigindan
son derece 6nemlidir. Bu ¢aligmada, aliminyum malzemeden imal edilmis altigen egzoz esanjori ve sivi sogutucu akigkan dolagtirilan
bakir sogutma bloklar1 arasina yerlestirilen 24 adet TE] modiilleri ile Termoelektrik jenerator uygulamast deneysel olarak incelenmistir.
Model, motor sogutma sistemine benzer bir sogutma sistemi ile sogutulmustur. Sogutucu akigkan olarak saf su (%100) ve etilen glikol-
saf su (%50-50) kullanilmis ve akigkan etkisi aragtirilmistir. Fanin strekli ¢alisti1 ve sogutma sivist olarak Etilen Glikol-Saf Su (%50-
50) kullanildig: durumlarda 10.678W elektrik tretilmigtir. Ayrica imal edilen model geometrisi tizerinde CFD programi araciligiyla
esanjoriin akigkan hacminin merkezine yerlestirilen dagiticilarin enerji tretiminin arttirilabilecegi durumlar incelenmistir. Dagiticilar
TEJ lerin yerlestirildigi yuzey sicakligini arttirmagtir.

Anahtar Kelimeler: TE], ETE], Atik 1s1 geri kazanimi, Termoelektrik, Termoelektrik modil, HAD
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1. Introduction

Millions of vehicles in traffic are discharging harmful
emissions from the exhaust to the environment everyday.
Especially, one of the causes of air pollution is a car exhaust
gases in the big cities (Bolatl, 2019). There are so many
studies to reduce exhaust pollution on combustion and
exhaust systems (Ziolkowski, 2017). The main aim of all
these studies is to improve the relation between engine
efficiency and exhaust cleaning applications. Internal
combustion engines discharge a huge amount of heat as well
as harmful emissions (Jaziri et al., 2019). A conventional
internal combustion engine uses only %25 of the energy
generated by the fuel combustion but loses about %40 with
exhaust gases (Hatami and Ganji, 2015). Some parts of the
exhaust heat can be transformed into usable energy in the

vehicle.
Thermoelectric  generators are the most attractive
applications that increase efficiency by recovering

energy from exhaust waste heat. Thermoelectric material
performance is determined by the thermoelectric figure of
merit, defined as

ZT =a*c/k (1)

a,0,k are the Seebeck coeflicient, electrical
conductivity, thermal conductivity of materials, respectively,
and T is the absolute temperature (Zhang et al., 2015).
Backpressure has a very important effect for the design

of TEG heat exchanger (loffe et al, 1959). When

backpressure has changed, engine conditions also can be

where

changed negatively (Kumar et al, 2018). Choosing outer
geometry for the exhaust heat exchanger is another key
point for efficiency. Generally, TEG modules are located
on the heat exchanger surfaces. Some of the applications
for more space on surfaces need polygon geometry design.
Also, the inner region of the exchanger can be arranged with
baffle plates fins, or deflectors. Predesign and analysis via
ANSYS FLUENT can be helpful to choose a more effective
heat recovery model (Nour et al., 2019). Heat exchanger’s
different types of internal structures are possible to improve
surface temperature and uniformity (Deng et al, 2013, and
Cherkez, 2012). Thermoelectric generator application can
be done without adding any parts to the vehicle’s exhaust
line. The muffler is a typical part of the exhaust line. it is
possible to use a muffler as a thermoelectric generator heat
exchanger. When a muffler is used in two ways, the inner
structure should be proper a noise absorber as well as an
effective heat exchanger (Deng et al., 2016).
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Heat exchangers have importance in order to obtain a
certain temperature difference for TEGs. The thermal
characteristics of the fluid passing through the cooling
blocks designed to cool a surface are also among the other
important parameters for heat transfer. It is quite common in
the literature to increase thermal properties by using various
nanofluids. It is possible to further improve the thermal
characteristics by applying a magnetic electric field in liquid
metal flows as the working fluid. It has been stated that
the increase in magnetic and electrical fields also increases
the cooling process (Selimli et al., 2018). Yayla et al. have
benefited from the vibrations occurring in the piezoelectric
material for the alternative electricity generation method.
They evaluated different vortex generator designs in
the water channel in terms of turbulence kinetic energy
generation as both experimental and numerical (Yayla et.

al., 2020).

In this study, exhaust waste heat recovery is purposed
with a TEG heat exchanger. A hexagonal aluminum
exchanger model was used and the performance on the
exhaust pipeline of a diesel internal combustion engine
(ICE) was experimentally investigated. The temperature
of TEG surfaces was investigated numerically via ANSYS
FLUENT by adding the inner deflector to the center of the
empty heat exchanger model. Also, the empty model was
investigated on CFD, and it was compared the changing
of surface temperature for three cases (Experimental, empty
model numerical, and deflector model numerical). It was
simulated at the engine maximum working conditions in all
analysis.

2. Materials and Methods

The heat exchanger for Thermoelectric Generator is located
on a diesel engine exhaust pipe. Hot and cold sides of TEG
modules have touched to waste gas heat source and fluid
flow cooling block heat sink (Temizer, 2014). Figure 1
shows an aluminum heat exchanger model designed to use
in the study (D,=50 mm, D,=97 mm, L. =230 mm, L.,=510
mm). The hexagonal heat exchanger is made of aluminum
with 2 mm thickness. For cold sides, cooling blocks are
designed as 1.2 mm wall thickness copper rectangular tube.
Cooling blocks should be fit and covered all TEG groups on
surfaces (Topalci, 2017).

Thermoelectric Generator modules convert directly heat
into electricity. Commercial modules usually are made
of some semiconductor special materials placed between
two porcelain plates as shown in Fig. 2a. Porcelain is both
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Figure 2. A) TEG module, B) TEG inner parts.

electrically and thermally non-conductive material. Two type
p and n semiconductors (pellets) are inside of TEG. Pellets
are connected electrically serial and thermally parallel. Fig.
2b. shows thermoelectric bridges (P-N), which should be
made of a material with a high Seebeck coefficient, high
electrical conductivity, and low thermal conductivity. Copper
is used as due to effective conductivity between pellets. The
thermoelectric module used for the experiments is made
of Bi2Te3 semiconductor alloys. TEG modules produce
continuously DC voltage due to the temperature difference
across the heat exchanger (Orr et al., 2017).

The hexagonal exhaust pipe was placed to the nearest of
the engine exhaust line for the highest temperature. In
addition, the exhaust pipe between the engine and the heat
exchanger was isolated to prevent the heat loss to improve
TEG performance (Kim et al., 2018). Cooling system: pure
water and ethylene glycol-water mixture passing through
the copper blocks is cooled with a radiator fan set, same as
on conventional internal combustion engine cooling system.
TEG can produce electricity directly due to temperature
difference AT with the Seebeck effect. Voltage can be
calculated with Eq.2. V. shows open-circuit voltage, a,.
shows Seebeck coefficients difference n-p pairs of modules.
Power (P, ) can be calculated with Eq.3. I shows current,
R, shows load resistance (Lin, and Kiflemariam, 2019).
Equations 3 and 4 are expressions representing the conversion
of heat to electrical power. Max. Power generation of TEG
is related to AT but ZT value is an important parameter
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determining the limited capacity of the module (Korotkov
etal.,2017).

VOC = a/pnAT (2)

Pclec = IzRL (3)

Pelec = PHeat” (4)

g AT 15271 )
Tv y1+2T +(T./T.)

2.1. Experimental study

'The experiments were carried out by increasing the engine
speed gradually, in four steps. The single-cylinder diesel
engine was operated without load during all test stages. The
exhaust gas temperature cannot be expected to be too high
because a light diesel engine was used in the experiment.
So, before a heat exchanger design, it was measured gas
temperatures across the exhaust streamline. When the
engine was worked without load maximum speed point, the
exhaust gas pipe surface temperature was between 463-478
K. The European Thermodynamics company’s GM250-
127-14-10 TEG model was selected for high efficiency at
low temperatures (Liu et al., 2014). TEG model parameters
for the ideal maximum working condition can be seen in

Table 1.

Table 1. GM250-127-14-10 TEG module parameters.

Parameters for hot side temp 523 K and cold side
temp 303 K

Matched load output power 9.9W

Matched load resistance 2.49Q0 + 15%

Open circuit voltage 9.93V

Matched load output 2A

Matched load output voltage 4.96V

Heat flow through the module ~198W

Maximum compress (non-destructive) 1.2MPa

Maximum operation temperature Hor si('ie ~523 K,
Cold side ~448 K

During the experiment, temperatures were measured with k
type thermocouples at inlet-outlet; for exhaust gas, cooling
block surface, and exchanger surface. Also, the cooling fluid
temperature was measured with an infrared thermometer.
'The engine speeds were recorded on the first experiments at
four steps and these values were settled for the next repeats.
In each step, the flow rate of the fluid passing through the
coolant copper blocks was set at 1.5 I/min with an equal flow
distributor. Fuel consumption was measured with a flow
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meter and determined mass flows. Electricity production
values in the unit of Ampere, Volt were measured with a
multimeter and recorded at engine speeds 1058 rpm, 1320
rpm, 1637 rpm, and 1929 rpm. The experimental system is
shown in Fig. 3.

Figure 3. Experimental system, 1- radiator, 2- pump, 3-
adjustable flow collector, 4- exhaust line, 5- cooling blocks.

2.2. Numerical Modelling

CFD approach was preferred to investigate the performance
effect when the changed inner structure of the heat
exchanger as seen in Fig. 4. The inner deflector was placed
to the center of the heat exchanger model to increase surface
temperature and it was investigated the effects of different
deflector models via ANSYS FLUENT (Nozariasbmarz et
al., 2019).

OUTLET
) =>

Figure 4. Heat exchanger deflector model.

Boundary conditions; the inlet flow was chosen as mass flow
inlet 4.27 g/s measured at maximum experimental engine
speed 1929 rpm. It was chosen carbon-oxide-nitride as
exhaust gas in FLUENT. All outer surfaces exposed to air
are subject to free heat convection with a free heat transfer
coefficient taken as 10W/m?K (Li et al. 2016). Also the
standard k—€ model and turbulent flow was chosen (Ravi et
al., 2017). Pressure-based solution method was used in the
analyzes. Other boundary conditions can be seen in Table 2.
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Table 2. CFD boundary conditions

Boundary condition Parameters

Inlet mass flow 4.27 g/s
Inlet temperature 504 K
Outer temperature 290 K
Heat transfer coefficient 10 W/m?K
Turbulence intensity 10%

The model created for numerical analysis was analyzed in
5 different mesh numbers and the independence of the
results was evaluated. The mesh independence study is
given in Table 3. The average skewness value of the created
mesh structures was determined as approximately 0.18, and
the element quality value was determined as 0.48. The fact
that the Skewness ideal value is close to 0 and the element
quality ideal value is close to 1 does not pose a problem in
terms of convergence. The mesh detail view of the model is
given in Fig. 5. A special layer was applied to capture the
boundary layer behavior of the flow.

Table 3. Mesh independence study

Analysis  Number of Numberof  CFD Surface
No. Nodes Elements Temp. (K)
1 337504 305982 427
2 343143 311500 428
3 533352 487812 427.9
4 847666 726480 428
5 1648818 1449018 428

Figure 5. Mesh detail view.

3. Results and Discussion

For the first step, when used pure water as cooling fluid,
the engine was run at 1058 rpm without load. In this case,
the exhaust heat exchanger hot surface average temperature
was 349 K, then engine speed was gradually increased. The
maximum hot surface average temperature was measured
as 419 K, and engine speed was measured as 1928 rpm.
For maximum engine speed, 25V open-circuit voltage was
produced and 10.298 W Power was obtained. Temperatures
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at all experimental steps can be seen in Fig. 6, and power
values at experimental steps can be seen in Fig. 7.
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Figure 6. Temperatures at all experimental steps.
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Figure 7. Experimental power.
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'The experimental setup was tested one more time at the same
engine speeds under no-load with ethylene glycol-water
mixture. The maximum hot surface average temperature was
measured as 417 K, and engine speed was measured as 1928
rpm. Also at this operating conditions, 25.1 V open-circuit-
voltage and 10.6 W power was produced.

'The heat exchanger model inlet gas temperature was chosen
as the highest temperature 504 K obtained from experiments
for CFD analysis. For the heat exchanger with the inner
deflector model and empty model, the changing of surface
temperature was compared to each other and experimental
results. When the numerical results and the experimental
results are compared; at the experimental results, the highest
temperature value was recorded as 437 K for the inlet
surface of the hexagonal heat exchanger. As a result of the
analysis, the inlet temperature of 427.1 K was reached on
the surface. A deviation value of 9.9 K was reached. It can
be seen temperature analysis for the empty model and with
the deflector model in Figure 8.

'The deflector model was placed at the center of the hexagonal
heat exchanger and maximum surface temperature was
measured as 439 K. In the analysis performed, the average
highest measured temperature value has increased by about
11.9 K compared to the empty model. It is shown in Fig. 8

(b) the change of temperature across the exchanger surface.

A vortex pattern was observed at the result of empty heat
exchanger model flow analysis but the heat exchanger
deflector model flow was smooth at the same flow condition.
The model with inner structure and empty model can be
seen in Fig. 9. In all cases inlet surface temperatures are

shown in Fig. 10.

Figure 8. Temperature contour

and surface temperature change
for (A) empty model, (B) model
with deflector.

0,1 0,15 0,2 0,25
Z (mm)
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Figure 9. Streamlines for A) empty model, B) deflector model.
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Figure 10. Inlet surface temperatures.

'The difference of this study compared to other studies is that
a 10.678W power increase was obtained by performing an
experimental study at real temperature (437 K) and number
of revolutions (1929 rpm) in a single cylinder tractor engine.
In addition, it has been calculated that this increase can
be increased by 3.3% by performing CFD analysis with
different geometries. In other studies, generally, 1800-
3000 number of revolutions and 350-400 K temperatures
have been carried out, and 5-17 W power values have been
obtained.

4. Conclusions

'This study examines the efficiency of electricity generation
using a heat exchanger and TEG modules on the exhaust line
of a light diesel engine. At the same time, different models
of the heat exchanger designed for the exhaust line were
investigated to understand surface temperature change by
using the CFD approach. When compared this study with
other studies, it has been observed that as engine speed and
inlet fluid temperature increases, the obtained power value

Karaelmas Fen Miih. Derg., 2021; 11(1):54-60

increases, that is, it shows a similar trend. In order to increase
these power values, even more, more fluid must contact the
exhaust surface. Further power increases can be achieved
by designing different exhaust geometries that direct the
fluid towards the surface. Also, it can be alternative methods
changing the inner structure of the heat exchanger, model
with fins and baffle plates are worth further investigation. In
addition, Waste heat recovery is considered to be one of the
best solutions for energy efficiency because it can improve
energy efficiency by converting heat exhausted from plants
and machinery to electric power. This technology would also
prevent atmospheric temperature increases caused by waste
heat, and decrease fossil fuel consumption by recovering
heat energy, thus also reducing CO2 emissions.
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Borlama i.§'lemi Uygulanmis Inconel 718 Siiperalagimin Mikroyapi, Asinma ve
Mekanik Ozelliklerinin Incelenmesi

Inwestigation of Microstructure, Wear and Mechanical Properties of Boronized Inconel 718 Superalloy
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Oz

Bu ¢alismada, yiiksek korozyon ve yiiksek siriinme dayanimina sahip olan Inconel 718 Ni-esash siiperalasgim malzemenin borlama
islemi uygulandiktan sonraki asinma davranigi incelenmistir. Inconel 718 altlik malzemesine 950°C’de Ekabor-II tozu ortaminda 4, 8
ve 16 saatlik sireli periyotlarda kutu borlama islemi uygulanmistir. Borlama prosesi sonucunda yapida olusan fazlar, olusan kaplama
tabakasinin 6zellikleri ve aginma ozelliklerinin incelenmesi amaciyla taramali elektron mikroskobu (SEM), optik mikroskop analizi,
X-1gmlart difraksiyonu (XRD) analizi, sertlik dlgiimleri ve aginma testleri gerceklestirilmigtir. Aginma testleri islem gormemis Inconel
718 ve farkli stirelerde borlanmig numunelere farkh yiikler (3N, 5N, 10N ve 15N) altinda, ileri-geri (reciprocating) aginma testi
uygulanarak aginma ytizey profilleri elde edilmis ve aginma performanslar: kargilagtirmali olarak incelenmistir. Numunelerin ayrica
sirali sertlik degerleri belirlenmistir. Karakterizasyon incelemeleri sonucunda Ni,Si,Ni B, ve FeB fazindan olusmus kaplama tabakalar1
elde edilmigtir. Asinma testleri sonucunda aginma dayanimi en iyi olan numunenin 950 "C'de 4 saatlik borlama siiresine tabi tutulan
numune oldugu ve olusan aginma mekanizmasinin abrasif aginma seklinde gerceklestigi tespit edilmistir.

Anahtar Kelimeler: Aginma, Borlama, Inconel 718, Mikroyapisal 6zellikler, Stiperalagim

Abstract

In this study, the wear resistance of Inconel 718 Ni-based superalloy, which has high corrosion and creep resistance but has limited use
in tribological applications due to its low surface roughness was improved via boriding method. Pack-boriding process was applied on
Inconel 718 substrate material at 950°C using Ekabor-II powder for 4, 8 and 16 hours boriding periods. Scanning electron microscopy
(SEM), optical microscopy analysis, X-ray diffraction (XRD) analysis, microhardness measurements and tribological tests were
performed to assess the effect of resulting phases and coating layer on the metallographic and mechanical properties of the borided
speciments. In this study, Inconel 718 superalloy substrate was pack borided with boron and coal dust at 950°C for 4, 8 and 16 h. The
phases formed in the samples as a result of the boronizing process and the effects of boron layer on the mechanical properties of the
material were investigated. Reciprocating wear tests were applied under varying loads (3N, 5N, 10N and 15N) on the non-borided and
borided samples and their wear performances were comparatively evaluated. The specimens” hardness ranking was determined. As a
result of the characterization studies, layers consisting of Ni,Si, Ni B, and FeB were detected. The sample with the best wear resistance
was the one subjected to a boronizing time of 4 h at 950 °C. This result was further supported by the finding that, the hardest layer
exhibiting the best diffusion behavior belonged to this sample. This was attributed to the formation of a uniform boride layer in the
vertical direction from the surface and the high hardness of this layer.

Keywords: Wear, Boronizing, Inconel 718, Microstructural properties, Superalloy,
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1. Girig
Yiksek sicaklik uygulamalari icin gelistirilmis, yiksek
alaggmli malzeme grubu olan siiperalagimlar, 1900’14
yillarin baglarinda gaz tirbinlerin kullanimda, 1950-70
yillar: arasinda ise gelisimleri hiz kazanarak ve ostenitik
paslanmaz celiklerin bir tiirevi olarak 6n plana ¢ikmaktadir.
1980’1

malzemelerine eklenmesiyle yogun ilgi artmis ve bu

yilarda ise bazi elementlerin stiperalasim

malzemelere spesifik mekanik o6zellikler kazandirilmigtir
(Yu vd. 2018, Sklenicka vd. 2018). Darbe ve dayaniklilik
kayb1 olmadan 540 °C ile 1000 °C arasinda yiksek ¢aligma
sicakliklarinda ¢aligabilmektedir. Bu kapasiteleri sayesinde
u¢ak motoru tretiminde kullanilmak tzere en ¢ok tercih
edilen malzeme siifindandir. Bu ve benzeri alanlarda
mukavemetlerini korumak ve yiiksek sicaklik kosullarinda
mikro yapilarini dengeli tutmaktadirlar. Son on yilda ise,
ergitme teknolojisindeki gelismeleri, alagimlamanin etkileri,
termo-mekanik ¢aligmalar sayesiyle yeni alagimlarin ortaya
ctkmasina olanak saglamiglardir. Yiiksek sicakliklarda
sirinme dayamimi gibi performanslari artirilmasiyla
glinimuizde Ni ve/veya Ti esashi stiperalagimlar genis bir
kullanim potansiyeline sahiptir (Bose 2007, Saman 2011).
Mekanik ve korozyon direncini artirmak i¢in Al, Ti, Nb,
Co, Cu ve W elementlerle ilave alagimlandirilirlar. Demir
(Fe) ise, 1-20% araliginda Inconel alagimlar: icerisinde yer
almaktadir (Subasi vd. 2016). Stperalagimlar, genellikle
gaz tirbinlerinde oldugu gibi c¢alisma sicakliginin
yiksek oldugu ortamlarda isil dayamimi yiksek olan
Nikel esashi stiperalagimlar kullamilmaktadir. Nikel esash

°C  gibi sicakliklarda

mukavemetinin yiiksek olmasi bu malzeme grubunu bu

siperalagimlarin 1100 yuksek
ortamlarda tercih edilir kilmigtir (Donachie ve Donachie
2002, Bose 2007). Bu alagimlar son derece iyi oksidasyon
ve korozyon direnciyle, yiiksek sicaklik sartlarinda siirtinme
ve kirilma direnci sagladigindan ugak motoru pargalarinda
siklikla tercih edilir (Bochenek ve Basista 2015). Nikel
esaslt stiperalagimlar, stiperalagimlar i¢inde en kompleksi,
en ¢ok kullanilani ve bir¢ok metaliirji uzmanina gére en
ilgi ¢ekici olamidir. Jet motorlarinin agirhginin yarisini bu
alagim grubundandir (Kaplanskii vd. 2020, Yang vd. 2015).
Stiperalagim bir malzeme yaklagik ergime sicakliginin
%70’ine kadar c¢ikilan sicakliklarda kullanilabilmektedir.
Stiperalagimlar ¢ok kristalli, yonlendirerek katilagtirilmag
veya tek kristal olarak Uretilmektedir (Schulz vd. 2001).
Gintmiz endustrisinde 6zellikle yiiksek —sicakliklarda
caligan ve siperalagimlardan imal edilmis tirbin bicaklari
ve kanat¢iklarinin performanslarini ve servis Omiirlerini
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daha da artirmak amaciyla ayni zamanda kaplamalar da
uygulanmaktadir. Bunun yaninda ayni amag dogrultusunda
katmanli  kaplamalar da ginimizde popilerligini
stirdiirebilmektedir (Monceau vd. 2010, Dwivedi vd. 2013).
Inconel 718 siiperalasim malzemesi, 6zellikle havacilik ve
uzay endustrisindeki 6zel uygulamalarda tstiin 6zellikleri
sebebiyle kullanilir. Kimyasal malzemeler ile temas halinde
olan parcalarda, denizcilik araglarinda ve pargalarinda,
roket motor par¢alarinda, ¢ok 6zel amaglar icin Uretilen
depo tanklarinda, niikleer reaktdr pargalarinda, baglanti
elemanlarinda, vanalarda ve tiirbin pervane bicaklar1 gibi
kullanimlari yaygindir (Kuo vd. 2009, Akca ve Giirsel
2015). En o6nemli yiizey sertlestirme uygulamalarindan
olan termo-kimyasal borlama islemi; metallerin mekanik
ve tribolojik ozelliklerini gelistirmek i¢in uygulanan
diftizyon esasli bir yiizey sertlestirme islemi ile olusan bor
tabakasinin sert, stirtinme katsayisinin ise dugik olmasi,
asit ve bazlardan kaynakli korozif ortamlara ve yiiksek
sicakliklardaki korozyona iyi direng géstermesi sayesinde
diger yuzey sertlestirme iglemlerine gore daha tstindir.
Bu proses sayesinde malzeme yiizeyinde olugturulan boriir
tabakalari ile yiizey sertligi 6nemli derecede artirabilirken
tribolojik 6zellikler ve korozyon direnci de iyilestirmektedir.
Termo-kimyasal ve elektro-kimyasal olarak uygulanabilen
difizyon esasli bir proses olan borlama diger proseslere gore
daha iyi sertlik ve aginma saglamaktadir (Makuch ve Kulka
2016, Makuch 2020). Farkli borlama islemleri uygulansa da
genelde kutu, sivi ve gaz ortami gekillerinde uygulanabilir.
Bu iglemler arasinda kutu borlama teknigi en kullanigh
olup kutu sementasyona benzemektedir (Gilinen ve Kanca
2017). Borlama iglemi, malzeme yiizeyine nikel boriirlerin
olusmasina bagl olarak mekanik ve kimyasal ozellikleri
(yiiksek sertlik, asginma ve korozyon direnci gibi) gelistirmek
i¢in nikel bazli siperalagimlar tizerinde gergeklestirilen bir
uygulamadir (Giinen 2020, Deng vd. 2015, Cataldo vd.
2000). Bu islem sayesinde tribolojik dayanimi bakimindan
bagka termo-kimyasal iglemlere gore ¢ok daha iyi aginma
vd. 2018).

Borlanmig Ni bazli siiperalagimlar, gaz tirbini motorunun

dayanimi  saglamaktadir  (Campos-Silva
itme vektori nozul tagtyan bilegenleri gibi uygulamalarda,
asinmalarini, safralarini ve korozyonlarini azaltmasiyla fayda

saglamaktadir (Joshi vd. 2017).

Inconel 718 stiperalagimy, icerisinde 6nemli miktarda Ni, Fe
ve Nb iceren demir nikel bazli ve icerdigi yiksek niyobyum
sayesinde ¢okelti sertlesmesi ile yiksek mukavemet
degerlerine sahip oldugundan dayanimini 650 °C’ye kadar
korumaktadir. Ug¢ak motorlari, niikleer tesisler gibi ytiksek
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sicaklik dayanimi ve mukavemeti istenen uygulamalarda
aranan malzemedir. Yizey kaplama iglemleri, malzemeyi
hem gortinis hem de fiziksel ve kimyasal bakimdan daha
dayanikli hale getirmek i¢in bir metalin yilizeyini metal,
ametal veya organik madde ile kaplama islemleridir. Borlama
1s1l iglemi ise, bor atomlarinin metal yiizeyine difizyonu ile
malzeme yizeyini giiclendiren bir termo-kimyasal ylzey
sertlestirme uygulamasidir. Borlama, termo-kimyasal bir
ylizey prosesi olarak malzemelerin mekanik 6zelliklerinin
iyilestirilmesi amaciyla yaygin bir sekilde kullanilmaktadir.
Bu kapsamda ilgili alanda yiirGtilen ar-ge caligmalar
tarafindan

bilimsel ve kurum/kuruluglar

Teknolojik
biiyiik bir kismi endiistriyel uygulama alanlarinda kullanim

endstriyel

glncelligini  korumaktadir. aragtirmalarin
alan1 bulan malzeme ve ylizey kaplama teknolojilerinin
kalitesini yikseltmeye, daha ekonomik ¢6éziimler getirmeye
yogunlagmaktadir. Bu ¢aligmada, yiiksek sicaklik kogsullar:
altinda havacilik endistrisinde yaygin kullanim alanina
sahip Inconel 718 nikel bazli stiperalasgim altlik malzeme
Uzerine borlama prosesi uygulanmis ve mikroyapisal,
mekaniksel ve tribolojik davranglar farkli proses kosullari

altinda incelenerek, ayrintili olarak degerlendirilmistir.

2. Gereg ve Yontemler
2.1. Deneysel Caligmalarda Kullanilan Malzemeler

Bu c¢aligmada, 25.4 mm ¢apindaki, 5 mm kalinhiginda
disk seklinde Ni esashi bir stiperalagim olan Inconel 718
althk numuneler kullanilmistir. Kimyasal bilesimi Cizelge
1'de verilen (Makuch ve Kulka 2014), 1s1l islemlere maruz
kalmis Inconel 718 stiperalagimi, kutu borlama ydéntemi ile

borlanmug, ticari Ekabor-1I tozu kullanilarak karakterizasyon
caligmalar: gergeklestirilmigtir.

Cizelge 1. Inconel 718 stiperalagima ait kimyasal bilesim, % ag.

Ni Fe Cc Nb Mo Ti Al C
5251185190 | 51 | 3.0 | 09 | 0.5 | 0.08

Numuneler Discotom 100 kesme cihazinda daha ki¢tik
parcalar haline getirilmigtir. Kesme cihazindan ¢ikan
parcalara otomatik zimparalama isglemine tabi tutabilmek
icin CitoPress 10 cihazi yardimiyla bakalite alma islemi
yapilmigtir. Bakalite alinan numunelerin Tegramin 30
zimparalama/parlatma cihazi ile sirastyla 240-400-600-800-
1000-1200-2000-3000 kaba/ince zimpara asamalarindan
gecirilerek parlatma i¢in yiizeyleri temizlenmistir. Deneyler
i¢in kullanilan numunelerin 6nce 6 pm sonrasinda 3 pm
elmas siispansiyon kullanilarak yiizey parlatma islemi
sonlandirilmigtir. Borlanacak parcalar, 1siya dayanikli kutu
i¢ine borlama tozuyla (ticari Ekabor-II) kaplanmak tzere
10-20 mm kadar gémilmistir. Bu islemden sonra st
kismina dolgu malzemesi (SiC, ekrit, aliminyum tozu
vs.) doldurularak hava gecisi engellenecek sekilde kapak
kapatilmugtir.

2.2. Malzemelerin Karakterizasyon Analizleri

Calismada izlenen yontemin akis semast Sekil 1de veril-
mistir. Kaplama tabakasinin net gériiniimi i¢in numuneler
zimparalama ve parlatma iglemlerine tabi tutulmus ve ar-

dindan 70 ml H,PO, ve 30 ml su ¢ozeltisinde 5V ile 60 s

Borlama
siiresinin —

| belirlenmesi

Cor
Deneysel ™\

Calismalar

Borlama
isleminin
uygulanmasi
 EEEEE—
|, | Karakterizasyon | |

caligmalan
e/

! |

Taramali elektron X-iginlar
mikroskobu (SEM) difraksivonu (XRD)
ile kesit incelemeleri analizi

Mekanik ve
Tribolojik
Sonuglar

tutulmast ile daglanmugtur.
| Asma Te_s_ti_ve
Morfolojisi
Genel
sonuglar ve

degerlendirme

Sertlik
Olgiimleri

h

Sekil 1. Caligmada izlenen yontemim akig semas.
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Yiizey temizleme islemleri gormis numuneler Q10A+Qness
kullanilarak Vickers sertlik testi
yapilmistir. Kullanilan deney setinde batici ug tepe agis1 136°

mikro sertlik cihaz

olan elmas kare piramit tercih edilmigtir. Yikli numune
tzerinde durma zamani 10 saniyedir. Test agamasinda bor
tabakasindan baglanip matris malzemeye kadar sertlik

degerleri Olctlmustir. Caligma sirasinda uygulanan yik

e
SEM HV: 20.0 kV
SEM MAG: 1.00 kx

BI: 16.00

WD: 6.60 mm
Det: SE
Date(m/dly): 07/11/20

Sekil 2. 950 "C'de 4 saat borlama sonrast SEM goriintist.

Lol

50 pm

MAIA3 TESCAI

BARTIN UNIVERSITY

HV ,, segilmisti. Bor kaplanmig numune igerisindeki

fazlarin tayini icin TESCAN MAIA3-XMU model taramal
elektron mikroskop (SEM) cihazi kullanilmistir. Asinma
testi UTS Tribometer T10/20 cihazi kullanilarak aginma
testi 3N, 5N, 10N ve 15N yiikler altinda uygulanmugtir.

3. Bulgular ve Tartigmalar

950 °C sicakliginda 4 saat borlanmasi sonrasinda elde edi-
len SEM ve haritalama EDX mikro yap: analizleri Sekil 2
ve Sekil 3'de verilmistir. Numunelerden elde edilen en diiz
ve temiz oldugu gorintiler 4 saatlik borlama sonucu alinan
goruntilerde elde edilmistir. 8 ve 16 saatlik numunelerden
alinan gorintilerde dizlik ve temizlik bozulmaya bagla-
migtir. Bu durum kaplama tabakasinin yiizeyinde olusan
silisid tabakasinin borun i¢ kisimlarina dogru difuze olma-
sin1 engellemesi ve soguma sirasinda bortir fazlari ile silisid
icerikli fazlarin farkli termal genlesme katsayilarina sahip
olmasi nedeniyle catlak, kirilma, yapisal bosluk olusumlari
vb. olumsuzluklari ortaya ¢ikarabilmektedir (Dinc vd. 2013).
Dolayisiyla uzun islem siirelerine bagh diftizyon siiresinin
artmast ile kaplanan malzeme yapisinda olumsuz etkilenme
gerceklesmektedir.

Alinan SEM analiz sonucunda tabakadan matrise dogru
gelindik¢e bor tabakasinin siirekli azaldig: bor tabakasinin

) o [ 9 ) (1 ]

B Kal_2 Ni Kal

Sekil 3. 950 "C'de 4 saat borlama sonras1t SEM elementel haritalama mikroyapisi.
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en az seviyeye indigi noktada Ni tabakasinin arttif1 ve Fe,
Cr ve B elementlerinden olustugu anlagilmaktadir (Sekil 3).
Bor dagiliminin olugan tabaka etrafinda yogun bir sekilde
arttifn da gozlenmektedir. Kutu borlama yéntemiyle bor
kaplanmis numune yiizeyi tzerinde 950 °C sicakliginda 8

saat borlanmasi sonrasinda elde edilen SEM ve haritalama

EDX mikroyap: analizleri Sekil 4 ve Sekil 5'de verilmektedir.

SEM HV: 20.0 kV
SEM MAG: 1.00 kx
Bl: 16.00

WD: 6.60 mm

Det: SE 50 ym
Date(m/dly): 07/11/20

Sekil 4. 950 °C'de 8 saat borlama sonrast SEM goriintiist.

MAIA3 TESCAN

BARTIN UNIVERSITY

Olusan tabakanin 4 saat borlanmig numunedeki tabakadan
daha genis bir tabaka oldugu tespit edilmistir. Tabakadan
matrise dogru gelindik¢e bor miktarinin azaldigs Ni
miktarinin arttifi goriilmektedir. Yapilan analizler sonucunda
bor dagiliminin olugan tabaka etrafinda yogun oldugu tespit
edilmigtir. Sekil 6 ve Sekil 7de verilen gorintilerde 950
°Cde 16 saat borlama sonrasi alinan SEM ve haritalama
EDX analizleri verilmigtir. Borun, borlama stiresinin artmasi
ile beraber diftize olmasinda artig gorilmektedir. Bor
tabakasinin ¢ok kalin oldugu alinan SEM gorintilerinden
anlagilmaktadir. Verilen analiz sonucunda tabakadan matrise
dogru gelindik¢e bor miktarinin azaldigi Ni miktarinin
arttigt ve Fe-Cr alagiminin ana boriir tabaka ile althik
arasinda olugtugu acik bir gekilde gorilmektedir (Sekil
7). SEM sonuglari literatiir ile karsilagtirilmasi sonrasinda
literatirii destekler sekilde t¢ ana bolgeden olustugu
bor tabakasi, silisid tabakasi ve ana malzeme oldugu elde
edilmektedir (Giinen 2020, Dinc vd. 2013).

Borlanan numunelerin degisik faz islemlerini tayin
edilebilmesi amaciyla XRD analizleri yapilmis ve XRD

analizi sonuglar1 Sekil 8'de verilmigtir.

Borlanmis numunelere yapilan XRD analizi sonucu tim

Ni B

473
FeB fazla olugtugu ve literatiir ile uyumlu oldugu tespit

numunelerde gorilen silisid tabakasinin Ni,Si,

B [ el

25um

B Kal_2

~—
CrKal 2

I—I

Fe Kal

Si Kal

Sekil 5. 950 °C'de 8 saat borlama sonrast SEM elementel haritalama mikroyapist.
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edilmigtir (Dinc vd. 2013). Malzeme yiizeyindeki fazlarin
zaman ile birbiri arasinda farklilik gésterdigi 950 “Cde 16
saat borlanmis numunede ortaya ¢ikmustir. Malzemenin
stre ve sicaklik faktorlerinin birlesmesi sonucunda ylizeyde
olusan silisid tabakas: kalinlig1 artmigtir. Dinc ve arkadaglar:
Ekabor tozu ile borlanmis Inconel 718 siiperalagiminin

aginma ¢aligmalarinda artan borlama sireleri ile birlikte

SEM HV: 20.0 kV
SEM MAG: 1.00 kx
BI: 16.00

WD: 6.60 mm

Det: SE 50 pm
Date(m/dly): 07/11/20

MAIA3 TESCAN

BARTIN UNIVERSITY

silisid tabakast kalinliklarinin = arttigini  bildirmiglerdir
(Dinc vd. 2013). X-iginlarinin belirli bir derinlige kadar
niifuz etmesinin bir sonucudur. 8 saatlik numunede 40-50°
araliginda yiiksek bir Ni,Si fazina rastlanmistir. 4 saatlik
borlanmis numunede Ni B, fazinin 30-50”leri arahiginda
bir dagilim gésterdigi anlasilmaktadir. Bir farkli faz olan
FeB fazinin 55-75%leri arasinda bir dagilim gostermektedir.
FeB fazi 4 saatten 16 saatlik numuneye gegince yerini
Ni,Si fazina biraktigi tespit edilmisti. Bu durum SEM
silisid

olusumunu destekler niteliktedir. Borlama tiim numunelerde

analizlerinde goriilen tabakasinin  kalinliginin
silisid fazinin Ni,Siden, boriir fazinin Ni,B ten meydana
geldigi gorilmektedir. Sicakliga bagl olarak demir borir
fazinin FeBden olustugu saptanmistir. Olugan tabaka
kalinliklar: piklerin siddetine etki etmektedir. Tespit edilen
bu sonug¢ Mu ve arkadaglarinin yapmis olduklar: saf nikelin
borlama ¢aligmalarinda da silisid tabakasinin yiizeylerde
olugtugunu bildirmiglerdir (Mu vd. 2009). Bor bakimindan
daha zengin olan FeB fazi Fe B fazindan daha kirilgan
yapidadir. Difiizyon tabakasinda FeB ve Fe B fazlarinin
birlikte olugmasinin dezavantaji FeB ile Fe B fazlarinin
termal genlesme katsayilar: arasindaki fark ve FeB fazinin
Borlama

gevrekliginden  kaynaklanmaktadr.

strecinde olusan gerilme ve artik gerilmeler sonucunda FeB

prosesi

ve Fe B fazlarinin temas ettikleri yiizeylerde yiizeye paralel

[ [52¥ 0

25um

B Kol 2 Ni Kal

Zopm CrKal i Fe Kal

{ e |
Z5um Sikal 2"

Sekil 7. 950 "C'de 16 saat borlama sonrast SEM elementel haritalama mikroyapist.
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Sekil 8. Inconel 718 siiperalagiminin 950 “C'de 4, 8 ve 16 saat
borlanmasi sonucu elde edilen XRD paternleri.
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Sekil 9. Inconel 718 siiperalasgimin 950 °C'de 4, 8 ve 16 saat
borlanmasi sonucu kesitte elde edilen sertlik/mesafe grafigi.

catlaklar, tabaka ayrilmalari, 1s1l degisim ve mekanik etkilere
kargt dayanim daha distk olabilmektedir (Sinha vd. 1991,
Caruta 2005, Topuz 2016).

Inconel 718 siiperalagiminin 950°Cde 4, 8 ve 16 saat
borlanmas: sonucu kesit yiizeyinden matrise dogru elde
edilen sertlik/mesafe grafigi Sekil 9'da verilmistir.

Uygulanan sertlik ol¢imlerinden sonra numunelerden
alman sekiller incelendiginde, ylizeyden matrise dogru
sertligin azaldigr anlagilmistir. 950°Cde Inconel 718
stiperalagiminin kutu borlanmasi sonucu elde edilen bagka
bir ¢aligmada ise benzer sonug elde edilmistir (Joshi vd.
2017). Saf nikelin borlandig1 ¢aligmada sertlik, daha disuk

Karaelmas Fen Miih. Derg., 2021; 11(1):61-72

degerlerde saptanmigtir (Mu vd. 2009). Inconel 600” ve
Inconel 718 farkli sicaklik ve siirelerde borlanmasi sonucu
benzer fazlar elde edilmis ve ayni sekilde sertlik-mesafe
profili, bu ¢aligmadaki profillere benzemektedir (Dinc vd.
2013, Sista vd. 2013). Sertlik degerlerindeki azalmanin
kimyasal bilesimdeki farkliliza bagli degisim gosterdigi,
Ust yiizeyde tamamen borir kaplama bir yap: ortaya
ctkmigken, ana malzemeye dogru gidildikce ana metal
kimyasal yapidaki alagim elementlerine temas ile sertlik
degerlerinde tabaka yapisina bagl: dists gortilmektedir. Ana
malzemenin merkezine dogru ilerledikge sertlik degerlerinin
degisimlerini gosteren grafik Sekil 9da gorilmektedir.
Ayrica, sertlik degerlerine krom (Cr) elementinin de etkili
oldugu da dugtintlebilir (Sekil 3, Sekil 5 ve Sekil 7). Bor
tabakasindan difizyon bolgesine gegerken sertlik diistsi
cok belirginken difiizyon bodlgesinden sonra o kadar fazla
bir sertlik diisiisii ve matrisin kendi icerisinde de ¢ok fazla
sertlik degisim degerleri de gorilmemektedir.

Aginma degerlerinde 4 saatlik borlama islemi sonrasinda
kuru kayma aginma testlerine tabi tutulan numunede
uygulanan yik ile beraber aginma hacminin artifi tespit
edilmigtir (Sekil 10). Artan yik ile birlikte ball on disk
asginma cihazindaki agindirici olarak kullanilan bilyanin
Uzerine gelen kuvvetin artmasi bu bilyanin daha fazla
asagidaki yiike batmasmna sebebiyet verecektir. Bilyanin
kars1 yiizeye daha fazla batmas: 6niinde birikecek malzeme
oranina etki etmektedir. Malzemenin aginmasina da etkili
olan batma ve kesme kuvvetleri daha fazla artacagindan
arttan yik ile birlikte numunedeki yiikle birlikte hacim
kayb: artacaktir. Bu artigin agindiricr bilye (ALO,) ile
asindirilan yiizey alan: arasinda sikigan partikile uygulanan
yikin artmasiyla agindirilan malzemenin yizeyine daha
fazla temas etmesine ve batmasina yol agacaktir. Borlamanin
etkisiyle numune tzerindeki sertlik ne kadar yiiksek olursa
kendisine batmak isteyen bilyeye gosterecegi direng fazla
olacagindan numune yiizeyindeki sertlik artigt aginma
direncini arttiracaktir (Bastiirk ve Erten 2006, Topuz 2016).
8 saatlik borlama isleminden sonra elde edilen hacim kayb:
bir 6nceki yani 4 saatlik borlama siiresine sahip numune
ile bu numune kargilagtirildiginda 4 saat borlama isleminin
daha etkili oldugu anlagilmaktadir. Cizelge 2'de elde edilen
degerler rakamsal olarak da bu sonuglar: agiklamaktadir. 16
saatlik borlamanin aginma hizinin bu kadar fazla olmasinin
sebebi ise diftizyonun ¢ok fazla olmasindan kaynakli ve
havada sogumaya birakilan numunelerin kaplama tabakasi
ve matrisin birbirinden farkli soguma hizlarina sahip
olmasindan dolay: i¢ yapida meydana gelen termal genlesme
farkliliklarindan kaynakli gerilme, catlak vb. durumlar
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Sekil 10. 950 °C'de 4, 8 ve 16 saat borlanan numunelerin
aginma testi sonucu aginma hacmi/uygulanan yiik grafigi.

ve/veya yizeyde meydana gelen purizlilik etkisine
dayandirilabilir. Yuzey pirtzliliginin artmas: da borlama
stresinin artmast olusumu gozlemlenen tabaka kalinligini
arttirmast ile birlikte ytzey ve difizyon bolgesi bosluklar:
da arttirarak tabakanin 6zelliklerinde azalmaya yol agar
(Medvedovski vd. 2014). Farkli sicaklik ve farkli siirelerde
borlama islemi uygulanan diger bir ¢alismada ise, ylzey
purizluligin artmasiyla bor tabaka kalinliklarin artmas:
rapor edilmistir (Yildiz ve Giines 2020). Alinan optik ve
SEM gorintileri incelendiginde, ytzeydeki ¢ukurlarin
olusumu net bir sekilde gortilmektedir (Sekil 11, Sekil 12
ve Sekil 13). Numuneler tizerine uygulanan aginma testi
sonrasinda aginma hacmi sayisal verileri kullanilarak Sekil
10'daki grafik olugturulmustur.
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Farkli malzemelere uygulanan ve gergeklestirilmis deneysel
calismalarda c¢elige 900 °C'de 4 saatte uygulanan borlama
isleminde elde edilen veriler, glicli bir yiizey sertliginin,
distik bir strtinme katsayisi ile birlestirilmesine olanak
saglamaktadir. Bundan dolay1 elde edilen bulgular iyi bir
aginma dayanimini beyan etmektedir (Barkat vd. 2017).
Sekil 10'daki grafikten elde edilen sonuglar, sertlik sonuglari
ile bagdagmaktadir. Caligmada, 4 saatlik numunede yukiin
artmasi ile beraber aginma hacminin arttig1 fakat en yiiksek
yiikte dahi 8 ve 16 saatlik numunelerden daha iyi bir aginma
direnci oldugu tespit edilmistir.

Sekil 11de 4 saat boyunca borlama iglemine tabi tutulmus

kalintilar ve cizikler genellikle malzeme yiizeyi ile temas
halinde olan agindirict sert bilye tarafindan olugmugtur
(Yilmaz vd.2013). Sekil 11a'da aginma genisliginin ¢ok genis
olmadi@ tespit edilmistir. Sekil 12'de de 4 saatlik borlamaya
tabii tutulan malzeme gibi abrasif aginma mekanizmas: tespit
edilmigtir. Aginma genigliginin 4 saatlik malzemeye gore
bir miktar arttign da anlagilmaktadir. Asinma genisliginin
artmasiyla aginma hacmi de artmugtir. Sekil 13'de ise benzer
durumlar vuku bulmustur. Artan yiikle beraber ¢iziklerin
derinlikleri ve kalinliklar1 artmigtir. 950 °C’de 3 farkli zaman
diliminde uygulanan borlama islemi sonrasinda malzeme
ylizeylerinde incelenmek tizere uygulanan aginma degerleri

. . ve sertlik sonuglart tim verileri Cizelge 2'de verilmistir.
malzemeye uygulanan aginma testi sonrasinda abrasif ¢ Cizelg i

(abrasive) aginma mekanizmalari tespit edilmigtir. Yuzeydeki Verilerde ylizey sertligi ve asima direnci en iyi olan 4 saatlik

numunede bulunmustur.

Cizelge 2. Farkli borlama stirelerine gore aginma ve sertlik sonuglari.

Borlama Siiresi AsinmaYiikii (N)  Asnma Hizi(gr/m)  Agulik Kaybi(gr)  Tabaka Sertligi (HV, )
3 0.0000001 0.00001
5 0.000003 0.0003

4 saat 10 0.000011 0.0011 1290 = 22
16 0.000018 0.0018
3 0.0000015 0.00015
5 0.000005 0.0005

8 saat 10 0.000015 0.0015 1257 15
16 0.000025 0.0025
3 0.000003 0.0003
5 0.000007 0.0007

16 saat 10 0.000018 0.0018 1140+ 10
16 0.00003 0.003

DAY YN ¥ s @ B ‘\’Kﬁ

Sekil 13. 950 °Cde 16 saat boyunca borlama islemine tabi tutulan, A) 50X, B) 100X optik mikroskop goriin

umleri.
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Borlama islemi uygulanan malzemelerde olusan ytizey tabaka
ozelliklerine ait gerceklestirilen ¢aligmalar daha ¢ok sertlik,
korozyon ve asinma gibi mekanizmalari incelemektedir.
Caligmalarda genel olarak sertlik degisimleri ile aginma
ozelliklerinin dogrudan iligkili oldugu gérilmistir (Giinen
2020). Borlama yonteminin en 6nemli etkisi sertlik Gzerine
olup, althk malzeme o6zelligine ve malzeme yiizeyinde
olusacak olan Nikel boriir, krom bortr ve silisid bazli
tabakalarina bagli olarak degisim gostermektedir. Krom
boriir ve nikel borir fazlarin yiksek aginma direngleri
sagladigi belirtilirken (Gunes ve Kayali 2014, Aytekin
ve Akgin 2013) silisid igerikli fazlarin ise aginma direnci
tzerinde olumsuz bir etkiye sahip oldugu belirtilmistir
(Deng vd. 2015). Borlama prosesi uygun malzeme ve uygun
kosullarin ayarlanmas: halinde sinterlenmis karbiirlerle
kiyaslanabilecek diizeyde iyi aginma direnci gostermektedir.
Borlama prosesinde farkli yiklerde uygulanan aginma
testlerinde yiikin artmasiyla aginma kaybi da ayni dizeyde
artmaktadir. Artan borlama siresine bagl olarak aginma
kayb: da azalmaktadir. Glines ve arkadaglar1 en az aginma
kaybini 950 °C'de 8 saatlik zaman diliminde gergeklestirilen
borlanmis numunede oldugunu bildirmislerdir. Bu durumun
sebebini borlama siiresine bagli olarak malzemenin
yiizeyinde olugan, malzemenin sertligini ve aginma direncini
artiran FeB fazinin olusmasina baglamiglardir (Giines vd.
2011). Bu ¢alismada karbiirleme ve borlama iglemine tabi
tutulmus numunelerin tribolojik 6zellikleri kargilagtirilmig
ve borlamaya tabi tutulan malzemelerin karbiirlemeye gore
ozellikle gecis bolgesindeki yiiklemelerde abrasif aginma
dayanimi agisindan daha iyi sonuglar gézlemlenmis ve bu
ozelligini yiksek sicakliklarda dahi korudugu saptanmistur.
Agirlik kayiplar: ise aginma testinde oldugu gibi sert olan
tabakanin daha az aginmaya ugradigi ve aginma kaybinin
daha az etkili oldugu belirlenmistir.

4. Sonuglar

Inconel 718 siiperalagim malzemeye ait 950 “C sabit sicaklik
ile 4 saat, 8 saat ve 16 saatlik zaman siireglerinde Ekabor-
IT tozlari kullanilarak gergeklestirilen borlama islemi
neticesinde elde edilen sonuglar asagida maddeler halinde
verilmistir.

1. Bor tabakasinin en tniform yapisinin 4 saatlik borlama
streci sonucunda gergeklestigi tespit edilmistir. Inconel
718 stperalasim altlik malzemede 8 saat ve 16 saat
sire uygulanan borlama islemi sonucunda olusan
bor tabakalarinda difizyon kaynakli olarak yiizeyden
malzeme kayiplari malzeme

olustugu ve ayrica

70

yiizeylerindeki bazi bélgelerin egimli, ¢ukurcuklu ve
gozenekli yapida olduklar: gérilmistir.

2. Gergeklestirilen asinma testleri ve sertlik degerleri
arasinda bir korelasyon olustugu gorilmistir.

3. Borlama sonrasinda en yiksek sertlik degeri 4 saat siire
borlanmis malzemede elde edilirken, en distk sertlik
degeri ise 8 saat borlama siiresine sahip malzemede elde
edilmigtir.

4. Borlama iglemi sonrasinda uygulanan XRD analizleri
neticesinde Ni Si, Ni,B

B, FeB faz yapilarinin ortaya

ciktig1 gorilmistir.
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On The Relativistic Two-center Overlap Integrals of Arbitrary Half-Integral
Spin Particles

Keyfi Yarum Spinli Parcaciklar icin Rolativistik Tki-Merkezli Ortme I ntegrali

Ali Bager

Pamukkale University, Faculty of Arts and Sciences, Department of Physics, Denizli, Turkey

Abstract

The relativistic ¥*-exponential-type spinor orbitals are defined for use in algebraic solution of the Dirac equation of particles with
arbitrary half-integral spin s, s=1/2,3/2,5/2,... . The analytical expression given for the two-center overlap integrals over Slater-type
spindr orbitals of spin s=1/2 particles through the W*-exponential-type spinor orbitals, is generalized for any half-integral spin. The
relativistic two-center overlap integrals are expressed in terms of non-relativistic two-center overlap integrals over the Guseinov’s
We-exponential-type orbitals where a=1,0,-1,-2,-3,... . In this study, the relativistic molecular auxiliary functions approximation
derived in a previous paper by the author in [Physical Review E 2015; 91(2): 023303] is used for accurate calculation of these integrals.
The calculations are performed for spin s, s=1/2, s=3/2 and 0=3,2,1,0,-1,-2,-3 for each value of spin. The coupling feature between
lower- and upper-components of W*-exponential-type spinor orbitals ensure that the kinetic-balance condition is fulfilled. It is shown
that, the suggested relativistic basis spinors in the present study available to be used for algebraic solution of the generalized Dirac
equation.

Keywords: Half-integral spin particles, ¥*-Exponential-Type Orbitals, Overlap Integrals, Multi-Center Integrals

Oz

Rolativistik W*-exponansiyel-tipli spinor orbitalleri, keyfi yarim spine s, s=1/2,3/2,5/2,... sahip pargaciklarin Dirac denkleminin
cebirsel ¢oziimiinde kullanilmak tizere tanimlanir. Spini s=1/2 olan parcaciklar i¢in Slater-tipli spinér orbitalleri ile analitik ifadesi
verilen bu 6rtme integralleri, W*-exponansiyel-tipli spinor orbitalleri yardimi ile herhangi yarim-spine sahip pargaciklarin i¢in
genellestirilir. Rolativistik iki-merkezli 6rtme integralleri Guseinov tarafindan dnerilen W*-exponansiyel-tipli orbitallerin rélativistik
olmayan iki-merkezli 6rtme integrali cinsinden ifade edilir. Bu ¢aligmada, yazar tarafindan daha once [Physical Review E 2015;
91(2): 023303 ]de 6nerilmis olan rolativistik yardimer fonksiyonlar yaklagimi iki-merkezli integrallerin hassas hesaplanmas: amacr ile
kullanilir. Hesaplamalar, spini's,s=1/2, s=3/2 ve herbir spin degeri i¢in a=3,2,1,0,-1,-2,-3 olmak tizere gerceklestirilir. ¥*“-exponansiyel-
tipli spinor orbitallerinin ¢iftlenim 6zelligi kinetic-denge kosulunun saglanmis oldugunu garanti eder. Bu ¢aligmada ozerilen baz
spinérlerinin keysi yarim-spine sahip pargaciklarin Dirac denkleminin cebirsel ¢6ziiminde kullanilabilecegi gosterilir

Anahtar Kelimeler: Yarim-Spin Parcaciklar, W*-Exponansiyel-Tipli Orbitaller, Ortme Integrali, Cok-Merkezli Integraller

1. Introduction 1984). These methods were developed later on based on
the HF-SCF approximation. Yet, necessity of performing

The fundamental and most accurate method so far known ) ) )
HF method for precise calculations of quantum mechanical

systems is obvious (Drake and Yan 1994, Yan and Drake
1995, Yan et al. 1998, Wang et al. 2011, Ruiz 2004, Puchalski
and Pachucki 2006, Pachucki 2010, Pachucki 2012a,
Pachucki 2012b, Pachucki 2013). The elements of matrix
form representation of HF equations (Roothaan 1951) are
expressed in terms of multi-center integrals. These integrals

for electronic structure calculation of atoms and molecules is
so called Hartree-Fock self-consistent field approximation
(HF-SCF) (Hartree 1928a, Hartree 1928b, Fock 1930a,
Fock 1930b). Studies targeting very large molecules use the
density functional theory (DFT) (Hohenberg and Kohn
1964) or the Monte-Carlo method (MC) (Hetherington

are constituted with initially determined basis orbitals which

*Corresponding author: abagci@pau.edu.tr are generally classified according to power of the natural
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They are referred to as Gaussian-type orbitals (GTO) (Boys
and Egerton 1950) and exponential-type orbitals (ETO)
(Hylleraas 1929, Slater 1930a, Lowdin and Shull 1956,
Guseinov 2002) (please see also references therein). The

radial part of the GTO have the following form,
R"(é,) = 7.7167;«,,2 (1)

where, are the principal quantum numbers. § is the orbital
parameter. From the non-relativistic point of view i.e.,
Schrédinger equation, the reason for the suitability of GTO
in molecular calculations is that the molecular integrals easily
be evaluated. Correct representation of the wave-function
at the limit (in the neighborhood or at large distance of
the nuclei, cusp condition) (Kato 1957, Agmon 1982)
is however, one of the feature that need to be fulfilled for
rapid convergence of solution via algebraic approximation
(Reinhardt and Hoggan 2009). In the light of this fact, the
exponential-type orbitals (ETO) with the following form,

R.(&)=r"e™ 2)

should also be considered as a basis because they suit to these
limit cases better than GTO (Bouferguene et al. 1996, Rico
et al. 2001). On the other hand, the problem of molecular
integrals evaluation becomes more laborious. Compared to
the GTO, this makes the ETO disadvantageous in terms
of computation time. The significance of ETO where the
theoretical results expected to be in complete agreement
with experimental data. Importance of such consistency
considerably increases in relativistic calculations (Drake
G. W. 2002, Yan and Drake 2002, Wang et al. 2014,
Puchalski and Pachucki 2008, Puchalski et al. 2010,
Korobov 2002). From the relativistic point of view i.e., the
Dirac equation, the Gaussian-type orbitals are naturally
satisfying the so called kinetic-balance condition (Lee and
McLean 1982, Stanton and Havriliak 1984) if of course,
the nuclei considered as finite-sized (Pomeranchuk and
Smorodinsky 1945, Zeldovich and Popov 1972). 'The
choice for initial basis function is associated with the
definition of the nucleus (Ishikawa et al. 1985). The cusp
no longer valid. The disadvantage of using GTO in matrix
form representation solution of the Dirac equation is that
quantum electrodynamics (QED) effects can only be taken
into account perturbatively (Shytov et al. 2007). Defining the
model of nucleus as point-like, this means using exponential-
type function as a spinors basis, allows direct solution of the
Dirac equation without any approximation but this requires
coupling between large- and small-components of the used

basis function (Bagc1 and Hoggan 2016, Bagc1 2020).

74

Any function as radial part for the basis orbital can actually,
be used in the variational Hartree-Fock method (Slater
1930b, Kutzelnigg 2012). The choice depends to the
properties of the system and it is admissible as long as the
domain for the energy spectrum of the Schrodinger or the
Dirac equation is taken into account (Gitman et al. 2012).
For electrons moving around a central Coulomb potential
the best way to determine the radial basis function is that
simplification of the wave-function obtained from and
exact solution. In this case exact solution of the Schrodinger
or the Dirac equation for the hydrogen-like systems. The
Slater-type orbitals (STO, x—STO) (Slater, 1930a),
are derived by simplification of Laguerre polynomials in
hydrogen-like wave-functions. They are the simplest and
well-known type of ETO (Avery and Avery 2015). They are
however, not orthogonal with respect to principal quantum
number. The orthogonality property has a critical role in
evaluation of molecular the three- and four-center integrals.
These integrals have no closed form relations. The necessity
of using orbital or charge density [0)=2,(r) xi(r) ]
translation via complete orthonormal ETO arise due to
there is no so far known an alternative approximation. Here,
{pq} represent the quantum numbers. The translation
method involve series whose convergence may be increased
if Guseinov’s complete orthonormal sets of ¥“—ETO
(Guseinov 2002) is used (Figure 1).

The indices @ by Guseinov himself defined as a new
quantum number. The claim is that, y“-ETO correspond
to the total centrally symmetric potential which contains
the core attraction potential and the Lorentz potential of
the field produced by the particle itself. The accordingly, is
called to as the frictional quantum number (Guseinov 2007,
Guseinov 2012). The Lambda functions (Hylleraas 1929)
and Coulomb-Sturmians (Léwdin and Shull 1956) are
also obtained from certain integer values of @, =0,a =1
respectively.

The relations of Lambda and Coulomb-Sturmians with
other ETO basis sets are described in (Guseinov 2002) and
in (Filter and Steinborn 1980, Trivedi and Steinborn 1982,
Weniger 1985). Since the indices @ free from any constraint
yet the ¥“-ETO are still complete and orthonormal in
any value of @, various series expansion relations can be
constructed and their convergence can be tested in the
both relativistic and non-relativistic molecular integrals
evaluation procedure. This provide further advantage in
quantum mechanical electronic structure calculations

(Guseinov and Aksu 2008, Aksoy et al. 2013; Guseinov

Karaelmas Fen Miih. Derg., 2021; 11(1):73-82
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Figure 1. Results for the
non-relativistic two-center
overlap integrals over ¥ —
ETO in atomic units (a.u.)
where,

nlm, = 211,n"l'm, = 211,
o=2,7=0.

Left hand- and right hand-

10 9
10

Ea=0 L a=-1 L a=-2 L a=-3

L a=3 L a=2 L a=1

side of the figure are results
integrals depending on the
rotational angles (0,®)and
the inter-nuclear distance R,

respectively.

et al. 2014). The non-relativistic Coulomb-Sturmians
introduced as good bases (Bretin and Gazeau, 1982) for use in
solution of the Dirac equation of higher half-spin particles
moving around a Coulomb field. The relativistic two-center
overlap integrals for s = 5 using Dirac-Slater orbitals have
calculated by Talman (2004). This calculation procedure
by the author extended to the half-integral spin case in
(Guseinov et al. 2012). In the present study, we consider
to use the ¥“-ETO for such systems because they are sets
of complete orthonormal basis functions that make them
naturally legitimate and more favorable. The radial parts
of the ¥“-ETO used in the present work for relativistic
orbitals are the same and they are complete without the
inclusion of the continuum. They ensure the variational
stability (Schwarz and Wallmier 1982) for spin s,s > %
The relativistic calculations for multi-center integrals over
Y“-ETO thus, allows easy for arbitrary values of spin with
help of the ETO.

2. Definitions

The (2s+1) large, and small-components of relativistic
exponential-type spinor ¥* -ETSO basis sets are defined as
(Guseinov 2007, Guseinov, 2009, Guseinov 2010, Guseinov
2012),

asL

W57 =N i )|

here, L, § represent the large- and small-components of the

(3)

spinor orbitals, respectively. They are written below explicitly

()
wet(go=| PR

i (8,7)

(4)
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iim (&)
asS =) — *
i (8,7)
Note that, the notation used in this paper is similar with
ones used in (Grant 2007, Niederle and Nikitin 2006) Now,
for each component in the Eqgs. (4, 5) we have,

ot o =\ | A (DY (§77")]
Sl v ©
PR . A 7§ 1S (;’ﬂ]
e Imemm &l 7
Aéfm(/l) C5.(A) Buia
A?;,,(A) zCl;n(Qs -A) B (25-2)
B%(A) _ZC?"L(QS - (/1 + 1)) B'm (25— (A+1))

m(A)=m—s+A,B(A)=(—
0<A<2s—1

t=2(-1)=

where m, = 1)lim@=m]

+1,+£3,..,28,7, = |t|,j_S—j_m 7,

l:j—%t,ﬁ:n+t,Z:l+t:]+7t.

C%,(A) are the modified Clebsch-Gordan coefficients. They
are determined by (Wigner 1959; Condon and Shortley
1970),

C5.(A) = Ism(A)s— Al lsjm )

s el s g )
== V2]+1<m<,1)s—,1 )

-m
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here, Q‘jl Jr 08 ) are the Wigner 3-j-symbols. The Racah
formula is used Tor computation of them:

(]1 jz ]3)
m, m, ms;

(=) 9 1]2]3)*/JJ2J’ZJ’( 2

Jimijamajzms

(10)
(]1+m1 (71 ml
(]2+m2 (]2 ’mz (11)
(]3+m3 '(]3 ’m3
thxmu'-zmj:mx = (,73 +,]1 + t + ml)' (].3 _jz + t + mZ) '
L : : (12)
(]1+J2_]3_t)'01_t_m1)'(]z_t_’”Lz)',

and, with, V(j.j:j:) is a triangle coefficient (Shore and
Menzel 1968) (Figure 2).

The non-relativistic scalar ¥“-ETO functions used in the
present paper defined as (Guseinov 2002),

eyl QD m—1-1)! }
wnlmz<§7,r) _( 1) { (Zn)d[(n+l+ 1 —a) |]3
(28r) e L. (287) Yin (6, ¢)

Y. (0,¢) are the normalized complex or real spherical
harmonics (Y, =.S..) that differs from Condon-Shortley
phases by sign factor (—1)",L!(z) are the generalized
Laguerre polynomials (Abramowitz and Stegun 1972).

(13)

The y* ETO are orthonormal with respect to the weight
function §_

f Yim (& %)( ) Vi (E,7)AV = 8, S (14)

3. 'The Two-center Overlap Integrals of ¥, ETSO
in Terms of Non-Relativistic Overlap Integrals

According to Refs. (Talman 2004; Guseinov et al. 2012;
Niederle and Nikitin 2006) the two-center overlap of
2(2s+1)-component ¥7;, ETSO in terms of ¥“ ETO

determined by;

Sz,;m,n/,/jrm/(p,r)=f @ (&, rd) ¥ (E rh)dV

, =Nu(ENw (L) (15)
X ;) [/\ le'm,n'l'j’m' (p, T) + nglmﬁhm (p’ T)],
where, 0= %( E+8),r= éé:; g, A Gy (0,7)  and

Q% (0,7) are the two-center overlap integrals for
elements of the large- and small-components of W7,

-ETSO, respectively. They are expressed as follows,

Nty (0,0) = [ W (§,ra) ¥t (§7B)aV

=7 {[C5.(A) B CF (A) B 1Stmin wermn (0,7) }

HC5 (A+1) Buien Cu(A+ 1) B JStiimiasvvrw e (0,7),

(16)
Qe (0,0) = [ W (§70) Wt (§7B)aAV
” {[Cl;m(Qs_ )Bm}a Cljsm(QS_/.l)Bm(la -A) }
=y
Siljm% )0 ly'm’ (25— (paz-)
+[C5. (25 = (A+ 1)) Buize21) Ciw (2 = (A+ 1)) Buvtas-zeny ]
XS i 25 1)t (25~ (A1) ( 0,T )
(17)
The non-relativistic  S%rm (0,7) overlap integrals

occurring in Eqgs. (15-17) are defined in molecular coordinate
system as (Guseinov, 1985; Guseinov and Sahin, 2010),

nlmnlmr p, fl//nlml ra)l//nlm/( rB)dV:
min(,1")
T’}’m;,l'mr (63 (I)) Sglv,n'l'v (p, T)

-5

v=0

(18)

8% (0,T) are the two-center overlap integrals over ¥
-ETO in the lined-up molecular coordinate system. Three
are several ways of computation that we know they give
accurate results for the Si..vv(0,7). Expressing the y*

0.8

0.6

0.4

0.2

Figure 2. Results for the
relativistic two-center overlap

integrals over ¥ -ETO in

atomic units (a.u.) where,

. 11
s= 2,nl]m=21 297
n'l'j'm = 21%%@ =2,

7=0.
Left hand- and right hand-
r | side of the figure are results

La=3 L a=2 La=1 EHa=0 L a=-1 L a=-2 kL a=-3

integrals depending on the
rotational angles (©,®)and

the inter-nuclear distance R,

respectively.
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-ETO in terms of x -STO using the following formulae,
l//lr]x{lm/ (C, ;;) = Z a)ﬁ’,[,',%n'lm, (C’ ;)a

n'=I+1
then utilizing from the numerical integration procedure
suggested by the author (Bagciand Hoggan 2014) to improve
the accuracy in Guseinov’s approach (2007) is one of them.
Here, w? are the expansion coeflicients. Direct calculation
of S%...(0,7) via relationships given in (Guseinov and
Sahin 2010) is the other one. In both through the prolate
spheroidal coordinates
1<p<o0,—-1<0v=<10<¢=<2rT,

T+ T Ta—T - 7
=~p o v="p R=ri—rb

the analytical expressions are reduced product of angular

momentum coefficients and so called the molecular
auxiliary functions which their simple form here, are given

as (Guseinov 1970, Pople and Beveridge 1970),
Qu(o,0)= [ [ (uo) (pto) (p=v) e = dudv,
(20)

where, {¢N\N'}eZ{p,r}€R. The domain of the
parameters allow to take advantage of the binomial series
expansion for (+0v) (=) and reduce the analytical
evaluation for the Eq. (20) to the integrals which have the
following form:

M}L(p)Z/lmx”e"”dx, M:(p) 2[171 e “dx. (21)

'These auxiliary functions are the special case of relativistic
molecular auxiliary functions defined by the author via
transformation of the relativistic two-center two-electron
Coulomb energy associated with a charge density into a
kinetic energy-like integrals using the Poisson equation in
(Bagciand Hoggan 2015) (please see also references therein).
The resulting expression was obtained by expanding the
potential in the set of Slater-type functions with noninteger
values of principal quantum numbers. In this case the
domain for the parameters expand. They now, free to take
any real values (see the appendix for detail). This generalized
form of the Eq. (20) can be calculated either numerical or
analytical through the methods given again by the author in
(Bagc1r and Hoggan 2014, Bager and Hoggan 2015) and in
a series of papers in (Bagci and Hoggan 2018, Bagcr et al.
2018, Bagc: and Hoggan 2020), respectively. An Efficient
method for evaluation of the rotation angular functions
Tivim (©,®)  derived recently (Guseinov 2011). This
method is an improvement to a previous work (Guseinov
1985). It is used for both real and complex spherical

harmonics:

Karaelmas Fen Miih. Derg., 2021; 11(1):73-82

v | Dit.vuss for complex SH

Iy l'mr KL (22)
Divvwnfor real SH

kL — 2 WL UL 4w %

lma,l'mr 1 + 6k0 —kkO —mlm/'M< 2L + 1 ) 5 (23)

R Vel

Iml'mr

1 (D;C\L'rm\.l'\wu'\ + D;CE\W\.['\WM
2[(1+6,)(1+6,]

+EmlDf£\m/\,l'\m/'\ + 6m1'D;€fm/\.l'*\mr\ + gmleml'fo\m/\.l'*\mr\ . (24)

4. Results and Discussions

The calculation method suggested in this study is used
evaluation of the relativistic molecular integrals arise in
algebraic solution of the Dirac equation for particles in a
central Coulomb field. The wave-equation accordingly
restricted to kinematic role. This is due to fully adequate
formalism that describe higher spin field not available
yet. The literature besides no longer insist in forming the
Lagrangian formalism. The higher spin particles Dirac
equation instead, is generalization of the Dirac eciuation
correspond to the representation (5,0 X 0,5 to
representation (5,0)x(0,s).

The 2(2s+ 1)—Component formalism used in the present
study according to the above approximation, depend on both
Minkowski space coordinates and some continuous variables
corresponding to spin degrees of freedom. A more detailed
discussion on the wave-function for the half-integral spin
Dirac equation of a charged particle moving around the
Coulomb potential can be found in (Niederle and Nikitin
2006, Gazeau 1980). The conclusion we have reached from
these works is that the Coulomb-Sturmian functions can be
used for solution of the Dirac-like equations. The relativistic
Coulomb-Sturmians are obtained based on the Sturm-
Liouville problem. They are the solution of the second order
Dirac-Coulomb differential equation (Szmytkowski 1997).
It is however, for the higher spin Dirac-like equation more
proffered to use their non-relativistic counterpart (Bretin and
Gazeau 1982). They are a sub-set of the W7, -ETSO while
@ =1.The ¥, -ETSO accordingly are proposed for use
in the present paper. A method guarantees highly accurate
calculation for the relativistic molecular integrals over ¥
-ETO is derived based on the recent papers published by
the author (Bagc: and Hoggan 2014) (Bagc and Hoggan
2015, Bagc1 and Hoggan 2018, Bagcy, et al. 2018, Bagc1 and
Hoggan 2020). These integrals may arise in the matrix form
representation of the Dirac-like equation. As a sample, a

a

detailed discussion is made for two-center overlap integrals.
They are defined in terms of overlap integrals over non-
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0.6

0.4

0.2

Figure 3. Results for the
relativistic two-center
overlap integrals over ¥
-ETO in atomic units (a.u.)

where,

3 . 33
s =9, nlym = 2177,
Wljm' =21535.0=2,
=0.

La=3 La=2 hLa=1 RHa=0 L a=-1 hLa=-2 kL a=-3

Left hand- and right hand-
side of the figure are results
integrals depending on the
rotational angles (0,9)
and the inter-nuclear
distance R, respectively.

relativistic scalar ¥“-ETO. Note that, a computer program
for fast and accurate calculation of relativistic molecular
auxiliary functions and overlap integrals recently, has been
written (Bagcr and Hoggan 2020) in Julia programming
language. We plan to present this computer program code
in future.

The expansion and one-range addition theorem are now
available to be used for multi-center integrals of 2(2s+1)-
component ¥/, -ETO. The method of computation for
relativistic molecular integrals over ¥7, -ETSO require a
proof that satisfactory accuracy is obtained for molecular
auxiliary functions. For this the molecular two-center
overlap integrals over scalar ¥ -STO should be calculated at
first. Then, it would be quite sufficient using the relationship
given in the Eq. (19). This is for representing the ¥ “-ETO
in terms of x-STO. Since this task completed by the
author, necessity of an additional investigation for accurate
calculation of the two-center overlap integrals is obviously
eliminated. Instead here, we investigate the behavior two-
center overlap integrals depending on rotation angles (0,0)
and inter-nuclear distance R to see whether the relativistic
two-center overlap integrals fulfill the orthogonality property
or not. The results are presented in the Figures. 1,2 and 3.
In the Fig. 1 the results non-relativistic scalar ¥“-ETO, in
the Figures 2 and 3 the results for relativistic ¥, -ETSO
with spin s,s =5 and s =5 are given, respectively. At the
left (Fig. 1a and Fig. 2a) and right (Fig. 1b and Fig 2b)
hand-side of these figures the results are given for angular
momentum quantum number [,/ =1,/ =2.It can be seen
from these figures that the expected density distributions
for the given angular momentum quantum number [ =1
are obtained (Fig. 1a and Fig. 2a). From the figures we can
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see that for all the orthogonality property is satisfied (Fig.
1b and Fig. 2b). These results are enough to have conclusion

that the ¥, -ETSO can be used for solution of the Dirac

equation with half-integral spin.

5. Appendix

The general, relativistic form of the molecular auxiliary
functions of the Eq. (20) in prolate spheroidal coordinates
have the following form (Bagci and Hoggan 2015),

Pt (p123) o ;Di“ [l a na n3
{Q%‘(pm)}— (m_nl)mf1 L (p0) (g +0)" (1 =)

X{P[n4 - n17p1f§' (#7”) ]
Qlns—n,pifi(,0) ]
here’ {Q7n1} € Z; {n1,7L2,7L3} € R7 Pz

={pup2ps 1,01 > 0,0:>0,— P < ps <, P,Q
are the normalized complementary incomplete and the

}e”“‘”"”dﬂd@ (A1)

normalized incomplete gamma functions;

Plaz] =202 gl =Ll

with, 7(a,z) and I'(a,z) are incomplete gamma functions.

(A.2)

y(a,z)= foz t'e'dt, Tl(az)= fm t“edt, (A.3)

['(a) is the complete gamma function,

['(a)=T(a,2)+7(az) (A4)

And the Pochammer’s symbol (a), is defined as,
_T(a+n)

15 (e,v) is the irreducible representation of an interaction
potential.,
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Fileo) = (o) (p+o) (p—o). (A.6)
For Coulomb potential it has a form that, f1 (pv)=p+o.
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On Matrix Sequences of Narayana and Narayana-Lucas Numbers

Namyana ve Namyana—Lums Sayzlarmm Matris Diziler:

Yiiksel Soykan ®, Melih Gécen ®, Sedat Cevikel

Zonguldak Bilent Ecevit University, Art and Science Faculty, Department of Mathematics, Zonguldak, Turkey

Abstract

In this paper, Narayana and Narayana-Lucas matrix sequences are defined and their properties are investigated.

Keywords: Narayana numbers, Narayana sequence, Narayana matrix sequence, Narayana-Lucas matrix sequence.

Oz

Bu makalede, Narayana ve Narayana-Lucas matris dizileri tanimlandi ve 6zellikleri incelendi.

Anahtar Kelimeler: Narayana sayilari, Narayana dizisi, Narayana matris dizisi, Narayana-Lucas matris dizisi.

1. Introduction

In this paper, the matrix sequences of Narayana and
Narayana -Lucas numbers were defined for the first time
in the literature. Then, by giving the generating functions,
the Binet formulas, and summation formulas over these
new matrix sequences, we will obtain some fundamental
properties on Narayana and Narayana-Lucas numbers.
Also, we will present the relationship between these matrix
sequences.

First, we give some background about Narayana and
Narayana-Lucas numbers.

Narayana sequence {N.}.e0 (sequence A000930 in Sloane,
available: http://oeis.org) and Narayana-Lucas sequence
{U.},-0 (sequence A001609 in Sloane, available: http://
oeis.org) are defined, respectively, by the third-order
recurrence relations

Nn+3:Nn+2+Nn, N():O, N1:1,N2:1, (1)
Un+3:Un+2+Un, U0:3, U1:1,U2:]., (2)

'The sequences {N.},-0,{U.},- can be extended to negative
subscripts by defining

*Corresponding author: gocenm@hotmail.com

Yiiksel Soykan @ orcid.org/0000-0002-1895-211X
Melih Gécen ® orcid.org/0000-0001-8669-6122
Sedat Cevikel ® orcid.org/0000-0002-1716-6256

N*n = _N*(%ﬂ) + N*(n*S)a
U*n = _U*(nﬁ) + U*(n*‘&)v

for n=1,2,3,... respectively. Therefore, recurrences (1) and
(2) hold for all integer 7. For more details on generalized
Narayana numbers, see (Soykan 2020).

We can give some relations between {N,} and {U,} as

U, =3N,.1—5N,5+ 2N .1, 3)
U,=—2N,:5+ 2N,s+ 3N, 4)
U,=3N,..—2N,, (5)
U,=N,+3N,., (6)
and

3IN, = —=3U,.s+ U, + 11U, ., (7)
3IN, = —2U,.s+ 11U,+»— 3U,.11, 8)
3IN, = 9U,+, — 3U,.. — 2U,, )
31N, = 6U,., —2U,+9U,,, (10)
31N, = 4U,+ 99U, + 6U, . (11)

Note that all the above identities hold for all integers 7 (for
more details, see Soykan 2020)). Next, we present the first
tew values of the Narayana and Narayana-Lucas numbers
with positive and negative subscripts:
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Table 1. A few values of the Narayana and Narayana-Lucas numbers

N 0 1 1 1 2 3 4 6 13 | 19 | 28 | 41 | 60
N, 0 1 0o | -1 1 1| -2 3 | 2| 3| 5 1

U, 3 1 1 4 5 6 | 10 | 15 | 21 | 31 | 46 | 67 | 98 | 144
U, o | 2 | 3 2 | -5 1 7 0 6] -6 | 13 ] 0 |-19] 13

It is well known that (see for example (Soykan 2020)) for
all integers 7, usual Narayana and Narayana-Lucas numbers

can be expressed using Binet’s formulas

1 n+l n+l

. a Y
N =BT B-0G-—7 G278
(12)
U=a+8+7", (13)

respectively, where, @,/3 and ¥ are the roots of the cubic
equation 2’ —z’—1=0.Moreover,

a= 3+<29+ 1301> < ~v 108 >/
B=5+ (9 > (% 13018)
7= :13“”(29 ) (% 13018)
where

_ —1+i4y3 _ omi

- 2 —eXP( 3 )
Note that

a+pB+y=1aB+ay+pBy=0,aBy=1.

The generating functions for the Narayana sequence
{N.},., and Narayana-Lucas sequance {U.},., are
Z::ON _ 3 296

A= T LU = T S (49

respectively.

2. The Matrix Sequences of Narayana and Narayana-
Lucas Numbers

Recently, there have been so many studies of the sequences
of numbers in the literature that concern about subsequences
of the Horadan (Generalized Fibonacci) numbers and
generalized Tribonacci numbers such as Fibonacci, Lucas,
Pell and Jacobsthal numbers; third-order Pell, third-order
Pell-Lucas, Padovan, Perrin, Padovan-Perrin, Narayana,
third-order Jacobsthal-Lucas numbers. The sequences of
numbers were widely used in many research areas, such
as physics, engineering, architecture, nature and art. On

84

the other hand, the matrix sequences have taken so much
interest for different type of numbers. We present some
works on matrix sequences of the numbers in the following

Table 2.

Table 2. A few special study on the matrix sequences of the
number

Name of
sequence

work on the matrix sequences of the
numbers

(Civciv and Turkmen 2008), (Civciv and
Turkmen 2008a), (Gulec and Taskara
2012), (Uslu and Uygun 2013), (Uygun
and Uslu 2016), (Uygun 2016), (Uygun
2019), (Yazlik et al. (2012), Wani et al.
(2019)).

(Cerda-Morales 2019), (Soykan 2020a),
(Soykan 2020b), (Yilmaz and Taskara
2013), (Yilmaz and Taskara 2014).

Generalized

Fibonacci

Generalized

Tribonacci

Generalized

Tetranacci

(Soykan 2019).

In this section we define Narayana and Narayana-Lucas
matrix sequences and investigate their properties.

Definition 1. For any integer n = 0, the Narayana matrix
(N,) and Narayana-Lucas matrix (U,) are defined by

N.=N,..+ Nn—37 (15)
ﬂn = q/[n—l + q/{n—li, (16)
respectively, with initial conditions

100 101 111
Ny=|010 ,N1= 100 ,N2=(1 0 ].),

001 010 100

10 3 1 31 411
U,={3 =2 0 [U,=|1 0O 3,%(2:(1 3 1).

0 3 —2 320 103

'The sequences {N.}.=o and {U.},., can be extended to

Karaelmas Fen Miih. Derg., 2021; 11(1):83-90
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negative subscripts by defining
No==Niat Ny

and

U=~ U ot Uy

for n = 1,2,3,... respectively. Therefore, recurrences (15) and
(16) hold for all integers 7.

The following theorem gives the nth general terms of the
Narayana and Narayana-Lucas matrix sequences.

Theorem 1. For any integer n = 0, we have the following
formulas of the matrix sequences:

N.s1 N.oi N,

N.=| N. N, N,.|, (17)
N.,-t Nis Noos
Uir Ui U,

(L{n: U, U,» U, (18)
Uit Ups U

Proof. We prove (17) by strong mathematical induction on
n.(18) can be proved similarly.

If n = 0 then, N, = O,N, =1, N, =1, N, = O,N, = 1, N, =
0, we have

Nl N*l NU 1 0 0
NU: NU Nfz Nfl = O 1 O

N, N3 N, 001
which is true and

N, N, N, 101
N1= N1 Nfl No =1 0 0

Ny N, N, 010

which is true. Asume that the equality holds for n < k. For
n = kf+ 1,WC have Nk+1 :Nk'i‘Nk-fz

Ny New N, Nit Nis Nis
=| Nv Ny Ny |[+|Ni2 Niy Nk—sJ
Nyt Nis Nis Nis Nis Ny
N1+ Ny Nt T Nes Nt N
=| Ny+N,» N.2+N,, Nk1+Nk3]
N1+ Nis Nes+Nis Niot+ Ny

Nio Ny N
=|Nis1 Niw N
Ni Niy Nio

Nicion Nisior Ny
=| N1 Nivioo Nipia
Nii1-1 Nivios Nipoios

Karaelmas Fen Miih. Derg., 2021; 11(1):83-90

Thus, by strong induction on k+ 1, this proves (17).

We now give the Binet formulas for the Narayana and
Narayana-Lucas matrix sequences.

Theorem 2. For every integer 7, the Binet formulas of the
Narayana and Narayana-Lucas matrix sequences are given

by

N.=Aa"+B " +Ciy", (19)
U, =Aa"+ BB+ Coy". (20)
where
. aN:+a(a— 1N+ N,
‘ ala—yNa—pB)
1 B(B—7rNB—a)
o = Nt 7y — DN+ N
1 y(y=B)y—a)
A= al,+ala—1)U,+U,
’ ala—y)Na=pB)
’ B(B—7NB—a)
c, = Vﬂz"‘?’(?’_l)ﬂl"‘ﬂn_

y(r =By —a)

Proof. We need to prove the theorem only for n = 0. We
prove (19). By the assumption, the characteristic equation of
(15)is 2*—2’—1 =0 and the roots of it are @,/5 and 7.
So it’s general solution is given by

N.,=Aa"+B,B"+Cy".

Using initial condition which is given in Definition 1,
and also applying lineer algebra operations, we obtain the
matrices A,,B,,C as desired. This gives the formula for

N..
Similarly we have the formula (20).

'The well known Binet formulas for Narayana and Narayana-
Lucas numbers are given in (12) and (13) respectively. But
we will obtain these functions in terms of Narayana and
Narayana-Lucas matrix sequences as a consequence of
Theorems 1 and 2. To do this, we will give the formulas for
these numbers by means of the related matrix sequences. In
fact, in the proof of next corollary, we will just compare the
linear combination of the 2nd row and 1st column entries
of the matrices.

Corollary 1. For every integers 7, the Binet’s formulas for
Narayana and Narayana-Lucas numbers are given as
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n+1 n+1 n+1

_ a 14
S ) R e e Rl P2y ey
U=a"+B8+7".
Proof. From Theorem 2, we have
N, =Aa"+B B +C7"
_ CYN2+(Z(CY_1)N1+NUCZ”+
ala—yNa—7)
BNQ+B(B_1>N1+NOB,L+7’N2+7’(7_1)N1+N0 n
B(B=y)NB—a) y(r=8)y—a)
- a’+1 a a’
=% | 1 a
(a—7)a—B) " ala—1) 1
g g+1 BB
toa e B 1 B
(B=7r)B—-a) 8 BA-1) 1
o v+l ooy 72}
e ayewmpny Ve 1 7|
(y=B)7y—a) Y y(r—1) 1
By Theorem 1, we known that
N.. N.,+N.,, N,

an Nn Nn—l+Nn—2 Nn—l .
anl Nn*Z + Nn*(‘} Nn*Z

Now, if we compare the 2nd row and 1st column entries

with the matrices in the above two equations, then we obtain

n—1 -,2 n—1,,2

N, = a o n BB’ a4
(a—7y)a—RB) (8—7)(,8—0z) (y=B)Ny—a)
B a"+1 n+1 n+l
“(a—70a-B)  B-7)F-a) -BNr-a)
From Theorem 2, we obtain
U, =A,a"+B,B"+Cy"
dﬂ)+a(a_1)7/{1+'7/[o a"
ala—y)a—PB)
,6’1{2—1-3(,8 1)fL{1+(LIOB
B(B—7)B—a)
Lyt =DUAU
y(y =By - a)

- a*+3a+1 a(3¢—2) a*+3 J
= ———a*+3 3a—2 a(3a—2)
(@=7)a=B)| y(34-2) —20°+9a+3 3a—2

- B+38+1 B(38—-2)  p*+3 ]
ta a8 T3 362 B(38—2)
(B 7)(6 a') 3(36_2) _262+2B+3 36_2

o Y’ +3y+1 y(3y—2) 7y +3 ]
RO avousmn VA 3y—2 7y(3y—2)|.
=B r=a) (3, 9) Zoyrroy+3 352

By Theorem 1, we known that

86

Un+1 Un + Un—l Un
U, Uit Uiy Ui |
Un*l Un*‘Z + Un*3 Uvz*Q

Now, if we compare the 2nd row and 1st column entries
with the matrices in the above last two equations, then we

obtain
y_ @ (@+3) | BE+3)
" (a—yNa—-B) (B-r)NB—-a)
N y ' (r*+3)
(y=B)Ny—a)

Using the relations, a + 8+ 7 = 1,287 =1 and
considering @, 3 and ¥ are the roots the equation
7' —2*—1 =0, we obtain

a+3 _ a+3

(a—7)Na-B) (a*—aB—ay+pBy)

_a (a*+3) B (a*+3)a

2 a*+a(-B-7)+By F+at(a—-1)+1

_ (a*+3)a (a*+3)a (a' +3)a

20 -a*+1 2(a*+1)—at+1 a+3 @
B*+3 .y

(B=v)B—a) ™

_r+3

(y=B)Ny—a)

So, we conclude that
Un — an_;’_Bw_j’_yn
as required.

Now, we present summation formulas for Narayana and
Narayana-Lucas matrix sequences.

Theorem 3. For all m,j we have

Z:;L Nk
_ Nmn+m+j + A{mnferi + (1 — Um) Nmn+j - Nmt/' - Nifm + (Um - l)N/
N U,+(1-U-)—-1
21)
and
Z" lﬂmk+/
_ ﬂmn+m+] + ﬂmn—mﬁ + (1 - Um)q/{mn+j - ﬂm+j - ([/{j—m + (Um - 1)‘7/[,
- Um+(1_U7m)_1 ’

(22)
Proof. Note that

n—1

ZNqu Z A am:ﬂ_l_B ﬁm¢+/+c ,},m[ﬂ)
i=0
amn

ﬁ)+31ﬁf<%,,,:f)+clyf<

mn

y" - 1)

ZA‘aj( 7 =1

Karaelmas Fen Miih. Derg., 2021; 11(1):83-90
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and

n—1

i q/lmH»j = Z(Azam”j + Bzﬁ’””f + CZ,},miﬂ')

i=0 im0 mn __ mn __
— fa™m—1 j B 1 ;(7 1)
_AQa(am_1)+BQB(Bm_1>+Czy .

Simplifying and rearranging the last equalities in the last

two expression imply (21) and (22) as required.

As in Corollary 1, in the proof of next Corollary, we just
compare the linear combination of the 2nd row and 1st
column entries of the relevant matrices.

Corollary 2. For all m,j we have

zrkl N
k=0 mk+j

_ Nmn+m+j + Nmnferj + (1 + Um)Nn1n+j - Nm+j - Nj*m + (Um - 1)N/

B Uo+(1-U.)—1

2 Uniss

— Umn+m+j + Umn—m+j + (1 + Um) Umn+j - Um+j — Uj—m + (Um - 1)U1
U+ (1-U.,)—1

Note that using the above Corollary we obtain the
followinng well known formulas (taking m =1,7=0):

Z:;;Nk =N, +N,. —1 and Z:;;Uk =U,.,+U,,— 1.
We now give generating functions of N and U.

Theorem 4. The generating function for the Narayana and
Narayana-Lucas matrix sequences are given as
1 x x

2

———=|x 1-x «x

X—X

DN = 1_1
"0 X x—x" 1—x

and

N 3x*+1  3x—2x7 3—2x
YUx =1 3-20 w+w-2 -2
" 3x—2x" 2x°—5x+3 3x’+2x—2

respectively.

Proof. We prove the Narayana case. Suppose that
g(x)=Z:°:O N.x" is the generating function fort he
sequence {N.}eo. Using the definition of the matrix
sequence of Narayana numbers (15), and substracting
x) 7 N.x" and x'>° N,x" from D" N x" we
obtain

A=x—OX NI =S Na =2 Nox' =Y Nox'

n=0 n=0 n=0

:ianVl_iNﬂxn+l_iNﬂxn+3
n=0

n=0 n=0

= iann_iNn—lln_iMz—3ln
= (No+ Nix + Nox®) — (Nox + Nix)

Karaelmas Fen Miih. Derg., 2021; 11(1):83-90

2 N+ Ny = Ny

= N0+N1X+N2X2_N0X_N1x2

= N0+(N1_N0)X+(N2_N1)X2.
Rearranging above equation, we obtain

No+ N, — Nox+ (N,— N)x?
1—x—x°

S Nx' =
n=0

which equals the Z:’: , N.x" in the Theorem. This completes
the proof.

Narayana-Lucas case can be proved similarly.

The well known generating functions for Narayana and
Narayana-Lucas numbers are as in (14). However, we will
obtain these functions in terms of Narayana and Narayana-
Lucas matrix sequences as as consequence of Theorem 4. To
do this, we will again compare the 2nd row and 1st column

- entries with the matrices in Theorem 4. Thus we have the

tollowing corollary.

Corollary 3. The generating functions for the Narayana
sequence {N.,},., and Narayana-Lucas sequence {U.},-
are given as
w0 X w0 3—2x
N,x"=——= and Ux'=—"=
n=0 1 —x—x3 Zn:O 1 —x—x3
respectively.

3.Relation Between Narayana and Narayana-Lucas
Matrix Sequences

The following theorem shows that there always exist
interrelation between Narayana and Narayana-Lucas matrix
sequences.

Theorem 5. For the matrix sequences {N.} and {U.},we
have the following identities.

(a): U, =3N,ei— BN s+ 2N,

(b): U, =—2N,135+t 2N+ 3N,

(0): U,=3N,=1. —2N.,.

(d): U= N.+ 3N,

(e): 3IN. = 3U, st U, s + 11U .

(£): 3IN, = —2U,s+ 11U .. — 3U. 1.

(g): 3IN, =9U,..—3U,.. —2U..

(h): 3SIN.,=6U,. —2U.+9U., ..

(i): 3IN, =4U, + 99U, + 6U .

Proof. From (3)-(6) and (7)-(11), (a)-(i) follow.
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Lemma 1. For all non-negative integers m and 7, we have
the following identities.

(a): (L{oNn = Nnﬂo = ﬂﬂ,,

(b) Noﬂn = (L{nNo = (L{n

Proof. Identities can be established easily. Note that to show
(a) we need to use the relations (3)-(6).

To prove the following Theorem we need the next Lemma.
Lemma 2. Let A,,B,,Ci;A5,B,,C> as in Theorem 2. Then
the following relations hold:

A=A, B’=B,C’=C,

A B =B A =A,C,=CA =CB =BC =(0),

A;By = By A; = A;Cy = ChAy = C.B, = B,C. = (0).

a+pB+y=1aB+ay+pBy=0 and
afBy =1, required equalities can be established by matrix

Proof. Using

calculations.

Theorem 6. For all non-negative integers m and 7, we
have the following identities.

(@): NoN,=N,iw=N.N,.

b):N. U, =UN,=U,.

(C): ﬂm([/{n = (L{ﬂq/{m = 9Nm+n+8 - 30Nm+'n+7
37Nm+n+6 - 20N‘m+n+5 + 4Nm+7r+4 .

(d): U, U, =UU,=4AN,ni6— 8Nuinss
_8Nm+n+4 + 12A{m+n+3 + 9Nm+7z,+2 .

(e): U, U, = U U, =9INsr2— 12N inis + AN .
€): U U, =U.U,= Nt 6Npin2t INws.
Proof.

(a): Using Lemma 2. we obtain
N.N.,=Aa"+B,f"+Ciy")(Aia"+B.B"+Ciy")
=A’a""+ BB+ Cly" T+ A Bia" B
+BAia"B"+A Cia"y"+CilAia"y" +B.C.S"y"
+C\B. A"y " =Aa""+B.B""+Ciy" " = N

(b): By Lemma 1, we have

N, U, = NN, U,.

Now from (a) and again by Lemma 1. we obtain
N, U, = Ny Uy = Ui

It can be shown similarly that U N, = U....

88

(c): Using (a) and Theorem 5 (a) we obtain
7/[77, 7/{” = (3Nm+4 - 5Nm+3 + 2Mn+2)(3Nn+4 - 5Nn+3 + 2Nn+2)

= 9Nm+4 ntd 15Nm+3 ntd 15Nm+4 N'n,+3 + 25Nm+3 n+3
+6Nm+2Nn+4 + 6Nm+4 n+2 10Nm+2 nt3 10Nm+3 n+2
+4Nm+2 nt2 — 9Nm+,,+s - 15Nm+n+7 - 15Nw+n+7 + 25Nm+n+6

HFO6Nwinre T 6 Nwiwie = 10N winis — 10N wnss T ANwinia
=9INuinis = 30Nwinir + 3T Nouswie — 20N winis + ANwinia.
It can be shown similarly that

U, U, =INuinis— 30N usnir + 3TN v — 20N nss
FAN w4

The remaining of identities can be proved by considering
again (a) and Theorem 5. Comparing matrix entries and
using Theorem 1 we have next result.

Corollary 4. For Narayana and Narayana-Lucas numbers,
we have the following identities:

(a): Nm+n = NmNn+1 + Nm,an,l + Nm*2N7h

(b): Um+n = Um Un+l + Um—l Un—l + Um—Z Un .

(C): U Ui U, Ui + U 2U = 9N s — 30N sa7
+37Nm+n+6 - 20Nm+n+5 + 4Nm+n+4 .

(d) U Ui+ U, Ui +U,—2U, = AN 6 — 8Nm+n+s
_8Nm+n+4 + 12Nm+n+3 + 9Nm+n+2 .

(e): Um Un+l + Um—l Un—l + Um—? Un = 9N7n+n+2 - 12Nm+n+l
+4N 1.

(f) U, Uit U, Ui + U, .U, = Ny + 6N 40
FIN s

Proof.

(a): From Theorem 6. we know that N, N, = N,.... Using
Theorem 1, we can write this result as

Nuit Nu-t No \(Nawt Nooo N,
N, Ny Nooff No Noy Nooy
No-v Nys Nps ANt Nyyg Ny
Nm+'n+1 Nm,+n71 Nm+n

= Nusw Nutws Nuvur |-
Nustn-t Nousn-s Nosn—s

Now, by multiplying the left-side matrices and then by
comparing the 2nd rows and 1st columns entries, we get the
required identity in (a).

'The remaining of identities can be proved by considering
again Theorems 6 and 1.

Karaelmas Fen Miih. Derg., 2021; 11(1):83-90
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The next two theorems provide us the convenience to
obtain the powers of Narayana and Narayana-Lucas matrix
sequences.

Theorem 7. For non-negative integers m,n and r with
n > , the following identities hold:

(a): N = N,.,

(b): N = N N,

©: N Noio = N = N,
Proof.

(a): We can write N, as
NE= NN, ..N,(mtimes).

Using Theorem 6. (a) iteratively, we obtain the required
result:

N = N.N...N,

NuNuN,.. N,
(S S ——"

m—1times

Nz NoN.... N,
[

m—2times

= Nu-0.N.
= N
(b): As a similar approach in (a) we have
N = Nooi Nt o Nooi = Nu N
= NiN,-s Nmn.
Using Theorem 6 (a), we can write iteratively
N = NN, No1 = NiNus, . e No = Ni N
Now it follows that

N = NN NN = NN,
[ —

m times

(c): Theorem 6 (a) gives
NoNuiw = Nuwu= NN =N
and also

NooeNoir = Now = NoNo.. No = Ns.
—_—

n times

We have analogues results for the matrix sequence U, .

Theorem 8. For non-negative integers m,n and r with
n =1 , the following identities hold:

(a): U, U,..= U,
(b): U =UIN..
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Proof.

(a): We use Binet’s formula of Narayana and Narayana-
Lucas matrix sequence which is given in Theorem 2. So

U, U...— U

= (A" + BB+ Cor ) (o™ + BB+ Coy™)

— (A" + BB+ Coy")?

=B B (@ = )+ A Coa T (@ —7)”
BB Ty (B —7T) =0

since A.B, =A4,C,= C,B, (see Lemma 3). Now we get
the result as required.

(b): By Theorem 8, we have
ﬂ’[TNm'n = (L{oq/{o....q/{o . N[]NO....N[].

m times m times

When we apply Lemma 2 (a) iteratively, it follows that

U N = (UNUN,)...(UN,)
=UU,.U,=U;.
This completes the proof.
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