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Bazi Arpa Cesitlerinin Kadmiyum ve NaCl Tuz Stresinde Cd Biriktirme
Kapasitelerinin Belirlenmesi
Faruk Ozkutlu® °/, Onur Burkan?
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Gelis Tarihi / Received Date: 28.07.2023 Kabul Tarihi / Accepted Date: 14.09.2023
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Bu arastirma, sera kosullarinda saksi denemesi seklinde yiritilmistir. Toprakta 5 mg Cd kg™* diizeyinde kirlilik
olusturulmustur. Cd (5 ppm) ve NaCl (0 ve 3000 ppm) dozlari altinda yetistirilen alti arpa bitkisinin yesil aksam
kuru madde verimi ve Cd konsantrasyonu belirlenmistir. Cd uygulamasiyla arpa gesitlerinin yesil aksam kuru
madde verimlerinde 6nemli farkhliklarin oldugu saptanmistir. Bu etki, Cd 5 ppm ve NaCl (3000 ppm)
uygulamasinda ise daha belirgin olarak elde edilmis ve yaklasik %25 oraninda kuru madde verimleri azalmistir.
Cesitler arasinda en fazla kuru madde verimi Cetin 2000 ¢esidinde %26.6 oraninda azaldigi belirlenmistir. Her iki
stres altinda yetistirilen arpa gesitlerinin Cd biriktirme kapasitelerinde de 6nemli farkliliklarin oldugu tespit
edilmistir. Tuzsuz ve Cd 5 uygulamasina goére Cd 5 +NaCl uygulamasi sonucunda yesil aksamda Hilal ¢esidinde
3.3 kat daha fazla Cd biriktirdigi saptanmistir. Tuzsuz ortamda en az Cd biriktiren gesit Hilal iken tuzlu ortamda
ise en fazla Cd biriktiren cesit ise Avcl 2002 (35.57 mg kg™) oldugu bulunmustur. Arastirma sonuglarinda gesitler
arasindaki kuru madde ve cesitlerin Cd biriktirme kapasiteleri istatistiksel olarak P<0.05 6nemli oldugu
saptanmistir. Bu arastirmada, tuzun bazi yemlik arpa gesitlerinde Cd alimini arttirdigi ortaya konulmustur.

Anahtar Kelimeler: tuz (NaCl), kadmiyum (Cd), arpa

Determining of Cd Accumulation Capacities of Some Barley Varieties under
Cadmium and NaCl Salt Stress

Abstract

This research was conducted as a pot experiment under greenhouse conditions. Soil was contaminated at a level
of 5 ppm Cd. Shoot dry matter yield and Cd concentration of six barley plants grown under Cd 5 ppm and NaCl
(0 and 3000 ppm) doses were determined. It was revealed that there were significant differences in shoot dry
matter yields of barley cultivars with Cd treatment. This effect was more significant in Cd 5 ppm and NaCl (3000
ppm) treatments, which decreased dry matter yields by about 25%. Among the varieties, the highest dry matter
yield was determined to be decreased by 26.6% in Cetin 2000 variety. There were also significant differences in
Cd accumulation capacity of barley varieties grown under both stresses. It was determined that the Cd 5 + NaCl
treatment accumulated 3.3 times more Cd in the green parts of Hilal cultivar as a result of Cd 5 + NaCl treatment
compared to Cd 5 and no salt treatment. It was found that Hilal was the least Cd accumulating cultivar in without
NaCl while the highest Cd accumulating cultivar was Avci 2002 (35.57 mg kg?) in +NaCl treatment. In the results,
it was found that dry matter yield and Cd accumulation capacity of the varieties were statistically significant at
P<0.05 level. In this study, it was revealed that salt increased Cd uptake in some livestock feed barley varieties.

Keywords: salt (NaCl), cadmium (Cd), barley (Hordeum vulgare)
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Giris

Tarimsal Urinler gesitli biyotik ve abiyotik streslerin tehdidi altindadir. Abiyotik stresler arasinda yer
alan toprak tuzlulugu ve agir metal stresi (Shahid vd., 2015) ciddi cevresel tehlikeleri olusturmaktadir
(Hamid vd., 2008), 6zellikle kurak ve yari kurak alanlarda tuz stresi mahsul verimliliginin azalmasina
(Afzal vd., 2008, Dinler vd., 2021, Ekbic vd., 2017; Korkmaz vd., 2020) neden olmaktadir. Bitkilerde
blylimedeki sinirlamalar ve verim kalitesinin bozulmasinda tuzluluk énemli rol oynamaktadir. Bu
nedenle cesitli bitki tiirleri tuzluluk sorununa karsi savunma mekanizmalari gelistirmistir. Tuzluluga
dayaniklihgr olan bitkilerin kdkleri tuzu biinyelerine almazlar. Bu tir bitkiler yari-gegirgen zar 6zelligi
tasidiklarindan su molekiillerinin gegmesine olanak saglarlar. Diger taraftan toprakta tuzluluk yiizdesi
fazlalasip ¢6ziinmuls durumda oldugunda bitkilerin topraktan su alimi gliclesmektedir. Bu nedenle de,
toprak yapisinda bozulmalar ve iyonlarda dengesizlikler olusmaktadir. Bozulmalar sonucunda bitkiler
tarafindan asiri miktarda alinan tuz, hiicre fonksiyonlarinda tahribatlar meydana getirmesiyle
fotosentez ve solunum islevlerinde gerilemeler olmaktadir (Rady, 2011, Uyanik vd., 2014). Toprakta
yuksek tuz konsantrasyonu oldugunda Na iyonunun fazlaligi nedeniyle topragin fiziksel yapisinda
bozulmalarla birlikte bitkilere fazla miktarda alinan Na iyonundan kaynakl bitkisel Grinlerin verim ve
kalitelerinde dususlere sebep olmaktadir (S6nmez ve Sénmez, 2007). Dinya nifusunun artisina bagli
olarak daha fazla gidaya erismeyi saglamak icin verimin arttirilmasinda glbrelerin yogun olarak
kullanildig1 belirlenmistir (Korkmaz vd., 2021). Uygun olmayan asiri giibreleme sonucunda; toprak
reaksiyonunda degisimler ve iyonlarin dengesinde bozulmalar olusmaktadir. Kimyasal glbrelerin
gereginden fazla kullanilmasinda topraklarda kirlilik olusmakla kalmayip topragin toksik maddelerce
zenginlesmesini de saglamaktadir. Daha fazla verim almak amaciyla fosforlu gibrelerin yogun olarak
kullanilmasiyla topraklara yiiksek miktarda Cd girisi olabilmektedir (Kili¢ ve Korkmaz, 2012). Fosfat kaya
rezervlerinin ¢ok buylk bir boliminin bilesiminde ¢esitli agir metallere rastlamak mimkindur.
Fosfatli gibrelerin hammaddesinde genellikle disik miktarlarda da olsa Hg, Ni, As, Cr, Pb
bulunmaktadir. Bunlardan baska, fosforlu glibrelerin hammaddelerinde 6zellikle yer alan Cd uzun yillar
glbrelemenin sonucunda topraklarda belli miktarda birikimden sonra bitkilere yogun olarak
tasinabilmekte ve yenilebilir bitkilerden de besin zinciri vasitasiyla insanlara gegmektedir (Caglarirmak,
2010; Korkmaz vd., 2010; Korkmaz vd., 2017; Korkmaz vd., 2018). Sanayilesmenin artisina bagli olarak,
endustriyel alanlarin cevresinde agir metal kirlilikleri ve 6zellikle de Cd kirliligi nemli bir cevresel sorun
teskil etmektedir (Aydemir vd., 2022). Son 50 yildir tarimsal alanlarda kullanilan giibreler, antroponejik
ve atik camurlarindan kaynaklanan Cd’un en 6nemli kirletici kaynaklar arasinda oldugu gorilmektedir.
Topraklara giris yapan ve yiksek miktarda biriktiginde toprakta mikrobiyal aktivitenin, toprak
verimliliginin azaldigi buna bagl olarak da {riinlerdeki verim kayiplarinin olusmasina insanlar
tarafindan yiliksek miktarda Cd iceren besinlerin tiiketilmesiyle ciddi saghk sorunlarina neden
olabilmektedir (Buchet vd., 1990; Gill ve Tuteja, 2011). Tarimsal alanlarda genellikle Cd dlsuk
miktarlarda oldugu Kabata-Pendias ve Pendias (1992) goére, tarimsal alanlarda diinyada Cd
konsantrasyonunun 0.06-1.1 mg kg?! arasinda degistigi ve ortalama olarak 0.53 mg kg oldugu
bildirilmistir.

Tarimsal topraklarda Cd dinamigi; tekstlr, hidro oksitler, serbest karbonatlar, topragin pH, redoks
durumu, organik madde icerigi gibi 6zellikler tarafindan etkilenmektedir. Bunlardan baska, son yillarda
topraklarin tuzluluk durumlarinin bitkilerin Cd alimini artirdigi birgok arastirma yer almaktadir (Ozkutlu,
2007; Pedro vd., 2013). Tarimsal topraklarda yiiksek tuz konsantrasyonu oldugunda bitkisel Grinlerin
yetistirilmesinde verim ve kaliteleri gibi ¢esitli sorunlar olusmaktadir. Topraklarda hem tuz hem de agir
metal 6zellikle de Cd birlikte oldugunda bitkilerdeki stres artmaktadir. Sadece tuz stresi oldugunda
kiltdr bitkileri tuza dayaniklilik agisindan farkhlar gosterebilmektedir. Tuzluluga karsi bazi bitkiler
hassas iken bazilari da tuza karsi ¢esitli dayanim mekanizmalari olusturarak dayanikl olurlar. Ornegin,
pamuk, sekerpancari, bugday ve arpa bitkileri tuza dayaniklilikta yiiksek tolerans gdstermektedir
(Bayrakh, 1998). Bu arastirmada, tuz ve Cd stresi altinda yetistirilen alti arpa gesidinin Cd biriktirme
kapasiteleri arastiriimistir.
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Materyal ve Yontem

Denemede, Ordu Universitesi Uygulama Arazisinden 0-20 cm derinlikten alinan toprak kullaniimistir.
Deneme, arpa yetistiriciliginde yaygin olarak kullanilan yemlik &6zellikte iki sirali olan (Avci 2002,
Bornova 92, Biilbil, Cetin 2000, alti sirali, Hilal ve Stileyman Bey) cesitlerle yirGtilmustir.

Materyal

Denemede, Ordu Universitesi Uygulama Arazisinden 0-20 cm derinlikten alinan toprak kullaniimistir.
Denemede kullanilan toprak; tekstir (Tin), organik madde (%1.45), pH 7.42, kire¢ (%3.2), EC (332
us/cm), bitkiye yarayish fosfor (14 ppm), potasyum (199 ppm), kalsiyum (5526 ppm), magnezyum (143
ppm) ve mikro elementlerden sodyum (50 ppm) ve DTPA da ekstrakte edilebilir demir (Fe), ¢inko (Zn),
bakir (Cu) ve mangan (Mn) sirasiyla 7.5, 1.0, 1.9 ve 5.5 mg kg degerlerine sahiptir. Denemede, arpa
yetistiriciliginde yaygin olarak kullanilan yemlik 6zellikte iki sirali olan (Avci 2002, Bornova 92, Bilbdl,
Cetin 2000, alti sirah, Hilal ve Siileyman Bey) gesitler kullaniimistir.

Yontem

Uygulamalar Saksi Denemesinin Kurulmasi ve Yiiriitiilmesi

Deneme, tesaduf parselleri deneme deseninde 3 tekrarlamali olarak kurulmustur. 6 numarali plastik
saksilara 4 mm elekten elenmis 1.650 kg toprak doldurulmustur. Saksilara temel glibreleme olarak 200
ppm N, 100 ppm P, 125 ppm K ve 1 ppm Zn uygulanmistir. Temel giibrelemeden sonra; Cd ve NaCl
etkilesimi arastirmak amaciyla (5 ppm Cd ) dozu verilmistir. Daha sonra NaCl 3000 ppm dozu iki defada
esit miktarda olacak sekilde birinci kisim tohumlarin ekimi ile ve ¢cimlenme olup bitkiler 6 bitki olacak
sekilde seyrelttikten sonra diger yarisi uygulanmistir. Bitkilerin buylimelerinde farkliliklarin olustugu
70. glininde hasat edilmistir.

Bitki Analizleri

Hasat edilen bitki &rnekleri etiivde kurutulup agirliklari alinmis ve &gutilmistir. Ogutilen
orneklerinden 0.25 g tartilarak 4 ml HNO3 (% 65’lik), 2 ml H202 (% 30’luk) ve 2 ml saf su iceren bir
karisimda mikro dalgada yakilmistir. Stiziikler soguduktan sonra whatman filtre kagidindan siziilerek
Cd konsantrasyonu ICP-OES cihaziyla 6l¢iilmiistiir. istatistik analizleri SPSS programinda yapilmistir.

Bulgular ve Tartisma

Kadmiyum (Cd) ileTuz (NaCl) interaksiyonu

5 ppm Cd topraklara ilave edilerek kirlilik olusturulmus ve NaCl 0 ve NaCl ppm dozlari altinda yetistirilen
yemlik 6zellikteki alti arpa gesitlerinin yesil aksam kuru madde verimleri ve Cd konsantrasyonlari
belirlenmistir. Elde edilen bulgulara gore, gesitlerin kuru madde verimlerinde 6énemli farkliliklarin
oldugu saptanmistir. Beklenildigi gibi NaCl 3000 ppm uygulamasinda bitln gesitlerin kuru madde
verimleri azalmistir. Bltin cesitlerde Cd 5 -NaCl O dozlarina gére, NaCl tuzunun 3000 ppm
uygulanmasiyla yaklasik olarak %25 oraninda kuru madde verimlerinde diists oldugu bulunmustur.
Kuru madde veriminin en fazla azaldigi Cetin 2000 gesidinde %26.6 diizeyinde oldugu tespit edilmistir
(Tablo 1).
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Tablo 1. 5 ppm Cd’la Kirlilik Olusturulan Topraga NaCl Tuzunun (0 ve 3000 ppm) Doz Uygulamalari
Altinda Yetistirilen Arpa Cesitlerinin Yesil Aksam Kuru Madde Verimi ve Cd Konsantrasyonlari

Arpa Cesitleri NaCl Yesil Aksam Kuru Madde Verimi Yesil Aksam Cd
(mg bitki?) Konsantrasyonu (ppm)
Uygulamalar Cd5
0 466 14,77 e
Avci 2002
3000 347 35,57 a
Ortalama 407D 25,17 A
0 591 6,90 g
B 2
ornova 3000 451 20,66 c-d
Ortalama 521A 13,78 D
o 0 509 8,38 f-g
Bulbdl 3000 383 18,30 d
Ortalama 446 C 13,54 D
0 461 13,88 e
Cetin 2000
3000 339 28,13 b
Ortalama 400 D 21,018B
0 564 6,51¢g
Hilal
ha 3000 416 21,61 ¢
Ortalama 490 B 14,06 D
) 0 570 9,32 f
Suleyman Bey 3000 437 21,87 ¢
Ortalama 504 B 15,59 C
Ortalama 0 527 A 9,94 B
3000 396 B 24,44 A
LSD(%S)gesitZ 16,67522 LSD(%5)ge§it :1,44155
LSD(%5)wz : 9,62743 LSD(%5) : 0,83227
LSD(%S)gesitx‘cuzZ 22,92522 LSD(%5)9e§itxtuz 2,03866

5 ppm Cd diizeyinde topraklara ilave edilerek kirlilik olusturulmus ve NaCl 0 ve 3000 ppm NaCl tuzunun
uygulanmasiyla gesitler arasinda Cd’a dayanikhlik kapasiteleri yoniinden 6nemli farkliliklarin oldugu
saptanmistir. 5 ppm Cd ve -NaCl (tuzsuz) uygulamasinda Hilal ¢esidi en az Cd biriktiren ¢esit olup Cd
konsantrasyonu 6.51 ppm diizeyinde iken en yiiksek Cd konsantrasyonu 14.77 ppm ile Avci 2002
¢esidinde olmustur (Sekil 1).

NaCl 0 ve 5 ppm Cd 3000 ppm NaCl ve 5 ppm Cd
3557
- 1477
18.80
6,51
L

Hilal Avcl 2002 Balbal Avci 2002

Sekil 1. Tuz’suz Cd 5 mg kg ve NaCl 3000 Cd 5 mg kg™ Uygulamasi Altinda Yetistirilen En Diistik ve En
Yiiksek Cd Konsantrasyonuna Sahip Cesitler (mg kg?)
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5 ppm Cd ve tuzsuz (NaCl 0) uygulamasina gére, 3000 ppm NaCl tuz verilince bitkilerin Cd
konsantrasyonlarinin 2.02 ile 3.30 kat araliginda arttigi saptanmistir. Sekil 1’de goruldtugi gibi 3000
ppm NaCl tuz uygulamasinda en diisiik Cd konsantrasyonu Biilbil ¢esidinde olmasina karsin en fazla
Cd konsantrasyonu ise 35.57 ppm olarak Avci 2002 cesidinde oldugu tespit edilmistir. Bu sonug
gostermektedir ki cesitler arasinda Cd konsantrasyonu yoéniinden genis bir varyasyon bulunmaktadir.
Bu durum muhtemelen Cd’un CI" anyonu ile yapilan kompleksler neticesinde katyon degistirici
ylzeylere baglanmasi azalmakta ve boylelikle Cd alimina dayaniksiz olan bitkilerde alinma sansinin
daha fazla oldugu disiinilmektedir. (Smolders ve McLaughlin, 1996; Ozkutlu vd., 2007; Rady, 2011;
Ozkutlu ve Kara 2019). Tuzluluk, en énemli abiyotik streslerden biri olup bitkisel Giretimde verimliligi
sinirlamaktadir. Topraktaki fazla tuzlar tek basina veya baska kombinasyon olusturarak bitkilerde su
kaybina, iyon dengesizligine ve spesifik iyon toksisitesine neden olmaktadir (Serrano vd., 1999). Tuzun
bitkilerde Cd alimini arttirdigina yonelik birgok arastirma bulunmaktadir. Ornegin, cesitli
arastirmacilara tarafindan tuzlu kosullarda bugdayda Cd daha tasindigi (Rizwan vd., 2016; Ozkutlu ve
Kara 2019) arpada ise Smykalova ve Zamecnikova (2003) tarafindan bildirildigine gore, Cd ve tuz stresi
altinda vyetistirilen bitkilerde kontrole gore daha fazla Cd tasindigi agiklanmistir. Huang vd., 2007
tarafindan, su kadltiri ortaminda Cd ve tuz stresi altinda yetistirilen 4 arpa genotipinin Cd
konsantrasyonlari bakimindan benzer sonuclar elde edildigi bildirilmistir. Literatiirdeki bu sonuglarla
tarafimizdan yapilan arastirmanin sonuglariyla uyumlu oldugu tespit edilmistir.

Sonug ve Oneriler

Topraklarda Cd kirliligi stirekli artmakta ve 6nemli cevresel bir tehdit olusturmaktadir. Toprak
tuzlulugunun arpa bitkilerinde Cd birikimini etkileyen 6nemli bir faktor oldugu saptanmistir. Tuz
toleransi yiksek olan arpa cesitlerinin Cd biriktirme kapasitelerinin 6nemli oranda farkhliklar
olusturdugu ve tuzun etkisiyle de yesil aksama 3.3 kat daha fazla Cd birikmesine neden oldugu
saptanmigtir. Bitkisel Grlinlerde Cd birikimini arttiran ve azaltan faktorlerin belirlenmesi insan saghgi
acisindan 6nem tasimaktadir. Bu nedenle, tuzluluk ve Cd stresi ile birlikte oldugunda arpa cesitlerinde
verim ve kalitede bozulmalar olusmaktadir. Ozellikle tuzlulugun yogun oldugu bélgelerde topraklarda
Cd kirlilik boyutu tanimlanmalidir. Hem Cd kirliligi hem de tuzluluk stresine dayanikh olan cesitlerin
arastirilip elde edilmesi gerekmektedir.
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Atiksu Borularinda Hesaplamali Akiskanlar Dinamigi Probleminin
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Bu calismada kararsiz akis kosullari altinda yumurta kesitli atik su borularinda hesaplamali akiskanlar dinamigi
(CFD) programi kullanilarak olusturulan akis sonuglarinin, karakteristikler yontemi kullanilarak karsilastiriimasi
ve istatistiksel analizler ile dogrulamasi yapilmistir. Yumurta kesitli atik su borulari 3 faz (kati, sivi ve gaz) olarak
incelenmis olup, zamana bagh degisen akis hizlarina bagl CFD programi kullanilarak isletme ¢alismasi yapilmis,
ortaya ¢ikan hiz ve piyezometre yikseklikleri verileri programdan alinmistir. Karakteristikler yontemi igin serbest
ylzeyli akis boru hatti hesaplama esaslarina gore baslangi¢ kosulu olarak t=0 zamani, boru igerisindeki akisin
kararli akis olmasi sartina bagli olarak ¢alisma yapilmistir. Calismada t=156s’lik zaman diliminde 6s’lik verilerden
yararlanilarak elde edilen CFD ciktilari ve karakteristikler yontemi ile hesaplanan sonuglar olusturulmustur. Elde
edilen veriler karsilastirilarak istatistiksel analizler yapilmis ve uyumlu oldugu gériilmistiir. Boylece analitik ve
nimerik bir galismanin karsilastiriimasi yapilmis, istatistiksel analizler ile desteklenmistir.

Anahtar Kelimeler: hesaplamali akiskanlar dinamigi (CFD), karakteristikler yontemi (MOC), kararsiz akis, ¢ok
fazli akis, yumurta kesitli boru

Verification of Computational Fluid Dynamics Problem in Wastewater Pipes
by Characteristics Method

Abstract

In this study, the flow results generated using the computational fluid dynamics (CFD) program in egg-section
wastewater pipes under unstable flow conditions were compared using the characteristics method and verified
with statistical analysis. Egg-section wastewater pipes were examined as 3 phases (solid, liquid and gas), and the
operation study was carried out using the CFD program based on time-varying flow rates, and the resulting
velocity and piezometer height data were taken from the program. For the characteristics method, the study
was carried out based on the free-surface flow pipeline calculation principles, with t = 0 time as the initial
condition and the flow in the pipe being a stable flow. In the study, CFD outputs obtained using 6 s of data in a
time period of t = 156 s and results calculated with the characteristics method were created. Statistical analyzes
were performed by comparing the data obtained and it was found that they were compatible. Thus, a
comparison of an analytical and numerical study was made and supported by statistical analysis.

Keywords: computational fluid dynamics (CFD), method of characteristics (MOC), unsteady flow, multi phase
flow, egg shaped pipe
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Giris
Cevremizde yer alan bircok akis zamana bagli degisen akis kosullarini tasimaktadir. Bu sebeple kararsiz
akis kosullarinin incelenmesi ve degerlendirilebilmesi amaciyla hesaplamali akiskanlar dinamiginden
yararlanilmaktadir. Bu programlar sayesinde c¢ozilmesi zor denklemlerin ¢6zimi ve akiskan
hareketlerinin incelenebilmesi saglanmaktadir. Bilgisayar destekli bu programlar birgok akiskan
dinamigi problemlerini ¢cdzebilmektedir.

Calismada kullanilan yumurta kesitli atik su borusu ¢ok fazli akis olarak tasarlanmistir. Bu fazlar kati,
sivi ve gaz olup zamana bagli degisen kati madde ve sivi hizlari CFD programina girilerek t=156s’lik bir
zaman diliminde galisilmistir. Karakteristikler yontemi ile ¢alismanin dogrulanmasi amaglandigi igin
oncelikle kararlh akis durumda t=0 aninda, serbest vyizeyli akis kosullan dikkate alinarak
600mmx900mm ebatlarindaki yumurta kesitli, 1/1000 egimli, 20 m uzunlugunda giris ve ¢ikis menholll
bir boru hatti olusturulmustur. Zamana bagli olarak 6s’de bir boru boyunca 5 m lik kesitlerde CFD
programindan hiz ve piyezometre ylkseklikleri alinmistir. Karakteristikler yontemi ile boru hattina ait
ilk ve son kesitteki akiskan hizi ve piyezometre yikseklikleri CFD programi verilerinden g¢ekilmistir. Daha
sonra serbest ylzeyli akis kosullarindaki MOC hesap yontemi esaslarina gére t=6s’de bir hiz ve
piyezometre yikseklikleri elle hesap ve Excel yardimiyla yapilmistir.

Tezcan vd. (1998) calismalarinda, karmasik boru sistemlerinin karakteristikler yontemini kullanarak
kararsiz akis analizini yapmistir. Asiri talep ve vana, pompa gibi cihazlarin aniden acilip kapanmasi ile
boru sistemleri kararsizliklarin olusmasina neden oldugunu belirtmistir. Bu sebeple boru sisteminin
hidrolik analizi artik yalnizca kararli durumda gerceklesmedigi icin, kararsiz akis analizi ile ¢alisma
yapilmstir.

Swaffield (1982) ¢alismasinda, kismen doldurulmus kararsiz boru akisinda akis zayiflama mekanizmasi
sunulmus ve yer alti drenaj sistemlerinin tasarimiyla ilgisi oldugu gosterilmistir. Kismen dolu bir boruda
kararsiz akisi tanimlayan denklemler tiretilmis ve karakteristikler yontemiyle ¢6ziimlenebildigi
gosterilmistir. Uzun bir drenaj borusu boyunca akis derinligini, hizini ve dalga hizini gesitli boru egimleri,
caplari ve purizlilik katsayilarinda tahmin etmeye yonelik bir yontem olan bu teknik, dijital bir
bilgisayarda galistirilan bir dizi simllasyon igin sayisal 6rnekler araciligiyla test edilmistir.

Salih (2016) galismasinda, Karakteristikler yontemi, hiperbolik kismi diferansiyel denklemleri (PDE)
¢6zmeye yonelik bir teknik oldugunu belirtmistir. Tipik olarak bu ydntem birinci dereceden
denklemlere uygulanir, ancak herhangi bir hiperbolik tip PDE igin de gegerlidir. Yontem, karakteristik
egriler olarak adlandirilan ve PDE'nin bir siradan diferansiyel denklemler (ODE) ailesi haline geldigi 6zel
egrilerin belirlenmesini icerir. ODE'ler bulunduktan sonra, ODE'nin ¢6ziimlerini elde etmek icin
karakteristik egriler boyunca ¢ozllebilir ve daha sonra ODE'nin ¢dzlimleri orijinal PDE'nin ¢6ziimiyle
iliskilendirilebilir oldugunu belirtmistir.

Kumar (2020), Karakteristikler metodu temel olarak dogrusal olmayan birlesik kismi diferansiyel
denklemi, karakteristik yonler olarak bilinen belirli yonler boyunca daha basit, ayristirilmis denklemlere
indirgemek icin kullanilan matematiksel bir yontemdir. Stpersonik akislari iceren problemlerde, kitle,
momentum ve enerji korunumunun kombinasyonu, bdyle bir dogrusal olmayan, kismi, birlesik
diferansiyel denklemi verir. Bu denklemin ayristirilmasi, birlestirilmis terimin degiskenleri belirsizdir.
Bu, biri karakteristik egrilerin yoniine karsilik gelen ve digeri uyumluluk kosullarini temsil eden iki
denklem seti verdigini belirtmistir.

Materyal ve Yontem

Calismada kullanilan yontemler; niompozit pUriizliilik hesabi, karakteristikler yontemi ile CFD programi
olan Star CCM* programidir. Bu c¢alisma ile hem analitik hem de sayisal hesap yontemlerinin
kullanilmasi saglanmistir.
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Manning Kompozit Piiriizliiliik Katsayi (Nkompozit) Hesabl

Calismada boru hattina gelen akimlar zamana bagh olarak degistigi icin boru tabaninda sediment
birikimi olusmaktadir. Bu sebeple belirlenen kesitlerdeki sedimentten kaynakli yumurta kesitin
purazlilik degerleri degiseceginden dolayi, 6ncelikle 6s’de bir kesitlerdeki Nkompozit plrtzlilik degerleri
hesaplanmistir. 3 fazli akis ortaminda, boru hattinin tabaninda bir sediment birikimi s6z konusudur.

Akis ortamindaki hiz dagilima benzetilen bir hiz dagilimi Agik Kanal (Nehir) Akisi (2008) esas alinmis ve
farkh ylzey purizliliklerinden kaynaklanan Manning purizlilik katsayisi, kompozit olarak hiz dagilimi
ve hizlarin egemen olduklari yizeylerin (boru materyali ya da taban sediment materyali)
piriazluliklerine esitlik (1)’e gore hesaplanmistir (Sekil 1) (Acar, 2023).

n boru

Sediment Alani
P atiksu

n sedim, P sedim

Moadiment CHLMEDICRECL

(a) (b)

Sekil 1. (a) Yumurta Kesit 3 Faz Gosterimi, (b) Hidrolik Yaricapin Belirlenmesinde Islak Cevre-Islak Alan
Paylasimi Kabulliniin Gosterimi

Her gdzlem kesitte ve degisen zaman araliklarinda ngompozic pUrizltlik katsayilari, kesit alani iginde
sediment birikiminin yiksekligi-sediment alani dikkate alinarak esitlik (1) bagintisiyla hesaplanma
yoluna gidilmistir.

2

3 \3
()
Nkompozit =~ 2 (1)

P3

Es hiz egrilerine ve egrilerin ait olduklari ylizeye paralel seyirleri g6z 6niine alinarak bir kabul dahilinde
kompozit purazliligin gerektirdigi 1slak cevrelere (P;) ve bolinmis alana karsilik gelen ylzey
pirazlaligine (ni) dayal niompozit katsayisi hesaplanmistir.

Acar (2023), Esdeger plrizliliik degeri yumurta kesitli boru hattindaki purizlilik degerini tanimlamak
amaci ile kullanilmaktadir. Bu sebeple sediment tanimlamasi yaparken girilen esdeger purizlulik
degeri problemin dogru tanimlanabilmesinde dnemli bir etkendir. STAR CCM* programinda da bu
deger tanimlanabilmektedir.

Regueiro-Picallo (2016), Sayisal modeldeki pirazialik ks, Strickler denkleminde vyer alan
(Nkompozit=ks/¢/25) bagintisina uygun olarak Nkempozit'in bir fonksiyonu olacak bigcimde tahmin etmistir.
Calismada 6 s’de bir olmak Uizere Kesit 0-5-10-15-20 ‘ye ait hesaplanan Niompo:it degerleri Tablo 1’'de
verilmistir.
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Tablo 1. Serbest Yiizeyli Boru Akisina ait Nkompozit degerleri

t(s)

Kesit O Nkomp

Kesit 5 nkomp Kesit 10 nkomp Kesit 15 nkomp Kesit 20 Nkomp

12
18
24
30
36
42
48
54
60
66
72
78
84
90
96
102
108
114
120
126
132
138
144
150
156

0.028
0.027
0.026
0.028
0.027
0.027
0.026
0.025
0.025
0.025
0.025
0.025
0.030
0.025
0.026
0.025
0.026
0.026
0.028
0.028
0.029
0.031
0.032
0.034
0.034
0.026
0.026

0.028
0.033
0.033
0.033
0.033
0.028
0.029
0.029
0.030
0.026
0.027
0.024
0.026
0.024
0.028
0.026
0.028
0.026
0.028
0.027
0.033
0.029
0.032
0.032
0.027
0.032
0.030

0.028
0.031
0.027
0.030
0.026
0.026
0.026
0.029
0.026
0.027
0.026
0.026
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.026
0.028
0.028
0.026
0.030
0.028

0.028
0.031
0.032
0.032
0.032
0.029
0.028
0.030
0.028
0.028
0.028
0.030
0.027
0.027
0.026
0.026
0.026
0.026
0.025
0.024
0.024
0.024
0.025
0.025
0.026
0.026
0.029

0.026
0.027
0.029
0.029
0.029
0.029
0.031
0.029
0.033
0.029
0.028
0.028
0.027
0.029
0.028
0.028
0.028
0.028
0.028
0.026
0.026
0.025
0.027
0.024
0.026
0.025
0.026

Karakteristikler Yontemi

2025, 15(1), 8-19

Bu yontem “gerek karmasik boru sistemlerinde, gerekse kararsiz akisin hidrolik analizinde, ¢ogu

sartnamede ve hidrolik hesaplamalarda kararl

akis durum kosullarinin dikkate alinarak

hesaplanmaktadir. Yari-kararsiz akis olarak her akis diliminde (genellikle saat bazinda) farklilasan akis
hizlarin ortalamasi alinarak kararl ¢ozilmektedir. Ancak bilinmektedir ki baz zaman dilimi icinde akis
hizi kararsiz bir degisim gostermektedir” (Acar, 2023). Sekil 2’de MOC hesabina ait sema verilmistir.

Sekil 2. Serbest Yiizeyli MOC Hesap Semasi

At

ct c

Fay§ AKX
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Serbest ylzeyli akis olmasi durumunda kullanilan bu sonlu farklar analizinde Vg, cg hizlar (2) ve (3), hr
ve hs su derinlikleri (4) ve (5) ve 6 (6), Vs, Cs (7) ve (8) hizlari, 6ncelikle hesaplanacaktir (Swaffield,
1982). Burada c degeri ise courant sayisi olup ylizeysel dalga yayillma hizi degeri (9), At zaman araligi

(10), % (11) ve S kanal taban egimi (12) esitlikleriyle verilmektedir.

_ Vc+9(—V(;L‘A+CCvA)

(2)

R ™ 140(We-Vat+cc—ca)
= g
hg = h¢ — (he — hA)(H (Vr + CR)) (4)
hs = h¢ + 8(Vs — cs)(he — hp) (5)
6 = At/Ax (6)
e )
o=t 0
c= % (9)
At = — (10)
= = v (1)
§=" (12)
R3

Bu ¢alismada, MOC hesabi yontem geregi olarak baslangi¢ kosulu da t=0 zamaninda boru akisinin
kararli akis olmasi gerekmektedir. Bu sebeple galismada t=0 ani kararh akis kabuliinden sonra
hesaplamalara baslanmistir.

12



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2025, 15(1), 8-19

Star CCM"* CFD Programi

Star CCM* programi hesaplamali akiskanlar dinamigi probleminin ¢éziimlerinde kullanilan niimerik
analiz programidir. Sonlu hacimler metodu kullanilarak modellenen ag yapisi ile akis denklemlerinin
¢O6zimilnl gergeklestiren nimerik ¢6zim yontemidir. Program bir¢ok alanda kullanim alani sunan
akiskanlar dinamigi birden fazla faz ¢calismalarinda birbiri ile karismayan akis prensiplerine dayanarak
¢o6zlimlemeler yapmaktadir.

Star CCM*, tek bir entegre paket icerisinde en kapsamh miihendislik fizigi similasyonunu saglar. Star
CCM* yalnizca CFD ¢oziicisi degildir; akis (sivilarin veya katilarin), isi transferi ve stresi igeren
sorunlarin ¢dziimiine yonelik bitin bir mihendislik siirecidir. Cok c¢esitli modelleme ihtiyaglarini
karsilayabilecek gli¢li bir paket olusturmak icin bir araya gelen bir dizi entegre bilesen saglar (Rajak
v.d., 2018). Ug boyutlu modellerde hassas ¢ziim icin sonlu eleman sayisi ¢ok fazla artacagindan ¢éziim
zamani ve zorlugu da c¢ok fazla artmaktadir. Cok fazli ve serbest yiizeyli akimlar gibi problemlerin sayisal
analizlerinin yapilabilmesi icin yazilim sirketleri Cok-Fazli Model (Multi-phase Model), Akiskan Hacmi
(VOF- Volume of Fluid) modeli gibi CFD modelleri gelistirmistir (Aydin, 2005).

Bulgular ve Tartisma

Star CCM* programi sonuclarinin dogrulanmasi icin serbest yilzeyli boru hattinda 3 fazh akis
sonuglarinin karakteristikler yontemi ile karsilastirilmistir. Karakteristikler yontemi hesap esaslari
geregi baslangic kosulu olarak oncelikle kararli duruma gore giris ve cikis kismi dolu durumlari Star
CCM* programinda olusturulmustur. Sonra zamana bagli degisen hiz degerleri programa input verileri
olarak girilerek t=156s ¢alisiimis, her 5 m de bir akis ylkseklikleri ve hiz degerleri programdan alinmistir.
Her kesitte farklilik gosteren sediment ve akis ylksekliklerine goére kompozit manning (Nkompozit)
hesaplanmistir.

Serbest ylizey akisli karakteristikler yontemi c¢alismasi ile 6s’de bir hesaplanan H, (piyezometre
yiksekligi) ve Vas (akis hizi) olusturulmustur. Daha sonra 6s’de bir her 5 m’de Star CCM* ve
karakteristikler yontemi ile hesaplanan degerlerler karsilastirilmistir (Sekil 3). MOC hesaplamalarinda
sedimentsiz temiz su akisi yer almis olup, boru tabaninda biriken sedimentin boru tabani kotu oldugu
kabuliine gore calisma yapiimistir.

0,70 2,50
0.0 2,00
0,50 _°
~—~ w
E o040 150
=3 ~
T 0,30 ;31'00
0.20 *=="Hp (m) e \/ (0/5)
0,10 (MO©) 0,50 MOC
0,00 = Hp (M) 0,00 s \/ (M)
CRRYEESNCEEEREE R (STAR) OER N WLEDN®O©E STAR
t(s) t(s)
(a) (b)
0,70 3,00
0,60 2,50
0550 Z 200
0,40 == Hp (M) E 150
g 0,30 (MOC) é’ !
o 0,20 > 1,00 e \/ (M/S)
T o MOC
' =@ Hp (M) 0.50 e \/ (/5)
0,00 (STAR) 0.00 STAR
OFRP NWPEDODNOORERE P EP B 1
MROo@ONMEEEE8RS CRREEBIREEREEG
0 o N O
t(s) t(s)
(c) (d)
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0,70 3,50
0,60 3,00
0,50 T 250
~ 0,40 E 200
£ 030 £ 150 o
o G H > e \/ (/S
T 0,20 (,\ﬁo(é“)) 1,00 Vv (w
0,50
0.10 e \/ (M/5)
0,00 STAR
0,00 =@ Hp (M) ORP NWLADN®O©E P e
CRRYEBNREERLEELR (STAR) MEORONEOZIIERES
t(s)
(e) (f)

Sekil 3. MOC-Star CCM* H, ve V Karsilastirma Grafikleri (a) (b) Kesit 5, (c) (d) Kesit 10, (e) (f) Kesit 15

Star CCM* ve MOC Kkarsilastirma calismasina ait 6rnek sediment birikimi Sekil 4 (a)’da, akiskan
gorinim Sekil 4 (b)’de ve hiz dagilimlari boy kesiti ise Sekil 5'te verilmistir.

(a) (b)

Sekil 5. Karsilastirma Calismasi Hiz Dagilimlari

Yapilan hesaplamalara gére hem MOC hem de Star CCM* isletme sonuglarina gére Hp, Vaks ve Q debi
degerleri Kesit 5-10-15 icin Tablo 2’de verilmistir. Bu veriler Star CCM* ve MOC calismalarinin t=0"dan
baslayarak t=156s’ye kadar olmak Uzere 6s’de bir degisimlerini gdstermektedir. Boylece kararsiz akis
kosullarinin boru hatti boyunca kisa sirelerdeki degisimlerini de gormemize olanak saglamistir.
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Tablo 2. Kesit 5-10-15 MOC- Star CCM* karsilastirma Tablosu

Kesit 5 Kesit 10 Kesit 15
Ho Hy V Vv Q Q | Ho Ho V Y% Q Q | H He V v Q Q
STAR MocC MocC STAR MocC STAR STAR MocC MocC STAR MoC STAR STAR MocC MoC STAR MocC STAR
m m ms! ms! md3s! mist| m m ms! ms! mds! m3st| m m ms! ms! mds! m3s?

0.38 038 155 155 0.09 009 |032 032 240 240 006 0.06 |037 037 270 270 0.16 0.16
0.28 0.57 090 109 0.16 001 |030 042 076 148 0.07 0.03 |0.29 033 160 291 0.08 0.05
0.28 047 173 180 020 001 |035 042 121 141 011 0.07 |0.27 036 0.74 275 0.04 0.03
0.26 0.56 130 183 0.22 001 |030 044 115 137 0.12 0.10 |0.26 039 147 265 0.12 0.04
0.26 049 106 195 013 001 |041 048 126 138 0.16 0.12 |0.26 044 100 218 0.11 0.02
040 050 1.10 165 016 013 |043 045 103 214 0.11 021 |0.26 038 147 157 0.13 0.04
038 044 113 139 011 007 |043 043 122 200 0.12 0.20 |036 034 121 1.27 0.06 0.08
0.38 0.47 1.08 089 012 005|035 040 1.11 192 0.09 010 |0.24 047 083 140 0.12 0.04
0.38 0.50 1.12 174 014 009 |042 040 114 175 010 0.15 |0.36 033 147 142 0.08 0.08
0.46 054 123 139 021 011 |036 040 125 165 0.12 0.12 (036 038 1.04 218 033 0.15
038 0.54 132 147 023 0.10 |042 048 121 155 017 017 (037 0.25 155 199 0.02 0.14
049 058 129 158 029 024 |038 044 151 150 0.19 0.14 |0.28 047 118 1.88 0.16 0.06
044 051 138 150 021 015 |049 054 130 156 0.22 0.21 |043 041 150 1.8 0.15 0.18
0.44 0.47 1.07 150 017 0.20 |0.43 050 137 178 023 0.22 |034 043 150 1.67 0.18 0.12
045 055 131 139 039 0.13 |049 041 122 156 012 021 (044 034 180 155 0.11 0.17
0.49 056 135 144 025 0.18 |043 043 150 161 021 021 (037 038 121 159 0.13 0.15
050 053 142 158 019 0.17 |052 050 138 157 021 024 (049 031 179 157 0.08 0.21
0.55 0.56 130 161 0.22 022 |049 044 160 162 021 0.25 |034 047 137 168 021 0.13
050 0.55 148 152 019 013 |053 050 135 168 0.19 0.25 |049 039 172 169 0.16 0.25
0.55 048 110 153 012 0.19 |049 047 151 171 010 0.27 |052 035 169 171 0.14 031
0.63 037 097 097 0.04 001 |061 036 133 161 004 027 |062 029 187 184 0.08 0.40
0.46 042 1.02 088 0.07 006 |049 025 088 162 001 020 |052 020 132 180 0.01 0.32
038 038 0.70 094 0.02 002 |054 048 120 146 009 015|037 022 117 186 0.05 0.20
034 036 095 104 004 002 |045 042 125 146 010 0.13 |046 035 1.27 170 0.10 0.22
0.57 032 0.77 084 001 012 |050 031 091 138 0.01 0.11 |056 0.23 167 1.60 0.02 0.25
032 0.20 1.00 085 0.01 002 |032 045 126 148 0.15 0.05 |043 033 136 156 0.09 0.17
045 049 103 137 0.09 0.07 |036 025 087 136 0.01 0.04 (044 024 164 140 0.02 0.10

Hesaplanan V.« ve H, degerlerinin boru boyunca degisimlerinin izlenebilmesi amaciyla kibik spline
grafiklerinin cizilmesi amaglanmistir. Bu calisma her 6 s’de bir olmak lzere 5 farkli kesitte
uygulanmustir.

Kibik spline fonksiyonlari kesin veri noktalari arasindaki ara degerleri tahmin etmek icin
kullanilmaktadir. Once verilen veri noktalarindan tam olarak gecen bir fonksiyon uydurulmakta ve daha
sonra bu fonksiyonlar kullanarak ara degerler degerlendirilmektedir (Zorsahin, 2009). Kiibik spline
hesap esasina dayali grafik Sekil 6’da verilmistir.

Y f.i4(X)
/'\'\ ii+1
:/

K y2 V-1 Y/ y/*1y \

n-1

Yo

Xy X2 Xi—1 Xi Xisq xn,‘l Xn

Sekil 6. Kibik Spline Hesap Grafigi (Kiusalaas, 2005).

Kibik spline hesap esaslarina ait esitlik (13) (Numerical Interpolation, 2008);
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frana () = S [E2E (e —s ) = )| - S22 [E2 = ) Gy = )| +

Xit+1 Xi=Xit+1
Yilx—xiy1)— YL+1(x Xi)
Xi=Xit+1

(13)

Kibik spline fonksiyonun grafiksel gosterimi Sekil 7'de verilmistir.

ax2+byx+cy
f(x) alxz\:bx)‘ﬂ: / ax+bx+c,
: r\/
B
L l E
h h
Xo Xq X3 ever Xng Xp

Sekil 7. Spline Fonksiyon Grafigi

MOC ve Star CCM* ile hesaplanan piyezometre yikseklikleri ile akis hizlarina ait Star CCM*
programindan elde edilen veriler kullanilarak kibik spline fonksiyonlari grafikleri olusturulmus ve 5
m’de bir fonksiyon olusturulan denklemleri verilmistir. Her 6 s'"de bu grafikler yapilmis olup burada
sadece t=90s i¢in, Hp-L, Vaks-L grafikleri Sekil 8 de verilmistir.

0,8 2,5
0,7 2
0,6 —
=05 215
=04 =
T (0,3 |Fib) =0.00043857x"-0.046964x+0.71 £ 1 Fi(x)= -0.0012229x3+0 11057x+1.02
0’2 F2(x) =-0.00099286x°+0.021471x3-0.15432x+0.88893 > 0 5 Fa(x)= 0.0025943%3-0.057257x2+0.39686x+0.54286
0,1 F3(x) =0.0010529x°-0.0399x*+0.45939x-1.1568 i‘ ) Fa(x)=-0.0020343x%+0.0816x2-0.99171x+5.1714 [ ‘
0 ' Fup =-0.00049857x+0.020914x-0.58782x+4.0793 0 ! F(x)=0.00066286x3-0.039771x2+0.82886x-3.9314
02356 8 911121415171820 0 2356 8 9 11121415171820
L (m) L (m)
Star (Cubic Spline) Star (Cubic Spline)
MOC (Cubic Spline) MOC (Cubic Spline)

(a) (b)
Sekil 8. (a) t=90s igin Hy-L, MOC-STAR Grafigi, (b) t=90s igin Vaks-L, MOC-STAR Grafigi

Sonug ve Oneriler

Calismada Star CCM* programi ile 600mmx900mm yumurta kesitli, 1/1000 egimli ve 20 m
uzunlugundaki boru hatti ¢alisilmistir. Calisma yapilirken kararsiz akim kosullar dikkate alinarak,
t=156s isletme yapilmis ve 6s’de bir ¢alisma sonuglarinin 5m’de bir alinan kesitlerdeki piyezometre
yukseklikleriile akis hizlari alinmistir. Karakteristikler yontemi ile hesaplama yapilabilmesi igin baslangi¢
ve bitis kesitleri olan Kesit 0 ve Kesit 20 ye ait 6s’de bir veriler Star CCM* programindan alinmistir.

MOC hesabinda serbest ylzeyli akis 6zelligi ile tedrici degisen akim 6zelligine gére hesaplama yapildig
icin acik kanal seklinde ¢ozllmustir. t=0 anindaki kararli duruma ait Kesit 0-5-10-15-20ye ait hiz ve
piyezometre yikseklikleri isletilen Star CCM* programindan alinmistir. Daha sonra Kesit 0 ve Kesit 20
icin 6s’de bir alinan veriler ile Kesit 5-10-15 e ait Hy ve Vas degerleri serbest yiizeyli MOC hesap
esaslarina gore analitik olarak hesaplanmistir. Burada zamana bagh degiskenlikler oldugu icin her
kesitte sediment birikimi s6z konusu olacagindan boru taban kotu sediment Ust kotu olarak kabul
edilerek MOC hesabinda, her kesitte manning kompozit degerleri degiseceginden hesaplamalara bu
durum katilmistir. Star CCM* programi isletme calismalarindan alinan H, ve Vs degerlerinden

16



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2025, 15(1), 8-19

yararlanilarak Q debi (m?® s?) hesaplanmistir. Hesaplanan Q verilerinin birbirleri ile uyumlulugunu
ortaya koymak icin istatistiksel analiz uygunluk testi olarak ki-kare kullanilarak yapiimistir.

Ki-kare testi, gozlenen frekanslar (f,) ile beklenen frekanslar (f) arasindaki farkin istatistik olarak
anlamli olup olmadigl temeline dayanir (14). Ki-kare testinde, niteliksel olarak belirtilen veriler
kullanihr.

Ki-kare dagihimi, genellikle iki bagimsiz niteliksel kriteri test etmek icin kullanilir. Sifir hipotezi (Ho), iki
kriterin bagimsiz oldugunu; arastirma hipotezi(Ha) ise, iki kriterin arasinda iliski oldugunu ifade eder
(Glngor ve Bulut, 2008).

(fo—f)?
Xizles: ?zl% (14)

Khi-Kare dagilimiigin 135 adet veri alinmis olup, frekans grup sayisi 8, serbestlik derecesi 7 alinarak %5

hata olasiligiyla ¢alisilmistir. Ki-kare testine ait sonuclar Tablo 3’te verilmistir.

Tablo 3. Khi-Kare Testi istatistik Sonuglar

Sira No Debi Sinif araligi x10°3 Moc I?:élhml Star CCMf: Dagilimi
1 3.510-53.50 22 20

2 53.51-103.50 31 35

3 103.51-153.50 27 29

4 153.51-203.50 22 22

5 203.51-253.50 25 23

6 253.51-303.50 6 4

7 303.51-353.50

8 353.51-404.86 1 1

X 0.446<14.07

Khi-Kare dagilimi incelendiginde test istatistikleri serbestlik derecesine gore hesaplanan kritik deger
x*=14.07 den kiiglk oldugu icin hipotez uygun bulunmustur. Bu durum karakteristikler ydntemi ile Star
CCM* programi giktilarinin birbiriyle uyumlu sonuglar gosterdigini ortaya koymustur.

Bu calismada hesaplamali akiskanlar dinamigi programi olan Star CCM* ile kararsiz akis kosullari altinda
hesaplanan serbest ylizeyli yumurta kesitli boru hattinin farkli zaman araliklarindaki, esit aralikli
kesitlerindeki piyezometre yiikseklikleri ile akis hizlari alinmistir. Serbest ylzeyli akis prensiplerine gére
analitik metot olan Karakteristik yontemi ile Star CCM* programinda alinan H, ve Vaws degerleri ortaya
konmustur. Her iki ¢iktiyr istatistiksel olarak degerlendirebilmek amaciyla Q debi hesaplamalari
yapilmistir. Daha sonra khi-kare testine tabi tutularak giktilarin birbirleri ile uyumluluklari ortaya
konmustur. Kibik spline grafikleri de gizilerek her 6s’de bir H, ve V.« degerlerinin grafikleri gizilerek bu
grafiklerin denklemleri hesaplanmistir. Calismada bu grafik ve denklem sayilari ¢cok fazla olacagi icin
ornek olmasi agisindan Sekil 8.’de t=90s’ye ait grafik ve denklemler verilmistir. Bu grafiklere goére de
ciktilarin birbiri ile uygun oldugu da gortlmektedir.

Calisma hem nimerik hem de analitik bir ¢c6zim ydnteminin karsilastirilma esasina dayanmakta ve
¢ikan sonuglarin uyumlu olmasindan dolayi bu tarz ¢alismalara fayda saglayacaktir. Boylece niimerik
analiz programlarinin da giivenilirligine katki saglamistir. Calismada kullanilan yumurta kesit farkl
boyutlarda, farkli egimlerde kullanilarak, ptrtzlilik degerlerinin de degistirilmesi ile birlikte cesitli
hesaplamalar da yapilabilir Ayrica farkli t zamanlarda ve zaman araliklarinda g¢alisilarak degerler ortaya
konabilir.
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Sikistirma ile ateslemeli motorlarin galisma prensibi olarak ortaya ¢ikan, silindir icerisindeki yliksek sikistirma ve
buna bagh gerceklesen yanma olayi sonucunda, yanma odasindaki gazlar genlesir ve glic retilir. Silindirin sahip
oldugu yiksek sicaklik ve basing nedeniyle yapisal ve termal yikler ortaya ¢ikar. Bununla beraber akis hatti
icerisinde de farkh enerji kayiplari veya donusumleri es zamanli olarak gergeklesir. Bu ¢alismada sikistirma ile
ateslemeli Renault F8Q706 motorunun bir pistonunun kompresyon segmani yuva boslugundaki kagak debi, hiz
ve sicaklik dagilimlari sayisal olarak incelenmistir. incelemeler 2500d.dk™ motor devrinde, tam yiikte ve
stkistirma sonu piston Ust 6l noktadayken hesaplamali akiskanlar dinamigi (HAD) yontemiyle yapilmistir.
incelemelerde sikistirma sonunda, yanma baslamadan &nceki sikistirilmis hava dikkate alinmis ve analizler buna
gore yapilmistir. 2-Boyutlu (2B) segman yuvasi boslugu HAD analizlerindeki sinir sartlari, Ricardo-Wave yazilimi
ile olusturulan 1-Boyutlu (1B) motor modelinden ve literatiirden alinmistir. Segman yuvasi boslugunun 2B gizimi
SolidWorks yaziliminda ve HAD analizleri ANSYS-Fluent modiliinde yapilmistir. Bu kapsamda, giriste 3MPa,
5MPa ve 7,5MPa giris basinglarina karsilik, segman yuvasindaki bosluk havasindaki kagak debi sirasiyla
0,01569436, 0,01569455, 0,01569465 kg s olarak gerceklesmistir. 7,5 MPa giris basincinda toplam gaz sicaklig
en yiksek 4069,244 K, akiskan hizi ise 0,6885588 m s* olarak hesaplanmistir. Yiiksek sikistirma oranina bagh
olarak, giris basincinin artmasi ile segman yuvasi boslugundaki kagak debi, sicaklik ve hiz degerleri artmistir.

Anahtar Kelimeler: motor performansi, kompresyon segmani, segman yuvasi, sizdirmazlik, HAD

Investigation of the Flow in the Compression Ring Groove of a Compression-
Ignition Engine Cylinder During the Compression Stroke

Abstract

In compression-ignition engines, the principle of operation involves high compression in the cylinder, leading to
combustion that expands gases in the combustion chamber and generates power. The high temperature and
pressure within the cylinder result in structural and thermal loads, along with simultaneous energy losses or
transformations in the flow path. This study numerically investigates the leakage flow rate, velocity, and
temperature distributions in the compression ring groove of a Renault F8Q706 engine piston. Using
Computational Fluid Dynamics (CFD) analysis, the study was conducted at 2500 rpm, full load, and at the top
dead center of compression. The compressed air before combustion was considered in the analysis. The 2D
geometry of the ring groove was modeled using SolidWorks, and CFD simulations were performed with ANSYS
Fluent, using boundary conditions from a 1D motor model created in Ricardo-Wave software and literature.
Results indicate that for inlet pressures of 3 MPa, 5 MPa, and 7.5 MPa, the leakage flow rates were 0.01569436,
0.01569455, and 0.01569465 kg.s%, respectively. At 7.5 MPa, the maximum gas temperature reached 4069.244
K, and the fluid velocity was 0.6885588 m.s’. It was observed that as the inlet pressure increased, the leakage
flow rate, temperature, and velocity within the ring groove space also increased due to the high compression
ratio.

Keywords: engine performance, compression ring, ring groove, sealing, CFD
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Giris

Cevresel etkilerle beraber her gecen giin sikilastirilan emisyon standartlari, enerjinin verimli ve daha
cevreci kullanimini tesvik etmektedir. icten yanmali motorlar yiiksek giic ve menzil avantajlarindan
dolayi tercih edilse de artan ¢evresel sorunlarla birlikte kullanimi gliniimiizde azalmaktadir. Bu ¢evresel
sorunlarin basini, kirletici ve sera gazi etkisi yapan emisyonlar cekmektedir. Bu nedenle, arastirmacilar
icin yenilenemeyen petrol tirevli fosil yakit kullaniminin daha az kullanilarak yiksek verimle gig
Uretilmesi baslica arastirma konulari olmustur. Bunun icin ise en klasik yontemler olarak motor
geometrisi degisiklikleri yapilmis ve yeni yakit arayislari denenmistir. Ancak gliniimizde gelisen dijital
teknolojiler ve elektrik altyapilariyla birlikte, trend elektrikli otomobillere dogru kaymaya baslamistir.
Bu da ulagimda igten yanmali motor kullanimini iyiden iyiye kisitlamaya baslamis ve alternatif bir ulasim
imkani saglayacak olan elektrikli otomobil teknolojileri hizla bu ¢alismalarin esas konusu haline
gelmistir. Dlinyada, 2035’ten itibaren benzin ve dizel yakit kullanimi bir¢ok tlke tarafindan kisitlanacak
veya kullanimdan kaldirilacaktir. Tiirkiye ise Paris Anlasmasina taraf olup 2030-2050 yillari arasinda bu
gecisi tamamlamay taahhit etmistir (TUrkiye Cumhuriyeti Disisleri Bakanhgi, 2023). Eylil 2024’te
yayinlanan TUIK verilerine gore Tirkiye’deki 14 967 044,00 otomobilin %1,3’i hibrit ve %0,3’l
tamamen elektriklidir. Yani hali hazirda kullanilmakta olan 14 727 572,00 adet icten yanmali motora
sahip otomobil bulunmaktadir (Turkiye istatistik Kurumu, 2024). Bu sayilara bakildiginda igten yanmali
motor kullanimi halen devam etmekte ve glindemdeki yerini korumaktadir. Ayrica gii¢ Gretimi saglanan
jeneratorlerde, agir yuk aracglarinda, deniz ve demiryolu ulasimlarinda yiiksek gli¢c talebinin
karsilanmasi icin sikistirma ile ateslemeli motor kullanimi kaginilmazdir (Kantaroglu, 2024; Cunanan v.,
2021). Sikistirma ile ateslemeli motorlarda kullanilan dizel yakitin yiliksek sikistirma ile kendiliginden
patlamasi sayesinde giig tGretimi saglanir. Bu islem sirasinda motordaki is1, efektif ise donlisirken gesitli
kayiplar da yasanmaktadir.

Bu noktada, sikistirma sonu basincin kayip vermeden en yiiksek degere ulasmasi da bu motorlarda
verim artisina neden olmaktadir. Bu kaybin dniine gegmek icin kompresyon segmanlari kullanilir. Bu
segman, sikistirma sirasinda pistonun (st boliminde yer alan yiliksek basingh havanin, alt bélime
(krank mili-karter) ge¢cmemesini ve dolayisiyla basing kaybi yasanmamasini saglar. Kompresyon
segmani bu gorevi ile bir sizdirmazlik elemani olarak gérev yapmaktadir. Yesilada (1997), Piston
segmanlarinin, icten yanmali motorlardaki kritik islevini ve sizdirmazlik elemani olarak rollini
vurgulamis, bu elemanlarin motor performansina etkilerini analiz etmistir. Chucholowski vd. (1982) ve
Kornprobst vd. (1987), yaptiklari galismalarda, tiim piston silindir diizeneginin ilk 2B HAD similasyon
modelini gelistirdiler. Calismalarinda, piston dinamigi, piston segmani dinamigi ve gaz dinamigi dikkate
alinarak radyal film kalinhgini ve hidrodinamik siirtinmeyi hesapladilar. Bu sayede segmanlar ve piston
oluklari arasindaki etkilesimi analitik denklemlerle agiklamislardir. Furuhama vd. (1960), segman halka
bosluklarinda gaz tasinmasi Uzerine teorik ve deneysel incelemeler yaptilar. Karamangil (2004),
calismasinda, yanma odasi gazlari icin termodinamik modeller ve segmanda yer alan hidrokarbonlar
icin nimerik modellemeler yapmistir. Modelleme sonucunda segman yuvasi boslugunda yer alan
hidrokarbonlarin yanma olayindan daha uzun bir siirede silindirden ayrildigini tespit etmistir.
Lyubarskyy ve Bartel (2016), yaptiklari calismada, dizel yakith bir motorun piston segmanlari tizerinde
2 boyutlu CFD modeli olusturmuslardir. Analizlerinde segman tizerindeki halka bosluklari boyunca kiitle
akisini dikkate alarak, basing ve akiskan sirtiinmelerini incelemislerdir. incelemeler sonunda artan
ortalama basinca gore segman halkasi bosluklarinda artan akis kayiplari tespit etmislerdir. Namazian
ve Heywood (1982), buji ateslemeli motorlarda piston, silindir ve segman yuvalarindaki akislarin motor
performansi Gzerindeki etkisini incelemislerdir. Bu baglamda hidrokarbon emisyonlari, enerji kayiplari
ve verimlilikte meydana gelen degisimleri CFD analizleri ile kapsamli bir bicimde yapmislardir. Koszalka
ve Suchecki (2017), calismalarinda piston segmanlarinda meydana gelen gaz akisini ve ters gaz akisini
matematiksel olarak modellemislerdir. Koszalka (2019), bir diger calismasinda bir dizel motorun piston,
silindir ve segman akisini kagak debi ve basinglar 6zelinde ayni matematiksel model ile incelemistir.
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Literatlrde yanma odasinda yliksek basing elde edilmesini saglayan kompresyon segmanlarinin, basing
kaybi ve kagak debileri yeterince incelenmemistir. Enerji verimliligi agisindan énem arz eden bu konu
alternatif yakit calismalarinin yaninda dikkate deger konu olmakla beraber, her bir motora 6zgti olarak
incelenme potansiyeline sahiptir. Bu calismada, Renault F-Type F8Q motorunun demontaji
gerceklestirilerek, birebir silindir 6lglleri alinmig, piston segman arasindaki akis hacminin geometrisi
olusturulmustur. Olusturulan olcliler ve motorun fiziksel 6zellikleri kullanilarak motor ilk olarak,
Bayram ve Kantaroglu ‘nun galismasindaki gibi 1B olarak modellenmistir (Bayram ve Kantaroglu, 2024).
Literatlirdeki motor testleri ile dogrulanmis olan motor modelinden alinan silindir i¢i karakteristikler
ANSYS-Fluent Modiliinde sinir sarti olarak kullanilarak farkh giris kosullarina gére segman yuvasi
boslugundaki akis analizleri gerceklestirilmistir. Calisma sonunda segman yuvasli boslugundan
kaynaklanan basing kaybi ve kacak debiler incelenmistir.

Materyal ve Yontem

Bu ¢alismada, segman yuvasi boslugundaki HAD analizlerinin yapilabilmesi icin Renault F8Q706 motoru
oncelikle Ricardo-Wave yaziliminda 1B olarak modellenmistir (Bayram ve Kantaroglu, 2024). 1B motor
modeli analizlerinin, literatiirde yer alan test sonugclariyla dogrulanmasinin ardindan, elde edilen
silindir ici karakteristikler 2B segman yuvasi boslugu analizlerinde sinir sarti olarak kullaniimistir.

1B Motor Modeli

Bu galismada Ricardo-WAVE 2019.1 yazilimi kullanilarak 1B model olusturulmustur. 1B motor modeli
analizleri ¢6zim mantigl geregi, ana akis yolu Uzerindeki her bir bilesenin ilgili 6zelliklerinin
tanimlanarak motor bilesenleri arasinda bir ag kurma seklinde olusturulmustur. Bu yéntemde, sisteme
eklenen her bir bilesen akiskan akisi, isi transferi, termodinamik, yanma ve emisyonun birgok fiziginin
tanimlamasi yapilir. Bu yazilimda korunum denklemlerinden sikistirilabilir gaz akislari icin kiitle,
momentum ve enerji transferi 1B formunda ¢o6zilir. Bunun yaninda modellemede yanma ve
emisyonlar icin alt modeller bulunmaktadir. 1B motor modeli olusturulurken akis slrtinmesi,
turbulans, 1si transferi, yanma, emisyon icin bu modeller kullanilir. Bircok motor bileseni, 1B motor
modeli yazihmi kiitiiphanesinde moduler olarak mevcuttur. 1B motor modelindeki her bir bilesen, test
donanimi ve test edilen motor igin gecerli olan ilgili geometrik ve fiziksel parametreler kullanilarak
tanimlanmigstir. Motorla ilgili parametreler motorun teknik 6zelliklerinin yer aldigi motor katalogundan
ve literatlirden elde edilmistir (Caro vd., 2001). Bu 6zellikler Tablo 1 ve Tablo 2'de verilmistir. Wave
programinda 1B simulasyonlar icin asagidaki modeller kullanmistir.

Isi transferi modeli olarak Woschni modeli kullaniimigtir (Woschni, 1967). Yanma modellemesi i¢in
Wiebe yanma modeli kullaniimistir (Ghojel, 2010; Wiebe, 1956). Emisyonlar igin, CO ve CO; igin
Newhall emisyon modeli (Newhall, 1969), HC olusumu icin Cheng HC emisyon modeli (Cheng vd.,
1993), NOy icin Zeldovich olusum mekanizmalarina dayanan Fenimore modeli (Fenimore, 1971) ve
Heywood korelasyonlari kullaniimistir (Heywood, 1988). Mekanik kayiplarin hesaplanmasinda
literatiirde %10 hata payina sahip oldugu bilinen Chen-Flynn korelasyon modeli kullanilmistir (Pipitone,
2009).

Yakit tanimlamasi Wave icerisindeki hazir dizel yakit olarak kullaniimistir. Krank acisina gore sicaklik,
basing, akis ve emisyon gibi temel fiziksel biyuklikleri okumak icin modelin belirli noktalarina sensorler
ve debimetreler yerlestirilmistir. Motor devri olarak maksimum tork devri olan 2500 d.dk™* alinmistir.
Her bir motor test kosulu igin, veriler okunmadan dnce tamamen kararli durum kosullarinin saglanmasi
amaciyla 250 motor ¢evrimi lizerinde analizler gerceklestirilmistir. Zaman adimi ¢arpani ve yakinsama
kriteri sirasiyla 0,1 ve 0,001 olarak ayarlanmistir. Sekil 1'de gosterildigi gibi, 1B motor modelindeki
bilesenler; filtre, emme hatti, emme havasi debimetresi, gaz kelebegi valfi, emme manifoldu portu,
emme valfi, yakit hatty, silindir, piston, motor blogu, egzoz valfi, egzoz manifoldu portu ve egzoz hatti
seklindedir. 1B motor modelinde her bir bilesen ilgili 6zellikleri tanimlanarak ayri ayri olusturulmus ve
uygun iliskiler ve sinir kosullariyla birbirine baglanmistir. 1B modelinde sinir kosullari olarak
tanimlanmasi gereken bazi 6nemli sicaklik degerleri vardir (Tablo 2). Bu sicakliklar motor hizina bagh
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olarak piston sicakhgi, silindir kafasi/duvar sicakhg), emme/egzoz valfi sicakligidir. Kodda kullanilan bu
sabitler yaygin literattirdeki veriler kullanilarak belirlenmistir (Aktas, 2021; Bayram ve Kantaroglu,
2024; Heywood, 1988; Mahle, 2012; Winterbone, 2015). 1B motor modeli, motor testlerinde kullanilan
kosullar altinda galistirilmistir. Sicaklik, basing, emisyon gibi gerekli fiziksel biyukliklerin okunmasi igin

model lzerinde belirli noktalara bircok sensor yerlestirilmistir.

Tablo 1. Motor Ozellikleri (Caro vd., 2001; Bayram ve Kantaroglu, 2024).

2025, 15(1), 20-34

Motor Modeli Renault F-Type F8Q 706
Silindir sayisi 4

Strok hacmi, cc 1870

Motor agirligi, kg 163

Piston ¢api, m 0,08

Strok mesafesi, m 0,093
Sikistirma orani 21,5:1
Maksimum tork, Nm 2500 d dk* 118
Maksimum gii¢, kW 4500 d dk* 47

Tablo 2. Sinir Sartlari (1B Model) (Aktas, 2021; Bayram ve Kantaroglu, 2024; Heywood, 1988; Mahle,

2012; Winterbone, 2015).

Sinir Sartlari Basing (Bar) Sicakhk (K)
Emme Havasi Ortami 2,56 327,5
Egzoz Ortami 2,83 904
Piston - 595
Emme Manifoltu - 323
Egzoz Manifoltu - 490
Silindir Gomlegi - 616
Piston Kafasi - 635
Emme Valfi - 345
Egzoz Valfi - 500

]

i
6
%q(: 1}

ORO SRR UIE SR QN

Sekil 1. 1B Modeli
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Renault F-Type F8Q 706:

Emme Havasi Ortami
Emme Hatti Debimetresi
Gaz Kolu Kelebegi
Emme Manifoldu
Emme Valfi
Enjektor
Silindir-ici Emisyon Sensorleri
Silindirler

Egzoz Valfi

10. Motor Blogu
11. Dinamometre
12. Egzoz Manifoldu
13. Egzoz Hatti Emisyon Sensdrleri
14. Susturucu

15. Egzoz Ortami
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1B model dogrulamalarinda motor katalog glic degerleri ve literatlirde ayni motor icin yapilan deneysel
¢ahsmalardan yararlanilmistir. 1B modelin dogrulanmasina yonelik karsilastirmalar Sekil 2'de
verilmistir (bayram ve Kantaroglu, 2024). 1B modelde dizel yakit i¢in tam yikte elde edilen giig
parametresi incelendiginde, katalog ve literatlir calismasinda yer alan glic parametrelerinin de ayni
artisi gosterdigi gorilmektedir (Caro vd., 2001; Engine catalog, 2021). 1B motor modelindeki gli¢
parametresi, literatir test calismasinda yayinlanan glic parametresinden 1 000-2 000-3 000-4 000 d dk-
1jcin sirasiyla %8,526-%8,555-%7,596-%8,965 daha fazladir. Benzer sekilde 1B motor modelinde
hesaplanan giic parametresi motor katalog glic parametresine gére 2 500 d dk'*da %8,785 ve 4500 d
dk¥'da %9,457 daha yiksektir.

Motor katalog gicii ile literatirdeki diger calismalardan elde edilen motor glicleri ile mevcut 1B motor
modeli kosullari (dizel icerigi, ortam kosullari, motor asinmasi vb.) arasinda farkliliklar bulunmaktadir.
Yani 1B modelde go6zlenen farkliliklar model yaklasimlarindan kaynaklanmaktadir. 1B model
analizlerindeki bu farkliligin temel nedeni, emme havasi ve egzoz gazi basing ve sicakliklarindaki
farkhliktir. Buradan da anlasilacagi lizere bu ¢alismada modellere test kosullart mimkiin oldugu kadar
dogru sekilde uygulanmistir. 1B modellemede motorun maksimum tork devri olan 2 500d/dk ve tam
yik kosullari icin sikistirma sonunda enjeksiyon Oncesinde silindir ici gaz sicakligi ve basinc
hesaplanmistir. Bu degerler Tablo 3’te verilmistir.

60 -

51,44 _L
50 4 4&86—&_’_.
iR *~ 47,00
40 1 33,61 43,00

37,66 l
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Sekil 2. 1B Modeli ve Test Dogrulamalari (Bayram ve Kantaroglu, 2024).

Tablo 3. 2B Segman Bosluk Modelinde Kullanilan ve 1B Motor Modelinden Alinan Silindir igi
Parametreler

Sikistirma Sonu Silindir ici Hava Ozellikleri
Basing, MPa 7,5
Sicaklik, K 2 000

2B Segman Yuvasi Boslugu HAD Modeli

HAD analizleri, tasarim asamasindaki ya da hali hazirda kullaniimakta olan isil-akis problemlerinin
hesaplanmasinda kullanilir. Bu analizlerde, problem durumuna gore giris ve ¢ikis yapilan sistemin
tamamini kapsayan bir ag yapisi kullanilarak, akis hattindaki akiskan hareketi icin kiitle, momentum,
enerji korunum denklemlerini ¢6ziilmektedir. Bu ¢oziimler zamandan bagimsiz olabildigi gibi, zamana
bagli olarak da yapilabilmektedir. Ayni zamanda statik akis geometrileri oldugu gibi hareketli yapilar da
olmaktadir. Bu durumlarda da adaptif ag yapilari ile sistemler ¢c6ziimlenmektedir. Ag yapilari (izerinde
¢Ozilmek istenen korunum denklemleri homojen olmayan kismi tirevli diferansiyel denklem
takimlarindan olusturmaktadir. Bu denklemlerin analitik ¢6zim mimkin olmadigindan sayisal ¢6ziim
yontemi olarak sonlu farklar yontemiyle ¢6zim yapilmaktadir. Bu ¢alismada ANSYS-Fluent 2022 R1
modulli kullaniimis ve segman bosluk analizleri gerceklestirilmistir. HAD analizlerinde i¢ 6nemli temel
adim bulunmaktadir. Bu adimlardan birincisi pre processing adimi, ikincisi solver adimi ve lgilincisu
post processing adimlaridir. Bu ¢alismadaki HAD modeli olusturma asamalari Sekil 3’ te gosterilmistir.
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Olusturulmasi

Sekil 3. HAD Modeli islem Basamaklari

Bir akis sirasinda, herhangi bir akiskan diferansiyel elemanina agirlik, atalet, basing ve sirtiinme
kuvvetleri etki eder. Bu kuvvetler de diferansiyel elemanda stirekli olarak hiz degisimine neden olur.
Benzer sekilde, iletim, tasinim, 1sinim kaynakli i1s1 akilari da diferansiyel elemanda sicaklik degisimlerine
neden olur. Bu degisiklikler her ne kadar akiskan diferansiyel elemani tizerinde etkili olsa da fiziksel
olarak eleman (zerinde kitle, enerji ve momentum korunumu vardir. Her eksen dogrultusunda,
binlerce veya milyonlarca diferansiyel elemana reynolds transport teoremi (kitle, enerji, momentum
korunumu) uygulanarak, analitik ¢c6zim olmayan karmasik denklemlere, sayisal ¢c6zimlemede sonlu
farklar metoduyla (The Finite Difference Method) ¢6ziim getirilir. Model icerisindeki diferansiyel
elemanlardaki korunumlar bu denklemler ile ¢ozilir ve olusturulan matris sayesinde sonuca ulasilir.
Sekil 4’ te yer alan bir diferansiyel elemana giris ve ¢ikis yapan kitleler cinsinden vektorel formadaki
kitlenin korunumu (sdreklilik), Esitlik 1" deki gibi yazilmistir.

0
dv = dxdydz pvdxdz + E(pvdxdz )y ]
V = Ui+ vj + wk T puchdy +— (pwibdy )iz
dA dy
— 0
dz + — d
pudydz : —— 5 pudydz +—(pudydz Jux
v dz
z
dx
X

dA,
—— dA

pwdxdy ’

—
pvdxdz

Sekil 4. Diferansiyel Elemanda Kiitle Giris Cikisl
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pﬁ.?=p(%+%+%)

(1)

Sureklilik denklemi, vektorel formda, yogunlugun yerel degisimi (maddesel tiirev) ve gradyan vektori
ile Esitlik 2' de yazilmistir.

[}IP —_ =3 _
ZpV.V =0 (2)
Sekil 5’ de kartezyen koordinatlarda, bir akiskan diferansiyel elemanina Newton'un ikinci hareket
kanunu uygulandiginda; vektorel formda, sabit viskoziteli ve sikistirilamaz akis igin Esitlik 3 elde edilir.

0
dv = dxdydz gz 4 2 [u . ] & (pvaxdz Ju + a(pvudxdz )y
v 2o N oy
V = ui + Vvj+wk
§=9,i+9,j+9.k
au o( ou
g ‘ u ™ dydz +6X(paxdydz jdx
dy 5
P —(P
Pdydz R 'E(, <« | Pdydz + = ( dydz )dx
mu = (pudydz )u (pudydz )u + i(puudydz )dx
v — = OX
VA 0 vaxdz )u
uaidde‘ e
X "l
pu— dxdz
oy

Sekil 5. Diferansiyel Elemaninda Momentum Degisimi
p%=f—f’lP + uviv (3)

Sekil 6’ da kartezyen koordinatlarda, bir akiskan diferansiyel elemanina termodinamigin birinci kanunu
uygulandiginda; vektorel formda Esitlik 4 elde edilir.

0
- kgdxdz + 9f_ kgdxdz dy pvdxdze ;T +—— (pVCpTdXdZ )dy
oy oy\ oy oy

dy q
oT oT 0 oT
—k —dydz —k—dydz + —| —k—dydz |d
8xdy — g 8xyz+6x( axyzjx
dA 0
i pudydzc T+—(puc Tdydz )dx
pudydzc T —* dz ' "o '
m dx
Y - kgdxdz T T pvdxdze | T

7 oy —
i,
X

Sekil 6. Diferansiyel Elemaninda Enerji Degisimi
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O av?T+ L (4)

Plp
Viskoz isi Gretiminin ihmal edilmedigi durum Esitlik 5' de verilmistir.

Xeavir+ 4+ 2 (5)
Dt pcy  pry

ANSYS-Fluent HAD analizlerinde kullanilan sireklilik denklemi, Esitlik 6" da gdsterilmistir.

Pe 4. (o) = V.[pDeV (Z) |4 p0, 4 4%, (k=) (6)
Esitlik 7’de ANSYS-Fluent HAD analizlerinde kullanilan momentum korunum denklemi gdésterilmistir.
P4V, (pud) = ~Vp+ V.6 —2pkI+F +pg (7)
Esitlik 8' de ANSYS-Fluent HAD analizlerinde kullanilan enerjinin korunumu denklemi gosterilmistir.
2L v.(pul) = —pVit+ V] + pe+ ¢ + §° (8)
ANSYS-Fluent HAD analizlerinde kullanilan k ve € icin RANS denklemi Esitlik 9 ve 10'da verilmistir.

P 4 V. (pik) = —pRV.ii + 0: Vit 4. [Lr k] - pe + (9)

EiI'DE+'G’ (pii&) = — @Cﬂ Eg)psVu+V [c“ﬂtr' s] %(cfla: Vil —c,p&+ CSWS) (10)
RNG & denklemi, Esitlik 11’ de gosterilmistir.

8p _ i) ; _
IDE+‘E’ (pii&) = — @cﬂ —cfg)pé‘i’.ﬁ +V. [%Vs} —E( €0 Vil —CcopE+C, WS) PR (11)

Geometri

Tablo 1’ de o6zellikleri verilen Renault F-Type F8Q706 motorunun, Sekil 7° deki gibi demonte
edilmesinden sonra Tablo 4’ deki gibi segman ve segman yuvalarinin olglsi alinmistir. Tablo 4’ de
ozellikleri verilen ve 2B c¢izimi yapilan segman geometrisi, bilesen ve ylizey modellemede, sanal
montajda ve miuihendislik cizimlerinin olusturulmasinda kullanisli olan 3B modelleme yazilimi
SolidWorks paket programi kullanilarak olusturulmustur. ANSYS-Fluent” de model dosyasi
olusturulurken akiskan hacmi, kati model olarak cizilip akiskan olarak tanimlanmaktadir. Bu nedenle,
HAD modeli geometrisi SolidWorks paket programinda cizilirken akiskan yuzeyi 2B kati ylizey olarak
gizilmistir. Sekil 8 de 2B HAD analizlerinde kullanilan HAD modeli geometrisi ve model
tanimlamalarinda kullanilan geometri bélgelerinin isimlendirmeleri verilmistir.
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86928-2

Sekil 7. Motor ve Segman Gorintileri
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Tablo 4. Piston Boyutlari ve Ozellikleri

Piston Parametresi Deger*
Kompresyon Yiksekligi 42,25
Yanma Odasi Derinligi 0,7
Tam Boy 70,5
Piston Atesleme Seti Olgiisi 12,5
Pim Boyu 63
Piston Pimi Capi 24
1. Segman Eksenel Yiiksekligi 2

2. Segman Eksenel Yiksekligi 2

3. Segman Eksenel Yuksekligi 3

* Uzunluklar mm (milimetre) cinsindendir.

piston

Jq

a0 150 3000(mm)

Sekil 8. HAD Modeli Goriintis

Ag (Mesh) Yapisi

Karmasik geometrilerde olusturulan ag yapilar sayesinde, akiskan hacmi daha kiiglk pargalara
ayrilarak belirli kismi diferansiyel denklemler ¢6ziilmektedir. Ag yapilari, problem durumuna gore iki ve
U¢ boyutlu olarak kullanilabilmektedir. Ag yapisi; body tabanli, montaj tabanh ve dinamik olarak lice
ayrihr.  Buna bagh olarak ag vyapilart farkh boyutlarda ve farkli geometrik sekillerde
olusturulabilmektedir. Bu se¢im tecriibe gerektiren bir altyapi ile ¢esitli deneysel ve analitik
yontemlerle belirlenmektedir. Bu ¢alismada olusturulan kompresyon segmani yuvasi boslugu mesh
yapisi ANSYS-Workbench modiili ile olusturulmustur. ANSYS-Workbench’de akis analizleri sirasinda
mesh metrikleri olan en-boy orani (aspect ratio) (1 ve 2 arasinda) ve narinlik (skewness) (0,9’dan kiigik)
onemli parametrelerdendir. Bu dogrultuda, mesh yapisi olusturmak igin ANSYS-Workbench’de,
geometriye yalnizca element size tanimlamasi yapilarak element size degeri 0,001 mm olarak
girilmistir. Ayrica akisin giris kenari, silindir gémlek yuzeyi (piston duvari) ve motor govdesi yilzeyi
(gobmlek duvari) ve cikisa ilave ag hassasiyeti (infilation) tanimlamasi da yapiimistir. Mevcut durumda
olusturulan ag yapisi eleman sayisi 924 698’dir. Olusturulan mesh yapisi Sekil 9’da gosterilmistir.
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0,500 1,500

Sekil9. HAD Modeli Mesh Yapisi

Mevcut analizlerde kullanilan mesh yapisi sayisina bagli olarak alinan kagak debi miktari sonuglarinin,
mesh sayisindan bagimsiz oldugunu gostermek igin 7,5 MPa’ da mesh sayisindan bagimsizlastirma
¢alismasi yapilmistir. Bu analizler zamandan bagimsiz olarak sikistirma sonunda gergeklestirilmistir.
Mesh bagimsizlik ¢alismasi Sekil 10’ da verilmistir. Burada gorildgi gibi kacak debiler mesh sayilarina
gore incelendiginde en stabil ve en efektif mesh sayisinin 924 698 oldugu gorilmektedir.
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0,70 o %

0,66159

0,65

0,60

Kagak debi (kg/s)

0,57461
0,55

0,50:""I""I""I""I""I""I
7,50E+05 8,50E+05 9,50E+05 1,05E+06 1,15E+06 1,25E+06 1,35E+06

Ag sayisi

Sekil 10. HAD Modeli Mesh Bagimsizlik Calismasi

Model Tanimlamalari

Bu calismada piston sikistirma zamani sonunda Ust 6li noktadayken sikisan havanin ne kadarlk
miktarinin basing kaybi yaratmak suretiyle pistonun alt goélgesine gectigi belirlenmistir. Bu amagla
olusturulan 2B segman yuvasi boslugu HAD modelinin sinir sartlari 1B motor modeli silindir igi
karakteristiklerinden alinmistir. Modelde kullanilan bu sinir kosullari Tablo 5’ de verilmistir.
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Tablo 5. Sinir Sartlari (2B Segman Yuvasi Boslugu HAD Modeli)

Parametreler Degerler
Havanin giris basinci 7,5 MPa
Havanin gikis basinci 100 kPa
Havanin giris sicaklig 2 000 K
Havanin gikis sicakhgi 2 000 K

Ayrica bu calismada yakinsama kriteri 1,0 x10° olarak alinmistir. Tirbilans siddeti %1 olarak alinmis ve
¢O6ziimlemeler SIMPLE Least Squared Cell Based algoritmasi kullanilarak yapilmistir. Tlrbilans modeli
olarak RANS RNG k-€ tiirbiilans modeli standart duvar fonksiyonlari kullaniimis ve standart initialization
olarak gerceklestirilmistir. Ayrica modelde kullanilan hava, standart hava olarak alinmis olup 6zellikleri
Tablo 6’ de verilmistir.

Tablo 6. Hava Ozellikleri

Ozellikler Niceligi
Phava, kg m3 1,225
Cp hava, j kgt K1 1 006,43
Khava, W m K1 0,0242
Mhava, Pa. s 1,7894e-05

Bulgular ve Tartisma

Bu calismada, sikistirma ateslemeli F8Q706 motorunun kompresyon segman yuvasindaki boslugun
HAD ile analizleri yapilmistir. Similasyonlarda kullanilan sikistirma sonu basinglari; 7,5 MPa, 5MPa ve
3MPa seklindedir. Sikistirma ile ateslemeli motorlarda kullanilan yiiksek sikistirma oranlarina karsilik
herhangi bir basing kaybi yaratacak durum istenmeyen ve verim azaltici bir durumdur. Silindirin
icerisinde yasanan yanma, Isi transferi, stirtinme ve pompalama kayiplari verim kaybina neden olan
bu kayiplardir. Motorun emme ve sikistirma zamanlarinda olusan pompalama verimi genellikle %95’
dir (Heywood, 1988). Pompalama kayiplarinin bir kismi sikistirma sirasinda emme ve egzoz valflerinden
geri kacan ve kompresyon segmanlarindan geriye dogru kacan basing kayiplaridir. Segmanlarda
gerceklesen bu kayiplar iki farkli geometrik 6zellikten kaynaklanir. Bu geometrik 6zelliklerden birisi
segman baglantisi i¢in bulunan bilezik boslugu, bir digeri de segman yuvasinda bulunan bosluktur. Bu
¢alismada segman yuvasindaki boslukta kaynaklanan ve sikistirma sirasinda basing kaybina neden olan,
boslukta gerceklesen kagak debiler incelenmistir. Sekil 11’ de sikistirma sonunda, 1B modelden alinan
7,5MPa degeri ve bu degerden daha asagida olan basinglara gore kagak debi karsilastirmasi yapilmistir.
Gorildugi gibi burada artan sikistirma sonu basinci ile kacak debinin arttig ve 0,01569465 kg s
degerine ulastigl gorilmektedir. Artan basing ile bu degerin artmasi beklenen ve olagan bir durumdur,
ancak bu degerin artisinin basing kaybina neden oldugu da bir gercgektir. Sekil 12’ de ise sikistirma
sonunda, 1B modelden alinan 7,5MPa degeri ve bu degerden daha asagida olan basinglara gére akiskan
hizlarinin karsilastirmasi yapilmistir. Burada da Sekil 11’ e bagl olarak en yiiksek basing degerinde en
yuksek hava hizi hesaplanmaktadir. Sekil 13’ de basinglar karsisinda segman yuvasindaki havanin
sicaklik konturlari verilmistir. Kacak debinin ve dolayisiyla akiskan hizinin artmasina baglh olarak mevcut
segman yuvasina birim zamanda daha fazla hava kitlesi girisi olmustur. Segman yuvasinin giris ve ¢ikis
kesitlerinin oldukca kiiclik bir kenara sahip olmasi dolayisiyla akiskan hacmi icerisinde basing artisi
meydana gelmis ve hava sicakhgi giris sicakligi olan 2 000 K’den 4 069,244 K’e kadar kisa slrelerde
olmak kosuluyla yiikselmistir. Bu sicaklik artisi da kacak debilerin artisi gibi beklenen ancak istenmeyen
bir durumdur.
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Sekil13. Sikistirma Basinglarina Sicaklik Konturlari

Sonug ve Oneriler

Enerji verimliligi ve daha az emisyon salinimi hedefleyen bu calisma ile literatiirdeki konu ile ilgili
¢alismalara yeni bir bakis agisi kazandirilmistir. Literatlirdeki segman bosluklarinda yer alan ve basing
kaybina neden olan fazla galisma bulunmamakta ve sizdirmazlik elemanlarinin genellikle slirtinme
kayiplari incelenmis durumdadir. Ancak, sikistirma ile ateslemeli motorlardaki yiksek sikistirma
oranina bagh olarak elde edilen yiksek basinca engel olusturabilecek ve verim kaybina neden
olabilecek kacak debiler de motor performansi ve emisyonlari icin incelemeye deger bolgelerdendir.
Bu calismada, Renault F-Type F8Q706 motorunun demontaji gerceklestirilerek, birebir silindir dlclleri
alinmis, piston segman arasindaki akis hacminin geometrisi olusturulmustur. Motor ilk olarak 1B olarak
modellenmis ve buradan sikistirma sonu sicaklik ve basinglar hesaplanmistir. Bu parametreler, segman
yuvasi boslugunun 2B HAD modelinde sinir sarti olarak kullaniimistir. Ayrica 1B’ den elde edilen basing
degeri olan 7,5 MPa basincindan hari¢ olarak 5 MPa ve 3 MPa basinglari icin de kacak debiler
hesaplanmistir.
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Bu calismadan elde edilen sonuglar, segman yuvasindaki kacak debi, akiskan hizi ve akiskan sicakhgi
Uzerinde farkli modellerin bitlinlesik olarak kullanildigi bir disiplin anlayisi saglanmistir. Elde edilen
bulgular, motor ve yanma konularinda yapilan ilgili mihendislik uygulamalarinda segman tasarimi ve
optimize edilmesi slireclerine rehberlik edebilecek potansiyeldedir.

Sonug olarak, hem 1B model ve test dogrulamalari yapilmis, hem de 2B HAD modeli hassasiyet
analizleri yapilmis ve bitlnlesik bir yaklasimla segman yuvasindaki boslukta bulunan havanin
davranislari basing etkisi altinda detayli bir sekilde incelenmistir. inceleme ile berber yiiksek sikistirma
oranlarinda basing kayiplarinin ve kagak debilerin arttigi tespit edilmistir. Segmanlarda buluna agiz
acikhigi ve agiz profillerinin bu durum karsisinda direkt olarak belirleyici bir roli vardir. Bu kacaklara
onlem olarak segman profillerinin yeniden gozden gecirilmesi ve enerji verimliliginin arttirilmasi
saglanabilir.
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Arazi Ortiisii ile Kentsel Is1 Adasi Etkisi Arasindaki iliski: Ordu Kent Merkezi
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Bu calismada, li¢ temel arazi ortiisi tipi ile Arazi Yizey Sicakligi (AYS) ve Kentsel Isi Adasi (KIA) etkisi arasindaki
iliskinin ortaya konulmasi amaglanmistir. Bu amag dogrultusunda; AYS'nin hesaplanmasinda Landsat 8 OLI/TIRS
gorintileri ve arazi 6rtusinidn siniflandiriimasinda denetimsiz siniflandirma algoritmalari kullanilmistir. Elde
edilen bulgular istatistiksel yontemler kullanilarak incelenmistir. Calismanin sonuglari, Karadeniz kiy
kentlerinden biri olan Ordu’da KIA etkisinin ve AYS'nin mekansal dagihminin arazi 6rtlsiniin tipine gore
degistigini gostermistir. AYS ortalamasi, yapilasmis alanlarda bitki 6rtisd ile kapli alanlara gore ortalama 3 °C ve
su ylzeylerine gore 8.3 °C daha yiksektir. Kent merkezindeki KIA ve KIA olmayan alanlar arasinda ise 4.7 °C'lik
sicakhk farki bulunmaktadir. Sonug olarak; KIA etkisinin mekansal orintisi ortaya konulmus ve Ordu kent
merkezi 6lgeginde, iklim degisikliginin zararl etkilerine karsi etkili stratejilerin gelistirilmesi noktasinda karar
vericilere referans saglanmistir.

Anahtar Kelimeler: arazi ylzey sicakligi, alan kullanimi/arazi 6rtisi, kentsel 1s1 adasi etkisi, uzaktan algilama,
Landsat 8

Relationship Between Land Cover and Urban Heat Island Effect: The Case of
Ordu City Center (Tirkiye)

Abstract

This study aims to reveal the relationship between three land cover types and Land Surface Temperature (LST)
and Urban Heat Island (UHI) effects. For this purpose, Landsat 8 OLI/TIRS images were used in calculating LST
and unsupervised classification algorithms were used in classifying land cover. The findings were examined using
statistical methods. The results of the study showed that the spatial distribution of LST and UHI in Ordu, one of
the Black Sea coastal cities, varies according to the type of land cover. The mean LST is 3 °C higher in built-up
areas than vegetated areas and 8.3 °C higher than in water bodies. There is a temperature difference of 4.7 °C
between UHI and non-UHI areas in the city center. As a result; the spatial pattern of the UHI effect was revealed
and a reference was provided to decision makers in terms of developing effective strategies against the
detrimental effects of global climate change at the Ordu city center.

Keywords: land surface temperature, land use/land cover, urban heat island effect, remote sensing, landsat 8
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Giris

Birlesmis Milletler Niifus Fonu [UNFPA] (2022) tahminlerine gore, diinya nifusunun 2022 yilina kadar
7.95 milyara yaklasmasi ve bu niifusun yarisindan fazlasinin kentlerde veya kent yakinlarinda yasamasi
beklenmektedir. Kentsel niifusun kiiresel niifusa oraninin 2040 yilinda %80’e, 2050 yilinda ise %85’e
ulagsmasi 6ngoérilmektedir (BM, 2019). Bu bilgilere gore, kentlerdeki insan sayisinin yaklasik 2 ila 3
milyar artacagi anlasilmaktadir (Huang vd., 2019). Dlinya niifusunun ¢cogunun kentlerde yasiyor olmasi
ve yap! yogunlugunun yiksek olmasi, kentleri iklim degisikliginden etkilenme riski en yiksek yerler
haline getirmektedir (Hug vd., 2007; Singh vd., 2021). Kentsel alanlar, kentsel nifus arttikga hizla
genislemektedir. Kentsel alanlar 2001 ile 2018 yillari arasinda %168 oraninda genislemistir (Huang vd.,
2021). Kentsel genislemenin bircok cevresel etkisi vardir ve kentlesme sirecleri dogal alanlari 6nemli
Olcide degistirmektedir (Girardet, 2020). Kentlesme siireci; ylizey yayinirligi, albedo ve purizlilik gibi
arazi yuzeyi ozelliklerini degistirerek arazi ylzeyi ile glines enerjisi arasindaki dengeyi degistirir (Kaya,
2018; Grigoras ve Uritescu, 2019). Bu degisen 6zellikler nedeniyle kentsel iklimler, ¢cevredeki iklim
kosullarindan farkli, benzersiz 6zelliklere sahiptir. Jeomorfolojik ve arazi ortlist ozelliklerine bagh
olarak, kentsel ve kirsal alanlar arasindaki sicaklik farki 10 °C'ye ulasabilmektedir (European
Environment Agency [EEA], 2012). Manley (1958) bu sicaklik farkini Kentsel Isi Adasi (KIA) etkisi olarak
tanimlamistir.

Kentsel isi adalari, kentlerde kirsal alanlara kiyasla daha yiksek ylizey ve hava sicakliklarinin gérilmesi
ile karakterize edilmektedir (Buyantuyev ve Wu, 2010; Filho vd., 2018; Forman, 2014; Hu vd., 2019;
Kleerekoper vd., 2012; Song vd., 2014; Tromeur vd., 2012). Arastirmalar; yogun kentsel alanlarin ve
ciplak arazilerin KIA etkilerini artirdigini, kentsel yesil alanlarin, ormanlarin ve su kitlelerinin ise bunlari
azalttigini géstermektedir (Amiri vd., 2009; Grigoras ve Uritescu, 2019). Bu durum, arazi 6rtisi ile KIA
etkisi arasindaki karmasik iliskinin hem bdlgesel hem de yerel diizeylerde analiz edilmesini
gerektirmektedir. Bu nedenle, KIA etkisi ile arazi kullanimi/arazi ortiisti (AK/AQ) arasindaki iliski
kapsamli bir sekilde arastirilmistir. Du ve arkadaslari (2020) tarafindan yiritilen bir arastirmada; hizli
kentlesmenin KIA etkisinin mekansal ve zamansal orintileri Gzerindeki etkisi analiz edilmis ve
kentlesmenin KIA etkisine katkida bulundugu gdsterilmistir. Dolayisiyla; AK/AO degisimi ile AYS
arasindaki iliskiyi karakterize eden arastirmalar, bu dinamiklerin anlasiimasinin kentsel planlama ve
etkili politikalarin gelistiriimesi noktasinda oldukga 6nemlidir (Tran vd., 2017).

Bu calismada, arazi ortlisu tipleri ile KIA etkisi arasindaki iliskinin ortaya konulmasi, KIA etkisindeki
alanlarin mekansal dagiliminin haritalandiriimasi ve kent merkezindeki mahalleler arasindaki AYS
farkhliklarin incelenmesi amaglanmistir. Bu amag dogrultusunda; uzaktan algilama verileri, denetimsiz
siniflandirma algoritmalari ve istatistiksel degerlendirme yontemleri kullaniimistir. Henliz kentlesme
sirecinde olan Ordu kentinde, iklim degisikligine uyumu destekleyen adimlarin atilmasi gerekmektedir.
Bu calisma, yakin gelecekte Ordu kent merkezinde yapilacak bircok benzer ¢alisma icin referans noktasi
olacaktir. Arastirma bulgularinin, Ordu kentindeki iklim degisikligine uyum sireclerine rehberlik
etmesi, kentteki 1s1 adalarini azaltmak icin etkili stratejilerin gelistiriimesine katkida bulunmasi ve
surdirdlebilir kalkinma hedeflerinin gerceklestiriimesine yardimci olmasi beklenmektedir.

Materyal ve Yontem

Calisma Alani

Ordu, Tarkiye'nin Karadeniz kiyisindaki kentlerinden biridir. Sehir hizla kentlesmektedir ve kentsel
nlfus her gecen yil artmaktadir. 2022 yili itibariyle kent merkezinde 185 096 kisi yasamaktadir ve niifus
yogunlugu 545 kisi/km?dir (TUIK, 2023). 1990-2018 yillari arasindaki 28 yillik dénemde, Ordu ilinde
kentsel dokuyu da iceren yapay ylzeylerin alani %92 oraninda artmistir (Yesil ve Gizel, 2021).
Giuniimiizde de yapilasmanin ve yeni yerlesimlerin orani artmaya devam etmektedir. Ozellikle Ordu
Universitesi’nin merkez yerleskesinin bulundugu ve Ordu Sehir Hastanesi’nin insa edilmekte oldugu
Cumhuriyet Mahallesi en yogun kentlesmenin gorildigid mahalledir. Kent merkezini olusturan
mabhalleler, yapilasmis alan ve bitki 6rtlsii oranlari bakimindan c¢ok farkli karakter tasimaktadir.
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Guzelyali, Kirazlimani ve Karapinar mahallelerinde bitki 6rtlisiintin yogun oldugu bolgeler agirlikta iken
Yeni, Subasi ve Diiz mahallelerinde bitki 6rtiisti orani oldukca dusuktir.

Ordu kent merkezi igin yillik ortalama sicakhk 14.5 °C olup, yillik yagis miktari 1064.4 mm’ye
ulasmaktadir (MGM, 2022). En yiiksek ortalama sicakliga sahip ay 23.4 °C ile Agustos’tur. En ylksek
yagisa sahip ay ise Ekim’dir (131 mm). Thornthwaite (1948) iklim siniflandirma sistemine gore kentin
iklim sinifi B2, B’2, s, b’4'tir (B2: Nemli, B’2: 2. derece mezotermal, s: Orta yaz acigl, b’4: Yaz
buharlagsmasi: %50.5). Calisma alani olarak; Ordu kent merkezi ve ¢evresinin de dahil oldugu 21 km x
21 km’lik bir alan ve kent merkezini olusturan 21 mahalle segilmistir (Sekil 1). Ordu ilinin
kuzeydogusunda yer alan arastirma alaninda ylikseklik deniz seviyesinden baslayarak 1125 m’ye kadar
cikmaktadir. ilk olarak; Ordu kent merkezi ve yakin cevresine karsilik gelen bélge icin arazi 6rtiisii ve
AYS arasindaki iliski degerlendirilmis ardindan 21 mahalle 6zelinde kent merkezine odaklanilmistir.
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Sekil 1. Ordu Kent Merkezinin Konumu ve Kent Merkezini Olusturan Mahalleler
Yontem

Veriler ve Gériintii isleme

Calismada hem spektral indeksler hem de AYS hesaplanacagindan, Operasyonel Arazi Gorlntileyici
(OLI) ve Termal Kizilotesi Sensér (TIRS) algilama araglarini bir arada iceren ve degerlendirme igin yeterli
mekansal ¢ozinirlige (30 m) sahip Landsat 8 gorintileri tercih edilmistir. S6z konusu gorintiiler,
USGS Earth Explorer web sitesinden (https://earthexplorer.usgs.gov) lcretsiz sekilde indirilmistir.

Calismada kullanilmak (izere 5 Haziran 2020’de yerel saatle 11.07’de (UTC+3) gekilen bir Landsat 8
gorintlist secilmistir (Tablo 1). Tim goérintl igin bulut ortisi %9 olmasina ragmen, ¢alisma alani
sinirina gore kirpilan goriinti tamamen bulutsuzdur. Uydu gorintistnin kalitesini iyilestirmek ve
gorintideki olumsuz etkileri ortadan kaldirmak icin geometrik ve radyometrik dlzeltmeler
uygulanmistir. Calismada kullanilan termal kizil6tesi bandin (TIRS-bant 10) mekéansal ¢dztnurligi 100
m oldugundan, optik bantlarin ¢ézinirligind (30 m) esitlemek icin en yakin komsu algoritmasi ile
yeniden érnekleme yapilmistir.

Tablo 1. Calismada Kullanilan Uydu Gériintiisiine iliskin Bilgiler

GoOrunti tarihi ve saati Uydu ve sensor Mekansal ¢ozindrlik (m) Bulutluluk (%)
05.06.2020 - 08.07 (UTC) Landsat-8 OLI/TIRS 30 9

Spektral indekslerin Hesaplanmasi

Siniflandirmada kullaniimak Gzere, arazi 6rtisi siniflarinin spektral 6zelliklerinden yararlanan bircok
indeksten yararlanilmistir. Denetimsiz siniflandirma siirecinde girdi verisi olarak kullanilan spektral
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indeksler Tablo 2’de gosterilmistir. Bu indeksler, Landsat 8 uydusu lizerindeki OLI (Operational Land
Imager) modilu tarafindan saglanan R, G, B, NIR ve SWIR gibi bantlarin cesitli esitliklere gore
oranlanmasiyla elde edilmektedir. Bu indeksler arasinda, oranlamayla elde edilen diger iki endeksteki
(NDVI ve NDBI) matematiksel farkla yalnizca BUI (Built-up Index) hesaplanir. Calismada bitki ortiistini
on plana c¢ikaran 5 adet bitki ortlsi indeksi (DVI, NDVI, IPVI, WDVI, SAVI), yapilasmis alanlari
belirlemede kullanilan 5 adet yapilasma indeksi (NBI, NDBI, BAEI, BUI, Ul) ve 5 adet su ylzeyi indeksi
(NDWI-1, NDWI-2, MNDWI, AWEI, WRI) QGIS 3.16.6 yaziliminda yer alan “Raster Calculator” araci ile
hesaplanmistir. Her bir indeksin haritasi bir sonraki adimda gergeklestirilen denetimsiz siniflandirmada
girdi verisi olarak tanimlanmigtir.

Tablo 2. Calismada Kullanilan Spektral indeksler ve Formiilleri

indeks Esitlik Kaynak

DVI ONIR — PR Lillesand vd. (2015)
NDVI (Pnir — Pr)/ (Pnir + PR) Tucker (1979)

IPVI pnir/ (Pnir + Pr) Crippen (1990)
WDVI i — 0.96916 X pg Qi vd. (1994)

SAVI (pnir — Pr)/ (Pnir + pr + 0.5) X (1 + 0.5) Huete (1988)

NBI (Pswir X Pr)/PNir Jieli vd. (2010)
NDBI (Pswir — Pnir)/ (Pswir + Pnir) Zha vd. (2003)

BAEI (pr +0.3)/(pe + Pswir) Bouzekri vd. (2015)
BUI NDBI — NDVI He vd. (2010)

Ul (Coswir = Pnir)/ (Pswir + pnir) +1) X 100 Kawamura vd. (1996)
NDWI-1 (Pnir = Pswir)/ (Pnir + Pswir) Gao (1995)
NDWI-2 (pc = Pnir)/ (P6 + Pnir) McFeeters (1996)
MNDWI (p¢ — pswir)/ (Pe + Pswir) Xu (2006)

AWEI 4 X (pe — Pswirz) — (0.25 X pyir + 2.75 X pswir1) Mustafa vd. (2017)
WRI (p¢ + pr)/(Pnir + Pswir1) Shen ve Li (2010)

Arazi Ortiisiiniin Denetimsiz Siniflandirma ile Elde Edilmesi

AYS'nin farkh arazi ortilerine gore degisimini belirlemek icin 6ncelikle ¢alisma alanindaki arazi
siniflandiriimalidir. Arazi 6rtiist siniflandirmalari, denetimli ve denetimsiz siniflandirma yontemleri ile
yapilabilmektedir. Ancak denetimsiz siniflandirma ydntemleri zaman ve maliyet agisindan daha
avantajlidir. Denetimli siniflandirma algoritmalarinda ¢alisma alani hakkinda 6n bilgi sahibi olmaniz
gerekirken, denetimsiz algoritmalarda boyle bir gereklilik bulunmamaktadir (Mohammady vd., 2015).
Bu c¢alismada arazi 6rtisu siniflandirmasi icin denetimsiz siniflandirma algoritmalari olarak K-
ortalamalar ve ISODATA kullaniimistir. Her iki algoritma da tek tek veya bir arada Landsat 8 OLI/TIRS
gorintilerinin denetimsiz siniflandirilmasinda basariyla uygulanmistir (Herbei vd., 2015; Mohamed,
2021; Taufik vd., 2019; Yilmaz vd., 2023). Bu algoritmalar temelde kiimeleme algoritmalaridir.
Kimeleme algoritmalari, benzer spektral 6zelliklere sahip nesneleri (bu makalede nesneler piksellerdir)
ayni kimede gruplandirma islemleridir. Kimeleme algoritmasi olarak K-ortalamalar, verileri 6nceden
tanimlanmis merkez noktalari ile veri nesnesi arasindaki mesafeye gore k kiimeye ayirir (Rajab ve
George, 2021). ISODATA algoritmasinin arkasindaki mantik K-ortalamalara benzese de, K-ortalamalar
algoritmasinin aksine, kiime sayisi islemden 6nce ayarlanmaz. Bu sinif sayisi her yineleme boyunca ayni
tutulurken, uygun sinif numarasi ISODATA algoritmasinda istatistiksel olarak benzer 6zelliklere sahip
kiimeleri birlestirerek veya bdlerek otomatik olarak belirlenmektedir (Abbas vd., 2016; Rajab ve
George, 2021).

Siniflandirma, acgik kaynakh bir CBS yazilimi olan QGIS 3.16.6 ile uyumlu olan Yari Otomatik
Siniflandirma Eklentisi (SCP) kullanilarak gergeklestirilmistir (Congedo, 2021). Python tabanl bir eklenti
olan SCP; Landsat, MODIS ve Sentinel gibi populer uydulardan gelen gorintilerin indirilmesini ve
islenmesini saglar. SCP eklentisi, etkinligi ve dogrulugu ile taninan K-ortalamalar ve ISODATA
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algoritmalarini kullanarak pratik goriinti siniflandirmasina olanak tanimaktadir. Bu nedenle, bu
¢alismada siniflandirma her iki algoritma ile de yapilmis ve sonuglar en dogru yontem secilerek
yorumlanmistir. Arastirmanin birincil amaci; insa edilmis cevreler, bitki ortili alanlar ve su kitleleri
arasindaki AYS degerlerindeki farkliliklari degerlendirmektir. Bu nedenle, istenen sinif sayisi 3 olarak
belirlenmis ve siniflandirma siireci maksimum 10 yineleme ile gergeklestirilmistir.

Siniflandirma Dogrulugunun Belirlenmesi

Bu calismada gerceklestirilen denetimsiz siniflandirmanin dogrulugunu degerlendirmek icin hata
matrisi kullanilarak bir dogruluk degerlendirmesi yapilmistir. Hata matrisi, siniflandirma sonuglarinin
referans verilerle karsilastiriimasini kolaylastiran satir ve siitunlarin tablo biciminde diizenlenmesinden
olusur. Bu matris, siniflandirma dogrulugunun degerlendirilmesini saglamakla birlikte hatalar
kategorilere ayirarak siniflandirma modelinin tahmin yeteneklerini artirir (Stehman, 2009). Hata
matrisi kullanilarak denetimli veya denetimsiz siniflandirma algoritmalarinin performansi nicel olarak
Olgllebilmektedir. Ayrica, hata matrisi temelinde hesaplanan dogruluk gostergelerinin yardimiyla
siniflandirma algoritmalari arasinda birden fazla karsilagtirma yapilabilirken, en yiiksek dogruluga sahip
algoritma da bu yolla secilebilmektedir.

Siniflandirma dogrulugunu belirlemede, referans veri olarak kullanilacak yeterli kontrol noktasinin
belirlenmesi 6nem arz etmektedir. Denetimsiz siniflandirmanin dogrulugunu test etmek icin, bu
calismada onceki benzer calismalarda tercih edilen 200 adet yer kontrol noktasi yeterli kabul edilmistir
(Ismail ve Jusoff, 2008; Talukdar vd., 2020). Siniflarin alan blyukligine gore tabakali rastgele
ornekleme yoluyla 3 arazi ortlsid sinifina atanmistir. Buna gore; 200 kontrol noktasindan 24’
yapilasmis alana, 115’i bitki ortlistine ve 61’i su ylizeyi siniflarina karsilik gelmistir. Yiksek ¢ozinarltkli
ve uygun zaman araligina sahip Google Earth Pro goriintileri degerlendirme icin referans verisi olarak
kullaniimistir. Siniflandirma sonucunda arazi sinifinin atandigi noktanin gercek arazi sinifi Google Earth
Pro yazilimi kullanilarak kontrol edilmistir. Bu islem her kontrol noktasi icin tekrarlanarak bir hata
matrisi olusturulmustur. Hata matrisinin gelistirilmesinin ardindan, her iki siniflandirma algoritmasi igin
Uretici ve kullanici dogrulugu, genel dogruluk ve kappa istatistikleri hesaplanmistir (Congalton ve
Green, 2019; Olofsson vd., 2014). Genel dogruluk, siniflandirma sonucunda dogru tespit edilen nokta
sayisinin toplam nokta sayisina oraninin ytzdesidir. Arazi siniflari 6lceginde siniflandirma dogrulugu,
uretici ve kullanici dogrulugu kullanilarak degerlendirilmistir. Uretici dogrulugu, referans verilere gére
bir arazi ortlisi sinifi icinde dogru siniflandirilan noktalarin o arazi 6rtisi sinifindaki toplam nokta
sayisina orani olarak tanimlanir. Siniflandirma veya harita veri kiimelerinden tiretilen kullanici
dogrulugu, bir sinif icinde dogru tespit edilen noktalarin o arazi sinifindaki toplam nokta sayisina orani
olarak hesaplanmaktadir (Everitt vd., 2008). Kappa degeri, bir siniflandirma siirecinin sonuglari ile
referans veriler arasindaki eslesme diizeyinin istatistiksel bir gostergesidir (Talukdar vd., 2020). %80’in
Uzerindeki bir kappa istatistik degeri, siniflandirma sonuglari ile gercek referansli veriler arasinda
saglam bir uyuma isaret eder (Jensen, 2015). Kappa istatistigi asagidaki formdil kullanilarak
hesaplanmistir.

k k
NEizq Xii—2i=1 (it *X 4 j)
13
N2—2i=1(xi+*x+j)

K= (1)
Burada N, toplam referans noktasi sayisi; k, hata matrisindeki arazi siniflarini gésteren satir sayisi; xi,
satir i ve slitun i icin dogru siniflandirilan nokta sayisi; xi. ve x.j, sirasiyla satir i ve siitun j'deki toplam
gozlem sayilaridir.

Arazi Yiizey Sicakligi (AYS) Haritasinin Olusturulmasi

AYS, KIA etkisinin incelemesinde olduk¢ca 6nemli bir parametredir. Radyometrik sicaklik olarak da
adlandirilan AYS, Diinya ylzeyinin sicakligini belirtmektedir (Almeida vd., 2021). Bu 6l¢iim genellikle
uydu platformlarina yerlestirilen termal kizilotesi sensorlerle yapilmaktadir (Stewart ve Mills, 2021).
Uzaktan algilama verilerinden, Diinya ylzeyinin radyatif 6zelliklerini belirlemek icin kullanilabilen
AYS’yi hesaplamak mimkiindir (Almeida vd., 2021). Dahasl, bu cografi olarak referanslanmis verilerin
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¢oguna serbestce erisilebilmektedir (Stewart ve Mills, 2021). Kizilétesi uzaktan algillama
gorlntilerinden tlretilen AYS haritalari, KIA etkisinin mekansal dagihmini ve kentsel ylzey
ozellikleriyle iliskisini incelemek igin yaygin olarak uygulanmaktadir (Algretawee vd., 2019; Chen ve
Zhang, 2017; Gui vd., 2019; Sfica vd., 2023). AYS'nin uygulama alani KIA galismalariyla sinirli degildir.
AYS, kiresel iklim degisikligi (Pandey vd., 2022; Zou vd., 2020), kriyosfer erimesi (Fang vd., 2023; Zhong
vd., 2020;) ve bocek istilasi (Farrah vd., 2017) gibi birgok farkl alanda kullanilmaktadir.

AYS, Landsat-8'deki termal bant (TIRS-1) kullanilarak elde edilmistir. Landsat uydusundan elde edilen
goruntilerin bicimi Dijital Sayilar (DN) formatindadir. Bu nedenle, AYS’yi hesaplamak i¢in yaygin olarak
kullanilan asagidaki algoritma izlenmistir (Artis ve Carnahan, 1982). ilk adim, termal banttaki dijital
sayilari Atmosfer Ustii (TOA) spektral parlaklik degerine dénistiirmektir (USGS, 2013):

Ly =M, X Qcar + 4, (2)

Burada Ly, W m?2 s r mm™ cinsinden spektral parlakhktir; M, bant 10 icin carpimsal dlcekleme
faktoridir (0.0003342); A, ise, bant 10 icin eklemeli 6lgekleme faktoridir (0.1).

ikinci adim, spektral parlaklik degerini (Lx) Parlaklik Sicakligi (Tg) degerine dénistiirmektir:
Ty = K,/(In(K, /L, + 1)) — 273.15 (3)
Ts, uydu seviyesindeki parlakhk sicakhgini; K; ve K; ise, Landsat 8’deki bant 10 icin termal dénisiim

saglamak icin kullanilan sabitleri temsil etmektedir. Landsat 8 OLI/TIRS icin Ki, 774.89 ve K,
1321.08’dir. Tg degerini kelvinden santigrata dénustlirmek igin 273.15 ¢ikarilmistir.

Uclincii adim, yayinirlik () degerinin hesaplanmasini icermektedir. Bunun igin, bitki ortiisii oranina
dayali bir yaklasim benimsenmistir (Carlson ve Ripley, 1997). Yayinirlik (emisivite), Py ve asagidaki esitlik
kullanilarak hesaplanir:

€ =0.004 x P, + 0.986 (4)
P,, bitki 6rtlisii orani olup, asagidaki esitlik kullanilarak hesaplanmistir:
Pv = [(NDVI - NDVImin)/(NDVImax - NDV[min)]2 (5)

Burada NDVImin, ¢alisma alaninin minimum NDVI degeri ve NDVImax, ¢alisma alaninin maksimum NDVI
degeridir. NDVI, Esitlik 6’daki matematiksel islemle hesaplanmistir (Guha vd., 2018; Kumar vd., 2022):

NDVI = (pnir — Pr)/(Pnir + PR) (6)

pnir Yakin kizilétesi bant (Landsat 8 icin bant 5) ve pr kirmizi bandi géstermektedir (Landsat 8 i¢cin bant
4). NDVI degerleri - 1 ile 1 arasinda degismektedir. Genel olarak, NDVI degerleri su kitleleri i¢in sifirin
altindadir. Ancak; cayirlar, calilar, otlar ve ormanlar dahil olmak lizere tim bitki 6rtisi icin pozitiftir
(Jones ve Vaughan, 2010). Yogun ve saglkli bitki ortlsi ylksek NDVI degerleri ile karakterize
edilmektedir.

Son olarak; AYS, Tg ve emisivite (&) degerleri kullanilarak hesaplanmistir (Weng vd., 2004; Guha vd.,
2018):

LST = Ty /[1 + (A X Ty /p) % Ine] (7)

Burada; AYS, Celcius (°C) cinsinden arazi yizeyinin sicakligini temsil etmektedir. A, dalga boyunu (bant
10 icin 10.9 mm), €, yilizey emisivitesini; k, Boltzman sabitini (1.38x102 J K1); p, 1.438x10% m K
degerini; ¢, 15tk hizini (2.998x108 m s1) ve h, Planck sabitini (6.626x103 ] s) ifade etmektedir.

KIA Etkisinde Olan ve KIA Etkisinde Olmayan Alanlarin Cikariimasi

KIA ve KIA olmayan alanlar belirlemek icin bir esik degeri hesaplanmistir (Guha vd., 2017; Guha vd.,
2018; Ma vd., 2010). Esik degerini hesaplamak icin ortalama AYS degeri (Esitlik 8) ve standart sapma
(Esitlik 9) degerlerinin bilinmesi gerekmektedir.

— z:§V=1"i
b= (8)

40



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2025, 15 (1), 35-55

N (xi—u)2
o= lel(zl K 9)

Burada xi, piksel i'nin °C cinsinden AYS degeri, N calisma alanindaki toplam piksel sayisi, i ¢alisma
alaninin ortalama AYS degeri, 6 ¢calisma alanindaki AYS degerlerinin standart sapmasidir. Ortalama AYS
degerinin yarisi (p) ile cahisma alanindaki standart sapmanin (o) toplami esik degerini vermektedie. Bir
pikselin AYS degeri esik degerinden bliylkse, o piksel KIA etkisinde alan olarak tanimlanmistir (Esitlik
10). Tersi sekilde, pikselin AYS degeri esik degerine esit veya altindaysa, o piksel KIA etkisinde olmayan
bir alan oldugu anlasilmaktadir (Esitlik 11). Bu islem tiim ¢alisma alani igin tekrarlandiginda, KIA ve KIA
olmayan alanlarin haritasi elde edilmistir.

LST >u+05%0 (10)
0<LST<u+05%*0 (11)
istatistiksel Analiz

Arazi ortlsl cesitleri ve mahalleler arasindaki ortalama AYS’deki farkhliklar istatistiksel yontemler
kullanilarak analiz edilmistir. Farkh arazi ortiisa tipleriyle iliskili olarak ortalama AYS’deki farklilasma
durumu istatistikse tek yonli varyans analizi (ANOVA) ile test edilmistir (Stathopoulou vd., 2007; Li vd.,
2014). Kent merkezindeki 21 mahallenin ortalama AYS’leri arasindaki fark ayni yontem kullanilarak
istatistiksel olarak degerlendirilmistir. Ancak bu analizi gergeklestirmek icin 6ncelikle normallik ve
varyans homoijenligi gibi varsayimlar test edilmistir (Jackson ve Ferguson, 1972). Verilerin normalligini
kontrol etmek icin Shapiro-Wilk testinden yararlaniimistir (Shapiro ve Wilk, 1965). Varyanslarin
homojenligi Levene testiile degerlendirilmistir (Levene, 1960). Ug ya da daha fazla grup icin ortalamalar
karsilastirilmak istendiginde verilerin normal dagilip dagilmadigina gore parametrik ya da parametrik
olmayan testler tercih edilmektedir. Bu ¢calismada her iki gruba ait veriler normal dagildigi icin ANOVA
testi tercih edilmistir. Ancak bu 6n kosul mevcut degilse bu analiz ancak Kruskal-Wallis (Kruskal ve
Wallis, 1952) gibi parametrik olmayan bir yontemle yapilabilmektedir. Varyans analizi grup
ortalamalarindaki farki ortaya koymasina ragmen, ikili karsilastirmalarda post-hoc testler
kullanilmaktadir. Bu noktada uygun testin se¢imi varyanslarin homojenligine baglidir. Levene testi
sonucunda veri seti icin varyanslarin homojen dagildigi gorilmistir. Bu nedenle ikili karsilastirmalarda
Tukey HSD (a=0.05) kullanilmistir (Tukey, 1949). Tukey testindeki anlamhhk diizeyi farkli arastirmacilar
tarafindan farkli degerlerde alinabilse de bir¢ok ¢alismada yaygin olarak kabul gérmis bir dizey
oldugundan, bu ¢alismada %5 diizeyi tercih edilmistir. Tukey testi sonucunda anlamli olarak farkli
oldugu bulunan gruplar sembolize edilmis ve kiiglk harflerle isaretlenmistir.

Son olarak, KIA ve KIA olmayan alanlar arasindaki AYS farkini tespit etmek i¢in bagimsiz 6rneklem t-
testi kullanilmistir (Ross ve Willson, 2017). ANOVA testinin aksine, bu test igin iki bagimsiz grubun
olmasi yeterlidir. Bu ¢alisma icin gruplar KIA ve KIA olmayan bélgelerdir. Bu iki grup arasindaki AYS
ortalamasindaki farkin diizeyi ve bu farkin istatistiksel olarak anlamli olup olmadigi bagimsiz 6rneklem
t-testi (a=0.05) ile ortaya cikarilmistir. Verilerin normal dagilim gostermedigi bir durumda, t-testinin
parametrik olmayan esdegeri olan Mann-Whitney U testi, iki grubun ortalamalarini karsilastirmak icin
kullanilmaktadir (McKnight ve Najab, 2010). T-testi sonucunda iki grup arasindaki fark istatistiksel
olarak anlamli ¢ikarsa, grup ortalamalari farki, KIA bolgesi ile KIA bolgesi olmayan bolgeler arasindaki
ylzey sicakhgi farkini vermektedir.

Bulgular ve Tartisma

K-ortalamalar ve ISODATA algoritmalar ile gergeklestirilen siniflandirmanin sonuglari Sekil 2’de
verilmistir. Denetimsiz siniflandirmalarin dogrulugunu test etmek icin kappa katsayisi ve genel
dogruluk hesaplanarak degerler Tablo 3’te gosterilmistir. ISODATA siniflandirma sonuglarina gore
Uretici ve kullanici dogrulugu su ylizeyleri sinifi igin %100’d{ir. Yapilasmis alanlari temsil eden 24 kontrol
noktasindan 23’0 dogru tahmin edilmistir; dolayisiyla bu sinif igin Gretici dogrulugu %95.8'dir. Bitki
ortlist icin Uretici dogrulugu ise %98.3 olarak hesaplanmistir. Bitki ortlsi sinifinda iki kontrol noktasi
yanlis tahmin edilerek yapilasmis alan sinifina atanmistir. Su yizeylerinin tahmininde hata yapmayan
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algoritma, yapilasmis alanlar ve bitki ortlst siniflarinda kabul edilebilir sinirlar icinde hata gostermistir.
K-ortalamalar algoritmasi ile olusturulan arazi siniflarinin hata diizeyi ISODATA algoritmasininkine
benzerdir. Yapilasmis alanlar igin Giretici dogrulugu %91.7 iken, bitki 6rtiisi icin %99.1'dir. Sonug olarak,
arazi ortusi siniflandirmasi igin genel dogruluk degeri ve kappa katsayisinin her iki siniflandirma
yontemi icin de esit oldugu gorilmuistir. Genel dogruluk %98.5 ve kappa istatistigi 0.973’tur. Genel
dogruluk dizeyi %90'In lzerinde ve kappa istatistigi 0.8'in izerindeyse, siniflandirilmis gorinti ile
gercek veriler arasinda glicll bir eslesme oldugu anlasiimaktadir (Jensen, 2015). Bu nedenle, iki ydntem
kullanilarak elde edilen siniflandirma haritasinin da isabetli sonug verdigi gérilmastar.

Tablo 4’te iki siniflandirma algoritmasi ile elde edilen arazi ortiisii alanlari hektar ve ylizde olarak
gosterilmistir. Calisma alani 21 km x 21 km biyiikliginde oldugundan toplam alan 44.100 hektardir.
ISODATA algoritmasi ile elde edilen arazi ortlisti haritasina gére yapilasmis alanlar calisma alaninin
%8.8'ini olustururken, K-ortalamalar algoritmasina gore bu oran %7.9'dur. Bitki 6rtisi ile kapl
alanlarin orani ISODATA algoritmasina gore %58.6 iken K-ortalamalar algoritmasina gére %59.5’tir. Su
yluzeyi ile kapl alanlarin orani her iki siniflandirma algoritmasina gore ¢alisma alaninin %32.6'sina
karsilik gelmektedir.
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Sekil 2. ISODATA ve K-ortalamalar Siniflandirmanin Sonuglari

Tablo 3. ISODATA ve K-ortalamalar Siniflandirmaya iliskin Hata Matrisi

Siniflandirilmis veri Referans Veri

Yapilasmisa. Bitkid. Suvy. Satirtoplami  Uretici dogr. (%) Kullanici dogr. (%)

< Yapilasmis alan 23 2 0 25 95.8 92.0
';: Bitki ortisi 1 113 0 114 98.3 99.1
8 Su yiizeyi 0 0 61 61 100.0 100.0
2 Satun toplami 24 115 61 200

Genel dogruluk (%) 98.5

Kappa istatistigi 0.973

Siniflandirilmig veri Referans Veri
Yapilasmisa. Bitkid. Suvy. Satirtoplami  Uretici dogr. (%) Kullanici dogr. (%)

s Yapilagmis alan 22 1 0 23 91.7 95.7
% Bitki 6rtisi 2 114 0 116 99.1 98.3
e Su yuzeyi 0 0 61 61 100.0 100
N Sutun toplami 24 115 61 200

Genel dogruluk (%) 98.5

Kappa istatistigi 0.973
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Tablo 4. Arazi Ortiisii Tiplerinin Alansal Ve Oransal Biiyiikliikleri

Siniflandirma Yapilasmis alan Bitki 6rtisi Su ylizeyi Toplam

ha % ha % ha % ha %
ISODATA 3880.8 8.8 25842.6 58.6 14 376.6 32.6 44 100 100.0
K-ortalamalar 34839 7.9 26 239.5 59.5 14 376.6 32.6 44 100 100.0

Calisma alani 6lgeginde AYS'nin mekansal dagihm deseni Sekil 3'te gosterilmistir. Kirmizi tonlarindaki
alanlar yiksek AYS degerini, mavi renk tonundaki alanlar ise nispeten disik AYS degerlerini
gostermektedir. Calisma alanindaki AYS degeri 16.4 °Cile 32.7 °C arasinda degismektedir. Arazi 6rtisi
(Sekil 2) ve AYS haritasi (Sekil 3) dikkate alindiginda, en yilksek ylzey sicakliklarinin biyik olglide
yerlesim alanlariyla 6rtlstigu gérilmektedir.
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Sekil 3. Calisma Alaninin AYS Haritasi (21 km x 21 km)

Tek yonlu varyans analizine gore, li¢ arazi sinifi (yapilasmis alan, bitki 6rtlsu, su ylzeyi) arasinda AYS
acisindan istatistiksel olarak anlamli bir fark vardir (Tablo 5). Varyanslarin homojen olmasi nedeniyle,
hangi siniflarin birbirinden farkh oldugunu belirlemek igin ¢ift yonli karsilastirma testi olan Tukey’s HSD
kullanilmistir. Tablo 5’te, AYS ortalamalarinin yanindaki kii¢clik harfler farkli gruplari géstermektedir.
Dolayisiyla, li¢ arazi sinifi AYS ortalamalari agisindan birbirinden farkhdir. Calisma alanindaki yapilagmis
alanlarda, ortalama AYS; bitki ortlslinden 3 °C daha yiiksektir. En diistik AYS ortalamasina sahip arazi
sinifi, 17.3 °C ile su yiizeyleridir. Calisma alaninda, en yiksek AYS degeri (32.7 °C) yapilasmis alanlarda
gozlenirken, en disitk AYS degeri ise 16.4 °C ile su ylzeyindedir (Tablo 5). Konuyla ilgili yapilan
calismalarda, bu (¢ temel arazi 6rtlsiU icin ortalama AYS degerlerinin yiiksekten diisige dogru
yapilasmis alanlar, bitki ortlsu ile kapli alanlar ve su ylzeyleri olarak siralandigi konusunda fikir birligi
bulunmaktadir. Ayrica, Cin’in Guangzhou kentindeki yerlesim alanlarindaki ortalama AYS’nin orman
alanindan ve su kiitlelerinden daha yiiksek oldugu bildirilmistir (Sun vd., 2012). iran’in Marageh
kentinde yiratilen bir baska calismada ise kentsel alanlardaki ortalama AYS degerinin 33.7 °C olarak
bulunmus olup, bu deger su kitlelerindeki ve otlaklar ile meyve bahcgeleri gibi bitki 6rtisi ile kaph
alanlardaki ortalama AYS degerinden daha yiiksektir (Feizizadeh vd., 2013).

Bu arastirmanin odaklandigi bélgenin topografik ozellikleri, AYS ile arazi ortlisi tipi arasindaki iliskiyi
etkileyen ana faktorlerdir. Cin’in Hangzhou kentinde yurutilen bir ¢alismanin sonuglari; yikseklik,
egim, baki ve rolyef 6zelliklerinin AYS ile glicli bir sekilde iliskili oldugunu ortaya koymustur (Peng vd.,
2020). Yukseklik ve AYS arasinda genellikle negatif bir korelasyon bulundugundan AYS degerlerinin
yukseklikle birlikte azalmasi beklenir (Peng vd., 2020; Stroppiana vd., 2014; Ullah vd., 2023). Bununla
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birlikte, Marageh kentinde yapilan ¢alismanin sonuglari bunun tersini gostermektedir. Calismada,
disuk rakimli tagskin ovalarinda daha disiik AYS degerleri gozlemlenirken, ylkseklik arttikga kayalik ve
¢iplak toprakla kaplh alanlarin artmasi sonucunda AYS degerlerinde énemli artislar meydana gelmistir
(Feizizadeh vd., 2013).

Tablo 5. Arazi 6rtisu tipleri arasindaki ortalama AYS bakimindan farkhliklar

Sinif (ISODATA) N Ortalama Minimum Maksimum  Std. Sapma
. Yapilasmis alan 42793 25.6 18.0 32.7 2.375
AYS (°C) Bitki ortiisu 286479 22.6 18.2 30.3 1.095
Su yiizeyi 159329 17.3 16.4 314 0.806

Kent merkezindeki mahalleleri kapsayan alandaki AYS degerlerinin dagilimi Sekil 4’te gosterilmistir.
Kirmizi alanlar yliksek AYS degerlerini, mavi alanlar ise nispeten distk AYS degerini gostermektedir.
Kent merkezindeki AYS degerleri 18.9 °Cile 32.7 °C arasinda degismektedir. Sekil 4'te AYS degerlerinin
mahalleler arasinda homojen bir sekilde dagilmadigi acikca goériilmektedir. Ornegin; Giizelyali ve
Kirazlimani mahallelerinde nispeten diisiik AYS degerleri goriliirken; Diiz, Yeni ve Sarkiye mahalleleri
ile Karapinar mahallesinin kuzeyinde ¢ok daha yiiksek AYS degerleri gozlenmektedir. Cesitli mahalleler
arasinda AYS’deki farkliliklari istatistiksel olarak degerlendirmek icin gergeklestirilen varyans analizinin
sonuglari Tablo 6’da ayrintili olarak verilmistir.
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Sekil 4. Kent Merkezi ve Mahalleler Olceginde AYS Haritasi

1: Akyazi, 2: Aziziye, 3: Bahgelievler, 4: Bucak, 5: Cumhuriyet, 6: Durugél, 7: Diiz, 8: Giizelyali, 9: Karapinar, 10:
Karsiyaka, 11: Kirazlimani, 12: Kumbasi, 13: Sahincili, 14: Saray, 15: Sarkiye, 16: Selimiye, 17: Sirinevler, 18: Subasi,
19: Tasbasi, 20: Yeni, 21: Zaferimilli

En yiksek AYS ortalamasina sahip mahalleler Yeni (30.6 °C) ve Diiz (29.8 °C) olup, ikisi arasinda anlamli
bir fark yoktur (p<0.05). Bu mahallelerin ortak 6zellikleri; yapi yogunlugunun yiksek, yapilar arasindaki
mesafenin dar ve yesil alan miktarinin diger mahallelere gére daha az olmasidir. En disiik AYS
ortalamasina sahip mahalleler ise Glizelyali ve Kirazlimani’dir. Her iki mahallede de yapilasma denize
yakin alanlarda veya denize bakan yamaclarda yogunlasmistir. Bu nedenle, mahalle alanlarinin ¢ogu
bitki ortlst ile kaplidir. Yogun bitki ortlisi nedeniyle mahallelerin AYS ortalamasi dismektedir.
Ortalama AYS acisindan disik siralarda yer almasina ragmen en yiksek maksimum AYS’ye sahip
mahalle Karapinar'dir (32.7 °C). Bunun nedeni mahalledeki arazi kullanimindaki dengesizliktir.
Mahallenin kuzeyinde sehrin en 6nemli sanayi bolgesi yer almakta olup, en yiksek AYS burada
kaydedilmistir. Ancak mahallenin orta ve giliney kesimlerinde neredeyse tamamen kirsal yapi
gorilmektedir. Sonug¢ olarak; minimum ve maksimum AYS arasindaki fark burada diger tiim
mahallelere gore daha yiiksektir (12.7 °C).
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KIA alanlarinin ortaya cikarilmasi icin esik degeri 27.4 °C olarak hesaplanmistir. AYS degeri bu esik
degerinin Ustlinde olan alanlar KIA etkisindeki alanlari, esigin altinda olan alanlar ise KIA etkisinde
olmayan alanlardir. Bu alanlarin mekansal dagilimi Sekil 5’te sunulmaktadir. Kent merkezinde KIA
etkisinde olan ve olmayan alanlar arasinda ylizey sicakhgl bakimindan p<0.05 diizeyinde anlamli fark
bulunmaktadir (Sekil 6). KIA etkisinin kapsamindaki alanlarin ortalama yizey sicakhgi, KIA etkisinde
olmayan alanlardan 4.7 °C daha yiksektir. Kentlerin morfolojik ve topografik yapisi, iklim ozellikleri,
yapilarda kullanilan malzemeler, agik-yesil alanlarin orani gibi bircok faktér KIA etkisinde olan ve
olmayan alanlar arasindaki AYS farkini belirlemektedir (Chen vd., 2021; Kuang vd., 2014; Liu vd., 2021).
Ornegin; italya’da yiiriitiilen benzer bir calismada, KIA etkisindeki alanlarin ortalama AYS degerinin KIA
etkisinde olmayan alanlardan 7.5 °C, Napoli’de ise 12.1 °C daha yiksek oldugu hesaplanmistir (Guha
vd., 2018). Hindistan’in Raipur kentinde, yaz mevsiminin basinda, KIA etkisinde olan ve olmayan
bolgeler arasinda 2.7 °C’lik bir fark gézlemlenmistir (Guha vd., 2020).

Tablo 6. Kent Merkezindeki Mahalleler Arasindaki AYS Farklilig

Mahalle N (adet) Ortalama Minimum Maksimum  Std. Sapma
Yeni 584 30.6*2 28.8 31.7 0.67
Diiz 134 29.8%° 24.6 32.0 1.86
Subasi 288 29.7° 27.3 315 0.89
Sarkiye 291 29.5P 23.4 32.1 2.18
Bahgelievler 544 28.90¢ 23.9 30.9 1.45
Akyazi 1645 28.6% 24.4 31.3 1.37
Sirinevler 1216 28.5< 25.5 30.2 0.97
Selimiye 666 28.2¢ 22.5 311 2.28
Saray 117 27.6% 23.2 30.1 1.86
. Sahincili 2587 27.0¢ 22.7 31.0 1.73
AYS (°C) Aziziye 183 26.6° 22.4 30.3 2.02
Bucak 1670 26.6% 21.7 31.6 3.11
Durugol 1304 26.6% 20.0 30.1 2.16
Tagbasi 268 26.2% 20.9 29.5 1.57
Karsiyaka 3216 26.18 21.5 31.5 2.39
Cumhuriyet 4109 25.3" 20.1 29.2 1.45
Karapinar 4976 24.9 20.0 32.7 2.48
Zaferimilli 321 24.7 21.2 294 2.72
Kumbasi 1649 24.1 20.2 28.0 1.63
Glzelyah 1613 23.3k 18.9 29.4 2.51
Kirazlimani 1111 23.1% 20.2 28.6 1.75

* Kiigiik harfler Tukey testine gére p<0.05 diizeyinde farkli gruplari géstermektedir.
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Sekil 6. KIA Etkisinde Olan Ve Olmayan Alanlardaki Ortalama AYS Farki (p<0.05)

Kent merkezindeki AYS profilleri ile arazi 6rtisi arasindaki iliski Sekil 7’de gosterilmistir. AYS degerleri,
deniz ve akarsu gibi su kitleleri Gzerinde 6nemli dlglide azalmaktadir. En yiksek AYS profillerine sahip
alanlar yapilasmis alanlari temsil etmektedir. AYS, yapilasmis alanlar igcinde dagilmis bitki ortiisilyle
kapli alanlarda azalma egilimindedir. AYS’nin yapilasmis alanlarda gevredeki su ylzeyleri ve bitki
ortlsiinden daha yiksek olmasi KIA etkisiyle karakterize edilmektedir. Yapilasmis alanlardaki AYS
dalgalanmalarinin nedeninin, ylizey kaplamalarinda veya ¢atilarda kullanilan malzemeler ile binalarin
yogunlugu gibi faktorlerle ilgili olabilecegi diistinlilmektedir.
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Sekil 7. Kent Merkezinden Alinan Arazi Ortiisii-AYS Profilleri

Sonug ve Oneriler

Bu calismada, KIA etkisi ile arazi 6rtlsi arasindaki iliskiyi belirlemek i¢in uzaktan algilama verilerine
dayali bir arastirma yiritilmistir. Ug temel arazi drtiisii sinifi icin denetimsiz siniflandirma yapilmistir:
yapilasmis alanlar, bitki 6rtiisi ile kapli alanlar ve su ylzeyleri. Sonug olarak; yapilasmis alanlardaki AYS
ortalamasinin ¢evredeki yapilasmamis alanlardan énemli 6lglide daha yliksek oldugu bulunmustur. Bu
nedenle, Ordu kent merkezinde “kentsel isi adasi” etkisinden bahsedilebilmektedir. Bununla birlikte,
s6z konusu isi adalarinin dagilimi homojen degildir. Kent merkezinde, henliz tamamen yapilasmamis
bazi mahalleler nispeten daha avantajli durumdadir. Yakin gelecekte bu mahallelerde 1si adalarinin
olusmasini 6nlemek icin iklim tabanl bir arazi kullanim planlamasi yapiimalidir.

Diinya ¢apinda birgok arastirmaci; kentlerde fiziksel, sosyal ve saglikla ilgili problemlere neden olan KIA
etkisini azaltmak igin ¢calismalar yiritmektedir (Akbari vd., 2015; Cao vd., 2023; Ren vd., 2013; Wang,
2019; Yang vd., 2022;). Bu kapsam dllkeler 6lgeginde genisletildiginde, iklim degisikligi olgusunun
zararlarindan korunmak ve iklim degisikligiyle micadele etmek igin 6nemli adimlar atildig
gorilmektedir. Kentlerde KIA etkisini azaltmak igin bolgesel ve yerel 6lgeklerde envanter ve haritalama
¢ahismalari yapilmalidir. Bu galisma, Ordu kenti ve yakin gevresi i¢in KIA etkisini haritalama ve arazi
ortusuyle iliskilendirme konusundaki ilk adimlardan biridir. Bu agidan, gelecekte kentte ve Karadeniz
Bolgesi’nde yapilacak diger galismalar igin dnemli bir referans olacaktir.

Olusturdugumuz AYS haritasinda, ylksek AYS degerlerinin kent merkezinde yogunlastigini gézlemledik.
Ordu kent merkezinde, yesil 6rtli ¢evredeki kirsal alanlara kiyasla genellikle sinirlidir ve gegirimsiz
ylzeyler yaygindir. Buna ek olarak; motorlu tasitlar, sanayi alanlari ve konutlar gibi antropojenik isi
kaynaklari da kent merkezinde yer almaktadir. Kiiresel iklim degisikligiyle birlikte artan ortalama
sicakliklar devreye girdiginde, 6zellikle yaz aylarinda KIA etkisi hissedilmekte ve termal konfor seviyesi
onemli ol¢lide dismektedir. Calismanin sonuglari; arazi ortiisi tipi ile KIA olusumu arasindaki baglantiyi
dogrulamistir. U¢ temel arazi sinifi arasinda en yiiksek AYS ortalamasi, yapilasmis alanlarda
gozlenmistir. Ordu kenti, niifus artisi nedeniyle 6zellikle gliney ve dogu yonlerinde kentsel genisleme
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strecindedir. Bu kentlesme stireci, bitki ortlstinin yapilasmis alanlara donlismesine neden olmakta ve
gecirimsiz ylizeylerin oranini artirmaktadir. Bu nedenle yerel olgekte alinmasi gereken ilk onlem,
kentsel genislemenin kontrol altina alinmasidir. Kentsel morfoloji, kentlerde KIA olusumunu ve KIA
etkisindeki alanlarin dagilimini 6nemli dlciide etkilemektedir (Huang ve Wang, 2019; Liu vd., 2020;
Touchaei ve Wang, 2015; Zhou ve Hong, 2018). Yapilasma yoniindeki kontrolsiiz arazi degisiklikleri, KIA
etkisindeki alanlarin genislemesine neden olabilir.

Kentsel yesil alanlarin, sehirlerdeki yasam kalitesini artirdigi ve kentsel yasana bilirligi gelistirdigi yaygin
olarak kabul edilmektedir (Grilo vd., 2020). Kentsel yesil alanlar ve agaglar, kentlerde KIA etkisini
azaltmada da énemli bir rol oynamaktadir. Sri Lanka’da yapilan bir ¢alisma, bitki ortlistiniin KIA etkisini
diizenledigini ortaya koymustur (Galagoda vd., 2018). Bu nedenlerden dolayi, kentteki yesil altyapi
sistemine odaklanan bir planlama yaklasimi benimsenmelidir. Mevcut kentsel agikliklar ve yol kenarlari
bitkilendirilmeli, kentteki bitki 6rtlisi oraniiyilestiriimelidir. Kentsel yesil alanlarin sayisini artirmak, KIA
etkisini azaltmak icin yeterli olmayabilir (Azevedo vd., 2016; Bao vd., 2016). Yesil alanlarin KIA etkisini
azaltmadaki performansi, yesil alanlarin blyikligu ve dagilimi, sehir planlamasi ve kullanilan kentsel
malzemelerin tlrl ve yerel meteorolojik kosullar gibi ¢esitli faktorlere baghdir (Huang vd., 2018; Icaza
ve Hoeven, 2017). Yesil ¢catilar da KIA etkisini azaltma stratejilerinde énemli bir yere sahiptir (Akbari
vd., 2015; Li vd., 2014; Mittermiller vd., 2021; Tan vd., 2009). Bu nedenlerden dolayi, kentsel dlcekte
yesil catilarin yaygin kullanimi KIA etkisininin yaratabilecegi olumsuz durumlar ortadan kaldirmaya
yardimci olabilir. Ayrica, iklim faktériini 6nceleyen kentsel yenileme calismalarinin genel olarak
mikroklimatik kosullari iyilestirdigine dair 6nemli arastirmalar bulunmaktadir (Yucekaya ve Tirnakci,
2023).

Calismaya sinirli sayida arazi 6rtisi sinifi dahil edilmistir. Ancak gelecekteki arastirmalarda, daha fazla
arazi ortiisi sinifi ya da “Yerel iklim Bélgeleri” gibi iklim calismalari icin gelistirilen etkili siniflandirma
yontemleri kullanilabilir. Ayrica, bu calismada, AYS tahmini tamamen uzaktan algilama verileri
kullanilarak yapilmistir. Hesaplanan AYS degerinin dogrulugunu degerlendirmek igin g¢alisma
sonuclarinin yersel dlciimlerle desteklenmesi 6nemlidir.

Kent cevresindeki kentsel yesil alanlar ve dogal/yapay bitki 6rtist alanlari, kentleri ve kentlerde
yasayan sakinleri iklim degisikliginin olasi olumsuz etkilerinden korumada énemli bir yere sahiptir. iklim
degisikligi mikro, makro ve kiiresel 6lgekte kaginilmaz bir olgudur. Bu nedenle kentsel Olgekte risk
bolgelerini belirlemek ve gerekli 6nlemleri almak elzemdir. Bilhassa kentin yeni gelisim gosterdigi
alanlarda i1si1 adalarinin olusumunu 6nlemek veya etkilerini hafifletmek icin etkili bir arazi kullanim
planlamasi yapiimaldir. iklim degisikligine uyum politikalarinin etkili bir sekilde formiile edilmesiyle
olasi olumsuz etkilere karsi daha direngli kentler yaratilabilecektir.
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Introduction

Lie-Rinehart algebras represent a significant structure that examines the interactions between Lie
algebras and differential geometry. These structures are defined as general constructions related to
both Lie algebras and modules over commutative algebras and offer a rich and profound field of
research in topics related to differential algebraic structures. Particularly, the study of modules over
Lie-Rinehart algebras is crucial for understanding the geometric and algebraic properties of these
structures. In this context, the crossed modules of Lie-Rinehart algebras emerge as a generalization of
similar concepts in differential geometry and homological algebra. These were firstly introduced by
Herz in (Herz, 1953). Lie-Rinehart algebras have a very close relationship to Lie algebroids and are their
section spaces. For more information, see (Huebschmann, 1990; Mackenzie, 1987).

Lie-Rinehart crossed modules represent a significant concept that merges algebraic and differential
structures. These modules enable the formulation of a Lie algebra as a module while exploring the
interactions of these structures across different mathematical contexts. These structures are critically
important, particularly in the representation theory of Lie algebras and the study of geometric
structures. The applications of these modules are extensive in fields such as differential geometry,
algebraic geometry, and theoretical physics. For instance, Lie-Rinehart modules enable a better
understanding of the relationships between differential forms and vector fields, thus providing a
foundation for a deeper exploration of symmetries and structures. In conclusion, Lie-Rinehart crossed
modules reveal connections between mathematical theories and structures, making significant
contributions to both theoretical and applied research. In this context, a thorough investigation of
these modules can offer new perspectives in various disciplines of modern mathematics. On the other
hand, crossed modules for Lie-Rinehart algebras were defined in (Casas et al., 2004) to provide
extensive information about the cohomology of Lie-Rinehart algebras. Afterwards, the authors have
contributed the subject with the studied (Casas, 2011; Casas et al., 2005).

Our main purpose in this article is to define simplicial Lie-Rinehart algebras and Lie-Rinehart cat!-
algebras, and give natural equivalences between the category of Lie Rinehart crossed modules, Lie
Rinehart cat!-algebras and one dimensional simplicial Lie-Rinehart algebras. In addition, fort he Lie
algebra and categorical aspect with see (Arvasi & Akc¢a, 2002).

Preliminaries

In this section, the fundamental concepts and properties that will be used in the article will be given.
For the detailed information about the definitions and theorems that we restate see (Casas et al.,
2004; Herz, 1953). Throughout this article,  will be taken as a field, C as a commutative algebra over
r, and Der(C) as the set of r-derivations of C.

Definition 1. Let X be a Lie r-algebra and an C-module and y: X — Der(C) is an C-module and a Lie
r-algebra homomorphism. So, (X,y) is called a Lie-Rinehart C-algebra over C (or shortly called L-R
algebra) and denoted by X, if

[x,cx'] = clx, x"] + x(c)x’
forallx,x" € X, c € C where x(c) = y(x)(c).

Definition 2. Let X and X' be L-R algebras. Let {: X — X' be a Lie algebra homomorphism and an C-
module homomorphism. If the diagram
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¢ Der(C)

is commutative then { is called a L-R algebra homomorphism.

i 1’

X

So, we have the category of L-R algebras and we denote this category by LR(C).

Example 3. If y = 0 for a Lie-Rinehart algebra X then X is a Lie C-algebra. Also, Der(C) is a L-R
algebra.

Example 4. If X is a L-R algebra, then X % C with Lie bracket
[(x, 0, (x", )] = ([x,x'], x(c) = x"(€))
and map
)7:JC x C - Der(C), )7(x, c) =y(x)
is a L-R algebra, where y isy: X — Der(C).

Definition 5. Let X be a L-R algebra . A L-R subalgebra N of X consists of a Lie r-subalgebra N which
is an C-module and C acts on V" via the composition

Y
N o X - Der(C).

It is trivial that a L-R subalgebra N of X is an ideal if NV is an ideal of X as Lie r -algebra with the
following composition

14
N o X - Der(C).
Definition 6. Let X be a L-R algebra and Y be a Lie C -algebra. The action of X onY is ar -linear map

XxXY - Y
(x,y) » %y

satisfies the following axioms
1 Bl ox (x) Z ¥ (xy)
2. Iyyyel =Fyuyel + [y, vl
3. “y=c(*y)
4. *(ey) = cCy) + @)y,
forallx,x" € X, y,y,,y, €EYandc € C.

Definition 7. Let X be a L-R algebra, Y be a Lie C -algebra and X acts onY. Then X XY is a Lie r-
algebra with the Lie bracket

[, y), ',y = ([x, %], [y, ¥ 1+5y" =~ y).
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This construction is called semi-direct product of X and Y. If we define
y:X %Y = Der(C), y(x,y) = y(x)
then the pair (X % Y,y) is a L-R algebra.

Definition 8. Let Y be an abelian Lie C-algebra and X be a L-R C-algebra. If X acts onY then we call
Y as a L-R module over X or shortly (X, C)-module .

Crossed Modules

Crossed modules are a fundamental concept in algebraic topology and homological algebra, providing
a way to study the interplay between group theory and homotopy theory. Put forward by Whitehead
in (Whitehead, 1949), crossed modules generalize the notion of groups and their actions, allowing for
a more nuanced understanding of how different algebraic structures can interact. This setup allows us
to capture the idea of a group acting on another group, where the action is governed by the
homomorphism. One of the key motivations for studying crossed modules is their role in the
classification of 2-categories and the study of higher-dimensional algebra. They provide a framework
for understanding how groups can be built up from simpler components, similar to how topological
spaces can be constructed from simplices. Following Whitehead’s definition, many researchers have
investigated the properties of crossed modules by defining them on various algebraic structures
(Aytekin & Sahan, 2022; Gurmen, 2023; Odabas et al., 2016; Sahan, 2019).

Now, we will recall the definition of the Lie-Rinehart crossed module (or shortly called L-R crossed
module). The examples, remarks and propositions for L-R crossed modules similar to crossed modules
of commutative algebras and Lie algebras given in many different papers in the references. But many
parts of the proofs are different for L-R algebra case.

Definition 9. Let X be a L-R algebra, Y be a Lie C -algebra and X acts on Y. Lie r-algebra
homomorphism 0:Y — X is called L-R crossed module such that the following identities hold

1. a(ly) = (l a(y))
2. [PODYI=D"y]
3. 0d(cy)=cd(y)
4. o)) =0,
forally,y' €Y, x € X and c € C . This structure is denoted by (Y, X, ).

As indicated in (Casas et al., 2004), the third condition says that d is an C-module homomorphism and
the fourth condition says that the composition

a Y
Y - X - Der(C)
is zero.

Example 10. Let X be a L-R algebra and I is an ideal of X'. With homomorphim
L

%
N

i:l
l

and action

XxXI - I
xt) » |[xt]

59



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2025, 15 (1), 56-66

forallt € 1,x € X, (I,X,1i),is aL-R crossed module.
Example 11. LetY be a (X, C)-module. Then 0:Y — X is a L-R crossed module.

Example 12. Let B:Y — Y' be a homomorphism of (X, C)-modules. We define an action of X X Y' on
Y with (x,y") -y =xyforallx € X,y €Y andy' €Y'. Define

Y - XxY’
y = (0,8(0),

then (Y,X xY',d) is a L-R crossed module.

Definition 13. Let (Y,X,0) and (Y',X',3") be L-R crossed modules. The homomorphism between
these two crossed modules is the pair (f, ¢) of Lie r-algebra homomorphism f:Y — Y' and L-R algebra
homomorphism ¢: X — X' such that

fO-y)=¢x)-f), ' f) =¢aQ).

Thus, the category of L-R crossed modules whose objects are L-R crossed modules and whose
morphisms are homomorphism pairs is defined and this category is denoted as ¥mod(8R).

Now, we will give some basic functorial properties of this category. Obviously, we can easily define
some forgetful functors as follows;

Up: ¥mod(8R) - LR(C)
(Y, X,0) - X

Uy,: ¥mod(8R) -  L(C0)
Y, x,0) » Y

where (C) represents the category of Lie algebras. Also, if we denote the category of Lie r-algebras
by Xmobd(Lie) then we have

Us: ¥mod(2R) - Xmod(Lie)
which forgets the C-module structure.
Simplicial L-R Algebras

Simplicial algebras are a branch of mathematics that arises from the interplay between algebraic
structures and topological concepts, particularly in the study of simplicial sets and simplicial
complexes. At its core, simplicial algebra provides a framework for understanding how algebraic
operations can be performed on geometric objects, enabling mathematicians to explore relationships
between topology, homotopy theory, and category theory. The fundamental building blocks of
simplicial algebras are simplices geometric objects such as points, line segments, triangles, and higher-
dimensional analogs. These simplices are organized into higher-dimensional structures known as
simplicial complexes, which serve as a way to study spaces through combinatorial and algebraic
methods. One of the key contributions of simplicial algebra is its ability to capture homotopical
properties of topological spaces through algebraic invariants, such as homology and cohomology
groups. This provides for a wide understanding of the shape and connectivity of spaces, bridging the
gap between algebraic and geometric perspectives.

Now, we recall the definition of simplicial object in (Goerss & Jardine, 2009). Let € be a category with
all finite colimits and consider s€, the category of simplicial objects in €. A simplicial object in € is
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defined as a contravariant functor A°? - € from the ordinal number category A. In this context, a
simplicial L-R algebra (or shortly called SL-R algebra) X is a sequence of L-R algebras

X= {){0,){1,...,){n,...}
together with face and degeneracy maps

di's Xn - Xn
sit Xn o Xnya

forall 0 <i < n,n # 0 which are L-R homomorphisms satisfying the general simplicial identities.
The Moore Complex

The Moore complex NX of a simplicial L-R algebra X is the complex

On-1 02

on a
NX:..NX, > NX,_; — ..—>NX; > NX,

n—

1
where NX, = Xy, NX,, = ﬂOKerdi and d,, is the restriction of d,, to NX,,.
1=

We express that the Moore complex NX of a SL-R algebra X is of length kif NX,, = O foralln = k + 1.
In this situation since the kernel of a L-R homomorphism is a Lie C-algebra, so NX,, is a Lie C-algebra
forn > 1. So, it can be defined the category of SL-R denoted by Gmp.,,(2R) whose objects are SL-R
algebras with Moore complex of length n and the morphisms are families of L-R homomorphisms
suitable with face and degeneracy maps.

Truncated SL-R Algebras

Details of the group case can be found in (Curtis, 1971). For each k = 0 we have a subcategory of A,
denoted as A, obtained by the objects [j] of A with j < k. A truncated SL-R algebra is Agza LR(C).
As a consequence a truncated SL-R algebra is a family of L-R algebras {X,,X;,...,X;} and
homomorphism d;: X, = X,—1, Si: X;, = X141 for each 0 < i < n which previously mentioned. We
denote the category of k -truncated SL-R algebras by Tr,Smp(LR). Also, there is the functor
try: Smp(LR) —» Tr, Gmp(LR) and the following relationship exists between it and the st; and
cost, functors;

try trg
T, Smp(LR) : Smp(LR) : T, Smp(LR).
costy Sty

For the definitions of the functors costj, and st;, see (Curtis, 1971).
Theorem 14. The category Xmod(2R) is naturally equivalent to the category Gmp<, (LR).

Proof. Let X be an object of Gmp.;(LR). Take Y = kerd,, (so Y is a Lie C -algebra) and 0 is the
restriction of d; to Y. Action of X on Y is defined as

XoXY - Y
xy) = *y=I[sox,yl

forx € Xand y €Y. Itis easy to check the conditions of the action.

Since the maps




Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2025, 15 (1), 56-66

are L-R algebra homomorphism, we have the following commutative diagrams

di di
XYj—————— Xy X ———————=X,
\:'f":"-'/ \:'f'—:"’/

Der(C) Der(C)
Xy % X,
: Der(C)

By using the commutativity of diagrams and some simplicial identities we have
CM1:

a*y) = 0d[sox,y]
= [disex,dyy]
= [x,0y] (v dysg = id).

CM 2: Employing similar manner we provide the following identity
oy = [yl
CM 3:
d(cy) = cd(y) (sinced,isa C -module homomorphism)
CM 4: Taking advantgre of the definitions and properties, we obtain the following
() = 0.

The homomorphism d:Y — X is a L-R crossed module . So we obtain a functor

N;: Gmpo,(8R) - Xmod(LR)
Conversely let 3: Y — X be a L-R crossed module. With the action of X on Y we can create

Xi=XxY={(xy):xeX yeY}

Forallc € C,x,x" € Xy and y,y' € Y the scalar multiplication, sum and multiplication defined as

cx,y) =(cx,cy),
Ly +&Ly) =+xy+y"),
[, ), &y = ([xx'] [y, y' T+ =*'y),

respectively. We have the homomorphisms

dy: XxY->X

(x,y) = x

dy: XxY->X
(x,y) = (0y) +x

So: X->XXY

x e (x,0)

and these maps satisfy the simplicial identities.

Now we must show that these maps are L-R homomorphisms. Since
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ydo =7, vdi =7 andyso =y
we have
Ydo =7 =v,vdi =7 =vyandyso =yso =¥

so the maps are L-R homomorphisms (other conditions are omitted as they easy to check). Finally
X1 __—;-X[J

is an object of Tr; Smp(LR). So, we have

M: Xmod(2R) —» Tr; Smp(LR).
On the other hand we have the functor

sty: Tr;Gmp(LR) - Smp, (LR).

Thus, with the combination of the st; and M functors we obtain

N,: Xmod(2R) - Smp,(LR).
So, thanks to the functors N; and N, the natural equivalence between the two categories is shown.
Cat! L-R Algebras

Cat! algebras emerge from the intersection of category theory and algebra, offering a powerful
framework for studying algebraic structures through categorical concepts. By viewing algebraic entities
such as groups, rings, and modules as objects within a category, Cat! algebras enable a deeper
exploration of their relationships and transformations. In this context, a Cat! algebra can be
understood as a category with a single object, where morphisms correspond to the algebraic
operations defined on that object. This perspective allows for the analysis of algebraic properties in a
more general setting, facilitating the investigation of homomorphisms, automorphisms, and
extensions in a unified manner. One of the main advantages of Cat! algebras is their ability to capture
the essence of algebraic structures while retaining the flexibility of categorical operations. This
approach not only enhances the understanding of traditional algebraic concepts but also bridges
connections to other areas of mathematics, such as topology and homological algebra.

Cat! groups were defined by Loday in (Loday, 1982). He developed this concept to explore the
connections between categorical structures and group theory. Cat! groups provide an important
framework for understanding how groups are structured within a category and how relationships
between groups can be studied. Following Loday’s definition, many researchers have investigated the
properties of this structure on various algebraic structures (Alp, 1998; Alp & Giirmen, 2003; Arvasi &
Odabas, 2016; Sahan & Kendir, 2023, Temel,2019).

Definition 15. A cat' L-R algebra is a triple (X,s,t) where X is a L-R algebra, s and t are L-R
homomorphisms such that;

i) st=tandts=s
ii) [kers, kert] = 0.

Obviously we can form the category of cat! L-R algebras where the morphisms are L-R algebra
homomorphisms suitable with the source and target maps. We will denote this category by Cat! (2R).

We refer (Arvasi, 1997) for commutative algebra case of below proposition.
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Proposition 16. The category Xmod(8R) is naturally equivalent to the category Cat! (2R).

Proof. Let (X, s, t) be a cat! L-R algebra, M = kers,N = Ims and @ = t|;. First of all we have ys = y
and yt =y, so ys = yt. Define the action of N on M by "m = [n,m]. Since M is a kernel L-R
homomorphism so is a Lie A-algebra. The first two conditions are trivial as indicated in for
commutative algebra case. In the fourth condition we must use the fact that as = at which is different
from the commutative algebra case.

CM 4: Since s and t are L-R algebra homomorphisms, ys = yt = y.So form € M and ¢ € C we have

am)(c) = (y(@m))(c)
= (yem)(©
= (¥m)) (rt=s=ys)
= (y(O))(c) (Since m € kers = M)
= 0

From above calculations 3: M — N is a L-R crossed module.

Conversely, given a crossed module for L-R algebra (X,Y,0).Y x X is a L-R algebra as proved in (Casas
et al., 2004).

Define s, t as;

s: Y xX - YxX
ox) ~» (0,x)

and

t: Y XX - Y xX
x) +» (0,0y+x)

It is easy to check that s and t are C-module and Lie r-algebra homomorphisms. Here we will show the
commutativity of the diagrams

Since

(r®) 0 = y0.x)
= v
= vy, x),

(r®)@x = y0,ay+x)

= y(@y+x)
= yoy+yx
= 04+ ax

Y, x),

we have that s and t are L-R homomorphisms. Also st = t and ts = s, that is,
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s(t(y, x)) = 5(0,0y +x)
0,0y + x)
t(y,x)

and

t(s(y, x)) = t(0,x)
= (0,x)
= s(y,x).

So, we have kers = {(y,0) | y € Y} and kert = {(y,— dy) | y € Y}. We have [kers, kert] = 0, since

[(v,0), (', —3(")] (Iy, y'1="2"y+%", [0, — ay'])
= (y,y'1+%'y + 0,0)

(y,y'1+ [y, yl,0)

(0,0).

Conclusion and Suggestions

In this study, simplicial Lie-Rinehart algebras and Lie-Rinehart cat!-algebras are defined. Also, the
relationships between Lie-Rinehart crossed module, cat!-algebra and simplicial Lie-Rinehart algebra
categories are mentioned. Similar studies can be done using crossed modules on different algebraic
structures.

Author Contribution

The authors co-wrote, read and approved the manuscript.

Ethics

There are no ethical issues regarding the publication of this article.

Conflict of Interest

The authors declare that they have no conflict of interest.
ORCID

Ali Aytekin "= https://orcid.org/0000-0001-7892-6960

Mahmut Kogak"* https://orcid.org/0000-0001-7774-0144

Kaynaklar

Alp, M. (1998). Pullbacks of crossed modules and catl-groups. Turkish Journal of Mathematics, 22,
273-281. https://journals.tubitak.gov.tr/math/vol22/iss3/2

Alp, M., & Giirmen Alansal, 0. (2003). Pushouts of profinite crossed module and catl profinite
groups. Turkish Journal of Mathematics, 27(4), 539-548.
https://journals.tubitak.gov.tr/math/vol27/iss4/6

Arvasi, Z. (1997). Crossed squares and 2 crossed modules of commutative algebras . Theory and
Applications of Categories, 3, 160-181. ftp://ftp.tac.mta.ca/pub/tac/html/volumes/1997/n7/n7

Arvasi, Z., & Akca, I. I. (2002). Simplicial and Crossed Lie Algebras. Homology Homotopy and
Applications, 4(1), 43-57. ftp://ftp.rmi.acnet.ge/pub/hha/volumes/2002/nl1a4/v4nlad

65


https://orcid.org/0000-0001-7892-6960
https://orcid.org/0000-0001-7774-0144
https://journals.tubitak.gov.tr/math/vol22/iss3/2
https://journals.tubitak.gov.tr/math/vol27/iss4/6
ftp://ftp.tac.mta.ca/pub/tac/html/volumes/1997/n7/n7
ftp://ftp.rmi.acnet.ge/pub/hha/volumes/2002/n1a4/v4n1a4
https://orcid.org/0000-0001-7892-6960
https://orcid.org/0000-0001-7774-0144

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2025, 15 (1), 56-66

Arvasi, Z., & Odabas, A. (2016). Computing 2 dimensional algebras Crossed modules and Catl-
algebras.  Journal of Algebra and Its  Applications, 15(10), 1650185-0.
https://doi.org/10.1142/50219498816501851

Aytekin Aricl, G., & Sahan, T. (2022). Coverings and liftings of generalized crossed modules. Categories
and General Algebraic Structures with Applications, 17(1), 117-140.
https://doi.org/10.52547/cgasa.17.1.117

Casas, J. M. (2011). Obstructions to Lie—Rinehart Algebra Extensions. In Algebra Colloquium, 18(01),83-
104. https://doi.org/10.1142/5S1005386711000046

Casas, J. M., Ladra, M., & Pirashvili, T. (2004). Crossed modules for Lie—Rinehart algebras. Journal of
Algebra, 274(1), 192-201. https://doi.org/10.1016/j.jalgebra.2003.10.001

Casas, J. M., Ladra, M., & Pirashvili, T. (2005). Triple cohomology of Lie—Rinehart algebras and the
canonical class of associative algebras. Journal of Algebra, 291(1), 144-163.
https://doi.org/10.1016/].jalgebra.2005.05.018

Curtis, E. B. (1971). Simplicial homotopy theory. Advances in Mathematics, 6(2), 107-209.
Goerss, P. G., & Jardine, J. F. (2009). Simplicial homotopy theory. Springer Science & Business Media.

Girmen Alansal, O. (2023). Ideal and factor conditions for crossed modules and algebra-algebroids.
Hacettepe Journal of Mathematics and Statistics, 52(3), 698-707.
https://doi.org/10.15672/hujms.1131802

Herz, J. C. (1953). Pseudo-algebres de Lie. 1. Comptes Rendus Hebdomadaires Des Seances De |
Academie Des Sciences, 236(20), 1935-1937.

Huebschmann, J. (1990). Poisson cohomology and quantization. Journal Fiir Die Reine und Angewandte
Mathematik, 408, 57-113.

Loday, J. L. (1982). Spaces with finitely many non-trivial homotopy groups. Journal of Pure and Applied
Algebra, 24,179 — 202.

Mackenzie, K. (1987). Lie groupoids and Lie algebroids in differential geometry (Vol. 124). Cambridge
University press.

Odabas, A., Uslu, E. O., & ligaz Caglayan, E. (2016). Isoclinism of crossed modules. Journal of Symbolic
Computation, 74, 408—424. https://doi.org/10.1016/j.jsc.2015.08.006

Sahan, T. (2019). Further remarks on liftings of crossed modules. Hacettepe Journal of Mathematics
and Statistics, 48(3), 743-752. https://doi.org/10.15672/hjms.2018.554

Sahan, T., & Kendir, E. (2023). Caprazlanmis Cat1-Modiiller. Journal of the Institute of Science and
Technology, 13(4), 2958-2972. https://doi.org/10.21597/jist.1303212

Temel, S. (2019). Crossed semimodules and cat-monoids. The Korean Journal of Mathematics, 27(2),
535-545, https://doi.org/10.11568/kjm.2019.27.2.535

Whitehead, J. H. C. (1949). Combinatorial homotopy. II. Bulletin of the American Mathematical Society,
55, 213 —245.

66


https://doi.org/10.1142/S0219498816501851
https://doi.org/10.52547/cgasa.17.1.117
https://doi.org/10.1142/S1005386711000046
https://doi.org/10.1016/j.jalgebra.2003.10.001
https://doi.org/10.1016/j.jalgebra.2005.05.018
https://doi.org/10.15672/hujms.1131802
https://doi.org/10.1016/j.jsc.2015.08.006
https://doi.org/10.15672/hjms.2018.554
https://doi.org/10.21597/jist.1303212
https://doi.org/10.11568/kjm.2019.27.2.535

Ordu Universitesi Bilim ve Teknoloji Dergisi Ordu University Journal of Science and Technology
Ordu Univ. Bil. Tek. Derg. U Ordu Univ. J. Sci. Tech.

E-ISSN: 2146-6459 2025, 15 (1), 67-78 Arastirma Makalesi / Research Article

https://doi.org/10.54370/ordubtd.1596932

Determination of Compatible Plasticizer to Calcined Marl Blended Cement
Yasemin Akgiin® “/, Murat Usta?

10rdu University, Technical Sciences Vocational School, Department of Construction Technologies, Ordu
2 Ordu University, Institute of Science, Renewable Energy Department, Ordu

Gelis Tarihi / Received Date: 05.12.2024 Kabul Tarihi / Accepted Date: 23.04.2025
Abstract

Compatibility research between calcined marl (CM) blended cement and three plasticizers with different origins
such as naphthalene sulphonate—formaldehyde (NSF), vinyl copolymer (VCP) and polycarboxylate ether (PCE)
were performed. The effects of considered plasticizers on the workabilities and strengths of mortars containing
calcined marl blended cements were investigated. Calcined marl needs such a research due to it is a relatively
novel compared to other supplementary cementitious materials avalilable on the market. The blended cements
in the study were obtained by partly replacement (0%, 10%, 30% and 50%) of calcined marl to clinker. Plasticizers
used in the test mixtures were added with ratios such as 0.8% (low), 1.2% (medium) and 1.5% (high) to the
mixing water. Density, slump-spread, ultrasonic pulce velocity (UPV) and strength on mortar samples were
determined. According to the parameters examined in the study, the compressive strengths of mortars
containing calcined marl blended cement improved up to 30% replacement ratio. And, the optimum
compatibility between plasticizers and blended cements with calcined marl was determined as polycarboxylate
ether (PCE) plasticizer with up to 1.2% usage ratio.

Keywords: calcined marl, blended cement, plasticizer, compatibility

Kalsine Marn Katkili Cimentoya Uygun Akiskanlastiricinin Belirlenmesi
0z

Kalsine marn (CM) katkili cimento ile naftalin siilfonat-formaldehit (NSF), vinil kopolimer (VCP) ve polikarboksilat
eter (PCE) gibi farkli kokenli ti¢ akiskanlastirici arasindaki uyumluluk arastirmasi yapilmistir. Dikkate alinan
akiskanlasticilarin kalsine marn katkili cimento iceren harglarin islenebilirlikleri ve dayanimlari Gzerindeki etkileri
incelenmistir. Kalsine marn, piyasada bulunan diger tamamlayici cimentolu malzemelere kiyasla nispeten yeni
olmasi nedeniyle bdyle bir arastirmaya ihtiya¢ duymaktadir. Calismadaki katkili cimentolar, kalsine marnin
klinkere kismen (%0, %10, %30 ve %50) yerdegistirilmesi ile elde edilmislerdir. Deney karisimlarinda kullanilan
akiskanlastiricilar, karistirma suyuna %0,8 (diistik), %1,2 (orta) ve %1,5 (ytksek) gibi oranlarda eklenmistir. Harg
numunelerinde yogunluk, ¢cokme-yayilma, ultrasonik darbe hizi (UPV) ve dayanimlari belirlendi. Calismada
incelenen parametrelere gore, kalsine marn katkili ¢imento igeren harglarin basing dayanimlari %30
yerdegistirme oranina kadar iyilesmistir. Ayrica, kalsine marn katkili cimentolar ile akiskanlastiricilar arasindaki
optimum uyumun %1,2’ ye kadar kullanim oranina sahip polikarboksilat eter (PCE) akiskanlastiricisi oldugu
belirlenmistir.

Anahtar Kelimeler: kalsine marn, katkili gimento, akiskanlastirici, uyumluluk
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Introduction

Cement is a building material that needs to efficiency usage of energy and to improvement as
environmental in terms of production techniques. To produce a ton of cement requires approximately
80 to 100 kWh of electrical power. Also during its production processes release average 0.95 tons of
CO2 (Bildirici & Ersin, 2024). The current targets of the cement industry are to reduce these values.
The easiest and most effective way to meet this need is to produce blended cement using high ratios
of clinker substitute material. Thus, due to less clinker use, energy savings and low CO2 emissions
action targets could be achieved. As seen, the cement industry has a global impact on CO2 emissions
(Andrew, 2018; Xiang et al, 2024; Liu et al, 2024). Cement is also an important product that is closely
related to the economic development of countries. Lately, many countries of the world have
increasingly been produced blended cements with lower clinker ratios. (Guo et al., 2024). Naturally,
the high replacement demand in blended cement brings plasticizer demand. In this case, compatibility
between plasticizer and blended cement is new problem that needs to be solved. Also, one of the
important problems in these applications is the fewness of research of compatible plasticizer to
mineral additive type used for blended cements. As known, the solution of this compatibility problem
is generally neglected in the literature studies. As also seen from studies, (El Bitouri et al., 2022;
Elistratkin et al., 2019; Kermani et al., 2024; Kulshreshtha et al., 2023; Nitin et al., 2024) cement-
plasticizer incompatibility is caused by both plasticizer-origin and cement-origin factors. For this
reason, researches on especially blended cements and compatible plasticizers to its should be carried
out together. The manufacturers of plasticizer industry should design products by focusing to
experimental studies and considering all the factors in terms of compatibility.

Fly ash, furnace slag, and silica fume are additive materials for blended cements. These materials will
always be needed in cement production due to their environmental impact, energy saving and
performance improvement aims. However, even today cement factories already consume
approximately 90% of the available blast furnace slag (Moukannaa et al., 2020). These current
materials cannot meet increasingly demand in the future. Therefore, recently, interest in calcined clays
has been increasing (Tironi et al., 2013) Because, clays have proven to be abundantly available almost
everywhere in the world. And, they show high pozzolanic activity when they are calcined at
appropriate temperatures (Bahhou et al., 2024).

Natural marl is a material that contains clay and limestone in certain percentages (35-85% clay and 15-
65% limestone) and is as called “clay contaminated” by limestone within the clay group (Bahhou et al,,
2021). But, when it is calcined at appropriate temperature, it shows high pozzolanic activity. Also,
calcined marl with high potential waiting to be discovered is a novel alternative natural SCM for
Portland cement clinker that exhibits synergistic reactions thanks to its clay and limestone contents in
its natural structure (Danner, 2018). To summarise, calcined marl offers a tremendous potential as
SCM that can be replaced with cement clinker.

In previous studies, the blended cements containing calcined marl used with high replacement ratios
performed quite well in terms of strength and durability (Danner et al, 2015; Ng &,Justnes, 2015;
Rakhimova et al., 2021; Sposito et al., 2022). But the using of calcined marl significantly decreases the
flow of the cement due to high absorption of water. Therefore, when calcined marl is used with high
replacement, it should be used with a suitable plasticizer. It needs to study on the compatibility of
plasticizers to be used with the cement. In the literature, the research on compatibility between
plasticizer and calcined marl blended cements is very few. This is related to the fact that calcined marl
is still novel and non-common SCM.

Through this study, it is aimed to obtain scientific data that will provide the commonly use with
optimum values of local-natural marl as a novel SCM for blended cement productions. In the author's
previous studies, pozzolanic activity of calcined marl, some properties of blended cements with
calcined marl and mortars containing blended cements with calcined marl were extensively studied
(Akglin, 2019; Akgiin, 2020; Akgiin, 2021). The scope of this study is to examine the compatibility
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between blended cements containing calcined marl and plasticizers. In this study, the physical
property, compressive strength, ultrasonic pulse velocity (UPV) and slump-spread tests on the mortar
samples produced with blended cements containing calcined marl and plasticizers with different orgin
were performed. All results of test series were examined comparatively with each other and reference
samples.

Materials and Methods

Plasticizers affect the physical and mechanical properties of cementitious systems. Many studies have
been conducted on the compatibility of plasticizers with different cements. In these studies, it was
concluded that cement—plasticizer compatibility depends on the change in the chemical and physical
properties of the concrete components (Tunc, 2024; Kobya et al., 2024; Murugan et al., 2024).
However, plasticizier-cement compatibility is still seen as an unknown. The objective of the study is
investigated how compatibility between blended cements containing calcined marl and chosen
plasticizers affects workabilities and strengths of produced samples.

The CEM | 42.5 R type Portland cement in accordance with EN 197-1 (CEN, 2012) standard was used
as binder. The some properties of cement obtained by the manufacturer are given in Table 1.

Table 1. Properties of CEM | 42.5R.

Chemical Properties Physical Properties Clinker Components (%)
Sulfur Trioxid (SO3) (%) 3.02 Specific Gravity (g/cm?3) 3.12 CsS 54,78
Chloride (CI) (%) 0.0252 Specific Surface (cm?/g) 3210 GS 26,11

Loss on Ignition (%) 3.06 Initial Setting Time (min.) 170 GCA 11,83
Insoluble Residue (%) 0.76 Volume Expansion (mm) 2.0 C4AF 0.91

Mechanical Properties
2 Days Compressive Strength (MPa) 32.30
28 Days Compressive Strength (MPa)  53.00

It was used natural calcined marl as replacement material with clinker in production of blended
cement. Natural marl was obtained from Sinop/Erfelek, Black Sea Region of Tirkiye. The total
percentage of Si, Al and Fe oxides in the chemical content of natural marl is 76.43% by weight. Its
specific surface area and density is 4630 cm2/g and 2.70 g/cm3, respectively. These properties indicate
that natural marl has pozzolanic activity according to TS 25 (TSE, 2011). However, natural marl must
be calcined at the optimum temperature for its pozzolanic activity. To calcine natural marl at the most
suitable temperature, as stated in many technical literature if clay contain marl it should be calcined
at least 800 °C (Tironi, 2013). Likewise, optimum calcination temperature of marl was determined by
TGA method as 8000C in the author's previous study (Akgiin, 2019). Therefore, natural marl was
calcined at 800 °C. CEN standard sand defined with EN196-1 (CEN, 2016). was used as aggregate in
production of samples. The specific grain size distribution CEN Standard sand ranges between 0.08 and
2.00 mm.The sieve residue in % of CEN standard sand for 2.00, 1.60, 1.00, 0.50, 0.16 and 0.08 squared
mesh sizes in mm is 5.28, 33.82, 67.35, 86.83 and 99.71, respectively. The specific gravity and water
absorption capacity of CEN standard sand were obtained as 2.64 and 0.6% by mass, respectively, in
accordance with the EN 1097-6 (CEN, 2022) standard. The maximum moisture content is 0.2%. The
sand is portioned in bags of 1350 (+ 5) g. Three types of blended cements in three different
replacement ratios (10%, 30% and 50%) were used in preparing mortar mixes. Chemical admixtures
are used in practice for many purposes such as gaining higher strength by reducing the water/cement
ratio, reducing the amount of cement in mass concrete to reduce the heat of hydration, or ensuring
the same workability and easy settling (Plank et al, 2015). In this study, investigations were carried out
on determination of compatible plasticizier to improve of parameters such as workability, physical
property, ultrasonic pulse velocity and strength of test samples produced by blended cement with
calcined marl and different plasticiziers. The three different plasticizers were added to the mixing
water in proportion (0.8%, 1.2% and 1.5%) to the cement weight. According to American Concrete
Institute (ACI), plasticizers could be classified in terms of chemical content as sulphonate melamine
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formaldehyde, sulphonate naphthalene formaldehyde, modified lignosulphonates, and copolymers
contain sulphonic and carboxyl groups (ACl, 1987). The study was carried out comply with this
classification. In tests, in order to determinate the effectiveness of mortar mixtures prepared with
grinded natural marl, different plasticizers such as polycarboxylate ether (PCE), naphthalene
formaldehyde sulfonate (NSF) and vinyl copolymer (VCP) were added to the mixing water. The selected
plasticizers are brown in color, liquid form and comply with EN 934-2 (CEN, 2013). They were used by
adding 0.8% (low), 1.2% (medium) and 1.5% (high). The specific gravity of the plasticiziers are 1.05
g/cm3, 1.12 g/cm3 and 1.14 g/cm3, respectively. All of tests were performed at the end of curing
period (28days). The mortar samples without calcined marl and plasticizers were also cast as the
comparison samples. The city mains water was used as mixing water. A view of calcined natural marl
samples (a), standard sand (b) and plasticiziers (c) are seen in Figure 1.

Figure 1. A View of Calcined Natural Marl Samples (a), Standard Sand (b) and Plasticiziers (c)

SEM (Scanning Electron Microscope) investigations were carried out in Ordu University Central
Research Laboratories to define the general surface morphologies of natural marl and marl samples
calcined at 8000C. SEM examinations of natural marl and calcined marl samples with calcination
process were carried out by grinding as finer than Portland cement fineness for pozzolanic activation
purposes. In order for the samples to turn into conductive material as required by SEM examinations,
the surface of the marl samples on the carbon band of the device called "sputter" was gold plated in
standard sizes. In this study, natural marl calcined at 800°C was replaced in the ratios 0%, 10%, 30%
and 50% with clinker. And then, mortar samples were produced with the obtained blended cements.
In the study, mini slump-spread tests were carried out in accordance with (EN 12350-8) (CEN, 2019) to
determine the compatibility between blended cement containing calcined marl and plasticizers in
terms of workability. The high amount of slump-spread indicates that the mortar has a high ability to
move under its own weight. In this regard, the greater the amount of slump-spread the greater the
degree of workability. On the other hand, it was carried out physical property (EN 12390-7) (CEN,
2019), ultrasonic pulse velocity (ASTM C597-22) (ASTM, 2023) and compressive strength with (EN 196-
1) (CEN, 2016) tests on mortar samples to determine the compatibility between cement containing
calcined marl and plasticizers in terms of strength. The tests were carried out “Building and Material
Laboratory” of Technical Sciences Vocational School in Ordu University. The samples were 28 days
during the strength tests. The results obtained were compared with each other. The labels of test series
are given in Table 2. The amounts of components included in the mortar mixtures are given in Table 3.
Mortar samples were produced as a series of 40 tests with 50x50x50mm cube samples under
laboratory conditions with a temperature of 20+22C and relative humidity of 60£5%. The samples were
28 days at the time of the tests. The tests were carried out at Ordu University, Vocational School of
Technical Sciences, Construction and Materials Laboratory. Some images of production and tests are
given in Figure 2.
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Table 2. The Labels of Test Series

2025, 15 (1), 67-78

The labels of test series

Description

CMO

CMOPCEO.8, 1.2, 1.5
CMONSF0.8,1.2,1.5
CMOVCPO0.8,1.2,1.5

0% marl and 0.8%-1.2%-1.5% ratios of plasticiziers
PCE; Polycarboxylate Ether

NSF; Naphthalene Sulphonate—Formaldehyde
VCP; Vinyl Co-Polymer

CM10

CM10PCEO.8, 1.2, 1.5
CM10NSF0.8, 1.2, 1.5
CM10VCP0.8,1.2,1.5

10% marl and 0.8%-1.2%-1.5% ratios of plasticiziers
PCE; Polycarboxylate Ether

NSF; Naphthalene Sulphonate—Formaldehyde

VCP; Vinyl Co-Polymer

CM30

CM30PCEO.8,1.2,1.5
CM30NSF0.8, 1.2, 1.5
CM30VCP0.8,1.2,1.5

30% marl and 0.8%-1.2%-1.5% ratios of plasticiziers
PCE; Polycarboxylate Ether

NSF; Naphthalene Sulphonate—Formaldehyde

VCP; Vinyl Co-Polymer

CM50

CM50PCEOQ.8, 1.2, 1.5
CM50NSF0.8, 1.2, 1.5
CM50VCP0.8, 1.2, 1.5

50% marl and 0.8%-1.2%-1.5% ratios of plasticiziers
PCE; Polycarboxylate Ether

NSF; Naphthalene Sulphonate—Formaldehyde

VCP; Vinyl Co-Polymer

Table 3. The Amounts of Components in the Mortar Mixtures

Components (kg/m3) MO M10 M30 M50

Portland Cement 350 315 245 175
Calcined Marl - 35 105 175
Water 175 175 175 175
Water/Cement 0.50 0.50 0.50 0.50
Standard Sand 1350 1350 1350 1350
Plasticizier ratios (%)

0% - - - -
0.8% 2,80 280 2.80 2.80
1.2% 420 420 4.20 4.20
1.5% 5.25 5.25 525 5.25

R
W

Figure 2. A View for Some of Production and Test Methods
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Results and Discussions

The findings obtained from the study on the compatibility of different plasticizers to blended cements
containing calcined marl are outlined below.

SEM photographs showing the general surface morphology for natural marl and calcined marl samples
are given in Figure 3. It could seen internal micro structure, grain and void structure of natural and
calcined marl samples from SEM photos. The amorphous structures of natural and calcined marl
samples and the changes in grain structure after calcination are observed.

(b) Calcined marl

Figure 3. SEM Photos of Natural (a) and Calcined (b) Marl Samples

The variation graphs of average densities (Figure 4), slump (Figure 5), spread values (Figure 6),
ultrasonic pulse velocities (Figure 7) and compressive strengths (Figure 8) for replacement, type of
plasticizer and ratios of mortars containing calcined marl blended cement are given below.
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Figure 4. Densities of Mortar Samples
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Slump Variations of Mortars
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Figure 5. Slump Variations of Mortar Samples
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Figure 6. Spread Values of Mortar Samples
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Ultrasonic Pulse Velocities of Mortars
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Figure 7. Ultrasonic Pulse Velocities of Mortar Samples
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Figure 8. Compressive Strengths of Mortar Samples

According to variation graphs of densities, the variations in the densities of the samples in the series
(CMO0, CM10, CM30 and CM50) with calcined marl replacement but without plasticizer increase as the
amount of calcined marl replacement increases. This is a result of the voidless internal structure due
to the filler effect caused by the mineral additive being ground below the cement fineness.

According to the slump-spread values of mortar samples, it was observed that the slump-spread values
in all of mortar mixtures decreased with increase in calcined marl replacement. And, as the plasticizer
usage ratio increased, the slump-spread values increased. Among the plasticizers used in the study,
PCE plasticizer is the most compatible plasticizer with calcined marl blended cements in terms of
workability.

All test program series were compared in terms of only strength improvements. It was more higher
11.11% in those without plasticizer (for CM30), 19.44% in those without calcined marl but with
plasticizers (for CMOPCE1.2) and 33.33% in those with both calcined marl and plasticizer (for
CM30PCE1.2) than strengths in CMO series. According to these ratios, it is thought that the use of
plasticizers in designs using mineral additives improves the pore structure by providing regular
distribution of the mixture and also improves the final product strength (Cho et al., 2005; Plank et al.,
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2008). The variations in densities support this mechanism related to the development of compressive
strength.

In this study, the optimum calcined marl replacement ratio was determined as 30%. Some strength
decreases were observed in replacement ratio of 50% calcined marl. However, the strengths in the
study were determined on 28-days samples. Therefore, there is also an expectation that the late-age
strengths of the samples will improve with the late-age additional binders due to the pozzolanic activity
of the calcined marl used in the mixtures (Danner et al., 2012).

The compressive strengths of samples were compared in terms of type of plasticizer and usage ratio.
It is seen that the most suitable plasticizer is PCE in terms of higher compressive strengths for both the
series without marl and the series containing NS and MP plasticizers. These increases in strength are
more apparent for the 0.8% and 1.2% ratios. This is because water bleeding and segregation were
observed during the production of mortars containing 1.5% PCE and calcined marl.

On the other hand, the UPVs of samples were compared. The compressive strength and UPVs of the
samples show similar tendency. The internal structural variations of mortar samples support the
compressive strength test results. This expected situation from literature studies is an indication that
the production of test samples was carried out in accordance with the standard conditions. It also
shows that the determination method with the UPV device which is one of the non-destructive testing
methods for determining the quality of concrete can be used to provide data for the uniaxial
compressive strength determination method which is one of the destructive testing methods.

Conclusions and Recommendations

The conclusions obtained from findings of the study on the compatibility of different plasticizers to
blended cements containing calcined marl are,

e The density, slump-spread, UPV and compressive strengths of mortar samples produced by
using calcined marl and CEM | 42.5R type cement showed variations according to the origin of
used plasticizers.

e According to the results and discussions, it was determined that polycarboxylate-based (PCE)
plasticizer was more effective than NS and MP plasticizers under the conditions of this study
in terms of compatibility to blended cement containing calcined marl. Literature supports the
compatibility of PCE plasticizer for the dispersion of calcined clay blended systems (Ng &
Justnes, 2015; Li et al, 2021).

o The test results carried out on mortar samples containing calcined marl blended cement in
terms of workability and strength showed that PCE is the plasticizer that compatible with
calcined marl blended cements up to 30% replacement ratio and its usage ratio is up to 1.2%.
Because, it was observed water bleeding and segregation during the production of mortars
added PCE at 1.5% ratio.

e Here, it should be emphasized that cement-plasticizer interaction isimportant in terms of fresh
concrete properties and strength, therefore cement-plasticizer compatibility tests should be
carried out before application.
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Abstract

The present study aims to address this knowledge gap by investigating the impact of vermicompost (3-5
kg/Ocak; VM1 and VM2, respectively) on the linolenic/linoleic acid ratio (n3/n6),
polyunsaturated/monounsaturated fatty acid ratio (PUFA/MUFA), monounsaturated/unsaturated fatty acid
ratio (MUFA/SFA), and oil quality index values; Atherogenicity (Al) and thrombogenicity index (TI) values,
hypocholesterolemic/hypercholesterolaemic fatty acids ratio (H/H) values and stability index (SI) value; fat
oxidation parameters; oleic/linoleic acid ratio (O/L), free fatty acidity value (FFA, oleic acid %), rancimate value
(RV, h) and colour properties. The lowest Al value was found in the VM1 treatment (0.05), while the highest
value was found in the VM and control (0.06) treatments. The highest H/H (16.92) and Sl (7.24) values were
also observed in the VM1 treatment. Conversely, the highest RV and lowest FFA values were determined in the
VM2 treatment, while variability was observed in terms of colour characteristics. The application of VM2 was
found to be partially more prominent in terms of some traits, and when all these data were evaluated in general,
it was concluded that it is of great benefit to continue the studies on vermicompost.

Keywords: fatty acid profiles, free fatty acids, oxidation of oil

Solucan Giibresinin Findik Kalite indeks Degeri, Oksidasyon ve Renk

Ozellikleri Uzerine Etkisi
Oz

Bu ¢alisma, solucan gibresinin (3-5 kg/Ocak; sirasiyla VM1 ve VM_) linolenik/linoleik asit (n3/n6) orani, ¢oklu
doymamis/tekli doymamis yag asidi orani (PUFA/MUFA), tekli doymamis/doymamis yag asidi orani (MUFA/SFA)
ve yag kalite indeksi degerleri tGzerindeki etkisini belirlemek amaciyla yiritalmustir. Calismada, aterojenisite
(Al) ve trombojenisite indeksi (TI) degerleri, hipokolesterolemik/hiperkolesterolemik yag asitleri orani (H/H) ve
stabilite indeksi (SI) degeri ile yag oksidasyon parametreleri; oleik/linoleik asit orani (O/L), serbest yag asitligi
degeri (FFA, oleik asit %), ransimat degeri (RV, h) ve renk ozellikleri incelenmistir. En dustk Al degeri VM1
uygulamasinda (0,05) bulunurken, en yiiksek deger VM2 ve kontrol (0,06) uygulamalarinda bulunmustur. Diger
yandan en yiksek H/H (16,92) ve S| (7,24) degerleri ise VM1 uygulamasinda gbzlenmistir. Buna karsilik, en yiiksek
RV ve en diisik FFA degerleri VM2 uygulamasinda kaydedilmisken, renk ozellikleri agisindan uygulamalar
arasinda degiskenlik gbze ¢arpmistir. VM2 uygulamasinin bazi 6zellikler bakimindan kismen daha 6n plana giktigi
goriulmus olsa da tim bu veriler genel olarak degerlendirildiginde solucan gibresi ile ilgili calismalarin devam
ettirilmesinde bliyiik fayda olacagi sonucuna varilmistir.

Anahtar Kelimeler: yag asitleri kompozisyonu, serbest yag asitleri, yag oksidasyonu
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Introduction

Hazelnut (Corylus avellana L.) is a significant crop, ranking among the most widely cultivated hard-
shelled fruits worldwide (Islam, 2018). The demand for hazelnuts has been steadily rising, driving
continuous expansion in global production. These nuts are consumed in various forms, including raw
and roasted, and find application in diverse industries, particularly the chocolate sector (Korkmaz et
al., 2021). Hazelnuts are recognised as nuts with a high fat content (~60%) and are also abundant in
oleic, linoleic and palmitic fatty acids (Mdller et al., 2020; Negrillo et al., 2021). In addition, hazelnuts
are considered to be adequate in macronutrients such as protein (~17%) and micronutrients such as
vitamins B, E and tocopherol. Additionally, it is well-documented that the nuts of the hazelnut tree
contain notable quantities of potassium, manganese, calcium, magnesium, iron, zinc, copper,
manganese and boron (Miiller et al. 2020; Negrillo et al., 2021; Ozkutlu et al., 2016; Ozkutlu et al.,
2022). Consequently, hazelnuts are widely regarded as functional foods, which is evidenced by their
ability to provide substantial health benefits to humans due to their high content of bioactive
components, including flavonols, phenolic acids, tocopherols and sterols (Pelvan et al., 2018).

Hazelnuts, conversely, are distinguished by their elevated fat content, with triacylglycerols constituting
the primary component. Additionally, the presence of substantial levels of monounsaturated fatty
acids confers upon hazelnuts a notable nutritional value, coupled with a considerable sensitivity to
autoxidation and/or degradation reactions under enzymatic catalysis. The formation of secondary fat
oxidation products, especially carbonyl derivatives, poses a significant challenge for confectionery
industries and can also affect the sensory properties of hazelnuts (Rosso et al., 2021). Consequently,
numerous studies have been conducted and are ongoing to define the fat fraction of hazelnuts and to
examine its changes during the storage period (Turan, 2018a).

It is widely accepted that oil oxidation is the primary factor contributing to the deterioration of high-
fat foods, such as hazelnuts. Consequently, it is imperative to ascertain the shelf life of foods with high
fat content. The shelf life of hazelnuts is predominantly influenced by the temperature and moisture
content of the storage conditions (Hosseini et al., 2014; Shafiei et al., 2020; Turan, 2018b). The impact
of fat oxidation on food products is twofold; firstly, it affects their sensory properties and secondly, it
has a detrimental effect on human health, including the risk of developing pathogens such as cancer
(Kalyanaraman, 2013). Unsaturated oleic and linoleic fatty acids are known to be sensitive to fat
oxidation, therefore it is imperative that cultural practices in hazelnut production are carried out
correctly and in a timely manner (Turan, 2019). Notably, fertilisation practices have been identified as
a crucial aspect that is often overlooked in hazelnut cultivation. This is primarily due to the reluctance
of hazelnut producers, who constitute a paradigm of traditional farmer structures, to apply fertiliser in
accordance with soil analysis (Turan, 2023). As a consequence, yield and quality losses are frequently
experienced.

The yield and quality of hazelnut production can be adversely affected by several factors. Firstly, the
topography of the land, which is characterised by hills, can impede the efficient application of
fertilisers, as the soils tend to be shallow. Secondly, the agricultural practices of the producers can also
be a contributing factor. This includes errors in pruning, a lack of emphasis on bottom shoot cleaning,
inadequate weed removal, and erroneous fertilisation techniques. Nitrogen fertilisers are among the
most commonly used fertilisers in hazelnut production (Ozkutlu et al., 2020), and consequently,
deficiencies in other fertilisers inevitably lead to yield loss (Aydemir et al., 2023). Conversely, problems
in accessing farm manure can be experienced from time to time. Another method of adding organic
matter to the soil in the absence of farm manure is green manuring. Green manure plants suitable for
hazelnut orchards include vetch, wild peas and oats, which should be sown in a ring-shaped band
extending 50-100 cm beyond the projected branches in sloping terrain. This practice should be
implemented in all gardens situated in flatlands, and the plants should be mowed and incorporated
into the soil prior to flowering in spring (Turan, 2023).
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In addition to the aforementioned fertilisers, vermicompost has recently been recommended
(Tarakcioglu & Bender Ozeng, 2022). However, the number of studies carried out on the effect of
vermicompost on the yield and nut quality of hazelnuts is very limited. Therefore, the present study
was undertaken to determine the effect of vermicompost on the fruit quality of the Tombul hazelnut
cv in the country of Turkey. It is hypothesised that the data obtained will firstly contribute to the
hazelnut economy and then guide future academic studies.

Material and Methods

Samples

The research was conducted between 2018 and 2020 in a ~30 years old, 5 da orchard of Tombul cv in
Ulper village, central of Giresun province (40°51°34.52”N, 38°26°05.10”E, and altitude 233 m). The
study was planned as 5 replications and was carried out with 3 ocak (at least 3 or more trunk) in each
replication. The orchard was arranged as 5x5 between rows, 5x5 above rows, 5 branches/ocak and 50
ocak/da. Soil samples were collected from 0-20 cm and 20-40 cm depths, and analyzed followed by
application of fertilization program (Duyar & Ozeng, 2013). The soil analysis showed soil with a pH of
5.64, K,0 of 33.14 kg/da, P,0s of 0.29 kg/da, lime of 0.47%, organic matter of 5.23%, total salt of 0.01%,
saturation of 62.04%. The vermicompost is obtained from Yavuz Food Industry and Trade Inc. (Giresun,
Turkey; 40°56'31.17”N, 38°10°28.32”E, and altitude 4 m). The vermicompost pH was 7.37 and
electrical conductivity was 3.06 ms/cm, with a moisture rate of 43.02%. It consisted of organic carbon
of 13.89%, organic matter of 31.11%, organic nitrogen of 2.00%, P,0s of 0.20%, and K;0 of 1.11%. In
the study, 150-250 kg/da (3-5 kg/Ocak; VM; and VM., respectively) of vermicompost recommended
for hazelnut was used (Figure 1).

Figure 1. Application of Vermicompost for Hazelnut Orchard

The control treatment was based on traditional farmer practice, and these procedures were carried
out according to Oztiirk et al. (2022). Harvesting procedures were made according to method of Turan
(2018a). The hazelnuts that reached a moisture content of ~25%, were harvested by hand, separated
from their husks by hand, and left to dry naturally in the shade (Average temperature: 24°C, average
sunshine duration: 3.5 h, average rainfall: 85 mm, and moisture value: 68%), and the drying process
lasted ~18 days. After the samples were reduced to 6% moisture content, they were stored in a
refrigerator at ~5°C and ~65% relative humidity until the oil extraction.
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Fatty Acid Composition

The extraction of hazelnut oil was accomplished through the utilisation of a cold press oil extraction
system, while the subsequent analysis of fatty acids was performed via gas chromatography. This
method was employed to ascertain the fatty acid content, with the subsequent generation of fatty acid
methyl esters adhering to the techniques outlined by Turan (2018a) and Turan (2019), with minor
modifications to align with the methodology established by Turan (2018b).

Quality Index

The values for the fat quality index were determined using the methods outlined by Bezerra et al.
(2017) to calculate the atherogenicity (Al) and thrombogenicity index (TI) values, as well as the
hypocholesterolemic/hypercholesterolemic fatty acids ratio (H /H) values were obtained with fatty
acids formulation according to Fernandes et al. (2019) and Turan (2021). The stability index (SI) was
described by Ozdemir et al. (2001).

Oxidation

Free fatty acidity (method Ca 5a-40), and peroxide value (method Cd 8-53) were determined using
AQCS standard method (AOCS, 2004). The Rancimat value was determined using the Rancimat 743
device (Velasco, 2004), and the iodine value (IV) was calculated using the percentage of fatty acids
(Turan, 2021).

Clour Ordinates

The colour of hazelnut kernels was measured in accordance with the methods outlined by Mexis and
Kontominas (2009) and Turan (2022). The chroma value, which is indicative of the tone of the product
colour and ranges from low values in pale colours to high values in vivid colours, was determined in
accordance with the methods outlined by Polatci and Tarhan (2009). The hue angle (h°) value refers to
the colours corresponding to each angle in a 360° colour gradient (Polatci & Tarhan, 2009; Tasova &
Guzel, 2017).

Statistical Analysis

The experimental phase of the study was conducted utilising a randomised blocks design, with each
experimental unit being replicated thrice. The subsequent analysis involved the determination of
descriptive statistics, which were then processed using SPSS v. 22.0 (Armok, New York: IBM Corp.). The
execution of statistical tests was facilitated by SAS-JAMP v. 10.0. The identification of significant
differences was achieved through the implementation of a t-test, with a significance level of P < 0.001.

Results and Discussion

Quality Indices of Hazelnut Oil

Atherogenicity (Al) and thrombogenicity index (TI) values, which are indicators of the global dietary
quality of fats and their potential impact on the development of coronary diseases, are considered as
a quality indicator of fatty acid content (Durmus, 2019; Telahigue et al., 2019). These IA and IT index
values proposed by Turan (2022) can better characterize the potential of fatty acids. While low values
are considered favorable for human health, high values are considered harmful.

IA and IT values >1 have been reported to be harmful for human health (Stancheva et al., 2014).
Musalima et al. (2019) reported that if the IT value is >1, blood clots form within blood vessels.
Therefore, it is desirable that these properties are close to zero. In our study, the lowest IA value was
obtained with VM, (0.05) treatment and the lowest IT value was obtained with VM, (0.44) treatment
(Table 1), and these differences were found to be significant (P<0.001). The H/H ratio can be used to
obtain information about the effect of fatty acids on the cholesterol mechanism and to determine the
cholesterolemic effect index of the fat source (Fernandes et al., 2019).
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Table 1. Quality Index of Different Cultivation Practices of Hazelnut

Nut samples ]

Parameters VML VM, C Sign.
Linolenic/Linoleic acid 0.01+0.00b 0.01+0.00b 0.02+0.00a o

PUFA/MUFA 0.11+0.00a 0.10%0.00c 0.11+0.00b orx
MUFA/SFA 1.17+0.00a 0.94%0.00c 1.13+0.00b ok
Atherogenicity index 0.05+0.00c 0.0620.00a 0.06£000b ok
Thrombogenivity index 0.52+0.00a 0.44+0.00b 0.52+0.00a ork
Hypocholesterolemic/hypercholesterolenic ~ 16.92+0.05a 16.24+0.03c 16.360.01b ok
Index of stability 7.24+0.01a 4.73+0.00b 2.91+0.00c ork

VM: Vermicompost. C: Control. Data represent the mean + std deviation of triplicates (n=3). Significant level *,
** **¥* and “ns” mean significance at p< 0.05, 0.01, and 0.001, and “not significant”, respectively, between
cultivation practices and control

A higher H/H value is associated with a higher proportion of PUFAs and therefore a high H/H value is
desirable for human health (Turan 2022; Turan et al., 2022). It is seen from the Table 1 that the highest
H/H (16.92) and Sl (7.24) values were determined after VM, treatment. Turan (2021) reported that
H/H value varied from 17.45 to 18.27, IA from 0.16 to 0.23, and IT from 0.15 to 0.16 in Tombul cv.
Ozdemir (2001) reported that the Sl value differed between the varieties and this characteristic was
6.30 in Tombul cv. Our study results showed that VM; can be recommended considering the quality
index values.

Oxidation of Hazelnut Oil

Oils with a high content of PUFAs are more susceptible to oxidative degradation leading to off-flavors
and discoloration. Lipid oxidation is a major cause of degradation of fats and oils. Lipid oxidation results
in loss of quality and nutritional value and development of unpleasant flavors. Oxidative stability is
known as resistance to oxidation under defined conditions and usually corresponds to a sudden
increase in the oxidation rate (Glimis-Bonacina, 2022). The difference in oxidation parameters
between the VM; and VM, treatment groups was found to be statistically significant (P<0.001) and
there was variability between treatments (Table 2).

Table 2. Oil Oxidation Parameters of Hazelnut

Nut samples
VM1 VM2 C Sign.
Parameters
Oleic/linoleic acid 8.69+0.03c 10.35+0.04a 8.96+0.03b rk
lodine value 91.42+0.06a 89.75+0.09b 91.54+0.02a oxx
Ransimat value 5.63+0.01b 6.08+0.01a 6.14+0.04a ok
Free fatty acid 0.18+0.01b 0.17+0.01b 0.21%0.00a wk

VM: Vermicompost. C: Control. Data represent the mean * std deviation of triplicates (n=3). Significant level; *,
** **% and “ns” mean significance at p< 0.05, 0.01, and 0.001, and “not significant”, respectively, between
cultivation practices and control

While oleic/linoleic (O/L; 10.35) value was high with VM, treatment, IV (89.75) and free fatty acids
(0.17 %, oleic acid) values were low. On the other hand, the highest free fatty acids (0.21 % oleic acid)
and IV (91.54) values were observed after the control treatment. Many studies have been carried out
on oxidation parameters in hazelnut (Cui et al., 2022; Turan, 2019) and it has been observed that there
is variability in the degree of oxidation of hazelnut oil depending on the processes. In conclusion,
although there are some differences, based on these data, it can be said that VM, treatment is more
effective on the shelf life of hazelnut.
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Colour Ordinates of Hazelnut Kernel and Oil

The brightness or darkness of the color is represented by “L” and the numerical value of “L” varies
between 0 and 100. The color gets darker as the value approaches 0 and brighter as it approaches 100.
The redness or greenness value of the color is expressed by “a,” and redness indicates positive values
and greenness indicates negative values.

The yellowness or blueness value is symbolized by “b” Similarly, when “b” is at positive values, the
yellowness of the color is dominant, and at negative values, the blueness of the color is dominant.
Chroma (C) refers to the dominance of pastel tone or vivid tone of the color. As the numerical value of
C increases, the vividness of the color increases. On the other hand, as the numerical value of C
decreases, the pastel tone dominates the color. The hue angle (h°) represents the angle corresponding
to the dominant color of the product (Turan, 2022). As shown in Table 3, the effect of treatments on
hazelnut kernels and oil color characteristics was generally not significant (P>0.05), and this effect was
similar among treatments for hazelnut kernels and oil. That is, the difference between the treatments
in b* and a values was found to be statistically significant (P<0.001; Table 3), all other color parameters
were found to be similar in terms of hazelnut kernels and oil color characteristics (P<0.05). It can be
concluded that the treatments partially affect the color properties.

Table 3. Colour Ordinates of Hazelnut Kernel and Oil

Nut samples )
Parameters VML VM, C Sign.
Colour ordinates
Kernel
L* (Lightness) 35.71+0.40 34.55+0.14 35.24+0.23 ns
a* (Redness) 3.0410.02 3.081£0.05 3.071£0.05 ns
b*(Yellowness) 0.22+0.00a 0.23+0.01a 0.09+0.00b o
Chroma (C) 3.05%+0.02 3.09+0.05 3.07+0.01 ns
Hue (h°) 14.03+0.20b 13.57+0.19b 34.104£0.50a ok
Qil
L* (Lightness) 28.14+0.09 28.39+1.13 27.91+1.07 ns
a* (Redness) 2.14+0.01 2.161£0.01 2.131£0.02 ns
b*(Yellowness) 0.15+0.00a 0.16+0.01a 0.07+0.00b ok
Chroma (C) 2.15+0.01 2.17+0.02 2.13+0.01 ns
Hue (h°) 13.94+0.40b 13.604£0.47b 29.20+0.36b Hoxk

VM: Vermicompost. C: Control. Data represent the mean * std deviation of triplicates (n=3). Significant level; *,
** **% and “ns” mean significance at p< 0.05, 0.01, and 0.001, and “not significant”, respectively, between
cultivation practices and control

Conclusions

This study constitutes the inaugural investigation of its kind in the extant literature on the impact of
vermicompost on the quality index values and oxidation parameters of the Tombul cv under Giresun
conditions. The study revealed that, while the effect of fertiliser doses varied in general, VM,
application was found to be more effective in terms of general characteristics, while VM1 application
was found to be more effective in some cases. In terms of colour characteristics, it was observed that
there was variability according to the treatments. The findings of this study indicate a clear need for
further research to be conducted on the subject of vermicomposting. In light of the evaluations
conducted, it was determined that the VM, application is the most effective.
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Abstract

There are many methods to examine a specific region or object in images. One of the most important of these
methods is image segmentation. Image segmentation involves dividing images (or video frames) into multiple
sections or objects. There are many different model architectures developed in the field of image segmentation.
In this study, a deep learning-based image segmentation application interface has been developed. The
performance of the proposed application has been analyzed on the Covid19 dataset obtained from Kaggle. The
performance results of the application are presented comparatively on the U-NET and V-NET models with known
accuracy for different system parameters. In the analysis results, it is clearly seen that the V-NET architecture is
better than the U-NET architecture. The developed application environment has revealed the difference
between the models and the usability of the application environment. This standalone software can be
downloaded at: https://github.com/Ibayrak/DeeplmageSegmentationApp.

Keywords: image segmentation, deep learning, U-Net, V-Net

DeeplmageSegmentationApp: Goriintii Segmentasyonu i¢in Derin Ogrenme

Uygulamasi
0z

Goriintilerde belirli bir bolgeyi veya nesneyi incelemek igin bircok yontem vardir. Bu ydntemlerin en
onemlilerinden biri goriintl segmentasyonudur. Gorlintl segmentasyonu, goruntlleri (veya video karelerini)
birden fazla béliime veya nesneye ayirmayi icerir. Gorintl segmentasyonu alaninda gelistirilen birgok farkh
model mimarisi vardir. Bu ¢alismada, derin 6grenme tabanlh bir goriintii segmentasyonu uygulama arayiizi
gelistirilmistir. Onerilen uygulamanin performansi Kaggle'dan elde edilen Covid19 veri kiimesi {izerinde analiz
edilmistir. Uygulamanin performans sonuglari, farkli sistem parametreleriicin bilinen dogrulukla U-NET ve V-NET
modelleri Gzerinde karsilastirmali olarak sunulmustur. Analiz sonuglarinda V-NET mimarisinin U-NET mimarisine
gore daha iyi oldugu agikca gorilmektedir. Gelistirilen uygulama ortami modeller arasindaki farki ve uygulama
ortaminin  kullamighligini ortaya  koymustur. Bu bagimsiz  yazilm su adresten indirilebilir:
https://github.com/lbayrak/DeeplmageSegmentationApp.

Anahtar Kelimeler: goriintli bélimlendirme, derin 6grenme, U-Net, V-Net
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Introduction

Deep learning is a subset of machine learning methods based on artificial neural networks using
multiple layers (LeCun et al., 2015). Deep neural networks (DNN) have been successful in many areas
such as computer vision (Krizhevsky et al., 2017) or natural language processing (LeCun et al., 2015) in
recent years. In academic studies, DNNs have been widely used in many areas, including medical image
segmentation, and have shown successful results. Image segmentation is the process of dividing a
digital image into multiple parts. In deep learning-based image segmentation processes, masks
belonging to these images are usually used together with the images to be processed. This technique
provides a much more detailed understanding of the objects in the image. Some studies in the field of
deep learning-based image segmentation are as follows; Yong Peng et al. (2023) proposed a cluster
boundary segmentation based on convolutional neural networks and watershed algorithm to quickly
determine the boundaries of clusters in asphalt mixture CT images. In the study, it is stated that the
proposed intelligent image segmentation algorithm gives more accurate results than canny and multi-
threshold algorithms in finding the boundaries.

Gupta and Mishra (2024) conducted a deep learning-based image segmentation study on early
detection of colorectal cancer. The study presents statistical analysis of Unet, R2Unet, Attention-based
Unet, ResUnet, Unet 3+, TransUnet and SwinUnet models based on polyp datasets and performance
measurements.

Li et al. (2024) conducted a deep learning-based image segmentation study on the examination of
remote sensing (RS) images. In the study, a comprehensive review was made on remote sensing
research systems and various specially designed deep learning models.

Dang et al. (2024) conducted a deep learning-based image segmentation study on CVC-ColonDB, a
general polyp dataset consisting of 300 images, combining multiple DNN models using ensemble
learning.

Zi et al. (2024) conducted a research study on the application of deep learning in the field of medical
image segmentation and 3D Reconstruction. The model created in the study they developed is
validated by experiments and performance analysis comparisons are made with other deep learning
models.

Xu et al. (2024) conducted a deep learning-based image segmentation study on the effect of data
quality and quantity of concrete cracks. The study proposes a dataset comparison for pixel-level
segmentation of concrete cracks based on the deep learning model.

Zhang et al. (2024) proposed the deep learning-based image segmentation model CNet for the
examination of coral reefs on the seabed. The study emphasizes the importance of coral reefs and
includes the comparison of the developed model with other models and its performance values for
segmentation of reef images.

Liu et al. (2024) proposed the Dual-Path Dual Attention Transformer (DDA-Transformer) model, a deep
learning-based image segmentation model, to obtain precise and fast knee joint in robotic-assisted
total knee arthroplasty. In the study, the performance and speed of the DDA-Transformer model
compared to other models were examined and comparisons were made.

Wang et al. (2024) conducted a deep learning-based image segmentation study to quantify fire power
with flame images. In the study, the determination of progress and flame area on fire images was
examined and it was aimed to contribute to the development of Al-based fire response systems in the
future.

As can be understood from the segmentation studies mentioned above, deep learning-based image
segmentation can be used in many areas.
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Related Works

Ye et al. (2022) developed an application called DeeplmageTranslator for beginners in the field of deep
learning-based image segmentation. The developed application was written in the Python
programming language and a visual interface was created using the tkinter library.

Deep learning-based image segmentation models are basically related to the knowledge level of the
developer. Thanks to experience and knowledge, the deficiencies of the models are seen. In addition,
the development of the models is determined by the observations obtained at runtime. For this
reason, facilitating the immediate testing of the model codes when they are edited is of great
importance in the development of the models and the elimination of their deficiencies. The main
purpose of developing this application was to facilitate the basic difficulties encountered in the
development of image segmentation models. There are a number of problems encountered while
developing a segmentation model. These are;

e Comparing the model with a target model to test its performance

e Eliminating the deficiencies of the model and increasing its success rate compared to the target
model

e Testing the performance of the developed model on different datasets

e Comparing the results of the developed model according to different performance criteria and
storing the results as numerical data

e Storing visual outputs and reusing them in the future without the need for training

e Enabling the application to re-run the developed model codes in real time

e Comparing the similarity rates of the obtained prediction data on real data are many other
problems.

People who work on image segmentation professionally want to intervene in the source code while
making the necessary edits and changes. Thanks to the ability to intervene in the source code,
developers can work independently of the restrictions of the application environment and perform
more successful work.

While developing this application environment, it was aimed for people working in this field to
intervene in the codes as they wish and to work comfortably on the datasets they want. For this reason,
the application environment was developed with an understandable and easy-to-read coding. Since
the target here is professional segmentation model developers, an environment was developed where
model development is provided by programmers in order to avoid the limitations of drag-and-drop
coding.

Material and Method

In this study, DeeplmageSegmentationApp application was developed for deep learning image
segmentation of 2D CT images. The application environment was written in Python programming
language and user interfaces were created using tkinter and customtkinter libraries. The interface
designs were aimed to be user-friendly, simple and understandable. The training and prediction
processes of the models were performed using TensorFlow and Keras. While developing the
application environment, it was aimed to eliminate the following problems with deep learning image
segmentation. These are;

e The inability to run different models sequentially and obtain the results before the training of
all models is completed

e The ability to store the results of model trainings based on different parameters without the
need for retraining

e The ability to visually compare the prediction data with the real data

e The ability to dynamically reflect the graphical results and include them in the comparison
when a different model training is performed
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e The ability to easily separate the training and test data by partitioning within the entire dataset

e The ability to create different versions of the developed models

e The ability to compare the data of the different developed versions without the need for
constant rerunning and the ability to store the numerical and visual results of the
achievements

e The ability to create and run a different version by intervening in the code at runtime, and
many more elements could be included.

In order to eliminate the problems and difficulties mentioned above while developing the application
and to make it easy to use, the application environment is basically built on three interfaces. These
are;

1. Main application environment (Userinterface)
2. Visual interface for comparing test data with prediction data (Figurelnterface)
3. Visualization of training outcomes (DashboardInterface).

Loading Data

The first problem encountered in studies on image segmentation is that models are trained on
different datasets. The first problem encountered in studies on different datasets is that the datasets
are not at a suitable scale for training the model. Another problem encountered is separating the
training and test data on the datasets.

A module was developed so that the application environment can work on the desired datasets. In the
developed module, the processes of converting the data to the desired format and dimensions are
carried out. The data loading process is carried out in the following stages in order to eliminate the
difficulties that may be encountered on different datasets.

1. Determining the data path

Retrieving images from the data path

Rescaling the images

Converting the scaled images into Numpy lists as numerical matrices
Arranging the models for use.

vk wnN

Here, if desired, the images can be output and stored as numerical data. This part is left to the user's
request. The parts related to the storage of numerical data depending on the user's request have been
developed and made available within the application environment. The application environment,
which was basically developed on 2D image data, can be easily adapted and used for 3D image data.

Main Application Interface (Userinterface)

The main application interface in Figure 1 is the interface environment where segmentation models
are dynamically loaded into the system and trained. The outputs of the segmentation models trained
in this application environment are stored in folders in the specified areas. The storage process allows
the models to be compared with newly developed models without having to be trained again. The
following settings can be made regarding the dataset and training process in the main application
environment;

How much of the data will be used for the training process
How much of the data will be used for the test process
Number of Epochs

Patience

Validation Split

®oo oo

The storage of the training process of each model is done under the Train Results folder as
“ArchitectureName Validation Split=... Train=... Test=... Epochs=... Patience=...”. During this process, the
storage of the numerical data belonging to the training results;
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Numerical data: JsonFolder

Prediction results: PredFolder

Processed test data: TestimagesFolder

The processed test data masks are made in the form of: TestMasksFolder.

o 0 ow

Summeary Percentage Similarity Json Folder Name =

Train Data Start e Pred Folder Name PredFolder
Train Data End 23 3

TensorBoard Folder Name
input_2 (InputL
Plot Folder Name
lam

Test Images Folder Name

older Name  TestM

Model Folder
Update
Model
Architecture_1
Architecture_2
Architecture_3

Architecture_4

Architecture_5

Output Images Monitor

Dashboard Application Train for selected model

Figure 1. Main Application Interface (Userinterface)

Figure 2 shows the similarity graph of the prediction results obtained by the trained model on the test
data. Thanks to this process, the similarity process on the test data can be evaluated and it will help to
have an idea to eliminate the deficiencies of the model.

Percentage Similarity of Architecture_1

10

0.8

0.6

Similarity

0.4

0.2

0.0

0 5 10 15 0 5 10
Pred Images

Figure 2. Similarity Values of the Predicted Data with the Real Data

Comparison of Test Data (Figurelnterface)

The application environment where the similarity values of the predictions made on the test data after
the training process with the original data are visualized is the Figurelnterface environment.
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Figure 3. Listing of All Test Data and Predictions

In the Figurelnterface environment, data is created by listing the real data and prediction data
comparatively and displaying them individually. In Figure 3, the original lung image (Main:...), the mask
of this image (the area where the disease is actually located, Mask:...), the model-predicted image
(Pred:...) and the location of the predicted disease data on the lung image (Main and Pred.:...) are listed.
Only a part of the entire list is shown here, and all test data is included in the listing process. All
prediction data here is stored in the PredFolder folder.

Main:20 Mask-20 Main and Mask:20

Pred:20 Main and Pred:20

- P
R -

Figure 4. Prediction Data Number 20

The Figurelnterface environment also includes a list for selecting the desired data. The results of the
prediction data selected from the list are as shown in Figure 4. Here, the original lung image (Main:
20), the real region where the disease is located (Mask: 20), the real location of the disease on the
original image (Main and Mask: 20), the prediction image (Pred: 20) and the location of the prediction
image on the lung (Main and Pred: 20) are included.
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Visualization of Training Outputs (Dashboardinterface)

Figure 5. Dashboard Interface

The DashboardInterface in Figure 5 is the application where numerical data is visualized. This interface
can be run independently or from within the main application. The “Add Json Directory” option in the
application selects the folders where json training results are stored. More than one folder can be
selected here, as well as a folder containing more than one json file. The selected folders will be added
to the folder list at the top left. The json files in the selected folder from this list are displayed in the
list below. The analysis results in the selected json file in the list containing json files are shown on the
grid as shown in Figure 5.

Accuracy

1000
—e— Accuracy
0995
0.990

0985

0980

Vaues

0975

0970

0965

0960

Epochs

Figure 6. Sample Accuracy Graph

Figure 6 shows the graphical representation of each metric value on the grid in Figure 5 when the
button is clicked. As an example, the graph created when the Accuracy field is selected is shown. The
aim here is to visualize the values of the trained model on the grid and make them easier to interpret.
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Architecture 1

Loss Accuracy AUC
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Figure 7. Loss, Accuracy, AUC, Recall, Dice and Jaccard graph

Some metric values are commonly used when training and comparing models. Reflecting the graph of
these metric values as a whole facilitates analysis processes and helps to organize the areas that need
attention when observing the deficiencies of the models. Figure 7 shows the graph of Loss, Accuracy,
AUC, Recall, Dice and Jaccard metric values of Architecture 1 as a whole. Users can add or remove the
metric values they want to this area. The selected metric values are the values commonly used in
training and studies.

Architecture 1 Architecture 2 Architecture 3
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00008
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000075
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Figure 8. Comparison of Three Architectures according to Dice Value

In academic studies, the success of a model is demonstrated by proving its superiority over other
models. This is provided by graphical or tabular representation. Figure 8 shows the numerical data of
the trained models according to the selected metric value.

Discussion

Ronneberger et al. (2015) proposed the U-Net algorithm without a fully connected layer for
segmenting microscopy images. The U-Net network and training strategy were developed to learn
effectively from a small number of annotated images. U-Net takes its name from its U-shaped
architectural structure as seen in Figure 9. The U-Net architecture consists of two parts. These are a
contraction path to capture context and a symmetric expansion path that provides precise localization.
The main feature of the architecture developed on the basic structure of the U-Net architecture is that

95



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2025, 15 (1), 88-100

it does not have fully connected layers. The architecture was developed to obtain successful results on
very few sample data.

U9=U9+C1

INPUTS r c9
128x128x16 H 128x128x13
c8
u8=U8+C2 64x64x32
%> 64><64><32
Cc7
U7=U7+C3 32x32x64
H D 32><32><64
>
U6=U6+C4
ca
H_» 16x16x128

cs )
8x8x256 [P+— Max Pooling
E—p Convolution
B— Concatenate

>

C6
16x16x128

Figure 9. U-Net Architecture

Milletari et al. (2016) developed the V-Net architecture that processes using 3D MRI images. This
architecture model, which was developed similar to the U-Net structure, has a contraction and
expansion path. Unlike the U-Net architecture, the convolution operation increases as you go from the
upper layers to the lower layers. Figure 10 shows the V-Net architecture we developed. 21 convolution
operations were applied in this developed architecture.

U9=U9+C1

INPUTS c9
— > 128x128x16 " RN |
MASKS e

c8
u8=uU8+C2 64x64x32
H 64><64><32 »
»
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I I 32x32x64 I I I
> 64 64
c6
~ 16x16x128
o U6=U6+C4
H_» 16x16x128 > 128 -
cs5 )
8X8X256 [P— Max Pooling
. B— Convolution
B—» Concatenate

Figure 10. V-Net Architecture

U-Net and V-Net architectures are widely used architectural models in image segmentation. The 3D V-
Net architecture developed by Milletari was recoded as 2D and training was performed at different
Validation Split and Epochs values with the help of the developed application environment. Table 1
shows the Dice performance results of the training results obtained from the application environment
on 2D Covid19 lung images of U-Net and V-Net architectures. The obtained results are the maximum
results of the trainings performed on each validation split and epochs values. Table 2 shows the
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prediction results of 2D test images of U-Net and V-Net architectures. Here, (a) shows the image used
for the test, (b) the ground truth value to be estimated for the original image, (c) the prediction of the
U-Net architecture and (d) the prediction of the V-Net architecture.

Table 1. Dice Performance Results

Validation Split - Epochs U-Net V-Net
0.1-25 0.5175357461 0.8076153994
0.1-30 0.7475325465 0.8520365953
0.1-35 0.8093342781 0.8139239550
0.1-40 0.8059905767 0.8637956381
0.1-45 0.7994861007 0.8163979053
0.1-50 0.8222454786 0.8813048601
0.2-25 0.7607743740 0.8103617430
0.2-30 0.8030135632 0.8342383504
0.2-35 0.8165560961 0.8413328528
0.2-40 0.8108936548 0.8718471527
0.2-45 0.8210129738 0.8621217608
0.2-50 0.8548157811 0.8330374956
0.3-25 0.7804758549 0.7551715374
0.3-30 0.7927131057 0.8025660515
0.3-35 0.8165585399 0.8284928799
0.3-40 0.8265380859 0.8737146258
0.3-45 0.8172306418 0.8541257977
0.3-50 0.8294414878 0.9030863643

As it is seen in the scientific studies that the V-Net architecture is successful, the results obtained from

the application environment support the studies.
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Table 2. Prediction Results of U-Net and V-Net Architectures

Original Images Prediction Images

Original Images Masks U-Net Predictions V-Net Predictions
(b) (d)

Results and Recommendations

DeeplmageSegmentationApp is aimed to be a useful application for those working in the field of deep
learning-based image segmentation. Compared to existing developer environments, our application
environment will facilitate the work of those working in this field. The ability to intervene in the code
in the segmentation of CT images removes the limitations imposed by deep learning libraries and
enables more successful work. As an example, Dice and Jaccard performance metrics have been added
to the application environment thanks to the code intervention.

In order to demonstrate the success of the application environment, it has been shown that the
reorganized V-Net architecture exhibits more successful results than the U-Net architecture in Covid19
detection. The V-Net architecture implemented for 3D CT images was recoded for 2D CT images and
exhibited maximum results in the dice performance metric at Validation Split = 0.3 and Epochs = 50.

Although DeeplmageSegmentationApp was developed for segmentation studies on 2D CT images, it
can also be easily converted for segmentation of larger sized CT images such as 3D.

The application can be developed or adapted for the study performed depending on the usage and
studies. Although the application was developed for the operation of deep learning-based image
segmentation models, it can be easily used in other deep learning applications thanks to its simple and
understandable coding. In this way, it creates a ready interface for different deep learning studies. An
example of this is time series deep learning studies.
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Abstract

Construction, mining, oil, forestry, and agriculture all use blasting processes both in our country and in the world.
A wide range of civil engineering projects, including homes, roads, railroads, dams, and airports, use blasting
technology. The blasting process provides some advantages, but it also has drawbacks. Blasting has negative
impacts such air shock and ground motion. This investigation concentrated solely at ground motion induced by
explosion. Utilizing the well-known MATLAB programming language, BlastGM software was implemented to
obtain ground motion acceleration-time information. This software uses the maximum acceleration value and
the ground motion acceleration time envelope curve to determine the acceleration-time changes of blasting-
induced ground motions. Furthermore, this software uses the ground motion acceleration-time values to
determine the shock's reaction spectrum. This study looked at how a recessed reinforced concrete (RC)
rectangular water tank was affected by ground motion based on by blasting. In Turkey, these tanks are built
very frequently. For these tanks, the impact of ground motion brought on by blasting is crucial. ANSYS software
produced the recessed RC rectangular water tank's three dimensional (3D) finite element model (FEM).
Furthermore, the recessed RC rectangular water tank's maximum stresses and displacements were examined.
The study's findings demonstrate that the recessed RC rectangular water tank is greatly impacted by blast-
induced ground motion.

Keywords: recessed RC rectangular water tank, blast-induced ground motion, finite element method, modal
analysis, shock response spectrum

Patlatma Kaynakl Yer Hareketi Etkisindeki GGmme Bir Betonarme Dikdodrtgen

Su Deposunun Dinamik Analizi
0z

Patlatma islemi, llkemizde ve diinyada yapi, maden, petrol, tarim ve orman alanlarinda kullanilmaktadir.
Patlatma teknolojisi konut, karayollari, demiryollari, barajlar, havalimanlari gibi ¢ogu insaat muhendisligi
uygulamalarinda yaygin olarak uygulanmaktadir. Ancak, patlatma isleminin olumlu taraflari olmasina ragmen,
olumsuz taraflari da bulunmaktadir. Patlatma, yer hareketi ve hava soku gibi olumsuz etkiler meydana
getirmektedir. Bu ¢alismada, sadece patlatma kaynakl yer hareketi incelenmistir. Yaygin olarak kullanilan
MATLAB programlama dili ile yer hareketi ivme-zaman bilgisinin elde edilmesi i¢in, BlastGM vyazilimi
uygulanmistir. Bu yazilim, yer hareketi ivmesinin zaman zarf egrisini ve en biiyik ivme degerini kullanarak
patlatma kaynakli yer hareketlerinin ivme-zaman degisimlerini elde etmektedir. Ayrica, bu yazilim, yer hareketi
ivme-zaman degerlerinden patlama sokunun tepki spektrumunu da elde etmektedir. Bu calismada, patlatma
kaynakli yer hareketinin gdmme betonarme dikddrtgen su deposuna etkisi incelenmistir. Bu depolar, Tiirkiye'de
¢ok sik insa edilmektedir. Bu nedenle, patlatma kaynakli yer hareketinin etkisi bu depolar igin 6nemlidir. Gd6mme
betonarme dikdértgen su deposunun (g boyutlu sonlu eleman modeli, ANSYS yazilimi ile elde edilmistir. Bununla
birlikte, gdmme betonarme dikdortgen su deposunun en biylk gerilmeleri ve yer degistirmeleri incelenmistir. Bu
calismanin sonuglari, patlatma kaynakli yer hareketinin, gdmme betonarme dikdortgen su deposunu énemli
derecede etkiledigini gostermektedir.

Anahtar Kelimeler: gomme betonarme dikdértgen su deposu, patlatma kaynakl yer hareketi, sonlu elemanlar
yontemi, modal analiz, sok tepki spektrumu analizi

*Corresponding Author: Erdem Turkeli e erdemturkeli@odu.edu.tr
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Introduction

The tunneling process for major technical projects like dams, roads, railroads, and underground
infrastructure now inevitably involves blasting. To get materials from quarries for those mentioned
constructions as well as for all other construction purposes, blasting activity is also executed. Because
of this, as technology advances, blasting is more preferred in civil engineering applications. For the
majority of structures that are proposed to be built, a blasting study must be designed and carried out.
Prior to blasting, the location of the blasting center and the impact on existing structures must be taken
into account. It is possible to predict how blasting may impact dwelling regions' structures with early
planning. As previously mentioned, blasting offers time and cost savings in the majority of civil
engineering applications. However, blasting has a lot of drawbacks in addition to its advantages.
Negative impacts include air shock, ground displacement, and the ejection of natural materials (rock
particles, ground particles) during the blasting process. Ground motion, one of blasting's adverse
impacts, was investigated in this study. Damage to a masonry structure and the ground caused by
blast-induced ground motion can be seen in Figure 1 (Kdksal & Karaca, 2018).

Figure 1. Damages Resulted From Blasting-Induced Ground Displacement (Kéksal & Karaca, 2018)

In the technical literature, there are many studies dealing with effect of blast-induced ground motion
on the structures. Wu and Hao (2005) formulated simultaneous air blast and ground shock forces that
are readily applicable to structural response analysis of adjacent structures. Wu et al. (2005) analyzed
the damage and 3D dynamic response of masonry and masonry-infilled RC frame structures to ground
excitations caused by blasting. Lu and Wang (2006) described the structural effects of above-ground
explosions, emphasizing the relative significance of global dynamic response and localized damage on
the overall behavior of a structural system, as well as the role of ground vibration in the process.
Ozmen (2006) demonstrated the effects of blast-induced and earthquake-induced ground motions on
structural systems that have two and multiple degrees of freedom and utilized the finite element
method to calculate the acceleration-time changes of ground vibrations caused from different
explosives. In order to establish safe ground vibration levels for residential buildings and other
structures in mining zones, Singh and Roy (2010) explained the impact of blast-induced ground
vibration on the potential for damage to residential structures. Hao and Zhou (2011) predicted the
reaction of stiff structures to ground shock numerically and theoretically. Kéksal and Karaca (2020)
investigated how blast-induced ground motion affected the RC retaining walls' dynamic response.
Moghadam et al. (2022) studied the explosion effect, splash waves and water surface tension on the
walls of above-ground cylindrical RC water storage tanks. Raikar and Kangda (2024) intended to
implement passive control techniques in the form of fluid viscous dampers in order to counteract blast-
prone ground vibrations and lessen the possibility of damage to water tank structures. Alipour et al.
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(2025) investigated the blast effect on hoop stresses and displacements created on the wall of over-
ground RC water tanks by using ABAQUS software.

Material and Method

Blast-Induced Ground Motion Modelling

Examining blasting-induced ground motions reveals that they are exceptionally frequent and transient.
The behavior of these ground motions is influenced by numerous factors. These criteria include the
explosive weight, blast center depth, vertical distance between the center and the structure, and the
geotechnical characteristics of the rock and ground.

Investigations into the impacts of earthquake-induced ground motion on buildings are ongoing both
nationally and internationally. Either historical earthquake records or artificial earthquake records are
used in these studies' dynamic analyses. Researchers additionally draw close attention to how existing
structures are affected by ground movements brought on by blasting, which is widely used nowadays.
Therefore, just as dynamic analysis of structures performed for earthquakes, dynamic calculations for
blasting must be conducted carefully. The recessed rectangular RC water tank is located vertically R
away from the blasting center in Figure 2.

Charge center Water tank
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Figure 2. The RC Water Tank at a Perpendicular Distance R From The Blasting Center, The TNT
Explosive, and The Blasting Center

P

The vertical distance to the explosion center, the peak acceleration value based on the explosive
weight, and the blast pressure time envelope curve can all be used to model blast-induced ground
motion (Wu & Hao, 2005). The non-stationary random process approach can be used to develop a
model of ground motion caused by blasts Ruiz and Penzien (1969). To estimate ground motion
acceleration values that characterize blast-induced ground motion, a software program known as
BlastGM (Artificial Generation of Blast Induced Ground Motion) has been developed by Kdksal (2013).
The weight of the explosive and the distance perpendicular to the blast center are used to create
artificial acceleration values. It is also possible to acquire velocity, displacement, and blast pressure
values that vary with time.

In this study, direct effect ground motion was represented using empirical equations derived from
earlier field studies. Time-dependent acceleration recordings of granite soil are produced by using
Equation 1 to express direct impact ground motion Wu and Hao (2005).

PPA =3.979-R™1% - QM (g) (1)

where PPA is the maximum particle acceleration, R is the vertical distance from the blast center (m),
Q is the weight of the TNT explosive (kg), g=9.81 m/s? is the acceleration of gravity.
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The weight of the explosive, the vertical distance from the explosion center, and the ground
characteristics can all be taken into consideration when calculating the maximum accelerations of
direct effect ground motions using Equation 1. Acceleration-time values that indicate ground motion
are essential for the dynamic analysis of many civil engineering structures. However, for safety and
economic reasons, conducting the required experimental research for blasting presents certain
challenges. Therefore, it becomes necessary to create blast-induced ground motions artificially when
it is needed to investigate the impact of such motions on structures. In this study, the developed
software was used to artificially obtain acceleration-time values that can be considered in situations
where the dynamic effects of blasting cannot always be determined experimentally.

Ground motion caused by blasts is modelled using the non-stationary random process approach. The
deterministic shape function (time density envelope function) p(t) and stationary process wi(t)
parameters are used in this method to compute ground motion acceleration values (Ruiz & Penzien,
1969). Equation 2 was also used to express blast-induced non-stationary ground motion (Amin and
Ang, 1968).

ap(t) = p(t) - w(t) (2)

In earthquake engineering, the shape function is utilized to identify the non-stationary aspect of
seismic ground vibration in terms of timing. The Hilbert transformation yields the shape function for
Equation 2 (Kanasewich, 1981). Likewise, the envelope of blast-induced ground motions can be
exponentially modelled by this shape function. Equation 3 provides an expression for this function (Wu
and Hao, 2005).

0 t<0
PO ={ e = 3)

The non-stationary aspect of ground motion is associated with the parameters m and n. t, determines
the parameters m and n, while e is the natural logarithm. The acceleration from t, to its highest value
is measured by time t, (Wu & Hao, 2005).

t, =+/1/2n (4)

m =+2ne (5)

Equation 6 can be used to quickly figure out the arrival time of the vibration wave to a place on the
surface that is R from the blast center based on the conducted experiments (Wu & Hao, 2005).

t, = 0.91-R103. (=002 /¢ (6)

The P wave velocity of granite soil is denoted by c;. Equation 7 provides the empirical relation for the
predicted time t, (Wu and Hao, 2005).

t,=51-10"%- Q%7 - (R/QY/3)*81 =51-10~*- RO81 (s) (7)

It is evident that t, solely depends on the distance R. The ground motion wave's duration is a crucial
factor that influences the structural effect. The tremor wave duration in this study is defined as tg,
which is obtained using Equation 8.

ta=t—t, (8)

A damped single-degree-of-freedom linear system, represented by the undamped angular frequency
wo and damping ratio &, is used to approximate the ground layer's filter effect. a,(t) ground motion
acceleration is obtained by solving Equations 9 and 10 (Ruiz & Penzien, 1969).

7428 woZ+wy-z=—ap(t) (9)
ag(t) = =28 wy 2+ wf§ -z (10)

Obtaining Blasting Pressure and Ground Motion with BlastGM Software

In order to create artificial ground motion and blast pressure, a software named BlastGM has been
created using the MATLAB programming language (Amin & Ang, 1968; Kanasewich, 1981; Koksal, 2013;
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MATLAB, 2012). By entering the explosive weight, time step, and ground type (damping ratio, seismic
velocity), this software creates artificial ground motion from blasting using Equations 1-10. The
software is compatible with SI and American unit systems, as well as Turkish and English languages.
Figure 3 displays the information entry, and Figure 4 also displays the software's flow diagram.

& Input Data
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Figure 3. Screenshots of the BlastGM Software Login Details
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Figure 4. BlastGM Software Flow Diagram
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Obtaining the Shock Response Spectrum

In the early 1960s, Shock Response Spectrum (SRS) analysis became a standard data processing
technique. Assume that the base plate of a mechanical system with flexible mounting elements has
numerous small tools or other components, such as substructures, attached on it. Stiffness and
damping characteristics can be used to define it. The mechanical oscillator is a single-degree-of-
freedom (SDOF) system that is produced by the mass of that substructure. The fundamental natural
frequency and damping are the two primary parameters that show a SDOF system's free oscillation.
The definition of damping is based on numerous criteria. Nonetheless, the damping ratio is usually set
at a preset value as 5%. Equation 11 defines the spectrum of a damped shock response.

Sa = |w f ag(@e 5 Dsinw(t - 1)dr (11)

max

SA represents both the spectral acceleration and the change in the single-degree-of-freedom system's
fundamental acceleration with time (Tuma et al., 2011). Using the acceleration-time values derived
from the solution of Equations 9 and 10, the response spectrum of blast-induced ground motion is
determined. BlastGM software, which was created using the MATLAB program, was used to determine
the acceleration-time values of blast-induced ground motion (Koksal, 2013). The Kelly-Richman
technique (Kelly & Richman, 1971) was used to convert these acceleration data into values for the
shock response spectrum. The BlastGM software's information inputs and the generated acceleration
spectrum-frequency graph are displayed in Figure 5 (Irvine, 2013).
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Figure 5. Login Information and Shock Spectrum Graph Screenshots in Blastgm Software

Dynamic Analysis of Recessed Reinforced Concrete Rectangular Water Tank

The primary food source for people and other living things, water, is becoming less and more
contaminated as the population grows. Since the beginning of history, humans have needed to
conserve water. Our source of life, water, is the first thing that those individuals demand when
unfavorable events like earthquakes, floods, fires, explosions, and epidemics occur. Clean drinking
water must therefore be acquired in compliance with regulations and properly kept. To deliver the
required pressure in the network, recessed RC rectangular water tanks have been built at elevated
locations near city centers. In Turkey, State Hydraulic Works, Provincial Banks, Special Provincial
Administrations and Municipalities use the typical projects of these tanks. The dynamic analyses of a
100 m? recessed RC rectangular water tank with two compartments under the influence of blast-
induced ground motion was considered in this study. Figure 6 displays the cited tank's cross-section,
actual view and FEM.
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Figure 6. (a) Cross-section of the Tank (b) Actual View and (c) FEM.

BlastGM software was used to acquire these three ground motions resulting from blasting, which was
supposed to have taken place on stiff soil using 100 kg, 500 kg, and 1000 kg TNT explosives at a distance
of 40 m. using the above cited software, distinct response spectra for these ground motions were
acquired. Only the x direction's response spectra were taken into account. Additionally, using the
software mentioned above, pressure variations brought on by blasting and a typical time envelope
function of blasting are depicted in Figures 7a and 7b, respectively.
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Figure 7. (a) Blasting Pressure Graph and (b) Time Envelope Function of Blast-Induced Ground Motion

Figure 8 displays the artificially produced time-dependent horizontal acceleration graph for 100, 500,
and 1000 kg of TNT at a distance of 40 meters from the blast center using the BlastGM software.
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Figure 8. Horizontal Velocity-Time, Acceleration-Time and Displacement-Time Graphs Produced for
100Kg, 500Kg and 1000Kg TNT at a Distance of 40m from the Blast Center

At 40 meters from the blast center, Figure 9 displays the acceleration spectrum-frequency graph that
was produced artificially using the BlastGM software for 100, 500, and 1000 kg of TNT.
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Figure 9. Acceleration Spectrum-Frequency Graphs Generated for TNT Weighing 100, 500, and 1000
Kg at a Distance of 40 Meters from the Blasting Center

The initial case involved modelling the tank using finite elements in ANSYS (ANSYS, 2024) software,
fully empty and without accounting for soil thrust. Modal analysis was utilized to determine the tank's
frequency ranges. The response spectrum analysis was performed with consideration for the obtained
frequency ranges, and the highest horizontal displacements and stresses were analyzed. In the second
scenario, the same analyses mentioned above were conducted again, but this time the tank was full of
water and no soil thrust was taken into consideration. The tank's dimensions are height 3.90m, width
5.60m, and width 7.60m. The cited tank has a C25 concrete class with RC load carrying system.
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ANSYS (ANSYS, 2024) software was used to model the recessed RC rectangular water tank using the
finite element approach, as seen in Figure 6¢. SOLID finite elements were used to simulate RC walls,
floors, and foundations in the ANSYS (ANSYS, 2024) program, FLUID finite elements were used to
describe water, and CONTACT elements were used to model structure-fluid interaction. It is expected
that the stated tank has a built-in support that connects it to the stiff soil, which is considered to be
homogeneous. The behavior of 3D SOLID elements was quadratic displacement. At every node, these
elements possess three degrees of freedom. There are 45148 nodes and 5798 solid finite elements in
the FEM, with a 200 mm solid element mesh selected. Table 1 provides information on the
characteristics of the materials utilized in the analysis. It is assumed that the bulk modulus of water is
2.07 GPa and its density is 1000 kg/m?3.

Table 1. Material Properties

Material Modulus of Elasticity (GPa) Poisson’s Ratio Density (kg/m?3)
Reinforced Concrete 30 0.2 2400

ANSYS software was used for performing modal analysis of the cited tank in the empty state. The modal
analysis revealed that the shapes of the 1%, 2" and 3™ modes were in agreement with the literature
(Koksal and Karaca, 2018; Koksal et al., 2023). The outcomes are displayed in Figure 10 and Table 2.

Table 2. First Three Frequencies of the Cited Recessed RC Rectangular Tank

Frequency
Mode (H2)
1 57.917
63.366
3 69.424

Frequency:
Unit: m

3.0.2025 0838
0.015856 Max

0.014094
0.012332
0.01057
0.0086086
0.0070469
0.0052652
0.0035235
0.0017617
0 Min

Figure 10. (a) 1°* Mode Shape of the Empty Tank - f; = 57.917Hz, (b) 2"¢ Mode Shape - f, = 63.366Hz
and (c) 3" Mode Shape - f; = 69.424Hz

Response spectrum analyses were performed for ground motion at R = 40m using Q = 100kg, 500kg,
and 1000kg TNT explosives following the modal analysis previously described. The findings from these
analyses based on the tank's empty and full states are displayed in Figures 11-12 and 13-14,
respectively.
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o 4.7335¢-5
- 3.7868e-5
2.8401e-5
1.8934e-5
9.467e-6
0 Min

0.00065979
0.00057731
0.00049484
0.00041237
—| 0.00032989
1 0.00024742
0.00016495
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Figure 11. Displacements (m) in x Direction for R=40m in Empty Condition (a) Q=100kg TNT (b)
Q=500kg TNT and (c) Q=1000kg TNT

Figure 12. Von Mises Stresses (Pa) for R=40m in Empty Condition (a) Q=100kg TNT (b) Q=500kg TNT
and (c) Q=1000kg TNT
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1

0.00011357
0Min

Figure 13. Displacements (m) in x Direction for R=40m in Full Condition (a) Q=100kg TNT (b) Q=500kg
TNT and (c) Q=1000kg TNT

1251.4 Min

Figure 14. Von Mises Stresses (Pa) for R=40m in Empty Condition (a) Q=100kg TNT (b) Q=500kg TNT
and (c) Q=1000kg TNT

Findings and Discussion

The blast induced ground motion effect on the recessed RC rectangular water tank model was analyzed
with a total of six analyses with 100kg, 500kg and 1000kg TNT explosives at a distance of 40m for empty
and full cases. As the analyses’ results are analyzed, it is seen that when the tank is empty, the
maximum displacement for Q=100kg, 500kg and 1000kg TNT are 0.00013254m, 0.00017276m and
0.0011546m, respectively. The maximum displacement for the full case at Q=100kg, 500kg and 1000kg
TNT are 0.0001395m, 0.00022113m and 0.00159m. It can be clearly seen that for all weights of TNT,
the maximum displacements occurred in full case are greater than the ones occurred in empty case.
Also, for the empty and full cases considered, the von Mises stresses caused by the blast-induced
ground motion with explosive weights of 100kg, 500kg and 1000kg were obtained. It is clearly seen
from the Figures 12 and 14 that these stresses are obtained from the top of the foundation. For empty
case, the maximum Von Mises stresses for 100kg, 500kg and 1000kg TNT are 0.73MPa, 0.95MPa and
6.3MPa, respectively. Moreover, for the full case considered, the maximum Von Mises stresses for
100kg, 500kg and 1000kg TNT are 1.52MPa, 2.40MPa and 17.28MPa, respectively. It can be clearly
deducted from the results of the von Mises stress analyses that the maximum stress values obtained
for the full case are approximately two times of the values obtained for the empty case.
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Conclusions and Recommendations

In this study, dynamic structural analysis of a recessed RC rectangular water tank under the blast-
induced ground motion (at 100kg, 500kg and 1000kg TNT weights) was performed for empty and full
cases. The following conclusions can be drawn from the study.

Blasting on or close to the earth's surface releases an extensive amount of energy during the process
that creates both direct-induced and air shock-induced ground motion. This study addresses ground
motion caused by direct-induced ground motion caused by blasting. This ground motion is represented
by utilizing Non-stationary Random Process method. Stiff soil experiments were used for investigating
artificial ground motions. The BlastGM program was used to determine the blast's acceleration
spectrum values with the help of the peak accelerations obtained during the experimental
investigations. ANSYS software was used to model the cited tank using the Finite Element Method.
Then, modal analysis and the related response spectrum analysis of the cited RC tank for different
weights of TNT were performed. As a result of these dynamic analyses, it was determined that the
maximum displacements of the full case of the cited tank increased by 5.25% for Q=100kg, 27.99% for
Q=500kg and 37.71% for Q=1000kg compared to the empty case. Similarly, von Mises stresses of the
full case increased by 108.22% for Q=100kg, 152.63% for Q=500kg and 174.28% for Q=1000kg
compared to the empty case.

Moreover, the amount of explosive affected the maximum displacements and von Mises stresses. For
the empty case, it can be clearly seen that the maximum displacements increase by 30.34% as the
amount of explosive increases by 5 times and 771.13% as the amount of explosive increases by 10
times. Similarly, for the full case, the displacements increases by 58.52% as the amount of explosive
increases by 5 times and 1030.79% as the amount of explosive increases by 10 times. The von Mises
stresses for the empty case increase by 30.14% as the amount of explosive increases by 5 times and
763.01% as the amount of explosive increases by 10 times. In full case, the von Mises stresses increase
by 57.89% as the amount of explosive increases by 5 times and 1036.84% as the amount of explosive
increases by 10 times.

It can be deducted from the above findings when blasting processes are carried out close to water
tanks, the case that the tank is full has the maximum displacements and von Mises stresses. Therefore,
in addition to earthquakes, blast-induced effects on water tanks should be considered in the design
phase in order to prevent local or fatal damages when displacements and stresses exceed the limit
values. The findings in this study belong to one specific RC rectangular water tank under specified TNT
weights. In order to generalize the results, different tanks should be analyzed under different amount
of TNT weights.
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Abstract

Falls and their consequences pose significant health problems affecting individuals of various age groups. Aging
individuals are generally weaker, less stable, and slower to react, increasing the likelihood of falls and injuries.
Falls are a serious concern, have a significant impact on mobility and quality of life. They also have a significant
financial impact on healthcare systems worldwide. The effects of a fall can range from minor bruises, injuries,
life-threatening fractures, and even fatal conditions. For these reasons, continuous monitoring of the activities
of elderly and disabled people has become one of the main goals of telemedicine, and wearable devices have
become widespread. The main goal of this study is to develop a system that allows for precise and automatic
detection and monitoring of falls. This approach will generate timely alerts and notifications to quickly inform
caregivers or medical doctors. The system created in the study is expandable and can add a large number of
sensors. The data transferred from the IMU sensors placed on the patient to the Raspberry Pi is evaluated by
software. A fall perception is created when sudden changes occur from the values determined as normal posture
levels. Bending and falling are separated. Taking this into account, various falling variations are detected.

Keywords: elderly people, fall detection, remote patient monitoring, IMU sensor, Raspberry Pi

IMU Sensor Tabanh Genigletilebilir Diisme Tespit Sistemi Tasarimi
0z

Dusmeler ve sonuglari, gesitli yas gruplarindaki bireyleri etkileyen 6énemli saghk sorunlarini ortaya cikartir.
Yaslanan bireyler genellikle daha gli¢siiz, daha dengesizdir ve daha yavas tepki verirler, bu da diisme ve yaralanma
olasiliklarini artirir. Disme ciddi bir endise kaynagidir, hareket ve yasam kalitesi Gzerinde 6nemli bir etkiye
sahiptir. Ayrica diinya ¢capinda saglik sistemleri tizerinde 6nemli bir finansal etkiye sahiptir. Bir dlismenin etkisi,
kiicik morluklar, yaralanmalar, hayati zorlastiran kiriklar ve hatta 6liimcil olabilen durumlara kadar degisebilir.
Bu nedenlerle yash ve engelli kisilerin aktivitelerinin sirekli olarak izlenmesi tele-tibbin temel amaglarindan biri
haline gelmis ve giyilebilir cihazlar yayginlasmistir. Bu ¢alismanin temel amaci, digsme durumlarinin hassas ve
otomatik olarak algilanmasina ve izlenmesine imkan taniyan bir sistem gelistirmektir. Bu yaklagim, bakicilari veya
tip doktorlarini hizli bir sekilde bilgilendirmek ig¢in zamaninda uyarilar ve bildirimler trretecektir. Calismada
olusturulan sistem, gelistirilebilir Ozellikte olup ¢ok sayida sensor eklenebilmektedir. Hastanin (zerine
yerlestirilen IMU sensorlerden, Raspberry Pi'ye aktarilan veriler yazilimla degerlendirilmektedir. Normal durus
seviyeleri olarak belirlenen degerlerden ani degisiklikler meydana geldiginde diisme algisi olusturulur. Egilme ve
dismeler ayristirilir. Bu durum goz 6niine alinarak gesitli disme varyasyonlari tespit edilir.

Anahtar Kelimeler: yasli insanlar, diisme tespiti, uzaktan hasta izleme, IMU sensor, Raspberry Pi
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Introduction

Up to 30% of people over the age of 60 are at risk of falling. This can lead to injuries, worsening of pre-
existing conditions, and even death (Cedeno-Moreno et al., 2024). It causes serious injuries, especially
when the person who falls remains on the ground for a long time without assistance (Zurbuchen et al.,
2021). Elderly and frail patients have difficulty walking and are at higher risk of falling (Ruiz-Ruiz et al.,
2021). The lack of appropriate care support for elderly people living alone increases the risk of falls
(Seneviratne et al., 2024; Mohan et al., 2024). In the last few years, automated systems have emerged
to monitor people and improve their quality of life (Galvao et al., 2021; Seneviratne et al., 2024;
Santiago et al., 2017). Such e-health technologies are of critical importance, especially for the care of
elderly people living alone (Mohan et al., 2024). Early intervention for people who have fallen is
important to eliminate the leading cause of death and disability in older adults. Developed warning
systems reduce the costs of falls to healthcare systems (Qian et al., 2022; Nooruddin et al., 2022; Xueyi
et al.,, 2020; Villa et al., 2024). The systems facilitate access to patient data and provide high-quality
care at low costs (Malche et al., 2022). It reduces the risk of loss of life, injury, and related healthcare
expenses by quickly transporting individuals who have fallen to emergency services (Gharghan et al,
2024).

Fall risk assessment and fall detection are crucial for preventing adverse and long-term health
outcomes (Sophini et al., 2022). Monitoring falls to assess fall risk in daily life can provide important
information to prevent future falls (Ferreira et al., 2022; Kim et al., 2022; Xiaoqun et al., 2021). It is
thought that the information necessary to address the risk of falls in advance can be obtained by
monitoring near-fall situations (Kim et al., 2022). In the context of sitting-to-standing transitions,
sitting-to-standing transition tests are performed on subjects. Thus, non-invasive tools are developed
to assess the risk of postural instability, contributing to fall prevention efforts (Lee et al., 2025).
Wearable sensor systems are used to assess fall risk and detect falls, while also providing additional
information on gait characteristics such as stride duration and walking speed (Ruiz-Ruiz et al., 2021;
Sophini et al., 2022). Thus, it is possible to automatically identify abnormal gait (Chen et al., 2022). The
large-scale dataset and benchmark algorithms created can provide valuable data and references for
researchers and practitioners to develop new technologies and strategies for pre-impact fall detection
and proactive injury prevention for the elderly (Xiaoqun et al., 2021).

There are differences in detection methods, system architecture, wireless communications, sensor
types, performance measurements, difficulties and limitations among existing fall detection systems
(Gharghan et al., 2024; Abdulmalek et al., 2022). Fall risk assessment methods performed in the
scientific literature using wearable sensors are versatile (Ferreira et al., 2022). Devices consist of
sensors combined with other components. These components are usually: transistors, resistors,
capacitors, relays, buzzer, integrated circuits to detect falls and transmit information to emergency
caregivers, and various alert mechanisms (Archibald et al., 2024). A fall detection system that monitors
an older adult in real time has two main components: a wearable device and a mobile phone. When
the wearable device detects a fall, the mobile phone sends an alert to emergency contacts defined by
the user (Santiago et al., 2017). Fall detection systems are divided into two main categories in terms
of sensor density: single-sensor and multi-sensor-based fall detection systems. While single-sensor-
based systems mostly detect falls accurately, multi-sensor-based systems are more sensitive
(Nooruddin et al., 2022). Combining multiple sensor signals increases the robustness of fall detection
systems, while producing higher accuracy and fewer false alarms (Xueyi et al., 2020; Xefteris et al.,
2021). Wearable systems have been developed by combining sensors, sensor fusion, and combining
several types of sensors (Fula et al., 2024; Ruiz-Ruiz et al., 2021; Xueyi et al., 2020; Yu et al., 2021;
Nahian et al., 2021).

Some systems consist of Inertial Measurement Unit (IMU) devices that provide an embedded
algorithm and real-time fall detection (Fernandez-Bermejo et al., 2024). A single IMU device worn on
the waist is used to obtain acceleration and angular velocity signals using accelerometer and gyroscope
sensors (Kim et al., 2022). IMUs are wearable devices that are an excellent option for analyzing human
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gait parameters in health monitoring applications due to their accuracy, portability, and low price.
Different IMU-based methods have been developed to analyze gait parameters to assess the risk of
weakness or falls (Ruiz-Ruiz et al., 2021). Commonly used IMUs can be placed at various locations on
the body (waist, ankle, foot, etc.) to obtain motion data that can be better analyzed and interpreted.
In addition, pressure sensor data placed under the sole of the foot is also added to the systems (Garcia
et al., 2022; Sophini et al., 2022). Systems are being designed that collect data using low-energy and
inconspicuous sensors attached to patients' bodies and beds, and transmit it by connecting to a smart
gateway. These systems can transfer data to an electronic health record system. Thus, healthcare
professionals can easily access relevant patient data (Fama et al., 2022).

The rapid development of sensor networks, the Internet of Things (IoT), machine learning (ML), and
artificial intelligence techniques (Al), including deep learning (DL) models, has led to the emergence of
healthcare systems that monitor patients remotely. These developments have paved the way for real-
time, accurate, and rapid detection of fall accidents in elderly patients (Abdulmalek et al., 2022; Karar
etal., 2022; Xefteris et al., 2021; Vimal et al., 2021; Zhang et al., 2024). The emergence of technological
developments such as artificial intelligence, the Internet of Things, wearable devices, and smartphones
make it possible to design fall detection systems for smart home care (Vaiyapuri et al., 2021). loT-based
systems are proposed to detect falls in elderly people indoors using low-power wireless sensing
networks, big data, cloud computing, and smart devices (Kulurkar et al., 2023). To achieve high
efficiency in fall detection, the data read from the sensors are processed and analyzed. If a fall is
detected, an alert is generated and the system automatically responds by sending notifications to the
groups responsible for the care of elderly people (Yacchirema et al., 2018). The systems also include a
user interface for healthcare professionals developed based on cloud technology and server-client
architecture (Qian et al., 2022). Al-loT technology has been developed by combining the Internet of
Things and Artificial Intelligence with other emerging technologies. It is envisaged that such systems
will be the best solution for fall prevention in real-time and long-term monitoring without human
intervention (Mohan et al., 2024). Most researchers use their own datasets to develop fall detection
algorithms (Xiaoqun et al., 2021). Machine learning models are used to monitor the patient's activities
such as running, sleeping, walking, and exercise, as well as vital signs such as body temperature, heart
rate, and breathing patterns (Malche et al., 2022; Yu et al., 2021). Artificial intelligence techniques
including machine learning and deep learning methods are used to detect elderly falls (Gharghan et
al., 2024). Deep learning models combine sensors such as pressure sensors, three-axis gyroscopes, and
three-axis accelerometers. Such real-time systems can classify activities performed as falls or daily
living activities (Campanella et al., 2024; Galvao et al., 2021; Zurbuchen et al., 2021; Nahian et al.,
2021). Artificial intelligence-based deep convolutional neural networks are used to analyze the cause
of falls (Zhang et al., 2024; Vimal et al., 2021). To determine the applicability of computer vision and
machine learning computation in distinguishing different gait patterns associated with falls from level
ground (Chen et al., 2022).

To define a robust and reliable method, sensor fusion and multi-point measurements are required.
Therefore, in order to avoid false alarms, it may be necessary to combine the analysis of signals
captured by the smartwatch with signals collected by another low-power sensor placed at a point
closer to the body's center of gravity (e.g., waist) (Gonzalez-Canete et al., 2021). The availability of
different sensor types such as gyroscopes and accelerometers in smartwatches is a step towards
realizing successful Fall Detection Systems (FDS) (Karar et al., 2022). In addition, smartwatch-based Fall
Detection Systems are becoming widespread due to their widespread acceptance, ergonomics, and
low cost (Gonzalez-Canete et al., 2021). In other designs, technologies that combine IMUs with Hearing
Aids (HA) are being developed. Hearing aids are being transformed into hearing, headphones, and fall
detection technologies with embedded sensors and artificial intelligence methods (Steenerson et al.,
2025).

Night monitoring systems are being developed to provide a safe environment for the elderly and to
relieve caregiver burden. Remote sensors placed in spaces are used for such systems. In addition,
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pressure sensors and infrared fence systems have been designed for bed-exit scenarios (Cheung et al.,
2021). Non-contact radar systems are also being created to detect elderly falls (Arnaoutoglou et al.,
2024). Fall detection robots have been developed to reduce the risk of falls. The robot can detect three
basic types of falls: slipping, tripping, and fainting (Seneviratne et al., 2024). Wearable device-based
fall detection systems use wireless transmission methods for data transmission. Short-range
technologies such as Bluetooth or network connections such as LPWAN interfaces are used (Villa et al.,
2024).

One of the most important problems in fall detection systems based on wearable devices is that the
fall motion is simulated under unrealistic conditions. For this reason, a large number of datasets
containing acceleration samples captured during the emulation of falls and ordinary movements are
obtained and artificial intelligence algorithms are trained with this data. Thus, the designed systems
can distinguish real falls from daily activity movements (Silva et al., 2024, Fula et al., 2024). Human fall
motions are captured with multiple cameras to create skeletal models with modeling software and
human motions are created (Tang et al., 2024).

In our study, an IMU sensor-based extensible patient monitoring system was developed using
Raspberry Pi-4 as a control unit. Fall detection was performed using two sensors in the prototype. By
evaluating the positions of the sensors; bending, walking and falling were detected. The system was
designed to communicate with a large number of sensors. The situations are directed to the specified
persons via SMS.

Material and Method

In the fall detection system we designed; motion information coming from IMU sensors placed on
various parts of the body is evaluated using a single Raspbery PI. 12C Multiplexer is used to select the
sensors, thus creating a system that can connect 64 sensors. In the first application, two sensors are
used to evaluate the operation of the system. However, while developing the system, the number of
sensors will be easily increased to evaluate the patient's movements in more detail and more sensitive
detections will be made by evaluating multiple sensor data. The scheme of the designed system is
shown in Figure 1. The detected situation is sent to the relevant persons as a short message using an
SMS service.
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Figure 1. Schematic of the Developed Fall Detection System
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Technology Used for the Designed System

Raspberry Pi: It runs a customized version of the Linux operating system. However, it also supports
other operating systems such as Ubuntu, Windows 10 loT Core, and RISC OS. Raspberry Pi supports
many programming languages such as Python and Scratch as the main programming languages. There
are many different operating systems and programming languages that you can run on Raspberry Pi.
It is affordable, low-power, small-sized, and accessible. Raspberry Pi, shown in Figure 2, is a Single
Board Computer. It can expand its capabilities with various add-on cards and accessories such as
cameras, screens, and sensors. Raspberry Pi; It can be used in many areas such as simple coding
exercises, home automation, web server, file server, healthcare, and automotive. Electric motor
control, IP camera design, LED applications, robotic projects, device on and off projects can be done.
It can turn into a computer with a keyboard, screen, and a mouse. Raspberry Pi is an ideal platform for
loT projects. Despite its small size, it is quite powerful and has a wide range of processor, memory, and
storage options (Raspberry Pi OS, 2025).

Figure 2. Raspberry Pi-4 (Raspberry Pi OS, 2025)

IMU Sensor: Inertial Measurement Unit (IMU) is a sensor that combines multiple sensors including
accelerometer, gyroscope and magnetometer to measure orientation, velocity and gravitational
forces. IMUs are used to determine the motion and orientation of an object in 3D space. The 10DOF
IMU sensor card, which includes a 3-axis gyroscope, accelerometer, magnetometer and BMP10
barometric pressure sensor, is shown in Figure 3. Using the 12C serial communication interface, all
connections can be established with the microcontroller without requiring too many pins. (Inertial
measurement unit (IMU), 2025).

Figure 3. 10-DOF IMU (MPU-9255) Sensor Board [Inertial Measurement Unit (IMU), 2025[.

When installed inside a robot, the IMU can measure various factors such as the robot’s speed,
acceleration, direction, angular rate, inclination, and orientation. In the case of a magnetometer, the
IMU can also measure the magnetic fields surrounding the robot. It helps with the robot’s GPS
positioning systems. Each component in the IMU is responsible for measuring different parameters.
Accelerometer: Measures speed and acceleration. Gyroscope: Measures degrees of rotation and rate
of rotation. Magnetometer: Measures magnetic fields and determines direction. Figure 4 shows the
data measured by the IMU sensor.
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Figure 4. Measurement Parameters within the 10-DoF IMU (Robotics for Beginners, 2021).

12C Multiplexer (TCA9548A): The 12C Multiplexer circuit board shown in Figure 5 is designed to use
multiple devices (up to 8) using the same address. If there are 2 or more devices (sensors) with the
same address, it will be possible to use these devices together with the multiplexer circuit. The
multiplexer acts as a gatekeeper. It brings and takes commands in the 12C set selected by the applied
command. The multiplexer itself comes at the I12C address (0x70) as standard. It can be placed between
(0x70-0x77) to reach different MUX devices with I12C. The integrated circuit works in the (3.3V-5V) logic
signal range. Dimensions: 30.6mm x 17.6mm x 2.7mm and weight: 1.8gr (TCA9548A datasheet, 2024).

Figure 5. 12C Multiplexer (TCA9548A) (TCA9548A 12C Multiplexer, 2025)

In our study, the address selection lines of the MUX (AO Al A2) are connected to the ground (000) and
the MUX is placed at address (0x70). In order to increase the number of accessible sensor-like devices
in the system, 8 separate addresses can be created between (0x70)-(0x77) with the codes (000)2-
(111)2, as shown in Table 1., 8 different MUX devices can be used by changing these addresses.

Table 1. MUX Address Change

>
o
>
[y
>
N

Address
0x70
0x71
0x72
0x73
0x74
0x75
0x76
0x77

P P, R, P OOOO
P P, OOFRF OO
P OFRPRORFR OO

Fall Detection Method

Raspberry Pi-4 was determined as the control unit of the created system. Raspberry Pi-4 was used to
detect the change data from IMU sensors and to run the software required to detect falls. IMU sensors
measure movement and orientation and transmit it directly to Raspberry Pi-4. When the person
wearing the wearable system moves or falls, the IMU sensor detects changes in acceleration and
orientation and transmits it to Raspberry Pi-4 for analysis. This setup allowed Raspberry Pi-4 to receive
real-time data from IMU sensors. Our study tested the two-sensor system.
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The analysis software loaded onto the Raspberry Pi-4 was created in Python. In order to start reading
sensor data, communication was established with the MPU-9255 IMU sensors via the microcomputer's
12C interface. The read sensor data (acceleration and gyroscope values) was adjusted to provide
accurate measurements, thus increasing the reliability of fall detection. The created software
calculates the Amplitude Vector (AM) representing the overall movement intensity using the
accelerometer data. As shown in Figure 6, one of the IMUs is connected to the waist and the other to
the upper leg. The system distinguishes walking, bending and falling. The number of sensors in the
expandable system can be increased up to 64. Various combinations of sensor changes to be placed in
different parts of the body will provide much more accurate fall detection.

Figure 6. Location of Sensors

Circuit Connection Diagram

A connection can be established with Rasppery Pi-4 via I12C. The data lines coming to each MUX input
(SDO..SD7) are connected to the sensor (SDA) line by looking at the command sent. The code sent from
the SCL line determines which line the data will be sent. With this selection, Rasppery Pi-4; SDA, SCL
lines are connected to the SDA, SCL lines of the desired IMU sensor. The circuit connection diagram
and its application on the board are shown in Figures-7 and 8. The IMU sensor is connected to the
microcomputer system via "GPIO pins" (General Purpose Input/Output pins). SDO, SCO sends a
command, channel-0 becomes active (sensor-1) is read. Similarly, for SD1 and SC1; channel-1 becomes
active (sensor-2) is read.

bus.write_byte(0x70, 0b00000000) - Channel 0 (Sensor 1) is activated.
bus.write_byte(0x70, 0b00000010) - Channel 1 (Sensor 2) is activated.
bus.write_byte(0x70, 0b00000111) - Channel 7 (Sensor 8) is activated.

The first part of the code sent selects the MUX address. The second part activates the channels. If new
sensors were added to the system with more than one MUX, the following commands would be used.

bus.write_byte(0x71, 0b00000000) - 2.MUX, Channel-0 is activated.
bus.write_byte(0x72, 0b00000011) - 3.MUX, Channel-3 is activated.
bus.write_byte(0x77, 0b00000101) - 8.MUX, Channel-5 is activated.

Figure 7 shows the circuit connection diagram of the expandable system.
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Figure 7. Circuit Connection Diagram of the Expandable Fall Detection System

Figure 8 shows the circuit connection of the two IMU sensor fall detection system.

Multiplexer
PCA9548A

MPU9255

MPU9255

Figure 8. Circuit Connection of the Fall Detection System with Two IMU Sensors

Results

With the created software, the accelerometer and gyroscope values (x, y, z) coordinate data from IMU
sensors are normalized for processing. Then, the amplitude vector is calculated for three axes. A
decision is made about the patient's position according to the value ranges of the obtained result.

From the variables defined in the software;

triggerl; It is activated when the amplitude vector exceeds a lower threshold and shows a significant
movement.

trigger2; It is activated when a large change in direction is detected by the gyroscope indicating a
potential fall.
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trigger3; If trigger2 remains active for a certain period of time, it confirms a fall indicating a continuous
change in orientation. Based on the activation of trigger3, it detects a fall event indicating the
characteristic change in orientation associated with falls.

When a fall is detected, the system sends an SMS to inform caregivers or take preventive measures. A
message indicating the movement status is also created on the screen image during the operation of
the circuit. Example fall situations and messages are shown in Figure 9. Similarly, the message
generated on the computer screen for different states of the sensors and the SMS sent to the desired
person are seen. As a result of falls; "falling backwards, forwards, right, left detected" message is
generated.

Fall detected Forward

Fall detected to the right

account - [Sensor 2] Fall
detected: Right

12:59 PM

account - [Sensor 2] Fall
detected: Forward

12:40 PM

account - [Sensor 2] Fall
detected: Backward

12:40 PM

Figure 9. Examples of Situations where the "Patient has fallen" Message Occurs

Similarly, we perceive the left or right leaning from the X axis (ax) values. The situation of being below
or above a certain set value constitutes this evaluation. Z axis (az): Measures the forward and backward
leaning. The situation of being below or above a certain set value constitutes this evaluation. Examples
for leaning situations are shown in Figure 10.

Patient is tilting Patient is tilting to
the Left
PATIENT IS TILTING
FORWARD

Patient is tilting
to the Right

Figure 10. Bending Messages

Discussion, Conclusion and Recommendations

Many fall detection systems have been studied in the literature. Our study is an embedded system
software and sensor-based study. In the study, fall and bending detection was performed with two
IMU sensors. The designed system can be improved by adding many sensors. Bending and falling
situations are distinguished with two sensors. The detected situation is transmitted to the relevant
people via SMS. Detection accuracy will be improved by using more IMU sensors. As many sensors as
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necessary will be added for the most accurate detection. A more ergonomic, easy-to-carry system will
be designed. More sensitive fall detections will be made by adding more sensors to the system and
associating the sensors. A panic button that can be used to warn emergency persons in case the user
feels that there may be a fall will be added to the system. In addition, pressure sensors to be placed
under the floor will contribute to the detection sensitivity. System accuracy should be tested with real
fall situations. The portability of the developed system, when the sensors to be placed in certain places
of the leg, waist, back and chest are evaluated together; walking, sitting, bending movements can be
distinguished from falling actions. In addition, a pressure sensor to be placed under the sole of the foot
can be integrated into the same system and the accuracy of the system can be increased. When
compared to the studies in the literature, its most important difference is its flexibility. Fall detection
and notification are made without being too complicated. Although the detection accuracy of the
system is seen from the data received in response to the movements on the two-sensor prototype
applied. This analysis will be measurable after multiple sensor connections. It is planned to add new
hardware and analysis software to the developed system. The system will be developed with artificial
intelligence, machine learning and internet of things support over fall models with decision support
software.
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Abstract

This study examines the impact of GenAl (Generative Artificial Intelligence) supported application-based
learning on high school students' academic achievement and course perceptions in the programming
languages course. The study was conducted over six weeks with 77 10th-grade students in a public high
school. A quasi-experimental design was used, involving two experimental groups and one control group.
While one experimental group engaged in application-based activities under teacher guidance in class, the
other completed the same activities at out-of-class using ChatGPT prompts. The control group followed the
standard curriculum. Quantitative data were collected using an achievement test and course evaluation scale.
One-way ANOVA results indicated no statistically significant difference in academic achievement among the
groups. But the mean scores of the students in the experimental groups were higher than the control group.
Moreover, students in both experimental groups reported significantly more positive course perceptions
compared to the control group, particularly in the dimensions of course, instructor, and method-technique.
Furthermore, while a weak positive correlation was found between course perception and academic
achievement, it was not statistically significant. The findings highlight that although short-term academic gains
may not differ significantly, both in-class application-based activities and GenAl-supported out-of-class
activities enhance students’ perception of the course. The study underscores the potential of GenAl tools as
pedagogical aids in promoting active learning, especially when in-class application time is limited. It suggests
increasing the number of application-based course hours in the curriculum and emphasizes that, in cases
where this is not possible, GenAl-supported out-of-class activities can be considered as an alternative.

Keywords: application-based learning, generative artificial intelligence (GenAl), programming education,
course perception, academic achievement

Ders Zamani Yetmediginde: GenAl ile Uygulama Tabanl Ogrenmeye
Alternatif Bir Yol

Oz

Bu calismada GenAl (Uretken Yapay Zeka) destekli 6grenmenin lise &grencilerinin programlama dilleri
dersindeki akademik basarilarina ve ders algilarina etkisi incelenmektedir. Calisma, bir devlet lisesindeki 77
onuncu sinif dgrencisi ile alti hafta boyunca yiritilmustir. iki deney grubu ve bir kontrol grubunun yer aldig
yari deneysel bir tasarim kullanilmistir. Bir deney grubu, sinifta 6gretmen rehberliginde uygulamal
programlama etkinliklerine katilirken, digeri ayni etkinlikleri ChatGPT tarafindan olusturulan istemleri
kullanarak sinif disinda tamamlamistir. Kontrol grubu standart miifredati takip etmistir. Nicel veriler, bir basari
testi ve ders degerlendirme olgegi kullanilarak toplanmistir. Tek yonli ANOVA sonuglari, gruplar arasinda
akademik basarida istatistiksel olarak anlamli bir fark olmadigini gostermis olsa da deney grubundaki
ogrencilerin puanlari daha yuksektir. Ayrica, her iki deney grubundaki 6grenciler ders, 6gretmen ve yontem-
teknik boyutlarinda, kontrol grubuna kiyasla daha olumlu ders algisina sahiptir. Ders algisi ile akademik basari
arasinda anlamli olmayan zayif bir pozitif iliski bulunmustur. Bulgular, kisa vadeli akademik kazanimlarin
onemli Olglide farkhlik gbostermeyebilecegini vurgulasa da hem sinif igi etkinlilerin hem de GenAl destekli sinif
disi etkinliklerin 6grencilerin ders algisini gelistirdigini ortaya koymaktadir. Calisma, ozellikle sinifta igi
uygulama sdresi sinirh oldugunda, GenAl araglarinin aktif 6grenmeyi tesvik etmedeki pedagojik potansiyeline
isaret etmektedir. Bu baglamda bu galisma uygulama tabanli sinif igi etkinliklerin artirilmasini ve mimkiin
olmadigi durumlarda GenAl destekli etkinliklerin alternatif olarak degerlendirilebilecegini vurgulamaktadir.

Anahtar Kelimeler: uygulama tabanli 6grenme, liretken yapay zeka (GenAl), programlama egitimi, ders algisi,
akademik basari
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Introduction

As digital technologies permeate every aspect of life, it has become important for students to not
only use these tools but also interact with them from a critical and creative perspective. In this
context, digital literacy stands out as a multidimensional competence area that encompasses
students' skills in accessing, using, producing, and sharing information through digital tools (Reichert
et al., 2020). One of the fundamental components of digital literacy is software literacy. Vee (2017)
demonstrates that software literacy (coding literacy) has become a universal competence area, just
like reading and writing, and that this is necessary for individuals to be active in the digital world.
Khoo et al. (2017) considers software literacy a basic digital citizenship requirement. Software
literacy is regarded as a structure that can transform the individual's cognitive processes and modes
of production. This understanding reveals an approach that encompasses not only the knowledge of
programming languages but also the critical evaluation of their possibilities and limitations. Rush
Hovde & Renguette (2017) state that programming languages improve students' technological
literacy as well as their learning to learn, evaluation, and critical thinking competencies. In this
context, the "Information Technologies and Software" course taught at a high school level aims to
develop students' software literacy skills (MEB, 2023).

Within the scope of this course, ninth-grade students take the "Introduction to Programming and
Algorithms" module, followed by modules such as "Programming Languages", "Robotic Coding", or
"Mobile Application Development" in tenth grade. This study is based on the "Programming
Languages" module. Providing only theoretical knowledge is not enough to develop programming
skills. It is essential to provide students with application-based activities to support their learning and
skill development (MEB, 2023). However, the weekly in-class course hours are limited to two. This in-
class hour limitation does not provide students with sufficient practice opportunities in application-
based courses such as programming languages. Programming languages education should not be
limited to teaching only the basic rules of coding. It should also be structured as a learning process
that allows students to understand for what purposes and how they can use this language effectively
(Rush Hovde & Renguette, 2017). The fact that students receive education through application-based
learning, where they interact with software, is a determining factor in their software literacy skill
(Reichert et al., 2020). In this context, it is an important necessity to develop different application-
based approaches and to examine the quality of these approaches. To overcome the limited in-class
time for practice, one effective way is to make use of new technologies that support learning.

In programming education, students often learn best through application-based experiences.
Activities such as designing simple projects like quizzes, calculators, or games using platforms like
Python or Scratch help students engagingly understanding core concepts. These kinds of tasks allow
them to practice writing code, spotting and fixing errors, and applying basic structures like loops and
conditionals (Medeiros et al., 2019). In many classrooms, students collaborate in pairs or small
groups to solve problems together, which supports both learning and motivation. Research also
shows that such application-based approaches can be effectively adapted for younger learners by
integrating coding into creative activities like storytelling, music, and art (Macrides et al., 2022).
Among these, Generative Artificial Intelligence (GenAl) tools have become increasingly popular in
programming education. When supported by GenAl tools like ChatGPT, students can take these
activities further, asking questions about code, getting help when stuck, and receiving instant
feedback. These interactions help make programming feel more personal and accessible, and they
encourage active participation and engagement (Akerfeldt et al., 2024).

GenAl tools can support students' learning according to their individual needs, provide real-time
feedback, and make learning processes more interactive (Hsu & Ching, 2023). The personalized
learning opportunities offered by these tools make learning more effective by providing guidance for
students' cognitive processes, especially in application-based courses (Kadaruddin, 2023). Well-
structured prompts enable students to understand complex concepts, recognize their mistakes, and
access accurate information (Bozkurt & Sharma, 2023). In this context, GenAl tools can partially
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compensate for the lack of application-based activities by taking on a guiding role in courses such as
programming languages (Yilmaz & Yilmaz, 2023). GenAl tools like ChatGPT can act as virtual tutors,
providing students with information, explaining, giving examples, and providing step-by-step
guidance (Baidoo-Anu & Ansah, 2023). This feature can provide support for home-based tasks carried
out outside the classroom and help students structure their learning process. Moreover, it becomes
possible for students to diagnose their learning gaps and receive effective feedback (Dai et al., 2023).
Thus, an environment that supports the individual development of students can be created even in
learning environments devoid of teacher guidance.

Although GenAl has significant potential to improve learning and teaching processes (Bahroun et al.,
2023), there are substantial shortcomings in integrating these tools into educational environments
(Cooper, 2023). Lodge et al. (2023) state that there are still many questions to be resolved regarding
the effects of GenAl, and the need for evidence regarding the benefits of these tools continues to
grow. It is seen that studies on GenAl in education mostly focus on technical structures, and the
pedagogical dimension is not taken into sufficient consideration (Dogan et al. 2023). GenAl should be
embraced as here to stay (Lim et al., 2023) and integrated into all levels of education (Baidoo-Anu &
Ansah, 2023). Although recent research has explored the technical capabilities and potential risks of
GenAl tools in education, many of these studies primarily focus on system performance, ethical
concerns, or usage patterns rather than pedagogical impact. For example, questions around bias,
data privacy, and the reliability of Al-generated content are frequently addressed, yet there is limited
attention to how these tools can be meaningfully integrated into teaching and learning processes
(Cooper, 2023; Dogan et al., 2023; Lodge et al.,, 2023). In contrast, this study highlights the
pedagogical value of GenAl-supported application-based learning in programming education and
aims to contribute to a growing but still underdeveloped body of work focused on instructional
design and student engagement. In this context, this study will not only reveal the impact of
application-based learning but also provide important clues on how GenAl-supported learning can be
used more functionally in educational environments.

Purpose of Research

In this study, two different methods were considered: Application-based in-class activities and
GenAl-supported out-of-class activities. In this context, it is aimed to comparatively examine the
effects of two different methods developed for the need for application-based learning within the
scope of the “Programming Languages” module on students' academic achievement and course
perceptions. The study sought to answer the following research questions:

1. Do different methods (application-based in-class activities and GenAl-supported out-of-class
activities) significantly affect students' academic achievement scores?

2. Do different teaching methods significantly differ students' course perception scores?

3. Is there a significant relationship between students' course perception scores and academic
achievement scores?

Method

This research was conducted in a high school affiliated with the Ministry of National Education in
Ordu province in the 2024-2025 academic year. The study was conducted in three different classes
taking the "Programming Languages" module of the "Information Technologies and Software" course
in the 10th grade. The research process lasted a total of 6 weeks.

The research was designed within the quasi-experimental design, and a control group experimental
design was used (Buyukoztirk et al., 2024). In this design, a control group and two different
experimental groups were included, and the effects of different methods on students' academic
achievement and course perceptions were examined. The groups were matched based on the scores
of the students in the "Introduction to Programming and Algorithms" module they took in the first
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term. No statistically significant difference was found between the groups in terms of grade point
averages (F(2,74) =0.31, p=.734). One of the matched groups was randomly assigned to the control
group, and the other two to the experimental group. Quantitative data were collected to answer the
research questions within the scope of this study. The achievement test developed by the researcher
was used to measure academic achievement, and the Course Evaluation Scale (CES) developed by
Kog and Bulut (2022) was used to determine students' perceptions of the course.

Table 1. Research Design

Group Matching Treatment Post-test
Experiment 1 M X1 01, 02
Experiment 2 M X2 01, 02
Control M X3 01, 02

Xi1= application-based in-class activities, X.= GenAl supported out-of-class activities, Xs3= curriculum based
standard teaching O1= Academic achievement test, O.=Course evaluation scale

Study Group

The study group of the research consists of a total of 77 students studying in three different classes
at the 10th grade level, taking the "Information Technologies and Software" course’s “Programming
Languages" module in the second term of the 2024-2025 academic years. The study was carried out
with the voluntary participation of the students. Before the experimental procedure, it was clearly
stated to the students that the study would be conducted for scientific purposes and that the data
obtained would be analyzed at the group level without including personal information. This study
used convenience sampling, as the participants were selected from existing classes that were already
taking the course as part of their regular school schedule. These classes were included in the study
because they were readily accessible and directly related to the research, rather than being chosen
at random. The distribution of students into groups is presented in Table 2.

Table 2. Demographic Information of Participants

Male Female Total
Group n % n % n %
Experiment 1 4 15.4 22 8.6 26 33.7
Experiment 2 7 29.2 17 70.8 24 31.2
Control 5 18.5 22 81.5 27 35.1

Research Procedure

This study was conducted within the scope of the “Information Technologies and Software” course
(Figure 1). The courses were conducted by the same teacher in line with the curriculum plan (MEB,
2023) to ensure instructional consistency.

UNIT 2
_COURSE ) MODULF Software Development with
Information Technologies Programming Pvthon Programmin
and Software Languages y & g

Language

Figure 1. Link between Course, Module and Unit

In all three groups, two-hour lessons were conducted with the same content and method in line with
the curriculum. The course aims to develop students' algorithmic thinking, problem-solving, and
basic programming skills. In this context, students develop applications using basic programming
structures such as variables, decision structures, loops, and learn to produce solutions to the
problems they encounter during the coding process. The Python programming language is used
within the scope of the course. One in-class lesson hour was added to the first experimental group. In
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this lesson, students performed application-based activities in the classroom under the guidance of
the teacher (Table 3).

Table 3. Application-Based Activities

Week Activities Level Content of Activities
1 Age Calculator Easy input(), int(), if, print()
2 Number Sequence Processing Easy list, for, if, %
3 Mini Grade Evaluation System Medium if-elif-else, input(), int(), str()
4 Calculator App Medium while, def, input(), if-else
5 Number Guessing Game Difficult random.randint(), while, if
6 Hangman Game Difficult string, list, for/while, in, if, break

The second experimental group was given home-based tasks for the application-based activities that
the first experimental group did in class. In these tasks, students were guided through the learning
process with ChatGPT prompts. Students completed their tasks individually using prompts. This
method provided the opportunity to test the potential of GenAl tools (ChatGPT) to take on a role

supporting the learning process. Examples of prompts presented to students are given in Table 4.

Table 4. Number Guessing Game Prompts

Stage

Prompts

Content

Stage 1. Game Description

Prompt 1.1
Prompt 2.1

Stage 2: Comparison

| want to generate a random number between 1
and 100. How do | do this in Python?
| want the user to enter a number. What should |
do to make sure it is received as a number?

Random module, input ()
function, int () conversion.

Prompt 2.1

Prompt 2.2

Stage 3: Game Cycle

| want to compare the user's guess with the secret
number. How do | check if it is equal, greater than
or less than?
If the guess is large, | want it to say "Enter a
smaller number." How do | do that?

Use of if, elif, else blocks.
Logical comparison
operators (==, <, >).

Prompt 3.1

Prompt 3.2

Stage 4: Number of Trials

Let the game repeat until the user guesses
correctly. Which loop and what condition should |
use?

When you guess correctly, exit the loop and give
the message "Congratulations!" How do | do it?

Using the while loop and
loop control variables.

Prompt 4.1
Prompt 4.2

Stage 5: Error Management

| want to count how many times the user guessed.
How do | do that?
I want to show the user a message showing how
many times she guessed the correct answer.

Counter variable (counter
+=1), use of variable in
message (f-string,
format())

Prompt 5.1
Prompt 5.2

Stage 6: Control and Feedback

If the user enters letters instead of numbers, an
error occurs. How can | catch this error?
| want to warn the user when an incorrect entry is
made. How can | do this with “try-except”?

Error catching (try-
except).
Input control using,
ValueError.

Prompt 6.1

The full code | wrote is below. Can you find my
mistakes and give me suggestions?

Code review habit, ability
to receive feedback and
correct.

In the control group, courses were taught in accordance with the curriculum plan and designated
weekly course hours (2 hours of lessons per week). This group followed the standard instructional
approach defined by the national curriculum, which primarily emphasizes theoretical explanations,
textbook-based learning, and teacher-led instruction. No additional practice or application-based
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activities were provided beyond the textbook examples and in-class discussions. Students repeated
code written by the teacher and had limited opportunity to code independently. In this study, the
effects of (1) application-based in-class activities, (2) GenAl-supported out-of-class activities, and (3)
curriculum-based standard teaching process on students' academic achievement and course
perceptions were comparatively examined.

Data Collection Tools

In the study, a multiple-choice test was developed to measure students' academic performance in
the "Software Development with Python Programming Language" unit. The test consisted of 20
items, each item including one correct answer and three distractors (four options in total). Test items
were aligned with the learning outcomes specified in the national curriculum and were limited to the
content covered during the 6-week instructional period. The items were initially developed by the
teacher and reviewed by three university experts in the fields of Information Technologies, Computer
Engineering, and Educational Measurement and Evaluation. Based on expert feedback, necessary
revisions were made to ensure content and construct validity. The test was piloted with a separate
sample of 90 students who received the same training the previous year. As a result of item analysis,
the test demonstrated acceptable psychometric properties. The KR-20 reliability coefficient was
calculated as 0.77, indicating acceptable internal consistency (Basol, 2019). The mean item difficulty
was 0.72, showing that most items were moderately easy, and the standard error was 1.86. The test
means score was 18.11 with a standard deviation of 3.93. These findings support the reliability and
validity of the test for use in the current study. The final version aimed to evaluate students’
programming knowledge, algorithmic thinking, problem-solving skills, and their ability to understand
and apply coding constructs such as variables, loops, and conditional statements. Sample items for
the test are given in Table 5.

Table 5. Sample Test Items

Bloom's Taxonomy
of Cognitive
Domains

ltem Content Explanation

What value will be printed to the screen The student is

when the following Python code is run?
x=7

y=x+3

print (y * 2)

A) 10

B) 14

C) 20

D) 24

Understanding

Defining variables and
performing operations

expected to
understand the
operations in the
given code block
and find the result
by understanding
the values of the
variables.

When the following Python code block
is run, what will be displayed on the
screen if the user enters 137?
age = int (input ("Enter your age: "))
if age >=18:

print ("You are an adult.")
else:

print ("You are not an adult.")
A) You are an adult.
B) You are not an adult.
C) Gives an error.
D) It doesn't write anything on the
screen.

Applying

Use of decision
Structure (if-else)

The student is
expected to make
input-output
connections using
a decision
structure and
analyze the
operation of this
structure on a real
scenario.
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The Course Evaluation Scale (CES) developed by Ko¢ and Bulut (2022) was used to determine the
students' perception levels towards the course. The scale has a 5-point Likert-type scale. The scale
consists of 24 items and 4 sub-factors. Course (10 items), Instructor (7 items), Method-Technique (4
items), Exam (3 items). The minimum score that can be obtained from the scale is 24, and the
maximum score is 120. High scores obtained from the scale indicate that students perceive the
quality of the course positively. The overall Cronbach's Alpha coefficient of the scale is 0.94, and
these coefficients for the sub-factors are reported as 0.93 (course), 0.91 (instructor), 0.86 (method-
technique), 0.93 (assessment and evaluation). The factor structure of the scale explains 69.3% of the
total variance, and the factor loadings vary between 0.47 and 0.98. The values obtained from the fit
indices show that the model has a good level of fit (X?/df = 1.98, RMSEA = 0.063, NFl = 0.90, GFI =
0.86, CFl = 0.94, IFl = 0.98, TLI = 0.94). The fact that the item-total correlations are in the range of
0.49-0.90 indicates that the scale is strong in terms of internal consistency and discrimination (Ko¢ &
Bulut, 2022).

Data Analysis

Statistical calculations were made on the data collected within the scope of the research using
guantitative data analysis methods in line with the research questions. In the analysis of the data,
firstly, the assumptions of normality and variance homogeneity were tested, and parametric tests
were used (Buyukoztirk, 2024).

One-way ANOVA was applied to determine the effects of different teaching methods on both
students' academic achievements and perception scores of the course. The Scheffe test was used
when variance homogeneity was provided, and the Games-Howell multiple comparison test was
used when variance homogeneity was not provided to determine which groups had significant
differences between the groups. This analysis was carried out in the context of perceptions regarding
the sub-factors of the scale (course, instructor, method-technique, assessment and evaluation).
Pearson Correlation Coefficient was used to examine the relationship between students' course
perception scores and academic achievement scores.

Findings

Findings Regarding Students' Academic Achievements

Descriptive statistics for achievement test score of students taking courses with three different
methods: Application-based in-class activities (Experiment 1), GenAl supported out-of-class activities
(Experiment 2), and curriculum based standard teaching (Control) are given in Table 6.

Table 6. Descriptive Statistics for Academic Achievement Test Scores

Group N M SD Skewness Kurtosis
Experiment 1 26 80.19 12.23 -0,33 -0,31
Experiment 2 27 79.63 8.39 -0,96 0,92
Control 24 75.42 12.41 -1,08 1,13

While the academic achievement mean score of the students in the Experiment 1 and Experiment 2
groups was found to be quite close to each other (80.19 and 79.63), the mean score of the students
in the control group was determined to be lower (75.42). The results of the ANOVA test conducted to
determine whether this difference was statistically significant are presented in Table 7.
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Table 7. ANOVA Results of Academic Achievement Test Scores

Variance Source Sum of Squares Degrees of Mean of Squares F p
(SS) Freedom (df) (MS)

Between Groups 337.079 2 168.539 1.203 0.306

Within Groups 10366.168 74 140.083

Total 10703.247 76

The distribution of the variables was examined based on skewness and kurtosis, and the results (see
Table 6) indicated that the data were within acceptable limits (£1,5) for normality (Tabachnick &
Fidell, 2019). According to the results of the Levene test performed before the analysis, it was
determined that the variances were homogeneous (Levene Statistic = 0.631; p = 0.535). As a result of
the one-way ANOVA analysis, no statistically significant difference was found between the groups in
terms of academic achievement scores of students (F(2,74) = 1.203, p = 0.306).

Findings Regarding Students' Course Perception

The Course Evaluation Scale (CES) scores of students who received education according to different
teaching methods are presented in Table 8.

Table 8. Course Evaluation Scale Mean Scores

Assessment
Course Instructor Method-Technique and Total
Evaluation
M SD M SD M SD M SD M SD
Experiment 1 3.91 0.43 4.80 0.21 4.68 0.18 4.47 0.62 4.34 0.25
Experiment 2 4.21 0.64 4.89 0.21 4.98 0.09 4.74 0.37 4.56 0.33
Control 3.43 0.62 4.54 0.43 4.13 0.33 421 0.55 3.91 0.37

When both the general scores and the sub-factor scores related to perception of the students are
examined, it is seen that the students in the experiment 2 group have the highest scores. While the
scores of the experiment 1 group are close to the experiment 2 group, it was determined that the
students in the control group have lower perception scores than both experimental groups in all
factors. It was observed that the students' scores were close to normal distribution (Table 9) and the
group variances were homogeneous (Levene Statistic = 2.218, p = 0.116). The course perception
scores of students in different groups are given in Table 10.

Table 9. Skewness and Kurtosis Values of Students’ CES Scores

Skewness Kurtosis
Statistic Std. Error Statistic Std. Error
Experiment 1 -0.68 0.47 -0.34 0.92
Experiment 2 0.01 0.46 -0.86 0.89
Control -1.10 0.45 0.81 0.87

Table 10. ANOVA Results regarding General Course Perception Scores

Variance Source Sum of Degrees of Mean of F Post Hoc
Squares (SS) Freedom (df) Squares (MS) P

Between Groups 5.446 2 2.723 26.977 0.000 C-E1*

Within Groups 7.470 74 0.101 C-E2*

Total 12.916 76

Note: Significant at p < .01 level, C= Control group, E1= Experiment 1, E2= Experiment 2

As a result of ANOVA analysis, it was found that there was a statistically significant difference
between the groups in terms of general course perception scores (F (2,74) = 26.977, p < 0.001).
According to the Post-Hoc analysis results, the general course perception scores of the students in
both experiment 1 (application-based in-class activities) and experiment 2 (GenAl supported
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activities) groups were significantly higher than those of the students in the control group
(curriculum-based standard teaching). The ANOVA results regarding the students' scores on the scale
sub-factors are presented in Table 11.

Table 11. ANOVA Results regarding Scale Sub-factor Scores

Variance Source Sum of Degrees of Mean of F 0 Post
Squares (SS) Freedom (df) Squares (MS) Hoc

Course

Between Groups 7.919 2 3.959 12.102 0.000 C-E1**

Within Groups 24.210 74 0.327 C-E2*

Total 32.129 76

Teacher

Between Groups 1.621 2 0.810 9.183 0.000 C-E1**

Within Groups 6.530 74 0.088 C-E2*

Total 8.151 76

Method-Technique

Between Groups 9.508 2 4754 98.804 0.000 C-E1*

Within Groups 3.560 74 0.048 C-E2*

Total 13.068 76 E1-E2*

Exam

Between Groups 3.606 2 1.803 6.565 0.002 K-D2*

Within Groups 20.323 74 0.275

Total 23.929 76

Note. * Significant at p < .01 level, ** Significant at p < .05 level, C= Control group, E1= Experiment 1, E2=
Experiment 2

As a result of ANOVA analysis, significant differences were found between the groups in the students'
perception scores regarding the course and instructor sub-factors. According to the Post-Hoc analysis
results, the course and instructor sub-factor scores of the students in the control group were
significantly lower than those of the students in the experiment 2 group at the p < .05 level, and
lower than those of the students in the experiment 1 group at the p < .01 level. In the method-
technique sub-factor, a significant difference was found between the students in control group and
both experimental groups in favor of the experimental groups (p < .01). Additionally, a significant
difference was found between the students in the experiment 1 group and the students in the
experiment 2 groups in this sub-factor, in favor of the experiment 2 group (p < .01). In the
assessment and evaluation sub-factor, a statistically significant difference was found only between
the students in group control and group experiment 2, in favor of experiment 2 (p < .01).

These findings reveal that different teaching methods have a significant effect on students' course
perceptions. It was determined that the perceptions of the students in the experimental groups,
instructor and method-technique sub-factors were more positive compared to the students in the
control group.

Findings Regarding the Relationship between Students' Course Perception Scores and Academic
Achievements Scores

Table 12. The Relationship between CES Scores and Academic Achievement Test Scores of Students

Variables N M SD r p
Academic Achievement Test Scores 77 78.51 11.87 0.174 0.129
Course Evaluation Scale Scores 77 4.29 0.41

As seen in Table 12, there is a weak positive relationship between the students' course evaluation
scale (CES) scores and their academic achievement test scores (r = 0.174, p = 0.129). However, this
relationship was not found to be statistically significant. This result shows that there is no direct
relationship between the students' course perceptions and their academic achievement.
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Discussion

Recent studies suggest that the impact of technology-supported and application-based learning may
not be fully reflected in short-term measurement (Baidoo-Anu & Ansah, 2023; Hsu & Ching, 2023). In
line with this, our findings indicate that although no significant difference was observed in academic
performance, the trend favors application-based and GenAl-supported approaches. Reichert et al.
(2020) also emphasized that individuals' familiarity with digital software tools can have decisive
effects on students’ performance. Therefore, the absence of a significant difference in achievement
can be considered a result of short-term measurement. In the long term, it can be expected that
academic achievement differences will become more pronounced as students become more
accustomed to technology-supported learning styles and self-regulated processes.

In this study, students in both experimental groups reported significantly higher scores in general and
sub-dimensions of course perception compared to the control group. These findings show that
application-based and GenAl-supported learning processes strongly impact student course
perceptions. This finding also supports the emphasis in the literature that software literacy and
digital literacy are among the basic components of contemporary learning environments (Aydinlar et
al., 2024; Reichert et al., 2020). Khoo et al. (2017) emphasize that students need to develop critical
and conceptual perspectives beyond being merely digital tool users. The finding that GenAl-
supported learning processes and application-based in-class activities increase students' course
perception scores is consistent with the principle of active student participation in learning and
taking responsibility for learning, as highlighted by constructivist learning theory (Duffy & Jonassen,
1992). The integration of information and communication technologies into the learning process
makes it possible to implement constructivist practices more functionally (Kilig¢ Cakmak et al., 2017).
Pavlik (2025) states that GenAl offers significant opportunities for designing participatory learning
processes within the framework of constructivist theory. In this context, it becomes a pedagogical
learning partner, turning students into active participants in learning environments.

The finding that GenAl-supported learning environments positively affect students' course
perception is also parallel to the literature (Bahroun et al., 2023; Lim et al., 2023). Similarly, students
tend to perceive GenAl as a personalized, time-efficient, and easily accessible learning assistant,
reflecting a positive attitude towards its integration into education (Monib et al., 2025; Obenza et al.,
2024). GenAl tools provide students with personalized learning experiences that meet their
individual needs. It supports learning processes by providing continuous feedback through formative
assessment practice. In the study conducted by Yilmaz and Yilmaz (2023), it was revealed that GenAl-
supported education increased students' cognitive thinking skills, programming self-efficacy, and
motivation.

In the curriculum-based control group, programming instruction was delivered through theoretical
explanations and textbook-based materials. Control group, the instruction followed a teacher-
centered "demonstrate-and-follow" model. While students repeated the codes written by the
instructor, they had limited opportunities to independently write or modify code themselves due to
time constraints. As a result, the process relied heavily on passive observation rather than active
engagement in programming. Considering that curriculum-based standard teaching cannot meet the
needs of students due to time and resource limitations, GenAl-based solutions like ChatGPT can
provide an important alternative (Lodge et al., 2023). These tools can overcome time and space
limitations by providing individualized guidance and increasing students' active participation in the
learning process (Hsu & Ching, 2023). In addition, one of the most challenging situations for students
during out-of-class activities is not being able to reach the teacher for support when needed. Lack of
feedback negatively affects students' homework completion behaviors and time management,
indirectly decreasing success (Nuiez et al.,, 2015). In addition, teachers' inability to adequately
recognize the difficulties experienced by students, combined with the lack of this support, leads to a
more negative perception of the process from the student's perspective (Hong et al., 2011). At this
point, providing GenAl support in out-of-class activities stands out as an important opportunity for
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students to access guidance when they need it. In this study, prompts were given to the student’s
ready-made. Providing accurate, clear, and relevant prompts is also a critical requirement for the
effective use of GenAl tools (Bozkurt & Sharma, 2023). Students' possession of these skills will
contribute to the deepening of learning by supporting critical thinking, problem solving, and
creativity.

In conclusion, the findings of this study show that in-class application-based activities and GenAl-
supported out-of-class activities, compared to curriculum-based instruction, strengthen students'
course perceptions scores across all sub-dimensions (course, instructor, method-technique, and
assessment). While no statistically significant differences were found in achievement scores among
the groups, both experimental groups showed higher average scores than the control group.
Although the short-term academic achievement effects may not yet be significant, they may become
more visible over time as students adapt to more personalized and participatory learning methods. In
this context, the integration of GenAl tools in education should be considered not only as a
technological innovation but also as a pedagogical transformation, especially in programming
instruction. Establishing a structure that encourages students to take responsibility for their learning
and supports constructive and personalized learning experiences will ensure more effective and
sustainable learning outcomes in educational environments.

Conclusion and Recommendations

The findings of this study show that application-based in-class activities and ChatGPT-supported
activities strengthen students' course perceptions, but their effects on academic achievement are
not evident in the short term. The increase in student perception highlights the importance of an
environment that encourages individual participation and responsibility for learning within the
framework of constructive learning theory. GenAl-supported learning applications stand out as an
effective alternative, especially for educational environments with time and space constraints, by
offering personalized guidance and instant feedback. In this context, the integration of GenAl tools
into educational environments may be considered as a pedagogical way to support students with
application-based learning experiences in out-of-class.

Based on the significant differences observed in students' course perception levels, this research
recommends that application-based lesson hours be expanded in the curriculum. Students in both in-
class activities and GenAl-supported learning conditions reported more positive perceptions of the
course, instructor, and instructional methods, highlighting the need to foster active and engaging
learning environments. Especially in courses such as “Information Technologies and Software”,
course weekly lesson hours can be increased, and application-based in-class activities opportunities
can be provided. In cases where in-class hours are limited, moving application-based activities to the
out-of-class environment supported by GenAl-based methods can be considered as an alternative. To
encourage students’ familiarity with software tools and the development of their software literacy,
GenAl-supported activities can be planned from early on. In addition, teachers' pedagogical
competencies can be improved so that they can provide effective prompts and sample application
scenarios to their students. Additionally, for students to utilize GenAl tools, they must develop the
skills to create accurate, clear, and relevant prompts when interacting with these tools. As a result,
rather than seeing GenAl tools merely as a support tool, using them as a component that will
strengthen students' active participation and meaningful learning processes will pave the way for
permanent and sustainable gains in education.
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Limitations and Future Research

This study has several limitations. First, the short-term measurement of academic achievement and
course perception prevented the evaluation of long-term effects. The absence of a pre-test limits
internal validity, as prior group equivalence could not be fully ensured despite matching based on
previous course grades. Additionally, individual differences in students' familiarity with digital tools
may have influenced learning outcomes. Conducting the study within a single course and grade level
limits external validity and generalizability. Finally, relying solely on self-reported perception data
suggests the need for more objective measures in future research.

Ethics Statement

There are no ethical issues with the publication of this article.

Conflicts of Interest

There are no conflicts of interest.

ORCID

Necati Taskin = https://orcid.org/0000-0001-8519-6185

References

Akerfeldt, A., Kjallander, S., & Petersen, P. (2024). A research review of computational thinking and
programming in education. Technology, Pedagogy and Education, 33(3), 375-390.
https://doi.org/10.1080/1475939X.2024.2316087

Aydinlar, A., Mavi, A., Kuttket, E., Kinml, E. E., Alis, D., Akin, A., & Altintas, L. (2024). Awareness and
level of digital literacy among students receiving health-based education. BMC Medical
Education, 24(1), 38. https://doi.org/10.1186/s12909-024-05025-w

Bahroun, Z., Anane, C., Ahmed, V., & Zacca, A. (2023). Transforming education: A comprehensive
review of generative artificial intelligence in educational settings through bibliometric and
content analysis. Sustainability, 15(17), 12983. https://doi.org/10.3390/su151712983

Basol, G. (2019). Egitimde él¢me ve dederlendirme. Pegem Akademi Yayincilik.

Baidoo-Anu, D., & Ansah, L. 0. (2023). Education in the era of generative artificial intelligence (Al):
Understanding the potential benefits of ChatGPT in promoting teaching and learning. Journal of
Al, 7(1), 52-62. https://doi.org/10.61969/jai.1337500

Bozkurt, A., & Sharma, R. C. (2023). Generative Al and prompt engineering: The art of whispering to
let the genie out of the algorithmic world. Asian Journal of Distance Education, 18(2), i-vii.
https://doi.org/10.5281/zenodo0.8174941

Blytkoztlrk, S., (2024). Sosyal bilimler icin veri analizi el kitabi istatistik, arastirma deseni SPSS
uygulamalari ve yorum. Pegem Akademi Yayincilik.

Blyiikoztirk, S., Akgiin, O. E., Demirel, F., Karadeniz, S., & Cakmak, E. K. (2024). Egitimde bilimsel
arastirma yéntemleri. Pegem Akademi Yayincilik.

Cooper, G. (2023). Examining science education in ChatGPT: An exploratory study of generative
artificial intelligence. Journal of Science Education and Technology, 32(3), 444-452.
https://doi.org/10.1007/s10956-023-10039-y

Dai, Y., Liu, A., & Lim, C. P. (2023). Reconceptualizing ChatGPT and generative Al as a student-driven
innovation in higher education. Procedia CIRP, 119, 84-90.
https://doi.org/10.1016/j.procir.2023.05.002

139


https://orcid.org/0000-0001-8519-6185
https://doi.org/10.1080/1475939X.2024.2316087
https://doi.org/10.1186/s12909-024-05025-w
https://doi.org/10.3390/su151712983
https://doi.org/10.61969/jai.1337500
https://doi.org/10.5281/zenodo.8174941
https://doi.org/10.1007/s10956-023-10039-y
https://doi.org/10.1016/j.procir.2023.05.002
https://orcid.org/0000-0001-8519-6185

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2025, 15 (1), 128-141

Dogan, M. E., Goru Dogan, T., & Bozkurt, A. (2023). The use of artificial intelligence (Al) in online
learning and distance education processes: A systematic review of empirical studies. Applied
Sciences, 13(5), 3056. https://doi.org/10.3390/app13053056

Duffy, T.M., & Jonassen, D.H. (1992). Constructivism and the technology of instruction: A conversation
(1st ed.). Routledge. https://doi.org/10.4324/9780203461976

Hong, E., Wan, M., & Peng, Y. (2011). Discrepancies between students' and teachers' perceptions of
homework. Journal of Advanced Academics, 22(2), 280-308.
https://doi.org/10.1177/1932202X1102200205

Hsu, Y. C., & Ching, Y. H. (2023). Generative artificial intelligence in education, part one: The dynamic
frontier. TechTrends, 67(4), 603-607. https://doi.org/10.1007/s11528-023-00863-9

Kadaruddin, K. (2023). Empowering education through Generative Al: Innovative instructional
strategies for tomorrow's learners. International Journal of Business, Law, and Education, 4(2),
618-625. https://doi.org/10.56442/ijble.v4i2.215

Khoo, E., Hight, C., Torrens, R. & Cowie, B. (2017). Software Literacy: Education and beyond. In
Software Literacy. Springer  Briefs  in Education (pp. 91-99). Springer.
https://doi.org/10.1007/978-981-10-7059-4 6

Kilig Cakmak, E., Taskin, N., & Kokog, M., (2017). Ogrenme yaklasimlarinin 6gretim teknolojileri
alanindaki yeri ve dnemi. In H. F. Odabasi, B. Akkoyunlu, & A. isman (Ed.), E§itim Teknolojileri
Okumalari 2017 (pp. 451-465). TOJET- The Turkish Online Journal of Educational Technology.
http://www.tojet.net/e-book/eto 2017.pdf

Kog, A., & Bulut, I. (2022). Course evaluation scale (CES): Validity and reliability study. Religious
Studies, 25(63), 501-528. https://doi.org/10.15745/da.1159706

Lim, W. M., Gunasekara, A., Pallant, J. L., Pallant, J. |., & Pechenkina, E. (2023). Generative Al and the
future of education: Ragnarok or reformation? A paradoxical perspective from management
educators. The International Journal of Management Education, 21(2), 100790.
https://doi.org/10.1016/].ijme.2023.100790

Lodge, J. M., Thompson, K., & Corrin, L. (2023). Mapping out a research agenda for generative
artificial intelligence in tertiary education. Australasian Journal of Educational Technology, 39(1),
1-8. https://doi.org/10.14742/ajet.8695

Macrides, E., Miliou, O., & Angeli, C. (2022). Programming in early childhood education: A systematic
review. International  Journal of  Child-Computer Interaction, 32, 100396.
https://doi.org/10.1016/].ijcci.2021.100396

MEB, (2023). Ortadgretim bilisim teknolojileri ve yazilim dersi: Ogretim programi. Milli Egitim
Bakanhgi. https://mufredat.meb.gov.tr/ProgramDetay.aspx?PID=1663

Medeiros, R. P., Ramalho, G. L., & Falcdo, T. P. (2019). A systematic literature review on teaching and
learning introductory programming in higher education. IEEE Transactions on Education, 62(2),
77-90. https://doi.org/10.1109/TE.2018.2864133

Monib, W. K., Qazi, A., & Mahmud, M. M. (2025). Exploring learners’ experiences and perceptions of
ChatGPT as a learning tool in higher education. Education and Information Technologies, 30(1),
917-939. https://doi.org/10.1007/s10639-024-13065-4

Nudfez, J. C., Suarez, N., Rosario, P., Vallejo, G., Cerezo, R., & Valle, A. (2015). Teachers’ feedback on
homework, homework-related behaviors, and academic achievement. The Journal of
Educational Research, 108(3), 204-216. https://doi.org/10.1080/00220671.2013.878298

Obenza, B. N., Salvahan, A., Rios, A. N., Solo, A., Alburo, R. A., & Gabila, R. J. (2024). University
students' perception and use of ChatGPT: Generative artificial intelligence (Al) in higher

140


https://doi.org/10.3390/app13053056
https://doi.org/10.4324/9780203461976
https://doi.org/10.1177/1932202X1102200205
https://doi.org/10.1007/s11528-023-00863-9
https://doi.org/10.56442/ijble.v4i2.215
https://doi.org/10.1007/978-981-10-7059-4_6
http://www.tojet.net/e-book/eto_2017.pdf
https://doi.org/10.15745/da.1159706
https://doi.org/10.1016/j.ijme.2023.100790
https://doi.org/10.14742/ajet.8695
https://doi.org/10.1016/j.ijcci.2021.100396
https://mufredat.meb.gov.tr/ProgramDetay.aspx?PID=1663
https://doi.org/10.1109/TE.2018.2864133
https://doi.org/10.1007/s10639-024-13065-4
https://doi.org/10.1080/00220671.2013.878298

Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2025, 15 (1), 128-141

education. International Journal of Human Computing Studies, 5(12), 5-18.
https://ssrn.com/abstract=4724968

Pavlik, J. V. (2025). Considering the pedagogical benefits of generative artificial intelligence in higher
education: applying constructivist learning theory. In Generative Al in Higher Education (pp. 46-
58). Edward Elgar Publishing. https://doi.org/10.4337/9781035326020.00014

Reichert, F., Zhang, D., Law, N. W., Wong, G. K., & de la Torre, J. (2020). Exploring the structure of
digital literacy competence assessed using authentic software applications. Educational
Technology Research and Development, 68, 2991-3013. https://doi.org/10.1007/s11423-020-
09825-x

Rush Hovde, M., & Renguette, C. C. (2017). Technological literacy: A framework for teaching technical
communication software tools. Technical Communication Quarterly, 26(4), 395-411.
https://doi.org/10.1080/10572252.2017.1385998

Tabachnick, B. G., & Fidell, L. S. (2019). Using multivariate statistics (7th ed.). Pearson Publications.

Vee, A. (2017). Coding literacy: How computer programming is changing writing. Cambridge, MA:
MIT Press.

Yilmaz, R., & Yilmaz, F. G. K. (2023). The effect of generative artificial intelligence (Al)-based tool use
on students' computational thinking skills, programming self-efficacy and motivation. Computers
and Education: Artificial Intelligence, 4, 100147. https://doi.org/10.1016/].caeai.2023.100147

141


https://ssrn.com/abstract=4724968
https://doi.org/10.4337/9781035326020.00014
https://doi.org/10.1007/s11423-020-09825-x
https://doi.org/10.1007/s11423-020-09825-x
https://doi.org/10.1080/10572252.2017.1385998
https://doi.org/10.1016/j.caeai.2023.100147

Ordu Universitesi Bilim ve Teknoloji Dergisi Ordu University Journal of Science and Technology
Ordu Univ. Bil. Tek. Derg. u Ordu Univ. J. Sci. Tech.

E-ISSN: 2146-6459 2025, 15 (1), 142-150 Arastirma Makalesi / Research Article

https://doi.org/10.54370/ordubtd.1578325

Method Validation and Calculation of Measurement Uncertainty for Salt
Determination in Cheese by Mohr Method

Yasin Yakar! "=, Elif Esra Altuner? "=/, Tuba Tekeli® ", Yener Tekeli* ",
Merve Ozdemir® ', Tugce Celik®

! University of Harran, Vocational School of Organised Industrial Zone, Department of Chemistry and Chemical
Processing Technologies, Sanliurfa
2 University of Kocaeli, Vocational School of Europe, Program of Medical Laboratuary Tecniques, Department of
Medical Services and Techniques, Health and Technology, Kocaeli
3 University of Adiyaman, Vocational of Basic Sciences, Department of Chemistry and Chemical Processing
Techniques, Adiyaman
4 University of Adiyaman, Faculty of Pharmacy, Department of Pharmaceutical Technology, Adiyaman
5 University of Harran, Faculty of Engineering, Department of Food Engineering, Sanliurfa

Gelis Tarihi / Received Date: 05.11.2024 Kabul Tarihi / Accepted Date: 25.06.2025

Abstract

Validation studies were conducted to verify the validity of the Mohr method, which is one of the most common
methods for salt determination in the laboratory. Precision (repeatability and reproducibility) and accuracy are
method validation parameters. Relative standard deviation (RSD) values obtained under reproducibility and
repeatability conditions were compared with concentration-dependent precision values and the results were
appropriate. The accuracy study was carried out using a standard reference substance. The t-test was used to
determine whether the results were close to the true value and the results were found to be appropriate. As a
result, the validation studies of the Mohr method were completed and are valid for our laboratory. A study on the
measurement uncertainty of cheese salt was also conducted. Therefore, Urfa cheese and kashar cheese were
preferred. The applied analysis method determined the uncertainty components known as weight, volume,
precision, and accuracy. Then, the expanded uncertainty was calculated by combining the uncertainties resulting
from these uncertainties. The expanded uncertainty is U(salt) =0.028.

Keywords: cheese, salt, validation, measurement, Mohr method

Mohr Metodu ile Peynirde Tuz Tayini igin Olgiim Belirsizliginin Hesaplanmasi ve

Metot Dogrulamasi
0z

Laboratuvarda tuz tayini i¢in en yaygin kullanilan yéntemlerden biri olan Mohr yénteminin gegerliligini dogrulamak
icin validasyon calismalari yapilmistir. Kesinlik (tekrarlanabilirlik ve tekrar Uretilebilirlik) ve dogruluk yéntem
validasyon parametreleridir. Tekrar Uretilebilirlik ve tekrar Uretilebilirlik kosullari altinda elde edilen Bagil Standart
Sapma (RSD) degerleri konsantrasyona bagli kesinlik degerleri ile karsilastirilmis ve sonuglar uygun bulunmustur.
Dogruluk calismasi standart referans madde kullanilarak yapilmistir. Sonuglarin gergek degere yakin olup olmadigini
belirlemek icin t-testi kullanilmis ve sonuglar uygun bulunmustur. Sonug olarak Mohr ydnteminin validasyon
¢alismalari tamamlanmis ve laboratuvarimiz igin gegerlidir. Peynir tuzunun 6lglim belirsizligi lizerine bir ¢calisma da
yapilmistir. Bu nedenle Urfa peyniri ve kasar peyniri tercih edilmistir. Uygulanan analiz yontemi ile agirlik, hacim,
kesinlik ve dogruluk olarak bilinen belirsizlik bilesenleri belirlenmistir. Daha sonra bu belirsizliklerden kaynaklanan
belirsizlikler birlestirilerek genisletilmis belirsizlik hesaplanmistir. Genisletilmis belirsizlik U(tuz)=0,028'dir.

Anahtar Kelimeler: peynir, tuz, dogrulama, 6lglim, Mohr metodu
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Introduction

The primary purpose of chemical measurement is to make decisions based on the measurement result.
It is taken into account when deciding on the compliance of a product with certain standards, quality
standards, control of the production process, standards for legal decisions, commercial evaluation, and
classification (Anderson et al., 1999). Chemical measurement results should be accurate, reliable,
repeatable, and comparable on a national and international scale (Bulska & Lipiriski, 2018). Reliable
analysis is performed using methods and tools such as standard test procedures, internationally
developed standard methods (ASTM-American Society for Testing and Materials, 1SO-International
Organization for Standardization, EPA-US Environmental Protection Agency, AOAC-American Official
Analytical Chemist), calibration, performance tests, laboratory accreditation, proficiency tests and
chemical metrology (Akdag, 2004).

One or more organizations can accredit laboratories in a country. Law No. 4457 authorized the Turkish
Accreditation Agency (TURKAK) to accredit laboratories in our country (Uras, 2009). Today, TS EN
ISO/IEC 17025 General Conditions for the Competence of Testing and Calibration Laboratories are
required for the accreditation of testing and calibration laboratories. This standard has been approved
worldwide. 1SO/17025 Laboratory accreditation standards consist of two main parts: technical
conditions and quality management standards (Krismastuti & Habibie, 2022). Similar conditions to the
quality management system specified in the ISO 9000 quality standard have been adapted for the
laboratory. As a result, institutions or laboratories that implement a quality system in accordance with
the ISO 9000 standard can spend less effort to meet these requirements (Douglas et al., 2003).
Laboratory accreditation uses an evaluation system consisting of three basic issues (Alper, 2004). These
are measurement uncertainty, method validation and traceability of results (Inal & Topkaya, 2010).

Validation or validity is the whole of the operations performed to show that a device, method, or
system works in accordance with the specified conditions (Celebiler et al., 2011). The principles of
method performance depend on the purpose and scope of the method to be applied (Menditto et al.,
2007). Precision, accuracy, selectivity, linearity and measurement range, sensitivity, and robustness
are the validity indicators of the methods (Araujo, 2009). The first application of a method in a
laboratory, the development of a new method for analysis, the modification of a method in use, its
application in another laboratory, or the change in the person applying or the device used are known
as method validity (Ertas & Kayali, 2005).

Due to the uncertain effects of random effects, uncertain data determine the limits within which values
can be encountered around the result. A measurement uncertainty consists of a series of uncertainties
combined. Uncertainty calculations are necessary to improve the quality of food laboratories (AOAC
1998).

The Mohr method is simple, cheap and fast. To our knowledge, no validation or measurement
uncertainty study has been conducted on cheese using this method. In this study, validation studies of
the analytical method for the determination of salt in cheese according to the Mohr method were
carried out and the measurement uncertainty was calculated.

Material & Method

Materials

Two different cheese samples taken from local markets were used to investigate the validation and
measurement uncertainty of the salt determination method. One was kashar cheese with less salt
content, the other was Urfa cheese with more salt. These samples were selected in two different
varieties and different concentrations to cover all cheese types in the study. 0.1 N Silver nitrate (AgNOs)
solution and 5% potassium chromate (K>CrO,) solution were prepared. The AgNOs and K,CrO4 required
to prepare these solutions were supplied by Sigma & Aldrich.
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Analysis Method

In this study, the Mohr method, one of the most preferred methods, was used for method validation
and measurement uncertainty calculation of salt determination in cheese. Approximately five grams
of the homogenized sample was weighed into a conical flask, some hot pure water was added, and the
mixture was shaken vigorously for five to ten minutes. The solution was filtered through the filter paper
into a 500 mL volumetric flask. The conical flask was washed four to five times with hot water and then
placed on the filter paper. This allowed the salt to remain in the conical flask and the filter paper to
pass into the water. After the filtrate in the volumetric flask had cooled completely, it was combined
with pure water up to the volume line. Then, 25 milliliters were taken into the conical flask and 2-3
drops of K;CrO4 solution were added. Burette was filled with AgNOs and zero was set. The sample was
titrated with AgNOs (0.1 N) solution until a brick-red color developed (Sezey & Adun, 2019). Percentage
of salt was calculated according to the equation 1 (Eq.1).

Salt % (g) =0.00585xVxNxDFx100/m (Eq.1)

[V =Volume of AgNOs solution spent (mL), N = Concentration of adjusted AgNOs solution , m = Amount
of sample taken (g), DF= Dilution factor (X g of sample was diluted into a 500 mL volumetric flask. 25
mL of this solution was also taken. In this case, the dilution factor is 500/25 = 20)].

Results & Discussion

Precision and Validation Studies

Validation studies were carried out in the laboratory to validate the Mohr method, one of the most
widely used methods for salt determination in cheese. Kashar and Urfa cheese were preferred for the
method's applicability to all cheese types. Certified reference material was used for the accuracy study.
The method validation parameters were precision (repeatability, reproducibility) and accuracy.

Repeatability

For repeatability, the Mohr method performed ten studies on the selected cheese samples on the
same day. Tables 1 and table 2 show the methods for calculating the mean, standard deviation, and
relative standard deviation of the obtained data. Table 1 compares the relative standard deviation
(RSD) values obtained under repeatability conditions with the concentration-dependent precision
values. The Grubb test was applied to the within-group data to determine the different values in the
analysis results. Since all % RSD values obtained under repeatability conditions were smaller than the
1.8 % RSD value given in the concentration-dependent precision values table, they were interpreted
as being by the RSD values obtained under repeatability conditions.
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Table 1. Studies on Salt Determination in Kashar Cheese of the 1st and 2nd Analysts under
Repeatability Conditions

Number of Repeatability 15t Analyst 2" Analyst
1 2.75 2.68
2 2.70 2.72
3 2.60 2.77
4 2.65 2.72
5 2.77 2.72
6 2.75 2.68
7 2.65 2.80
8 2.75 2.72
9 2.70 2.78
10 2.67 2.77
Average 2.70 2.74
Standard deviation 0.054 0.042
RSD 0.020 0.015
RSD % 1.56 1.55
Grubb top 1.297 1.418
Grubb down 1.853 1.418
Grub criterion 2.29 2.29
Evalution Suitable Suitable

Table 2. Studies on Salt Determination in Urfa Cheese of the 1st and 2nd Analysts under
Repeatability Conditions for 3rd Day

Number of Repeatability 1°t Analyst 2" Analyst
1 7.09 7.12
2 7.05 7.03
3 7.14 7.12
4 7.10 7.12
5 7.14 7.07
6 7.00 7.03
7 7.14 7.12
8 7.14 7.17
9 7.14 7.07
10 7.18 7.12
Average 7.11 7.10
Standard deviation 0.053 0.045
RSD 0.007 0.006
RSD % 0.74 0.64
Grubb top 1.329 1.544
Grubb down 2.088 1.544
Grub criterion 2.29 2.29
Evalution Suitable Suitable

Reproducibility

For reproducibility, ten replicates were performed on selected cheese samples using the Mohr method
on various days. The mean, standard deviation, and relative standard deviation of the data obtained
in Tables 3, 4, 5, and 6 were calculated. The table shows the agreement between the relative standard
deviation (RSD) values obtained under reproducibility conditions and the concentration-dependent
precision values. The RSD values were compared with the RSD values. According to the analysis results
stated in the tables, all RSD values obtained under reproducibility conditions were interpreted as
suitable since the concentration-dependent precision values were less than 1.8 % RSD.
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Table 3. Reproducibility Study on Kashar Cheese Sample (1 Analyst)

2025, 15(1), 142-150

Number of Repeatability a b X a-b (a-b)/X ((a-b)/X)?
1 (1%t day) 7.138 7.080 7.109 0.058 0.008 0.000
2 (1%t day) 7.138 7.100 7.119 0.038 0.005 0.000
3 (1%t day) 7.046 7.060 7.053 -0.014 -0.002 0.000
4 (1% day) 7.138 7.100 7.119 0.038 0.005 0.000
5 (2" day) 7.000 7.060 7.030 -0.060 -0.009 0.000
6 (2" day) 7.138 7.120 7.129 0.018 0.003 0.000
7 (2" day) 7.184 7.100 7.142 0.084 0.012 0.000
8 (3" day) 7.138 7.040 7.089 0.098 0.014 0,000
9 (3" day) 7.138 7.100 7.119 0.038 0.005 0.000
10 (3" day) 7.184 7.120 7.152 0.064 0.009 0.000
Total 0.001
RSD 0.006
RSD % 0.6

a: First analysis result, b: Second analysis result and X: Mean value.

Table 4. Reproducibility Study on Kashar Cheese Sample under Different Days (2" Analyst)

Number of Repeatability a B X a-b (a-b)/X ((a-b)/X)?
1 (1%t day) 7.138 7.100 7.119 0.038 0.005 0.000
2 (1%t day) 7.138 7.120 7.129 0.018 0.003 0.000
3 (1%t day) 7.138 7.120 7.129 0.018 0.003 0.000
4 (1%t day) 7.000 7.060 7.030 -0.060 -0.009 0.000
5 (2" day) 6.954 7.000 6.977 -0.046 -0.007 0.000
6 (2" day) 7.138 7.120 7.129 0.018 0.003 0.000
7 (2" day) 7.046 7.080 7.063 -0.034 -0.005 0.000
8 (3" day) 7.138 7.080 7.109 0.058 0.008 0.000
9 (3" day) 7.092 7.120 7.106 -0.028 -0.004 0.000
10 (3" day) 7.046 7.080 7.063 -0.034 -0.005 0.000
Total 0.000
RSD 0.004
RSD % 0.4
Table 5. Reproducibility Study on Urfa Cheese Sample (1°* Analyst)
Number of Repeatability a b X a-b (a-b)/X ((a-b)/X)?
1 (1%t day) 2.68 2.70 2.69 -0.02 -0.01 0.00
2 (1%t day) 2.77 2.82 2.80 -0.05 -0.02 0,00
3 (1% day) 2.74 2.72 2.73 0.02 0.01 0,00
4 (1%t day) 2.68 2.68 2.68 0.00 0.00 0,00
5 (2" day) 2.75 2.72 2.74 0.03 0.01 0,00
6 (2" day) 2.70 2.68 2.69 0.02 0.01 0.00
7 (2" day) 2.69 2.74 2.72 -0.05 -0.02 0.00
8 (3" day) 2.72 2.73 2.73 -0.01 0.00 0.00
9 (3" day) 2.68 2.70 2.69 -0.02 -0.01 0.00
10 (3" day) 2.72 2.75 2.74 -0.03 -0.01 0.00
Total 0,001
Total 0.001
RSD 0.008
RSD % 0.8

a: First analysis result, b: Second analysis result and X: Mean value.
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Table 6. Reproducibility Study on Urfa Cheese Sample under Different Days (2" Analyst).

Number of Repeatability a b X a-b (a-b)/X ((a-b)/X)?
1 (1%t day) 2.77 2.72 2.74 0.05 0.02 0.00
2 (1%t day) 2.72 2.70 2.71 0.02 0.01 0.00
3 (1%t day) 2.77 2.70 2.73 0.07 0.02 0.00
4 (1% day) 2.77 2.72 2.74 0.05 0.02 0.00
5 (2" day) 2.70 2.72 2.71 -0.02 -0.01 0.00
6 (2" day) 2.74 2.70 2.72 0.04 0.02 0.00
7 (2" day) 2.75 2.74 2.74 0.01 0.00 0.00
8 (3" day) 2.75 2.76 2.75 -0.01 0.00 0.00
9 (3" day) 2.66 2.70 2.68 -0.04 -0.01 0.00
10 (3" day) 2.71 2.75 2.73 -0.04 -0.01 0.00
Total 0.002
RSD 0.010
RSD % 1.0

a: First analysis result, b: Second analysis result and X: Mean value.

All RSD values obtained under reproducibility conditions since it is smaller than the RSD value of 1.8%
given in the table of precision values as a function of concentration (Table 7), the RSD values obtained
under reproducibility conditions are interpreted as appropriate.

Table 7. Comparison of Concentration-Dependent Precision Value (AOAC, 1998).

Percent of Analyst Concentration (%) A:::ift Unit RSD %
100 1 100 % 13
10 10! 10 % 1.8
1 1072 1% 2.7
0.1 1073 0.1% 3.7
0.01 10 100 ppm 5.3
0.001 10° 10 pp 7.3
0.0001 10° 1 ppm 11
0.00001 107 100 ppb 15
0.000001 108 10 ppb 21

Analysis of Accuracy

For the accuracy parameter, 10 replicate analyses were performed using the reference material (white
cheese) and the mean, standard deviation and systematic error of the values obtained were calculated
(Table 8). The t-test was performed to check whether the systematic error calculated according to the
certificate value was significantly different from the actual value and the t-value was calculated.
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Table 8. Standard Reference Material (white cheese) Analysis Results

Number of Repeatability Salt (%)
1 3.34
2 3.29
3 3.33
4 3.33
5 3.29
6 3.22
7 3.24
8 3.2
9 3.33
10 3.12
Real value 3.31
Found value 3.27
Relative error 0.012
Standard deviation 0.072
t value 1.789
t critical value 2.262

From the t-test table in the literature, the critical t value at 9 degrees of freedom (n-1) in the 95 %
confidence interval was found to be 2.262. Since the calculated value was 1.789<2.262, it was
interpreted as there was no significant difference between it and the certificate value.

Sezey and Adun (2019) carried out validation studies of the Mohr titration method for the
determination of salt content in olive and/or olive brine. The method was successfully validated as its
accuracy (70-120%) and precision (RSD 5%) were within acceptable ranges.

Calculation of Measurement Uncertainty

The uncertainty components of the applied analysis method are weighing, volume, precision and
accuracy.

The uncertainty of the precision balance used in the studies was given as + 0.001. The standard
uncertainty was found as 0.001/v3 = 0.0006 with a rectangular distribution.

The 5 mL pipette calibration certificate value is given as £ 0.05 ml. The standard uncertainty is found
as 0.05/v3 = 0.028 with a rectangular distribution. The 10 mL pipette calibration certificate value is
given as £ 0.1 mL. The standard uncertainty is found as 0.1/v3 = 0.057 with a rectangular distribution.
In the studies conducted, the accuracy relative error was calculated as 0.012 (Table 8). Volume
uncertainty values are given in Table 9.

Table 9. Volume Uncertainty Values

Relative Standard

Compound Value Standard Uncertainty .
Uncertainty
Volume of pipette (ml) 5 0.028 0.0056
Volume of pipette (ml) 10 0.057 0.0057
Total volume uncertainty - - 0.008

The combination of RSDs obtained from repeatability and reproducibility studies in Urfa and kashar
cheese should be used to determine the uncertainty of precision. The following eqution 2 (Eq.2) was
used to achieve this. The uncertainty due to precision was found to be Uiota = 0.0008.

RSDcompound) = W IRSD1)? x VAlfs + WRSD2)? X VAf +..... + RSD,)? x VAlfn )/ dfr+dfsdfs+...+df,) (EG.2)

[RSD: Relative standard deviation, df: Degrees of freedom (df=n-1; n: Number of repetitions)].
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Total Uncertainty

The total uncertainty was calculated by combining the uncertainty results from weighing, volume,
precision and accuracy using the formula below.

Total uncertainty (U) was calculated as 0.014 according to equation 3 (Eq.3).
U= ‘/( (Uwe/'gh)z + (Uvolume)z + (Ucert'ainity)2 + (Utrruth)2 (Eq3)

Expanded Uncertainty

The expanded uncertainty was calculated according to equation 4 and 5 (Eq.4; Eq.5) and found to be
0.028. At this point, it is possible to give the values of our study as the result of the report in the form
of equation 6 (Eq.6).

Expanded Uncertainty (Urwop)= Total standard uncertainty (Utop) x k (Eq.4)
k=2 (%95 confidence interval)

Usaie=k X Uprotein-relative std.uncertainity) (EQ.5)

Usa = 2 x 0.014

Usaie = 0.028

Result (%) = Analysis Result + (Analysis Result x Expanded Uncertainty) (Eq.6)

Conclusion

Validation studies were conducted to verify the validity of the Mohr method, which is one of the most
common methods for salt determination in the laboratory. Therefore, Urfa cheese and Kashar were
preferred. Precision (repeatability and reproducibility) and accuracy are the method validation
parameters. The relative standard deviation (RSD) values obtained under the conditions of
reproducibility and repeatability were compared with the concentration-dependent precision values
and the results were found to be appropriate. The accuracy study was carried out using a standard
reference substance. The t-test was used to determine whether the results were close to the true value
and the results were found to be appropriate. As a result, the validation studies of the Mohr method
were completed and are valid for our study. A study on the measurement uncertainty of cheese salt
was also conducted. The applied analysis method determined the uncertainty components including
volume, precision, weight, and accuracy. Then, the expanded uncertainty was calculated by combining
these components. The expanded uncertainty is U(salt) = 0.028
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