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NARINGENIN BASKILANMIS KRiYOJEL MEMBRANLARIN
HAZIRLANMASI VE ADSORPSIYON DAVRANISLARININ
INCELENMESI

Emel DEMIiRTAS!, Mehmet ODABASI**

1Aksaray University, Faculty of Science and Letters, Department of Chemistry, 68100, Aksaray, Tlirkiye

Ozet: Naringenin dnemli terapétik (tedavi edici) etkileri olan flavonoid sinifindan bir flavanondur. Yurt disinda fazlaca ¢alisiimis bir
bilesik olan naringenin iilkemizde ¢ok fazla dikkat cekmemis oldugu diisiiniilmektedir. Yaygin sekilde bitkilerde bulunan bu naringenin
molekiiliine dikkat ¢ekmek i¢in yeni bir yontem olan molekiiler baskilama yéntemi kullanilarak naringenin baskilanmis kriyojeller
sentezlenmistir. Elementel analiz, termogravimetrik analiz ve sisme testleri gibi karakterizasyon ¢alismalari ile birlikte adsorpsiyon ve
secicilik testleri de gerceklestirilmistir. Elde edilen bulgulardan bazilar1 asagida 6zetlenmistir: Naringenin baskilanmig polimerlerde
bozunma sicakhgr 1,7 °C kadar yiikselmistir. Naringenin baskilanmis polimerdeki naringenin miktar1 baskilanmamisa oranla
%16,36'lik oranda yiiksek bulunmustur. MIP ve NIP i¢in sisme degerleri sirasiyla %850 %967 olarak hesaplanmistir.

Anahtar kelimeler: Naringenin, Molekiiler baskilanmis polimer, Naringenin saflastirilmasi

Preparation of Naringenin Imprinted Cryogel Membranes and Investigation of Adsorption Behaviors

Abstract: Naringenin is a flavanone of the flavonoid class with significant therapeutic effects. It is thought that naringenin, a compound
that has been studied extensively abroad, has not received much attention in our country. Naringenin imprinted cryogels were
synthesized using a new method, molecular imprinting, to draw attention to this molecule of naringenin, which is commonly found in
plants. Along with characterization studies such as elemental analysis, thermogravimetric analysis and swelling tests, adsorption and
selectivity tests were also carried out. Some of the findings are summarized below: The degradation temperature of naringenin in
imprinted polymers increased by 1.7 °C. The amount of naringenin in MIP was found to be 16.36% higher than in the NIP. Swelling
values for MIP and NIP were calculated as 850% 967%, respectively.

Keywords: Naringenin, Molecularly imprinted polymer, Naringe purification
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1. Giris aktiviteler agisindan daha baskindir (Choudhury ve ark,,
Narenciye meyvelerinde baslica biyoaktif polifenoller ~ 1999). Naringenin, diisiik miktarlarda dogal bir molekiil
olan ve aktif yap1 bakimindan birbirine ¢ok benzeyen olarak elde edilebilecegi gibi, farmas6tik amagh
naringin ve naringenin tiiketiminin insan saglig naringenin tretiminde naringinin enzimatik olarak veya

tizerindeki bir¢ok olumlu etkisi oldugu eski ¢aglardan farkli  kimyasallarla  hidroliz =~ edilmesiyle de elde
beri bilinmektedir (Stabrauskiene ve ark, 2022). Bu edilebilmektedir. Ancak bu yontemlerde asir1 kimyasal

flavonoidlerin  kardiyovaskiller =~ ve  nérovaskiiler kullanim1 saflik sorunlar1 yaratmanin yani sira ¢evresel
hastaliklar1 tedavi etme ozelliginin yani sira giiglii bir tehditler de olusturabilmektedir. Bu nedenle naringenin
antioksidan, antikanser, antiviral, antitimoér ve Uretimi i¢in c¢evre dostu ve ekonomik ydéntemlerin
antiinflamatuar ~ etkiler gibi birgok  biyokimyasal kullanilmasi énemlidir (Sant ve ark., 2022). Bahsedilen
aktiviteye sahip olduguna dair literatiirde bir¢ok bilimsel bu sorunlarin ¢ziimine yénelik olarak naringeninin
yayin bulunmaktadir (Chang ve ark., 2017; Patel ve ark,, cevre dostu kosullarda dogal ortamdan segici olarak
2018; Noori ve ark, 2020; Sant ve ark, 2022). Naringin ~ ayrimasi i¢in  naringenin  baskilanmis  kriyojel
diyetle viicuda alindiktan sonra, bagirsak mikroflorasi membranlar hazirlanmigtir.

tarafindan naringenin ve sekere pargalanir daha sonra Molekiler baskilanmis  polimerler (MIP), biyolojik
emilir. Naringenin, naringinin sadece bir aglikon formu molekiiller olan antikor-antijen sistemlerinin sentetik
olmasina ragmen, naringinin seker Kismunmn sterik modelleri olarak da tanimlanir. MIP'ler, sentez siirecinde
engellenmesi  nedeniyle naringenin  biyokimyasal polimerazyon ortaminda bulunan sablon molekiilii segici
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olarak tanima agisindan "kilit ve anahtar" modeli
tizerinden calisirlar (Haupt ve Mosbach, 2000; Odabasi
ve ark. 2007). Potansiyel antijen-antikor tabanl ¢alisma
sistemlerinin aksine, MIP'ler diisiik maliyet ve zorlu
cevre kosullarina dayaniklilik gibi avantajlara sahiptir
(Acet ve ark. 2023). Ornegin biyolojik yapilarin calisma
sicakliklar1 canlilarin fizyolojik sicakliklari ile sinirh iken
MIP'ler daha genis bir aralikta calisabilmektedir. Ayrica
biyolojik reseptorlerin
kosullar1 ve raf Omdiirleri siirl iken, MIP'ler cevre
kosullarindan ¢ok fazla etkilenmemektedir (Inanan ve
ark, 2016). Uygun fonksiyonel capraz
baglayici ve sablon molekiil kullanilarak elde edilen
MIP'ler,
altinda

izolasyon sonrasi saklama

monomer,

polimerizasyon sonrasinda uygun kosullar
sentezlenen polimerden sablon molekiiliin
uzaklastirilmasiyla kullanima hazir hale gelir (Arabi ve
ark, 2021). Saflastirma ve tespit gibi farkli alanlarda
akademik diizeyde ytriitiilen MIP ¢alismalar1 mevcutken
(BelBruno, 2018; Acet ve Odabasi, 2022; Dikici ve ark.,
2023; Karasu ve ark., 2023) MIP’ler endiistriyel boyutta
da kendini gostermektedir (Wackerlig ve Schirhagl,
2016).

Ayirma biliminde, analitik amaclar ve biyomolekiillerin
saflastirilmasi i¢in farkl sekil ve boyutlarda birgok tiirde
adsorban hazirlanmis ve kullanilmistir. Ancak bunlar
arasinda makrogozenekli kriyojeller, o6zellikle viskoz
ortamlarda kiitle transferi kisitlamasi olmaksizin iistiin
akis dinamikleri ile 6n plana ¢ikmis ve kimya, biyoloji ve
biyoteknoloji gibi alanlarda genis bir kullanim alam
bulmustur (Baydemir ve ark, 2009;
Mattiasson, 2014).

Burada, naringenin baskilanmis kriyojel membranlar
sentezlenmis ve sulu ¢dzeltiden naringenin molekiilii i¢in
ayirma Kkapasiteleri ve segicilikleri agisindan test
edilmistir. Polimerizasyon i¢in fonksiyonel monomer,
yardimcl monomer ve ¢apraz baglayici olarak sirasiyla
akrilamid, 2-hidroksietil metakrilat ve N,N'- metilenbis

Ertirk ve

(akrilamid) kullanilmistir. ~Secicilik ¢alismalart igin
naringenin ile yapisal benzerliginden dolay:1 gallik asit
yarismaci ajan olarak kullanilmistir.

2. Materyal ve Yontem

2.1. Materyal

Calismalarda naringenin kalip molekiil, akrilamid (AAm)
fonksiyonel monomer, 2-hidroksietil metakrilat (HEMA)
yardimct monomer; N,N™-metilen-bisakrilamit (MBAAm)
capraz baglayici, amonyum persiilfat (APS) ve N,N,N N~
tetrametil etilendiamin (TEMED) cifti radikal olusturucu
ve Kkatalizér ¢ift olarak kullanilmistir. Calismalarda
kullanilan kimyasallar Sigma (St. Louis, ABD)'dan temin
edilmistir. Kullanilan su yiliksek akish selilloz asetat
membran (Barnstead D2731) ile ters ozmos Barnstead
(Dubuque, IA) ROpure LP® birimi ardindan Barnstead
D3804 NANOpure®organik/kolloid uzaklastirma birimi
ve iyon degistirici dolgulu kolon sistemi kullanilarak
saflastirllmistir (18 MQ/cm).

2.2. Yontem

2.2.1. Naringenin
hazirlanmasi
Naringenin (0,027 g) ve akrilamid (0,021 g) tartilip 0,5
mL etil alkolde ¢oziindiiriilmiistiir. Bagka bir tiipte (0,28
g) MBAAm saf suda ¢oziindiirilerek iizerine (0,2 g)
HEMA ve 10 uL APS (%10) ilave edilerek karistirilmistir.
Daha sonra iki karisim birlestirilerek toplanda 5 mL
olacak sekilde saf su ile hacim tamamlanmistir. Son
olarak 10 uL. TEMED ilavesi yapilarak karistirilan ¢ozelti,
daha onceden hazirlanmis -18 °C’daki siringalar icine
dokiilerek dondurucuya konulmus ve yaklasik 12 saat
sonra cikartilarak ¢ozlilmeye
birakilmistir. Boéylece naringenin baskilanmis polimerik
kriyojel edilmistir.  Calismada
naringenin kullanilmaksizin ~ molekiiler
baskilanmamis polimerler de (NIP)
karsilastirmali test edilmistir.

2.2.2. Naringenin icin calisma dalga boyunun
belirlenmesi ve kalibrasyon grafiginin olusturulmasi
Calismalarda naringeninin maksimum absorpsiyon
yaptig1 dalga boyunun tespit edilmesi verilerin analizi
icin birinci derecede Onemlidir. Bu amagla literatiir
bilgileri de dikkate alinarak 250-350 nm araliginda
naringenin icin absorpsiyon taramasi yapilmistir ve
maksimum absorpsiyonun goriildiigii dalga boyu (290
nm) kullanilarak kalibrasyon egrisi grafigi hazirlanmistir.
Bu amagla etanol ¢oziicii olarak kullanilarak naringenin
icin 0,02 mg/mL’lik bir stok ¢6zelti hazirlanmistir.
Hazirlanan stok ¢ozeltiden seyreltmeler yapilarak 0,02-
0,00125 mg/mL konsantrasyon araliginda ¢ozeltiler elde
edilmis ve daha Once tespit
absorpsiyonun gozlendigi 290 nm dalga boyunda
absorbsiyon 6l¢iimleri alinmis ve bu veriler kullanilarak
kalibrasyon egrisi elde edilmistir.

2.3. Karakterizasyon Calismalari

2.3.1 Termogravimetrik analiz

Sentezlenen naringenin baskilanmis kriyojel
membranlarin yapisinda naringenin varligini géstermek
amaciyla termogravimetrik analizler (Hitachi Exstar
marka, SII TG/DTA 7300 model Termogravimetrik Analiz
Cihazi (DTA-TG)) yapilmistir. Bu calismalarda naringenin
baskilanmamis polimerik kriyojel
referans polimer olarak kullanilmistir. Analiz calismalari
icin MIP ve NIP polimerik érnekler 60 °C’deki vakumlu

baskilanmis membranlarin

dondurucudan

membranlar elde
molekiili
hazirlanarak

edilen maksimum

membranlar da

etlivde sabit tartima gelene kadar kurutulmus, ardindan
dinamik azot atmosferinde 700 °C’a kadar 1sitilmigtir.
2.3.2 Elementel analiz

Hazirlanan naringenin baskilanmis ve baskilanmamis
kriyojel membranlar, elementel yapi1 agisindan da
naringenin varligini géstermek amaciyla elementel analiz
cihazi (Thermo, Flash 2000 model) ile de incelenmistir.
Analizlerde C, H ve N element ylizdelerinin tayini ile
ilerleme yapilmistir. Cihazda tasiyic1 gaz olarak helyum
gaz1 (He), yakici gaz olarak ise oksijen gazi kullanilmistir.
Analiz ¢alismalari i¢in MIP ve NIP polimerik 6rnekler 60
°C'deki vakumlu etlivde sabit tartima gelene kadar
kurutulmus ve elementel analiz ¢galismalarina gegilmistir.
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2.3.3 Denge sisme c¢alismalari

Denge sisme oranlarinin belirlenmesi i¢in 6nceden
hazirlanmis kriyojel membranlar vakum etiiviinde 60
2C’de sabit tartima gelene kadar kurutulmus ve kuru
kriyojel agirhg (W,) tespit edilmistir. ikinci agamada,
kriyojel ornekleri 50 mL saf su icine atilmis ve belirli
zaman araliklarinda saf su icinden c¢ikarilan kriyojel
orneklerinin ytlzeylerindeki fazla su bir kagit pecete
vasitasiyla hafifce uzaklastirilmis ve denge agirligini
bulmak amaciyla tartilmistir. Denge sisme agirlhign (Ws)
elde edildikten sonra Esitlik 1’'de degerler yerine
konularak hesaplama yapilmistir.

Ws—Wo o 100 1
= (1)

o

Sisme orani (%) =

2.4 Naringenin icin Sulu Ortamdan Adsorpsiyon
Calismalar

2.4.1 Naringenin adsorpsiyonuna derisimin etkisi
Naringenin adsorpsiyonuna derisimin etkisini gérmek
amaciyla farkli derisimlerde naringenin ¢6zeltileri
hazirlanmis ve hazirlanan bu ¢6zeltiler ile kriyojel
ornekleri calkalamali su banyosunda muamele edilerek
absorbans ol¢timleri alinmis ve 290 nm’de UV-Vis

spektrofotometre  kullanilarak  degerlendirilmistir.
Spektrofotometrik  okumalar Esitlik 2’de yerine
konularak matematiksel olarak ifade edilmistir.
(C;=CrHxV
q=——r =" (2)
m

Burada g, gram polimere adsorbe olmus naringenin
miktar1 (mg/g), Ci ve Cr sirasiyla adsorpsiyon dncesi ve
sonrasi ¢ozeltilerdeki naringenin derisimlerini (mg/mL),
V ¢ozelti hacmi (mL), m ise kuru kriyojel agirhigini (g)
temsil etmektedir.

2.4.2 Secicilik deneyleri

Naringenin ~ baskilanmis  Kkriyojel
naringenine karsi seciciligini test etmek amaciyla gallik
asit yarismaci molekiil olarak kullanilmistir. Gallik asit
molekiiliiniin naringenine olan molekiiler benzerliginden
dolay1 yarismacit ajan olarak kullanilmasina karar
verilmistir. Gallik asit i¢cin yapilan absorbans taramasinda
maksimum absorbans 212 nm’de alinmis ve molekiliin
bundan dalga boyunda
veriler Esitlik 2

membranlarin

sonraki okumalar1 bu

gerceklestirilmistir. Elde edilen

kullanilarak degerlendirilmistir.

3. Bulgular ve Tartisma

3.1. Karekterizasyon Calismalari

Kalip molekiill ve yarismaci ajan i¢in c¢alisma dalga
boyunun belirlenmesi ve
olusturulmasi1 asamasi bu tir calismalar i¢in olduk¢a
Onemlidir. Calismada naringenin i¢in 250-350 nm ve
gallik asit i¢cin 200-350 nm dalga boyu araliginda

absorpsiyon taramasi gergeklestirilmis ve elde edilen

kalibrasyon  grafiginin

maksimum dalga boylar1 (naringenin i¢cin 290 nm, gallik
asit icin 212 nm) ¢alisma boyunca bu iki molekiilin

okumalari i¢in kullanilmistir.

Calismada elde adsorpsiyon  o6l¢limlerini
konsantrasyon birimine doniistirmek amaciyla da bu
molekiiller i¢in kalibrasyon grafikleri elde edilmis, bu
amagcla farkli konsantrasyonda hazirlanan naringenin ve
gallik asit cozeltilerinin 290 nm ve 212 nm’deki
absorbans ol¢iimleri alinarak grafige gecirilmis ve elde
edilen kalibrasyon egrileri Sekil 1'de verilmistir.

edilen

4
y = 80,948x + 0,1346 a
3.5 1 R = 0,9968
£ 3
=
g 25
8
@ 2
o
'5 1,5
= 1
0,5
0
0 0,01 0,02 0,03 0,04
C (mg/mL)
25
y = 188,38x + 0,0657 b
R2=10,9974
2
g
25
)
£ 1
g
E
<
05
0 &
0 0,002 0,004 0,006 0,008 0,01
C (mg/mL)

Sekil 1. Naringenin (a) ve gallik asit (b) i¢in sirasiyla 290
ve 212 nm’de alinan kalibrasyon egrileri.

Polimerik  yapiya
girmedigini test amaciyla yapilan termogravimetrik
analiz sonuglar1 Sekil 2’de verilmistir. Sekil 2a’da
naringenin baskilanmis kriyojel membranlarin analizleri
verilmisken, Sekil 2b’de ise baskilanmamis polimerin
termogravimetrik analiz sonuglar: goriilmektedir.

Sonuglara gore her iki grafik icinde 100 °C’a kadar %7,6
su bulunmaktadir. Naringenin baskilanmis polimer igin
240,4 °C’ da ikinci kademe bozulma olusmustur, burada
%7’lik bir oran goriilmektedir. Erime noktas1 251 °C olan
naringenin g6z Oniine alindiginda, bu %7’k orani
naringenine atfedilebilir. 397,5 ve 395,8 °C'deki bozulma
ise polimere aittir ve bu sicakliklardaki oranlar ise

naringenin  molekiiliniin  girip

%77,09 ve %75,69 oldugu goriilmektedir. Naringenin
baskilanmis polimerin bozulma sicakligi 1,7 °C kadar
ylikselmigtir.

Polimerik yapiya naringenin
girmedigini incelemek amaciyla
calismalar1 da gergeklestirilmistir. Azot naringeninde
olmayan fakat polimerin yapisinda bulunan bir element

molekiiliiniin  girip

elementel analiz

iken karbon ve hidrojen polimerik yap1 ve naringeninde
bulunan ortak elementlerdir. Bu nedenle stokiyometrik
naringeninde bulunmayan fakat polimerin
yapisinda bulunan azot degeri iizerinden yapilmistir.
Yapilan elementel analiz sonuglari Tablo 1’de verilmistir.

analiz
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Sekil 2. Naringenin baskilanmis MIP (a) ve baskilanmamis NIP (b) kriyojel membranlarin termogravimetrik analiz
grafikleri.
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Tablo 1. Naringenin baskilanmis ve baskilanmamis (b) kriyojel membranlarin elementel analiz sonuglari

Polimer Ornek %N %C %H Toplam Ort. %N Ort. %C Ort. %H
) ) 1 7,49 51,79 7,37 66,64

Naringenin baskilanmis

2 6,81 51,04 6,74 64,59 7,23 51,27 7,07
membran (MIP)

3 7,38 50,99 7,09 65,46
Naringenin 1 8,98 51,57 7,17 67,72
baskilanmamis 2 8,43 51,07 6,99 66,50 8,64 51,74 7,17
membran (NIP) 3 8,50 52,59 7,35 68,44

Tablo 1’den goriilecegi gibi baskilanmis polimer i¢in
yapilan 3 bagimsiz test ortalamasi %7,23 iken bu oran
baskilanmamis polimerde naringenin olamayisindan
dolay1 ortalama %8,64’e yiikselmektedir. Bu yiikselmeyi
olusturan etki stokiyometrik olarak ¢6ziimlendiginde
molekiiler baskilanmis polimerdeki naringenin miktari
%16,36 olarak hesaplanmaktadir.

Molekiiler baskilanmis polimerlerin suya karsi olan
davraniglar1 da karekterizasyon acgisindan o6nemlidir.
Burada, naringenin baskilanmis ve baskilanmamis
polimerik kriyojellerin su alma kapasiteleri de incelenmis
ve yiizde sisme oranlart MIP icin %850 olarak
hesaplanmigken bu oran NIP icin %967
bulunmustur. MIP i¢in bulunan daha diisiik sisme orani
MIP’de bulunan hidrofobik yapidaki naringenin
molekiliiniin suyu itmesine yorumlanmistir.

3.2. Adsorpsiyon Calismalar ve Secicilik Testleri
Naringenin baslangic  derisiminin
etkisini incelemek icin pH 5’e ayarlanmis naringenin

olarak

adsorpsiyonuna

¢ozeltisinin farkli derisimleri (0,1 - 3 mg/mL araliginda)
ile naringenin baskilanmis polimerler 30 dak siireyle
etkilestirilmis ve baslangic ve son derisim okumalari
spektrofotometrik olarak okunmus ve elde edilen
bulgular Sekil 3’te verilmistir.

) 80
S
E 60
o
5 40
S
=
:”| A '
2

0

0,1 0.5 1 2 3

Co (mg/mL)

Sekil 3. Naringenin baskilanmis polimerlere naringenin
adsorpsiyonuna derisimin etkisi.

Sekil naringenin adsorpsiyonu
naringenin baslangi¢ derisiminin artmasi ile artmis ve

3’'te gorildugh gibi

yaklasik 3 mg/mL degerinde baskilanmis kriyojel
membranlardaki {i¢ boyutlu baglanma bosluklarinin
doygunluga ulagmasi ile dengeye gelmistir. Maksimum
naringenin baglanma kapasitesi baskilanmis polimerler
icin yaklasik 69 mg/g olmusken bu deger baskilanmamis
polimerlerde yaklasik 14 mg/g olarak bulunmustur.
Naringenin

desorpsiyonu

baskilanmis  polimerlerden
kullanilmistir  ve

tizerinde bir desorpsiyon saglanmistir.

naringenin
icin etanol %90’1n
Molekiiler baskilanmis polimerler i¢in kovalent olmayan
etkilesimlerin kullanilmasi1 polimerin kolay hazirlanmasi

acisindan biiyiilk avantaj saglamaktadir. Adsorpsiyon
desorpsiyon reaksiyonlarinda ve segicilik ¢alismalarinda
reaksiyon dengesini kompleks olusumu
kaydirmak icin optimal fonksiyonel monomer/kalip
oranlarinin kullanilmasi 6nem arz etmektedir. Ug boyutlu

yonune

bosluklarda diizensiz olarak yodnlenmis fonksiyonel
gruplar ise 6zgill olmayan (non-spesifik) baglanmalara
neden olur. Molekiiler baskilanmis polimerler konusunda
daha onceki tecriibelerimizi de dikkate alarak farkl
denemelerden sonra  ulastigimiz 1/3 (kalip
molekiil/fonksiyonel molekil) oramyla hazirladigimiz
naringenin baskilanmis polimerler ile yaptigimiz secicilik
deneylerimizde kullandigimiz bazi denklemler asagida
verilmistir. Burada, molekiiler baskilanmis polimerlerin
baglama seciciliginin statik dagilma sabitini belirlemek
izere Kp (mL/g), ayirma faktéorii a ve ayirma faktori
orani S ifadeleri ile gosterilebilir. Kp, @ ve f sembollerini
Esitlik 3 ve 4’de verildigi seklide tanimlayabiliriz:
Kp =C,/Cs 3)
burada (€, gram polimer basina tutunan naringenin
sayist (mg/g), Cs ¢ozeltideki naringenin
konsantrasyonunu (mg/mL) sembolize etmektedir.

molekiili

a = Kpy/Kpr (4)
Kbk, Kp,r, sirasi ile kalip ve rekabet¢i molekiil i¢in statik
dagilma sabitini (Kp) vermektedir. Son olarak ayirma
faktorii oranmt [ ise asagida verilen Esitlik 5 ile
hesaplanmaktadir.
B =au/ac (5)
burada f'nin 1,0 olmasi ayirimin gerceklesmedigini yani
molekiiler baskilanmis polimerin ¢alismadigini gosterir.
elde
irdelendiginde naringenin baskilanmis ve baskilanmamis

Calisma  sonuglarindan edilen sonuglar
polimerlerin naringenine icin Kp degerleri sirasiyla
yaklasik olarak 11,9 ve 6 bulunmusken bu deger gallik
asit icin sirasiyla 14,3 ve 14,4 olarak hesaplanmistir. Elde
edilen Kp degerlerinden a degerleri 0,84 ve 0,42
bulunmugsken S degeri yaklasik olarak 2 bulunmustur. Bu
deger naringenin baskilanmis polimerlerin
baskilanmamis polimerlere oranla naringenine karsi 2

kat kadar daha 6zgiil oldugunu géstermektedir.
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4. Sonug¢
Literatiirde naringenin tayini ve ayristirilmasina yonelik
pek ¢ok calisma olmasmma ragmen, naringenin

saflastirmasina ile ilgini ¢alismalara rastlanmamistir
(Cordenonsi ve ark, 2016; Rebello ve ark, 2020).
Bununla birlikte, naringeninin glikozidik tiirevi olan
naringin ile ilgili hem MIP hem de diger kromatografik
bazli saflastirma ¢alismalar1 arastirmacilar tarafindan
yapumistir (Trotta ve ark, 2002). Naringenin i¢i MIP
temelli saflastirma calismalarinin olmayisi agisindan bu
calisma 6nem arz etmektedir.

Katki Orani Beyani
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

E.D. M.O.
K 50 50
T 50 50
Y 50 50
VTI 100
VAY 50 50
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu calismada higcbir c¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyani

Hayvanlar ve insanlar iizerinde herhangi bir ¢alisma
yapilmadigl icin bu arastirma igin etik kurul onay
alinmamustir.

Destek ve Tesekkiir Beyani

Bu c¢alisma Tirkiye Bilimsel ve Teknolojik Arastirma
Kurumu tarafindan desteklenmistir (Hibe Numarasi:
121Z173). Bu destek i¢cin TUBITAK'a ¢ok tesekkiir ederiz.
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ORTALAMA KAYMA DALGASI HIZININ FARKLI YONTEMLERLE
BELIRLENMESI VE EDIRNE iLi OZELINDE DEGERLENDIRILMESi
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Ozet: Yapi tasarimi siirecinde zemin sinifinin dogru olarak tespit edilmesi olduk¢a 6nemlidir. Yapi-zemin etkilesiminde binalara
etkiyen deprem ytiklerini belirleyen en 6nemli parametrelerden birisi zemin hakim periyodudur. Zemin hakim periyodu ise ortalama
kayma dalgasi hizi ile iliskilidir. Bircok deprem yonetmeliginde zemin simiflarinin belirlenmesinde kullanilan 6nemli parametrelerden
birisinin ortalama kayma dalgas1 hiz1 oldugu goriilmektedir. Ortalama kayma dalgasi hiz1 ve buradan hareketle zemin hakim
periyodunun belirlenmesi ile ilgili literatiirde ve farkli deprem yonetmeliklerinde 6nerilen bir¢ok baginti bulunmaktadir. Bu ¢calismada
ilk olarak literatiirde hali hazirda kullanilan yaklasik bagintilar irdelenmis ve kesin ¢6ziim olarak nitelendirilebilecek ¢oziimle
karsilastirllmistir. Calismada kesin ¢dzlim olarak zemin hakim periyodu esas alinmistir. Kesin ¢dziim igin literatiirde yer alan
degistirilmis sonlu elemanlar tasima matrisi yontemi kullanilmistir. Ayrica bu yontemi dogrulamak i¢in Transfer Function Tool
programi kullanilarak transfer fonksiyonlari elde edilerek zemin hakim periyotlar1 bulunmustur. {ki yontemle elde edilen kesin periyot
degerlerinin birebir ayni oldugu gériilmiistiir. Bu kapsamda zemin hakim periyodunun hesaplanmasi i¢in biri kesin ¢6ziim olmak tizere
6 farkli yontem belirlenmistir. Calismanin ikinci asamasinda ise Edirne ili sinirlarinda bulunan 10 farkli sahadan alinan zemin etiitleri
incelenmistir. incelenen zemin etiit sonuglarindan faydalanilarak bu sahalara ait zemin profilleri belirlenmistir. Ardindan belirlenen
zemin profilleri kullanilarak literatiirde 6nerilen bagintilarin performanslari irdelenmistir. Calisma sonucunda deprem yonetmelikleri
arasinda kesin ¢dzlime en yakin sonucun Japon Deprem Yonetmeliginin dnerdigi bagintida gerceklestigi sonucuna varilmistir.

Anahtar kelimeler: Kayma dalgasi hizi, Zemin hakim periyodu, Edirne, Deprem yonetmelikleri, Transfer fonksiyonlar:
Determination of the Average Shear Velociy with Different Methods and Evaluation of Edirne Province

Abstract: It is very important to determine the soil class correctly in the building design process. One of the most important
parameters determining the earthquake loads acting on the buildings in the soil -structure interaction is the fundamental soil period.
The fundamental soil period is related to the average shear wave velocity. It is seen that one of the important parameters used in the
determination of soil classes in many earthquake codes is the average shear wave velocity. There are many correlations proposed in
the literature and different earthquake codes for the determination of average shear wave velocity and fundamental soil period. Within
the scope of the study, firstly, the approximate relations currently used in the literature were examined and compared with the
solution that can be described as the exact solution. In the study, the fundamental soil period was taken as an exact solution. For the
exact solution, the modified finite element transfer matrix method in the literature was used. In addition, to verify this method, transfer
functions were obtained using the Transfer Function Tool program, and fundamental soil periods were found. It has been observed
that the exact period values obtained by the two methods are exactly the same. In this context, 6 different methods, one of which is the
exact solution, have been determined for the calculation of the fundamental soil period. In the second stage of the study, soil surveys
taken from 10 different site within the borders of Edirne province were examined. Soil profiles of these sites were determined by using
the soil survey results. Then, using the determined soil profiles, the performances of the relations suggested in the literature were
examined. As a result of the study, it was concluded that the closest result to the final solution among earthquake regulations was
realized in the correlation suggested by the Japanese Earthquake Code.

Keywords: Average shear velocity, fundamental soil period, Edirne, Earthquake codes, transfer function
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1. Giris biyiikligini belirleyen énemli bir karakteristiktir. Sili
davranislarinin gibi bazi deprem yonetmeliklerinde zemin siniflar1 zemin
hakim periyotlarina bagh olarak belirlenmektedir. Diger
bir ¢ok deprem ydnetmeliginde ise zemin
siniflandirilmasinda zemin hakim periyodu ile dogrudan

Zeminlerin yer hareketi etkisinde
belirlenmesinde kullanilan en 6nemli parametrelerden
birisi zemin hakim periyodudur. Zemin hakim periyodu
yalnizca zeminlerin davranisini etkilemeyip ayni

zamanda yapilara etkiyjen deprem yiiklerinin iligkili olan ortalama kayma dalgasi1 hizi kullanilmaktadir.
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Zemin hakim periyodunu etkileyen faktoérler kayma
dalgasi hizlar ve tabaka kalinliklaridir. Ortalama kayma
dalgas1 hiz1 (Vs30) National Eartquake Hazard Reduction
Programme (NEHRP), Building Seismic Safety Council
(BSSC), Eurocode 8 (EC8), Tiirk Bina Deprem Yonetmeligi
(TBDY) vb. bir ¢ok deprem yonetmeliginde zeminin
hakim  periyodunun
belirlenmesi agisindan olduk¢a 6nemli bir parametredir.
Ayrica kayma dalgast hizi, kayma modiili, elastisite
moduli, bolgeleme
calismalari, zemin biiylitmesi, zemin hakim periyodunun
belirlenmesi Deprem miihendisleri
tarafindan yaygin olarak kullanilmaktadir (Sil ve
Sitharam, 2014; Babayev ve Telesca, 2016; Wang ve ark,,
2018; Zhang ve Zhao, 2018; Verdugo, 2019; Sadek ve
ark, 2020; Yaghmaei-Sabegh ve Rupakhety, 2020;
Raddatz ve ark., 2021; Zhang ve Zhao, 2021; Diaz Segura,
2021; Holtrigter ve Thorp, 2021).

Literatiirde ortalama kayma dalgasi hiz1 ve zemin hakim
periyodunun bulunmasi i¢in yapilan bazi ¢aligmalar 6zet
olarak asagida sunulmustur. Dobry ve ark. (1976), zemin
hakim periyodunu tahmin etmek icin dogrusal veya
esdeger dogrusal modeli kullanarak basitlestirilmis
coziimler ortaya koymuslardir. Bu amagla 76 farkli zemin
profilinin periyotlar1 7 farkli yontemle belirlenmis ve bu
degerler kesin degerlerle karsilastirilmistir.

Mariano ve ark. (2005), EC8 ile Japon Deprem
Yonetmeligini karsilastirmislardir. Zemin siniflandirmasi
icin EC8'de Vs30 parametresi kullanilirken, Japon Deprem
Yonetmeligi'nde ise hakim periyodu
kullanilmaktadir.  Japon  Deprem  Yonetmeliginde
kullanilan zemin periyodu ile Vsso arasindaki iliskiyi
kullanarak her iki yo6netmelikte kullanilan
siniflandirma sistemleri karsilagtirilmistir. Bu
karsilastirma sonucunda her iki yonetmeligin birbirine
yakin sonuglar verdigi gorillmiistiir.

Tena-Colunga ve ark. (2009), Meksika Deprem
Yonetmeligi ve dilinyada yaygin olarak kullanilan diger
deprem yonetmeliklerini incelemislerdir.
Calismalarindan da goriildiigii tizere Meksika Deprem
Yonetmeliginin o6nerdigi periyot hesab1 ile EC8'de
periyot  hesabi farkliliklar
bulunmaktadir.

smiflandirilmast  ve zemin

sivilasma  potansiyeli, mikro

vb konularda

zemin

zemin

onerilen arasinda
Lee ve Trifunac (2010), bircok deprem ydnetmeliginde
ortalama kayma dalgasi hizinin tasarim parametrelerinin
bulunmasinda kullanildigin1 belirtmislerdir. Ortalama
kayma dalgas1 hizinin zemin yiizeyinden itibaren 30 m’lik
kismi temsil etmesinden dolay1 kisitlarinin oldugunu
savunmuslardir. Bu nedenle daha derinleri de kapsayan
bir parametre kullanmanin daha dogru olacagini
orneklerle agiklamiglardir.

Luzi ve ark. (2011), NEHRP, BSSC, EC 8 ve Italian code
(NTC)
benzer

“Norme  tecniche per le costruzioni”

yonetmeliklerinin zemin smiflandirmasinda
teknikler kullanildigini belirtmislerdir. Bu
yonetmeliklerin tamaminin Vs3o ~ parametresini
kullanilarak  zeminleri  smiflandirdifini  ve  bu

siniflandirmanin yetersiz kaldigini savunmuslardir. Bu

nedenle Vs3p ile birlikte zemin frekansinin (fy) bir arada
kullanilmasini 6nermislerdir. Her iki parametrenin bir
arada kullanilmasi ile birlikte gercege daha yakin
sonuclar elde edildigini belirtmislerdir.

Wang ve ark. (2018), zemin hakim periyodunun tahmini
icin kayma dalgast hizi kullanilan 8 farkli ydntemi
kullanmislardir. Bu yontemler hem analitik ¢6ziimleri
hem de ampirik formiiller kullanilarak elde edilen
coziimleri kapsamaktadir. Sonu¢ olarak dogrusal hiz
modelinin zemin hakim periyodunun hesabinda en
uygun sonucu verdigi gézlenmistir.

Miao ve Wang (2018), zeminin dogal periyodu ile ilgili
calismalarinda Kik-net'ten Ocak 2009 ile Haziran 2014
arasinda alinan yer hareketi verilerini kullanmislardir.
korelasyon oldugunu ve bu korelasyonun Vsso ile
sinirlandirildigini belirtmislerdir.

Kim (2019), calismasinda ortalama kayma dalgas1 hizini,
¢ok tabakali zemin profillerinde transfer fonksiyonu
kullanarak belirlemistir. Transfer fonkisyonu ile bulmus
olduklar sonuglari, sonlu elemanlar yontemi ve 6zdeger
ile dogrulamistir. Ayrica c¢alismada Japon
yonetmeliginde kullanilan ortalama kayma dalgasi hiz1
bagintisinin Meksika yonetmeliginde kullanilan ortalama
kayma dalgasi bagintisina oranla daha iyi sonuc verdigi
gosterilmistir.

Bu calismada ise literatiirde kullanilan ortalama kayma
dalgasi hizi bagintilar1 ele alinarak Edirne ili 6zelinde
degerlendirilmistir.  Degerlendirmenin  yapilabilmesi
amaciyla Edirne ili sinirlarinda bulunan ve 10 farkh
sahadan alinan sismik zemin etiitleri kullanilmistir. Bu
zemin etiitleri kullanilarak kayma dalgasi
derinlikle degisimleri belirlenmistir. Calisma kapsaminda
literatiirde bulunan 5 farkl baginti kullanilarak éncelikle
bu profillere ait ortalama kayma dalga hizlan
belirlenmistir. Daha sonra literatiirden bilinen baginti
yardimiyla hakim periyotlar elde edilmistir. Elde edilen
zemin hakim periyodu degerleri, tek boyutlu analizle
analitik olarak elde edilen zemin hakim periyodu
degerleri ile karsilastirilarak yakinsakliklar:
belirlenmistir. Calismada zeminin dogrusal davranis
gosterdigi kabul edilmis olup modelleme i¢in tek boyutlu
zemin davranigi esas alinmistir.

analizi

hizinin

2. Literatiirde Ortalama Kayma Dalgasi
Hizinin Belirlenmesi icin Yaygin Kullanilan

Bagintilar

Literatiirde ortalama kayma dalgasinin bulunmasi ile
ilgili yaygin olarak kullanilan bagintilara bu béliimde yer
verilmistir. Esitlik 1’"de NEHRP, BSSC, EC 8 ve TBDY'de
ortalama kayma dalgasi hizinin (vsa) bulunmasi ile ilgili
Onerilen bagint1 verilmistir (TBDY,2018).

H

sa n

q,
2

(1)
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Burada H zemin profilinin toplam kalinhgini, di i
tabakanin kalinhginm1 ve vs ise i. tabakanin ortalama
kayma hizini1 gdstermektedir.

Esitlik 2 ve esitlik 3'de ise literatiirde siklikla kullanilan
iki baginti verilmistir (Takabatake ve ark, 2019). Bu

bagintilarda d; i. tabakanin kalinligini géstermektedir.
n
2. (d*vy)
V!
sa H (2)

3)

Japon Deprem Yonetmeligine goére yapilan periyot
hesabinda kullanilan baginti esitlik 4’de verilmistir
(Mariano ve ark, 2005). Burada Tz zemin hakim
periyodunu,L, anakaya ile temel arasindaki zemin tabaka
sayisiny, h;, Hi ve V;, ise sirasiyla i. tabakadaki kalinhg,
derinligi ve kayma dalgasi hizini temsil etmektedir.

h(Hil+Hij
' 2

L
T, = 32§T

' 4)

Meksika Deprem Yonetmeligine gore periyot hesabi ise
esitik 5 ve 6’da verilen bagmtilar kullanilarak
yapilmaktadir (Tena-Colunga ve ark., 2009).

Tablo 1. Zemin siniflandirilmasinda kullanilan bagintilar

N h N
— n 2 2
Ts =4 ZG_zpnhn (Wn +Wan—l+Wn—l)
n=1*~n n=1 (5)
Burada Ts zemin hakim periyodunuw ‘ler agirlik

fonksiyonlarini ve p ise zeminin birim kiitlesini
gostermektedir. w fonksiyonu ise asagidaki gibi
tanimlanmistir.

n

Zhi /Gi
w,=S——:;  n=12..N

Zhi /GI

i=1 (6)

Bu bagntilarda G; i tabakanin kayma rijitligini

gostermektedir. Periyotla ortalama kayma dalgasi
arasindaki iliski ise esitlik 7 de verilmistir.
v = 4H

sa T (7)

3. Materyal ve Yontem

Bu bolimde kisaca ¢alismada kullanilan ydntem ve
say1sal érnekler 6zet olarak verilmistir.

3.1. Yontem

Calisma kapsaminda zemin siiflandirilmasi i¢in 5 farkh
bagint1 kullanilmistir. Kullanilan bagintilar ve yontemlere
ait isimlendirmeler Tablo 1’de verilmistir. Tablo 1'de
gorildigii tzere bazi bagintilar dogrudan ortalama
kayma dalgas1 hizinin bulunmasin igerirken bazilarida
zemin hakim periyodu hesabini icermektedir.

Yoéntem No Tanimlama Baginti

Referans

Yontem 1 (Y1)

Takabatake vd., 2019

Vsa =
Yontem 2 (Y2)  Tabakalarin kayma n
dalgasi hizlarinin Zl: d; vy
=
agirlikli ortalamasi Vaa = H
Yontem 3 (Y3) Meksika Deprem
Yonetmeligi

Tena-Colunga vd.,
2009

Yontem 4 (Y4)  Japon Deprem

Yonetmeligi

Yontem 5 (Y5)  TBDY H

Mariano vd., 2005

Tiirkiye Bina Deprem
Yonetmeligi, 2019

Calismada ortalama kayma dalgas1 hizlari belirlendikten
sonra 7 nolu bagntiyla zemin hakim periyotlar
hesaplanmistir. Kesin hakim periyodunun belirlenmesi
icin literatiirde (Oztiirk ve Bozdogan, 2017) ayrintilar
verilen yontem kullanilmistir. Zemin dinamiginde

bilindigi lizere deprem dalgalarinin zemin tabakalar
arasinda yayilmasini temsil etmek i¢in kullanilan en basit
model zemini izotropik ,homojen ve elastik, dalgalar ise
diisey yayilan kayma dalgasi olarak kabul eden modeldir.
Bu kabuller altinda zemin hareketi tek boyutlu olarak
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idealize edilmektedir. (Oztirk ve Bozdogan, 2017)
tabakalarin serbest titresim hareketini temsil eden tek
boyutlu kismi diferansiyel denklemin ¢6ziimiinden
yararlanarak her tabaka icin tasima matrislerini sonlu
elemanlar yontemini ve Ricatti doniisiimiinii kullanarak
elde etmislerdir. Ardisik islemler sonucunda tiim zemin
profili i¢in sistem matrisi skaler olarak elde edilmis ve
elde edilen frekans denkleminin ¢6ziimiinden agisal
frekans ve hakim periyodu
bulunmustur. Bu ¢alismada ayrica Transfer tool program
kullanilarak transfer fonksiyonlar1 yardimiyla da zemin
hakim periyotlar1 elde edilmis olup bdylece literatiirden
(Oztirk ve Bozdogan,2017) elde edilmis sonuclarda
kontrol edilmistir.
programindan transfer fonksiyonlarindan elde edilen
zemin hakim periyotlarinin birebir oldugu
gorilmigtiir.

oradan da zemin

Literatirden ve Transfer tool

aynli

3.2. Sayisal Ornekler

Calismada kullanilan zemin profilleri
sunulmustur. Calisma alani olarak Edirne ili se¢ilmistir.
Edirne’nin farkl bélgelerinden alinan 10 farkli zemin
etlidii incelenmis ve derinlikle kayma dalgasi hizlar1 bu
incelenerek elde edilmistir. Tabaka
kalinliklar1 ve bu tabakalara ait kayma dalgasi hizlar
Tablo 2’de verilmistir. Tablo 2’de goriildigi lizere tim
zemin profilleri 50 m derinlik i¢in olusturulmustur.
Bunun nedeni temin edilen zemin etiitlerinin 50 m

bu bolimde

zemin etiitleri

derinlige kadar yapilmis olmasidir. Zemin profilleri
incelendiginde en diisiik kayma dalgasi hizinin 144 m/s
ile 9 nolu zemin profilinde en yiiksek kayma dalgasi
hizinin ise 595 m/s ile 4 nolu zemin profilinde de elde
edildigi goriilmektedir. Sekil 1’de ise derinlikle kayma
dalgast hizindaki degisim 10 farkli zemin profili i¢in
grafik olarak gosterilmistir. Grafikler incelendiginde
derinligin artmasiyla paralel bir sekilde kayma dalgasi
hizlariin da arttigi goériilmektedir.

Tablo 2. Edirne ilinden segilen 10 farkl zemin profilinin tabaka kalinliklar1 ve kayma dalgasi hizlar

Zemin Profili 1 Zemin Profili 2

Zemin Profili 3

Zemin Profili 4 Zemin Profili 5

Tabaka Kayma Tabaka Kayma Tabaka Kayma Tabaka Kayma Tabaka Kayma
kalinlig dalgasi kalinhig1 dalgasi kalinhig1 dalgas1 kalinhig1 dalgasi1 kalinhgr  dalgasi
(m) hiz1 (m/s) (m) hiz1 (m/s) (m) hiz1 (m/s) (m) hiz1 (m) hiz1
(m/s) (m/s)
2,5 152 2,1 197 2,5 186 2,5 269 2,1 218
3,5 191 29 267 4,5 236 35 329 29 249
4,5 265 3,6 387 4,5 369 4,5 465 3,6 329
55 295 4,3 438 55 409 55 541 4,3 356
6,5 300 50 448 6,5 417 6,5 577 50 363
27,5 301 5,7 449 27,5 416 27,5 595 57 364
26,4 447 26,4 363
Zemin Profili 6 Zemin Profili 7 Zemin Profili 8 Zemin Profili 9 Zemin Profili 10
Tabaka Kayma Tabaka Kayma Tabaka Kayma Tabaka Kayma Tabaka Kayma
kalinhigi dalgasi kalinlig1 dalgasi kalinlig1 dalgasi kalinlig1 dalgasi kalinhigr  dalgasi
(m) hizi (m/s) (m) hiz1 (m/s) (m) hizi (m/s) (m) hiz1 (m) hiz1
(m/s) (m/s)
3,0 209 2,5 198 2,5 196 2,5 144 3,0 210
4,5 244 3,5 236 3,5 220 3,5 201 4,5 274
6,0 332 4,5 335 4,5 325 4,5 293 6,0 446
7,5 417 55 391 55 378 55 359 7,5 544
29,0 449 6,5 405 6,5 390 6,5 388 29,0 565
27,5 414 27,5 399 27,5 397
4. Bulgular ve Tartisma edilmistir.
Tablo 1'de gosterilen 5 yontem 10 farkli zemin profiline Trmen)
. e Y(M)nor = - 1 (8)
uygulanmis ve elde edilen sonuglar bu bélimde Tkesin

sunulmustur. Zemin hakim periyotlarinin kesin hesabi

icin Transfer fonksiyonlar1 ve degistirilmis sonlu
elemanlar transfer matrisi yéntemi (Oztiirk ve Bozdogan,
2017) kullanmlmistir. 10 farkli zemin profili icin 5 farkl
yontemle hesaplanan zemin hakim periyodu degerleri
Tablo 3’de verilmistir. Tablo 3'de verilen periyot
degerlerinin kesin periyot degerine yakinsamasini
periyot esitik 8

kullanilarak her yontem normalize

incelemek amaciyla degerleri

icin ayr1 ayri

Esitlik 8 kullanilarak hesaplanan normalize edilmis
periyot degerleri Y1, Y2, Y3, Y4 ve Y5 yontemleri igin
sirasiyla Sekil 2, 3, 4, 5 ve 6'da verilmistir. Sekil 2
incelendiginde Y1 yontemi ile hesaplanan zemin hakim
periyot degerlerinin tiim zemin profilleri i¢in hesaplanan
periyot daha
gorillmektedir. Kesin periyot degerine en yakin periyot
degeri ZP 3 en uzak periyot degeri ise ZP 9 zemin
profilinde elde edilmistir.

kesin degerinden biyik ¢ktig
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Sekil 1. Edirne ili sinirlarinda bulunan 10 farkli zemin profili i¢in derinlik-kayma dalgas1 hiz1 grafikleri
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Tablo 3. 10 farkli zemin profili i¢in 5 farkli yontemle hesaplanan zemin hakim periyodu degerleri

Y1 Y2 Y3 Y4 Y5 Kesin Periyot
ZP1 0,7022 0,7097 0,6190 0,6765 0,7337 0,6680
ZP 2 0,4693 0,4747 0,4093 0,4539 0,4942 0,4490
ZP3 0,5095 0,5168 0,4381 0,4914 0,5424 0,4939
ZP 4 0,3646 0,3703 0,3106 0,3484 0,3890 0,3409
ZP5 0,5723 0,5758 0,5254 0,5558 0,5858 0,5520
ZP 6 0,4935 0,5034 0,4186 0,4706 0,5338 0,4565
P 7 0,5192 0,5264 0,4478 0,4975 0,5497 0,4882
7P 8 0,5386 0,5462 0,4653 0,5164 0,5706 0,5066
ZP9 0,5504 0,5619 0,4499 0,5268 0,6059 0,5119
ZP 10 0,3901 0,3999 0,3186 0,3750 0,4371 0,3616
05 r
04+
03+
02 F
S o1t y -
EA. .
55 0 1 1 1 1 I
= 0.35 04 0.5 0.55 0.6 (‘65 7p1
= 0.1+ ¢ P2
~ * ZP3
02 F x ZP4
B ZP5
¥ ZP6
03 F + zp7
* ZP8
-04 - v ZP9
A 7P10
0.5+ . .
Kesin periyot (s)
Sekil 2. Farkli zemin profilleri i¢in Y1 y6nteminin normalize hata degerleri
05 r
04+
03+
02 F
[ov]
E 0.1+ Y
E i s . b
55 0 1 1 1 1 I
? 0.35 04 0.5 0.55 0.6 (‘65 7p1
g -0.1 + ¢ P2
* ZP3
02 F x ZP4
B ZP5
¥ ZP6
03 F + zp7
* ZP8
-04 - v ZP9
A 7P10
0.5+ . .
Kesin periyot (s)

Sekil 3. Farkli zemin profilleri i¢in Y2 ydnteminin normalize hata degerleri
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Sekil 4. Farkli zemin profilleri i¢in Y3 yonteminin normalize hata degerleri
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Sekil 5. Farkli zemin profilleri icin Y4 yonteminin normalize hata degerleri
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Sekil 6. Farkli zemin profilleri i¢in Y5 yonteminin normalize hata degerleri
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Sekil 7. Hesaplanan periyot degerlerinin gercek periyot degerlerine gore hata oranlari
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Sekil 8. Hesaplanan periyot degerlerinin gercek periyot degerlerine gére mutlak hata oranlari

Y2 yontemi ile hesaplanan ve Sekil 3’de sunulan periyot

degerlerinden de gorildiigli ilizere bu yontem
kullanilarak hesaplanan periyot degerleri de Y1 yontemi
ile hesaplanan periyot degerlerinde oldugu gibi kesin
periyot degerlerinden daha biiyiik olarak hesaplanmistir.
Kesin periyot degerine en yakin periyot degeri ZP 5 en
uzak periyot degeri ise ZP 9 zemin profilinde elde
edilmisgtir.

Sekil 4 incelendiginde Y3 y6ntemi ile hesaplanan periyot
degerlerinin Y1 ve Y2 yontemlerinin aksine kesin periyot

degerlerinden daha kiiciikk ¢iktif1 gorilmektedir. Y3
yontemine gore gercek periyot degerine en yakin periyot
degeri ZP 5 en uzak periyot degeri ise ZP 9 zemin
profilinde gerceklesmistir. Y4 yontemi ile hesaplanan
periyot degerlerinin ZP 3 profili hari¢ kesin periyot
degerinden daha biiyiiktiir. Kullanilan diger yontemlere
nazaran Y4 yonteminin kesin periyot degerlerine daha
fazla yakinsadig1 goriilmektedir.

Sekil 6'da Y5 yoOntemi ile hesaplanan normalize hata
degerleri verilmistir. Bu degerler incelendiginde tiim
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zemin profilleri i¢cin hesaplanan zemin hakim periyodu
degerlerinin kesin periyot degerlerinden biiylik oldugu
acik olarak goriilmektedir. Tablo 4'de 10 farkli zemin
profili icin 5 farkli yontemle bulunan periyotlarin hata

oranlar1 verilmistir. Ayrica bu tablodaki veriler
kullanilarak hata oranlarin1 daha anlasilir bir sekilde

gostermek icin hazirlanan grafik Sekil 7'de sunulmustur.

Tablo 4. 10 farkl zemin profili i¢cin 5 farkli ydntem ile hesaplanan zemin hakim periyotlarinin % hata oranlari

Y1 Y2 Y3 Y4 Y5
ZP 1 511 6,24 -7,33 1,27 9,84
ZP 2 4,53 573 -8,85 1,09 10,07
ZP 3 3,16 4,63 -11,29 -0,51 9,83
ZP 4 6,96 8,62 -8,90 2,20 14,12
ZP5 3,67 4,31 -4,83 0,69 6,13
ZP 6 8,11 10,27 -8,31 3,10 16,93
ZP7 6,36 7,83 -8,27 1,90 12,60
ZP 8 6,33 7,81 -8,15 1,94 12,63
ZP9 7,53 9,77 -12,11 291 18,36
ZP 10 7,89 10,60 -11,90 3,72 20,88

Farkli yontemlerle elde edilen periyot degerlerinin kesin
periyot degerlerinden diisik veya yiiksek olup
olmadigini gérmek igin farkli yontemlerle hesaplanan
periyot degerlerinin gercek periyot degerlerine gore hata
oranlar1 Sekil 7’de verilmistir.

Sekil 7’den de goriilecegi tizere Y1, Y2, Y3 ve Y5
yontemleri ile elde edilen periyot degerlerinin kesin
periyot degerlerine oranla daha yiiksek oldugu Y4
yontemi ile elde edilen periyot degerinin ise kesin
periyot degerinden daha diisiik oldugu goriilmistiir.

Sekil 8'de ise ydntemlerin performanslarini daha net
gorebilmek amaciyla hata oranlarinin mutlak degerleri
alinmistir. Grafikten de gorildigi ilizere Y4 ydntemi
diger yontemlere oranla en iyi sonucu verirken Y5
yontemi ise kesin degere en uzak degerleri vermistir. Y4
yontemindeki hata oranlar1 % 0.51 ile % 3.72 araliginda
degisirken Y5 yontemindeki hata oranlar1 % 6.13 ile %
20.88 arasinda degismistir.

5. Sonuglar

Bu calismada, ortalama kayma dalgast hizinin
belirlenmesinde  literatiirde  kullanilan  yaklasik
denklemlerin uygunlugu degerlendirilmistir. Calisma

kapsaminda ortalama kayma dalgas: hizlar kullanilarak
10 farkli zemin profili icin zemin hakim periyotlar1 5
farkli yontemle hesaplanmigstir.

Zemin hakim periyodunu belirlemek i¢in kullanilan
yontemlerin 31 cesitli tilkelerin deprem
yonetmeliklerinde kullanilan yéntemlerdir. Y3, Y4 ve Y5
yontemleri sirasiyla Meksika Deprem Ydnetmeligi, Japon
Deprem Yonetmeligi ve Tirkiye Deprem
Yonetmeliklerini etmektedir. Bu agidan

bakildiginda kesin periyota en yakin zemin hakim

Bina
temsil

periyodunun Japon Deprem Yonetmeliginde verilen
baginti ile elde edildigi gorilmistir. Elde edilen bu
sonucun literatiirde yapilmis olan c¢alismalarla uyumlu
oldugu goriilmiistiir.

Katki Oram Beyani
Yazarlarin katki yiizdesi asagida verilmistir. Yazarlar
makaleyi incelemis ve onaylamistir.

EK. K.B.B.
K 50 50
T 50 50
Y 50 50
VTI 50 50
VAY 50 50
KT 50 50
YZ 50 50
KI 50 50
GR 20 80

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon.

Catisma Beyani
Yazarlar bu c¢alismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir ¢alisma yapilmadigi i¢in etik kurul onay1
alinmamistir.
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KiL ESDEGERI BIR MALZEME VE UCUCU KUL KATKISININ
ZEMIN MUKAVEMETINE ETKISININ ARASTIRILMASI
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Ozet: Ulkemizde ve Diinya’da endiistriyel iiretimler sonucu meydana gelen atik maddelerin depolanarak bertaraf edilmesinden ziyade
yan Uriin olarak degerlendirilmesi lizerine aragtirmalar yapilmaktadir. Bu ¢alismada, Zonguldak’ta faaliyet gosteren Eren Enerji’'ye ait
ZETES I termik santralinden atik olarak ortaya ¢ikan ugucu kiil (UK) ve Borcam Madencilikte liretim sonucunda meydana gelen silisli
kum atiginin (SKM) belirli oranlarda hazirlanan karisimlarinin mukavemet 6zellikleri laboratuvar ortaminda incelenmistir. Calisma
kapsaminda Silisli kum at181 malzemesi, kiitlece %10, %20 ve %30 oraninda ugucu kiil ile karistirllarak érnekler hazirlanmis ve bu
orneklere, kivam limit, kompaksiyon ve serbest (tek eksenli) basing deneyleri yapilmistir. Elde edilen sonuglara gore, silisli kum atig
malzemesi i¢in, likit limit, plastik limit ve plastisite indisi degerleri malzemenin CL diisiik plastisiteli kil 6zellikli oldugu goriilmektedir.
Silisli kum atigina (SKM) ucucu kil (UK) ilavesi ile elde edilen karisimlarin ise tiim karisim oranlarinda (%10, %20 ve %30) CI orta
plastisiteli kil 6zellikte oldugu sonucuna varilmistir. Ayrica serbest (tek eksenli) basing dayanimlari deneyinde malzemeye ugucu kiil
ilavesi arttikca serbest basing dayaniminin zamana bagh olarak arttig1 sonucuna ulasilmistir.

Anahtar kelimeler: Kil, Ugucu kiil, Serbest basing, Mukavemet, Silisli kum atig1, Atik, Zemin stabilizasyonu
Investigation of the Effect of a Clay Equivalent Material and Fly Ash Additive on Soil Strength

Abstract: In our country and in the world, researches are carried out on the evaluation of waste materials that occur as a result of
industrial production as a by-product rather than being disposed of by storage. In this study, the strength properties of the mixtures
prepared in certain proportions of fly ash (UK) generated as waste from Eren Energy's ZETES I thermal power plant operating in
Zonguldak and silica sand residue (SCM) formed as a result of production in Borcam Madencilik were investigated in the laboratory
environment. Samples were prepared in the form of siliceous sand waste material, mixtures of 10%, 20% and 30% by mass fly ash. The
prepared samples were tested for consistency limit, compaction and free (uniaxial) pressure. According to the results obtained, the
liquid limit, plastic limit and plasticity index values for the siliceous sand waste material show that the material has CL low plasticity
clay properties. It was concluded that the mixtures obtained by adding fly ash (UK) to siliceous sand waste (SCM) have CI medium
plasticity clay properties at all mixing ratios (10%, 20% and 30%). In addition, in the free (uniaxial) compressive strength test, it was
concluded that as the addition of fly ash to the material increased, the unconfined compressive strength increased depending on time.

Keywords: Clay, Fly ash, Free pressure, Strength, Siliceous sand waste, Waste, Soil stabilization
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Bilici ve ark. (2022) Soma, Tungbilek ve Catalagz termik
santrallerinden aldiklar: ti¢ farkli ugucu kil érneklerini

1. Giris

Diinya’da hizli niifus artis1 ve bu artisin beraberinde

getirdigi 1sinma ihtiyaci, barinma ihtiyact ve dogal
kaynaklarin hizla tiiketilmesi, ¢evre sorunlari ile birlikte
bircok olumsuz kosul olusumuna neden olmaktadir.
Bunlarin basinda enerji ihtiyacin1 karsilamak i¢in fosil
kokenli yakitlar kullanilarak kémiire dayali termik
santraller kurulmasi ve bu santrallerden kaynaklanan,
hava, su ve toprak Kkirliligi gibi ¢evre sorunlarinin giin
yuziine c¢ikmas1 gelmektedir. Termik santrallerden
kaynaklanan en biiyiik ¢evre sorunu yanma sonucu atik
olarak meydana gelen ugucu ve taban Kkiilleridir. Bu
kiillerin bertarafti ve yan tiriin olarak kullanilabilirligi

icin cesitli calismalar yillardir yapilmaktadir.

zemine farkl oranlarda %5, %10, %15, %20, %25, %30
oranlarinda ilave ederek kompaksiyon ve dayanim
6zelliklerini incelemisler Tungbilek ve Catalagzi ugucu
kiillerinin %10 katki oraninda, Soma ugucu kiiliiniin ise
%5 katki oraninda en yiliksek dayanimlara ulastig

belirlemislerdir.
Temiz ve ark. (2021) Afsin-Elbistan termik santralinin
ucucu  kiillinlin ~ beton katki maddesi olarak

kullanilabilirligini arastirmislar ve hacimsel genlesme,
basing dayanimi, donma-¢ozilme, priz siiresi, gibi
deneyler sonucunda Afsin-Elbistan ugucu kiliiniin

betonda kullanilabilecegi sonucunu ortaya koymuslardir.
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Dehghanian ve ark, (2021) kil iceren topraklarin
mekanik o6zelliklerini gelistirmek icin ugucu kiillerin
etkisini arastirmistir. Kil Orneklerine kiitlece %0, %5,
%10, %15, %20 ve %25 oranlarinda ugucu kiil
karisimlari hazirlamis ve standart proktor, kivam limit ve
¢ eksenli kesme deneyleri yapmistir. Deneylerinin
sonucunda kil numunesine Kkiitlece %5 oraninda ugucu
kiil karisiminin en iyi karisim oldugu kanaatine varmistur.
Yilmaz (2020) ugucu kil ve mermer tozu katkisinin
zeminlerin stabilizasyonuna etkisini incelemis ve
calismasinda ugucu kil + mermer tozu katkisinin sadece
ucucu kil katkisina oranla daha yiiksek dayanmim
sagladig1 sonucuna varmistir.

Totic ve ark. (2019) Bartin Universitesi Kutlubey
yerleskesinin  killi
Catalagzi Termik Santralinden alinan ugucu Kkiilleri
kiitlece %5 ila %25 arasinda degisen oranlarda
eklemislerdir. Elde edilen bu karisimlari, kivam limit,
standart proktor ve serbest basing deneylerine tabi

tutmuslar ve killi numunelere ugucu kiil karisimlarinin

zemininden alinan Orneklerine

kilin mekanik 6zelliklerinde iyilestirme sagladig1 kanisina
varmiglardir.

Tas ve ark. (2018) distik plastisite degerine sahip killi bir
zemin stabilizasyonu icin kullanilan %25 ugucu kiil
ornegine kiitlece, %0, %5, %10, %15, %20 oranlarinda
endiistriyel liretim atig1 olan Bayburt tagi ilave etmisler
ve %10 Bayburt tasi karisimi kullanilarak elde edilen
%?25’lik ugucu kil 6rneginin zemin stabilizasyonunda en
ylksek dayanim sagladigi kanisina varmislardir.

Niifus artisinin olduk¢a hizli olmasi barinma ihtiyaci ve
ulasim ile ilgili sorunlarin da artmasina neden
olmaktadir. Barinma ve ulasim ihtiyacinin giderilmeye
calisilmasi yol ve insaat yapilarinin artmasi ve yiiksek
katl insaatlarin sayisinin artmasina da sebep olmaktadir.
Bu tarz yapilarin sayisinin artmasi 6zellikle deprem riski
goze alindiginda insaat ve yol yapilan zeminlerin
davranislarinin 6nemini ortaya koymaktadir. Zira bir¢ok
depremde oldugu tlizere 6 Subat 2023 Hatay ve
Kahramanmaras merkezli depremlerde ¢ok sayida insaat
yapilarinin yikildigini ve yollarin deformasyona ugramasi
nedeni ile deprem bélgelerine ulasimda aksakliklar
oldugunu gorilmiistiir.

Bu yapilarin planlandigi alanlardaki
istenildigi gibi 0Ozelliklere sahip olmasi her zaman
mimkiin olmayabilir. Boyle durumlarda zemine ait

zeminlerin

ozelliklerin iyilestirilmesi gerekmektedir. Dayanimlari
kot olan zeminlerin, fiziksel, kimyasal veya mekanik
yontemlerle dayanimlarinin artirilmasi durumuna zemin
iyilestirmesi veya zeminin stabilize edilmesi olarak
nitelendirilmektedir. Zemin iyilestirmede pratik ve
ekonomik olan uygulamalar olarak zemine katki maddesi
ilave edilmesi gosterilebilir. En ¢ok kullanilan katki
maddelerinin basinda ise ugucu kiil, cimento, klorit, kireg,
vb. diger kimyasal bilesikler gosterilebilir (Gegkil ve ark,
2019). Zemin iyilestirme ve stabilizasyonunda asil amag,
zeminin plastisitesini diisiirmek ve sikistirilabilirligini en
uygun seviyeye getirmek bu sekilde mukavemet degerini
en iist degere getirmektir (Gegkil ve ark. 2019).

Akan ve ark. (2017) killi zeminin su igerigi ile serbest
basing dayanimi arasindaki iligkiyi incelemisler ve
serbest basing dayanimi ile likitlik iliskisinin lineer
olmadigini belirtmislerdir. Optimum su igerigine gelene
kadar serbest basing dayaniminin kismen arttign ve
sonrasinda diismeye basladigini belirtmislerdir.

Yilmaz (2016) zemin stabilizasyonu i¢in ugucu kiil
kullanimini arastirmis ve Kkilli bir zemin érnegine kiitlece,
%0, %5, %10, %15, %20, % 25 ve %30 oranlarinda
ucucu kil karisimlari ile drneklerin dayanim degerlerini
incelemis ve %25 katki oraninda en yiiksek dayanim
degerini bulmusgtur.

ve ark. (2016) sikistirlmis kohezyonlu
zeminlerin kayma dayanimimi etkileyen faktorleri
incelemislerdir. Calismalar1 sonucunda kilin yapis1 ve
icerigi, plastisite indisi, su icerigi ve kuru yogunluklarin
kayma dayanmimlari tzerinde etkili oldugu sonucuna
varmiglardir. artisin  kayma
mukavemetini azalttigini ve aymi sekilde plastisite
indisindeki azalmanin kayma mukavemetinde artisa
neden oldugunu belirtmislerdir.

Zumrawi

Plastisite indisindeki

2. Materyal ve Yontem

Calisma igin belirlenen deneyler Zonguldak Biilent Ecevit
Universitesi  Insaat  Fakiiltesi Zemin  Mekanigi
Laboratuvarinda  bulunan  cihazlar  kullanilarak
gerceklestirilmistir. Calisma icin hazirlanan 6rneklerin
kivam limit, optimum su icerigi analizleri Tiirk Standardi
TS 1900-1’e gore yapilmistir (TS 1900-1, 2006).

Bu ¢alisma i¢in kullanilan Silisyumlu kum atig1 malzemesi
(SKM) Zonguldak Eregli ilgesindeki Borcam Madencilik
San. ve Tic. A§’ den getirilmistir. Malzeme maden
sanayisinden c¢uvallarla yas halde alinmistir. Deneylere
hazir hale getirilmek i¢in, etiiv de kurutulup, deneylerde
kullanilacak boyutlarda getirilmek {izere eleklerden
gecirilerek istenilen boyuta getirilmistir. Yapilan islemler
Sekil 1 ve Sekil 2'de gosterilmistir.

[LRRRRRAR

Sekil 1. Silisli kum atig1 malzemesi. Etiiv kurutma islemi.
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Sekil 2. Ogiitiilmiis elenmis silisli kum artig1.

Serbest basing dayaniminda katkili olacagi diisiiniilen
Ugucu kil atig1 (UK) ise Zonguldak Eren Enerji'ye ait 1.
Termik Santrali olan ZETES I'den seffaf posetler ile
alinmistir. Calismada kullanilmak tizere 4 farkh 6rnek
hazirlanmistir. Bunlardan ilki %100 oraninda silisli kum
atig1 malzemesi, ikincisi kiitlece %10 oraninda ugucu kiil
iceren silisli kum atig1 malzemesi, ti¢linciisii ve 4. sii ise
kiitlece %20 ve %30 oranlarinda ugucu kil iceren silisli
kum atig1 malzemesi seklinde hazirlanmis ve oranlar
Tablo 1’de gosterilmistir.

Tablo 1. Ornekler ve karisim miktarlari

Ornek ZETES I Ugucu Kiilii  Silisli Kum Atig1
Ornek 1 - %100
Ornek 2 %10 %90
Ornek 3 %20 %80
Ornek 4 %30 %70

Hazirlanan drneklerde kivam limit degerlerini belirlemek
tizere Tiirk Standardi olan TS 1500 Zemin smiflandirmasi
kullanilmistir. TS 1500 standardinda ince daneli zeminler
icin, Likit Limit degeri (WL) sonucuna gore;

> Diisiik plastisiteli kil (CLE),
Diisiik plastisiteli silt (MLE)
Orta plastisiteli Kil (CIE)
Ora plastisiteli silt (MIE)
Yiiksek plastisiteli kil (CHE)

> Yiiksek plastisiteli sil (MHE)
Seklinde siniflandirilmaktadir [9].

> Likit limit degeri WL < 35 ise CLE, MLE

> Likit limit degeri 35 < W < 50 ise CIE, MIE

> Likit limit degeri WL > 50 ise CHE, MHE zemin

siniflandirilmasi yapilmaktadir.

Ornekte likit limit degerinin hesaplamasinin ardindan
plastik limit degeri hesaplamalar1 yapilmistir. Plastik
limit (Wp), plastiklik ozelliginden yar1 plastik gibi
davranmaya gectigi su icerigi olarak tanimlanabilir
(Aytekin 2004). Likit limit ve plastik limit degerleri
belirlenen 6rneklerin plastisite indisi (PI) hesaplamasi
(esitlik 1) bu iki limit degerin arasinda kalan su
iceriginde zemin plastik o6zellik gosterdigi icin bu

Y V V V

degerlerin birbirinden ¢ikartilmasi ile hesaplanmaktadir
(Ozaydin, 2011). Likit limit ve plastik limit icin yapilan
islemler Sekil 3 ve Sekil 4'te gosterilmektedir.

Pl =WL-Wp 1

Sekil 3. Likit limit deneyi.

Sekil 4. Plastik limit deneyi.

Zemindeki en biiytik kuru birim hacim agirligini veren su
iceriginin belirlenmesi i¢in &rneklere TS 1900-1
Standardi kapsaminda Zemin sikistirma deneyleri
uygulanmistir. Karayollar1 Genel Mudiirliigii Karayolu
Teknik Sartnamesi 2013’e gore Kisim 203 zayif zeminler
tanimi Tablo 2’ye gore;

Orneklere TS 1900-1 kapsaminda
sikistirllabilmesi adina Sekil 5’te gosterildigi gibi belirli
oranlarda nemlendirme islemi yapilmis ve 6rnekler Sekil
6'da ki kompaksiyon yerlestirilmistir.
Kompaksiyon silindirinde tokmagin 6rnegi sikistirmasi
saglanmistir. Sikistirma islemi bitirilen drnekler Sekil 7
ve Sekil 8'deki islemlerden sonra verileri tablolardaki
yerlerine konularak kuru birim hacim agirlik ve yas birim
hacim agirlik hesaplamalar1 yapilmistir.

zeminin

kabina
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Tablo 2. Uygun Nitelikli Kaz1 Malzemesi

Deney Sartname Deney
Limiti Standartti
Likit Limit (LL) <60 TS 1900-1
AASHTO T 89
Plastisite Indeksi <35 TS 1900-1
AASHTO T 89
Maksimum Kuru >1,450t/m3 TS 1900-1
Birim Hacim AASHTO T 89
Agirlk  (Standart
Proctor)

Sekil. 6 Sikistirma islemi tamamlanmis 6rnek.

Sekil 7. Orneklerden numune alma.

Sekil 8. Alinan numunenin kurutulmasi islemi.

Son olarak mukavemet degerlerinin belirlenmesi igin
orneklere TS 1900-2 kapsaminda Serbest (Tek Eksenli)
basing deneyleri uygulanmistir (TS-1900-2, 2006). Deney
gorselleri Sekil 9 ve Sekil 10'da gosterilmistir. Bu
deneyler gerilme kontrollii ya da birim boy kisalmasi
seklinde yapilabilmektedir. Kolay oldugundan birim boy
kisalmast deneyi en ¢ok kullanilan yontemdir.
Orneklerde deney siiresince su iceriginde degismeler
olabileceginden deney siiresi en ¢ok 10 dk da
tamamlanacak sekilde belirlenmistir. Birim boy kisalma
orani %1 olarak secilmis ve veri kaydetme siklig1 da 10
sn olacak sekilde belirlenmistir. 10 dk stirecek
deneylerde yaklasik 60 veri kullanilmistir. Bu deney
bilgisayar  kontrollii  gerceklestirilmistir. ~ Bulgular
kismindaki serbest basing grafikleri incelendiginde
sonuglarin kPa cinsinden bulundugu goriilmektedir.
Karsilastirma yapilabilmesi adina bulunan degerler
kg/cm? olarak diizenlenmistir.

Sekil 10. Sonug alinmis numune 6rnegi.
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3. Bulgular

Kivam limit degerleri hesaplamalari i¢in likit limit degeri
belirlemede Cassagrande Plastisite Kart1 (TS 1500) A
dogrultusu denkleminde ¢ikan degerler yerine islenmis
ve Silisli Kum Aug (SKM)'nin CL disiik plastisiteli kil
oldugu belirlenmistir. Ayni islemler sonucunca, SKM +
%710 Ucucu Kiil (UK) 6rneginin, SKM + %20 UK 6rneginin
ve SKM + %30 UK orneginin CI orta plastisiteli kil
ozellikli oldugu gériilmektedir. Orneklerin hesaplanan
kivam limit degerleri Tablo 2’de gosterilmistir. Likit limit
deneylerine ait likit limit egrisi grafikleri Sekil 11, Sekil
12, Sekil 13 ve Sekil 14’te gosterilmistir.

Tablo 2. Orneklerin kivam limit degerleri

Malzeme Likit Plastik Plastisite
Limit (wi)  Limit (wp)  Indisi (PI)
SKM 27 18 9
SKM + %10 36 14 22
UK
SKM + %20 44 15 29
UK
SKM + %30 40 18 22
UK
Likit Limit Deney Grafigi (SKM + %30 UK)
s 45 y=-9.092In(x) +69.391
< R2=10,9712
z 40
i
“i 35
& 30
10 100

Darbe Say1s1 (N)
Sekil 11. Silisli kum atig1 (SKM) 6rnegi likit limit egrisi.

Likit Limit Deney Grafigi (SKM + %10 UK)

o vy =-6,516ln(x)+ 56,715

S R*=10,9238

=

= 35

=

€ 30

5 10 100

Darbe Sayis1 (N)

Sekil 12. Silisli kum atigi (SKM) + % 10 ugucu kil
karisimu likit limit egrisi.

Likit Limit Deney Grafigi (SKM + % 20 UK)

y=-16,091n(x) + 96,206
R:=09704

(%)

u icerigi, w
(8]
Lh

10 Darbe Sawisi (N) 100

S

Sekil 13. Silisli kum atig1 (SKM) + % 20 ugucu kiil
karisimi likit limit egrisi.

Likit Limit Deney Grafigi (SKM + %30 UK)

3 43 y =-9,092In(x) + 69,391
< R2=0.9712
g 40
)
°=d~ 35
& 30
10 Darbe Sayis1 (N) 100

Sekil 14. Silisli kum atigi (SKM) + %30 ugucu kiil
karisimu likit limit egrisi.

Standart Proktor Deneyinde su muhtevasi ile kuru birim
hacim agirlik arasinda 3. dereceden bir fonksiyona uygun
grafik egrisi bulunmaktadir. Bu fonksiyonun tiirevi alinip
sifira esitlendigi zaman bulunan X degeri optimum su
muhtevasini gostermektedir. Bu X degerinin tiirevi
alinmamis fonksiyonda yerine kondugu zaman bulunan Y
degeri de maksimum kuru birim hacim agirhg
gostermektedir. Standart Proktor Deneyi kompaksiyon
egrisi grafikleri Sekil 15, Sekil 16, Sekil 17 ve Sekil 18’de
gosterilmistir. Optimum su igerikleri ve kuru birim hacim
agirhiklari ise Tablo 3’te gosterilmistir.

Tablo 3. Orneklere ait kuru birim hacim agirhklari ve
optimum su igerikleri

SKM + SKM + SKM +
SKM
%10 UK %20 UK %30 UK
Wopt  18.18 16.64 20.62 20.23
Pkmax 1.68 1.69 1.64 1.49
B SKM Grafigi
& 172
g 1,70 ®
W68 [ e
= 166
3 164
=2 162 L ] -
30 1.60 °
S o1ss < o
2 1.56 - —
&y 5 -0.000110x3 +0,00370752- 0,025698x + 1,585152
I ¢ R*=0.831721
0 5 10 15 20 25 30

Su Icerigi (%)

Sekil 15. Silisli kum atigi (SKM) o6rnegi kompaksiyon
egrisi grafigi.

SKM + % 10 UK Grafigi

1,80

—_
Ls]

£

21,70 ..
S0

2

A o L)
=

= .

160

00 L

=] - N

= ® y.=70,000125¢% +0,003351x%- 0,007702x + 1,466769
81,50 R?=0,970764

-

[ ]
o
1,40
0 4 8 12 16 20 24
Su icerigi (%)

Sekil 16. Silisli kum atign (SKM) + %10 ugucu kil
karisimi1 kompaksiyon egrisi grafigi.
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SKM + % 20 UK Grafigi SKM + %30 UK Grafigi
1,55
1,70
% . 1,50 —2
............ -
2 160 ® £1.45 e ‘®...
3 2
22 1,50 ) . 28,40 e "
= @ 135 -
2 140 21350
)%D =
™ 1,30 ™ y-=-0,00003x%+0,00006% +0,03581x+1,13544 &hos y=0,00001x%-0,00163x%+0,05368x + 0,98595
2 _ -
g R2=0,92185 2120 R? =0,96389
3 1,20 I
= 0 5 10 15 20 25 30 ’ b
1,10
Su icerigi (% 0 5 10 15, ... 25 30 35
gerigi (%) Su icerigi %g/n)

Sekil 17. Silisli kum atigi (SKM) + %20 ugucu kiil
karisimi1 kompaksiyon egrisi grafigi

Sekil 18. Silisli kum atign (SKM) + %30 ugucu kiil
karisimi1 kompaksiyon egrisi grafigi.

Serbest basing tayininde 1 giinlik ve 28 ginlik kiir
stireleri icim her bir 6rnekten 3’er tekrar deney yapilmis
ve sonuglar Tablo 4 ve ortalama serbest basing degerleri

Tablo 5te  gosterilmistir.  Sonuglarin  grafiksel
gosterimleri Sekil 19 ve Sekil 20’de verilmistir.
Tablo 4. Orneklere ait serbest basing degerleri
Ornekler 1 gilinliik kiirde* 1 giinliik kiirde** 28 giinlik kiirde* 28 giinlik kiirde**
SKM 1 2,63 258,17 2,14 209,64
SKM 2 2,54 248,59 299 292,86
SKM 3 1,75 171,31 271 265,21
SKM + %10 UK 1 2,92 285,68 7,49 733,63
SKM + %10 UK 2 3,02 296,24 8,46 828,73
SKM + %10 UK 3 4,64 454,46 8,04 788,08
SKM + %20 UK 1 3,36 328,85 8,90 872,35
SKM + %20 UK 2 3,68 360,63 14,75 1445,07
SKM + %20 UK 3 3,74 366,41 10,88 1066,36
SKM + %30 UK 1 4,49 439,77 22,05 2160,74
SKM + %30 UK 2 4,09 401,30 23,68 2320,37
SKM + %30 UK 3 3,32 325,40 23,01 2255,16
*Dayanim (Kg/cm?), ** Dayanim (kN/m?)
Tablo 5. Orneklere ait ortalama serbest basing degerleri
1 glinliik kiirde* 1 glinliik kiirde** 28 guinlik kiirde* 28 giinlik kiirde**
SKM 2.3 226,02 2,61 255,90
SKM + %10 UK 3,52 345,46 7,99 783,46
SKM + %20 UK 3,59 351,96 11,50 1127,93
SKM + %30 UK 3,96 388,82 22,89 224542

*Dayamm (Kg/cm?), ** Dayanim (kN/m?)

1 glinliik kiirde dayanim
kg/cm?

3,52 3,59

28 giinliik kiirde dayanim
kg/cm?

25

3,96
20

El 2/

SKM

Sekil 19. 1 giinliikk kiir siiresinde Orneklerin serbest

SKM + %10 UK

basing dayanim degerleri.

SKM + %20 UK

15

10

SKM + %30 UK

SKM SKM + %10 UK SKM + %20 UK SKM + %30 UK

Sekil 20. 28 giinliik kiir siiresinde 6rneklerin serbest
basing dayanim degerleri.
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4. Tartisma ve Sonug

Bu calisma, silisli kum atig1 malzemesi ve ugucu kiillerin
zeminlerin miihendislik 6zelliklerine katkisini arastirmak
tizere yapilmistir. Numunelerin plastiklik 6zelliklerini
belirlemek adina kivam limit analizleri ve dayanimlarini
belirlemek i¢cin serbest basing (tek eksenli) deneyleri
yapilmistir. Ayrica standart proctor deneyi ile optimum
su icerikleri ve kuru agirliklari
belirlenmistir. Sonuglar incelendiginde;

1- Silisli kum atigi malzemesinin kivam limit
degerleri hesaplandiginda diisiik
plastisiteli kil 6zellikte oldugu belirlenmistir. Zemin
stabilizasyonu ylksek
plastisite degeri istenmemektedir. Silisli kum artig
malzemesine %10, %20 ve %30 wucucu kil ilave
edildiginde kivam limit hesaplamalarindan karigimlarin
CI- orta plastisiteli kil oldugu belirlenmistir. Silisli kum
artigl malzemesi likit limit degerinin 27 olarak
hesaplandig1 ve ugucu kiil ilaveleri ile %10 ugucu kiilde
36, %20 ucucu kiilde 44 oldugu ve sonra tekrar %30
ugucu kiil ilavesinde degerin 40’a diistiigli goriilmektedir.
Bu degerler Karayollar1 Genel Miudiirliigii Karayolu
Teknik Sartnamesi 2013’e gore Kisim 203’deki “Uygun

birim  hacim

malzemenin CL-

miihendislik  ozelliklerinde

Nitelikli Kazi Malzemesi” tanimina da uydugu
goriilmektedir.
2- Daha onceki yapilan arastirmalarda plastisite

indisindeki artisa bagh olarak kayma mukavemetinde
azalma oldugu ve plastisite indisindeki azalmayla birlikte
de kayma mukavemetinde artma oldugu belirtilmistir. Bu
calismada tek basina SKM 6rneginde plastisite indisi (PI)
9 olarak belirlenmistir. Bu o6rnegin serbest basing
dayanimlari ise 1 giinliik kiir siiresinde 2,3 kg/cm? olarak
hesaplanmistir. 28 giinliik kiir siiresinde ise bu deger
2,61 kg/cm? olarak hesaplanmistir. SKM 6rnegi ve %10
UK karisiminda plastisite degerinin 22’ye
yukseldigi goriilmektedir. Ayn1 drnekte bakilan serbest
basing dayanimi degerlerinin ise 1 giinliik kiir siiresinde
3,52 kg/cm? ye yiikseldigi, 28 giinliik kiir siiresinde ise
bu degerin 7,99 kg/cm? ye yiikseldigi goriilmektedir.
SKM o6rnegi ve %20 UK karisiminda plastisite indisi
degerinin 29’a yiikseldigi ve ayrica serbest basing
dayanimi degerlerinin ise 1 giinliik kiir siiresinde 3,59
kg/cm? ye yikseldigi, 28 giinliik kiir stiresinde ise bu
degerin 11,5 kg/cm? ye yikseldigi gortlmistir. Son
olarak ise SKM ornegi ve %30 UK karisiminda plastisite
indisi degerinin gerileyerek tekrar 22’'ye distigli ve
serbest basing dayanimi degerlerinin ise 1 giinliik kiir
stiresinde 3,96 kg/cm? ye, 28 giinliik kiir siiresinde ise bu
degerin 22,89 kg/cm? ye yiikseldigi gorilmiistiir.

indisi

3- SKM orneginde ve karisimlarda bakilan diger
bir parametre ise optimum su icerikleri ve kuru birim
hacim agirliklari. Deney sonuglart incelendiginde, SKM
orneginde %18,18 olan su igeriginin %10 UK ilavesi ile
%16,64’e diistiigli, %20 ve %30 UK ilavelerinde ise su
%20,62 ve %20,23’e yiikseldigi
gorilmustir. Kuru birim hacim agirliklar1 ise SKM
orneginde 1,68, %10 ve %20 UK ilavesinde 1,69 ve 1,64,
%30 UK ilavesinde ise 1,49 olarak belirlenmistir.

iceriginin tekrar

Deneylerden edilen sonuglar
ornegine UK ilave edildiginde Likit Limit degerinin ve

Plastisite indisinin %10 ve %20 kiil ilavelerinde yiikselis

incelendiginde SKM

egilimi gosterdigi %30 kil ilavesinde tekrar diisiis egilimi
gosterdigi gorilmiistiir. Mukavemet degerinin de UK
ilavesi ve kiir siiresinin artmasi ile birlikte yaklasik 10
kat arttig1 ve bu biiytik artisin yeni arastirmalar egliginde
degerlendirilmesi gerektigi diisiiniilmektedir.

Katki Orani Beyani
Yazarlarin katki yiizdesi asagida verilmistir. Yazarlar
makaleyi incelemis ve onaylamistir.

S.0. SK.
K 75 25
T 90 10
Y 50 50
VTI 80 20
VAY 70 30
KT 80 20
YZ 100
KI 40 60
GR 100
PY 50 50
FA 20 80

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu ¢alismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir c¢alisma etik  kurul onayl
alinmamustir.

yapilmadig1 igin

Destek ve Tesekkiir Beyani

Bu calisma Zonguldak Biilent Ecevit Universitesi Bilimsel
Arastirma Projeleri Koordinatdorliigii'nce desteklenmistir
(2015-7330 8182-01). Projeye desteklerinden dolay1
yazarlar Bilimsel Arastirma Projeleri Koordinatdrliigline
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Ozet: Giiniimiizde, artan enerji maliyetleri nedeniyle elektrik enerjisi ihtiyaclarinin ucuz ve temiz kaynaklardan karsilanmasi biiyiik
onem arz etmektedir. Gelisen teknoloji ile, tiiketiciler i¢in oldukga yiiksek maliyet olusturan enerji giderlerinin temiz ve ucuz enerji
kaynaklarindan elde edilmesi gerekmektedir. Bu nedenlerle elektrik enerjisi liretiminde fotovoltaik enerji sistemlerinin kullanilmasi
oldukca yayginlasmistir. Giines panellerindeki yari iletken teknolojisinin gelismesi ile, ucuz maliyetli ve kurulum masraflarin1 daha kisa
siirede amorti edebilecek verimli sistemler olusturulmaktadir. Fosil yakitlar kullanilarak iiretilen elektrik enerjisindeki birim maliyet
fiyatlarinin ¢ok yiiksek olmasi ve gevreye verdigi ilave zararlar da géz 6niinde bulunduruldugunda, enerjinin bu tiir kaynaklardan elde
edilmesi durumu siirdiiriilebilir olmaktan uzaklagmistir. Bu ¢alismada, Zonguldak Biilent Ecevit Universitesi’ne ait Farabi yerleskesinin
elektrik enerjisi tiiketim miktarlar belirlenmistir. Bu enerji ihtiyacinin karsilanmasinda ¢evreye zarar vermeyen, kisa siire icerisinde
kurulum masraflarini karsilayabilen, uzun dmiirlii ve yeni teknolojik techizatlar ile enerji liretebilen fotovoltaik enerji sistemlerinin
kurulumu hedeflenmistir. Bu kapsamda yerleske binalarindaki ¢atilarinin kullanilmasi amaglanarak mevcut kanun ve yonetmelikler
g6z oniinde bulundurulmus ve ¢at tipi fotovoltaik enerji sistemleri tasarlanmigtir. PV-SOL benzetim programi kullanilarak tasarlanan
enerji sisteminin techizat secimi gerceklestirilmistir. Calisma sonucunda Zonguldak Biilent Ecevit Universitesi Farabi yerleskesinde yer
alan 14 adet binanin ¢atisina toplam 1.917.44 kWp kurulu giice sahip fotovoltaik enerji tesisinin kurulmasimin uygun olacag: tespit
edilmistir. Kurulan bu tesislerden yillik 2.354.885 kWh giicilinde elektrik enerjisi iiretilebilecegi gosterilmistir.

Anahtar kelimeler: Yenilenebilir enerji kaynaklari, Elektrik tretimi, Cat1 tipi giines enerjisi sistemleri, PV-SOL

Obtaining the Electricity Need in the Farabi Campus of Zonguldak Bulent Ecevit University by Establishing Solar
Power Plants and Its Economic Analysis

Abstract: Nowadays, due to the increasing energy costs, it is of great importance to meet the electrical energy needs from cheap and
clean sources. Along with the developing technology, energy expenditures, which constitute a very high cost for consumers, must be
obtained from clean and cheap energy sources. For these reasons, the use of photovoltaic energy systems in electrical energy
production has become quite common. With the development of semiconductor technology in solar panels, efficient systems are
created that are inexpensive and can pay off installation costs in a shorter time. Considering the very high unit cost prices of electrical
energy produced using fossil fuels and the additional damage it causes to the environment, the situation of obtaining energy from such
sources is far from sustainable. In this study, the electrical energy consumption amounts of the Farabi campus of Zonguldak Bulent
Ecevit University were determined. In providing this energy needs, it is aimed to install photovoltaic energy systems that do not harm
the environment, can provide the installation costs in a short time, and can produce energy with long-lasting and new technological
equipment. In this context, existing laws and regulations were taken into consideration and roof type photovoltaic energy systems
were designed with the aim of using the roofs of the campus buildings. The equipment selection of the energy system designed using
the PV-SOL simulation program has been carried out. As a result of the study, it was determined that it would be appropriate to install
a photovoltaic energy facility with a total installed power of 1,917.44 kWp on the roof of 14 buildings located in the Farabi campus of
Zonguldak Bulent Ecevit University. It has been shown that 2,354,885 kWh electrical energy can be produced annually from these
established facilities.
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1. Giris

Elektrik enerjisinin iiretilmesi, enerji kaynaklarinin etkin
ve verimli bir sekilde kullanilmasi gliniimiiziin en énemli
konularindan bir tanesidir. Ozellikle fosil yakith enerji
kaynaklarinin yaygin bir sekilde kullanilmasi, bu
kaynaklarin ¢evre ve insan saglig1 lizerinde olusturacagi
olumsuz etkilerinin azaltilmasi ve gelecek nesillere daha
yasanabilir bir diinya birakilabilmesi adina temiz enerji
kaynaklari yayginlastirilmasi
gerekmektedir. Gliniimiizde enerji ihtiyacinin biytk bir
cogunlugu fosil yakitlardan elde edilmektedir. Fosil
yakitlarinin kullanimi bir¢ok olumsuz ¢evre sorununu da
beraberinde getirmektedir. Fosil yakitlarinin
yakilmasiyla havaya salinan CO2z gazinin meydana
getirdigi kiiresel 1sinma, iklim degisimi gibi olaylar
cevreye verilecek zararlarin artmasina neden olmaktadir.
Komiir, petrol, linyit ve dogalgaz gibi fosil yakitlar uzun
vadede enerji tretimi miimkiin olmayan tiikenebilir
kaynak cesitlerindendir (Kocalmis Bilhan ve Emikonel
2021).

Dogaya ve insanlara zarar vermeden elektrik enerjisi
tretiminin yapilmasi ve iilkenin temiz enerji kaynaklari

kullaniminin

ile elektrik enerjisi ihtiyacini karsilamasi ancak
yenilenebilir enerji sistemlerinin kullanilmasi ile
miimkiindiir (Karaaga¢ ve ark, 2020). Enerjinin

slirdiiriilebilirliginin arttirilmas1 ve ¢evreye verilecek
olan zararlarin en aza indirilebilmesi icin, yenilenebilir
enerji kaynaklarinin kullanim siirelerinin arttirilmasi
gerekmektedir. Yenilenebilir enerji kaynaklarindan en
yaygin olarak kullanilan enerji tiirleri giines enerijisi,
riizgar enerjisi ve biokiitle enerjisidir (Ko¢ ve Kaya
2015). Bu enerji kaynaklarina ilave olarak jeotermal,
dalga ve hidrojen enerjisi de alternatif ve siirdiiriilebilir
enerji kaynagi olarak gosterilebilir (Emeksiz ve Findik
2021). Bu tiir enerji kaynaklar1 atmosfere sera gazi
yaymadiklar: i¢in temiz enerji kaynaklar1 olarak kabul
edilirler.

Son yillarda giines enerjisinden elektrik enerjisi iireten
fotovoltaik enerji sistemleri hizla gelismektedir. Bu
nedenle kiiresel enerji piyasasindaki fotovoltaik enerji
sistemlerinin énemi biiyiik oranda artis gostermektedir
(Sak ve ark, 2019). Ulkemizde ve diinyada elektrik
enerjisi {liretiminde kullanilan fosil kaynakli yakit
kullanim oranlar1 oldukg¢a biyiiktiir. Tiirkiye Elektrik
fletim Anonim Sirketinden alinan verilere gére, 2022 yili
Agustos ay1 itibariyle Tirkiye'nin birincil enerji
kaynaklarina gore kurulu giicleri incelenmistir. Yapilan
incelemede, enerji liretiminin % 30,9 oraninda hidrolik
enerjisinden, % 24,7 oraninda dogalgaz enerjisinden, %
20,6 oraninda komiir enerjisinden, % 10,9 oraninda
riizgar enerjisinden, % 8,6 oraninda giines enerjisinden
ve % 4,3 oraninda ise diger enerji kaynaklarindan
olustugu goériilmektedir (TEIAS 2022). Buna Kkarsin
kurulu giictin yaklasik % 45,3 oraninda cevreye zararh
fosil kaynaklar kullanilarak olustugu tespit edilmistir.
Ayrica tllkemizde elektrik enerjisi iiretim santrali sayis,
2022 y1li Kasim ay1 sonu itibariyla 11382’ye yiikselmistir.
Mevcut santrallerin 750 adedi hidroelektrik, 68 adedi

komiir, 358 adedi riizgar, 63 adedi jeotermal, 345 adedi
dogal gaz, 9308 adedi giines, 490 adedi ise diger kaynakl
santrallerdir (Eralp 2023). Gelisen teknoloji ile diinya
birincil enerji ihtiyact 1973 ve 2022 yillar1 arasinda iki
kattan fazla artmistir. 2014 yilindaki artis orani ise bir
onceki yila gore % 0,9 diizeyindedir (Tastan ve Birol
2023). Artan bu ihtiya¢g dogrultusunda yakin bir
gelecekte petrol, dogalgaz, komiir gibi enerji
kaynaklarinin giderek azalacagi ve tiikenme boyutuna
ulasacagi 6ngorilmektedir.

Ulkeler enerji kaynaklar1 konusunda diga bagimhihg1 en
aza indirme, iklimsel degisikliginden ve asir1 kullanimdan
kaynaklanan tiikenebilir enerji kaynaklarinin azalmasini
onleme  dogrultusunda c¢esitli
baslamislardir. Bu amagla diinya ¢apindaki en biiytk
adim olarak, alternatif enerji kaynaklarina yonelme ve
yatirimlart bu dogrultuda yapma konusunda ortak
kararlar alinmistir. Yenilenebilir enerji kaynaklarinin
kullanimi, bir yandan ekonomik biiyiime ile sosyal
kalkinma hedeflerinin stirdiiriilebilirligi, diger yandan ise
151 tutma etkisine sahip olan sera gazi salinim oranlarinin
azaltilmasinda oynadigl etkili rol nedeniyle ele alinmasi
gereken konularin basinda gelmektedir. Son yillarda
teknolojik gelismeler, yasal yapilan
degisiklikler ve kurulum maliyetlerinin azalmas1 gibi
nedenlerle tilkemizde giines enerjisi kaynakli tretim
tesislerinin yayginlastig1 goriilmektedir.

Tiirkiye’'de ilk defa 10 Mayis 2005 tarihinde yenilenebilir
enerji kaynaklar1  kullanilarak  “Elektrik  Enerjisi
Uretimine” iliskin kanun ¢ikartilarak yasal diizenlemede
onemli bir adim atilmistir (5346 Sayili Kanun 2023). Bu
kanun ile yenilenebilir enerji kaynaklar1 kullanilarak
elektrik
kaynaklarin giivenilir, ekonomik ve Kkaliteli bir bicimde
ekonomiye  kazandirilmasi,  kaynak  cesitliliginin
artirllmasli, sera gazl emisyon oranlarinin azaltilmasi,
atiklarin degerlendirilmesi ve ¢evrenin korunmasi
amagclanmistir. Ayrica yenilenebilir enerji kaynaklarinin
desteklenmesi amaciyla 3 Aralik 2010 tarihinde 500 kW
giic iretim degerini geg¢meyen elektrik tesislerinin
lisanssiz olarak enerji iiretebilmeleri amaciyla “Elektrik
Piyasasinda Elektrik Uretimine Iliskin
Yonetmelik” yayilanmistir (Yonetmelik 2023). Kanun ve
yonetmeliklerde yapilan diizenlemeler ile, iilkemizde
yenilenebilir enerji kaynaklarinin kullanim oranlar

kararlar  almaya

mevzuatlarda

enerjisi ilretiminin yayginlastirilmasi, bu

Lisanssiz

arttirlmistir.  Bu alanda gergeklestirilen teknolojik
gelismeler neticesinde 6zellikle glines enerjisinin birincil
enerji kaynag olarak kullanilmasi yodniinde biiylk
ilerlemeler kaydedilmistir.

Sekil 1'de Tiirkiye'nin Glines Enerjisi Potansiyel Atlasi
gosterilmistir. Ulkemizin giiney bélgelerinin daha fazla
giines radyasyonuna sahip oldugu, kuzey bdlgelerinin ise
daha az gilines giici potansiyeline sahip oldugu
gorilmektedir. Enerji ve Tabii Kaynaklar Bakanliginin
hazirladig1 Tirkiye Giines Enerjisi Potansiyeli Atlasina
(GEPA) gore, lilkemizin yillik toplam giineslenme stiresi
3,75 saat (giinliik ortalama 7,5 saat), yillik toplam gelen

giines enerjisi 1.527 kWh/m2y1l (giinliik ortalama 4.18
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kWh/mz2.giin) olmaktadir (GEPA 2023). Calismanin
gerceklestirildigi Zonguldak ili icerisinde ise yillik toplam
gilineslenme stiresi 3,25 saat (glinliik ortalama 6,5 saat),
yillik toplam gelen giines enerjisi 1.313 kWh/mz2.y1l
(glnliik ortalama 3.60 kWh/mz2.giin) olmaktadir.

Sekil 2’de Zonguldak ili merkez ilgesine ait toplam giines
radyasyon degerleri, Global radyasyon degerleri ile

gilineslenme siireleri gosterilmistir. Zonguldak ili merkez
ilcesinin gilines enerjisi gii¢ potansiyeli tilkemizin diger
bolgelerine oranla daha diisiik degerlerde olusmaktadir.
Ayrica boélgede yaygin olarak komiir madenleri
bulunmasi nedeniyle, bélgede komiire dayali termik
santraller yogun olarak yer almaktadir.
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Sekil 2. Zonguldak ili merkez ilgesinin giines enerjisi gii¢ potansiyel atlasi

Bolgede kémiir kaynaklarinin yogun olarak bulunmasi ve
bir liman sehri olmasi nedeniyle, sehir merkezinin 18 km
dogusunda Catalagzi Belediyesi icerisinde
toplam kurulu giici 2.790 MW olan Zonguldak Eren
Enerji Termik Santrali de bulunmaktadir (Eren Enerji
2023). Son yillarda bilim adamlar1 tarafindan yapilan
calismalarda termik santrallerin oldugu

sinirlari

kurulu

boélgelerdeki hava kalitesinin belirlenmesi amaciyla SOz,
NOx ve PMi1o yogunluk o6l¢timleri gerceklestirilmektedir
(Yilmaz ve ark., 2022). Calisma bolgesinin hava kalitesi
SOz yogunlugu i¢in tehlikeli, NOx yogunlugu icin sagliksiz,
kotii ve tehlikeli, PM1o yogunlugu icin ise iyi, orta ve
hassas olarak belirlenmistir (Zeydan ve Yildirim 2015).
Bu durum bdlgedeki hava Kirliliginin ytiksek boyutlarda
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oldugunu gostermektedir. Ulkemizin toplam giines
radyasyon Avrupa  Birligi
karsilastirildiginda “Global Radyasyon Degerlerinin” ve
“Glneslenme yliksek  oldugu
goriilmektedir. Avrupa Birligi iiye iilkelerinden Almanya,
2020 yili aralik ayi itibariyle 53.783 MW giines enerjisi
kurulu giiciine sahiptir (Anonim 2023). Bu durum
Almanya’nin gilines enerjisi kurulu giicliniin, iilkemizin
giines enerjisi kurulu giiciinden yaklasik 6 kat daha fazla
oldugunu gostermektedir. Buna ragmen giines enerjisi
gii¢c potansiyel haritalar1 incelendiginde ise, Almanya'nin
toplam giines radyasyon oraninin iilkemize oranla daha
az oldugu gorilecektir. Bu durum ilkemizde gilines
enerjisi gerektigini
gostermektedir.

Bu calisma fosil kaynakli yakitlara dayali enerji iiretim
tesislerinin yogun olarak bulundugu, hava kirliliginin
ylksek oldugu, giines enerjisi giic
potansiyelinin ise iilkemizin diger bolgelerine gore daha
az oldugu bir bolgede gergeklestirilmistir. Calisma ile
Zonguldak  Biilent  Ecevit  Universitesi ~ Farabi
yerleskesindeki toplam elektrik enerjisi ihtiyaci gilines
enerjisi santralleri kurularak elde edilmis ve kurulmasi
planlanan tesisin ekonomik analizi gergeklestirilmistir.
Calisma  kapsaminda Zonguldak  Biilent
Universitesi Farabi yerleskesinde bulunan binalarin
catilarina sebekeye bagli glines enerjisi tesisleri
kurulmasi planlanmis olup iiretilen elektrik enerjisinin
ilk etapta tiiketim gerceklestirilen binalarda harcanmasi
hedeflenmis, iiretim fazlasi elektrik enerjisinin ise
mevcut sebeke baglantisi araciligiyla dagitim sistemine
verilmesi 6ngoriilmistiir. Kurulacak tesislerden tiretilen
ve tiiketilen elektrik enerjisi dagitim sistemine ait 6lgi
kisminda yer alan mevcut elektrik sayacinin c¢ift yonli
saya¢ ile degistirilmesi Olciilecek  ve
mahsuplasma islemleri yapilacaktir. Calisma alanlarinda
yer alan c¢atilarin durumlari incelenmis glineslenme
durumlar1 goéz oniine alinarak giines paneli yerlesimleri
gerceklestirilmistir. Panel yerlesimleri sonrasinda elde
edilen kurulu glice gore
gerceklestirilmis ve PVSOL programi
benzetim c¢alismalari yapilarak iiretilebilecek elektrik
enerjisi miktar1 hesaplanmistir.

oranlari ilkeleri ile

Stirelerinin”  daha

kullaniminin  yayginlastirilmasi

derecede

Ecevit

suretiyle

inverter  sec¢imleri

yardimiyla

2. Calisma Alanlarinin Belirlenmesi

Calisma  bolgesi diger cografi
bolgelerine oranla daha diisiik giines enerjisi gii¢
potansiyeline sahip olan Zonguldak ili secilmistir.
Zonguldak Biilent

olarak iilkemizin

Ecevit Universitesindeki Farabi
Yerleskesi Zonguldak ili merkez ilgesinde yer almaktadir.
Farabi yerleskesinde Fen Bilimleri Enstitiisi, Sosyal
Bilimler Enstitiisii, Miihendislik Fakiiltesi, Fen Fakiiltesi,
Giizel Sanatlar Fakiiltesi, [lahiyat Fakiiltesi, Iktisadi ve
idari Bilimler Fakiiltesi, iletisim Fakiiltesi, kapali spor
salonu, kiitiiphane, yemekhane ve sosyal donatilara ait
binalar bulunmaktadir.

Zonguldak  Biilent Farabi

Yerleskesinde bulunan tesis ve binalarin elektrik enerjisi

Ecevit  Universitesi

ihtiyaclari, elektrik enerjisi dagitim sirketi ile imzalanan
ve ¢ farkh yapilan
karsilanmaktadir (Yilmaz ve Temur 2022). Enerji dagitim
sirketi ile Giniversite arasinda “Farabi Kampiisii” isminde
imzalanan birinci aboneligin elektrik enerjisi tiiketim
degeri 2.600.000 kWh giiciindedir. Ikinci aboneligin
elektrik enerjisi tiiketim degerleri ise 550.000 kWh
glicinde ve Farabi yerleskesi igerisinde bulunan
Teknolab A-B-C, is Atélyeleri ve Merkezi Derslik
binalarini kapsamaktadir. Ugiincii abonelik ise Yapi isleri
Teknik Dairesi Bagkanligina ait olup, elektrik enerjisi
tilketim degeri 52.000 kWh giiciindedir. Bu kapsamda
Farabi Yerleskesinin 2023 yili icin toplam elektrik
enerjisi tiiketim degeri olarak 3.210.000 kWh olacagi
ongorilmektedir (Yilmaz ve Temur 2022). Tablo 1'de
Farabi kampiisii ve Teknolab A-B-C, Is Atdlyeleri ve
Merkezi Derslik binalarina ait elektrik aboneliklerinin

noktadan abonelikler ile

aylik yaklasik enerji tiikketimleri yer almaktadir.

Tablo 1. Aboneliklere ait aylik yaklasik enerji tiiketimleri

Farabi Kampiisti Teknolab A-B-C,

bonem (KWh) (KWh)*
Ocak 200.000 43.000
Subat 180.000 38.000
Mart 250.000 52.000
Nisan 255.000 54.000
Mayis 265.000 56.000
Haziran 250.000 53.000
Temmuz 150.000 32.000
Agustos 140.000 29.000
Eyliil 230.000 48.000
Ekim 205.000 43.000
Kasim 240.000 52.000
Aralik 235.000 50.000

*[s atolyeleri ve merkezi derslik binalari

Yerleske icerisinde gerceklesecek olan yillik elektrik
enerjisi tiikketim miktarinin ¢ok yiiksek olmasi nedeniyle
elektrik enerjisi giderlerine yiiksek oranlarda pay
ayrilmaktadir. Boélge icin elektrik enerjisi liretiminde
cevreye kaynaklarin  yogun
kullanilacak olmasi, s6z konusu tiiketilecek olan elektrik

zararll  fosil olarak
enerjisinin,
ekonomisine katki saglayan kaynaklar ile karsilanmasi
gerektigini géstermektedir. Bu nedenle Zonguldak Biilent
Ecevit Universitesi Farabi Yerleskesindeki binalarin
elektrik enerjisi tliketim degerlerini karsilamak amaciyla
yerleske icerisinde giines enerjisi ile elektrik enerjisi
iireten tesislerin kurulmasi planlanmistir.

temiz, yenilenebilir, ¢evreci ve iilke

Zonguldak Biilent Ecevit Universitesi Farabi Yerleskesi
incelendiginde, iiniversite igerisinde yeterli biiyiikliikte
bos arazilerin bulunmamasi,
agaclarin ise yerleske icerisinde kismen bos olarak
bulunan golgelenmelere sebep olacagl
gorilmiigtir. Bu tir olumsuzluklar nedeniyle arazi

mevcut binalarin ve
arazilerde
uygulamal tipte giines enerjisi elektrik iiretim sistemleri

kurulmasinin uygun olmayacag degerlendirilmis, buna
gore cati durumlar1 uygun olan binalar dikkate alinarak
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cati tipi glines enerjisi santrallerinin kurulmasi
planlanmistir.  Arazi uygulamali glines enerjisi
tesislerinin ¢ati uygulamal tesislere ilave olarak altyapi
ve konstriiksiyon maliyetleri de icermesi nedeniyle daha
ylksek iicretlendirme olacagi 6ngoriilmektedir. Bununla
birlikte ¢ati uygulamali tesisin elektrik baglantisinin,
kurulum yapilacak binaya ait ana elektrik dagitim
panosuna irtibatlanmasi maliyet ve kurulum ag¢isindan
daha avantajli olacagi tespit edilmistir. Arazi uygulamali
tesis yapilmasi durumunda elektrik baglantisinin ise
daha uzun mesafelerde baglanti yapilacak abonelige ait
ana dagitim noktasina yapilmasina ihtiya¢ olacagindan
baglant1 hatt1 iscilik ve maliyet giderlerinin daha yiiksek
olacagi dngoriilmektedir. Bu nedenle kampiis icerisinde
yer alan bina ¢atilarina kurulum yapilmasinin, arazi
uygulamali glines enerjisi tesisi kurulumuna gore daha
avantajl olacagi degerlendirilmektedir.

Zonguldak  Biilent  Ecevit  Universitesi  Farabi
Yerleskesinde yer alan Mihendislik Fakiiltesi derslik ve
laboratuvarlarindan, Teknolab A-B-C binalarindan,
Miihendislik Fakiiltesi Ek binasindan, Kapali Spor Salonu
binasindan, Bilgi islem Daire Bagkanligi binasindan,
Yemekhane ve Sosyal Tesis binalarindan faydalanilmistir.
Ayrica Maden Miihendisligi binasi, iletisim Fakiiltesi
binasi, Giizel Sanatlar Fakiiltesi binasi, Kiitiiphane ve
ilahiyat Fakiiltesi binasi, Yeni Fen Fakiiltesi binasi ile
iktisadi ve Idari Fakiiltesi
kullanilabilecegi degerlendirilmistir. S6z konusu tiim
binalarin ¢ati durumlart kurulum i¢in incelenmis ve
kurulum agisindan uygun olacagl degerlendirilmistir.
Sekil 3’te Zonguldak Biilent Ecevit Universitesi Farabi

Yerleskesindeki calisma  yapilacak olan

Bilimler binasinin da

binalar

gosterilmistir.

Sekil 3. Zonguldak Ecevit Universitesi Farabi yerleskesinde giines enerjisi kurulmasi planlanan binalar

Belirlenen bina gruplarindan Teknolab A-B-C bloklarinin
ikinci grup elektrik aboneligi dagitim kok noktasindan
ayri olacak sekilde bagimsiz olarak yapilmaktadir. Giines
enerjisi tesisi kurulacak olan diger tiim binalarin elektrik
aboneligi ise birinci grup elektrik aboneligi seklinde ve
yine dagitim kék noktasindan ayri olacak bicimde Farabi
Kampiisii ismiyle bagimsiz olarak yapilmaktadir. iki
abonelik durumu icin ayr1 dagitim kabinlerinde ener;ji
tiiketim degerlerini 6lcecek sekilde elektrik sayaclari yer
almaktadir. Mevcut elektrik sayaclari, ¢ift yonlii elektrik
sayaclar1 ile degistirilmek suretiyle bina gruplarinda
iretilen ve tiiketilen elektrik enerjisi miktarlarinin
Olclilmesi  gerceklestirilecektir. Her bina c¢atisina
yapilacak giines enerjisi santralleri i¢in bina ana dagitim
panolar1 yanina giines enerjisi panosu kurulacak ve

koruma sistemleri bu panolar igerisine yerlestirilecektir.
Birbirinden bagimiz iki ayr1 enerji dagitim kabininden
yapilan elektrik enerjisi 6l¢iimleri sonucunda tiiketilen ve
iretilen elektrik
hesaplanacak ve giincel yasal mevzuatlar ¢ergevesinde ay
sonunda mahsuplasma yapilmak suretiyle, liretilen enerji
miktar1 bedelleri tahsil edilmis olacaktir.

glines enerjisi

enerjisi degerleri aylik olarak

Cat1 tipi elektrik lretim tesisleri

kurulumuna baslanilmadan 6nce, giincel Lisanssiz
Elektrik Uretim Yénetmeligi mevzuati kapsaminda 6n
calismalar yapilacak, gerekli belgelerle birlikte elektrik
dagitim sirketine baglanti basvurusu yapilacaktir.
Baglant1 basvurusu akabinde dagitim sirketinden ¢agri
mektubu alinarak uygulama projelerinin hazirlanmasi

asamasina gecilecek ve hazirlanan projeler elektrik
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dagitim sirketine onaylatilacaktir. Hazirlanan uygulama
projelerinde kurulum yapilacak c¢ati alanlarina iliskin
mimari ve statik hesap raporlari, genel yerlesim planlari,
tek hat semalari,
raporlari, gerilim diistimii hesaplari, kisa devre hesaplari,
topraklama ve yildirimdan korunma planlari, kesif 6zeti,
mevzuat kapsaminda istenilen ve ihtiya¢ duyulabilecek
diger projelendirme islemleri gerceklestirilecektir.
Uygulama projelerinin elektrik dagitim sirketi tarafindan
onaylanmasinin ardindan imalatlara baslanilacak, tesis
yapimi, uygulama projesi dogrultusunda fen, sanat
kurallarma uygun
tamamlanmasindan sonra elektrik dagitim sirketiyle
Dagitim Sistemine Baglanti Anlagmalar1 imzalanacak,
gecici kabul islemleri yaptirilacak ve ardindan sistem
kullaniom  anlasmalari
mahsuplasma islemlerine baslanilacaktir.
Cat1 tipi glines enerjisi
baslamadan once, gercek duruma yakin sonuglar
verebilen benzetim programlar1 ile o6n fizibilite
calismalarinin yapilmasi gerekmektedir. Gergeklestirilen
on fizibilite ¢alismalarinin ¢iktilar ile tesisin ekonomik
sonuglari, sistem verimliligi, dogaya katkis1 hakkinda
onceden fikir sahibi olunmaktadir. Literatiirde giines
enerjisi lretim sistemlerinin benzetimini gerceklestiren,
hesaplamalarini ve analizlerini yapan bir¢ok program
bulunmaktadir. Bu programlardan bazilar1 PVSOL,
HelioScope, Polysun, PVsyst isimli programlardir. Ayrica
PVGIS gibi veritabani platformu olan
programda sistem tasariminda kullanilmaktadir (Sar1 ve
Ozyigit 2020).

Benzetim programlarinin dogrulugunun kanitlanabilmesi
amaciyla, 2004 yilinda Uluslararasi Enerji Ajansi
tarafindan Fotovoltaik Gii¢ Sistemleri Programi (PVPS)
kullanilmaya baslanmistir (Jahn ve Nasse 2004).
Benzetim c¢alismasinda Almanya’da 235 adet, diger
Avrupa iilkelerinde ise 133 adet kurulu gilines enerjisi
santrallerinin verileri kullanilmistir. 368 adet glines
enerjisi santralinin PVSOL benzetim programi ile
simiilasyonu gerceklestirilmistir. Elde edilen benzetim

panel-inverter uyumluluk hesap

olarak tamamlanacaktir. Tesis

imzalanarak liretim ve

tesislerinin  kurulumuna

cevrimici

calismast  sonuglar1 ile gergcek santral verileri
karsilastirllmistir.  Yapilan Kkarsillastirmada benzetim
sonucunda yilhlk 793 kWh/kWp enerji iiretimi

gerceklestirilirken ve % 73,6 sistem performans orani
elde edilirken, gercek degerlerin yillik 820 kWh/kWp
enerji tiretimi ve % 76,5 sistem performans orani oldugu
gozlemlenmistir. Calisma sonucunda gercgek veriler ile
PVSOL programi arasinda elde edilen veriler arasinda %
3-4 arasinda farklilik oldugu tespit edilmistir (Ceylan ve
Tasdelen 2018). Ayrica benzetim sonuglar1 ile gercek
verilerin karsilastirildig1 bir baska ¢alismada ise PVsyst,
PVSOL, PVGIS simiilasyon programlari kullanmis ve
PVSOL benzetim programiyla yapilan ¢alisma sonuglari
ile gercek veriler incelendiginde hata paymmin % 4,84
oldugu tespit edilmistir (Arslan 2022). Tiim bu ¢alismalar
tesis kurulumuna baslanmadan 6nce simiilasyon
sonuglari ile 6n fizibilite ¢alismalarinin yapilabilecegini
ve dnceden fikir sahibi olunabilecegini géstermektedir.

3. Benzetim Calismalari

Bu c¢alismada PVSOL benzetim programi kullanilarak
hesaplama ve analizler gerceklestirilmistir. PVSOL
benzetim programinda sebekeye bagh, 6z tiiketimli
sebekeye bagly, elektrikli cihazli sebekeye bagh PV
sistemlerin, batarya sistemlerinin, elektrikli
sebekeye baglhi PV sistemlerin, elektrikli araglarin,
elektrikli cihazli sebekeye bagl PV sistemli elektrikli
araglarin calismalart  yaygin
yapimaktadir. Ayrica batarya sistemlerinin, elektrikli
aletlerin, sebekeye bagh PV
sistemlerinin, sebekeden bagimsiz PV sistemlerin, yedek
jeneratorlii ve sebekeden bagimsiz PV sistemlerinin bir
yulik stire projelendirme ve
calismalari gergeklestirilebilmektedir.
programinda 3D tasarim modiili kullanilarak tesislerin
kurulmak istendigi alanlar gorsel olarak
modellenmektedir. Modelleme de goélge analizleri ve
golgelendirme kayiplar1 ayrica dikkate alinmaktadir.
Meteorolojik veri tabani kaynagi olarak Meteonorm
kullanilmakta olup, bu ¢alismada Zonguldak 1996-2015,
Meteonorm 8.1 veri tabani kullanilmistir. Calisma
kapsaminda Dbelirlenen binalar icin 6ncelikle 3D
tasarimlar1 gerceklestirilmistir. 3D tasarim asamasinda
PVSOL benzetim programindaki modiil yerlestirme
alanlar1 belirlenerek her bir bina i¢in panel yerlesimleri
tasarlanmistir. Tablo 2’de catilar lizerinde olusturulan
modiil alanlarindaki gilines panellerinin karakteristik
ozellikleri verilmistir.

cihazh

benzetim olarak

termal sistem ile

zarfindaki benzetim

Benzetim

Tablo 2. Giines panellerinin karakteristik 6zellikleri

Ozellikler Degerleri
Maksimum gii¢ (Pmax) 315W
Modiil verimliligi 18.79
Maksimum gii¢ gerilimi 33.55
Maksimum gii¢ akimi (Imp) 9.41
Acik devre gerilimi (Voc) 40.73
Kisa devre akimi (Isc) 10.05
Gli¢ toleransi 0~+5W

MSAG

Calisma sicaklik araligl

1000 VDC / 1500 V DC
-40 0C ~ +85 0C

Giivenlik sinifi C
Maksimum seri sigorta akimi 15A / 20A
Hiicre boyutu (mm) 158.75x158.75
Hiicre sayisi1 (adet) 60 (6x10)
Agirlik (kg) 19

Panel boyutu (mm) 1668x1007x35

MSAG= maksimum sistem anma gerilimi
Giines panellerinin ¢ati durumlarina goére yonleri
belirlenmis ve panellerden en iyi verim alinacak sekilde
tasarim ve panel yerlestirme islemleri yapilmistir. Giines
panelleri birbirlerine seri olarak baglanmasi sonucu dizi
gruplar1 olusturulmus olup, her dizi grubu inverter
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cihazlarda toplanmistir. Panel dizilerinin inverterlere
baglantisi icin 1x6 mm?2 DC kablolar kullanilmistir. Panel
bakim islemlerini
gerceklestirebilmek icin panel yerlesim mesafelerinin 15
m lzerindeki durumlarda bakim yollar1 olusturulmak

yerlesimleri esnasinda onarim

suretiyle uygun bos c¢ati kisimlar1 birakilmistir. Panel
gruplarinin inverterlere baglantis1 gerceklestirilirken
dikkate alinarak gruplamalar
yapilmis ve inverterlere irtibat saglanmistir. Tiim dizilere
ait DC kablolar ¢ati1 istiindeki kisimlarda kablo tavasi

glineslenme  yonleri

icerisinden cekilmesi planlanmistir. inverter cihazlarinin
AC baglantilar;, kurulum yapilan
panolarinin yanina konulacak GES panolarindan
yapilmistir. Kurulum yapilan her binaya ait mevcut
sebeke besleme kablosu bulunmasi nedeniyle bu besleme

binalarin ana

kablolar1 ayni zamanda iretilen elektrigin veris yonli
sebekeye iletilmesinde de kullanilmis, binalara ana
sayacin bulundugu noktadan ayrica kablo ¢ekilmesine
ihtiya¢ duyulmamstir.

Tablo 3’te mevcut durumda kurulum yapilmasi planlanan
bina catilarinin kullanilabilir alanlari, egim yoénleri ve
egim bilgileri verilmistir.

Binalarin biyilik bir kisminda dogrudan cati lizerine
montaj yapilmasi planlanmistir. Sadece Miihendislik
Fakiiltesi Binasi, Sosyal Tesis Binalar1 ve iktisadi idari

Bilimler Fakiiltesi Binalari iizerinde yer alan ¢atisiz teras
alanlari {izerlerine dogu-bat1 istikametinde teras tabani
tizerine 10° egimli olacak sekilde kaide ilizerinde panel
montaji yapilmasi tercih edilmistir. Calismalarda SMA
Solar Technology AG firmasina ait invertér cihazlari
kullanilmistir. Binalarin c¢atilarinda belirlenen alanlara
PV-SOL programi yardimiyla panellerin yerlesimleri
yapilmistir. Panel yerlesimleri yapilirken Miihendislik
Fakiiltesi Binasindaki modiil alani 3’te, Sosyal Tesis
Binalarinin modiil alan1 4 ve modiil alan1 5 kisimlarinda
catt bulunmamakta ve ¢atinin teras seklinde ve egimsiz
oldugu anlasilmaktadir. Belirtilen bu kisimlarda dogu
olacak sekilde yilizeye montaj
yapilmas1 karar verilmis ve Kkarsi agirhiklarla riizgar
dayanimi saglanmasi suretiyle tasarim yapilmistir. Teras
montajlarinda panel egimleri 10° olarak
gerceklestirilmistir. Diger tim binalarda ise, bina
izerlerinde yer alan ¢ati malzemesi {lizerine montaj

bati istikametinde

yapilmasi planlanmistir. Sekil 4'te calisma yapilacak olan
14 adet bina grubu tizerindeki en verimli ¢at1 tipi giines
enerjisi elektrik tretim tesislerinin panel dizilimleri
gosterilmistir. Panel sonrast PV-SOL
programi lizerinde invertor secimleri gerceklestirilmis ve
tesislerin golgelenme analizleri yapilarak benzetim
calismalar1 tamamlanmistir.

yerlesimleri

Tablo 3. Giines enerjisi tesisi kurulmasi planlanan binalarin ¢ati durumlari

Bina No Bina Adi Modiil Alanlar Kullanilabilir Cat1 Alan1 Egim Yoni Cat1 Egimi
1 Teknolab A-Blok MOdl:ll Alan1 1 273.42 Giineybati 2450 90
Modiil Alani 2 273.42 Kuzeydogu 65° 90
Modiil Alan1 1 113.925 Gilineybat1 2430 90
2 Teknolab B-Blok .
Modiil Alani 2 113.925 Kuzeydogu 63° 90
Modiil Alan1 1 197.47 Gilineybat1 2430 90
3 Teknolab C-Blok .
Modiil Alani 2 197.47 Kuzeydogu 63° 90
Modiil Alani 1 356.31 Kuzey 130 170
Modiil Alani 2 339.9 Giliney 1930 170
Miihendislik Fakiiltesi Modil Alani 3 61.44 Bat1 2830 170
Ek Bina Havacilik ve Modil Alani 4 81.48 Giliney 1930 300
4 Uzay Miihendisligi Modiil Alan1 5 35.12 Kuzey 130 180
Bolimii & Makine Modiil Alan1 6 50.26 Dogu 1030 300
Miihendisligi Bélimu Modiil Alan1 7 34.15 Bat1 2830 300
Modiil Alani 8 34.15 Dogu 1030 300
Modiil Alan1 9 50.26 Bat1 2830 300
Modiil Alan1 1 89.61 Giliney 1930 70
Modiil Alani 2 69.20 Dogu 1030 50
Modiil Alani 3 119.23 Bat1 2830 50
Modiil Alani 4 159.02 Bat1 2830 50
Modiil Alan1 5 40.32 Dogu 1030 190
5 Bilgi Islem Dairesi Modiil Alani 6 20.03 Bat1 2830 190
Baskanlig1 Binasi Modiil Alan1 7 63.98 Dogu 1030 190
Modiil Alan1 8 63.98 Bat1 2830 190
Modiil Alan1 9 35.08 Dogu 1030 190
Modiil Alan1 10 35.08 Bat1 2830 190
Modiil Alan1 11 71.48 Dogu 1030 100
Modiil Alan1 12 71.48 Bat1 2830 100
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Tablo 3. Giines enerjisi tesisi kurulmasi planlanan binalarin ¢ati durumlari (devami)

Bina No Bina Adi Modiil Alanlari Kullanilabilir Cati1 Alani Egim Yoni Cat1 Egimi
6 Kapali Spor Salonu Modiil Alani 1 1.113.68 Bat1 2810 100
i . _ Modiil Alam 1 479.68 Giiney 1940 200
7 I];/Ii‘:;‘:?d”hk Fakiltesi ;o il Alam 2 305.65 Giiney 1980 150
Modiil Alani 3 1.917.46 Dogu 900 - Bat1 2700 00
Modiil Alani 1 356.31 Kuzey 130 170
Modiil Alani 2 339.90 Gliney 1930 170
Modiil Alani 3 61.44 Bat1 2830 170
. . ... Modiil Alan1 4 81.48 Gliney 1930 300
8 11\3/[1?12(;? Mihendisligh 0451 Alan 5 35.12 Kuzey 130 180
Modiil Alani 6 50.26 Dogu 1030 300
Modiil Alan1 7 34.15 Bat1 2830 300
Modiil Alani 8 34.15 Dogu 1030 300
Modiil Alan1 9 50.26 Bat1 2830 300
Modiil Alan1 1 356.31 Bat1 2840 170
Modiil Alani 2 339.90 Dogu 1040 170
Modiil Alani 3 61.44 Kuzey 140 170
S .. Modiil Alan1 4 81.48 Dogu 1050 300
9 podsim - FalAles yoqiit Alam 5 35.12 Bati 2860 180
Modiil Alani 6 50.26 Giiney 1940 300
Modiil Alan1 7 34.15 Kuzey 170 300
Modiil Alani 8 34.15 Giiney 1950 300
Modiil Alan1 9 50.26 Kuzey 140 300
Modiil Alani 1 356.31 Bat1 2840 170
Modiil Alani 2 339.90 Dogu 1040 170
Modiil Alani 3 61.44 Kuzey 140 170
B Modiil Alani 4 81.48 Dogu 1050 300
10 g:lfgitesi Binasslanaﬂar Modiil Alam 5 35.12 Bat1 2860 180
Modiil Alani 6 50.26 Giiney 1940 300
Modiil Alan1 7 34.15 Kuzey 170 300
Modiil Alan1 8 34.15 Giiney 1950 300
Modiil Alan1 9 50.26 Kuzey 140 300
Modiil Alani 1 726.00 Kuzey 120 130
Modiil Alani 2 172.00 Dogu 1020 130
Modiil Alani 3 172.00 Bat1 2820 130
Modiil Alan1 4 101.00 Dogu 1020 180
Modiil Alan1 5 109.09 Dogu 1020 180
Modiil Alan1 6 109.09 Bat1 2820 180
. ~ Modiil Alan1 7 48.87 Bat1 2820 300
" ﬁ;ﬁ?}?ﬁa“e If‘aku‘l(tee‘; Modiil Alani 8 53.00 Dogu 1020 90
Binas Modiil Alan1 9 45.00 Dogu 1020 90
Modiil Alan1 10 45.00 Bat1 2820 90
Modiil Alan1 11 55.00 Bat1 2820 90
Modiil Alan1 12 60.00 Dogu 1020 90
Modiil Alan1 13 45.00 Dogu 1020 90
Modiil Alan1 14 45.00 Bat1 2820 90
Modiil Alan1 15 55.00 Gliney 1920 90
Modiil Alan1 16 55.00 Giiney 1920 90
Modiil Alan1 1 223.62 Giiney 1950 150
Modiil Alani 2 197.61 Kuzey 150 150
12 Yemekhane & Sosyal 441 Alam 3 29.87 Bati 2850 150
Tesis Binalar1
Modiil Alan1 4 260.92 Bat1 2869 - Dogu 1040 00
Modiil Alan1 5 331.36 Bat1 2869 - Dogu 1040 00
Modiil Alan1 1 168.85 Gilineybat1 2090 90
13 Yeni Fen Fakiiltesi Modiil Alani 2 115.00 Giineydogu 11990 90
Binasi Modiil Alani 3 572.57 Kuzeybat1 2990 90
Modiil Alan1 4 371.23 Glineydogu 1190 90
14 [iBF Binasi Modiil Alan1 1 1.581.46 Dogu 900 - Bat1 2700 90
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2. Ingaat Mithendisligi Laboratuvar - B Blok

13 Fen Falkiltesi Binast 14 Tltisadi ve Idari Bilimler Fakiiltesi Binass

Sekil 4. Bina catilar iizerine gilines panellerinin yerlesim planlari
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4. Bulgular

PV-SOL programi catilarina panel
yerlestirme islemleri gerceklestirildikten sonra ¢alisma
yapilan tiim binalar i¢in kullanilan toplam PV modiil
sayilar ¢ikartilmistir. Toplam modiil sayis1 kullanilarak
bina ¢atilarinda kurulmasi planlanan giines enerjisi
tesislerinin kurulu gii¢leri elde edilmistir. Tablo 4'te
kullanilan PV modiil sayilari, PV jenerator ¢ikis degerleri
ve kapladiklar yiizey alanlari, kullanilan evirici sayilari,
yillik 6zgiil kazanglari, toplam iiretilen elektrik enerjisi ve

lizerinde bina

Tablo 4. Benzetim ¢alismasi sonuglari

onlenen karbondioksit emisyon degerleri gdsterilmistir.
Farabi yerleskesi icerisinde yer alan Teknolab A-B-C
binalar1 bagimsiz bir elektrik aboneligi ile elektrik
tiiketimi gerceklestirmekte, diger tiim binalar ise farklh
bir noktadan ayr1 bir elektrik aboneligi ile enerji tiketimi
gerceklestirmektedirler. Belirtilen iki ayri1 abonelige
iliskin yapilan benzetim ¢alismasi sonucunda iiretilen
toplam elektrik enerjisinin aylik dagilimi Tablo 5’te
gosterilmistir.

. Toplam .
Bina Bina PV Modiil PV Jenerator Jenerator Evirici Yli(h:;(:i?m Uretilen Ollilfiinsj::ni?z
No Adi Sayisi (Adet) Cikist (kWp) .= . ,y Sayisl Elektrik
Yiizeyi (m?) (kWh/KWP) b eriisi (ewny (K879
1 Teknolab A-Blok 216 68.04 354.2 6 127840 87.092 40.882
2 Teknolab B-Blok 96 30.24 157.4 1 127566 38.591 18.131
3 Teknolab C-Blok 156 49.14 255.8 2 126921 62.399 29.313
4 Miihendislik 395 124.43 647.7 8  1.215.00 151.291 71.053
Fakiiltesi Ek Binasi
5 Bilgi islem Dairesi 349 109.94 5723 10  1.013.38 111.579 52.361
6 Kapali Spor Salonu 540 170.10 885.5 3 1.276.56 217.208 102.057
7 Miihendislik 842 265.23 13807 18  1.294.48 343.692 161.368
Fakiiltesi
8 Maden 395 124.43 647.7 8  1.215.00 151.291 71.053
Miihendisligi
9 iletisim Fakiiltesi 400 126 655.9 12 1.203.60 151.899 71.277
10 Guzel ~ Sanatlar 126.32 657.5 10  1.208.18 152.801 71.728
Fakiiltesi
11 Kutlphaneve 807 25421 13233 21 120681 307.203 144.186
[lahiyat Fakiiltesi
Yemekhane ve
12 Sosyal  Tesisler 401 126.32 657.5 8 122816 155.278 72.913
Binasi
13 Fen Fakiiltesi 555 174.83 910.1 9 122163 213.717 100.379
ik . . i .
14 tsadi - ve ldari oo 16821 875.6 6 125269 210844 99.036
Bilimler
TOPLAM 6.087 191744 998120 122 17.158.76  2.354.885  1.105.737

Tablo 5. Uretilen Elektrik Enerjisinin Aylik Dagilimi

Teknolab A-B-C, is Atdlyeleri ve Merkezi Derslik

Donem Farabi Kampiisii (kWh) binalari (kWh)
Ocak 73.886 6.604
Subat 92.900 8.323
Mart 154.100 13.512
Nisan 212.732 18.352
May1s 282.768 24.301
Haziran 310.239 26.913
Temmuz 305.458 26.350
Agustos 269.925 23.390
Eyliil 196.581 17.166
Ekim 73.886 6.604
Kasim 92.900 8.323
Aralik 154.100 13.512
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Yapilan piyasa fiyati arastirmalarinda c¢ati tipi giines
enerjisi santrallerinin kurulum maliyetinin 2023 yili i¢in
KW basina yaklasik 1000$ + KDV oldugu goértlmektedir.
T.C. Enerji Piyasasi Diizenleme Kurumu verilerine gore
Elektrik Faturalarina Esas Tarife Tablolari igerisinde yer
alan 01/01/2023 tarihinden itibaren gecerli olan elektrik
tarife tablolarina gore Orta Gerilim Tek Terimli Kamu ve
Ozel Hizmetler Sektoriine ait elektrik birim fiyatinin 3,44
TL/kWh +KDV (0,1815$/kWh + KDV) oldugu
goriilmektedir (Anonim 2022).

5. Sonuclar

Zonguldak Biilent Ecevit Universitesi Farabi yerleskesi
icerisinde yer alan binalarda tiiketilen elektrik enerjisi
ihtiyacini, c¢evreye ve insan saglifina zarari olmayan,
strdiiriilebilir, yenilenebilir enerji kaynaklar1 ile
karsilayabilmek i¢in ¢alismalar gerceklestirilmistir. Cati
durumlar1 iyi olan ve gilines enerjisi tesisi kurulmasi
uygun olan binalar incelenmis ve 14 adet bina grubunun
uygun olacagi degerlendirilmistir. Belirlenen tiim binalar
icin yapilan ¢alismalar neticesinde toplam 6.087 adet PV
modiil kullanilmis olup, toplam 1.917,44 kW’lik kurulu

giic elde edilmistir. Ayrica iretilen elektrik enerjisi ile

Tablo 6. Uretilen ve tiiketilen elektrik enerjisi

yilda 1.105.737 kg karbondioksit emisyonu engellenmis
olacaktir. Tesis kurulumu icin, 2023 yili piyasa fiyat
(1000%$+KDV) / KW goz 6niine alindiginda giines enerjisi
santrallerinin toplam maliyetinin yaklasik 1.917.440$ +
KDV olacag anlasilmaktadir.

Tasarlanan ve simiilasyon c¢alismalar1 gergeklestirilen
giines enerjisi tesislerinden yillik toplam 2.354.885 kWh
elektrik enerjisi tiretilebilecegi sonucuna ulasilmistir.
Calisma kapsaminda belirtilen iki farkli abonelige ait
elektrik enerjisi ol¢climleri mevcut elektrik sayaglari
araciligiyla  gerceklestirilmekte ve  buna  gore
faturalandirilmaktadir. Bu sayaglarin proje kapsaminda
cift yonli elektrik sayaci ile degistirilmesi sonucu hem
tiiketilen elektrik enerjisi miktar1 hem de iretilen
elektrik  enerjisi sayag
kaydedilmesi saglanmis olacaktir. Mevcut yonetmelik
kapsaminda mahsuplasma isleminin her aymn sonunda
iretilen ve tiiketilen enerji miktarinin dlgiilmesi sonucu
aylik olarak yapilacaktir. Buna gore benzetim ¢alismasi
sonucu elde edilen veriler aracilifiyla Tablo 6’da aylik
olarak iretilen ve tiiketilen elektrik enerjisi miktari
gosterilmistir.

miktarinin tarafindan

Farabi Kampiisii

Teknolab A-B-C*

Uretilen Tiiketilen Uretilen Tiiketilen
Dénem Elektrik Elektrik Mahsuplasilan Elektrik Elektrik Mahsuplasilan

Enerjisi Enerjisi Elektrik Enerjisi Enerjisi Enerjisi Elektrik Enerjisi

Miktar1 Miktar1 Miktar1 (kWh) Miktar1 Miktar1 Miktar1 (kWh)

(kWh) (kWh) (kWh) (kWh)
Ocak 73.886 200.000 -126.114 6.604 43.000 -36.396
Subat 92.900 180.000 -87.100 8.323 38.000 -29.677
Mart 154.100 250.000 -95.900 13.512 52.000 -38.488
Nisan 212.732 255.000 -42.268 18.352 54.000 -35.648
May1s 282.768 265.000 17.768 24.301 56.000 -31.699
Haziran 310.239 250.000 60.239 26913 53.000 -26.087
Temmuz 305.458 150.000 155.458 26.350 32.000 -5.650
Agustos 269.925 140.000 129.925 23.390 29.000 -5.610
Eylal 196.581 230.000 -33.419 17.166 48.000 -30.834
Ekim 126.832 205.000 -78.168 10.968 43.000 -32.032
Kasim 77.259 240.000 -162.741 6.562 52.000 -45.438
Aralik 64.123 235.000 -170.877 5.641 50.000 -44.359

*{s atolyeleri ve merkezi derslik binalari

Tablo 6 incelenirse, Farabi Kampiisii aboneligi i¢in Ocak,
Subat, Mart, Nisan, Eylil, Ekim, Kasim ve Aralik
aylarinda, Teknolab A-B-C, Is Atélyeleri ve Merkezi
Derslik binalar1 aboneligi i¢cin yilin tim aylarinda
elektrik elektrik
enerjisinden fazla oldugu anlasilmaktadir. Bu durumda

tiiketilen enerjisinin  iretilen
gerceklesecek aylik mahsuplasma islemi sonucunda,
sadece tiiketilen fazla kisma iligkin dagitim sirketine
fatura odemesi gergeklestirilecektir. Farabi kampiisii
aboneligi icin Mayis, Haziran, Temmuz, Agustos aylarinda
tretim miktarinin tiiketim miktarindan fazla oldugu
anlasilmakta olup bu durumda fretilen fazla elektrik
enerjisi dagitim verilerek

miktari sistemine

mahsuplasilacak ve fazla kisma iliskin bedel 6demesi
aliacaktir.
Uretilen elektrik enerjisi  tiiketilen  enerjilerden
mahsuplasilmas: planlandigindan, tiikketim fiyatindan
degerlendirildiginde yillik toplam elde edilebilecek
gelirin yaklasik 427.411,63 $ olacagi hesaplanmaktadir.
Bu kapsamda kurulumu yapilan tesislerin yaklasik 4,49
yilda kendini amorti edebilecegi sonucuna ulasilmistir.
Bu baglamda fotovoltaik gii¢ potansiyeli

Tirkiye'nin en diisiik sayilabilecek boélgesinde yer alan

olarak

Zonguldak ilinde, giines enerjisinden elektrik elde
edilmesi i¢in simiilasyon programi yardimiyla analizler
yapilmis, kurulan tesislerin kendini 4,49 y1l gibi kisa siire
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zarfinda amorti edebilecegi ulasilmistir.
Tiirkiye'nin  glines potansiyeli olarak en kuzey
bolgelerinin dahi tiiketiciler tarafindan degerlendirilerek,
glines  enerjisinden  elektrik  elde
yayginlastirilmasi, c¢evreye olan onleme,
enerjide disa bagimhligi azaltma adina biiyiik 6nem arz

etmektedir.

sonucuna

edilmesinin
zararlari

Katki Orani Beyani
Yazarlarin katki yiizdesi asagida verilmistir. Yazarlar
makaleyi incelemis ve onaylamistir.

E.A. N.P.
K 50 50
T 50 50
Y 50 50
VTI 50 50
VAY 50 50
KT 50 50
YZ 50 50
KI 50 50
GR 50 50
PY 50 50
FA 50 50

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon ahmi.

Catisma Beyani
Yazarlar bu c¢alismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyani

Bu arastirmada hayvanlar ve insanlar tizerinde herhangi
bir c¢alisma yapimadigi i¢cin etik kurul onay:
alinmamustir.
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BASKALASIMIN OCTOROTOR BOYLAMASINA UCUSUNA ETKISI
0Oguz KOSE*
1Erzincan Binali Yildirim University, Vocational School, Aircraft Technology Program, 24000, Erzincan, Tiirkiye

Ozet: insansiz hava araglari(iHA) son yillarda popiilerligi artan hava araclari olarak endiistriyel ve bilimsel cevrede dikkatleri iizerine
cekmektedir. IHA'lar iizerinde bulundurdugu rotor sayisina gére isimlendirilir. Bu ¢alismada déner kanat kategorisinde ve sekiz rotora
sahip bir octorotor incelenmistir. Calisma kapsaminda octorotor kol uzunluklari degistirilerek(uzatilarak ya da kisaltilarak)
baskalasim uygulanmistir. Bagkalasim, [HA'larda son yillarda ugus lizerine olan etkisinin incelenmesi konusunda arastirmacilar
tarafindan tercih edilen yéntem olmugtur. Bagkalasim déner kanath iHA'larda en yaygin olarak kol uzunluklarinin eszamanli ya da es
zamanli olmayan bir sekilde degistirilmesi ile gerceklestirilmektedir. Bagkalasimin boylamasina ugusa olan etkisi yiikselme zaman,
yerlesme zamani ve asim gibi parametreler kontrol edilerek incelenmistir. Octorotor tam modeli ve bagkalasim durumuna ait dort adet
modeli Solidworks ¢izim programinda gercegine uygun olarak ¢izilmistir. Ardindan buradan elde edilen kiitle ve eylemsizlik momenti
degerleri ile durum uzay modeli yaklagimi kullanilarak Matlab/Simulink ortaminda 1°lik yoriingeyi izleyen boylamasina ugus
simiilasyonlar1 oransal-integral-tiirev (PID) kontrol algoritmasi ile gerceklestirilmistir. Octorotor matematiksel modeli icin Newton
Euler yontemi kullanilmistir. Bu yontemde dogrusal olmayan yapiya sahip hareket denklemleri dogrusal denklemlere
doniistiriilmiistiir. Simtlasyonlarda verilen yoriinge basarii bir sekilde izlenmis ve tasarim performans kriterlerine gore
degerlendirmeler yapilmistir.

Anahtar kelimeler: iHA, Octocopter, Kontrol, PID, Bagkalasim
Effect of Morphing on Octorotor Longitudinal Flight

Abstract: Unmanned aerial vehicles (UAVs) have attracted attention in industrial and scientific environment as air vehicles that have
increased in popularity in recent years. UAVs are named according to the number of rotors on them. In this study, an octorotor in the
rotary wing category with eight rotors is analysed. Within the scope of the study, morphing was applied by changing (lengthening or
shortening) the octorotor arm lengths. In recent years, morphing has been the method preferred by researchers to examine the effect
on flight in UAVs. Morphing is most commonly performed by changing the arm lengths collectively or differentially in rotary wing
UAVs. Effect of morphing on longitudinal flight was analysed by controlling parameters such as rise time, settling time and overshoot.
The full model of the octorotor and four models of the morphing state were drawn in Solidworks drawing program in accordance with
the reality. Then, with the mass and inertia moments values obtained from here, longitudinal flight simulations following a 1°
trajectory in Matlab/Simulink environment with the state space model approach were performed with the proportional-integral-
derivative (PID) control algorithm. Newton Euler method was used for the mathematical model of the octorotor. In this method,
equations of motion with nonlinear structure are transformed into linear equations. In the simulations, the given trajectory was
successfully followed and evaluated according to the design performance criteria.

Keywords: UAV, Octocopter, Control, PID, Morphing
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1. Giris Verma, 2022), sinir devriyesi (Ahmadian ve ark., 2022)
Son yillarda dikey kalkis ve inis yapan ¢ok rotorlu {HAlar ve istihbarat toplamak (Wilcox, 2015) amach
kontrol ve modelleme alaninda arastirmacilarin ilgi odag lfullamlmaktadlr. Bu kadar yaygin kullanilmasi sonucu
haline gelmistir. Dikey kalkis ve inis yapabilen [HA’lar IHA'lar  havacilik = sektérintin - 6nemli  bir  pazarinm
yiiksek manevra kabiliyetine sahiptir. Bu 6zelliginden olusturmakta, —endistriyel ~ve akademik olarak
dolay1 dogal afetlerde insanlar igin girilmesi riskli ~ 8elistirilmesi hizla devam etmektedir.

alanlarda arama kurtarma aracl olarak IHA’lar aerodinamik yapisina gore sabit kanath ve multi
kullanilabilmektedirler (Estrada ve Ndoma, 2019). rotor(doner kanatli) olmak .l'izere ikiye ayrilir (Singhal ve
Bunun yaninda bu tir araglar sivil kullanimda ark, 2018). Multi rotor IHA’lar ise kullanilan rotor
fotografcilik (Chen ve ark., 2020), sinema (Mademlis ve sayisina gore isimlendirilir. Dért rotoru bulunan multi
ark, 2023), hobi ve posta sektoriinde (Iwatav ve ark,  rotor [HA’lara quadrotor(quadcopter), alti rotoru
2007) askeri kullanimda ise trafik denetleme (Gupta ve ~ bulunan multi rotor IHA’lara hexarotor(hexacopter) ve
BS] Eng Sci / Oguz KOSE 185
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[HA’lara ise
octorotor(octocopter) adi verilmektedir. ismi amilan ii¢
multi rotor en cok tercih edilen multi rotor IHA tiirleridir.
Bunun yaninda on ve on iki rotora sahip decacopter ve
dodecacopter tilrleride bulunmaktadir. Multi
[HA’lar yapisal olarak basit olmasina ragmen kontrol
sistemi olarak karmagsik bir yapiya sahiptir. Bundan
dolay1 son yillarda multi rotor iHA’larin modellenmesi ve
kontrolii tizerine bir¢cok ¢alisma yapilmistir. Wang ve ark.
(2016) riizgar gibi dis bozucular etkisi altinda dengesini
koruyabilen ve ugusunu devam ettirebilen bir quadrotor
tipi IHA’y1  kaskat PID algoritmasi
modellemislerdir. Quadrotor
matematiksel modeli Newton-Euler metodu kullanilarak

sekiz rotor bulunduran

rotor

kullanarak
dinamiklerinin

gelistirilmistir. Matematiksel modelde hem dogrusal hem
de dogrusal olmayan denklemler tiiretilmistir. Ancak
durum uzay modeli yaklasiminda dogrusal denklemler
kullanilmistir. Kaskat PID algoritmasi katsayilar1 gecmis
deneyimler ve benzer calismalardan deneme yanilma
yontemi ile elde edilmistir. Qudrotor x, y ve z eksenleri
tizerindeki hareketleri asimi en azaltmis, quadrotor’'un
hiz cevabini ise oénemli 6l¢iide artirmistir. Bununla
birlikte quadrotor hareket degisikliklerine karsi daha
stabil ve giiglii bir davranis sergilemistir. Stabil ucus
bliyiikk  driftler olmadan basarih  bir sekilde
gerceklestirilmistir. Kurak ve Hodzic (2018) LQ ve LQG
metodolojilerini uygulayarak quadrotor kontrol sistemi
gelistirmislerdir. Kontrol sistemi i¢cin quadrotor dogrusal
olmayan modelini ilk adim i¢in kullanmislardir. Ardindan
quadrotor askida ugus ya da hover olarak adlandirilan
ucus durumunu dikkate alarak quadrotor dogrusal
modelini elde etmislerdir. Kontrol sisteminin amaci
sensor hatalar1 ve ¢evresel bozulmalar altinda
quadrotor’un verilen yoériingeyi izlemesidir. Bunun igin
LQ kontrolér yaninda Kalman Filtresi modele dabhil
edilmistir. Bununla birlikte kontroldér diizenli olmayan
bozulmalar ve belirli bir giris sinyali i¢in glglii bir
performans sergilemistir. Ayrica verilen yoriingeyi
sensor hatalar1 ve g¢evresel bozulmalar altinda daha az
hata ile izledigini grafiklerle ortaya koymus ve gecici hal
hatas1 iyi ayarlanan kontrolor parametreleri ile en aza
indirgenmistir. Sharipov ve ark. (2019) Matlab yazilim
paketini kullanarak hexarotor tipi iHA iizerine etkiyen
kuvvet dinamiklerinin matematiksel simiilasyon siirecini
ele almislardir. Simiilasyonda hexarotor iizerine etkiyen
riizgar ve harici bozulmalar ile sensér hatalar1 dikkate
alinmistir. Matlab programinda kullanilan bloklar teorik
kullanilarak hesaplanmstir.
formiiller kullanilarak yapilan simiilasyonlar IHA yazilim
ve donaniminin gelismesinin her asamasinda hatalari
etkili bir sekilde hesaplamaya ve ortadan kaldirmaya
olanak taniyarak daha etkili bir ucgus yapilmasini

formiiller Matematiksel

saglamistir. Le ve Nam (2015) hexarotor’'un kontrol ve
yoriinge izleme problemini matematiksel model ile ele
almislardir. diferansiyel
Newton-Euler denklemleri ile tiiretmislerdir. Hexarotor
dinamik modelinin daha stabil ¢alismasi icin durum uzay
modeli quaternion yontemi ile olusturulmustur. Ayrica

Hexarotor denklemlerini

kontrol algoritmasi olarak PID algoritmasinin kullanildig:
calismada yatay ve dikey eksendeki ucuslar basarili ile
Matlab ortaminda test edilmistir. Hemza ve Boualem
(2018) bir octorotor i¢in mekanik ve elektrik aksamlari
ile dinamik modeli tasarlanmistir. Octorotor sisteminin
dinamik modeli dénme ve 6teleme hareketleri i¢in Euler-
modelleri ile
octorotor

Lagrangian ve Newton-Euler
desteklenmistir. PID kontrol algoritmasi
kontrolii icin tercih edilmistir. Octorotor ile yapilan
testlerde hem model hem de PID algoritmasi agirlik
dagitimi ve riizgar tiirbiilansi altinda hatalar1 minimize
ederek uguslari basari ile gerceklestirmistir.

Son yillarda IHA kontrol ve modellemesi yaninda
baskalasim lizerine de bir¢ok calisma yapilmistir. Kose ve
Oktay (2020a,b) bir octorotor i¢in hem boylamasina hem
de yanlamasina ugusu baskalasim ve PID algoritmasi
Matlab ortaminda
gerceklestirmistir. Baskalasim ile kol
degistirerek ucusa etkisi incelenmistir. Baskalasim ile
degisen parametrelerin tespiti i¢cin Solidworks programi
kullanilarak belirli kol uzunluklarindaki ugus durumlari
incelenmistir. Oktay ve Kose (2020) baskalasim ile
degisen parametreler ve PID katsayilarini belirlemek icin

kullanarak testlerini

uzunluklarini

optimizasyon yontemlerini de kullanarak baskalasimin
ugusa olan etkisini incelemistir. Calismalarinda octorotor
icin simiilasyonlarda ki yiikselme zamani, yerlesme
zamanl ve asim gibi tasarim performans Kkritreleri
degerlendirilerek ugus performans1 iyilestirilmeye
calisumistir. Kose ve Oktay (2022) baskalasimin
hexarotor sapma ucusu {izerine etkisini optimizasyon
ve PID algoritmasi kullanarak Matlab
incelemistir. Kose ve Oktay (2023)
baskalasimin hexarotor boylamasina ugusu iizerine
etkisini derin sinir aglar1 ve PID algoritmasi kullanarak
incelemislerdir. Segilen bir kol uzunlugu derin sinir aglari
ile 6grenme gergeklestirilerek en uzun parametrelerin

yontemleri
ortaminda

bulunmasi saglanmistir. Calismalarda tasarim
performans Kriterleri gdz o6niine alinarak ucusun hangi
durumlarda iyilestigi tespit edilmistir.

Bu calismada octorotor tipi bir IHA modellenmesi ve PID
kontrol algoritmasi kullanilarak baskalasimin
boylamasina ugus iizerine etkisi incelenmistir. Octorotor
modellemesinde Newton-Euler yaklasimi kullanilarak
dogrusal hareket denklemleri olusturulmustur. Dogrusal
hareket denklemleri octorotor tiim ugus durumlari igin
degil sadece boylamasmma ugus durumu igin
kullanilmistir. Dogrusal hareket denklemleri kullanilarak
durum wuzay modeli yaklasimi kullanilarak Matlab
ortaminda simiilasyon testleri yapilmistir. Octorotor tam
modeli Solidworks programinda gergegine uygun olarak
cizilmistir. Bagkalasim ise belirli kol uzunluklarina
Belirli kol degisen

parametrelerin tespiti i¢in her kol wuzunlugu igin

uygulanmistir. uzunluklarinda

Solidworks  programinda tam model ¢izilerek
parametreler buradan elde edilmistir. Octorotor kontrol
algoritmasi1 olarak ise yap1 kolay
uygulanabilirliginden dolay1 PID kontrol algoritmasi

Matlab/Simulink

basitligi ve

tercih  edilmistir.  Simiilasyonlar
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ortaminda  gergeklestirilerek  tasarim  performans
kriterlerine goére hangi kol uzunluklarinin octorotor
boylamasina ugusu lizerinde nasil bir etkiye sahip oldugu
belirlenmis sayisal ifadeler ve grafikler ile ortaya
konusmustur.

2. Octorotor’'un Sistem Modeli ve

Bagkalasim

Bir octorotor tipi IHA'min basitlestirilmis modeli Sekil
1’de gosterilmistir. Bir octorotor sekiz adet fir¢asiz dogru
akim motoru bulundurur ve motorlar simetrik olarak
capraz sekilde yerlestirilmistir.

V4
A,

Sekil 1. Octorotor modeli ve eksen takimi.

Octorotor iizerinde bulunan her rotor bir itki saglar ve
octorotor'un 3 boyutlu uzayda hareketini saglar.
Octorotor hareketi i¢cin her rotor bagimsiz olarak kontrol
edilir. Sekil 2’de gosterilen kirmizi renkli rotorlar saat
yoniiniin tersine dogru doénerken, mavi renkli rotorlar
saat yoniinde doner.

Sekil 2. Rotor doniis yonleri

Octorotor kontroliinde her rotor bagimsiz olarak kontrol
edilir. Boylamasina hareketi gerceklestirmek igin 2 ve 8

numaral rotor hizlar1 azaltilirken 4 ve 6 numarali rotor
hizlar1 artirithir. Sekil 2’de ok yoni ileriyi gosterir. Bu
durumda octorotor ileri yonli bir hareket gerceklestirir.
Eger 2 ve 8 numarali rotor hizlan artirilir, 4 ve 6
numaral rotor hizlar1 azaltilirsa octorotor geri yonli bir
boylamasina hareket gerceklestirilir. Octorotor {izerine
etki eden iki tiir kuvvet vardir. Bunlar her motorun
urettigi itki(T) ve yer c¢ekimi kuvveti(G). Her rotorun
irettigi toplamlari Esitlik 1'de gosterilmistir.

8
T=by,  0F (1)

Burada b rotor itki sabitini ve (); ise i. rotorun agisal
gostermektedir. Boylamasina hareket
gerceklestirilirken rotor hizlarinin degismesinden dolay:
octorotor boylamasina
olusacaktir. Bu tork ise Esitlik 2’de gosterilmistir.

hizini

ekseni lzerinde bir tork

T = DI} + 203+ 203 - 02 -2

0-Lop @
Octorotor simetrik bir yap1 oldugu icin her rotor agirhk
merkezi ve octorotor kendi agirlik merkezi arasindaki
mesafe her kol i¢in esittir ve bu uzunluk Esitlik 2’de [ ile
gosterilmistir.

Octorotor matematiksel modelini elde edebilmek igin
Newton'un hareket kanunlarindan ve Euler agilarindan
faydalanilir (Sadeghi ve ark.,, 2016). Boylamasina eksen
tizerinde hareket etmek i¢in her rotorun hizlar1 bagimsiz
olarak degistirilirken octorotor iizerinde olusan tork t,
ve octorotor’un sahip oldugu eylemsizlik momenti I, ile
ifade edilirse boylamasina ucus icin Euler agis1 Esitlik
3'deki gibi gosterilir.

=2 3)

Iy

Déner kanat [HA’lar tarim sektériinden giivenlige,
hobiden eglenceye kadar genis bir yelpazede kullanilan
araglardir.  Manevra  kabiliyetleri ve  kullanim
kolayliklarindan dolay: sabit kanatl hava araclarina goére
daha tercih edilir hale gelmislerdir (Sahin et al, 2022).
Yiiksek manevra kabiliyetleri ile farkli ucus kosullarina
ve durumlarina adapte edilmeye uygun hava araglaridir.
Magara veya yer alt1 tiinelleri gibi alanlarin kesfedilmesi
veya dar alanlardan gegilmesi gibi durumlarda déner
kanatll [HA'nin geometrik olarak ézelliklerinde degisim
getirilebilir (Bai, 2017). Bu durum baskalasim olarak
ifade edilir. Daha genis manada bagkalasim, genel olarak
bir IHA'nin geometrisinde meydana gelen degisiklikler
(Oktay ve 2020).
Baskalasim {HA'nin kol uzunluklarinin degistirilmesi ve

olarak nitelendirilebilir Kose,
kollarin birbirlerine goére acilarinin degistirilmesi gibi
yontemlerle gerceklestirilebilir. Ayrica baskalasim eger
ucustan oénce heniiz IHA yerde iken gerceklestirilirse
pasif baskalasim, IHA havada ugusuna devam ederken
gerceklestirilirse aktif baskalasim olarak nitelendirilir
(Oktay ve Coban, 2017).

Bu ¢alismada octorotor ugusu esnasinda kol uzunluklari
uzatilip kisaltilarak aktif baskalasim gerceklestirilmistir.
Ucusa baslangi¢ durumu ile birlikte dort adet baskalasim
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gerceklestirilerek boylamasina ugus tizerindeki etkisi test
edilmistir. Sekil 3’te sirasi ile octorotor’'un baslangi¢ ve
baskalasim durumlar1 gosterilmistir. Octorotor ucusa
basladigi anda kol uzunlugu 0.45 cm’dir. Baskalasim
durumlarinda ise kol uzunluklari 6nce artirilip sonra
Baslangic
baskalasim durumunda kol uzunlugu 0.51 cm, ikinci
baskalasim durumunda 0.39 cm, TUgiincii bagskalasim
durumunda 0.57 cm ve son baskalasim durumunda ise
0.33 cm olarak gergeklesmektedir. Baskalasim esnasinda
kollarin octorotor doénme eksenine olan mesafeleri
eylemsizlik momentinde

azaltilmaktadir. durumundan sonra ilk

degistigi icin  octorotor

degisikler olacaktir. Eylemsizlik momenti ise Esitlik 3’te
gosterildigi gibi dogrudan boylamasina ugus i¢in
kullanilan Euler agisi iizerinde etkilidir. Eylemsizlik
momenti basit yapili cisimler icin sabit formiiller ile elde
edilmesi mumkiindiir. Ancak octorotor gibi bir¢ok
yapisal eleman barindiran sistemlerde sabit formiiller ile
elde etmek yerine Sekil 3’te gosterilen Solidworks
cizimleri edilmistir.  Baskalasim
durumunda octorotor kiitlesi sabit kalirken degisen kol

lizerinden elde

uzunluklarina gore eylemsizlik momentleri Tablo 1'de
gosterilmistir.

Sekil 3. (a) Baslangi¢c durumu(0.45 cm kol uzunlugu), (b) Baskalasim 1 (0.51 cm kol uzunlugu), (c) Baskalasim 2 (0.39
cm kol uzunlugu), (d) Baskalasim 3(0.57 cm kol uzunlugu), (e) Baskalasim 4 (0.33 cm kol uzunlugu).
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Tablo 1. Octorotor baskalasim durumuna gore eylemsizlik momentleri

Durum Kol uzunlugu(cm) Kiitle(kg) Ix(kg*m?) ly(kg*m?) Iz(kg*m?2)
Baslangic 0,45 4,89 1,61 1,61 0,29
1. Baskalasim 0,51 4,89 1,58 1,66 0,26
2. Bagkalasim 0,39 4,89 1,55 1,57 0,24
3. Bagkalasim 0,57 4,89 1,66 1,72 0,35
4. Bagkalasim 0,33 4,89 1,5 1,54 0,19
3. Kontrol Algoritmasi karsilastirildiginda daha kolaydir. Oransal kontrol,

Octorotor boylamasina ugusu baskalasim durumlarinda
ucus kontrolcilisii olarak oransal-integral-tiirev(PID)
denetleyici tercih edilmistir. PID kontrol algoritmasi
endiistriyel
Performans olarak yiiksek olmasi, kolay anlasilabilmesi
ve analog-dijital siireglere kolayca uyum saglamasi
popiiler olmasinda etkilidir (Clarke, 1984). Giliniimiz
kontrol sistemlerinin neredeyse tamamina
yakini(%95’ten fazlasi) PID tipindedir (Kose, 2021). PID
kontroldrde 6lgiilen bir sistem degiskeni bulunur. Bunun
yaninda sistem degiskenin gelmesi istenilen birde ayar
noktas1 bulunmaktadir. Olgiilen sistem degiskeni ile ayar
noktasi arasinda ki fark hata degeri olarak olctliir. PID
kontrol burada devreye girerek olgiilen hata degerini
minimize etmeye calisir. Hatay1 minimize ederken cesitli
katsayilar sistem icerisinde kullanilir. PID kontrol
algoritmas1 oransal (K,), integral (K;) ve tiirevsel (K;)

sistemlerde popiiler olarak kullanilr.

olmak tizere li¢ katsayi icerir. Bu katsayilarin her birinin
kendine 6zgii gorevi vardir. Bu gorevler;

K, katsayis1 oransal kontrol gérevini yerine getirir.
kontrol, tlirev ve kontrol ile

Oransal integral

Tablo 2. PID katsayilarinin etkileri

erisilmek istenilen bir noktay1 gercek deger ile
karsilastirdiktan sonra bir hata degeri (e ile gosterilir)
elde eder. Bu hata degerini K, katsayis1 ile carparak
kiiciiltmeyi amaglar. Oransal kontrol gorevinde hata hizl
bir sekilde iyilestirilir ancak ¢ikti degerindeki salinim
goriilme olasilig artar.

K, katsayis1 ise integral gorevi yerine getirir. Integral
islemi, elde edilen hata degerinin egri altinda kalan
toplami anlamia gelir. Integral, hatay1 sifir degerine
ulasana kadar entegre eder. Negatif hata meydana geldigi
zaman ise kontrol ¢ikisi azaltilir, cevap hizini sinirlar ve
sistem kararlilig1 etkilenir.

K, katsayis1 tiirevsel gorevi yerine getirir. Tiirevsel
kontrol ise zamana bagh hata degisimi ile ilgilidir.
Tirevsel kontrol, gecmisteki hata degisimlerinden
gelecekte olabilecek degisimleri 6ngoriir. Bu 6ngori ile
sistemi Eger kontrolde iki
ornekleme arasindaki hatada bir degisim olmadi ise
tiirev sifirdir. Katsayilarin sistem ilizerindeki etkisi Tablo
2’de gosterildigi gibidir.

sinirlar ve yavaslatir.

Katsay1 Yiikselme Zamani Asim Yerlesme Zamani Kalic1 durum hatasi
Ky Kisalir Artar Az degisir Azalir
K; Kisalir Artar Artar Ortadan kalkar
Ky Az Degisir Azalir Azalir Az degisir

Tablo 2’ye gore PID kontrol algoritmasinin avantajlari su
sekilde siralanabilir:

e  Uygulanmasi kolaydir,

e  Disiik kaynak tiikketimi vardir,

e Ayar uyumsuzluklarina karsi dayaniklidir,

e Deneme yanilma ydntemleri ile ayarlanmasi

kolaydir,

e Olgiilmemis bozulmalara karst iyi yanit verir.
4’deki gibi
Boylamasina ugus i¢in kullanilan PID formiili ise Esitlik
4’te gosterilmistir.

PID algoritmast  Sekil gosterilebilir.

t
U(Vpoy = Kpy,, €(O) + Ky L e(®d(t) +Ka,,, de(t)/d(t) 4)

Octorotor'un boylamasina hareketi igin secilen PID
katsayilar1 tiim ugus durumlari i¢in sabit kabul edilmistir.
PID katsayilar1 Ziegler-Nichols, Yuwana-Seborg, Cohen-
Coon ve deneme yanilma ya da ge¢mis tecriibelere

dayanilarak belirlenebilir. Bu ¢alismada boylamasina
ucus icin PID katsayilari ge¢mis tecriibelere dayanilarak
elde edilmistir. Buna gore PID katsayilar1 Tablo 3’de
gosterilmistir.

FID Kontrol

Algoritmas Kpxe

Ayar Noktas Kix |I edt

de
Kdx—
dt

Geri Besleme

Sekil 4. PID kontrol algoritmasi.

Tablo 3. PID katsayilar1
P I D
64 6 64
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4. Bulgular ve Tartisma

Simiilasyonlarda kullanilan octorotor tam modeli ve
baskalasim
programinda ¢izilmistir. Kol uzunluklar1 bagkalasim
durumuna gore degistirilmistir. Ugus lizerindeki etkisini
kavrayabilmek i¢in kollar
kisaltilmistir. Kol uzunluklarinin baslangi¢ ve ardindan
devam eden uzunluk grafigi Sekil 5’te gosterilmistir.

durumlarinin tamami Solidworks

sirast ile uzatilmis ve

0.6

0 1 2 3 4
Baskalagim No

Sekil 4. Baskalasim durumlarinda kol uzunlugu.

Baskalasim ile birlikte kol uzunluklarinin degisimi

octorotor  eylemsizlik momentleri iizerinde de
degisiklikler =~ meydana getirecektir. Bu degisim
Solidworks programinda c¢izilen tam model ve

baskalasim modelleri {izerinden elde edilerek Sekil 6'da
gosterilmistir.

—— e
Iﬁb_:i ——————— - ——
E el
g e,
2 1,
V‘[l_
-
0
0 1 2 3 4
Bagkalagim No
Sekil 5. Bagkalasim durumlarinda eylemsizlik
momenleri.

Tablo 4. Tasarim performans Kriterleri

Euler agilar1 genel olarak ¢ € ]-m, 7], 0 € ]—%,g[ve

Y € ]—m,m] arasinda kabul edilir. Bundan dolay1 verilen
PID katsayilar1 ile birlikte baslangic ve baskalasim
durumlarinda octorotor boylamasina ugus i¢in 1°lik
yoriingeyi 3 saniye boyunca takip etmesi istenmistir.
Simiilasyon grafiklerinde octorotor’un tiim durumlar i¢in
yorilingeyi basarili bir sekilde takip ettigi goralmiistir.

5. Sonug
Bu calismada, octorotor bir IHA'min baskalasim
durumunun  boylamasina ugus  lzerine  etkisi

incelenmistir. Degisen kol uzunluklarina bagli olarak
atalet momenti degerlerini belirlemek ugus kontrolciisii
icin zor bir istir. Bunun iistesinden gelmek i¢in octorotor
tam modeli ve baskalasim modelleri
programinda ¢izilmistir. Bu c¢izimlerden ise atalet
momentleri kol uzunluklarina gore elde edilmistir.
Simiilasyonlar icin ise Matlab/Simulink  ortami
kullanilmistir. Newton Euler yaklasimi kullanilarak elde
edilen  hareket denklemleri dogrusal formda
kullanilmistir. Dogrusal formda kullanilan denklemler
durum wuzay modeli yaklagimi ile simiilasyonlarda
kullanilmistir.

Octorotor tim baskalasim
durumlar i¢in 1°1ik yoriingeyi takip etmesi istenmistir.
Sekil 7’deki gibi simiilasyon grafikleri incelendiginde,
octorotor’'un tiim baskalasim durumlari i¢in yoriingeyi
izledigi gorilmistir. Ancak bagkalasimin ugus tlizerinde
nasil bir etkisi oldugunu incelemek i¢in yiilseme zamani,
yerlesme zamani ve asim gibi tasarim performans kriteri
degerlerine tek tek bakilmasi gerekmektedir. Tablo 4’te
tasarim performans kriterleri gosterilmistir.

Solidworks

boylamasina ugus igin

Yiikselme Zamani(saniye) Yerlesme Zamani(saniye) Asim(%)
Baslangic 0.0369 0.296 4,20
Bagkalasim 1 0.0381 0.331 3,99
Baskalasim 2 0.0359 0.267 4,40
Bagkalasim 3 0.0395 0.373 3,77
Baskalasim 4 0.0352 0.245 4,56
Tasarim performans kriterleri incelendiginde baslangic Buna ragmen PID kontrol algoritmasi gugliliigi

durumuna gore kollar kisaldiginda yiikselme zamaninda
diisiis kollar uzadiginda ise artis gdzlemlenmistir.
Yerlesme zamaninda ise kollar kisaldiginda yerlesme
zamani diismiis, kollar uzadiginda ise yerlesme zamani
artmistir. Asim ise kollar kisaldiginda artmis ve kollar
uzadiginda artmistir. Buna gore kollarin kisalmasi
ylikselme ve yerlesme zamani tlizerinde olumlu etki
yaparken asimi artirarak olumsuz etkilemistir. Burada
asim degerleri PID katsayilar1 degistirilerek diisiiriilebilir
fakat calismada sabit PID katsayilari tercih edildigi i¢cin
farkli yontemlerin kullanilmasi yoluna gidilmemistir.

sayesinde yoriingeyi izleme tizerinde etkili ve basarili
olmustur.

Gelecekteki calismalarda ise hem baskalasimda ki kol
uzunlugu hem de PID Kkatsayilarnn ve eylemsizlik
momentleri gibi degiskenlik gosteren parametreler
yapay sinir aglari, derin sinir aglar1 ve optimizasyon
algoritmalar ile tahmin edilerek kol uzunluguna gore
dinamik PID katsayilar1 belirlenerek tasarim performans
kriterlerinin ~ maksimum
hedeflenmektedir.

diizeyde iyilestirilmesi

BS] Eng Sci / Oguz KOSE

190



Black Sea Journal of Engineering and Science

T T
1
— —0
et act
08 08
‘ 0, ln‘ b 6
e o
_ a) 5 )
gu 6 g}t) 6
= =
Y
0.4 0.4}
0.2 0.2
0 L
0 ! ; ! ] 05 1 1.5 15 3
0 05 1 1.5 2 2.5
Time (s) Time (s)
T
1
— —8
t osH et ||
B! ‘ — 01"
) - d)
206 4
=3
o
8
@
0.4 q
02 1
I 0 i i i |
0.5 1 L5 25 0 0.3 1 L3 2 23 3
Time (s) Time (s)
!
08 79&!
971"
e
= )
2086 4
&
@
=3
o
0.4
02 -
0
0 0.5 1 15 2 25
Time (s)

Sekil 7. Simiilasyon sonuglar1 (a) Baslangi¢c Durumu, (b)

Bagkalasim 4.

Katki Oram Beyani
Yazar katki yiizdesi asagida verilmistir. Yazar makaleyi
incelemis ve onaylamistir.

0.K.
K 100
T 100
Y 100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimu.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigin1 beyan
etmektedir.

Baskalasim 1, (c) Bagkalasim 2, (d) Baskalasim 3, (e)

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir ¢alisma yapilmadigi i¢in etik kurul onay1
alinmamustir.
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HiSPIDULINiIN SAGLIKLI HUCRE HATLARINDA SITOTOKSIK,
APOPTOTIK VE NEKROTIK ETKILERININ DEGERLENDIRILMESI
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Ozet: Hispidulin ¢esitli farmakolojik 6zelliklere sahip olmasindan dolay1 uzun stiredir kanser aragtirmalarinda kullanilmaktadir ancak
bu maddenin saglikl hiicrelerde sitotoksik etkisiyle ilgili sinirh sayida ¢alisma bulunmaktadir. Bu ¢alismada ilk defa, hispidulin genis
doz araliginda (0-800 uM) saghikli hiicre hatlar1 ile denendi ve kulaniminin giivenligi MTT ve Akim sitometrisi analizleriyle
degerlendirildi. Bu amagla, insan akciger fibroblasti (MRC-5), Sican Primer Akciger Fibroblasti (RA-6013) ve Sigan Primer Trakeal
Fibroblast1 (RA-6217) hiicreleri 48 saat boyunca hispidulinle muamele edildi. Hispidulin, diisiik dozlarda hiicre canliig1 {lizerinde
onemli etkiler gostermedi ancak 6zellikle 400 ve 800 uM dozlarinda hiicrelerin canliiginda istatistiksel anlamda ciddi bir azalmaya
neden oldu. Hispidulinin IC50 degeri, MRC-5 hiicreleri i¢in 563.63 pM, RA-6013 hiicrelerinde 194.30 pM ve RA-6217 hiicrelerinde ise
311.98 uM olarak belirlendi. Ayrica 800 pM hispidulin, tiim saglkl hiicreler {izerinde gii¢lii apoptotik ve nekrotik etki gosterdi.
Sonuglarimiz, hispidulinin diisiik dozlarda (0-200 pM) saglikl hiicrelerde antisitotoksik nitelikte oldugunu ve gelecekteki kanser ve
solunum yolu hastaliklar1 tedavisi i¢in giivenilir dogal bir bilesik olma potansiyeline sahip oldugunu gostermektedir.

Anahtar kelimeler: Hispidulin, MRC-5, RA-6013, RA-6217, Sitotoksisite

Evaluation of Cytotoxic, Apoptotic, and Necrotic Efficiency of Hispidulin in Healthy Cell Lines

Abstract: Since hispidulin has various pharmacological properties, its use in cancer research has been increasing for a long time, but
there are very limited studies on its cytotoxic effect in healthy cells. In this study, for the first time, the safety of hispidulin in a wide
dose range (0-800 uM) was evaluated on healthy cell lines by MTT and Flow cytometry assays. For this purpose, Human lung fibroblast
(MRC-5), Rat Primary Lung Fibroblast (RA-6013), and Rat Primary Tracheal Fibroblast (RA-6217) cells were treated with hispidulin
for 48 hours. Hispidulin did not show significant effects on cell viability at low doses; however, caused a statistically significant
reduction in cell viability, especially at doses of 400 and 800 puM. The IC50 value of hispidulin was determined as 563.63 uM for MRC-5
cells, 194.30 uM for RA-6013 cells, and 311.98 pM for RA-6217 cells. Moreover, 800 uM hispidulin showed a strong apoptotic and
necrotic effect on all healthy cells. Our results show that hispidulin is anticytotoxic in healthy cells at low doses (0-200 uM) and has the
potential to be a safe natural compound for future treatment of cancer and respiratory diseases.

Keywords: Hispidulin, MRC-5, RA-6013, RA-6217, Cytotoxicity
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1. Giris Laboratuvar ve Kliniklerde ¢ok¢a c¢alisilan hispidulin,

Modern tibbmn insan hastaliklarina karsi tam tedaviyi ~ ¢esitli bitkilerde bulunan dogal bir flavon tirevidir
(Mocan ve ark., 2015; Patel ve ark, 2017). Calismalar,

hispidulinin gii¢lii antioksidan (Lin ve ark. 2014), anti-

saglayabilecek nitelikte olmamasi ve yan etkilerin ortaya
¢ikmasi nedeniyle son yillarda dogal ve bitkisel kaynakli

tedaviye diinya genelinde artan bir ilgi vardir. Bitkilerin enflamatuar (An ve ark, 2018), noroprotektif (Huang ve
icerdigi aktif bilesiklerin insan viicudunda sinerjistik etki ark, 2018), antiepileptik (Lin ve ark, 2012),
gostermesi yan etkisi olmayan veya cok az olan, giiclii bir antimutajenik ve antitiimor (Yu ve ark., 2013; Gao ve ark.,

tedaviyi saglayabilmektedir (Kaufman, 1998). Ancak 2015) aktiviteler dahil olmak iizere cesitli farmakolojik

kanser konusunda mevcut tedavi stratejilerinin ozellikler sergiledigini gostermistir. Dahas1 hispidulinin,

bazilarinda ila¢ direncinin istesinden gelmek, ayrica kokenlerine ve genetik yapilarina bakilmaksizin, bir¢ok

tiimoral olmayan hiicreler icin daha giivenli ve daha az insan  kanserine karsi diigiik dozlarda bile genis

toksik olan ilaglar1 bulmak adina yeni kanser tedavilerine spektrumlu  bir sitotoksisiteye sahip oldugu rapor
ihtiyac vardir (Lin ve ark,, 2017). Hispidulin (6-methoxy- edilmistir. Bu flavonun, hiicre bdliinmesini ve biiyiime
5,7,4'-trihydroxyflavone), yiiksek farmakolojik kontrol yollarmi, apoptozu, enflamasyonu, anjiyogenezi

potansiyele  sahip dogal bilesikler arasindadir. ve metastazi modiile ederek Kkarsinojenezin her ii¢
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asamasinda da (baslangig, ilerleme ve ilerleme) etki
gosterdigi kanitlanmistir (Ashaq ve ark., 2021). Bu umut
verici etkilerine ragmen hispidulinin zararh etkisi ve
optimum biyoyararlanimi {izerine arastirmalar ¢ok
sinirhidir. Bilindigi tlizere kanser tedavisi genotoksik
ajanlarin kullanimina dayanmakta ve kullanilan ajanin
optimum biyoyararlanimini icin doz seviyelerinin
belirlenmesi gerekmektedir (Kavakcioglu Yardimci ve
ark, 2021). Farmasotik sitotoksik ilaglarin aksine,
hispidulinin normal hiicreler ilizerinde in vivo hayvan
modeli ¢alismalarindan da anlasilacag1 gibi ¢ok diisiik
veya ihmal edilebilir diizeyde sitotoksik etkisi vardir.
Diger taraftan hispidulinin timoéral akciger ve trake
hiicreleri de dahil olmak iizere c¢esitli kanserli hiicre
hatlarinda antiproliferatif etkilerine dair
ragmen saglikli hiicre hatlarinda in vitro sitotoksik
etkilerini rapor eden higbir giincel veri yoktur. Bu
nedenle mevcut c¢alismada, hispidulinin genis doz
arahginda Insan Akciger Fibroblast (MRC-5), Sican
Primer Akciger Fibroblasti (RA-6013) ve Sican Primer
Trake Fibroblastti (RA-6217) hiicreleri iizerindeki
sitotoksik etkileri test edildi. Bu fibroblast hiicre hatlari,
normal insan akciger, normal sican akciger ve trake
epiteline yapisal benzerligi nedeniyle
calismalarinda yaygin sekilde bir
kullanildig1 icin tercih edildi (Kavakcioglu Yardimc ve
ark., 2021, Wilcox ve Edelman, 2022).

kanitlara

toksisite

model olarak

2. Materyal ve Yontem

2.1. Kimyasallar ve Hiicre kiiltiirleri

MRC-5 (insan akciger fibroblasti) (Kat No. CCL-171™,
ATCC®), RA-6013 (Sigan primer akciger fibroblasti) (Kat.
No. M2267, Cell Biologics) ve RA-6217 (Sigan primer
trake fibroblasti) (Kat. No. M2267, Cell Biologics) hiicre
hatlar1 Dogu Anadolu Yiiksek Teknoloji Arastirma ve
Uygulama Merkezi (DAYTAM) (Atatiirk Universitesi,
Erzurum, Tiirkiye) tarafindan temin edildi. Arastirma igin
kullanilan tiim kimyasallar analitik safliktayd: ve Sigma-
Aldrich, Inc.'den (St. Louis, MO, ABD) temin edildi.

2.2. Sitotoksik Testler

Hiicre canliligl, mitokondriyal aktiviteyi degerlendirmek
icin ¢ok yonlii olan ve siklikla kullanilan MTT (3-(4,5-
Dimetiltiazol-2-il)-2,5-difeniltetrazolyum bromiir)
testiyle belirlendi. MRC-5, RA-6013 ve RA-6217 hiicre
hatlari, sirasiyla yiiksek glukozlu DMEM ve DMEM/F12
besiyerinde kiiltlirlendi. Her iki besiyerine de 100 IU/ml
penisilin, 100 pg/ml streptomisin ve %10 fetal sigir
serumu (FBS) katildi ve hiicreler 37 °C'de %5 CO: ile
%95 nem saglayan inkiibatorde biiyiitildi. Her bir hiicre
hatti, kuyu basina 150 ul olacak sekilde 1 x10%
yogunlukta 96 kuyulu plakalara esit sekilde ekildi ve bir
giin boyunca 37 °C’'de COz inkiibatériine uygulama 6ncesi
cogalmaya birakildi. Stok sollisyonu hazirlamak igin
hispidulin, dimetilstlfoksit (DMSO) (%0,1 v/v) iginde
sonikator kullanilarak ¢éziildi ve sonrasinda seyreltildi.
Her bir hiicre hatti, 48 saat boyunca 0, 12.5, 25, 50, 100,
200, 400 ve 800 upuM degisen farkh
konsantrasyonda hispidulin flavonuyla muamele edildi.

arasinda

Pozitif kontrol olarak 500 pM H202 kullanild.
Inkiibasyonun sonunda her bir kuyuya fosfat tamponlu
salin (PBS) icinde 20 pl 5 mg/ml MTT ilave edildi ve
plakalar, 37 °C'de CO:z inkiibatoriine yerlestirildi. 4
saatlik kuyucuklardan
slipernatant ¢ikarildi ve olusan formazan {iriinii (mavi-
mor kristaller), 150 pl DMSO ilave edilerek ¢oziildii. Canli
hiicreler tarafindan iiretilen ¢oziiniir formazan triiniiniin
absorbansi, Epoch mikroplaka okuyucusunda (BioTek,
ABD) 570 nm dalga boyunda ol¢iildii. Hiicre canlilify,
kontrol grubunun absorbanst %100 kabul edilerek
asagidaki formiil kullanilarak belirlendi (esitlik 1);

inkiibasyonun ardindan

% Canli hiicre = (Hispidulinle muamele edilen hiicrenin
absorbansi)-(bos kuyucugun absorbansi) / (Kontrol hiicre
absorbansi)-(bos kuyucugun absorbansi) X 100 (9]

2.3. Annexin V-FITC ve PI analizi

MRC-5, RA-6013 ve RA-6217 hiicre hatlarinda
hispidulinin etkisiyle meydana gelen apoptotik ve
nekrotik hiicre o6liimiiniin kantitatif tayini, Annexin V
Apoptosis Detection Kit FITC ile iireticinin protokolii
(FITC Annexin V Apoptosis Detection Kit with PI,
BioLegend) izlenerek yapildi. Ozetle, kontrol ve ajanlarla
muamele edilen tiim hiicreler toplandi, ardindan PBS ve
1X baglama tamponu ile 1500 rpm'de 5 dakika
santrifiijleme yapilarak yikandi. Daha sonra 1x106
hiicre, 1 ml 1X baglama tamponunda yeniden silispanse
edildi. Her 100 pl hiicre siispansiyonuna 5 pl florokrom-
konjuge Annexin V eklendi ve oda sicakliginda 1siktan
koruyarak 15 dakika boyunca inkiibasyona birakildi.
Tim hiicreler 1X Dbaglama tamponunda
yikandiktan sonra 200 pl ayni tamponda yeniden
slispanse edildi ve 5 pl propidyum iyodiir (PI) eklendi.
Boyali hiicreler, baglama tamponu ile seyreltildi ve tiim
ornekler DAYTAM’da bulunan Beckman Coulter
CytoFLEX Flow Sitometresi ile analiz edildi. Floresans
dagilimy, iki renkli nokta ¢izimi analizi olarak gosterildi
ve her kadrandaki floresan hiicrelerin ytizdesi 6l¢iildii.
2.4. istatistik Analiz

Veriler, ortalama+S.E.M olarak sunuldu. Varyanstaki
farkliliklar icin Graphpad prism 6.0 istatistik yaziliminda
(GraphPad, La Jolla, CA, ABD) tek yonlii varyans analizi
(ANOVA) ve Tukey c¢oklu Kkarsilagtirmalar1 kullanildi.
Gruplar arasindaki anlamli farkliliklar1 belirtmek icin
P<0,05 kabul edildi.

tekrar

3. Bulgular

3.1. Hispidulinin MRC-5, RA-6013 ve RA-6217
Hiicreleri Uzerinde Sitotoksik Etkisi

Hispidulin 12,5-800 pM konsatrasyon araliginda, 48 saat
stireyle MRC-5, RA-6013 ve RA-6217 hiicrelerinin
canliligl tizerindeki etkileri sirasiyla Sekil 1A, B ve C'de
gosterilmistir. Sekil 1A'dan goriildiigli gibi 48 saat
boyunca 12,5-200 pM arast konsatrasyonlarda
hispidulinle muamele edilen MRC-5 hiicreleri, kontrol
grubuyla karsilastirildiginda hiicre canliiginda dnemli
bir degisiklife neden olmadi ve canhilik yiizdeleri
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sirasiyla %91,31, %89,18, %80,33, %78,57 ve %69,96
olarak belirlendi. Ote yandan, daha yiiksek hispidulin
konsantrasyonlar1 (400 ve 800 uM), tedavi periyodu i¢in
insan akciger fibroblast hiicresi canliligini %48,38 ve
%30,40 olmak iizere 6nemli 6l¢lide azaltti. Ayni hiicre
hattinda 48 saat boyunca H202 (500 pM) ile muamele ise
hiicre canliligini %29,32’ye kadar diisiirdi.

Sekil 1B, 48 saat silireyle hispidulinin degisen
konsantrasyonlarinda RA-6013 hiicrelerinin canlilig
iizerindeki etkilerini gostermektedir. 12,5-100 pM
hispidulinin RA-6013 hiicreleri {izerinde canlilik

acisindan ciddi bir etkiye sahip olmadig1 goriildi. 48
sonunda, 12,5-100 pM konsatrasyon
araliginda hispidulin uygulanan si¢can primer akciger
fibroblast hiicrelerinin canliligi sirasiyla %75.03, %68,17,
%64,97 ve %57,48 olarak belirlendi. 200, 400 ve 800 uM
olmak tizere artan hispidulin konsantrasyonlarina maruz
kalan fibroblastlarda hiicre canlilig1 ise sirasiyla %45,78,
%24,85 ve %21,64 olarak bulundu. Diger taraftan bu

saatlik stire

disiirdi.

Son olarak, hispidulinin RA-6217 hiicreleri lizerindeki
Sekil 1C'de gorilebilir. MRC-5 hiicre hatti
durumunda oldugu gibi 48 saat boyunca 12,5-200 uM
hispidulin tedavisinden sonra RA-6217 hiicre canlilig
%50'nin altina diismedi. 200 pM'ye kadar olan tim
hispidulin =~ konsantrasyonlari, ilgili  kontrol
karsilastirilldiginda, primer fibroblast
canliligini, artan konsantrasyonlarda 6nemli olmayan
seviyelerle azaltti. Diger taraftan 400 ve 800 puM olan
ylksek hispidulin konsantrasyonlariyla 48 saatlik
tedaviden sonra hiicre canliigl yiizdesi %48,26 ve
%37,38 olarak belirlendi. Ayrica RA-6217 hiicre hattinin
H202 (500 pM) ile maruziyeti sonucu hiicre canliliginin
%3.361 oldugu goriildii. Genel olarak hispidulinin, doza
bagh bir sekilde hiicre 6lim oranim arttirdig1 ve yiiksek
dozlarda hiicre hatlar1 lizerinde daha ciddi bir etkiye
sahip oldugu belirlendi. Elde edilen sonuclar, MRC-5 ve
RA-6217 hiicre hatlarinin 200 pM konsantrasyonunda

etkileri

ile

trake hiicre

hiicre hattinda ayni stireyle H202 (500 uM)’le maruziyet, hispiduline RA-6013’den daha direngli olduklarim
RA-6013 hiicre canliligini olduk¢a azaltarak %5.09’a gosterdi.
A) MRC-5 B) RA-6013 C) RA-6217
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SeKil 1. 48 saat boyunca farkh konsantrasyonlarda hispidulin muamelesinin insan akciger fibroblasti (A; MRC-5), Sican
Primer Akciger Fibroblasti (B; RA-6013) ve Sican Primer Trakeal Fibroblasti (C; RA-6217) hiicre hatlarinda hiicre
canlilig1 lizerindeki etkileri. Sonuglar, herhangi bir madde kullanilmamis olan kontrol grubuna gére hesaplanan hiicre
canlilig1 ytizdeleri olarak sunulmustur. Hata ¢ubuklari, tekrarlanan li¢ deneyin ortalamasinin standart hatasina karsilik
gelir. **P<0,01; ***P<0,001; ****P<0,0001

3.2. RA-6013, RA-6217 ve MRC-5 Hiicrelerinde
Hispidulin Kaynakl Oliim Tiplerinin Belirlenmesi
Bu calismada, saglikli insan akciger hiicreleri ile saglhikli

ve nekrotik hiicre yiizdelerini 6l¢mek i¢in Annexin V/PI
¢ift boyama metodu kullanildi. 48 saat boyunca 500 uM
H202 (pozitif kontrol), 0 (kontrol) ve 800 uM (en yiiksek

sican akciger ve trake hiicrelerinde hispidulin konsantrasyon) hispiduline maruz birakilan MRC-5, RA-
flavonunun etkisiyle meydana gelen baskin o6lim tipi 6013 ve RA-6217 hicrelerinin akim sitometrik
karakterize edildi. Bu amagla canli, erken/ge¢ apoptotik cizelgeleri, Sekil 2, 3 ve 4'te gosterildi.
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Sekil 2. insan akciger fibroblasti (MRC-5) hiicrelerinde 48 saat boyunca 800 uM hispidulinle tedaviden sonra canli,
erken, ge¢ apoptotik ve nekrotik hiicre popiilasyonlarinin dagilimi. H202 (500 uM); pozitif kontrol olarak kullanilmistir.

*kxkp < 0,0001.
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Sekil 3. Sigcan Primer Akciger Fibroblasti (RA-6013) hiicrelerinde 48 saat boyunca 800 puM hispidulinle tedaviden sonra
canli, erken, ge¢ apoptotik ve nekrotik hiicre popiilasyonlarimin dagilimi. H202 (500 puM); pozitif kontrol olarak

kullanilmistir. ****P<0,0001.
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Sekil 4. Sican Primer Trakeal Fibroblasti (RA-6217) hiicrelerinde 48 saat boyunca 800 uM hispidulinle tedaviden sonra
canli, erken, ge¢ apoptotik ve nekrotik hiicre popiilasyonlarinin dagilimi. H202 (500 puM); pozitif kontrol olarak

kullanilmistir. ****P<0,0001.

S6z konusu bu hiicrelerin akim sitometri analizinin
sonucu, 800 pM konsantrasyonunda hispidulinle
muamelesinde hiicrelerin canlidan apoptotik duruma
gecme egiliminde oldugunu gosterdi. 48 saat siireyle 800
uM hispidulin uygulamasinin kontrole gére MRC-5
hiicrelerinde apoptotik oldugu bulundu (Sekil 2). 800 uM
konsantrasyonunda hispidulin, MRC-5 hiicrelerinde
%40,15 oraninda apoptoza neden olurken, kontrol
hiicrelerinde %2,59 oraninda apoptotik hiicre 6liimiine
yol acti. Bununla birlikte 500 puM H202, MRC-5
hiicrelerinde %36,60 oraninda apoptozu indiikledi.

Hispidulinin 800 pM konsantrasyonu, 48 saat sonra RA-
6013 hiicrelerinde agirlikli olarak apoptotik 6liime neden
oldu (Sekil 3). RA-6013 hiicreleri i¢cin apoptotik hiicre
ylzdeleri hispidulin 800 pM konsantrasyonunda %53,36,
kontrolde 9%12,14 olarak bulundu. Ote yandan, ayni
hiicre hattinda pozitif kontrol olarak kullanilan 500 pM
H202'de ise apoptotik hiicre yiizdesi %57,12 olarak
gozlendi. 800 uM hispidulin uygulamasinin kontrole gore
RA-6217 hiicrelerinde de nekrotik oldugu bulundu (Sekil
4). 800 pM konsantrasyonunda hispidulin RA-6217
%1,33
oraninda apoptoza neden olurken, kontrol hiicrelerinde
bu oranlar sirasiyla %3,79 ve %2,17 olarak belirlendi.
Dahas1 500 uM H202, RA-6217 hiicrelerinde %73,38
Aslinda, 800 uM
konsantrasyonundaki hispidulin, RA-6217 hiicrelerinde

hiicrelerinde 9%37,16 oraninda nekroza ve

oraninda apoptoza neden oldu.

indiiklenenlerden istatistiksel olarak daha gii¢lii bir
sekilde MRC-5 ve RA-6013 hiicrelerinde erken ve geg
apoptozu indiikledi.

4. Tartisma
Yapilan ¢ok sayida in vivo ve in vitro ¢alisma, potansiyel

bir antikanser ilag olarak hispidulinin  hiicre
proliferasyonunu, apoptozu, hiicre déngilisiind,
anjiyogenezi ve metastazi etkiledigini gdstermistir.

Ayrica hispidulinin klinikte yaygin olarak kullanilmakta
olan baz antikanser ilaglarla birlikte kullanildiginda bu
ilaglarin hassasiyetini artirarak sinerjistik anti-tiimor
etkiler sergiledigi Dbelirtilmistir. Mevcut literatiire
dayanarak, hispidulinin kanserin 6nlenmesi ve tedavisi
icin 6nemli bir tamamlayic ilag olma potansiyeline sahip
oldugu anlasilmaktadir (Liu ve ark., 2020). Bunun yani
sira hispidulin, oral yolla alindiktan sonra %4.02'lik
mutlak biyoyararlanim ile mide ve bagirsaklarda hizla
emildigi ifade edilmektedir (Cong ve ark., 2016). Ancak
bu flavonun farmakokinetigi ve organlarda biyobirikimi,
spesifik hiicresel hedeflerin olmamas1 ve toksikolojik
giivenligi hakkinda sinirh veri vardir. Bu nedenle, bahsi
gecen sorunlarin ele alinmasi ve Kklinik uygulamada
kemoprevensiyon ve kemoterapide kullanimi igin
hispidulin ve hispidulin tiirevli bilesiklerin giivenligini
garantileme arastirmalarin
gerekmektedir.

konusunda yapilmasi
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Bu calismada, hispidulinin genis konsantrasyon
araliginda saghikli MRC-5, RA-6013 ve RA-6217 hiicre
hatlar1 tzerindeki giivenirligi MTT ve Akim sitometri
analizleriyle degerlendirildi. MTT analiziyle elde edilen
bulgulara gore; hispidulinin uygulanan dozlarindan
yalnizca en yiiksek seviyede olanlari, saghkli MRC-5, RA-
6013 ve RA-6217 hiicrelerin canliligini %50 oraninda
azaltmaya baslatti. Bununla birlikte hesaplanan %50
inhibitér  konsantrasyon (ICso) degerinin, MRC-5
hiicreleri i¢in 563.63 pM, RA-6013 hiicrelerinde 194.30
UM ve RA-6217 hicrelerinde ise 311.98 uM oldugu
bulundu. Sonuglarimiza goére 48 saat boyunca 200 uM’a
kadar olan dozlarin uygulandig1 saglikli hiicreler, en
umut verici canlilik profiline sahipti. Kanserle ilgili
yapilan in vitro ¢calismalarda kullanilan hispidulin dozlari,
mevcut c¢alismamizdakinden daha diisiik seviyede
olmasina ragmen, kanserli hiicreler {iizerinde giicli
sitotoksik etki sergiledigi goriilmektedir. Yakin zamanda
yapilan bir calismada, hispidulinin, insan nazofaringeal
karsinom (CNE-2Z) hiicrelerinde proliferasyon, invazyon,
migrasyon ve apoptoz lizerindeki etkileri arastirilmis ve
MTT analiziyle CNE-2Z hiicre proliferasyonunu inhibe
ettigi ortaya ¢ikarilmistir. Calismada ayrica hispidulinin
25, 50 ve 100 pM dozlarinda CNE-2Z hiicrelerinde doza
bagl bir sekilde apoptozu indiikledigi akim sitometrisiyle
tespit edilmis ve apoptoz oraninin sirasiyla %13,3, %17,1
ve %?24,6, kontrol hiicrelerininkinin ise %5,3 oldugu
gosterilmistir (Dai ve ark., 2021). Diger bir ¢alismada,
2.5-160 pM’a kadar degisen cesitli konsantrasyonlarda
uygulanan hispidulinin, meme kanseri (MCF-7 ve HCC38)
hiicrelerinde 1Cso degerlerinin 25,44 pM ve 65,42 pM
oldugu tespit edilmistir (Kim and Lee, 2021). Baska bir
Onemli calismanin analizlerinde, insan hepatoselliiler
karsinom (SMMC7721 ve Bel7402) hiicreleri iizerine 10
ve 20 pM dozlarindaki hispidulinin, hiicre biiylimesini
inhibe ettigi ve apoptozu indiikledigi ortaya cikmistir
(Han ve ark, 2018). Hispidulinin daha disiik
konsantrasyonlariin (0, 4, 8, 15, 30 ve 60 uM) calisildig1
farkl bir arastirmada, 24 ve 48 saat boyunca hispidulin
tedavisinin insan kigiik hiicreli olmayan akciger kanseri
hiicre hatlarinda (NCI-H460 ve A549), hiicre canliligini
zamana ve Konsantrasyona bagli olarak belirgin bir
sekilde azalttiglr belirtilmistir. Ayni ¢alismada, akim
sitometriyle de 15 ve 30 puM dozlarinda hispidulinle
tedavinin apoptotik hiicrelerin yilizdesinde 6nemli bir
artisa yol actig1 gorilmiistiir (Lv ve ark., 2020). Bir diger
calismada ise 48 saat boyunca 10 ve 50 uM dozlarinda
hispidulin muamelesinin, insan prostat kanseri (Dul45
ve VCaP) hiicrelerinde apoptozu hizlandirdig, akim
sitometrisi analiziyle rapor edilmistir (Wang ve ark,
2021). Bu calismalarda belirtilen hispidulinin etkin
dozlarinin aksine mevcut ¢alismamizda, akim sitometrisi
analizine goére hispidulinin 800 pM dozunda saglikli
hiicrelerde benzer apoptotik seviyelere erisildigi ortaya
cikmistir. Ayrica, H202 (500 puM) ile karsilastirildiginda
hispidulinin, tiimér olmayan hiicrelerde yakin bir
giivenlik profiline sahip oldugu belirlenmistir. Kanserli
hiicrelerin disinda yapilan bir in vitro g¢alismada,

hispidulinin 50, 100 ve 200 puM konsatrasyonlarinda
6nemli bir sitotoksisiteye neden olmadan, insan CD4+ ve
CD8* T lenfositlerinde erken aktivasyon {lizerine inhibitér
etkisi olusturdugu kanitlanmistir (Thitilertdecha ve ark,,
2022). Benzer bir aragtirmada, hispidulinin,
inflamasyonla  iliskili = hastaliklar  icin uygun
immiinosupresan olarak hiicre 6liimiine neden olmadan,
erken T-hiicresi aktivasyonunun 200 pM'a kadar doza
bagh inhibitor aktivitesini sergiledigi tespit edilmistir
(Thitilertdecha ve ark., 2019).

5. Sonug

Literatiirde konuyla ilgili gerceklestirilen calismalarin
sonuglarindan da anlasildig1 iizere, hispidulinle ilgili in
vitro ¢alismalarda kullanilan diisiik dozlarin bile, kanserli
hiicreler iizerinde sitotoksik etkisi varken, ayni1 dozlarda
saglikll hiicrelerde herhangi bir zarar1 s6z konusu
degildir. Bu arastirma, daha onceki c¢alismalarda
kullanilan hispidulin dozunun ¢ok istiindeki doz
seviyeleri (0-800 uM) ilk defa denenmis olmasi agisindan,
literatiire hispidulinin glivenli kullanimina yonelik
onemli katkilar saglamaktadir.

Mevcut verilerimiz, hispidulinin saglikli akciger ve trake
hiicrelerinin ¢ogalmasi lizerindeki inhibe edici etkisinin
cok yiiksek dozlarla iliskili olabilecegini ortaya
koymaktadir. Hispidulinin, solunum yolu hastaliklarinin
tedavisi icin glvenilir dogal bir bilesik
potansiyeline sahip oldugu ve cesitli kanser tiplerinin
gelecekteki tedavisi icin ayricalikli bir terapoétik ajan
haline gelebilecegi diistinilmiigtiir.

olma

Katki Oram Beyani
Yazar katki ylizdesi asagida verilmistir. Yazar makaleyi
incelemis ve onaylamistir.

F.A.
K 100

100
Y 100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon ahmu.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigini beyan
etmektedir.
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Etik Onay Beyami

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir g¢alisma yapilmadigr i¢in etik kurul
alinmamustir.

onayl

Destek ve Tesekkiir Beyani

Yazar sagladig1 imkanlardan dolay1 Dogu Anadolu Yiiksek
Teknoloji Arastirma ve Uygulama Merkezi (DAYTAM)'ne
tesekkiir etmektedir.
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Marrubium astracanicum subsp. astracanicum Jacq.
(Lamiaceae)’UN ANATOMIK, EKOLOJiK VE TUY
OZELLIKLERININ TAKSONOMIiK ONEMIi
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Ozet: Bu calismada, Marrubium astracanicum subsp. astracanicum’un anatomik, ekolojik ve tiiy 6zelliklerinin taksonomik 6nemi
belirlenmistir. Anatomik incelemelerde, kok, gévde, petiyol ve yapraktan enine kesitler ve yapraklarin alt ve iist yiizeylerinden ytizeysel
kesitler alinmistir. Anatomik bulgular incelendiginde, taksonun sekonder kok yapisina ve dortgen sekilli bir gévde yapisina sahip oldugu
gorilmistiir. Govdenin koselerinde belirgin lamellar kollenkima tabakasina rastlanmistir. Takson, mezofil yap: bakimindan bifasiyal
yapraklara sahiptir. Yapraklarin hem alt hemde iist ylizeylerinde anomositik stomalar goriilmiistiir. Stoma komsu hiicrelerinin kenarlari
kivrimhdir. Bu taksonun vejetatif organlari tizerinde y1ldizsi, dendroid, marrubioid ve basit tiiyleri, sap ve bas hiicre sayilar1 farkli kapitat
salgl tiiyleri ve peltat salg) tiiyleri gozlenmistir. Toprak oérnekleri taksonun ciceklenme peryodunda alinmis, fiziksel ve kimyasal
ozellikleri tespit edilmistir. Toprak orneklerinin fiziksel ve kimyasal analiz sonuclarina gore, takson hafif asidik ve hafif bazik, orta
derecede tuzlu ve ¢ok tuzly, orta derecede Kirecli, zengin ve ¢ok zengin organik madde igeren, azot bakimindan orta ve azot¢a zengin,
potasyum ve fosfor bakimindan zengin, kumlu ve kumlu-tuzlu topraklarda yayilis gostermektedir. Kokteki periderma tabaka sayisi,
govdenin koselerindeki kollenkima tabaka sayisi, korteksteki kollenkima, parankima ve sklerenkima tabaka sayisi, govde de kristallerin
olusu, stoma komsu hiicrelerinin marjin yapisi, mezofil yapisi, petiyoliin u¢ kisimlarinin diiz ve kivrik olmasi, petiyoldeki kollenkima ve
parankima tabaka sayis, vejetatif organlar lizerindeki yildizsi tiiylerin yogunlugu, kapitat ve peltat salgi tiiylerinin varligy, tipi ve yogun
olup olamamasi, dendroid tiiylerinin olmasi ve yogunlugu taksonun ayirt edilmesinde énemli anatomik karakterler olarak belirlenmistir.

Anahtar kelimeler: Marrubium astracanicum subsp. astracanicum, Anatomi, Ekoloji, Tiiy tipleri

Taxonomic importance of Anatomical, Ecological and Trichome Features of Marrubium astracanicum subsp.
astracanicum Jacq. (Lamiaceae)

Abstract: In this study, taxonomic importance of anatomical, ecological and trichome features of Marrubium astracanicum subsp.
astracanicum were determined. In anatomical examinations, cross sections were taken from the root, stem, petiole and leaf, and surface
sections were taken from the lower and upper surfaces of the leaves. When the anatomical findings were examined, it was seen that the
taxon had a secondary root structure and a quadrangular stem structure. A prominent lamellar collenchyma layer was encountered at
the corners of the stem. The taxon has bifacial leaves in terms of mesophyll structure. Anomocytic stomata were seen on both the upper
and lower surfaces of the leaves. The margins of the adjacent cells of the stoma are undulate. Stellate, dendroid, marrubioid and simple
trichomes, capitate glandular trichomes with different stalk and head cell numbers, and peltate glandular trichomes were observed on
the vegetative organs of this taxon. Soil samples were taken during flowering period of taxon, and their physical and chemical features
were determined. According to the results of physical and chemical analysis of soil samples, taxon is distributed in soils slightly acidic
and slightly basic, moderately saline and very salty, moderately calcareous, rich and very rich in organic matter, moderate in nitrogen
and rich in nitrogen, rich in potassium and phosphorus, sandy and sandy-salty. The number of periderma layers in the root, the number
of collenchyma layer in the corners of the stem, the number of collenchyma, parenchyma and sclerenchyma layers in the cortex, the
formation of crystals in the stem, the margin structure of the cells adjacent to the stoma, the mesophyll structure, the flat and curved
ends of the petiole, the number of the collenchyma and parenchyma layer in the petiole, density of stellate trichomes on vegetative
organs, presence, type and density of capitate and peltate glandular trichomes, presence and density of dendroid trichomes were
determined as important anatomical characters in distinguishing of the taxon.

Keywords: Marrubium astracanicum subsp. astracanicum, Anatomy, Ecology, Trichome types
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1. Giris

Lamiaceae familyasi diinyanin Akdeniz iklim bolgelerinde,
ozellikle Giineybati Asya, Kap bolgesi, Madagaskar,
Avustralya'nin tropikal bolgeleri, Cin, Kuzey ve Giiney
Amerika'da yayilis gostermektedir (Hedge, 1992). Bu
familyanin tiirleri aromatik bilesikler ve ugucu yaglar
acisindan oldukga zengindir. Tiirkiye de 48 cins ve 782
takson (603 tir, 179 alttiir ve varyete) ile temsil
edilmektedir. Bunlardan 346 takson (271 tiir, 75 alttiir ve
varyete) endemiktir ve endemizm orami %44 olarak
bilinmektedir (Celep ve Dirmenci, 2017).

Lamiaceae familyasinda yer alan Marrubium L. cinsi, tek
ve ¢ok yillik otsu tiirleri icerir ve genellikle iran-Turan ve
Akdeniz fitocografik bolgelerinde yayilis gosterir (Hedge,
1992; Aytac ve ark., 2012). Diinya florasinda bu cinsin
yaklasik 50 tird bulunmaktadir. Tirkiye'deki takson
sayist 27 olup endemizm orant %59 olarak rapor
edilmigtir (Celep ve Dirmenci, 2017). Anadolu, cinsin
Avrasya'daki 6nemli gen merkezidir (Akgiil ve Selvi, 2014;
Firat, 2016). Marrubium cinsi, vejetatif ve generatif
organlarinda yogun yildizs: tiyleri, gévdeleri iizerinde
yogun bir sekilde vertisillaster c¢icek dizilisi, borumsu
sekilli kaliks ve korollasi, kaliks dislerinin sekli, sayisi,
dikenli olup olmamasi, dik veya geriye kivrik olusu ve
stamenlerin korolla icerisinde olmasi ile karakterize
edilmektedir (Cullen, 1982; Ahvazi ve ark., 2016).

Bu cinsin iiyeleri, yiliksek antioksidan igerikleri nedeniyle
diyabet  tedavisinde, iltihap  oOnleyici, akciger
enfeksiyonlari, astim, kulak agrilarinda, adet soktiiriici,
istah acicy, siskinlik, kanser dnleyici, balgam soktiiriicii,
hiperglisemi, dislipidemi, hazimsizlik, kalp agrilarinda ve
baz1 hastaliklarda agr1 kesici olarak kullanildig1 rapor
edilmistir (Meyre-Silva ve Cechinel-Filho, 2010; Yousefi
ve ark, 2014; Yousefi ve ark, 2016; Selvi ve ark., 2022).
Bazi tiirler mesrubatlarda, dondurulmus stitlii tathlarda,
jelatinlerde, pudinglerde ve sakizlarda kullanilmaktadir.
Mentollii yapraklara sahip olan tiirler ¢ay ve baharat
olarak tercih edilmektedir M. vulgare diinyanin bir¢ok
tilkesinde siis bitkisi olarak yetistirilmektedir (Estilai ve
Hatemi, 1990; Buytkkartal ve ark, 2016). Baz tiirler
yogun nektar icerdiklerinden dolay1 aricilikta genis
kullanim alanina sahiptir (Oztiirk ve Gorkan, 2021).
Marrubium tiirleri vejetatif ve generatif organlarinda
degisik ortii ve salgl tiiylerine sahiptir (Ahvazi ve ark,
2016; Cali, 2017). Bu tiiyler, Lamiaceae familyasinda da
¢cok Onemli taksonomik karakterler olarak bilinir ve
familyanin diger taksonlarin vejetatif ve generatif
organlarinda yaygin olarak bulunur (Navarro ve El Qualidi
2000; Kandemir, 2003; Kandemir, 2011; Osman 2012;

Seyedi ve Salmaki 2015; Haratym ve Werszko-
Chmielewska, 2017).
Bu c¢alismanin amaci, M. astracanicum  subsp.

astracanicum’un anatomik, ekolojik ve tiiy 6zelliklerinin
taksonomik 6nemini ortaya koymaktir.

2. Materyal ve Yontem

Bitki ve toprak ornekleri ¢iceklenme dénemlerinde tiiriin
dogal olarak yayilis gosterdigi alanlardan alinmistir. Bu
taksonun taksonomik tanimlamasi Cullen (1982) ve
Dirmenci (2012) gore yapilmistir. Bitki drneklerinin bir
kismi standart herbaryum tekniklerine gore kurutularak
saklanmis (Uma ve Diizenli, 2012), bir kismi1 anatomik
incelemeler icin %70'lik alkolde fikse edilmistir. Anatomik
incelemelerde, kok, govde, petiyol ve yapraklarin enine
kesitleri, yapraklarin iist ve alt yiizeylerinden yiizeysel
kesitler alinmistir. Enine ve yiizey kesitlere sartur reaktifi
uygulanmistir (Celebioglu ve Baytop, 1949). Anatomik
incelemeler %70'lik alkolde bekletilen ortalama 10 bitki
orneginde gerceklestirilmigtir. Fotograflar, Leica ICC50
HD mikroskobunun 4X, 10X ve 40X objektifleri
kullanilarak goriintillenmistir. Taksonun vejetatif ve
generatif organlar tlizerindeki tiiylerin morfolojilerinin
belirlenmesinde, Leica ICC50 HD mikroskobunun 40X
bliylitmeli objektifi ve stero mikroskop kullanilmistir.
Tiiyler Navarro ve El Oualidi (2000) ve Osman (2012)
gore siniflandirilmis ve Tablo 1'de verilmistir. Tablo 2’ de
taksonun vejetatif organlarinin anatomik karakterlerinin
analiz sonuclar1 bulunmaktadir. Toprak érnekleri 0-20 cm
derinlikten 1-2 kg alinarak polietilen torbalarda
laboratuvara getirilmistir. Bu numuneler laboratuvarda
kurutularak 2 mm elekten gegirilerek fiziksel ve kimyasal
analizler icin hazirlanmistir. Toprak 6rneklerinin fiziksel
ve kimyasal analizleri Amasya Universitesi Merkez
Arastirma ve Uygulama Laboratuvart Uygulama ve
Arastirma Merkezi'nde yapilmistir. Toprak érneklerinin
toprak biinyesi, toplam tuzluluk, kalsiyum karbonat, pH,
azot, fosfor, potasyum ve organik madde igerikleri
standart yontemlere gore belirlenmistir (Kacar, 1995).
Toprak analizi sonuglarinin ortalama ve standart sapma
degerleri Tablo 3'de verilmistir. Taksonun toplandigi
lokaliteler asagida listelenmistir;

e A5 Amasya: Akdag Seyfe Koyt tistii, Duacik mevkii,
orman agikliklari, 1400 m., 14.07.2020, K.V. Kogak ve
N. Kandemir. Herbaryum numaras1:1238.

e A5 Amasya: TV kulesi yani1 Ormandzii Koyt tistii, agik
alanlar ve yol kenarlari, 1500 m., 14. 07. 2020, K.V.
Kogak ve N. Kandemir. Herbaryum numarasi:1239.

e A5 Corum: Kargi Kése Dagi, Abdullah Yaylasi-Seki
Koyl arasi agik alanlar, 1500-1600 m., 11.07.2020,
KV. Kogak ve N. Kandemir.
numarasi:1240.

Herbaryum

e A5 Amasya: Imirler Kéyii, Imirler Yaylasi arasi,
orman agikliklari, 1500 m., 14.07.2020, K.V. Kogak ve
N. Kandemir. Herbaryum numarasi:1241.

e A6 Samsun: Ladik Cakmakbelen Yaylasi, acik alanlar,
1400 m., 11.07.2020, K.V. Kogak ve N. Kandemir.
Herbaryum numarasi:1242.
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Tablo 1. Marrubium astracanicum subsp. astracanicum’un vejetatif ve generatif organlarindaki salgi ve ortii tiiyleri

Organlar L. tip kapitat I1. tip 111 tip Peltat tiy Basit tily Yidizsi tiy Dendroid tiiy
tily kapitat tily kapitat tily

Govde Cok yogun yogun yogun seyrek seyrek Cok yogun _

Petiyol Cok yogun seyrek seyrek yogun seyrek Cok yogun yogun

Yaprak Cok yogun seyrek _ yogun seyrek Cok yogun yogun

Kaliks tiipii yogun _ _ _ seyrek yogun _

Korolla yogun _ _ seyrek yogun _

L. tip kapitat salgi tiiyli= sap ve bas bir hiicreli, II. tip kapitat salg: tiiyli= kisa sap bir hiicreli ve bas iki hiicreli, III. tip kapitat salgi
tilyli=uzun sap bir ve boyun bir hiicreli, bas iki hiicreli.

Tablo 2. Marrubium astracanicum subsp. astracanicum’un vejetatif organlarindaki anatomik karakterlerinin analizleri

Taksonun 6zellikleri

Taksonun 6zellikleri

Periderma tabaka sayisi
Korteks
Floem iizerindeki sklerenkima

Floem elemanlar1

Kambiyum tabaka sayis1
Ksilem elemanlari
Kok 6z bolgesi

Govde epidermis hiicresi

Koselerdeki kollenkima
Govdenin diger bolgesindeki
kollenkima

Parankima

Sklerenkima
fletim demetleri
Oz bolgesi

5-7
parankimatik
kiigiik gruplar seklinde

bariz ve dar bélgede

3-4
bariz ve genis bolgede
altigen sekilli

parankima

dortgen ve dikdortgen
sekilli ve biiyiik
13-15 siral
3-4 sirali

4-5 sirali ve
kloroplastsiz
2-3 (3) sirali
acik kolleteral
biiytik ve yuvarlak
sekilli

Petiyol epidermis hiicresi
Kutikula
Kollenkima tabaka sayisi
(floem kismi)
Parankima tabaka sayisi
(floem kismi)
Endoderma
Merkezde iletim demeti
Ksilem elemanlari

Petiyoliin u¢ kisimlarinin

dortgen sekilli ve seyrek papillall

kalin ve seyrek mikropapillali
2-3 (2) sirali

4-5 (4) sirali
1 sirali ve biiytik hiicreli
2

bariz ve genis bolgede

yukariya dogru hafif kivrik

yapisi
Yapraklarda kutikula kalin
Ust ve alt epidermis hiicreleri dikdortgen sekilli
Mezofil yapisi bifasiyal

Palizat parankimasi
Siinger parankimasi
Stoma tipi

Stoma komsu hiicrelerinin
kenarlari ve hiicre sayisi

1-2 sirali ve ¢ok daha uzun
3-4 sirali
anomositik

Kivriml ve 4

Ana damardaki kollenkima 5-6
Tablo 3. Marrubium astracanicum subsp. astracanicum’un toprak analiz sonuglari
Lokaliteler Tekstiir (%) (%) pH (%) (%) K P
Tuzluluk CaCOs Organik madde N (mg/kg) (mg/kg)
Seyfe Koyii listii 0,78 6,80 0,09 52,14
eyle Roytustu Kumlu ve tuzlu 0,39 5,62 1344
bzii Koy iisti 4 4,9 4 172 40,62
Ormandzii Koyt tsti Kumlu ve tuzlu 0,46 150 6,50 ,95 0,45 ,8 0,6
Abdullah  Yaylasi-Seki
@ il TaaseR Kumlu ve tuzlu 0,48 459 7,88 2,85 0,60 1549 21,20
yu
Ladik kmakbel
adik — Gakmakbelen Kumlu 0,60 430 6,97 3,83 0,19 205,23 30,12
Yaylasi
Imirler Kéyii Imirler
Kumlu-tuzlu 0,78 3,90 7,53 3,32 0,35 187,9 21,75
Yaylasi
Ortalama #+ Standart
sapma _ 0,54+0,15  3,01¢1,74  7,14%0,56 4,1121,15 0,33%0,20 171#27,6  33,113,21
3. Bulgular sklerenkima hiicre kiimeleri bulunmaktadir. Kambiyum
3.1. Anatomik Ozellikler 3-4 siraly, biiylik ve yassi sekilli hiicrelerden olusmustur
3.1.1. Kok (Sekil 1C). Sekonder ksilem genis bir bolgede olup primer

En dista 5-7 sirali periderma tabakasi bulunur (Sekil 1A).
Epiderma bir siral;, kare sekilli, yer yer parcalanmistir.
Korteks 8-9 sirali uzunca veya oval sekilli parankima
hiicrelerinden meydana gelmistir (Sekil 1B). Floem ve
ksilem elemanlar1 bariz olarak goriilmektedir. Floem
elemanlarinin  tlizerinde halinde

kiigik  gruplar

ksilem ise dar bir bolgededir. Sekonder ksilemde trakeler
oldukca seyrek ve biiyiiktiir (Sekil 1D). Kékte genis bir 6z
bélgesi bulunur (Sekil 1A). Oz bodlgesindeki parankima
hiicreleri biiyiik ve altigen sekillidir.

3.1.2. Govde

Govde dort koselidir (Sekil 24, B). Epiderma tek sirall,
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dortgen sekilli ve yogun papillalidir. Kutikula kalin ve
yogun mikropapillalidir. Késelerde 13-15 sirali lamellar
kollenkima bulunur (Sekil 2C). Parankima 4-5 sirali ve
sklerenkima 2-3 sirali genellikle 3 sirahidir (Sekil 2D).
Koseler disindaki kollenkima 3-4 sirall. Floem ve ksilem
elemanlar1 barizdir. Kambiyum 4-5 sirali genellikle 4
siral;, yassi ve biiyiik hiicrelidir (Sekil 2E). Ksilemde
trakeler biiyiik, seyrek ve zincir sekilli. Ksilemde yogun
sklerenkima hiicreleri bulunur. Oz bélgesi genis ve biiyiik,
yuvarlak sekilli parankima hiicrelerinden meydana
gelmistir  (Sekil 2F). 0Oz bolgesindeki parankima

hiicrelerinde yogun rafit ve tek kristaller tespit edilmistir.
Govde lizerinde yogun olarak bir hiicreli kisa sap ve bir
veya iki hiicreli basa sahip olan kapitat salg: tiiyleri
gorilmiistiir (Sekil 3 H, K). iki hiicreli bagh ve saph kapitat
salg1 ve peltat salgi tliylerine seyrek olarak rastlanmistir.
Govde Tlzerinde yogun bir sekilde yildizs1 tiyler
bulunmaktadir. Bu tiiylerin bazilarinda orta dal uzun ve
iki hiticreli, yan dallar tek hiicreli, kisa, esit uzunlukta ve
dik yapilidir. Baz1 yildizs1 ortii tiiylerininin dallar1 esit
uzunluktadir. Ayrica goévde ilizerinde iki hiicreli basit
tiiyleri de tespit edilmistir (Sekil 3L).

Sekil 1. Marrubium astracanicum subsp. astracanicum’un kok enine kesiti A= Kokiin genel yapisi, B= Kokiin korteks
bolgesi, C= Kokiin sekonder ksilem ve floem bolgesi. D=Kokiin sekonder ksilem ve 6z bdlgesi, pd= periderma, k= korteks,
f= floem, ka= kambiyum, sk= sklerenkima, sks= sekonder ksilem, prk= primer ksilem, t= trake.
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Sekil 2. Marrubium astracanicum subsp. astracanicum’un gévde enine Kesiti A-B= Gévdenin genel yapisi, C=G6vdenin
korteks bolgesindeki kollenkima ve parankima, D=Govdedeki kollenkima, parankima, floem ve ksilem, E= Govdedeki
floem ve ksilem, F= Govdenin 6z boélgesi, ku= kutikula, e= epiderma, ko= kollenkima, ka= kambiyum, p= parankima, f=
floem, ks= ksilem, sks=sekonder ksilem, 6b= 6z bolgesi, kg=kristal graniilleri, st= kapitat salgi tiiy, yt= yildizs1 tily, id=
iletim demeti, t= trake.
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Sekil 3. Marrubium astracanicum subsp. astracanicum’un vejetatif organlar lizerinde tiiy tipleri A= Petiyoldeki kapitat
salg: tlyleri, B= Yapraktaki kapitat ve peltat salg: tiiyleri, basit tiiyler, C=Yapraktaki yildizs1 tiiyler, D= Yapraktaki
dendroid tily, E=Petiyoldeki peltat tiiyler, F= Yapraktaki kapitat salgi tiiyleri, G= Yapraktaki kapitat salg1 ve yildizsi tiiyler,
H-K= Govde de kapitat salgl tiiyleri, L= Gévde de basit tiiy, ku= kutikula, lie= iist epiderma, mp= mikropapilla, ae= alt
epiderma, d= dendroid tily, st= kapitat salg tiiyii, p= parankima, ks= ksilem, f= floem, e= epiderma, yt= yildizs1 tiiy, pt=
peltat salg tiiyt, ko= kollenkima, 6t= basit tiiy, s= stoma.
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3.1.3. Petiyol

Enine kesitlerde, epiderma tabakasi bir sirali, biiyiik ve
dortgen sekilli hiicrelerden meydana gelmistir (Sekil 44,
B). Epidermanin iizerindeki kutikula tabakasi kalindir.
Epidermadaki papillalar ve kutikuladaki mikropapillalar
seyrektir. epiderma tabakasinin
altinda 3 sirali lamellar kollenkima yer alir (Sekil 4C).
Parankima 2 sirali, biiylik, oval sekilli hiicrelerden
olusmustur. Parankima hiicrelerinde kristal graniillerine
rastlanmistir. Kollenkima ve parankima hiicrelerinde
yogun kloroplastlar gorilmustiir.

Petiyoliin merkezinde 2 tane biiyik iletim demeti
bulunmaktadir (Sekil 4A, B). {letim demetlerinin etrafinda
yer alan endoderma tabakasi yassi, biiyiik ve tek sirali
hiicrelerden meydana gelmistir. Floem ve ksilem
elemanlar1 bariz olarak goriilmektedir. Ksilem genis bir
bolge halinde olup trakeler zincir seklindedir (Sekil 4D).
Floem tarafindaki lamellar kollenkima 2-3sirali genellikle
2 siral, parankima 4-5 sirali olup genellikle 4 siralidir. Bas
ve sap kismi bir hiicreli kapitat salgi tiiyleri oldukea
yogundur (Sekil 3A ve Tablo 1). Sap kismi bir hiicreli ve
uzun, bas kismi bir hiicreli olan kapitat salgi tiiyleri seyrek
olarak goriilmiistiir. Petiyolde hem yildizs: tiiyler hemde
peltat salg: tiiyleri ¢ok yogundur (Sekil 3E). Ayrica bir

Ksilem tarafindaki

hiicreli uzun basit tiiyler de goriilmiistiir.

3.1.4. Yaprak

En dista kalin kutikula tabakasi yer alir. Ust ve alt
epiderma dikdortgen sekilli, tek sirali ve biiyiik hiicrelidir.
Mezofil bifasiyal yapidadir (Sekil 5A). Palizat parankimasi
tek sirali ve olduk¢a uzun hiicrelerden olusmustur. Siinger
parankimasi 3-4 siralidir. Stomalar hem iist hemde alt
epidermada goriilmiistiir. Fakat alt epidermada daha fazla
stomaya rastlanmistir. Stomalar anomositik yapidadir
(Sekil 5C). Stomalarin etrafindaki komsu hiicreleri 4 tane
olup kenarlar1 kivrimhdir (undulate). Bas ve sap bir
hiicreli, bas iki hiicreli ve sap bir hiicreli kapitat salgi
tiyleri gorilmistiir (Sekil 3B). Bu tip kapitat salg
tliylerine yogun olarak rastlanmistir (Tablo 1). Bir ve iki
hiicreli basit tiiyler, iki hiicreli bas ve bir hiicreli uzun saph
kapitat salgi tiiyleri seyrek olarak bulunmaktadir (Sekil
3F). Ayrica yapraklarda seyrek fincan sekilli kapitat salgi
tiyleri de gozlenmistir (Sekil 3G). Cok yogun yildizs1 ve
¢cok dalli dendroid tiiyler ve peltat salgl tiyleri
gorilmiistiir (Sekil 3 C, D, G ve Tablo 1). Yapraklarda
yogun kristal graniilleri tespit edilmistir (Sekil 5B). Ana
damardan alinan kesitlerde merkezde biiytik bir iletim
demeti yer alir (Sekil 5D). Floem ve ksilem iizerinde 5-6
sirali lamellar kollenkima gorilmistiir.

Sekil 4. Marrubium astracanicum subsp. astracanicum’un petiyol enine kesiti A-B= Petiyoliin genel yapisi, C=Petiyoldeki
kollenkima ve endoderma, D=Petiyoliin iletim demeti, e=epiderma, ku= kutikula, ko= kollenkima, p= parankima, f= floem,
ks= ksilem, yt= yildizs! tily, en= endoderma, st= kapitat salgi tiiyd, t= trake, sk= sklerenkima, ka= kambiyum.
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Sekil 5. Marrubium astracanicum subsp. astracanicum’un yaprak enine ve yiizeysel kesitleri A= Yapragin genel yapisi, B=
Yapraktaki kristal grantilleri, C= Alt epidermadaki stoma, D= Yapragin ana damari, ku= kutikula, tie= iist epiderma, pp=
palizat parankimasi, sp= slinger parankimasi, p=parankima, ks= ksilem, f=floem, bt= basit tiiy, ae= alt epiderma, kg=

kristal graniilleri, e= epidermis hiicresi, s=stoma.

3.2. Toprak Orneklerinin Fiziksel ve Kimyasal
Ozellikleri

M. astracanicum subsp. astracanicum’un toprak oérnekleri,
populasyonun homojen yayilis gosterdigi
lokasyonlardaki, 5 farkli lokaliteden alinmistir (Amasya,
Corum ve Samsun). Toprak orneklerinin pH ve CaCO3
degerleri 6,50-7,88 ve % 0,78-4,59 arasindadir. Topragin
tuzluluk degerleri ise % 0,39-0,78 arasinda oldugu
bulunmustur. Topragin tekstiir yapisi kumlu ve kumlu-
tuzludur. Organik madde ve azot degerleri % 2,85-5,62 ve
% 0,09-0,60 olarak tespit edilmistir. Toprak érneklerinin
potasyum ve fosfor degerlerinin ise 134,4-205,23 mg/kg
ve 21,20-52,14 mg/kg oldugu belirlenmistir (Tablo 3).

4. Tartisma

Vejetatif organlarinin anatomik oOzellikleri, Lamiaceae
familyasindaki taksonlarin karakterizasyonu i¢in oldukca
onemlidir (Metcalfe ve Chalk, 1950; Kahraman ve ark,
2010). Salg: tiylerinin tipi ve dagilimi (Werker, 2006),
stoma tipi ve dagilimlar1 ve diger anatomik ozellikler
hakkinda taksonomik  bilgiler
vermektedir (Venkateshappa ve Sreenath, 2013). Ayrica

taksonlar onemli

bu anatomik 6zellikler bir¢ok taksonda filogenetik
iliskilerin aydinlatilmasinda da 6nemli rol oynamaktadir
(Pandey ve Misra, 2014). Bu makalede Lamiaceae
familyasinin taksonlarindan olan M. astracanicum subsp.
astracanicum’un anatomik, ekolojik ve tily ozellikleri
ayrintili olarak verilmis ve bu 6zelliklerin analiz sonuclar1
Tablo 2’de gosterilmistir.

incelenen taksonun kék enine kesitleri incelendiginde,
periderma 5-7 sirahidir. Korteks parankimatik ve floem
iizerinde sklerenkima hiicre kiimelerine rastlanmistir.
Kambiyum 3-4 siralidir. Kékte genis bir 6z bolgesi olup
altigen sekilli parankima hiicrelerinden meydana
gelmistir. Benzer anatomik o6zelliklere
cephalanthum Boiss. & Noe subsp. montanum Akgil &
Ketenoglu (Ak¢in ve Camili, 2018), Marrubium bourgaei
Boiss. and Marrubium heterodon (Bentham) Boiss. Et Ball.
(Biiytikkartal ve ark. 2016) koklerinde de gorilmustiir.
Bu taksonun kdk anatomik 6zellikleri yukarida bahsedilen
calismalarin verileri ile paralellik gostermektedir.

Govde enine Kesitlerinin sonuglarina bakildiginda,
govdenin dort Kkoseli bir yapiya sahip oldugu
belirlenmistir. Kollenkima tabakasi gévdenin kdselerinde

Marrubium
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13-15 sirali ve goévdenin diger boliimlerinde ise 3-4
Korteksteki parankima 4-5
kloroplastsizdir. Sklerenkima 2-3 sirali (genellikle 3 sirali)
hiicrelerden meydana gelmistir. 0z bélgesi altigen ve
yuvarlak sekilli parankima hiicrelerinden olusmustur.
Benzer goévde anatomik ozelliklerine (govdenin dort
koseli olmasi, korteks de kollenkima, parankima ve
sklerenkima tabakalar1)) Bati Azerbeycan da yayilis
gosteren familyasinin  bazi
(Hatamneia ve ark, 2008), M. cephalanthum subsp.
montanum (Akcin ve Camili, 2018), M. bourgaei and M.
heterodon (Biiyiikkartal ve ark., 2016) ve iran da yayils
gosteren bazi Marrubium taksonlarinda (Talebi ve ark,
2019a), Marrubium friwaldskyanum Boiss. and Marrubium
peregrinum L. (Gyuzeleva ve ark., 2022) gévdelerinde de
rastlanmistir. Govdedeki korteks bolgesinin farkl
dokulardan olusmasinin énemli oldugu Biiyiikkartal ve
ark. (2016), Akcin ve Camili (2018) tarafindanda
bildirilmistir. ~ Ayrica, (2020)
Heliotropium L. taksonlari, Kandemir ve ark. (2022)
Fritillaria taksonlari ile yaptiklar: ¢calismalarda korteks de
farkli sayisida kollenkima, parankima ve sklerenkima
tabakasinin bulunmasinin tiirlerin ayrilmasinda dnemli
anatomik karakterler olarak kullanilabilecegini rapor
etmislerdir. Bu taksonun Kkorteksindeki kollenkima,
parankima ve tabaka sayilar1 diger
Marrubium taksonlarindan farkhlk gostermektedir. Oz
bolgesinde tek ve rafit kristallerine rastlanmistir.
Govdedeki kapitat salg tiiyleri bir hiicreli sap ve bas, bir
hiicreli sap ve iki hiicreli basa sahiptir. Bu tiiyler gévde de
yogun olarak tespit edilmistir. Govde de peltat salgi tiiyleri
ve basit ortii tliyleri seyrek olarak goriilmiistiir. Ancak
govde de dendroid ve marrubioid tiiyler géozlenmemistir.
Petiyol enine kesitlerine bakildiginda, epiderma hiicreleri
dortgen sekilli ve seyrek papillalidir. Kutikula kalin olup
seyrek mikropapillalara sahiptir. Kollenkima 2-3
(genellikle 2) sirali, parankima 4-5 (4) siradan meydana
gelmistir. Petiyoliin merkezindeki 2 iletim demeti vardir.
Petiyoliin u¢ kisimlar1 hafif asagiya dogru biikiiktiir.
Metcalfe ve Chalk (1979) ve Kandemir (2003) Lamiaceae
familyasinda petiyol yapisinin taksonomik bakimdan
onemli oldugunu vurgulamistir. Petiyoldeki kollenkima ve
parankima tabaka sayisindaki farkhiliklar, kutikula
tizerinde mikropapillalarin  bulunup bulunmamasi,
mikropapillalarin seyrek ve yogun olmasi ve petiyoliin ug

siralidir. sirali  ve

Lamiaceae iiyelerinde

Kandemir ve ark.

sklerenkima

kisimlarinin  yapis1 gibi 6zellikler degerli anatomik
ozellikler olarak tespit edilmistir. Yildizs1 tiiyler, bir
hiicreli kisa sapl ve bir hiicreli bash kapitat ve peltat salgi
tilyleri yogun olarak gozlenmistir. Basit ve dendroid tiiyler
seyrek olarak bulunmustur.

Yapraklarin kutikula tabakasi kalin ve mikropapillasizdir.
Ust ve alt epidermis hiicreleri dikdértgen sekilli ve
papillalara rastlanmamistir. Mezofil bifasiyal yapida olup
palizat parankimasi 1 sirali ve ¢ok uzun hiicrelerden
meydana gelmistir. Slinger parankimasinin 3-4 sirali
oldugu goriilmiistiir. Yapraklarin yiizeysel kesitlerinde,
stomalar anomositik tipte olup komsu hiicre sayis1 4
olarak tespit edilmistir. Stoma komsu hiicrelerinin

kenarlar1 kivrimhdir (undulate). Ana damardan alinan
enine Kesitlerde kollenkima 5-6 siralidir. Yapraklarin
enine bakildiginda,
anatomik sonuglara diger Marrubium taksonlarininda da
belirlenmistir (Buytikkartal ve ark., 2016; Tuylu ve ark,,
2017; Akgin ve Camili, 2018; Talebi ve ark., 2019b;
Gyuzeleva ve ark., 2022). Bu ¢alismadaki yaprak enine
kesitlerinden elde ettigimiz sonuclar yukarida bahsedilen
calismalarin sonuglari ile paralellik gostermektedir.
Yapraklarda yogun ¢ok dalli yildizsi ve dendroid tiiyler ve
peltat salg: tiiyleri goriilmiistiir. Kapitat salgi tiiylerinin
bir hiicreli bas ve sap kismina sahip olan cesidine
yapraklarda yogun olarak gériilmiistiir. iki hiicreli bas ve
bir hiicreli kisa sapli kapitat salgi tiiyleri, iki hiicreli bas ve
bir hiicreli uzun sapli ve bir hiicreli boyun kismina sahip
olan kapitat tlyleri yapraklarda nadir olarak tespit
edilmistir. Ayrica bir hiicreli basit tiiylerde bulunmustur.
Bu taksonunun vejetatif ve generatif organlarinda ortii ve
salgl tiylerine rastlanmistir. Ortii tiiyleri yildizs,
dendroid, basit ve marrubioid tiiyler olmak iizere 4
cesittir. Yildizs1 ve dendroid tiiyler ¢ok dallanma goésteren
tiylerdir. Bu tip orti tlylerinin dallanma sekilleri, dal
sayilar1 ve uzunliklari tiirler arasinda ve hatta ayni tiiriin
organlar1 arasinda farklilik gostermektedir. Subsp.
astracanicum’un goévde, yaprak, petiyol ve Kkaliksinde
yogun yildizs! tilyler gézlenmistir. Ozellikle bu tip tiiyler
yapraklarda ¢ok yogun olarak bulunmaktadir. Basit ve
marrubioid tiiyler dallanma gostermeyen tiiylerdir. Bu
tliyler bir ve ¢ok hiicreden olusabilir. Bu ¢alismada bir ve
iki hiicreli basit tiiylerin ve bir hiicreli olduk¢a uzun
marrubioid tlylerinin varhigl tespit edilmistir. Basit ve
marrubioid tiliyler incelenen taksonun yaprak, petiyol ve
kaliksin dis kisminda goriilmiistiir. Yukarida bahsedilen
orti tiyleri diger Marrubium tiirlerinde de saptanmistir
(Dmitruk ve Haratym, 2014; Biiytikkartal ve ark., 2016;
Ahvazive ark.,, 2016; Tuylu ve ark., 2017; Cali, 2017; Akgin
ve Camili, 2018; Gyuzeleva ve ark, 2022; Akbulut ve
Baykan, 2023).

inceleme tiirlerinin vejetatif ve generatif organlarinda
kapitat ve peltat salg: tiiylerinin varligl tespit edilmistir.
Kapitat salg tiiylerinde sap ve bas bir hiicreli, sap kisa, bir
hiicreli, bas iki hiicreli, uzun sap ve boyun bir hiicreli, bas
bir ve iki hiicrelidir. Govde, petiyol ve yapraklarda yogun
olarak sap ve bas bir hiicreden meydana gelmis kapitat
salgi tiiyleri bulunmustur. Diger tip kapitat salgi tiiylerine

kesitlerinin  verilerine benzer

daha fazla yapraklarin alt ve iist ylizeylerinde nadir olarak
rastlanmistir. Peltat salgi tiiyleri yaprak ve petiyolde
yogun olarak goriilmistiir. Kapitat ve peltat salgi tliylerine
de bazi Marrubium taksonlarinda rapor edilmistir
(Buytikkartal ve ark., 2016, Tuylu ve ark., 2017; Cali, 2017;
Akgin ve Camili, 2018; Gyuzeleva ve ark., 2022; Akbulut ve
Baykan, 2023). M. astracanicum subsp. astracanicum’un
vejetatif ve generatif organlarinda goriilen ortii ve salgl
tiylerinin  tipleri, dallanma durumlar;, organlarda
bulunma durumlari, seyreklik ve yogunluk gibi 6zellikleri
bu taksonun diger Marrubium taksonlarindan ayirt
edilmesinde o6nemli taksonomik karakterler olarak

kullanilabilecegi kanaatindeyiz.
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Toprak analiz sonuglarina gore, takson hafif asidik ve hafif
bazik, orta derecede tuzlu ve ¢ok tuzlu, orta derecede
kirecli, zengin ve ¢ok zengin organik madde iceren, azot
bakimindan orta ve azot¢a zengin, potasyum ve fosfor
bakimindan zengin topraklara sahip alanlarda tespit
edilmistir. Tekstiir bakimindan toprak kumlu ve kumlu-
tuzlu olarak saptanmistir. Benzer toprak analiz sonuglari
Iris L. (Kandemir ve ark., 2011), Scilla L. (Kandemir ve ark.,
2018), Symphytum L. (Yakupoglu ve ark, 2020)
taksonlarinda da belirlenmistir.

5. Sonug

Kokteki periderma tabaka sayisi, 6z bolgesinde primer
ksilemin bulunup bulunmamasi, gévdedeki kollenkima,
parankima ve sklerenkima tabaka sayisi, goévdenin
koselerindeki kollenkima tabaka sayisi, kristallerin olmasi
ve tipleri, yapraklarda stoma tipi, stoma komsu
hiicrelerinin marjin yapisi, yapragin mezofil yapisi,
petiyoldeki kollenkima ve sklerenkima tabaka sayisi,
yildizsi, dendroid, marrubioid tiiylerinin varhigr ve
yogunlugu, kapitat ve peltat salgi tiiylerinin varlig1 ve
yogunlugu gibi o6zellikler taksonun diger Marrubium
taksonlarindan ayrilmasinda kullanilabilecek 6nemli
anatomik karekterler olarak belirlenmistir.

Katki Oram1 Beyani
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

K.V.K. N.K.
K 10 90
T 20 80
Y 50 50
VTI 60 40
VAY 40 60
KT 50 50
YZ 20 80
KI 40 60
GR 60 40
PY 50 50
FA 30 70

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= goénderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu calismada higcbir c¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Beyan

Bu c¢alismada, “Yiiksekogretim Kurumlar1 Bilimsel
Arastirma ve Yayin Etigi Yonergesi” kapsaminda uyulmasi
gerekli tiim kurallara uyuldugunu, bahsi gecen yoénergenin
“Bilimsel Arastirma ve Yaymn Etigine Aykir1 Eylemler”
hig¢birinin
Hayvanlar ve

bashgr altinda Dbelirtilen

gerceklestirilmedigini taahhiit ederiz.

eylemlerden

insanlar iizerinde ¢alisma yapilmadig i¢in bu ¢alisma i¢in

etik kurul onay1 gerekmemektedir.

Bilgilendirme ve Tesekkiir
Bu calisma Kamer Volkan Kogak'in yiiksek lisans tez
calismasindan Uretilmistir.
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1. Introduction

Climate, which is defined as the extreme values of various
meteorological parameters such as precipitation,
temperature, and wind, is the collective state of the
atmosphere for a particular location in a given time
period (Demircan et al,, 2017). It was accepted that there
was no change in the long-term averages of the
parameters of this collective structure until the mid-
1950s. As we move towards the 20th century, rapid
developments in the field of industry; It has caused the
unplanned resources, the
increase in environmental pollution in proportion to the
number of people, and the emission of intense
greenhouse gases into the atmosphere. In this direction,
the greenhouse gas, which has the ability to retain heat in
the atmosphere, has started to cause changes in climate
parameters These changes
parameters are called global climate change (Tiirkes,
2010; Ozkoca 2015; Citakoglu et al. 2017).

Climate change on a global scale shows its effects locally
in the form of different disasters such as floods, floods,
droughts, and storms. It is known that there has been an
increase in the number of natural disasters with the
effect of global climate change, which has been the

consumption of natural

over time. in climate

subject of many articles in recent years. The increase in
natural disasters can also pave the way for technological
disasters. At this point, it was stated that community
education and resilience are important. It is seen that the

increasing effect of the disasters affects the society
economically and socially. In this context, regardless of
the cause and type of the disaster, it is clear that it should
be managed holistically, as in the modern disaster
management approach (Celik et al, 2020; Gunduz 2022;
Usta 2023). In this direction, the studies carried out to
understand climate change and to take measures in this
context are also gaining importance. Classification of
regions that are similar in terms of climatic parameters;
It is thought that it will contribute to different studies
such as combating climate change, protecting water
resources and planning land use. Ering (1949) classified
the precipitation and temperature data from 53
meteorological stations in Tiirkiye for 4 different climate
zones using the Thornthwaite method. With this study,
the regional and detailed classification of Tiirkiye's
geography with sufficient data was carried out for the
first time. Tiirkes (1996) classified the precipitation data
of Tiirkiye with the help of the Normalization Procedure
method proposed by Kraus in 1977. In the study, in
which the aspirations of the 1930-1993 period were
used, 7 different regions were determined. Kulkarni and
Kripalani (1998) determined similar classes of Indian
precipitation data using the Fuzzy C Mean method. Using
the precipitation data for the 1871-1984 period, 306
meteorological observation stations were divided into 4
different clusters. Unal et al. (2003) determined the
similar classes of temperature and precipitation data
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covering the period 1951-1998 in Tirkiye with 5
different clustering methods. In the study where Single
Connection, Full Connection, Center, Ward's Minimum
Variance and Average Distance methods were used, it
was stated that the most effective method was Ward's
method. Soltani and Modarres (2006) divided the
precipitation data of 28 meteorological stations in Iran
into similar classes with the help of hierarchical and non-
hierarchical clustering methods. In the study in which 8
different classes were determined, Ward's method and K-
Means algorithm were used. Sénmez and Koémiiscii
(2008) used the K-Means algorithm in their study in
which they determined the precipitation regions of
Tiirkiye. In the in which monthly total
precipitation series covering the years 1977-2006
obtained from 148 meteorology stations were used, 6
different precipitation regions were determined. Sahin
(2009) used monthly average temperature, monthly
relative humidity and monthly total precipitation data
obtained from 150 meteorology stations to determine
similar climate classes of Tiirkiye. Using the methods of
Ward, Kohonen Artificial Neural Network and Fuzzy
Artificial Neural Network, 7 different regions were
determined. Dikbas et al. (2012) Using the Fuzzy C-
Means method, 6 different precipitation regions were
determined by using the 1967-1998 records of 188
stations in Tirkiye. S$Sahin and Cigizoglu (2012)
determined the sub-climate and sub-precipitation regime
classes of Tiirkiye using the Ward method and Fuzzy
Artificial Using the
precipitation, temperature and humidity data of 232
meteorology stations in the 1974-2002 period, 7
precipitation regime regions and 7 climate regions were
determined. Firat et al. (2012) used the K-Means method
to determine the classes of the annual total precipitation,
which was measured at 188 precipitation observation
stations in Tiirkiye and covering the period between
1967 and 1998, with 7 different similar characteristics.
lyigun et al. (2013) using the Ward method, performed a
cluster analysis study with precipitation, temperature,
and relative humidity data. It was obtained from 244
meteorology stations in Tirkiye and its period covers the
years 1970-2010. As a result of the study, 14 different
clusters were identified. Rau et al. (2017) divided the
precipitation data of the Peruvian Pacific slope and coast

study,

Neural Network methods.

into regions with similar characteristics. Using the
Regional Vector Method and K-Means algorithm, 9
different precipitation regions were determined.
Zeybekoglu and Ulke Keskin (2020) realized the
clustering analysis by adding the latitude, longitude and
height values of the observation stations to the
precipitation intensity series using the Fuzzy C-Means
algorithm. It has been determined that 95 meteorological
observation stations in Tirkiye form 5 different clusters.
According to the literature search, many studies have
been carried out in the country and abroad on the
determination of climate classes. When these studies are
examined, it is seen that mostly precipitation and

temperatures are emphasized as climate parameters. In
addition, the evaluation of the results obtained by using
Fuzzy C-Means and K-Means together with Silhouette
analysis is not very common in climate studies (Kir,
2021). In this direction, the aim of this study is to create a
cluster of stations with similar characteristics through
the K-means algorithm by using the precipitation records
of the meteorological observation stations in the Black
Sea Region. In the analyzes performed for different
cluster numbers with the Fuzzy C-Means algorithm, the
most appropriate number of clusters was determined by
Silhouette index analysis.

2. Materials and Methods

2.1. Study Area

In this study, precipitation records recorded between
1982 and 2020 (39 years) in 31 observation stations
operated by the Turkish State Meteorological Service in
the Black Sea Region were used. For the provided data to
be statistically sufficient, attention was paid to have a
record length of at least 30 years (Kite, 1991).
Meteoroloical stations used in the study are in 17
different provinces in the Black Sea Region. 11 of the
stations are in the Western Black Sea (Duzce, Ak¢akoca,
Bolu, Zonguldak, Bartin, Amasra, Kastamonu, inebolu,
Bozkurt, Tosya, Sinop), 10 of them are in the Central
Black Sea (Samsun, Bafra, Corum, Osmancik, Amasya,
Merzifon, Tokat, Zile, Ordu, Unye), the remaining 10 are
located in the Eastern Black Sea Region (Giresun,
Sebinkarahisar, Trabzon, Ak¢aabat, Glimiishane, Bayburt,
Rize, Pazar, Artvin, Hopa).

In the Black Sea Region, where the precipitation regime is
in the north-south direction, precipitation is observed in
every Precipitation regimes can vary
considerably in areas close to each other. While the
average annual precipitation is 2284 mm in Rize, which
is one of the provinces with the highest rainfall in the
region, the average annual precipitation is 846 mm in
Trabzon, which is right next to it. While the precipitation
rate of the Black Sea Region is high in the east (Rize:
2284 mm; Hopa: 2329 mm), the precipitation rate in the
Central Black Sea region decreases with the decrease in
altitude (Samsun: 716 mm; Amasya: 465 mm; Corum:
450 mm). In the Western Black Sea region, the
precipitation rate increases again with altitude
(Zonguldak: 1227 mm; Bartin: 1051 mm). In addition,
when the data used in the study are evaluated, the
average annual precipitation of the Black Sea Region is
901 mm. The geographical distribution of stations is

season.

shown in Figure 1. The geographical location information
of the stations and the basic statistics of the data are
given in Table 1 and Table 2.

When Table 2 is examined, the station with the lowest
average annual total precipitation is Osmancik with
423.41 mm, while the station with the highest annual
total precipitation average is Hopa with 2329.73 mm.
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Figure 1. Distribution of stations in geography.
Table 1. Geographical location information of stations
Province Station Latitude (N) Longitude (E) Altitude (m.)
Diizce Diizce 40°50'37.3" 31°08'55.7" 146
Akgakoca 41°05'22.2" 31°08'14.6" 10
Bolu Bolu 40°43'58.4" 31°36'07.9" 743
Zonguldak Zonguldak 41°26'57.3" 31°46'40.5" 135
Bartin Bartin 41°37'29.3" 32°21'24.8" 33
Amasra 41°45'09.4" 32°22'57.7" 73
Kastamonu 41°22'15.6" 33°46'32.2" 800
Kastamonu inebolu 41°58'44.0" 33°45'49.0" 64
Bozkurt 41°57'34.9" 34°00'13.3" 167
Tosya 41°00'47.5" 34°02'12.1" 870
Corum Corum 40°32'46.0" 34°56'10.3" 776
Osmancik 40°58'43.3" 34°48'04.0" 419
Sinop Sinop 42°01'47.6" 35°09'16.2" 32
Amasya Amasya 40°40'00.5" 35°50'07.1" 409
Merzifon 40°52'45.5" 35°27'30.6" 754
Samsun Samsun 41°20'39.0" 36°15'23.0" 4
Bafra 41°33'05.4" 35°55'28.9" 103
Tokat Tokat 40°19'52.3" 36°33'27.7" 611
Zile 40°17'45.6" 35°53'25.8" 719
ordu (?rdu 40°59'01.7" 37°53'08.9" 5
Unye 41°08'34.8" 37°17'34.8" 16
Giresun Giresun 40°55'21.7" 38°23'16.1" 38
Sebinkarahisar 40°17'13.9" 38°25'09.5" 1364
Giimiishane Giimiishane 40°27'35.3" 39°27'55.1" 1216
Trabzon Trabzon 40°59'54.6" 39°45'53.6" 25
Akgaabat 41°01'57.0" 39°33'41.4" 3
Bayburt Bayburt 40°15'16.9" 40°13'14.5" 1584
Rize Rize 41°02'24.0" 40°30'04.7" 3
Pazar 41°10'39.7" 40°53'57.5" 78
Artvin Artvin 41°10'30.7" 41°49'07.3" 613
Hopa 41°24'23.4" 41°25'58.8" 33
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Table 2. Basic statistics of precipitation series (mm.)

Province Station Mean Std. Dev. Min. Max. Variance Skewness
Diizce Diizce 818.43 124.54 527.0 1084.9 0.15 0.05
Akgakoca 1127.62 175.42 742.6 1460.7 0.16 -0.06
Bolu Bolu 562.52 87.20 382.5 754.5 0.16 0.05
Zonguldak Zonguldak 1226.74 187.03 818.8 1740.1 0.15 0.76
Bartin Bartin 1051.11 161.86 753.1 1350.3 0.15 0.14
Amasra 981.62 180.33 660.6 1412.6 0.18 0.53
Kastamonu 521.17 119.95 338.2 870.5 0.23 0.93
inebolu 1053.78 136.43 728.0 1330.0 0.13 -0.26

Kastamonu

Bozkurt 1185.50 238.58 498.2 1595.7 0.20 -1.00
Tosya 476.32 100.40 250.8 735.5 0.21 0.34
Corum Corum 450.19 88.94 242.9 633.8 0.20 0.06
Osmancik 423.41 117.67 234.6 794.4 0.28 0.82
Sinop Sinop 718.52 133.87 333.3 1008.1 0.19 -0.30
Amasya Amasya 465.32 88.68 293.4 682.0 0.19 0.58
Merzifon 444.35 93.29 225.1 703.3 0.21 0.50
Samsun Samsun 716.47 93.16 562.8 999.1 0.13 0.86
Bafra 763.16 162.47 424.0 1141.4 0.21 0.37
Tokat Tokat 44426 72.10 3133 593.0 0.16 0.09
Zile 44482 90.04 237.4 639.0 0.20 0.25
ordu E)rdu 1058.36 128.71 787.2 1433.8 0.12 0.64
Unye 1185.51 160.85 906.6 1532.8 0.14 0.44
Giresun Giresun 1308.07 170.71 970.7 1743.4 0.13 1.09
Sebinkarahisar 568.64 91.91 345.8 741.9 0.16 -0.12
Giimishane Giimishane 472.08 84.11 311.0 651.0 0.18 0.34
Trabzon Trabzon 846.55 111.99 594.4 1044.6 0.13 -0.39
Akgaabat 721.37 111.71 494.0 1017.4 0.15 0.32
Bayburt Bayburt 464.34 75.35 318.2 614.6 0.16 -0.03
Rize Rize 2284.35 273.76 1694.0 3097.1 0.12 0.73
Pazar 2105.38 360.58 1326.8 2905.0 0.17 0.34
Artvi Artvin 721.41 132.51 425.1 1005.9 0.18 -0.12
rtvin Hopa 232973 37230 16853 33795 0.16 1.07

2.2. Fuzzy C-Means Algorithm

The best-known fuzzy clustering algorithm is the Fuzzy
C-Means clustering technique. It was introduced by
Bezdek (Bezdek 1980; Bezdek et al., 1984) by replacing
the exact clustering function. He came up with the idea of
a blurring parameter (m), whose value ranges from [1,n]
to n=2, which determines the degree of blurring in the
clusters (Vani et al,, 2019). The steps of the algorithm:

Step 1: Randomly initialize cluster center.

]KM(X;V)=Z::1 ’ Dijz (1)

=1

Step 2: Construct a matrix of distances from a data point
to each of the cluster centers using Equation 1 and
Euclidean distance (Equation 2).

) Lk TR @
1 E]n:luijm ] - —_

Step 3: The membership matrix is calculated using
Equation 3 and the blur parameter (Equation 4).

2 1
\ Dijja =
;= Z(D—) 1<i<cl<j<n (3)
= kjA
C T n
Jem (UAX)= Z Z uitmditz Diiz (4)
i=1 t=1 j=1

Step 4: Values of matrix U;; must be less than or equal to
U=

Step 5: Calculate the new center of gravity.

Step 6: Optimize cluster hubs by creating new hubs.

Step 7: Cluster assignment for data points.

Input: x; , data vector; V; is the center points of fuzzy
sets; ¢, number of fuzzy sets; m is the blur parameter; U
assigns each sample a Fuzzy membership value
indicating the membership value to the nth set from a
data sample; ¢ - stopping criterion; Dj is the distance

measure and n is the number of data points.
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Output: Data points are assigned to appropriate clusters
Advantages of the Algorithm (Vani et al,, 2019):

e For the overlapping dataset, FCM gives better
results than k-Means.

e Each data point is assigned to each cluster center
with a membership value, as a result, the data point
can belong to more than one cluster center.

Disadvantages of the Algorithm (Vani et al.,, 2019):

e FCM requires the number of clusters to be specified
in advance.

o The blurrier takes more iterations even with a lower
value of 'm'.

2.3. Silhouette Index Analysis

In this method developed by Rousseeuw (1987), the
suitability of each element in the data set to the cluster to
which it is assigned is defined by the silhouette index
value obtained between [-1 +1]. A positive silhouette
index value indicates that the element is assigned to the
correct cluster, while a negative value indicates that the
element is assigned to the wrong cluster. The amount of
the silhouette index value indicates the degree of
membership in the cluster to which the element is
assigned (For example, if the silhouette index value
detected is +1, the element is assigned to the correct
cluster. If it is -1, it is understood that the element is
assigned to the wrong cluster). The silhouette index
value is calculated by Equation 5 (Sonmez ve Komiisci,
2008; Giinay Atbas, 2008).

min{b(im)-a(i)}
max{a(i). min(b(i.m)) }

S()= (5)

here, a(i); i. the average distance between the point and
all other points in the same cluster. b(i.m); the average
distance between the i. point and all the points in the m.

Figure 2. Geographical distribution of stations in each cluster.
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z is defined as the standardized value (Unal et al., 2003).
In the classification made for each cluster number,
starting from 2 to 5, which is determined as the
maximum number of clusters, the cluster numbers of the
Black Sea Region precipitation series are selected as 2, 3,
4 and 5, and the clusters formed by the FCM are shown in
Figure 2. Statistical summary information about clusters
is presented in Table 3-6.

If the 2-cluster approach in Figure 2 is evaluated: Cluster
A consists of 28 stations located in the West, Central and
East Black Sea Regions. Cluster B consists of 3 stations
located only in the Eastern Black Sea coast. The
maximum, minimum, mean, and standard deviation of
the clusters are presented in Table 3.
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Table 3. Summary of statistical information of clusters created by selecting cluster number 2 (mm.)

Cluster Min. Max. Mean. Std. Dev.
A 423.41 1308.07 757.92 293.15
B 2105.38 2329.73 2239.82 118.62
Table 4. Summary of statistical information of clusters created by selecting cluster number 3 (mm.)

Cluster Min. Max. Mean. Std. Dev.
A 423.41 818.43 566.49 135.95
B 846.55 1308.07 1102.49 133.00
C 2105.38 2329.73 2239.82 118.62
Table 5. Summary of statistical information of clusters created by selecting cluster number 4 (mm.)

Cluster Min. Max. Mean. Std. Dev.
A 423.41 568.64 478.12 47.42
B 981.62 1308.07 1130.92 103.93
C 716.47 846.55 757.99 53.98
D 2105.38 2329.73 2239.82 118.62
Table 6. Summary of statistical information of clusters created by selecting cluster number 5 (mm.)

Cluster Min. Max. Mean. Std. Dev.
A 423.41 568.64 478.12 47.42
B 981.62 1127.62 1054.50 51.68
C 716.47 846.55 757.99 53.98
D 2105.38 2329.73 2239.82 118.62
E 1185.50 1308.07 1226.46 57.78

The clusters obtained when 3-Cluster approach is
selected are shown in Figure 2: Clusters A and B are
separated as two subsets of cluster A in the previous
distribution. It is seen that Rize, Pazar and Hopa, which
maintain their integrity compared to the previous
distribution, are assigned to cluster C. Thus, cluster A
consists of 18 stations located in the West, Central and
East Black Sea Regions. Cluster B consists of 10 stations
located in the Western, Central and Eastern Black Sea
coastal areas. Cluster C consists of 3 stations located only
in the Eastern Black Sea coast. The maximum, minimum,
mean, and standard deviation of the clusters are
presented in Table 4.

If the 4-cluster approach in Figure 2 is evaluated: Rize,
Pazar and Hopa stations are assigned to cluster D,
keeping their integrity in the previous distribution. Here,
Cluster A consists of 12 stations located in the inner parts
of the Western, Central and Eastern Black Sea Regions.
Cluster B consists of 9 stations located in the Western,
Central and Eastern Black Sea coastal areas. Cluster C
consists of 7 stations located in the West, Central and
East Black Sea Regions. Cluster D consists of 3 stations
located in the Eastern Black Sea coast. The maximum,
minimum, mean, and standard deviation of the clusters
are presented in Table 5.

If the 5-cluster approach in Figure 2 is evaluated: Cluster
B and Cluster E are divided into two subsets of the
Cluster B in the previous distribution. Thus, Cluster A
consists of 12 stations located in the inner parts of the

Western, Central and Eastern Black Sea Regions. Cluster
B consists of 5 stations located in the Western and
Central Black Sea coastal areas. Cluster C consists of 7
stations located in the West, Central and East Black Sea
Regions. Cluster D consists of 3 stations located in the
Eastern Black Sea coast. Cluster E consists of 4 stations
located in the Western, Central and Eastern Black Sea
coastal areas. The maximum, minimum, mean, and
standard deviation values of the clusters are presented in
Table 6.

Clusters were determined using the FCM for each
number of clusters starting from 2 to 5, which was
determined as the maximum number of clusters.
Silhouette index analysis was used to analyze the
accuracy of the created clusters and to determine the
optimum number of clusters. First, the silhouette index
values of the results obtained for each cluster number
were calculated. Then, the average silhouette index
values and negative silhouette index numbers of each
cluster were determined. The optimum number of
clusters was determined according to the condition that
the average silhouette index value is maximum and there
is no negative silhouette index value. The average
silhouette index values and negative silhouette index
numbers for each cluster determined by FCM from the
clusters 2 to 5 are presented in Table 7 and Figure 3,
respectively.
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Table 7. Results of the silhouette index analysis method for different cluster numbers

Number of clusters

2 3 4 5

Mean Silhouette Index Value
Number of Negative Silhouette Indexes

0.893 0.837 0.895 0.878
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Figure 3. The silhouette index values of the stations in the clusters.

According to the results of the silhouette index analysis
method presented in Figure 3 and Table 7, among the
clusters created by using the precipitation values of the
meteorology stations in the Black Sea region, the most
suitable cluster number was suggested as the 4-cluster
approach with the maximum mean silhouette index
value.

4. Discussion and Conclusion

In this study, clusters with similar characteristics in
terms of precipitation values of stations in the Black Sea
Region were determined by using the K-Means algorithm.
Cluster analysis was carried out for 4 different cluster
numbers from 2 to 5, and the optimum number of
clusters was determined using the Silhouette index
analysis method. As a result of the analysis, Black Sea
region stations were determined as 4 similar clusters in
terms of precipitation characteristics, according to the
FCM and Silhouette index analysis methods. When
compared with the studies covering the Black Sea Region
(Turkes, 1996; Unal et al, 2003; lyigun et al, 2013;
Ozturk et al,, 2017; Zeybekoglu and Ulke Keskin, 2020),
the methods used in the clustering analysis of the
different obtained, hydrometeorological
parameters, parameters such as having different
observation periods, sea effect, and the parallelism of the

clusters

mountains to the coast, mountainous and rugged. It is
thought to be caused by regional geographical features.
As a continuation of this work:

e In addition to precipitation observations, it is
recommended to determine climate classes with
various combinations not included in the literature
by including hydro-meteorological parameters such
as temperature, wind speed, flow, humidity, and
evaporation, as well as geographical location
information.

e Itis recommended to carry out clustering studies in
Ward method, which is a hierarchical clustering
algorithm, or hybrid clustering algorithms are also
preferred.

e [tis recommended that the cluster analysis study be
carried out for other regions in the geography of
Tiirkiye.

e In the
management, activities should be carried out to

modern understanding of disaster
identify risks and hazards, to take all necessary
precautions, to take responsibility for disasters and
to raise awareness of all individuals who make up
the society, in order to reduce or prevent the

damages of disasters.

BSJ Eng Sci / Glrkan KIR et al.

216



Black Sea Journal of Engineering and Science

Author Contributions

The percentage of the author(s) contributions is present
below. All authors reviewed and approved final version
of the manuscript.

G.K. AUK. U.Z.
C 40 30 30

40 30 30
S 40 30 30
DCP 40 30 30
DAI 40 30 30
L 40 30 30
w 40 30 30
CR 40 30 30
SR 40 30 30
PM 40 30 30

C=Concept, D= design, S= supervision, DCP= data collection
and/or processing, DAI= data analysis and/or interpretation, L=
literature search, W= writing, CR= critical review, SR=
submission and revision, PM= project management.

Conflict of Interest
The authors declared that there is no conflict of interest.

Ethical Consideration

Ethics committee approval was not required for this
study because of there was no study on animals or
humans.

Acknowledgements

The authors sincerely acknowledge the Turkish State
Meteorological Service for providing the precipitation
data utilized in this study. The authors also, thank the
reviewers for their constructive criticisms which have
considerably improved this manuscript.

References

Bezdek JC, Ehrlich R, Full W. 1984. FCM: The fuzzy C-means
clustering algorithm. Comput Geosci, 10(2-3): 191-203. DOI:
10.1016/0098-3004(84)90020-7.

Bezdek JC. 1980. A convergence theorem for the fuzzy ISODATA
clustering algorithms. IEEE Transact Pattern Analysis
Machine Intel, 2(1): 1-8. DOI: 10.1109/TPAMI.1980.4766964.

Celik iH, Usta G, Yilmaz G, Usta M. 2020. An assessment on the
technological disasters experienced in Turkey (between the
years of 2000-2020). Artvin Coruh Univ Int ] Soc Sci, 6(2): 49-
57.DOI: 10.22466/acusbd.776580.

Citakoglu H, Demir V, Haktanir T. 2017. L-momentler
yontemiyle Karadeniz'e dokiilen akarsulara ait yillik anlik
maksimum akim degerlerinin bolgesel frekans analizi. Nigde
Omer Halisdemir Univ Miih Bil Derg, 6(2): 571-580. DOI:
10.28948/ngumuh.341711.

Demircan M, Arabaa H, Coskun M, Tiirkoglu N, Gicek I. 2017.
iklim degisikligi ve halk takvimi: Maksimum sicaklik
desenleri ve degisimi. IV. Tiirkiye Iklim Degisikligi Kongresi,
July 5-7, 2017, Istanbul, Tiirkiye, pp: 11.

Dikbas F, Firat M, Koc AC, Gungor M. 2012. Classication of
precipitation series using fuzzy cluster method. Int J Climatol,
32(10): 1596-1603. DOI: 10.1002 /joc.2350.

Ering S. 1949. The climates of Turkey according to
Thornthwaite’s classifications. Ann Assoc Am Geograp, 39:
26-46.DOI: 10.2307/2561098.

Firat M, Dikbas F, Ko¢ AC, Giingér M. 2012. Classification of
annual precipitations and identification of homogeneous
regions using k-means Method. Tech ], 23(113): 6037-6050.

Giinay Atbas AC. 2008. A study on determining the number of
clusters in cluster analysis. MSc Thesis, Ankara University,
Graduate School of Natural and Applied Sciences, Ankara,
Tiirkiye, pp: 68.

Gundiiz F. 2022. Lessons learned from the perspective of
women and gender in disasters, the case of Haiti, and Japan
earthquake. IBAD | Soc Sci, 12: 440-460. DOI:
10.21733/ibad.1039215.

Iyigiin C, Tiirkes M, Batmaz i, Yozgatligil C, Purutguoglu V,
Kartal Kog¢ E, Oztiirk MZ. 2013. Clustering current climate
regions of Turkey by using a multivariate statistical method.
Theor Appl Climatol, 114: 95-106. DOI: 10.1007/s00704-
012-0823-7.

Karahan H. 2011. Bolgesel yagis-siddet-siire-frekans
bagintilarinin diferansiyel gelisim algoritmas1 kullanilarak
elde edilmesi. TUBITAK (108Y299) Projesi Sonu¢ Raporu,
Ankara, Tirkiye.

Karahan H. 2019. Determination of Homogeneous Sub-Regions
by Using intensity-duration-frequency relationships and
cluster analysis: An application for the Aegean region.
Pamukkale Univ Muh Bilim Derg, 25(8): 998-1013. DOI:
10.5505/pajes.2019.09365.

Kir G. 2021. Evaluation of the meteorological data of the Black
Sea Region using clustering analysis methods. MSc Thesis,
Ondokuz May University, Institute of Graduate Studies,
Samsun, Tirkiye, pp: 112.

Kite G. 1991. Looking for evidence of climatic change in
hydrometeorological time series. Western Snow Conference,
April 12-15, 1991, Juneau, Alaska, pp: 8-16.

Kulkarni A, Kripalani R. 1998. Rainfall patterns over India:
Classification with fuzzy c-means method. Theor Appl
Climatol, 59: 137-146. DOI: 10.1007/s007040050019.

Ozkoca T. 2015. Trend analysis of hydrometeorological
parameters at middle blacksea region coast band. MSc Thesis,
Ondokuz May University, Graduate School of Natural and
Applied Sciences, Samsun, Tiirkiye, pp: 89.

Oztiirk MZ, Cetinkaya G, Aydin S. 2017. Képpen-Geiger iklim
siniflandirmasina goére Tiirkiye'nin iklim tipleri. Istanbul Univ
] Geography, 35: 17-27. DOI: 10.26650/JGE0G295515.

Pal NR, Bezdek JC. 1995. On cluster validity for the fuzzy c-
means model. [EEE Transact Fuzzy Syst, 3: 370-379. DOI:
10.1109/91.413225.

Rau P, Bourrel L, Labat D, Melo P, Dewitte B, Frappart F, Lavado
W, Felipe O. 2017. Regionalization of rainfall over the
Peruvian Pacific slope and coast. Int ] Climatol, 37(1): 143-
158.DOI: 10.1002 /joc.4693.

Rousseeuw PJ]. 1987. Silhouettes: A graphical aid to the
interpretation and validation of cluster analysis. ] Comput
Appl Math, 20: 53-65. DOI: 10.1016/0377-0427(87)90125-7.

Sahin S, Cig1zoglu HK. 2012. The sub-climate regions and the
sub-precipitation regime regions in Turkey. ] Hydrol, 450-
451: 180-189. DOI: 10.1016/j.jhydrol.2012.04.062.

Sahin S. 2009. Applying artificial neural networks on
determining climate zones and comparison with the Ward?s
method. PhD Thesis, Istanbul Technical, Graduate School of
Natural and Applied Sciences, Istanbul, Tiirkiye, pp: 347.

Soltani S, Modarres R. 2006. Classification of spatio temporal
pattern of rainfall in Iran using a hierarchical and divisive
cluster analysis. ] Spatial Hydrol, 6(2): 1-12.

BSJ Eng Sci / Glrkan KIR et al.

217



Black Sea Journal of Engineering and Science

Sénmez I, Kémiiscii A. 2008. Redefinition rainfall regions using
k-means clustering methodology and changes of sub period.
iklim Degis Cevre, 1: 38-49.

Tiirkes M. 1996. Spatial and temporal analysis of annual rainfall
variations in Turkey. Int ] Climatol, 16(9): 1057-1076.

Tiirkes M. 2010. Kiiresel iklim degisikligi: Baslica Nedenleri,
gozlenen ve ongoriilen degisiklikler ve etkileri. Uluslararasi
Katihmh 1. Meteoroloji Sempozyumu, May 10-12, 2010,
Ankara, Tiirkiye, pp: 9-38.

Unal Y, Kindap T, Karaca M. 2003. Redefining the climate zones
of Turkey using cluster analysis. Int ] Climatol, 23: 1045-
1055. DOI: 10.1002/j0c.910.

Usta G. 2023 Statistical analysis of disasters in the world (1900-
2022). Gimiighane Univ ] Soc Sci Inst, 14(1): 172-186.

Vani HY, Anusuya MA, Chayadevi ML. 2019. Fuzzy clustering
algorithms-comparative studies for noisy speech signals.
Ictact ] Soft Comput, 9(3): 1920-1926. DOI:
10.21917/ijsc.2019.0267.

Zeybekoglu U, Ulke Keskin A. 2020. Defining rainfall intensity
clusters in Turkey by using the fuzzy c-means algorithm.
Geofizika, 37(2): 181-195. DOI: 10.15233/gfz.2020.37.8.

Zhang Y, Wang W, Zhang X, Li Y. 2008. A cluster validity index
for fuzzy clustering. Info Sci, 178: 1205-1218. DOI:
10.1016/j.ins.2007.10.004

BSJ Eng Sci / Glrkan KIR et al.

218



Black Sea Journal of Engineering and Science
doi: 10.34248/bsengineering.1254464

Open Access Journal
e-ISSN: 2619 - 8991

Research Article

Volume 6 - Issue 3: 219-228 / July 2023

DETERMINATION OF ENCOUNTER NORMS AND SOCIAL
CARRYING CAPACITY OF YOZGAT CAMLIK NATIONAL PARK
USING SIMULATION MODELING TECHNIQUE

Aykut RUZGAR!*, Metin DEMIR?

1Atatiirk University, Graduate School of Natural and Applied Sciences, Departments of Landscape Architecture, 25100, Erzurum,
Tiirkiye
2Atatiirk University Faculty of Architecture and Design, Departments of Landscape Architecture, 25100, Erzurum, Tiirkiye

Abstract: National parks are at the forefront where city people can satisfy their longing for nature. While the increase in the demands
for green and soul has caused some questions for these areas, it has also prepared the ground for local governments to take protective-
preventive measures. Yozgat Camlik National Park has the title of being the first national park of Tirkiye and is characterized as a rare
piece of nature. This study calculated the carrying capacities of the scenic cruise route and picnic roads, the most intensive-use areas of
Yozgat Camlik National Park. To make the calculations, the National Park was visited frequently between January and December 2021-
2022, and the most intense usage points were determined. Photographs of the determined points were taken, and six simulation
images were created. The visitors using the National Park were asked to score between 1-6 on the simulation images that they felt
comfortable and uncomfortable within the simulation images created by a survey study. The National Park's Social Carrying Capacity
and Social Norm levels were calculated according to the scoring status. When the findings are evaluated, the Social carrying capacity of
the Picnic area is 524 people, the Social Norms level is nine people, the Social Capacity is 84 people on the Scenic cruise route, and the
Social Norms level is determined as ten people.

Keywords: Social norm, Social carrying capacity, Yozgat camlik national park, Recreation

*Corresponding author: Atatiirk University, Graduate School of Natural and Applied Sciences, Departments of Landscape Architecture, 25100, Erzurum, Tirkiye
E mail: aykutrzgr@outlook.com (A. RUZGAR)
Aykut RUZGAR https://orcid.org/0000-0003-4610-0675

Metin DEMIR https://orcid.org/0000-0001-9374-6079

Received: February21, 2023
Accepted: June 06, 2023
Published: July 01, 2023

Cite as: Riizgar A, Demir M. 2023. Determination of encounter norms and social carrying capacity of yozgat ¢amlik national park using simulation
modeling technique. BS] Eng Sci, 6(3): 219-228.

1. Introduction and transferring them to future generations.
International Union for Conservation of Nature
(IUCN,2011) When defining National Parks, “Parts of
nature (land/sea) reserved for preserving the ecological

integrity of one or more ecosystems for present and

Recently, with the expansion of ecotourism activities,
there has been an increase in air pollution, deformation
in natural landscapes, and decline in ecosystems on a
global scale, such as the endangerment of flora and fauna
species. (Marsiglio, 2017; Agyeman, Yeboah and Ashie,
2019; Demir, 2019; Sobhani et al., 2022).

To supply the housing needs of the rapidly growing

future generations, invasion and
exploitation of natural environments, and optimizing
science, education, recreational and visitor activities in
harmony with the natural environment.” defines it as
(Sahbaz and Altinay, 2015; Demir and Ozer, 2014; Koday

and Kaymaz, 2017). National Park studies in Tiirkiye

preventing the

urban population, natural areas open to social use and
forested areas near the city are destroyed. This situation
causes the decrease and disappearance of the sites where
urban people will provide their recreation needs (Onat,
1998; Demir, et al,, 2017; Bagaran et al., 2020).

National Park areas were examined and determined
within the forest law’s scope dated 1956 and numbered

National Parks are at the forefront of the areas where
people will satisfy their longing for nature in the city.
National parks are areas where people can relax, spend
time with their families, view atural landscapes, and
provide educational purposes. The increase in interest in
national parks has paved the way for protective-
preventive measures to be taken by the authorities.
Priority has been given to protecting the current
potential of these areas, considering sustainable values,

6831. For the first time in Tiirkiye, on 05.02.1958, Yozgat
Camlik National Park was given the status of Tiirkiye's
first National Park. (Dogru and Aydin, 2020). Most of the
National Parks in Tiirkiye have been defined as National
Parks to protect their recreational resource values as
well as their resource values (Sever, 1998).

Parks
opportunities according to their unique landscape

National are areas with vast recreational

beauties, scientific qualities, national historical values,
and other features. Mountaineering, camping, hiking, bird
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watching, etc. These areas are deemed necessary for
people to provide a healthy and happy life with these
factors. These opportunities differ according to the
characteristics of national parks and the cultural level of
the countries (S6zen, 1974; Sever, 1998).

The frequent use of parks and natural areas has caused
sustainability problems and new problems in managing
these areas (Dias et al,, 2004). In recent, the increased
time allocated for leisure and entertainment has made
carrying capacity a central research topic. (Grafe et al,
1984, Shelby and Heberlein, 1984, Stankey and Mccool,
1984; Pereira Da Silva, 2002, Jurado et al., 2009).
Carrying capacity has been the subject of some
differences in terms of concept and definition (Lindberg
et al, 1997; Brown et al, 1997; Buckley, 1998;
Papageorgiou and Brotherton, 1999; Saveriades, 2000;
Simon et al, 2004; Unliiénen and Tokmak, 2009).
Although its conceptual meaning is intriguing, the
information in the definitions and explanations cannot
fully explain the subject and its meaning. Difficulties
arising from both the definition and the fact of the
concept make it challenging to determine the carrying
capacity at a standard level. (Lindberg et al,, 1997). For
this reason, researchers have developed a capacity
calculation method and planning strategies to manage
the densities that push the capacity limit and optimize
the effects caused by the negativity. (Unliidnen and
Tokmak, 2009).

Carrying capacity in nature areas was used for the first
time in the literature by Hadwen and Palmer (1922) in
rangeland management. The concept of carrying capacity
was mentioned in this area as recreation and tourism
areas. (Clarke, 2002; McCool and Lime, 2001; Goktug et
al, 2013). On the other hand, Recreational carrying
capacity determines the number of visitors and the types
of recreational buildings determined for the use of the
general which unacceptable picture
deterioration on the physical, biological, and cultural
resource values of any recreation view (McCool and
Lime, 2001; Clarke 2002; Goktug et al, 2013; Caner and
Demir, 2020).

It is possible to identify more than one behavior in a
carrying capacity for a region. When determining the
utilization capacity based on literature (Ceballos and
Lascurain, 1996; Maldonado and Montagnini, 2005;
Sayan et al.,, 2005; Sayan and Ortagesme, 2005; Sayan and
Atik, 2011; Goktug, 2011; Zacarias et al.,, 2011; Queiroz et
al, 2014; de Sousa et al,, 2014; Goktug and Arpa, 2016;
Soylu and Ozkok, 2016; Goktug, et al, 2017; Erdemir,
2018; Kara et al, 2020; Goksu, 2022), the researchers
have achieved effective results with the relevant work

area, causes

they have carried out.

The Computer Simulation Modeling Technique was
developed to predict the magnitude of recreation groups
according to the meeting places and types, and the model
first came to the fore in Smith and Headly's (1975)
"Wilderness Travel Simulation Model (WTSM) study. To
give effective results in the computer architecture

structure, a face-to-face survey study was tried with the
users of the area to calculate the carrying capacity.

The concepts of encounter, crowd, and norm have
received significant attention in the literature. Perceived
broad is an overly hypothetical and negative evaluation
of a certain number of encounters (Shelby and Heberlein,
1984; Manning et al, 2002; Vaske and Shelby, 2008).
Reported encounters are other people or the estimated
number of times a person remembers a warning (Vaske
and Donnelly, 2002). In measuring intensity, encounter
norms typically consume as standards for consumption
to restrict individuals from accepting more encounters
with other people or objects (Manning, 2007; Shelby et
al., 1996).

As a result of the increasing number of ecotourism
destinations, it is subject to extensive negative impacts.
With these potentials and physical properties, the
calculation of bearing capacities should be emphasized so
that the protection is not exposed to a load above the
existing limits. The aim of this study; It will be able to
give Social Carrying Capacity to determine the values of
human encounters on the route of a picnic area and
Landscape viewing points, which are the most intensive
use areas of Yozgat Camlik National Park. This study is a
base for sustainable ecotourism planning, protection of
cultural structure, human communities, decision-makers,
and planners to make the right decisions.

2. Materials and Methods

Yozgat Camlik National Park is located between 342 48"
30,77"-34249' 24.35" east longitudes and 39247'54.31"-
39248'52.54" north latitudes. The National Park is an
area in the southern region of Yozgat province, which
stands out with its black pine species and has the title of
Tirkiye's first national park. (Yozgat Camlik National
Park Development Plans, 2021), (Figure 1).

g

Figure 1. Location of the study area.

To determine the social carrying capacity in the areas
most frequently used by the participants, separate
simulation series was created for picnic areas and
viewing points. The reason for choosing these areas is
that the participants spend most of their time in these
areas, and it is seen that there is a visitor density above
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their current capacity (Figure 2).

Figure 2. Yozgat Camlik National Park.

The route length in the photo frame for the picnic area
(Figure 3) is 23 meters, and the length of the viewpoints
in the photo frame (Figure 4) is 70 meters. In creating
each simulation image, the area in the photo frame is
linearly increased by five people. In these simulation
images, the tolerance levels of the participants
participating in the survey were measured.

b d -. e
5. Simulation Image 6. Simulation Imag

Figure 3. Simulation Images of the Picnic Area Prepared
to Calculate the Social Carrying Capacity of the National
Park.

6. Simulation Image

5. Simulation Image

Figure 4. Landscape viewing points Simulation Images
Prepared to Calculate the Social Carrying Capacity of the
National Park.

In order to measure the Social Carrying capacity, a face-
to-face survey was conducted for the person using the
National Park. The target audience of the survey is the
people living in Yozgat Province. The expressions used by
Ozdamar (2003) were used to determine the sample size.
The number of universe units was determined as
418,500 according to the 2021 population regulations

announced by the Turkish Statistical Institute
(TURKSTAT, 2021).
When the formula is examined (equation 1);

_ NPQ(Z)Z (1)

T (-D (@72

N: Universe Unit number

n: Sample size

p: Observation rate of X in the universe
q (1-P): X's non-observation rate

Za: o= 0.05 for 1.96

D: sampling error

The Cronbach Alpha's test in the SPSS 20 program
determined the scale's reliability. According to the result
obtained from the formula developed by Ozdamar
(2003), the number of questionnaires to be applied to the
participants was 384, with a margin of error of £5 in the
95% confidence interval. According to the test result,
Cronbach Alpha's scale value is 0.83. The fact that this
value is more significant than 0.70 indicates that the
reliability of the scale level is sufficient.

For the simulation images created by the questionnaire
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applied to the participants, the participants were
requested to score the simulation images created at the
picnic area and scenic viewing points according to their
acceptability levels. The participants in the survey asked
the prepared simulation images three questions. In the
first question, they were asked to score between 1-6 (1
unacceptable, 6 acceptable) according to their tolerance
levels. In the second question, they were asked to give
points to the image they felt most comfortable with in the
simulation image prepared. Finally, they were asked to
rate the photo frame they felt most uncomfortable with
among the simulation images posed in the third question.
The 'Bearing Capacity Estimation Method in Protected
Areas' developed by Goktug (2011) was used for
digitizing the obtained simulation images. This method is
expressed with a numerical formula, and the formula is
given below (equation 2).

scc=A(2)rf )

A: Area of the Field

Z/a: Acceptable number of visitors in the photo*/ Size of
the area in the photo

("Preferred level represents the best level of participants’
use of space).

Rf: Time the site is open daily/ average duration of a visit

It is aimed to use the resulting social relative norm. The
social norm can be analyzed according to various
characteristics, such as the minimum level of
acceptability. The minimum acceptability level is the size
of the point where the norming curve intersects with the
neutral line to the value defined on the y-axis. Most of the
investigated bring the minimum acceptability standard
as the quality level of the obtained indicator. (Shelby and

Heberlein, 1984; Vaske et al, 1993; Manning, 1999;

Needham and Rollins 2005; Caner, 2018).

When Goktug (2011) examined the steps in the order of

operation of the model;

e The peak usage level and hours of the examined
locations are determined by making on-site
observations at different locations in the national
park

e A series of simulations with separate viewing angles
and area sizes are created, in which the intensity level
of the areas in the captured photos increases and
decreases linearly.

¢ Simulation images created to determine whether
these places are crowded according to their visitors
and their satisfaction level are asked as questions to
the participants participating in the survey.

desired to determine the ideal image

(person/vehicle/group size) among the obtained

simulation images.

e It is

¢ Itisrequested to determine the maximum usage level
(maximum person/vehicle/group size) that can be
tolerated from the simulation.

e [t is requested to score between 6 (most acceptable)
and 1 (Most wunacceptable) according to the
acceptability levels of the simulation images in a view
frame. The scored survey data is plotted, and the 0
(zero) point (Neutral) is the optimum acceptability
level.

The relationship between the area size seen in the

obtained photo frames and the visitor preferences (ideal

level, tolerance level, and optimum level) is interpreted.

The Normative Approach is a graphical representation

that shows the averages of social norms (Figure 5). This

chart is called the “social norm movement.”

Preferred level

N
.

-
o

Minimum Acceptability Level
L]

Acceptability

)
o

2 4 6 8 10 12 14 16 18

Number of Encounters on the Walking Track

Figure 5. Social Norm Curve Graph (Manning et al., 1999;
Caner, 2018).

The Computer Simulation Modeling Technique was
developed to predict the size of recreation groups
according to the meeting places and types. (Wang and
Manning, 1999; Manning, 2002; Lawson et al, 2003a;
Lawson et al, 2003b; Manning et al, 2005; Moore and
Polley, 2007; Valliere and Manning, 2008; Jurado et al,
2009; Zacarias et al, 2011; Goktug, 2011; Ceurvorst and
Needham, 2012; Silva and Ferreira, 2013; Caner, 2018)
has been successfully implemented by.

3. Results

An essential criterion in determining the social carrying
capacity is visitors' time in the area. "How Many Hours
Do You Spend in Yozgat Camlik National Park?" The data
obtained when the question was asked; 5.2% in 1 hour,
18% in 2 hours, 20.3% in 3 hours, 25% in 4 hours, 22.1%
in 5 hours, 4.9% in 6 hours, 1% of them stated that they
spent 7 hours, 1.3% of them 8 hours, and 2.1% of them
spent 9 hours or more in the National Park. When the
average of these values was taken, it was determined to
be 3.78. It will be used to calculate the average social
carrying capacity obtained (Table 1).
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Table 1. The time spent by the participants using the
Yozgat Camlik National Park

How Many Hours Do You

) Person Percent
1 hour 20 5.2
2 hours 69 18.0
3 hours 78 20.3
4 hours 96 25.0
5 hours 85 22.1
6 hours 19 49
7 hours 4 1.0
8 hours 5 1.3
9 hours or more 8 21

When the scores given for the picnic area according to
the acceptability levels of the participants in the survey
are examined, 1. Simulation image (42.4%), 2. Simulation
(12.2%), 3. image (17.4%), 4.
Simulation image (8.6%), 5. Simulation image (5.2%) and
finally 6, Simulation image (14.1%) results were obtained
(Table 2). In other words, when the most acceptable
images are ranked from the images, 1.
Simulation- 3. Simulation- 6. Simulation- 2. Simulation- 4.
Simulation-5. It is in the form of a simulation.

image Simulation

indecent

The participants were asked which simulation images
most comfortable with.
determined that the most comfortable simulation image
was the 1st simulation image, with 29.2% (Table 3).
When the standard views of the individuals participating

they would feel It was

in the survey were examined, it was determined that the
average of the section they felt most comfortable with
was 2.96. This value corresponded to 3 people in the
simulation images.

Table 2. Determination of Acceptability Levels of Simulation Images, Picnic area

1 Points 2 Points

Acceptability Variables

3 Points 4 Points 5 Points 6 Points

N (%) N (%)

N (%) N (%) N (%) N (%)

1. Simulation Image 93 24.2 34 8.9
2. Simulation Image 12 3.1 85 221
3. Simulation Image 8 2.1 8 2.1
4. Simulation Image 2 0.5 11 2.9
5. Simulation Image 18 4.7 22 57.3

6. Simulation Image 250 651 27 7.0

25 6.5 28 7.3 41 107 163 424
23 6.0 40 104 177 461 47 122
75 195 187 487 39 102 67 174
213 555 85 221 40 104 33 8.6

34 8.9 26 6.8 66 172 20 52
14 3.6 18 4.7 21 5.5 54 14.1

Table 3. Determining in which simulation image the participants feel comfortable

‘c/\(i};;:rtaf)ll?uwl?tt}i;n image do you feel Person (N) Percent (%)
1. Simulation Image 112 29.2
2. Simulation Image 73 19.0
3. Simulation Image 77 20.1
4. Simulation Image 31 8.1
5. Simulation Image 22 5.7
6. Simulation Image 69 18.0

Among the simulation images created, the participants
were asked, "If You Were Inside These Simulation
Images, In Which One Would You Feel Uncomfortable." It
was determined that the simulation image they felt most
uncomfortable with was the 6th simulation image, with
56.5% (Table 4). When the everyday opinions of the
individuals participating in the survey were examined, it
was determined that the average of the part they felt
uncomfortable with was 4.11. This value corresponded to
15 people in the simulation images.

The minimum acceptability level was determined after
the scoring of the participants on the simulation images
was analyzed. It was determined by calculating the
average of the photo frame they felt most comfortable
with from the simulation images created to determine

the minimum acceptability level and the standard of the
image they felt
accompanied by. The middle of the photos the
participants felt most comfortable with was 2.96, and the
average of the ideas they felt most uncomfortable with
was 4.11. The standard of these simulation images;
(2.96+4.11) /2: 3.53 has been determined. On a per-
person basis; (3+15) / 2: 9 in a person.

When the social norm graph of Yozgat Camlik National

simulation most uncomfortable

Park was created, it was determined that the minimum
acceptable number of people was three people, the
average was nine people, and the maximum was 15
people. (Figure 6).
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Table 4. Determining in which simulation image the participants felt uncomfortable

In which simulation image do you feel

uncomfortable? Person (N) Percent (%)
1. Simulation Image 126 32.8
2. Simulation Image 11 2.9
3. Simulation Image 8 2.1
4. Simulation Image 5 1.3
5. Simulation Image 17 4.4
6. Simulation Image 217 56.5
6 carrying capacity for the National Park picnic area as 262
5 people. Since there are two circulation times in the area,
2 @ i Al v 1 e itis calculated to be 524 people.
g 4 T When the carrying capacity of the study area at the scenic
§ 3 [ viewpoints is calculated; When the points given to the
<2 acceptability levels of the participants participating in the
1 survey are examined (Table 6), The highest scores are
0 5 10 15 20 25

Number of encounters in the picnic area

Figure 6. Social Norm Curve Graph for picnic areas.

When the social carrying capacity values of Yozgat
Camlik National Park are calculated (Table 5). The
intensity and impact of visitors' encounters with each
other were measured. The results determined the social

respectively 1. Simulation (45.8%), 2. Simulation (6.5%),
3. Simulation (16.9%), 4. Simulation (8.3%), 5.
Simulation (4,7%) and 6. Simulation (17.7%). In other
words, when the most acceptable images are ranked
from the inappropriate 1. Simulation- 6.
Simulation- 3. Simulation- 4. Simulation- 2. Simulation-5.
It is in the form of a simulation.

images,

Table 5. Determination of Social Carrying Capacity (SCC) of Yozgat Camlik National Park Picnic Area

Social Features

Yozgat Camlik National Park

gs: The daily time that the National Park is open to visitors (Hours)

A: Length of Field (m)

zs: Average Visit Time at the Picnic Area (Hours)

Z/a: Acceptable number of visitors in the picture/ Size of the area in the picture

12
634 m
3.78
(3/23m)

SCC: 634x (3/23) x(12/3.78) = 262 person

Table 6. Determination of Social Carrying Capacity of Yozgat Camlik National Park, landscape viewpoints

1 Points 2 Points 3 Points 4 Points 5 Points 6 Points
Acceptability Variables

N (%) N (%) N (%) N (%) N (%) N (%)
1. Simulation Image 99 25.8 32 8.3 19 49 30 7.8 28 7.3 176  45.8
2. Simulation Image 7 1.8 86 224 23 6.0 45 11.7 198 516 25 6.5
3. Simulation Image 6 1.6 5 1.3 82 214 196 51.0 30 7.8 65 16.9
4. Simulation Image 4 1.0 11 2.9 217 56.5 84 219 36 9.4 32 8.3
5. Simulation Image 14 3.6 228 594 31 8.1 14 3.6 79 20.6 18 4.7
6. Simulation Image 254  66.1 24 6.3 12 3.1 14 3.6 12 3.1 68 17.7

The participants were asked which of the simulation
images created for the scenic viewpoints they would feel
most comfortable with. Participants stated that they had
the first simulation image with 33.9% (Table 7). When
the standard views of the participants were examined, It
was determined that the average of the section where
they felt most comfortable was 2.88 for the scenic
viewpoints. This value corresponds to 3 people in the
simulation image.

Among the simulation images created for the viewpoints,

the participants were asked, "If You Were in These
Simulation Images, In Which One Would You Feel
Uncomfortable"? It was determined that the simulation
image they felt most uncomfortable with was the sixth
simulation image, with 59.5% (Table 8). When the
everyday opinions of the individuals participating in the
survey were examined, it was determined that the
average of the part they felt uncomfortable with was
4.29. This value corresponded to 17 people in the
simulation images.
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Table 7. Determining in which simulation image the participants feel comfortable

Which simulation image do you feel

comfortable with? Person (N) Percent (%)
1. Simulation Image 130 33.9
2. Simulation Image 64 16.7
3. Simulation Image 71 18.5
4. Simulation Image 31 8.5
5. Simulation Image 15 39
6. Simulation Image 73 19.0

Table 8. Determining in which simulation image the participants felt uncomfortable

In which simulation image do you feel

uncomfortable? Person (N) Percent (%)
1. Simulation Image 111 28.9
2. Simulation Image 11 2.9
3. Simulation Image 6 1.6
4. Simulation Image 12 3.1
5. Simulation Image 15 3.9
6. Simulation Image 229 59.6
The minimum acceptability level was determined after 6
the scoring of the survey participants on the simulation 5
images created for the Landscape viewing points was 2 P ®
analyzed. The average of the images the participants felt z ®
most comfortable with was 2.88, and the average of the E‘, 3 O i A
images they felt most uncomfortable with was 4.29. The <2
average of these simulation images 1
0 5 10 15 20 25

(2.88+4.29) /2: 3.58 has been determined. On a per-
person basis, (3+17) / 2: 10 in a person.

When the social norm graph of Yozgat Camlik National
Park was created, it was determined that the minimum
acceptable number of people was three, the average was
ten, and the maximum was 17 (Figure 7).

Landscape view point number of encounters

Figure 7. Social Norm Curve Graph for the Landscape
viewing points route.

When the social carrying capacity values are calculated
for the scenic viewing points of Yozgat Camlik National
Park (Table 9). The intensity and impact of the visitors'
encounters with each other were measured. According to
the results obtained, the social carrying capacity of the
scenic viewpoints route of the National Park was
determined as 42 people. It has been calculated that
there are 84 people since there is circulation in the area
twice.

Table 9. Social Carrying Capacity (SCC) of Landscape Viewing Points Route

Social Features

Yozgat Camlik National Park

gs: The daily time that the National Park is open to visitors (Hours) 12

A: Length of Field (m)

zs: Average Visit Time at the Picnic Area (Hours)

Z/a: Acceptable number of visitors in the picture/ Size of the area in the picture

307m
3.78
(3/70m)

SCC:307x (3/70) x (12/3.78) = 42 Person.

4. Discussion and Conclusion

The increase in the demand for green areas to relax and
find peace in the face of the difficulties brought by the
urban life of the people causes pressure on these areas
and overcapacity. In this context, carrying capacity has

become an increasingly important issue. Carrying
capacity calculation methods determine the maximum,
minimum, and optimal load that any area can handle. The
carrying capacity should be
participants who visit the National Park to continue their

calculated for the
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recreational activities in the area without interruption.

In determining the social carrying capacity, the carrying
capacity was calculated on the route of the picnic areas
and scenic viewing points in the National Park. For the
computer simulation modeling technique used in the
calculation, a simulation image was created from 6 serial
photo frames. The participants' crowd perceptions and
tolerance levels were measured with these photo frames.
When the scores given by the participants to the
simulation images were examined, it was determined
that the image that made them feel most comfortable in
the picnic area was the 1st Simulation image, with 29.2%.
When the average of this value is taken, it is calculated
that this number is 2.96, and the equivalent in the
simulation image corresponds to 3 people. It was
determined that the image they felt most uncomfortable
with was the sixth simulation image, with 56.5%. When
the average of this section was taken, it was 4.11, and the
equivalent in the simulation image was 15 people
((3+15) /3= 9 personal optimal level).

According to the data obtained in the simulation images
created in the picnic areas, it was determined that the
preferred number of people on the same route is three
people, this capacity will not cause a decrease in the
recreational experience, and when it reaches 15 people,
the users will feel uncomfortable and want to leave the
area.

The 15 people obtained are the crowd tolerance level of
the participants on the same route. This value is valid for
23 meters length in simulation images. When the
intensity and impact of the participants' encounters with
each other are measured, the social carrying capacity of
the picnic areas in Yozgat Camlik National Park is 262
people. When evaluated daily, this value was calculated
as 524 visitors/day.

When the social capacity was calculated on the scenic
viewpoint route, it was determined that the image in
which the participants felt most comfortable was the first
simulation image, with 33.9%. The average of this value
corresponded to 2.88 and 3 people. They feel most
uncomfortable with the 6th Simulation image, with
59.5%. The average of this value was 4.29, which
corresponds to 17 people on a person-to-person basis
((3+17) /2=10 personal optimal level).

According to these data, it has been determined that the
number of people who preferred the same route on the
scenic viewpoint route is 3. If this value reaches 17
people, the participants will want to leave the area
uncomfortably.

The values obtained are generally seventeen people on
the same route, which is the tolerance level for the
crowd. This value is valid for the 70 m long view. The
total social carrying capacity of the area is 42 people.
When evaluated daily, this value was determined as 84
visitors/day. It is aimed that the area in the National
Park, especially on weekdays with intensive use, exceeds
this capacity.
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Ozet: Bu calismada, sicak pres yontemi ile tiretilmis CETP (Cam elyaf takviyeli polimerler) kompozit panellerin egilme performanslari
arastirllmistir. Bu amagla cam elyaf ve recine ile hazirlanmis kompozit plakalar belli bir sicaklik ve basing altinda preslenerek
panellere gevrilmistir. Uretilen paneller degisken yiikler altinda ¢alisan malzemeler olmasi nedeni ile egilme testine tabi tutulmustur.
Panellerden 14x150x6 mm?3 ebatlarinda numuneler alinarak ii¢ nokta egilme testi uygulamistir. Deneyin dogrulanmasi ve gerilme
dagiliminin gorsel olarak incelenebilmesi amaciyla sonlu elemanlar analizi (SEA) yapilmistir. Calisma sonunda deneysel ve teorik
sonuglar karsilastirilmis ve uygulanan yiiklerin etkileri tartisiimistir. Deneylerde en yiiksek egilme gerilmesi 150.39 MPa, SE analizinde
ise 164.31 MPa seklinde gerceklesmistir. Malzemenin hasar dncesi deplasmani deney ve SEA icin sirasiyla 4.92 mm ve 5.46 mm'’dir.
Deney ve SEA sonuglarinin birbirine yakin sonuglar verdigi gorilmiistiir. Elde edilen sonuglar CETP kompozit malzemelerin farkl
alanlarda kullanimi dncesi boyut ve mekanik 6zelliklerin belirlenmesi ¢alismalarina destek olacak niteliktedir.

Anahtar kelimeler: CETP, Egilme testi, Kompozit, Sicak pres, Sonlu elemanlar analizi

Experimental and Theoretical Studies on Bending Performance of Hot Press GFRP Composite Panels

Abstract: In this study, the bending performances of GFRP (glass fiber reinforced plastic) composite panels produced by the hot press
method were investigated. For this purpose, composite plates prepared with glass fiber and resin were pressed under a certain
temperature and pressure and turned into panels. The panels produced were subjected to bending test since they are materials that
operate under variable loads. Three-point bending test was applied by taking samples of 14x150x6 mm3 size from the panels. Finite
element analysis (FEA) was performed to verify the experiment and to visually examine the stress distribution. At the end of the study,
experimental and theoretical results were compared, and the effects of applied loads were discussed. The highest bending stress was
150.39 MPa in the experiments, and 164.31 MPa in the SE analysis. The displacement of the material before damage is 4.92 mm and
5.46 mm for the test and FEA, respectively. It was observed that the results of the experiment and FEA gave close results. The results
obtained will support the studies of determining the size and mechanical properties of GFRP composite materials before their use in
different areas.
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*Sorumlu yazar (Corresponding author): Malatya Turgut Ozal University, Hekimhan Vocational School, 44400, Malatya, Tiirkiye.
E mail: burak.ozdemir@ozal.edu.tr (B. 0ZDEMIR)

Erkan BAHCE https://orcid.org/0000-0001-5389-5571 Gonderi: 22 Subat 2023 Received: February 22, 2023
Burak OZDEMIR https://orcid.org/0000-0002-5870-0398 Kabul: 06 Haziran 2023 Accepted: June 06, 2023
Tugberk ONAL https://orcid.org/0000-0002-3491-7939 Yaymnlanma: 01 Temmuz 2023 Published: July 01, 2023

Cite as: Bahge E, Ozdemir B, Onal T. 2023. Experimental and theoretical studies on bending performance of hot press GFRP composite panels. BS] Eng Sci,
6(3): 229-234.

1. Giri$ kullaniminm1 artirmistir (Ferdous ve ark., 2018). Sivi
CETP kompozitler, korozyona dayamimi, yiiksek depolama gibi degisken yiiklerin oldugu endiistri
mukavemet diisiik agirlk oram, tasarim esnekligi, alanlarinda CETP kullanimi, malzemenin dayanim
yorulma dayanimi ve darbe direnci nedeniyle alternatif sartlaria uygunluk testlerinin yapilmasini
bir malzeme olarak imalatgilarin ve mihendislerin gerektirmigtir.  CETP  kompozit ~malzemenin  sivi
dikkatini ¢ekmektedir (S ve ark., 2011; Subagi ve ark., depolama alaninda kullammindaki ana kaygi, muadil
2017; Kilickap, 2010; Sanada ve Shindo, 2006; Kilickapve ~ Mmalzemelere gore diiiik egilme dayamm ve yiiksek
ark, 2023). Pultriizyon iiretim tekniginin bir sonucu sapmalara neden olan elastik modiiliidir (Tekin ve ark,,
olarak CETP kompozitlerinin maliyeti 6nemli o6l¢iide 2016). CETP kompozit malzemeler lizerinde yapilan bazi
azalulmistir (Biddah, 2006). Dayamum ve maliyetten islemler bu malzemelerin dayanimini etkilemektedir
olusan ekonomiklik 6zelligi CETP kompozit malzemelerin (Kilickap ve ark, 2017). Bu ozellikler yapilarin biitinsel
agresif ve degisken vyiiklerin oldugu ortamlarda dayanimi yaninda, ani gii¢lere karsi gosterdigi tepkilerin
BS] Eng Sci / Erkan BAHCE ve ark. 229
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iyilestirilmesini  gerektirmistir.  Literatiirde = CETP
kompozit malzemenin egilme deneyleri ile ilgili
calismalar incelendiginde, genellikle yapi ve denizcilik
alaninda su ile temasli malzemelerin egilme ve biikiilme

ozelliklerinin arastirildig1 goriilmektedir. Yapilan testler

sonucu malzemenin gerilme sinirlart ve kirilma
karakteristigi incelenmistir (Sekil 1).
HATA ANALIZL
Ko\gOZIT
KIRISEGILME -
#fs vosviewer ———

2019 2020 2021 2022

Sekil 1. CETP kompozit malzemelere yapilan mekanik
testlere ait literatiir sonuglari.

CETP kompozit malzemenin tretim sekli egilme
performansini  etkileyen bir faktérdiir. Cam elyaf
liflerinin serim agis1 farkl oryantasyonlar ile (0°,45°90°
vb.) uygulanarak {retilen kompozitlerin egilme
testlerinde, biiyiikten kiiclige sirasiyla 0°, 90°, 45°
seklinde gerceklesmistir (Demircan ve ark, 2020). Lif
oryantasyonu ile birlikte, lif uzunlugu ve plaka kalinhigi
degisimlerinde dzellikle daha uzun ve tek yonlii serilmis
elyaflarda egilme mukavemetinin daha yiiksek oldugu
gorilmiustiir. Yine plaka kalinhiginin artmasi egilme
mukavemetine olumlu etki sunmustur (Bazli ve ark,
2019). CETP kompozit malzemenin egilme dayanimi
etkileyen diger bir faktor ise kullanim alanindaki ortam
faktorleridir. Farkli kullanim alanlarinda tuzlu su, giines,
nem gibi ortam faktdrlerine maruz kalan kompozit

malzemelerin egilme dayanimlari degisiklik
) [&?‘%Pultrﬁzyon
Mayalama S i
- CETP
Ty >

Sicak Pres
| V—

Sekil 2. Deney akis semasi.

2.1. CETP Kompozitlerin imalati

CETP imalatinda matris olarak, genellikle bot, gemi su
deposu, riizgar pervanesi gibi sulu ve nemli ortamlarda
kullanilan baglayic1 ve sertlestirici malzemeler tercih
edilmistir. Bu sebeple plakalarin tretiminde LR300
epoksi regine ve LH300 sertlestirici kullanilmistir. Epoksi

gostermektedir. Belli siire ortam etkenlerine maruz
birakilarak yapilan yaslandirma islemleri sonucunda
ozellikle tuz ve suyun egilme ve c¢cekme 0Ozelliklerini
bozdugu tespit edilmistir (Liao ve ark., 1999). Sicaklik ve
nemin birlikte artisi1 da egilme dayanimi icin negatif etki
gostermektedir (Nishizaki ve Meiarashi, 2002). Farkl su
tiplerinin cam elyaf liflerinin kirilganlik 6zelligini
artirmas1 egilme dayanimini azaltan temel nedenler
olarak belirlenmistir (Bian ve ark. 2012; Sateesh ve ark,,
2015). CETP kompozitleri, imalat ve ¢evre kosullarinin
olumsuz etkilerinden koruma amagch ytizey kalitesi ve i¢
yapisini iyilestirici uygulamalar yapilmaktadir. Kimyasal
emdirme, yliksek sicaklik ve basing altinda presleme gibi
uygulamalar, yiizeyi iyilestirirken i¢c yapidaki diizensizlik
ve bosluklar1 yok etmekte ve o6zellikle su ve sicaklik
faktorlerinin egilme mukavemeti ilizerindeki olumsuz
etkilerini azaltmaktadir (Li ve ark, 2022). Farkh
alanlarda kullanilan CETP kompozit malzemeler egilme
ile birlikte burulma ve darbe gibi yiiklere de maruz
kalabilmektedir (Carvelli ve ark. 2001; Ozklllg ve ark,
2020).

Bu calismada sicak presleme yontemi ile imal edilmis
CETP  kompozit egilme  dayanimi
arastirlmistir. Test edilen numune kompozit su deposu
paneli iretiminde kullanilmaktadir. Depolar normal

malzemenin

sartlarda icerisinde bulunan suyun panellere yaptigl
baskiya kalmaktadir. Dolum silireci ve
kurulduklar1 zeminin sarsintisina bagli olarak depo

maruz

icerisindeki su, zaman zaman panellere egilme kuvveti
uygulamaktadir. Calismada, kullanim sartlarina bagh
kalinarak malzemenin ii¢ nokta egilme deneyi ve SE
analizi yapilmis ve sonuclar degerlendirilmistir.

2. Materyal ve Metot

Calisma, CETP kompozit malzemenin imalat siireci ve
egilme deneyi asamalarindan olusmaktadir. Yapilan
deney setinin akis semasi Sekil 2°de sunulmustur.

Egilme Deneyi

il
S <> Sonlu Elemanlar Analizi

St

recine ve sertlestiricinin karisim orani iiretici firmanin
Onerisi ile agirlikca 100:30+2gr’dir. Matris malzemesi
olarak kullanilan LR300 epoksi recine ve LH300
sertlestiricinin yogunluklari sirasiyla 1.15 g/cm3 ve 1.05
g/cm3 seklindedir. Kompozit plakalarda kullanilan cam
elyaf kumaglarin agirhiklar1 200 gr/m2. Pultriizyon
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yontemi  ile  boyutlandirilan  lifler 24  saat
mayalandirilmistir. Daha sonra erkek ve disi hazir
kaliplara serilerek sicak preslemeye tabi tutulmustur.
Presleme isleminde basing 13MPa, sicaklik 210 C° olarak
belirlenmistir. Plakalar 14x150x6 mm3
oOlciilerinde test numuneleri elde edilmistir (Sekil 3).

kesilerek

Sekil 3. Uretilen CETP kompozit plakalar ve sicak pres
hatt1.

2.2. Uc Nokta Egilme Deneyi

Kompozit numunelerin ii¢ nokta egilme testleri 10 kN
kapasiteli Shimadzu marka test cihazinda ASTM D790
standardina uygun olarak gergeklestirilmistir. Sekil 4'te
{i¢c nokta egilme testinin gériiniimii verilmistir. Iki destek
arasi mesafe (L) 110 mm’dir. Test yiikii (P) kompozit
yapinin st yiizeyinin ortasindan 2,95 mm/dk hizla

uygulanmistir.  Egilme  yikii  altinda  kompozit
numunelerde meydana gelen maksimum egilme
mukavemeti degeri (oe) esitlik 1 kullanilarak

hesaplanmaktadir. Yiikleme sonucunda numunelerde
meydana gelen maksimum sekil degistirme degeri (€) ise
esitlik 2 esitligi kullanilarak hesaplanmaktadir. Burada P
yik (N), L destekler arasi mesafe (mm), b numune
genisligi (mm), d numune kalnhgini (mm) ve D

maksimum sehim degerini (mm) géstermektedir.
3PL

% = 2paz (D
_ sDd
Lz (2)

Sekil 4. Ug nokta egilme testi diizenegi.

2.3. Sayisal Coziimleme

Yer degistirme tabanhi klasik SE analizi, deneysel ve
teorik sonuclarin tutarliigim karsilastirmak icin ikinci
bir sayisal ¢6ziim yodntemi sunulmustur.
Numunelerin egilme yiikii altindaki davranisini tahmin
etmek ve gerilme dagilimini gérebilmek i¢in Ansys 19.1
paket programi kullanilmistir. Sayisal simiilasyon stireci
bes asamadan olugmaktadir.

olarak

Numunelerin ve test
elemanlarinin t¢ boyutlu teknik resimleri Solidworks
2022 paket programinda cizilmistir (Sekil 5a).
Numuneler i¢cin Ansys paket programinda miihendislik
malzemeleri icerisinde bulunan CETP kompozit
malzemesi se¢ilmistir. Deneylerde kullanilan malzemeye
sicak pres uygulanmasi sebebiyle, lic nokta egilme
testiyle farklilk gosteren mekanik 6zellikler sonlu
elemanlar analizinde diizenlenmistir. Numunelerin ag
yapisi, fiber seriminin acisal ve boyutsal o6zellikleri
dikkate alinarak, 3482 diigiim ve 620 adet eleman ile
yapimistir (Sekil 5b). Ag yapisinin minimum kenar
uzunlugu 5 mm’dir. Desteklerin siir kosullar1 Ansys
programinin standart o6zellikleri ile mevcut konumuna
sabitlenerek uygulanmistir. Destek acikligt 110 mm
olacak sekilde malzemenin tam ortasindan 4.92 mm yer
degistirme uygulanmis ve gerilme degerler incelenmistir.

R19.1

@

0,00 3500 70,00 tervem)
— )

17.50 52,50

A

Sekil 5. Sonlu elemanlar analizi bilesenleri. a) Deney 3B

000 4000 80,00 (mm)

cizimi b) Numunenin ag yapisi uygulamasi.

3. Bulgular

Kompozit numunelere ii¢ nokta egilme testleri

uygulanmistir. Deneysel calisma i¢in {ger tekrar
BS] Eng Sci / Erkan BAHCE ve ark. 231
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yapilmistir. Testler sonucunda numunelere ait hasar
yukii, egilme mukavemeti ve egilme elastisite modiili
degerleri belirlenmis ve Tablo 1'de
verilmistir. Tabloda parantez iginde standart sapma

ortalamalari
degerleri de verilmistir. Sekil 6’da kompozit numunelere
uygulanan egilme testi sonucu belirlenen Gerilme-Sekil

degistirme grafigi verilmistir.

Tablo 1. Kompozit numunelerin {i¢ nokta egilme test

sonuglari.
SS
Hasar yiikii (N) 589.01 10.50
EM (MPa) 148.98 1.89
EEM (GPa) 13.340 0.41

EM= egilme mukavemeti, EEM= egilme elastisite modiilii, SS=
standart sapma.
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Sekil 6. Gerilme-Sekil degistirme grafigi.

Yapilan testler sonucunda en yiiksek hasar ytkii 597.58
N dur. Bu yiik degerine karsilik numunede 5.18 mm
meydana birlikte tiim
numuneler icin maksimum hasar yiiki ve uzama
degerlerinin ortalamalar1 sirasiyla 589.01 N ve 4.92
mm’dir. Numunelerde belirlenen en yiiksek egilme
gerilmesi ve egilme elastisite modiilii degerleri sirasiyla
150.39 MPa ve 13.466 GPa’drr.

Sekil 7’de verilen hasarli test numunesi incelendiginde
hasarin alt ylizeyde meydana geldigi goriilmektedir.
Egilme yiki altinda yapin st yilizeyinde basi, alt
yuzeyinde ise c¢eki gerilmeleri olustugu g6z oOniine
alindiginda numunenin ¢ekme gerilmelerinden kaynakl

uzama gelmistir. Bununla

olarak hasara ugradig1 disiliniilmektedir (Asaee ve ark.,
2021). Bu durum her ¢ test numunesinde de benzerlik
gostermektedir. SEA analizi sonuglarinda CETP kompozit
malzemenin egilme deneyi sirasindaki gerilme dagilimi
gorillmektedir (Sekil 8). Ug nokta egilme testi ve SEA
gerilme-sekil degistirme karsilastirma grafigi Sekil 9'da
sunulmustur.

Sekil 7. Egilme sonrasi hasarli numune goriintiisii.
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13467
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817
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Sekil 9. Uc nokta egilme testi ve SEA gerilme-sekil
degistirme karsilastirma grafigi.

4. Tarisma
Kompozit numunelerde yiikiin orta noktadan
malzemenin enine paralel konsantre bir sekilde

uygulamasi sonucunda, deneylere paralel olarak kirilma
noktasinda gerilmenin daha yogun oldugu goriilmektedir
(Kharghani ve ark, 2019; Carbajal ve Mujika, 2009).
ikincil olarak destek noktalarinda yogunlasan gerilme,
ylik uygulama merkezi ve destekler arasinda azalan bir
sekilde dagilmaktadir. En yiiksek gerilme degeri teorik
analizde 164.31 MPa olarak hesaplanmistir. Bu deger,
deneylerde elde edilen en yiiksek egilme gerilmesi
(150.39 MPa) degerinden %9.26 daha fazladir (Sekil 9).
Kompozit arasindaki
homojenligin degiskenligi bu farkin temel sebebi olmasi
yaninda, sicak pres uygulanmasinin farkin daha az
olusmasinda etkili oldugu diisiintilmektedir (Valenza ve
ark., 2010; Madenci ve ark., 2020). U¢ nokta egilme testi
ve SEA analizlerinin her ikisinde de lineer davranis seyri
ve nihai davranis noktalari birbirine yakindir.

malzemelerde katmanlar
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SEA analizinde hasar baslangic deplasmani 5.46 mm
olarak gerceklesmistir. Hasar bolgesi test siirecinde
oldugu gibi alt kabukta gerceklesmistir (Sekil 10). Destek
noktalarinin ¢ekme etkisi ayni sekilde gozlemlenmistir.
Malzemenin lifli yapist ve sicak pres isleminin
homojenlige olumlu etkisi hasar oncesi lineer gerilme
noktasinin genis olmasimi saglamistir (Pyrzowski ve
Sobczyk, 2020; Seifoori ve ark. 2020). Genel olarak SEA
analizi simiilasyon sonuglar1 deneysel sonuglara olduke¢a
yakindir.

Sekil 10. U nokta egilme testi ve SEA hasar bélgesi.

5. Sonuglar

Bu calismada CETP kompozit malzemesi sicak pres
uygulamasi ile panel haline getirilmis ve 14x150x6 mm3
ebatlarinda numunelere doniistiiriilerek ti¢ nokta egilme
testine tabi tutulmustur. Numunelerin egilme yiiki
altindaki davranisim1 tahmin etmek, gerilme dagilimini
gorebilmek ve egilme deneyini dogrulamak amaciyla
sonlu elemanlar analizi uygulanmistir. Deneysel ve teorik
¢alisma sonucunda asagidaki sonuglara ulagilmistir;
eOrtalama maksimum hasar yiikii 589.01 N ve uzama
degerleri 4.92 mm’dir.

oEn yiiksek egilme gerilmesi ve egilme elastisite modiilii
degerleri sirasiyla 150.39 MPa ve 13.466 GPa’dur.
eNumunelerdeki hasarin ¢eki gerilmeleri sonucu alt
yluzeyde meydana geldigi goriillmektedir.

*SEA analizinde benzer sekilde kirilma noktasinda
gerilmenin daha yogun oldugu gériilmektedir.

*SEA analizinde en yiiksek egilme gerilmesi 164.31 MPa
olarak hesaplanmistir. Bu deger, deneylerde elde edilen
en yiiksek egilme gerilmesi (150.39 MPa) degerinden
%9.26 daha fazladur.

«Ug nokta egilme testi ve SEA analizlerinin her ikisinde
de lineer davranis seyri ve nihai davranis noktalari
birbirine yakindir.

oSEA analizinde hasar baslangi¢c deplasmani 5.46 mm
olarak gerceklesmistir.
eMalzemenin lifli yapis1 ve
homojenlige olumlu etkisi hasar oncesi lineer gerilme

sicak pres isleminin
noktasinin genis olmasini saglamistir.

Calisma sonuglari incelendiginde deneysel ve SEA analizi
simiilasyon sonuglarinin birbirlerini destekledikleri
gorlilmektedir. Bu calisma, hareketli yiikler igin
tasarlanan depolama iiriinlerinin, mekanik ve saglamlik
acisindan avantajlar1 olan kompozit malzemeler ile
iiretimine, boyutsal ve siire¢ secimi ac¢isindan literatiire
destek saglamaktadir.

Tesekkiir

Yapilan ¢alismada vermis olduklar1 malzeme ve teknik
desteklerden dolay1 Yagiz Enerji Makina Ltd. Sti.
firmasina tesekkiirlerimizi sunariz.

Katki Oranm1 Beyani
Yazarlarin katki yiizdesi asagida verilmistir. Yazarlar
makaleyi incelemis ve onaylamistir.

E.B. B.O. T.0.
40 40 20
60 20 20
Y 100
VTI 20 40 40
VAY 20 40 40
KT 50 50
YZ 10 60 30
KI 20 80
GR 100
PY 100
FA 33 33 34

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu c¢alismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir c¢alisma yapimadigi icin etik kurul onay
alinmamustir.
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SUOKU (Sagittaria sagittifolia L.)’NUN DOGAL YETiSME
ORTAMI OZELLiKLERININ MEVSIMSEL DEGISiMi
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Ozet: Bu calisma, suoku (Sagittaria sagittifolia L.) bitkisini dogal yetisme ortam (su ve ¢amur) 6zelliklerinin mevsimsel degisimlerini
belirlemek amaciyla yapilmistir. Bu amagla éncelikle bitkinin dogal olarak Gélbaba Goli'nde yetistigi tespit edilmis ve analiz icin gerekli
érnekler 2022 yilinda Haziran, Agustos ve Eyliil aylarinda 3 tekerriirlii olacak sekilde bu gélden alinmistir. Su érneklerinde pH, iletkenlik
(dS/m), Karbonat (mg/1), Bikarbonat (mg/1), Klor (mg/1), Siilfat (mg/1), Nitrat (mg/1), Nitrit (mg/1), Amonyum (mg/1), Magnezyum
(mg/1), Potasyum (mg/1), Sodyum (mg/1), Kalsiyum (mg/1), Sodyum Adsorpsiyon Oram (SAR), Sertlik ve Tuzluluk gibi parametreler
incelenmistir. Toprak érneklerinde ise pH, {letkenlik (dS/m), Organik Madde (%), Fosfor (kg/da), Magnezyum (mg/1), Potasyum (kg/da),
Sodyum (mg/1), Kalsiyum (mg/1), Kire¢ (%) ve Saturasyon (Biinye) gibi parametreler incelenmistir. Arastirma sonucunda gol suyunun;
Su Kirliligi Kontrolii Yonetmeligi’ ne gore yiiksek tuzlu orta sodyumlu su kalitesinde, gol topraginin; agir biinyeli, tuzsuz, orta kiregli ve
hafif alkali nitelikte oldugu belirlenmistir. Hem su hem de toprak érneklerinde incelenen biitiin parametre degerlerinin 6rnek alinma
zamanina gore degistigi tespit edilmistir.

Anahtar kelimeler: Sagittaria sagittifolia, Su/toprak analizi, Yetisme ortami

Seasonal Variation of Natural Habitat Characteristics of Suoku (Sagittaria sagittifolia L.)

Abstract: This study was carried out to determine the seasonal changes in the natural habitat (water and mud) characteristics of the
suoku (Sagittaria sagittifolia L.) plant. For this purpose, it was determined that the plant naturally grows in G6lbaba Lake and the samples
required for analysis were taken from this lake in 2022 in 3 replications in June, August and September. In water samples: pH,
Conductivity (dS/m), Carbonate (mg/1), Bicarbonate (mg/1), Chlorine (mg/1), Sulfate (mg/1), Nitrate (mg/1), Nitrite (mg /1), Ammonium
(mg/1), Magnesium (mg/1), Potassium (mg/1), Sodium (mg/1), Calcium (mg/1), Sodium Adsorption Rate (SAR), Hardness and Salinity
parameters were examined. In soil samples, pH, Conductivity (dS/m), Organic Matter (%), Phosphorus (kg/da), Magnesium (mg/1),
Potassium (kg/da), Sodium (mg/1), Calcium (mg/1) 1), Lime (%) and Saturation (Constituent) parameters were examined. As a result of
the research, it was determined that the lake water was high salty, medium sodium water quality according to the Water Pollution
Control Regulation, and the lake soil was heavy textured, salt-free, medium limy, and slightly alkaline. It was determined that all
parameter values examined in both water and soil samples changed according to the sampling time.
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tiiri bulunmaktadir (Ségiit, 2002). Ulkemizde ise sadece
Sagittaria sagittifolia L. tiirii dogal olarak yetismektedir.
Bu tiir Ulkemizin Istranca Béliimi, Catalca-Kocaeli

1. Giris
Yapraklarinin ok sekline benzemesinden dolayr Suoku
olarak isimlendirilen Sagittaria sagittifolia L. sulak

alanlarda yasayan 6nemli bir siis bitkisidir. Ayrica sebze
olarak Cin ve Japonya’da yumrularindan yararlanilirken;
Vietnam’da bitkinin gen¢ yapraklarinin saplar1 ve
rizomlar1 ¢orba yapiminda kullanilir (Anonim, 2023a).
Suoku, Asya, Avrupa ve Kuzey Amerika'min iliman
sulak alanlarda dogal olarak yayilis
gosteren, cok yillik otsu ve Alismataceae familyasindan
cicekli bir bitkidir (Alfred, 2022). Sagittaria cinsinin diinya
tizerinde 20 civarinda sucul veya nemli yerlerde yetisen

bolgelerindeki

Bolimi, Ergene Boéliimii, Giiney Marmara Boélimii, Bati
Karadeniz Boliimii, Konya Boliimii, Erzurum-Kars Bolimi
ve Yukar1 Murat-Van Boliimiinde yer alan sulak alanlarda
yetismektedir (Ekim, 2012). 30-90 cm
boylanabilen, toprak alti govdeleri yumru seklinde, su
ustiindeki yapraklar1 genis ve ok seklinde, yilizen
yapraklari oval ve su igindeki yapraklari ise serit seklinde

Suoku

olan bitkilerdir. Bitkiler 1,5 cm ¢apinda pembe beyaz kiire
seklinde cicekler meydana getirir. Bitkinin su dsti

BS] Eng Sci / Sedat KARADAVUT ve ark.

EY NG

235

@ ® & | This workis licensed (CC BY-NC 4.0) under Creative Commons Attribution 4.0 International License



Black Sea Journal of Engineering and Science

aksamlar1 sonbahardan itibaren kurumaya baslar ve kis
aylarinda tamamen o6liir. Bu bitkiler tohum veya bdélme
yontemi ile cogaltilabilir (S6giit, 2002).

Sulak alan siis bitkilerinin yetistiriciligi kara bitkilerine
nazaran daha zordur. Bunun en dnemli nedenleri arasinda
ozel yetistirme yerleri (havuz, golet vb.) ile kendilerine
ozel yetistirme tekniklerine ihtiya¢ duyulmasi yer
almaktadir. Ayrica dogal yetisme alanlarinda ¢alismak da
gerek yasal izinler gerekse habitat 6zelliklerinden dolay1
zor olabilmektedir. Biitlin bunlarin sonucunda bu bitkiler
ozellikle hep otelenmistir ve
alinmamigtir. Diinyada dahi bu bitkiler uzun yillar
boyunca botanikcilerin dikkatlerini ¢ekmis olmalarina
ragmen genis capli calismalara ancak 1970’li yillarda
baslanmistir (Cronk ve Fennessy, 2001). Giiniimiizde S.
sagittifolia ile ilgili fitokimyasal, farmakolojik ve sosyo-
ekonomik 6nemi, sulardaki agir metal kirliliginin sucul
bitkilerle aritilmasi tizerine ¢alismalarin yaninda 6zellikle
gida olarak kullanimi iizerine ¢alismalar yogunlasmistir
(Gao ve ark., 2018; Alfred, 2022; Li ve ark., 2022; Sun ve
ark,, 2023). Diinyanin farkl iilkelerinde Suoku hem siis
bitkisi hem de sebze olarak degerlendirilmektedir. Ancak
ilkemizde heniiz kiiltiire alinmadigl ve yeterince ye
taninmadigl i¢in herhangi bir kullanimi yoktur. Bu
calisma hem insan hem de iklimsel faktorlerin baskisi
altinda olan sulak alanlarda yasayan Sagittaria sagittifolia
L. tiriinin dogal yetisme ortam o&zeliklerini ortaya
cikarmak ve ileri de yapilacak yetistiricilik ¢alismalarina
veri saglamak amaci ile yapilmistir.

iilkemizde kiilttre

2. Materyal ve Yontem

Calisma tiiriin dogal yetisme ortaminin tespiti ve yetisme
ortami Ozelliklerinin belirlenmesi olacak sekilde iki
asamali olarak yiiriitiilmiistiir. ilk asamada Suoku’'nun
Edirne Golbaba Goli'nde 41°75'887"K, 26°58'274"D
koordinatlarinda 41 m rakimda dogal olarak yetistigi
tespit edilmistir. Calismanin ikinci asamasi Golbaba
Goli'nden su bitkilerinin yetisme ortami o6zelliklerini
ortaya koyabilmek amaciyla su ve topraktan ornekler
alinmasidir. Bu kapsamda 2022 yilinda Haziran, Agustos
ve Eyliil aylarinda 6rnekler tiirin dogal olarak yetistigi

tespit edilen Golbaba Goli'nden 3 tekerriirlii olacak
sekilde alinmigtir.

Ornek ahmi bitkilerin aktif olarak biiyiime gosterdigi
vejetasyon periyodunda toplam almmistir (Sekil 1).
Toprak (¢amur) érnekleri bitkinin yasam alanindan ve 0-
30 cm derinlikten alinmistir. Ornekler suoklarinin yasam
alanlarini temsil etmesi i¢in bitkilerin dort bir tarafindan
alinarak karistirilmistir. Bu karisimdan en az 1 kg olacak
sekilde bir tekerriir olusturulmustur. Alinan toprak
ornekleri etiketlenmis kilitli plastik torbalara konularak
muhafaza kabina (+2 - +8 °C) aktarilmistir (Kilc ve ark,,
2012). Su ornekleri i¢in de ayni yontem uygulanmis;
bitkinin yasam alaninda en az doért farkli noktadan
ornekler alinarak etiketlenmis ve steril plastik kaplara
konulmustur. Ornek alimu sert plastik kaplar kullamilarak
yapilmistir. Su 6érnekleri bitkinin yasam alanini temsil
edecek 4 ayr1 noktadan alinarak karistirilmistir. Su 6rnegi
alinan kap, gol kiyisindan 1 metre ileride dik bicimde suya
daldirilmis ve ytlizeyden 50 cm derinde ters cevrilerek
icerisine suyun dolmasi saglanmistir. Alinan su 6rnekleri
karanlik ve serin bir ortamda (+4 - +8 °C) en ge¢ 72 saatte
laboratuvara ulastirilmistir (Sagdig, 2003). Alinan su
ornekleri soguk kosullarda
yapilacag1 Hatay Mustafa Kemal Universitesi Teknoloji ve
Ar-Ge Uygulama ve Arastirma Merkezi'ne ulastirilmigstir.
Bu kapsamda su analizinde kullanilan yontemler Tablo
1’de, toprak analizinde kullanilan yéntemler Tablo 2’de
verilmistir.

saklanarak analizlerin

Sekil 1. Sagittaria sagittifolia L. (Suoku) bitkisi.

Tablo 1. Su 6zelliklerinin belirlenmesine yonelik analiz yontemleri

Parametre Metot Birim Parametre Metot Birim
pH TS EN ISO 10523 - Magnezyum  Avrupa Farmakopesi AAS  mg/L
fletkenlik TS 9748 EN 27888 dS/m Potasyum Flamefotometrik mg/L
Karbonat Titrimetrik(Siilfiirik Asit Titrasyonu) mg/L Sodyum Flamefotometrik mg/L
Bikarbonat Titrimetrik(Siilfiirik Asit Titrasyonu) mg/L Kalsiyum Flamefotometrik mg/L
Klor Spektrofotometrik mg/L SAR Hesaplama -
Siilfat Spektrofotometrik mg/L Sertlik Titrimetrik -
Nitrat Spektrofotometrik mg/L Su Sinifi - -
Nitrit Spektrofotometrik mg/L Tuzluluk Potansiyometrik -
Amonyum Spektrofotometrik mg/L
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Tablo 2. Toprak ozelliklerinin belirlenmesine yonelik
analiz yontemleri

Parametre Metot Birim
pH TS EN IS0 9023 -
fletkenlik TS 9748 EN 27888 dS/m
Organik Madde Walkley-Black %
Fosfor Spektrofotometrik kg/da
Magnezyum Avrupa Farmakopesi AAS mg/L
Potasyum Flamefotometrik kg/da
Sodyum Flamefotometrik mg/L
Kalsiyum Flamefotometrik mg/L
?gﬂ:;:)y on Su ile doygunluk -
Kire¢ Kalsimetrik Olgiim %

3. Bulgular ve Tartisma

Golbaba Goli'nde (;Edirne) yetisen suokunun dogal
yetisme ortamlarinin belirlenmesi amaciyla su érnekleri
Haziran, Agustos ve Eyliil aylarinda alinmis; analiz
sonuglar1 Tablo 3’te verilmistir. Elde edilen veriler Su
Kirliligi Kontrolii Yonetmeligi (2004) su kalite siniflar ve
sulama suyu kalite parametreleri esas
degerlendirilmistir. Buna gore sulama suyu siiflar1 1.
Sinif Su (¢ok iyi), 2. Sinif Su (iyi), 3. Sinif Su (Kullanilabilir),
4. Simif Su (fhtiyatla Kullanilmali), 5. Simf Su (Zararh)
kabul edilmektedir. Su kalite simiflar1 ise 1 ile 4
arasindadir. Suyun ortalama pH degeri 7,69 olup; en
ylksek degerine Haziran ayinda (7.88) ulasmistir. En
yliksek deger dahil olmak tiizere go6l suyu I. Sinif
kalitededir. Suyun ortalama iletkenlik degeri 1,03
dS/m’dir. En ytliksek degerine Agustos ayinda (1,12 dS/m)
ulasilmistir. En yiiksek deger dahil olmak {lizere gol suyu
3. Smif sulama suyu kapsaminda degerlendirilmektedir.
Ortalama karbonat degeri 28,66 mg/l iken en yiiksek
deger Agustos ayinda (36 mg/l) ortaya ¢ikmistir.
Ortalama bikarbonat 526,33 mg/l iken; en yiiksek
degerine Eyliil ayinda (610 mg/1) ulagilmistir. Ortalama
klor degeri 105,66 mg/l olup; en yliksek deger Agustos
ayinda (211 mg/l) ortaya c¢ikmistir. Bu kapsamda
ortalama deger acisindan 1. Simif sulama suyu kabul
edilirken; en yliksek degere ulasilan dénemde 2. Sinif
sulama suyu niteligindedir. Ortalama stlfat 14,11 mg/I
olup; en yiiksek deger Agustos ayinda (20 mg/l)
gorilmiistiir. Gol suyu stlfat degeri agisindan 1. Sinif

alinarak

sulama suyu niteligindedir. Ortalama nitrat degeri 1.61
mg/1 olup; en yiiksek deger Eyliil ayinda (0,43 mg/1) elde
edilmistir. Bu degerlere gore gol suyu 1. Siif kaliteye
sahiptir. Ayni zamanda 1. Sinif sulama suyu olarak kabul
edilmektedir. Golbaba G6lii suyunda ortalama nitrit degeri
0,28 mg/l'dir. En yiiksek nitrit Eyliil ayinda (0,43 mg/l)
gorilmigstir. Gol suyunun nitrit degerleri agisindan 4.
sinif Kkaliteye sahip oldugu goriilmektedir. Ortalama
amonyum degeri 0,14 mg/l olup; Agustos ve Eyliil
aylarinda suda rastlanmamistir. Yalniz Haziran ayinda
0,43 mg/l degerindedir. Ortalama degere gore 1. Sinif
kaliteye sahip olan goél suyu; en yiiksek degere ulasilan
dénemde 2. Sinif kalitededir. Ortalama magnezyum degeri

58,30 mg/l iken; en yiiksek degerine Agustos ayinda
(80,16 mg/1) ulasilmistir. Ortalama potasyum degeri 5,02
mg/l olup; en yliksek deger Eyliil ayinda (5,60 mg/l)
gorilmiistiir. Ortalama sodyum degeri 125,92 mg/I'dir. En
ylksek deger Eyliil ayinda 165 mg/1 olarak elde edilmistir.
Ortalama degerlere gore 2. Smf sulama suyu
kapsamindaki g6l suyu; en yiiksek degere ulasilan
doénemde 3. Sinif sulama suyu olarak kabul edilmektedir.
Ayn1 zamanda 2. Sif kalitede su olarak kabul
edilmektedir. Ortalama kalsiyum degeri 73.57 mg/1 olarak
belirlenmistir. En yiiksek deger Eyliil ayinda 104,33 mg/1
olarak tespit edilmistir. Ortalama SAR degeri 17,42 olup;
en yiiksek degerine Haziran ayinda (17,70) ulasilmistir.
SAR degerlerine gore ise 2. Siif sulama suyudur. Suyun
ortalama sertlik degeri 57,83 olup; Haziran ayinda en
yliksek deger elde edilmistir. G6lbaba Golii suyu “yiiksek
tuzlu orta sodyumlu” nitelik tasimaktadir. Sulama suyu
niteligi bakimindan ¢esitli parametreler acgisindan 1.-3.
Smiflar arasinda yer almaktadir. Su kalitesi bakimindan da
genellikle 1. ve 2. Siif kaliteye sahip olup; nitrit
bakimindan 4. Sinif kalitededir. Golbaba Golii'nde su
kalitesinin  disiik olmasinin nedenleri
arasinda etrafindaki evsel, endiistriyel ve tarimsal
faaliyetler yer almaktadir. Go6l kenarinda tarim ve
hayvancilik faaliyetleri nedeniyle azot kaynakl kirlilikler
artis gosterebilmektedir. Giibre ve pestisit kullanimi
sonucunda bu sularin yagislar yoluyla g6l suyuna
karismasi ile su kalitesi azalmaktadir. Eylil ayinda nitrat
degerinin oldukg¢a yiliksek oldugu goriilmektedir. Bu
durumun g6l c¢evresinde yapilan  hayvancilik
faaliyetlerinden kaynaklandig1 diisiiniilmektedir. Benzer
sekilde tuzluluk zararinin 6nemli bir gdstergesi olan
elektriksel iletkenlik degeri de bu nedenle yiiksek elde
edilmistir. G6lbas1 Goli'nde su kalitesini olumsuz diizeyde
etkileyen en 6nemli parametrelerden biri de nitrit olarak
kabul edilmektedir. Organik Kkirliligin bulundugu diistiik
oksijenli sularda yogunlukla tespit edilmektedir.

Golbaba Goéli'nde yasayan su bitkilerinin yetisme
ortamlarinin belirlenmesi amaciyla toprak orneklerin
analizi yapilarak sonuglar Tablo 4'te verilmistir. Buna gore
pH degerinin stirekli bir azalma gosterdigi belirlenmistir.
Haziran ayinda 7,57 iken Eyliil ayinda 7,06'ya diismiistiir.
Ortalama pH degeri 7,32'dir. iletkenlik degeri ise siirekli
bir artis gostermistir. Haziran ayinda 0,31 dS/m iken
Agustos ayinda 0,39 dS/m'ye, Eyliil ayinda ise 0,64 dS/m
'ye ylikselmistir. Ortalama iletkenlik degeri 0,44 dS/m 'dir.

seviyelerde

Organik madde icerigi, Agustos ayinda en yiiksek deger
olan %9,25'e ulagsmistir. Haziran ayinda %3,57, Eyliil
ayinda ise %1,00 degerine sahiptir. Ortalama organik
madde degeri %4,61'dir. Fosfor icerigi, Agustos ayinda en
yliksek deger olan 54,20 kg/da'a ulasmistir. Haziran
ayinda 0,17 kg/da, Eyliil ayinda ise 6,39 kg/da degerine
degeri 20,25 kg/da'dir.
Magnezyum igerigi, Agustos ayinda en yiiksek deger olan
5248 mg/l'ye ulasmistir.

sahiptir. Ortalama fosfor
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Tablo 3. Gélbaba Golii su bitkileri yetisme ortami olarak su analizi verileri

Analiz Parametresi Haziran-2022 Agustos-2022 Eyliil-2022 Ortalama
pH 7,88 7,43 7,77 7,69
lletkenlik (dS/m) 0,86 1,12 1,11 1,03
Karbonat (mg/1) 24,00 36,00 26,00 28,66
Bikarbonat (mg/1) 406,60 562,40 610,00 526,33
Klor (mg/1) 91,00 211,00 15,00 105,66
Siilfat (mg/1) 8,00 14,33 20,00 14,11
Nitrat (mg/1) 0,20 0 4,63 1,61
Nitrit (mg/1) 0,17 0,25 0,43 0,28
Amonyum (mg/1) 0,43 0 0 0,14
Magnezyum (mg/1) 23,88 80,16 70,88 58,30
Potasyum (mg/1) 5,03 4,43 5,60 5,02
Sodyum (mg/1) 79,96 132,80 165,00 125,92
Kalsiyum (mg/1) 30,66 85,73 104,33 73,57
Sodyum Adsorpsiyon
Oran: (SAR) 17,70 16,93 17,64 17,42
Sertlik 64,90 51,13 57,47 57,83
Tuzluluk zarar1 C2 (Yiiksek Tuzlu) C3 (Yiiksek Tuzlu) C3 (Yiiksek Tuzlu) Yiiksek Tuzlu Su
Tuzluluk S2(Orta Sodyumlu) S2 (Orta Sodyumlu ) S2 (Orta Sodyumlu)  Orta Sodyumlu Su
Su Sinifi Yiiksek Tuzlu Orta Yiiksek Tuzlu Orta Yiiksek Tuzlu Orta Yiiksek Tuzlu Orta
Sodyumlu Su Sodyumlu Su Sodyumlu Su Sodyumlu Su
Tablo 4. Golbaba golii toprak analiz sonuglarinin mevsimsel degisimi
Analiz Parametresi Haziran-2022 Agustos-2022 Eyliil-2022 Ortalama
pH 7,57 7,33 7,06 7,32
fletkenlik (dS/m) 0,31 0,39 0,64 0,44
Organik Madde (%) 3,57 9,25 1,00 4,61
Fosfor (kg/da) 0,17 54,20 6,39 20,25
Magnezyum (mg/1) 3871,20 5248,00 2630,40 3916,53
Potasyum (kg/da) 137,40 362,00 128,40 209,27
Sodyum (mg/1) 259,00 438,00 666,00 454,33
Kalsiyum (mg/1) 9600,00 11760,00 8800,00 10053,33
Kireg (%) 6,02 8,55 6,00 6,86

Saturasyon (Biinye) Agir Killi

Killi Killi Killi

Haziran ayinda 3871,2 mg/], Eyliil ayinda ise 2630,4 mg/1
degerine sahiptir. Ortalama magnezyum degeri 3916,53
mg/l'dir. Potasyum igerigi, Agustos ayinda en yiiksek
deger olan 362 kg/da’a ulasmistir. Haziran ayinda 137,4
kg/da, Eylil ayinda ise 128,4 kg/da degerine sahip
olmustur. Ortalama potasyum degeri 209,27 kg/da'dir.
Sodyum icerigi, Eylil ayinda en ytiksek deger olan 666
mg/l'yve ulasmistir. Haziran ayinda 259 mg/l, Agustos
ayinda ise 438 mg/l degerine sahiptir. Ortalama sodyum
degeri 454,33 mg/I'dir. Kalsiyum icerigi, Agustos ayinda
en yiiksek deger olan 11760 mg/l'ye ulasmistir. Haziran
ayinda 9600 mg/], Eylill ayinda ise 8800 mg/1 degerine
sahiptir. Ortalama kalsiyum degeri 10053,33 mg/I'dir.
Kire¢ icerigi, Haziran ayinda 6,02 mg/l iken Agustos
ayinda 8,55 mg/l'ye yiikselmis, Eyliil ayinda ise 6 mg/I'ye
diismiistiir. Ortalama kire¢ degeri %6,86'dir. En yiiksek
degerine Agustos ayinda (%8,55) ulasmistir. Dogan ve
Erdal (2018) tarafindan bildirilen topraklarin verimlilik
durumlarina ait parametrelere gére degerlendirildiginde
Golbaba Goli topraklarinda pH degerinin Haziran ayinda
hafif alkali; diger aylarda nétr oldugu ve bu nedenle bitki

yetisme ortami olarak uygun oldugu belirlenmistir.
Organik madde diizeyi Agustos ayinda yiiksek, Haziran
ayinda iyi, Eyliil'de ise azdir. Fosfor miktar1 Haziran ve
Eylil'de dusiik iken; Agustos ayinda yliksektir. Gol
topraklari kalsiyum bakimindan
zengindir. Potasyum miktar1 ise Agustos ayinda yeterli;
diger aylarda diisiik diizeydedir. Go6liin topraklari orta
kireglidir. GOl topraginin biinyesi agir yapida olup;
Haziran déneminde agir killi; diger aylarda ise killi oldugu
tespit edilmistir.

magnezyum ve

4. Sonug¢
Gerek siis bitkisi olarak gerekse 6zellikle son yillarda gida
maddesi olarak bazi iilkelerde {izerinde yogun olarak
calisilan suoku bitkisi, tilkemiz sulak alanlarinda dogal
olarak yetisen bir tiirdiir. Sulak alanlar her gecen giin
iklim ve insan kaynakli faktdrlerle kurumakta ve bu
alanlarda yasayan bitkiler zarar gormektedir. Bu
baglamda bu bitkilerin kiiltiire alinmasi ve ex-situ
muhafaza edilmesi

onemlidir. Ancak hem ex-situ
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muhafaza  ¢alismalarinda, hem de  yetistirme
calismalarinda basarili olunmasi bitkinin ihtiya¢ duydugu
toprak ve su Ozelliklerinin bilinmesine baghdir. Bu

calisma ile bu veriler ortaya konulmustur.

Katki Oran1 Beyani
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

SK. E.B.S. G.S.E. B.A.
K 25 25 25 25
T 30 30 30 10
Y 20 20 20 40
VTI 30 10 30 30
VAY 25 40 25 10
KT 25 25 25 25
YZ 30 25 20 25
KI 25 25 25 25
GR 40 20 20 20
PY 20 20 20 40
FA 20 20 20 40

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, Kl= kritik inceleme, GR= génderim ve
revizyon, PY= proje yonetimi, FA= fon alimi.

Catisma Beyani
Yazarlar bu calismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyam

Hayvanlar ve insanlar iizerinde herhangi bir ¢alisma
yapilmadigl i¢in bu arastirma igin etik kurul onayl
alinmamustir.

Destek ve Tesekkiir Beyani
Bu arastirma 1210372 kod numaral “Tiirkiye’de yetisen
ve sls bitkisi potansiyeli olan bazi sulak alan bitkilerinde

cogaltma, yetistirme, muhafaza ve dogal yetisme ortami
ozellikleri iizerine arastirmalar” isimli TUBITAK projesi
kapsaminda gergeklestirilmistir. Desteginden dolay1
TUBITAK a tesekkiir ederiz.
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Abstract: Aluminium products are widely used in the automotive industry. One of the important aluminium products in the
automotive is wheel production. Turkish wheel production is expected to reach 360000 tons in 2025. The wheels are produced by
Low-Pressure Die Casting at the first stage and the machining process in CNC machines is used to create the final form. A significant
amount of machining waste (swarf, turnings, and chips) is created during the machining and the importance of secondary aluminium
has been increasing due to environmental and economic concerns. This study focuses on the recycling of AlSi7Mg0.3 cast alloy
machining waste. The turnings were sorted into two size fractions and remelted separately under a salt flux in a resistance heating
furnace. Two different salt mixtures with different melting points and different salt factors were studied in this work. Metal yield and

coagulation yield after remelting were discussed.
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1. Introduction

Primary production of aluminium has been increasing
over the last decades because of the increase in
aluminium consumption in different sectors such as
transportation, engineering, and packaging. Automotive
industry ranks first in its usage areas. Kelly et al. (2018)
reported in 2018 that the amount of aluminium used per
vehicle will increase by 39% in the next 10 years in North
America. This rate was predicted as 32% for Europe.
Considering the amount of aluminium consumption,
recycling has gained importance to reduce the cost and
conserve primary resources. In addition, recycling
reduces the energy consumption and environmental
impact caused by the primary aluminium production.
Automobile wheels, produced from aluminium alloy,
represent an important portion of aluminium usage in
the automotive industry (Das et al., 2007; The European
Aluminium Association, 2021). Steel and aluminium
alloys are the most used alloys in the automobile wheel
industry, though aluminium alloy wheels are the most
preferred wheel type today due to their low weight, high
strength/weight ratio, and high corrosion resistance.
These
competitive for a variety of applications (Kara et al,
2017).

characteristics have made the aluminium

Gravity casting was prevalent to manufacture a wheel in
the past. However, plenty of factories around the globe
has been producing wheels for years by low-pressure die
casting. It is made as a single component because it gives
the wheel a functional level of safety (Kara et al., 2017).
AlSi7Mg0.3 aluminium alloy, also named A356, is used
mainly as a raw material in the manufacture of the
wheels machining is an operation that carried out by CNC
(Computer Aided Numerical Control) turning and milling
to meet dimensional tolerances and final shaping the cast
wheel. During this shaping process, chips are generated.

Recyclability of the aluminium gives several advantages
upon process flow in mass production. Chips that formed
during the machining, can be used in a foundry as well as
ingots and scraps after preliminary treatments including
degreasing. Recyclability and its efficiency have been
studying consistently. Preparation and categorization of
the scrap as well as the type of furnaces that melt the
scrap must be taken into consideration to optimise the
production chain. Because the quality and yield of molten
scrap are essential factors that must be improved (Yan et
al, 2005; Capuzzi et al, 2018). On top of that the waste
form of trace elements such as titanium chip which uses
generally for the purpose of decreasing the grain size in
A356 alloy, can be added into the molten metal to alter
transference efficiency (Ozer et al.,, 2021). The machining
waste has usually a high specific surface area which
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might hinder both metal yield and coagulation efficiency.
Thus, scrap melting in a specific salt can be an alternative
to arise the recycling efficiency. Salt fluxes in the
recycling of aluminium scrap decrease metal losses by
preventing oxidation. In order to save energy, recycling
takes place at a lower temperature with the help of a
mixture of various salts. Majority of them are based on
NaCl and KCI, but also fluorides such as cryolite or CaF:
are commonly used to raise coagulation. Chloride-based
salts do not react with molten metal (Tenerio et al., 2002;
Milke et al, 2005; Capuzzi et al, 2018). Bolivar et al.
(2009) investigated the feasibility of the salt melting
method for the recovery of scrap aluminium as using less
salt. Using 2% CaF: led to the highest recovery efficiency.
Mixed salts at the ratios of 50-50% NaCl:KCl and 2% CaF:
have used by salt melting and obtained 99.5%
coagulation efficiency (Gokelma et al., 2019).

This study focuses to assess the recyclability of the
aluminium alloy wheel chips, generated by machining,
experimentally by remelting in different salt fluxes. The
effects of size fraction, salt composition, and stirring on
the recovery rate of AlISi7Mg0.3 alloy chips were
investigated.

2. Materials and Methods

The machining waste of AlSi7Mg0.3 alloy, provided by
"Cevher Alloy Wheels Co.” was used for the experiments.
CaF: (Sigma Aldrich), NaCl, and KCl (Isolab) salts with
>99.5% of purity were used for the re-melting. A Sample
Divider (Loyka, LNB 1613) was used for representative
sampling. The scrap was divided into two size fractions
(Figure 1.) namely -2 and +2 mm to study the effect of the
surface area on remelting. The remelting experiments
were performed in a chamber furnace (Protherm) in
clay-bonded graphite crucibles coated with boron nitride.
After remelting, metal and salt were separated by
washing out the salt over a sieve and collected metal
pieces were dried and weighed.

Table 1. Experimental parameters

Figure 1. Machining waste of AlSi7Mg0.3 alloy in +2 and
-2 mm size fractions.

Table 1 presents the parameters applied for all trials.
Chloride (KCl/NaCl) ratio was changed as 30/70 and
50/50 as well as CaF: addition was varied as 2 and 3
wt.% to observe the effects on the yield and coagulation.
Stirring was applied to some trials to observe the effect
of mixing on the coalescence. Salt to scrap mass ratio was
changed as 1 and 2 to study the amount of salt on the
yield and coagulation. Coalescence efficiency (CE,
Equation 1) was calculated by the ratio of biggest droplet
to the entire metal collected after remelting. The metal
yleld (Equation 2) was calculated by the ratio of
recovered metal amount to the amount of the scrap. The
equations of coalescence efficiency and metal yield are
given below:

mlargest droplet

CE = x 100 @)

Mtotal recovered Al

m
Yield = total recovered Al % 100 (2)

mscrap charge

Thermo Gravimetric Analysis (TGA) was performed on
+2 mm and -2 mm samples under pure oxygen to observe
the oxidation behaviour as a function of temperature. The
mass change was measured from 25 °C to 810 °C with a
heating rate of 10K/min.

Exp. # Size of the Chips (mm) Chloride mix CaF2 (wt.% in the flux) mSalt/mAl Stirring
1 1

2
2 5 1
3 1 No
4 30% KCI 70% NaCl 2
5 3 2
6 1
7 2

-2 2 Yes
8 1
9 2
10 50% KCI 50% NaCl 3 1
11 1 No

2

12 2
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3. Results and Discussion

Figure 2 presents the mass change of the samples as a
function of temperature increased by 10 K/min.
Approximately 3.5 mg of sample was used for both
analyses. Both fractions showed approximately 1 wt.% of
mass loss until 300 °C which might be due to the
combustion of the lubricant rest on the samples. The
oxidation started to increase clearly at around 360 °C and
410 °C and the total mass gain (after combustion of the
lubrications) was 4.5 wt.% and 2.5 wt.% for - and +
fractions respectively. Although the sample composition
is the same the oxidation rate is affected by the surface
area.

104 4 -2mm
+2mm
103

102 4

101 4

Weight (%)

100

99 4

ga T T T T T T T 1
100 200 300 400 500 600 700 800

Temperature (°C)

Figure 2. Thermo-gravimetric analysis -2 and +2 mm
AlSi7Mg0.3 machining waste under pure Oz.

Two pre-trials were conducted without a salt flux to
observe the remelting behaviour of the machining waste
in the absence of salt. No melt was obtained at 800 °C for
both fractions. This indicates that the high specific
surface area of the samples hinders the molten
aluminium to break the oxide layer and coagulate.
Therefore, the rest of the trials were performed under a
salt flux (NaCl, KCl, and CaF2).

Figure 3. presents the metal yield and coagulation results

W Metal Yield

Metal Yield & Coagulation Efficiency (%)
= I w = i [=3] ~ co [{=] E
= (=] = = = = (=] = = (=]

=]

after remelting the machining waste under the salt fluxes.
The first seven trials were remelted by using a chloride
mix 70:30 NaCl:KCl and CaF: as the coagulation agent.
The results of +2 mm fraction are shown as 1st and 2nd
trials in the diagram. The metal yield and coagulation
results were 98.4% *0.4 and 9.7% =#0.3 respectively.
These results indicate that the low oxide/metal ratio
allows the salt flux to remove the oxide layer easily even
without any stirring. In addition, the salt amount used in
the trials was enough to avoid further oxidation during
remelting.

The parameters of the third trial were same as the 1stand
2nd trials except the size of the chips. -2 mm fraction was
used in this trial which showed almost 20% of metal loss
and no coagulation. To investigate the effect of the salt,
the salt amount was doubled in the fourth trial which did
not change the metal yield but increased the coagulation
to 10.3%. The amount of CaF2 was increased to 3% in the
fifth trial to observe the effect of fluoride in comparison
with the 4t trial where CaFz was only 2%. With this
increase, the metal losses increased to 30% and 4.6% of
coagulation was observed. The lower yield might be
caused by the increasing melting point of the salt flux
with increasing CaF2 content as shown in the calculation
of Milke et al. (2005) (Figure 4.) which was in line with
the measurements of Bukhalova and Bergman (1955).

A manual stirring was applied for the sixth and seventh
trials and the salt/scrap ratio was increased from one to
two in the seventh trial. Stirring increased both the metal
yield and coagulation significantly and increasing the
salt/metal ratio served an additional 2-4% increase
which promoted the protection of the melt and the metal-
salt interactions. Only the NaCl:KCI ratio was changed in
the eighth and ninth trials and 50:50 ratio was applied.
The change in the chloride mix increased the metal yield
and coagulation. Coleman and Lacy reported that the
binary melting point of 50:50 mix is 645 °C and the
melting point °C when NaCl
concentration increases to 70wt.%.

increased to 700

M Coagulation Efficiency

1 2 3 4 5 6 7 8 9 10 11 12

Experiment number

Figure 3. Metal yield and coagulation efficiency results of the machining waste of AlSi7Mg0.3 alloy.
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Figure 4. The ternary system NaCl.KCl-CaF: calculated by
Milke et al. (2005).

The melting point difference is one of the positive
influences on recycling which decreases the oxidation of
the scrap since liquid salt forms in lower temperature
before aluminium oxidizes too much. In addition, Bolivar
and Friedrich reported that 50:50 ratio has a higher CaF2
solubility than the 70:30. This solubility difference might
have promoted the removal of oxides and coagulation. As
observed in all trials, increasing the salt/scrap ratio
increased both the metal yield and coagulation (Coleman
etal, 1967; Bolivar et al., 2009).

In the last trials no stirring was applied and CaF: was
changed as 2 and 3wt%. A significant decrease in
coagulation was observed without stirring. Although the
coagulation was very low, 2 wt% CaF2 resulted in
spherical droplets while 3 wt.% resulted in irregular
droplets.

4. Conclusion

Scraps with low surface area needs to be stirred for an
acceptable coagulation rate which points out the
necessity of rotary furnaces.

50:50 NaCLl:KCl ratio promotes the coagulation scraps
with high surface area better due to the higher CaF:
dissolution.

For a higher recycling efficiency and saving the
resources, large and fine size fractions of machining
wastes should be treated separately.
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Abstract: The various procedures are used in the literature for defining battery parameter change such as direct measurement
methods, model-based methods, and data-driven methods, which contain the algorithms used in this paper also. The main aim of this
study is to present a powerful and highly correct way of parameter forecasting of the A123 Systems 26650 cylindrical type Li-FeP0O4
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decision tree algorithms used in the paper. The load-connected terminal voltage is defined by considering the 100%-60% state of
charge range in the primary usage areas of the batteries. A statistical comparison has been made by considering the absolute errors,
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values that give information about the consistency of the confidence interval and results, of the bee colony, neural network, support
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squared errors of the methods has been calculated as 0.00202%, 0.00648%, 0.00998%, and 0.11%, respectively. As a new generation
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1. Introduction

A suitable battery management system (BMS) is needed
for good management of battery blocks in electronic
systems. For increasing the performance and control
capability of BMSs, the correct algorithm has to be
running. In order for BMSs to step in at the right time and
interfere with system, it is important to determine
parameters such as battery current (I), open circuit
voltage (Voc), terminal voltage (Vr), state of charge (SoC),
number of cycles (N¢), and state of health (SoH) with
consistent accuracy. There are many different methods
that have been tried on Li-lon batteries in the literature.
There are different traditional approaches such as
Coulomb counting, electrical equivalent circuit models,
and mathematical or electrochemical models for the
detection of Vr, which is the subject of this study and is
highly dependent on the SoC. The development of data

science (DS) necessarily incorporates machine learning
(ML) and artificial intelligence (AI) techniques into
applications in the field of parameter estimation of Li-Ion
batteries. ML models allow researchers to extract
patterns and trends from data and enable them to
generalize the finding to the novel data with affordable
computations. However, the number of studies
conducted with the algorithms that are the subject of this
study is either very limited or non-existent. Therefore, it
is clear that this paper will contribute to the literature to
increase the number of sources.

Chemali et al. (2018), have investigated SoC estimation
by using artificial neural networks (ANN) to develop
BMSs used in Li-lon batteries. Ipek et al. (2019), have
studied SoC estimation for Li-FePOs batteries by using
support vector machine (SVM) and DT-based eXtreme

Gradient Boosting (XGBoost). Wang et al. (2019), have
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used support vector regression (SVR) optimized by
artificial bee colony (ABC) to determine the lifetime of Li-
Ion batteries. Gradient boosted decision trees (DT) are
trained for SoH estimation in Khaleghi et al. (2020)’s
studies. Huotari et al. (2021), have carried out studies on
Li-Ion batteries for enhancing the operating performance
of electric forklifts. A good battery design has been tried
to be achieved by using SoH and N. estimation. At this
stage, integrated modeling average
(ARIMA) and supervised learning (bagging with decision
tree as the base estimator; BAG) has been used. Shu et al.
(2021), have conducted a review study including many
ML-based methods to determine the SoH of Li-lon battery
and to make estimations. Ipek and Yilmaz (2021), have
studied SoC estimation using XGBoost and hybrid
XGBoost under dynamic operating conditions. Carkit et
al. (2022), have made parameter estimation under the
combined variable charge/discharge profile using
decision tree algorithm and artificial bee colony
algorithm. Niri et al. (2022), has used Al technology to
develop electrodes during the production of Li-lon
batteries. Correlation has been made between production
parameters and electrode quality. ML models have been
developed to measure the predictability of electrode and
cell properties. Yan et al. (2022), have used empirical
model and exponential model powered with ABC to find
the usable current capacity that varies depending on Nc¢
in Li-lon batteries. Carkit et al. (2022), have defined Vo
and Vr as the SoC dependent function by using the
electrical equivalent circuit model. Also, particle swarm
optimization (PSO), genetic algorithm (GA), and ABC
methods have been used in the study. It has been
determined that ABC performs successfully according to
PSO and GA. Tian et al. (2022), have developed a hybrid
model based on convolutional neural network (CNN)-
bidirectional long short-term memory (BiLSTM) and
attention mechanism (AM) for forecasting the SoH of Li-
Ion batteries. The available current capacity is monitored
for parameter estimation tracking. The root mean square
error (RMSE) value has been calculated as less than 0.01.
Wei et al. (2023), have researched to predict SoH and
remaining useful life of Li-lon batteries using graph
network (GCN) with dual
mechanisms. The proposed method has accurately
predicted the state-of-health and remaining useful life

autoregressive

convolutional attention

with a minimum root-mean-squared-error of 0.0104 and
5.80, respectively.
This study contributes to the data-driven approaches by
using DT, fine Gaussian (FG)-SVM, ANN, and ABC to
predict SoC and Vr.

2. Materials and Methods

Current technological progress has
popularity of data-driven methods, which are based on
interpretation by reading data in the direction of

increased the

traditional forecasting methods. The advantages of these
methods include the complexity of the process in
traditional methods, and the prevention of possible user

errors that have the potential to occur in electrical
circuits. On the other hand, these current methods are
mainly carried out by software and algorithms (Huotari
et al, 2021). Moreover, it needs real test results from
experimental data (Wu etal,, 2016).

2.1. Decision Tree Algorithm

Decision tree algorithm is a method often used in
classification processes in DS and ML. Clustering and
prediction processes can be included among the other
application areas of the algorithm in the literature. The
operation of this algorithm that is given Figure 1, is based
on the tree structure (Timucin et al, 2019). In the
structure of decision trees, there are leaves at the far end
(Han et al,, 2000), branches extending from the leaves to
the nodes, and the main trunk extending from the nodes
where the branches meet to the roots. The algorithm
reaches the conclusion point by determining its own path
according to the "Ok" or "Not-Ok" answers given to the
conditions at the node points. The information sent to the
algorithm is divided into smaller pieces and used to reach
the final goal (Yang et al,, 2013). While doing this, many
nodes are determined by the algorithm as in Figure 1,
which consists of control conditions. The first node in the
structure of the data tree is called the "root node".

O

Result or
Decision

O @

Status Intermediate
Condition Status Condition

Figure 1. The search structure of DT

2.2. Support Vector Machine

The basis of SVM is placing the farthest boundary line
from the data between two statistically separated data
groups and creating the critical territory. For this study,
one of the data sets consists of real test results, and the
other is the results predicted by SVM. As it can be seen in
Figure 2, in determining the final boundary zone, the
support vectors (SV) are assisted by the observations
closest to the boundary (Panarese, 2022). Here, wn
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represents the internal weights, xn is the input data, b
represents the threshold values, and f is the objective
function. The purpose of SVM is to first collect the
estimation points in the margin area and align them on f.
SVM not only provides relatively accurate prediction
results in case of fewer data samples, but also
compensates for the shortcoming that the ANN model
easily falls to the optimal local extremity (Yao et al,
2021).

A — Real Result
fx)=wx,tb=0 o Estimated Data
Support Vector

Figure 2. The search structure of SVM

2.3. Artificial Neural Network

ANN, inspired by the functioning of human brain nerve
cells, is accepted as a "black box" model, just like the
biological features of the brain (Han et al, 2019). The
mathematical and neural model of an ANN is given in
Figure 3. In the figure, xi's represent the input data, wi
values are the ANN internal system weights, f is the
activation function, and b is the threshold value. As seen
in Figure 4, ANN has at least three layers as input, hidden,
and output layers. Data alerts coming from outside are
processed through each layer. The processed data
reaches the output layer and is transferred to the user by
the algorithm. According to the problem for which a
solution is sought, a multi-layered method can be
obtained by increasing the number of ANN layers by the
researchers. In addition to being used as an Al method in
some studies, ANN, which is included as an ML method in
other some studies, is easy to simulate and non-linear,
creating a wide variety of usage areas. Moreover, the use
of ANN in battery management applications by different
researchers in previous years supports the experience of
this method (Wang et al,, 2016).

Dendrites

f CoT - Cell Body
Bl Twix;+b oo 2f (D wix; +b) ore Rt Schwann Cell
il Activation 7 C s
Function ki p—Myelin
Axo
" 5 , o PN
Axon from  Synapse Dentrite ~ Cell Body Output Ranvier Node” ™ . Axon

Neuron Axon + Terminals

Figure 3. Mathematical model of ANN and exemplary
neuron structure

Input Layer

Neuron 1
Neuron 2 -

Hidden Layer

Neuron 1

Output Layer

Terminal
Voltage

Neuron 2

Neuron m|

Figure 4. Layer structure and neuron connections of
ANN

2.4. Artificial Bee Colony Algorithm

Another method used in the study is the ABC algorithm.
ABC, which is among the Al algorithms, is a current
optimization method. In ABC, the basic structure of which
is given in Figure 5, bees are divided into three classes:
Scout bee, onlooker bee, worker bee (Karaboga et al,
2007). In ABC, scout bees approaching food sources
randomly calculate the amount of food in the sources.
Afterwards, the worker and onlooker bees are informed
by the scout bees and the workflow of directing the bees
to the sources begins. Solutions to the problem under
study represent the locations of food sources for ABC.
The amount of nutrients in food sources corresponds to
the suitability (quality) of the solutions offered to the
problem (Dogan, 2011). In the decision-making process
in ABC, there are traces of the collective decision-making
approach used by the bees in natural life in their daily
operations (Karaboga, 2014).

3. Results and Discussion

3.1. Parameter Forecasting Using Algorithms

The variation of the cell voltage of the A123 Systems
26650 Li-FePOs4 2500 mAh battery cell, which is the
subject of this study, between 100% and 60% SoC that
has been obtained by ampere-hour (A.h) method, as seen
in Figure 6, is examined.

Worker Bee

Onlooker Bee
= ~ Communication
i via Antennas

T .. ? - 'Ekplorcr Bee

Communication |
via Antennas

Figure 5. The search structure and communication
status of ABC
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Figure 6. Variation of SoC according to current profile

3.2. Parameter Forecasting Using Algorithms

The variation of the cell voltage of the A123 Systems
26650 Li-FePOs4 2500 mAh battery cell, which is the
subject of this study, between 100% and 60% SoC that
has been obtained by ampere-hour (A.h) method, as seen
in Figure 6, is examined. It is aimed to accurately
determine the cell voltage in Figure 7 by using the
experimental test data of the CALCE Battery Research
Group (CALCE, 2022). For increasing the complexity and
difficulty level of the study, the preferred voltage and
current flow profiles are not periodic as seen in Figure 7
and Figure 8. Moreover, the details of non-predetermined
dynamic profiles can be found in Figure 7 and Figure 8.
At the stage of determining the Vr, the equation
depending on the SoC given in equation 1 is used. In the
equation, the Vris defined as the third order exponential
function of SoC. ai.s represents the coefficients of the
equation.

Vi(sory=a1+2(S0C)’ +a3(SoC)* +a,(SoC)' +as (1)

3.6 T T T T

3.4

32

W

[
)

o
f=2)
T

Cell Voltage (V)

~
i
T

8]
S
T

1900 2000 2100 2200 2300 2400

1.8

0 1000 2000 3000 4000 5000 6000
Test Time (sec.)

Figure 7. Changing of Vraccording to current profile
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Figure 8. Dynamic current profile

The branching of the DT algorithm, which is preferred for
ML purposes, according to the way it uses the data is
given in Figure 9. Final data points are reached by
considering Vr, SoC, I, and test step time information.
Although the speed is very high on the server where the
data is processed during the operation of the DT,
memory and performance requirements occur. The
compatibility of the cell voltage generated using the DT
algorithm with the real data is given in Figure 10. The
absolute error (eq) and the squared errors (SE) obtained
according to the information provided by DT are given in
Figure 11. During the execution of FG-SVM for prediction,
the processing speed is high. On the other hand, the
memory and performance requirement is similar to DT.
The correspondence of the cell voltage produced using
FG-SVM with the actual data is given in Figure 12. The eq
and SE obtained according to the information provided
by FG-SVM are given in Figure 13.

The processing speed of ANN, which is one of the Al
algorithms, is high during its operation for prediction
purposes. Levenberg-Marquardt algorithm with 30
neurons selected from the ANN using previous
experiences has a high speed (Carkit, 2022). Moreover,
the memory and performance requirement are similar to
DT and FG-SVM. The correspondence of the cell voltage
generated using the ANN with the actual data is given in
Figure 14. The e, and SE obtained according to the
information provided by ANN are given in Figure 15.
Although the speed of the ABC algorithm used in the Al
field is high in the server where the data is processed, it
is slower than DT, FG-SVM, and ANN. On the other hand,
the memory and performance requirement is less than
the others. Compatibility of the cell voltage generated
using the ABC algorithm with the real data is given in
Figure 16. The error information obtained according to
the information provided by ABC is given in Figure 17.
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Figure 9. The decision-making strategy of DT
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In Table 1, which constitutes the summary theme of the
study, error information of methods is given. As can be
seen from the table; DT, ABC, ANN, and FG-SVM
algorithms have performed with 0.010, 0.003, 0.005 and
.012 average eq respectively. Considering the average eq,
ABC has the most successful method compared to the
others. Moreover, the performance of the methods for
MSE is 0.001, (2.028)10-5, (6.4891)10-5, and (9.989)10-4
respectively. In summary, ABC has outperformed the
others methods which are analyzed for this paper in
terms of MSE and mean e.. On the other hand,
considering the R? values given in Table 2. The R? values
for the DT, ABC, ANN, and FG-SVM algorithms are 0.9579,
0.9992, 0.9975, and 0.9600 respectively. Considering the
R? statistical evaluation method, the most successful
method is seen as ABC. When the results are evaluated in
the context of the literature, the methods used provide
the correct interpretation of the research. In addition, the
results obtained are consistent with the literature results.
The data showing the comparison of the study with a
similar study in the literature are given in Table 2. R?
values of ABC, ANN, Smoothed XGBoost, and XGBoost
methods have been obtained as 99.92%, 99.75%,
99.43%, and 98.81 respectively. The MSE% values of
ABC, ANN, Smoothed XGBoost, and XGBoost methods
have been determined as (2.02)10-3, (6.48)103, (20)103,
and (50)10-3 respectively. As can be seen, ANN and ABC
methods have outperformed XGBoost and Smoothed
XGBoost that are similar methods in the literature. Even,
the ABC method has given more accomplished results
than all the literature methods which have been given in
this study.
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Table 1. Error statistics of algorithm outputs

Algorithms DT ABC ANN FG-SVM
Min (eq) 0 (7.851)10-8 (5.929)107 (9.316)10-
Max (eq) 0.945 0.034 0.250 0.900
Mean (eq) 0.010 0.003 0.005 0.012
Min (SE) 0 (6.164)10-15 (3.516)10-13 (8.679)10-11
Max (SE) 0.893 0.001 0.062 0.811
MSE 0.001 (2.028)10-5 (6.4891)10-5 (9.989)10-4
Table 2. Achievement comparison of performed forecast techniques against dynamic I-V profile
Methods Reference R2 (%) MSE (%)
DT 95.79 (0.11)
ABC 99.92 2.02)10-3
This study ( )
ANN 99.75 (6.48)10-3
FG-SVM 96.00 (99.8)10-3
XGBoost 98.81 50)10-3
008 (Ipek etal, 2021) (50)
Smoothed XGBoost 99.43 (20)10-3

4, Conclusion

In this study, which is planned by using up-to-date
methods such as artificial intelligence and machine
learning; firstly, knowledge about decision tree
algorithm, support vector machine, artificial neural
network, and artificial bee colony algorithm are given.
The change of cell voltage and state of charge with the
effect of dynamically showing current profile has been
investigated. Estimation data of cell voltage have been
obtained by running the algorithms. It is seen that the
decision tree algorithm, which is generally used in
classification processes in data mining, could have used
in the parameter estimation of batteries with acceptable
accuracy in this study. The support vector machine
method, which is frequently used in regression processes
by using support vectors, has presented more acceptable
results than the decision tree in terms of mean squared
error and R squared. The artificial neural network
method, which has been increasingly used in recent
years, has shown more successful results than machine
learning methods and reference two methods in the
literature. As a result of the comparison of each method
that have been studied in paper, it has been determined
that the artificial bee colony algorithm has showed a
more successful prediction performance. On the other
hand, it has been seen that the artificial intelligence
algorithms have been slower than the machine learning
algorithms. It has been noticed that the artificial
intelligence algorithms have need less memory and
performance support. Furthermore, it has been
determined that artificial bee colony and artificial neural
network have given more successful results than two
different methods which have been chosen from the

current reference studies in the literature.
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ACIK VERI VE BLOKZINCIR

Arif Furkan MENDij*12
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20stim Technical University, Faculty of Engineering, Department of Computer Engineering, 06374, Ankara, Tiirkiye

Ozet: Acik veri herhangi bir kisi/kurum tarafindan iicretsiz olarak erisilebilecek, yeniden kullanilabilecek ve dagitilabilecek veridir.
Bilimsel arastirmalarin sayisinin ve kalitesinin artmasi i¢in kamu kurum ve kuruluslarinin sahip oldugu biiyiik veriyi halka a¢ik hale
getirmesi kritik dneme sahiptir. Bu ¢calismada ag¢ik veri kaynagi kullanilarak elde edilecek verinin analiz edilmesi ve blokzincir altyapisi
ile tutulmasi konulari ele alinmaktadir. Ankara Biiyiiksehir Belediyesinin 2022 yilinda diinyaya agmis oldugu Seffaf Ankara portalinde
yer alan yol, yapi, su kanalizasyon onarim bakim konumsal verilerinin toplanmasi, siniflandirilmasi ve giivenli bir sekilde tim
taraflardan alinan verilerin raporlanmasi ¢alismasi gerceklestirilmistir. Ayn1 zamanda, bu platformdan alinan verilerin sosyal medya
paylasimlar1 yapilabilmesi icin yapilandirilmig bir hale getirilmesi, belirlenecek araliklarla paylasim yapilabilmesi altyapisi
olusturulmustur. Bu altyap: blokzincir teknolojisi kullanilarak kurulmus, boylelikle sistemin gtivenligi ve veri manipiilasyonunun
oniine gecilmesi saglanmistir. Bu yapinin saglikl bir sekilde kurulmasinin yaninda, hem Ethereum hem Hyperledger kullanilarak iki
farkll altyapi saglayicisinin sunmus oldugu 6zellikler kullanilarak alternatif iki sistem elde edilmis, boylelikle bu iki farkl altyap:
saglayicisindan elde edilen sonuglar ile performans karsilastirmalar: yapilmistir. Hyperledger'in saniyelik islem kapasitesinde
Ethereum’a gore 6 kat fazla kapasiteye sahip oldugu, yine Hyperledger'in Ethereum’a gore %33 daha az gecikme siiresi ile islem
yapilabilmesine imkan sagladig1 deneyimlenmistir. ileride benzer uygulama gelistirmek isteyenler icin karsilastirmali, somut analizler
elde edilmistir.

Anahtar kelimeler: Ac¢ik veri, Blokzincir, Bliytk veri
Open Data and Blockchain

Abstract: Open data is data that can be accessed, reused and distributed free of charge by any person/institution. It is critical that
public institutions and organizations make their big data available to the public in order to increase the number and quality of
scientific research. In this study, the issues of analyzing the data to be obtained using open data source and keeping it with the
blockchain infrastructure are discussed. The study was carried out to collect and classify the road, structure, water, sewerage repair
maintenance spatial data in the “Seffaf Ankara” portal, which was opened to the world in 2022 by the Ankara Metropolitan
Municipality, and to report the data received from all parties in a safe way. At the same time, an infrastructure has been created for the
data received from this platform to be structured for social media sharing and for sharing at specified intervals. This infrastructure was
established using blockchain technology, thus ensuring the security of the system and preventing data manipulation. In addition to the
healthy establishment of this structure, two alternative systems were obtained by using the features offered by two different
infrastructure providers using both Ethereum and Hyperledger, so performance comparisons were made with the results obtained
from these two different infrastructure providers. It has been experienced that Hyperledger has 6 times more capacity than Ethereum
in terms of transaction capacity per second, and that Hyperledger allows transactions with 33% less latency than Ethereum.
Comparative and concrete analyzes have been obtained for those who want to develop similar applications in the future.
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1. Giris uretilen veriye sahip olmasina ragmen bu veriyi

Giiniimiiz teknolojik altyapilari ve araclar anlamlandirmadaki ¢evikligi ve daha az veriye sahip

diistindiiglimiizde firmalarin ve kurumlarin miisterilerini
ve isletmelerini daha iyi anlamasina yardimci olacak

olmasinin getirileri sayesinde 6ne ¢ikabilme sanslarinin
oldugunu vurgulamaktadir.

verileri  toplamasmin  nispeten  kolay  oldugu Deloitte'un veri analitiginin kullanicilar {izerindeki
gorilmektedir. Hatta o kadar kolay hale gelmektedir ki, etkisini sordugu bir anketi ele alan bir Forbes makalesi;
basa c¢ikilmas1 gereken ¢ok fazla veriye sahip olma
tehlikesiyle  karsilasimaktadir. Veri ve  analitik
duayenlerinden Marr (2023) ortalama bir kiiglik

isletmenin, biiyiik oyunculara gore daha az kendi kendine

katilimcilarin yiizde 49'unun veri analitiginin daha iyi
kararlar almalarina yardimci oldugunu, yiizde 16'sinin
ana stratejik girisimleri daha iyi etkinlestirdigini ve
ylizde 10'unun hem miisterilerle hem de is ortaklariyla
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iligkilerini gelistirmelerine yardimci oldugunu ortaya
koymaktadir. Ancak verilerden ve analitikten tam olarak
yararlanmak i¢in verilerden en yiliksek degerin nasil
alinacaginin bilinmesi gerekmektedir (Panoho 2019).

Kurumlar icin veri analitigi bu denli 6nemli iken,
ellerindeki veri miktar1 da bir hayli biyiiktiir. Diger
taraftan veri analitigi konusu ozellikle yeni bir alan
oldugu icin, ciddi ARGE c¢alismalar1 gerektirmektedir.
Kurumlar kendi belirledikleri ve 6nceliklendirdikleri
alanlarda ARGE ¢alismalarini yapmalarina ragmen, genis
bakis acisiyla ARGE calismalarini kisa/orta vadede
yapabilmeleri i¢in smirsiz nitelikli insan kaynagina
ihtiya¢ duymaktadir. Sinirsiz insan kaynagina sahip
olabilmek miimkiin olmayacag gibi, nitelikle ARGE
calismalar1  yapabilecek  arastirmacilarin
edilebilmesi de kolay degildir. Ciinkii bu alanlarin
akademisyenler tarafindan 6zel olarak ¢alisilmasi, teorik
boyutlarda detayli olarak ele alinmasi gerekmektedir.

Kurumlarin sahip oldugu biiyiik veri birikiminin aksine;
akademisyenlerin ve bagimsiz arastirma enstitiilerinin
biiyiik veriye erisimi son derece kisithdir. Bu da

istihdam

arastirmalarin yavaslamasina, ¢ogu zaman basarisizligina

sebebiyet vermektedir. Bu konunun asilabilmesi
noktasinda atilan en dnemli adimlardan birisi “acik veri“
konseptinin ~ kurumlar tarafindan  benimsenmeye

baslanmasidir. Agik veri konseptine gecis ile birlikte
kurumlarin elde etmis oldugu cesitli veri setlerini halka
acik hale getirdigi goriilmektedir. Bu sayede bilimsel
calismalarin hizlanmasina onemli katkilar
saglanmaktadir. Bilimsel gelismeler sayesinde kurumlar
da bundan dolayli olarak avantaj elde etmektedirler.

Son yillarda, teknoloji ile ilgilenenlerin siklikla duydugu
kavramlar arasinda biiyiik veri, acik veri ve blokzincir
kavramlar1 yer almaktadir. eldeki
yapilandirilmamis verilerin en sade ve islenebilir hale
getirildikten sonra, karsilastirma yontemi kullanilarak bu
verilerin birbirleriyle olan iliskilerinin incelenmesi ve
aralarindaki baglantilarin ortaya c¢ikartilmasi ile analiz
edilir. Bu sayede, alinacak olan kararlarin sonuglarini
onceden kestirmek miimkiin olur. Ayrica verilerde yer
alan cesitli noktalarin yerleri degistirilerek olusturulan
simiilasyonlarla, farklh kararlara verilecek tepkiler
gorilebilir. Biliyilk veri tamamen gergek verilerin
analizine dayandig1 igin maliyetleri diisirme, dogru
kanallara reklam harcamasi yapma, is giiclinden tasarruf

Biiyliik  veri,

saglama ve beklentilere uygun tiriin gelistirme gibi bir¢cok
farkh
tanimaktadir.

alanda dogru Kkararlar alinmasina olanak
Acik veri ise, herhangi bir kisi/kurum tarafindan iicretsiz
olarak kullanilabilecek, yeniden kullanilabilecek ve
dagitilabilecek veriye denir (Pfenninger ve ark., 2017).
Bu serbest kullanima en fazla, veri kaynagina atifta
bulunma ve “benzer paylasim” (bu verinin kullanildig1
eserlerin, veriden daha siki bir telif hakki korumasiyla
dagitilmamasi) gibi sinirlamalar getirilebilir. Ozellikle
biiylik miktarda veriye sahip olan kamu kurumlar1 ve
arastirma enstitiileri, bilimsel arastirmalari tesvik etmek

icin pek ¢ok agik veri platformu kurarak verilerini halka

acik hale getirmeye basladigi goériilmektedir. Ozellikle,
bilimsel arastirmalar icin en 6nemli engellerden biri olan
veriye erisimin kisith
kaldirilmast i¢in  ¢ok
diisiiniilmektedir.

Avrupa’da ve Amerika’da bircok acik veri setinin
kullanicilarin hizmetine sunuldugu goriilmektedir. “EU
OPEN DATA FORMAL” AB kurumlar1 ve organlari
tarafindan yayinlanan acik verilere erisim saglamaktadir.
Tim verileri ticari veya ticari olmayan amaglarla
kullanmak ve yeniden kullanmak iicretsizdir. Ekonomi,
bilim, egitim gibi bircok alanlardaki
platformlardan erisilebilmektedir (Commission, 2023).
“DATA.GOV” ABD Hiikiimeti'nin agik
merkezidir. Bu sitede Tarim, Yasam, [klim, Enerji,
Denizcilik gibi konularda 200 bine yakin veri seti
mevcuttur. Platformda bdlge bazli matematik testi
sonuglary, ilgelere gore okula devam ve kayit istatistikleri,
sehir bazhi giderler gibi pek c¢ok setlerine
erisilebilmektedir (Shadbolt ve ark., 2007). Amerika'nin
O6nemli arastirma enstitiilerinden biri olan UCI
(University of California, Irvine)'in sunmus oldugu
“Machine Learning Repository” platformu ise web
tzerindeki en eski ve en popiiler veri depolarindan
biridir.  Ogrenciler, egitimciler ve arastirmacilar
tarafindan makine 6grenimi veri kiimelerinin birincil
kaynagi olarak yaygin bir sekilde kullanilmaktadir.
Oyuncu, yonetmen, yapimci, stiidyo bilgileriyle kiilt film
listesi seti, Universite Veri Setleri, 1998'den Beri
Avrupa'da Antibiyotik Direncinin Olusumu ve Yayilmasi
Verileri, Glinliik Covid-19 verileri gibi pek ¢ok veri seti
temin edilebilmektedir (Khan ve ark., 2018). Tiirkiye’de
ise Dbelediyecilik c¢alismalarinda elde edilen biiytk
miktarda verinin halkin kullanimina sunulmasi igin
ozellikle Istanbul, izmir, Konya, Gaziantep Biiyiiksehir
Belediyesi gibi pek ¢ok belediye acik veri platformu
olusturmak icin ¢alismalar yiirtitmektedir. Son dénemde
acik veri platformuna gecis yapan belediyelerden birisi
Ankara Biiyliksehir Belediyesidir. 2022 yilinda lansmani
yapilan ve diinyanin erisimine sunulan “Seffaf Ankara”
projesi bunun en somut o6rnegidir. Seffaf Ankara
platformunda hem konumsal, hem 6znitelik anlaminda
pek ¢ok veri setinin kullanima sunuldugu goriilmektedir
(ABB, 2022). Ozellikle
calismalarin/onarimlarin/bakimlarin anlik olarak takip

olmasi durumunun oradan

6nemli bir adim oldugu

verilere bu

verilerinin

devam eden

edilebilmesine imkan saglayan konumsal veri hizmeti
dikkat cekmektedir.

Her ne kadar bu agik verinin kullanima sunulmasi son
derece 6nemli ise de; bu agik veri kaynaklarinda alinan
verinin manipiilasyona, tahribata dayanikli sistemler
vasitasiyla tutulmasi da veri tutarliligi agisindan kritik
oneme sahiptir. Siber saldirilara, veri tahribatina karsi
onerdigi giivenlikli yapisiyla birlikte son dénemin en
popiler teknolojilerinden biri olan blokzincir teknolojisi
bu noktada karsimiza ¢ikmaktadir. Blokzincir teknolojisi
her ne kadar 1992 yilinda ortaya ¢ikmis olsa da, 2008
yilinda Satoshi Nakamoto tarafindan kavramsal halde
sunulmustur (Nakamoto, 2008). Merkeziyetsizlik 6zelligi
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ile Bitcoin, glivenilir bir otorite gerektirmeden ¢ift
harcama problemini ¢6zen ilk sayisal para olmus ve
bir¢ok ek uygulama i¢in ilham kaynagi haline gelmistir.
Bu tarihten sonra ozellikle finans alaninda pek ¢ok
uygulama  gelistirilmeye  baslanmistir.
uygulamalarinin yaninda, tedarik zinciri, konumsal veri
yonetimi, nesnelerin interneti uygulamalari gibi pek ¢ok
alanda da blokzincir teknolojisinin kullanilabilecegi
ortaya ciktiktan sonra pek ¢ok teknoloji sirketinin bu
alana yatinm yapmaya basladigl
yatirimin ardinda blokzincir teknolojisinin popiilerliginin
yaninda, sunmus oldugu merkeziyetsiz yonetim, yiiksek
giivenlik, aracisiz islem, seffaflik gibi deger onerileri ile
yatirimcilari cezbeder hale gelmistir.

Blokzincir teknoloji, merkezi bir gliven veya otorite
ihtiyacini kaldiran,
katilimcilara dagitilmasimi saglayan bir teknolojidir. Bu
teknoloji olmayan veri
tanimlanabilir ve her biri sayisal veriler iceren bloklar
zinciridir. Bu bloklar bir dizi bilgi veya veriyi genel
anlamda depolar. Bloklar islem
doldurulduktan sonra, bir 6nceki doldurulmus bloga
zincirlenir.  Ayrica  blogun  olusturulma
(timestamp), blogun hash kodu, onceki blogun hash
kodu, indeks bilgisi, nonce degeri gibi bilgileri de icerir.
Blokzincir aginda yer alan tiim taraflarda veritabaninin
kopyalar1 bulunur. Bu kopyalarin her birinin dagitik bir
sekilde tutulmasi, verilerin tek bir merkezden alinip
¢oklu ortama tasinmasina neden olmakta, potansiyel
saldirganlarin basarili olmalarini zorlastirmaktadir. Aga
islemsel bilgi geldiginde, bu bilgi agdaki diigiimlere
iletilir. Agdaki tiim diiglimler bu islem bilgisini bloklarina
kaydeder. Bloklar islem bilgisi ile doldurulduktan sonra,
bu blogun blokzincire eklenmesi gerekir.

Bu calisma ile agik veri kaynaklarindan elde edilen
verinin dogru sekilde ele alinmasi, uygun altyap: ile
sunulmasi hedeflenmektedir. Boylelikle elde edilecek
avantajlarin  ¢alisma somutlastirilmasi
planlanmaktadir. A¢ik veri kaynagi olarak Ankara
Biiyliksehir Belediye tarafindan 2022 yilinda lansmani
yapilan Seffaf Ankara platformu belirlenmistir. Seffaf
Ankara platformunda hem konumsal, hem 06znitelik
anlaminda pek c¢ok veri setinin kullanima sunuldugu
gorilmektedir. Bu agik veri portalinde yer alan yol, yapy,
su kanalizasyon onarim bakim konumsal verilerinin

Finansal

goriilmiistiir. Bu

ortadan glivenin  sistemdeki

merkezi tabani olarak

verileriyle

Zamani

sonucunda

toplanmasi, siiflandirilmasi ve giivenli bir sekilde tiim
taraflardan alinan verilerin raporlanmasi
gerceklestirilecektir. Ayni zamanda, bu platformdan
alinan verilerin sosyal medya paylasimlar1 yapilabilmesi
icin yapilandirilmis bir hale getirilmesi, belirlenecek
araliklarla paylasim yapilabilmesi altyapisi olusturulmus
olacaktir. Bu altyap1 blokzincir teknolojisi kullanilarak

calismasi

kurulacak, boylelikle sistemin giivenligi ve veri
manipiilasyonunun o6niine gecilmesi saglanacaktir. Bu
yapinin saglikli bir sekilde kurulmasinin yaninda, hem
Ethereum hem Hyperledger kullanilarak iki farkl altyapi
saglayicisinin  sunmus oldugu 6zellikler kullanilarak

alternatif iki sistem kurulacak, boylelikle bu iki farkl

altyapr saglayicisindan elde edilen sonuglar ile
performans karsilastirmalari yapilacaktir. ileride benzer
uygulama gelistirmek isteyenler i¢in de karsilastirmali,
somut analizler elde edilmis olacaktir.

Calismanin kazanimlar1 dért madde ile 6zetlenebilir:

e  Acik kaynak veri portalinden elde edilen verinin
blokzincir teknolojisi kullanilarak olusturulan
sistem tlizerinden analizi

e Alman verilerin sosyal medya paylasimlari
yapilabilmesi i¢in yapilandirilmis bir hale
getirilmesi ve belirlenecek araliklarla paylasim
yapilabilmesi i¢in altyapisi olusturmasi

e Hyperledger'in saniyelik islem kapasitesinde
Ethereum’a gore 6 kat fazla kapasiteye sahip
oldugu sonucu

e Hyperledger'in Ethereum’a gore %33 daha az
gecikme siiresi ile islem yapilabilmesine imkan
sagladig verisi

2. Literatiir Ozeti

McGinn ve ark. (2018), Bitcoin blok zincirinin hantal ikili
veri yapisim1 ylksek dogruluklu bir grafik modeline
cevirerek, cesitli analizlerle, boylesine yeni bir acik veri
mimarisi kullanmanin genellikle gézden kagan sosyal ve
ekonomik faydalarini gostermek i¢in bir ¢alisma
gerceklestirmistir. Esasinda bir a¢ik veri platformu olan
Bitcoin agindaki kullanarak bir ¢alisma
yapmislardir. Ag tGzerinde kullanic1 etkinligini baglamak
icin tekrarlanan islem davranislar1 kaliplarinin nasil
ortaya cikarilabilecegi; yeni ¢ikarilan Bitcoin'in, bireysel
servet gostermek icin nasil
iliskilendirilebilecegi, Bitcoin'in deflasyonist
ozelliklerinin ortaya cikarilabilecegi ve 6l¢iilebilecegi naif

verileri

birikimlerini

para miktar: teorisinin uygulanmasi yoluyla ve kullanici
toplulugunun ag izerinde tekrarlanan hizmet reddi
saldirilarina  karsi
gelistirebilecegi konularini ¢alismalarinda ele almiglardir.
Bu agik verilerin bu tiir genel analizleri, mevcut
o6lceklenebilirlik, gizlilik ve yonetisim sorunlari nedeniyle
su anda kurumsal diizeyde blok zinciri gelisimine hakim
olan '6zel izinli' dagitilmis defter mimarilerinin kapal
veri modellerinde bulunmayan ©6rnek niteliginde
avantajlarinin bulundugunu savunmaktadirlar.

Tavares ve ark. (2020) acik veride blokzincir teknolojisi

koordineli savunmalar1 nasil

ile  glivenilir veri  donlisimii  yapilabilecegini

savunmaktadir. veriler, denetim,
sorumluluk, is gelistirme veya yolsuzlukla miicadele
mekanizmas1 olarak kullanilabilir. Meta veri bilgileri,
kaynak endiselerini giderebilir ve giiven sorunlar1 bir

sekilde dijital imzalarla hafifletilebilir. Bu yaklasimlar,

Givenilir agik

veri kaynaginin izini strebilir,
doniistiirme hakkinda
Teknoloji araciligiyla bir agik veri hizmetine giliven
olusturmak, {Ugiincli taraf sertifikalara olan ihtiyaci
azaltabilir ve tiim ddniistimleri dogrulayabilen dagitilmis
bir = mutabakat olusturmak,  veri
kiimelerinin giivenilir ve kullanimi kolay olmasini garanti

ancak genellikle

siireci bilgiden yoksundur.

meKkanizmasi
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edebilir. Calismalarinda, agik veri doniisiimlerini izlemek
icin  blok teknolojilerinden  yararlanmayi,
tliketicilerin verileri dagitilmis bir defter kullanarak

zinciri

dogrulamasini  ve lclinci taraf  sertifikalarina
giivenmeden giivenilir dontstirilmis verileri
yayinlayabilen bir mekanizma saglamay1

amaclamaktadir. Onerilen yaklasimi dogrulamak icin,
veri donlisimi i¢in kullanim durumlar1 kullanilmistir.
Mutabakat protokolii, doniisiimleri 6nceden tanimlanmis
bir algoritmaya goére dogrulayabilmeli,
dogrulanabilir donistiiriilmis verileri yayinlayabilmeli
ve tiiketici, bir dontisiimden kaynaklanan bir veri setinin
yasal olup olmadigini kontrol edebilmektedir.

Dang ve Duong (2021), agcik veri kaynaklarinda
blokzincir teknolojisinin  kullanimin  6zellikle veri
manipiilasyonunun o6ne gecebilmek icin son derece
onemli oldugunu vurgulamaktadir. Ac¢ik veri baglaminda,
paylasilan veriler, bir¢ok kaynaktan kaynaklanan bircok
doniigiim siirecinden gegebilir ve bu da gergek olmayan
veri riskini ortaya ¢ikardigini belirtiyorlar. Ayrica, her
veri kiimesinin farkl lisanslar altinda paylasilan farkh
ozellikleri vardir, bu da giincellenen verilerin 6zelliklerini
ve ilgili politikalar1 degistirebilecegi anlamina geldigi 6ne
stirilmektedir. Calismamalarinda, veri degisikliklerini
takip etmek ve ozelliklerini acgik veri platformu iginde
yonetmek icin etkili ve esnek bir ¢6ziim sunmusladir. Bu
degisiklikler, ihlal edilen degisiklikleri 6nlemek i¢in
degistirilemez  olmalidir ve kalitesini
iyilestirmek i¢in sertifikali kaynak olarak kullanilabilmesi
Onerilen  ¢6ziimiin
uygulanabilir bir yo6n oldugunu gostermek icin, bu
makale sonucu dogrulamak igin deneysel bir 6rnek
yurittiikleri goriilmektedir. Test modeli, elastik bir
sistem mimari ile basarili bir sekilde ¢alismakta ve genel
performans vaat etmektedir.

Joseph (2019) de blokzincir teknolojisinin agik veri ile
kullaniminin avantajlar saglayacagini
savunmaktadir. Agik veri gibi nispeten yeni kavramlarla
birlikte, blokzincir, farkli sosyo-ekonomik kuruluslarda
pratik olarak kullanilma sansina sahip oldugunu
belirterek, blokzincir ve agik verinin sentezi su anda
diinya c¢apinda birgok {lkenin kanunlastirdigl Bilgi
Edinme Ozgirliigii (Fol) yasalarinin gerekli sekilde
uygulanmasin1 sagladigini vurgulamistir. Blokzincir ve
formiilsel temellerini kesfetmenin,
farkli
kurulumlarda birlestirmek icin yollar agacagini one

saglayici

verilerin

savunulmaktadir. mantikll  ve

onemli

actk  verinin

kullanimlarini baglamsal  sosyo-ekonomik
stirmektedir.

Fujihara (2020) da blokzincir tabanl agik veri platformu
ve merkezi olmayan Oracle kullanimini savunmaktadir.
Blok zinciri ve mobil kalabalik algilama teknolojilerinin
birlesimiyle, gercek bilgileri blok zincirine kaydetmek ve
givenilirlik puanlarina gore c¢alisanlara para birimi
vermek icin acik bir veri platformu olusturmustur.
Calismasinda, gercekte meydana gelen olaylan
onaylamak ve herkesin olaylar1 dogrulayabilmesi i¢in
biiyilik ve uzun stireli a¢ik veri (BaLOD) olusturmak lizere
blokzincir tabanh

acitk  veri platformunun nasil

olusturdugunu agiklamaktadir.

Literatlirdeki calismalar1 inceledigimizde, 6zellikle agik
veri kaynaklarindan alinan verinin manipiilasyonun
blokzincir  teknolojisinin
avantajlar saglayacagi

Oonline  gecilmesi  igin

kullaniminin onemli
gorilmektedir. Oznitelik verileri tizerinde pek ¢ok

calisma yapildigi da gorilmistiir.

3. Materyal ve Yontem

Acgik kaynak verinin alinmasi ve depolanmasi igin
yapilandirilmamis veri tabanlarindan olan MongoDB
kullanilmistir. MongoDB ile birlikte, 6zellikle konumsal
verilerin tutulmasi ve gorsellestirilmesi i¢in ArcGIS tercih
edilmistir.  Onerilen  blokzincir tabanli  sistemin
gelistirilecegi altyap: olarak ise Hyperledger Fabric ve
Ethereum (Sanal makine lizerinden akill sézlesmelerin
calistirillmasi) secilmistir. Kurulan Hyperledger Fabric
tabanli sistemde islemlerin seffaf bir sekilde
goriilebilmesi i¢cin Hyperledger'in bir diger araci olan
Hyperledger Composer kullanilmigtir.

Hyperledger tarafindaki sistemin kullanimi, seffaflik ve
giivenilirlik  ozelliklerini  bilinyesinde  barindirmasi
acisindan biiyiik 6nem tasimaktadir. Tim akilli s6zlesme
islemleri Hyperledger Fabric katmani
gerceklestirilir. Agin gosterimi ve dagitimi islemleri ise
Hyperledger Composer araci iizerinden gerceklestirilir.
Solidity dilinde

gelistirilen akill s6zlesmelerin Ethereum sanal makinesi

lzerinden

Ethereum ise agik platformdur.
tizerinde calistirilir.

Biiyiikk veri Blokzincir islemleri ve siirecleri yiiksek
performans gerektirdiginden, yiiksek islem giicline sahip
bir bilgisayar ihtiyac1 ortaya ¢cikmistir. NVIDIA GeForce
RTX 3090 ekran karty, Intel i7 12700KF islemci, 32 GB
RAM ve 1 TB SSD'ye sahip bir cihaz belirlenmis ve
Ubuntu 20.04
edilmistir.
Calisma ilk olarak literatiir taramasi ile baslamistir.
Mevcut durumda, piyasadaki uygulama oOrnekleri
incelenecek ve gelistirilmesi planlanan acik kaynak veri

isletim sistemi kullanilmas1 tercih

analiz sistemine yol gostermesi icin akademik
calismalardan yararlanilmistir. Uygulama o&rnekleri
incelendikten = sonra  ¢alismanin  gerceklestirilme

asamasina gecilmistir. Oncelikle kurulacak sistemin
gereksinimleri dogrultusunda tasarim yapilmis, ikinci
olarak ise gelistirilecek sistemde kullanilacak altyapiya
karar  verilmistir.  Piyasadaki  bircok alternatif,
gelistirmeyi planladigimiz blokzincir tabanlh ag¢ik kaynak
analiz sistemin temeli olan akilli soézlesmeler ve veri
analiz altyapisini sunmaktadir. Uygun olanin belirlenmesi
calismanin basarisi ve ¢ikmaza girmemesi agisindan
Sistem tasarimi ve

biiyik 6nem

kullanilacak altyapi belirlendikten sonra uygulamanin

tasimaktadir.

gelistirme asamasina geg¢ilmistir. Gelistirilen blokzincir
tabanh iki
karsilagtirilmasi

sistemin performans verilerinin

gerceklestirildikten sonra c¢alisma

sonlandirilmistir. Ayrintili yontem Sekil 1'de verilmistir.
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Sekil 1. Calisma yontem adimlari

3.1. Sistem Kurulumu
Sistem kurulumu iki asamada gergeklestirilmistir.
Oncelikle kullanilacak blokzincir altyapis1 kurulacak,
ardindan agik  veri  yapisi sistemin
biitiinlestirilmesi gerceklestirilmistir.

3.2. Blokzincir Yapisinin Kurulumu

Kripto para, ya da dijital para, Avrupa Merkez Bankasi
(ECB) tarafindan; bir merkez bankasi, kredi kurulusu ya
da e-para kurulusunca ihrag edilmemis, baz1 durumlarda
paraya alternatif olarak kullanilabilen bir degerin dijital
temsili olarak ifade edilmistir (Arikan, 2022).
“Blokzincir” sifreleme teknolojisi ile iiretilmis pek cok
para birimi mevcuttur. Bunlardan ilki Bitcoindir.

2007 yiinda sanal para birimi, ilk olarak Bitcoin'in
kurucusu Satoshi Nakamoto tarafindan bir e-mail yoluyla
giindeme gelmistir. {lk giindeme geldiginde c¢ok fazla
dikkat ¢ekmemistir. 2008 yilinda Bitcoin piyasada yer
almistir. Ancak ilk giindeme geldiginde ¢ok az Kisi
tarafindan ragbet gérmiistiir. Bu ragbet eden kisileri de
genellikle gelismis iilkelerde yasayan yenilik meraki
insanlar olusturmustur. Ancak zamanla Bitcoin giderek
yayllmistir ve ekonomide dnemli bir yere sahip olmustur.
Giinimiizde Ethereum, Ripple, Cardano, Litecoin, Nem,
Neo, Stellar, IOTA, EOS, Monero vb. pek ¢ok kripto para
mevcuttur.

Blokzincir, agda bulunan katilimcilarin birbirlerine gliven
duymasina gerek olmaksizin islem yapabilmesine olanak
saglamaktadir. Ayrica bunu, arada herhangi bir merkezi
otorite olmaksizin yapabilme imkani1 sunmaktadir. Araci

kurulup

olmaksizin islem yapabilme o6zelligi sayesinde alici ve
satic1 taraflarin daha hizli bir sekilde yapabilmesine
imkan saglanirken, zincir lizerinde yer alan bloklarda
tutulan verinin kriptografi kullanilarak sifrelenmesi
sayesinde de ihtiyaci
kaldirilmaktadir. Tim bunlar ag {lizerinde belli kural
diizeninde yapilabilmesini miimkiin kilan, blokzincir

merkezi otorite ortadan

teknolojisinin en 6nemli ve devrimsel dzelligi ise akill
sozlesme yapisidir. Akilll sézlesme yapisi, blokzincir
agina gomilii olarak eklenmis disaridan miidahale
calisan kural kod
alan her bir katilimcinin

olmaksizin otomatik olarak

zincirleridir. Agda yer

anlasmaya yonelik taahhiitlerinin ve ayrica belirlenen

odil ve yukiimli olacagi cezalarin belirtildigi is akis
protokoliidiir (Ganne 2018).

Blokzincir tabanli bir sistem kurulacagi zaman, akill
sozlesme altyapisinin da kurulmasi gerekmektedir.
Mevcutta akilli altyapisi farkl
saglayicilar vardir. Ethereum, Hyperledger ve Corda
piyasada yer alan en popiiler akilli s6zlesme gelistirme
altyapi saglayicilari olarak karsimiza ¢ikmaktadir. Corda,
daha ¢ok finansal alandaki uygulama gelistiricileri icin bir
altyap1 sunarken; Hyperledger ve Ethereum ise pek ¢ok
alanda  kullanilabilecek akill altyapisi
sunmaktadir. Calisma kapsaminda finansal olmayan bir
uygulama gelistirilmesi ihtiyact oldugu diisiiniilerek
Corda alternatifi devre dis1 tutulmustur.

Calisma kapsaminda hem Ethereum hem de Hyperledger
altyapilart kullanilarak iki farkli sistem kurulmustur.
Boylelikle, bu iki farklh sistem iizerinde agik veri
esnasindaki  ¢alismalarin

sozlesme sunan

sozlesme

yonetiminin  yapilmasi
karsilagtirilmasinin yapilabilmesi ve en uygun olanin
secilebilmesidir.

Bu iki altyap1 kullanilarak kurulacak sistemin tasarimi
yapilarak baslanmistir. Sistem mimarisi li¢ katmanlh
olarak planlanmistir (Sekil 2). Birinci katman altyapi
katmanidir. Burada blokzincir tabanl sistemin temelleri
kurulmaktadir.  Sistemdeki tanimlanmasi,
taleplerin baglantisinin kuruldugu ve siire¢ adimlarinin
bulundugu katman burasidir. ikinci katman ise akilli
sozlesme altyapisidir. Is mantigmin  kuruldugu, kod
zincirleri lizerinden yapildi§1 katman burasidir. Ugiincii

uclarin

katman ise uygulama katmamdir. Islemin akisinin

yonetimi ve kullanomi bu katman iizerinden
gerceklestirilmektedir. Hem Ethereum hem Hyperledger
altyapili dogrultusunda

kurulmustur.

sistemler bu mimari

BS] Eng Sci / Arif Furkan MENDI

257



Black Sea Journal of Engineering and Science

1) Uygulama ‘

Uygulama

Uygulama ’

3/
L]
— Akilh SéZIeSme is MantigiKod Zinciri ~ |-==mmmmmmmmmmmeeeee- ‘ is Mantigi Kod Zinciri ’
2)
o9
O\J& ‘1(0 .
o--o Altyapl Uglar (Peers) Talepler Siireg Asamalari
S
3 p———-

Sekil 2. Blokzincir tabanl sistem mimarisi.

3.2.1. Ethereum blokzincir yapisinin kurulumu
mantigindan yola c¢ikilarak
olusturulan Ethereum platformu, kendisine ait 6zel bir

Bitcoin'in  blokzincir
yazim dili kullanarak bu isletim sistemi tizerinde merkezi
olmayan yazihim protokolleri gelistirilmesine olanak
saglamaktadir. Bu protokoller sayesinde ayni ana isletim
sistemi icerisinde ve tek bir blokzincir tizerinden kabul
edilmis kontratlar kullanarak binlerce altcoin yaratmak
mimkin olabilecektir. Bir altcoin olarak goziiken
Ethereum aslindan bir¢ok farkli 6zelligi olan dijital para
birimidir ve ETH olarak kisaltilmistir. Bitcoin ardindan
sanal para piyasasinda ikinci sirada yer alan Ethereum,
Bitcoin 2.0 veya dijital petrol olarak adlandirilmaktadir.
Ethash adi1 verilen farkll bir dogrulama algoritmasi ile
olusturulan Ethereum’u diger kripto paralardan ayiran
en Onemli 6zelligi akilli s6zlesmelerdir. Akilli sézlesmeler
gelistirmek icin Solidity dili kullanilmaktadir. Ethereum
akilli s6zlesmeleri “Ethereum Sanal Makinesi” iizerinde
calismaktadir. Ethereum 2.0 ile konsensiis algoritmasi
olarak Proof of Stake kullanilmaktadir. Bu sdzlesmelerin
mantigl; kendi dosyalarini
yazmalarina imkan veren ve kendi 6zel programlama

kullanicilarin komut
diline sahip olmasidir. Kisaca, agin geneline komut
dosyalar1 dagitilmakta ve talebe bagh olarak Ethereum
sistemine katilmaktadir (Dannen 2017).

Ethereum tabanli sistem, akilh sézlesme altyapisi
kullanilarak Solidity dili kullanilarak kurulmustur. Agik
veri altyapisindan elde edilecek verinin alinacagy,
islenecegi, saklanacag bir altyapi olusturulmustur (Sekil
3).

3.2.2. Hyperledger blokzincir yapisinin kurulumu
Hyperledger, sektorler arasi blok zincir teknolojilerini
ilerletmek icin olusturulan agik kaynak kodlu bir is birligi
girisimidir. Finans, bankacilik, nesnelerin interneti (IoT),
tedarik zincirleri, imalat ve teknoloji liderlerinin bir
araya geldigi ve Linux Vakfi'min ev sahipligi yaptigi
kiiresel bir is birligidir. Proje, 2016 yilinda Linux

Foundation’un agik kaynak kodlu bir projesi olarak
ortaya cikmistir. Projenin amaci kurumsal diizeyde
sektorler aras1t DDT’nin gelistirilerek, kiiresel dlgekteki
ticari islemlerin hizli, seffaf ve daha az maliyetle
yuritilmesini saglamaktadir. pek ¢ok
sirketin de tiyesi oldugu bu projenin 90’dan fazla iiyesi
bulunmaktadir. Hyperledger kurumsal blok
uygulama gelistirmek icin kullanilan a¢ik kaynak blok
zinciri uygulama gelistirme altyapisidir. Linux toplulugu

Uluslararasi

zinciri

tarafindan gelistirilmektedir. PBFT konsenstis
algoritmasini  kullanmaktadir. Hyperledger'in kripto
parasl bulunmamaktadir. Hyperledger Fabric,

Hyperledger Iroha ve Hyperledger Sawtooth en bilinen
uygulama gelistirme altyapisidir. Hyperledger altyapilari
akilll sozlesmeleri desteklemektedir. Hyperledger'da
gelismis kimlik dogrulama, veri gizliligini saglar.
Hyperledger (2023) ile Java, Go ve Node]S dilleri
kullanilarak gelistirme yapilabilir. Modiiler mimariye
sahiptir.

// Created by @Arif Furkan Mendi
// Ethereum acikveri smart contract structure
pragma solidity >=0.7.0 <0.9.0;

contract Acikveri {
uint256 number;
function store (uint256 num) {
number = num;

}

function retrieve()
return number;

(uint256) {
15 }
16 )

Sekil 3. Ethereum agik veri sistemi kod 6rnegi.

Hyperledger'in sunmus oldugu pek ¢ok altyap: ve arag
mevcuttur. Basarili bir uygulama gelistirebilmek icin en
6nemli konulardan biri uygun altyapiya karar vermektir.
Sunmus oldugu o6zellikleri ile en 6ne g¢ikan altyapi
secenegi Hyperledger Fabric'tir. Sektérden bagimsiz
devrim niteliginde bir ¢6ziimdiir; esneklik, diisiik kaynak
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tilketimi, performans optimizasyonu gibi avantajlarla
desteklemektedir. Modiiler mimariye sahip Hyperledger
Fabric; 6zel bir yap1 sunmakta ve kanal mimarisi ile
gizlilik saglamaktadir. Bu sebeple kurulacak olan
Hyperledger Fabric kullanilarak insa
edilmesine karar verilmistir. Blokzincir tabanhi agin

sisteminin

olusturulmasi ve dagitilmasi icin ise gelismis bir arayiiz
saglayan ve Hyperledger Fabric ile uyumlu c¢alisan
Hyperledger Composer tercih edilmistir. Ayrica
Hyperledger Composer tarafindan saglanan geri kalan
hizmet uyumlulugu sayesinde farkli veritabanlar1 ve

[H38

defer t3atup.CloacSnK()

Sekil 4. Hyperledger acik veri sistemi Fabric kurulum kodu.

>
]
Hyperledger Composer Playground l”
My Business Networks
Connection: hifv1
P A
]
AcikVeri Admin AcikVeri Dagitim
o & ) &
PeerAdmin admin

tutorial-network

Connect now =

Connection: Web Browser

Sekil 5. Hyperledger acik veri sistemi ekran goriintiisi.

3.3. Ac¢ik Veri Baglantisinin Kurulmasi

Blokzincir altyapisina karar verildikten sonra, ikinci
olarak, elde edilen agik verinin tutulacag: bir veri tabani
tercihi yapilmistir. Alinacak verinin yapilandirilmamis
veri oldugunu disiindiigiimiizde iliskisel olmayan bir

sistemler ile iletisim saglanmaktadir. Hyperledger tabanh
kurulacak sistem Fabric ve Composer kiitiiphaneleri ile
kurulmustur.

flk olarak Fabric altyapisi iizerine sistem kurulumu
gerceklestirilmistir (Sekil 4). Fabric altyapis1 kullanilarak
kurulan sistemin ydnetimi konusunda Composer araci,
ozellikle agin dagitilmasi ve yonetilmesi konusunda
kullanici dostu bir arayiiz ile fark katmaktadir (Sekil 5).
Boylelikle agin yonetimi, dagitimi kolay bir sekilde
yapilabilmektedir.

Import Business Network Card Create Business Network Card

2!

B

veri tabani secimi yapilmasi ihtiyaci olusmustur. Bu
noktada cesitli veri formatlarini destekleyen ve belge
odakli bir veritabani modeli kullanan agik kaynakli bir
veritaban1 sistemi olan MongoDB’nin kullanilmasina
karar verilmigtir.
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MongoDB, biiylik 6lgekli verileri depolamak i¢in
tasarlanmis ve ayni zamanda bu verilerle ¢ok verimli bir
sekilde ¢alismaniza izin veren, a¢ik kaynakli, belge odakl
bir veritabanidir. MongoDB'de verilerin saklanmasi ve
alinmas tablo seklinde olmadig: icin NoSQL (Not only
SQL) veritabani altinda kategorize edilmistir (Celesti,
Fazio, and Villari 2019).

MongoDB’nin yaninda konumsal verinin tutulmasi ve
gosterimi igin ArcGIS kullanilmistir. ArcGIS, cografi
verileri goriintiilemek, diizenlemek, yonetmek ve analiz
etmek icin cografi bir yazilimdir.

olusturularak cografi istatistikleri gorsellestirerek cografi

Katmanlar

bilgilerin islenmesine ve analiz edilmesine olanak
tanimaktadir. Hem beseri bilimlerde hem de bilimlerde
¢ok sayida akademik kurum ve bélim tarafindan ¢igir
acan arastirmalar1 gelistirmek ve Orneklemek icin
kullanilir. Ayrica, diinya capinda bircok hiikiimet ve
ozel/ticari kurum tarafindan kullanilmaktadir (Nowak ve
ark., 2020).

Seffaf Ankara acik veri platformu, Ankara’daki altyapi,
hobi, demografik dagilim, hava durumu, afet destek,
araclarin takibi gibi pek ¢ok konuda biiytik veri setlerinin
halka ac¢ildigi 6nemli bir bilimsel veri tabani olarak
karsimiza ¢ikmaktadir (ABB, 2022). Calisma kapsaminda
portalde yer alan (Sekil 6).

e Yol

e Yap,

e  Sukanalizasyon onarim bakim
konumsal verilerinin toplanmasi, siniflandirilmas: ve
giivenli bir sekilde tiim taraflardan alinan verilerin
raporlanmasi ¢alismasi i¢in adaptorlerin yazilmasi, veri
yapilarinin uyumlandirilarak MongoDB’ye aktarilmasi
calismasi i¢in altyapi kurulmustur. MongoDB’nin yaninda
konumsal verinin tutulmasi ve gosterimi i¢in ArcGIS
kullanilmistir. Bu iki veri tabaninin birbiriyle iletisimle
halde kullanilmasi ve aradaki rest servisler kullanilarak
blokzincir katmani ile iletisim kurulmasi saglanmistir
(Sekil 7).

Sekil 6. Seffaf Ankara konumsal veri gosterimi.

[ Blokzincir Ag

REST Servisleri

DB

(Acik kaynak NoSgl Veritabani)

Sekil 7. Acik veri ve blokzincir katmanlar1 mimarisi.

(Konumsal Veritabani)
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4. Bulgular ve Tartisma

4.1. Blokzincir Tabanh A¢ik Veri Yonetimi

Agik veri kaynaklari analitiginin
yapilmasi ile ilgili ¢cok sayida kaynak mevcut olsa da,
ozellikle blokzincirin ek bir katman olarak konuldugu
calisma sayist siirhdir. Yapilan ¢alisma blokzincir
katmaninin agik veri yonetim siireclerine yenilik¢i bir
bakis acis1 saglamistir (Sekil 8).
Blokzincir katmaninin eklenmesi sayesinde 06zellikle
giivenlik anlaminda ciddi avantajlar elde edilmistir.

Acik Veri Kaynagi

Uygulama Uygulama
Sunucusu Sunucusu

Yarma

kullanmilarak veri

kazandirilmasini

Okuma

MongoDB
Veri Tabani

Veri Taban Yedegi ‘

Acik Veri Yonetim Sistemleri

Sekil 8. Blokzincir tabanli agik veri yonetimi.

4.2. Blokzincir Tabanh Altyapilarin Karsilastirilmasi
Acik veri kaynaginin elde edilmesi, blokzincir tabanh iki
sistemin kurulmasi sonrasi sistemsel altyap1 basarili bir

Dagitik tutulan sistem {izerindeki verinin manipiile
edilmesi ihtimali ortadan kaldirilmistir. Bunun yaninda,
blokzincir teknolojisinin temelinde yer alan akilli
sozlesme yapis1 sayesinde tiim islemlerin belirli bir
standart izerinden, belirlenmis  yapida
islenmesi saglanmigtir.

Kurulan iki blokzincir tabanli sistemin karsilastirma
verilerini inceledigimizde ise Hyperledger ve Etherum’un
birbirlerine gore {Ustiinliikleri ve eksikleri oldugu

o6nceden

gorilmiistir.

Actk Veri Kaynagi

Blokzincir Katmani Blokzincir Katmani

Uygulama
Sunucusu

Yarma

Sunucusu

Uygulama

Okuma

MongoDB
Veri Tabani

Veri Tabani Yedegi

Blokzincir Tabanl
Acik Veri Yonetim Sistemi

Tablo 1. Ethereum ve Hyperledger tabanli blokzincir
sistemlerin saniyelik islem sayilari

Veri Boyutu (mb Ethereum Hyperledger
sekilde tamamlanmistir. Kurulan iki sistemin agik veri yutu (mb) yb 8
. . . . . 10 45.00 298.00
portalinden elde edilen verilerle beslenmesi, sistemin
< L. 50 44.00 298.00
performans degerlerinin karsilastirllmasi asamasina
I 100 44.00 297.00
gegilmigtir 150 42.00 295.00
Ilk olarak Ethereum tabanli blokzincir sistemi ilizerinde
. o 200 42.00 294.50
alinan yol, yap1 ve su kanalizasyon onarim bakim verileri
. . 1o g 250 41.00 293.50
iizerinden islem yapilmistir. Subat 2023’deki verilerin
. o . 300 40.20 292.50
sisteme akisi saglanmistir. Hyperledger tabanli sistem
. 350 39.40 291.50
icin  de es zamanli olarak ayni c¢alisma
e - . . 400 38.60 290.50
gerceklestirilmistir. Ethereum i¢in saniyede yapilan islem
. C 450 37.80 289.50
sayis1 45 (tps) ile baslarken, Hyperledger i¢in ise bu say1 500 37.00 288.50
298 (tps) ile baslamaktadir. Elde edilen veriler Tablo 1'de
. : . e . 550 36.20 287.50
verilmektedir. ~ Veri  boyutu  biyidikee islem
I o . 600 35.40 286.50
kabiliyetinde de sinirlamalar basladig1 goéziitkmektedir.
. o IR R 650 34.60 285.50
Veri boyu biiytdiikce, saniyelik islem sayisinda gorece
. ! o 700 33.80 284.50
azalmalar meydana gelmektedir. Detayl grafik Sekil 9’da
- . 750 33.00 283.50
gorillmektedir.
800 32.20 282.50
850 31.40 281.50
900 30.60 280.50
950 29.10 279.50
1000 28.00 278.50
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Saniyelik islem Sayilari (TPS)

350

300

250

200

150

100

50’-‘—"—0—0—0-—0—0—0—0—0—.—.—.—.__._._.._._._.

10 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Veri Boyutu (MB)

=—@— Ethereum

Hyperledger

Sekil 9. Ethereum ve Hyperledger tabanli blokzincir sistemlerin saniyelik islem sayilari karsilagtirma grafigi.

Saniyelik islem siiresinin yaninda bir diger 6nemli
performans Ol¢lim parametresi de islem gecikme
stiresidir. Her iki sistemin calistirilmasi neticesinde elde
edilen veriler karsilastirildiginda Ethereum icin 282ms
ile baslayan gecikme siiresi, Hyperledger i¢in ise 212ms
olarak tespit edilmistir (10 mb’lik islem yogunlugunda).
Elde edilen veriler Tablo 2’de verilmektedir. Veri boyutu
arttikca Ethereum’da daha hizli bir yiikselme egilimi
gozlemlenmistir. Detayl grafik Sekil 10'da
goriilmektedir.

Tablo 2. Ethereum ve Hyperledger tabanli blokzincir
sistemlerde islem gecikme siireleri

Yapilan bu iki somut karsilastirma, Hyperledger'in
performans olarak Ethereum’a gore daha avantajl
konumda oldugunu gostermektedir. Fakat, Hyperledger
tabanl sistemin kurulmasi esnasinda ciddi efor sarf
edilmesi gerekmistir. Tim sistem Kkonfigiirasyonunun
yapilmasi, givenlik katmanlarinin kurulmasi gibi
islemler yaklasik 15 saat siirmiistiir. Diger taraftan
Ethereum i¢in tim bu kurulumlarin yapilmasi 4-5 saat
gibi bir siirede tamamlanmistir. Bunun temel sebebi;
Ethereum’un kullanicilarina konfigiire edilmis bir altyapi
sunmasidir. Burada pek c¢ok giivenlik sistemi, akill
sozlesme yapist vb. alt
sunulmaktadir. Bu sebeple 6zellikle kurulum asamasinda
ciddi saglamaktadir. Diger o6nemli

hizmet hazir olarak

zaman kazanci

Veri Boyut b Eth H led
eri Boyutu (mb) ereu ypereceer konulardan birisi de Hyperledger’in kurulum esnasinda
10 282.00 212.00 o ) ey
50 283.00 214.00 komut satirindan ¢ogu islemlerin yapilmasi gerekliligidir.
' ' Ethereum’da ise bu efor ¢ok daha azdir. Bu da
100 285.00 218.00 . N . .
Hyperledger ile gelistirim yapmak isteyenlerin kod
150 296.00 221.00 . . o o . .
gelistirim, sistem  yOnetimi gibi  miihendislik
200 297.50 223.00 . . e
yeteneklerinin ¢ok daha yiiksek olmasi gereksinimini
250 301.90 223.00 . .
ortaya ¢ikarmaktadir. Ethereum {izerinden ise ¢ok daha
300 306.30 223.60 kolay bir sekilde gelistirim yapilmasi imkani
350 310.70 224.00 bulunmaktadir.
400 315.10 227.81
450 319.50 229.58
500 323.90 231.35
550 328.30 233.13
600 332.70 234.90
650 337.10 236.68
700 341.50 238.45
750 344.90 240.22
800 346.30 242.00
850 349.03 243.77
900 351.43 245.55
950 353.83 247.32
1000 356.23 249.09
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Gecikme Suresi Karsilastirma Grafigi (ms)
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Sekil 10. Ethereum ve Hyperledger tabanli blokzincir sistemlerde islem gecikme siireleri karsilastirma grafigi.

5. Sonug

Kurumlar tarafinda sunulan acgik verinin dogru
yontemlerle alinmasi, depolanmasi ve yonetimi verimli
ve dogru sonuclar elde edilmesi icin blylik o6neme
sahiptir. Ankara Biiyliksehir Belediyesi tarafindan
sunulan Seffaf Ankara acik veri platformundan sunulan
verinin blokzincir katmani eklenerek veri tutarliligim
saglandig bir yap1 elde edilmistir. A¢ik veri kaynagindan
aliman yapilandirilmamis verinin tutulmasi, yonetilmesi
noktasinda MongoDB kullanilmistir. Calismanin ikinci
asamasinda ise; teknolojisi  kullanarak
uygulama gelistirmek isteyenlerin yasadigi en onemli

kararsizliklardan olan hangi altyapinin kullanilacag:

blokzincir

sorusuna yanit somut karsilastirmalar ile ele alinmaya
calisiilmistir. Bunun i¢in en 6nemli blokzincir altyap:
saglayicilarindan olan Hyperledger ve
altyapilart kullanilarak iki farkli sistem kurulmustur.
Kurulan her iki sistemin gercek veriler ile beslenmesi
neticesinde, Hyperledger tabanli sistemin Ethereum’a
gore 6 kat daha fazla saniyelik islem yapabildigi
gorlilmiistiir. Gecikme siiresinde ise yine Ethereum’a
gore Hyperledger'm %33 oraninda avantaj sagladigl
gorilmiistiir. Tim bu avantajlarin yaninda, Hyperledger’
segcmenin bazi dezavantajlari da oldugu
deneyimlenmistir. Ozellikle sistem kurulum asamasinin
Ethereum’a gore 3 kat daha fazla zaman gerektirdigi
gozlemlenmistir. Ayrica, kurulum i¢in komut satirindan
ileri seviye bilgi ve kurulum gerekliligi
Hyperledger'in dezavantajli oldugu konulardandir.
Ethereum’da nispeten daha kolay kullanilabilir, kompakt
bir yapr sunuldugu gorilmistiir. Eger biiyik c¢apl,
kurumsal kullanima uygun bir uygulama gelistirilecekse

Ethereum

de yine

bu eforun tolere edilebilir oldugu soylenebilir. Fakat
gelistirilecek kiiciik uygulamalar i¢in Ethereum’un daha
hizli sonug verecegini soyleyebiliriz.

Calisma sonucunda agik veri kaynagindan alinan
verilerin sosyal medya paylasimlar1 yapilabilmesi igin
yapilandirilmis, veri tutarhlifinin garanti altina alindig
bir hale getirilmesi saglanmistir. Ayrica, burada elde

edilen verinin yapisallastirilip yonetilmesi 6zelligi

kazanmas1 sayesinde sosyal medya paylasimlar,
raporlamalar i¢in bir altyap1 da olusturulmustur. Gelecek
calismalarda bu altyapr kullanilarak sosyal medya
paylasim sistemleri calismalar

yapilabilecektir.

lizerine de

Katki Oranmi Beyani
Yazar katki yiizdesi asagida verilmistir. Yazar makaleyi
incelemis ve onaylamistir.

AFM.

100
T 100
Y 100
VTI 100
VAY 100
KT 100
YZ 100
KI 100
GR 100
PY 100
FA 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon, PY= proje yonetimi, FA= fon ahmu.

Catisma Beyani
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigini beyan
etmektedir.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar iizerinde herhangi
bir ¢alisma yapilmadigi i¢in etik kurul onay1
alinmamistir.
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GIDA PAKETLEMEDE RiSK DEGERLENDIRMESI SURECI ICIN
BULANIK COK KRITERLI BIR MODEL UYGULAMASI: DEMATEL
VE CODAS
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Ozet: Paketli gida tretiminde makinelerden kaynakl tehlikelerin tespitinin gerekliligi; karar vericilerin subjektif yaklasimlarina karsi
belirsizliklerin giderilmesi, tehlikelerden kaynakl risklerin onceliklendirilmesi ve akabinde diizeltici faaliyetlerin siralanmasi
acisindan ¢ok kriterli karar verme problemi olarak karsimiza ¢ikmaktadir. Bu ¢alismada karsimiza ¢ikan ana arastirma sorusu, karar
verici uzman ekibin tercihleri de dahil olmak tlizere nicel ve nitel karar kriterlerine dayal olarak gida tiretim faaliyetlerinde makineler
ile ilgili alinacak giivenlik énlemlerini siralamak i¢in bir yonteme gerek olup olmadigidir. Bu ¢alisma uygulama alanina ait mesleki
tehlikelerin degerlendirilmesi ve bu tehlikeler sonucunda alinacak giivenlik onlemlerinin onceliklendirilmesi olmak iizere iki
asamadan olusmaktadir. Birinci asamada, kriterlere ait faktor agirliklar1 Bulanik DEMATEL (Karar Verme Deneme ve Degerlendirme
Laboratuvari) ile hesaplanmustir. ikinci asamada elde edilen agirliklar kullanilarak Bulanik CODAS (Birlestirilebilir Uzaklik Esash
Degerlendirme veya Birlestirilebilir Mesafe Tabanli Degerlendirme) ile mesleki tehlikeler ve tehlikelerden kaynakl riskler
onceliklendirilmistir. Boylece gerceklestirilmesi gereken diizeltici ve 6nleyici faaliyetlerin is planinin saglikl bir sekilde olusturulmasi
saglanmustir. Is saglig1 ve giivenligi yénetim sisteminin isletilebilirligini giiclendiren bir yaklasim olarak risk ve énlemler birlikte analiz
edilmistir. Onerilen uygulama modeli gida iiretim sanayinde faaliyet gosteren bir fabrikada uygulanmis, en 6énemli ilk ii¢ risk
kaynagindan ilki “Paketleme Makinesine ait Koruyucularin Manipiilasyona Ugramasi’ olarak saptanmistir. Bunu takip eden tiim alt
kriterlerin bir arada degerlendirilmesiyle sirasiyla ‘Makine Operatorliik Egitimi Bulunmayan Kisilerin Makineye Miidahalesi ve
Paketleme Makinesinin Tehlikeli Bolgesine El ile Miidahalede Bulunmasi” olarak belirlenmistir. Elde edilen bu veriler gida sektoriinde
makine kullanimi noktasinda operatorliik is kolunun dneminin, is saghig1 ve giivenliginin saglanmasi ile is kazalarinin 6nlenmesi
acisindan etkin bir faktor oldugunu ortaya koymaktadir.

Anahtar kelimeler: Risk analizi, Bulanik mantik, F-DEMATEL, F-CODAS, Gida iiretim endiistrisi

A Fuzzy Multi-Criteria Model Application for Risk Assessment Process in Food Packaging: DEMATEL and CODAS

Abstract: The necessity of detecting the hazards originating from machinery in packaged food production; It appears as a multi-
criteria decision-making problem in terms of eliminating uncertainties against the subjective approaches of decision makers,
prioritizing risks arising from hazards, and then ordering corrective actions. The main research question we encounter in this study is
whether there is a need for a method to rank the safety measures to be taken regarding machinery in food production activities based
on quantitative and qualitative decision criteria, including the preferences of the decision-making expert team. This study consists of
two stages: the evaluation of the occupational hazards of the application area and the prioritization of the safety measures to be taken
as a result of these hazards. In the first stage, the factor weights of the criteria were calculated with Fuzzy DEMATEL (Decision Making
Trial and Evaluation Laboratory). Occupational hazards and risks arising from hazards were prioritized with Fuzzy CODAS
(Combinable Distance Based Assessment) using the weights obtained in the second stage. Thus, it was ensured that the corrective and
preventive actions to be carried out were formed in a healthy way. As an approach that strengthens the operability of the occupational
health and safety management system, risks and precautions are analyzed together. The proposed application model was applied in a
factory operating in the food production industry, and the first of three most important source of risk was determined as
"Manipulation of the Protectors of the Packaging Machine". By evaluating all the following sub-criteria together, it was determined as
'Intervention of Persons without Machine Operator Training to the Machine and Manually Intervention in the Hazardous Zone of the
Packaging Machine'. These obtained data reveal that the importance of the operator business in terms of machine use in the food
industry is an effective factor in ensuring occupational health and safety and preventing occupational accidents.

Keywords: Risk analysis, Fuzzy logic, F-DEMATEL, F-CODAS, Food production industry
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1. Giris

Is saghg ve giivenligi saha uygulamalar1 kapsaminda
oncelikli ¢alismalarin basinda risk degerlendirme
uygulamalart1  gelmektedir. Risk  analizi, risk
degerlendirmenin bir alt basamagi olup; isyerinde tiretim
icin gerekli ham madde ve malzeme tedarigi ile baslayan
ve iretim hedefine uygun iiriin ¢ikana kadar gegen
slirede calisan gilivenligi ve sagligina zarar verebilecek
tiim asamalarin belirlenmesidir. Risk analizi ¢iktilarinin
sayisal olarak degerlendirilme
degerlendirilmesi olarak tanmimlanmaktadir (Giiler ve
ark, 2011). Literatiirde risk degerlendirmesi olarak
birgok farkli yéntem bulunmaktadir. Onemli olan bu
yontemleri karsilastirmal
uygulayarak, iiretime destek olan tiim siireclerde kor
noktalarin giderilmesi saglamaktir.

Dinamik ve talebi yogun bir sektér olan gida imalatinda
iretim devamliiginin saglanmasi, sistemsel hatalarin
onceden fark edilerek onlenmesi veya diizeltilmesine
baghdir. Bundan dolay1 isletmeler, imalat siirecinde
degisken  taleplere  gore
standardizasyonlari, ¢alisan performansi, is cevrim siiresi
ve imalat esnasindan yasanabilecek makine arizalari ve
calisan kazalar1 gibi kriterlere goére 6n goriilere sahip
olmay1 hedeflemektedir. Makine, ¢alisan, yogun talep ve
iretim gibi dinamik kriterlerin yer aldigi problemleri
¢ozmek icin ¢ok Kkriterli (CKKV)
yaklasimlarindan faydalanilmaktadir. Son yillarda tek
seferde daha etkin gozlem ve degerlendirme imkani
saglayabilmek icin CKKV yontemleri ile klasik risk
degerlendirme yontemleri hibrit bir metot olarak
gelistirilerek kullanilmaktadir. Boylece, risk
degerlendirmesi yapan (karar vericilerin) kisilerin risk
Olcegine ulasirken, en ideal
yontemlerine karar vermesi saglanmaktadir
2020).

(Oral ve Bayhun, 2021) tarafindan yapilan bir
arastirmada gidalarin paketlenmesi esnasinda kullanilan
makinelerle calisma esnasinda yasanan yaralanmali is
kazalarinin nedenleri FMEA ve HRNS olmak iizere iki

stireci de risk

birbirleri ile olarak

iretim  kalitesi  ve

karar verme

diizeltici- kontrol

(Kaya,

farkl risk degerlendirme yonteminin karsilastiriimasiyla
irdelenmistir. Yapilan arastirmada FMEA metoduna goére
karar verilen Onleme yontemleri durumun kontrol
asamasinda oldugu tespit edilirken, ayni dnlem ydntemi
HRNS metodunda durumun énemi ve yeterli bir 6nlem
olmadig1 vurgulanmistir (Oral ve Bayhun, 2021). Benzer
calismadaki ayni risk parametreleri kullanilarak, kontrol-
Onlem kriterlerine daha etkin karar verebilmek i¢in ¢ok
kriterli karar verme yontemlerinden faydalanilarak yeni
bir hibrit risk degerlendirme yontemi gelistirilmesi
amaglanmigtir.

Bu calismada gida imalati sektériinde iiretim esnasinda
yasanan is kazalarini minimize etmeye yonelik standart
risk degerlendirme yontemleri disinda kaza tiirlerini
agirhklandirma da bulanik karar verme deneme ve
(DEMATEL)
yasanan kazalara gore 6nlem yontemlerine karar vermek
icin birlestirilebilir mesafeye dayali degerlendirme

degerlendirme laboratuvari yontemi,

(CODAS) yontemi kullanilarak hibrit bir uygulama
yapilmistir.

1.1. Maksimum Verim-Performans
Tercih Edilen CKKV Yéntemleri
Arastirma konusuna benzer karmasik problemleri
¢ozmeye yonelik CKKV  yontemleri
olusturulan hibrit modeller ile optimal se¢im i¢in karar
yonelik gelistirilen
incelenmistir. VIKOR ydntemi ile alternatifler arasinda
se¢im yaparken, ¢ok kriterli siralama indeksi olusturarak
ideal ¢oziime en yakin kararin verilmesine imkan
saglanmaktadir (Ugur ve ark, 2017). Yapilan
incelemelerde genellikle optimal secimlerde VIKOR
yonteminin tercih edildigi saptanmistir.

Chang ve ark. (2011) tarafindan Tedarik Zinciri
(TZY) etkileyen
endistrisindeki 17 profesyonel satin alma uzmanina
DEMATEL yontemi uygulama anketleri gonderilerek
saptanmaya calisilmistir. Yapilan ¢alisma sonucunda
TZY'yi etkileyen faktorlerin iiriin kalitesi, fiyati gibi
bilinen kriterlerin aksine, mal teslimati oldugu ortaya
cikmistir.

IIbahar ve ark. (2018) yaptiklar1 ¢alismalarinda, pisagor
bulanik AHP iceren Pisagor Bulanik Orantii Risk
Degerlendirmesi (PFPRA) yaklasiminda bulunmuglardir.
Calismanin uygulamasini ingaat
gerceklestirmislerdir. Sonuglar Hata Tiirt ve Etkilerinin
Pisagor Bulanik Analizi ile karsilastirilarak o6nerilen
yontemin karar verme siirecinin belirsizligini daha iyi
temsil ettigi gosterilmistir.

Uslu ve ark. (2022) calismalarinda, bulanik tabanli
DEMATEL ve MABAC (Multi-Attributive
Approximation  Area  Comparison)
kullanarak ti¢ asamali bulanik risk matrisi tabanl yeni
bir Risk Analizi (RA) 6nermislerdir. {lk asamada F-
DEMATEL ile Risk Faktorlerinin (RF) 6nem agirliklarini
hesaplamislardir. ikinci adimda, bulanik risk matrisi
kullanilarak Risk Tirlerinin (RT) risk derecelerini
hesaplamislardir. Ugiincii agamada ise diizeltici ve
onleyici faaliyetler F-MABAC 'a gore siralanmistir.

Kuzu (2021) c¢alismasinda, gemilerin ikiye ayrilma
kazasini 6nlemek i¢in gemi yapisal hasarini tetikleyen 18
faktore dayal alternatif bir risk analizi yaklasiminda
bulunmustur. neden-sonug
iliskisini bulmak i¢in yaygin olarak kullanilan bir yontem

Olgiimiinde

kullanilarak

vericilere uygulama oOrnekleri

Yonetimini faktorler elektronik

sektoriinde

Border
yontemlerini

Kriterlerin aralarindaki
olan bulanik DEMATEL kullanmistir. Calismasinda, gemi
yapisal kazalarina ve oOnleyici tedbirlerine yonelik
Onerilerde bulunmustur.

Koohathongsumrit ve Chankham (2022) c¢alismalarinda,
bulanik risk degerlendirmesine dayali agirlik merkezi
yontemini, bulanik AHP ve VIKOR birlestiren yeni bir
hibrit yaklasim ile entegre ederek rotasyon problemi
tzerine c¢alismiglardir. Calismalarinin etkinligi ve
yontemin uygulanabilirligini, Tayland'dan Cin'e ampirik
bir rota se¢imi yoluyla dogrulamislardir. AHP ile
niteliklerin goreli agirliklari hesaplandiktan
nakliye maliyeti, stiresi, glivenilir risk dereceleri ve

oncelik degerleri VIKOR kullanilarak kapsamli ulasim

sonra,
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planlanmasi tasariminda karar vericilere yardimci
olmustur. Li ve ark. (2022) c¢alismalarinda, bulanik
VIKOR-FMEA'ya dayali bir operasyonel emniyet risk
analizi modeli olusturmuslardir. Uzman ekip, Hata Tiri
ve Etkileri Analizi (FMEA) yontemini kullanarak her bir
ariza tirinin (S), olusma sikhiginin (0) ve tespit
edilebilirligini (D) degerlendirmek i¢in dilsel degiskenleri
kullanmiglardir. Risk agirhiklarini
hesaplamak i¢in bulanik AHP yontemini maksimum
sapma yaklasimi ile entegre ederek kullanmislardir.
FMEA ydntemi sonucunda riskleri siralamak icin VIKOR
yontemini kullanmislardir. (Rehman ve ark. (2022)
calismalarinda, elektrik enerjisi
azaltma stratejilerini belirlemek i¢cin en muhtemel,
siddetli, maliyetli, tespiti zor ve kontrol edilmesi zor
riskler kategorize ederek,
degerlendirilmesi icin kriterleri Bulanik Tam Tutarlilik
Yontemi (FUCOM) ile olgerek, bu risklerin siralanmasi
icin bulanik VIKOR y6ntemini kullanmislardir. Uygulama
sonucunda yolsuzluk, dongiisel borglar, eski altyapi,
enerji kayiplar1 ve arastirma ve gelistirme eksikligini en
kritik riskler olarak bulmuslardir.

Uslu ve ark. (2022) ¢alismalarinda, risk kriterlerini
entropi ile agirliklandirip, kriterlerin 6nem tespiti icin
Tercih Secim Indeksi (PSI) ve Kriterler aras1 Korelasyon
Yoluyla Kriterlerin Onem Tespiti (CRITIC) yéntemlerini
entegre ederek kullanmislardir. Hata tiirlerinin
onceliklendirilmesi i¢in Ortalama Coziim Uzakligina Gore
Degerlendirme (EDAS), CODAS, Karmasik Orantil
Degerlendirme (COPRAS) yontemleri kullanmigslardir.
Onerilen yéntemin etkinligini savunma ve havacilik
sanayisinde faaliyet gosteren bir
degerlendirmislerdir.

Sahmutoglu ve ark. (2022) calismalarinda, afet aninda

faktorlerinin

sektoriinde riskleri

olarak risklerin

firmada

gidaya erisim ve toplanma bdlgesi sorununa ¢oziim
olacak hibrit model 6nerisinde bulunmuslardir. Uzman
gorilisii ile belirlenen gida ve toplanma noktasina etki
aralik degerli notrozofik AHP
metodolojisi ile 6nem agirliklar1 belirlenmistir. Bartin il
sinirlarinda  bulunan on iki toplanma noktasinin
risklerine gore siralamasi aralik degerli nétrozofik
CODAS yoéntemi ile elde etmislerdir. Onerilen entegre
metodolojinin, afet risk degerlendirmeleri igin
uygulanabilir bir yéntem olmas1 amag¢lanmistir.

Karasan ve ark. (2022) tarafindan yapilan bir
arastirmada isletmeler ag¢isindan iiretilen bir irlinin

edecek Kriterlerin

migsteri gereksinimleri ve teknik o6zellikleri ayri
kategoride degerlendirilerek iliskilendirilmistir. Bu
calismada misteri gereksinimlerini belirlemede AHP
yontemi kullanilirken, teknik 6zellikler
iligkiler notrofizik DEMATEL y6ntemi ile hem verilerdeki
kesinlik hem de karar vericilerin belirsizlikleri dikkate

arasindaki

alinarak hesaplanmistir. Sonug olarak, miisteri tarafindan
beklenen en 6nemli teknik 6zellik ile miisteri gereksinimi
arasinda iliski kurulmustur.

Yapilan calisma sonucuna gore akilli sehir konusunda
farkindalik ve uygulama boyutlarini nitel bir tanimlayici
yontem ile DEMATEL'i iceren nicel bir ydntemle
birlestirerek kullanmislardir. Boylece, niteliksel asama
sonucu teknoloji odakli ¢ikarken, nicel asama sonucu
insanlarin daha énemli ve belirleyici bir kriter oldugunu
ortaya koymustur. Bdylece bu c¢alisma ile benzer
problemlerin hibrit
gelistirilmesinin karar vericilere daha pratik ve
uygulanabilir rehberlik saglayacag vurgulanmistir.

Koca ve ark. (2021) yaptig1 6rnek ¢alismada oldugu gibi
bu ¢alismada da gelistirilen hibrit bir metodoloji ile kaza
tiirleri ve onleyici uygulamalara karar vermede etkili bir
sonug elde edilmesi amag¢lanmistir. Boyle hibrit bir metot
ile gida sektériinde yaygin olarak kullanilan gida
paketleme makinelerine bagh olarak yasanan kazalari
onlemek icin rehberlik  edecegi
distinilmektedir.

¢Ozlimiinde metotlarin

karar vericilere

2. Materyal ve Yontem

2.1. Bulanik Kiime Teorisi

Bulanik mantik kavrami ilk kez 1965 yilinda Matematikgi
Lotfi A. Zadeh (1965) tarafindan insan odakli karar
verme siirecindeki belirsizlik ve karmasiklik ile miicadele
edebilmek i¢in kullanilan gii¢lii bir aractir. Ger¢ek hayat
problemlerinde ¢6ziim ve karar vermedeki eylemlerin
kesin bir sekilde tanimlanmasi miimkin olmadig1 i¢in
belirsizlik ile karsi karsiya kaliriz. Dilsel kelimeleri
bulanik sayilara donistirip kullanmak, karar verici
grubun diisiince ve fikirlerindeki belirsizligi kavramaya
cahgmaktan daha kolaydir. Bu baglamda A= (I, m, u)
olarak tanimlanan tiggen bulanik sayidir. Denklem 1’de 1,
m ve u, bulanik kiimelerin alt, orta ve st sayilarini
gosterir. Bulanik say1 tyelik fonksiyonlarini su sekilde
gosterebiliriz (Denklem 1).

0, x<1
L l<x<m

Wi= m_—l 1
A ux,meSu (1

u-m
0 x=>u

Tablo 1'de bulanik ikili karsilastirma yo6nteminde
kullanilan 6nem olgekleri gosterilmektedir. Bu 6nem
dlcegi kullanilarak iki bulanik iicgen sayilari, A;= (1,
my,u;) ve A,= (l,, myu,) seklinde ifade edilebilir.
Bunlarin istatistiksel tahminini su sekilde ¢6zlimlemek
miimkiindiir. Uggensel bulanik sayilarin kendi aralarinda
toplanmasi (Denklem 2);

A1+ Az= (11 + 12, mi+mz, ui+uy) (2)

Ucgensel bulanik sayilarin kendi aralarinda cikarilmasi
(Denklem 3);

Ai- K= (1 - I, mi-mz, wi-
Koca ve ark. (2021) akilli sehirlerin planlanmasinda 1- A= (- oy mi-mz, wi-ue) (3)
onclilik edecek bir c¢alismay1 DEMATEL yontemi
kullanarak iki agsamali hibrit bir metot ile yapmislardir.
BS] Eng Sci / Semra BAYHUN ve ark. 267
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Tablo 1. Bulanik ikili karsilastirma yonteminde kullanilan 6nem 6l¢egi

Dilsel Olgek Etki Skoru Uggensel Bulanik Karsiliklari

Cok Onemli (V1) - Cok Etkili 4 (0,7; 0,9; 1.0) (7/10,9/10, 10/10)
Onemli (I) - Etkili 3 (0,5;0,7; 0,9) (1/2,7/10,9/10)
Normal (N) 2 (0,3 0,5; 0,7) (3/10,5/10,7/10)
Onemsiz (U) - Etkisiz 1 (0,1;0,3; 0,5) (1/10,3/10,1/2)
Cok Onemsiz (VU) - Cok Etkisiz 0 (0;0,1;0,3) (0,1/10,3/10)

Ucgensel bulanik sayilarin kendi aralarinda g¢arpilmasi
(Denklem 4);

A1x Az=(l1x 12, m1 x m2, u1 X u2) 4)

Bulanik ii¢gen sayilarin aritmetik olarak ifadesi (Denlem
5ve 6);

kxAi=(kxl,kxmg, kxug),k>0 (5)
ve

kK _k k k

G k>0 (6)

2.2. Bulamk DEMATEL

Bulantkk DEMATEL ayrintih  CKKV
probleminde mevcut kriterler arasindaki iliskisel etkileri
analiz ederek Kkriter agirliklarini hesaplamaya yarayan
bir ¢6zim yontemidir 2021). DEMATEL,
degiskenler arasindaki karsilikli bagimhlik iliskisini ve
agirlikl etki degerlerini gosterir. Yontemin isleyisi ile
ilgili ¢c6ziim basamaklar1 asagida gosterilmistir (Chang ve
ark, 2011; Li ve ark,, 2022).

Adim 1. Dogrudan iliski matrisinin olusturulmasi; bu
asamada karar verici uzman grubun her bir kriter i¢in
karsilikli etkilerini belirlemesi istenir. Boylece karar
dilsel degerlendirmesi gercek sayisal
degerlere cevrilmis olur. Dogrudan iliski matrisi bu
nedenle tanimlanir. A = [aj;] burada A, n x n negatif

dinamik  ve

(Kuzu,

vericilerin

olmayan matristir, ajj, i faktoriintn j faktérd tizerindeki
dogrudan etkisini gdsterir; ve i = j oldugunda, késegen
elemanlar aij = 0 olur. Adim 1 gorsel olarak ifade edildigi
ticgensel bulanik say1 modeli Sekil 1'de gosterilmektedir.

Adim 2. ik dogrudan iliski matrisinin olusturulmasi; bu
adimda alt kriterler arasinda kargilagtirma yapilarak
normallestirilmis dogrudan iliski matrisi elde edilir.
Adim 3. Toplam iliski matrisinin (T) elde edilmesi;
asagidaki formiiller (Denklem 1) kullanilarak hesaplanir.
Ty, 1 kriterinin j kriteri tzerindeki dolayl etkisini
gosterir, dolayisiyla T, her bir kriter ¢ifti arasindaki
toplam iliskiyi verir (Denklem 7).

T=D(-D)-1 (7)

Adim 4. Modelin analiz edilmesi, 7; ve ¢, asagidaki
formiiller (Denklem 8 ve 9) kullanilarak belirlenir.
Formiilde 7], tamamen i kriteri tarafindan diger tiim
faktorlere verilen dogrudan ve dolayl etkiyi gosterirken,
¢, etkinin derecesini gosterir.

n
rp= ) Ty (8)
=1
n
G = ZTi;‘ )
=

i = j oldugunda, ;”+ ¢; ~ i kriteri tarafindan verilen ve
alman tiim Kkriterleri gosterir. Yani ;- G-, hem i
kriterinin tiim sistem tzerindeki etkisini hem de diger
sistem Kkriterlerinin, kriter i iizerindeki etkisini gosterir.
Boylece r;"+ ¢;~i kriterinin tiim sistemdeki 6nem
derecesini gosterebilir. Ote yandan 7;~- ¢; ~ degeri pozitif
ise i kriteri acik neden olacaktir. ;- ¢; ~ negatifse, kriter

etki grubu icinde kiimelenmis net bir sonug¢ olacaktir
(Chang ve ark,, 2011)
Adim 5. 1,7+ ¢;"ve 1;7- ¢;~ degerlerine gore neden-

u(x) sonug iliskisi diyagrami cizilir. Bdylece, faktorler
A arasindaki karmasik iliski kolayca gorsellestirilir.
Toplam iliski bulanik matrisinin kesin durumu, asagidaki
formiiller kullanilarak hesaplanir (Denklem 10 - 13);
S T=lim (& + %2+ -+ x) 10
k— 400 ( )
fijz [lu,mu,uu) Oldugu Zaman,
0 >x [ll]] = x X (1 — xl)_1 (11)
Sekil 1. Uggensel bulanik say1. [ﬁlij] = 2 X (I = X)) 7" (12)
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[ii] = %y x (I = %) (13)

Adim 6. Durulastirma siireci: bu adimda 7,7+ ¢; ~ ve r;”-
G™, (BNP)
degerlerini belirlemek icin Ross (1995) tarafindan
literatiire kazandirilan alan merkezi (COA) durulastirma

en 1iyi bulanik olmayan performans

yontemi kullanilir. Digbiikey bir bulanik say1 icin & ve
alanin merkezine karsilik gelen gercek say1 z* Denklem
14 ve 15 kullanilarak belirlenir (Akyuz ve Celik, 2015).

. Ju@)zdz

T Ju(2)dz (14)

5=(lij,mij,uij) bulanik sayisinin en iyi bulamk

olmayan performans degeri asagidaki formil ile
hesaplanir;
BNPL-}- _ 2y 7] U 7] + lij [15)

3

Adim 7. Nihai ¢iktinin elde edilmesi ve neden-sonug iligki
semasinin olusturulmasidir.

2.3. Bulanmik CODAS

Ghorabaee ve ark. (2016) tarafindan literatiire
kazandirilan CODAS yo6nteminde, alternatiflerin negatif
ideal ¢6ziime olan uzakliklarinin hesaplanmasi igin Oklid
(Euclidean) ve Taksikab (Taxicab) uzakliklar1 ile
alternatiflerin  birbirlerine goére avantajli yonleri
belirlenmektedir. calisma mantig1
hesaplanan negatif ideal ¢6ziimden en fazla uzaklikta
olan alternatifin secilmesidir. Karar alternatiflerinin
negatif ideal ¢o6zlime uzakliklarinin kesfinde oncelikle
Oklid uzaklig), sonrasinda eger iki karar alternatifi Oklid
mesafesi lizerinden karsilastirilamiyorsa veya cok benzer
degerlere sahip ise, diger bir 0l¢iit olan Taksikab uzaklig1
dikkate alinir. n alternatif m kriterin oldugu bir karar
verme probleminde, uygulama adimlar asagidaki gibidir.
CODAS yo6nteminin uygulama asamalar1 su sekildedir
(Keshavarz Ghorabaee, 2016).

Adim 1. Karar matrisi (X) asagidaki sekilde olusturulur
(Denklem 16);

Yontemin ana

X110 Xim

X=|x] =% = @ (16)
Xn1 " Xnm

Karar matrisindeki x;; ( x;j = 0 olmak tizere), i.

alternatifin j. kritere gore performans degerini ifade
etmektedir. (i €{1,2,..,n}veje{12,..,m})

Adim 2. Normalize karar matrisi elde edilir. Tim
performans degerleri Denklem 17 ile ifade edilir. Burada
dogrusal normalizasyon islemi ile kriter tipine gore
normalizasyon yapilir.

[ Xij

coric N

!maxxij eserJ b 17

T minz egerj € N, a7
7 ’

Burada N, ile fayda kriteri, N.ile zarar kriteri ifade
edilmektedir.

Adim 3. Agirliklandirilmis normalize karar matrisinin
olusturulmasi; bu asamada Denklem 18 yardimi ile bir
onceki adimda hesaplanan normalize karar matrisi
degerleri ve kriterlerin 6nem agirliklar1 carpilarak,
agirhiklandirilmis karar matrisi elde edilir.

Tij = Wjhj (18)

Burada w; (0 < w; < 1 olmak lizere) j. kriterin agirhgini
ifade eder ve tiim kriter agirhklarinin toplami 1‘e esit
olacaktir.

Adim 4. Negatif ¢ozlim noktasi
Agirliklandirilmis karar matrisinin her bir siitununda yer
alan en kii¢lik performans degeri secilerek negatif ideal
¢6ziim Denklem 19 ve 20 kullanilarak elde edilir.

ideal belirlenir.

ns = [ns] (19)

ixm
ns; = minry; (20)

Adim 5. Alternatiflerin negatif ideal ¢éziime olan Oklid ve
Taksikab uzakliklar sirasiyla Denklem 21 ve 22 yardimi
ile hesaplanir.

m

T = erii — s (22)
j=1

Adim 6. Goreceli degerlendirme matrisi (Ra)'nin

olusturulmasi, bu adimda her bir alternatifin digerlerine
olan Oklid ve Taksikab uzakliklar1 dikkate alinarak
asagidaki Denklem 23 ve denklem 24 aracilifiyla goreceli
degerlendirme matrisi olusturulur.

Ra = [hik]n xn (23)
hir = (E; — Ep) + (¥ (E; — Ex) x (T — Ty)) (24)

Burada k €{1,2,...,n}, ise iki alternatifin Oklid
uzakliginin esitligini tanimlayan bir esit fonksiyonu ifade
eder ve Denklem 25 ile tanimlanir.

leger|x| =1

Oeger|x|< t (25)

v = |

Buradaki t esik parametresi olarak tanimlanir ve karar
Oklid uzakliginin
6nemsizlik derecesini gosteren bu parametrenin 0,01 ile
0,05 arasinda bir deger olmasi tavsiye edilmektedir. Eger
iki alternatifin Oklid uzakhklar1 arasindaki fark t'den

verici tarafindan belirlenebilir.

kiiciik ise, bu iki alternatif Taksikab uzakligi ile
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kiyaslanir. Calismalarda t esit parametre degerinin
genellikle 0,2 olarak kullanildig1 gériilmektedir.

Adim 7. Her bir alternatifin degerlendirme puan
skorunun hesaplanmasi i¢in Denklem 26 kullanilir.

n
Hi= ) ha (26)
k=1

Adim 8. Sonu¢ olarak alternatifler sahip olduklar:
degerlendirme puanlarina goére siralanir. En yiiksek
puani alan alternatif, digerlerine goére en iyi se¢im
anlamina gelmektedir.

3. Uygulama ve Bulgular

Demir Onerilen model hazir gida imalati ve paketlemesi
islemlerinin yiritildagi bir fabrikada uygulanmistir.
Calismanin analiz siirecini ytriiten uzman ekip ikisi is
giivenligi uzmani ve biri endiistri miithendisi olmak tizere
ii¢c kisiden olusmaktadir. Kriterlerin tespiti, uzman ekibin
gorisleri alinarak ve onerilen modele uygun olarak

Tablo 2. Faaliyete ait tehlike kaynaklari ve riskler

hazirlanan tehlike tespit formu ile belirlenmistir.
Tehlikelerin tespiti ve risk degerlendirilmesi Uzman ekip
tarafindan fabrikada tespit edilen faaliyete yonelik
tehlike kaynaklari ve riskler; Mekanik (T-1), Ergonomik
(T-2), Organizasyonel (T-3) olmak tizere ii¢ farkh ana
kriter ve T-11, T-12, T-13, T14, T-21, T-22, T-31 olmak
tizere 7 alt kriterden olusmakta olup Tablo 2’de
gosterilmistir (Oral ve Bayhun, 2021).

Uzmanlardan elde edilen verilerin dogrultusunda
olusturulan  karsilastirma Tablo  3'de
gosterilmektedir. Burada uzman gorisleri kullanilan
bulanik mantik dogrultusunda teke indirgenmistir.
Uzman gorisleri ile olusturulan ikili karsilastirma
matrisin normalize edilmesi saglanmistir. Elde edilen ikili

matrisi

karsilastirma matrisi normalizasyonu Tablo 4’de
gosterilmektedir.
ikili karsilastirma matrisinin normalizasyonu

gerceklestirdikten sonra tliggen bulanik diyagramina
uygun olacak sekilde diyagramin sag ve sol taraftan
normallestirilen matris Tablo 5’'de goriilmektedir.

Tehlike Kodu Faaliyet Faaliyete Ait Tehlike Riskler
Elin yiiksek il keti
. Makine operasyon bolgesine paketleme malzemesinin th yuksek st ve pfi et
Paketleme Makinesinin o . yapismasini saglayan
T-11 . . . sikismast  nedeni ile makine durdurulmadan T
Tehlikeli Bolgesine El Ile . . noktaya temas etmesi ile
. calisanlarin el ile miidahalede bulunmasi sonucu olugan .
Miidahalede Bulunma o meydana gelebilecek yanik
tehlikedir.
veya uzuv kaybi.
Paketleme  Makinesine Makine bakim/ ?n:c.lr.l.m calismalar1 sonucunda mak.ine Koruyucularin yeters.izligi
T-12 Ait Koruvucularn koruyucularin sokiiliip tekrar takilmamasi nedeniyle sonucu ¢alisan makineye
- u
o uy}l koruyucularin koruma fonksiyonlarinin yeterliliini miidahale ile meydana
Manipiilasyona Ugramasi . .. - .
yitirmesi ile olusan tehlikedir. gelebilecek uzuv kaybi.
Paketlenecek triinlerinin gramajlarinin
Paketleme Makinesi  belirlendigi paketleme makinesinin yardimc1 .
. . . . . Tasima bantlarina el ile
T-13 Yardimc1 Ekipmani Cok ekipmanlari olan ¢ok kefeli terazilere iiriin yapismasi .
. . g . . . . miidahale etme sonucu
Kefeli Terazilere Uriin sonucu bu noktalara el ile miidahale edilmesinden .
; e . . meydana gelebilecek uzuv
Yapismast Sonucu El Ile  6tiirii {iriinlerin taginmasini saglayan tasima bantlarina
. sikismasi veya kaybi.
Miidahale calisanlarinin el ve parmaklarinin sikismasi sonucu
olusan tehlikedir.
Paketleme Makinesi
bobin (>20Kk;
0:n.( .g] . Minimum agirligt 20 kg olan bobinlerin degisimi . . .
Degistirme Isleminin . . . Bobin  dismesi  sonucu
T-14 esnasinda ¢alisanlarin  bobini diislirmesi sonucu .
Calisanlar Tarafindan o meydana gelebilecek uzuv
. .. meydana gelen tehlikedir. . )
Ekipman Destegi ezilmesi veya kaybi.
Olmadan
Gergeklestirilmesi
Kaldirma ve tasima isleri
Paketleme Makinesi L L . sonucu meydana gelebilecek
L Paketleme makinesine uriin beslemesi sirasinda . . .
Besleme Elevatori . L. kas-iskelet sistemi meslek
T-21 calisanlarin kaldirma ve bosaltma islerini yapmasi N .
Noktasinda Kasa . . ] hastalign veya is kazasi
sonucu kas-iskelet sistemi rahatsizliklarinin olusumuna
Kaldirma ve Bosaltma . olarak yaralanmaya sebep
. o neden olan tehlikedir. .
Islemlerinin Yapilmasi olan olay/ fiziksel veya
ruhsal baski.
Paketleme {iriinlerinin kolilenmesi islerindeki dikkat Stres sonucu meydana
Tekrarlayict  Calismalar | . . L X . B
T-22 isteyen tekrarlayici islerin stres etkisini arttirmasi gelebilecek olan psikolojik
Yapilmasi . i
sonucu olusan tehlikedir. rahatsizliklar.
Makine Operatorliik . i . Yetersiz organizasyonel yapi
. Makine operatorliik egitimi olmayan ¢alisanlarin .
Egitimi Bulunmayan . . . sonucu meydana gelebilecek
T-31 > . makinelere miidahale etmeleri sonucu olusan e
Kisilerin Makineye o uzuv kayipll veya olimli
. . tehlikedir.
Miidahalesi olay.
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Tablo 3. Uzmanlarin ikili karsilastirma matrisi

T-11 T-12 T-13 T-14 T-21 T-22 T-31

T-11 (1,1;1) (0,7;0,9; 1,0) (0,3;0,5;0,7) (0,1;0,3;0,5) (0,1;0,3;0,5) (0,1;0,3;0,5) (0,1;0,3; 0,5)
T-12 (0,7;0,9; 1,0) (1,1;1) (0,1;0,3;0,5) (0,1;0,3;0,5) (0,3;0,5;0,7) (0,3;0,5;0,7) (0,1;0,3; 0,5)
T-13 (0,3;0,50,7)  (0,1;0,3;0,5) (1;1;1) (0,1;0,3;05) (0,3;0507)  (0,3;0,5;0,7) (0,1;0,3; 0,5)
T-14 (0,1; 0,3;0,5) (0,1;0,3;0,5) (0,1;0,3;0,5) (1,11 (0,1;0,3;0,5) (0,1;0,3;0,5) (0,1;0,3; 0,5)
T-21 (0,1;0,3;05)  (0,1;0,3;0,55)  (0,1;0,3;05)  (0,1;0,3;0,5) (1;1;1) (0,1;0,3; 0,5) (0,1;0,3; 0,5)
T-22 (0,1;0,3;0,5) (0,1;0,3; 0,5) (0,1;0,3; 0,5) (0,1;0,3; 0,5) (0,5;0,7;0,9) (1,1,1) (0,3;0,5;0,7)
T-31 (0,7;0,9; 1,0) (0,7;0,9; 1,0) (0,7;0,9; 1,0) (0,1;0,3; 0,5) (0,1;0,3;0,5) (0,3;0,5;0,7) (1,1,1)
Tablo 4. ikili karsilastirma matrisi normalizasyonu

index T al bl cl dl f1 gl h1

(i) T-11 (aij) T-12 (bij) T-13 (cij) T-14 d(ij) T-21 f(ij) T-22 g(ij) T-31 h(ij)
al T-11 1 1 1 07 09 1 03 05 07 01 03 05 01 03 05 01 03 05 01 03 05
a2 T-12 0,7 09 1 1 1 1 01 03 05 01 03 05 03 05 07 03 05 07 01 03 05
a3 T-13 03 05 07 01 03 05 1 1 1 01 03 05 03 05 07 03 05 07 01 03 05
a4 T-14 01 03 05 01 03 05 01 03 05 1 1 1 o1 03 05 01 03 05 01 03 05
a5 T-21 01 03 05 01 03 05 01 03 05 01 03 05 1 1 1 01 03 05 01 03 05
a6 T-22 01 03 05 01 03 05 01 03 05 01 03 05 05 07 09 1 1 1 03 05 07
a7 T-31 07 09 1 07 09 1 07 09 1 01 03 05 01 03 05 03 05 07 1 1 1
Tablo 5. Sag ve sol normallestirilmis degerleri ile olusturulan matris

index T xls-xrs xls-xrs xls-xrs xls-xrs xls-xrs xls-xrs xls-xrs

(ij) T-11 T-12 T-13 T-14 T-21 T-22 T-31

al T-11 0818 0,636 0,667 0,600 0222 0,222 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
a2 T-12 0,667 0,600 0818 0,636 0,000 0,000 0,000 0,000 0,222 0,222 0,222 0,222 0,000 0,000
a3 T-13 0,222 0,222 0,000 0,000 0818 0,636 0,000 0,000 0,222 0,222 0,222 0,222 0,000 0,000
a4 T-14 0,000 0,000 0,000 0,000 0,000 0,000 0,818 0,636 0,000 0,000 0,000 0,000 0,000 0,000
a5 T-21 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0818 0,636 0,000 0,000 0,000 0,000
a6 T-22 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0444 0,444 0818 0,636 0,222 0,222
a7 T-31 0,667 0,600 0,667 0600 0667 0,600 0,000 0,000 0,000 0,000 0222 0222 0818 0,636

Sag ve sol taraftan normallestirilen matris toplam degeri
ile iliski matrisi  olusturulmaktadir.
olusturulan bulanik toplam iliski matrisi Tablo 6’da yer
almaktadir.

Dolayisiyla

Bulanik toplam iliski matrisi olusturulduktan sonra bir
sonraki normallestirilmis
Normallestirilmis direk matrisi degiskenler arasindaki
iliskileri ortaya koymaktadir. Normallestirilmis direk
matrisi Tablo 7’de gosterilmektedir.

Toplam nominallestirilmis kesin degerlerin hesaplanmasi
(Denklem 27):

adim direk  matrisidir.

Normallestirilmis direk matrisi sonrasinda kimlik matrisi
olusturmaktadir. Bir baska ifade ile karar matrisinin
ortaya ¢ikartilmasidir (Denklem 28). Kimlik matrisi
Tablo 8’de gosterilmektedir.

1

S=kxA, = -
max1 <i<n YL, aj

(28)

Karar verme yontemlerdeki kritik matris olarak ifade
edilen ve degiskenler arasindaki iliski ortaya ¢ikaran
normallestirilmis dogrudan matris Tablo 9’da yer
almaktadir.

wi;* = minafy + x[JAREY (27)

Tablo 6. Bulanik toplam iliski matrisi

T T-11 T-12 T-13 T-14 T-21 T-22 T-31
T-11 0 08 06 07 07 06 02 02 02 00 00 00 00 OO0 00 00 OO0 00 00 00 00
T-12 o7 o077 06 10 08 06 00 00 O00 00 00 O00 02 02 02 02 02 02 00 00 0,0
T-13 02 0,2 0,2 00 0,0 0,0 0 08 06 00 00 00 02 02 02 02 02 02 00 00 00
T-14 o0 00 o000 00 OO0 00O 00 00 O00 10 08 06 00 OO0 OO0 OO0 OO0 00 00 00 00
T-21 o0 o00 o000 00 OO0 00 00 O00 O00 OO0 00O OO0 10 08 06 00 00 00 00 00 00
T-22 o0 o00 00 00 00 00 00 OO OO0 00 OO OO 04 04 04 10 08 06 02 02 02
T-31 o7 o077 06 07 07 06 07 07 06 00 00 O00 00 00 OO0 02 02 02 1,0 08 0,6
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Tablo 7. Normallestirilmis direk matrisi

index (ij) T al bl cl d1 f1 gl hl
T-11 T-12 T-13 T-14 T-21 T-22 T-31
al T-11 0,677 0,624 0,222 0,000 0,000 0,000 0,000
a2 T-12 0,624 0,818 0,000 0,000 0,222 0,222 0,000
a3 T-13 0,222 0,000 0,818 0,000 0,222 0,222 0,000
a4 T-14 0,000 0,000 0,000 0,818 0,000 0,000 0,000
a5 T-21 0,000 0,000 0,000 0,000 0,818 0,000 0,000
a6 T-22 0,000 0,000 0,000 0,000 0,444 0,818 0,222
a7 T-31 0,624 0,667 0,667 0,000 0,000 0,222 0,818
Tablo 8. Kimlik matrisi olusturma
Index (ij) T al b1 cl d1 f1 gl h1
T-11 T-12 T-13 T-14 T-21 T-22 T-31 S
al T-11 0,709 0,661 0,300 0,100 0,100 0,100 0,100 2,071
a2 T-12 0,661 0,836 0,100 0,100 0,300 0,300 0,100 2,398
a3 T-13 0,300 0,100 0,836 0,100 0,300 0,300 0,100 2,036
a4 T-14 0,100 0,100 0,100 0,836 0,100 0,100 0,100 1,436
a5 T-21 0,100 0,100 0,100 0,100 0,836 0,100 0,100 1,436
a6 T-22 0,100 0,100 0,100 0,100 0,500 0,836 0,300 2,036
a7 T-31 0,661 0,667 0,667 0,000 0,000 0,222 0,818 3,035
Max top A
k=1/3,035
Tablo 9. Normallestirilmis dogrudan matris (0)
index (ij) T al b1 cl dl f1 gl hl
T-11 T-12 T-13 T-14 T-21 T-22 T-31
al T-11 0,234 0,218 0,099 0,033 0,033 0,033 0,033
a2 T-12 0,218 0,276 0,033 0,033 0,099 0,099 0,033
a3 T-13 0,099 0,033 0,276 0,033 0,099 0,099 0,033
a4 T-14 0,033 0,033 0,033 0,276 0,033 0,033 0,033
a5 T-21 0,033 0,033 0,033 0,033 0,276 0,033 0,033
a6 T-22 0,033 0,033 0,033 0,033 0,165 0,276 0,099
a7 T-31 0,218 0,220 0,220 0,000 0,000 0,073 0,270
Normallestirilmis dogrudan matrisinden sonra eslemek icin hesaplama yapilmaktadir. Olusan matris

normallestirilmis dogrudan matrisi ile kimlik matrisinin
negatiflestirilmesi yapilmaktadir. Negatiflesme matrisi
Tablo 10’da gosterilmektedir.

Normallestirilmis dogrudan matrisi ile kimlik matrisinin
negatiflestirilmesi matrisin  tersi
alinmaktadir. Matrisin tersi Tablo 11’de gosterilmektedir.
Ters matris olusturulduktan sonra ters matris ile iliski
matrisi ¢arpilarak yeni bir matris elde edilir. Ortaya ¢ikan
matris Tablo 12’de yer almaktadir.

Bir sonraki adim olarak sebep ve sonu¢ diyagramini

sonraslt  olusan

Tablo 13’de yer almaktadir.

Sebep ve sonug¢ diyagramini eslemek i¢in olusturulan
etki
belirlenmektedir. Olusan faktorler Tablo 14’de yer
almaktadir.

En sonra adim olarak risklerin  ytizdelikleri
belirlenmektedir. Bu yiizdelik degerlere en fazla risk
olusturan degisken ortaya ¢ikmaktadir. Yiizdeliklerin yer
aldigi risk siralamasi Tablo 15’de gosterilmektedir.

matristen  sonra ve nedensel faktorler

Tablo 10. Eksi normallestirilmis dogrudan matris (0) kullanilarak elde edilen kimlik matrisi (I)

T-11 T-12 T-13 T-14 T-21 T-22 T-31
T-11 0,766 -0,218 -0,099 -0,033 -0,033 -0,033 -0,033
T-12 -0,218 0,724 -0,033 -0,033 -0,099 -0,099 -0,033
T-13 -0,099 -0,033 0,724 -0,033 -0,099 -0,099 -0,033
T-14 -0,033 -0,033 -0,033 0,724 -0,033 -0,033 -0,033
T-21 -0,033 -0,033 -0,033 -0,033 0,724 -0,033 -0,033
T-22 -0,033 -0,033 -0,033 -0,033 -0,165 0,724 -0,099
T-31 -0,218 -0,220 -0,220 0,000 0,000 -0,073 0,730
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Tablo 11. Matrisin ters ¢evrilmesi (I-0)

T-11 T-12 T-13 T-14 T-21 T-22 T-31
T-11 1,578 0,565 0,317 0,1334 0,249 0,225 0,159
T-12 0,593 1,663 0,25 0,1458 0,37 0,33 0,181
T-13 0,345 0,254 1,52 0,1248 0,33 0,294 0,156
T-14 0,17 0,168 0,141 1,4147 0,144 0,132 0,11
T-21 0,17 0,168 0,141 0,0943 1,464 0,132 0,11
T-22 0,267 0,264 0,222 0,1224 0,427 1,51 0,263
T-31 0,779 0,772 0,649 0,1334 0,328 0,406 1,544
Tablo 12. Toplam iliski matrisini (S) elde etmek icin (I - O) -1 matrisi ile (O) matrisinin ¢arpilmasi
T-11 T-12 T-13 T-14 T-21 T-22 T-31
T-11 0,578 0,565 0,317 0,1334 0,249 0,225 0,159
T-12 0,593 0,663 0,25 0,1458 0,37 0,33 0,181
T-13 0,345 0,254 0,52 0,1248 0,33 0,294 0,156
T-14 0,17 0,168 0,141 0,4147 0,144 0,132 0,11
T-21 0,17 0,168 0,141 0,0943 0,464 0,132 0,11
T-22 0,267 0,264 0,222 0,1224 0,427 0,51 0,263
T-31 0,779 0,772 0,649 0,1334 0,328 0,406 0,544
Tablo 13. Sebep ve sonug diyagramini eslemek icin (D+R) ve (D-R) hesaplamasi
T-11 T-12 T-13 T-14 T-21 T-22 T-31
T-11 0,578 0,565 0,317 0,1334 0,249 0,225 0,159
T-12 0,593 0,663 0,25 0,1458 0,37 0,33 0,181
T-13 0,345 0,254 0,52 0,1248 0,33 0,294 0,156
T-14 0,17 0,168 0,141 0,4147 0,144 0,132 0,11
T-21 0,17 0,168 0,141 0,0943 0,464 0,132 0,11
T-22 0,267 0,264 0,222 0,1224 0,427 0,51 0,263
T-31 0,779 0,772 0,649 0,1334 0,328 0,406 0,544
R 2,901 2,853 2,24 1,1689 2,313 2,03 1,522
Tablo 14. Bulanik negatif ideal ¢6zlim degerleri
D R D+R D-R
T-11 2,226 2,901 5,127342912 -0,675627453 Etki (Sonug) Faktor
T-12 2,532 2,853 5,385478045 -0,320865163 Etki (Sonug) Faktor
T-13 2,025 2,24 4,264883483 -0,21463982 Etki (Sonug) Faktor
T-14 1,279 1,169 2,447445747 0,109719315 Neden Faktor
T-21 1,279 2,313 3,591737044 -1,034571983 Etki (Sonug) Faktor
T-22 2,076 2,03 4,106073146 0,046509016 Neden Faktor
T-31 3,612 1,522 5,133936365 2,089476088 Neden Faktor

Tablo 15. Yizdeliklere gore mesleki tehlikelerin

siralamasi

Agirliklar Yiizde (%)
T-11 5,127 0,171 17,059
T-12 5,385 0,179 17,918
T-13 4,265 0,142 14,189
T-14 2,447 0,081 8,143
T-21 3,592 0,119 11,950
T-22 4,106 0,137 13,661
T-31 5,134 0,171 17,081

Onerilen modelin ¢6ziim sonuglarina gére hazir gida
paketlemesi islemlerinin yuritimi

karsilasilan mekanik tehlike kaynaklar:
Paketleme Makinesine ait Koruyucularin Manipiilasyona

esnasinda
icerisinde

Ugramasi 6ncelikli olarak bulunurken; Ergonomik tehlike
kaynaklari icerisinde Tekrarlayici Calismalarin Yapilmasi,
Organizasyonel tehlike kaynaklar: icerisinde ise Makine
Operatorliik Egitimi Bulunmayan Kisilerin Makineye
Miidahalesi bulunmusgtur.

Faaliyete ait tehlike kaynaklar1 ve riskler bir arada
degerlendirildiginde ise bir is kazasimin gerceklesmesine
en fazla etki saglayan ilk {i¢ islem sirasiyla; Paketleme
Makinesine ait Koruyucularin Manipiilasyona Ugramasi,
Makine Operatorliik Egitimi Bulunmayan Kisilerin
Makineye Miidahalesi ve Paketleme
Tehlikeli Bolgesine El ile Miidahalede Bulunmas!’ tespit

Makinesinin

edilmigtir.
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4. Tartisma

Oral ve Bayhun (2021) tarafindan yapilan “Gida
Paketleme Makinelerinin Kullanim Risklerinin HRNS
Methodu ve FMEA Yontemi ile Karsilastirilmasi” baslikli
arastirmada benzer tehlike kaynaklar: ve risklerin 6nem
dereceleri iki farkli yontem ile karsilastirilmistir. Yapilan
arastirma sonucunda HRNS metoduna gore en yiiksek
skora sahip tehlike kaynagi ‘Paketleme Makinesine ait
Koruyucularin Manipiilasyona Ugramasi olarak ¢ikmistir.
Ayni verilerin CKKV yontemleri ile hibrit bir metot ile
karsilastirilmasi sonucu da HRNS metodu sonucu ile
benzerlik gdstermektedir.

Ayn1 verilerin FMEA metodu kullanilarak yapilan
degerlendirme sonucunda ise Organizasyonel tehlike
kaynagimna bagl olarak “Makine Operatorlik Egitimi
Bulunmayan Kisilerin Makineye Miidahalesi” en yiiksek
skora sahip olarak bulunmustur (Oral ve Bayhun, 2021).
Arastirma bulgulari da is kazasi veya meslek hastaligina
neden olan etkenler ile ilgili risk degerlendirme
calismalarinda tek kriterli degerlendirmeye bagh
yontemlerin tercih edilmesinde sonuclar farkliliklar
gosterebildigi gibi oncelikli riskin saptanamamasina
neden olabilmektedir. Bu amagla, isyerleri diizeni ve
kosullar igerisinde is kazasinin gerceklesmesine zemin
hazirlayan etkenlerin CKKV yoéntemleri yardimiyla bir
arada degerlendirilmesi
acisindan daha dogru bir risk tespiti yapilmasini
saglamaktadir.

Uygulanan ydntem, ¢ok yiiksek
derecelere yilikseltmeyecegi gibi, ciddi bir tehlikeyide
diisiitk derecelere indirgemez. Elde edilen sonuglar,
uygulanan risk siralama yonteminin gercekten ciddi
sonuglari olabilecek yiiksek riskler icin degisken sonuglar
saglamadigini gosterir (Yilmaz ve Ozcan, 2019).

Zadeh (1965), somut olaylarin arastirilmasinda veya
siniflandirilmasinda  kesin  olgiitlerin  olmadigindan
bahsetmektedir. Bu durum, ozellikle is giivenligi
uygulamalarinda risklerin belirlenmesinde ve
bulanik sayilara baghh metotlarin
gerekliligini vurgulamaktadir.

is glvenligi uygulamalar:

O6nemsiz riskleri

siralanmasinda

5. Sonug

Bu arastirma, hazir gida paketlemesinde veya hazir gida
tretimi faaliyeti gosteren isletmelerde yasanabilecek is
kazalarina neden olacak kaynaklarin tespitinde ve
onleyici uygulamalara bagl olarak is performansini
artirmanin etkili bir yolunu saglamay1 amaglamaktadir.
Isyeri icinde is kazasinin gerceklesmesine en fazla etki
saglayan ilk faktoriin;
Koruyucularin ~ Manipiilasyona  Ugramasi  oldugu
goriilmektedir. Bu durumda alinabilecek 6nlemler igin
isyeri icinde makine kurulumu asamasinda is saghg ve

Paketleme Makinesine ait

giivenligi profesyonellerinin  goriislerinin  alinmasi,
calisanin hangi sekil ve kosullarda makine ile
calismasinin  uygun  oldugunun degerlendirilmesi

acisindan dnemlidir.
ikinci faktér Makine Operatérliik Egitimi Bulunmayan

Miidahalesi’dir. Bu tehlikeli
davranisin isyeri icinde dnlenebilmesi i¢in denetimlerin

Kisilerin = Makineye
uyarl ve ceza uygulamalari ile desteklenmesi; ayrica bu
konuda olusturulan prosediirler hakkinda calisanlarin
egitilmesi gerekmektedir.

Ugiincii faktér Paketleme Makinesinin Tehlikeli Bolgesine
El ile Miidahalede Bulunmasi'dir. Birinci tehlike faktorii
faaliyetler bu tehlikeli
davranisinda sonuglarini olumlu derecede diizeltecektir.

icin yapilacak diizeltici

Ayrica makineye miidahale gerektiren durumlarin varsa
teknik alt nedenleri (Makine veya iriin kaynakl)
arastirilarak kok nedenler incelenmelidir.

Bu arastirmada, mekanik, ergonomik ve organizasyonel
ana kriterler degerlendirilirken Bulanik DEMATEL ve
CODAS yo6ntemi uygulanmistir. Gelecekteki ¢alismalarda,
yasanan is kazalarini azaltmak veya isletmelerdeki
risklerin kritiklik seviyeleri diger CKKV yontemleri ile
Fakat bu c¢alisma, gida
isletmelerinde yasanan is kazalarinin kék nedenlerine
bagh olarak degerlendirilmesinde ve bu alana yonelik
CKKV yontemleri kullanilarak yapilan ilk ¢alismalardan
biri oldugundan; bu nedenle 6nerilen metodolojinin
ileride  yapilacak  c¢alismalara 151k tutabilecegi
distinilmektedir.

belirlenebilir. imalat1

Katki Oran1 Beyani
Yazar(lar)in katki yiizdesi asagida verilmistir. Tim
yazarlar makaleyi incelemis ve onaylamistir.

S.B. T.O. M.0.

K 40 30 30
T 50 50

Y 40 40 20
VTI 40 30 30
VAY 30 30 40
KT 40 40 20
YZ 40 40 20
KI 40 40 20
GR 100

K= kavram, T= tasarim, Y= yonetim, VTI= veri toplama ve/veya
isleme, VAY= veri analizi ve/veya yorumlama, KT= kaynak
tarama, YZ= Yazim, KI= kritik inceleme, GR= gonderim ve
revizyon.

Catisma Beyani
Yazarlar bu ¢alismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.

Etik Onay Beyam

Bu arastirmada hayvanlar ve insanlar {izerinde herhangi
bir ¢alisma yapilmadigi igcin etik kurul onay1
alinmamistir.
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Abstract: Three-dimensional (3D) printing is a rapidly evolving manufacturing technology that enables the production of intricate,
customizable parts with a wide range of applications. The quality and mechanical properties of printed parts are heavily influenced by
the process parameters, such as nozzle size. This study presents a comprehensive investigation of the effect of nozzle diameter on the
tensile strength of 3D-printed polylactic acid (PLA) parts, focusing on six nozzle sizes: 0.3, 0.4, 0.5, 0.6, 0.7, and 0.8 mm. PLA, a commonly
used thermoplastic in 3D printing, was employed as the material of choice. Using an open-source Fused Filament Fabrication (FFF) 3D
printer, dog bone-shaped specimens were printed according to the ASTM D638-Type IV standard for tensile testing. The results reveal
a strong correlation between nozzle size and tensile strength, with smaller nozzles producing parts with higher tensile strength due to
finer layers and improved interlayer adhesion. However, the trade-off between tensile strength and printing time associated with smaller
nozzle sizes must be considered when optimizing the 3D printing process for specific applications. This study provides essential insights
into the influence of nozzle diameter on tensile strength, offering valuable guidance for achieving desired mechanical properties in 3D-

printed parts.
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1. Introduction

Three-dimensional (3D) printing, also known as additive
manufacturing, has field of
manufacturing by enabling the production of complex,
customized parts with reduced lead times and material
waste (Farashi and Vafaee, 2022; Shaukat et al., 2022;
Nazir et al.,, 2023). This innovative technology has found
applications industries, including
aerospace, automotive, healthcare, and consumer goods,
owing to its ability to create intricate geometries and
facilitate rapid prototyping (Triyono et al., 2020; Shaukat
et al, 2022; Das et al,, 2023). Among the numerous 3D
printing techniques, Fused Filament Fabrication (FFF) is
one of the most widely adopted methods due to its
affordability, ease of use, and versatility in terms of
material selection (Triyono et al, 2020; Hikmat et al,,
2021; Mazen et al,, 2022; Embia et al., 2023).

In FFF 3D printing, process parameters play a critical role
in determining printed parts' quality and mechanical
properties (Akhoundi and Behravesh, 2019; Tezel and
Kovan, 2022). Some of the key parameters include print
speed, temperature, layer height, infill pattern, infill

revolutionized the

across  various

density, and nozzle size. Among these, the nozzle size
significantly influences the printed parts' resolution,
surface finish, and mechanical properties, such as tensile

strength (Wang et al,, 2020; Hsueh et al,, 2021; Mulcahy et
al,, 2023). Tensile strength, a vital property that dictates
how a part behaves under tensile loads, is of particular
interest as it often determines the suitability of printed
components for specific applications (Anand Kumar and
Shivraj Narayan, 2019; Wang et al., 2020;).

Despite the growing importance of 3D printing in modern
manufacturing, limited research has been conducted to
systematically investigate the effect of nozzle diameter on
the tensile strength of printed parts (Shaukat et al., 2022).
Understanding the relationship between nozzle size and
tensile strength is critical for optimizing the 3D printing
process to achieve desired mechanical properties and part
quality (Akhoundi and Behravesh, 2019; Wang et al,
2020; Hsueh et al, 2021; Farashi and Vafaee, 2022;
Shaukat et al., 2022; Tezel and Kovan, 2022; Hamat et al.,
2023).

This study aims to bridge this knowledge gap by
conducting a comprehensive investigation of the effect of
nozzle diameter on the tensile strength of 3D-printed
parts. The study focuses on six nozzle sizes, including 0.3,
0.4, 0.5, 0.6, 0.7, and 0.8 mm, to provide a detailed
understanding of the influence of nozzle size on tensile
strength. Polylactic acid (PLA), a common thermoplastic
used in FFF 3D printing, was chosen as the material for
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this study due to its widespread use and ease of
processing. The findings of this study will offer valuable
insights for engineers, researchers, and practitioners
seeking to optimize 3D printing processes for specific
applications, taking into account the trade-offs between
mechanical properties and other factors, such as printing
time and material usage.

2. Materials and Methods

2.1. Materials and 3D Printer

Polylactic acid, also known as poly(lactic acid) or
polylactide (PLA), is a thermoplastic polyester with
backbone formula (C3H402)n or [-C(CH3)HC(=0)O-]n,
formally obtained by condensation of lactic acid
C(CH3)(OH)HCOOH with loss of water. It can also be
prepared by ring-opening polymerization of lactide [-
C(CH3)HC(=0)0-]2, the cyclic dimer of the basic
repeating unit (Figure 1) (Sheikh et al, 2015). PLA is a
biodegradable thermoplastic that has gained popularity in
the 3D printing industry due to its origin from renewable
resources such as corn starch and sugarcane. PLA has
good thermal stability, is insoluble in water, and has good
solvent resistance. It can be processed in a variety of ways,
such as extrusion, injection molding and additive
manufacturing. Products made from PLA have good
biocompatibility, gloss, transparency and heat resistance,
in addition to being biodegradable. PLA mechanical and
thermal properties are given in Table 1. PLA is an
environmentally friendly material that has a lower carbon
footprint compared to petroleum-based plastics. PLA
demonstrates several advantages that make it an
attractive choice for 3D printing applications, including
ease of processing, good printability, and a wide range of
available colors. PLA material was commercially available
in 1.75 mm diameter filament form by the manufacturer,
Esun, which provides consistent quality and material
properties. In this study, Ender 3 S1 open source 3D
printer was used. Its features are listed in Table 2.

i
~|-o—CH;-C
n

Figure 1. Polylactic acid sceletal formula (Sheikh et al,,
2015).

2.2. 3D Printing Process

An open-source FFF 3D printer was utilized for this study.
The printer was equipped with an interchangeable nozzle
system, allowing for the easy replacement of nozzles with
six different diameters. The printing parameters (Table 3),
such as print speed, temperature, and layer height, were
maintained constant for all specimens, except for the
nozzle size, to ensure that the observed differences in
tensile strength could be solely attributed to the nozzle
diameter. The slicing was done in Cura software with open
access code, by choosing the parameters of the print wall

thickness of 0.8 mm and the fill pattern linear 45°. The
produced G-codes were introduced as input to the printer.

Table 1. PLA product details

Features Units Value
Flexural modulus MPa 100-150
Tensile strength MPa 40-60
Elongation at break % 4-10
Elastic modulus MPa 3000-4000
Melting point °C 176
Intensity g/cm? 1,25-1,28
Processing temperature °C 170-230

Table 2. Properties of the Ender 3 S1 3D printer

Property Description
Printing volume 255 x 255 x 300 mm
Build surface Adjustable heated bed

Filament 1.75mm PLA, ABS, PETG, TPU, etc.

Extruder Single nozzle, Bowden-style

Layer resolution 0.1-0.4 mm

Max. print speed 180 mm/s

Nozzle diameter 0.4 mm

Connectivity USB, SD card

Display 4.3-inch color touchscreen

Firmware Open-source Marlin firmware
Input: 100-120V AC/4.0A 200-

Power supply

240V AC/2.0A, Output: 24V
STL, OBJ, G-code, AMF, etc.
Windows, Mac, Linux
8.9 kg

File format
Supported OS
Weight

Table 3. Printing parameters for the study

Parameter Value
Material Polylactic Acid (PLA)
Layer height 0.2 mm

Infill density 100% (Solid)
Infill pattern Rectilinear
Print speed 50 mm/s
B
Bed temperature 60°C

100% (except for the first layer,

F d

an spee 0%)
Shell thickness 1.2 mm
Top/Bottom thickness 1.2 mm

Flat, along the XY plane (ASTM

Print orientation D638 Type IV)

Test specimens per 5

nozzle size

2.3. Specimen Preparation
To evaluate the tensile strength of 3D-printed parts, dog

BS] Eng Sci / Fuat KARTAL and Arslan KAPTAN

277


https://en.wikipedia.org/wiki/Thermoplastic
https://en.wikipedia.org/wiki/Polyester
https://en.wikipedia.org/wiki/Condensation_reaction
https://en.wikipedia.org/wiki/Lactic_acid
https://en.wikipedia.org/wiki/Lactide

Black Sea Journal of Engineering and Science

bone-shaped specimens were printed according to the
ASTM D638-Type IV standard (Anand Kumar and Shivraj
Narayan, 2019) for tensile testing of plastics. ASTM D638
Type 1V specimens are designed to test thinner or more
flexible materials, so these specimens are generally
compatible with the typical dimensions and durability of
3D printed parts as referred to in the literature (Maurya et
al, 2019; Chandrasekhar et al, 2019). So this type of
sample is a good option for measuring the tensile
properties of materials in 3D printing. This standard
specifies the geometry, dimensions, and testing conditions
for tensile tests, ensuring the reliability and comparability
of the results. For each nozzle size, ten specimens were
produced to ensure statistical significance and account for
potential variability in the printing process. All specimens
were printed in the same orientation with the long axis
parallel to the printer bed, ensuring consistent layer
orientation and minimizing the influence of anisotropy on
tensile strength. Nozzles of different diameters used in
printing (Figure 2.a), Ender 3 S1 open source 3D printer
(Figure 2.b) was used and produced with the tensile
strength of 3D-printed parts shown in Figure 2.c.

Figure 2. (a) Nozzles of different diameters used in
printing, (b) Ender 3 S1 3D printer and (c) Produced the
tensile sample of 3D-printed parts according to ASTM-
Type IV.

2.4. Tensile Testing

Tensile tests (Figure 3) were performed using a universal
testing machine equipped with a load cell appropriate for
the expected tensile strength range of the printed
specimens. The tests were conducted at a constant
crosshead speed of 5 mm/min in accordance with the
ASTM D638-Type IV standard. The load-displacement
data were collected and analyzed to determine the tensile
strength, defined as the maximum stress experienced by
the specimen before failure. For each nozzle size, the
average tensile strength and standard deviation were
calculated from the ten tested specimens to provide a
comprehensive understanding of the effect of nozzle

diameter on tensile strength.

Figure 3. Experimental tensile test set-up.

2.5. Scanning Electron Microscopy

To further investigate the influence of nozzle size on the
tensile strength of printed parts, Scanning Electron
Microscopy (SEM) (Figure 4) was employed to analyze the
fracture surfaces of the specimens after tensile testing.
This analysis allowed for the visualization of the interlayer
bonding, voids, and defects at different nozzle sizes,
providing insights into the observed trends in tensile
strength.

Figure 4. Taking SEM images of samples.

3. Results

The tensile test results for each nozzle size are presented
in Table 4, which includes the average tensile strength and
standard deviation values. The results in Table 4 reveal a
consistent trend between nozzle size and tensile strength:
as the nozzle size increases, the tensile strength of the
printed parts decreases. This trend can be attributed to
several factors related to the 3D printing process, as
discussed below in Figure 5.

3.1. Layer Thickness and Interlayer Adhesion

The decrease in tensile strength with increasing nozzle
size can be primarily attributed to the increase in layer
thickness. Smaller nozzle diameters produce thinner
layers, which result in better interlayer adhesion and,
consequently, higher tensile strength. Improved
interlayer adhesion can be attributed to the increased
contact area between layers and the enhanced diffusion of
polymer chains across the layer interfaces, promoting
stronger bonding.
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Table 4. Tensile strength results for different nozzle sizes

Nozzle Size (mm)

Tensile Strength (MPa)

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Average
0.3 60.24 60.23 60.22 60.3 60.19 60.23
0.4 54.42 54.48 54.50 5451 54.52 54.52
0.5 51.25 51.26 51.32 51.33 51.34 51.34
0.6 47.55 47.61 47.63 47.64 47.65 47.65
0.7 43.85 4391 4393 43.94 43.95 43.95
0.8 40.27 40.33 40.35 40.36 40.37 40.37
70
69-235 -3,8493x+ 63,15
60 Y=-3 X+ 03,
= B T 134 R:=0,9926
................. 47,65
% A B B R 43,95
S ... 4037
oo 40
=
4
Z 30
=
= 20
-]
2=
10
0
0.3 0.4 0.5 0.6 0.7 0.8
Nozzle diameter (mm)
Figure 5. Effect of six different nozzle sizes on tensile strength.
g ’ Layer height

200 pum

Figure 6. SEM analysis revealed that parts printed with larger nozzle sizes (0.8 mm) had more visible layer lines and

larger voids.

3.2. Precision and Material Deposition

Another factor contributing to the observed trend is the
improved precision and control of material deposition
achievable with smaller nozzle sizes. The precise
deposition of material helps reduce voids and defects in
the printed parts. The absence of voids contributes to
improved mechanical properties, as voids can act as stress
concentrators and initiate crack propagation under tensile
loads.

3.3. Scanning Electron Microscopy Analysis

SEM analysis is a powerful technique to study the surface
morphology and microstructure of materials. In the case
of 3D printed parts, it can provide insights into the quality
of the printed object, layer adhesion, and the presence of
voids or defects. The SEM analysis of the fracture surfaces

supported the findings from the tensile tests. Specimens
printed with smaller nozzles exhibited fewer voids and
better interlayer bonding, providing further evidence for
the observed relationship between nozzle size and tensile
strength. Moreover, the SEM analysis revealed that parts
printed with larger nozzle sizes (0.8 mm) had more visible
layer lines and larger voids (Figure 6), which negatively
impacted the mechanical performance under tensile
loading. A larger nozzle size typically corresponds to a
larger layer height, leading to a coarser surface finish and
more visible layer lines. Additionally, the increased layer
height reduces the resolution of the printed part, making
it harder to reproduce fine details accurately.
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3.4. Trade-off between Tensile Strength and Printing
Time

While the results indicate that smaller nozzle sizes yield
higher tensile strength, it is important to consider the
trade-off between tensile strength and printing time.
Smaller nozzle sizes require more time to print parts due
to the finer layers and increased number of deposited
layers. Consequently, the choice of nozzle size should be
carefully evaluated based on the desired mechanical
properties and other factors, such as printing time,
material usage, and surface finish.

4. Discussion

The results demonstrate a clear trend between nozzle size
and tensile strength. As the nozzle size increased, the
tensile strength of the printed parts decreased. This
observation can be attributed to the smaller nozzle
diameters producing finer layers, which leads to better
interlayer adhesion and, consequently, higher tensile
strength. Moreover, smaller nozzle sizes allow for more
precise control of material deposition, which helps reduce
voids and defects in the printed parts. These factors
collectively contribute to the improved tensile strength of
parts produced with a smaller nozzle. According to Tezel
and Kovan (2022), it is recommended to use a larger
nozzle diameter and lower layer thickness to produce
parts with superior properties. The study concluded that
an increase in nozzle diameter leads to increased part
strength, while layer thickness significantly affects surface
quality. Increased nozzle diameter and part density
contribute to reduced production time. It is recommended
to use a larger nozzle diameter and lower layer thickness
for parts with superior properties. Triyono et al. (2020)
investigated the impact of nozzle hole diameter on the
porosity and tensile strength of 3D printed parts using
PLA material. The authors conducted experiments using
fused deposition modeling (FDM) 3D printing, with
varying nozzle hole diameters of 0.3, 0.4, 0.5, and 0.6 mm.
They maintained consistent bed temperature (60°C),
extruder temperature (200°C), and printing speed (80
mm/s) across all experiments. The layer thickness was set
at a ratio of 20% to the nozzle hole diameter, and a 100%
line-type infill pattern was used.

On the other hand, apart from the effect of the nozzle
diameter specified in this study, there are also studies in
the literature in which alternative aspects of improving
the mechanical properties of 3D printed samples are
mentioned. These are studies that mention that slicing
parameters such as wall thickness, layer height, infill
pattern and raster direction also play an important role in
defining structural integrity and strength performances.
Among them, for example, Dudescu and Racz (2017)
stated that in their study on different printing directions,
infill ratios and infill patterns, voids may occur even in
samples printed at 100% infill ratio. On the other hand,
they found that the mechanical properties of the samples
were significantly affected not only by the filling ratios,
but also by the printed pattern and orientation of the

different layers. They pointed out that prints with higher
mechanical properties can be achieved by optimizing the
printing direction, fill ratio and fill patterns (Dudescu and
Racz, 2017). Pandzic et al (2019) examined the effects of
different filler types and filler ratios on the tensile
properties of products manufactured with the FDM
method and PLA material, by testing 9 samples with a total
of 13 different filler types and different filler ratios from
10% to 90%. They reveal findings that 3D printing time
and amount of material used can be saved by preserving
the tensile properties. They pointed out that if the filling
ratio of 100% is reduced to 90%, the final tensile strength
and yield strength of the product obtained from PLA
material will decrease by 40%. They also stated that the
“concentric” fill pattern gives the highest ultimate tensile
strength and yield strength. In addition, it is stated that by
choosing larger layer heights, printing time can be
shortened significantly at the expense of more visible
layers. At the same time, it is mentioned that the reverse
is also possible. It is stated that the first few of the fill lines
formed in a way to form a bridge over the fill patterns of
the pieces are drooping. It has been mentioned that the
lower the infill, the longer the bridging distance and,
consequently, the greater the sagging. It has been pointed
out that this situation can be prevented by increasing the
number of layers (at least 3 upper layers). It has been
pointed out that this situation will directly affect the
strength performance of the manufactured part
(help.prusa3d.com). As a result, it is possible to produce
parts with much better strength by optimizing the slicing
parameters.

The results of the study demonstrated that larger nozzle
hole diameters led to increased density and tensile
strength of the 3D printed parts, although the relationship
was not linear.

5. Conclusion

This study provided a comprehensive investigation into

the effect of nozzle diameter on the tensile strength of 3D-

printed PLA parts, examining six nozzle sizes ranging from

0.3 to 0.8 mm in increments of 0.1 mm.

e The results revealed a clear correlation between
nozzle size and tensile strength, with smaller nozzle
sizes producing parts with higher tensile strength.

e This trend can be attributed to the thinner layers and
improved interlayer adhesion achievable with

smaller nozzles, as well as the enhanced precision
and control of material deposition, which helps
reduce voids and defects in printed parts.

e The findings of this study offer valuable insights for
engineers, researchers, and practitioners aiming to
optimize specific

applications.

3D printing processes for

e When selecting a nozzle size, the trade-off between
tensile strength and printing time should be
considered, as smaller nozzle sizes require more
time to print parts.
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e The choice of nozzle size should be carefully
evaluated based on the desired mechanical
properties, application requirements, and other
factors, such as material usage and surface finish.

5.1. Future Work

The findings of this study lay the groundwork for further
research in the field of 3D printing and mechanical
properties. Potential avenues for future investigation
include:

The effect of layer height on tensile strength for different
nozzle sizes, as well as the interaction between layer
height, nozzle size, and print speed.

The influence of nozzle size on the tensile strength of other
materials commonly used in FFF 3D printing, such as ABS,
PETG, and nylon. This research could help determine the
generalizability of the findings across different materials
and assess the impact of material-specific properties on
the relationship between nozzle size and tensile strength.
The interaction between nozzle size, infill pattern, and
infill density, as well as the optimization of these
parameters to achieve desired mechanical properties,
material usage, and print time.
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this way.

Keywords: Biomass energy, Agricultural residue, Renewable energy, Azerbaijan

*Corresponding author: Ondokuz Mayis University, Faculty of Agriculture, Department of Agricultural Machines and Technologies Engineering, 55105,

Samsun, Tirkiye
E mail: ggurdil@omu.edu.tr (G. A. K. GURDIL)
Ehsan FARTASH NAEIMI https://orcid.org/0000-0001-7230-6365

Giirkan Alp Kagan GURDIL https://orcid.org/0000-0001-7764-3977
Bahadir DEMIREL https://orcid.org/0000-0002-2650-1167

Received: May 08, 2023
Accepted: July 01, 2023
Published: July 01, 2023

Cite as: Fartash Naeimi E, Giirdil GAK, Demirel B. 2023. Assessment of energy production potential from agricultural residues in Azerbaijan. BS] Eng Sci,

6(3): 283-286.

1. Introduction

Azerbaijan is an oil-abundant country and depends
greatly on its oil, natural gas, heavy industries, and
agricultural sectors. According to the statistics of the
Central Bank of Azerbaijan, oil and gas industries
accounted for approximately 54% of GDP in 2010 and
90% of exports in 2019. On the other hand, this country
has made significant investments for development in the
renewable energy sector since the 2000s, using oil export
revenues and the established legal infrastructure (Aydin,
2019). In 2004, the Republic of Azerbaijan approved "The
State Program on the Utilization of Alternative and
Renewable Energy Sources". As a result of the successful
implementation of planned programs and orders, the
IRNA's renewable energy statistics report in 2019 shows
that the total amount of renewable energy in the country
during 2009-2018 was accompanied by a steady increase
from 989 (MW) to 1394 (MW) (IRENA, 2020). From
different aspects, alternative and renewable energy
sources are important for Azerbaijan. There are 12 large
and seven small hydropower plants in this country, as well
as 6 wind, 10 solar, and 6 biomass power plants
(Mukhtarov et al, 2020). Considering the existing
prospects for RES in Azerbaijan, the strategic goal of the
country for the future is to increase the share of RES
(Renewable energy source) in total energy production

(especially in the field of biomass energy) and to diversify
its energy portfolio (Aydin, 2019).

Considering that agricultural lands occupy 50% of the
total area of Azerbaijan and the high variety of crops in
this country, it is important to pay attention to energy
production from biomass (Zh, 2018).

Investigating the energy potential of biomass from
agricultural residues in different countries and comparing
it with the results of this research can be effective. For this
purpose, in a research conducted in the Black Sea region
of Turkey, it was found that 33,594,583 GJ of thermal
energy can be produced from 1,861,323 tons of plant
residues. In this study, various plant residues were
investigated, and it was found that the largest share of
energy is provided by hazelnuts (42.33%) and maize
(13.68%) residues (Karaca et al,, 2017). In the country of
Sudan, the total amount of agricultural residues and total
heating value of 10 different types of plant residues were
estimated as 11214310.64 tons and 154121769 GJ,
respectively (Demirel et al.,, 2019). The results of a study
show that sugarcane, soybean, corn, rice, sorghum and
sunflower residues produce 3.8 million tons of dry
biomass per year in Bolivia. The biomass energy potential
from all residues is equivalent to 50% of the annual
electricity production. Moreover, it could supply energy to
58% of the population (Morato et al., 2019). In relation to
the research conducted in the field of energy evaluation
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from biomass in the countries of Eritrea and Kenya, the
total amount of plant residues were estimated 85265.28
and 13913223 tons per year, respectively, and the total
heating value of these residues were 1332340 and
187341440 GJ, respectively (Kimutai et al., 2014; Giirdil et
al, 2021). The results of this study will provide
information on biomass potential from agricultural
residues in Azerbaijan. Considering that RES is a relatively
new and unconventional sector in this country, it has
nevertheless made significant progress. It is estimated
that the share of energy production from biomass will
increase in the coming years in Azerbaijan.

2. Materials and Methods

The geographical conditions of Azerbaijan create a
planting all kinds of
agricultural products. In this research, plant residues of
wheat, oat, maize, barley, rice, potato, melon, and cotton,
onion and suger beet were used to investigate the energy
potential of biomass. Also, the residual amounts of the
specified products were calculated using the statistical
data of The State Statistical Committee of The Republic of

favorable environment for

Azerbaijan for the seasonal year of 2021. The net potential
of residues was calculated by using the availability of
residues and the amount of agricultural product based on
the Equation 1 (Karaca, 2015).

AAR = AAP x RPR x A (1)

Where AAR is the available amount of agricultural
residues of the crop in tons, AAP the amount of
agricultural product in tons, RPR residue-to-product ratio,
and (A) the availability of residues. The RPR and A values
were obtained from different published research works
(Table 1).

The energy potential of the residues was obtained by
calculating the total heating value of agricultural residues
according to Equation 2 (Jorjani et al., 2021).

THV = AAR x LHV (2)

Where THV is the total heating value of agricultural
residues of the crop in GJ, AAR is the available amount of
agricultural residues of the crop in tons, and LHV lower
heating value of air dry residues of the crop in M].kg-1.

Table 1. The ratio of product to residue, Availability and heating values of a selection of agricultural residues

Field Crops RPR A (%) LHV (M].kg1) References

Wheat 0.45 15 17.90 Karaca et al., 2017

Oat 0.94 15 17.40 Karaca et al, 2017
Maize 0.55 60 15.50 Karaca et al,, 2017
Barley 0.95 15 17.50 Karaca et al,, 2017
Rice 0.10 100 16.00 Karaca et al,, 2017
Potato 0.10 50 15.34 Soucek and Jasinskas, 2020
Melon 0.15 50 20.50 Nyakuma, 2017
Cotton 3.00 60 18.61 Demirel etal., 2019
Onion 0.10 100 16.51 Malatak and Dlabaja, 2016
Suger beet 1.00 50 17.21 Brachi etal,, 2017

3. Results and Discussion

The total amount of agricultural residues for 10 crops of
wheat, oat, sugar beet, rice, barley, maize, potato, melon,
cotton and onion were calculated to be about 1100000
tons in Azerbaijan (Table 2). As shown in Figure 1, cotton
and barley had the most residues with 47% and 14.47%,
respectively. The usage of cotton waste as an energy
source has become a subject of many studies in recent
years. In many cases, the plant residue of the cotton stalk
that remains in the field after harvesting is buried or
burned, and in rare cases, it is used in the composting
industry (Al Afif et al, 2019). Several studies on the
subject of cotton waste pyrolysis show that pyrolysis of
cotton stalks has potential as one of the technological
solutions for its management (Al Afif et al,, 2019). In many
studies, barley straw has been used to produce different
energies such as bioethanol (Raud et al., 2021) and biogas
(Morales-Polo et al,, 2021). It seems that the production of
biomass energy from plant wastes investigated in this
research has not been

expanded in Azerbaijan.

Nevertheless, the country has made significant
investments in the development of the renewable energy
sector since the 2000s (Aydin, 2019).

The total heating value of agricultural residues of 10
products investigated in this research was calculated to be
about 19611 GJ (Table 3). According to the results of this
study, it can be said that the production of heat and
electricity from alternative and renewable energy sources
means the protection of conventional energy sources in
the country. According to the report of the Energy
Information Administration in 2019, the amount of
electrical energy consumption in Iran was 254,724
GW.h/yr, and according to the data of this research, part
of this energy can be provided through the biomass of
agricultural residues. According to the CEICDATA website,
Azerbaijan's electricity production in 2020 was 25,839
GW.h/yr, which can be concluded that part of this energy
can be supplied through biomass energy in this country.
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Figure 1. The amount of agricultural product and
available residues of Iran.

Table 2. The amount of agricultural product and available
residues of Iran

Field Crops AAP (Tons) AAR (Tons)
Wheat 1837188 124010
Oat 11663 1644.48
Maize 279248 92151.8
Barley 1116729 159134
Rice 10062 1006.2
Potato 1061958 53097.9
Melon 459872 34490.4
Cotton 287041 516674
Onion 286375 28637.5
Suger beet 177000 88500
Total 5527136 1099346

Table 3. Total heating values of agricultural residues in
Iran

Field Crops LHV (M] .kg1) THV (G])
Wheat 17.90 2219.7824
Oat 17.40 28.6140
Maize 15.50 1428.3535
Barley 17.50 2784.8429
Rice 16.00 16.0992
Potato 15.34 814.5217
Melon 20.50 707.0532
Cotton 18.61 9615.2994
Onion 16.51 472.8051
Suger beet 17.21 1523.0850
Total 19610.4566

4. Conclusion

Today, excessive consumption of non-renewable energies
such as coal, gas and oil causes serious environmental
threats. For this reason, the need to approach new energy
sources compatible with the environment becomes clear.
Using biomass as an energy source is important for the
economic development of any country in addition to
environmental reasons. Therefore, this study was
conducted with the aim of estimating the residual amount
and the total heating value of some agricultural products
in order to produce energy in Azerbaijan. The total
amount of agricultural residues (wheat, oat, maize, barley,

rice, potato, melon, cotton, onion and suger beet) was
obtained 1,099,346 tons. The total heating value of
agricultural residues was about 19610.4566 GJ] for the
mentioned crops in all regions of Azerbaijan. Therefore,
the agricultural residues of this country have the potential
to generate a sustainable source of biomass.
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Abstract: This study investigates the temperature-dependent debonding properties of 316 Stainless Steel (SS), Inconel 625, and Ti-
6Al-4V alloys in additive manufacturing using the finite element method. The analysis reveals notable relations between in mechanical
properties and debonding resistance among these materials. Inconel 625 demonstrates superior performance at elevated
temperatures, while SS and Ti-6Al-4V alloys show earlier degradation. Regarding debonding resistance, Inconel 625 performs
comparably to SS and Ti-6Al-4V alloys, with Ti-6Al-4V exhibiting consistent resistance below 500 °C. SS, however, experiences a rapid
loss of debonding resistance at lower temperatures. These findings provide valuable insights for material selection and design
optimization in additive manufacturing. Further research can expand our understanding of these materials' behavior under different

temperature regimes using the finite element method, enhancing their application potential.
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1. Introduction

Additive manufacturing is an innovative approach that
holds a significant place in modern production processes.
In this process, parts are built by layering materials on
top of each other, enabling the creation of complex
geometries and customized designs (Gu et al,, 2021). The
utilization of additive manufacturing spans across
diverse industries such as automotive, aerospace, tooling,
and manufacturing, among others. With the continuous
advancement of this technology, it is expected that novel
applications will arise in various industry sectors (Paul et
al, 2020; Alzyod and Ficzere, 2021).

Additive manufacturing encompasses a wide range of
metal materials, such as titanium alloys, nickel alloys,
steel, and others (Niu et al, 2019; Abd-Elaziem et al,
2022). These metallic materials are extensively utilized
in additive manufacturing technologies to produce
functional parts of exceptional quality, with the materials
available in powder, wire, or metal sheet forms. Specific
additive
manufacturing processes include Ni-based alloys, Inconel
625, and Inconel 600 (Niu etal,, 2019).

However, the mechanical properties of materials used in

examples of metal materials used in

additive manufacturing can vary, especially with
temperature changes. Within the
Fabrication (FFF) additive
various  building parameters,

temperature, print speed, and layer thickness, can exert

Fused Filament
manufacturing process,
including nozzle
an influence on not only the mechanical properties but
also the surface wettability and morphology of the

fabricated object (Frascio et al., 2019). Furthermore,
shape memory alloys (SMAs) and shape memory
polymers (SMPs) exhibit distinct mechanical properties
at different temperature ranges (Kitamura, 2021). It is
also noteworthy that temperature fluctuations can
impact the mechanical characteristics of piezocomposite
materials employed in additive manufacturing (Omoniyi
et al, 2021). Temperature is a critical factor in many
industrial applications and affects the behavior of
materials. This effect also influences the adhesive
properties in the bonding region, resulting in different
adhesive behaviors at different temperature ranges.

This necessitates a careful examination of the adhesive
properties of materials used in additive manufacturing.
Factors such as adhesive durability, bonding strength,
and energy absorption can vary under different
temperature conditions (Messmer et al,, 2018; Yamazaki
et al,, 2020). Achieving reliable and robust adhesion is
crucial for ensuring the integrity and
performance of assembled components. Therefore, the
selection, surface treatment (Zou et al, 2021) and

structural

application of adhesives should be guided by their ability
to deliver optimal mechanical properties, durability, and
long-term performance in varying operating conditions.
This consideration plays a vital role in enhancing the
overall safety, efficiency, and longevity of structures in
these industries. Therefore, understanding and
characterizing the temperature-dependent adhesive
properties of materials is an essential step towards

reliable and optimized additive manufacturing processes.
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It is quite challenging to conduct experimental studies by
combining all these factors. This difficulty has led to the
widespread adoption of the finite element method in
parametric studies. Finite element analysis (FEA) is a
valuable tool for modeling and analyzing adhesive joints.
ANSYS software is widely employed for FEA modeling of
adhesive joints due to its extensive capabilities. FEA
enables the examination of fracture behavior in adhesive
joints and facilitates the modeling of cohesive zone
behavior (Blackman et al, 2003). By utilizing FEA,
engineers can gain insights into the structural integrity
and performance of adhesive joints, helping to optimize
their design and ensure reliable bonding in various
applications.

In this article, we will investigate the temperature-
dependent debonding properties of materials used in
additive manufacturing numerically, exploring their
significance and effects in more detail. We will also
discuss the factors that influence the debonding
performance of materials at different temperature ranges
and how to manage these effects. This study aims to
contribute to the enhancement of reliability and
performance in additive manufacturing processes,
providing valuable insights for practitioners in relevant
industries.

2. Materials and Methods

In this study, the material selection process was
conducted based on the specific requirements of the
contact debonding analysis using the finite element
method. Three distinct materials were carefully chosen
to represent a range of commonly used alloys: 316
Stainless steel, Inconel 625, and Ti-6Al-4V. These
materials were selected due to their widespread
utilization in various industries, such as aerospace and
automotive, where adhesive bonding is commonly
employed. The mechanical properties of the selected
materials are temperature-dependent. In order to
understand the effects of changes in the mechanical
properties of materials, it is assumed that the adhesive
properties between the parts do not change with
temperature. Table 1-3 summarizes the key mechanical
properties, such as Young's modulus, poisons ratio at
different temperature levels for each material (Alfano
and Crisfield, 2001).

The finite element method (FEM) was employed as a
powerful to perform the
debonding analysis. The ANSYS software package,
renowned for its capabilities in structural analysis, was

numerical tool contact

utilized for generating and solving the finite element
models. The FEM analysis utilized a two-dimensional
approach to capture the essential aspects of the contact
debonding phenomenon accurately. The use of interface
elements allows for the implementation of a bilinear
cohesive zone model (CZM) in the analysis. In the case of
Mode I loading dominance, the bilinear CZM model
assumes that the separation of material interfaces is
primarily influenced by the displacement jump

perpendicular to the interface. The relationship between
the normal cohesive traction Tn and the normal
displacement jump &n can be mathematically represented
as follows(Alfano and Crisfield, 2001) (Equations 1 and
2);

Table 1. Temperature depended mechanical properties
of 316 stainless steel

Temperature Young's Poisson's Ratio

(°Q) Modulus (MPa)

20 195000 0,25
100 191000 0,26
200 186000 0,275
300 180000 0,315
400 173000 0,33
500 164000 0,3
600 155000 0,32
700 144000 0,31
800 131000 0,24
900 117000 0,24
1000 100000 0,24

Table 2. Temperature depended mechanical properties
of Inconel625

Tem;()fg)ature Young( ;[ lI;/;())dulus Poisson's Ratio
21 162000 0,278
537 124000 0,305
815 57000 0,33
982 38000 0,33
1093 21000 0,33

Table 3. Temperature depended mechanical properties
of Ti-6Al-4V

BS] Eng Sci / Volkan ARIKAN

Temperature  Young's Modulus . , .

°C) (MPa) Poisson's Ratio

20 107000 0,323

100 103400 0,328

200 99510 0,334

300 93710 0,339

400 85500 0,345

500 74710 0,351

600 61840 0,357

700 48160 0,363

800 35290 0,369

900 24500 0,374

1000 16290 0,38
Tp = K,6,(1 = Dy,) 1)
Ty = K6:(1 — Dy) (2)
where;
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Knt= normal and tangential cohesive stiffness
Tnt=normal and tangential cohesive traction
Ant = normal and tangential displacement jump
Dn = Damage parameter

Finite element geometry prepared as 2D surface
geometry and plane strain behavior selected. The
prepared model consists of two plates with a length of
125 mm and a thickness of 2 mm, which are bonded to
each other under the condition of bonded contact. In the
analyses, the same materials have been used for both
plates. The adhesion behavior between different
materials could be a subject of a separate study. As an
initial condition, two plates were bonded from neighbor
edges, and one end edge was fixed with a fixed support
while the lower and upper points of the other end edge
were defined with a displacement of 10 mm. Schematic
view of the model is given in Figure 1. The analysis setup
encompassed a comprehensive consideration of various
factors that can influence the contact debonding
behavior. A minimum of 18 different temperature values
were meticulously selected to investigate the effect of
temperature on the contact debonding process. These

0,00 25,00

temperature values were chosen based on their
relevance to the specific industrial applications targeted
in this study.

An accurate mesh is of utmost importance for obtaining
reliable and accurate results in finite element analysis. In
this study, careful attention was given to the mesh
generation process to ensure optimal representation of
the geometry and contact interfaces. The mesh was
refined strategically in regions of interest to capture the
contact debonding phenomenon effectively. An 8-node
quadratic (Quad8) Plane183 element was used as the
element type in the model, resulting in a total of 2000
elements and 7018 nodes. The mesh element quality was
achieved at a level of 100% for all elements (Figure 2).
After solving the finite element models, an extensive
post-processing and result analysis were carried out to
gain insights into the contact debonding behavior. The
obtained results were thoroughly examined in terms of
debonding patterns, stress distributions, peel stress, and
other relevant parameters. Visualization tools and
graphical representations were utilized to facilitate a
comprehensive understanding of the analysis outcomes
(Figure 3).

Ansys
2022 R1

-

50,00 (o)
j

12,50

Figure 1. Initial and boundary conditions of the model.

o Quada

37,50

Mumber of Elements
g
2
|

----------------------------------------

__________________________________________

Element Metrics

Figure 2. Element quality graph of mesh structure.

BS] Eng Sci / Volkan ARIKAN

289



Black Sea Journal of Engineering and Science

0,00

10,00

o

20,00 40,00(mm)

30,00

Figure 3. Stress distribution of sample debonding model at 0.1s.

3. Results and Discussion

In this section, the results of the contact debonding
analysis and their implications will be discussed. The
focus will be on the stress distribution during the
separation of the bonded parts and the influence of
temperature variations. Graphs and tables will be
presented to illustrate these findings. Additionally, the
results will be evaluated to provide insights into the
debonding behavior.

316 Stainless Steel (SS), Inconel 625, and Ti-6Al-4V alloys
were used in the study. When examined in terms of their
mechanical properties, SS and Ti-6Al-4V materials
exhibit a tendency of decreasing hardness and elastic
modulus with increasing temperature, while Titanium
shows a more stable fracture strength. Inconel 625 is a

nickel alloy commonly used at high temperatures, but its
properties notably decrease, especially after 800 °C.

When evaluated in terms of thermal
coefficients, Inconel 625 stands out as the material with
the highest coefficient, showcasing the best performance

expansion

at high temperatures. The mechanical properties of SS
and Ti-6Al-4V materials begin to weaken earlier with
increasing temperature. Therefore, when examining the
changes in debonding stress, the variations in material
properties are also presented graphically.

Figures 4-6 present the temperature-dependent changes
in Young's modulus, thermal expansion coefficient, and
maximum stress observed at the adhesive interface
during debonding for the SS material.

Young's Modulus (.10% [MPa]

Isotropic Elasticity

‘Ansys

Young's Modulus e

a 0.1 0.z 0.3 0.4 05

Temperature (:10%) [C]

o7 0.8 09 1 11 1z

Figure 4. The temperature-dependent Young's modulus graph of 316 stainless steel.
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Ansys
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B
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Figure 5. The temperature-dependent thermal expansion coefficient graph of 316 stainless steel.
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Figure 6. The temperature-dependent debonding stress graph of 316 stainless steel.

Upon analyzing the stress values, a dramatic decrease is
observed between 100-300 °C, followed by a relatively
stable trend. Hence, it can be stated that delamination
becomes easier with increasing temperature. The
changes in thermal expansion and Young's moduli, within
the context of stress, indicate a sharp increase in the
thermal expansion coefficient up to 300 °C, while Young's
modulus decreases more rapidly starting from 500 °C.

Figures 7-9 illustrate the temperature-dependent
changes in Young's modulus, expansion
coefficient, and maximum stress observed at the adhesive

thermal

interface during debonding for Inconel 625. Particularly,
after 500 °C, both the thermal expansion coefficient and
Young's modulus values exhibit a dramatic decrease.
Inconel 625 experiences a significant reduction of
debonding stress, approximately 62%, between 100-300
°C. However, beyond 500 °C, the debonding stress
remains almost constant, ensuring the retention of peel
strength.

For Ti-6Al-4V alloy, the corresponding graphs are
presented in Figures 9-12. In contrast to SS and Inconel
625, the peel resistance of Ti-6Al-4V alloy shows a
sharper decline after 500 °C. However, it exhibits a more
stable peel resistance up to this temperature. When
comparing Inconel 625
demonstrates the best performance in terms of peel

these three materials,
resistance. It maintains a peel resistance nearly
equivalent to that of SS and Ti-6Al-4V alloys even at high
temperatures. While Ti-6Al-4V alloy and SS perform
similarly, the most notable difference between them is
that Ti-6Al-4V alloy displays a balanced and resistant
peel strength below 500 °C, whereas SS rapidly loses peel
strength at lower temperatures. Thus, for working
temperatures up to 500 °C, Ti-6Al-4V and Inconel 625
materials emerge as advantageous choices in terms of
peel resistance.
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Figure 7. The temperature-dependent Young's modulus graph of Inconel 625.
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Figure 8. The temperature-dependent thermal expansion coefficient graph of Inconel 625.
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Figure 9. The temperature-dependent debonding stress graph of Inconel 625.
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Figure 10. The temperature-dependent Young's modulus graph of Ti-6Al-4V alloy.
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Figure 11. The temperature-dependent thermal expansion coefficient graph of Ti-6Al-4V alloy.
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Figure 12. The temperature-dependent debonding stress graph of Ti-6Al-4V alloy.
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4. Conclusion

The conducted study focused on analyzing the debonding
stress of 316 Stainless Steel (SS), Inconel 625, and Ti-6Al-
4V alloys in relation to temperature. The experimental
findings revealed notable differences in the mechanical
properties and peel resistance of these materials.

The evaluation of the coefficient of thermal expansion
highlighted Inconel 625's superior performance at
elevated temperatures, as it exhibited the highest value
among the investigated materials. Conversely, SS and Ti-
6Al-4V alloys
mechanical property degradation with increasing
temperature. Therefore, considering the variations in
material properties is crucial when assessing debonding
stress.

demonstrated an earlier onset of

In terms of delamination resistance, Inconel 625
exhibited comparable performance to SS and Ti-6Al-4V
alloys, even at high temperatures. While Ti-6Al-4V and SS
showed similar behavior, Ti-6Al-4V displayed a more
consistent and robust delamination resistance below 500
°C, while SS material rapidly lost its delamination
resistance at lower temperatures. Consequently, Ti-6Al-
4V and Inconel 625 materials emerge as advantageous
choices for delamination resistance within the working
temperature range of up to 500 °C.

In conclusion, this study provides valuable insights into
the temperature-dependent mechanical properties and
delamination resistance of 316 Stainless Steel, Inconel
625, and Ti-6Al-4V materials. The obtained results
contribute to the understanding of material behavior in
specific temperature ranges. Further research can be
conducted to explore the mechanical properties of these
materials under different temperature regimes, aiming to
optimize their applications and enhance our knowledge
in this field.
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Abstract: This study focused on the development of land fill gas for power generation in Sub-Saharan Africa. In rapidly expanding
cities in developing and emerging nations, it has been observed that municipal solid waste (MSW) has increased dramatically, raising
public concern about the effects on the environment and public health. In Sub-Saharan Africa today, the garbage of people within this
region especially in Nigeria is carelessly disposed. Environmental pollution and its effects on people's quality of life have become more
sensitive topics among residents and decision-makers in Sub-Saharan Africa. Additionally, municipal solid waste management
(MSWM) is becoming a more important topic on the local political agenda. Local decision-makers routinely debate whether to invest in
waste-to-energy technologies as part of their effort to modernize waste management systems. Waste-to-Energy technologies are being
promoted more and more as an alluring solution to a number of problems, including the urgent issue of waste disposal. These issues
include inadequate power production, a shortage of landfill space, and greenhouse gas emissions from improper waste management.
As an alternative to waste burning and composting, landfilling is one of the municipal solid waste (MSW) disposal techniques that are
most frequently used. Due to its financial benefits, the sanitary landfill method is still often employed in various nations for the final
disposal of solid waste. Landfill gas (LFG) is mostly produced by the anaerobic breakdown of the biodegradable component of
municipal solid waste (MSW), specifically kitchen and yard trash, which is disposed of in landfills. Due to the anaerobic breakdown of
the organic portion of solid waste, landfill gas is continuously produced. As a result, if an extraction system is not constructed in a
landfill, there will be an overpressure that will force the biogas to be released into the atmosphere, which will have an adverse effect on
the environment. Methane and carbon dioxide make up the majority of the gases that make up landfill gas, which is a mixture of other
gases. Many landfill sites include an operational gas collection system that draws gas from both horizontal and vertical gas wells using
a blower. The gas from the landfill was thought to only include carbon dioxide and methane. Methane's typical volume composition is
49%, hence it was believed that carbon dioxide would have a volume composition of 51%. Reviewing the information gathered by
numerous studies regarding the volume of waste being dumped in landfills reveals that the waste produced in sub-Saharan Africa is
sufficient to power the area with electricity. It was discovered that the quantity of electricity generated will fluctuate over time based
on the flow rate of landfill gas. It will initially rise until a peak is attained. A million tons of landfill waste typically emits 434,000 cubic
feet of LFG each day, which is sufficient to generate 0.80 MW of power. About 70% of LFG projects use internal combustion engines,
gas turbines, and micro-turbines to produce power.
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creation across the board, including municipal solid
waste (MSW), industrial waste, and packaging waste
(Aronica et al, 2009). MSW is the term used to describe
nonhazardous garbage produced in homes, markets,

1. Introduction

Geographically speaking, Sub-Saharan Africa is the
portion of the African continent south of the Sahara
(Ehsan et al, 2019). According to the United Nations

definition, the term may also cover countries that only
have a portion of their territory located in that region, in
addition to the African countries and territories that are
totally situated in that particular region (UN). The African
Union's regional definition of sub-Saharan Africa includes
the northern Sudan, but Mauritania is left out according
to the UN geoscheme for Africa (Aguilar-Virgen et al,
2014). The inevitable outcome of population growth and
urbanization causes an increasing rate of garbage

streets, and industries (Zuber and Ali, 2015). Landfill gas
(LFG), whose primary components are typically methane
(CH4: 55-60% v/v) and carbon dioxide (CO2: 40-45%
v/v), is produced when biodegradable organic matter in
landfilled MSW undergoes anaerobic breakdown
(Trapani et al., 2013; Kumar and Sharma, 2014). Global
warming is a result of the LFG being released into the
atmosphere without being treated (Barbaro et al.,, 2009).
Due to this circumstance, MSW landfilling is one of the
most significant human-caused sources of greenhouse
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gas emissions (Aronica et al,, 2009; Ishigaki et al., 2005;
Trapani et al,, 2013). Landfill gas (LFG) control methods
are employed to stop the gas from spreading into the
atmosphere unintentionally. The recovered Landfill gas
(LFG) can be burned in flares under regulated conditions
to prevent the release of dangerous components into the
atmosphere or be utilized to generate energy (Scheutz et
al, 2011). Landfilling's greenhouse gas emissions are
reduced via energy recovery from LFG (Calabro, 2009).
The advantages of energy recovery from LFG for the
environment and the economy were reported by Johari et
al. in 2012. As a result, sanitary landfills could serve as a
source of renewable energy for sustainable development
(Tsai, 2007). Compared to earlier times, technological
advancements in LFG energy recovery have also helped
to reduce greenhouse gas emissions (Weitz et al., 2002).
According to Calabro et al. (2015), the European Union
(EU) adopted a gradual transition strategy from
municipal solid waste (MSW) management practices
based on landfills to integrated waste management
techniques, such as recycling, mechanical biological
treatment (MBT), incineration with energy recovery, and
landfilling. Greenhouse gas emissions have already
decreased as a result of these practices (Christensen et
al,, 2015). Additionally, it was emphasized that increasing
gas collection efficiency is crucial since it will have a
direct impact on how much of an impact landfill gas
(LFG) will have (Calabro et al, 2011; Niskanen et al,
2013). The ideal choice for landfilling has been suggested
to be very restricted landfill disposal with high levels of
gas collection efficiency for residual waste management
(Calabro, 2009; Calabro et al, 2015). Landfilling
continues to be the most popular technique of disposing
of municipal solid waste (MSW) in developing nations
like Turkey, despite its detrimental environmental effects
(Salihoglu et al., 2018). The fact that landfilling is one of
the most affordable methods of disposing of municipal
solid waste (MSW) has led to its popularity (Kumar and
Sharma, 2014). Energy recovery has received a lot of
attention from researchers, energy corporations, and
landfill operators due to the revenue gained by the
energy produced by the utilization of the LFG (Scarlat et
al, 2015). in LFG-to-energy conversion
practices are encouraged by government incentives like
the feed-in tariff and renewable obligation certificates

Increases

(Emkes et al,, 2015). Although energy recovery costs and
revenues differ between sites (Emkes et al, 2015),
landfill operators are always working to increase the rate
at which landfill gas (LFG) is generated and collected
(Czepiel et al, 2003). Designing landfill gas-to-energy
projects involves considering estimates of LFG recovery
potential (Cossu and Muntoni, 1997). The final amount of
gases produced from a landfill will depend on the amount
of trash dumped, the garbage's properties, the
technologies employed to handle and dispose of the
waste, and the sort of surface-covering system used
(Cossu and Muntoni 1997; Fecil et al., 2003; Friedrich

and Trois, 2011). Additional factors include weather

patterns and seasonal temperature variations (Czepiel et
al, 2003; Barbaro et al, 2009). According to certain
reports, the variables influencing the volume of gas vary
between developing and developed nations (Friedrich
and Trois, 2010). All waste categories, but particularly
the organic component, have a wider diversity of
material in developing countries;
Troschinetz and Mihelcic (2009) which is due to seasonal
factors, affluence, domestic fuel supply, and geography.
In many nations, models that are primarily based on the
first-order decay of organic matter in municipal solid
waste (MSW) are used to predict landfill gas emissions
(LFG) (Ehsan et al, 2019). The results of these models
may be highly unpredictable due to a lack of information
regarding landfills and practices, waste composition,
quantity of landfilled trash, or changes in management
techniques (Scharff and Jacobs, 2006). Therefore, it is
always required to have field measurements that indicate
the properties of the waste, the working principles of the
landfill, the MSW management plan of a particular town
and the influence of the local climate (Bogner and Spokas,
1993). This study aims to assess the viability of using
landfill gas (LFG) in Sub-Saharan Africa energy facilities.
Investigated were the effects of the variables impacting
landfill gas (LFG) production and, consequently, energy
production. The field's extant literature has very little
monitoring data from the practices of landfill gas (LFG)
collection and energy conversion (Gollapalli and Kota,
2018). By analyzing real monitoring data from a major
Turkish city, Bursa, this study seeks to add to the body of
literature.

features claim

This study focused on waste to energy: Review on the
development of land fill gas for power generation in Sub-
Saharan Africa.

2. General Terms

2.1. Meaning Landfill

A landfill is a location for disposing of waste where the
waste is often buried underground. One of the oldest and
most popular ways to dispose of waste is to use a landfill,
which separates trash from the surrounding region
(Idehai et al., 2015).

2.2. Type of Gas Released in Landfills

Although a number of gases are emitted in landfills,
methane, a damaging greenhouse gas, accounts for the
majority (more than 50% of the overall volume). Man-
made trash is the third largest producer of methane,
which is around 21 times more potent than carbon
dioxide and the main issue when it comes to landfill gas
(Jaramillo et al,, 2005). When garbage is dumped into a
landfill, it initially goes through an aerobic (or "with
oxygen") decomposition stage, which produces very little
methane. Anaerobic conditions—or "without oxygen"
conditions—are often generated in less than a year, at
which point methane-producing bacteria start to break
down the waste and release methane (Guermoud et al,,
2009).
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2.3. Conversion of Landfill Gas into Electricity

2.3.1. Steps for landfill gas electricity generation

The basic steps for landfill gas electricity generation are

as follows:

1. Landfill waste is deposited into a landfill area.

2. The landfill waste begins to decay and emit landfill
gas, namely methane.

3. The landfill gas rises to the top of the landfill and is
collected in pipes located in/around the landfill.

4. The captured landfill gas is then directed to a
treatment phase, being dealt with in accordance
with its final purpose (ie. burning, electricity etc).

5. Once treated, the gas can then be used as fuel for a
combustion engine, in order to create electricity for
various purposes.

2.4. Waste-to-Energy?
A group of technologies known as "waste-to-energy"
handle trash in order to recover energy in the form of
heat, electricity, or alternative fuels like biogas (Kaplan et
al, 2009). The term "Waste-to-Energy" encompasses a
variety of technologies with varying complexity levels
and scales. These include gasification; the thermal
treatment of waste in utility-scale incineration plants; the
creation of cooking gas from organic waste in household
digesters; the collecting of methane gas from landfills;
and the co-processing of refuse-derived fuel (RDF) in
cement factories. The term "waste-to-energy"” is used
very broadly in this reference to refer to large-scale
(i.e.  utility-size)  plants that
pyrolysis/gasification, digestion, co-
processing, and landfill gas collection and incinerator
technologies. These five technologies all apply to various
waste streams and each has unique features and
functions. They must therefore be independently
evaluated depending on the relevant local context and
waste stream.

2.5. Key Findings and Recommendations

When considering the introduction of Waste-to-Energy

technologies, decision makers should consider the

following aspects:

i. Waste-to-Energy initiatives should not compete with
waste reduction: The creation of municipal solid
waste management (MSWM) systems should adhere
to the waste hierarchy: preparation for reuse and
material recycling should come first, then waste

municipal use

anaerobic

reduction through prevention. Waste-to-Energy
initiatives should not compete with waste reduction,
reuse, and material recycling strategies because they
can be viewed as a complimentary technology for the
recovery of energy from remaining non-recyclable
MSW components. Waste-to-Energy

method of disposal

is a better

when carried out under
controlled circumstances, but it is given low priority
in the waste hierarchy (Kaplan et al., 2009).

ii. Waste-to-Energy must high
standards: There are just a few instances where a
complete legal framework for all forms of waste-to-

energy The

achieve emission

exists. strict emission

il.

Vi.

vii.

standards viii.

necessary won't be met in jurisdictions where
regulations are either nonexistent or cannot be
implemented. Low emission levels are not acceptable
because they have long-term negative effects on
human health (Guermoud et al.,, 2009). Keep an eye
out for global best practices and use internationally
accepted standards in the tendering process, making
sure that there are monitoring and enforcement
measures in place to guarantee compliance.
Waste-to-Energy requires knowledge on waste
quantities and characteristics: In many cities, the
amount of waste will quadruple over the next 20
years, but there are rarely any consistent waste
management strategies that take demographic and
social changes
management strategy for the city that considers the
medium-to long-term evolution of trash quantities
and details the most pertinent waste streams'
characteristics and available treatment methods. To
achieve a workable economy of scale, any inter-
municipal cooperation should also be taken into
account (Gollapalli and Kota, 2018).

Waste-to-Energy builds on an efficient municipal
solid waste management (MSWM) system: Only
communities with a robust trash collection and

into account. Create a waste

transportation infrastructure and a safe ultimate
disposal facility may be able to successfully manage
waste-to-energy Show and provide
documentation that the current waste management
system is stable financially and technically (Jaramillo
etal,, 2005).

Waste-to-Energy requires significant
resources: The sustainable functioning of waste-to-
energy plants depends on reliable financing for
operation and maintenance. You should think twice
before developing a waste-to-energy plant if your
municipality can't afford to continue funding its
current  garbage
infrastructure.
Income from energy sales does not cover Waste-to-
Energy costs: Waste-to-energy plants have
substantial capital and operating expenses that
cannot be expected to be covered entirely by the sale
of energy at market pricing. Make a realistic
projection of the revenue from the sale of energy, and

systems.

financial

collection and treatment

keep an eye out for additional and reliable financing
options.

Waste-to-Energy requires qualified staff: Waste-to-
energy plants are sophisticated technologies that
need specialized personnel frequent
maintenance. They are not simply a simple black box
for producing electricity, gas, heat, or steam. Ensure

and

that qualified personnel can be hired and retained
and that ongoing training is provided to current
employees. Outsourcing should be taken into account
for some technical and managerial tasks (Idehali, et
al, 2015).

Waste-to-Energy is just a potential part of a
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functioning municipal solid waste management
system: Waste-to-energy plants are not independent
technical components and cannot address the current
waste issues on their own. Make sure that your waste
management system is already planned to include an
integrated component for a potential waste-to-energy
plant. It is necessary to take backup and emergency

capacities into account (Aghdam et al. 2018).

Figure 1. Combustion Engine for Energy Conversion
(Kaplan et al., 2009).

The combustion engine is one of the key elements in the
process of converting landfill gas into power. A
combustion engine, also referred to as a biogas
generator, is responsible for turning landfill gas into
power. The key distinction is that it uses inverter
technology to transform the electricity produced by our
co-generators into the kind of electricity we use, whether
it is for powering electronic devices, heavy machinery, or
the grid. This is coupled with a variable-speed engine
that utilizes various fuels of various qualities (e.g., low
quality biogas). This fluctuating speed generates raw
power, which our electronics transform into smooth DC
power and, subsequently, three-phase AC power that is
constantly synchronized with the grid (Aghdam et al
2018).

2.6. Reasons for Converting Landfill Gas to Electricity
Landfill gas is converted to electricity for the following
reasons:

e Reduction in greenhouse gas emissions

e Efficient use of waste

e Earn ACCUs

e Reduction of air pollution by offsetting the use of

non-renewables

e Relatively cost effective

e Improvement to overall air quality

e Reduction of landfill odour

e Potential Green Energy credits
2.7. Characteristics of Municipal Waste
In a developing or emerging nation, an urban resident
produces 100 to 400 kg of MSW annually on average
(Figure 2). Different levels of economic development and
consumption, as well as the definition of the amount of
waste produced, are to blame for this vast range and
significant uncertainty (Trapani et al.,, 2013; Kumar and
Sharma, 2014). Some statistics take into account all
recycled materials and use the total projected waste
generated per person. Others focus just on the trash that
is handled by the relevant local authorities, excluding, for
instance, valuable materials that are separated and
gathered at the source by the unofficial sector. Recycling
materials including glass bottles, newspapers, PET
bottles, and tins are frequently collected separately
before they are added to the formal waste stream, for
which the municipality is accountable. Municipalities
must therefore manage a "remaining"” waste portion that
is highly heterogeneous, has high organic content, and
has a low calorific value. Planning waste-to-energy
solutions, as well as the social impact on the informal
sector when a change in the current recycling and
primary collection system is proposed, must take these
uncertainties in terms of quantity and quality into
serious consideration (Kumar and Sharma, 2014).

MSW composition
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Figure 2. Composition of MSW per capita (kg/capita/yr) in various cities of the world (Kumar and Sharma, 2014).
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WASTE DELIVERY INCINERATION

1 Tipping hall 5 Ram feeder

2 Waste bunker 6 Incineration grate
3 Waste crane 7 Primary air fan

4 Waste feeding chute 8 Bottom ash bunker

9 Bottom ash crane
10 Secondary air fan
11 Steam boiler

12 Boiler safety valve

wmein

(GEL
A

FLUE GAS CLEANING

ENERGY RECOVERY

21 Steam turbine /
generator

13 Flue gas reactor

14 Hydrated lime

15 Activated carbon

16 Bag filter

17 Residue silo (fly ash)

18 ID fan

19 Emissions Monitoring
System (CEMS)

20 Stack

Figure 3. Components of a muncipal solid waste incineration plant with flue gas cleaning. Image (source: Kumar and

Sharma, 2014).

3. Waste-To-Energy Technology Option

This section provides an overview of five municipal-scale
waste-to-energy technologies: co-processing, anaerobic
digestion (AD), landfill gas (LFG),
pyrolysis/gasification (which are also called alternative
technologies). The five technologies mentioned above
each have a unique role to play in the municipal waste
management system. Some background
information is given, followed by a listing of the suitable
waste types and a summary of related operational,
environmental, legal, and financial issues. The order of
the technologies is based on the perceived demand for
advice on these technologies and does not imply any
priority or applicability for each technology.

3.1. Anaerobic Digestion for Biogas Production

The degradation of organic materials by microbes in the
absence of free oxygen is known as anaerobic digestion
(AD). Under controlled circumstances, AD can be utilized
to make biogas. AD naturally exists under oxygen-
deficient conditions, such as some lake sediments. In
order to achieve this, an anaerobic digester, a gas-tight
reactor,
microorganisms may convert organic matter, the input
feedstock, into biogas and a solid-liquid byproduct
known as digestate. When the feedstock is organic waste
that has been source separated and is not polluted, the
digestate can be used as organic fertilizer. A mixture of

and

technical

is utilized to create an environment where

several gases called biogas has the potential to provide
thermal and/or electrical energy. Methane (CH4), a
flammable gas, is the primary energy component of
biogas, with concentrations ranging from 50 to 75
percent depending feedstock operating
conditions. The heating value of biogas is roughly two-
thirds that of natural gas (5.5 to 7.5 kWh/m3) due to its
lower methane content. In poor nations, AD employing
small-scale digesters has a long history of harnessing the
energy component of organic leftovers in rural settings.
Agriculture provides the majority of the feedstock inputs,
particularly animal which may be used
effectively at small scales and is quite simple to operate.
At the municipal level, AD is getting more consideration
as a potential solution for waste-to-energy recovery in
urban settings. However, the operation of biogas plants
from heterogeneous MSW is a big challenge in terms of
operational, safety and financial requirements. As a
consequence there are very few successful examples of
biogas from MSW in developing countries. Being able to
ensure a continuously well-separated organic waste
component is a significant obstacle to successful AD
operations. The success of AD at larger scales is
frequently hampered by the frequent mixing of organic
waste with inorganic materials, such as plastics, metals,
and other pollutants, in many nations. Small-scale biogas
facilities are an option and can be effectively used in

on and

manure,
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impoverished nations, as opposed to other waste-to-

energy plants.

3.2. Description of Technology

A large number of different anaerobic digester designs

exist worldwide with varying levels of complexity.

According to Kaplan, Decaroli and Thorneloe (2009),

anaerobic digester can be classified by:

e Mode of feeding: Batch or continuous feeding

e Temperature range: There are three temperature
ranges: psychrophilic (25°C), mesophilic (35-48°C),
and thermophilic (> 50°C), with the latter two being
the only ones deemed economically viable. When
there is a high risk of infection, thermophilic
environments are advised. To inactivate pathogens
for mesophilic systems, alternative methods include
pasteurization at 70 °C for one hour or thermophilic
composting (Karanjekar, 2015).

e Reactor type: While plug-flow and batch digesters
are utilized for solid feedstock, continuously stirred
tank reactors are frequently employed for liquid

feedstock such as catering waste, wastewater, or
industrial sludge from food processing. The
utilization of solid feedstock in continuously stirred
tank reactors can be accomplished by dewatering
the feedstock (Lou and Nair, 2009).

e Number of stages: One to multi-stage digestion is
possible.

e In a combined heat and power plant, biogas can
either be utilized directly to generate heat or
transformed into heat and electricity, the latter
process often taking place after desulfurization and
drying. Another choice is to transform biogas into
biomethane, which can replace natural gas and has a
methane content of about 98% (Loening, 2003).
Figure 8: The production of biogas through
anaerobic digestion of organic waste and manures is
depicted in Figure 8. The biogas produced may be
used, for instance, in a combined-heat-and-power
(CHP) generator.

Fuel

e

Natural gas grid

e Digestate

1 Different feedstocks

Reception and waste storage

Feedstock preparation, processing,

sorting and cleaning

Enclosed building for putrescible waste preparation
Biofilter to reduce smells and organic compounds
Sanitation Unit

Digester

LW Mo

-1 O wl -

@ Electricity
Heat

8 Gas Storage

9 Gas cleaning system

10 Safety Equipment (pressure relief devices,
safety valves, gas flares etc.)

11 Combined heat and power unit

12 Digestate storage

13 Digestate Upgrading

Figure 4. Components and end-uses of an anaerobic digestion plant. Image source: Fachverband biogas

3.3. Suitable Waste

Only organic matter, or biomass, can be processed by an
anaerobic digester. Because these are broken down
gradually by an anaerobic digester, the amount of fibrous
material, such as hemicellulose and lignin, found, for
example, in straw and woody plants, should typically be
quite low (Taherzadeh, 2009). It is feasible to employ
specifically produced energy crops, such as maize, for the

production of biogas in addition to using organic "waste"
biomass such as agricultural residues or organic fractions
of MSW (Themelis and Ulloa, 2007). As a result, this is
not the topic of this guide, which instead discusses
anaerobic digesters that solely process organic waste
from municipal garbage. However, this could result in
potential conflicts with food production. The addition of
inorganic or dangerous materials is not desired in the
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process and can hinder microbial deterioration, block
operation, for example by clogging pipes with plastic
materials, and/or restrict the digestate's suitability for
use as organic fertilizer. An appropriate source of
anaerobic digester fuel is municipal organic waste, such
as source-separated home, market, and garden trash.
Additionally, co-digestion with agricultural leftovers,
wastewater treatment plant sludge, or organic industrial
or commercial waste can boost the availability of
feedstock and, as a result, the economic viability of the
process. Using household bio-waste is more advanced
than using energy crops, commercial and industrial
wastes, animal byproducts, or vegetable byproducts as
feedstock (Taherzadeh, 2009). This is a result of the
feedstock's
course of the year and the potential presence of
digester

fluctuating composition throughout the

significant contaminants. The anaerobic
produces variable amounts of methane and energy

depending on the feedstock (indicative examples in Table

1).

Table 1. Indicative examples of methane and energy yields of
selected organic waste feedstock through anaerobic digester
with methane yields in norm m3 (Nm3, at 0 °C, 1.01325
bar and relative gas humidity of 0%) per ton wet weight
(t) of feedstock and 37.8 MJ per Nm3 CHs (higher heating value).

Feedstock Methane yield  Energy yield
[Nm3CHpert  [M]per tyet]

Municipalities

Wastewater 15 570

Kitchen and garden 40-100 1510-3780

waste

Industries

Fruit waste 60 2270

Slaughterhouse waste 50 1890

Agriculture

Cattle manure 32 1210

Grass 90 3400

3.4. Operational Aspects
Important operational aspects include the following:

e Availability and composition of organic waste
feedstock: Seasonal variations in the availability of
agricultural goods and their residues are the main
factors that affect the composition and quantities of
organic waste. Anaerobic digesters need to be
planned with this in mind, and this should include
dimensioning as well as the potential for feedstock
storage facilities when feedstock availability
exceeds plant capacity (U.S.EPA, 2011).

e Temperature: If there are no other limiting factors,
microorganisms thrive and reproduce more quickly
at higher temperatures. Most of the time, a
mesophilic temperature range between 35 and 48
°C is thought to be the most stable. In general,
operation at higher
thermophilic range > 50 °C requires heating and

temperatures in the

insulation but can help remove pathogens and
reduce reactor volumes. Small-scale psychrophilic
anaerobic digesters have been successfully used in
colder locations (Vaverkova and Adamcova, 2015),
but larger scale digesters may not be economically
feasible due to the demand for heating and
insulation.

e Organic loading rate (OLR): OLR quantifies the
amount of feedstock which a specific reactor can
degrade per unit of time.

Nitrogen ratio (C:N): For
digesters, the relative abundance of carbon and
nitrogen should be between 16 and 25, which is a
crucial characteristic for microbial growth.

3.5. Capturing of Landfill Gas
Different from the other waste-to-energy technologies
described in this handbook is Landfill Gas (LFG) Capture.
It is to be viewed as a crucial element in partially
minimizing the damaging effects of operating sanitary
landfills on the environment (SLF). In underdeveloped
nations, sanitary landfilling is a widely used and
approved method and, in many instances, the only way to
properly process and store the gathered garbage
(Willumsen and Barlaz, 2011). SLF has detrimental long-
term environmental effects, such as the emission of
methane landfill gas with a significant potential for global
warming into the atmosphere, despite being an
improvement over uncontrolled and open dumping of
compounds. Others include the waste's loss of valuable
resources when it is landfilled and the presence of
noxious and toxic substances. The anaerobic digestion of
organic matter in the landfill body, which can be thought
of as an oversized bioreactor, produces the methane in
LFG (Yang et al,, 2015). The capturing of methane gas is
essential in order to reduce greenhouse gas emissions
from landfill sites into the atmosphere. This is possible
through LFG capture. However, significant losses occur in
the start-up phase of a landfill site before the methane
capturing system is installed and in operation (Yechiel
and Shevah, 2016). When in operation, it is still not
possible to capture all of the gas emitted by the landfill.

3.6. Technology Description

LFG is ideal as a fuel for the production of heat or power,

combined heat and power generation, or as a fuel for

transportation because it contains 45-55% methane gas.

CO2 makes up the majority of the remaining material. The

e Carbon: anaerobic

following variables affect LFG yield:

o How fresh waste is placed and compacted;

e Level of compacting and height of the individual
layers;

e Water content in the landfill;

e (Climate;

e Technical features for capturing the methane gas in
the SLF.
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Figure 5. Components of landfill gas capturing system with electricity production (Aronica et al., 2009).

1 Coarse Refuse Bunker 9 Combustion air fan 17 Condensor

2 Rotary Shears 10 Combustion Chamber 18 Feed Water Tank

3 Fine Refuse Bunker 11 Selective non-catalytic reduction 19 Additive Metering Hopper

4 Overhead Crane 12 Evaporator 20 Fibrous Filter

5 Feeding System 13 Superheater 21 Filter Dust Discharging

6 Pyrolysis Kiln 14 Economiser 22 Induced Draught Ventilator

7 Discharging System 15 Turbine 23 Emissions Monitoring System
8 Hot Gas Filter 16 Generator 24 Stack

Figure 6. Components of a pyrolysis plant for specific solid waste treatment (U.S.EPA, 2011).

3.7. Composition of Waste

Separation of MSW at the source in households is
the best precondition for recycling and also for
waste-to-energy. Hazardous & bulky mineral waste
should be collected and treated separately.

As already mentioned, for anaerobic digestion
separate collection of organic waste is a necessity.
Anaerobic digestion is not an option if separately
collected waste is mixed with mineral or hazardous
waste, even in small amounts.

If MSW is regularly mixed with hazardous and

mineral fractions the suitability of each waste-to-
energy technology must be assessed frequently.
Measures to improve waste separation at source
should be initiated (e.g. separate collection and
treatment of construction & demolition waste and
batteries).

Landfill gas collection remains relevant where
sanitary landfills contain significant levels of organic
waste.
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3.8. Calorific Value of MSW for Thermal Processes, calorific value is less than 7 M]/kg due to humidity.
Organic Content Before pursuing waste-to-energy options, general
e For incineration and co-processing, autothermic waste management should be addressed when

combustion, or self-sustaining burning without
additional fuel, MSW must be ensured year-round.
0il, gas, and other fuels should not be co-fired
because it is expensive and should only be done in
an emergency or to start the combustion process.
Calorific value is one criterion for determining if
MSW is acceptable for incineration and co-
processing. The calorific value is decreased by trash
from the kitchen and garden that has a high mineral
content (from glass, ash, building and demolition
debris), a high metal content, or both. All
combustion processes are suitable for waste-to-
energy projects if their calorific values are greater
than 8 MJ/kg.

Incineration technologies with an advanced
integrated drying stage are able to combust wet
MSW with a calorific value of about 7 MJ/kg. For co-
processing the minimum acceptable humidity
should be clarified and drying technologies assessed
before starting a waste-to-energy project.

The minimal permissible humidity for all
combustion technologies should be clarified, and
drying technologies should be evaluated if the

mineral waste is the primary cause of the low
calorific value.

e The LCV for thermal processes cannot be directly
compared with LFG collection and anaerobic
digestion. However, the energy content of organic
feedstock for an anaerobic digestor has an impact
on the energy content of the biogas yield. Higher
energy content feedstocks can increase the quality
of the biogas. The efficiency of landfill gas collection
is dependent on the existing landfill conditions,
including the proportion of organic waste deposited
and the way this is layered.

4. Collecting and Treating Landfill Gas
Instead of escaping into the air, LFG can be captured,
converted and used as a renewable energy resource.
Using LFG helps to reduce odors and other hazard
associated with LFG emissions. This prevents methane
from migrating into the atmosphere and contributing to
local smog and global climate change. In addition, LFG
energy projects generate revenue and create jobs in the
community and beyond.

Collection Processing

LANDFILL METHANE
‘OUTREACH PROGRAM

Methane Uses

Figure 7. The Collection and Processing of LFG to Produce Methane for Multiple uses.
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Figure 8. The three stages of LFG treatment.

First, LFG is collected through vertical and horizontal
piping buried in an MSW landfill. The LFG is then
processed and treated for use. Figure 7 shows potential
end uses of LFG including industrial/institutional uses,
arts and crafts, pipeline gas, and vehicle fuel.

The gas goes via a knockout pot, filter and blower as part
of the primary treatment process to remove moisture
(Figure 8). The use of an after cooler or another method
of additional moisture removal (if required), followed by
the removal of siloxane and sulfur, and compression,
constitutes secondary treatment (as needed). Following
the removal of impurities during the secondary
treatment stage, LFG can be used to produce electricity
or as a medium-Btu fuel for boilers or other crafts.
Advanced Treatment compresses the LFG into a high-Btu
gas that can be utilized as car fuel or pumped into a gas
pipeline while also removing extra contaminants (COz,
Nz, 02, and VOCs). Waste or tail gas is sent to a thermal
oxidizer or flare.

4.1. Basic LFG Collection and Processing System

LFG is removed from landfills by utilizing a blower/flare
(or vacuum) system and a network of wells. Depending
on the gas's intended use, this system routes the
gathered gas to a central location where it can be
processed. Here, the gas can either be flared or utilised
profitably in LFG energy production.

4.2. Landfill Gas Energy Project Types

There are numerous ways to transform LFG into energy.
The following are three major categories into which
various LFG energy project types are divided: electricity

Compressor
as needed)

C
ADVANCED TREATMENT (e neecec)
(C02 Removal;
N2, 02, VOC Removal as necessary)

generation, direct use of medium-Btu gas, and renewable
natural gas. Under each project type are descriptions of
the project technologies.

Landfill with
Waste In Place ®

Landfill Gas
Extraction Wells

Primary Processing
of Landfill Gas
andFlare g

and Piping ®

LFG Energy
Project
Additional
Treatment of
Landfill Gas ®

Figure 9. Flowchart of a basic LFG collection and
processing system.

4.3. Electricity Generation

Electricity is produced by about 69 percent of the LFG
energy plants that are currently in operation.
Reciprocating internal combustion engines, turbines,
micro-turbines, and fuel cells are just a few of the
technologies that can be utilized to produce electricity for
on-site use or for sale to the grid. Due to its relatively low
cost, high efficiency, and size ranges that complement the
gas output of many landfills, the reciprocating engine is
the most commonly used conversion technology for LFG
energy applications. Larger LFG energy projects often use
gas turbines, while specialized applications and smaller
LFG volumes typically use micro-turbines. Plants that
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employ LFG to create both electricity and thermal energy,
typically in the form of steam or hot water, are referred
to as cogeneration or combined heat and power (CHP)
projects. At industrial, commercial, and institutional
operations, a number of cogeneration projects using
engines or turbines have been installed. This project type
can be particularly alluring due to its efficiency
improvement, which can be used to capture thermal
energy in addition to electricity generation.

5. Conclusion

Waste to energy; review on the development of land fill
gas for power generation in Sub-Saharan Africa has been
achieved. It was discovered that landfill gas is a workable
substitute for fossil fuel and other fuel sources for the
production of sustainable energy (electricity). It reduces
fugitive landfill gas and also greenhouse gas emissions
from fossil fuel power plants. Gas emissions from
landfills are valuable waste that ought to be recovered,
especially in light of the energy component of the
methane. Improvements in new generator technology
have led to a change in how electricity is produced from
landfill gas. Innovations in power generation have
increased its effectiveness and environmental
performance. However, the new technology still needs to
demonstrate its potential to provide energy for a
sustainable future especially within the Sub-Saharan
Africa. Landfill gas (LFG) is considered a suitable source
of energy by both Australia and the USA under
regulations and a set of government funds that have been
implemented to improve electricity generation from
renewable sources. The growth of renewable energy has
received support from both governments. Nevertheless,
the Australian government has to pay closer attention to
landfill gas power generation and learn from the US
Support for green energy from the
government and society will have an impact on
investment, which promotes the development of
innovative technologies. To enhance the performance of
green power in the environmental, social, and economic
sectors, more research on LFG production technology
and power generation is needed.

experience.

Author Contributions

The percentage of the author(s) contributions is present
below. All authors reviewed and approved final version
of the manuscript.

H.0. Us
C 50 50

50 50
S 50 50
DCP 50 50
DAI 50 50
L 50 50
w 50 50
CR 50 50
SR 50 50

C=Concept, D= design, S= supervision, DCP= data collection
and/or processing, DAI= data analysis and/or interpretation, L=
literature search, W= writing, CR= critical review, SR=
submission and revision.

Conflict of Interest
The authors declare that there is no conflict of interest.

Acknowledgements

The authors acknowledged the Department of
Mechanical Engineering, Faculty of Engineering, Benson
Idahosa  University and Igbinedion  University
respectively for the using some of their facilities during
the fabrication process.

References

Aghdam EF, Fredenslund AM, Chanton J, Kjeldsen P, Scheutz C.
2018. Determination of gas recovery efficiency at two danish
landfills by performing downwind methane measurements
and stable carbon isotopic analysis. Waste Manag, 73: 220-
229.DO0I: 10.1016/j.wasman.2017.11.049.

Aguilar-Virgen QP, Taboada-Gonzalez S, Ojeda-Benitez M. 2014.
Power generation with biogas from municipal solid waste:
prediction of gas generation with in situ parameters. Renew
Sust Energy Rev, 30: 412-419. DOI:
10.1016/j.rser.2013.10.014.

Aronica S, Bonanno A, Piazza V, Pignato L, Trapani S. 2009.
Estimation of biogas produced by the landfill of palermo,
applying a gaussian model. Waste Manag, 29: 233-239. DOI:
10.1016/j.wasman.2008.02.026.

Barbaro S, Bonanno A, Boscia ML, Rizzo G, Aronica S. 2009. The
impact of landfills on the air quality of towns - A simple
heuristic model for the city of Palermo. Int ] Environ Pollut,
36:287-304. DOI: 10.1504/1JEP.2009.021833.

Bogner ], Spokas K. 1993. Landfill CH4: Rates, fates, and role in
global carbon cycle. Chemosphere, 26: 369-386. DOI:
10.1016/0045-6535(93)90432-5.

Calabro PS, Gorib M, Lubello C. 2015. European trends in
greenhouse gases emissions from integrated solid waste
management. Environ Technol, 36(16): 2125-2137. DOLI:
10.1080/09593330.2015.1022230.

Calabro PS, Orsi S, Gentili E, Carlo M. 2011. Modelling of biogas
extraction at an Italian landfill accepting mechanically and
biologically treated municipal solid waste. Waste Manag Res,
29:1277-1285.D0I: 10.1177/0734242X11417487.

Calabro PS. 2009. Greenhouse gases emission from municipal
waste management: The role of separate collection. Waste
Manage, 29(7): 2178-2187. DOLI:
10.1016/j.wasman.2009.02.011.

BS] Eng Sci / Dickson David OLODU and Andrew ERAMEH 306



Black Sea Journal of Engineering and Science

Christensen TH, Manfredi S, Knox K. 2011. Landfilling: Reactor
landfills. In Solid Waste Technology Management, ed. H.
Thomas Christensen, John Wiley and Sons, New York, US, pp:
772-787.

Cossu R, Muntoni A. 1997. Biogas emission measurement using
static and dynamic flux chambers and infrared method. Sixth
International Waste Management and Landfill Symposium,
Cagliari, Italy, pp: 97.

Czepiel PM, Shorter JH, Mosher B, Allwine E, McManu ]B,
Harriss RC, Kolb CE, Lamb BK. 2003. The influence of
atmospheric pressure on landfill methane emissions. Waste
Manag, 23: 593-598. DOI: 10.1016/S0956-053X(03)00103-X.

Ehsan FA, Anders MF, Jeffrey C, Peter K, Charlotte S. 2019.
Determination of gas recovery efficiency at two Danish
landfills by performing downwind methane measurements
and stable carbon isotopic analysis. Waste Manage, 73: 220-
229. https://doi.org/10.1016/j.wasman.2017.11.049.

Emkes H, Coulon F, Wagland S. 2015. A decision support tool
for landfill methane generation and gas collection. Waste
Manag, 43: 307-318. DOI: 10.1016/j.wasman.2015.07.003.

Fecil B, Heroux M, Guy C. 2003. Development of a method for
the measurement of net methane emission from MSW
landfills. Ninth International Waste Management and Landfill
Symposium, October 6-10, 2003, Cagliari, Italy.

Friedrich E, Trois C. 2010. GHG accounting and reporting for
waste management - A South African perspective. Waste
Manag, 30: 2336-2346. DOI: 10.1016/j.wasman.2010.05.016.

Gollapalli M, Kota H. 2018. Methane emissions from a landfill in
north-east India: Performance of various landfill gas emission
models. Environ Pollut, 234: 174-180. DOI:
10.1016/j.envpol.2017.11.064.

Guermoud N, Ouadjnia F, Abdelmalek F, Taleb F. 2009.
Municipal solid waste in Mostaganem city (Western Algeria).
Waste Manag, 29(2): 896-902. DOLI:
10.1016/j.wasman.2008.03.027.

Idehai IM, Akujieze CN. 2015. Estimation of landfill gas and its
renewable energy potential in Lagos, Nigeria. Int ] Energy
Environ Eng, 6: 329-343. DOI: 10.1007/s40095-015-0178-9.

Ishigaki T, Yamada M, Nagamori M, Ono Y, Inoue Y. 2005.
Estimation of methane emission from whole waste landfill
site using correlation between flux and ground temperature.
Environ Geol, 48: 845-853. DOI: 10.1007/s00254-005-0008-
0.

Jaramillo P, Matthews HS. 2005. Landfill-gas-to-energy
projects: Analysis of net private and social benefits. Environ
Sci Tech, 39: 7365-7373. DOI: 10.1021/es050633,j.

Johari A, Ahmed SI, Hashim H, Alkali H, Ramli M. 2012.
Economic and environmental benefits of landfill gas from
municipal solid waste in Malaysia. Renew Sust Energy Rev,
16(5): 2907-2912. DOI: 10.1016/j.rser.2012.02.005.

Kaplan PO, Decarolis ], Thorneloe S. 2009. Is it better to burn or
bury waste for clean electricity generation? Environ Sci Tech,
43:1711-1717.DOI: 10.1021/es802395e.

Karanjekar RV, Bhatt A, Altouqui S, Jangikhatoonabad N, Durai
V, Sattler ML, Hossain MDS, Chen V. 2015. Estimating
methane emissions from landfills based on rainfall, ambient
temperature, and waste composition: The CLEEN model.
Waste Manag, 46: 389-398. DOI:
10.1016/j.wasman.2015.07.030.

Kumar A, Sharma MP. 2014. Estimation of GHG emission and
energy recovery potential from MSW landfill sites. Sust
Energy Tech Assess, 5: 50-61. DOI:
10.1016/j.seta.2013.11.004.

Loening A. 2003. Predictions and projections; looking at the
power generation potential of landfill gas. Waste
Management World International Solid Waste Association,

Copenhagen, Denmark.

Lou XF, Nair J. 2009. The impact of landfilling and composting
on greenhouse gas emissions - A review. Bioresource Tech,
100: 3792-3798. DOI: 10.1016/j.biortech.2008.12.006.

Niskanen A, Varri H, Havukainen ], Uusitalo V, Horttanainen M.
2013. Enhancing landfill gas recovery. ] Clean Produc, 55: 67-
71.DOI: 10.1016/j.jclepro.2012.05.042.

Salihoglu G, Salihoglu NK, Ucaroglu S, Banar M. 2018. Food loss
and waste management in Turkey. Bioresour Tech, 248(Part
A): 88-99.DOI: 10.1016/j.biortech.2017.06.083.

Scarlat N, Motola V, Dallemand JF, Monforti-Ferrario F, Mofor L.
2015. Evaluation of energy potential of municipal solid waste
from African urban areas. Renew Sust Energy Rev, 50: 1269-
1286.DO0I: 10.1016/j.rser.2015.05.067.

Scharff H, Jacobs ]. 2006. Applying guidance for methane
emission estimation for landfills. Waste Manag, 26(4): 417-
429.DO0I: 10.1016/j.wasman.2005.11.015.

Scheutz C, Fredenslund AM, Chanton ], Pedersen GB, Kjeldsen P.
2011. Mitigation of methane emission from Fakse landfill
using a biowindow system. Waste Manag, 31: 1018-1028.
DOI: 10.1016/j.wasman.2011.01.024.

Taherzadeh M]J. 2009. Waste to wealth. Vetenskap for Pprofes,
10: 38-73.

Themelis NJ, Ulloa PA. 2007. Methane generation in landfills.
Renew Energy, 32(7): 1243-1257. DOL:
10.1016/j.renene.2006.04.020.

Trapani DD, Bella GD, Viviani G. 2013. Uncontrolled methane
emissions from a MSW landfill surface: Influence of landfill
features and side slopes. Waste Manag, 33: 2108-2115. DOI:
10.1016/j.wasman.2013.01.032.

Troschinetz AM, Mihelcic JR. 2009. Sustainable recycling of
municipal solid waste in developing countries. Waste Manag,
29:915-23.DOI: 10.1016/j.wasman.2008.04.016.

Tsai WT. 2007. Bioenergy from landfill gas (LFG) in Taiwan.
Renew Sust Energy Rev, 11(2): 331-344. DOL
10.1016/j.rser.2005.01.001.

U.S.EPA. 2011. Operating gas engines at landfill sites in new
LFGTE countries. URL: https://www.epa.gov/sites/
production /files/2016-06/documents/pirker.pdf (access
date: December 29, 2017).

Vaverkova M, Adamcova D. 2015. Long-term temperature
monitoring of a municipal solid waste landfill. Polish ]
Environ Stud, 24(3): 1373-1378. DOI:
10.15244 /pjoes/29940.

Weitz KA, Thorneloe SA, Nishtala SR, Yarkosky S, Zannes M.
2002. The impact of municipal solid waste management on
greenhouse gas emissions in the United States. ] Air Waste
Manag Assoc, 52(9): 1000-1011. DOLI:
10.1080/10473289.2002.10470843.

Willumsen H, Barlaz MA. 2011. Landfilling: gas production,
extraction and utilizatin. In Solid Waste Technology
Management, Editor: Christensen, Blackwell Publishing,
Malaysia, pp: 1022.

Yang L, Chen ZL, Zhang X, Liu YY, Xie Y. 2015. Comparison study
of landfill gas emissions from subtropical landfill with various
phases: A case study in Wuhan, China. ] Air Waste Manag
Assoc, 65(8): 980-986. DOI:
10.1080/10962247.2015.1051605.

Yechiel A, Shevah Y. 2016. Optimization of energy generation
using landfill biogas. ] Energy Stor, 7: 93-98. DOI:
10.1016/j.est.2016.05.002.

Zuber M]JS, Ali SF. 2015. Greenhouse effect reduction by
recovering energy from waste landfills in Pakistan. Renew
Sust Energy Rev, 44 117-131. DOI:
10.1016/j.rser.2014.12.028.

BS] Eng Sci / Dickson David OLODU and Andrew ERAMEH 307



