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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 6zgiin aragtirma makaleleri, derlemeler, kisa
makaleler, teknik not, kitap elestirileri ve bilimsel nitelikli editére mektup-
lar1 yayinlayan uluslar arasi ve saygin bilimsel bir dergi olmaktir.

Bu dergide yayinlanan makaleler, bagimsiz ve onyargisiz ¢ift-korleme
hakemlik (peer-review) ilkeleri dogrultusunda bir danigma kurulu tarafin-
dan degerlendirilir. Makaleler baglica alti 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 Programi Elestirileri”. Makaleler Tirkge veya Ingilizce dillerinde
yazilabilir; 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/karaclmasfen 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 alint: yapilabilir.

Abone Iglemleri

Karaelmas Fen ve Miihendislik Dergisi, Universite Kiitiiphanelerine ve
bilim insanlarina diizenli olarak ulagtirilmaktadir. Yayimlanan makalelerin
tam metnine, ¢izelgelerine ve ozetlerine ¢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.
Editor, Yardimer Editorler, Yayin ve Danigma Kurulu tyeleri ve Yayimei,
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 Karaelmas 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
editore mektuplart yaymlayan uluslararasi bir dergidir. Aralik ve Haziran
aylarinda olmak tzere yilda iki kez yayinlanir. Dergi, https://dergipark.org.tr/
tr/pub/karaelmasfeninternet adresi tizerinden takip edilebilir.

Dergide yayinlanacak makale tiirleri agagidaki gibidir.
Arastirma makalesi: Makale mutlaka orijinal ve daha once hi¢ bir dergide

basilmamig veya sunulmamis olmali, tablo ve sekiller dahil 20 sayfay:
gegmemelidir.

Derlemeler: Herhangi bir aragtirma alanindaki son yillarda yasanan gelismeleri
ve bu konuda son yillarda yapilmis ¢aligmalarin bir araya getirildigi makale
tiridir. 15 sayfay1 gegmemelidir.

Kisa makaleler: Kiigiik capta yapilan ¢aligmalar, orijinal aragtirma deneylerinin
6n sonuglarindan, yeni buluglar ve klinik deneylerden olugmali ve 5 sayfay1
gegcmemelidir.

Teknik notlar, Olgu sunumlars: Bilimsel olarak 6nemli katk: sunan raporlardan
olugsmali ve 3 sayfayr gegcmemelidir.

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

Kitap wveya yazilim programlarina ait elestiriler: Kitap veya yazilim programi
hakkindaki kisa ve 6zet bilgileri igermelidir ve 1 sayfay1 gegmemelidir.

YAYIN KURALLARI

Dergide yayinlanacak makalelerin yazim dili Tiirke veya Ingilizcedir. Yazim
kurallarina uymayan makaleler, hakemlere gonderilmeden duzeltilmek tzere
yazara geri génderilir. Bu nedenle derginin yazim kurallar: dikkate alinmalidur.
Makaleler sekiller ve cizelgeler dahil 20 sayfayr gegmemelidir. Dergiye yayin
i¢in goénderilen makaleler iki uzman hakem tarafindan degerlendirilir ve
yayinlanmasina editdr tarafindan karar verilir. Dergiye génderilen yazilar bagka
bir yerde yayinlanmamis veya yayinlamak tzere gonderilmemis olmaldir.
Dergide yayinlanmak tizere kabul edilmis olan yazilarin yayin haklari Karaelmas
Fen ve Mithendislik Dergisine aittir. Diizeltilmis yazilar 3 ay igerisinde editore
gonderilecektir.

DEGERLENDIRME SURECI

Dergi yonergelerine uymayan yazilar, bilimsel degerlendirme yapilmadan
yazarlara iade edilecektir. Dergi yonergelerine uygun olarak génderilen
makaleler, onlar1 hakemlere atayacak olan Bas Editor veya Yardimer Editor
tarafindan incelenir. Inceleme siireci tek kordiir. Hakem onerileri, alan
editorlerinin gorisleri ve yayinin literatiire katkisi dogrultusunda Editor karar
mektubunu yazar. Incelenmemis tiim yazilar 10 giin iginde geri gonderilir ve
yazilarin karar mektuplar1 3-6 ay i¢inde gonderilir.

Makalelerdeki tim degisiklikler yazarlar: tarafindan yapilir. Son sekli 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 igerisinde ¢ekebilir.

Hayvan deneylerinde etik kurul izin belgesi gereklidir.
MAKALE SUNUMU

Makaleler elektronik ortamda sunulacaktir.

vV

YAZIM KURALLARI

*  Makale A4 boyutlu kagida, tek yiize, tim kenarlardan 2.5 cm bosluk
birakilarak bir buguk (1.5) satir aralikli ve iki yana yash yazilmalidir.
Dergimizin yazim kurallarina ulagmak i¢in litfen linke tiklayiniz.
https://dergipark.org.tr/tr/pub/karaclmasfen/writing-rules

*  Yazim bi¢imi tim metin i¢in Times New Roman yaz: tipi ve 12 punto
Microsoft Word kullanilarak hazirlanmalidir. Metnin tamami siyah-beyaz
renkte olmalidur.

e Satir baslar: ilk sayfadan itibaren siirekli olarak (sekiller, cizelgeler ve
kaynaklar dahil olmak tzere) numaralandirilmalidir. Sayfa numaralari,
sayfalarin alt orta bolimlerine konmalidir.

*  Eserin sisteme yiiklenen Tam Metin dosyasinda kér hakemlikten dolay:
yazara ait bilgiler verilmemelidir. Yazara ait bilgiler Kapak Sayfasinda yer
almalidir.

*  Makalenin ana boliimleri, Tiirkge Oz, ingilizce Oz (Abstract), Giris, Ge-
re¢ ve yontem(ler) (Saha tanimlamalar, ¢alisilan malzeme vd. Yontemler
kisminin altinda alt baglk olarak verilmelidir), Bulgular ve tartigma, Sonug
ve Oneriler ve Kaynaklardan olusur.

e Latince isimler italik olarak yazilmalidir.

*  Makale yayinlamada SAYFA SINIRI kaynaklar dahil 30 sayfay: gegme-
melidir.

Kapak Sayfas1: Kapak Sayfas: ayr1 Microsoft Word dosyasi olmalidir. Kapak

Sayfasinda baglik, tim yazarin tam adi, kurumlar ve ORCID’ler; sorumlu

yazarin iletigim adresi ve e-posta adresi verilmelidir.

Kapak Yazis1 Planu:

e Makale tiri

e Tirkge ve 1ngilizce baglik

*  Yazar adlari ve adresleri

*  Sorumlu yazarin adi, adresi ve e-posta adresi

e Kisa baghk

e Tim yazarlarin ORCID’leri

*  Etik gerektiren tiim ¢aligmalarin Etik Kurul Karar: eklenmelidir.
https://trdizin.gov.tr/wp-content/uploads/2022/04/TRDizin_etik_
ilkeleri_akis_semasi.pdf

Tam Metin Sayfasinin Plan

11k sayfa Ozet Sayfasidir. Ozet Sayfasinin plant agagidaki gibi olmalidir:

1. Tirkce makalelerde

a) Tirkge Baslik (12 Punto)

b) 1ngilizce Baslik (Italik, 12 Punto)
o) Oz (12 Punto)

d) Anahtar Kelimeler
(12 Punto)*

e) Abstract (12 Punto)

f) Keywords (12 Punto)

2. Ingilizce makalelerde

a) English Title (12 punto)

b) Tiirke Baghk (Ttalik 12 punto)

c) Abstract (12 punto)

d) Keywords (12 punto)*

e) Oz(12 punto)

f) Anahtar Kelimeler
(12 punto)

Anahtar kelimelerden sadece ilk anabtar kelimenin ilk harfi biiyiik digerlerinin ilk
harfleri kiigiik olmalidsr.
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Baglik: Metin ile uyumlu, kisa ve anlagilir olmalidir. Ortalanmug olarak, sadece
ilk harfi biytik sonrakiler kii¢iik, 12 punto ve koyu olmalidir.

Yazar adlar1 ve adresleri: Bashgin altindaki yazar isimleri kisaltmasiz
(Akademik unvan kullanilmamalidir), ad: ve soyad: (varsa ikinci ismi veya
soy ismi) kii¢lik harf ile ortalanmug olarak 12 punto ve koyu yazi karakteri ile
yazilmalidir. Yazar isimlerinden sonra adres belirtmek igin st simge olarak
rakam kullanilmalidir (* 2% gibi). Sorumlu yazar isminde yildiz semboli
olmalidir (*). Yazarlarin tam adresleri kiigiik harfle, ortali ve 12 punto olarak
yazilmali, sirastyla Universite, Fakiilte, Bolim, Sehir ve Ulke belirtilmelidir.
Sorumlu yazarin e-posta adresi, adresinin sonunda mutlaka verilmelidir.

Oz ve Anahtar Kelimeler: Ozetler 12 punto ile yazilmali, maksimum 250
kelime olmalidir. Ozetler makaleden elde edilen sonuglari ortaya koymalidir.
Tiirkge ve Ingilizce 6zetin altinda makale basliginda gegmeyen 3-5 kelimeden
olusan Anahtar kelimeler yazilmalidir. Anahtar kelimeler alfabetik siraya gore
verilmelidir. Anahtar kelimelerden sadece ilk anahtar kelimenin ilk harfi biiyik
digerlerinin ilk harfleri kiigiik olmalidir. Anahtar kelimeler virgtl ile ayrilmali
ve sonra bir karakter bosluk birakilmalidir.

Anahtar kelimelerden sonra arada bir satir birakilarak Giris bélimi
baglatilmalidir. Tam metinlerde makaledeki ana bagliklar ve varsa alt bagliklar
anlagilir olmalidir. Ana metin bagliklar: sola hizali, sadece ilk kelimenin ilk
harfi biyiik ve koyu renkli olmalidir. Alt baghklar ki¢ik ve italik yazilmalidir.
Ana ve alt bagliklara numara verilmelidir.

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

Gereg ve Yontem(ler): Uygulanan yontemler ve teknikler anlagilir bir geklide
verilmelidir. Daha 6nce yapilmis referanslar ile desteklenmelidir. Istatiksel
modeller ve analiz yontemleri agik¢a belirtilmelidir.

Bulgular ve Tartigma: Bu béliimde elde edilen bulgulara yer verilmeli, bulgular
gerekirse sekil ve cizelgelerle de desteklenmelidir. Elde edilen bulgular ilgili
literatiirlerle kargilagtirilmalidir. Bulgularin benzer ve farkliliklari yorumlanarak,
caligmadan elde edilen bulgular 6zetlenmelidir.

Sonug ve Oneriler: Sonuglar 5zetlenmeli ve éneriler yapilmalidir.

Tesekkiir: Arastirmaya destek olan kisi ve kuruluslara yapilan tesekkirleri
icermelidir.

Her tirli ¢ikar catigmasi, finansal destek, yazarlarin katki beyani, bagis ve diger
editoryal (istatistik analiz, Ingilizce/Tiirkge degerlendirme) ve/veya teknik
yardim var ise metnin sonunda sunulmalidir.

Yazar Katkasi: Yazar A: calismay: planlamus ve tasarlamistir, Yazar B: Caligma
hakkinda verileri toplamis ve analiz etmistir, Yazar C: Calismanin analizlerini
yaparak makaleyi yazmistir.

Etik Kurul Onay:: Eger varsa etik kurul onayi eklenmelidir. Uzerinde etik

kurul onayini veren kurum, onay numarasi ve tarih yazilmalidir.

Kaynaklar: Gonderilen makalelerin kaynak¢a kismu hari¢ genel benzerlik
orani %20’i ge¢memelidir. Her tirli intihal igeren makale otomatik
olarak reddedilecektir. amis bilgiler kaynak olarak verilmemelidir. Ancak,
tamamlanmig ve jiriden ge¢mis tezler kaynak olarak verilebilir. Kaynaklar,
makale sonunda alfabetik sirada (yazar soyadlarina gére) verilmeli, yazar adi ve
soyadlari, makalenin basim tarihi koyu olarak yazilmalidur.

Intihal Raporu: Génderilen makalelerin kaynakga kismi harig genel benzerlik
orani %20’yi gegmemelidir. Her tirli intihal iceren makale otomatik olarak
reddedilecektir.

Telif Hakk: Devir Sézlesmesi: Sayfada yer alan “Copyright Transfer Form”
baglantisina tiklayarak agilan form doldurulmalidir, imzali yiiklenmelidir.
Dergimizin telif hakki devir s6zlesmesine ulagmak i¢in liitfen linke tiklayiniz.

https://dergipark.org.tr/tr/pub/karaclmasfen/page/10931

Kaynaklarin metin icerisindeki kullanim1 agagida verilmistir:
1. Tiirk¢e Makalelerde:

Tek yazarli caligma (Aliskan 2021). Tki yazarh galigma (Yildirim ve Topaloglu
2018) seklinde belirtilmelidir.

Ug ve daha fazla yazar s6z konusu ise (Yilmaz vd. 2007, Erdem vd. 2022)
seklinde, ayn1 yazarin birden fazla makalesi kullanilacaksa (Erdem vd. 2022a,
2022b) seklinde olmalidr.

Herhangi bir kaynaktan alinti yapilmigsa: Karahan ve Célgegen (2021)e
gore..... seklinde olmustur; Yilmaz vd. (2007)e gére; diye yazilmalidir.

2. Ingilizce Makalelerde:

Tek yazarli caligma (Aliskan 2021). Tki yazarh ¢alisma (Yildirim and Topaloglu
2018). Herhangi bir kaynaktan alinti yapilmigsa.... according to Unli and
Gergek (2023)... seklindedir diye belirtilmelidir.

Ug ve daha fazla yazardan olusan caligmalar (Evans et al. 2023, Landen et
al. 2021) seklinde olmalidir. Alinti yapilacaksa.... according to Landen et al.
(2021)... diye yazilmalidur.

Kaynak gosterilecek yayinda kag isim varsa, kaynaklar boliminde timi
belirtilmeli, kisaltma yapilmamalidir.

Tiirkge ve Ingilizce makalelerde, yazilim programlar metin ierisinde ismi ve
yili belirtilerek (IBM SPSS Statistics 2016) seklinde verilmelidir.
Kaynaklarin metin sonunda verilis sekilleri agagidaki gibidir:

Kaynaklar alfabetik siraya gore yazilmalidur.

Makale:

Tek yazarh

Isinkaralar, K. 2022. Theoretical removal study of gas BTEX onto activated

carbon produced from Digitalis purpurea L. biomass. Biomass Convers.
Biorefin., 12(9): 4171-4181. Doi: 10.1007/s13399-022-02558-2

iki yazarh
Eker Sanli, G., Tasdemir, Y. 2022. Accumulations and temporal trends

of polychlorinated biphenyls (PCBs) in olive tree components. Environ.
Geochem. Health., 44(8): 2577-2594. D0i:10.1007/510653-021-01046-2

Yarali, O., Duru, H. 2016. Investigation into effect of scratch length and
surface condition on Cerchar abrasivity index. Tunn. Undergr. Space Technol.,
60: 111-120. Doi: 10.1016/j.tust.2016.08.005

Ug ve daha fazla yazarl

Erdem, S., Gonca, E., Basoglu, G., Aydemir, E. 2022. Iskemi sonrast verilen
kannabidiol reperfiizyon ile uyarilan aritmilere karg: koruyucu etkilidir. Med. .
West Black Sea, 6(1): 16-23. Doi: 10.29058/mjwbs.1016783

Erkaymaz, O., Yapici, iS., Uzun Arslan, R. 2021. Effects of obesity on time-
frequency components of electroretinogram signal using continuous wavelet
transform. Biomed. Signal Process Control, 66: 102398. Doi: 10.1016/j.
bspc.2020.102398

Oztiirk, S., Hazer Y., Kagkatepe, B., Célgecen, H., Kulak, M. 2023. Kirmiz
kantaron (Hypericum capitatum) bitkisi: fenolik igeriklerinin, antioksidan
aktivitesinin = belirlenmesi ve klinik izolatlar tzerinde antimikrobiyal
etkinliginin aragtirilmasi. Bati Karadeniz Tip Dergisi, 7(1): 57-65. Doi:
10.29058/mjwbs.1251370

Ayni yazarin iki veya daha fazla galismasi kullanilmigsa kaynaklar tarih
sirasina gore dizilmelidir.

Berndt, T. . (2022).
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Berndt, T. J. (2023)

Yedi yazardan fazla ise ilk alt1 yazarin adi listelendikten sonra ii¢ nokta
koyup son yazarin adi eklenir. Yedi isimden fazlas1 yer almamalidur.

Miller, FH., Choi, M]., Angeli, LL., Harland, AA., Stamos, JA., Thomas,
ST, ...Rubin, LH. 2009. Web site usability for the blind and low-vision user.
Technical Communication, 57: 323-335.

Kitap:
Resat, U. 2001. Uygulamali jeoteknik bilgiler. 4. Basim, TMMOB Jeoloji

Mihendisleri Odast Yayinlari, Nitelik Matbaacilik, Ankara, 385 s. Sanford, R].
2003.

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

Kitapta Boliim:

Atar, H., Colgecen, H. 2020. Bioactive compounds of oregano seeds. Victor
R. Preedy, Ronald Ross Watson [eds.], Nuts & Seeds in Health and Disease
Prevention (2nd ed.). Oxford: Academic Press is an imprint of Elsevier,
London, San Diego, Cambridge, pp. 73-77.

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:

Karahan, H., Célgecen, H. 2021. Uptake of silver nanoparticles in natural
tetraploid Trifolium pratense L. calli. 10th International Molecular Biology
and Biotechnology Congress, s. 56, Turkey.

Internet:

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

Web sayfasi:
TUIK 2023. https://www.tuik.gov.tr/
Yazarli web sayfasi:

Dawson, J., Smith, L. Deubert, K. 31 Ekim 2002. http://studytrekk.lis.curtin.
edu.au/ seklinde belirtilmelidir.

Baskida olan makale:
Evans, MA. 2023. Makale baglig1. Dergi. (DOI).
Tezler:

Duru, H. 2020. Gelistirilen cerchar agindiricilik deney aletiyle kayaglarin
spesifik ¢cizme enerjisinin aragtirilmasi. Doktora Tezi, Zonguldak Biilent Ecevit
Universitesi, 175 s.

Yazilim:
SPSS Statistics 24.0. Software, IBM, United States.

Cizelgeler ve Sekiller: Tium sekil ve ¢izelgeler makale igerisinde sirayla
numaralandirilmali (Cizelge 1, Sekil 1, Cizelge 2 ve 3, Sekil 2 ve 3, Sekil
4, Cizelge 2) (sekil ve cizelgeler metin igerisinde verilmelidir.), sekillerin
sira numaralar1 ve bagliklari altta, cizelgelerinki ise tstlerine iki yana yash
yazilmalidir, metin i¢inde atiflar Cizelge 1, Sekil 1 seklinde olmahdir. Grafik
ve sekiller sayfa boyutlar: dikkate alinarak ¢izilmelidir. Grafikler, ¢izimler ve
fotograflar JPEG, PNG ya da TIFF formatinda (en az 300 dpi ¢éziniirlikte)
siyah-beyaz veya renkli olarak sunulmalidir. Fotograflarda buyiitmeyi
gostermek i¢in mutlaka bar kullanilmalidir.

VI

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

Denklemler: Matematiksel ifadeler Cambria Math yaz: stili ile “Equation
Editor” (word ortaminda) kullanilarak 12 punto ve alt ve Gst indisler 12 punto
yazilmalidir. Metin igerisinde gecen esitlikler normal parantez ( ) igerisinde
numaralandirilmalidir. Denklem sira numarast ile birlikte (parantez igerisinde)
yazilmalidir.

Ekler: Tim ckler ayr1 sayfaya yazilmali ve Romen rakamlar: ile numaraland:-
rilmalidir. Matematik dalinda yayin gonderecek yazarlarin konu simiflandirma
numarasint (AMS-Mathematical Subject Classification Number) belirtmeleri
gerekir.

Semboller ve Birimler: Metrik sistem veya SI birimleri (kPa, kN/m?, g/cm?,
m/sn, g/m?, vb.) kullanilmalidir. Gerek metin iginde ve gizelgelerde, gerekse se-
killerde rakamlarin ondalik bélimlerinin belirtilmesi i¢in nokta kullanilmalidir
(10.25 gibi). Yiizdelik birimler (%50) seklinde belirtilmelidir.

Kisaltmalar: Zamanla ilgili olan kisaltmalar: sn (saniye), dk (dakika), sa (saat),
hf (hafta), y (y1l) olarak belirtilmelidir. Tarihler verilirken giin ay ve yil kisaltma
yapmadan tam olarak yazilmalidir (19 Mayis 2023).

Sayilar: Sayilar climle baslarinda yaz: ile verilmelidir. Birden dokuza kadar olan
sayilar yazi ile, 10 ve daha biyiik sayilar rakamla belirtilmelidir. Birden kiigiik
olan sayilar (0.05, 0.56,0.50, p<0.05, vb.) olarak belirtilmelidir.

Dipnotlar: Cizelgede kullanilacak olan dipnotlar istatistiksel analiz yapildigi
durumlarda (*p<0.05; ** p<0.01; ** p<0.001; NS, istatistiksel olarak nemsiz-
dir, vb.) seklinde olmalidir. Derginin bir sayisinda, ilk isim olarak bir yazarin
tgten fazla eseri basilamaz. Dénemler ierisinde tgten fazla eser génderilmigse,
ilk ti¢ti diginda kalanlar daha sonraki sayilara aktarilir.

Makale Yazim Kontrol Listesi

Makale dergiye sunulmadan 6nce makalenin yazim kurallarina uygun olup
olmadigindan emin olmak i¢in agagida belirtilen kontrolleri yapiniz.
Kapak sayfasi, Tam metin sayfasi, Telif hakk: bildirim formu ve Intihal
raporu eklendi mi?
Tmla ve dilbilgisi kontroli yapildi mi?
Tium sayfa diizeni 1.5 satir aralikli yazildi mi?
Koéselerden 2.5 cm bogluk birakildi m1?
Yazi tipi Times New Roman ve biiytikligi 12 punto mu?
Metin igerisindeki bagliklar sola hizali, 12 punto ve koyu renkli yazildi m1?
Tiim yazarlarin adlar1 ve soyadlar1 kisaltma yapilmadan belirtildi mi?
Adresler belirtildi mi?
Baglik 12 punto koyu yaz1 karakteri ile ortalanarak yazildi mi?
Oz (Abstract) ve Anahtar kelimeler (Keywords) yazildi mi?
Kaynaklar yazim kurallarina gore ve alfabetik sirayla yazildi mi1?
Ondalik dilimler nokta ile belirtildi mi? (10.25 gibi)
Yizdelik gosterimler (%63, %10 gibi) seklinde yapild mi?
Cizelgelerin maksimum boyutu 16x20 cm; minimum 8 cm mi?
Cizelgelerin numaralar: (Cizelge 1, Cizelge 2, Cizelge 3 vs.) makale igeri-
sinde sirayla verildi mi?
Orijinal sekiller eklendi mi?
Sekiller yazim kurallarina uygun olarak diizenlendi mi?
Sekillerin maksimum boyutu 16x20 cm; minimum 8 cm, minimum 300
dpi mi?
Sekillerin numaralar (Sekil 1, Sekil 2, Sekil 3 vs.) makale igerisinde sirayla
verildi mi?

Tiim sayfa ve satirlara numara verildi mi?
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ETIiK KURALLAR

Zonguldak Biilent Ecevit Universitesinin yaymn organi olan Karaelmas
Fen ve Mithendislik Dergisi ulusal ve uluslararas: tim kurum ve kisilere
tcretsiz olarak ulagmay1 hedefleyen hakemli bir dergidir.

Dergimize gonderilen bilimsel yazilarda, ICMJE (International
Committee of Medical Journal Editors) tavsiyeleri ile COPE (Committee
on Publication Ethics)'un Editor ve Yazarlar i¢in Uluslararas: Standartlar:
dikkate alinmaktadur.

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

Hakemler icin Etik Kurallar

Hakemler;

- Degerlendirdigi yazilarin gizliligine saygi gosterir ve makaleyi
tartigmaz veya yazi hakkinda bagka herhangi bir kisiyle iletisim

kurmaz.

- Olast bir ¢ikar catismasi oldugunda editérii konu hakkinda
bilgilendirir.

- Onerileri igin nesnel ve yapici bir aciklama saglar.

- Makaleye iligkin kararlarinin konudan veya yazarlik biciminden
etkilenmesine izin vermez.

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

- Yazarlar tarafindan yayinlanmadan o6nce kendi ¢aligmalarinin
hi¢birinde incelenen makalenin herhangi bir bolimini veya bilgiyi
cogaltmaz.

- Hakem degerlendirmelerini sadece uzmanliklar: dahilinde ve makul
bir stire i¢inde kabul eder.

- Yazinin yayina ¢ikmasini geciktirecek ertelemeler yapmaz.
- Hakaret, diismanca veya kii¢tik districi bir dil kullanmaz.

- Gonderilen makaleleri ve ilgili tiim materyalleri inceledikten sonra
imha eder.

https://publicationethics.org/files/Ethical guidelines for peer
reviewers 0.pdf

Yazarlar I¢in Etik Kurallar

Yazarlar ve yardimei yazarlar;

- International Committee of Medical Journal Editors (ICMJE)
tarafindan belirtilen yazar kriterlerine uygunluk saglanir;

a. Eserin tasarimina veya tasarimina O6nemli katkilar saglayan
verilerin elde edilmesi, analizi veya yorumlanmas:

b. Calismanin hazirlanmasi veya literatiriin igerik icin elegtirel
olarak gozden gegirilmesi

c.  Yayinlanacak versiyonun nihai onay1

d. Caligmanin herhangi bir béliiminin dogrulugu veya butinligi
ile ilgili sorularin uygun sekilde sorusturulup ¢dziilmesini sagla-
mada, caligmanin tim yonlerinden sorumlu olacak anlagma.

- Gonderilen makaleler yazar(lar)in ozgin ¢alismast olmalidir ve
eszamanli olarak farkli yayincilara génderilmemelidir

- Yazar(lar) aragtirma onerisinde, icrasinda ya da arastirma sonuglarini
raporlarken aragtirma suistimali olarak tanimlanan uydurma, tahrifat
ya da intihalden sorumludur.

- Gonderilen makalelerde ¢ikar catigmasi varsa editore bilgi verilmelidir

- Gonderilen makalelerde 6n kontrol, degerlendirme siireci ya da
yaymnlanmig olan sirimiinde yazar veya yardimei yazarlar tarafindan
hata fark edilirse bilgi vermek, diizeltmek ya da geri ¢ekmek icin
editéri bilgilendirmelidir.

- Makale gonderildikten sonra yazar siralamalari ve yazar ekleme-
¢ikartmalar1 6nerilmemelidir

- Yazar(lar), etik kurul karari gerektiren aragtirmalar i¢in etik kurul
onay1 aldiginy; etik kurul ads, karar tarihi ve sayis1 aday makalenin ilk-
son sayfasinda ve yontem bolimiinde belirtmeli, etik kurul kararini
gosteren belgeyi makalenin bagvurusuyla birlikte sisteme yiiklemelidir.

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

- Kullanilan fikir ve sanat eserleri icin telif haklari diizenlemelerine
riayet edilmesi gerekmektedir.

- Makale sonunda; Aragtirmacilarin Katki Orani beyan, varsa Destek
ve Tegekkiir Beyani, Catisma Beyan: verilmelidir.

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

https://www.ease.org.uk/wp-content/uploads/2018/11/d0i.10.20316.
ESE .2018.44.cl.tr .pdf

Editérler icin Etik Kurallar
Editorler:

- Okuyucular, aragtirmay1 veya diger bilimsel ¢aligmalar1 kimin finanse
ettigi ve fon verenlerin aragtirmada ve yayinlanmasinda herhangi
bir rolii olup olmadig1 ve eger dyleyse bunun ne oldugu konusunda
bilgilendirilmelidir.

- Edit6rlerin 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.

- Ciddi sorunlar tespit edilmedik¢e yeni editorler, bir 6nceki editor
tarafindan yapilan bagvurulari yayinlama kararlarini bozmamalidir.

- Hakem degerlendirmesi siireglerinin bir agiklamasi yapilmali ve
editérler agiklanan stireglerden 6nemli sapmalar: ortaya ¢ikarmahdir.

- Yazarlarin editoryal kararlara itiraz edebilmeleri i¢in beyan edilmis bir
mekanizmaya sahiptir.

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

- Editorler, International Committee of Medical Journal Editors
(ICMJE) onerdigi yazarlik kriterlerini belirtmelidir.

- Editérler, kabul etmeden 6nce gozden gegirenlerin rekabet edebile-
cek potansiyel ¢ikarlar: ifsa etmelerini istemelidir bir sunumu goézden
gecirin.

VII
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- Edit6rler, hakemlerin kimliklerinin korunmasini saglayacak sistemlere
sahip olmahdir. Yazarlara ve hakemlere bildirilen agik bir inceleme
sistemi kullanir.

- Editorler, yeni yayin kurulu tyelerine kendilerinden beklenen her
sey hakkinda kilavuzlar sunmali ve mevcut tyeleri yeni politikalar ve
gelismeler hakkinda giincel tutmalidur.

- Editorler, derginin kalitesine ve uygunluguna gére ve dergi sahibinin
/ yayincinin midahalesi olmadan hangi makalelerin yayinlanacagina
karar vermelidir.

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

- Editorler dergilerindeki hakem degerlendirmelerinin adil, tarafsiz ve
zamaninda yapilmasini saglamak icin ¢aba gostermelidir.

- Editorler, dergilerine gonderilen materyallerin incelenirken gizli
kalmasini saglayacak sistemlere sahip olmalidur.

- Editorler, dergilerdeki bolimlerin farkli amag ve standartlara sahip
olacagini kabul ederek, yayinladiklar1 materyalin kalitesini saglamak
i¢in tim makul adimlari atmalidur.

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

Editérlerin Gorevleri
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, 6zginlik,
calismanin gegerliligi, netligi) ve derginin kapsamiyla olan ilgisine gore
degerlendirirler. Diizenleme ve yayinlama kararlari, hiikimetlerin veya
derginin disindaki diger kurumlarin politikalari tarafindan belirlenmez.
Genel Yayin Yonetmeni, derginin tiim editoryal icerigi ve bu icerigin
yayinlanma zamanlamas: tizerinde tam yetkiye sahiptir.

Gizlilik

Editérler, gonderilen bir makaleyle ilgili hi¢bir bilgiyi ilgili yazar, gozden
gecirenler, potansiyel gozden gecirenler, diger yayin danismanlari ve
yayinct disinda kimseye agiklamaz.

Agiklama ve ¢ikar ¢atigmalar:

Editorler ve yayin kurulu dyeleri, gonderilen bir makalede agiklanan
yayinlanmamus bilgileri, yazarlarin agik yazili izni olmadan kendi aragtirma
amaglar1 dogrultusunda kullanmayacaktir. Yazinin iglenmesi sonucunda
editorler tarafindan elde edilen ayricalikh bilgi veya fikirler gizli tutulacak
ve kigisel avantajlari i¢in kullanilmayacaktir. Editorler, makalelere bagli
herhangi bir yazar, sirket veya kurumla rekabet, isbirlik¢i veya diger
iligkilerden/baglantilardan kaynaklanan ¢ikar ¢atigmalar1 olan yazilarini
dikkate almaktan geri ¢ekilecekler; bunun yerine, yayin kurulunun bagka
bir tiyesinden yaziy1 islemesini isteyecekler.

Yayin kararlar1

Editorler, yayinlanmak tizere degerlendirilen tim makalelerin, alaninda
uzman en az iki gozden gegiren tarafindan hakem incelemesinden geg-
mesini saglar. Sorumlu mudiir, s6z konusu ¢alismanin dogrulanmasina,
aragtirmacilar ve okuyucular i¢in 6nemine, elestirmenlerin yorumlarina ve
iftira, telif hakki ihlali ve intihal ile ilgili su anda yiirirlikte olan yasal
gerekliliklere dayanarak, dergiye gonderilen yazilardan hangisinin yayinla-
nacagina karar vermekten sorumludur. Sorumlu midir bu karar1 verirken
diger editorler veya yorumcularla goriigebilir.

Sorusturmalara katilim ve isbirligi

Editorler (yayinci ve/veya kurulla birlikte) gonderilen bir makale veya
yayinlanmig makaleyle ilgili etik kaygilar ortaya ciktizinda duyarli
onlemler alacaktir. Etik olmayan yayincilik davraniglarinin rapor edildigi
her eylem, yayimlandiktan yillar sonra kesfedilmis olsa bile incelenecektir.
Editérler, suistimal siphesiyle ugragirken COPE Akis Semalarini takip
eder. Eger, sorusturma tzerine, etik kayg: iyi kurulmugsa, bir dizeltme,
geri ¢ekme, endisenin ifade edilmesi veya ilgili olabilecek diger notlar
dergide yayinlanacaktir.

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 iletigimin 6nemli bir
bilegenidir ve bilimsel ¢cabanin merkezinde yer alir.

istem

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

Gizlilik

Incelenmek icin alinan tim yazlar gizli belgelerdir ve bu gekilde ele
alinmalidir; Genel Yayin Yonetmeni tarafindan izin verilmedikleri
stirece (istisnai ve 6zel durumlarda bunu yapacak olanlar) baskalartyla
gosterilmemeli veya tartiflmamalidir. Bu, inceleme davetini reddeden,
davet edilen, gézden gegirenler i¢in de gegerlidir.

Nesnellik standartlar:

Incelemeler objektif olarak yapilmali ve gozlemler, yazarlarin makalenin
iyilestirilmesi i¢in kullanabilmeleri amaciyla destekleyici argiimanlarla net
bir gekilde formiile edilmelidir. Yazarlarin kisisel elestirisi uygunsuzdur.

Kaynaklarin kabulii

Hakemler, yazarlar tarafindan atifta bulunulmamus ilgili yayinlanmig
¢aligmalari belirlemelidir. Onceki yayinlarda rapor edilmis bir gozlem,
tiiretme veya argliman olan herhangi bir ifadeye ilgili alint1 eslik etmelidir.
Bir hakem ayrica, incelenmekte olan makale ile hakkinda kisisel bilgi
sahibi olduklar1 (yayinlanmis veya yayinlanmamis) herhangi bir diger
makale arasindaki herhangi bir 6nemli benzerlik veya ortiismeyi editorlere
bildirmelidir.

Agiklama ve ¢ikar ¢atigmalar:

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

Gonderilen bir yazida agiklanan yayinlanmamis materyaller, yazarlarin
agctk yazili izni olmadan bir elestirmenin kendi aragtirmasinda
kullanilmamalidir. Akran incelemesi yoluyla elde edilen ayricalikls bilgiler
veya fikirler gizli tutulmali ve goézden gegirenin kisisel avantaji icin
kullanilmamalidir. Bu, inceleme davetini reddeden, davet edilen, gézden
gecirenler i¢in de gegerlidir.

Yazarlarin Gorevleri
Raporlama standartlar:

Orijinal aragtirmanin yazarlari, yapilan eserin ve sonuglarin dogru bir
agiklamasini sunmali ve ardindan caligmanin 6neminin objektif bir
tartigmasini sunmalidir. Yazi, bagkalarinin eseri cogaltmasina izin verecek
yeterli ayrinti ve referanslar icermelidir. Inceleme makaleleri dogru,
objektif ve kapsamli olmali, editoryal ‘goris’ veya perspektif parcalar:
acik¢a bu sekilde tanimlanmalidir. Hileli veya bilerek yanlis ifadeler etik

olmayan davranislar tegkil eder ve kabul edilemez.
Veri erisimi ve saklama

Yazarlardan, ¢aligmalarinin ham verilerini editoryal inceleme i¢in yazi
ile birlikte saglamalari istenebilir ve uygulanabilirse verileri kamuya agik

IX
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hale getirmeye hazir olmaldir. Her haliikarda, yazarlar, katihimecilarin
gizliliginin korunmasi ve 6zel verilerle ilgili yasal haklarin serbest
birakilmasini engellememesi koguluyla, bu verilerin yayimlandiktan sonra
en az 10 yil stireyle (tercihen kurumsal veya konu tabanli veri deposu veya
diger veri merkezi araciligiyla) diger yetkili profesyonellere erisilebilirligini
saglamalidir.

Ozgiinliik ve intihal

Yazarlar sadece tamamen orijinal eserler yazdiklarindan ve sunduklarin-
dan ve bagkalarinin ¢aligmalarini ve/veya sézlerini kullanmiglarsa, bunun
uygun sekilde atifta bulunuldugunu saglamalidir. Yazida bildirilen eserin
niteliginin belirlenmesinde etkili olan yayinlar da belirtilmelidir. Intihal,
bagka bir makalenin “yazarin kendi makalesi” olarak “aktarilmasindan”,
bagka bir makalenin énemli bélimlerini kopyalamaya veya paraphrasinge
(atif yapmadan), bagkalar: tarafindan yapilan arastirmadan elde edilen so-
nuglarin iddiasina kadar pek ¢ok bigim alir. Tim bigimlerinde intihal etik
olmayan yayincilik davranis: teskil eder ve kabul edilemez.

Coklu, yinelenen, gereksiz veya eszamanli génderim/yayin

Temelde ayni aragtirmayr agiklayan bildiriler birden fazla dergide
veya birincil yayinda yayinlanmamalidir. Bu nedenle, yazarlar daha
once bagka bir dergide yaymnlanmig bir makaleyi degerlendirilmek
tizere gondermemelidir. Bir makalenin ayni anda birden fazla dergiye
gonderilmesi etik dig1 bir yayin davranisidir ve kabul edilemez.

Bazi makale tirlerinin (klinik kilavuzlar, ¢eviriler gibi) birden fazla
dergide yayinlanmasi, belirli sartlarin karsilanmasi koguluyla bazen hakli
goriilebilir. Tlgili dergilerin yazarlar ve editorleri, birincil belgenin ayni
verilerini ve yorumunu yansitmasi gereken ikincil yayini kabul etmelidir.
Birincil referans, ikincil yayinda belirtilmelidir.

Makalenin yazarlig1

Sadece bu yazarlik kriterlerini kargilayan kisiler, icerigin kamuya agik
sorumlulugunu istlenebilmeleri i¢in makalede yazar olarak listelenmeli-
dir: (i) calismanin anlagilmasina, tasarimina, yiiritilmesine, veri edinil-
mesine veya analizine/yorumlanmasina 6nemli katkilarda bulunmustur;
ve (ii) yazinin hazirlanmasi veya onemli entelektiiel igerik igin elegtirel
olarak revize edilmesi; ve (iii) gazetenin son halini gérmis ve onaylamig
ve yayimlanmak tizere sunulmasini kabul etmis ve kabul etmis. Yazida
bildirilen eserin nemli katkilar1 olan (teknik yardim, yazma ve diizenleme
yardimu, genel destek gibi) ancak yazarlik kriterlerini kargilamayan kisile-
rin yazar olarak listelenmemesi, yazili izin alindiktan sonra “Bildirimler”
bélimiinde kabul edilmesi gerekmektedir. Tlgili yazar, tim uygun ortak
yazarlarin (yukaridaki tanima gore) ve uygunsuz ortak yazarlarin yazar
listesine dahil edilmemesini saglamali ve tim ortak yazarlarin makalenin
son halini goriip onayladigini ve yayina sunulmasini kabul ettigini dogru-
lamalidur.

Agiklama ve ¢ikar ¢atigmalar:

Yazarlar miimkiin olan en erken agamada (genellikle gonderim sirasinda
bir agtklama formu gondererek ve makaleye bir ifade de dahil olmak tizere),
sonuglar1 veya makaledeki yorumlarini etkilemek i¢in yorumlanabilecek
cikar catismalarini ifsa etmelidir. Agiklanmasi gereken potansiyel ¢ikar
catismalarina 6rnek olarak, fahri, egitim hibeleri veya diger finansman,
konusmaci biirolarina katilim, tyelik, istthdam, danigmanlik, hisse senedi
sahipligi veya diger hisse senedi ¢ikarlari ile ticretli uzman ifadeleri veya
patent lisanslama diizenlemeleri ile kisisel veya mesleki iligkiler, ilgili kisiler,
bilgi veya inanglar gibi finansal olmayan konular veya makalede tartigilan
materyaller verilebilir. Caligma i¢in tim finansal destek kaynaklar:
aciklanmalidir (hibe numaras: veya varsa diger referans numaras: da dahil
olmak iizere).

X

Kaynaklarin kabulii

Yazarlar, bagkalarinin ¢alismalarini dogru bir sekilde kabul ettiklerinden
emin olmali ve bildirilen eserin niteligini belirlemede etkili olan yayinlara
da atifta bulunulmalidir. Ozel olarak elde edilen bilgiler (iiciincii sahislar-
la konusma, yazisma veya tartigma) kaynaktan agik, yazili izin alinmadan
kullanilmamali veya rapor edilmemelidir. Yazarlar, bu hizmetlerde yer alan
eserin yazarinin acik yazili iznini almamugsa, yazilara hakemlik veya hibe
bagvurular: gibi gizli hizmetlerin saglanmasinda elde edilen bilgileri kul-
lanmamalidir.

Tehlikeler ve insan veya hayvan denekleri

Caligma, kullanimlarinda olagandis: tehlikeler ettt eden kimyasallar, pro-
sediirler veya ekipmanlar iceriyorsa, yazarlar bunlar1 yazida agik¢a tanim-
lamalidir. Eger calisma hayvanlarin veya insan katilimeilarin kullaniminm
ieriyorsa, yazarlar tiim prosediirlerin ilgili yasalara ve kurumsal yonergele-
re uygun olarak gerceklestirildiginden ve ilgili kurumsal komitenin bunlari
onayladigindan emin olmalidir; yazi bu yonde bir ifade i¢ermelidir. Yazar-
lar ayrica, insan katilimcilarla deneyler i¢in bilgilendirilmis onam alindi-
gina dair bir ifadeyi de makaleye eklemelidir. Insan katiimeilarin gizlilik
haklarina her zaman uyulmalidir.

Akran incelemesi

Yazarlar, editorlerin ham veri, agiklama ve etik onayi, hasta onaylari ve telif
hakki izinleri i¢in isteklerine derhal yanit vererek akran degerlendirme
sirecine katilmak ve tam igbirligi yapmak zorundadirlar. ilk olarak
“revizyon gerekli” karari verilmesi durumunda yazarlar, hakemlerin
yorumlarina sistematik olarak, her noktasina zamaninda yanit vererek,
makalelerini verilen son tarihe kadar gézden gecirip dergiye yeniden
gondermelidir.

Yayinlanan ¢aligmalardaki temel hatalar

Yazarlar kendi yayinlanmig ¢aligmalarinda 6nemli hatalar veya yanliglk-
lar bulduklarinda, derginin editorlerini veya yayimcisini derhal bilgilen-
dirmek ve ¢aligmayi bir hata biciminde diizeltmek veya geri ¢cekmek i¢in
onlarla igbirligi yapmak onlarin yiikimluligudir. Editorler veya yayinc,
yayinlanmus bir ¢alismanin 6nemli bir hata veya yanlislik i¢erdigini tigtinct
bir taraftan 6grenirse, makalenin dogrulugunu dergi editorlerine derhal
diizeltmek veya geri cekmek veya dergi editorlerine kanit sunmak yazar-
larin ytikimliltgudir.
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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.

THE REFEREE PROCESS

Manuscripts that do not comply with the journal’s guidelines will be
returned to the authors without scientific evaluation. Articles submitted
in accordance with the journal’s guidelines are reviewed by the Editor-
in-Chief or Assistant Editor, who will appoint them to referees. The
review process is one-blind. The Editor writes the decision letter in line
with the recommendations of the referees, the opinions of the field editors
and the contribution of the publication to the literature. All unexamined
manuscripts are returned within 10 days, and the decision letters of the
manuscripts are sent within 3-6 months.

PRESENTATION
Papers should be submitted online.

PREPARING MANUSCRIPTS

*  Manuscripts should be written double space on A4 sized typing paper
with 2.5 c¢m all margins.

e Text should be prepared using Microsoft Word Processor with Times
New Roman font and 12 point size. All lines must be numbered.

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

*  All pages must be numbered.

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

Title Page: The first page of your manuscript should be a title page
containing the type of paper; the title; all author’s full name, and affiliations;
and the corresponding author’s contact address and e-mail address.

Latin expression should be typed in italics.

The title: The title should be as short as possible, but give adequate
information regarding the contents and Turkish title also should be given.
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. 1?3). 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 English and Turkish abstract,
not exceeding 250 words, should be typed in 10 font size. Immediately
following the abstract, authors should provide 4-6 English and Turkis
keywords or phrases that reflect content of the article.

The Abstract Paper:
1. Turkish Paper

a) Turkish and English Title
b) Author’s names in Turkish
¢) Addresses in Turkish

d) Turkish Abstract (Oz)

2. English Paper

a) English and Turkish Title
b) Author’s names

¢) Addresses in English

d) English Abstract

e) Turkish Keywords (Anahtar
Kelimeler)

f) English Abstract

g) English Keywords

e) English Keywords

f) Turkish Abstract (Oz)

g) Turkish Keywords (Anahtar
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



Karaelmas Fen ve Miih. Derg. 13(2), 2023

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

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.

Referencing

Please do not use unpublishing data. But MSc and PhD thesis can be use

as references. References in the text:

In Turkish and English Paper:

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

In English Paper;

Two authors (e.g.: Buyiikgizel and Yazgan 2004, Unlii 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
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Two authors (e.g.: Buyiikgiizel ve Yazgan 2004, Unlii ve Gergek 2003);
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Yilmaz vd. 2007). Multiple citations (Smith 1996, Yilmaz vd. 2007,
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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:
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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.
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Miihendisleri 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.
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Halliwell B., Auroma OI. [eds.], DNA and Free Radicals. Ellis Horwood,
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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 partikiller. XV.
Ulusal Biyoloji Kongresi, 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 beto-
nlarinin 6zelliklerinin aragtirilmast. Yitksek Miihendislik Tezi, 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
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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.
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Dates: Present dates in this format: day month year (e.g. 13 February
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Gene Sequencing: Genbank may be conducted at their website at http://
www.ncbi.nlm.nih.gov/Genbank/submit.html.

Tables and Figures:

*  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)
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Figures must be uplaoded as jpeg or tiff separately in supplementary

file. Electronically submitted figures and graphs are preferred *.jpg or

*.tiff (min. 300 dpi) formats. Do not give magnification on scales in

the figure titles; instead draw bar scales directly on the figures.

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

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

*  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.

e 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:
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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; NS, 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
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Armutguk Komiir Cevre Kayaglarinin Dayanim, Delinebilirlik ve Agindiricilik
Ozellikleri ile Ogdtiilebilirlikleri Arasindaki Iligkilerin Belirlenmesi

Determination of the Relationships Between Strength, Drillability and Abrasiveness Properties and

Grindability of Armutcuk Coal Environmental Rocks

Cagri Aldr*

Zonguldak Bilent Ecevit Universitesi, Caycuma Meslek Yiksekokulu, Zonguldak, Turkiye

Oz

Yeralti madencilik faaliyetleri kapsaminda striilen galerilerin daha ekonomik agilmast igin kullanilacak olan mekanize kazi makinalarinin
(kollu galeri agma makinasi, elektro hidrolik delici, vb.) se¢imi ile performans tahmin analizlerinde kullanilabilecek ve makine enerji
tiiketimi konusunda fikir verecek yeni ydntemler ge¢misten gliniimiize aragtirilmaktadir. Bu ¢aligmanin amaci kayaglarin 6guttlebilirligi
ile dayanim, delinebilirlik ve agindiricilik degerleri arasindaki iligkileri laboratuvar ortaminda incelemektir. Bu dogrultuda sedimanter
kokenli 7 kayacin ogutilebilirliklerini belirlemek i¢in Hardgrove 6gtitilebilirlik indeksi (HGI) deneyi ve Bond is indeksi (Bwi) deneyi
yapilmustir. Kayaglarin delinebilirlik degerleri delme orani indeksi (DRI) deneyi ile agindiriciliklar ise Cerchar aginma indeksi (CAI)
deneyi ile belirlenmistir. Kayaglarin dayanimlarini belirlemek i¢in tek eksenli basing dayanimi (UCS) ve Brazilian ¢ekme dayanim:
(BTS) deneyleri yapilmistir. Deneysel ¢aligmalardan elde edilen sonuglar neticesinde kayaglarin ogtittlebilirlikleri ile kayaglarin
dayanim, delinebilirlik ve agindiricilik degerleri arasinda anlaml iligkiler elde edilmistir.

Anahtar Kelimeler: Bond is indeksi, hardgrove 6gutiilebilirlik indeksi, delinebilirlik, agindiricilik, dayanim

Abstract

The selection of mechanized excavation machines (roadheader, electro-hydraulic drill, etc.) that will be used for more economical
opening of the driven galleries within the scope of underground mining activities, and new methods that can be used in performance
estimation analyzes and give an idea about machine energy consumption are being researched from past to present. The aim of this study
is to examine the relationships between the grindability of rocks and their strength, drillability and abrasiveness values in a laboratory
setting. In this respect, Hardgrove grindability index (HGI) test and Bond work index (Bwi) test were conducted to determine the
grindability of 7 sedimentary rocks. The drillability values of the rocks were determined by the Drilling Rate Index (DRI) test and the
abrasiveness was determined by the Cerchar Abrasiveness Index (CAI) test. Uniaxial compressive strength (UCS) and Brazilian tensile
strength (BTYS) tests were performed to determine the strength of the rocks. As a result of the results obtained from the experimental
studies, significant relationships were obtained between the grindability of the rocks and the strength, drillability and abrasiveness
values of the rocks.

Keywords: Bond work index, hardgrove grindability index, drillability, abrasiveness, strength

1. Girig

6glitme isleminde amag; uygun 6glitme boyutunda, 6gitme
1 e it miktarinin maksimum olmasi, buna kargilik ufalanan malze-
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lardan farks; 6gitilebilirligin sadece komir i¢in degil, diger
kayagclar i¢in de yapilabilir oldugunu gdstermek ve Zongul-
dak Havzasi Armutcuk komir ¢evre kayaglarinin ogtitile-
bilirligi (HGI, B)) ile, diger parametreler (UCS, BTS, DRI,
CAl) arasindaki iligkileri ilk kez incelemektir.

Ogiitiilebilirligin ~ aragtirildigi  calismalarda  cogunlukla
Bond is indeksi (B ) deney yontemi 6n plana ¢ikmaktadir.
Malzemelerin ogiitiilebilirlik ve B ’nin belirlenmesi igin
yapilan bu deneyin, uzun siiren ve yorucu olmasi nedeniyle
birgok aragtirmaci tarafindan stirecin daha kolaylastirilmas:
i¢in yontemler onerilmistir. Deney ydnteminin uygulanist
ve basitliginden dolay:r Hardgrove ogutilebilirlik indeksi
(HGI) deneyi daha ¢ok tercih edilmektedir (Berry ve Bruce
1966, Horst ve Bassarear 1976, Karra 1981, Magdalinovi¢
1989).

Kayaglarin 6gitilebilirligi (HGI, B ) ile diger parametreler
(UCS, BTS, DRI, CAI) arasindaki iligkilerin incelendigi
bir¢ok ¢aligma yapilmistir. Tamrock (1999) kayaglarin agin-
diriciliginin belirlenmesinde yapilan deneyler arasinda HGI
deney yonteminin oldugunu da belirlemistir.

Tiryaki vd. (2001) ve Tiryaki (2005) yaptiklar: ¢aligmalarda,
Cayirhan komiirlerinin sertlik 6zellikleri ile HGI 6zellikleri
arasinda gigclu iligkiler elde etmiglerdir.

Ozkahraman (2005), kayaglarin delinebilirlik degerinin
bulunmasinda en ¢ok kullanilan yéntem olan delme orani
indeksi (DRI) deneyinin parametresi olan kayag¢ kirilganlik
(520) 6zelligi ile B , arasinda anlamli iligkiler bulmustur.

Ozer ve Cabuk (2006) yapmis olduklari ¢alismada oiitiile-
bilirligin daha pratik olarak tahmin edilmesini aragtirmiglar
ve yapmis olduklar: deneyler neticesinde, Shore sertligi, tek
eksenli basing dayanimi ve nokta yiik indeksiyle B ’nin daha
az maliyetle, kolay ve hizli bir bicimde tahmin edilebilecegi
sonucuna ulagmiglardir. Ancak yapilan deneylerin sinirh
oldugu ve elde edilen sonuglarin tim kayaglar i¢in gecerli
oldugunu séyleyebilmek i¢in daha ¢ok kaya¢ 6rneginde ayni
aragtirmalarin yuritilmesi gerektigini belirtmislerdir.

Ozer ve Cabuk (2007), dért farkli kalker ve iki farkli kromit
numunesi kullandiklari ¢alismalarinda, Bond is indeksi (B_ )
ile kaya parametreleri arasindaki iligkileri aragtirmiglardir.
Kayaglarin Bond is indeksi (B ) degerlerini ve mekanik
dayanim degerlerini belirlemislerdir. Elde ettikleri sonugla-
ra gore, tek eksenli basing dayanimi degerlerinin Bond is
indeksi ile en yiiksek iligkileri verdigi bulunmustur.

Swain ve Rao (2009) kayaglar tizerinde yapmus olduklar
¢alismada, HGI ile hesaplamig olduklart B , degerleri ile
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deneysel ¢alismalardan elde ettikleri B , degerleri arasinda
oldukca gticli bir iligki elde etmiglerdir. Aragtirmacilar,
kayaglarin 6gutiilebilirliklerinin, pratik bir deney yontemi
olan HGI ile kolaylikla tespit edilebilecegini ortaya koy-

muglardir.

Abdelhaffez (2012), Bond is indeksi ile kayaglarin agindiri-
cilik ve tek eksenli basing dayanimi arasindaki iligkileri ince-
lemis ve Bond is indeksi (B ) ile tek eksenli basing dayanimi
(UCS) arasinda anlamli iligki bulmustur.

Aras vd., (2020) yaptiklar: ¢alismada Schmidt sertligi, dolay-
li gekme dayanimi, tek eksenli basing dayanimi, nokta yiki
dayanim indeksi deneyleri yapmuglar ve bu deneylerden elde
ettikleri sonuglari yapay sinir aglari yonteminde kullanarak
B, degerlerini tahmin etmeye ¢alismislardir.

Abdelhaffez (2020) farkli mineralojik 6zelliklere sahip altin
cevherlerinin 6gutilmesinde, basing dayanimi ve petrogra-
fik 6zellikler ile B  arasindaki iligkiyi aragtirmigtar.

Sakiz (2021) yapmis oldugu ¢alismada delinebilirlik dege-
rinin, kayacin HGI 6zelligi ile kolay bir sekilde bulunabile-
cegini belirlemigtir ve siniflama sistemi onermistir. Ancak,
yapilan siniflamanin givenilirligini belirlemek icin kayag
sayisinin arttirilmasini ve kayaglarin kokenlerine gore ayrica
degerlendirilmesi gerektigini belirtmistir. Ek olarak, 6gtitii-
lebilirlik siniflamas: ile ilgili olarak araliklarin hassasiyetinin
incelenmesi gerektigini vurgulamistir.

Bu bilgiler 1s131nda kayaglarin égiitiilebilirlikleri (HGI, B )
ile diger parametreler (UCS, BTS, DRI, CAI) arasindaki
iligkileri belirlemek i¢in laboratuvarda deneysel ¢alismalar
yapilmugtir.

2. Gereg ve Yontem

Caligma kapsaminda Zonguldak Havzas’'ndaki Armutguk
bélgesinden alinan sedimanter kokenli 7 farkli kayag tird
tzerinde deneyler yapilmistir. Kayaglarin dayanim degerle-
ri tek eksenli basing dayanimi (UCS) ve Brazilian ¢ekme
dayanimi (BTS) deneyleri ile belirlenmistir. Deneysel calig-
malardan tek eksenli basing dayanimi (UCS) deneyinde
ISRM (1981), Brazilian ¢ekme dayanimi (BTS) deneyinde
ise ISRM (1978) tarafindan 6nerilen yontem izlenmigtir.

Deneylerde kullanilan hidrolik pres Sekil 1'de gosterilmistir.

Kayaglarin delinebilirlikleri S20 kirilganlik ve SJ minyatiir
delme deneyleri yapilarak belirlenmis ve Sekil 2'deki abak
kullanilarak delme orani indeksleri (DRI) bulunmustur.

Delinebilirlik deneylerinde kullanilan deney aletleri Sekil 3
ve Sekil 4de gosterilmistir.

Karaelmas Fen Mih. Derg., 2023; 13(2):225-234
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Sekil 1. Tek eksenli basing dayanimi (UCS) ve Brazilian ¢ekme
dayanimi (BTS) deneylerinin gerceklestirildigi hidrolik press.

100
/ 130
,/1 30

DRI
=

NN
N\
N

10 20 30 40 50 80 70 80

Sekil 2. DRI'nin belirlenmesinde kullanilan diyagram (Dahl
2003).

Kayaglarin agindiricilik degerlerini belirlemek igin ise Cerc-
har aginma indeksi (CAI) deneyleri yapilmistir. Deneylerde
Alber vd. (2013)Gin 6nermis oldugu yontem goz ontinde
bulundurulmustur. Deneylerde kullanilan deney aleti Sekil
5'de, bilgisayar destekli mikroskopla yapilan goriintiileme
sistemi Sekil 6da ve Sekil 7'de ise goriintiileme sisteminden
elde edilen 6l¢timler gosterilmistir.

Kayaglarin 6gitilebilirliklerini belirlemek i¢in HGI deneyi
ve B, deneyi yapilmustir ve her 2 deney yontemi i¢in bulu-
nan sonuglar, kayaclarin dayanim, delinebilirlik ve agindi-

Karaelmas Fen Miih. Derg., 2023; 13(2):225-234

Sekil 3. Kirilganlik

deney aleti.

Sekil 4. Sievers J
minyatir deney aleti.

ricilik degerleri ile karsilagtirilmigtir. Hardgrove deneyinde
kullanilan deney aleti Sekil 8de gosterilmistir. Oncelikle
kaya¢ o6rnekleri icin -1180 pm +600pm tane boyutunda
50 gramlik 6rnekler hazirlanmugtir. Sonrasinda, hazirlanan
ornekler i¢in HGI degirmeninde 60 devirde 6gttilmustiir.
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Son olarak, 6gutiilmis malzeme 200 mesh elekten elenerek,
HGI sonuglar: agagida verilen Esitlik (1)e gore bulunmug-
tur.

HGI = 13+6.93m,, (1

Burada;
HGI: Hardgrove 6giitilebilirlik indekst,

m,: 200 mesh boyutunda elekten gegen kaya¢ miktaridir.
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Bond (1961), malzemelerin is indekslerini belirlemek igin
kendisine ait test yontemini gelistirmigtir. B, kuramsal
olarak sonsuz boyuttaki cevher kitlesinin %80’inin gectigi
siursiz teorik elek boyutunu 100 mikrona getirmek igin
yapilan 6gutme islemindeki ton bagina harcanan enerji
olarak tanimlanabilir. Deney aleti Sekil 9°da gosterilmistir.
Esitlik (2)de belirtilen esitlikte deneye bagh B . 6giitilen

malzeme i¢in bulunur.

B.=445/((1)" (@)™ (1)~ (1)) @

Burada;
B : Bond is indeksi (kWh/t),
P1: deneyin yapildig: elek agikligi (pm),

G: Bond’un standart bilyali degirmen 6gtitilebilirlik degeri
(gr/dv),

P: nihai Griintin %80’inin gegtigi elek agikligs (pm),

F: beslenen malzemenin %80’inin gectigi elek agikligidir

(pm).

Sekil 6. Bilgisayar destekli mikroskop yardimuyla yapilan goriin-

tiileme sistemi.

Sekil 7. Aginmis uglarin
mikroskop altinda yatay ve
diisey konumda 6l¢tilmesi.

Karaelmas Fen Mih. Derg., 2023; 13(2):225-234
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Cizelge 1. Deney sonuglari.

Ornek Tiirii Bwi(kWh/t) UCS(MPa)  BTS (MPa)

Kumtag: 1 83.70 17.74 57.90 4.86 57.00 2.62
Kumtag: 2 75.40 19.12 76.90 5.50 60.00 2.48
Kumtag: 3 80.20 17.74 65.40 4.92 62.00 2.50
Kumtag: 4 84.40 17.61 50.90 4.62 60.00 2.84
Kumtag: 5 77.40 18.33 73.70 4.99 59.00 3.04
Kumtas1 6 97.50 15.02 45.80 437 65.00 2.44
Kirectagi 120.40 12.62 42.60 4.24 68.00 1.86

Sekil 8. Hardgrove ogutilebilirlik indeksi (HGI) deney aleti.

3. Bulgular ve Tartigma

Bu deneysel ¢alismada, Hardgrove ogitiilebilirlik indeksi
(HGI), Bond is indeksi (B ), delme oran: indeksi (DRI),
Cerchar aginma indeksi (CAI), tek eksenli basing dayanim:
(UCS) ve Brazilian ¢ekme dayanimi (BTS) deneyleri yardi-
muyla bir veri tabani hazirlanmigtir ve yapilan deneylerden
elde edilen sonuglar Cizelge 1'de sunulmugtur. Deneylerde
kullanilan kayaglar Zonguldak Havzasi Armutguk bolgesin-

den alinmugtir.

Deney sonuglarina gore HGI ile B, deneyi arasindaki ilis-
kilere bakilmistir (Sekil 10).

Grafik incelendiginde, 2 deney sonucu arasinda anlamli
iliski bulunmugtur (R2=0.98). Ogiitiilebilirlik ne kadar kolay
olursa, harcanan enerji o kadar azalmaktadir. Gegmiste
yapilan calismalarda da benzer sonuglar elde edilmistir
(Berry ve Bruce 1966, Horst ve Bassarear 1976, Karra 1981,

Karaelmas Fen Miih. Derg., 2023; 13(2):225-234

Sekil 9. Bond bilyal: degirmen deney aleti.

HGI-B,,
s B, = -0.1414HGI + 29.382
-‘-_":'. R?=0.9764
§ ? %e.
o 15 Bl
- 3
L
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o
£
A3
o
c
G 0
° 9 20 40 60 80 100 120 140
Hardgrove Ogiitilebilirlik indeksi, HGI

Sekil 10. HGI ile B  arasindaki iligki.

Magdalinovi¢ 1989, Swain ve Rao 2009, Sakiz 2021). Uygu-
lanis agisindan Hardgrove ogiutilebilirlik indeksi (HGI)
deneyinin uygulanig yoniinden daha basit ve az zaman ali-
yor olmasi g6z oniine alinarak, bu deney yonteminden elde
edilecek sonuglara bagli olarak Bond is indeski (B ) deneyi
sonucu bulunan enerji degeri rahatlikla tahmin edilebilecek-
tir.

229



Aldi / Armutguk Kémir Cevre Kayaglarin Dayanim, Delinebilirlik ve Asindiricilik Ozellikleri ile

Ogitiilebilirlikleri Arasindaki Tligkilerin Belirlenmesi

Cizelge 1de gosterilen sonuglar ¢ergevesinde kayaglarin
ogutilebilirlik degerleri (HGI, B ) ile diger parametreler
(UCS, BTS, DRI, CAI) arasindaki ilikiler grafiklerle gos-
terilmigtir. Ogiitiilebilirlik deneyleri ile dayanim deneyleri
arasindaki iligkiler Sekil 11-14'de gosterilmistir.

Grafikler incelendiginde kayaglarin 6giitiilebilirlik degerleri
ile dayanim degerleri arasinda anlamli iligkiler elde edilmis-
tir. Kayaglarin dayanimi arttik¢a 6gutilebilirligin zorlagtig
ve azaldigi, buna karsilik kayaclarin dayanimi arttik¢a har-
canan enerjinin de arttif1 anlagilmaktadir. Ge¢miste yapilan
galismalarda benzer sonuglar ortaya konmustur (Ozer ve
Cabuk 2006, Ozer ve Cabuk 2007, Abdelhaffez 2012, Aras
vd., 2020). Bundan sonra yapilacak ¢aligmalarda mekanize
kazi iglemlerinde delme islemi yapilirken 6giitme aninda
harcanan enerji hesaplanirken, kayaglarin dayanim degerleri

(UCS, BTS) ile 6giitilebilirlik degerleri (HGI, B ) arasinda
daha dogru analizler yapilabilecektir.

Ogiitiilebilirlik parametreleri (HGI, B,) ile delme orani
indeksi (DRI) kargilagtirilmistir ve iliskiler Sekil 15 ve Sekil
16'da gosterilmistir.

Grafiklerden de anlagilacag: tizere kayaglarin delinebilir-
ligi zorlastik¢a, harcanan enerji artmaktadir. Delinebilirlik
kolaylastik¢a, ogiitilebilirlik de o derecede kolay olmakta-
dir. Ozkahraman (2005), yapmis oldugu ¢alismada benzer
sonug elde etmistir. Ozellikle mekanize kaz ¢alismalarinda
harcanan enerjinin bulunmasinda, delici ucun kayag igerisi-
ne girdikten sonra 6giitme aninda harcadig: enerji dikkate
alinarak, spesifik enerjinin degerlendirilmesinde 6giitilebi-
lirlik aninda harcanan enerji de ayrica aragtirilmalidur.

HGI-UCS
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Sekil 11. HGI ile UCS arasindaki
iligki.

HGI-BTS
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Sekil 12. HGI ile BTS arasindaki
iligki.
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Sekil 13. B, ile UCS arasindaki iligki.

Sekil 14. B _ ile BT'S arasindaki iligki.

Sekil 15. HGI ile DRI arasindaki
iligki.
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Ogiitiilebilirlik deneyleri (HGI, B,) ile Cerchar agmnma
indeksi (CAI) deney yontemi karsilagtirilmigtir ve aralarin-
daki iliski Sekil 17 ve Sekil 18de gosterilmistir.

Grafiklere bakildiginda kayaglarin asindiriciligy arttikea,
harcanan enerjinin de arttig1 gortilmektedir. Asindiricilik ne
kadar az ise, 6gitilebilirlik o kadar kolay olmaktadir. Diger
degiskenlerle (DRI, UCS, BTS) ogutilebilirlik deneyleri

Degiskenler arasindaki iligkiler basit regresyon (tek degis-
kenli) analizi ile irdelenmis olup sonuglar Cizelge 2'de veril-
mistir.

Cizelge 2. Caligma kapsaminda basit regresyon analizi ile elde
edilen iligkiler.

Elde Edilen ili§ki R?

(HGI, B ) arasindaki iligkilere gore, Cerchar aginma indek- B,=-0,1414HGI-29,382 0,98
si (CAI) ile ogiitiilebilirlik degerleri (HGI, B ) arasindaki DRI=-1,4874B -86,683 0,79
iligkilerde daha dustk iligkiler ortaya ¢ikmigtir. Bu durum DRI=0,2063HGI+43,329 0,75
kayaclarin agindirict mineral ortalama tane boyutu, ¢imen- CAI=-0,0191HGI+4,2259 0,66
tolanma derecesi gibi petrografik ozelliklerine bakilarak CAI=0,1277B _+0,3833 0,61
daha sonraki ¢alismalarda g6z 6ninde bulundurulmalidir. UCS=5 0252Bm 25811 0.71
Kayaglarin agindiricilig 1ile ilgili yapilacak olan d.egerlendlr— BTS=0,1644B, 42,0107 0.77
melerde petrografik analiz sonuglar: da mutlaka incelenme- i
lidir. UCS=15,040HGI "% 0,79
BTS=39,211HGI %" 0,77
B, .-DRI
wi DRI=-1.4874B,, + 86.683
_ 70 R?*=0.7934
o
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Hardgrove Ogltilebilirlik Indeksi, HGI Sekil 17. HGT ile CAT arasindak iliski.
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Sekil 18. B, ile CAI arasindaki iligki.

4. Sonuglar

Elde edilen sonuglar neticesinde 6gutiilebilirlik deney yon-
temlerinin (HGI, B ) sadece komiir i¢in degil, diger kayaglar
icin de kullanilabilir oldugu gérilmektedir. Ogiitiilebilirlik
deney yontemleri (HGI, B ) ile kayaglarin dayanim, deli-
nebilirlik ve agindiricilik (UCS, BTS, DRI, CAI) ozellik-
leri arasinda anlamli iligkiler bulunmustur. Ogiitiilebilirlik
deney yontemleri (HGI, B ) arasinda ok yiiksek bir iliski
elde edilmigtir (R*<0,98) Bu yiizden bu yontemlerden bir
tanesi kullanilarak diger deney yonteminden elde edilecek
sonuglar tahmin edilebilir. Ancak daha giivenilir sonuglar
elde etmek i¢in 6rnek sayist artirilmali, diger kayag tiirleri
i¢in de deneyler yapilmali ve tim parametrelerin (dayanim,
delinebilirlik, asindiricilik) ogitilebilirlige birlikte olan
etkisi de degerlendirilmelidir. Magmatik ve metamorfik
kayaclarin da yer aldig: ogitilebilirlikle ilgili ¢aligmalar
yapiimalidir. Ayrica kayaglarin sertlik ve petrografik 6zel-
liklerinin de 6gutiilebilirlige olan etkileri diger ¢alismalarda
detayl sekilde incelenmelidir.

Kaynaklar

Abdelhaffez, GS. 2012. Correlation Between Bond Work Index
and Mechanical Properties of Some Saudi Ores, 40(1):271-
280.

Abdelhaffez, GS.2020. Studying the Effect of Ore Texture on the
Bond Work Index at the Mahd Ad Dahab Gold Mine: A Case
Study, Rud. Geol. Naft. Zb.,35(1):111-121.

Alber, M., Yarali, O., Dahl, F., Bruland, A., Kisling, H., Micha-
lakopoulos, TN., Cardu, M., Hagan, P., Aydin, H., Ozars-
lan, A. 2013. ISRM suggested method for determining the
abrasivity of rock by the Cerchar abrasivity test, Rock Mech.
Rock Eng., 47:261-266.

Karaelmas Fen Miih. Derg., 2023; 13(2):225-234

Aras, A., Ozsen, H., Dursun, AE. 2020. Using Artificial Neural
Networks for the Prediction of Bond Work Index from Rock
Mechanics Properties, Miner. Process. Extr. Metall. Rev., 41
(3):145-152.

Berry, TF., Bruce, RW. 1966. A simple method of determining
the grindability of ores. Canadian Mining Journal 87:63-65.

Bond, FC. 1961. Crushing and Grinding Calculations I-1I, Br.
Chem. Eng., 1-14.

Dahl, F. 2003. DRI, BWI, CLI standards, NTNU, 20.

Horst, WE., Bassarear, JH. 1976. Use of simplified ore grinda-

bility technique to evaluate plant performance. AIME TRANS
260.4: 348-351.

ISRM. 1978. Suggested Method for Determining Tensile
Strength of Rock Materials, Int. J. Rock Mech. Min. Sci. and
Geomech, Abstr., 15:99-103.

ISRM. 1981. ISRM Suggested Methods: Rock Characterization,
Testing and Monitoring, ed. E. T. Brown, Pergamon Press,
London, 211 p.

Karra, VK. 1981. Simulation of the Bond grindability test.
Magdalinovi¢, N. 1989. A procedure for rapid determination of

the Bond work index. International Journal of Mineral Proces-
sing 27.1-2: 125-132.

Ozer, U., Cabuk, E. 2006. Bond I Indeksi ve Kaya Parametreleri
Arasindaki Iligki, 1, 43-49.

Ozer, U, Cabuk, E.2007. Relationship between bond work index

and rock parameters. Istanbul University the Journal of Engi-

neering Faculty’s Earth Sciences Review 20(1): 43-49.

Ozkahraman, HT. 2005. A Meaningful Expression Between
Bond Work Index, Grindability Index and Friability Value,
18:1057-1059.

233



Aldi / Armutguk Kémir Cevre Kayaglarin Dayanim, Delinebilirlik ve Asindiricilik Ozellikleri ile

Ogitiilebilirlikleri Arasindaki Tligkilerin Belirlenmesi

Sakiz, U. 2021. Kayaglarin Mekanik ve Delinebilirlik Ozellik-
leri ile Ogitiilebilirligi Arasindaki Iligkilerin Incelenmesi.
El-Cezeri, 8(2):728-740.

Swain, R., Rao, RB. 2009. Alternative Approaches for Deter-
mination of Bond Work Index on Soft and Friable Partially
Laterised Khondalite Rocks of Bauxite Mine Waste Materials,
J. Miner. Mater. Charact. Eng., 8(9):729-743.

Tamrock. 1999. Handbook of Underground Dirilling.

234

Tiryaki, B., Atasoy, K., Yagith, NE., Eyiiboglu, AS., Aydin, MZ.
2001. Studies in The Relationships Between Hardgrove Grin-
dability and Some Rock Index Tests on Cayirhan Coals, Proc.
20th Int. Min. Congr. Exhib. Turkey, 2001, 451-458.

Tiryaki, B. 2005. Practical Assessment of the Grindability of
Coal Using Its Hardness Characteristics, Rock Mech. Rock
Eng., 38(2):145-151.

Karaelmas Fen Mih. Derg., 2023; 13(2):225-234



Karaelmas Fen ve Miih. Derg. 13(2):235-247, 2023

Karaelmas Fen ve Mithendislik Dergisi Arastirma Makalesi
Dergi web sayfasi: https://dergipark.org.tr/tr/pub/karaelmasfen Gelis tarihi / Received  : 06.03.2023
DOI: 10.7212/karaelmasfen.1260741 Kabul tarihi / Accepted : 06.06.2023

Geri Dénistiiriilmiis Geopolimer Agregalari ile Uretilen Cimento Esashi Harglarin

Miihendislik Ozelliklerinin Aragtirilmas:

Investi gation of En gineering Properz‘z'es of Cement-Based Mortars Produced with Recyc/ed
Geopolymer A ggregates

Sevin Ekmen* ®, Zeynep Algin

Harran Universitesi, Mithendislik Fakiiltesi, Ingaat Mihendisligi Boliimi, Sanlwrfa, Tirkiye

Oz

Yap: malzemeleri tiretiminde yiiksek oranlarda kullanilan dogal agrega yerine ingaat atiklarindan elde edilen geri déniisturilmus agrega
kullanim: oldukea 6nemli bir yere sahiptir. Portland ¢imentosu bazli malzemelerin geri dontistirilmus agregalar olarak geri dontisimu
yaygin olarak arastirilirken, geopolimerlerin yeniden kullanimina ¢ok az odaklanilmugtir. Bu ¢aligma kapsaminda ¢imento kullanimi
devre dist birakilarak Gretimi gergeklestirilen geopolimer kompozitlerin atik hallerinin tekrar degerlendirilmesi amaglanmugtir. %0,
%50 ve %100 olmak tzere 3 farkli oranda geri donustirtilmug-geopolimer agregast (GDA) ikamesi ve %0, %0.2, %0.4 ve %0.6
oranlarinda bazalt 1if kullanimi ile 12 farkli gimentolu harg karigimi tretilmistir. Uretilen hare karigimlarinin yayilma ¢ap: ve birim
agirlik deneyleri ile taze ozelliklerinin, basing dayanimi, egilme dayanimi, su emme ve kilcal su emme deneyleri ile ise sertlesmis
ozelliklerinin belirlenmesi hedeflenmistir. GDA birim agirlik degerlerini distirirken, su emme degerlerinde belirgin bir artiga neden
olmugtur. Tim karigimlar icin %0.4 oraninin tzerinde bazalt lif kullanimi basing dayanimi degerlerinde disise neden olmugtur. En
yiksek basing dayanim degerine %0.2 bazalt lif orani i¢in, geri donistirilmis agrega ikamesi yapilmamis numunede ulagilmugtir.
Kontrol karigimlari i¢in lif oraninin artigina bagli olarak egilme dayanim degerleri artig gosterirken GDA iceren harclarda en yiksek
egilme dayanim degerine %0.2 bazalt lif orani ile ulagilmistir.

Anahtar Kelimeler: Bazalt lif, geri-donustirilmis geopolimer agregasi, ¢imento harc, taze ve sertlesmis harg ozellikleri

Abstract

The use of recycled aggregate obtained from construction waste has a very important place instead of the natural aggregate used at
high rates in the production of building materials. While the recycling of Portland cement-based materials as recycled aggregates
has been widely investigated, the reuse of geopolymers has not been sufficiently focused. Within the scope of this study, it is aimed
to reuse the waste states of geopolymer composites, which were produced by disabling the use of cement. 12 different cement-based
mortar mixtures were produced by using recycled geopolymer aggregates (RA) in 3 different ratios as 0%, 50% and 100% and basalt
fiber at 0%, 0.2%, 0.4% and 0.6% ratios. It was aimed to determine the fresh properties of the produced mortar mixtures by spreading
diameter and unit weight tests, and to determine the hardened properties by compressive strength, flexural strength, water absorption
and capillary water absorption tests. While the recycled geopolymer aggregate decreased the unit weight values, it caused a significant
increase in the water absorption values. The use of basalt fiber above 0.4% for all blends caused a decrease in compressive strength
values. The highest compressive strength value was obtained for the 0.2% basalt fiber content in the sample without recycled aggregate
replacement. While the flexural strength values of the control mixtures increased depending on the increase in the fiber content, the
highest flexural strength value was reached with the basalt fiber ratio of 0.2% for the mortars containing RA.

Keywords: Basalt fiber, aggregate of recycled geopolymer, cement mortar, properties of fresh and hardened mortar
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1. Girig

Endustriyel kati atiklarin ciddi ¢evre sorunlarina neden
oldugu bilinmektedir (Tang vd. 2019, Zhou vd. 2020, De
Azevedo vd. 2022). Insaat ve yikinti atiklarimin yarattig
olumsuz etkiler nedeniyle diinya ¢apinda bir¢ok tilke ¢evreyi
korumak i¢in farkli yasalar treterek farkindalik yaratmaya
calismaktadir (Bilgen ve Altuntas 2023, Mehrjardi vd. 2020,
Bilgen 2020, Islam vd. 2019). Bu atiklarin yapisal ve yapi-
sal olmayan beton yapiminda strdirtlebilir sekilde berta-
rafi (Shariati vd. 2011, Toghroli vd. 2018, Zhang vd. 2020,
Zhang vd. 2021) cevreye zararli etkilerini azaltmak i¢in en
iyi ¢oziim olarak kabul edilmektedir. Atiklarin yeniden kul-
lanilmas: sayesinde elde edilen para tasarrufu, dogal kaynak
tiiketiminde azalma gibi avantajlarin yan: sira CO, emisyo-
nunun azalmasi ile ¢evrenin korunmas: saglanmig olmakta-
dir (Park and Tucker, 2017). Beton tretiminde ytiksek oran-
larda kullanilan agreganin yerine cesitli geri dontstirilmus
agregalarin kullanimi dogal kaynak tiketimini azaltmak
agisindan biyik énem kazanmigtir. Bu konuda gercekles-
tirilen birgok ¢alisma (Hansen ve Narud 1983, Parviz 2012,
Suryawanshi vd. 2015, Gémez-Soberén 2002, Katz, 2003,
Martin-Morales vd. 2011, Nagataki vd. 2004) sayesinde ge-
sitli yontemler ile kullanilabilirlii arastirilan geri donisti-
rilmis agregalarin har¢/beton kompozitlerin mihendislik
ozellikleri tizerindeki etkileri farkli agilardan irdelenmistir.

Geopolimer, beton tiretiminde ¢imento kullanimini ortadan
kaldirmak icin alkali aktivatérler ile silisyum ve alimin-
yum kaynakli malzemeler, kaolin (Kaya 2021), kire¢ (Das
vd. 2020) vb. dogal kaynaklar veya ugucu kil (Kaya 2022).,
yiiksek firin ctirufu (Luga ve Atis 2018), piring kabugu kili
(Liu vd. 2020) gibi yan triinlerin reaksiyonu sonucu olu-
san amorf alkali aliminosilikatlardir. Geopolimerizasyon
isleminde t¢ boyutlu polimerik Si-O-Al-O zincirleri olug-
turmak icin yiksek alkali ortamlarda aliiminosilikat oksitler
arasinda gerceklesen birka¢ karmagik kimyasal reaksiyondan
sonra inorganik bilesikler tretilir. Polimerizasyon sirasinda
alkali aktivator ilk olarak aliminosilikat kaynaklarindaki
Al-O ve Si-O baglarini kirar ve bu tetrahedral monomerler
amorf -Si-O-Al-O-yapilarina ve zeolit kristallerine doniis-
turdlir. Son olarak dehidrasyon agamasindan sonra rijit ya-
piya sahip geopolimer elde edilmis olur (Davidovits 1994).
Geopolimer yap: malzemelerinin 6zelliklerini iyilestirmek,
tasarim parametrelerini optimize etmek amaciyla son on
yilda ¢ok sayida aragtirma yapilmistir. Portland ¢imentolu
yapt malzemeleri ile kiyaslandiginda geopolimer kompozit-
lerin daha ytiksek basing dayanimi, ¢cekme dayanimi, elasti-
site modiilii degerlerine sahip oldugu ve dis etkilere, yiiksek
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sicakliga kargi daha iyi performans gosterdigi belirlenmigtir
(Ryu vd. 2013, Rangan 2009, Hardjito vd. 2004, Sarker vd.
2014). Elde edilen bu umut verici sonuglar ile bu alandaki
onemli ilerlemeler dikkate alindiginda geopolimer yap: mal-
zemelerinin artan sekilde benimsenmesinin yakin gelecekte
devam etmesi beklenmektedir. Geopolimerlerin belirtilen
ustin mekanik ve dayaniklhilik 6zelliklerinin yani sira dogal
kaynak tiketimindeki azalma, disik karbon emisyonu ve
yan trtin kullanimi gibi stirdirilebilirlik faydalarinin ingaat
sektoriinde benimsenmesine olanak saglamas: beklenmek-
tedir.

Cimento esasli kompozit malzemelerin gevrek davranig
gostermeleri, biinyelerinde bulunan malzemelerin biiziilme
egilimi sonucunda kolay ¢atlamalari, disiik ¢ekme dayanim
degerlerine sahip olmalar: ve darbe direncinde zayiflik gés-
termeleri sonucunda yapinin belirli bir siire sonra bozulmasi
kacinilmaz olabilmektedir. Hargta liflerin kullanilmasi, baga-
rili bir onarim i¢in en 6nemli gereksinimlerden biri olan eski
yiizey ile tamir malzemeleri arasindaki bag kuvvetini 6nem-
li olgtide artirabilmektedir (Iucolano vd. 2013, Zanotti vd.
2014). Ek olarak, hargta liflerin kullanilmasi ayni zamanda
kompozit malzemenin basing ve egilme dayanimlarini, kril-
ma toklugunu, képriileme etkisinden dolay: harctaki catlak-
larin genisligini ve sayisini azaltarak aginma direnci ve don-
ma ¢6zillme direnci gibi harcin dayaniklilik ézelliklerini de
gelistirebilmektedir (Grdic vd. 2012, Cavdar 2014, Spadea
vd. 2015). Surdirtlebilir bir mithendislik yapisi gelistirmek
i¢in ytiratilmuis olan 6nceki ¢aligmalar optimum lif yiizdesi
ve tirtinin harcin islenebilirlii, priz siiresi, akigkanlig: gibi
taze 6zelliklerinin yani sira darbe direnci, yarmada ¢cekme ve
egilme dayanimi gibi mekanik 6zelliklerini de iyilestirebile-
cegini gostermislerdir (Banthia vd. 1994, Bentur ve Mindess
2006, Mallat ve Alliche 2011, Banthia vd. 2014).

Cevre dostu malzemeler olan geri donistirilmis agregalar,
enerji, kaynak ve tretim maliyetini biytk 6l¢ide koruma ve
stirdirilebilir kalkinma taleplerinin tam olarak kargilanma-
sina olanak saglama potansiyeline sahiptir. Geri dénigtiril-
mis agreganin geopolimer kompozit yapilarda kullanimina
heniiz yeterince odaklanilmamas: ile birlikte geri doniisti-
rilmis geopolimer agregasinin kullanimu ile ilgili gercekles-
tirilen ¢aligmalar oldukea kisith sayidadir (Rao ve Acharya
2014, Gharzouni vd. 2016, Zhu vd. 2020,) Akbarnezhad vd.
(2015) GDA ‘larin beton tretiminde kullanilabilirliginin
aragtirilmas: kapsaminda agregalar izerinde aginma, yogun-
luk ve su emme testlerini gergeklestirmiglerdir. Ayrica GDA
‘nin normal iri agrega ile %100 ikamesi sonucunda tretilen
¢imento esash betonun basing dayanimi, elastisite modili
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ve kopma modili degerlerinin sirasiyla %12.9, %10.7 and
%15.2 oranlarinda azaldif sonucuna varmislardir. Mesga-
ri vd. (2020) bazalt agregasi yerine %0, %20, %50 ve %100
oranlarinda GDA kullanarak ¢imento esashi beton tret-
mislerdir. Uretilen beton numunelerinin basing dayanimi,
egilme dayanimi ve elastisite modilii sonuglar: irdelenmis
ve GDA kullaniminin bu degerlerde sirasiyla %21, %3.4 ve
%8.3 oranlarinda distise neden oldugu belirlenmistir. Ge-
opolimerin, Portland ¢imento bazli malzemelerden daha
yuksek dayanima, dayanikliliga ve daha dustik gozeneklilige
sahip oldugu g6z 6niine alindiginda, geri donistirilmis ge-
opolimer agrega kullaniminin uzun vadede dogal kaynak tii-
ketimi ve kiiresel 1sinma sorunlarini ortadan kaldirmak i¢in
uygun bir alternatif olabilecegi gayet aciktir. Geopolimer
kompozitlerin pazar pay: ve ortaya ¢ikan atik miktar: hak-
kinda tam bir bilgiye sahip olunmamasi ile birlikte, yapilan
literatiir ¢alismalarinin geopolimerlerin Portland ¢imentolu
kompozitler yerine kullanimini 6nerilmesi sonucunda, be-
nimsenmesi ve Uretilen toplam beton ati1 i¢inde geopoli-
mer atik payinin 6nimiizdeki birkag on yilda hizla artmasi
beklenmektedir. Bu nedenle, geopolimer yapilarin pratikte
uygulanmasi, ingaat endistrisi tarafindan degerlendirmesi
ve kullaniminin baglarinda olunmasina ragmen, geopolimer
yapilarinin hizmet émriiniin sonunda atiklari ile baga ¢ik-
madaki potansiyel zorluklar: anlamak olduk¢a 6nemli hale
gelecektir.

Bu ¢aligma belirtilen durumlar géz 6niine alindiginda ge-
opolimer kompozitlerin benimsenmesi i¢in karar verme
strecinin daha hizh bir gekilde gergeklesmesine olanak ta-
ninmast hedeflenerek gergeklestirilmigtir. Calisma kapsa-
minda geri donistirilmis geopolimer agregasinin Portland
cimentolu harg Gretiminde kullanilabilirligi ve mihendislik
ozellikleri tizerindeki etkisi incelenmistir. GDA igeren harg
numunelerine ayrica bazalt lif de eklenerek birlikte kulla-
nimlar aragtirilmistir. Elde edilen sonuglar GDA kullanimi
ile yeterli 6zelliklere sahip harg tiretiminin miimkin oldu-
gunu gostermistir.

2. Gereg ve Yontem
2.1. Gereg

Bu ¢alisma kapsaminda kullanilan malzemeler; ¢imento
(Cem-I 52.5N), dere kumu, ugucu kil esasl geri dontgti-
riilmiis geopolimer agregasi, Spinteks Tekstil Ingaat Sanayi
ve Ticaret A.S.” den temin edilen 6 mm boyuna sahip bazalt
lif (BL), su ve stiper akigkanlagtiricidir. Kullanilan malzeme-
lerin 6zgil agirlik degerlerine ve agregalarin su emme de-
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gerlerine Cizelge 1'de ¢imentonun kimyasal bilesimine ise
Cizelge 2de yer verilmistir.

Geri donugtirilmis geopolimer agregalar, 24 saat 80 C°de
1s1 kiirlemesi yapilarak tretilen 5x5x5 cm boyutlarina sahip
geopolimer har¢ numunelerinin ¢eneli kirici yardimu ile iste-
nilen boyutlarda parcalanmasi ile elde edilmistir. Kullanilan
numuneler Kullanilan geri dontstirilmis geopolimer ag-
regasinin ve dere kumunun dane boyut dagilimini yansitan
graniilometre egrisi ASTM C33/33M (2018) standardinda
yer alan alt ve ist limit degerleri ile birlikte Sekil 1'de veril-
mistir.

Caligmada kullanilacak olan malzeme oranlari ve miktar-
lar belirlenirken 3 farkli ikame oranlarinda geri donisti-
rilmis agrega (%0, %50, %100) ve 4 farkli bazalt lif orani
(%0, %0.2, %0.4, %0.6) dikkate alinmigtir. Hazirlanan top-
lam 12 karigima ait malzeme miktarlarina Cizelge 3’te yer
verilmistir. Karigim adi kullanilan malzeme oranlarina gore
belirlenmistir. Ornegin 50GDA-0.2BL gésterimi %50 ora-
ninda geri dénustirilmis agrega %0.2 oraninda ise bazalt
lif kullaniminin gergeklestigi karigimi ifade etmektedir.

2.2.Yontem

Caligma kapsaminda tretilen tim taze har¢ karigimlari ayni

Cizelge 1. Kullanilan malzemeleri 6zellikleri.

Ozgiil agirhiklar
Su 1

Cimento 3.15
Kum 2.72
Geri donistirilmiis geopolimer agregas: 2.1
Super akigkanlagtiric 1.07
Bazalt lif 2.78
Geri donistirilmis geopolimer agregast 15
Kum 2.5

Cizelge 2. Kullanilan ¢imentonun kimyasal bilesenleri.

Kimyasal bilesenler (%) Portland Cimentosu

CaO 62.85
Sio, 18.96
ALO, 5.33
Fe O, 3.05
MgO 1.67
SO, 2.6

K,0 0.58
Na,O 0.17
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Cizelge 3. Kullanilan malzeme miktarlar: (1 m®)

Karisim ads GDGA Bazalt lif Su Cimento Kum GDGA Lif
oram (%) | oram(%) | (kp) (kg) (kg) (kg) (kg)
0GDA-0BL 0 0 290 500 1568 0 0
0GDA-0.2BL 0 0.2 290 500 1568 0 6
0GDA-0.4BL 0 0.4 290 500 1568 0 11
0GDA-0.6BL 0 0.6 290 500 1568 0 17
50GDA-0BL 50 0 363 500 784 528 0
50GDA-0.2BL 50 0.2 363 500 784 528 6
50GDA-0.4BL 50 0.4 363 500 784 528 11
50GDA-0.6BL 50 0.6 363 500 784 528 17
100GDA-0BL 100 0 436 500 0 1055 0
100GDA-0.2BL. 100 0.2 436 500 0 1055 6
100GDA-0.4BL 100 0.4 436 500 0 1055 11
100GDA-0.6BL 100 0.6 436 500 0 1055 17

2.25 3,00
Elek capi (mm)

120
wo |
_—
$ s0
S’
=
]
<
en 60
=
]
< -
E 40 —— Ust limit
— &— - Dere kumu
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0
0.00 0.75 1.50 3.75 4.50
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Sekil 1. Agrega dane boyut dagilim.

karigtirma prosediiri ile hazirlanmistir. 15 litre kapasiteye
sahip miksere ilk olarak ¢imento, dere kumu ve GDA konul-
mus ve 1‘er dakika normal ve hizli devirlerde karigtirilmigtir.
Homojen bir goriintiiye ulagan karigima su ve akigkanlagti-
rict da eklenip 2 dakika daha hizli devirde karigtirildiktan

sonra islem tamamlanmgtir.

Belirlenen malzeme oranlar1 dikkate alinarak hazirlanan
taze karisimlar kaliplara dékuldikten 24 saat sonra kaliptan
¢cikarilarak istenilen deney gliniine kadar suda bekletilmistir.
Hazirlanan taze karigimlarin ilk olarak yayilma ¢api ve taze
birim agirlik degerlerine ulagildiktan sonra sertlesmis 6zel-
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liklerin belirlenmesi kapsaminda birim agirlik, basing daya-
nimi, egilme dayanimi, su emme ve kilcal su emme deneyleri
gerceklestirilmigtir.

Yayilma cap: tayini kesik koni kullanilarak ASTM C1437
(2015) standardina gore gerceklestirilmistir. Her karigim
i¢in elde edilen yayilmalar birbirine dik iki yonde gercekles-

tirilen 8l¢timlerin ortalamas: alinarak hesaplanmugtir.

Basing dayanimi testi ASTM C109/C109M (2016) stan-
dardina goére 3000 kN kapasiteye sahip cihaz kullanilarak
0.63 kN/sn kirma hizi gergeklestirilmigtir. 50x50x50 mm
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boyutlarina sahip 28 giinliik 3 adet kiip numunenin daya-
mm degerlerinin ortalamas: alinarak nihai dayanim sonu-
cuna ulagilmigtir.

Egilme dayanimu testi 40x40x160 mm boyutlarina sahip ki-
ris numuneler tzerinde ASTM C348-18 (2010) standardi-
na uygun olarak gerceklestirilmistir. Test, 1 MPa/dk kirma
hizi kullanilarak 100 kN kapasiteli cihaz yardim: ile uygu-

lanmustir.

Su emme testi icin ASTM C642 (2013) standard: dikkate
alinmigtir. Deney 28. giinde 50 mm boyutundaki ti¢ kiip nu-
munesi Uzerinde gergeklestirilmistir. Elde edilen degerlerin
ortalamasi alinarak son degere ulagilmigtir.

Kilcal su emme deneyi ASTM C 1585 (2013) standard:
kullanilarak 50x50x50 mm boyutlarinda 3 kiip numunesi
tzerinde gergeklestirilmistir. Sadece taban ylzeyinden su
akiginin saglanmasi amaciyla numunelerin dort tarafi 3 cm
yiikseklige kadar parafin ile kaplanmistir. Bylece numune-

ler tarafindan emilen birim alandaki su miktari belirlenerek

i Ll

Sekil 2. Bazi deneylere ait gorseller.

olugturulan egri egimi ile kilcallik katsayisina ulagilmigtir.
Gergeklestirilen deneylere ait bazi gorsellere Sekil 2'de yer
verilmisgtir.

3. Bulgular ve Tartigma
3.1. Yayilma Cap:

Yayilma ¢ap: deneyi karigimlarin taze halde iken istenildigi
gibi sekil verilebilme durumunun belirlenmesi agisindan ol-
dukga 6nemli bir yere sahiptir. Uretilen taze karigimin biin-
yesinde bulunan malzeme oran ve 6zelliklerine bagh olarak
elde edilen degerler degiskenlik gosterebilmektedir. Uretilen
karigimin kullanim alanina amacina gore hedeflenen sonug-
lara ulagilmas: gerekmektedir. Yuritilen bu ¢aligmada geri
dénistirilmis geopolimer agregasinin ve bazalt lifin farkly
oranlarinin taze karigimlarin iglenebilme 6zellikleri Gzerin-
deki etkisini incelemek i¢in yayilma ¢ap:1 deneyi gerceklesti-
rilmistir. Elde edilen yayilma ¢ap: (cm) degerlerine Sekil 3’te
yer verilmigtir. Tim karigimlar dikkate alindiginda yayilma

o] t2
[=] S5

—
oo

Yayilma cap1 (cm)
= o

—
3]

—
(=1
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Sekil 3. Hazirlanan taze karigimlar i¢in yayilma
cap1 degerleri.
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miistiir. Iglenebilirligi olumsuz etkilemesi sonucunda bazalt
lif oranin artmast ile birlikte tiim agrega ikame oranlari igin
yayilma cap1 (cm) degerlerinde dists gorilmistir. Benzer
sonuca Ma vd. (2013) tarafindan gergeklestirilen ¢aligma-
da, farkli oranlarda bazalt lifin kullanilmas ile retilen harg
karigimlari i¢in de ulagilmistir. Bir diger ¢alismada Sadr-
momtazi vd. (2018) %0, %1 ve %1.5 oranlarinda bazalt lif
kullanarak urettikleri kompozitlerde lif yiizdesinin artmasi-
na bagli olarak yayilma degerlerinde dusgiis gozlemlemigtir.
Sekil 3 incelendiginde, GDA kullaniminin ise yayilma ¢ap1
degerleri Uzerinde degisken bir etkisinin oldugu gorilmek-
tedir. %0 ve %0.2 oranlarinda bazalt lif kullanilan karigim-
larda GDA oraninin artmast ile yayilma capi degerleri artig
gosterirken, %0.4 ve %0.6 oranlarinda lif kullanim: durum-
larinda belirlenen egilimde degisiklik olmustur. Lifsiz kari-
simlar icin kontrol karigimi ile kiyaslandiginda %50 ve %100
oranlarinda GDA kullanimi sirastyla %28 ve %34 oranlarin-
da yayilma cap1 degerlerini arttirmugtir. Sonug olarak GDA-
100 i¢in %0.2 ‘den fazla bazalt lif kullanimi yayilma ¢apinda
bariz diisiise neden olmaktadir.

3.2. Birim Agirhk

Uretilen kompozit yapilarin agirliklar1 6zellikle dinamik
etkiler altinda olduk¢a 6nem kazanmaktadir. Bu nedenle
yapiya gelen yikd minimuma indirmek amaciyla yap: mal-
zemeleri Gretiminde mimkiin olduk¢a distk birim agirlik
degerlerinin hedeflenmesi gerekmektedir. Caligma kapsa-
minda Uretilen karigimlarin taze birim agirlik (TBA), sert-
lesmis birim agirlik (SBA), doygun birim agirlik (DBA) ve

kuru birim agirlik (KBA) olmak tizere 4 farkli birim agirhik
degerlerine ulagilmigtir. Ulagilan degerleri iceren grafige Se-
kil 4’te yer verilmistir. Uretilen tiim karigimlari iceren TBA,
SBA, DBA ve KBA deger araliklar: sirasiyla 1.73-2.32 gr/
cm?, 1.65-2.27 gr/cm?, 1.75-2.31 gr/cm® ve 1.45-2.10 gr/
cm® olarak elde edilmigtir. Elde edilen sonuglar irdelendi-
ginde 3 farkli GDA ikamesi i¢in de %0.4 oranina kadar ba-
zalt lif artis1 genel olarak birim agirlik degerlerinde artisa
neden olurken %0.4’ten %0.6 lif oranina ¢ikildiginda birim
agirlik degerlerinde dists gorilmugtir. Koksal (2021) ta-
rafindan gergeklestirilen ¢alismada da bazalt lifin ¢imento
esaslt har¢larin birim agirlik degerleri tizerindeki etkisi in-
celenmis ve elde edilen sonuglara gére lif oranlarinin art-
masina bagli olarak birim agirlik degerlerinde hem artig ve
hem azalislar gorildaginden sabit bir iligki bulunamamistur.
Ayni zamanda elde ettigimiz sonuglara gore sabit lif oranlar
icin GDA oraninin artigina bagh olarak birim agirhik deger-
lerinde azalma trendi goériilmektedir. Degerlerde meydana
gelen azalma yiizdeleri %7.5 ile %14 arasinda degiserek her
birim agirhik grubunda farkhilik g6stermistir.

3.3. Basing Dayanim

GDA igeren har¢ numunelerinin 28 giinlik basing dayanim
sonuclart Sekil 5te verilmigtir. %0 GDA ikamesi ile tre-
tilen karigimlar ile belirgin bir sekilde daha yiiksek basing
dayanim degerleri elde edilmistir. GDA-50 ile GDA-100
karigimlari ile ulagilan basing dayanim degerleri oldukga ya-
kin olmak ile birlikte GDA ikame oraninin artmas ile tim
basing dayanim degerlerinde azalma gorilmistir. Bu du-
ruma dere kumu ile kiyaslandiginda daha zayif ve bogluklu
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EDBA

2,00

1,50

Birim agulik (gr/cm®)

1.00

0,50

0,00
0 02 04 06| 0 02 04 06| 0 02

Lif oram (%)
GDA-0 GDA-50

GDA-100

04 0.6

Sekil 4. Hazirlanan karigimlar i¢in birim

agirhik degerleri.
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Sekil 5. Hazirlanan karigimlar i¢in basing

dayanim degerleri.

bir yapiya sahip olan GDA kullanimi neden olmustur. Lif
icermeyen karisimlar i¢in kontrol karigimu ile kiyaslandigin-
da %50 ve %100 oranlarinda GDA kullanim: sirastyla %25
ve %63 oranlarinda basing dayanimi degerlerini distirmiis-
tir. Benzer sonuglara Gémez-Soberén (2002) ile Majhi vd.
(2018) tarafindan geri dontistirilmis agrega kullaniminin
aragtirildifs caligmalar ile de ulagilmigtir. Mesgari vd. (2020)
de benzer sekilde geri donistirilmis geopolimer agregala-
rinin farkli oranlarinda kullaniminin betonun muhendislik
ozellikleri Uzerindeki etkisini incelemislerdir. Elde ettikleri
sonuglara gore bazalt agrega yerine %20 oraninda geri do-
nistirilmis geopolimer agrega kullanimi basing dayanim
degerinde %14 oraninda disiise neden olurken %50 ikame
orani ile dayanim degerinde %33’liik bir azalma goriilmiis-
tir. Bazalt lif oranindaki degisimin basing dayanim degerleri
tuzerindeki etkisi incelendiginde ise yalnizca GDA-100 ka-
ristmt i¢in lif ylizdesinin artigina bagli olarak dayanim de-
gerlerinde siirekli bir digis egilimi gorilmistir. Bu durum
yiksek GDA ikame orani ile birlikte bazalt lif varliginin
harg biinyesinde meydana getirdigi bosluk dagilim: ve yapis
ile ortaya ¢ikmistir. BL. eklenmesi, GDA agregasinin mey-
dana getirdigi zayif ara ylizey gecis bolgesinin artmasina ne-
den olarak dayanim gelisimini olumsuz etkileyebilmektedir.
BL kullanim:1 kompozit malzemenin i¢ gézenek yapisini iyi-
lestirerek mikro ¢atlak gelisimini engellemektedir. Bununla
birlikte ytiksek oranlarda kullanimu ise bir bolgede toplanma
(aglomerasyon) sonucunda harcin akigkanligini ve sikistiri-
labilme performansini azaltarak dayanim degerlerinde di-
stslere neden olmaktadir. Bu ¢alisma neticesinde elde edilen
basing dayanim sonuglari irdelendiginde de %0.4 oraninin

Karaelmas Fen Miih. Derg., 2023; 13(2):235-247

tizerinde lif kullaniminin tim karigimlarda elde edilen de-
gerleri distirdigi gorulmistir. GDA-50 i¢in, kontrol kari-
simi ile kiyaslandiginda %0.2, %0.4 ve %0.6 oranlarinda ba-
zalt lifi kullanimi basing dayanim degerlerini sirasiyla %44
%41 ve %42.5 oranlarinda disirmistir. Tamamen GDA ile
uretilen karigimlarda ise belirtilen lif oranlari basing daya-
nim degerlerinde sirasiyla %4, %6 ve %15 oranlarinda disi-
se neden olurken geri déntsim agregasiz karigimlarda %0.2
ve %0.4 bazalt lif oran1 i¢in sirasiyla %8 ve %4 oranlarinda
artig 90.6 icin ise %2 oraninda azalis gorilmistir. Ulagilan
basing dayanim degerleri 16.7 MPa ile 57.27 MPa arasinda
degisirken en yiiksek dayanim degerine %0.2 bazalt lif ora-
nt i¢in %0 GDA ikamesi ile ulagilmigtir. Zheng vd. (2022)
tarafindan bazalt lifin geri dontstirilmis agrega ile kullani-
minin beton yapilardaki etkisinin incelendigi ¢aligma ile de
benzer sonuglara ulagilmigtir.

3.4. Egilme Dayanimi

Egilme dayanimi yapisal performans: gosteren diger bir
onemli 6zelliktir. Calisma kapsaminda geri donistirilmus
agrega ve bazalt lif kullaniminin tretilen numunelerin egil-
me dayanimi degerleri tizerindeki etkisi incelenmistir. Bu
deneyden elde edilen sonuglar Sekil 6da gorilmektedir. En
yuksek egilme dayanim degerlerine lif kullanim oranindan
bagimsiz olarak GDA-0 karigimu ile ulagilirken GDA-50 ile
GDA-100 karisimlarinda 6zellikle yiliksek bazalt lif oranlar
i¢in oldukg¢a yakin degerler elde edilmistir. Lif eklenmeyen
karigimlar i¢in kontrol karigimi ile kiyaslandiginda %50 ve
%100 oranlarinda GDA kullanimi sirasiyla %36 ve %44
oranlarinda egilme dayanimi degerlerini distirmustir. GDA

241



Ekmen, Algin / Geri Déniistiiriilmiis Geopolimer Agregalari ile Uretilen Cimento Esasli Harglarin Miihendislik Ozelliklerinin Aragtirilmast

—
=1

in]

0’,’9\

Egilme dayanum (MPa)
S T PSR Y 1 - | o N

" = \
4

0 0.2 0.4
Bazalt lif orani (%)

0.6

B

—&—GDA-0 —©—GDA-S0

—— GDA-100

Sekil 6. Hazirlanan karigimlar icin egilme

dayanim degerleri.

oraninin artigina bagh olarak meydana gelen egilme dayani-
mi1 degerlerindeki distis GDA ytizeylerinde bulunan eski
harg ile olusturulan yeni har¢ arasindaki zayif baglantidan
kaynaklanmaktadir. Bairagi vd. (1993) tarafindan gercekles-
tirilen ¢alismada %25 ile %50 arasinda GDA kullaniminin
egilme dayanim degerlerini %6-13 arasinda diistirdigi be-
lirlenmistir. Mesgari vd. (2020) portland ¢imentolu beton
uzerinde gerceklestirdikleri ¢aligmalarinda %20 oraninda
geri donustirilmis geopolimer agrega kullaniminin %3.4,
%100 oraninda agrega ikamesinin ise %21 oraninda egilme
dayanim sonuglarini diigtirdigiint belirlemislerdir.

Bazalt lif kullaniminin etkisi incelendiginde geri donugti-
rilmis agreganin kullanilmadigi kontrol numunesinde lif
yizdesinin artisgina bagl olarak egilme dayanim degerle-
rinde artig gorilmistir. GDA-O0 igin lif icermeyen karigim
ile kiyaslandiginda %0.2, %0.4 ve %0.6 oranlarinda bazalt
lifi kullanimi egilme dayanim degerlerini sirasiyla %1 %2.2
ve %2.3 oranlarinda arttirmigtir. %50 oraninda geri doniis-
tirtlmis agrega kullanilmasi durumunda ise %0.2 bazalt
lif eklenmesi egilme dayanimini %4.5 oraninda arttirirken
bu oranin tzerindeki %0.4 ve %0.6 oranlar: i¢cin dayanim
degerlerinde sirasiyla %12 ve %22 oranlarinda diists goril-
mustir. GDA-100 icin ise %0.2 ve %0.4 oranlarinda bazalt
lifi kullanimi egilme dayanim degerlerini sirastyla %5 ve %3
oranlarinda arttirirken %0.6 1if eklenmesi %13 oraninda
azaltmigtir. Yiksek oranlarda geri donistirilmis geopo-
limer agrega kullaniminin: belirli bir orandan sonra bazalt
lifin egilme dayanimi tzerindeki olumlu etkisini tersine
cevirdigi gortlmustir. Ulagilan egilme dayanimi degerleri

4.05-8.52 MPa arasinda olup en yiiksek degere %0 GDA
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ikamesi ve %0.6 bazalt lif orani ile ulagilmistir.
3.5.Su Emme

Sertlesmis har¢ numuneleri uUzerinde gergeklestirilen su
emme deneyi sonucunda elde edilen degerlere Sekil 7'de
yer verilmigtir. Goruldigi gibi dere kumu ile kiyaslandi-
ginda daha bogluklu ve kusurlu bir yapiya sahip olan GDA
ylizdesinin artmasina bagl olarak bazalt lif kullanimindan
bagimsiz olarak su emme (%) degerlerinde belirgin sekilde
artig olmugtur. Lifsiz tretilen karigimlarda, kontrol karigimi
ile kiyaslandiginda %50 ve %100 oranlarinda GDA kullani-
mu sirastyla %70 ve %140 oranlarinda su emme degerlerini
arttirmustir. Elde edilen bu sonug, ytiksek su emme degerine
sahip GDAsinin biinyesinde bulunan bogluklar ile iligkilen-
dirilebilmektedir. Cakir (2014) tarafindan gergeklestirilen
caligma ile de geri dontstirilmis agrega kullaniminin su
emme degerleri Uzerindeki artirict etkisi incelenmistir. Ayni
GDA orani i¢in bazalt lif etkisi incelendigin de ise %0.2
oraninin Uzerinde bazalt lif kullanimi su emme degerlerin-
de artisa neden olmustur. Bu durum numune biinyesinde
bulunan liflerin dagilim sekli ile iligkilidir. Koksal (2022)
tarafindan gerceklestirilen ¢alismada benzer gekilde bazalt
lif kullaniminin har¢ numunulerinin su emme degerleri tize-
rindeki etkisi incelenmistir. Elde ettikleri verilere gore %0.4
miktarinin tzerinde bazalt lif eklenmesi har¢larin su emme
degerlerinde artig ile sonuglanmugtir.

GDA-O0 igin, lif icermeyen karigim ile kiyaslandiginda %0.2
oraninda bazalt lifi kullanimi su emme degerini %2 ora-
ninda azaltirken %0.4 ve %0.6 oranlari su emme degerle-
rini sirastyla %3 ve %3.5 oranlarinda arttirmigtir. GDA-50
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i¢in de benzer bir egilim goriilerek %0.2 bazalt lif kullanimi
ile %1.5 oraninda azalig %0.4 ve %0.6 oranlar: i¢in ise su
emme sonuglarinda %1 ve %6 oranlarinda artig gérilmustur.
GDA-100 igin ise lifsiz duruma gore %0.2, %0.4 ve %0.6
oranlarinda bazalt lifi kullanimi su emme degerlerini sira-
styla %2.5 %1.5 ve %4 oranlarinda arttirmigtir.

Sekil 8de sertlesmis har¢ numunelerinin kuru birim agirlik
degerleri ile su emme degerleri arasindaki iligki verilmig-
tir. Bu ¢aligma kapsaminda elde edilen birim agirlik ve su
emme degerleri arasindaki baglantiyr gosteren 0.794 R? de-
terminasyon katsayisina sahip bir denklem elde edilmistir.
Belirtilen her iki parametre i¢in elde edilen sonuglar numu-
ne biinyesinde bulunan bosluk orani ile orantihidir. Bosluk
miktarinin artmasina bagli olarak birim agirlik degerlerinde

azalma beklenirken su emme degerlerinde artis beklenmek-
tedir. Verilen gekilde de iki parametre arasinda beklenen bu
ters iligki gorilmektedir.

Uretilen sertlesmis kuru numuneler tizerinde gerceklestiri-
len basing dayanimi (MPa) ve su emme (%) deney sonugla-
rindan elde edilen veriler arasindaki iligki de incelenmistir
(Sekil 9). Incelenen her iki parametre de malzeme yapisinda
bulunan bogluk miktar: ile orantili oldugunda aralarindaki
iligkinin kurulabilmesi beklenmektedir. Bu ¢aligma kapsa-
minda elde edilen basing dayanimi ve su emme degerleri
arasindaki baglantiyr gésteren 0.919 R? determinasyon kat-
sayisina sahip bir denklem elde edilmistir. Basing dayanimi
sonuglarinda artig, su emme degerlerinde azalma ile paralel-
lik gostermistir. Elde edilen numunelerin su emme deger-
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Sekil 7. Hazirlanan karigimlar i¢in su emme

degerleri.
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Sekil 8. Birim agirlik degerleri ile su emme
degerleri arasindaki iligki.
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leri %9.47 ile %24.10 arasinda degisirken basing dayanimi
degerleri 16.70 MPa ile 57.27 MPa arasinda degiskenlik

gostermigtir.
3.6. Kilcal Su Emme

Sertlesmis numuneler tzerinde gergeklestirilen kilcal su
emme deneyi sonucunda elde edilen kilcallik katsayist de-
gerleri Sekil 10'da bulunan grafikte gosterilmigtir. Sonuglar
incelendiginde GDA oraninin artmasina bagl olarak kil-
callik katsayis: degerlerinde artma oldugu gorilmustir. Lif
icermeyen karigimlar icin, kontrol karigimi ile kiyaslandi-
ginda %50 ve %100 oranlarinda GDA kullanim: sirasiyla
9%35.5 ve %51 oranlarinda kilcallik katsayis: degerlerini art-
tirmigtir. GD-100 ile kiyaslandiginda, GDA-0 ve GDA-50
karigimlari icin daha yakin degerler elde edilmistir. GDA-0

karigimi i¢in bazalt lif oraninin artigt kilcallik katsayisinda
surekli distse neden olurken diger GDA ikame oranlari
i¢in sabit bir egilim gorilememistir. GDA-0 igin, lifsiz kari-
sim ile kiyaslandiginda %0.2, %0.4 ve %0.6 oranlarinda ba-
zalt 1ifi kullanimi kilcallik katsayisi degerlerini sirastyla %16,
%30 ve %48 oranlarinda, GDA-50 igin sirasiyla %33, %41
ve %44 oranlarinda GDA-100 i¢in ise sirastyla %18, %13.5
ve %16 oranlarinda azaltmistir. Kilcallik katsay: degerinin
birbirleri ile baglantili bosluk yapilarinin varlig ile orantili
oldugu bilgisi 1s1¢1nda, bu durum yiiksek GDA ikame oran-
larinin bu bosluk yapilarinda degisiklik meydana getirmesi
ile agiklanabilmektedir. En dusiik ve en yiiksek kilcallik kat-
sayi degerleri olan 0.104 mm/Vdk ve 0.304 mm/Vdk sira-
styla 0GDA-0,6BL ve 100GDA-0BL karigimlar: ile elde

edilmistir.
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Sekil 10. Hazirlanan karigimlar igin kilcallik

katsayisi degerleri.
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4. Sonuglar

Bu ¢aligma kapsaminda GDA kullanilarak bazalt lif iceren
harg tiretimi gerceklestirilmistir. Uretilen numuneler tize-
rinde yayilma capi, birim agirlik, basing dayanimi, egilme
dayanimi, su emme ve kilcal su emme deneyleri yapilmig-
tir. Boylece elde edilen har¢ numunelerinin hem taze hem
de sertlesmis 6zellikleri belirlenmistir. Elde edilen sonuglar
asagida siralanmistir:

o Uretilen taze karigimlara ait yayilma cap1 degerleri 11 cm
ile 21.5 cm arasinda degismistir. Bazalt lif oranin artmas:
ile birlikte tim agrega ikame oranlar: i¢in yayilma ¢api
(cm) degerlerinde dusts gorilirken GDA kullaniminin
sabit bir etkisi gorilmemistir.

*  GDA oraninin artigt ile birim agirhik degerlerinde azal-
ma egilimi gorilmigtir. Lif oraninin artigina bagli ola-
rak genel olarak birim agirlik artig1 gorilmustiir.

e Tum karigimlar i¢in %0.4 oraninin tzerinde bazalt lif
kullanimi basing dayanimi degerlerinde diisise neden
olmugtur. GDA yiizdesindeki artig da yine basing daya-
nmim degerlerini distirmustiir. En ytiksek basing dayanim
degerine %0.2 bazalt lif oran1 i¢in %0 GDA ikamesi ile
ulagilmigtir.

* Ulagilan birim agirlik ile su emme (%) sonuglar: arasinda
0.794 R? determinasyon katsayisina sahip ters iligki bu-
lunmustur.

* Elde edilen basing dayanimi (MPa) ve su emme (%) de-
gerleri arasinda yiiksek bir iligki oldugu gorilmisgtir.

*  GDA kullanimi egilme dayanim degerlerini digtirmiis-
tur. Lifin egilme dayanim degerleri Gzerindeki olumlu
etkisi ise yiuksek oranlarda GDA kullanim ile tersine
donmigtir. Ulagilan egilme dayanimi degerleri 4.05
MPa ile 8.52 MPa arasinda olup en yiksek degere %0
GDA ikamesi ve %0,6 bazalt lif oranina sahip numune
ile ulagilmigtr.

* GDA oraninin artmasi su emme (%) degerlerinde artig
ile sonuc¢lanmistir. Lif eklenmesinin su emme degerleri
tuzerindeki etkisi ise degisiklik gostermistir.

* GDA oraninin artmasina bagh olarak kilcallik katsayi-
st degerlerinde artma oldugu gorilmistir. En distk ve
en yiiksek kilcallik katsayr degerleri olan 0.104 mm/\dk
ve 0.304 mm/Vdk sirastyla 0GDA-0.6BL ve 100GDA-
OBL karigimlari ile elde edilmigtir. Tum agrega oranla-
r1 i¢in bazalt lif miktarinin artmas: sonucunda kilcallik
katsayilarinda azalma gérilmugtir. En yiksek azalma
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degerine GDA-0 karigiminda 0.6 bazalt lif orani ile ula-

silmugtar.

Yapilan ¢aligmalar neticesinde Portland ¢imentolu yap: mal-
zemeleri ile kiyaslandiginda geopolimer kompozit yapilarin
daha istiin mekanik ve dayaniklilbik 6zellikler gosterdigi
belirlenmistir. Ayrica Uretiminin ¢imento kullanimi icerme-
mesi, atik malzemeler ile gerceklestirilmesi gibi avantajlar
sunmasi geopolimer yapilarin uygulama sahasinin daha faz-
la genigletilmesi agisindan olduk¢a 6nemsenmektedir. Yapi-
lan yogun ¢aligmalar 1s131nda gelecekte geopolimer yapilarin
daha fazla kullanim alanina sahip olacag: beklentisi ile atik
olarak ortaya ¢ikarabilecegi problemlerin de énemsenmesi
gerekmektedir. Gelecekte bu ¢alisma gelistirilerek farkli yap:
kompozitlerinin tretilmesi ve dayanikhilik problemlerinin
de incelenmesi hedeflenmektedir.
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Kiiresel Spiral Aracihigryla Giinesin Goriiniirdeki Hareketinin Yorumlanmasi

Deniz Giigler* ®, Nejat Ekmekgi

Ankara University, Faculty of Science, Department of Mathematics, Ankara, Turkiye

Abstract

This paper shows that the apparent motion of the Sun traces a spherical spiral in a limited section of the sphere. The rotation operator
that produces the curve is in turn produced by a quaternion. The way the components of the quaternion correspond to the daily apparent
motion of the Sun is shown. To achieve this, first, the spherical spiral formula is obtained using quaternions. It is known that the
spherical spiral is a locus of a point P moving at constant angular speed ® along the meridian of a sphere while also rotating at constant
angular speed cw around the polar axis where ¢ > 2. Therefore, two rotations occur at the same time, and for each rotation, a quaternion
can be defined. The directions of these quaternions form a 90° angle with each other. In this paper, it is shown that if this angle was
23° 27" then the curve that would form would coincide with the apparent motion of the Sun. The product of these quaternions gives
the quaternion which produces the rotation operator that forms this curve. Afterward, it is shown that the quaternion rotation angle
converted in time units displays the time the Sun needs to move from one point to another. On the other hand, the rotational axis for
small angles is the same as the axis of the equatorial plane. The importance of this work is twofold: it gives the science of astronomy a
new perspective regarding the interpretation of the apparent motion of the Sun, and at the same time it is an important example of a
work that shows the convenience that the use of quaternions brings to other fields of science.

Keywords: Spherical spiral, quaternions, apparent motion of the sun, rotational motion

Oz

Bu makale, Glines'in, glinlik ve yillik gériniirdeki hareketlerinin birlesimi ile, kiirenin sinirli bir kesitinde bir spiral ¢izdigini
gostermektedir. Egriyi olusturan dénme operatdrii bir kuaterniyon tarafindan tiretilmistir. Kuaterniyon bilesenlerinin, Giineg'in ginlik
hareketine ne sekilde kargilik geldikleri gosterilmistir. Bunun i¢in 6ncelikle kuterniyonlar yardimiyla kiiresel spiralin formuli elde
edilmigtir. Kiiresel spiralin, bir kirenin meridyeni boyunca sabit w agisal hiziyla hareket ederken ayni zamanda, ¢ > 2 olmak izere,
kutup ekseni etrafinda co agisal hiziyla dénen bir P noktasinin yeri oldugunu g6z 6ntinde bulundurarak, her dénme hareketi i¢in bir
kuaterniyon tanimlanmugstir. Bu kuaterniyonlarin yonleri birbirleriyle 90° ag1 olusturur. Bu ag1 23° 27’ olsayds, olusacak egri Giines'in
gortntirdeki hareketiyle ¢akigirdi. Bu kuaterniyonlarin ¢arpimi, bu egriyi olusturan, donme operatoriini treten kuaterniyonu verir.
Zaman birimine dénistirilen kuaterniyonun déntis agisi, Glineg'in bir noktadan digerine hareket etmesi i¢in gereken stireyi verir.
Kiigiik agilar icin dénme ekseni, ekvator diizleminin ekseni ile aynidir. Bu ¢caligmanin 6nemi iki yonliidiir; Astronomi bilimine, Giineg'in
goriniirdeki hareketinin yorumlanmasinda yeni bir bakis agis1 kazandiriyor olmasi, ve ayni zamanda kuaterniyonlarmn kullaniminin,
bilimin diger alanlarina getirdigi kolayliga 6nemli bir 6rnek sunmasidir.

Anahtar Kelimeler: Kiiresel spiral, kuaterniyonlar, giineg'in gorintirdeki hareketi, donme hareketi

1. Introduction

It is known that a spherical spiral is a locus of a point P
moving at constant angular speed w along the meridian of
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a sphere while also rotating at constant angular speed cw
around the polar axis, where ¢ > 2.This means that a point P
that is located in the sphere with radius » = 1 and with center
0 in a coordinate system XYZ moves with a constant angu-
lar velocity w across the great circle which passes through
points P and (0,0,1). Additionally, at the same time point
P also moves parallel to plane XY with a constant angular
velocity co.

A body performs a circular motion around an axis called the
rotation axis. Point P makes two circular motions simulta-
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neously that each have a rotational axis. As a result, a spheri-
cal spiral is drawn. The first rotational motion of point P has
as a rotational axis, axis Y. The second rotational motion of
this point has as a rotational axis, axis Z. Between these two
axes a 90° angle is found.

At this point three questions come to mind: If the angle
between these two rotational axes is different from 90° will
the curve that forms still be considered a spherical spiral? Is
there an equivalent motion in nature? If there is, how can it
be interpreted?

'The purpose of this paper is to answer the above-mentioned
questions. To achieve this, the author has benefited from
references (Altman 1986; Delphenich 2012; Hacisalihoglu
1983; Kuipers 1975; Kuipers 1998; Griffin 2017; Dong et
al. 2020) to present and understand the rotation operators
that are produced by quaternions and which will be used
to express the rotation motions of point P. The author has
benefited from references (Karaali 1985; Kizilirmak 1977;
Kummer 1996; Lowenstein 2012; Motz and Duveen 1966;
Woolard and Clemence1966), to present the problem and
the apparent motion of the Sun. The information needed
for the understanding of spherical spirals is found in refer-
ence (Fisher and Ziebur 1965). A previous paper has been
published on the method of defining the apparent motion
of the Sun with the help of quaternions. This paper, which is
found in reference (Gtigler et al. 2022) is used as an example
of a motion in nature of the type that was mentioned above.
Afterward, the required interpretation has been done.

'The main idea that gave rise to this paper was first presented
at the 19 International Geometry Symposium by the au-
thors of this paper (Gtigler and Ekmekei 2022).

2. Preliminaries

In this paper, rotational operators produced by quaternions
have been used to calculate the rotation sequences and ex-
press the rotation motions. For this reason, basic knowledge
has been provided below about quaternions and the rotation
operators produced by them.

A quaternion is a hyper-complex number of rank 4. The
most important rule of this invention of Hamilton is:

2_ 2

P=p= = ijk = -1 (1

i,j, and k are the components of the vector part of the qua-
ternion and they will be used to represent the standard or-
thogonal base of R®.
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The quaternion can be thought of as a quadruple of real
numbers. This makes it an element of R*. Accordingly, qua-
ternion m can be expressed as below where 7, m,, m, and
m; are each a real number.
m=m+ 0= m+ im +jm+ km, O = im +jm+ km, 2)
where 7, is the scalar part and o is the vector part.
Multiplication of quaternions is done according to the fol-
lowing rule.
i=j=hk=ijk=-1veij=k=jijk=i=-kjki=j=-ij (3)
For m = m+ o = m+ im +jm+ km, and n = n+ o = n+
in+jn,+ kn,
mx n = (m+ imtjm+ km,) x (ng+ in,+jn+ kn,)

4)
mxn=m n-<q 0> +m o +n 0 +0 Ao (5)

(,) represents the scalar product of vectors, and A rep-
resents the cross product of vectors.

The complex conjugant of 7 = m+ im,+ jm,+ km, is m*= m -
im,~ jm,= km,

Definition: The quaternion whose scalar part is zero is
called a pure quaternion.

The unit quaternion 7 = m+ o satisfies the following equal-
ity mi+al =1,

The quaternion that will be used as a rotation operator is:

m = my+ o = cos ¢ + u sin g and m™= m - o = cos ¢ - u sin §
(6)

where u= o/|at|= a/sin ¢

Theorem 1: For any ¢ = 7,*g= cos ¢ + u sin ¢ unit quater-
nion (where g, is the scalar part and q is the vector part of
the quaternion) and for any vector v € R® the action of the
operator

Lq(@) =gxuxg*
on v may be interpreted geometrically as a rotation of the

vector v through an angle 2¢ about q as the axis of the rota-
tion. According to Kuipers (1998).

Theorem 2: Suppose that q and p are unit quaternions that
define the quaternion rotation operators:

Lg(u) =g x uxg*ande(fv) =pxovxp*

Then the quaternion product p x ¢ defines a quaternion
operator qu which represents a sequence of operators, Lq
followed by L . The axis and the angles of rotation are those
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represented by the quaternion product, = p x g. According
to Kuipers (1998).

Information must be provided on the apparent motion of
the Sun as well. For this reason, the apparent yearly and
daily motion of the Sun have been introduced below.

As it is known, the Earth rotates every day in a positive
direction around its axis and parallel to the equatorial plane.
'This motion is reflected to an observer on Earth, as the ap-
parent motion of the Sun, occurring in the negative direc-
tion.

It is also known that the Earth rotates every year around
the Sun in the positive direction, in an ecliptic orbit found
in the ecliptic plane. However, this motion appears to an
observer on Earth, as if it was the Sun moving around the
Earth during the year in a positive direction (Figure 1). The
ecliptic plane intersects with the celestial equatorial plane
and creates a angle. According to Karaali (1985).

Definition 2.1: The coordinate system defined by taking the
celestial equator as the fixed plane, taking O& as the fixed
line, and taking the center of the celestial sphere as the fixed
point, is called the Celestial Equatorial Coordinate System.

3. The Interpretation of the Apparent Motion of the
Sun Through the Spherical Spiral

As stated before, a spherical spiral is a locus of a point P
moving at constant angular speed P along the meridian of
a sphere while also rotating at constant angular speed cw
around the polar axis, where . Because there exists a direct
proportion between the velocities and the angles, point P
will accordingly trace angles 0 and c0. Hereafter, it will be

accepted that the motion will occur in a sphere with a radius
r=1.

Now let us determine the quaternions that will generate
rotational operators that will perform each rotational mo-
tion. Since the first rotation takes place in the XZ plane in
the positive direction with an angle 0, the direction of the
quaternion used in the rotation operator is the same as the
direction of the rotation axis, meaning #, = j. In this case,
the quaternion generating the first operator, according to
Theorem 1 is:

K = cos 0/2 + j sin 6/2 (7)

Since the second rotation takes place in the XY plane in the
positive direction with an angle of c6, the direction of the
quaternion used in the rotation operator is the same as the
direction of the rotation axis, meaning «, = 4. In this case,
the quaternion generating the second operator, according to
Theorem 1 is:

K= cos (0)/2 + k sin (8)/2 (8)
'The result of transferring vector v to the quaternion space is:
v=(1,0,00 = w=0+1i+ 0j+ 0k = 9)

The vector that is obtained is a pure quaternion. According
to Theorem 2:

- * - * -
For L (w) =K xwx K%L, (m)=K2xmxK*m=K
xwx K

L(w) =(K,xK) w(KxK)* (10)

If K, x K, = Kand for w = i, L(w) = K x i x K* is shown. In
this case:

Elliptical
Orbit

Plane of

Celestial Earth’s Orbit

@A Sphere

Equator

poK

Figure 1. The elliptical orbit made by the actual motion of the Earth (A) the elliptical circle made by the annual motion of the Sun (B).
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K = (cos (0)/2 + k sin (¢8)/2) x (cos 0/2 + j sin 6/2) (11)

K = cos (c0)/2 cos 0/2 — i sin (¢0)/2 5in 6/2 + j cos (0)/2 sin
0/2 + £ sin (c0)/2 cos 6/2 (12)

Accordingly, when the rotation operator produced by the K
quaternion is applied to w= (3,0,0), the pure quaternion W =
(W, W,, W,) is obtained as shown below.

W=Kxw xK* (13)
When calculations are made,

W= (cos O cos (8)) i ,}W,= (sin (8) cos 8) j , W, = (~5sin 0) k
(14)

is found. As a result of transferring pure quaternion W to
the vector space, V= (V, V, VX) is obtained.

For ¢ > 2,0 < 0 < 2n where c is constant

V=X = cosOcos(ch)
V,=Y = cosfsin(ch) (15)
V,=7=—sin0

is found. This is the parametric equation of the spherical
spiral with the radius r = 1 (Figure 2).

It has been possible to express the spherical sphere equa-
tion with the help of the rotation operators. These operators
are produced by the quaternions, the directions of which are

found in the axes Y and Z.

But what if the angle between these two rotational axes is
different from 90°? Can the curve that is formed still be
considered a spherical spiral? Is there an equivalent motion
in nature? If so, how can it be interpreted? To answer these
questions, let us examine the apparent daily and yearly mo-
tion of the Sun (Figure 3). As seen in Figure 3, the angle
between the two rotation axes is different from 90°.

In this paper, it is assumed the apparent motion of the Sun
occurs in ideal conditions. So, it will be accepted that the
apparent motion of the Sun occurs in a circular orbit with a
constant angular velocity in the ecliptic plane.

Now let plane E represent the elliptic plane while plane XY
represents the plane of the celestial equator, and angle & =
23°27 represents the angle which is the angle that is formed
from the intersection of the celestial equatorial plane and
the ecliptic plane (Figure 3). In this case, point represents
(0,0,0)the Earth. In addition, the positive direction of axis X
will represent the Aries constellation.

Let Q, be the quaternion that will realize the motion in the
positive direction around axis N. Let Q," be the quaternion

Karaelmas Fen Miih. Derg., 2023; 13(2):248-254

cos(t) cos(20t)

3D parametric plot  cos(t) sin(20t)

~sin(t)

Parametric plot

Figure 2. Spherical Spiral, ¢ = 20

that will realize the motion in the negative direction around
axis Z. The starting point of the motion is P = (1,0,0) which
coincides with the Aries constellation. The vector OP that
is found in the direction of the Earth-Aries constellation is
v = (1,0,0). First, let this vector be transferred to the quater-
nion space so:

v =(1,0,0) vector = w =0+ i+ Q0 + 0k = ¢ (16)

corresponds to a pure quaternion. The first rotation motion
will be realized around axis u = - j sine + £ cose with 0 angle.
The second rotation motion will be realized around axis k
with a (c0) angle in a negative direction. In this case, the Q,
and Q)" quaternions that will operate as rotation operators,
for a = sin € and & = cos €, are:

Q,=cos 0/2 —j asin 0/2 + & bsin 0/2 and Q,'= cos(c0)/2 - %
sin(c9)/2 (17)

According to Theorem 2 and if Q" x Q,= Q_and w = i then
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AZ
N Elliptical Plane

Equatorial Plane

Figure 3. The system in which the apparent motion of the Sun

occurs.

L{w)=0QxixQ* (18)

So the calculations are as such:

Q=0, x Q,=(cos(c0)/2 - & 5in(c0)/2) x (cos 0/2 —j asin 6/2
+ k bsin 0/2) (19)

O=(cos(c0)/2 cos 0/2 + b 5in(cO)/2 5in 0/2) - i a sin(c0)/2 sin
0/2 —j a cos(c8)/2 sin 6/2 (20)

Accordingly, when the rotation operator produced by the Q_
quaternion is applied to w = (1,0,0),, the pure quaternion W
=(W, w, VVZ) is obtained as shown below.

W=0xixQ
Wohen the calculations are made

W, = (cos(c0)cos O+bsin(c0) sinB )i, W, = (beos(cO)sin 0-sin(c0)
cos0)j, W =(asin®)k (22)

21)

is found. As a result of transferring pure quaternion W to

the vector space, V'= (V,V,,V,) is obtained.

For 0 < 0 < 2m,c = 365.25 (365.25 the number of days in a
year), a = sin 23° 27" and & = cos 23° 27'

Vi =X = cosfcos(ch) + bsin Osin (cO)
V,=X =bsinfcos(cl) — cos O sin (cH)
Vys=Z=asinf

(23)

If the graphic of the equation (23) we obtained above was
drawn, this curve would cover the entirety of the sphere
found between the planes z = - sin 23°27" and z = sin 23°27"
because the constant ¢ is ¢ = 365.25. For this reason, to be
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cos(t) cos(12t) + 0.89sin(t) sin(12t)
3D parametric plot  0.89sin(t) cos(12t) - cos(t) sin(12t)

0.4 sin(t)

Parametric plot

Figure 4. The curve of the apparent motion of the Sun for ¢ = 12.

able to visually show the shape of the curve, ¢ = 12 is chosen
instead of ¢ = 365.25 and this way the graphic shown in Fig-
ure 4 is obtained. According to Gugler et al. (2022).

Ifin equation (23) € = - 90° and it is accepted that the second
rotation occurs in the positive direction, then the parametric
equation of the spherical spiral is procured. This means that
the answer to the question “Can the curve that is formed
still be considered a spherical spiral?” that was posited above
is an affirmative “ Yes, it can still be considered a spherical
spiral.” However, the question arises, “Are there other exam-
ples that can be provided to clarify this subject?”. The answer
to this question is also an affirmative “Yes, there are”.

Another example of this motion is the apparent motion
of the Sun as seen by an observer found on another planet
in the solar system, for example, on planet Venus (Gigler
2023) or Mercury (Gugler 2023). Because the speed with
which these planets move around themselves is much slower
than the speed with which Earth rotates around itself, the
advantages which the use of the method brings are more
clearly apparent.

As it is shown in Figure 4, the curve that is obtained is a
spherical spiral confined to a particular region. So what does
the quaternion used to obtain this curve tell us? To answer
this, we will examine the quaternion Q. For Q = (g,,¢,,)

VAR

Karaelmas Fen Mih. Derg., 2023; 13(2):248-254



Ggler, Ekmekgi / The Interpretation of the Apparent Motion of the Sun Through the Spherical Spiral

qo=(cos(ch) /2cos0/2+ bsin(ch) /2sinb/2)
¢ = (—asin(ch) /2sin 6/2)
g = (—acos(ch) /2sin6/2)

gs = (bcos(ch) /2sinf/2 —sin(ch) /2 cosO/2)

(24)

By showing "Q "= cos /2 + a, sinP/2, a = (9,9, 93)’ we have,
cos P/2 = cos(c0)/2 cos 0/2 + b sin(0)/2 sin 0/2 (25)
From this equation, ¢ angle of rotation can be found.

The Sun completes its motion in the ecliptic orbit in ap-
proximately 365.25 days. Therefore, in one day A6 = 1°,
where A0 is the difference between angle 6, taken by the sun
in x+1 days, and angle 0, taken by the Sun in x days. Due
to this, if we analyse the apparent daily motion of the Sun,
the angular distance between the two points that the Sun
appears in, in the celestial sphere will be A8 < 1°.'This means
that AB/2 <(1/2)°. If we calculate the value of sin AB/2 for
such a small angle the result can be accepted as equal to zero
and the value of cos AB/2 can be accepted as equal to one.
In this case:

cos P/2 = cos(cAB/2) cos AO/2 + b sin(cAB/2) sin

AB/2=cos(cAB/2) (26)
cos P/2 = cos 365,25 (AB/2) = = 365,25 AO (27)
Additionally:
¢ =—asin(cA8/2)sinAG/2 =0
g:=—acos(cAB/2)sinAf/2 =0
gs =bcos(cAB/2)sin AG/2 —sin (cAb) /2cos AO/2 =
—sin (cAB) /2
(28)

The direction th=(gl,gz,g3) of quaternion Q found as a result
of the calculation above, is the same as the direction of Q,’
= cos (¢0)/2 - £ sin (¢0)/2. So o is the same as the axis of
the apparent daily motion of the Sun. This motion occurs
in parallel to the equatorial plane. This is an expected result
because when astronomers study the apparent daily motion
of the Sun, they accept that this motion takes place parallel
to the equatorial plane.

When the angle of rotation ¢ = 365.25 A is converted
from degrees to units of time, the time taken for the Sun to
travel from one point to the other is obtained.

4. Conclusion

First conclusion: Let an object move with the velocity m of
the sphere with a radius r along any great circle of the sphere
and let this object move with the velocity cw, where ¢ > 2,

Karaelmas Fen Miih. Derg., 2023; 13(2):248-254

parallel to XY plane. In this case, this object traces a spiral
confined in a section such as 27sin¥, where O is the small
angle between the plane determined by the great circle and
XY plane. This section lies between two parallel planes that
cut through the sphere. Each plane is located at a distance
equal to the 7sin0 of the XY plane.

Second conclusion: The apparent motion of the Sun can
be shown as an example of the graph described in the first
result. In addition, the quaternion used in obtaining this
curve provides important data for interpreting the apparent
motion of the Sun.
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Characterization, Antioxidant and Antimicrobial Activities of Iron Nanoparticles
Synthesized Using Firethorn Fruit (Pyracantha coccinea Roemer) Extracts

Ates Dikeni Meyvesi (Pyracantha coccinea Roemer) Ekstraktlar: Kullanilarak Sentezlenen Demir
Nanopartikiillerinin Karakterizasyonu, Antioksidan ve Antimikrobiyal Aktiviteleri
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Abstract

The main focus of this study was to explore the biological activity of metal nanoparticles that were green-synthesized from firethorn
fruits. Specifically, iron nanoparticles (Fe-NP) were synthesized from extracts obtained from fruits and seeds of the firethorn plant
(Pyracantha coccinea) grown on Gumushane University’s campus for landscaping purposes. The antioxidant and antimicrobial properties
of both extracts and synthesized iron nanoparticles were evaluated.

To characterize the Fe-NPs, FT-IR spectroscopy, scanning electron microscopy (SEM), and X-Ray Diffraction (XRD) analyses were
performed. The antioxidant activity of the fruit extracts and Fe-NPs was assessed using various antioxidant activity tests, including
ABTS radical scavenging activity, DPPH radical scavenging activity, ferric reducing antioxidant power (FRAP), total phenolic content
(TPC), total flavonoid content (TFC), and total antioxidant content (TAC). The results of all antioxidant activity tests indicated that
the iron nanoparticles exhibited higher antioxidant activity than the fruit extracts.

Moreover, the minimum inhibitory concentrations (MIC) of the fruit extracts and nanoparticles against Gram-negative bacteria
(Yersinia pseudotuberculosis ATCC 911, Escherichia coli ATCC 25922, Proteus vulgaris ATCC 13315, and Pseudomonas aeruginosa
ATCC 43288) and Gram-positive bacteria (Streptococcus pyogenes ATCC 19615, Staphylococcus aureus ATCC 25923, and Bacillus
subtilis ATCC 6633) were determined the using the medium microdilution procedure. Similar to the antioxidant activity findings, the
Fe-NPs demonstrated stronger antimicrobial activity compared to the fruit extracts.

Keywords: Antimicrobial, antioxidant, firethorn, iron nanoparticle, pyracantha coccinea

Oz

Bu caligmanin amaci, ates dikeni meyvelerinden yesil sentez yolu ile elde edilmis metal nanopartikillerin biyolojik aktivitesini
belirlemektir. Giimiighane Universitesi kampiisiinde peyzaj amaciyla yetistirilen ates dikeni bitkisinin (Pyracantha coccinea) meyve ve
tohumlarindan elde edilen ekstraktlardan demir nanopartikiilleri (Fe-NP) sentezlenmistir. Hem ekstraktlarin hem de sentezlenen
demir nanopartikillerinin antioksidan ve antimikrobiyal 6zellikleri degerlendirilmistir.
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Karakullukeu, Akar, Baltact, Diizgiin, Karpuz / Characterization, Antioxidant and Antimicrobial Activities of Iron Nanoparticles Synthesized

Using Firethorn Fruit (Pyracantha coccinea Roemer) Extracts

Fe-NP’leri karakterize etmek i¢in FT-IR spektroskopisi, taramali elektron mikroskobu (SEM) ve X-Isin1 Kirinimi (XRD) analizleri
gergeklestirilmistir. Meyve 6zlerinin ve Fe-NP’lerin antioksidan aktivite etkinligi, ABTS radikal stiptirme aktivitesi, DPPH radikal
stiplirme aktivitesi, demir indirgeyici antioksidan glic (FRAP), toplam fenolik igerik (TPC), toplam flavonoid (TFC) ve toplam
antioksidan igerigi (TAC) gibi antioksidan aktivite belirleme testleri kullanilarak tespit edilmigtir. Tiim antioksidan aktivite testlerinin
sonuglari, demir nanopartikillerinin meyve ekstraktlarindan daha yiiksek antioksidan aktivite sergiledigini g6stermistir.

Ayrica Gram-negatif bakterilere (Yersinia pseudotuberculosis A\TCC 911, Escherichia coli ATCC 25922, Proteus vulgaris ATCC 13315 ve
Pseudomonas aeruginosa ATCC 43288) ve Gram-pozitif bakterilere (Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 25923,
Streptococcus pyogenes ATCC 19615) karst meyve ekstraktlarinin ve nanopartikiillerin minimum inhibe edici konsantrasyonu (MIK),
mikrodiliisyon besiyeri yontemi kullanilarak belirlenmistir. Antioksidan aktivite bulgularina benzer sekilde, Fe-NP’ler meyve ézlerine

kiyasla daha giigli antimikrobiyal aktivite gostermistir.

Anahtar Kelimeler: Antimikrobiyal, antioksidan, ates dikeni, demir nanopartikil, pyracantha coccinea

1. Introduction

Organisms employ various strategies to cope with adverse
biotic and abiotic environmental factors in order to survive.
Animals rely on their mobility, enabling them to flee from
predators, avoid extreme temperatures, and orient them-
selves toward light sources. In contrast, plants, lacking the
ability to move, have evolved different mechanisms to com-
bat these stressors. When faced with environmental chang-
es, plants detect stress conditions and respond at the cellular
level to ensure their survival (Gull et al., 2019). This cellular
response leads to the production of secondary metabolites,
which help minimize the harmful effects of stress on the
plant. Secondary metabolites can be significantly induced
in response to stress (Pagare, 2015; Isah, 2019). These com-
pounds play a vital role in the adaptation of plants to envi-
ronmental changes and also hold economic value as they are
utilized in pharmaceuticals, food flavorings, cosmetics, and
insecticidal chemicals (Thirumurugan, 2018). The primary
types of secondary metabolites include terpenoids, alkaloids,
phenolics, glycosides, tannins, and saponins (Paiva et al.,
2010; Kabera, 2014). These secondary metabolites possess
a wide array of properties, such as anti-inflammatory, anti-
malarial, anthelmintic, analgesic, antimicrobial, antioxidant,
antiarthritic, antidiabetic, antihypertensive, antifungal, an-
ticancer, cardioprotective, antispasmodic, and antihistamine

properties (Zehra et al., 2019).

As plants serve as the primary source of these essential com-
pounds, their importance to human health is substantial. To
determine the biological activities of these compounds in
plants, researchers commonly conduct studies on antioxi-
dant and antimicrobial activity. New methods are contin-
uously being developed to enhance the biological activity
of extracts containing these secondary metabolites from
plants. One such method is the production of nanoparti-
cles through green synthesis using plants in nanotechnol-
ogy. Nanotechnology involves manipulating matter using
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chemical and physical techniques to create materials with
specific properties suitable for various applications (Her-
lekar et al., 2014). While chemical and physical methods
can yield well-defined nanoparticles, they are often costly
and can contribute to environmental pollution (Pattanayak
and Nayak, 2013; Gottimukkala et al., 2017). The alterna-
tive approach of synthesizing nanoparticles from biological
sources, such as microorganisms and plant biomass, is more
economical and environmentally friendly (Pattanayak and
Nayak, 2013). Additionally, nanoparticles derived from bi-
ological materials have unique optical, chemical, photoelec-
trochemical, and electronic properties, making them partic-
ularly interesting for research. This has led to a growing fo-
cus on “green synthesis” procedures using various organisms,
ranging from bacteria and fungi to plants (Mohanpuria et
al., 2008). During metallic nanoparticle green synthesis, a
redox reaction occurs through the reduction capacity of cel-
lular or extracellular compounds, such as carbohydrates, pro-
teins, phenols, organic acids, and other metabolites. These
compounds, whether single metabolites or metal groups,
donate electrons to metal cations, converting them into me-
tallic nanoparticles at the nanometric scale with zero-charge
(Vitta et al., 2020). This reaction typically occurs sponta-
neously at room temperature without requiring significant
changes in pressure and is completed within minutes. Ulti-
mately, the phytochemicals present in plant extracts convert
iron ions into iron nanoparticles (Ebrahiminezhad, 2018).

'The firethorn plant (Pyracantha coccinea Roemer), belonging
to the Rosaceae family, is the subject of this study. This plant
naturally grows in Southern and Southeastern Europe, Italy,
the Balkans, the Crimea, the Caucasus, and Turkey in the
form of shrubs and is also cultivated as an ornamental plant
(Tung et al., 2020). The fruits of the firethorn plant have
been traditionally used in medicine for their diuretic and
heart-tonic properties (Tung et al., 2020).
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The aim of this study is to synthesize iron nanoparticles
from the fruits of the firethorn plant (FF) (Pyracantha coc-
cinea) grown as an ornamental plant for landscaping pur-
poses on the Gumushane University-Main Campus area.
The researchers aim to determine the antimicrobial and an-
tioxidant activities of these nanoparticles and FF extracts
and observe how the activity values change with nanoparti-
cle formation.

2. Materials and Methods
2.1. Sampling
The FFs were collected in November 2022 from plants

grown for landscaping purposes within the campus area of
Gumitigshane University. The collected fruits are left to dry at
room temperature and without light.

2.2. Extraction

First, the dried fruit samples were ground into a powder with
a blender. Then, 500 g of the powdered sample was mixed
with 7.5 L of water. The mixture was boiled in a closed con-
tainer for 2.5 hours and cooled. Then, filtration of aqueous
extract was performed through sieves with pore aperture of
2.00 mm, 1.00 mm, and 0.25 mm, respectively. Then, the
total soluble solids of the FF extract were determined as
4.00%20.25% by analysis with a digital refractometer (Han-
na HI96801, Hanna Instruments, Milan, Italy). The total
soluble solids of the FF extract were then increased to 10%
under a pressure of 150 mbar at 60 °C using a vacuum evap-

orator (Gedikli 2022).
2.3. Preparation of Iron Nanoparticles

In order to prepare iron nanoparticles from FF samples, a
125 mL solution that contains 2 M Fe** and 1 M Fe*? was
prepared from FeCl..6.H,O and FeSO, chemicals. The pH
of 250 mL of FF extract with total solids of 10% was set to
11 with 1.0 M NaOH using a pH meter (OHAUS Starter
3000, Ohaus Corporation, Parsippany, NJ, USA) The solu-
tion was then mixed in a magnetic mixer (500 rpm) while
Fe*?/Fe*® solution was added to the extract mixture at a
speed of 1 second/1 drop. Then the beaker was covered for
60 minutes and mixed at 500 rpm.

Color change (Complete conversion to black) was observed
in the solution due to the formation of Fe ,O,. The result-
ing FF based iron nanoparticle (FF-FeNP) was centrifuged
(NUVE NF 800R) at 12000 rpm. The residue was centri-
tuged with the addition of pure water for washing purposes,
and this step was repeated four times. Finally, drying was
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carried out in the oven at 60 °C (Yusefi et al. 2020, Gedikli
2022).

2.3.1. Characterization of FF-FeNPs

At the East Anadolu High Technology Application and Re-
search Center of Atatiirk University, analyses of FF-FeNPs
using XRD, FTIR, and SEM were conducted. Using the
Opus program on the Bruker VERTEX 70v (Bruker Optik
GmbH, Rosenheim, Germany) device, FT-IR spectrome-
ter readings were done as absorbents at 4 cm™ accuracy 32
times in the 400-4000 range. SEM images and elemental
analyses of nanoparticles were measured through the in-
lens detector in the scanning electron microscope (SEM-
Zeiss Sigma 300, Carl Zeiss AG, Oberkochen, Germany).
The crystal size was examined via the Panalytical Empyrean
XRD (Empyrean, Almelo, The Netherlands) at 45 kV, 40
mA, and 0.05 degrees per second scanning speed.

2.4. Antioxidant Analysis
2.4.1. ABTS radical scavenging activity

150 pL of the sample and 10 mg of Fe-NP was taken, and
2.85 mL of ABTS solution was added. After vortexing the
solution, the mixture was kept in the dark for 2 hours. The
absorbances were read via spectrophotometer (Shimadzu
UV-1800, Kyoto, Japan) at 734 nm. The same procedure
was repeated by taking 150 pL of standard ascorbic acid
(Ahmed et al. 2015).

2.4.2. DPPH radical scavenging activity

100 pL of the sample and 10 mg of Fe-NP was taken, and 3
mL of DPPH was added to the working solution. The mix-
ture was vortexed and held for 30 minutes. A 517 nm spec-
trophotometer reading followed this. The same procedure
was performed for the standard ascorbic acid. The DPPH
radical scavenging activity amounts are calculated as indi-

cated below in Equation 1 (Ahmed et al. 2015).

% inhibition capacity = ((Ac-As)/Ac)) x 100 (1)
Ac: Blind Sample Absorbance

As: Sample Absorbance

2.4.3. Ferric reducing antioxidant power (FRAP)

A 250 pLL sample and 10 mg of Fe-NP was taken, and 2750
pL FRAP solution was added. The mixture was vortexed
and held for 30 minutes. 250 pL were taken from the stan-
dards, and the same procedure was carried out. The quanti-
ties of FRAP substances were determined using the linear
equation of the calibration curve obtained with FeSO, (10,
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25,50, 100, and 200 pl/ml) solution. FRAP was determined
as mg FeSO, equivalent/g (Ahmed et al. 2015).

2.4.4. Total antioxidant capacity (TAC)
500 L of a sample and 10 mg of Fe-NP was added to 2.5

mL of deionized water. Then, 1 mL of molybdate reactive
was added to the mixture. The mixture was vortexed and
incubated at 95°C in a water bath for 90 minutes. The sam-
ples are kept for 30 minutes to reach room temperature after
incubation. The absorbances of the mixtures were read on a
spectroscopic photometer at 695 nm. The same procedure
was followed for the standards. The TAC amount of the
samples was determined based on the linear equation of the
calibration curve generated using the solution of the ascor-
bic acid standard (25, 50, 100, 150, 400, and 800 xg/mL) as
the TAC mg AA equivalent/g sample (Prieto et al. 1999).

2.4.5. Total phenolic content (TPC)

'The total phenolic substance content of the FF was analyzed
using the Folin—Ciocalteu’s reactive (Slinkard and Singleton
1977). In the first phase, a 0.3 mL sample and 10 mg of
Fe-NP was taken, 3.4 mL of pure water was added, 0.5 mLL
of methanol was added to the mixture, and 200 xL of the
Folin-Ciocalteu’s reactive was added. Then, the mixture was
vortexed and held for 10 minutes in room conditions, and
0.6 mL of 10% liquid sodium carbonate solution was added.
After the final mixture was vortexed again, it was incubated
at room temperature in the dark for 2 hours. At the end of
this period, the absorbance value of the mixture was record-
ed by reading on a spectrophotometer at 760 nm. In addi-
tion, a mixture of 500 xL methanol, 100 xL folin—ciocalteu’s
reactive, 600 ;L sodium carbonate, and 3.7 mL water has
been used as a blind.

'The amounts of TPC in the samples are shown as mg GA
Equivalent/L samples based on the linear equation of the
calibration curve generated using gallic acid (160, 120, 80,
60, 40, and 20 pg/mL) solution.

2.4.6. Total flavonoid contents (TFC)

A 150 pL and 10 mg of Fe-NP sample was taken in the
first stage, and 3.2 mL methanol (30% v/v) was added. 150
uL of 0.5 M sodium nitrite solution and 150 xL of 0.3 M
aluminum chloride solution were added to the mixture.
Then 5 minutes waited, and 1 mL of 1 M sodium hydroxide
solution was added. Subsequently, the mixture was vortexed
again, and after a 10-minute wait, the absorbance was read
at 506 nm on the spectrophotometer. The same procedure

was followed for the standards. The TFC in the samples
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were determined by using the linear equation of the calibra-
tion curve generated using the solution of quercetin (25, 50,
100,200, and 400 yzg/mL) as the total flavonoid mg catechin
equivalent/g sample (Kasangana et al. 2015).

2.5. Minimum Inhibition Concentrations (MIC)

MIC of the FF extracts and FF-FeNPs against Gram-neg-
ative (Yersinia pseudotuberculosis ATCC 911, Escherichia coli
ATCC 25922, Proteus vulgaris ATCC 13315, and Pseudo-
monas aeruginosa ATCC 43288) and Gram-positive (Strep-
tococcus pyogenes AT'SC 19615, Staphylococcus aureus ATCD
25923, and Bacillus subtilis ATCB 6633) bacteria was deter-
mined by fluid microdilution method. The concentration of
the FF extract was set at 90-0.17 mg/ml, and the nanopar-
ticle concentration was 60-0.05 mg/mL. The experiments
were carried out using 96 well-plate three times. 50 x/ of
Luria Broth (LB) feed was added to each well (except for
the 12th well), and 100 x/ LB was added to the 12th well.
In order to evaluate sterility control, the 12th well was used.
Furthermore, the eleventh well growth (50 4/ LB and 50 x/
bacteria) was assessed as the control. 50 xL of the FF extract
or the first concentration of the nanoparticles were taken
from the first well to the 10th well. The first concentration
of MIC in which Fe-NPs inhibit the strains, incubated at
37°C, was determined, and ampicillin was used as a control

(Uctincii et al. 2020).

3. Results and Discussion
3.1. Characterization of FF-FeNPs

Researchers have used Fourier transform infrared spectros-
copy (FTIR) to identify phenolic compounds, which are
biomolecules that exhibit capping and reducing properties
in the formation of iron nanoparticles synthesized from bi-
ological sources.

Figure 1 displays the FTIR spectra of iron nanoparticles
and FF extract. Various vibration bands observed in the
range of 650-4000 cm™ indicate that functional groups
are responsible for the reduction of iron (Figure 1). O-H
stretching vibrations of the C-OH and H,O groups were
observed around 3419 cm™ and 3373 cm™. The peak around
1622 cm* shows C=C stretching. C-O-C absorption peaks
of carboxylated acid groups in the structure are seen around

1030 cm'.

Peaks around 1430 and 1388 cm™ indicate polyphenolic
O-H bending and aromatic structure. The peak at 1068 cm™
shows the presence of polyphenols due to the C-N stretch-
ing vibration, which represents aliphatic amines. The groups
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Figure 1. FTIR spectra of firethorn fruit iron nanoparticles (FF-
FeNP) and firethorn fruit extract (FF Extract).

of methyl and methylene belong to the plant extract lipids
caused stretching vibration at the band of 2950 cm™.

The O-H (1250-1310 cm’, 675-815 cm™), C=0 (1690-
1740 cm™), C=C (1520-1590 cm™), N-H (1415-1490
cm™), C-H (2750-2860 cm™), O-H (3310-3390 cm™),
C-0O-C (1025-1195 cm™), C-N (2310-2350 cm™) bands
reported by Khan et al. (2020) seen in FTIR give traces of
aromatic components in the structures examined. The bands
in the spectrum, at 870 cm™ and 668 cm™, are attribut-
ed to CH bending. As described above, it is typical of the
heterocyclic compounds of flavonoids and alkaloids found
in plant extract (Alsammarraie et al. 2018). Therefore, the

FTIR spectra of FF-FeNP produced by green synthesis and
FF extracts exhibit some similar characteristics. The results
indicate that the Fe,O, structure is capped by FF organic
structures. Fico et al. (2000) detected about 30 metabolites
in flowers and fruits of firethorn plant. Both flowers and
fruits of firethorn have been reported to have high flavonoid
content (Fico et al. 2000).

Energy-dispersive X-ray (EDX) spectroscopy in Scanning
Electron Microscopy (SEM) can provide elemental maps
showing properties at the atomic level. The EDX spectra of
Fe-NPs synthesized using FF extracts are shown in Figure
2 and their numerical values are shown in Table 1. The ele-
ments evaluated in EDX analyses are iron, carbon and ox-
ygen. The percentage-to-weight ratios whose elements are
detected in FF-FeNPs are 47.33 for oxygen, 38.46 for car-
bon, and 14.21 for iron. The percentages of carbon, oxygen
and iron atoms were determined as 49.92, 46.11 and 3.97,
respectively. The presence of the Fe and O phase in the EDX
spectra in the samples and their high quantity confirms that
the FF-FeNPs are synthesized at high purity. A high per-
centage of oxygen indicates that nanoparticles are composed
of iron oxide (Demirezen et al. 2019). The presence of car-
bon and oxygen can be due to the organic compounds’ ex-
istence. Gedikli (2022) obtained separate iron nanoparticles
from black tea and green tea. While iron, carbon and oxy-
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Figure 2. EDX spectrum of synthesized firethorn fruit iron nanoparticles (FF-FeNP).
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gen in these iron nanoparticles obtained from black tea were
8.62,40.15 and 46.85 %, respectively, in green tea they were
7.41,41.97 and 49.31 %. Chatterjee et al. (2021) concluded
that the strong presence of iron and oxygen elements in the
EDX analysis of the iron nanoparticle that were synthesized
from rice seeds is a sign of the synthesis of Fe-NPs.

Table 1. EDX element values of Fe-NPs obtained from the fruits
of firethorn plant.

Element % Weight % Atom
C 38.46 49.92
@) 47.33 46.11
Fe 14.21 3.97

Scanning Electron Microscopy images of FEF-FeNPs at
80.00 KX magnifications are given in Figure 3. It has been
observed that FF-FeNPs are nano-sized and spherical. In
Figure 3, the dimensions of the nanoparticles marked in
the SEM images at 80.00 KX were measured as 11.25 and
13.75.

EHT=10.00 kV
WD= 3.1mm

Signal A= InLens
Mag= 80.00KX

DAYTAM

Figure 3. Scanning electron microscopy (SEM) images of the fire-
thorn fruit iron nanoparticles (FF-FeNP).

X-ray diffraction analysis (Figure 4) showed no significant
peak for green synthesized Fe O, NPs. This lack of peaks
indicates an amorphous structure of the nanoparticles pro-
duced (Machado et al. 2014, Wang et al. 2014a, Machado
et al. 2015, Ebrahiminezhad et al. 2016). The presence of
amorphous iron nanoparticle structure has been detected in
previous studies on waste or leaf extracts such as eucalyptus

and sorghum bran (Njagi et al. 2011, Wang et al., 2014a,
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Figure 4. X-ray diffraction (XRD) analysis of synthesized firetho-
rn fruit iron nanoparticles (FF-FeNP).

Wang et al. 2014b). The wide shoulder range of 2 Theta val-
ues between 10° and 20° degrees has been suggested to be
due to the existence of organic materials in leaf extracts as
stabilizing agents for NPs (Wang 2014a, Ebrahiminezhad
et al. 2016).

3.2. Antioxidant Activity

The antioxidant activities of FF extracts and FF-FeNPs ob-
tained by green synthesis were evaluated through six differ-
ent mechanisms (Table 2).

ABTS, a radical scavenging assay, is widely used to deter-
mine the antioxidant activity of compounds. In our study,
the ABTS values of the FF extract and produced Fe-NP
were 7.92 mg/g and TEAC equivalents of 15834.57 mg/g.
It was determined that the capacity of Fe-NPs was much
higher than the FF extract. A study on the extracts of P
coccinea (Keser 2014) showed that ethanol, methanol, and
acetone extracts exhibit higher ABTS and DPPH radical
scavenging activity than BHT. The presence of high phe-
nolic compounds in FF was therefore concluded to be an
excellent source of natural antioxidants (Keser 2014). In an-
other study on the fresh fruits of firethorn, ABTS ethanol
extract was found to be 4.00, and water extract was 0.71 mg

TEAC/g (Sarikurkcu and Tepe 2015).

The scavenging activity of the DPPH radical forms the
basis of the DPPH antioxidant test (Sharma and Bahat
2009). In the present study, DPPH values of the FFs and
FF-FeNP were determined as 11.47+0.26 and 15400+400
mg AA/g, and DPPH % inhibition values were determined
as 91.44+0.44 and 94.97+0.11, respectively. As in ABTS
method, the activity values of Fe-NP in the DPPH method
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Table 2. Antioxidant activities of FF extract and FF-FeNPs.

Analyses Samples Concentration mg/g
. FF extract 7.92 +0.1
ABTS"” mg TEAC
FF-FeNPs 15834.57 +197.53
FF extract 11.47 +0.26
DPPH mg AA
FF-FeNPs 15400 +400
FF extract 91.44 +0.44
DPPH % Inhibition
FF-FeNPs 94.97 +0.11
FF extract 30.55 +0.62
FRAP mg FeSO,
FF-FeNDPs 20368.89 +411.11
FF extract 14.83 +6.52
TAC mg AA
FF-FeNPs 7332.81 +945.32
FF extract 11.46 +0.22
TPC mg GA
FF-FeNPs 5741.67 +771.24
FF extract 46.55 +4.75
TFC mg QUE
FF-FeNPs 8633.33 +642.91

FF extract: Firethorn fruit extract, FF-FeNPs: Firethorn fruit iron nanoparticles, n:3.

were much higher than in the FF extract. Sarikurkeu and
Tepe (2015) measured DPPH values of ethanol and water
extracts of FF as 6.12 + 0.292 and 2.05 + 0.101 mg TEs/g,
respectively. Keser et al. (2014) determined DPPH % inhi-
bition values of the same plant fruit as ethanol (78.73+0.27),
water (27.62+0.09), methanol (93.43+0.81), acetone
(81.18+0.21) and diethylether (7.807.80+0.190.19). Other
studies have also been carried out to determine the activity
value of FFs using the DPPH method (Kerasioti et al. 2019,
Tung et al. 2020, Turu et al. 2020, Sharifi-Rad, 2021).

Another method for measuring antioxidant activity is the
iron-reducing antioxidant power (FRAP) method devel-
oped by Benzie and Strain (1996). FRAP activity values of
FF extracts and FF-FeNPs were measured as 30.55+0.62 mg
FeSO,/g for FF extracts and 20368.89+411.11 mg FeSO4/g
tor FF-FeNP. Similar to the previous methods above, FF-
FeNPs had FRAP values considerably higher than FF ex-
tracts. In other studies on firethorn, the FRAP values of the
FF extract were 3.18 = 0.050 in ethanol extract, 0.73+ 0.082
mg TEs/g fresh fruit in water extract (Sartkurkcu and Tepe
2015), 6.75+0.52 AAE/g (Sharifi-Rad 2021). The FRAP
value of the methanol extract of Himalayan firethorn (Pyr-
acantha crenulata (D.Don) M.Roem.) fruits, which is clas-
sified in the genus Pyracantha, to which the firethorn plant
belongs as well, was 5.40+0.05 mm AAE/100g (Saklani et
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al. 2011), and FRAP value of Pyracantha fortuneana (Max-
im.) Li species water extracts was 18.1 + 0.14 (Fu et al.
2010). Many factors, such as genetic diversity, environmen-
tal factors, and fruit ripening times, may impact FRAP ac-
tivity results in the studies mentioned.

In TAC analysis, which is one of the six antioxidant activ-
ity determination methods used, the activity values of FF-
FeNPs produced in our study were measured quite high-
er than those of FF extracts. TAC values were 14.83+6.52
mg AA/g in firethorn fruit extracts, and 7332.81+£945.32
mg AA/g in Fe-NPs. Sarikurkcu and Tepe (2015) reported
the total antioxidant capacity values of ethanol and water
extracts of FFs as 6.69 + 0.744 and 1.96 + 0.381, respec-
tively, and Sharifi-Rad et al. (2021) reported 3.97 + 0.28
mg AAE/g. These values are lower than our study results.
'The TAC values of the methanol extracts of the Pyracantha
crenulata species in the Pyracantha genus at different con-
centrations were measured in the range of 18.05 -66.68 pM
Trolox equivalents (Pal et al. 2013).

TPC, also defined as secondary metabolites and mostly
found in plant tissues such as vegetables and fruits, show
antioxidant activity as well as antimicrobial (Akar et al.
2020, Baltac: et al. 2022), antifungal (Simonetti 2020, Pos-

samai Rossatto et al. 2021). There are many studies showing
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that it has anticancer and antiangiogenic (Abbaszadeh et
al. 2019), anthelmintic (Kaska et al. 2018), and anti-inflam-
matory (Demir et al. 2019) activities. TPC analysis showed
that TPC values of FF-FeNP were considerably higher than
FF extracts. TPC values of FF extracts and FF-FeNP were
determined as 11.46+0.22 mg AA/g and 5741.67+771.24.
In a study on fresh FF, TPC in methanol and water extracts
were reported as 1.31+0.198 and 0.38+0.022 mg GAEs/g,
respectively (Saritkurkeu and Tepe 2015). Sharifi-Rad et al.
(2021) found the TPC values of methanol extracts of FF to
be 14.48+1.09 higher than the results in this study. How-
ever, there was no significant difference between the two
activity values.

According to the TFC, which is one of the most used
antioxidant analyses, the activity value of FF-FeNPs
(8633.33+642.91) was found to be considerably higher than
the activity value of FF extract (46.55+4.75), in accordance
with previous analyses. Sarikurkcu and Tepe (2015) report-
ed the ethanol and water extract TFC values of firethorn
fresh fruit as 0.22 + 0.014 and 0.03 + 0.002 mg REs/g, re-
spectively. Sharifi-Rad et al. (2021) determined 0.13 + 0.01
mg QE/g in methanol extracts of firethorn fruits.

Although scientific literature has revealed that FF has high
antioxidant activity, there are differences in activity values.
Factors affecting the chemical composition of plants, such
as different solvents used in plant extraction, variations be-
tween different plant parts, individual genetic diversity, dif-
ferent developmental stages of plants, production process
conditions and environmental changes (soil, air, water, pH,
temperature, light, pollutants), may be the reason for these
differences (Figueiredo, 2008, Akar 2021).

'The antioxidant activities of plant extracts based on Fe-NPs
are considerably higher than those of plant extracts. This
situation occurs due to the intense bonding of organic com-
pounds such as alkaloids, flavonoids, tannins, phenols, and
saponins in plant extracts around Fe,O, (Mahendiran et al.
2017, Rehana et al. 2017). Vitta et al. (2020) determined the
antioxidant activities of Eucalyptus robusta Sm plant extracts
and Fe-NP obtained from these extracts using DPPH,
TPC, and TFC antioxidant activity determination meth-
ods. They reported DPPH activity IC50 values as 423.14
pg/mL, 81.63 pg/mL, and 7.19 pg/mL for E. robusta plant
extract, plant extract-derived Fe-NP, and standard querce-
tin, respectively. As seen from the standard in this test, a
lower value indicates higher activity. In the same study, the
values obtained for TPC (158.47 mg GAE /g in plant ex-
tract, 98.21 mg GAE /g in Fe-NP) and TFC (131.12 mg
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QE /g in plant extract; 40.54 mg QE /g in Fe-NP) were
higher in plant leaf extract than in Fe-NP. Vitta et al. (2020)
stated that the low TPC and TFC in nanoparticles might
be due to the reduction reaction include these compounds
in Fe-NP biosynthesis. In addition, regarding the existenc-
es of phenolic compounds in FeNPs, they stated that some
of these compounds were not reduced and were related
to the fact that they could interplay in the stabilization of
nanoparticles.

3.3. Antimicrobial Activity

The antibacterial effects of FF extract and FF-FeNP were
investigated using seven isolates. MIC values in the FF ex-
tract were 20 mg/mL against S. pyogenes and P aerugino-
sa strains, 40 mg/mL against . aureus and P wvulgaris, 10
mg/mL for E. coli, 1.25 mg/mL for Y. pseudotuberculosis and
5 mg/mL for B. subtilis (Table 3). The MIC value of FF-
FeNPs obtained using the plant extract was 0.75 mg/mL for
S. pyogenes, B. subtilis, P vulgaris, E. coli, Y. pseudotuberculosis,
and 8. aureus. The MIC value of Fe-NPs against P aerugino-
sawas 0.375 mg/ml (Table 3).

It was observed that FF-FeNPs from plant extract had 53
times more activity on P aeruginosa, §. aureus, and P vul-
garis, 27 times more on S. pyogenes, and 13 times more on
E. coli than plant extract. It was determined that the plant
extract and FF-FeNPs had 1.7 and 7 times more antimi-
crobial activity against Y. pseudotuberculosis and B. subtilis,
respectively. The plant extract showed the highest activity
against Y. pseudotuberculosis. Fe-NP was found to have the
highest activity against P aeruginosa strain. The antimicro-
bial activity differences were influenced by both the sensi-
tivity of bacteria and the iron oxide content of the nanopar-
ticles, as reported by Ezealigo et al. (2021). Particularly
noteworthy is the higher antimicrobial activity exhibited by

Table 3. Antimicrobial activity of FF extract and FF-FeNPs.

FF Extract MIC FF-FeNP MIC

Bacteria (mg/mL) (mg/mL)
B. subtilis 5 0.75
S. aureus 40 0.75
S. pyogenes 20 0.75
E. coli 10 0.75
P, aeruginosa 20 0.375
P, vulgaris 40 0.75
Y. pseudotuberculosis 1.25 0.75
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green-synthesized Fe-NPs compared to FF extracts against
all bacteria. This enhancement in activity can be attributed
to the presence of plant-specific functional groups on the
surface of the NPs, which significantly contribute to their
increased antimicrobial efficacy. Moreover, the smaller size
of the NPs facilitates their penetration into the bacterial cell
wall, ultimately leading to cell death. Consequently, both the
nanoparticle size and the structure of the bacterial cell wall
play crucial roles in determining the antimicrobial activity
of the nanoparticles, as emphasized by Kanagasubbulaksh-
mi and Kadirvelu (2017).

Studies in the scientific literature have reported that the an-
timicrobial activities of Fe-NPs obtained by using different
plant extracts are high. Antimicrobial activities of aqueous
extracts from the leaves of Eucalyptus robusta Sm species and
Fe-NPs based on these extracts were determined by Vitta et
al. (2020), and they concluded that Fe-NP showed higher
antimicrobial activity than the plant extract against E. co/i,
S. aureus, P aeruginosa, and B. subtilis species. Likewise, in a
study by Irshad et al. (2017), where they compared the an-
timicrobial effects of Punica granatum L. bark extracts and
iron oxide nanoparticles synthesized with these extracts, it
was conclusively demonstrated that the bacterial cell (Pseu-
domonas aeruginosa) experienced denaturation and shrink-
age in response to the treatment with FeNPs. On the oth-
er hand, the treatment with Punica granatum bark extract
alone resulted in relatively less denaturation.

4. Conclusion

Green synthesis was used to produce FF-FeNPs from fire-
thorn fruit extracts. The size and shape of the nanoparticles
were examined using SEM images. Analysis of the EDX
spectra revealed that the Fe-NPs had high purity, with sig-
nificant amounts of Fe and O phases. XRD spectra analysis
indicated that the nanoparticles had an amorphous struc-
ture. The FT-IR analysis results showed the involvement of
polyphenols in the synthesis of FF-FeNPs.

In terms of antioxidant activity, FF-FeNPs demonstrated
higher levels compared to the fruit extracts, as assessed by
various methods, including ABTS, DPPH, FRAP, TAC,
TPC, and TFC. The antibacterial properties of both the FF
extract and FF-FeNPs were evaluated against seven differ-
ent isolates, and it was found that Fe-NPs exhibited stron-
ger antimicrobial activity than the fruit extracts.

These findings suggest that FF-FeNPs, synthesized using
firethorn fruit extracts, possess notable antioxidant and an-
tibacterial activity, making them promising candidates for
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non-toxic and environmentally friendly nano or micro-scale
materials in various applications.
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PPF Lifi ve PET Talas: ile Guglendirilmis Kaolin Kilinin Kayma

Mukavemetinin Incelenmesi

Invesz‘igaz‘ion 0f the Shear Sz‘rengz‘f.) of Kaolin Clay Reinforced with PPF Fibers and PET Flakes

Hiseyin Suha Aksoy* ®, Atakan Yildirim

Firat Universitesi, Mithendislik Fakiiltesi, Ingaat Mihendisligi Bolimi, Elazig, Turkiye

Oz

Zeminin kayma mukavemeti, inga edilecek bir yapinin temelinin tasariminda énemli bir rol oynar. Ingaat mithendisleri mevcut
zeminlerin, yap: yiikiini tagtyabilecek durumda olmasini beklerler. Ancak zaman zaman yap: yikind tagtyamayan zayif zeminler ile
karsilagilmaktadir. Bu nedenle bu tiir zeminlerin mithendislik 6zelliklerinin iyilestirilmesi gerekmektedir.

Bu ¢aligma kapsaminda, dustik plastisiteli bir kil olan kaolin kilinin mukavemeti, Polipropilen Elyaf (PPF) lifleri ve Polietilen Tereftalat
(PET) talaglar1 kullanilarak laboratuvar ortaminda arttirilmaya ¢alisilmigtir. PPF lifleri dustik maliyeti ve dayanikhiligindan dolays,
PET talaglar1 ise hem ekonomik olmasi hem de gin gegtikge artan kat: atik hacminin azaltilmas: amaciyla tercih edilmistir. Bu amagla
kaolin kiline agirlik¢a %0, %0.5, %1.0, %1.5 ve %2.0 oranlarinda PPF lifleri ve PET talaglar: ilave edilerek karigimlar olusturulmug
ve Proctor deneyleri yardimiyla optimum su muhtevalar: (wopt) ve maksimum kuru birim hacim agirliklar: (ykmaks) belirlenmistir.
Proctor sikiliginda hazirlanmig numuneler tizerinde serbest basing deneyleri yapilmistir. Yapilan deneyler sonucunda katkili kaolin
kilinin mukavemetinde dikkate deger artiglar oldugu tespit edilmistir. Optimum su muhtevasinda ve Proctor sikilifinda hazirlanan
numuneler tizerinde yapilan deney sonuglarina gére %2.0 PPF eklenen kaolin kilinin serbest basing mukavemeti, katkisiz kaolin
kili numunelere gére %116 oraninda artig gostermistir. Ayni oranda PET katkus: ile iyilestirilen kaolin kilinde ise serbest basing
mukavemeti %36 artig gostermistir.

Anahtar Kelimeler: Kil zemin, polietilen tereftalat, polipropilen elyaf, zemin iyilestirme

Abstract

The shear resistance of the soil plays an important role in the design of the foundation of a structure to be built. In civil engineering,
existing soils are expected to be capable of bearing structural loads. However, sometimes weak soils that cannot carry the load of the
building can be encountered. Therefore, it is necessary to improve the engineering properties of such soils.

In this study, the strength of kaolin, a clay with low plasticity, was investigated in the laboratory using Polypropylene (PPF) fibers
and Polyethylene Terephthalate (PET) flakes. While PPF fibers were preferred due to their low cost and durability, PET flakes were
preferred because they are both economical and reduce the volume of solid waste that is increasing day by day. For this purpose, by
adding 0%, 0.5%, 1.0%, 1.5%, 2.0% PPF fibers and PET flakes by weight to kaolin clay, optimum water content (wopt) and max. dry
unit volume weights (Ykmax) were determined. Uniaxial compression tests were carried out on the samples prepared in Proctor density.
As a result of the experiments, it was determined that there was a significant increase in the strength of the reinforced kaolin clay.
According to the test results performed on the samples prepared with optimum water content and Proctor density, the unconfined
compressive strength of kaolin clay with 2.0% PPF increased by 116% compared to the pure kaolin clay samples. On the other hand,
unconfined compressive strength increased by 36% in kaolin clay improved with PET additive at the same rate.

Keywords: Clay soil, polyethytilene tereftalat flakes, polyproplene fibers, soil improvement
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1. Girig

Gevsek veya yumusak zemin tzerinde yap: ingaat: oldukea
risklidir ¢iinkd bu tiir zeminlerin, zayif tagima giict ve yiik-
sek sikismasindan dolay: agir1 ve farkli oturmalar gériilmesi
mumkiin olacaktir. Zemin iyilestirmesinin amaci zeminin
muhendislik 6zelliklerinin herhangi bir yap: icin yeterli
olmadig1 durumlarda, zeminin mihendislik 6zelliklerinin
iyilestirilmesi ve zeminin yapilacak ingaat icin elverisli hale
getirilmesidir (Bilgen 2020a, Afsar ve Bilgen 2021). Ze-
min iyilestirilmesinde kullanilacak olan malzemelerin ma-
liyeti ucuz olmali, ¢evreye zarar vermemeli ve zorlu gevre
kosullarina dayanikli olmalidir. Bu tiir avantajlari nedeniyle
polipropilen lif (PPF) kullanim: zemin iyilestirmesi i¢in ol-
dukga uygundur (Aksoy vd. 2021). Dayanikliligindan, digtik
maliyetinden ve kolay bulunabilirliginden dolay: PPF uygu-
lamasi ¢ogu geoteknik mihendisligi problemleri i¢in etkili
bir ¢6ziim olabilir (Prabakar ve Sridhar 2002, Maliakal ve
Thiyyakkandi 2013). Insanligin siirdiirilebilir gelisimi igin
yeni tekniklerin ve konseptlerin kavramsallagtirilmas: ve
yurttilmesi, yaygin ve biyik bir sekilde atidan belirli atik-
larin biytik miktarinin dénistiirilmesini ve yeniden kulla-
nilmasini mimkiin kilmak gereklidir (Bilgen ve Altunbas
2023). Literatirde zeminin gii¢lendirilmesi i¢in geri do-
nistlirilmis polietilen tereftalat (PET) talaslar kullanimini
oneren arastirmalar mevcuttur (Botero vd. 2015). PET ta-
laglar, polyester ailesinden gelen bir termoplastik polimer-
dir. Mekanik ve termal 6zellikleri arasindaki iligki ve ucuz
maliyetinden dolayr PET 1990’1 yillarin sonunda diinya
tretiminde 2.4 * 10" kg tretime ulasarak, diinya genelin-
de en ¢ok tretilen termoplastik tiirti olmugtur (Romido vd.
2009). Amerikan Birlesik Devletleri'nde 2013 yilinda yerli
kaynaklardan geri donustiirilmek i¢in yaklagik 0.81 milyon
kg PET sise toplanmigtir (NAPCOR 2016). 2013 yilinda
Amerika Birlesik Devletleri’'nde sige tUretiminde kullanilan
toplam PET miktari 2.61 milyon kg'dan yiksektir (Louza-
da vd. 2019). Zemine ilave edilen liflerin roliinii tanimlama-
ya yonelik ilk yaklagimlar, 6nceden belirlenen bir zemin ile
birlikte kullanilacak olan lifin zeminin tagima gliciine kat-
kisina odaklanmigtir (Wu 1976 ve Waldron 1977). Cesitli
calismalarda tek eksenli deneyler, direkt kesme deneyi ve
ti¢ eksenli deney kullanilmakta ve sonuglarin ¢ogu takviye
edilen liflerin etkinliini gostermektedir (Al-Refeai 1991,
Ranjan vd. 1996, Trindade vd. 2006, Dos Santos vd. 2010,
Festugato vd. 2017, Peddaiah vd. 2018, Fathi vd. 2020, On-
yelowe vd. 2019). Literatiir incelendiginde, zeminlere ilave
edilen PPF lif ve PET talas gibi polimer ilavelerin zeminin
mukavemetinin artmasinda etkili oldugu gérilmiistiir. Tlave
edilecek malzemelerin orani killi zeminlerde %1.5 civarinda
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olmasinin uygun olacag: sonucuna varmistir (Castilho vd.
2021). Zemin iyilestirilmesi yapilirken dikkat edilmesi ge-
reken konulardan biri de gevre kirliligidir. Ciinkd zeminin
glgclendirilmesi tizerine ¢ok sayida etkili materyal vardir ve
bu materyallerin bir kismi ¢evre tzerinde kirlilige neden
olabilir. PPF ¢evreye zarar vermemektedir. Biitin bunlara
ek olarak PPF biitin lif tipleri arasinda en hafifidir. Polyes-
ter ve naylondan sirastyla %34 ve %20 daha hafiftir. Dolgu
ingaatlarinda Polipropilen se¢ilmesinin bir diger nedeni ise
sicaklik degisimlerinin etkisidir. Polipropilen -55 derece ci-
varina kadar esnek kalmaktadir. PPF digiik su emilimine
sahiptir. PPF ile giiclendirilmis ve gii¢lendirilmemis ze-
minlerin stinekliligi kiyaslandiginda, gliclendirilmis zemi-
nin stinekliliginde artig oldugu gozlemlenmistir (Aksoy vd.
2021). PPF’in geoteknik mithendisligindeki en popiiler uy-
gulamalar set, dolgu, temel, alt temel ve sev stabilitesi prob-
lemleridir (Li ve Ding 2002, Tang vd. 2007, Unnikrishnan
vd. 2002). Maher (1988), Maher ve Gray (1990) rastgele
dagitilan fiberlerle gii¢lendirilmis zeminin gerilme — sekil
degistirme davranisimi belirlemek icin ti¢ eksenli deneyler
yuritmistir. Bu durumda, zeminin nihai mukavemetinde
onemli bir artig gézlemlenmigtir. Wang (1999) zemin iyiles-
tirmesinde, zeminde ve betonda takviye lifi olarak hali atig1
kullanmugtir. Yazar naylon ve PPF hali atigs tiirlerini betona
takviye olarak kullanilmasini 6nermistir. Yaptig1 ¢aligmalar
sonucunda gii¢clendirilmis zeminlerin mukavemetlerinin ve
stinekliliginin arttigini belirlemistir. Bazi aragtirmacilar, sen-
tetik lifler ile giiclendirilmis kohezyonlu iki zemin tipiyle
(kil ve siltli kil) ¢aligmistir (Calvo 2006, Calvo vd. 2007).
Laboratuvar deneylerinde, sentetik liflerin eklenmesinden
sonra zeminin mekanik 6zelliklerinde énemli artiglar mey-
dana geldigini tespit etmistir. Kilin mukavemetindeki arti-
sin, siltli kildekinden daha fazla oldugunu belirlemiglerdir.
Ayrica lif boyu arttik¢a zemin mukavemetinde artis oldugu
gozlemlenmistir.

Bu ¢aligmada, laboratuvar ortaminda killi bir zemine ag1r-
likga farkli oranlarda PPF lifleri ve PET talaglar1 eklenerek
kilin mukavemet parametrelerinin degisimi incelenmistir.
Daha 6nce yapilmig ¢aligmalarin ¢ogunda PET siseler serit-
ler halinde kesilmis ve zemine katilarak kullanilmigtir. Ancak
PET sigeler, sanayide seritler haline getirilmeden parcalayi-
cida kirilarak talag haline getirilmektedir. Dolayis: ile PET
malzemesinin biiyiik miktarda temin edilmesi ancak talas
formunda mimkindir. Bu nedenle yapilan ¢alismada PET
talaginin kullanilmasi uygun gérilmistiir. Bu amagla ilk ola-
rak katkisiz kaolin, Proctor sikiliginda hazirlanarak serbest
basing mukavemeti belirlenmigtir. Ardindan kil zemine PPF
liflerin ve PET talaglar1 agirlik¢a farkli oranlarda eklenerek
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(%0.5, %1.0, %1.5, %2.0) Proctor sikiliginda zemin numu-
neleri hazirlanmig ve serbest basing deneyi yapilmistir. Ya-
pilan serbest basing deneylerinin kiyaslanmas: sonucunda,
Proctor sikihiginda hazirlanan kil zemine agirlik¢a eklenen
PPF elyaflarinin PET talaglara gore zeminin mukavemeti-
nin iyilestirilmesinde daha etkili oldugu belirlenmistir.

2. Gereg ve Yontemler
2.1. Kullanilan Malzemeler
2.1.1. Kaolin Kili ve Ozellikleri

Kaolin ($ekil 1) volkanik kayaglarin veya granitin kimyasal
ayrigmast sonucunda meydana gelmektedir. Icerisinde bulu-
nan minerallere gore rengi farkliik gostermektedir. Ancak
kaolin genellikle dogada beyaz renkte bulunan bir kil tiri-
dur (C)zpolat 2020).

Bir yapinin temelleri altinda killi zeminlerin varlii bir¢ok
problemi beraberinde getirmektedir. Yapilan deneysel ¢alis-
malarda, iyilestirilecek ve zemin deneyleri gergeklestirilecek
olan kaolin kili Balikesir b6lgesinden temin edilmis olup bu
kilin 6zellikleri Cizelge 1'de verilmistir.

Kil zeminin dane boyutunun belirlenmesi i¢in hidrometre
analizi yapilmistir. Deneyler sonucunda elde edilen granii-
lometri egrisi Sekil 2'de gorulmektedir. Kullanilan kaolin
kilinin yaklagitk %96’sinin 200 nolu elekten gectigi tespit
edilmigtir.

Kaolin kilinin kivam limitlerini belirlemek icin likit limit
ve plastik likit deneyleri yapilmistir. Bu deneyler sonucunda
elde edilen veriler Cizelge 2'de gorilmektedir.

Cizelge 1: Kaolin kilinin genel 6zellikleri (Ozpolat 2020).

Ozellikler Degerler

Beyazlik (%) 89.38
D, :13
Dane boyutu (pm cinsinden) <10 pm:97.1
<2 pum:60.8
SiO, = 58.40
. ALO, =38.74
Kimyasal I¢erigi (%) 273
Fe,O,=1.86
TiO,=0.63
Nem Orani (%) 0.37
pH 6.83
Sekil 1: Kaolin kili. - Ozgiil Agulik (Gs) 2.63
100
90 \
80 \
70
S N
2 E
: S
40 =
:E 30 \
20 \
10 S
0
1 0.1 0,01 0,001
Dane Capi (mm) Sekil 2. Kil grantilometri egrisi.
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Cizelge 2. Kil malzemenin LL, PL ve IP degerleri.

Kivam Analizleri (%)

Likit Limit (LL) 28
Plastik Limit (PL) 16
Plastisite Indisi (IP) 12

Yapilan deneyler sonrasinda kaolin kilinin optimum su
muhtevasini ve maksimum kuru birim hacim agirhgini be-
lirlemek i¢in standart Proctor deneyi yapilmistir. Herhangi
bir katk: maddesiyle karigtirilmadan saf haldeki kaolin kili
saf su ile yogurulup standart Proctor deneyine tabii tutul-
mugtur. Yapilan standart Proctor deneyi sonucu elde edilen
veriler Cizelge 3'de gorilmektedir.

Cizelge 3: Kaolin kilinin kompaksiyon parametreleri.

Optimum Su ig:erigi, Wone (%) 18.30
Maksimum Kuru Birim Hacim Agirlik,

3 1.66
Viemar (&/€m*)

2.1.2. Polipropilen Elyaf (PPF) ve Ozellikleri

PPF (Sekil 3) propilen polimerizasyonundan elde edilen
dogrusal sentetik elyaf polimer tirtdir. Disiik yogunluk-
lu olma, yiiksek mukavemeti olma ve korozyona dayanakl
olma gibi avantajlara sahiptir (Liu vd. 2021). Cizelge 4de
PPF’in fiziksel 6zellikleri verilmistir.

Cizelge 4. PPF’in fiziksel 6zellikleri (Li vd. 2014).

Ozgiil Agirlik (G) 0.91
Elyaf Uzunlugu, L (mm) 18.00
Elyaf Kalinlig1 veya Cap1, D (mm) 0.03
Boy / En Oram1 (L,/ D) 600
Yogunluk (kN / m?®) 8.927
Cekme Mukavemeti (MPa) 350
Elastisite Modiilii (IMPa) 3500

2.1.3. Polietilen Tereftalat (PET) ve Ozellikleri

PET talaglar (Sekil 4), tiketim sonrast icecek siseleri olan
PET’ten iretilen termoplastik polimer tiridir (Ekopet
Geri Déntigim San. Tic. A.S.). Bu ¢aligma kapsaminda kul-
lanilmig olan PET talaslar istenilen boyutlarda hazir temin
edilmigtir. Tirkiye’nin hemen her bélgesinde toplamda 15
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—20 adet PET talas tiretim tesisi bulunmaktadir. Bu tesisler,
pet siseleri toplayip, etiketlerinden, kapaklarindan ayirip te-
mizledikten sonra parcalayarak 1 mm boyutuna kadar kii¢ik
pargalara ayirmakta ve ticari mal olarak degerlendirmekte-
dirler.

Sekil 4. PET talas.

PET talaglarin Ekopet Geri Déniistim Laboratuvari’'nda
yapilan deneyler sonucunda elde edilen fiziksel 6zellikleri
Cizelge 5de verilmistir.

2.2.Yontem

Belirlenen oranlarda katki maddeleriyle karistirilan killi
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Cizelge 5. PET talas fiziksel 6zellikleri (Ekopet Geri Déniigiim San. Tic. A.S.).

Ozellikler Birim \Y Maks Test Metot
I¢sel Viskozite, IV dl/g 0.70 0.75 ASTM D 4603
Hacimsel Yogunluk kg/m? 285 350 1SO 12418-2:2012
pH - 6 7.5 PH Metre

Su i({‘erigi % 0.30 0.70 1SO 12418-2:2012
Pul Boyutu mm 8 12 ISO 12418-2:2012
PVC Atug: ppm 10 50 I1SO 12418-2:2012
Poliolefin atig: ppm 10 50 1SO 12418-2:2012
Diger Atiklar ppm 10 50 I1SO 12418-2:2012
Renk - %20 Mavi %80 Agik -
Paketleme Agirlig: kg 1100 -

zeminler, optimum su muhtevalarini ve maks. birim hacim
agirliklarin belirlemek i¢in standart Proctor deneyi yapil-
mustir. Bu bélimde Proctor sikiliginda hazirlanan kaolin

Cizelge 6. Kaolin kili - PPF karigimlarinin standart Proctor
deneyi sonuglari.

Agirlik¢a . Maksimum Kuru
kiline PPF ve PET talaglarin agirlik¢a farkli oranlar1 (%0.5, Oranlar Optimum Su Birim Hacim Agirlik
9%1.0,%1.5,%2.0) eklenerek yapilan minyatiir Proctor dene- % ’ Igerigi,w_,% Yo o, gr/em® ’
yinden bahsedilecektir. Minyatiir Proctor aletiyle hazirlanan —
kil numuneleri serbest basing deneyine tabii tutulmustur. 0.5 16.70 1.65

1. 17. 1.

2.2.1. Standart Proctor Deneyi 0 730 63

1.5 17.60 1.62
Zeminlerin sabit, hareketli ve dinamik yiikler altinda mey-

d .. e e 2.0 18.20 1.61
ana gelecek oturmalari ve zeminin ge¢irimliligini azaltarak

su almasini 6nlemek ve tagima giictini arttirmak amaciyla,
tabakalar halinde serilerek mekanik araglar vasitast ile su ve
dane hacmi sabit iken havanin digar1 atilarak sikigtirilmasi

olayina kompaksiyon denilmektedir (T'S 1900-1,2006).

Proctor metodu, numuneleri belli bir enerji ile sikigtirarak
her agamada su muhtevasini arttirmak suretiyle tekrarlaya-

rak zemin numunesinin optimum su muhtevas: ve maksi- 0.5 17.60 1.65
mum kuru birim hacim agirligini belirlemeye yarayan deney i ' -

yontemidir (Akan ve Keskin 2018, Bilgen 2020b). 1.0 17.00 164
Proctor deneyleri, ASTM D-698 standartlarina gore ya- L5 18.00 1.63
pilmistir. Bu ¢aligma kapsaminda elde edilen kompaksiyon 2.0 18.20 1.62

egrisi Sekil 7'de ve katkisiz kaolin kilinin optimum su muh-
tevasi ve maksimum kuru birim hacim agirhigi Cizelge 3’te
verilmisgtir.

Kaolin kiline agirlik¢a farkli oranlarda PPF lifler ve PET
talaglar eklenerek (%0.5, %1.0, %1,5, %2.0) elde edilen kari-
simlar standart Proctor deneyine tabii tutulmustur. Standart
Proctor deney sonuglar: Cizelge 6 ve Cizelge 7'de verilmistir.
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Cizelge 7. Kaolin kili — PET talag: karigimlarinin standart
Proctor deneyi sonuglari.

Maksimum Kuru
Birim Hacim Agirlik,
gr/cm?

Agirlik¢a
Oranlar,
%

Optimum Su

igerigi, W0 %

Ykmak’

Serbest basing deneylerini yapabilmek i¢in standart Proc-
tor deneti ile belirlenen su muhtevalarinda karigimlar ha-
zirlanmig ve Minyatir Proctor aleti (Sekil 5) kullanilarak
sikigtirilmistir. Bu iglemin sonucunda 3.77 cm ¢apinda, 7.69
cm ytksekliginde silindirik zemin numuneleri (Sekil 6) elde
edilmigtir.
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2.2.2. Serbest Basing Deneyi

Serbest Basing Deneyi, genellikle suya doygun normal kon-
solide killi zeminlerde kayma mukavemetinin belirlenmesi
icin kullanilan bir deneydir (Sat: 2016). Kaolin kili, PPF
lifleri ve PET talaglar1 kullanilarak elde edilmis numuneler
ASTM D2166-06 Standardina uygun sekilde serbest ba-
sing deney aleti ile 0.5 mm/ dk yikleme hiziyla kesilmistir.
Eksenel yiik ile ytklenen numune, bir noktadan sonra yiik
alamaz hale gelmis ve uygulanan eksenel yiik degeri diigme-
ye baslayinca deney sonlandirilmigtir. Bu esnada okunan en
yiiksek eksenel yiik degeri numunenin o andaki kesit alani-
na boélinerek gerilmeye dontstirilmistir. Bu sayede elde
edilen birim boy kisalmasina denk gelen eksenel gerilme
egrileri ¢izilmigtir. Eksenel gerilmenin maksimum oldugu
deger numunenin serbest basing mukavemet degeri olarak
belirlenmistir.

3. Bulgular ve Tartigma

Laboratuvar ortaminda yapilan ¢aligmalar sonucunda ka-
olin kiline PPF ve PET talaglarin agirlik¢a farkli oranlari
eklenmis olup numunelere serbest basing deneyi yapilmgtir.
Yapilan deneyler sonucunda katkisiz kaolin kili ve katkili
kaolin kilinin mukavemetleri kiyaslanmugtir. Katkisiz kaolin
kiline PPF ve PET talaglarin agirlik¢a farkli oranlar: eklene-
rek yapilan Standart Proctor deneyi sonucunda elde edilen
kompaksiyon egrileri Sekil 7de verilmistir. Elde edilen ve-
riler sonucunda, her iki katki icinde katkisiz kaolinin opti-
mum su muhtevasi ve kuru birim hacim agirlik degerlerinin

daha yiiksek oldugu gézlemlenmistir

Kaolin kiline PPF ve PET talaslarin agirlik¢a farkli oranlar
eklenerek yapilan serbest basing deneyi sonucunda elde edi-
len gerilme — sekil degistirme egrisi Sekil 8'de gosterilmistir.

Cizelge 3'de gorildugu tzere katkisiz kaolin kiline yapilan
standart Proctor deneyi sonucunda optimum su muhtevasi
ve maksimum kuru birim hacim agirhik degerleri sirasiyla
%18.30 ve 1.66 gr/cm?® olarak belirlenmistir. Sonra PPF ve
PET talaglarin agirlik¢a farkli oranlari eklenerek yapilan
deneyler sonucunda, agirlikca %0.5 eklenen PET talaslar
ile hazirlanan kaolin kiline yapilan standart Proctor deneyi
sonucunda optimum su muhtevas: ve maksimum kuru bi-
rim hacim agirlik degerleri sirasiyla %17.60 ve 1.65 gr/cm?,
agirlik¢a %0.5 eklenen PPF katkus: ile hazirlanan kaolin ki-
line yapilan Standart Proctor deneyi sonucunda optimum
su muhtevast ve maksimum kuru birim hacim agirlik de-
gerleri sirastyla %16.70 ve 1.65 gr/cm? olarak belirlenmistir.
Sekil 9da goruldugt tzere, agirlik¢a eklenen PPF ve PET
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Sekil 6. Kaolin kiline uygulanan serbest basing deneyi.

talaglarin oranin artmasiyla optimum su muhtevasinin artti-
g1 gozlemlenmis olup, maksimum kuru birim hacim agirhik
degerinin ise diistigi belirlenmigtir.

Serbest basing deneyi sonucunda katkisiz kaolin kilinin
maksimum mukavemeti 2.02 kg/cm? olarak belirlenmistir.
PPF ve PET talaglarinin agirlk oraninin arttirilmasiyla
serbest basing mukavemeti degerlerinde artis oldugu géz-
lemlenmistir. Proctor sikiliginda hazirlanan kaolin kiline
agirlikca %2.0 oranda PPF ve PET talaglar eklenerek ha-

zirlanan numuneye serbest basing deneyi yapilmugtir. Ci-
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Sekil 7. Katkisiz kaolin kili ve agirlikca farkli oranlar:
eklenen PPF (A) ve PET talaslarin (B) kompaksiyon

egrisi.

Sekil 8: A) PPF (B) PET talag malzemelerinin gerilme
- deformasyon egrisi.
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—e—pET
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@ Katki Orani (%)
167
§
e
x 1,
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s 1,
£. —6—PET
2
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B
-1
5
Z 16
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Katki Orani (%) Sekil 9. Su muhtevasi — katki oran iliskisi (A) kuru
birim hacim agirligi-katk: orans iliskisi (B).

zelge 8 ve Cizelge 9'da gortldigl tzere, yapilan deneyler
sonucunda serbest basing mukavemeti sirastyla PET talag
ve PPF i¢in 2.76 kg/cm?, 4.36 kg/cm? olarak elde edilmigtir.
Sekil 10'da elde edilen veriler sonucunda katkili kaolin kili-
nin mukavemetinde saf haline gére PET talas i¢in%36, PPF
icin %116’lik artiglar oldugu tespit edilmistir.

4. Sonug ve Oneriler
Bu ¢alismada laboratuvarda kaolin kili ile PPF ve PET

katkilar1 karigtirilmis ve Proctor sikiliginda hazirlanan nu-
muneler tizerinde serbest basing deneyleri yapilmigtir. PET
katkis1 geri dontigim tesislerinden temin edilmis olup nere-
deyse sifir maliyetli bir malzemedir. PPF katks: ise tiretim
tesislerinden hazir olarak temin edilmis bir malzemedir ve
atik bir tirin olmadig icin daha yiiksek maliyetlidir. Yapi-
lan deneyler sonucunda, kaolin kiline eklenen PPF ve PET
katkilarinin kaolin kilinin serbest basing mukavemetini art-
tirdig belirlenmigtir. PPF katkisinin, life benzer bir yapi-
ya sahip olmasi (Boy/En=600) ve PET ile kiyaslandiginda
daha digiik birim hacim agirhigina sahip olmasindan dola-
yt PPF katkisinin daha diisiik oranlarda bile mukavemeti
yeterli oranda arttirdigi gozlemlenmistir. PET talaginin lif
benzeri bir yapiya sahip olmamasindan dolay1 ve Boy/En
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Cizelge 8. Kaolin kiline PET talaglarin agirlikca farkli oranlari
eklenerek hazirlanan numunelerin serbest basing deneyleri
sonrasinda elde edilen serbest basing mukavemetleri

Serbest Basing Mukavemeti

PET Talas % (kg / c?)
0.5 2.58
1.0 2.66
1.5 2.71
2.0 2.76

Cizelge 9. Kaolin kiline PPF liflerin agirlik¢a farkli oranlar:
eklenerek hazirlanan numunelerin serbest basing deneyleri
sonrasinda elde edilen serbest basing mukavemetleri.

Serbest Basing Mukavemeti

PPF % (kg / m?)
0.5 2.40
1.0 2.97
1.5 3.53
2.0 436
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oraninin yaklagik 1 civarinda olmasi nedeniyle donati gorevi
gorememis ve agirlikea %0.5 oranindan sonra zemin-PET
talagt karigiminin mukavemetinin ¢ok fazla artmadig1 goz-
lemlenmistir.

Optimum su muhtevasinda ve Proctor sikiliginda hazir-
lanan numuneler tzerinde yapilan deney sonuglarina gére
%2.0 PPF eklenen kaolin kilinin serbest basing mukaveme-
ti, katkisiz kaolin kili numunelere gére %116 oraninda artig
gostermistir. Ayni oranda PET katkisi ile iyilestirilen kaolin
kilinde ise serbest basing mukavemeti %36 artig gostermis-
tir.

Hem PPF hem de PET katkilarinin kaolin igerisindeki
agirlikca ylizde oranlari arttik¢a karigimlarin birim hacim
agirhiklarinin azaldig belirlenmistir. Ayrica optimum su
muhtevalarinin ise 6nce azaldigi ve daha sonrasinda arttig
goézlemlenmistir.

Her iki katk: i¢inde artan katk: oranlariyla kaolin zemini-
nin mukavemeti stirekli artig gostermigtir. Ancak yiiksek
maliyeti ve zemini iyilestirmesindeki basarisi da géz oniine
alindiginda PPF katkisinin killi zeminlerde agirlikga %0.5
oraninda kullanilmasinin yeterli olacag: belirlenmigtir. PET
katkis1 ise atik bir malzeme olup tek maliyeti geri doniisiim
i¢in yapilan harcamalardir. Bu nedenle PET katkisinin ze-
minde daha yiiksek oranlarda kullanilmasi hem mukave-
meti artiracak hem de dogaya atilan kati atiklarin hacminin
azaltilmasimi saglayacaktir. Yukarda sayilan nedenlerle killi
zeminlerde %2.0 ve daha yiiksek oranlarda PET katkisinin

kullanilmasinin uygun olabilecegi sonucuna varilmistur.
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=03 PPF

—S—PET
Sekil 10. Kaolin kiline PPF ve PET
talaglarin agirlik¢a farkl oranlari eklenerek

2,5 hazirlanan numunelerin serbest basing
deneyi sonrasinda elde edilen maksimum
gerilme degerleri degisimi.
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Analyzing the Quality Dimensions of Flooring Products with the Integration of the Garvin Model and
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Oz

Désemeler, yapilarda katlari birbirinden ayiran ve tizerlerinde yuriinebilen, beklenebilen ve vakit gegirilebilen yap: elemanlaridur.
Désemeler degisik etkilere maruz kaldigindan beklenen fonksiyonlar: yerine getirebilmeleri icin uygun bir sekilde malzemelerle
kaplanmast gerekir. Artan ulusal ve uluslararas: rekabet ile gesitli ve degisen tiiketici zevkleri nedeniyle, zemin kaplama endustrisinin
triin kalitesini gelistirmesi 6nem arz etmektedir. Bu ¢alismada, zemin kaplama trtinlerinin kalite boyutlar: tanimlanmis ve bu boyutlar
uzman bilgisine dayali bir karar verme yaklagimu ile analiz edilmistir. Literatiirde sik¢a kullanilan Garvin modeli ¢evrecilik, ekonomiklik
ve giivenlik boyutlar1 eklenerek sekiz boyuttan on bir boyuta genisletilmistir. Onerilen on bir kalite boyutu aralik degerli Fermatean
bulanik AHP y6ntemi ile degerlendirilmistir. Caligmanin bulgular, uygunluk, performans ve dayaniklilik boyutlarinin rekabetgi kalite
agisindan oldukea 6nemli oldugunu géstermistir. Tlaveten, uygulanan yéntemin ¢iktilar: kargilagtirmali analiz ile gliglendirilmistir.

Anahtar Kelimeler: Analitik hiyerarsi prosesi, aralik degerli fermatean bulanik kiime, tirtin kalite boyutlar1, zemin kaplama endistrisi

Abstract

Floorings are the construction elements that divide the building into different levels and can be walked, waited, and spent time on
them. Since floorings are exposed to different forces, they should be properly covered with materials in order to fulfill their expected
functions. Due to the increasing national and international competition and diverse and changing consumer pleasures, it is important
for the flooring industry to improve product quality. In this study, the quality dimensions of flooring products are defined, and these
dimensions are analyzed by an expert knowledge-based decision-making approach. The Garvin model, which is frequently used in
the literature, is expanded from eight dimensions to eleven dimensions by adding environmentalism, economy, and safety dimensions.
The proposed eleven quality dimensions are evaluated by the interval-valued Fermatean fuzzy AHP method. The findings of the
study demonstrate that conformance, performance, and durability dimensions are highly important in terms of competitive quality.
Additionally, the outputs of the applied method are strengthened by the comparative analysis.

Keywords: Analytic hierarchy process, interval-valued fermatean fuzzy set, product quality dimensions, flooring industry

1. Girig

Désemeler, yapilarda katlari birbirinden ayiran ve tzerle-
rinde yirtinebilen, beklenebilen ve vakit gegirilebilen yap1
elemanlaridir. Yatay tasiyict olan désemelerin ana iglevleri,
kat yuklerini tagiyict elemanlara iletmek ve uygun bir zemin
olusturmaktir. Degisik etkilere maruz kalan désemelerin
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beklenen fonksiyonlari yerine getirebilmesi i¢in 6nemli olan
bilesenlerden biri malzeme kaplamasinin uygunlugudur.
Masif aga¢ malzeme, ahgap-esasl malzemeler, PVC, tas ve
seramik déseme kaplama maksadiyla kullanilabilen malze-
melerdendir (Dongel 2005, Dongel vd. 2008).

Isletmelerin ¢ogu giiniimiizde iki 6nemli zorlukla karg: kar-
stya kalmaktadir. Bir¢ok trtin ve hizmet kategorisinde hem
fiyata hem de kaliteye dayali rekabet artmaktadir. Kalite,
karmasik ve ¢ok yonlii bir kavramdir. Uriin kalitesi, en genis
anlamda, bir UrGnin tiiketici beklentilerini kargilama veya
agma yetenegidir (Hoe ve Mansori 2018). Kalite, miisteri
memnuniyetini belirlemede ve etkilemede 6nemli bir rol
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oynar ve is stratejilerinin de en 6nemli bilegenidir. Yiksek
trtin kalitesi isletmelerin rekabet giictini artirmada kilit bir
unsur olarak gériliir. Uriin kalitesinin tanimlanmast, 6lgiil-
mesi ve gelistirilmesi i¢in bir ¢erceve olarak Garvin (1984)
tarafindan sekiz kritik kalite boyutu onerilmistir: perfor-
mans, ozellik, givenilirlik, uygunluk, dayaniklilik, hizmet
gorme yetenegi, estetik ve algilanan kalite (Jaskulska 2013).
Bu sekiz boyutun optimal konfigiirasyonunu igeren bir tiriin
rekabetci kalite saglar; diger bir deyisle, bu boyutlar arasin-
da stratejik dengenin kurulmas: artan kiresel rekabet orta-
minda faaliyet gosteren isletmelerin basarisi icin 6nemlidir

(Kumar vd. 2021).

Literatirde, cesitli trtin gruplar: icin kalite boyutlarini be-
lirleme ve onceliklendirme gayesiyle bazi ¢aligmalar yuri-
tilmustir. Sinclair vd. (1993), ofis mobilyalarinin degerlen-
dirilmesinde 6nemli olan kalite boyutlarini aragtirmiglardir.
Karnes vd. (1995), giyim endistrisinde trtin kalitesinin
tiketici bakig agistyla 6lgtimi i¢in analitik hiyerarsi prosesi
(AHP) yonteminin kullanimini 6nermislerdir. Ayrica, ilgili
kalite boyutlarinin énem sirasini su sekilde belirlemigler-
dir: 6zellik, goriniim, dayaniklilik, kaliteli gérinti, uyum,
konfor, giivenilirlik, giysi bakimi ve igcilik. Sebastianelli ve
Tamimi (2002), urtin kalite boyutlar: ile kalitenin tanim-
lanmas: arasindaki iligkiyi aragtirmiglardir. Caligmaya ka-
tilan igletmelerin ¢ogu, kalitenin kullanici tarafindan nasil
tanimlandig ile ilgilenmigtir. Kianpour vd. (2014), mevcut
trin kalite boyutlarina ¢evre dostu boyutunun eklenmesini
onermiglerdir. Wudhikarn vd. (2015a), en uygun ¢at: Urii-
niind analitik ag sireci ile se¢mek i¢in Garvin'nin bes kalite
boyutunu ve yasam dongtisii maliyetlerini dikkate almiglar-
dir. Wudhikarn vd. (2015b), yeni gelistirilen tiriinler arasin-
dan se¢im yapmak icin analitik ag stireci yontemi ile Monte
Carlo analizini onermislerdir. Sharma ve Kumar (2016),
toplu tagima sektorinde Griin-hizmet kalite boyutlarinin
degerlendirilmesi i¢in siradan bulamik AHP yontemini
onermiglerdir. Hazen vd. (2017), yeniden tretilen trtnlerin
algilanan kalitesinin kullanim 6mrd, 6zellik, performans ve
hizmet gérme yetenegi boyutlarina dayanan ¢ok boyutlu bir
yap1 oldugunu 6ne siirmiiglerdir. Ozveri ve Kabak (2018),
isletmelerin Griin kalitesinin etkinligini 6l¢mek i¢cin bulanik
veri zarflama analizi yontemini kullanmiglardir. Gouda vd.
(2019) yesil kalite boyutlarini belirlemek i¢in karbon ayak
izi yaklagimi ile Garvin modelini bitiinlestirmis ve karar
cercevesine izlenebilirlik ve standardizasyon boyutlarin: ek-
lemislerdir. Cavdar ve Zerdali (2020) tarafindan yirutiilen
anket ¢calismasinda, beyaz egya, tiiketici elektronigi, elektrik-
li ev aletleri, mobilya, ev tekstili, giyim, ayakkab: ve mobilya
triin gruplan tiketicilerin perspektifinden incelenmistir.
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Caligmalarinda, Garvin modeli gevrecilik ve fiyat boyutlar
ile genigletilmistir. Kumar vd. (2021), en iyi-en kot yonte-
mini kullanarak polimer endiistrisi i¢in Griin kalite boyutla-
rint siralamiglardir. Luczak vd. (2022), basketbol ayakkabi-
larinin kalite agisindan siniflandirilmast i¢in insan faktorleri
mithendisligini ve Garvin modelini dikkate almiglardur.

Uriin kalite boyutlarinin 6nemi ayni degildir. Giivenilir ve
bilgilendirici sonuglar elde etmek i¢in uzman gorisleri top-
lanmali ve bilimsel bir teknikle analiz edilmelidir. En po-
ptler bilimsel tekniklerden biri ¢ok kriterli karar vermedir
(CKKYV). Bu teknik, karmagik karar durumlarini ve stiregle-
rini karar destek araclariyla inceler. CKKV tekniginin temel
amaglari, birbiriyle ¢elisen birden ¢ok kriteri 6nceliklendir-
mek ve kargilagtirma matrislerine dayali olarak bir aday kii-
mesinden en iyi alternatifi segmektir (Kim ve Chung 2013).
CKKYV agirliklandirma yontemlerinden biri olan AHP ge-
nellikle digerlerinden daha pratik ve 6nemli 6zellikler gos-
terir. Bu yontemde, karar vericilerin bilgilerine, tecriibelerine
ve diistincelerine gore kriterler ve alternatifler degerlendi-
rilir. AHP yontemi, karar problemlerini hiyerarsik olarak
yapilandirir ve basit ikili karsilagtirmalar yoluyla en uygun
karari belirler. Hiyerarsik yapilar, karmagik karar problemle-
rinin basitlestirilmesine ve kolaylikla ¢6zilmesine yardimct
olur. Bireysel yargilarin tutarsizligini kontrol edebiliyor ol-
mas1 kararlarin kalitesini ve giivenilirligini yukseltir (Singer
ve Ozgahin 2023). Degerlendirme siirecinin bulanik dogast
nedeniyle karar elemanlarinin dogru ve net derecelendirme-
lerinin yapilmas: zordur. Kesin sayisal yargilar elde etmek
problemin karmagikligi, diisinmenin sinirhiligs, 6znellik ve
verilerdeki sinirlamalar nedeniyle birgcok uygulamada kolay
degildir. Insan yargilari, cogunlukla kesin degildir ve kesin
sayisal degerler ile yeterince temsil edilememektedir. Karar
vermede, genellikle s6zel etiketler tercih edilir. Bu kapsam-
da, bulanik kiimeleri CKKV yontemleri ile butiinlestirmek
6nemlidir. Karar verme siirecinin daha esnek ve uygun hale
getirilmesi i¢cin AHP yonteminin genisletilmesi ve en uygun
kararin daha kesin bir gekilde tanimlanmasina izin veren
bulanik bir yaklagimin olusturulmas: gerekir (Zavadskas vd.
2020).

Bulanik mantik,insan muhakemesini taklit eder. Karar verici
degerlendirmelerinin belirsizligi ile baga ¢ikmak i¢in bulanik
kiime teorisi saglam bir aractir (Bostancioglu 2021). Bulanik
derecelendirmeler ve olgekler, karar vericilere bilgi dogruluk
duzeylerini daha iyi ifade etme olanad: saglar (Zavadskas
vd. 2020). Aralik degerli Fermatean bulanik kiime, siradan
bulanik kiimenin oldukga yeni varyantlarindan biridir. Bu
kimenin tye olma, tiye olmama ve tereddit parametreleri
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esnek aralik degerleri ile tanimlandig icin belirsizlikler daha
net bir gekilde ele alinir. Aralik degerli Fermatean bulanik
kime, karar vericilerin kesin sayisal degerlendirmeler yapma
ile ilgili endiselerini gidermek i¢in olduk¢a uygundur (Ilieva
ve Yankova 2022). Bu nedenlerle, AHP yontemi belirsiz-
liklere karg1 saglam sonuglar elde etmek i¢in aralik degerli
Fermatean bulanik kiime ile glincellenmistir. Literatiirde,
farkli karar problemlerini ¢6zmek i¢in Fermatean bulanik
kiime temelli AHP yaklagimlar: kullanilmistir (Alkan ve
Kahraman 2023, Camci vd. 2022, Zeng vd. 2022). Ayrica,

literatiirde farkli CKKV yontemlerinin Fermatean bulanik
kiime ile birlestirilmesine yonelik ¢esitli ¢caligmalar da yii-
ritilmistir. Cizelge 1, dikkate deger Fermatean bulanik
kiime temelli bazi CKKV ¢aligmalarini sunmaktadir. A¢iktir
ki, aralik degerli Fermatean bulanik AHP y6nteminin tirtiin
kalite boyutlarinin degerlendirilmesi i¢in kullanimi ve ayri-
ca zemin kaplama endiistrisine uygulanmas: yeni konsepttir.
Literattirdeki bu bosluk, aralik degerli Fermatean bulanik
AHP yoéntemi ile zemin kaplama tirini kalite degerlendir-
me modeli tasarlamak i¢in 6nemli bir motivasyondur.

Cizelge 1. Fermatean bulanik kiime temelli CKKV ¢aligmalari.

Yazar(lar) CKKYV yontemi Konu
Keshavarz-Ghorabaee vd. (2020) WASPAS Yesil tedarikci degerlendirme

Gul vd. (2021) TOPSIS Mesleki risk degerlendirmesi
Ayyildiz (2022) SWARA Surdurtlebilir kalkinma amaglar
Camci vd. (2022) AHP Tedarikgi se¢imi

Ilieva ve Yankova (2022) TOPSIS COVID-19 agdarinin degerlendirilmesi
Kirigei vd. (2022) ELECTRE Biyomedikal malzeme se¢imi
Mishra vd. (2022a) COPRAS Desalinasyon teknolojisi se¢imi
Mishra vd. (2022b) CRITIC, EDAS Ugiincii parti tersinseeici);mitik servis saglayicis
Rani ve Mishra (2022) WASPAS E-atik geri dontsimi

Rani vd. (2022)

CRITIC, COPRAS

Turizm degerlendirmesi

Simi¢ vd. (2022)

MEREC, CoCoSo

Kentsel ulagim planlamasi

Yang vd. (2022) TOPSIS Liman degerlendirme
Zeng vd. (2022) AHP Cevrimici 6gretim kalitesi degerlendirme
Alkan ve Kahraman (2023) AHP Tedarik zinciri dijital dontisim stratejilerinin

onceliklendirilmesi

Deliktas vd. (2023)

Birlestirme operatorlerine
dayali agirliklandirma, Hedef

Omriinii tamamlamug binalar kapsaminda
stirdirilebilir tedarik zinciri yonetimi

programlama
Deveci vd. (2023) SWARA Stirdirtlebilir madencilik i¢in risk degerlendirmesi
Farid vd. (2023) CODAS Surdirilebilir tedarikgi secimi
Fetanat vd. (2023) MEREC, REGIME Negatif emisyon teknolojilerinin
onceliklendirilmesi
Gorgiin vd. (2023) FUCOM, MAIRCA Blokzincir teknolojisi se¢im sistemi
Hooshangi vd. (2023) TOPSIS Giines enerjisi ¢iftlik yeri belirleme
Rao ve Sujatha (2023) WASPAS Tibbi atik aritma teknolojisi se¢imi
Saha vd. (2023) MARCOS Depo yeri se¢imi
Simic vd. (2023) ITARA, MARCOS T1ibbi atik dezenfeksiyon tesisi yer se¢imi

Zeng vd. (2023)

TOPSIS, Entropi

Disiik karbonlu sehir degerlendirmesi

CRITIC: Kriterler arast korelasyon yoluyla kriterlerin énem tespiti, CoCoSo: Kombine uzlasik ¢éziim, CODAS: Birlestirilebilir mesafe bazl
degerlendirme, COPRAS: Karmagik nisbi degerlendirme, EDAS: Ortalama ¢6zim uzakligina gore degerlendirme, ELECTRE: Gergegi agiklayan
eleme ve se¢im, FUCOM: Tam tutarlilik yontemi, ITARA: Kayitsizlik esigi temelli nitelik oran analizi, MEREC: Kriterlerin kaldirma etkilerine dayali
yontem, MAIRCA: Cok nitelikli ideal-gercek kargilagtirma analizi, MARCOS: Uzlasma ¢oziimiine gore alternatiflerin 6l¢tlmesi ve siralamasi, SWARA:
Adim adim agirlik degerlendirme oran analizi, TOPSIS: 1deal ¢ziime benzerlige gore tercih siralama, WASPAS: Agirliklandirilms biitiinlesik toplam

carpim degerlendirmesi.
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1.1. Amag ve Katks

Zemin kaplama tirtnleri, ingaat sektériinde ve mekén tasari-
minda sik¢a kullanilmakta olup, karar vericilerin beklentile-
rinin kargilanmasi acgisindan Ustiin kalitede olmalari 6nem-
lidir. Ancak, zemin kaplama trtinlerinin kalite boyutlarinin
degerlendirilmesi hususunda literatiirde bir bosluk bulun-
maktadir. Kalite boyutlarinin analizi rin gelistirme, tasa-
rim ve satin alma siirecleri agisindan 6nemlidir. Ote yandan,
farkli drtin gruplar ile ilgili kalite boyutu degerlendirme
sureglerinde belirsizliklerin ele alinmasi agisindan gegmis
caligmalar eksiklikler icermektedir. Bu ¢aligmanin amact, ze-
min kaplama triinleri igin kalite boyutlarini Garvin modeli
temelinde incelemek, zemin kaplama tirtini kalite degerlen-
dirme problemini uzmanlarin bakis agisindan ele almak i¢in
aralik degerli Fermatean bulanik AHP y6ntemi ile bir karar
cergevesi olusturmak ve zemin kaplama endistrisine faydal
bir kilavuz sunmaktadir. Mevcut ¢alisma, Garvin modelini
cevrecilik, ekonomiklik ve giivenlik boyutlar: ile genisleterek
daha kapsamli bir ¢ok kriterli analiz ger¢eklestirmektedir.
Onerilen on bir kalite boyutunun degerlendirilmesi bulanik
CKKYV problemi olarak ele alinmakta ve problemin uzman
perspektifinden ¢6ziimi i¢in aralik degerli Fermatean bula-
nik AHP yontemi kullanilmaktadir. S6z konusu yontemin
bu alana ilk kez uygulanmas: ¢aligmanin bir diger yeniligini
sunmaktadir. Sonug olarak, mevcut ¢aligma zemin kaplama
endustrisine kalite degerlendirmesi i¢in yeni bir bakis ac1-
s1 sunmakta ve kalite karar stireglerine rehberlik edebilecek
degerli bilgiler saglamaktadur.

2. Gereg ve Yontem
2.1. Genigletilmis Garvin Modeli

Kalite, tiiketicilerin ¢ok sayida benzer irtin arasindan han-

gisini satin alacaklarina karar verirken etkili bir faktordiir.
Tiiketicilerin Urtin kalitesini 6nemsedigi gercegi, isletmele-
rin gelecekte varliklarini stirdiirebilmeleri i¢in trtinlerinin
kaliteli olmasina 6zen gostermesine bir neden saglar. Bir
trtnin kalitesinin kontrol edilebilmesi ve iyilestirilebilmesi
icin kalitenin tanimlanmas: ve 6liilmesi gerekir. Uriin kali-
tesinin nicellestirilmesi i¢in uygun degerlendirme kriterleri
belirlenmelidir. Garvin (1984) iriin kalitesinin tanimlan-
masina, 6l¢tilmesine ve gelistirilmesine yardimer olmak igin
sekiz boyuttan olusan bir ¢erceve sunmustur. Performans,
ozellik, gtvenilirlik, uygunluk, dayaniklilik, hizmet gérme
yetenegi, estetik ve algilanan kalite Garvin modelini olustu-
ran kalite boyutlaridir (Sekil 1) (Ghylin vd. 2008). Bu kalite
boyutlar: arasindan performans, 6zellik ve dayaniklilik triin
acisindan ele alinirken, giivenilirlik ve uygunluk temel tre-
tim bakus acisiyla ilgilidir. Estetik, algilanan kalite ve hizmet
gorme yetenegi ise siklikla kullanicinin tanimlamasiyla ilgi-
lidir (Chen vd. 2009). Garvin'in sekiz kalite boyutu, genis
bir diriin yelpazesini kapsayan saglam bir karar ¢ercevesidir
ve urtinlerin degerlendirilmesine yonelik dogru nitelikleri
se¢mek icin iyi bir baslangi¢ noktasidir. Garvin modeli, bir
trtinde kaliteyi agiklayan 6nemli yonleri géz 6niinde bulun-
durarak kaliteye genel bir bakis sunar (Sousa ve Voss 2002).

Kalitenin sekiz kritik boyutu agagidaki gibi kisaca agiklana-
bilir (Garvin 1984, Wudhikarn vd. 2015b).

= Performans: Bir tirliniin temel islevsel 6zelliklerini tem-
sil eder. Uriiniin performans ozelliklerinin 6l¢iilmesi
genellikle kolaydir. Bu nedenle, performans boyutundan
yararlanilarak benzer triinler arasinda 6nceliklendirme
veya siniflandirma yapilabilir.

*  Ozellik: Uriine cekicilik katan ve temel fonksiyonu ta-
mamlayan karakteristiklerdir.
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Sekil 1: Uriin kalitesinin boyutlar.
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»  Giwvenilirlik: Uriiniin belirli bir siire icerisinde bozulma
ve arizalanma potansiyelini belirtilir. Birim zamandaki
ariza orani ve arizalar arasi ortalama siire giivenilirlik ile
ilgili gostergelerden bazilaridir.

= Uygunluk: Uriiniin tasariminin ve isleyis 6zelliklerinin
standartlara uyma derecesidir.

* Dayanikhilik: Bir trtiniin ne kadar siire kullanilacagin
olger. Teknik olarak, tiriiniin onarimin imkénsiz oldugu
bir noktaya kadar bozulmadan 6nce kullanima dayanma
yetenegi olarak tanimlanir.

*  Hizmet gorme yetenegi: Onarim kolayligi, hiz, yeterlilik
ve nezaket ile ilgilidir. Sikéyetleri ele alma ve vaka ¢6zme
mekanizmalari bagarisiz olursa, musteriler servis hizme-
tinden memnun olmayabilir.

» Estetik: Bireyin yargisini ve kisisel tercihini icerdigi i¢cin
ozneldir. Uriiniin nasil goriindiigi, sesi, tadi veya koku-
su hakkinda basit sorular estetik ¢ekiciligi 6l¢mek icin
kullanilir.

= Algilanan kalite: Kalitenin trlin 6zelliklerinden ziyade
itibar, marka adi, imaj veya reklam ile temsil edilmesidir

(Garvin 1984, Wudhikarn vd. 2015b).

Isletmeler secilen birkag boyutta rekabet etmek zorunda ka-
labilir. Bir tirtin i¢in kalite boyutlarindan birine yiiksek 6nce-
lik ayrilabilirken, digerlerine daha az 6ncelik verilebilir. Re-
kabet avantaji elde etmek icin stratejik olarak 6nemli kalite
niteliklerini tamimlamak ve bunlardan yararlanmak esastur.
Garvin modeli, kalitenin degerini en Gst dizeye ¢ikarmaya
yardimet bir gergeve saglar. Ancak, geleneksel Garvin mo-
deli baz1 eksikliklere sahiptir. Uriiniin kalitesine ve miisteri-
nin memnuniyetine etki eden glintimiiziin giincel boyutlari
ile Garvin modelinin genisletilmesi gerekir. Ayrica, meveut
literatlir zemin kaplama endstrisi i¢in kalite boyutlarinin
karar destek araglariyla analizini ihmal etmektedir. Bu ¢a-
lismada, ti¢ farkli boyutun ilave edilmesiyle zemin kaplama
trtinlerinin degerlendirilmesini amaglanmaktadir. Mevcut
Garvin modeline gevrecilik, ekonomiklik ve glivenlik boyut-
lar1 eklenerek on bir boyuttan olusan zemin kaplama trtini
kalite degerlendirme modeli 6nerilmis ve aralik degerli Fer-
matean bulanik AHP y6ntemi ile boyutlar arasindaki 6nce-
likler ortaya cikarilmistir. Onerilen boyutlar asagida kisaca
aciklanmigtir.

= Cevrecilik: Uriiniin ¢evreye yonelik olumlu/olumsuz et-
kilerinin durumuna dair dl¢tttur.

= Ekonomiklik: Uriiniin degerini ve yol agtig1 kalite mali-
yetlerinin toplamini belirtir.

280

* Givenlik: Uriiniin kullanimi ile herhangi bir zararin
veya yaralanmanin meydana gelip gelmeyeceginin ol¢t-
tudir. Tasarim ve saglik agisindan ele alinir. Hem triin

hem de kullanict bakss agist ile ilgilidir.
2.2. Aralik Degerli Fermatean Bulanik Kiime

Bulanik kiime teorisi, keskin sinirlarin ve kesin sayilarin ol-
madig1 karar problemlerinin ele alinmasinda ve ¢oklu ve ge-
ligen kriterler altinda kararlarin modellenmesinde etkilidir
(Diaz vd. 2022). Bu ¢aligmada, aralik degerli Fermatean bu-
lanik kiime belirsizligi iyi bir sekilde ele almasi, poptlerligi,
kullanighligs ve glincelligi gibi yonleri géz 6niinde bulundu-
rularak tercih edilmigtir (Rani vd. 2022). Bu bulanik kiime
ti¢ boyutludur ve tiye olma, tiye olmama ve tereddiit derece-
leri [0,1] araligindaki sayilarla temsil edilir. Bu bulanik ki-
medeki kisitlama, tiye olma ve tiye olmama parametrelerinin
ilgili Gst sinirlarinin kiip toplaminin 1'den kiigiik veya esit
olmasidir (Ilieva ve Yankova 2022). Aralik degerli Ferma-

tean bulanik kiime ile ilgili baz: tanimlar agagida verilmigtir.

Tanim 1: Bir aralik degerli Fermatean bulanik kiime (F)
Denklem (1) ile temsil edilir (Rani ve Mishra 2022).

F={a[ (), ttr. (2) L[ 05 (2),05 (x) ]

Burada; ¢ (z) ve vr (z) sirastylaiiyeolmaveiiyeolmamadere-
cesini gosterir. Ayrica, 0 < sy, (z), tr (@), 05, (x), 00 (z) <1
ve (pn(z))+(vs(z)) <1 gibidir. Tereddiit derecesi
Denklem (2) araciliiyla hesaplanabilir.

z) =[V1= (e (2)’ = (vs (@))°,
V1= (10 (@)" = (05, ()]

Tanm 2: F= ([/,4%,/1?] [vap]) Fo= ([ ph, i) [0, 05])
ve Iy = ([ ph, pf ) [vF,0%]) iig aralik degerli Fermatean bu-

lanik say1 ve A > 0 olmasi durumunda ana aritmetik islemler

sunlardir (Sergi vd. 2022):

Y(ur ) +(uh) — (k) (k)
\/(/lm)d‘i'(/lh)& (/Jh-‘.)s(/llfz)d

yreXy (1)

)

:|7['UF1'UFZ,'UF1'UF ])
3)

V(o) + (o) — (k) (vk)', ])
V(i) + (k) — (vh) (vR)

o

F1®F2 = ([#éx#Fz)#FlﬂF ]a

(4)

F=(41=0= ()" ¥1-0- D) @, H)])

(5)

Fr=([ (5% (1D V1= 1= ) ) 41— (11— D)) ])
(6)
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2.3. Aralik Degerli Fermatean Bulanik Analitik

Hiyerarsi Prosesi

AHP yontemi, karmagik karar problemlerini basitlegtir-
mek ve ¢ozmek i¢in siklikla kullanilir. AHP streci, dort ana
adimdan olusur: hiyerarsi olusturma, ikili kargilagtirmalar
yapma, tutarlilik kontroli ve onceliklerin sentezi (Singer ve
Ozgsahin 2018). Karar problemi ayristirilarak hiyerarsik bir
yapt olugturulur. Bu yap:1 genellikle amag, kriterler ve alter-
natifler listesini icerir. Ayni seviyedeki elemanlar bir deger-
lendirme 6l¢cegi kullanilarak tist seviyedeki elemana gore iki-
1i kargilagtirilir. Karar verici gorislerine gore her seviye i¢in
ikili kargilagtirma matrisleri olusturulur (Tripathi vd. 2022).
Ancak, kesin sayilarla karar elemanlarinin kargilagtiriimas:
karar vericinin sinirh bilgi ve becerisi nedeniyle her zaman
mumbkiin olmayabilir. Cok sayida karar elemaninin oldugu
bir siiregte belirsizlik kaginilmaz olmaktadir. Dilsel etiket-
lerin kullanimi ile karar verme y6ntemlerinin uygulanabilir-
ligi artmaktadir. Bu nedenle, klasik AHP yontemi bulanik
kimeler ailesi ile biitiinlestirilerek modifiye edilmistir (Efe
ve Kurt 2018, Verma ve Chandra 2021). Bulanik AHP yak-
lagim1, Zadeh (1965) tarafindan tanitilan bulanik kiime teo-
risinden ortaya atilmistir. Bu yaklagim, olagan matematiksel
terimlerin agiklayamadig: belirsizligi dilsel etiketler aracili-
giyla ele alir. Alkan ve Kahraman (2023), klasik AHP yon-
temini aralik degerli Fermatean bulanik kiime ile birlestiren
bir ¢aligma sunmustur. Bu ¢aligma dogrultusunda, ele alinan

Cizelge 2. Aralik degerli Fermatean bulanik AHP 6lgegi.

karar problemini ¢6zmek i¢in uygulanan aralik degerli Fer-
matean bulanik AHP prosediirii su sekildedir:

Adim 1: Karar elemanlari Cizelge 2'deki aralik degerli Fer-
matean bulanik AHP 6lgegine gore ikili karsilagtirilarak ka-
rar matrisi olugturulur.

fu flz fln
Ju fe o [

Denklem (7)de F, bulanik ikili kargilagtirma matrisini; Jiy i.
karar elemaninin ;. karar elemanina gére derece tercihini; 7
ise incelenen karar elemanlarinin sayisini belirtir.

Adim 2: Tkili karsilagtirmalarin tutarhgi Denklem (8) ile
kontrol edilir. 0.10’un altindaki tutarlilik oranlari kargilagtir-
ma sonuglarinin kabul edilebilir oldugunu géstermektedir.

(=) o

rastgele tutarlilik indeksi

tutarlilik orani =

Burada; A, matrisin maksimum 6zdegerini gosterir. Saaty
(1977) tarafindan 7’nin farkli degerleri i¢in 6nerilen rastgele
tutarlilik degerleri Cizelge 3’te goriilebilir.

Adim 3: Farklar matrisi (D = (dl.j)”x”) Denklem (9) ve Denk-
lem (10) araciligiyla elde edilir.

Aralik degerli Fermatean bulanik sayx

Dilsel etiket

|30 Py Vi Vy
Kesinlikle diistik 6nemli - KDO 0 0 0.95 1
Cok diisiik 6nemli - CDO 0.1 0.2 0.8 0.9
Diisiik 6nemli - DO 0.2 0.3 0.7 0.8
Biraz diisiik 6nemli - BDO 0.35 0.4 0.6 0.65
Esit 6nemli - EO 0.5 0.5 0.5 0.5
Biraz yiiksek 6nemli - BYO 0.6 0.65 0.35 0.4
Yiiksek 6nemli - YO 0.7 0.8 0.2 0.3
Cok yiiksek 6nemli - CYO 0.8 0.9 0.1 0.2
Kesinlikle yiiksek 6nemli - KYO 0.95 1 0 0

Cizelge 3. Rastgele tutarlilik indeksi.

Rastgele tutarhilik degeri 0 0 0.58

1.12

1.32
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diit = ﬂ?// - Uf}% (9)
difv = ﬂ?]l - v?ﬁ (10)

Adim 4: Carpimsal matris (§ = (s,) ) Denklem (11) ve

i/ nxn

Denklem (12) kullanilarak olusturulur.
S, — 3\/ 1000% (1 1)
Sijy — 3V 1000 (12)

Adim 5: Tereddiit dereceleri (7" = (ty)””) agagidaki esitlige

gore hesaplanur.

Adim 6: Normalize edilmemis agirliklar (R = (rij)m) Denk-
lem (14) uygulanarak hesaplanr.

by = 1 _(/l?jv -

Ty = ( S ; S )tif (14)

Adim 7: Net nihai agirhiklar (w) asagidaki denklem yardi-

muyla hesaplanir.
Z” Ty
Yy n Z Ty

(15)

3. Uygulama
3.1. Karar Verme Cercevesi

Bu ¢alismada, zemin kaplama triinlerinin kalite boyutlar
tanimlanmig ve bu boyutlar uzman bilgisine dayal: bir ka-
rar verme yaklagimi ile analiz edilmigtir. Aragtirma meto-
dolojisi, ti¢ ana agamadan olusmaktadir. Tlk agamada, litera-
tiir aragtirmast ve uzman gorusleri dikkate alinarak Garvin
modeli genigletilmigtir. Ardindan, trtn kalite boyutlarinin
agirlik vektortind belirlemek icin aralik degerli Fermatean
bulamik AHP y6ntemi kullanilmigtir. Son agamada, nihai bir
siralama sonucu elde etmek i¢in 6nceliklendirme prosediirii
baglatilmigtir. Caligmanin isleyisi Sekil 2'de gosterilmigtir.

Azama | Problemin yaplandinimas

Agama 2 Afirhk hesaplama

Amacin tanmlanmas)

.| [kili karsilastirma matrisinin ngast

v v

Uzmanlarin belirlenmest

Karjilaghirmalann tutarl bk analizi

—
}
—

v

Garvin modelinin yeni kalite

1z
boyutlan ile genigletitmesi i

'

Arahk defierli Fermatean bulamk
degieriendirme dlgefinin segilmest

e —

] ,'.llI -
dy = =
+ - 5, =  1000°
Carpimsal matrisin elde edilmesi [ . - Jyoor?
: Tlendi [ =1-( -2
Agama 3: Oneeliklendimme Tereddit derecelerinin tespiti oy~ :
=¥, ==

¥

Uriin kalite boyutlammn
agrliklara pire siralanmasa

Afirhklar matrisinin olusturilmas:

¥

Karzilagtirmal analiz

i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
: Farklar mairisinin alugturalmas
:
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
: Met nibai afirhklann belirlenmesi |4 R R
i

Sekil 2. Calismanin

b ]

_______________________ I isleyisi.
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Klasik Garvin modeli sekiz kalite boyutundan olusmaktadir.
Bu model iriin kalitesini degerlendirmek i¢in oldukea de-
gerli bir arag olsa da, glinimiziin degisen is ve tiketici dina-
mikleri nedeniyle bazi eksikliklere sahiptir. Ornegin, gini-
muzde Griin ve hizmet kalitesini degerlendirirken ¢evresel
etki ve stirdirtlebilirlik 6nemli bir fakt6r haline gelmistir.
Dolayisiyla, klasik Garvin modelinin hem giinimiz sartla-
rina hem de incelenen trtin grubuna yonelik giincellenmesi
onemlidir. Bu ¢aligmada, uzman gorislerine ve ¢alismanin
kaynak aragtirmasi sonuglarina dayanarak modele ti¢ farklhi
boyut eklenmistir. Zemin kaplama uriinleri igin tanimla-
nan kalite degerlendirme boyutlar1 sunlardir: performans,
ozellik, givenilirlik, uygunluk, dayaniklilik, hizmet gérme
yetenegi, estetik, algilanan kalite, cevrecilik, ekonomiklik ve
givenlik (Sekil 3). Calismada dikkate alinan kalite boyutlari,
Tiirkiye'de miihendislik fakiltesi ile endistride ¢aligan, ze-
min kaplama triinleri tizerine uluslararas: ¢alismalar1 olan,
daha 6nce CKKYV c¢aligmalarinda yer alan ve alaninda en az
bes yillik deneyime ve en az yiiksek lisans derecesine sahip

on uzman tarafindan degerlendirilmistir. Uzmanlar, aragtir-
ma konusuyla ilgili deneyimleri, egitimleri, bilgileri ve ya-
yinlar: dikkate alinarak se¢ilmistir.

Uriin kalite boyutlarinin ikili mukayeseleri uzman ekip ta-
rafindan yapilmistir. Bulanik AHP soru formlar1 Cizelge
2de verilen sozel ifadelere gore hazirlanmigtir. Uzmanlar-
dan her bir boyut cifti arasindaki tercihlerini sézel olarak
belirtmeleri istenmistir. Yanitlayicilar, kisisel bilgi ve uzman-
lik temelinde yargilarda bulunmugtur. Uzman gorusleri ile
analiz verilerini elde etmek i¢in yiliz ylize goriisme yontemi
secilmis ve fikir birligine varma siireci uygulanmigtir. Tki ka-
lite boyutu arasindaki kargilagtirma tercihleri Cizelge 2'de
verilen dilsel etiketler ile ifade edilmistir. Uzmanlarin yanit-
lar1 ilk agamada derlenmis ve ardindan ikinci degerlendirme
turuna gegilmistir. Ug turluk goriis birlestirme siirecinden
sonra nihai fikir birlifine varilmigtir. Ardindan, dilsel ifade-
ler kargilik gelen aralik degerli Fermatean bulanik sayilara
dontgtirtlmugtiir. Elde edilen bulanik ikili kargilagtirma
matrisi Cizelge 4’te verilmisgtir.

Performans (KB1)

Ozellik (KB2)

ZEMIN KAPLAMA
URUNU KALITE

Giivenilirlik (KB3) l
Uygunluk (KB4) l
Dayaniklilik (KB5) '

DEGERLENDIRME
BOYUTLARI

» Hizmet gorme yetenegi (KB6) '
Estetik (KB7) l

Algilanan kalite (KB8) l
Cevrecilik (KB9) l

Ekonomiklik (KB10)

Giivenlik (KB11)
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Uriin kalite boyutlarinin 6ncelik degerlerini belirlemek igin
aralik degerli Fermatean bulanik AHP y6nteminin hesap-
lama prosediirii uygulanmistir. Oncelikle, farklar matrisi
Denklem (9) ve Denklem (10)’'un yardimiyla Cizelge 5’teki
gibi olugturulmugtur.

Cizelge 4. 1kili karsilagtirma matrisi.

Bir sonraki adimda, ¢arpimsal matris Denklem (11) ve
Denklem (12) araciligiyla Cizelge 6'daki gibi elde edilmistir.

Tereddiit dereceleri Denklem (13) kullanilarak hesaplanmug
ve normalizasyon isleminden o6nceki agirliklar Denklem

(14) uygulanarak Cizelge 7'deki gibi elde edilmistir.

KB1 KB2 KB3 KB4 KB5

KB6 KB7 KBS KB9 KB10 KBi1

KB1 EO KYO | BYO | BDO | BYO | ¢YO | ¢YO | KYO | YO YO BYO
KB2 EO | ¢DO | KDO | ¢DO | BDO | BDO | BDO | DO DO | ¢DO
KB3 EO | BDO | BDO | YO YO CYO | BYO | BYO | BDO
KB4 EO BYO | CYO | ¢YO | KYO | YO YO BYO
KB5 EO YO YO CYO | BYO | BYO | BYO
KB6 EO | BDO | BYO | BDO | BDO | DO

KB7 EO BYO | BDO | BDO | DO

KBS EO DO DO | CDO
KB9 EO BYO | BDO
KB10 EO BDO
KB11 EO

Cizelge 5. Farklar matrisi.
KB1 KB2 KB3 KB4 KB5

KB6 KB7 KB8 KB9 KB10 KB11

[0.50, | [0.50, | [0.86, | [0.32, | [0.32, | [0.15,
0.73] 0.73] 1.00] 0.50] 0.50] 0.23]

[-0.23, | [-0.23, | [-0.23, | [-0.50, | [-0.50, | [-0.73,
-0.15] | -0.15] | -0.15] | -0.32] | -0.32] | -0.50]

[0.32, | [0.32, | [0.50, | [0.15, | [0.15, | [-0.23,
0.50] 0.50] 0.73] 0.23] 0.23] | -0.15]

[0.50, | [0.50, | [0.86, | [0.32, | [0.32, | [0.15,
0.73] 0.73] 1.00] 0.50] 0.50] 0.23]

[0.32, | [0.32, | [0.50, | [0.15, | [0.15, | [0.15,
0.50] | 0.50] | 0.73] | 0.23]1 | 0.23] | 0.23]

[0.00, | [-0.23, | [0.15, | [-0.23, | [-0.23, | [-0.50,
0.00] | -0.15] | 0.23] | -0.15] | -0.15] | -0.32]

[0.15, | [0.00, | [0.15, | [-0.23, | [-0.23, | [-0.50,
0.23] 0.00] 0.23] | -0.15] | -0.15] | -0.32]

[-0.23, | [-0.23, | [0.00, | [-0.50, | [-0.50, | [-0.73,
-0.15] | -0.15] | 0.00] | -0.32] | -0.32] | -0.50]

[0.15, | [0.15, | [0.32, | [0.00, | [0.15, | [-0.23,
0.23] 0.23] 0.50] 0.00] 0.23] | -0.15]

[0.15, | [0.15, | [0.32, | [-0.23, | [0.00, | [-0.23,
0.23] 0.23] 0.50] | -0.15] | 0.00] | -0.15]

[0.32, | [0.32, | [0.50, | [0.15, | [0.15, | [0.00,
0.50] 0.50] 0.73] 0.23] 0.23] 0.00]

KB1 [0.00, | [0.86, | [0.15, | [-0.23, | [0.15,
0.00] | 1.00] | 0.23] | -0.15] | 0.23]
KB) [-1.00, | [0.00, | [-0.73, | [-1.00, | [-0.73,
-0.86] | 0.00] | -0.50] | -0.86] | -0.50]
KB3 [-0.23, | [0.50, | [0.00, | [-0.23, | [-0.23,
-0.15] | 0.73] | 0.00] | -0.15] | -0.15]
KB4 [0.15, | [0.86, | [0.15, | [0.00, | [0.15,
0.23] | 1.00] | 0.23] | 0.00] | 0.23]
KBS [-0.23, | [0.50, | [0.15, | [-0.23, | [0.00,
-0.15] | 0.73]1 | 0.23] | -0.15] | 0.00]
KB6 [-0.73, | [0.15, | [-0.50, | [-0.73, | [-0.50,
-0.50] | 0.23] | -0.32] | -0.50] | -0.32]
KB7 [-0.73, | [0.15, | [-0.50, | [-0.73, | [-0.50,
-0.50] | 0.23] | -0.32] | -0.50] | -0.32]
KBS [-1.00, | [0.15, | [-0.73, | [-1.00, | [-0.73,
-0.86] | 0.23] | -0.50] | -0.86] | -0.50]
KBY [-0.50, | [0.32, | [-0.23, | [-0.50, | [-0.23,
-0.32] | 0.50] | -0.15] | -0.32] | -0.15]
KBlo | [F0:50, | [032, [ [-023, | [-0.50, | [-0.23,
-0.32] | 0.50] | -0.15] | -0.32] | -0.15]
KB11 [-0.23, | [0.50, | [0.15, | [-0.23, | [-0.23,
-0.15] | 0.73]1 | 0.23] | -0.15] | -0.15]
284
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Cizelge 6. Carpimsal matris.

KB1 KB2 KB3 KB4 KB5 KB6 KB7 KBS KB9 KB10 KB11
KB1 [1.00, [7.20, [1.42, [0.59, [1.42, [3.19, [3.19, [7.20, [2.07, [2.07, [1.42,
1.00] 10.00] 1.71] 0.70] 1.71] 5.35] 5.35] 10.00] 3.19] 3.19] 1.71]
KB2 [0.10, [1.00, [0.19, [0.10, [0.19, [0.59, [0.59, [0.59, [0.31, [0.31, [0.19,
0.14] 1.00] 0.31] 0.14] 0.31] 0.70] 0.70] 0.70] 0.48] 0.48] 0.31]
KB3 [0.59, [3.19, [1.00, [0.59, [0.59, [2.07, [2.07, [3.19, [1.42, [1.42, [0.59,
0.70] 5.35] 1.00] 0.70] 0.70] 3.19] 3.19] 5.35] 1.71] 1.71] 0.70]
KB4 [1.42, [7.20, [1.42, [1.00, [1.42, [3.19, [3.19, [7.20, [2.07, [2.07, [1.42,
1.71] 10.00] 1.71] 1.00] 1.71] 5.35] 5.35] 10.00] 3.19] 3.19] 1.71]
KBS [0.59, [3.19, [1.42, [0.59, [1.00, [2.07, [2.07, [3.19, [1.42, [1.42, [1.42,
0.70] 5.35] 1.71] 0.70] 1.00] 3.19] 3.19] 5.35] 1.71] 1.71] 1.71]
KB6 [0.19, [1.42, [0.31, [0.19, [0.31, [1.00, [0.59, [1.42, [0.59, [0.59, [0.31,
0.31] 1.71] 0.48] 0.31] 0.48] 1.00] 0.70] 1.71] 0.70] 0.70] 0.48]
KB7 [0.19, [1.42, [0.31, [0.19, [0.31, [1.42, [1.00, [1.42, [0.59, [0.59, [0.31,
0.31] 1.71] 0.48] 0.31] 0.48] 1.71] 1.00] 1.71] 0.70] 0.70] 0.48]
KBS [0.10, [1.42, [0.19, [0.10, [0.19, [0.59, [0.59, [1.00, [0.31, [0.31, [0.19,
0.14] 1.71] 0.31] 0.14] 0.31] 0.70] 0.70] 1.00] 0.48] 0.48] 0.31]
KB9 [0.31, [2.07, [0.59, [0.31, [0.59, [1.42, [1.42, [2.07, [1.00, [1.42, [0.59,
0.48] 3.19] 0.70] 0.48] 0.70] 1.71] 1.71] 3.19] 1.00] 1.71] 0.70]
KB10 [0.31, [2.07, [0.59, [0.31, [0.59, [1.42, [1.42, [2.07, [0.59, [1.00, [0.59,
0.48] 3.19] 0.70] 0.48] 0.70] 1.71] 1.71] 3.19] 0.70] 1.00] 0.70]
KB11 [0.59, [3.19, [1.42, [0.59, [0.59, [2.07, [2.07, [3.19, [1.42, [1.42, [1.00,
0.70] 5.35] 1.71] 0.70] 0.70] 3.19] 3.19] 5.35] 1.71] 1.71] 1.00]
Cizelge 7. Agirliklar matrisi.
KB1 KB2 KB3 KB4 KB5 KB6 KB7 KBS KB9 KB10 KB11
KB1 1.00 7.37 1.44 0.59 1.44 3.31 3.31 7.37 2.14 2.14 1.44
KB2 0.10 1.00 0.19 0.10 0.19 0.59 0.59 0.59 0.32 0.32 0.19
KB3 0.59 3.31 1.00 0.59 0.59 2.14 2.14 3.31 1.44 1.44 0.59
KB4 1.44 7.37 1.44 1.00 1.44 3.31 3.31 7.37 2.14 2.14 1.44
KB5 0.59 3.31 1.44 0.59 1.00 2.14 2.14 3.31 1.44 1.44 1.44
KB6 0.19 1.44 0.32 0.19 0.32 1.00 0.59 1.44 0.59 0.59 0.32
KB7 0.19 1.44 0.32 0.19 0.32 1.44 1.00 1.44 0.59 0.59 0.32
KBS 0.10 1.44 0.19 0.10 0.19 0.59 0.59 1.00 0.32 0.32 0.19
KB9 0.32 2.14 0.59 0.32 0.59 1.44 1.44 2.14 1.00 1.44 0.59
KB10 0.32 2.14 0.59 0.32 0.59 1.44 1.44 2.14 0.59 1.00 0.59
KB11 0.59 3.31 1.44 0.59 0.59 2.14 2.14 3.31 1.44 1.44 1.00
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Son adimda, Denklem (15) kullanilarak nihai agirliklar be-

lirlenmistir.
3.2. Bulgular ve Tartigma

Sekil 4, urtin kalite boyutlari i¢in elde edilen agirliklar: gra-
fiksel olarak sunmaktadir. Uriin kalite boyutlarinin siralama
diizeni su sekildedir: uygunluk (w = 0.196), performans (w
= 0.191), dayaniklilik (w = 0.114), gtivenlik (w = 0.109), gii-
venilirlik (w = 0.104), cevrecilik (w = 0.073), ekonomiklik
(w = 0.068), estetik (w = 0.048), hizmet gorme yetenegi (w
= 0.042), algilanan kalite (w = 0.031), 6zellik (w = 0.026).
Bu siralama sonucu, Uriin kalitesini degerlendirirken her bir
boyutun ne kadar 6nemli oldugunu vurgulamaktadir. Ca-
ligmanin bulgularina dayanarak, uygunluk, performans ve
dayaniklilik boyutlarinin rekabetci kalite agisindan olduk¢a
onemli oldugu sonucuna varilabilir.

Uygunluk, zemin kaplama triinlerinin belirli standartla-
ra ne kadar uygun oldugunu 6lgen kritik bir boyuttur. Bu,
trtinlerin kullanilabilirligini de belirler. Bir triiniin uygun-
luk agisindan yiiksek bir degere sahip olmasi, endistrinin
dizenlemelere uygun trinler trettigini gosterir. Uygunluk
eksikligi, trinlerin pazarlama veya kullanim sirasinda so-
runlar yasayabilecegi anlamina gelmektedir. Bir triinin
standartlara uygun olmas, isletmenin tiketicilerin giivenini
kazanmasina ve sektordeki rekabette avantaj saglamasina
yardimet olur.

Performans, zemin kaplama uriinlerinin belirli kosullar-
da nasil ¢aligtigini degerlendirmede 6nemlidir. Performans
ozellikleri, bir triinin degerini ve islevselligini belirler.
Uriinlerin tasarim agamasindan baglayarak, performans bek-
lentilerine uygunlugunun siirekli olarak takip edilmesi ve
iyilestirilmesi gerekir. Tiiketiciler, zemin kaplama tirtinleri-
nin beklentilerini kargilayip kargilamadigini degerlendirmek
i¢in performansini géz 6niinde bulundururlar. Bu nedenle,
urtinlerin performansinin degerlendirilmesi tiiketici mem-
nuniyetini artirmanin ve sektor i¢inde itibari ylikseltmenin
kilit bir unsuru olarak 6ne ¢ikar.

Dayaniklilik, bir zemin kaplama iriininiin ne kadar siire
boyunca dayanabilecegini ve ne kadar direngli oldugunu be-
lirtir. Tuketiciler, zemin kaplamalarinin uzun stire dayanma-
sin1 bekler ve sik sik bakim gerektirmemesini ister. Bu ne-
denle, dayaniklilik boyutuna odaklanmak tiketici sadakatini
korumak i¢in kritik bir faktérdir. Dayanikls trtinler, tiketi-
cilere uzun vadeli bir yatirimin glivencesini sunar, yeniden
degistirme veya onarim maliyetlerini azaltabilir ve marka
sadakatini olugturur.
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Zemin kaplama endustrisinin trtin kalitesi ile ilgili atilacak
adimlarda 6ncelikle uygunluk, performans ve dayaniklilik
boyutlarina odaklanmas: ve her boyuta yonelik beklentilerin
kargilanmast gerekir. Urtinlerin uygunluk, performans ve da-
yaniklilik agisindan gereksinimleri kargilamasi, tiiketicilerin
glivenini kazanmak ve pazarda liderlik konumunu saglamak
i¢in kritik bir adimdir. Bu boyutlara y6nelik yatirim yapmak,
endustrinin genel kalite seviyesini artirabilir ve uzun vade-
de basar1 igin temel bir faktor olabilir. Ote yandan, hizmet
gérme yetenegi, algilanan kalite ve 6zellik daha az 6nemli
boyutlardur.

Artan ulusal ve uluslararas: rekabet ile cesitli ve degisen ti-
ketici zevkleri nedeniyle, zemin kaplama endistrisinin tiriin
kalitesini gelistirmeye ihtiyaci vardir. Bir kalite plani olug-
turulduktan sonra, etkili metodolojiler veya bu metodolo-
jilerle birlikte geligmis teknolojiler 6nceliklendirilen kalite
boyutlar: altinda tretim stireclerini yonetmek i¢in uygula-
nabilir. Etkili bir kalite kontrol sistemi de Griin kalitesinin
artirilmasi agisindan 6nem teskil etmektedir. Kalite yoneti-
mi bir siirectir ve siirekli iyilestirmeyi icerir. Uriin kalitesini
artirmak icin stirekli olarak veriler analiz edilmeli, hatalar
tanimlanmali ve diizeltici 6nlemler alinmalidr.

Karar verme uygulamalarinda elde edilen sonuglarin giic-
lendirilmesi i¢in genellikle ilave iglemler gerceklestirilir. Bu
kapsamda, ¢aligmada karsilagtirmali analiz yapilmigtir. Uy-
gulanan yontemin ¢iktilari, bulanik SWARA, aralik degerli
Pisagor bulantk AHP ve aralikli tip-2 bulantk AHP yon-
temleri (ayrintilar i¢in bkz. Sengtl ve Cagil 2020, Seker ve
Kahraman 2021, Celik ve Akyuz 2018) uygulanarak ince-
lenmigtir. Kargilagtirmali analiz sonuglari Sekil 5te grafiksel
olarak sunulmustur. Sekilde gortilebilecegi uzere, uygunluk,
performans ve dayaniklilik ilk ti¢ sirada yer almaktadir. Di-
ger uriin kalite boyutlar: da siralamadaki konumlarini koru-
mustur. Sonug olarak, grafiksel kargilagtirma mevcut sonug-
larin givenilir ve kabul edilebilir olduguna isaret etmistir.

4. Sonug

Bu ¢alisma, zemin kaplama iriinlerinin kalitelerinin de-
gerlendirilmesine odaklanarak karar verme stirecinde hangi
kalite boyutlarinin dikkate alinmas: gerektigini aragtirmak-
tadir. Oncelikle, literatiir aragtirmasi ve uzman gorisleri
dogrultusunda iriin kalite boyutlari tanimlanmaya cali-
silmistir. Zemin kaplama triint kalitesinin degerlendiril-
mesine yonelik bir ¢erceve saglama maksadiyla literatiirde
sik¢a kullanilan Garvin modeli ¢evrecilik, ekonomiklik ve
gtvenlik boyutlar: eklenerek sekiz boyuttan on bir boyuta
genisletilmistir. Onerilen on bir kalite boyutunun degerlen-
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Sekil 5. Kargilagtirmali analiz

sonuglar.

" Onerilen " Tip-2 Bulantk AHP ™ Pisagor Bulankk AHP ™ Bulanik SWARA
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dirilmesi bulanik CKKV' problemi olarak kabul edilmistir.
Aralik degerli Fermatean bulanik AHP yontemi ile trtin
kalite boyutlar: analiz edilmistir. Son agamada, uygulanan
yonteminin ¢iktilarini giiclendirmek i¢in kargilagtirmali
analiz gerceklestirilmistir. Aragtirma boyunca uzman go-
rislerinden yararlanilmistir. Calismadan elde edilen baglica
sonuglar su sekilde 6zetlenebilir:

» Uriin kalite boyutlarinin azalan diizende siralamasi uy-
gunluk, performans, dayaniklilik, giivenlik, giivenilirlik,
cevrecilik, ekonomiklik, estetik, hizmet gérme yetenegi,
algilanan kalite, 6zellik olarak elde edilmisgtir.

* Sonuglar, zemin kaplama endistrisinin tirin elde etme
stirecinde yiiksek kalite i¢in 6ncelikle uygunluk, perfor-
mans ve dayaniklilik boyutlarina odaklanmas: gerekti-
gini gostermistir. Bu boyutlara 6ncelik vermek, tiketici
memnuniyetini artirmanin yani sira igletmeye stirdiirtle-
bilir bir rekabet avantaji saglayabilir. Tiiketiciler, ihtiyag-
larina uygun ytksek kaliteli zemin kaplamalarini tercih
edeceklerdir. Ayrica, rekabetci bir avantaj elde etmek,
sektordeki diger oyuncularin 6niinde olmay1 ve yeni ti-
keticiler kazanmay1 kolaylastirabilir. Sonug olarak, bu
boyutlara odaklanmak hem tiiketici memnuniyetini ar-
tirmak hem de uzun vadeli i basarisin1 desteklemek i¢in
akallica bir strateji olabilir.

= Kargilagtirmali analiz, ¢alisgmanin sonuglarini ve aralik
degerli Fermatean bulanik AHP y6nteminin uygulana-
bilirligini desteklemistir.

* Elde edilen sonuglar, zemin kaplama endistrisinde yiik-
sek kalite elde etmenin 6nemini vurgulamakta ve bir yol
haritas: sunmaktadur.

Literatiirde, bazi Grtin gruplar: i¢in kalite boyutlar: analiz
edilmistir. Yazar bilgisine gore, literatirde zemin kaplama
trtinlerinin kalite boyutlarinin 6nceliklendirilmesine ve bu
amag i¢in bulanik CKKV yonteminin kullanimina iligkin
herhangi bir bilgi bulunmamaktadir. Bu nedenle, zemin
kaplama triin grubuna odaklanan bu ¢aligmada kalite bo-
yutlar: i¢in elde edilen bulgular endistriyel agidan olduk¢a
onemlidir. Meveut ¢aligmanin degeri su sekilde listelenebi-
lir:

* Zemin kaplama iriinlerini kapsayan genel kalite deger-
lendirme boyutlar: incelenmistir.

* Garvin modeli ¢evrecilik, ekonomiklik ve givenlik bo-
yutlari ile genisletilmigtir.

* Modeldeki on bir kalite boyutunun degerlendirilmesi
bulanik CKKV problemi olarak ele alinmigtir.
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*  Uriin kalite boyutlarinin 6nceliklendirilmesi igin ilk kez
aralik degerli Fermatean bulanik AHP yontemi kulla-

nilmistir.
= Karar problemi uzman perspektifinden incelenmigtir.

* Tanimlanan zemin kaplama trtni kalite degerlendirme
boyutlarinin énem agirhiklarinin ortaya ¢ikarilmast so-
nucunda zemin kaplama endustrisine degerli bir rehber
sunulmustur.

Mevcut ¢aligma, literatire onemli katkilarda bulunsa da,
bazi sinirliliklar tagimaktadir. Zemin kaplama triinleri i¢in
tanimlanan kalite boyutlar: arasindaki nedensel iligkiler (et-
kilesimler) hesaba katilmamistir. Bu etkilesimlerin sonuglar
tizerine olan etkisi bulanik biligsel harita gibi yontemler ile
incelenebilir. Karar verme ¢ergevesi, zemin kaplama triinleri
i¢cin tasarlanmigtir. Bu nedenle, diger triin kategorileri i¢in
dogrudan uygulanamayabilir. leriki ¢alismalarda énerilen
yaklagim farkl drtin gruplari i¢in kullanilabilir. Gida triin-
leri, elektronik cihazlar, giyim veya otomobil pargalar: gibi
farkls irtin kategorileri i¢in s6z konusu yaklagimin ne kadar
etkili oldugu uzman veya tiiketici perspektifinden aragtiri-
labilir. Zemin kaplama trtinleri i¢in 6nerilen karar verme
cercevesi tanimlanan kalite boyutlar: ile sinirlidir. Lakin
problemlerin dogasina gére kalite boyutlar: ve boyut sayist
degistirilebilir. Ayrica, farkli karar destek yontemleri prob-
leme dahil edilebilir ve elde edilen bulgular bu ¢alismanin
sonuglari ile mukayese edilebilir.
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Trends on MCDM in Construction Management from 2019 to 2022
Based on a SWOT Analysis

2019dan 2022’ye Insaat Yonetiminde Kullanilan CKKV Yéntemlerinin SWOT Analizine Dayal1
Olarak Degerlendirilmesi

Burak Oz*

Zonguldak Biilent Ecevit Universitiy, Zonguldak, Turkiye

Abstract

The purpose of this study is to investigate publications utilizing multi-criteria decision-making (MCDM) methods in construction
management to identify their strengths, weaknesses, opportunities and threats through a SWOT analysis. A variety of academic search
engines was used to systematically search publications between January 2019 and May 2022 for this purpose. An in-depth analysis of
249 articles was conducted; first, they were ranked based on academic databases, indexes, and years, then they were classified according
to their major applications in construction management, and finally, a SWOT analysis was carried out. The studies demonstrate that
these methods improve the consistency and robustness of decision-making; however, they mainly concentrate on macro-level aspects,
which is considered a disadvantage. Even though models heavily rely on participants’ knowledge and experience, they can be eliminated
by integrating perspectives from a variety of experts and professionals. Using the findings of this study, researchers will be able to plan
their future original studies based on opportunities identified, as well as improve possible weaknesses and eliminate threats outlined
in previous studies.

Keywords: Construction management, MCDM, SWOT, hybrid methods, optimum solution

Oz

Bu ¢alismanin amaci, ingaat yonetiminde ¢ok kriterli karar verme (CKKV) yontemlerini kullanan yayinlar: inceleyerek guclii ve
zayif yonlerini, firsatlar: ve tehditleri SWOT analizi yoluyla tespit edip ortaya ¢ikarmaktir. Bu amagla Ocak 2019 ile Mayis 2022
tarihleri arasindaki yayinlarin sistematik olarak taranmasinda gesitli akademik arama motorlari kullanild:. Ulagilan makalelerden 249u
derinlemesine analiz edildi; 6ncelikle akademik veritabanlarina, indekslere ve yillara gére siralandi, ardindan insaat yonetimindeki
baslica uygulamalarina gore siniflandirilds ve son olarak SWO'T analizleri yapildi. Arastirmalar, bu yontemlerin karar vermenin
tutarlihfini ve saglamlifini artirdifini gostermekle birlikte esas olarak makro duzeydeki yonlere yogunlastigini belirtmekte ve bu
da dezavantaj olarak degerlendirilmektedir. Modeller agirlikli olarak katihimeilarin bilgi ve deneyimlerine dayansa da, gesitli uzman
ve profesyonellerin bakis agilarinin entegre edilmesiyle bu durumun ortadan kaldirilabilecegi kanaatine varidmustir. Bu caligma,
aragtirmacilarin bu konularda ge¢mis caligmalarda firsat olarak tespit edilen 6zgin ¢aligmalarini planlamalarinin yani sira olast zayif
yonlerin iyilestirilmesi ve tehditlerin ortadan kaldirilmas: agisindan da oldukga katki: saglayacag: distinilmektedir.
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1. Introduction

Many industries rely on decision-making for their success,
but the construction industry is especially dependent on
information processing (Zhu et al., 2021). The construction
sector makes significant and positive contributions to socio-
economic development in both developed and developing
economies and has been one of the most important sectors
for years as it contributes to the meeting of the most
fundamental needs, including shelter, transportation, water
supply, and energy use (Ajayi & Chinda, 2022). Several
complex factors affect construction works, and the right
decision may not be obvious at first glance (Oz et al.,
2017; Oz et al. 2019). When the optimal solution cannot
be easily seen in construction, multi-criteria decision-
making (MCDM) methods are used to make decisions
that consider multiple factors at the same time (Zhu et al.,
2021). Therefore, the most appropriate decision-making
method for solving the related problem in the construction
industry must be determined by examining previous studies
concerning MCDM in detail. For the development of better
practices and further research in the future, it is essential to
understand their strengths, weaknesses, opportunities, and
threats.

As shown in Figure 1, the MCDM process consists of many
steps from identifying the problem to choosing the best
alternative. MCDM methods have come to the forefront
with many different approaches since the 1950s-1960s
(Koksalan, 2011).

According to Arslan (2018), MCDM methods can be divided
into three groups, namely (1) the basic methods such as the
graphical method, the simplex method, linear programming,
integer programming, and goal programming, (2) the single
analytical methods such as AHP, ANP, MAUT, SMART,
TOPSIS, data envelopment analysis, gray relational analysis,
and (3) the hybrid methods such as AHP-VIKOR, fuzzy-
TOPSIS, and AHP-genetic algorithm (Arslan, 2018).

Several weighting methods can be applied to solve different
MCDM techniques, and the weights of the criteria have
a significant impact on the decision-making process. Ac-
cording to Odu (2019), the most commonly used weighting
methods can be classified into four groups: (1) subjective
weighting methods such as point allocation method, di-
rect rating, and ranking method, (2) pairwise comparison
methods such as AHP, ratio method, swing method, Delphi
method, nominal group technique, and simple multi-attri-
bute ranking technique, (3) objective weighting methods
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such as entropy method, criteria importance through in-
ter-criteria correlation, mean weight, standard deviation,
statistical variance procedure, and ideal point method, (4)
integrated weighting methods such as multiplication syn-
thesis, additive synthesis, optimal weighting based on the
sum of squares, and optimal weighting based on the rela-
tional coeflicient of graduation. In terms of computations,
subjective weighting methods are easier than objective

Identify the problem

¥

Collect data

v
Analvze the problem

[
¥ ¥

Establish decision criteria | |Identify alternatives
. I
MNormalize the criteria 1
d determine the .| Select a proper
= method(s)

¥

relative weights T
Evaluate alternatrves

YES

based on
the decision criteria
Perform sensitivity
analvsis

Choose the best alternative

¥

Implement the alternative

!

Evaluate the decision

NO Has
g the result met vour
expectations?

Figure 1. Steps of the decision-making process adapted from dos
Santos et al., 2017.
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weighting methods, which rely on mathematical functions
to determine weights without the decision-maker’s involve-

ment (Odu, 2019).

An essential part of a decision-making process is normalizing
data, and MCDM methods use those techniques to
convert input data into numerical and comparable data by
using a common scale. Vafaei et al. (2016) state that some
normalization methods are better suited to specific decision
methods than others, and each normalization method has
two formulas, one for benefit criteria and the other for
cost criteria. In a benefit criterion, high values correspond
to high normalized values (maximization), and in a cost
criterion, high values correspond to low normalized values
(minimization). It’s possible to normalize data using various
methods; the most commonly applied techniques are linear
(max), linear (max-min), linear (sum), vector normalization
and logarithmic normalization (Vafaei et al., 2016).

MCDM studies in the field of construction management
have been searched in the literature and it is evident that
there is a substantial body of research; the studies between
2019 and May 2022 were focused on identifying recent
trends in this research area to facilitate and simplify data
search. After an exhaustive review of related literature and
applying filters, 249 studies out of 350 were subjected to
deep analysis. Seen that hybrid methods which are com-
posed of the combination of two or more techniques have
been mostly used in these studies, evaluation criteria have
been determined according to the nature of the problem
generally by using a survey or interviewing with experts, and
various weighting methods have been used to determine the
criteria weights, and finally, a sensitivity analysis has been
performed in most studies.

Previous studies have mostly used MCDM methods in a
problem and evaluated the output of the problem, and it
is generally stated that incorrectly determined evaluation
criteria or theirimportance weights maylead to inappropriate
decisions and unsuccessful implications. For example,
Zavadskas et al. (2014) indicated that selecting contractors
based on the wrong criteria may lead to poor performance.
The unique aspect of this study is that it examines the
strengths, weaknesses, opportunities and threats based on
the statements of previous articles that use MCDM in
construction management through a SWOT analysis. This
study will help those working in the field of construction
management to select the most optimum decision-making
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methods to use for the problem and do research to know
which issues are prominent, on-trend or interesting to the
scientific community.

2. Material and Methods

In this study,a SWOT analysis is used to identify strengths,
weaknesses, opportunities and threats of publications utiliz-
ing multi-criteria decision-making (MCDM) methods in
construction management. SWO'T analysis is a tool used to
identify and analyze environments to support strategic deci-
sion-making (Kajanus et al., 2012). According to Zavadskas
etal. (2010), the SWOT analysis can also be used to develop
management strategies for construction firms. Three main
sections were used to categorize the study: (1) An analysis
of the statistical distribution of publications related to the
topic, (2) a classification of construction management pub-
lications based on their application areas, and (3) making

suggestions based on a SWOT analysis.

Various search methods can be used to find the informa-
tion needed, including quick and dirty, snowball, and cit-
ed references. The cited reference search finds more recent
publications on a topic; each document includes bibli-
ographical details, an abstract, and a list of references used
(Erasmus University Rotterdam, 2023). The cited reference
search in this study was used to search academic databases
and search engines for publications relating to construction
management and multi-criteria decision-making, including
ISI Web of Science, Google Scholar, Science Direct and
PubMed. The methods for multi-criteria decision-making
problems were then scanned, filtered, and listed by rap-
id review. An approach called rapid review is a method of
producing information in a short amount of time by simpli-
fying or eliminating the systematic review process (Tricco
et al., 2015). This paper uses acronyms and their full forms
listed in Table 1.

2.1. Distributions of the Selected Publications Based on
Statistics

After an exhaustive review of 350 MCDM studies in
construction management between January 2019 and May
2022, duplicates and out-of-scope records were refined and
249 studies were selected for analysis. As shown in Figure 2,
these publications were sorted by types of index and by years;
the 249 selected studies were almost evenly distributed by
publication year, 172 of which were published in journals

with the Science Citation Index Expanded (SCIE).
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Table 1. List of acronyms.

Full name Acronym Full name Acronym
Accident causation theory ACT Ideal and anti-ideal virtual units method IAIVUM
Additive value function AVF Improved grey correlation analysis IGCA
Additive-veto model AVM Interpretative/Interpretive structural modeling ISM
Analytic hierarchy process AHP Interval-valued fuzzy numbers/sets IVES
Cybernetic Fuzzy AHP CYBERF-AHP| Interval-valued intuitionistic Fuzzy IVIF
Interval AHP INT-AHP Interval-valued hesitant fuzzy numbers IVHFN
Sparse AHP S-AHP Interrater agreement analysis IRA
Artificial neural network ANN INP method INPM
Analytic network process ANP Degree of project utility and INVAR
investment value assessments
Analysis of variance ANOVA Life cycle assessment/Life cycle cost analysis LCA
Additive ratio assessment ARAS Multi—al.ttributive border approximation area MABAC
comparison
ARAS with grey values ARAS-G | Measuring attractivencss by . MACBETH
a categorical based evaluation technique
Alternative queuing method AQM Malmquist productivity index MPI
Bayesian-structural equation modeling B-SEM Malmquist-luenberger index M-LI
Bi-objective mixed linear programming Bi-OMLP Measu.rement of altern‘atives ar.ld ranking MARCOS
according to compromise solution
BCC input-oriented model BCC-IOM Multiple attribute decision support system MADSS
Best worst method BMW Mann-Whitney U test M-WUT
Case analysis CASEA Maslow’s hierarchy MASLOWH
Case-based reasoning CBR Maximum consistency model MAXCM
Choosing by advantages CHOBA Maximizing deviation principle MAXDP
Choquet integral CHOQI Multi attribute utility theory MAUT
Closeness coefficient CCOEF Meta-Malmquist productivity index M-MPI
Cloud theory CLOUDT Matrix c1joss—r.eference multiplication applied MICMAC
to a classification
Cloud and matter-element extension theories CMEET Integrated value model for sustainable MIVES
assessment
Combined Compromise Solution CoCoSo vl\sjlhlftiiiczear;it(i:s/oe tz;zrgﬁizﬁl; MCPTWWEF
Grey combined compromise solution CoCoSo-G | Monte carlo simulation MCS
Combinative distance assessment CODAS Mutual information theory MIT
Constraint programming optimizer CPOPT Multi-criteria ranking method MCRM
Complex Proportional Assessment COPRAS Nearest neighbor element analysis method NNEAM
COPRAS with gray relations COPRAS-G | Niche field model NFM
Cooperative game theory CGAMET NK model NKM
gzariztion and consensus-driven clustering CCDCM Nuo method NUOM
S)T:;r;;::p ortance through inter-criteria CRITIC Order relationship analysis ORA
Data envelopment analysis DEA Pareto optimal solutions PAREOPTS
Delphi Delphi Preference selection index PSI
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Table 1. Cont.
Full name Acronym Full name Acronym
Esgi;iz)rgfmaking trial and evaluation DEMATEL Egiifceﬁ:zztrzzﬁlilagtizl;lganization method for PROMETHEE
Discrete event simulation DESIM Proportional risk assessment technique PRAT
Distance friction minimization DFMIN Principal component analysis PCA
Dominance-based rough set DBRS Quality function deployment QUALFD
?g(z;lrl:;ztril:émalization—based multi- DNBMA Qualitative flexible multiple criteria QUALIFLEX
Dynamic analysis DYMA Quasi-compensatory rationality QUASICR
gg{ﬁgiion based on Distance from Average EDAS Rank order centroid method ROC
Economic feasibility analysis EVAFA Quadruple-bottom line approach QUADBLA
f;?;f;:ﬁiﬁgggrk invasive weed E-NNIWOM | Quality function deployment based method | QUALFDBM
Environmental impact analysis EIA Relative closeness coefficients RELCC
Exponential chaotic differential evolution ECDE Revised Simos’ method REVSIMM
Elimination et choix traduisant la realité ELECTRE ii%ﬁszinonp arametric production frontier RNPFM
Entropy weight method EWM Risk matrix approach RMA
Epsilon-based measure EBM Risk impact-frequency analysis RIFA
Evidential reasoning ER Relative Important Index RII
Enhanced Russell model ERM Relative preference alternative RPR
Evaluation index system EIS Regression analysis techniques REGAT
Exploratory factor analysis EXPFA Rough AHP R-AHP
Experts grading method EXPGM Rough TOPSIS R-TOPSIS
Factor comparison method FCOMM Rough dombi aggregator RDA
Failure mode and effects analysis FMEA S;;r;(c)l:zﬁized quantitative assessment SQAA
Fine-Kinney method F-KM ISri(r)r:ipelle additive weighting/Weighted sum SAW/WSM
Frequency-adjusted importance index FAII Single-valued neutrosophic set SVNS
Full consistency method FUCOM Shapley value model SVM
Fuzzy Fuzzy Social network analysis SNA
Fuzzy cluster analysis F-CA Social willingness-to-pay SWTP
Fuzzy cognitive map F-COGM Spatial-temporal analysis SPATTA
Fuzzy comprehensive evaluation method F-CEM Spearman’s correlation coefficient SCC
Fuzzy positive ideal solution F-POSIS Strategic-aligned projects SAP
Fuzzy negative ideal solution F-NEGIS Super efficiency DEA SE-DEA
A -Fuzzy measure L-FM Supply chain operations reference model SCOR
Fuzzy axiomatic design F-AXD Surrogate machine learning model SMLM
Fuzzy-eckenrode method F-EM Systems thinking approaches SYSTA
Fuzzy fault tree analysis F-FTA System dynamics modeling SDM
Functional index evaluations FUNCIE Simple multi-attribute rating technique SMART
Pearson’s correlation coefficient PEARSONCC | Stepwise weight assessment ratio analysis SWARA
Picture Fuzzy sets PICFS Technology acceptance model TAM
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Table 1. Cont.

Full name Acronym Full name Acronym
Proximity information PROXINF 2-dimension uncertain linguistic variables 2DULVs
Probability theory pROBT | 2 dimension uncertain linguistic 2DULPGWA
power generalized weighted aggregation
Geomean GEOM Tomada de decisao interativa multicriterio TODIM
Geographic information systems GEOPIS Tobit regression model approach TRMA
Geospatial analysis GEOSA Technology organization environment TOE
. . . Technique for Order Preference b
Generalized comparative linguistic expressions GCLEs Similarcilty to Ideal Solution y TOPSIS
Goal programming method GOALPM | Interval-valued fuzzy TOPSIS IVF-TOPSIS
Grey relational analysis GRA TOPSIS-G Method in Minkowski Space TOPSIS-GM
Grey clustering model GCM Unascertained measurement theory UMT
Vise Kriterijumska optimizacija i
Grey system theory GSM Kompromisno Regenje VIKOR
Graph theory GRAPHT Visual tracking method VIM
Grounded theory GROUNT | \veighted Aggregared Sum Product WASPAS
ssessment
Group AHP GR-AHP Weighted linear combination WLC
Hesitant Fuzzy technique HESFT Weighting, rating and calculating WRAC
Hierarchical Fuzzy expert HFEXP Z-order-m method ZOM
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Figure 2: Publication statistical distributions.
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3. Results

The publications were categorized into fourteen major
application areas of construction management, as shown
in Table 2. The two most popular subjects in these studies
were “risk issues and assessments” and “party selection”,
while “maintenance/repair strategies” were among the least

popular.
Table 3 shows the MCDM techniques used in the fourteen

major application areas. Single analytical and basic methods
were used in 53 studies, while hybrid methods were used
in 196 studies. Various normalization techniques were used
in these studies, and sensitivity analyses were performed in
most. The 196 related studies mostly used 2 method hybrid
techniques, while 4 method hybrid techniques were rarely
used. AHP has been the most commonly used method in

related studies, followed by DEA and TOPSIS. Addition-

ally, Zavadskas et al. (2016) stated that AHP is the most
common method for determining alternative weights. It is
evident from Table 3 that the 2 methods were used in 90
studies; Fuzzy-TOPSIS in 6, AHP-Fuzzy in 5, AHP-TOP-
SIS in 4, and the other 2 combination methods in less than
4 studies. The 3 methods were used in 69 studies; ANP-DE-
MATEL-Fuzzy in 4, AHP-Fuzzy-TOPSIS in 3 and the
other 3 combination methods in less than 3. The 4 methods
were used in 26 studies, the 5 methods in 9, and the 6 meth-
ods and 8 methods in one study.

3.1. The SWOT Analysis

Finally,a SWOT analysis was made to identify the strengths,
weaknesses, opportunities, and threats of the MCDM
studies by searching some keywords indicated below. For
this purpose, answers to the following questions were
sought in the studies, and then a succinct SWOT analysis
was developed.

Table 2. Major application areas studied in construction management.

Classificati References selected at random Study
ASSECation from 249 studies numbers
. (Erol et al., 2022; Gunduz & Almuajebh, 2020; Roghabadi
Risk issues and assessments & Moselhi, 2020) 40
Party selection (contractor, subcontractor, supplier, partner, | (Abdullah & Alshibani, 2022; Bonyani & 34
etc.) Alimohammadlou, 2020; Liang & Chong, 2019)
Performance assessments (construction, management, (Banihashemi & Khalilzadeh, 2022; Li et al., 2021; Yuan et
.. . . 27
organizational, labor, financial, projects, etc.) al., 2020)
Construction assessments or selection (technology, method, | (Sing et al., 2021; Tamosaitiene et al., 2021; Xiahou et al., 25
system, cost, etc.) 2022)
Occupational risks and issues (health/safety) (Gunduz & Khader, 2020; Prasad, 2019; Qi et al., 2022) 23
Res01.1rces assessn.lents/ selection (.ﬁnance, equipment and (Dehooei & Dehshiri, 2019; Gharouni Jafari, 2021; Kar &
machinery, materials, labor, technical and office staffing, 23
Jha, 2022)
etc.)
Project planning/assessments/selection (Kalan & Ozbek, 2020; Kiani et al., 2022; Kim et al., 2021) 22
. . . (Shalaby & Hassanein, 2019; Su et al., 2020; Wu & Xu,
Construction contract issues/selection 2021) 16
Managerial issues (Haruna et al., 2021; Igbal et al., 2021; Ma et al., 2022) 11
Green construction assessments (material, benefits, costs, (Mojumder & Singh, 2021; Sun et al., 2022; Tabatabace et g
risks, technology, etc.) al., 2019)
Location/facility/site selection é%;lg)ca et al., 2020; Bozanic et al., 2019; Garg & Sharma, 7
Construction and demolition waste issues (Khoshand et al., 2020; Liu et al., 2020; Negash et al., 2021) 5
. (Bayhan et al., 2022; Dehdasht at al., 2020; Demirkesen &
Lean construction assessments 5
Bayhan, 2020)
Maintenance/Repair stratesics (Abdelkader et al., 2022; Das & Nakano, 2021; Ighravwea 3
p & & Sunday, 2019)
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(a) Strengths: What is the originality, value, purpose, aim,

contribution or unique knowledge of the study?

(b) Weaknesses: What are the deficiencies, inadequacies,

shortcomings, or imperfections of the study to be improved?

(c) Opportunities: What are the opportunities, occasions,

and suggestions for future or further studies?

(d) Threats: What are the threats, threatenings, obstacles,
barriers, or constraints of the study?

3.2. Strengths

Uses linguistic expressions of experts under hesitancy
behaviors in the complex decision-making environment.

Deals with the uncertainty arising from experts’ limited
awareness.

Presents a systematic and scientific approach instead
of the decision maker’s knowledge, experience and
intuition.

Improves accuracy and reliability by including uncer-
tainty and complexity.

Uses various single or hybrid techniques for similar
problems to select the most suitable method(s) by com-
paring the results.

Increases the legitimacy of the final decision by including
the demands of various stakeholders.

Increases the consistency and robustness of the decision-
making process.

Makes the results of the decision more reasonable and
objective.

Helps construction managers make fast and desirable
decisions.

Easily applicable to real cases, especially in various
regions.

Provides a guideline for construction management by
identifying the main barriers such as technical, economic,
social, regulatory and environmental.

Identifies critical barriers to implementing digitalization
in the construction industry.

Evaluates key performance indicators for measuring the
management performance of construction firms.

Easily integrated into building information modeling
(BIM), the Internet of Things (IoT) and artificial intel-
ligence systems (AIS).
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Helps to prioritize various drivers, enablers and barriers
of construction management practices.

Helps to select and rank the most influential persons in
the sustainable prevention of accidents at work.

Evaluates the most important levels of safety risks
or construction laborers” safety levels in construction
projects.

Helps to classify security risks resulting in accidents and
fatalities due to intense labor and machine environment
interactions.

Evaluates construction safety performance or construc-
tion laborers’ safety levels.

Significantly reduces conflicts and encourages agreement
by ensuring transparency and mutual trust between the
parties.

3.3. Weaknesses

Unavailability or reluctance of experts for involvement.

Experts with insufficient experience or knowledge in the

field of study.

A small sample size of respondents, experts or decision-
makers in a study.

Distraction of participants during interviews, which may
affect the reliability of answers.

Identification of dependencies between some of the
ambiguity factors and possible measures.

Considering interrelationships among criteria and
attributes of enablers and barriers.

Only one case is being considered to validate the

applicability of the proposed method.
Testing for large-size construction companies only.
Analyzing the work only from a macro perspective.

Considering only a theoretical evaluation or only a single
country’s context.

Connection between the study results and the

effectiveness of reality.

Subjects being studied are still at the infancy stage or still
vague for all stakeholders.

3.4. Opportunities

Sufficient number of experts in the surveys should be
included to make the results more accurate.
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Different perspectives of experts or professionals familiar
with the field of study should be included in models to

evaluate criteria more widely.

The performance of the model should be tested with
additional experts and on different projects.

Perspectives of various experts from academia that have
different points of view should be included in studies to
improve the results.

Perspectives of various stakeholders like clients, suppliers,
employees, designers, government and agencies should
be included in studies to improve the results.

Various categories of respondents from multiple nations
should be included to obtain more interesting results.

Sufficient number of questionnaire responses from
different types of projects should be added to improve

the cases.

A method to determine the weights of factors based on
experts’ consensus degrees should be developed.

Results of the models should be analyzed with different
weights of different individuals.

Relationship between the factors should be evaluated
not only qualitatively but also quantitatively.

Sufficient number of factors should be included in the
problem to enhance the efficiency estimation.

Inner-dependencies of factors should be reconsidered
for different locations.

A list of criteria for specific problems should be provided
to help the decision-makers speed up the process of
defining criteria and focus on the criteria weighting.

Difterent techniques should be applied to compare their
results and enhance the accuracy of the assessment.

Proposed models can be investigated in different types
of problems by changing the factors, weights and

alternatives.

Proposed models should be applied to different locations
to allow greater generalizability of the results beyond the
current scope

Proposed models should be validated in different contexts
such as different countries or different construction
sectors or projects.

Karaelmas Fen Miih. Derg., 2023; 13(2):292-308

Performance of the models can be tested with a sufficient
number of projects from the construction industry and
multiple cases around the world to give more confidence
in the results and standardize the proposed method.

A combination of various decision-making techniques
and artificial intelligence technologies may be applied
more to decision-making problems.

3.5. Threats

Small number of experts’opinions due to time limitations.
Uncertainty and vagueness of the expert’s judgments.

Limited number of experts or experts only from the
same country.

High dependency greatly on participants’ knowledge
and experience.

Factors of different practices and regulations in each
country.

Taking much time to provide a comprehensive list of
criteria.

Difficulties in data collection because of the limited
number of qualified professionals.

Constraints of data accessibility.

Surveys obtained from respondents from a specific
region that is not being generalized to other regions.

Unknown or uncertain attributes of alternatives.

Generating different results in case of a change in the
sample groups or activities.

The scope of the research is limited only to the
stakeholders in the construction industry of a particular
country.

Using only optimal cases by removing non-optimal
cases.
Generating different results based on the context of

a specific issue, different business contexts, working
environments, and cultural backgrounds.

Limitations of the methods being used to evaluate the
internal influencing mechanism of factors.

4. Discussion

There is no doubt that the construction sector is an

important industry that has a long-term impact on the
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economy, environment, and society and requires high
levels of investment, and construction management and
technology are two factors that greatly affect the industry. The
process of managing a construction project entails setting
objectives, identifying user requirements, determining
constraints, and determining the resources required.
MCDM is an essential tool for solving the basic problems
of construction management, and the process has several
criteria with different qualitative qualities, measures, and
weights. Criteria may be defined subjectively or numerically,
depending on the situation (Stoji¢ et al. 2018). Construction
management, health, technology, defense, textiles, the food
industry, and many other fields have used MCDM methods.
Although a variety of existing single or hybrid methods
have been extensively used in construction management,
new methods are still being developed and applied to a
variety of construction management problems to determine
the most suitable solution to the problem (Qji et al., 2018;
Kazimieras Zavadskas etal.,2019; Erdogan et al.,2019). The
development of MCDM methods grew rapidly in the 1980s
and 1990s; An overview of MCDM methods was given
by Koksalan et al. (2011), Erdogan et al. (2019) analyzed
MCDM for sustainability in construction management,
Erol et al. (2022), Gunduz et al. (2020) and Raghabani et
al. (2020) presented detailed studies about the application
of MCDM methods to risk issues and assessments, Jato-
Espino et al. (2020) examined the applications of MCDM
methods in construction, Khoshand et al. (2020) examined
the assessment model of benefits, opportunities, costs, and
risks related to green roof installation, and so forth.

The study shows that 69% of the publications are indexed
in SCIE. Risk assessment and party selection are the two
most popular subjects, while maintenance strategies are
the least popular. In the related studies, hybrid methods
have been used more frequently than single methods; 79%
used hybrid methods, while 21% used single methods. In
related MCDM studies, the originality lies in the use of
expert linguistic expressions during hesitancy behaviors,
it uses a systematic and scientific approach rather than
decision makers’ knowledge, experience and intuition, it
takes into account the uncertainty that arises from experts’
limited knowledge, by including the demands of various
stakeholders, the final decision becomes more legitimate, its
results are more objective and reasonable, and by ensuring
transparency and mutual trust between the parties, it reduces
conflicts and encourages agreement. Studies that needed to
be improved were categorized into three groups: experts and
participants, evaluation factors and weights, and techniques
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and models. Among the highlights to be improved are; the
inability or reluctance of experts, the lack of experience or
knowledge of experts, the small sample size, the distraction
of participants during interviews, testing/validation of the
applicability of the proposed methods/models, and studies
whose topics are too vague or in the early stages for all
stakeholders. Further studies should include a sufficient
number of experts, different perspectives of experts
and professions, perspectives from various academics,
perspectives from various stakeholders, as well as different
respondents from multiple nations to improve results and
improve the accuracy of the evaluation. The cases should be
improved by adding sufficient questionnaire responses from
a variety of project types. By determining the weights of
factors based on experts’ consensus degrees, the process can
be sped up and the efficiency estimation improved. Not only
should the relationship between the factors be evaluated
qualitatively, but also quantitatively. Models should include
a sufficient number of factors, and inner-dependencies
should be reconsidered for different regions. Specific criteria
for specific problems should be provided. Different weights
should be applied to the models to analyze the results. There
were several barriers, obstacles, or constraints mentioned in
the relevant studies, including uncertainty and vagueness of
expert judgments, high reliance on participants’ knowledge
and experience, difficulty in collecting data, and unknown
or uncertain alternative attributes. Taking advantage of the
significant role the construction sector plays in economic
development will not only benefit the business, but also the
country as a whole, since reaching an effective, appropriate
or optimum solution quickly with the appropriate MCDM
method will make a significant impact. Academics,
researchers and professionals in the construction industry
can use this study as a guide for their future studies.

5. Conclusions

The selection of the most suitable MCDM techniques
for the problem will provide important contributions not
only to the business but also to the country’s economy by
finding an effective and optimum solution quickly. It is
necessary to examine previous studies regarding MCDM
in detail to determine which decision-making method is
most appropriate for the related problem in the construction
industry, as well as to understand the strengths, weaknesses,
opportunities and threats associated with them to develop
better practices and conduct further research in the future.
SWOT and MCDM methodologies based on previous

relevant studies summarized in this study can quickly
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lead to an effective, appropriate or optimum solution to a
construction problem, which will significantly improve
construction management.

For this purpose, the studies between January 2019 and May
2022 were searched using academic search engines, ranked
according to academic databases, indexes, and years,and then
classified. MCDM studies have been successfully applied in
fourteen major areas of construction management and 69%
of related publications were indexed in SCIE, while studies
on “risk issues and assessments”, and “party selection” have
been the most popular subjects, while “maintenance/repair
strategies” have been the least popular. It is on trend to use
hybrid methods instead of single methods in the related
studies. It has been noted in previous publications that the
studies have more strengths than weaknesses, even though
there are some limitations or obstacles. However, it has been
observed that construction management has many fields to
explore in the future.

As a result of this study, researchers will be able to
determine which MCDM method is used in which field of
construction management, as well as gain an idea of future
studies in this area. For example, methods that have never
been studied before on a similar subject may contribute
more to literature and the field than others. The study’s
methodological approach is very important in identifying
the methods that are missing in the literature to guide new
projects and studies that will fill these gaps. Researchers
will also be able to plan studies on issues that have been
identified as opportunities in previous studies, as well as to
improve potential weaknesses and eliminate threats during
the planning process. The literature may be further enriched
in terms of both research articles and reviews if deficiencies
can be eliminated and further studies with higher original
value can be planned.

This study has some limitations. In total, only 227 out of
249 publications were available for full-text access, so a
SWOT analysis could not be conducted on the remaining
22 studies. The SWOT analysis has been abridged due to
a large amount of information and similar data that has
been gathered from the studies. It’s possible that some
information was overlooked owing to the skimming and
scanning techniques used to gather relevant information
from the studies. A similar analysis could be conducted
using text mining techniques or other information retrieval
methods in the future. Finally, this study could only cite a
few randomly chosen references because of page and word
limits.
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Abstract

In this research, generalized commutative quaternions with generalized Tetranacci number components are introduced and studied.
Then, some algebraic properties of these quaternions, such as a Binet-like formula and the summation formula are presented.
Furthermore, a matrix representation is given involving these generalized commutative quaternions.

Keywords: Generalized quaternions, generalized tetranacci numbers, quaternions, tetranacci numbers

Oz

Bu caligmada, genellestirilmis Tetranacci say1 bilesenleri ile genellestirilmis komutatif kuaterniyonlar tanimlanmig ve incelenmigtir.
Bu kuarternionlara ait Binet-benzeri formil ve toplam formili gibi bazi cebirsel 6zellikler sunulmustur. Ayrica, bu genellestirilmis

komutatif kuaterniyonlar1 igeren bir matris temsilcisi verilmistir.

Anahtar Kelimeler: Genellestirilmis kuaterniyonlar, genellestirilmis tetranacci sayilar, kuaterniyonlar, tetranacci sayilar

1. Introduction

The Tetranacci numbers { M, },.,, were introduced by Wad-
dill (1992), while the generalized Tetranacci numbers were
considered by Yesil Baran and Yetis (2019). These sequences
can be viewed as generalizations of the Fibonacci numbers,
which appear frequently in nature and man-made systems.

The generalized Tetranacci sequence {T.},en is defined
with the recurrence relation

To=pT it qT ot 1T st 8T s, n= 4. 1)
Here, 79=0a,7.=0,7.=¢,7:=d and we have
ptqg+tr+s—1+#0, 2)

(Yesil Baran and Yetis 2019). When a =b=0,c=d=1

and p=q=r=s=1{T"},cn becomes the
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of

trans-

Tetranacci  sequence {M.,},.... In the case
a=b=1,c=2d=4p=q=r=s=1{T.}en
forms into the Tetrabonacci numbers {7, },.,, and 4-bonac-
ci numbers {F%’},.y mentioned in Ramirez and Sirvent
(2015). We have the Quadrapell numbers {D.},.. consid-
ered by Tagc1 (2009),fora=4b=c=1,d=2and p=0,9=7r=
1,5=2.Bytakinga=6=0,c=1,d=3and p=3,9=0,7=
-3, 5= -1, we get the quadra Fibona-Pell numbers {W.}en
, which are presented by Ozkoc; (2015). {7 },cx becomes
the quadra Lucas-Jacobsthal numbers {S.}, . described by
Kizilates (2017),for a=b=2,c=4,d=7and p = ¢ =2,7 = -3,
s = -2. We obtain Gaussian Tetranacci numbers {GM, },
, which are introduced by Tagct and Acar (2017), for a = &
=0,c=1,d=1+iandp=¢g=r=s=1."Thecase of a =1, =
2,c=4,d=9and p=¢=4,r=-5s=-1 gives us the bino-
mial transform of Quadrapell numbers {b,},., defined by
Kizilates et al. (2017). We get the Tetranacci-Lucas num-
bers {TL.},cx given in Soykan (2020) fora=4,0=1,c=
3,d=7,p=qg=s=r=1.Whilea=0,b=c=d=1 andp =0,
g=s=1,7=2,{7.},c becomes the Pell-Padovan Tetra-
nacci sequence {PT.,},..., which is defined by Petroudi et
al. (2020).
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Moreover, the sequences {N.},cv{P.}oew and {R.},cn
can be obtained from (1) and (2). The values of 4, 4, ¢, 4, p,
¢, 1, s corresponding to these sequences will be given in the
next section. Here, Narayana sequence { N, },.;; (sequence
A000930 in Sloane), Padovan sequence { P, },.y: (sequence
A000931 in Sloane) and Perrin sequence {R.},. (se-
quence A001608 in Sloane) are available at: http://oeis.org.

Recently, general forms of generating functions for se-

quences of numbers and polynomials are defined by Simsek
(2023) as

> _ 1 _ - — N
F(w,P(€.)) = 1+z;":1p_,-(e_,-)w” B ,lonn(P(Em))w
3)
and
I L0iE)w
Gl P(E)0(8) = - e 2

L+ Pie)w (4)
> S(PE):0E))w'
for P(€,) = (Pi(£1), P:(€2), ..., Pa(E.)),

Q(Ek) = (Ql(sl)’QZ(gz),m,Qk(gk))y (5)
Pi(g)) = ZZ:O a,€5,0/(€) = Z::O b€,

0<I<k0<j<mmeN and c¢dkeNU{0}. By
choosing suitable values, we can obtain the generating func-
tions of all the specific cases of {77}, that we mentioned
above.

Binet formula for {77}, . is given by the following rela-
tionship

Att Bt}
t—t) (ti—ts) (i —t)  (L—t) (t—ts) (ta—ta)
Ct} " Dt}

T=q

+

(6)

where ¢1,2,,t5,¢4 are the roots of characteristic equation of

(1) and

8t — ) (0 —ts) (6 — ) (8 — ts) (£ — t0) + Bt — ts) (£, — t4)
(tz - ts) (tz - t4)
t) (ti—t) (to—t) +D(t— ) (8 —ts) (t.— £5)
(tz - t:i) (tz - t4) (t.‘s - t4) ’

A=
_C(tl_

+

B=(b—ap)[(ts—t.) (t:— t:)] = =t ,
8)

C=(t;—t)[c—bp—aql+D, 9)

D=d-cp-bg-ar, (10)

(Yesil Baran 2021).
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'The Irish mathematician William Rowan Hamilton defined
quaternions in 1843 and they are a four-dimensional hy-
percomplex number system. Quaternions are widely used in
pure and applied mathematics, modern physics and many
other fields. Multiplication of quaternions is non-commu-
tative and this property makes it difficult to conduct appli-
cations to engineering problems. Commutative quaternions
are defined by modifying the definition of quaternions in a
way that enabled commutativity in multiplication. They are
a number system that has received a lot of attention and are
used in applications such as signal processing.

A generalized quaternion z is a vector which can be written

as

Tr=xotTie1 2200t 1365, (11)

Here,

el =—a,e;=—0,e;=—ap, (12)

€16; = —€261 = €3,6:63 = —€3€2 = Be, 165 = —€s61 = Qe
(13)

and 20,21,22,75,,8 € R. H,s denotes the family of all
generalized quaternions.

'The generalized commutative quaternions were introduced
and studied in Szynal-Liana and Wtoch (2022). A general-
ized commutative quaternion z is a vector of the form (11),
where generalized commutative quaternionic units e, es,€s
satisfy the equalities

ei=a,e;=pB,es=af (14)
and
€16y = €261 = €3,62€3 = €362 = ,6’61,6163 =e3e1 = ey (15)

for zo,21,222s5,a,8 € R. The family of all generalized
commutative quaternions is denoted by Hjs. The gener-
alized commutative quaternions are generalizations of el-
liptic quaternions (@ < 0,8 =1), parabolic quaternions
(¢=0,8=1), hyperbolic quaternions (& >0,8=1),
bicomplex numbers (@ = —1,8 = —1), complex hyperbolic
numbers (¢ =-1,A=1) and hyperbolic complex num-
bers (a=1,8=-1).

The generalized non-commutative Fibonacci quaterni-
ons were presented by Horadam (1963). Some properties
of generalized non-commutative Fibonacci quaternions
were given in Flaut and Shpakivskyi (2013), Akyigit et al.
(2014), Flaut (2014) and Flaut and Savin (2015). As for
the generalized commutative quaternions with Fibonacci
type number components, they were studied in Szynal-Li-
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ana and Wioch (2022), Bréd et al. (2022) and Bréd and
Szynal-Liana (2023), by utilizing Horadam, Jacobsthal and
Jacobsthal-Lucas numbers. Then, Szynal-Liana et al. (2023)
examined generalized commutative quaternions by using
Fibonacci, Lucas, Jacobsthal, Jacobsthal-Lucas, Pell and
Pell-Lucas polynomials sequences.

On the other hand, in literature there exist some interesting
results about the quaternions defined by using a generalized
and recurrent number sequence. To name some examples,
generalized Fibonacci quaternions, generalized Fibonac-
ci-Lucas quaternions, Horadam quaternions, generalized
Tribonacci quaternions, bicomplex generalized Tribonacci

numbers, bicomplex Tetranacci and Tetranacci-Lucas num-
bers, higher order Fibonacci quaternions, higher order Fi-
bonacci hyper complex numbers, incomplete Fibonacci and
Lucas quaternions were defined and examined by Swamy
(1973), Flaut and Savin (2015), Halici and Karatag (2017),
Cerda-Morales (2017), Kizilates et al. (2019), Soykan
(2020), Kizilates and Kone (2021a), Kizilates and Kone
(2021b), Kizilates (2022), respectively.

By taking these studies into account, we will define general-
ized commutative quaternions with generalized Tetranacci
number components in the next section.

2. Generalized Commutative Quaternions with Generalized Tetranacci Number Components

Definition 2.1. For n = 0, we define the n-th generalized commutative generalized Tetranacci quaternion

gCTn =T+ Twnei+ T et T e

(16)

where 77, is the n-th generalized Tetranacci number and the generalized commutative quaternionic units ey, e, es satisty

(14) and (15). The following are some special cases of this quaternion:

I) {gcT.},c become the generalized commutative Fibonacci quaternions {gcF, },.,, for a=0,b=c=1,d =2 and

p=q=1,r=s=0.

1) {gcT.},c. become the generalized commutative Jacobstal quaternions {gc/, }, ., for a =0,b=c=1,d =3 and

p=1,qg=2,r=s=0.

1) {gcT .}, become the generalized commutative Horadam quaternions { gc#. },.,, for a,b,c,d,p,q € R and

q=—qr=s=0.

IV) {gcT .}, become the generalized commutative Narayana quaternions {gcN., }, ., for a=b=c=1,d =2 and

p=r=1,q=s=0.

V) {gcT .}, o become the generalized commutative Padovan quaternions {gcP.}, ., for a=d=1,b=c=0 and

p=s=0,g=r=1.

VI) {gcT.},cn become the generalized commutative Perrin quaternions {gcR. },.,, for a =d =3,b=0,c =2 and

p=s=0,g=r=1.

VII) {gcT .}, become the generalized commutative Tetranacci quaternions {gcM. },, for a=b=0,c=d =1 and

p:q:rr:s:l_

We note that cases I, IT and III are considered by Szynal-Liana and Wioch (2022).

Theorem 2.1. Let n = 0 be an integer. Then, a Binet-like formula for generalized commutative quaternions with general-

ized Tetranacci components can be written as

A1+ te + e +tes]

Bt;[l + 1.6 +t§€2+ tgeg]

Ctil1+tie, +ties+ties]  Dti[1+tie,+tie, +ties]

9T = =) (=) (6 — 1)

(tz - tl) (tz - ta) (tz - t4)

<t3 - tl) (t‘; - tz) (t3 - t4) (t4 - tl) (t4 - tz) (t4 - t%) '

(17)

where £1,15,t5,¢, are the roots of characteristic equation of (1) and A,B,C,D are given with equalities (7) - (10).
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Proof. By (6) and (16), we have

At} Bt}
gCTn N Tn + Tnﬂel * Tn+262 + Tn+363 N (tl - tz) (tl - ta) (tl - t4) * (tz - tl) (tz - t‘s) (tz - t4)
n Ct n Dt: +< At N Bty
(ts—t) (ts—t) (G—ts)  (ta—t) (Li—ta) (Ga—ts)  \ (= 8) (bi—ts) (G —t0) (o= t0) (ba—ts) (82— )
Ctg+1 thﬁ] At:ﬁrZ Bt;u
* (ts - tl) (t:s - tz) (t;s - t4) * (t4 - tl) (t4 - tz) (t4 - ts) >61 +< (tl - tz) (tl - ts) (tl - t4) * (tz - tl) (t2 - ts) (tz - t4)
N Cty N Dty >e. N < At N Bty (18)
(t—t) (ta—t) (ts—t)  (t—t) (=) (t—t) )7\ (—t) (ti—t) (i —ts) (= t) (= ts) (ta—ta)
N cty? N Dy % _ A1t tettletties] | B[l+be et tie]
(ts—t) (ts—t) (ts—t)  (ta—t) (=) (ta—ts) )77 (b= ta) (i — &) (6 — ) (ta—t1) (ta—ts) (ta—t)

Cti[1+tse,+ e, + thes
(t:; — t1) (ts - tz) (t:s - td)

Dﬁ[l +tie + e+ tie’i]

+ (ti=t) (b= ) (b= ts)

+

which completes the proof.

For simplicity, we can write

~ 1+t1€1+ﬁ62+t?63
= 19
tl (tl_tz) (tl_t’;) (11/1_15.1)7 ( )
~ 1+tse +ties+ties
, = 20
tz (tQ_tl) (tz_te) (tz_t4)7 ( )
~ 1+te +tie, +ties
ts= 21
’ (ts_tl)(tg_tz) (t:g_t4) ’ ( )
~ 1+t,161+ﬁ€2+t§63
ta= . 22
' (t4_t1) (t4_t2) (t4_t3) ( )
Then, using (19) - (22), equality (17) becomes
geT . = Atit1+Bts t2+Ctita+DEi L. (23)
Theorem 2.2. The following relations are valid for gc7,:
gcT o =p.gcT o+ q - gcT s+ 1r-gcT s+ s gcT v, (n > 4), (24)
gC7-n - gch e+ gCTn+2€2 - gCTn+3€3 = (Tn - 0'7-71,+2 + BTn+4 - aBTme) +2 ((]-n+2 - CYT,,M) €, (n > 0) . (25)

Proof. In order to examine the first equality, we write

D gcT v+ q gcT ot 1 -gcT s+ s gcT s =p (T + Twer + Tosieo+ Tunses) +q(Tos+ T
+7 e+ Tn+163) + T(Tn—:s +T e+ T et Tneii) +s (Tn—4 + T se+T et Tn—les)
= (p(]dn*l + an*Z + TTn*S + 87‘n*4) + (p?"w + q(]_;rl + TTn*Z + 87‘7@73) €1

(26)
+ (anﬂ + QT" +r7 ot STn—2> e+ (an+2 + an+1 +r7 .+ STn—l) =Tt T e+ T e+ T e = gc"fn,

by using (1), (16) and we obtain (24). As for (25), by (14) - (16), we have

9T = gcT wirer + gcT wines — gcT wises = (To+ Twsier + Toines + Trises) = (Toir + Toiser + Trvses + Toses) €4

(T ez + Trsser + Treseo + Trases) ea— (Tows + Tovaer + Tesea+ Treses) €3 = (T + Trier + Trwses + Trases)

(=T i1 = Toea@ = Tyeses — Tpaes) + (Tpses + Toses + Toia B+ T s Ber) + (=T vwses — Toeaes — T s Bes — T e @fS)
= (T = aT s+ BT wes— ABT v6) + 2(T o — T s €5

(27)
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'Thus, the proof is completed.

With the next theorem, we will present a summation formula for the generalized commutative quaternions with generalized
Tetranacci number components.

Theorem 2.3. Suppose that n = 4 is an integer. Then, we have

_ (ptqrr+s)gcT . (qrr+s)gcT i+ (r+s5)gcT vn+sgcT s+ p+q+r—1DgcT o+ (p+qg—1)gcT

2 8cTi= ptrqg+r+s—1 *
(p—1)gcT>—gcT,
ptgt+r+s—1 -
(28)

Proof. Since we have equality (24) for n = 4 and by considering (2), we get
D gcTi=gcTo+gcT + gcT >+ gcTs +pzz;; gcT i+ qzz gcT i+ rzk: gcT+

k=0

szz;igc’ﬁ =p+qg+ r+s)Z::0gc‘7'k— p+qg+r+s)geT,—(q+r+s)gcT .- — (29)
(r+s)gcT n—sgcTos—(p+qg+r—1DgcTo—(p+qg—1DgcT —(p—1)gcT >+ gcTs.

'Therefore, the proof is completed.

3. Matrix Representation of Generalized Commutative Quaternions with Generalized Tetranacci
Number Components

Now, we give the matrix generator of the numbers gc7,.

Theorem 3.1. Suppose that n = 1 is an integer. Then, matrix formulation of gc7", can be given as

9cT wvs 9T wia GcT wes GCT nez gcTs gcTs gcTa geTs| [p 1 0 O

gCTnM gCTn+3 gcTMQ gCTnH _ gCTs gc7'4 gCT3 gcTQ ) q 010 (30)
9cT wvs gcT wra gcT w1 gcT gcT s gcTs geT> geT1| |r 0 0 1
gCTn+2 gCTnH gCTn gCTn—1 gCTs gCTz gch gCTo s 000

Proof. The proof was done using the principle of mathematical induction. The result is obvious for n =1, which can be
easily seen. We will show the equality is true for n + 1, by assuming that the formula (30) holds for n = 1. We get

gcTs gcTs geTs gcTs|[p 1 0 0" [p 100 gcT w5 gcT wea gcT wes gcT 2| [p 1 0 O
gcTs gcT s geTs gcTa||lg 010 g 01 0] _|gcTwes geTws gcT ne2 gcT 21| |qg 0 1 0
gcT gcTs geTs geT[|r 00 1| “|r 0 0 1| |gcT s gcT s gcT s gcT ||r 0 0 1
gcTs gcT> geT1 gcTolls 0 0 0 s 00 01 lgeTws gcT w1 9gcTw  gcTalls 0 0 0

9T w6 gCT nis GCT wva GCT uvs

_ 9T wis gCT nea GCT wrs GCT vz (31)
gCT71+/1 QCTMS gcTn+2 gC7'n+17
gcT wes gT wvo gcT we1 gcT

by considering induction’s hypothesis and equality (24) and this ends the proof.

Moreover, we have

9cTs gcTs geT+ geTs|[p 1 00 p 1 0 0] [geTs gcTs gcTy geTs
gcTs gcTy geTs gcT2|lq 0 1 0 _[q O 1 0| |gcT5 geT+ gcTs geT
gcT s gcTs gcT geT 2 ||r 00 1| |7 00 1| |gcT gcTs geT gcT (32)
gcT s gcT> gcT1 geTolls 0 0 0 s 00 01 [geTs geT> geT1 gcTo
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and

det = det

=-—r.

33)

w I Q3
S O O

0
0
1
0

O O = O
nw I3
OO O
O O = O
O = O O

4. Conclusion

We defined the generalized commutative quaternions by
using a number sequence which is defined with a gener-
alized recurrence relation. This new definition generalizes
the quaternions introduced by Szynal-Liana and Wioch
(2022) and further investigated by Bréd et al. (2022) and
Bréd and Szynal-Liana (2023). Some properties involving
the sequence {gc7,},.,, were presented, including the Bi-
net type formula and the summation formula. In addition,
a specific matrix, whose elements are the generalized com-
mutative quaternions with generalized Tetranacci number
components, was given as an alternative way to acquire the
n-th term of the sequence {gc7 ", },.;. We believe that the
quaternions considered in this article can be extended to
generalize other quaternion families and the results given in
this article could be useful for further research on this topic.
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Geri Doniistiiriilmiis Beton Agrega Katkisinin Kumlu Zeminlerin Mukavemet
Parametreleri Uzerindeki Etkisinin Incelenmesi

I nvestigation 0f the Eﬁcz‘ of Recycled Concrete A ggregate Addition on the Stren gz‘/y Parameters of
Sandy Soils

Hiseyin Suha Aksoy* ®, Atakan Yildirim

Firat Universitesi, Mithendislik Fakiiltesi, Ingaat Mihendisligi Bolimi, Elazig, Turkiye

Oz

Yeni binalarin ingast ve mevcut yapilarin yikilmas: sirasinda buyik miktarlarda atik ortaya ¢ikmaktadir. Atiklarin agik havada
depolanmasi veya bertaraf edilmesi 6nemli gevre ve saglik riskleri olugturmaktadir. Ingaat projelerinde Geri Déniigtiiriilmis Beton
Agregasinin (GDA) kullanilmasi, hem finansal hem de cevresel agidan stirdirilebilir biyime i¢in ¢ok onemli bir stratejidir. Bu
calismada, ingaat ve yikim atiklariyla giiclendirilmis kum zeminin mukavemet 6zellikleri incelenmistir. Deneylerde, sahadaki sikigtirilmig
dolgulari modellemek i¢in %80 rolatif sikilik sahip bir zemin kullanilmigtir. Bu kum zemin 6nce katkisiz olarak hazirlanmis ve igsel
sturtlinme agisint belirlemek icin kesme kutusu deneyi yapilmistir. Kum zemin daha sonra agirlik¢a %5, %10, %15 ve %20 oraninda
2 mm ile 4.76 mm arasinda elenmis GDA ile karistirilmig ve her bir GDA orani i¢in mukavemet parametreleri belirlenmigtir. Ayni
deneyler, boyutlar: 4.76 mm ile 6.30 mm arasinda olan GDA kullanilarak tekrarlanmistir. Yapilan deneyler sonucunda, GDA orani
arttik¢a zeminin birim hacim agirhiginin %4’ varan oranlarda artig gosterdigi ve igsel stirtinme agisinin ise %14%e varan oranlarda artg
gosterdigi belirlenmistir. Artan GDA boyutu ile igsel siirtinme agisinin da artig gosterdigi gérilmistiir.

Anahtar Kelimeler: Agrega boyutu, geri dontstlirilmis beton agregasi, i¢sel stirtiinme agist, kesme kutusu deneyi, kumlu zemin

Abstract

Large quantities of waste are generated during the construction of new buildings and demolition of existing structures. Outdoor
storage or disposal of waste poses significant environmental and health risks. The use of Recycled Concrete Aggregate (RCA) in
construction projects is a crucial strategy for sustainable growth, both financially and environmentally. In this study, the strength
properties of sand soil reinforced with construction and demolition waste were investigated. In the experiments, soil with 80% relative
density was used to model compacted embankments on site. This sand soil was first prepared without additives and a shear box test was
performed to determine the angle of internal friction. The sand soil was then mixed with RCA which sieved between 2 mm and 4.76
mm with 5%, 10%, 15% and 20% by weight. Strength parameters were determined for each RCA ratio. The same experiments were
repeated using RCA with dimensions between 4.76 mm and 6.30 mm. As a result of the experiments, it was determined that the unit
volume weight of the soil increased by up to 4% and the angle of internal friction increased by up to 14% as the RCA ratio increased.
It was also observed that the angle of internal friction increased with increasing RCA ratio.

Keywords: Aggregate size, internal friction angle, recycled concrete aggregate, sandy soil, shear box test

1. Girig
Enerji kullaniminin azaltilmasi, kaynaklarin kit oldugu bir
diinyada bir¢ok sektérde oldugu gibi ingaat sektoriinde de
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bir 6nceliktir. Atiklarin dogal ortamda depolanmas: veya
bertaraf edilmesi, ¢evre ve saglik risklerinin yan: sira ingaat
sektori i¢in de ciddi sorunlar tegkil etmektedir. Bu neden-
le ingaat sektoriinde de bu sorunlarin giderilmesi amaciyla
malzeme kullaniminin azaltilmasi en onemli hedeflerden
biri haline gelmigtir. Buna atik malzeme ve yan trtinleri-
nin kullaniminin yan: sira ¢evre de az miktarda bulunan
dogal kaynaklarin kullaniminin azaltilmas: da dahildir (Vu-
ral 2019, Gor vd. 2015). Zemin mukavemetini artirmak,
oturmalari azaltmak, bina maliyetlerini disirmek ve ingaat
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strelerini kisaltmak i¢in zemin iyilestirmeye yonelik fark-
Ii teknikler geligtirilmistir (Kumar ve Sadana 2012). Ingaat
mihendisligi projelerinde kullanilan yap: malzemeleri dogal
kaynaklar kullanilarak tretilmektedir. Stirdiiralebilir kalkin-
ma i¢in ¢evrenin ve dogal kaynaklarin korunmas: gerekmek-
tedir (Bilgen ve Altuntag 2023). Niifus artis1 ve endistriyel
gelisim nedeniyle altyap: hizli bir sekilde insa edilmelidir.
Ingaat projelerinin says: hizla artmakta ve dogal kaynak-
lar daha 6nce hig¢ goriilmemis bir oranda kullanilmaktadr.
Bununla birlikte, mevcut yapilarin yikimi ve yeni yapilarin
ingas1 muazzam miktarda ¢6p tGretmektedir. Modern inga-
at sektortinin karsi karsiya oldugu iki temel sorun, dogal
kaynaklarin tiikenmesi ile ingaat ve yikim atiklarinin y6ne-
timidir. Dogal kaynaklarin korunmas: ve muhafaza edilmesi
icin yeni ¢evre dostu yap: malzemeleri ve tekniklerine ihti-
ya¢ duyulmaktadir (Bilgen 2020a). Insaat projelerinde en sik
kullanilan malzeme betondur. Son yillarda betonun yogun
kullanimi g6z 6niine alindiginda, betonla ilgili ingaat ve yi-
kim atiklari ¢ok uzak olmayan bir gelecekte ciddi bir ¢evre
sorunu olugturacaktir (Ouria vd. 2022). Betonun yapisinda
yaklagik olarak 200-300 kg/m* Portland ¢imentosu bulu-
nur. Cimento Uretimi sirasinda, bliyiik miktarlarda enerji ve
hammaddeye kullanilir ve ayrica bu tretim, ¢evreyi ¢esitli
sekillerde ciddi bi¢imde kirletir (Nidheesh ve Kumar 2019).
Ekonomik ve ¢evresel konular dikkate alindiginda, kentsel
ve endustriyel alanlarin hizli gelisimi nedeniyle mukavemeti
diisiik olan zeminler tizerinde ingaat yapilmas: kaginilmaz-
dir. Digtik mukavemetli zeminleri iyilestirmenin, zemin
guclendirme teknikleri de dahil olmak tzere ¢esitli yolla-
r1 vardir (Ouria ve Mahmoudi 2018). Cevresel ve finansal
agidan bakildiginda, ingaat projelerinde geri dontstirilmis
beton agregas: (GDA) kullanilmas: stirdiirtlebilir biiytime
i¢in uygulanabilir bir yaklagim olarak karsimiza ¢ikmaktadir.
GDA asfalt, beton dolgu ve yeni insaatlar i¢in agrega olarak
kullanilabilir (RMRC 2020). Genel olarak, biiytik stirtinme
agilarina sahip kaba taneli malzemeler kullanilarak zemin en
iyi sekilde gliclendirilmektedir (Berg vd. 2019). Son yillarda,
ingaat ve yikim atiklar: ile giiclendirilmis zeminin yapilarda
dolgu malzemesi olarak kullanimina iliskin ¢ok sayida arag-
tirma yapilmistir (Arulrajah vd. 2014). Geri dontstiirtlmis
beton, koseli sekilde olup tamamen kirilmig bir malzemedir
(RMRC 2020). Geri dontistirtilmiis beton agregasinin igsel
surtiinme agis1 tipik olarak 35 ila 55 derece arasinda degisir

(Bhuiyan vd. 2015, Sarsby 2013, Soleimanbeigi vd. 2019).

Dolgu, otoyol ingas1, yollar ve demiryollari i¢in alt temellerin
olugturulmas: ve diger amaglar i¢in kaba taneli malzeme-
ler siklikla kullanilmaktadir. Son zamanlarda geri doniisti-
rilmis beton agregas: sev stabilizasyonu, gabion duvarlari,
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vibro-tas kolonlar ve diger zemin iyilestirme projeleri i¢in
kullanilmaktadirlar. Bu uygulamalarda tas ocaklarindan ¢1-
karimis taglardan genis dl¢lide yararlanidmaktadir. Birgok
Avrupa hukiimeti, agrega tretiminden kaynaklanan olum-
suz cevresel etkileri azaltmak amaciyla birincil kara kokenli
kaynaklardan agrega tedarikini azaltmak i¢in genis bir hedef
belirlemistir. Ayrica, atik Uretimini azaltarak ve geri kaza-
nilan ve yeniden kullanilan malzeme miktarini artirarak
sturdurilebilir kalkinmaya daha fazla katkida bulunmalar
i¢in ingaat sektorint yonlendirmektedirler (Touahamia vd.
2002). Séylemez ve Bayraktar (2019) tarafindan yapilan bir
caligmada, asfalt yollarin aginma tabakasinda GDA kullani-
minin uygun oldugu belirtilmektedir. Ok ve Demir (2018)
tarafindan yapilan ¢aligmada, GDA tizerinde Los Angeles
aginma deneyi yapildigi ve GDA de 6nemli bir aginma kayb1
olmadig tespit edilmigtir. Geri donistiirtilmis beton agre-
galar1 herhangi yerden gelmis olabilir ve bilesenlerinin dogal
agrega tirt, su/¢cimento orani, ¢imento tipi, katki maddeleri
ve bunlarin depolama kogullar: gibi 6zellikler bilinmemek-
tedir. Bu nedenle geri dontstirilmis beton agregalarinin
bilesenlerinin ve saklama kogullarinin mekanik bozulma
ozellikleri tzerindeki etkilerini anlamak i¢in ek testlerin
taydali olacag: belirtilmistir (Coban vd. 2022). Deneysel ¢a-
lisma sonuglarina gore geri donistiirilmiis beton agregasi-
nin kullanim yiizdesi arttikga; killi zeminlerin likit limit ve
plastisite indisi degerlerinin azaldig1 ve zeminin optimum
su muhtevasinin azalirken birim hacim agirhiginin artti-
g1 belirlenmistir (Bilgen 2020b). Guler ve Astarci (2009)
tarafindan yapilan aragtirmaya goére zemine takviye olarak
eklenen graniiler dolgularin (¢akil) diger dolgu tiirleriyle ki-
yaslanmas: sonucunda zeminin igsel siirtinme agisinda ki
artista grantiler dolgularin daha etkili oldugu belirtilmistir.
Chini vd. (2001) Santa Rosa Countyde sokiilen bir beton
kaplamadan elde edilen GDAy1 kullanarak yol temel 6rnek-
lerinin 6zelliklerini incelemigtir. Bulgular, aragtirmalarinda
kullanilan GDA'nin islenmemis agrega ile son derece kar-
stlagtirilabilir niteliklere sahip oldugunu ve beton agregala-
r1 icin FHWA (Federal Highway Administration) kriter-
lerinin ¢oguna uydugunu gostermistir. Frondistou-Yannas
(1977) dogal agrega yerine insaat ve yikint: atiklarindan elde
edilmis agrega ile elde edilen beton ile geleneksel betonun
mekanik 6zelliklerini kargilagtirmigtir. Geri donigtirilmis
beton harg yerine ¢akilla zenginlestirildiginde, geri dontis-
tirilmis betonun mekanik davraniginin siradan betona ¢ok
benzedigini tespit etmistir. Geri dontstirilmis agrega-
It beton, kontrol karigiminin %60’1 ile %100a arasinda bir
elastisite modiliine ve en az %76’lik bir basing dayanimina
sahiptir. Hansen ve Narud (1983) diger degiskenlerin sabit
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tutuldugu varsayildiginda, geri donustirilmiis betonun ba-
sin¢ dayanimyi, orijinal betonun su-¢imento orani ile 6nemli
olgtide iliskili oldugunu belirtmistir. Tavakoli ve Soroushian
(1996) tarafindan yapilan test sonuglarina gore, Los Ange-
les aginma kaybinin yani sira geri donistirilmis agreganin
su emmesi, orijinal betonun dayanimu, orijinal betondaki iri
agrega orani, orijinal betondaki agreganin ist boyutunun
geri donustirtlmis agreganin tst boyutuna orani ve oriji-
nal betonun dayanimi geri dontstirilmis agregali betonun
dayanimini etkilemektedir. Ajdukiewicz ve Kliszczewicz
(2002) geri donustirtlmis agregalar kullanilarak tretilen
yiiksek performansli ve yiiksek dayanimli betonlarin meka-
nik ozellikleri degerlendirilmigtir. Aragtirmalarinda, 40 ila
70 MPa arasinda basing dayanimina sahip betonlardan elde
edilen geri donistirilmis agregalari dikkate almiglardir.
Aynu iglenebilirligi korumak i¢in geri donistiirilmis beton
karigim tasarimindaki su igeriginin degistirilmesi gerektigi
sonucuna varmuslardir. Bulgular, artan su igerigiyle beraber
betonda kullanilan ince agrega tiiriine bagl olarak kirilma
anindaki basin¢ dayaniminin %8-20 oraninda azaldigini,
geri donustirilmis malzemeler kullanildiginda ise basing
dayaniminin yaklagik %10 oraninda azaldigini gdstermistir.

Yapilmig ¢aligmalar incelendiginde, aragtirmacilarin GDA
malzemesini genellikle killi zeminlerin iyilestirilmesinde
tercih ettikleri gorilmistir. Ancak ozellikle nehir ve de-
niz kiyisindaki yerlesim birimlerinin ¢ogu kumlu zeminler
Uzerine inga edilmektedir. Dolayisiyla GDA kullanilarak,
kumlu zeminlerin iyilestirilmesi de 6nem arz etmektedir.
Bu ¢aligmada, insaat ve yikinti ati31 ile giiclendirilmis kum
zeminin mukavemet parametreleri incelenmigtir. Yapilan
deneysel c¢alismada, arazideki sikigtirilmig dolgular: temsil
etmek tzere %80 sikilikta zemin kullanilmistir. Bu zemin
once katkisiz olarak hazirlanmis ve kesme kutusu deneyi
yardimiyla i¢sel sirtinme agist belirlenmistir. Ardindan ze-
mine agirlik¢a sirasiyla %5, %10, %15 ve %20 oranlarinda
once 2mm - 4.76mm arasinda elenmis GDA karistirilmas ve
her bir GDA orani i¢in mukavemet parametreleri belirlen-
mistir. Ayn1 deneyler 4.76mm- 6.30mm arasinda boyutlar-
da elenerek hazirlanmig GDA igin tekrar edilmistir. Yapilan
deneyler sonucunda, GDA yiizdesi arttik¢a zeminin birim
hacim agirliginin ve i¢sel siirtinme agisinin arttig1 belirlen-
mistir. Ayrica artan agrega boyutunun igsel slirtiinme agisi-
nin artmasina neden oldugu gorilmustir.
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2. Gereg ve Yontem(ler)
2.1. Kullanilan Materyaller
2.1.1. Kum Zeminin Ozellikleri

Literatiire gore, laboratuvar da yiiriitilen modelleme calis-
malarinin ¢ogunda (temel modelleri, kazik modelleri, ankraj
modelleri vb.) kohezyonsuz zemin, tipik olarak 1 mm'den
kigtiktir (El Sawwaf 2010, Bagriacik ve Laman 2013, Kah-
yaoglu vd. 2012, Terzi vd. 2009). Sonug olarak, ¢aligmalar
baslamadan 6nce 2 m* dere kumu laboratuvara getirilmis,
temizlenmis, elenmis ve uygun granilometride hazirlanmig-
tir (Sekil 1). Hazirlanan kum malzemesinin kalinligi 0,074
mm (No. 200) ile 1 mm (No. 18) arasinda degismektedir.
Deneylerde kullanilan zeminin grantilometri egrisi (Sekil 2)
gorilmektedir.

Deneylerde kullanilan zemin i¢in, ASTMC127-15, ASTM
D854-14 ve ASTM D422-63(2007)e2 standartlar1 kulla-
nilarak, rolatif sikilik, elek analizi ve piknometre deneyle-
ri yapilmig ve zeminin endeks parametreleri belirlenmistir.
Zemin parametreleri Cizelge 1'de verilmigtir.

Cizelge 1. Kum malzemenin endeks 6zellikleri

Dane Birim Hacim Agirhigi, Gs 2.77

D, (mm) 0.18
D, (mm) 0.45

Maksimum — Minimum Dane Boyutu,

D D (mm) ye 1-0.074

Maksimum Kuru Birim Hacim Agirhig: 17.46

(KN/m?3)

Minimum Kuru Birim Hacim Agirhg 1451

(KN/m?3)

Maksimum Bosluk Orany, e 0.872

Minimum Bogluk Orany, e 0.557

Sekil 1: Kum.
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2.1.2. Geri Déniistiiriilmiis Beton Agregasi (GDA) gonderilmistir. Konkasorde kirilma iglemiyle istenilen bo-
Bu calisma icin kullanilan GDA (Sekil 4), Elazig ilinde yi- yutlar elde edilmigtir. Deneyler de farkli boyutlarda (2mm-

kimi1 yapilan binalarin yikintisindan temin edilmistir. Moloz 4'76‘ r'nm ve 4.76mm—6.?.)0 mm) .1.<u11an11'f1n GDAmn clek
analizi sonucunda elde edilen graniilometri egrisi goriilmek-

tedir (Sekil 3).

malzemeler arasindan gozle gorilebilen malzemeler (metal,
elektrik kablosu, donati) ayiklanmigtir. Yabanci malzeme-
lerden ayiklanan molozlar tag ocaklarina kirilma iglemi igin

100,00
90,00 ——kum
80,00
70,00
60,00

50,00

% Gecgen

40,00
30,00
20,00

10,00

0,00
10,00 1,00 0,10 0,01
Elek Capi (mm)

Sekil 2: Kullanilan kumun grantlometri egrisi.

100,00 ()—ﬁ)

90,00

—0—2-4,76 mm

80,00 —0—4,76-6,30 mm

70,00
60,00

50,00

% Gecgen

40,00
30,00
20,00

10,00

0,00 -
100,00 10,00 1,00 0,10

Elek Capi (mm)

Sekil 3. GDAnin elek analizi sonucunda elde edilen grantilometri egrisi.
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2.2.Yontem

Bu bélimde kum zemine agirlik¢a (%5, %10, %15, %20)
ve farkli boyutlarda de (2mm-4.76mm, 4.76mm-6.30mm)
GDA karistirilarak rolatif sikilik ve kesme kutusu deneyleri
yapilmis olup, kum zeminin igsel stirtinme agisinda, kuru
birim hacim agirhik degerlerinde, bosluk oraninda ve hedef-
lenen sikismaya ulagmak icin gereken stirede ki degisimler
incelenmistir.

2.2.1. Rolatif Sikilk Deneyi

Boyutlar: belirli bir kap icerisine 10 cm yukseklikten ilk
olarak yagmurlama yontemi ile kum doékilmigtir. Farkl
sikiliklara ulagmak igin titresim cihazi ile belirli bir stirede
stkistirma iglemi uygulanmigtir. Titresim cihazi ile zemin
de istenilen sikiliFa (%80) ulagilmak i¢in bir¢ok deneme ya-
pilmistir. Kum zemine yapilan rolatif sikilik degerleri, kuru
birim agirhik (y, ) ve bosluk orani degerleri belirlenmistir

(Cizelge 2).

Cizelge 2 ve Sekil 5’ de gorildigi tizere kum zemine yapi-
lan rélatif sikilik deneyi sonucunda titresim siiresi arttik¢a
kuru birim hacim agirlik degerleri artmis olup, bosluk oran-
larinda azalma gérilmigtir.

2.2.2. Kesme Kutusu Deneyi

%80 sikilikta hazirlanan kum malzemenin igsel sirtinme
agisint (¢) belirlemek i¢in (6x6x2) cm boyutlarinda kesme
kutusu deney aparati kullanilmistir. Deney cihazi (Sekil 7) g
tipik yiikleme kosulu (0.682,1.238 ve 1.793) kg/cm? altinda
0.5 mm/dk kesme hizinda ¢alistirilarak deneyler yapilmig
ve igsel strtiinme agisi (¢) belirlenmistir. Deney sonucunda

elde edilen veriler Cizelge 3 ve Sekil 6'da belirtilmigtir.

Yapilan hesaplamalar sonucunda kum malzemenin igsel
surtinme agist (¢) 41.4° olarak hesaplanmistir.

Cizelge 2.Kum zemine yapilan rolatif sikilik deneyi sonucunda elde edilen degerler

Skast Yontemi Kuru Birim Hacim Bosluk Orani Rolatif Sikilik
TS SO Agirhik (v, ), (kKN/m?) (e) (D, %)

Sadece yagmurlama 14.71 0.847 10

10 cm'den yagmurlama sonrasinda 1 saniye 15.40 0764 40
titresim cihazi uygulamas: ' '

10 cm'den yagmurlama sonrasinda 3 saniye 16.38 0.659 65
titresim cihazi uygulamas: ' '

10 emden yagmurlama sonrasinda 5 saniye 16.67 0.629 20
titresim cihazi uygulamas: ' '

Sekil 4. 4.76 mm-6.30 mm (A) ve 2mm-4.76 mm (B) boyutlarina sahip GDA.
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17

16,5

16

Kuru Birim Hacim Agirlik (y,,,,) (kN/m?3)

0 1 2 3 4 5 6

>

Sdre (s)

Bosluk Orani (e)
o
[e)}
q

0 1 2 3 a 5 6 Sekil 5. Kum zeminin kuru birim
Siire (s) hacim agirlik (A) ve bosluk oran1 (B)
degerleri grafigi.

Kayma Gerilmesi (kg/cm?)

0 0,2 0,4 0,6 0,8 1 1,2 14 1,6 1,8 2

Normal Gerilme (kg/cm?) Sekil 6. Katkisiz kum zeminin kesme

kutusu deney sonuglari.
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Cizelge 3. Katkisiz kum zeminin kesme kutusu deney sonuglari.

Gerilme (kg/cm?) Kayma Gerilmesi (kg/cm?)
0.682 0.652
1.238 1.130
1.793 1.534

Sekil 7. Kesme kutusu deney cihazi.

3. Bulgular ve Tartisma

Bolim 2'de bahsedilmis olan kum zemine kesme kutusu ve
rolatif sikilik deneyleri yapilmigtir. Elde edilen sonuglar yu-
karida belirtilmigtir (Cizelge 3 ve Sekil 6). Bu bolimde kum
zemine aZirlik¢a farkli oranlarda (%5, %10, %15 ve %20) ve
boyutlar: farkli (2mm-4.76mm ve 4.76mm-6.30mm) GDA
karistirilarak kesme kutusu ve rolatif sikilik deneyleri yapil-
mis ve kullanilacak karigimlarin maksimum ve minimum
bosluk oranlar1 belirlenmigtir. Kullanilacak karigimlar iste-
nilen sikilikta kesme kutusu numunesi olarak hazirlanarak
GDA oran1 ve boyutlarinin kum zeminin mukavemet para-
metrelerindeki degisimine etkisi incelenmistir.

Ilk olarak 2mm-4.76mm boyutlarina sahip olan GDAnin
agirlikca farkli oranlar: (%5, %10, %15 ve %20) kum zemine
eklenerek rolatif sikilik deneyleri yapilmugtir. Rolatif siki-
lik deneyleri eklenen GDA'nin agirlikea farkli oranlari igin
%80 sikiliga ulagana kadar titresim cihazi yardimiyla (Sekil
8) belirli stireler de deneyerek tekrarlanmigtir. %80 sikilikta
hazirlanmig olan GDA ve kum zemin karigtminin kuru bi-
rim hacim agirhk (y, ), bosluk orani (e) parametrelerindeki
degisimler incelenmistir.
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Kum ve 2mm-4.76mm boyutlarinda olan GDA karigim:i 10
cm ytkseklikten bir kaba doékilerek titresim cihazi yardi-
miyla %80 sikiliga ulagana kadar rolatif sikilik deneyleri tek-
rarlanmigtir. %80 sikilik icin elde edilen (y, ), (¢) degerleri
ve istenilen sikiliga ulagmak icin sikistirma siiresi Cizelge
4de belirtilmigtir.

Cizelge 4. GDA — kum karigimi zemine yapilan rolatif sikilik de-
neyi sonucunda elde edilen parametreler.

GDA Ku.ru Bi}'im Bosluk R
Oram Hacim Agirhik Oram1 Siiresi (s)
(%) (Yor)> (KN/m) (e)

0 16.67 0.629 5

5 16.70 0.623 3

10 16.77 0.608 3

15 16.97 0.590 3

20 17.06 0.575 3

Sekil 8. Titresim cihazi yardimiyla GDA — kum karigimi zemine
yapilan rélatif sikilik deneyi.
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Agirlikga farkl oranlarda GDA eklenerek hazirlanan kum
zeminde, GDA orani arttitk¢a kuru birim hacim agirhik
(V,..) degerinin artis gosterdigi ve karisimin bosluk oraninin
(e) azaldig: tespit edilmigtir. Ayrica eklenen GDA zeminin,
titresim cihazi kullanilarak %80 sikilikta hazirlanmast igin
gereken sikistirma stresinde azalmaya neden oldugu belir-
lenmistir.

Rolatif sikilik deneyi sonrasinda agirlik¢a fark: oranlarda
2mm-4.76 mm boyutlarina sahip GDA eklenerek %80 s1-
kilikta hazirlanan GDA — kum karigim1 zeminin igsel stir-
tinme agisin (§) belirlemek igin kesme kutusu deneyleri
yapilmustir.

2mm-4.76 mm boyutlarindaki GDA eklenerek %80 sikilik-
ta hazirlanan GDA — kum karigimi zeminin kesme kutusu
deneyi sonucunda elde edilen igsel stirtinme agis1 degerleri

Cizelge 5de gorilmektedir.

Cizelge 5’ de goriildigi tizere eklenen karigim oraninin art-
mastyla GDA — kum zeminin igsel siirtiinme agis1 degerle-

Cizelge 5. GDA — kum karigimi zeminin i¢sel sirtinme agist

rinde artig oldugu tespit edilmistir. 2mm-4.76mm boyutla-
rina sahip GDA — kum karigiminin igsel siirtiinme agisinda-
ki (¢) degisimler Sekil 9’ da verilmistir.

Kullanilan diger GDA boyutu i¢in (4.76mm-6.30mm) agir-
likga farkli oranlarda (%5, %10, %15 ve %20) kum zemine
eklenerek rolatif sikilik deneyleri yapilmugtir. Rolatif sikilik
deneyleri eklenen GDA’nin agirlik¢a farkli oranlar: i¢in %80
sikiliga ulagana kadar titresim cihazi yardimiyla belirli stire-
ler de deneyerek tekrarlanmistir. %80 sikilikta hazirlanmig
olan GDA ve kum zemin karigiminin kuru birim hacim
agirhik (y, ), bosluk orani (e) parametrelerindeki degisimler
incelenmistir.

Kum ve 4.76mm-6.30mm boyutlarinda olan GDA karigim1
10 cm yiikseklikten bir kaba dokilerek titresim cihazi yardi-
muyla %80 sikiliga ulagana kadar rolatif sikilik deneyleri tek-
rarlanmugtir. %80 sikilik icin elde edilen (y, ), (¢) degerleri
ve istenilen sikilia ulagmak icin sikigtirma stiresi Cizelge
6'da belirtilmistir.

Agirlikga farkli oranlarda GDA eklenerek hazirlanan kum

zeminde, GDA orani arttikga kuru birim hacim agirhik

degerleri. (V) degerinin artis gosterdigi karigimin bosluk oraninin
o : — » (e) azaldig belirlenmigtir. Ayrica eklenen GDA'nin zeminin
GDA Oram (%) Igsel Siirtiinme Agist (¢) () titresim cihazi kullanilarak %80 sikilikta hazirlanmasi i¢in
0 41.4 gereken sikistirma stiresini azalttii belirlenmigtir. Rolatif
5 42.7 sikilik degerlerini hesaplamak i¢in kullanilan maksimum ve
10 444 minimum bosluk orani degerleri Cizelge 7de gorilmekte-
- dir.
15 45.2
20 46.2
47,0
—~ 46,0 - &
= -
=
Z 45,0 _-" &
Ef‘ = -~
£ 44,0 e
c ,
3 ”
5 130 e
v ’
E e
U -~
= 42,0 _-
-~
&=
41,0
0 5 10 15 20 25
GDA Orani (%) Sekil 9. GDA orani — igsel stirtinme
agist degisim grafigi.

Karaelmas Fen Miih. Derg., 2023; 13(2):316-328

323



Aksoy, Yildirim / Geri Dontstirtilmis Beton Agrega Katkisinin Kumlu Zeminlerin

Mukavemet Parametreleri Uzerindeki Etkisinin Incelenmesi

Rolatif sikilik deneyi sonrasinda agirlik¢a farki oranlarda
4.76mm-6.30mm boyutlarina sahip GDA eklenerek %80
sikilikta hazirlanan GDA - kum karigimi zeminin igsel
surtinme agisini (¢) belirlemek i¢in kesme kutusu deneyi
yapilmgtir.

Cizelge 6. GDA — kum karigimi zemine yapilan rolatif sikilik

deneyi sonucunda elde edilen parametreler.

(G)gﬁl Hlaf::rz zlilgr:flhk Bosluk Oran1 Sl{q§t1'rma
%) (...}, (kN/m?) (e) Siiresi (s)
0 16.67 0.629 5
5 16.77 0.614 1.5
10 17.06 0.585 1.5
15 17.16 0.564 1.5
20 17.36 0.545 1.5

Cizelge 7. Yapilan rolatif sikilik deneyleri sonucunda elde edilen

bosluk orani degerleri.

4.76mm-6.30mm

2mm-4.76mm

4.7 6mm-6.30 mm boyutlarina sahip GDA eklenerek %80
sikilikta hazirlanan GDA — kum karigimi zeminin kesme
kutusu deneyi sonucunda elde edilen igsel siirtinme agisi
degerleri Cizelge 8de belirtilmistir.

Cizelge 8. GDA — kum karigim: zeminin igsel sirtinme agist
degerleri.

GDA Orani (%) I¢sel Siirtiinme Acis1 () (°)
0 41.4
5 441
10 449
15 45.6
20 47.2

Cizelge 8de gorildigi gibi artan GDA orani ile karisi-
min igsel sirtinme agisinda (¢p) artmaktadir. Sekil 10'da
4.76mm-6.30mm boyutlarina sahip GDA — kum karigimi-
nin igsel siirtiinme agisindaki (¢) degisimler gortilmektedir.

Ayrica yapilan deneyler sonucunda elde edilen verilere gore
agrega boyutunun artmasiyla zeminin mukavemet paramet-

Agirlikca GDA relerinin arttif1 tespit edilmigtir.
C em.in eme\x
Oram % Sekil 11'de her iki GDA boyutu i¢in kuru birim hacim ag1r-
0 0.872 | 0557 | 0.872 | 0.557 lik degerleri gortilmektedir. Artan agrega boyutunun kuru
5 0.852 | 0.604 | 0.818 | 0.565 birim hacim agirlik degerlerinde %1 civarinda artisa neden
10 0.833 | 0.554 | 0.790 | 0534 | oldugubelirlenmisir
15 0.791 | 0.540 | 0.758 | 0.516
20 0.784 | 0.525 | 0.724 | 0.499
48,0
~ 47,0
% 46,0
£ 450
Q
£
5 44,0
=
v 43,0
b
= 42,0
41,0
0 5 10 15 20 25
GDA Orani (%)

Sekil 10. GDA orani — igsel surtinme agis1 degisim grafigi.

324

Karaelmas Fen Miih. Derg., 2023; 13(2):316-328



Aksoy, Yildirim / Geri Dontstiirtilmis Beton Agrega Katkisinin Kumlu Zeminlerin

Mukavemet Parametreleri Uzerindeki Etkisinin Incelenmesi

= B = 2mm-4.76mm

17,4
17,3
17,2
17,1

17

=
[=3]
=]

16,8
16,7

Kuru Birim Hac. Ag. (Vo) (KN/m?3)

16,6

GDA Orani (%)

—8—4.76mm-6.30mm

15 20 25

Sekil 11. GDA boyutu —kuru birim hacim agirlik degisimi..

= B = 2mm-4.76mm

0,64
0,63
0,62
0,61

0,6
0,59
0,58
0,57
0,56
0,55
0,54

h-—-"“E...___

Boslulk Orani (e)

0 5 10

—8—4.76mm-6.30mm

GDA Orani (%)

15 20 25

Sekil 12. GDA boyutu — bosluk oran: iliskisi.

Agrega boyutunun artmasi ile GDA — kum karigiminda
daha distk bosluk oranlari (e) elde edilecegi gortilmektedir
(Sekil 12).

Artan GDA orani zeminin istenilen sitkiliga (%80) ulagma
sturesinde azalma meydana getirdigi sonucuna varilmistir

(Sekil 13).

Agrega boyutu arttikca igsel siirtiinme agisinda (¢) artigla-
ra neden olmustur (Sekil 14). Artan agrega boyutunun igsel

Karaelmas Fen Miih. Derg., 2023; 13(2):316-328

strtiinme agisinda yaklasik olarak %1-3 kadar artiga sebep
oldugu belirlenmistir.

4. Sonug ve Oneriler

Yapilan deneylerde kum zemine agirlik¢a farkli oranlarda
(%5, %10, %15 ve %20) ve boyutlar: farkli (2 mm-4.76 mm
ve 4.76mm-6.30 mm) olan GDA eklenmistir. Katkili zemin
tizerinde rolatif sikilik deneyi ve kesme kutusu deneyi yapil-
mustir. Yapilan deneyler sonucunda;

325



Aksoy, Yildirim / Geri Dontstirtilmis Beton Agrega Katkisinin Kumlu Zeminlerin

Mukavemet Parametreleri Uzerindeki Etkisinin Incelenmesi

= B = 2mm-4.76mm

Siire (s)

—8—4.76mm-6.30mm

15 20 25
%

Sekil 13. GDA boyutu — titresim siresi iligkisi.

=B =2-4,76mm

icsel Strtiinme Agisi (¢)

0 5 10

—8—4,76-6,30mm

GDA QOrani (%)

15 20 25

Sekil 14. GDA boyutu — igsel sirtinme agis1 degerleri arasindaki iligki..

e Agirlikca agrega oranimnin artmasiyla kuru birim hacim
agirhik degerlerinin yaklasik %4%e varan oranda artti
tespit edilmistir.

* Agirlik¢a agrega oraninin artmasiyla bosluk oraninda
dusts gozlemlenmistir.

* Agirlikca agrega oraninin artmasiyla karigimlarin igsel
surtiinme agisinda %14’ varan artiglar oldugu belirlen-
migtir.
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Ayrica iki farkli agrega boyutunu (2 mm-4.76 mm ve
4.76mm-6.30 mm) kiyaslamak gerekirse;

* Artan agrega boyutu ile daha yaklagik %1 daha biyik

kuru birim hacim agirlik degerleri elde edilmigtir.

* Agrega boyutunun artmasiyla bosluk oranlarinda dusts
gozlemlenmistir.

* Agrega boyutunun artmasiyla istenilen sikiliga ulasma
stresinde diists gozlemlenmistir.
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* Artan agrega boyutu ile igsel siirtinme agisinda %1-3
arasinda artiglar gézlemlenmistir.

Yapilan deneyler gostermistir ki Geri dontstirilmiis Beton
Agregasinin (GDA) zeminin mukavemet parametrelerini
artirdigi ve dolayist ile toprak islerinde dolgu malzemesi
olarak kullanilabilecegi belirlenmistir. Deney sonuglarindan
da gorilecegi gibi, GDA orani arttitkca mukavemet para-
metreleri de artig gostermigtir.

Daha sonraki ¢aligmalarda optimum GDA oraninin belir-
lenmesi i¢in daha yiksek GDA oranlariyla ¢aligilarak mu-
kavemet parametrelerinin belirlenmesi tavsiye edilmektedir.
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Detection of COVID-19 Severity and Mortality from Blood Parameters by
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COVID-19 Siddeti ve Mortalitesinin Kan Parametrelerinden Kolektif Ogrenme Yontemleri ile Tespiti
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Abstract

COVID-19 is a pandemic that causes a high rate of spread and Acute Respiratory Distress Syndrome (ARDS). Severe pneumonia in
infected individuals has resulted in too many patients being admitted to the Intensive Care Unit (ICU). This has placed unprecedented
pressure on health systems by exceeding capacities. It is essential to detect the prognosis of this disease so that the health systems
can remain active and the conditions of the patients who need to be hospitalized in the ICU do not become critical. In this study,
COVID-19 prognosis was detected by using ICU admission (COVID-19 SEVERITY) and COVID-19 related death (COVID-
19 MORTALITY) datasets with Machine Learning (ML) methods. The missing data of the datasets were filled with K-Nearest
Neighbor (KNN), and Min-Max normalization was performed. Datasets were divided three times into training and test sets, and
the data were balanced with the Synthetic Minority Oversampling Technique (SMOTE). Then, classification was carried out using
Ensemble Learning (EL) methods. For COVID-19 SEVERITY and COVID-19 MORTALITY, 89.54% and 97.25% accuracy were
achieved with the Adaboost classifier, respectively. Successful and rapid COVID-19 prognosis detection with ML methods will help
to use the ICU more efficiently and relieve the pressure on health systems.

Keywords: Classification models, hematological parameters, machine learning

Oz

COVID-19, yiiksek yayilim hizina ve Akut Solunum Sikintis1 Sendromuna (ARDS) neden bir pandemidir. Enfekte bireylerde gelisen
siddetli pnomoni, ¢ok fazla hastanin Yogun Bakim Unitesine (ICU) kabul edilmesine neden olmustur. Bu da, saglik sistemlerinde
kapasitelerin agilarak benzeri gérilmemis bir baski meydana getirmigtir. Saglk sistemlerinin aktif kalabilmesi ve ICU’ya yatmas:
gereken hastalarin durumlarinin kritiklesmemesi i¢in bu hastaligin prognozunun belirlenmesi olduk¢a 6nemlidir. Bu ¢aligmada, ICU’ya
kabul edilen (COVID-19 SEVERITY ) ve COVID-19 nedeni ile 6len (COVID-19 MORTALITY ) hastalarin bilgilerini igeren
veri setleri, Makine Ogrenmesi (ML) yontemleri kullanilarak COVID-19 prognoz tespiti yapilmustir. Veri setlerinde bulunan eksik
veriler K-En Yakin Komgu (KNN) ile tamamlanmis ve Min-Max normalizasyonu yapilmugtir. Veri setleri, egitim ve test setleri olarak
boliinmiis ve veriler Sentetik Azinlik Agirt Ornekleme Teknigi (SMOTE) ile dengelenmistir. Ardindan, Kolektif Ogrenme (EL)
yontemleri kullanilarak siniflandirma gergeklestirilmigtir. COVID-19 SEVERITY ve COVID-19 MORTALITY i¢in Adaboost
stniflandiricist ile sirasiyla %89.54 ve %97.25 basar: elde edilmistir. ML yontemleri ile COVID-19 prognozunun bagarili ve hizli bir
sekilde tespit edilmesi, ICU’yu daha verimli kullanmaya ve saglik sistemlerinin tizerindeki baskuy: hafifletmeye yardimer olacaktir.

Anahtar Kelimeler: Hematolojik parametreler, makine 6grenmesi, stniflandirma modelleri
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1. Introduction

COVID-19 is the new viral respiratory disease that causes
ARDS. Since its first appearance in 2019, it has been de-
tected in more than 200 countries in the world within 4
months and has taken the world under its influence (Brinati
et al. 2020). Because of this global epidemic, this disease
has been defined as a pandemic. COVID-19 has caused se-
vere effects on people with chronic conditions such as dia-
betes, cancer, and heart disease, causing permanent illness
and even death (WHO 2020, WHO 2022). Serious illness
occurred in about 15% of infected patients, and about 6% of
them reached critical levels (Wang et al. 2020). Too many
people were admitted to the ICU due to severe pneumonia
and ARDS (Pasquier et al. 2021). In this pandemic situation
where emergency departments and ICUs are overcrowded,
early detection of patients who need intensive care is very
important for the proper functioning of health systems
(Negant et al. 2020). In addition, one of the most important
epidemiological criteria to be detected in infectious diseas-
es is the mortality of the disease (Ghani et al. 2005). De-
tecting the mortality of COVID-19, which has such a high
contagiousness and ICU admission rate, makes it easier to
determine the prognosis of the patients and to follow the
pandemic surveillance.

In addition to biasing individual health, COVID-19 has also
affected countries in terms of economic, social, and health
infrastructure systems (Dey et al. 2020, Fong et al. 2020). For
example, in northern Italy, with 1,381 patients admitted to
the ICU in the first wave of COVID-19, healthcare systems
have experienced unprecedented pressure, exceeding 133%
of capacities (Grasselli et al. 2020). For this reason, artificial
intelligence-based studies have been carried out to support
healthcare professionals in many tasks to slow down this ep-
idemic and control infrastructure systems (Chen et al. 2020,
Erol Dogan and Uzbas 2023, Kumar et al. 2023, Yang et
al. 2020). While many studies have been conducted for the
diagnosis of COVID-19-infected individuals, the develop-
ment of prognostic models for ICU admission and mortal-
ity estimation has lagged (Cabitza et al. 2021; Wynants et
al. 2020). However, health systems in many countries have
come under a great burden with COVID-19. In addition,
critically ill patients admitted to the ICU have been found
to have a higher mortality rate than normal COVID-19
patients (Moore and June 2020, Willyard 2020). Therefore,
early diagnosis of the prognosis and lethality of this dis-
ease is very important both for the health systems to remain
active and for the condition of infected individuals not to
become critical.
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When the studies in the literature are examined, Podder et
al. (2021) have developed various ML models for patients
admitted to the ICU or semi-ICU. RF and voting clas-
sifiers (RE, Logistic Regression (LR), Support Vector Ma-
chines (SVM)) achieved the best performance in classifying
patients who should be admitted to ICU and semi-ICU.
Voting classifiers achieved 98% success and were presented
as the most successful result. Rodriguez-Nava et al. (2020)
determined clinical AUC scores to determine ICU admis-
sion and mortality, and ultimately obtained AUC scores
of 0.761 and 0.781 for ICU admission and mortality, re-
spectively. Kong et al. (2020) determined the importance
of biomarkers with RF by taking blood samples from in-
fected individuals every 3-7 days to determine the sever-
ity of COVID-19 and evaluated the diagnostic accuracy
of the most important proteins with the Recipient Oper-
ating Characteristic (ROC) curve. Famiglini et al. (2021)
developed 3 prognostic ML models with blood parameters
of individuals for the admission of COVID-19 patients
to the ICU. These models take as input the dataset BIG-
DATA-COVID19, which includes blood parameters of
COVID-19 patients, and predict whether they need to be
transferred to the intensive care unit within 5 days. They
obtained an AUC value of 0.880 with the ensemble model
obtained with the XGBoost (XGB), RF, and LR classifiers.
Alabad et al. (2022) developed an ML model estimating the
length of ICU stay of COVID-19 patients in eastern Saudi
Arabia. In this model, they achieved 94.16% success by us-
ing the RF classifier. Moulaei et al. (2022) compared several
ML models that predicted COVID-19 mortality using ini-
tial hospital admission data from 1500 COVID-19 patients.
As a result, the RF model was chosen as the most successful
model to predict COVID-19 mortality with 95.03% suc-
cess and 0.990 AUC. Elshennawy et al. (2022) developed
3 Deep Learning (DL) models that predict the mortality
risk of infected individuals. The first of these models is CV-
CNN, which was developed with the Convolutional Neural
Network (CNN). CV-CNN was developed using the clin-
ical dataset of 12020 patients, and this clinical dataset was
also used in the second model, CV-LSTM + CNN, which
was developed by combining Long Short-Term Memo-
ry (LSTM) and CNN. The third model, IMG-CNN, is a
CNN model and this model estimates mortality using the
clinical dataset used in the first two models converted to
image data. As a result, the IMG-CNN model performed
better than the other two models with a success of 94.14%
and an AUC of 93.70%.

Karaelmas Fen Miih. Derg., 2023; 13(2):329-342



Erol Dogan, Uzbas / Detection of COVID-19 Severity and Mortality

In this study, a dataset containing blood parameters of
COVID-19 patients and 2 classes of information was
used. The first class is the Severity class, which represents
COVID-19 patients admitted and not admitted to the ICU.
'The other is the Dead class, which represents patients who
died and did not die due to COVID-19. The general dia-
gram of this study is presented in Figure 1. First, certain data
preprocessing was applied to the dataset: KNN was used to
fill in missing data (Erol et al., 2022) and Min-Max nor-
malization was performed. Two sub-datasets were obtained
from the filled and normalized datasets. The first sub-data-
set, COVID-19 SEVERITY, was obtained by dividing the
blood parameter characteristics and Severity class in the
dataset. The other sub-dataset, COVID-19 MORTALITY,
was obtained by dividing the blood parameter characteris-
tics and Dead class. Each dataset was then divided three
times into an 80% training set and a 20% test set. The data
in the training sets were balanced with SMOTE. ML mod-
els were developed with the Severity and Mortality datasets
and the EL method, Bagging, RF, and Adaboost classifiers.

'There are 2 main limitations to this study. These are:

1. Blood values are influenced by genetic factors (Mahaney
et al., 2005). Therefore, COVID-19 studies with blood
parameters will be active for certain breeds.

2. Missing and unbalanced data is a known problem
in medical data (Rahman and Davis, 2013; Hu et al.,
2017). While missing blood parameter data can cause
bias in statistical analyses, unbalanced data distribution
between classes can lead to both bias in statistical results
and overfitting in classification.

Considering these 2 limitations, the dataset in the study
should be well analyzed. The data preprocessing steps to be
applied to the dataset in the study directly affect the classi-

fication accuracy. Therefore, the completion of missing data
and the elimination of data imbalance are the main steps of
the study.

As a result of this study, severity and mortality detection
of infected individuals was performed with a single dataset
containing the blood parameters of COVID-19 patients,
whether they were admitted to the ICU, and whether they
died as a result of the disease. In addition, by applying ap-
propriate data preprocessing to a single dataset that has all
of this information, it has been shown that ELL methods
produce very successful results in determining the prognosis
of the disease and keeping health systems active.

2. Material and Methods
2.1. Dataset
The BIGDATA-COVID19 (Famiglini et al. 2021) dataset

used in this study includes age, sex, and routine blood test
results of 1218 patients admitted to the COVID-19 emer-
gency department of San Raffaele Hospital in Milan (Italy)
between February 19 and May 31, 2020. For those hospi-
talized for at least 24 hours, blood samples were collected
every day of hospitalization, resulting in 4995 observations
in total. There are 2 classes in the dataset, Severity and Dead.
The Severity class contains information on whether patients
were admitted to the ICU within 5 days of hospitalization.
The Dead class contains information on whether individuals
died due to COVID-19 during this period. The features and

classes in the dataset are given in Table 1.

The Severity class in the BIGDATA-COVID19 (Fami-
glini et al. 2021) dataset represents COVID-19 patients
who were and were not admitted to the ICU, and the Dead
class represents patients who died and did not die due to
COVID-19. After applying data preprocessing to the data-

CoviD-19
SEVERITY ENSEMBLE LEARNING
DATA PREPROCESSING CLASSIFICATION
Filling the Missing Data with KNN
BAGGING
DATASET —» . __ DIVIDING THE DATASET _| >
Min-Max Normalization -
INTO SUB-DATASETS » ADABOOST
Data Balancing with SMOTE
RANDOM FOREST
. COVID-19 |
MORTALITY

Figure 1. General diagram of the study.
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Table 1. BIGDATA-COVID19 Dataset

Parameter Acronym Unit of Measure
Feature 1 Age - Years
Feature 2 Sex - Female-Male
Feature 3 Mean Corpuscular Volume MCV fL.
Feature 4 Mean Platelet Volume MPV fL.
Feature 5 Mean Corpuscular Hemoglobin MCH Pg/Cell
Feature 6 Mean Corpuscular Hemoglobin Concentration MCHC g Hb/dL
Feature 7 Neutrophils Count NE - NET % - 10°/L
Feature 8 Lymphocytes Count LY -LYT % - 10°/L
Feature 9 Monocytes Count MO - MOT % - 10°/L.
Feature 10 Eosinophils Count EO - EOT % - 10°/L
Feature 11 Basophils Count BA - BAT % - 10°/LL
Feature 12 Hematocrit HCT %
Feature 13 Platelets PLT 10°/L.
Feature 14 Red Blood Cell RBC 10*%/LL
Feature 15 White Blood Cells WBC 10°/L.
Feature 16 Hemoglobin HGB g/dL
Feature 17 Erythrocyte Distribution Width RDW CV%
Class 1 Severity - (0,1)
Class 2 Dead - (0,1)

set, 2 sub-datasets were obtained. The first sub-dataset,
COVID-19 SEVERITY, was obtained by dividing the
blood parameter properties and Severity class in the dataset.
The other sub-dataset, COVID-19 MORTALITY, was ob-
tained by dividing the blood parameter characteristics and
Dead class.

2.2. Data Preprocessing

In this study, the BIGDATA-COVID19 (Famiglini et al.
2021) dataset was first subjected to certain data prepro-
cessing: Missing data were filled with the KNN (Erol et al.
2022) and Min-Max normalization was performed in the
range [0, 1]. Two sub-datasets were obtained from the filled
and normalized datasets. The first sub-dataset, COVID-19
SEVERITY, was obtained by dividing the blood parameter
characteristics and Severity class in the dataset. The oth-
er sub-dataset, COVID-19 MORTALITY, was obtained
by dividing the blood parameter characteristics and Dead
class. Each dataset was then divided three times into an
80% training set and a 20% test set. Each dataset has 3996
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data in the training set and 999 data in the test set. In the
COVID-19 SEVERITY training set, the number of ICU
admissions and non-admissions are 1087 and 2909, respec-
tively. In the COVID-19 MORTALITY training set, the
number of deaths and non-deaths due to COVID-19 are
124 and 3872, respectively. This imbalance in the datasets
was balanced with SMOTE and the minority classes in the
COVID-19 SEVERITY and COVID-19 MORTALITY
training sets were completed to 2909 and 3872, respectively.

2.2.1. Mlissing Data Filling with KNN Algorithm

Missing data from the dataset affects the performance of
ML models and prevents them from producing accurate
predictions. KNN fills the missing data in the dataset based
on the average distance to its k nearest neighbors. Euclid-
ean, Mahapolnis, and Manhattan distance metrics are used
for distance calculation (Idri et al. 2016).

2.2.2. Min-Max Normalization

Min-Max normalization normalizes the data so that the
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smallest value is 0 and the largest value is 1 and spreads all
data in the dataset over the range [0, 1]. This method ensures
that all data is kept on a positive scale. Min-Max normal-
ization is presented in Equation 1. According to Equation
1, X represents the rescaled data and X represents the
original data. With Min-Max normalization, each data X
in the dataset is subtracted from the minimum value in the
relevant feature column, and the X value is obtained by
dividing the maximum value of the relevant feature column
by the difference of the minimum value.

X:—min (X)

Koom = max (X) — min (X)

1)

2.2.3. Data Balancing with SMOTE

When the number of data in classes in a dataset is not ap-
proximately equal, this is called imbalanced data. Unbal-
anced data produces success according to the majority class
ignoring the minority class and giving misleading results
for ML models. Therefore, many algorithms have been de-
veloped to balance the data in datasets. One of these algo-
rithms, SMOTE, developed by Chawla et al. (2002), gener-
ates synthetic samples based on the k nearest neighbors of
the samples examined in the minority class. The rationale of
the method is to help the classifier generalize to the test data
without disturbing the natural structure of the dataset by
generating synthetic samples instead of copying the existing
observations in the minority class (Douzas et al. 2018, Fer-
nandez et al. 2018). This method overcomes the overfitting
that occurs by oversampling through replication.

2.3. Machine Learning

ML learns meaningful relationships and patterns from the
observations in the training set and predicts the information
learned from the observations in the test set that it has never
seen (Bishop 2006). In this way, it assimilates the datasets
presented to it and aims to perform the classification task
directly without instructions. There are many ML classifier
models. In this study, EL models were used, which have
been successful in many fields and outperformed single
models (Anwar et al. 2014, Prusa et al. 2015, Shahzad and
Lavesson 2013).

2.4. Ensemble Learning

EL is a classification methodology that refers to the use of
multiple models together to create a stronger model rather
than using a single classification model. Model diversity in-
creases success and reduces the risk of overfitting (Moham-
med and Kora 2023). In the literature, there are many stud-

Karaelmas Fen Miih. Derg., 2023; 13(2):329-342

ies on EL methods and different EL. methods have been
presented according to how the models are combined and

trained (Dong et al. 2020, Sagi and Rokach 2018). The com-
monly used ones are as follows: Bagging, RF, and Adaboost.

2.4.1. Bagging Classification Algorithm

Bagging is a bootstrap algorithm developed by Breiman
(1996). This algorithm randomly selects sub-samples from
the dataset and presents each of these samples to a classi-
fier model to form an ensemble of classifiers. Each of this
ensemble of classifiers produces a prediction. The final class
prediction is produced by combining all the predictions.
In the combination of predictions, the average is taken for
regression trees, while in classification trees the results are
determined by multiple voting. Bagging generates random
sub-samples of n samples from a dataset of n samples and
each selected sample is put back into the dataset. The work-
ing principle of Bagging is presented in Figure 2.

2.4.2. Random Forest Classification Algorithm

RF is a very fast and robust classifier for overlearning (Brei-
man 2001). RF creates an ensemble forest with multiple
trees and trains each tree in this forest on a different obser-
vation, generating various models, and then combines these
models to obtain a final prediction, maximizing the classifi-
cation success. The working principle of RF is presented in
Figure 3.

2.4.3. Adaboost Classification Algorithm

Adaboost, developed by Freund and Schapire (1999), is a
classification algorithm that works by boosting. Boosting is
the process of combining several weak classifier models to
create a strong classifier model. In the Adaboost algorithm,
which is one of the boosting methods, the training set is
first trained with a weak classifier, and then a training mod-
el is created again by giving more priority to the samples
that are incorrectly predicted as a result of this training, that
is, by increasing their weights. The model is continued by
training the model so that the output of the weak classifi-
er is the input of the other classifier, and finally, the results
are combined to produce the final classifier model and class
prediction. The working principle of Adaboost is presented
in Figure 4.

2.5. Classification Performance Metrics

Classifier models that take the dataset as input provide in-
formation about their accuracy with performance measures
in various criteria. These performance measures on various
criteria are based on an error table called the Confusion Ma-
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Figure 2. Working principle of bagging classification algorithm.

trix (CM) (Japkowicz and Shah 2011). The CM is a special
two-dimensional table that presents the number of correct
and incorrect data produced by the predicted results versus
the actual results. The basic structure of the CM is presented
in Figure 5, based on a binary classification model.

Each row of the matrix represents the instances in the pre-
dicted class and each column represents the actual class of
those instances. As shown in Figure 5, for a two-class clas-
sifier model with positive and negative labels:

True- Positive (TP): This represents a dataset with a posi-
tive class label correctly predicted by the classifier.

True -Negative (TIN): This represents the dataset with a
negative class label correctly predicted by the classifier.

False-Positive (FP): This represents the dataset with a pos-
itive class label that is incorrectly predicted by the classifier.

False - Negative (FN): This represents a dataset with a neg-
ative class label that is incorrectly predicted by the classifier.

Some basic metrics have been established to measure the
performance of a classifier using CM. These are Accuracy,
Recall, Precision, F-Score, and Area under the ROC Curve
(AUC).
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2.5.1. Accuracy

Accuracy presents the rate at which the classifier model
built using the training set correctly classifies the data in
the test set. This metric is calculated as the ratio of correctly
predicted areas in the model to the total dataset, as present-
ed in Equation 2. This helps to evaluate the overall perfor-
mance of the classifier by treating all class labels equally. The
accuracy metric alone is not enough to evaluate a classifier
model, especially for imbalanced datasets. Therefore, other
performance metrics should also be used when evaluating

the performance of a classifier model (Dai et al. 2022).

4 _ TP+ TN 2
Couracy = TP+TN+FP+FN

2.5.2. Recall and Precision

Precision and Recall are metrics used to evaluate infor-
mation extraction by measuring the test performance of a
classifier and are suitable for applications such as artificial
neural networks that perform information extraction (Abeel
et al. 2009, Huang and Bader 2009). The standard to aim for
when building a classifier model is a high TP and low FP
ratio. The ability of the classifier to detect positive classes
is called recall. In other words, recall is a metric that shows
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Figure 3. Working principle of random forest classification algorithm.
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TP
Recall = wp 5~ (3)
ACTUAL VALUES TP+FN
Precision is a metric that indicates how many of the posi-
Positive Negative tively labeled values are correctly labeled positive. The pre-
cision metric is calculated as the ratio of the number of cor-
) E rectly labeled positive data to the number of data labeled as
g = TP FP the predicted positive class and its formulation is given in
j %n Equation 4.
-
a Precision = TP
E recision = p 1 fp (4)
= E N 2.5.3. F-Score
=] =
E s FN 'The Precision and Recall measures alone do not provide a
B ) meaningful comparison result for the classifier models. The
F-Score, which evaluates the two measures together, is the

Figure 5. Confusion matrix.

how much of the data that is known to belong to a positive
class is labeled as a positive class after classification. The re-
call of a classifier is the number of TPs obtained from the
CM divided by the number of instances in the true positive
class. The TP ratio, the recall performance metric, is given
in Equation 3.
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harmonic mean of the precision and sensitivity values. The
F-Score is commonly used as F1, F0.5, and F2 and takes
values between 0 and 1. A classifier that makes accurate
predictions is expected to have an F-Score value close to 1
(Japkowicz 2011). The formulation of the F-Score is given
in Equation 5.

(14 B?) x (Precision X Recall) 5)
B+ Precision X Recall

Fs— Score =
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2.5.4. The Area Under the ROC Curve

The ROC curve is a graphical representation of the rela-
tionship between recall and specificity. On the x-axis of the
ROC graph is the FP ratio, the specificity performance met-
ric, while on the y-axis is the TP ratio, the sensitivity perfor-
mance metric. Recall and specificity values are calculated for
different threshold values and each point on the ROC curve
represents the recall-specificity pair corresponding to a giv-
en decision threshold. AUC is used to test the performance
of classifiers between 0 and 1. A value of AUC approaching
1 indicates that the classifier is making accurate predictions,
a value of 0.5 indicates that the classifier is making random
predictions, and values below 0.5 indicate that the classifier
is not working correctly (Hulley et al. 2001).

3. Results and Discussion

In this study, we used the BIGDATA-COVID-19 (Fami-
glini et al. 2021) dataset, which contains blood parameters
of COVID-19 patients and 2 classes of information. The
classes in the dataset are as follows: Severity class repre-
senting COVID-19 patients who were and were not ad-
mitted to the ICU and Dead class representing patients
who died and did not die due to COVID-19. First, cer-
tain data preprocessing was applied to the dataset: Missing
data were filled with the KNN (Erol et al. 2022) and Min-
Max normalization was performed in the range [0, 1]. Two
sub-datasets were obtained from the filled and normalized
datasets. The first sub-dataset, COVID-19 SEVERITY,
was obtained by dividing the blood parameter characteris-
tics and Severity class in the dataset. The other sub-data-
set, COVID-19 MORTALITY, was obtained by dividing
the blood parameter characteristics and Dead class. Each
dataset was then divided three times into an 80% training

set and a 20% test set. The data in the training sets were
balanced with SMOTE. Training models were developed

Table 2. Classification results.

Classification Results

by applying 10-fold cross-validation to balanced training
sets. Bagging, RF, and Adaboost classifiers were used. Ker-
nel classifier RF was chosen for Bagging and Adaboost. The
numFeatures parameter, which sets the number of randomly
selected features for RF and kernel RF, was chosen as 4.
Testing procedures were performed by applying test sets to
the developed training models. The study was coded in Py-
thon 3.9.7 and classification processes were carried out with

Weka 3.8.4.

Classification performances for COVID-19 SEVERITY
and COVID-19 MORTALITY are presented in Table 2
with average Accuracy, Precision, Recall, F-Score,and AUC
measurements of 3 sub-datasets obtained from each dataset.

As can be seen in Table 2, the highest success with the
COVID-19 SEVERITY dataset was 89.54% with Ada-
boost. Bagging and RF achieved 89.11% and 89.41%, re-
spectively. For the COVID-19 MORTALITY dataset, the
highest success was 97.25% with Adaboost. Bagging and
Adaboost achieved 96.69% and 96.89%, respectively. As a
result, it was revealed that Adaboost, one of the EL meth-
ods, produced the most successful results in detecting both
COVID-19 patients who were admitted to the ICU and
those who were not, and individuals who died and did not

die due to COVID-19.

The AUC performance criterion provides the optimal thresh-
old for the separation of positive and negative classes and
plays a central role in discriminating between populations
(Hajian-Tilaki 2013, Metz 1978). Adaboost was selected as
the most successful model for COVID-19 SEVERITY and
COVID-19 MORTALITY. Adaboost, which was selected
as the most successful model for COVID-19 SEVERITY
and COVID-19 MORTALITY, produced 0.949 and 0.953
AUC for these two datasets, respectively. In contrast, the
most successful AUC value for COVID-19 MORTALITY
is 0.959 with Bagging.

Classifier Dataset Accuracy Precision  Recall F-Score TP Rate
Bagging COVID-19 Severity 89.11% 89.30% 89.13% 89.20% 0.948 89.13%
COVID-19 Mortality | 96.69% 97.26% 96.70% 96.93% 0.959 96.70%
COVID-19 Severity | 89.41% 89.46% 89.43% 89.43% 0.948 89.40%

Random Forest
COVID-19 Mortality | 96.89% 97.13% 96.90% 97.0% 0.953 96.90%
Adaboost COVID-19 Severity | 89.54% 89.60% 89.56% 89.56% 0.949 89.56%
COVID-19 Mortality | 97.25% 97.33% 97.26% 97.30% 0.953 97.26%
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In this study, the imbalance in the dataset is eliminated in
the training set to ensure unbiased training and the accuracy
of the models is checked with TP Rate in the test mod-
el. The TP Rate performance criterion provides the aver-
age number of true positives predicted for the true positive
class. As seen in Table 2, the most successful TP Rate for
COVID-19 SEVERITY and COVID-19 MORTALITY
is 89.56% and 97.26% with Adaboost, respectively. Despite
the unbalanced data distribution in the test set, thanks to
the data balancing applied in the training model, the models
perform their detection without bias. As a result, the blood
parameters of COVID-19 patients can successfully deter-
mine whether the patients will be admitted to the ICU and
whether they will die due to the disease.

'The comparison of this study with other COVID-19 sever-
ity and mortality detection studies conducted in the litera-
ture is presented in Table 3.

Table 3. Comparison of this study with the literature

Study Dataset

Blood samples of 313
COVID-19 patients in the
Northwestern United States

Rodriguez-Nava et al.
(2020)

When Table 3 is examined, Rodriguez-Nava et al. (2020)
examined the blood parameters of 313 COVID-19 patients
in the Northwestern United States and determined the
patients’ clinical AUC scores for determining ICU admis-
sion and deaths. As a result, the AUC for ICU admission
and mortality in COVID-19 was determined to be 0.761
and 0.781, respectively. In this study, AUCs of 0.949 and
0.953 were obtained for COVID-19 SEVERITY and
COVID-19 MORTALITY, respectively. This shows that
the ML detection models developed in this study achieved
higher AUC values determined by Rodriguez-Nava et al.
(2020) for COVID-19 severity and mortality. In the study
conducted by Podder et al. (2021), a dataset containing
111 blood samples of 5644 COVID-19 patients was used
to predict whether individuals would be admitted to ICU
or semi-ICU. Missing data in the dataset were completed
with median values and then feature selection was made
with Extra Trees (ET). They developed various ML models
for patients admitted to ICU or semi-ICU with 10 selected

Purpose Result

Determining clinical AUC
scores for determining
intensive care unit admissions

and deaths.

AUC 0f 0.761 and 0.781 for
ICU admission and mortality,

respectively

111 blood samples from 5644

Podder et al. (2021) patients at Hospital Israelita

Classifying ICU and semi-
ICU admission by selecting

98% accuracies with votin
features from the blood &

from 1218 COVID-19
patients (BIGDATA-
COVID19)

Famiglini et al. (2021)

Albert Einstein, Brazil. parameters of COVID-19 classifiers
patients.
4995 blood samples taken | Predicting whether patients 0.880 AUC with the

ensemble model obtained
with XGB, RF and LR

classifiers

need to be transferred to the
ICU within 5 days by blood

parameter S.

First hospital admission data
of 1500 (1386 survivors and
144 deaths) COVID-19

patients

Moulaei et al. (2022)

Comparing various ML
models predicting COVID-19
mortality

95.03% accuracy and 0.990
AUC with RF

4995 blood samples taken
from 1218 COVID-19

Determining the disease
severity and mortality
with a single blood dataset

89.54% accuracy and 0.949
AUC and 97.25% accuracy
and 0.953 AUC with

This Study . containing information about| Adaboost for COVID-19
P at1erC1:tsO(\I/311DG BI)ATA_ whether COVID-19 patients SEVERITY and
were admitted to the ICU and| COVID-19 MORTALITY,
whether they died respectively.
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features. Voting classifiers (RF, Logistic Regression (LR),
Support Vector Machines (SVM)) showed the best perfor-
mance, achieving 98% success in classifying patients who
should be admitted to intensive care and semi-intensive
care. Famiglini et al. (2021) developed an ML model that
predicts whether infected individuals should be transferred
to the ICU within 5 days using the BIG DATA-COVID19
dataset used in this study. As a result, they achieved an AUC
value of 0.880 with the ensemble classifier model consisting
of XGBoost (XGB) RF and LR. In this study, an AUC of
0.949 was obtained with COVID-19 SEVERITY repre-
senting transfer to ICU using the same dataset. Although
data imbalance was resolved with SMOTE in both studies,
differences in pre-processing directly affected success. The
success of the data preprocessing combination presented
in the study was demonstrated by obtaining a higher AUC
value with the same dataset. In this study, in addition to the
prediction model of transfer to ICU, a prediction model of
whether patients will die due to disease was also developed.
In the study conducted by Moulaei et al. (2022), they de-
veloped ML models that predict COVID-19 mortality by
applying certain data preprocessing and feature selection to
the data of 1500 COVID-19 patients, 1386 of whom were
alive and 144 of whom were dead. Among the models, RF
was chosen as the most successful model with 95.03% ac-
curacy and 0.990 AUC value. In this study, higher accuracy
(97.25%) and AUC (0.953) for COVID-19 MORTALITY

were achieved with Adaboost.

4. Conclusion and Suggestions

COVID-19 is a pandemic respiratory disease that targets
the lungs and can cause lung damage and death in severe
cases. The lethality of this disease varies between countries
(Asch et al. 2021, Stralin et al. 2021, Strilin et al. 2022), and
workload in hospitals affects the lethality of the disease (Fe-
igin et al. 2022, Strilin et al. 2022). About 15% of infected
patients developed severe illnesses and about 6% of them
reached critical status (Wang et al. 2020). Although many
people were admitted to the ICU due to severe pneumonia
and ARDS, 2.9% of those with severe illness had no ab-
normalities on initial admission (Guan et al. 2020, Pasquier
et al. 2021). This has led to serious confusion in healthcare
systems as COVID-19 patients’ conditions worsened and
the level of ICU need could not be determined.

In this study, a dataset containing blood parameters of
COVID-19 patients and 2 classes of information was used
first, certain data preprocessing was applied to the dataset:
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KNN was used to fill in missing data (Erol et al. 2022) and
Min-Max normalization was performed. Two sub-datasets
were obtained from the filled and normalized datasets. The
first sub-dataset, COVID-19 SEVERITY, was obtained
by dividing the blood parameter characteristics and Sever-
ity class in the dataset. The other sub-dataset, COVID-19
MORTALITY, was obtained by dividing the blood param-
eter characteristics and Dead class. Each dataset was then
divided three times into an 80% training set and a 20%
test set. The data in the training sets were balanced with
SMOTE. Training models were developed by applying 10-
told cross-validation to balanced training sets. Bagging, RE,
and Adaboost classifiers were used. Testing procedures were
performed by applying test sets to the developed training
models. As a result of the classification, the most successful
model was determined to be the Adaboost classifier. With
Adaboost, the highest success was obtained with 89.54% for
COVID-19 SEVERITY and for COVID-19 MORTAL-
ITY with 97.25%. In addition, the AUC values produced
by this classifier for the most successful result are 0.949 for
COVID-19 SEVERITY and 0.953 for COVID-19 MOR-
TALITY.

As a result of this study, it has been demonstrated that se-
verity and mortality detection of infected individuals can
be performed with high success with a single dataset that
includes blood parameters of COVID-19 patients, informa-
tion on whether they were admitted to the ICU and wheth-
er they died as a result of the disease. Goreke et al. (2021)
revealed that genetic differences are directly related to the
ML models developed for COVID-19. In future studies,
severity and mortality models can be developed based on
the genetic factor with the knowledge of the blood parame-
ters of many COVID-19 patients of different races, wheth-
er they were admitted to the ICU, and whether they died
due to COVID-19. In addition, this study can be applied to

many infectious diseases.
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